ISSN 2307-3489 (Print)
ISSN 2307-6666 (OnLine)

| W ﬂﬂﬂﬂ@@ﬂﬂ g

i

HAYKA
TA I[IPOT'PEC
TPAHCIIOPTY

BICHUK OHINPOINETPOBCBLKOIO HALIIOHAJIBHOIO
YHIBEPCUTETY 3ANIBHUYHOIO TPAHCIIOPTY
IMEHI AKAOEMIKA B. JIASAPAHA

N-4 94)



JIHIMPOBCHKUH HAIlIOHATBLHUN YHIBEPCUTET 3aTI3HUYHOTO TPAHCIIOPTY
iMeHi akazemika B. Jlazapsna

HAYKA TA HPOI'PEC TPAHCIIOPTY

BICHUK JHINMPOIIETPOBCBKOI'O HAINIOHAJIBHOT'O YHIBEPCUTETY
SAJIIBHUYHOI'O TPAHCIIOPTY IMEHI AKAJEMIKA B. JIASAPSHA

HayxkoBuii skypHaJI
Ne 4 (94) 2021

Buxonuts 6 paziBHapik ¢ ¢ ¢ ¢ ¢ 3acHoBanuil y cepmni 2003 p.

Aemomamuzosani ma mearemMamudti cucmemuy Ha MpaHcnopmi
Exonozisa ma npomucnosa besnexa
Exonomixa ma ynpaeninus
Excnnyamayis ma pemonm 3acobie mpancnopmy
Enexmpuunuu mpancnopm, enepeemuuni cucmemu ma KOMnIeKkcu
3aniznuuna konia ma agmomooinbHi 0opocu
Inghopmayitino-komynikayiiini mexnonoeii ma mamemamuine MOOeN08AHH S
Mamepianoznascmeo
Mawunobyoyeanns
Pyxomuii cknao i msea noizoie
Tpancnopmue 6yoisHuymeo

Huinpo
2021



. 3aCHOBHUK: .
JHIITPOBCBKMI HAIIIOHAJIbBHUW YHIBEPCUTET
SAJIIBHUYHOI'O TPAHCIIOPTY IMEHI AKAJIEMIKA B. JIAZBAPSIHA

I'OJIOBA PEJJAKLIHHOI PATU YHIBEPCUTETY [miaeko O. M., ZOKTOp TEXHIYHUX HAYK

T'OJIOBHUY PEJAKTOP )XYPHAJTY [iuyros C. O., 1okTOp (Pi3NKO—MaTEeMaTHIHUX
HayK

3ACTYIIHUK I'OJIOBHOI'O PEJJAKTOPA Kozauenko /. M., 1OKTOp TEXHIYHHX HayK

BIﬂHOB]ﬂAﬂbHHﬁ CEKPETAP Komecuukosa T. O., kanaugat Hayk

i3 comianbHUX KOMYHIKaIiit

YJIEHHU PEJAKIJIHHOI KOJIELIT:

AspamosiC 3. 3., benrpancekuii yHiBepcuter (Cep0ist); bena 1., Incturyr norictuku (Yropmmna); binses M. M.,
JHY3T (Ykpaina); borassiuyc M., BineHrocbkuii TexHiuHUH yHiBepcuteT iMeHi ['enuminaca (JIutsa); boxnap b. €.,
JHY3T (Ykpaina); bonnmapenko 1. O., IHY3T (Vkpaina); Bakynenko 1. O., AHY3T (Vkpaina); Boponin C. B.,
YxpAY3T (Ykpaina); I'onoskosa JI. C., IHY3T (Vkpaina); €dpemenko B. I'., [IprnazoBcbkuil nepxaHuil TeXHIYHUN
yHiBepcureT (Ykpaina); JKyxosuupkuit 1. B., JJHY3T (Ykpaina); KaniBoga 5., Yecbkuil TeXHIYHUI yHiBEpCUTET
(Yexin); Kamina M. 1., THY3T (Ykpaina); Kanyctsan B. O., HTTY «KuiBcbkuii MoNiTEXHIYHUH 1HCTUTYT iMeHi Irops
Cikopceekoro» (Ykpaina); Kepmric P., Kaynacekuit TexHonoriunmii yHiBepcurer (JInta); Ky3nmemos B. I'., Haykoso-
nocmimuuii iHcTuTyT 3ami3Hune ([Tombmia); Manamkua JI., Hesamexwumit Buenmit (CIIA); Mapymak II. O.,
TepHOMINbCEKMI HAIOHANBPHUM TeXHIYHHN yHiBepcuteT iMeHi IBana Ilymios (Ykpaina); Mamrok B. 1., [epxaBauit
yHiBepcuteT iH(pacTpykTypu Ta TexHonoriii (Ykpaina); Ilirtman P., AHTHMOHOMONBHMH Biamin JlemaprameHTy
toctumii (CIIA); Pakma C. B., IHY3T (Vkpaina); CnagkoBcki A., Cinespkuii TexHonoriganid yaiBepcurteT ([Tonpma);
Cyrnep [Ix., Bapmasceka mkoma exoHomiku (Ilompma); Trotekin O.JI., JHY3T (Vkpaina); lurkapenkxo B. 1.,
JHY3T (Ykpaina).

YKyphai 3apeecTpoBaHo JepxaBHOIO peecTpamiifHOO ciry:k00t0 MiHicTepcTBa FOCTHUIIT Y KpaiHH.
Ceimourso mpo peectpamnito KB Ne 19609-94091I1P Bix 29.12.2012 p.
Bunanns BHeceHo 10 kaTeropii b «Ilepeniky HaykoBHX (aXxOBHX BHIaHb YKpaiHH»
Haka3oM MiHicTepcTBa ocBiTH 1 Hayku Ykpainu Ne 409 Bix 17.03.2020 p. (TexHiuHi
HayKH).
XKypnai 3apeectpoBaHo B MixkHapogHUX HaykoBux cuctemax: Ulrichsweb™ Global
Serials Directory, Crossref, Open Ukrainian Citation Index (OUCI), OCLC WorldCat,
Google Scholar, DOAJ, Index Copernicus, Ykpainika HayKoBa Ta iH.
JpykyeThcs 3a pimeHHIM BUeHOI panu yHiBepcutety Bix 06.09.2021 p., mpoTokom Ne 1

Bunmasenn JIHINpOBCHKHI HAIIOHATBHUN YHIBEPCUTET 3aTi3HUIHOTO
TpaHCmopTy iMeHi akagemika B. Jlazapsina (M. [IHinpo)
Ceaimourso cy6’ekra BumaBHn40i cripasu JJK Ne 1315 Big 31.03.2003 p.

Anpeca 3aCHOBHUKA By JlasapsiHa, 2, kim. 267, J{ainpo, Ykpaina, 49010
Ta peraKiii TeiL.: +38 (056) 371-51-05; e-mail: kolesnykova@diit.edu.ua, visnik@diit.edu.ua;
caiit xxypraiy: http://stp.diit.edu.ua/

Bupnanus nyomnikyetbes 3 1936 p.:

1936-1993 pp. — «Tpyasl JJHENPONETPOBCKOIO HHCTUTYTA HH)KEHEPOB JKEJIE3HOI0POXKHOTO TPAHCIIOPTAY,;
1993-2002 pp. — «30ipHHK HAYKOBHUX Ipanpb JHIIPONETPOBCHKOTO IACP>KaBHOTO TEXHIYHOTO YHIBEPCUTETY
3aJI3HUYHOTO TPAHCIIOPTY» (32 CepisiMu);

2003-2012 pp. — «BicHuk JIHIMPOMETPOBCHKOTO HAIIOHAIBHOTO YHIBEPCHTETY 3alli3HUYIHOTO TPAHCIIOPTY
imeHi akafgemika B. JlazapsHa», (ISSN 1993-9175);

32013 p. — «Hayka Tta mporpec TtpaHcmopTy. BicHHK JIHIIPONETPOBCHKOTO HAIIOHAIEHOTO

YHIBEpCUTETY 3aJII3HUYHOTO TPAHCIIOPTY iMeHi akanemika B. Jlazapsaay

© JIHIiNpoBCHKMIA HAI[iOHATFHUH yHIBEPCUTET
3aJIi3HUYHOTO TPAHCIIOPTY iMEHI akajeMika
B. Jlazapsiaa, 2021


mailto:kolesnykova@diit.edu.ua
mailto:visnik@diit.edu.ua
http://stp.diit.edu.ua/

Dnipro National University of Railway Transport
named after Academician V. Lazaryan

NAUKA TA PROGRES TRANSPORTU

VISNIK DNIPROPETROVS’KOGO NACIONAL’NOGO UNIVERSITETU
ZALIZNICNOGO TRANSPORTU

SCIENCE AND TRANSPORT PROGRESS

Scientific journal
No. 4 (94) 2021

Bi-Monthly ¢ ¢ ¢ ¢ ¢ Founded in August 2003

Automated and Telematic Systems on Transport
Ecology and Industrial Safety
Economics and Management
Operation and Repair of Transport Means
Electric Transport, Power Systems and Complexes
Railroad and Roadway Network
Information and Communication Technologies and Mathematical Modelling
Material Science

Mechanical Engineering

Rolling Stock and Train Traction
Transport Construction

Dnipro
2021



Founder:

DNIPRO NATIONAL UNIVERSITY OF RAILWAY TRANSPORT
NAMED AFTER ACADEMICIAN V. LAZARYAN

Chairman of the Editorial Board of the University Pshinko O. M., Doctor of Technical Sciences
Editor-in-Chief Pichugov S. A., Doctor of Physics and Mathematics
Deputy Chief Editor Kozachenko D. M., Doctor of Technical Sciences
Executive Secretary Kolesnykova T. O., PhD of Social Communications

EDITORIAL BOARD MEMBERS:

Avramovic Z.Z. , Faculty of Transport and Traffic Engineering (Serbia); Béla I., Logistics Institute (Hungary);
Biliaiev M. M., DNURT (Ukraine); Bodnar B. E., DNURT (Ukraine); Bogdevi¢ius M., Vilniaus Gedimino technikos
universitetas (Lithuania); Bondarenko I. O., DNURT (Ukraine); Cygler J., Szkola Glowna Handlowa w Warszawie
(Poland); Efremenko V. G., Priazovsky State Technical University (Ukraine); Golovkova L. S., DNURT (Ukraine);
Kalivoda J., Czech Technical University in Prague (Czech Republic); Kapitsa M.l.,, DNURT (Ukraine);
Kapustyan V. O., National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», (Ukraine);
Kersys R., Kaunas University of Technology (Lithuania); Kuznetsov V. G., The Railway Research Institute, (Poland);
Manashkin L., Self-Employed (USA); Maruschak P. O., Ternopil lvan Puluj National Technical University (Ukraine);
Matsiuk V. I., State University of Infrastructure and Technology (Ukraine); Pittman R., Antitrust Division of the USA.
Department of Justice (USA); Raksha S. V., DNURT (Ukraine); Shinkarenko V. I., DNURT (Ukraine); Stadkowski A.,
Politechnika Slaska w Gliwicach (Poland); Tiutkin O. L., DNURT (Ukraine); Vakulenko I. O., DNURT (Ukraine);
Voronin S. V., UkrSURT (Ukraine); Zhukovitskiy I. V., DNURT (Ukraine)

Journal by the State Registration Service of the Ministry of Justice of Ukraine.

was registered Certificate of Registration KB n0.19609-9409PR from 29.12.2012
Edition is included in category B «List of scientific specialized publications of Ukrainey by the
Order of the Ministry of Education and Science of Ukraine no. 409 from 17.03.2020 (technical
sciences).
Journal is registered in the International Catalogue of periodicals: Ulrichsweb™ Global Serials
Directory, Crossref, Open Ukrainian Citation Index (OUCI), OCLC WorldCat, Google
Scholar, DOAJ, Index Copernicus, Ykpaitika HayKoBa, etc.
Published according to the Academic Council decision of the University from 06.09.2021,
Protocol no. 1

Publisher Dnipro National University of Railway Transport named after Academician
V. Lazaryan (Dnipro)
Certificate of Publisher K no. 1315 from 31.03.2003

Address Lazaryana St., 2, room 267, Dnipro, Ukraine, 49010, tel.: +38 (056) 371-51-05;
of Founder e-mail: kolesnykova@diit.edu.ua, visnik@diit.edu.ua; journal site: http://stp.diit.edu.ua/

Edition is being published since 1936:
1936-1993 — «Tpyasl JHEPOIETPOBCKOTO HHCTUTYTAa WHKEHEPOB JKEJIE3HOIOPOKHOTO TPAHCIIOPTAY,;
1993-2002 - «30ipHUK HAyKOBHUX THpamb JHIMPOMETPOBCHKOTO NEPKABHOTO TEXHIYHOTO VHIBEPCHTETY
3aIi3HUYHOTO TPAHCTIOPTY» (3a cepisiMn);
2003-2012 — «Bicuuk JHIPOMETPOBCEKOTO HAIIOHAIBLHOTO YHIBEPCUTETY 3aJi3HUYHOT'O TPAHCIIOPTY iMEHi
axkajemika B. Jlazapsina», (ISSN 1993-9175),
since 2013 - «Hayka Tta mporpec TpaHcrnopTy. BicHuk JIHIIpOMETPOBCHKOrO HAMIOHAIBLHOTO YHIBEPCHTETY
3aJTI3HUYHOIO TPAHCIOPTY iMeHi akanemika B. JlazapsiHa»

© Dnipro National University of Railway
Transport named after Academician
V. Lazaryan, 2021


https://www.scopus.com/authid/detail.uri?authorId=57200225178
mailto:kolesnykova@diit.edu.ua
mailto:visnik@diit.edu.ua
http://stp.diit.edu.ua/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancropry. Bicuuk J[HIinponeTpoBcsKoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOTO TpaHcnopty, 2021, Ne 4 (94)

EKOHOMIKA TA YIIPABJITHHSA

UDC 656.1/.5:658.81

0. A. HODOSKINAY, O. Y. MOISEIENKOVA?

“Dep. «Economy of Transporty, Belarusian State University of Transport, Kirova St., 34, Republic of Belarus, Gomel, 246653,
tel. +37 (529) 730 35 91, e-mail hodoskinaclga@gmail.com, ORCID 0000-0003-2254-9638

2Dep. «Economy of Transport», Belarusian State University of Transport, Kirova St., 34, Republic of Belarus, Gomel, 246653,
tel. +375 (29) 393 99 98, e-mail ektr@bsut.by, ORCID 0000-0001-6760-9927

Place of Transport in the Sales Policy of the Industrial Enterprise

Purpose. Currently, the organization of sales at the enterprise is the main and continuous process that provides
the enterprise with its economic efficiency and bringing the goods to the consumer. The purpose of this work
is to analyze and compare modes of transport and its role in the marketing of products by an enterprise.
Methodology. To build a model for the marketing activity of an enterprise, as well as when modeling the mecha-
nism of functioning of its organizational, economic and production structure and the place of transport in the struc-
ture of an industrial enterprise, elements of economic and mathematical modeling were used. Analysis of the data
obtained allows you to choose the best method of transportation, which is extremely important to ensure that the
needs of the enterprise, as well as the needs of consumers, are met. Findings. Marketing and logistics services of the
enterprise need, having studied all the advantages and disadvantages of all types of transport, to choose the most
optimal mode of transport when transporting goods. For the sale of its products, the enterprise should take into ac-
count that over time, the costs of different types of transport may change, and the transportation schemes should be
revised. The paper compares the modes of transport and the structure of freight turnover by mode of transport
(as a percentage of the total). Originality. The use of a mathematical apparatus in the construction of functional
dependencies that make up a general economic and mathematical model that characterizes the organization of the
marketing activities of an enterprise will allow not only to identify «weak» points, but also to adjust the marketing
policy of the enterprise accordingly, relying not on abstract conclusions, but on the obtained clear dependencies.
Practical value. The result is, first of all, a reduction in costs in the marketing policy of the enterprise and an in-
crease in competitiveness, an increase in profits and maximum satisfaction of consumer requirements.

Keywords: transport; sales policy; industrial enterprise; consumer; products; Republic of Belarus

the goods to the consumer. By improving the sales
Introduction system and the quality of service organization in
accordance with the needs of customers, the com-
pany strengthens its position in the market [1, 2, 4,
5].

In a highly competitive market environment,
the problem of product sales is becoming more and
more complicated, and it is already necessary not
only to study demand and produce products, but
also to choose a distribution channel and find reli-
able partners in the sales area. The production of
products can develop steadily only when their sales
are established and guaranteed, and this is difficult
if the so-called «transport factor» is not taken into

The increasing complexity and dynamism of
the economic environment, the increasing level of
competition in the market for goods, works and
services requires significant efforts from the man-
agement of an industrial enterprise to create an
effective mechanism for its functioning, which,
along with other areas of the enterprise’s activities,
can also be achieved by improving the marketing
organization.

Organization of sales at the enterprise is the
main and continuous process that provides the en-
terprise with its economic efficiency and bringing
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account, i.e. direct organization of transportation as
an element of the process of selling manufactured
products to the consumer.

In the sales management system, it is necessary
to subordinate and retain a certain part of the mar-
ket, maintain superiority over competitors in the
selected segment, and, as a result, make a profit
from the sale of products (goods, works, services)
of the enterprise. The best result for the enterprise
here can be achieved only if the customer (buyer)
is satisfied — and this is impossible if the products
are delivered late or if the quality is inadequate as
a result of violations of the transportation condi-
tions. Therefore, modern enterprises of various
sectors of the country's economy, which strive for
dynamic development and occupy a stable position
in the market in the conditions of market relations,
pay close attention to the problems of optimizing
the process of promoting goods from manufacturer
to consumer.

The actual tasks of the sales policy of the en-
terprise, regardless of the sector of the economy to
which it belongs, and the occupied market niche,
are the following:

— timely and high-quality delivery of goods

from the manufacturer to the consumer;

— ensuring high-quality work of marketing ser-
vices and complex organization of the sales net-
work;

— creation of official dealerships and shops;

— selection of the most optimal type of
transport and transportation option, including the
definition of the system and routes of movement of
goods, work on the shipment and loading of goods.

It is not possible to solve these problems for the
marketing service or the sales department locally,
without interaction with other divisions of the en-
terprise. Therefore, in the course of its sales activi-
ties, the enterprise is brought into close interaction
with other departments and divisions of the enter-
prise. An approximate diagram of such interaction
is given in Fig. 1.

When considering each pair of elements of the
presented scheme, it should be noted that the Sales
department of the enterprise has indirect relation-
ships with each department of the enterprise. So,
interaction with the logistics department can be
characterized by the presence of mandatory sup-
port for shipments to clients, and with the market-
ing department — by organizing promotional sup-

port and direct participation in market analysis. An
integral part of the structure of an industrial enter-
prise is transport (represented by the transport de-
partment or the transport service of the enterprise),
which is a system of technical means of the enter-
prise used for their own needs in order to load, un-
load and transport various materials, products, and
other objects used by the nature of their activities.
The main task of the transport sector is the imple-
mentation of uninterrupted transportation of all
goods in accordance with the production process,
the maintenance of vehicles in good working order,
reducing the cost of transport and handling [3, 6-8,
9-12].

R&D and Manager or Human
production owner Resources
- Sales .
Logistics department Marketing
Purchasing Financial IT
department department

Fig. 1. Scheme of interaction of departments
and divisions of an industrial enterprise

With the rational organization of the transport
service at the enterprise, the cost of production is
reduced, which ultimately leads to an increase in
the profit of the enterprise and an increase in the
profitability of its production.

Purpose

Currently, the organization of sales at the en-
terprise is the main and continuous process that
provides the enterprise with its economic efficien-
cy and bringing the goods to the consumer. The
purpose of this work is to analyze and compare
modes of transport and its role in the marketing of
products by an enterprise.

Methodology

To build a model for the marketing activity of
an enterprise, as well as when modeling the mech-
anism of functioning of its organizational, econom-
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ic and production structure and the place of
transport in the structure of an industrial enterprise,
elements of economic and mathematical modeling
were used.

The place of transport in the structure of an in-
dustrial enterprise can also be determined from
a mathematical point of view, using elements of
economic and mathematical modeling to build
a model for the marketing activity of an enterprise,
as well as when modeling the mechanism of func-
tioning of its organizational, economic and produc-
tion structure. For example, if the marketing activi-
ties of an industrial enterprise are separated into
a separate subsystem, then mathematically, its
work in general can be described as follows:

f=[f(p), (1)

where f(p) — is a function that characterizes the

process of bringing goods directly from the manu-
facturer to the consumer, taking into account the
use of vehicles, the corresponding delivery
schemes; to, t — moments of time that characterize
the immediate beginning and end of the process of
bringing the goods to the consumer.

In this case, f(p) is defined as a function that

takes into account the level of transport services
for the goods movement process, as well as logis-
tics and forwarding (if necessary) services, and the
marketing component. Thus, to construct the re-
duced function, it can be defined as follows:

f(m)
f(l)
f(r)’
f(9)

where f(m) — is a function that characterizes the
level of transport services for the goods movement
process; f(l) —is a function that characterizes the
level of logistics services for the product distribu-
tion process; f(r) — is a function that characteriz-

es the need for forwarding service of the goods
movement process; f(g) — is a function that char-

acterizes the marketing component of the product
distribution process.

When considering these functions and substi-
tuting in them a set of initial data characterizing

f(p)=f(mlr.g)e (2)

a specific element of the production structure of an
enterprise involved in the process of commodity
circulation, the analysis of the data obtained allows
you to choose the best method of transportation,
which is extremely important to ensure that the
needs of the enterprise, as well as the needs of con-
sumers, are met.

Findings

Depending on the characteristics of technologi-
cal processes and types of production at the enter-
prise, various vehicles are used — depending on the
requirements (single, one type of transport or vari-
ous combinations with the involvement of an ex-
ternal carrier or without). Therefore, the presence
or absence of own vehicles or free access to them
(as needed) affects the work of the enterprise and
its financial side, which, of course, requires a pro-
fessional approach to the procedure for organizing
such activities.

Large industrial complexes of the Republic of
Belarus are often characterized by the presence of
their own transport departments, including those
with their own vehicles. The company's own
transport can be used both for internal movements
(which leaves a certain imprint on the choice of
vehicles for such purposes), and for direct delivery
of products to the consumer. The internal transport
of the enterprise is intended for the movement of
goods between workshops, sections and workplac-
es. Internal transport is not only a means of moving
goods, but also an instrument of labor that organiz-
es the work of enterprise departments in a given
rhythm or schedule. Domestic transport should
ensure timely production of all types of vehicles
and services; rationally organize the operation of
vehicles and lifting mechanisms with minimal
transportation costs; to develop the technical base
and mechanization of transport processes.

External transport is intended for the delivery
of raw materials, fuel, materials, equipment and
other cargoes to enterprises, as well as for the ex-
port of finished products from the territory of en-
terprises to the points of their transfer to the main
transport or directly to the consumer.

Enterprises of the industrial complex, faced
with the need to deliver their goods to the consum-
er over long distances or due to the lack of their
own transportation capabilities, can successfully
choose any of the modes of transport widely repre-
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sented in the Republic of Belarus — rail, road, wa-
ter, pipeline or air transport, depending on the re-
guirements to the carriage of claims.

Rail transport is the most cost-effective mode
of transport for long-distance transportation, where
the transportation process is practically independ-
ent of weather conditions. Thus, freight operations
on the Belarusian Railway are carried out by
228 stations, there are 6 enterprises for terminal
handling of goods, 52 freight terminals. In 2020,
work is also continuing to increase traffic volumes
with the maximum use of the development oppor-
tunities of the western route of the North-South
international transport corridor, container traffic
China-Europe-China.

In terms of water transport, the cost of trans-
porting cargo such as sand, coal, grain, oil and
metal ores is very low. However, water transport
has significant drawbacks — it is the slowest
transport, and it is also significantly influenced by
weather conditions.

Mainly pipeline transport is used to transport
gas, oil and oil products. The cost of transporting
oil products by oil pipelines is cheaper than by rail,
but somewhat more expensive than by water.
However, the limited list of goods suitable for
transportation by pipeline makes the scope of its
application also very limited.

Due to its flexibility and maneuverability, road
transport allows you to use various route options
and traffic schedules. It is used both for transport-
ing goods over long distances and for delivery
around the city. Also, the main advantage of road
transport as a carrier is the ability to deliver cargo
«door-to-doory, i.e. the cargo is picked up from the
consignor's warehouse and delivered immediately
directly to the consignee. While when using rail or
water transport, it is necessary to use road transport
in addition to deliver the cargo «from door to
door». Therefore, from the point of view of the
organization of logistics services for the enterprise,
the formation of its sales policy, road transport is
a necessary link for the successful sale of products.

Despite the high cost of delivery, air transport
is used when speed of distribution of products is
important, a decrease in the level of inventory,
a reduction in packaging costs, or the distance to
the point of sale is large. Most often, air transport
is used to transport perishable products (fresh
flowers, fresh fish), as well as non-bulky items of

high value (such as appliances, jewelry). The
widespread use of this type of transport for the im-
plementation of their marketing policy is typical
for enterprises that produce single products, the
cost of which is very high, and, therefore, the
transport costs associated with the use of air trans-
portation will not significantly increase it.

The correct choice of an external carrier deter-
mines not only the speed of delivery and the condi-
tion of the goods at the time of arrival at the desti-
nation, but also the level of prices. Thus, an enter-
prise, when organizing the sale of its products, can
choose any type of transport or its combination.

As noted above, all types of transport operating
in the Republic of Belarus are actively used by in-
dustrial enterprises to bring their products to con-
sumers. This is evidenced by the volume of cargo
turnover by type of transport. The structure of
freight turnover by type of transport is shown in
Fig. 2.

2010 2020
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Fig. 2. Structure of freight turnover by mode of
transport (as a percentage of the total)

According to Fig. 2, a large share of freight
traffic falls on rail transport — 36.1% in 2010 and
36.8% in 2020, and road transport — 12.5% and
21.8%, respectively.

Each enterprise, based on its sales policy, must
make a choice of transport, taking into account
a number of factors:

— delivery speed — choice for air or road
transport;

— minimum costs (delivery price) — choice of
water or pipeline transport.

Many enterprises, thanks to containerization
(loading goods into boxes or trailers), use two or
more modes of transport in the sale and delivery of
their products, which brings certain benefits to the
sending enterprise. Also, when choosing and using
transport for marketing its products, an enterprise
should take into account that over time, the costs of
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different types of transport may change, and the
applied transportation schemes should be revised.
The transport department, marketing department,
logistics and other structural divisions must use up-
to-date information and work in close cooperation
with each other to achieve the most efficient organ-
ization of sales of manufactured products.

Originality and practical value

Based on the study of literature and scientific
developments in the field of development and im-
provement of the sales policy of the enterprise, it
was proposed that enterprises monitor and reorgan-
ize the sales system to maximize its compliance
with the requirements of the market environment.

The use of the mathematical apparatus in the
construction of functional dependencies that make
up a general economic and mathematical model
characterizing the organization of the marketing
activities of an enterprise is a rather promising ap-
proach, since with a detailed mathematical descrip-
tion of functional elements, it becomes possible to
predict the results of the organization of sales of
both a specific product and the whole enterprise.
This, in turn, will allow not only to detect «weak»
points, but also to adjust the sales policy of the en-
terprise accordingly, relying not on abstract con-
clusions, but based on the obtained clear depend-

encies. However, the detailed construction of these
constituent elements of the sales activity model of
the enterprise is quite voluminous and laborious,
and, therefore, within the framework of this article,
only the model is given in general form and its ap-
proximate components are described that can be
taken into account in practice.

The result in the case of a versatile and method-
ical approach to building a sales policy of an en-
terprise should be, first of all, a reduction in costs
in its main areas and an increase in the competi-
tiveness of the organization, an increase in profits
and maximum satisfaction of customer require-
ments.

Conclusions

The correct sales policy will allow the company
to maintain a stable level of sales throughout the
entire business cycle, to meet the needs of various
groups of the population in a timely manner, and to
develop dynamically. For the successful imple-
mentation of the sales policy at the enterprise, it is
necessary to be based on a scientifically grounded
approach, constant monitoring and reorganization
of the sales system must be carried out to increase
its flexibility and maximum compliance with the
requirements of the market environment.
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Micue Tpascnopry B 30yTOBiH MOJIITHII NPOMUCI0OBOI0 MIANPHEMCTBA

Mera. Y Ham yac oprasizanist 30yTy Ha HiANPUEMCTBI € TOJIOBHUM 1 Oe3nepepBHUM MPOLIECOM, 10 3abe3nedye
E€KOHOMIYHY €(peKTUBHICTh MiAMPUEMCTBA i TOBEJCHHS TOBAPIiB A0 CIOXHBada. MeTo0 miel poObOTH € aHAawi3 i mopi-
BHSIHHS BUIB TPAHCIIOPTY Ta BU3HAUCHHS Horo poii B 30yTi mpoxaykiii mianpuemctea. Meroanka. {1 moOymnoBu
Mozeni 30yTOBOI JisUTBHOCTI MiAIPHUEMCTBA, @ TAKOX IiJl YaC MOJETIOBAHHS MEXaHi3My (QYHKI[IOHYBaHHS HOTO Op-
TaHi3alifHO-eKOHOMIYHOI Ta BUPOOHNYO1 CTPYKTYPH U MICIISI TPAHCIIOPTY B CTPYKTYPi IIPOMHUCIOBOTO IiATIPHEMCT-
Ba BUKOPUCTaHI €JIEMEHTH €KOHOMIKO-MAaTEeMaTUYHOTO MOJICIIFOBaHHS. AHaNi3 OTPUMAHUX JAHUX JI03BOJISIE BHOPATH
HalKpalui crocio TpaHCIOPTYBaHHS, 110 € HAJ3BHYAailHO BaXKIIMBUM JUIs 3a0e3MeueHHs 3a10BOJICHHS MOTped mij-
MPUEMCTBA, a TAKOXK MoTped croxkuBadiB. Pesyabrarn. Ciayx0aM MapKeTHHIY Ta JIOTICTHYHHM CIy)X0aM MiJnpu-
€McTBa HeOoOXiZIHO, BUBUMBIIIY MIEPEBAry i HEJOJIIKK BCIX BUJIIB TPAHCIOPTY, BUOpATH HAMOUIBII ONTHMANBHUN ce-
pel HUX ISl TIepeBe3eHHsI BaHTaXIB. Y X0/l 30yTy CBO€T NPOIYKIIT i IPUEMCTBY CJIiJi BpaXOBYBAaTH, 110 3 IUIMHOM
Yyacy BUTPATH Pi3HUX BUIIIB TPAHCIIOPTY MOXYTh 3MIHIOBATHCS, TOMY CIIJI TIEPErJIsIaTH CXEMU TPAHCIIOPTYBaHHSI.
Y po0oTi IpoBeIeHO TIOPIBHIHHS BUJIB TPAHCIIOPTY 1 CTPYKTYPU BaHTaX000Iry 3a BUJaMU TpaHCHOpTy (Y BiJcCOT-
Kax J1o miacymky). HaykoBa HoBH3HA. 3acTOCYBaHHS MaTeMaTHYHOTO allapary IIiJ] 4ac MoOyIOBH QYHKI[IOHATBHAX
3aJISKHOCTEH, SIKi CKIaJal0Th 3aralbHy eKOHOMIKO-MaTeMaTHYHy MOJEb, [0 XapaKTepHu3ye opraHizauit 30yToBoi
ISUTBHOCTI MiIPUEMCTBA, TO3BOJHUTH HE TIIBKU BHUSBUTH «CIAOKi» MICI, alle i KOPUTYBATH 30YTOBY HOJITHKY
HIIIPUEMCTBA BiJIIOBIZHUM YHHOM, CIIUPAIOYHCh HE HA aOCTPAKTHI YMOBHMBOIM, a IPYHTYIOUHCH Ha OTPUMAaHHX
YiTKUX 3alexKHOCTAX. [IpakTHyHa 3Ha4YMMicTh. KOpHCHHUM pe3ylbTaToM €, MepIl 3a BCe, CKOPOUCHHS BHTpAT y
30yTOBI¥ MOMITHII TIATPHEMCTBA ¥ TiABUIICHHS KOHKYPEHTOCIIPOMOXKHOCTI, 30LTBIICHHS IPUOYTKY i MaKCUMallb-
HE 3aJI0BOJICHHSI BUMOT CIIOKHBAYiB.

Knrouosi crosa: TpancnopT; 30yToBa MOJITHKA; IIPOMKCIIOBE MIANPUEMCTBO; CII0KMUBaY; IPOIYKIis; pecryOiiika
binopycs
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BusHaveHHs BIANOBIAHOCTI TEKCTY aJITOPUTMY POrPaMU HA OCHOBI
KOHCTPYKTHBHO-NIPOAYKUIMHOI MojeJi rpada kepyBaHHA

Meta. OCHOBHOIO METOIO CTAaTTi € pO3pO0OKa Ta MpOrpaMHa peai3ailis METOly BU3HAUYCHHS BiIIOBITHOCTI TEKCTY
NTOPUTMY TPOTPaMH, IPEACTABICHOTO y BUIIIAAL Omok-cxemu. MeToauka. [[jist 3icTaBieHHS TEKCTY MPOTpaMu Ta
6710K-cxeMn 1o0yJ0BaHO MAaTEeMAaTHYHY MOJENb iX MEepeTBOPIOBAYIB y rpadoBe NMPECTaBICHHS 3 BUKOPHCTAHHIM
amapaTy KOHCTPYKTHBHO-TIPOAYKIIHOTO MOJAETIOBAHHS Ta Oro METOMIB: CIeliami3allii, KOHKpeTH3allii, iHTepmupe-
Tamii Ta peamizamii. ['padoBe npexncraBnenHs (rpadu) TeKkcTy OyIyeThCS 3 ypaxyBaHHSIM OIEpPaTOpiB KepyBaHHS,
OJIOK-CXeMH — 32 jSon-(aifyioM, 0 MiCTUTH OIHC SIIEMEHTIB CXEMH Ta iX 3B’s3KiB. [yt mopiBHAHHS rpadiB 3acTOCO-
BaHO METO/]] MOIIYKY B IIUPHUHY 3 MiIPaXyHKOM KUIBKOCTI OHAKOBUX BepIInH. /Iy mporpaMHoi peamizarii po3poo-
JICHOTO METO/ay W Mojelneil Oyia 3acTocOBaHa TEXHOJIOTISt 00’€KTHO-OpieHTOBaHOTO mporpamyBanHs Ta CASE-
TEXHOJIOTI1, B OCHOBI SIKHX JIS)KUTH yHi(ikoBaHa MoBa MozemtoBanHs UML. Pe3yabTaTH. 3ampornoHoBaHo METO/, 10
JTO3BOJISIE TPEICTABUTU TEKCT Ta OJIOK-CXEMy MpOrpamH B €AMHOMY (opmari opieHTOBaHOro rpada (rpada kepy-
BaHHsI) Ta BUKOHATH OIIHKY X BiJIOBIZHOCTI 3a KUIbKICTIO OJJHAKOBUX BepuiuH. 1 #ioro ¢opmaizawii Ta aBroma-
THU30BaHOT'O BUKOPHCTAHHS PO3pOOJIEHO KOHCTPYKTUBHO-TIPOAYKIIIHHI MO IepeTBOPIOBaYiB BXiHUX JaHuX. Ha
OCHOBI MoJIeJiell Ta METOJly CTBOPEHO nporpamuuii nojaarok. HaykoBa HoBu3Ha. OTpyMany NOAaIblIIMHA PO3BUTOK
METOIM KOHCTPYKTUBHO-TIPOLyKIIHHOTO MOZEIIOBAaHHS B 3a71a4aX 0OPOOKH TEKCTiB, HAITMCAHUX IITyYHUMH MOBaMH.
IToOynoBana cucreMa KOHCTPYKTOpIB, III0 BHKOHYE MEPETBOPEHHS TEKCTy THporpaMm Moo C++
y rpa¢ kepyBanHs. [IpakTHyHa 3HaYMMicTh. Pe3ynbratn poOOTH MarOTh 3HAYCHHS AJISI PO3B’A3aHHS TaKUX 33714,
SIK 31CTaBJICHHS TEKCTIB IPOTPaM i3 METOIO BUSBIICHHS 3a[103MYEHb, BU3HAYCHHS BiJIITOBITHOCTI aJITOPUTMIB IIPOTpam
iX IMporpaMHMM peani3aiisM i3 METOO IOJIIIICHHS HAaBUYOK KOMyBaHHs. ['padoBe mpeacTaBieHHs, sKe IPOIYKYye
PpO3po0bIeHa CHCTeMa KOHCTPYKTOPIB, MOXKe OyTH 3aCTOCOBaHE JJIs TOCIDKSHHS BIUTUBY ONTUMI3allil Ta peakTopu-
HT'Y KOJly Ha CKJIQ/IHICTh IIpOrpaMm i3 BUKOPUCTaHHIM MeTpuk MakKeiiba.

Kntouosi crosa’: KOHCTPYKTUBHO-IIPOMYKIIIHE MOJICIIIOBAHHS; KOHCTPYKTOD; rpad)oBe NPEICTABICHHS TEKCTY;
rpad kepyBaHHs IPOTrPaMH; AITOPUTM; BIAMOBIIHICTh AJITOPUTMY

Beryn 4ac 3aIucy aJlropuTMy, OCKIJIBKH 1€ J03BOJISIE KO-
PEKTHO WOTO peaii3yBaTH y BUTIIAJI MPOTPAMHOTO
koxay. CTyneHTaMm jisi CAMOKOHTPOJIIO, a BUKJIa[(a-
Yyam JUIs OL[IHIOBaHHS SKOCTI BUKOHAHOT poOOTH He-
00XiTHa TepeBipKa BiAMOBIIHOCTI HAMMCAHOTO TIPO-
TPaMHOT0 KOy PO3pOOJICHOMY JITOPHTMY.

[poriec nepeBipkH yCKIIaTHIOETHCS TAKUMU (a-

HeBix’eMHOIO YaCTHHOIO HABYAIILHOT'O MPOLIECY
CTYZAEHTIB cremianbHOCTI «lHXeHepis mporpam-
HOTO 3a0e3MeUueH s € BUBUSHHs, TOOYI0Ba Ta pe-
atizawis anropuTMiB. BaxkinBo nmpaBUiIbHO iHTEPII-
peTyBaTu TO3HAYEHHs, SIKi BUKOPHUCTOBYIOTH IIiJ
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[HOOPMALIMHO-KOMYHIKALIITHI TEXHOJIOT' I TA MATEMATUYHE MOJIEJTFOBAHHS

KTOpaMH{ SIK: CKJIQTHICTh alrOpUTMY, IO 3yMOB-
JIEHO BEJIMKOIO KUTBKICTIO CKIaA0BHX (OJI0KIB) Ta iX
BKJIQJICHICTIO; IOBXKWUHA peai3allii aJilroOpuTMy; Mo-
JKJIMBA 3MiHA Ta JOTIOBHEHHS IMO3HAYeHb 3MIHHHX;
BEJIMKI OOCATH MaHUX (171 BUKJIaJava) TOIIO.

ABTOMAaTH3AIlIS I[LOTO TIPOIIECY TO3BOJIUTH YCIM
HOro yJacHUKaM 3aomianuTty gac. Jus 1 peanizanii
HeoOXimHa po3poOKa Ta ¢opMmaizarlisi METOTy BH-
3HAYCHHSI BIAMOBITHOCTI TEKCTY W aNTOPUTMY IMPO-
rpaMu, 10 nepeadoaydae modya0By BiAMOBIAHUX Ma-
TEeMAaTHYHUX MOJENeH OOpOOKH BXINHHUX JTaHWX.
BximHUMH TaHUMH € TEKCT (KOX) MporpamMu, HaIlHl-
CaHM1 MOBOKO BHCOKOTO PiBHS, Ta alTOPUTM, MPEJI-
CTaBJICHUH Y BUTJISA1 OJIOK-CXEMU.

Takox cheporo 3acTocyBaHHS 3a3HAUYEHOTO Me-
TOJIy € MepeBipKa JOKYMEHTAIli1, 1Ka MICTUTb TIPe/-
CTaBJICHHSI AJITOPUTMIB Ta MpOTrpaM, Ha aKaJeMiy-
Hui mariat. Taka mepeBipka moTpebye 3icTaB-
JISHHS ATOPUTMIB MiXK COOO0I0 Ta aHAJIOTi9HE 3iCTa-
BJICHHS  TekcTiB. HasiBHi HaykoBi  poOotu
MIPHUCBSIYEH] PO3B’A3aHHIO 33/1a4i BUSABJICHHS TIJIaTi-
aTy B IPUPOJIOMOBHUX TeKCTax [7, 8, 9], y Tomy um-
CIli y CTpyKTypoBaHuX nokymenrax [10], y mporpa-
MHOMY koji [4, 11, 6]. Takoxx nmporpaMHi koau 3icTa-
BIISIIOTH U BU3HAYEHHSI AITOPUTMIYHOI CXOXOCTI
[5]. Bepudikariis mporpam J03BOJISIE BU3HAYUTH BiJl-
MOBIHICTE Tiporpamu 1i cniermikarii [1, 2]. TIpote
3a7a4ya 3iCTaBICHHS W BU3HAYEHHS BiIIIOBITHOCTI
MIPOTPAMHOTO KOAY alTOPUTMY € HEBHPIIICHOO.

Meta

OCHOBHOIO METOI0 JIaHOi poOOTH € po3pobOka
METOJly BHU3HAYEHHs BiJIMOBIMHOCTI TEKCTY (TIpo-
IPaMHOT0 KOJ/y) aJITOPUTMY NPOrpaMy Ha OCHOBI TX
KoHCTpykTHUBHO-TIpoayKuiitaux  (KII) mopenei.
Merton niependavac BUKOHAHHS aJTOPUTMIB ITEPET-
BOpEHHS BXiJHHUX JaHUX Yy rpadu xepyBaHHS Ta iX
MOJAJIBIIE 31CTABICHHS.

MeToanka

Jis BU3HAYSHHS BIAMOBIIHOCTI TEKCTY ¥ airo-
PUTMY MPOrpaMU MPOIMOHYETHCS METOJ Ha OCHOBI
KII-monenroBanHs. MeTox Mae Taki CKJIagoBi-
KPOKHU:

1. [Tonepenuss oOpoOKka TEKCTy MPOTpamu, IO
nepeadavae BUAAJICHHS HE3HAYMMMX YaCTUH KOIY
(xoMeHTapi, MpobiaKM TOIIO) Ta Horo po3OUTTS Ha
JIEKCEMHU.

2. [TpomixkHE TIpeICTaBICHHS TEKCTY TIPOTPAMH,
OTPUMAHOTO Ha TOTMEPEeIHFOMY KpOIli, Y BUTISAIL
CIHCKY KEPYIOUHNX eJIEMEHTIB (peasi3yloTh alropu-
TMIYHI CTPYKTYPH BHOOPY Ta MUKITY, a TAKOXK OTIe-
pamii mepemadi KepyBaHHs) Ta €JIEMEHTIB MPOIECY
(BiAMOBIIAIOTH ANTOPUTMIUHIN KOHCTPYKLIT CITimy-
BaHHS).

3.MlobynoBa rpada KepyBaHHsS TPOTpPaMHU 3a
CIHCKOM KEPYIOUHX €JICMEHTIB.

4. TloGynoBa rpada kepyBaHHS 32 alTOPUTMOM
MPOTpamMu, IO MPEICTABICHHN OJIOK-CXEMOIO.

5. 3ictaBrnenns rpadiB KepyBaHHS IpOTpamMu Ta
AITOPUTMY IUIIXOM 00X0/1y B IUpHUHY [3].

Jns mogenroBanHs moOynoBU rpada KepyBaHHS
MporpaMM Ta HOrO MPOMIKHOTO TPECTABICHHS
y BUITBII CIIUCKY 3aCTOCYEMO amapar KOHCTPYKTH-
BHO-TIPOAYyKIifiHOTO MozaemtoBauus [13, 14], B oc-
HOBI SIKOTO JISKUTH MOHSATTS Y3araJlbHEHOTO KOHC-
TpyKTOpa:

C=(M,%,A), @)

ne M — HeogHOPITHMIA HOCIH, SIKUH MICTHTH KOHC-
TPYKTUBHI €JIEMEHTH 3 aTpHOyTaMu Ta MOXe TOTOB-
HIOBaTHCS; X — CHTHATypa orepaii (i BiAmoBiTHIX
BiJIHOILIICHB) 3B’SI3yBaHHS, MiJCTAHOBKH W BHBe-
JICHHSI, omiepaiiii Haja aTpuOyTamu; A — MHOXHHA
TBEP/XKCHb 1HGOPMAIIHHOTO 3a0e3MeUeHHs] KOHCT-
pytoBanns (13K). I3K (koHCTpyKTHBHA aKciomMaTHKa)
MICTHTh OHTOJIOTiI0, METYy, INpaBUja, OOMEKEHHS,
MOYaTKOBI YMOBH Ta YMOBH 3aBEPIICHHS KOHCTPYIO-
BaHHSL.

[Tpr3HaueHHsT KOHCTPYKTOpA mosirae y hopmy-
BaHHI MHOKMH KOHCTPYKIIif 32 TOTIOMOTOIO Ofepa-
Lif CUTHATYPH, sIKi 33]1at0Th nipaBuiamu 13K,

Juist popMyBaHHS KOHCTPYKITii HEOOX1THO BHKO-
HYBaTH PsJl YTOYHIOIOUHX TIEPETBOPEHb KOHCTPYK-
Topa [13, 14]:

— crewjanizanito (> ) — BUSHAYCHHS IpeMe-
THOT 00JIACTi 3aCTOCYBaHHs KOHCTPYKTOPA;

— iHTepnpertario (> ) — 3B’sI3yBaHH: oHepa-
il CUTHATYPH 3 aNTOPHUTMAMU BHKOHAHHS JESKOL
AITOPUTMIYHOI CTPYKTYPH;

— KOHKperu3anito () — posumpenns 13K
MHOXHHOIO MTPaBWJI NPOYKIIH, 3aBIaHHs KOHKpe-
THUX MHOXXHMH HETEPMiHAJIBHUX 1 TEPMiHAIBHUX CH-
MBOJIIB 13 iX arpuOyTramu i, 3a HE0OXiTHOCTI, 3Ha-
YeHb aTpHOYTiB;

— peanizanito (jxH>) — MOCNiTOBHE BUKOHAHHS
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orieparlii BUBeIeHHS s TOOYA0BU KOHCTPYKIIIi.

Pe3yabTaTn

Kouncmpyxmop cnucky. CrienialiizoBaHUNA KOHCT-
PYKTOp ISl TIEPETBOPEHHS TPOTPAMHOTO KOIY
B TIPOMDKHE IMPECTABICHHS Y BUTIIAI CITUCKY Ma€e
BHUTJIS;

C=(M,Z,A) s> C; =(M;, 51, A1), (2

ae M; — HeOJHOPIAHUI PO3MMPIOBAHUH HOCIH, 1110
CKIIAZIAEThCS 3 TEPMIHATBHUX 1 HETEPMIHATHLHUX
€JIEMEHTIB; X; — MHOXKHHA OIlepalliii 1 BIJHOIIEHb
Ha enemeHTtax M;; A; — I3K, mo mictuts oHTO-

JIOTi10, METY, 0OMEXKEHHS, MTPABIIIA, YMOBH IIOYATKY
1 3aBCPIICHHSA KOHCTPYIOBAaHHA.

Omntonoris KoHCTpyKTOopa C; @ pO3LIMPIOBaHUM
HOCIH CKJIQAa€ThCs 3 MHOXKHHHU TEPMiHATGHUX 1 He-
TepMiHanbaux enemventis My ={T; UN; }. Tepwmi-
manamu e Tp ={txt,list,{R},{O},{Oh}, {L;} ¢},
ne txt >{Ob }U{O,}U{P} — nocninosHicts ome-
partopiB nporpamMHoOro koxuy; list — koHCTpyKITis, o
MICTHTh TIOCHIJIOBHICTh OIEPAaTOPiB MPOrPaAMHOTO
KOy Ta JOTIOMIXXHHX JIeKceM; P, — mo3HaueHHs npo-
1IeCy, IO BiANOBiAae Oyab-sKii TOCIIIOBHOCTI Ore-
paTopiB, MO peai3ye aIrOpUTMIYHY CTPYKTYpY
«CJTiTyBaHHSY, {Oi} = {return, break, continue} -
MHOXKMHA ~ KepyluuxX oneparopiB 0e3  Tina;
{Ob, } ={if ,else, do, while, for, switch,

case, default} — MHOXMHA KepylounX OIEpaTopiB,

10 MOXYTb MaTH Biiacke Tino; {L; } ={"++","~—"}

— MHOXMHA JONOMDKHHX JIEKCEM JJIsl 3aIllOBHEHHS
CIHCKY, € — IOPOXKHil eJIeMeHT (CHMBO).
Po3riisiHeMo curnarypy:

5=(0n ) H)U¥, @)

ne O; ={=,|=,|l=} — MHOXuHA omepariil BuBe-
J€HHs; —> — BiJHOIIEHH: migcTaHoBku; V¥ — MHO-
’KUHA [IPaBUJI POAYKIii BUBEJCHHS \; = <§| ,S; > , e
| — HOMep IpaBmIIa, S; — MPABHIIO ITiJCTAHOBKH IS
PO3Mi3HaBaHHS TEKCTY IPOTrPAMHOT0 KOAy, S; — Ipa-

BWJIO TIiICTAHOBKH JJIsl TOOYIOBU CTEKY; +(e|, Iist)

— orepallisi ToJJaBaHHs HOBOI BEPIIUHHU JIO CITUCKY,
ne el — 3HaueHHs HOBOT BepiuHM, list — CIUCoK.
MeToro KOHCTPYIOBaHHSI € TOOyHOBa IMPOMIXK-
HOTO MPEACTABICHHS MPOIPAMHOTO KOAY Y BUIJISI
CIIHCKY.
O6MmexenHst KoHCTpykTopa C;
KOHCTPYKIIIEFO IIPOTPAMHOTO KOJTY.
[TouaTkoBa yMOBa KOHCTPYIOBAaHHS: 1) — HETEp-

HaKJIaJal0Th

MiHaJI, i3 SIKOTO MIOYNHAETHCS TOOYA0Ba KOHCTPYKITT
CHFCKY; 0. — HETepMiHal, i3 SIKOTO MOYMHAETHCS PO3-
IMi3HABaHHS TEKCTY MPOTPAMHU.

YMoBa 3aBeplIeHHs] KOHCTPYIOBaHHS: opma He
MICTUTh HETepMiHaNiB, MOOYJOBaHA KOHCTPYKIIis
CIKCKY BiJINOBiIa€ MPOTPaMHOMY KOJY.

Y pesynpTaTi KOHKpeTH3amii KOHCTPYKTOpa
Cr s kCr MaeMo Taxi paBuIa IiACTaHOBKH:

So ={a— ya|Ba); @)
5=(B—>PRIR...R), (5)
5, =(n—+(p,list)n);

5,=5=(y—>C,|C,...C,), (6)

+("+" list)n+ ("——",Iist)n>;
s, =<n—>+(0i,|ist)n>; (7
s,=(n—e). (8)

VY xomi iHTeprpeTallii MpoBeAeMO 3B’ A3yBaHHS
omnepariil CUTHaTYpu X; 3 alrOPUTMaMH iX BHKO-
HAHHA:

<CT :<MT’ZT'AT>1CA=<MA,ZA,AA>> I}_)
Pic, Cr =(Mp,Z0,Ay), (9)

me M, oV,,V, ={A &.} — MHOXHHA 0a30BHX

anroput™is; X, Y; MHOXHWHHM BHU3HA4YCHHS

Ta 3HA4YeHb ATOPUTMY A |§I ;

M=M= U (x(s) ¥ (8)ua(en)} -
EVa
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HEOJTHOPITHUIA HOCIH; Q(Cr) — MHOX>HHA KOHC-
TPYKIIH  CIHUCKiB, SKi C;;
A=A UALUA,.

Koncrpykrop | ¢ C; MICTHTB aaropuT™Mu BHKO-
HaHHA omepauiit: A, ={(A10 |:/:\‘J .J-), (A§|§1A:),
(As e ‘J+)! (AA ||fhi,|q,fi 'J:>)’ (As |:ij,\1/ <J|:>)1
(AL Jli=)).

PesynbraTrom peanmizamii  koHcTpykTopa  (9)
€ MHO>KWHA KOHCTPYKIIH CITHCKIB, SIKi € IPOMIKHUM
MpeICTaBICHHs TEKCTY MPOrpaMu Ta BiAMOBITHOTO
oMy rpacda KepyBaHHS.

Kouncmpyxmop epaga. CneuianizoBaHHi KOHCT-
PYKTOp 11 ToOYI0BU rpada KepyBaHHS MPOTrpaMu
3a 11 MPOMDKHUM TIPEICTABICHHS Y BUTIISAII CIIHCKY
KEepYIOUHX ONepaTopiB Oy/1e TaKuM:

C=(M,Z,A) ¢ Cq =(Mg,Z6.Ag), (10)

3a10BOJIBHAIOTH

ne Mg — HEOIHOPITHUN PO3IIMPIOBAaHUN HOCIH; 25
— MHOXWHA OTepallii i BiAHOIIEHh HA eJeMEHTax
Mg; Ag —IBK.

Onrornoria koHCcTpykTOpa Cg @ po3LIMprOBaHMIA
HOCIH CKJIQAa€ThCs 3 MHOXKHHHU TEPMiHATGHUX 1 He-
tepMmiHanbHUX eneMeHTiB Mg ={Tg UNg}. Tepwmi-
HaJlaMH € KOHCTPYKIIT rpadiB Ta X CKJIa10Bi, POMi-
KHE IIPEACTAaBJICHHS NPOrpaMHUX KOIIB y BUIJIAIL
CIHCKIB Ta JOTTOMIXXHUX KOHCTPYKIIiHA:

Ts ={GUV UEUlist Ustack _tempU (11)
Ustack _root Ustack _break U stack _next
Ustack _continue Ustack _switch U

Utemp U1 _vertex},

ne G=<V, E> — KoHCTpykuis rpada; V ={Vi},
E ={ei} — MHOXXHMHA BEpIIMH 1 JyT BiAMOBIIHO;
list — moOynoBana koHCTpyKHis C;; JOMOMIXKHI
KOHCTPYKIii-CTEKH BEpIIMH Tpada 3 HaBaHTAKEH-
HSM. y BUDJIAJl Ha3B KEPYHOYHX OIEPaTOpiB —
stack _temp, sixi € kopenem miarpada, 110 yTBOpIo-
€TbcI MmJ dYac poOOTH 3  Omeparopamu
{if,else,while, for,case} — stack _root; "break"

— stack break; "continue" — stack continue;

SIKi MAFOTh CITLJIBHI TyTH 3 BEPIIMHOIO, 10 Oy/Ie 10-
maHa — Stack next; "case" stack _switch;

temp 30epirae BepIIMHY MOTOMIXHHX CTEKiB,
| _vertex 306epirae Bepimny list . JlomomixxHi KOH-

CTPYKIIi CTEKIB € BIOPIIKOBAaHUMH Habopamu eJe-
MEHTIB, 1110 GopMyroThes 3a npuHImnoM LIFO.
Bepmmna rpada Mae aTpuOyTH

W,v=(index,name), ne index — inmekc Bep-
LIMHW, Ha0yBa€ LIJOYMCIOBUX 3HaueHb, Name —
HABaHTAXXEHHS  BEpUIMHH.  ATpUOyTH  JIyrH
w, e =(start, finish), ne start, finish — winounc-
JIOB1 1HJIEKCH THIICHICHTHUX BEPIIIHH.

I'pad wg = (begin,end,
current,,current,), xe begin — mouarkoea Bep-

Mae  aTpuOyTH

mmHa Tpady, end — KiHIeBa BepmmHa Tpada,
current, =(name, index, prev) — noro4na BepiHa
mig yac opmyBaHHS rpada, e Prev — nomepesHs

BepuinHa rpada, current, =(start, finish) — noro-
YHa fyra minx 9ac popMyBaHHS Tpada.

ATpuOyTH BEpIIMHH TPOMIXXHOTO MpPEICTaB-
JIEHHS  mporpaMHoro  komy | _vertex  —
w, =(name, prev), ae Name — HaBaHTAXEHHs Bep-
IIMHH CITUCKY, PreV — HaBaHTaKeHHS MONePeIHbOT
BEPILIUHU CITUCKY.

ATpuOyTH BEpIINHU AOIOMIXHOTO CTEKy temp
— Wsr =W, .

PosrissneMo curnatypy X -

ZG=<E‘G'®G’CDG’{_)}>ULPG’ (1)

e g = {U, U} — MHO’KMHA OTIepaIliii 38’ 13yBaHHS;

O; ={=.|=.I/>} — ™mHOXMHa omnepariii BuBe-
nenns; @ = {+, :=,%,#,+,—,—,><} — MHOXWHA
orepariiii Hajl aTpuOyTaMu; —> — BITHOIICHHS ITiJI-
CTaHOBKH.

Po3rissHeMo omepartii Haj aTpHOyTaMu:

— +(c,n,L) — BukoHaHHS N omeparliii 3i CIUCKY
L, sxmio c=true;

a:=b — npucBoeHHS, KOIIiIOE 3HAYCHHS Olepa-
Hay b B a;
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- %(index,V) — 3HAXO/DKEHHS HABAHTAXKEHHS
BEPIIMHY, IHAEKC AKOI opiBHsE INdEX y MHOXHHI
BepuIuH V ;

— #Q — oOuwncieHHs MOTYKHOCTI MHOXHHU,
BH3HAYAE YHCIIO, SIKE TOPIBHIOE KUTHKOCTI €JIeMEH-
TiBy Q;

— +(el,stack) — nonaBanus enementa el 10 10-
MOMIKHOTO cTeKy Stack ;

— —(el,stack) — Buy4eHHs BepLIMHH 1OMOMi-
KHOTO CcTeKy stack B el 3a ymoBwm, mo stack ne
TTOPOXKHIH;

- ——(el,list) — BUJIYYEHHsI BEPUIMHHU CIHCKY
list Ta 36epexenni ii B el 3a ymoBu, mo list we
MOPOXKHIH,;

— x(a,b) —MHOXeHHs ABOX uncen, epeadadae

3HAXOJKEHHS TPEThOTO YHCIa, 0 € iXHIM J00yT-
KOM.

Omnepanis  o0’equanHa  rpadiB =~ WgJIG =

=U(W,JG,,W2.IG, ) nepenbauae hpopmyBaHHs HO-
BOro rpaga WgJG, mo MicTUTh 00’€HaHI MHO-
KUHA BEpIIMH 1 JAyr BUXiAHUX Tpadis
W;JG=(V,E), 1ne V=V,UV,,E=EUE,,
WG =(V}, B ), W, IG, =(V,,E, ), npn upomy U
— TpajWIIiifHa orepaiist 00’ €THaHHSI.

BigHOMEHHS MiICTAHOBKY Ma€ BUTIISL:

\V|:<Siagi>’ < i1 |> gl_<gi’gi>’

— BIJIHOIIICHHS ITiZICTAHOBKY JIiJIsl pO0OTH 3i

(12)
ae SI ' S
CIUCKOM 1 TOOYTOBM KOHCTPYKITii Tpada Biaro-
BifHO; §;,§; — onepauii HaJ aTpUOYTaMH CHHCKY
Ta rpada, oro BEpUIMH i IyT BiINOBIAHO. SKIIO0
orieparliro HaJl aTpuOyTamMu He BUKOHYIOTh, BiTHO-
IIEHHS MiICTAHOBKU Ma€ BUIIISA ; = <Si ,8> .

Orepaltisi TOBHOTO BUBEJCHHS ||= (‘I’, W,JI) Ta
OinpIn meranpHa iH(QOpPMAIIiS MO0 1HIIUX Omepa-
il HaBemeHa B poborax [13, 14]. PesymbraTom
orepariii BUBEICHHS € KOHCTPYKIIii-rpad.

MeToro KOHCTPYIOBaHHS € TIOOymoBa rpada Ke-
PYyBaHHS POrPaMu 3a IPOMIKHUM IPEICTABICHHIM
y Burai list e Q(C;).

OO6Me:xeHHs! KOHCTpyKTopa Cg Hak/IajaroTh Ha-
BaHTAKEHHSAM BEPILIMH Y CITHUCKY.

[TouaTkoBa yMOBa KOHCTPYIOBaHHS: G — HETep-
MiHaJ, 13 IKOTO MOYMHAETHCS MOOYA0BA KOHCTPYKIIIT
rpada KepyBaHHS, p — HETEPMIHAJI, i3 SIKOTO MOYH-
HAa€ThCs BUITydeHHs BepiuH i3 listJC; .

VMoBa 3aBeplIeHHsI KOHCTPYIOBaHHS: (opMa He
MICTUTh HETEPMiHaTiB, KOHCTPYKIsI CITUCKY HOpPO-
KHS.

VY  pe3ynbraTi KOHKpeTH3alil KOHCTPYKTOpa
Cs kP kCg MaeMo HIDKYEHaBe/IeH] IIpaBuiIa Mij-

CTaHOBKH.
[IpaBwto iHimiamizartii rpada Mae BUTIIS:

S =¢,0,=¢ (13)

§ =(c —>Goy);
g, = (index.lv, :=1,name.lv, :="begin",

index.v, :=0,name-v, :="end",beginJG =v,,

end G :=v,,current G :=v;,V ={v;,V, }> :

[ToOynoBa rpada mependavae BHUIIyUYEHHS Bep-
e KoHCTpyKii list (S, ), ToMy maii juist npaBrit
Go ta G, ko S; abo §; He BKa3aHO, BIINOBI1IHO
§ =S, 0

AKIo S; abo §; He BKazaHo, S, =¢,J; =¢:

=0,, a nis npasun Gf , GB ta Go,

=(p———(I_vertex,list)); (14)

g, =¢.

IlpaBuno g AoJlaBaHHA HOBUX BEPUIMH JO
rpaga Mae BUTIISA:

SZ—<G0L —>U GG (x>, (15)
b

g, =(+(namel _vertex = P|el € {Ch }\

\{"do","else"},9,d, :=true,G" =V UE’,

V™ ={v},E" ={e},name.v:=name.l _vertex,
indexv =#G, start.le := indexcurrent_G,

finish.le = index._v, current UG = v)> .
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Hani HaBEe/IEMO NPABWIA JUIs I0/1aBAHHS BEPLUIMH +(index-Jcurrent JG, stack _break)> ;
JI0 KOHCTpyKIii Stack _temp :
— BepmuHa "do":

5, =(Ga 4,—>Ga); (16)

— "continue" koncTpykmii list :

5 =(Ga 4, > Ga); (21)
g, = <+(name.JI _vertex ="++"& nameprev.! 0g = <+(name.JI _vertex ="continue", 2,

I _vertex="do",2,d, =true, d, :=true, +(indexAcurrentAG, stack _continue)> ;

— "——" xoncrpykuii list :

+(—1x(#G +1), stack _temp)> :
S = <Ga 4 G¢a>; (22)

— BepuinHa "else":
5, = <G(x - G(x>; (17) Go =(+(name I _vertex="-—"1,d, :=true));

— "else" xoucTpykii stack _temp:

g, = <+(nameAI _vertex ="++"& name.prev.
S0 =(Go 4, —>Go); (23)

Jl_vertex="else",2,d, =true,
+(—1, stack _temp)> ; G0 = (—(temp, stack _temp), +(temp =—1,2,

— iEmi BepumE. dg :=true, +(indexJcurrentJG, stack _ root))> ;

5 =<G°‘ 6o G“>; (18) — "do" koHcTpykii stack _temp :

gs =(+(namedl _vertex ="++"& name.lprev.J - ~ *
5 =(+( sn=<e¢ 4~ U(GB,G )x¢>: (24)

I _vertex!=el € {"do","else"},2,d, =true,
Gy, = (—(temp, stack _temp), +(temp <15,

+(indexJcurrent.JG, stack _temp)> .
IpaBuna st OOPOOKM pI3HHX BEPIIMH KOH- dyo =true,G =& ,E ={e},
CTPYKILiii MAKOTh BHTJISIL:
— "return™ xoncrpykuii list :

start.le, == index..current G,

finish.le, :=temp x—1)).

5, =<Ga ; —>U(G,G*)u>; (19)
s [IpaBuiio nnst nonaBaHHS HOBOiI BEPLIMHU O
rpada Ma€e BUTTISNY:
Je =(+(name.I _vertex="return",5,d :=true,
o x . 5, =(GB—>U(G,G")); 25
G =E ,E ={e},start.le, :=indexJcurrent..G, 2 < P ( )> (25)
finishJe, :=index.tend JG) ; G, =(G" =V UE V" ={v},E" ={e},

— "break" xonctpyxkuii list : name.lv := name.l _ vertex, index.lv := #G,

S, = <Ga 4.~ Ga>; (20) start.le ;= indexJcurrent.JG,
6, = (+(name.JI _vertex ="break",2,d; :=true, finish.Je := index.Jv, current G :=v) .
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) Hl]')aBI/IJ'IO JUTSI mo6p061<1/1 BepinH "while" Ta 8, = <G¢ d13_>G¢>; (31)
for" xoncrpykuii stack _temp:
B Oy = <—(temp, stack _temp), +(%(temp,v) ="if ",
a3=<e¢du—>U(Gx3)x¢>; (26)

3,d,; :=true,+(temp, stack _root),

013 = <—(temp, stack _temp), +(%(temp,V ) = +(indexicurrent.JG, stack _ root))> :
="while"|" for",6,d,, .= true,G =E",E” ={e}, [Momamo mpaBmwio s  OOpOOKH BEPIIMHU
"case" ta "default" xonctpykmii stack _temp:

start.le, == index.currentJG, finishle, :=temp,

S =(G Go); 32
+(temp, stack _root))). 19 < ¢ g, ¢> (32)
Hani nopaHo mpaBuia 1 0OpoOKH BepIINH Gio =<—(temp,stack_temp),+(%(temp,v)=
KOHCTpyKIiii stack _root Ta stack _continue
Do ="case"|"default",2,d,, :=true,
y npaBum §;:
) +(temp, stack _switch))).
%=@w»waen} (27) _
IMpaBuito s 06poOku BepmmHK “'switch" xoH-
e cTpykuii stack _temp mae Burisig:
14 :<G =E",E ={e},—(temp,stack _root),

y y S0 = (Gt o, > G39); (33)
start.Je :=temp, finish.e:= f|n|sh<qurrente.JG>;

) Oy = <—(temp, stack _temp), +(%(temp,V )=
%=Q%—AKQGWQ; (28) _
="switch",1,d,; == true)> .

0is = <G* =E,E = {e}: [IpaBuna ans oOpOOKM BEpIIMH KOHCTPYKIIiit

. stack _switch;
—(temp, stack _ continue), start.Je :=temp,

finish.Je := finish.lcurrent, G | Sy = <G5 - O(G,G*)5>; (34)
| start.lcurrent,.G); P .
oo =<G =E",E ={e},—(temp,stack _switch),
§16=<X—)8>. (29) N
_ start.le := start.lcurrent,. G, finish.le = temp)> :
Ipasuna ams 06po6ku Bepiuau "if "' KOHCTPY-

kil stack _temp : 5 =(8—¢). (35)
5., =<G¢ ] —>G¢>; (30) [IpaBuna mist 0OpoOKM BepIIUHN KOHCTPYKIIii

stack _break :

0, = <—(temp, stack _temp),+(%(temp,V ) ="if ", S, =(Gh—>Gg); (36)

3,d,, :=true,+(temp, stack _ next), G, = (—(temp, stack _break),

+(index.current.JG, stack _ root))> ; +(temp, stack next))‘
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S5 = <¢ - 8> . (37)

[IpaBuno ans oOpoOKM BEpIIMHU KOHCTPYKIIii
stack _next mae Burisaz:

S0 = <ch — U(G,G*)a>;

G =<G* =E",E" ={e},—(temp, stack _next),

(38)

start.le :=temp, finish.e:= indexAcurrentHG) .

[IpaBuno anst oOpoOKM BEpUIMHM KOHCTPYKIII
stack _root :

5,e =<Ga—>U(G,G*)a>;

G5 = <G* =E",E" ={e},— (temp, stack _root),

(39)

start.le :=temp, finishe :=indexcurrent, /G ]|.
|indexend JG) .

[TpaBuuia At JOaBaHHS TYTH 10 OCTaHHBOI Be-
pmmHA Tpada:

56 =<Ga—>O(G,G*)a>; (40)

02 =<G* =E . E = {e}’
start.e := index./current, .G,
finish.e == indexJend JG) .

Hactynne npaBuiio 1o3Bosisie 3aBepiinta 00po-

OKy BepIIMH KOHCTpYKLii stack :
S, = <0c - 8> (41)

VY Xoni iHTeprpeTalii NPOBEACHO 3B’SI3yBaHHS
onepariil CUTHaTypu X 3 aJrOPUTMAaMH iX BHKO-
HaHHS:

<CG =(Mg,Z¢,Ag ), Co =(My, ZA”AA'>> 1=

11, Co :<MG’2G’A3>’ (42),

ne M, oVy,V, = {AO |§i} — MHOKMHa 0a30BHX
anroputMis; X;,Y; — MHOXXMHHU BU3HA4EHHs Ta 3Ha-
YeHb ANTOPUTMY A |§ ;
M= {Ma= U (x(R) () uaic,)] -

HeozHopianmii Hociil; Q(Cy) — MHOXHHA KOHC-
TpyKUii  rpadis, ski Css
Ay=AgUA, UA,

3a10BOJIBHAIOTH

Koncrpykrop | o, Cg mictuts anropurmu

BUKOHAHHS orepariit: {(Ai |A‘ A‘ - )
(A2, (Al =), (&hwwz)
A5|cs‘+"J”:>) (A6|<I:_,n,L‘J+)' (A7|ab )

(%%Aﬂ, (Ao g +)
)

Ai eI stack A= ) (A12 el, Ilst
|QQAU)(AHQQAOE~

PesynbraTomM peanmizaimii koHcTpykTOopa (42)
€ MHOYKHHA KOHCTPYKIIH rpadiB KepyBaHHS, MO0Y-

(
(A xgvA%y
(
(A

JOBaHWMH 32 KOHCTPYKIIISIMH 3 Q(CT ) .

Takxum unHOM, mipaBuia (13) — (41) 103BONSIOTH
MEPETBOPUTH TEKCT MPOTPaMH, TONEepeaHbO Mo0Y-
noBanuid 3a mpaswiamu (4) — (8), y rpad kepy-
BaHHA. llpm 1bOMy BpaxoBaHi omepaTopu Kepy-
BanHs {C,}U{Cb}. Inwi oneparopu mMarots yHidi-
KOBaHE TPEJCTABIICHHS y BHIJISIIII BEPIIUHU-TIPO-
1ecy.

Tpuxnao suxopucmanus modeni. Po3risHemo
npuKiIaz moOyaoBu rpada KepyBaHHS Uit QYHKIIT
3HAXO/DKEHHS MIHIMyMY 3 JIBOX YHCEJI, HAIMCaHOI
MOBOIO TiporpamyBanHsi C++. [Iporpamuwnii kox dy-
HKIT:

int min(int a, int b)

t

int_min = a;
ifCmin>b) _min=b;
return _min;

1.

Hagenenwuit kox 0yiio neperBopeHo B list -koHc-
TpyKuito, mnoOymoBaHy 3a jgomomoroio  C;
(puc. 1, @). Head — rosioBa criucKy, IPHHIMI POOOTH
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criucky — FIFO. I'pad motoky kepyBanus (puc. 1, 6)
OymyeMo 3a JOMIOMOTOIO TTOCIIZOBHOTO BUKOHAHHS
MpaBIIT:

6,60 ,»U(G.G o, >, (44)

,—U(G.G")a 5> Ga ,»U(G.G )a g

o> Goa 13> G 3> Go 5—>

5—>U(G,G") 5> U(G.G") -
277> &,

JIe YUCTIOBI IHAEKCH CTPIJIKH € | -iHIeKCaMH MpaBuiIa

S.

[

Ha puc. 1, 6 BepmmHu rpada MiCTATh TO3HAYKH
BEPILUHHA CITHCKY, SIKUM BiJIIIOBIA0Th, @ TAKOX HO-
MEpPH BEpIINHH, IO 3a3HAYCHO B JTY)KKaX.

06 ’exmHo-opienmosana mooenvb epaga repy-
6anusi mpoecpamuy. Jns 3icTaBIeHHS AITOPUTMIB,
MIPEJCTABICHNX Y BUMIIAMAI OJOK-CXeM, Ta TEKCTIiB
MporpaM Ioamo ix sik rpadu kepyBanHs. ['pad ke-
pyBaHHS OynyeMO 3a OJIOK-CXEMOKO aJrOpUTMY,
CTBOPEHOIO B OHJIaiH-penaktopi [12]. Ieit peqaktop

1. moGymoBa mpomixkHOI MoOpeni OIOK-CXeMH,
10 MICTHTB JIBa KJIACH, K1 BiJIIOBIIAIOTH 32 3UUTY-
BaHHs JIaHMX 13 (aiiiry .json;

2.mobyznoBa rpada KepyBaHHS Ha OCHOBI MO-
neni OJIoK-cxeMu, MoOyI0BaHOi Ha TIONEPEeTHFOMY
KpOIIi.

6-b

Process

|€—head

IF

++

Pracess

return

Puc. 1. Cxema koHCcTpyKI1Iii, moOymoBanux Cri Cg:
a — CIIMCOK KEPYIOUHUX ONeparopis; 6 — rpad KepyBaHHS

Fig. 1. Scheme of structures constructed by Cr and Cg:
a — list of control operators; b — control graph

I'pad xepyBanHs mporpamu Oymyemo 3a Mo-
JeJUTIo, ormucanoro B (2) — (41).

Jus mporpaMHoi peaizariii Mozgeni rpada kepy-
BaHHSI NPOTpaMu BHKOHAEMO i 00’€KTHO-OpiEHTO-
Bane (OO) monemroBaHHS 3 BukopuctanasmM UML.

7I03BOJISIE OTpUMATH cxeMy y opmari json, po36ip ~ Peamisamiro  mMozmeni  TOKManeHO  HA  KJIACH:
SIKOTO BiZIOYBAETHCS B TAKOMY MOPSIKY: PreprocessingCode, ~ LexicalAnalysis,  Graph
(puc. 2).

PreprocessingCode Graph
- separators : List<string> LexicalAnalysis - Name : String
- KeyWords : List<string> - Code  String - Vertex : ArrayList
+ DeleteOneLineComments () : String - Tokens : List<string> < — - Edges : List<List<string>>
+ DeleteMultiLineComments () : String <~ <—{ - Actions : List<string> + AddVertex () : void
+ DeleteStringLiteral () : String + Analysis () : List<string> + AddEdge () : void
+ DeleteSymvol () : String + BracesBody () : int + BuildGraphFromCode () : void
+ DeleteParentheses () : String + BuildGraphFromFlowchart () : void
+ AlloceteTokens () : String + GraphComparison () : void
+ AllocateFirstToken () : String + SaveToFile () : void

Puc. 2. KitacoBe npesicTaBiIeHHs! KOHCTPYKTOPIB CIIUCKY Ta Tpada KepyBaHHS

Fig. 2. Class representation of list and control graph constructors

PosrnsiHeMo BiMOBIIHICTH ANTOPUTMIB KOHC-
TpyKTOpa cTeKy (9) Meronam kiaci (puc. 2):

Al0 — KOMIIO3UIIiS alrOpUTMIB — MPUCYTHIN Y
BCIX METOMAaxX, OCKUILKH KOKEH 13 HUX CKJIAJacThCS

3 JEKIUTBKOX MiJalTOPUTMIB, TAKUX SIK IPUCBOEHHS,
TOPIBHSHHS, 00’ €THAHHS Ta 1HIIII;

Ag — YMOBHE BUKOHAaHHSI alITOPUTMY — IPUCYT-

Hill y BCiX METOJ[aX, OCKUILKU KOXEH 13 HUX MICTHTh
OIIepaTop YMOBHOTO BUKOHAHHS, [0 BU3HAYAE BUKO-
PHUCTaHHS THX YH 1HIIMX aJrOPUTMIB;

A, — Io1aBaHHS BEPIIMHU JI0 CIIHCKY — peati3o-
BaHo MeTozioM Lexical Analysis::BracesBody();
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A—A - pealnizoBaHo METOZIOM
LexicalAnalysis::BracesBody(), BoHM 103BOJSIOTH
MOCITIIOBHO 3alIOBHUTH CTEK.

PosristHeMo BiATOBITHICTD aJTOPUTMIB KOHC-
TpyKTOpa rpada (42) meromam knacis (puc. 1):

AP, A? — Bi/IOBIAIOTH ATOPHTMAM, OTIHCAHNM
y KOHCTPYKTOPI CITUCKY;

A—A - pealnizoBaHo METOIOM
Graph::BuildGraphFromCode(), BoHH IT03BOISAIOTH
MOCJIIIOBHO OOy TyBaTH rpad;

A, — YMOBHE BHMKOHAHHS CIIMCKYy oOIlepauii —
MIPUCYTHIH y BCIX METOAAX;

A, — IIpUCBO€HHSI ONEpaH/IiB — IPUCYTHIH y BCixX
METOJIax;

A, — monryk BepuIMHY rpada 3a iHIeKCOM — pea-
mizoBano y meromi Graph::BuildGraphFromCode();

Ay — 004MCIIEHHS IOTYKHOCTI MHO>KUHU — pea-
J30BaHO y BUIIIAI TapaMeTpiB aTpUOyTiB KI1acis;

A, — ofaBaHHS €JEeMEHTa JIO0 JONOMIXKHOIo

CTEKy - pearizoBaHO y METOI

Graph::BuildGraphFromCode();

A, — BIIyYCHHsI BEPIINHU JONOMIKHOIO CTEKY

- peaiizoBaHO METOi
Graph::BuildGraphFromCode();

A, — BUITyYEHHs BEPLIMHU CITUCKY KOHCTPYKILIi,
1no0yJ0BaHOI KOHCTPYKTOpoM C;, — peani3oBaHoO y

merozi Graph::BuildGraphFromCode();
A; — MHOXXEHHs JBOX YHCEJ]l — Peai3oBaHO Y

metoxi Graph::BuildGraphFromCode();
A,, A — 0o0’eqHaHHA MHOXUMH Ta rpadiB Bil-

MOBITHO - peaiizoBaHO y MEeTO/Ii
Graph::BuildGraphFromCode().

[NopiBHsiHHES TpadiB, IO BIAMNOBIAAIOTH TEKCTY
i anropuTMy nporpamu, BUKOHYEMO Ha OCHOBI Me-
TOJY MOIIYKY B LIMPHUHY: QJIFOPUTM [IEpepaxoBye BCi
JOCSDKHI 3 S BEPLIMHH B MOPSIIKY 3POCTaHHS Bijc-
tani Big S [1]. [lepernsn BepiyH € napajieiabHUM Ha
000x rpadax, a BEpIIMHH MOMI4al0Th, SKIO BOHU
30iraroThCs B 000X rpadax.

Hani cxoxicTb rpadiB BUpaXaeMo B YHCIOBOMY
EKBIBaJICHTI 32 (HOPMYIIOHO:

[Al+[B]-2

Match(A,B) = |A|+|B|—2 %100, (43)

ne A, B — mocmimxkysani rpadu;

A| , |B| — KUIb-
A, |B| —ki-
JIBKICTh TIOMIYCHHUX BEpIW. 3a MOPIBHSHHS rpadin
Bigmosizae metox Graph::GraphComparison().

Jiis BUKOpHCTaHHS TOOYJ0BaHUX TpadoBUX MO-
Jierieit Ta TOBHOI peatizariii MeToy BU3HaUYeHHsI Bij-
TTOBITHOCTI TEKCTY 1 alTOPUTMY TIPOTpaMu OyJIo po-
3pobsieHo0 Ta peamizoBaHo OO-Monenb I0aTKy
3 GUI (puc. 3).

KiCTh BEPILUH Y BiAMOBITHUX Tpadax;

"blocks”: [

Pesynutar x
o BANOBLAICTS 3ATOPHTAY A0 HOFO PEsAISSL CxANASE B1,52%

Puc. 3. BikHO momaTKy ISt 3iCTaBICHHS TEKCTY
I aNropuUTMy IPOrpaMu

Fig. 3. Application window for comparing the text and
algorithm of the program

TakuM 4UHOM, METO/ /I BU3HAYCHHS BIITOBII-
HOCTI MIPOTPaMHOTO KOy aJITOPUTMY, SIKHI BiH pea-
Ji3ye, mependoadae BUKOPUCTAHHS PO3POOIICHOI CHC-
TEMH KOHCTPYKTODIB JUISi TIEPETBOPEHHS HPOTpaM-
HOTO KOJy B rpad kepyBanHs. Ha ii ocHOBI moOy0-
BaHa  OO0’€KTHO-OpI€HTOBaHa  MOAENb  JUIA
KOHCTpYIOBaHHSI rpada KepyBaHHS NpOTpaMH Ta
rpada KepyBaHHS aJITOPHTMY.

Mogens peamnizoBye moOyaoBy TpadiB mpo-
rpaMu, allrOPUTMY Ta iX MOPiBHSHHS, TOOTO TTOBHI-
CTIO BUKOHYE KPOKH 3aIIPOIIOHOBAHOTO METOTY.

HaykoBa HOBH3HA Ta MPAKTUYHA
3HAYUMICTh

Y po0boTi oTpUMaM MOAAIBIINN PO3BUTOK ME-
TOJU  KOHCTPYKTHUBHO-TIPOIYKIIIHHOIO  MOJEIIIO-
BaHHS B 33]ja49aX 00pOOKH TEKCTiB, HAITMCAHUX IITY-
YHUMHU MOBaMH. 3alIPOTIOHOBAHO METOJ] 3iCTABJICHHS
TOPUTMY Ta Horo mporpamHoi peamizamii. Mertox
niependavyae BUKOPUCTAHHS PO3POOIICHOI CHCTEMHU
KOHCTPYKTOPIB, 1[0 BUKOHY€E TIEPETBOPEHHS TEKCTY
porpam MoBoro C++ y rpad KepyBaHHS AJIs TIOJa-
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JBIIIOTO 3iCTaBIEHHS 3 anropuTMoM. OTpruMaHi pe- BucnoBku
3yNbTATH MAFOTh 3HAYCHHS JUIS PO3B’S3aHHS TaKUX
3aj1ad, SIK 3iCTaBJICHHS TEKCTIB MPOTPaMm i3 METOKO BH-
SIBJICHHS 3aI103MYeHb, BU3HAYEHHS B1AIOBIIHOCTI ajI-
TOPUTMIB TPOTPaM iX MPOTPaMHUM peaiizallisaM i3
METOIO TIOJIMIICHHST HABUYOK KomyBaHHs. ['padose
MPEJICTaBJICHHS, SIKE MMPOAYKYE po3po0iieHa cucreMa
KOHCTPYKTOPIB, MOKe OyTH 3aCTOCOBaHE TSI TOCIi-
JOKEHHSI BIUIMBY ONITUMI3allii Ta pe(hakTOPHHTY KOAY
Ha CKJIQJIHICTh MPOTPaM i3 BUKOPUCTAHHIM METPHUK
MaxkKeiiba.

3ampoIToHOBAaHO METON BHU3HAYEHHS BiIIOBIA-
HOCTi TEKCTY aJIFOPUTMY Iporpamu. Bukopucranus
amapary KOHCTPYKTHBHO-ITPOAYKIIIHHOTO MOJIEITIO-
BaHHS JTO3BOJIMJIO (pOpMalTi3yBaTH MPOIECH MO0Y-
J0BU rpada KepyBaHHS MPOTPaMH, Mpy LHBOMY MO-
KIJIUBICTh PO3IIUPEHHS MHOKUHH MPaBwiI iHPopma-
HIHHOTO 3a0e3MedeHHss KOHCTPYKTOpa Ja€ MOKIIH-
BicTh B MalOyTHROMY BpaxyBaTH KIJIACOBY
CTPYKTYpY NpOrpaMH Ta MOIYJBHICTH y IIJIOMY.
HasiBHiCTH TIOTIOBHIOBAHOTO HOCiSI B KOHCTPYKTOPI
JIO3BOJISIE PO3IIUPUTH MOJIEITh JIJISI IHIIIUX MOB MPO-
rpaMyBaHHs.
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Identification of the Program Text and Algorithm Correspondence Based on
the Control Graph Constructive-Synthesizing Model

Purpose.The main article purpose is to develop and implement the method for identifying the correspondence
between the text and the program algorithm represented in the form of a flowchart. As part of the method work con-
version of the input data in the graph representation is performed by means of constructive-synthesizing modelling.
Methodology. To compare the program text and flowchart, we constructed a mathematical model for converting the
program code into a graphical representation on the basis of control structures. To build the model, the apparatus of
constructive-synthesizing modeling and its methods were used: specialization, concretization, interpretation and im-
plementation. The graph representation of the text is created taking into account the control operators; the flowcharts
are created using a json file containing the description of the diagram elements and their links. To compare the graphs
we use the breadth-first search algorithm with the number of identical vertices being counted. To obtain the software
implementation of the developed method and models we used the technology of object-oriented programming and
CASE-technologies, which are based on the unified modeling language UML. Findings A method is proposed to
present the text and the flowchart of the program in a uniform format of the directed graph (control graph) and to
evaluate their correspondence by the number of identical vertices. For its formalization and automated usage, we
developed constructive-synthesizing models of input data transformers. The program application was developed based
on the models and the method. Originality. The methods of constructive-synthesizing modeling in the tasks of pro-
cessing texts written in artificial languages were further developed. We developed the system of constructors, which
transforms text program in C++ into a control graph. Practical value. The results are significant for solving such tasks
as assembling program texts for borrowings detection, determining the correspondence of the program algorithms and
their software implementations to improve coding skills. The graph representation produced by the developed system
of constructors can be used for investigation of influence of optimization and code refactoring on the program com-
plexity using McCabe's metrics.

Keywords: constructive-synthesizing modelling; constructor; graph representation of the text; program control
graph; algorithm; algorithm correspondence
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CaiTOBHI1 10CBII CTBOPEHHS MATEMATHYHUX MO/eJIed MTHEBMAaTHYHOI pecopu:
nepeBaru Ta HeJXO0JMIKH

Mera. BpaxoByroun notpedr BUPOOHHUIITBA Ta BIPOBA/KECHHS B SKCILIyaTallll0 Cy4acHOTO IIBHIKICHOTO PyXO-
MOTO CKJIaJly 3 yIOCKOHAJIEHOIO CHCTEMOIO aMOPTH3allil, aBTOpH Nepen0ayaloTh MPOBECTH aHaIli3 CTBOPEHUX Ha Liei
Yac MaTeMaTHYHUX MOJIENICH ANHAMIYHOI IOBEIIHKHM ITHEBMATUYHOI PECOPH, CHCTEMAaTHU3yBATH iX Ta 3’CYBaTH IIe-
peBary il HeOJIKM KOKHOTO 3 THMIB Mozeneil. MeToauka. /[ npoBeneHHs aHaNi3y BUKOPHCTAHO IMOPiBHSIBHO-
XPOHOJIOTIYHHAN METOM, SKHH Ja€ MOXJIMBICTh MPOCTEKHUTH PO3BUTOK HASBHHUX KOHIEHINH i Teopiil. 3amexHo Bif
TUIY PO3B’SA3yBalbHUX PIBHAHP HAsABHI MOJENI MHEBMATHYHUX pecop Oyio MOIINICHO Ha TPU TPYIH: MEXaHiuHi,
TepPMOAWHAMIYHI Ta CKiHUeHHOEeNeMeHTHi. [li1 yac aHami3y OLIHEHO MOXXIUBICTh BPaxXyBaHHS B MOJENi KOHCTPYK-
TUBHUX OCOOJHMBOCTEH pecopH, TeIUIonepenadi, HeMiHIHHOCTI XapaKTepUCTHK MartepiaiiB, popMu MeMOpaHH, 4ac-
TOTH 30yproBayibHOT cuin Ta iH. Pe3yabraTu. [TlokazaHo, 10 0COOIMBICTIO MEXaHIYHUX MOJIeNIel € BU3HAUEHHS BXi-
JTHUX IapaMeTpiB Ha OCHOBI aHAIi3y eKCIIEPUMEHTAIbHUX Pe3yJbTaTiB, SIKE BUMAarae OCTYIY [0 CKJIaJHOTO BUMi-
PIOBaJIbHOTO O0JIaIHAHHS Ta SKE MOTPIOHO BUKOHYBATH JUIS KOXHOI HOBOI MOJIEJi MHEBMATHYHOI PECOPU OKPEMO.
Ha BigmiHy Big MeXaHIYHHX MOJENEH, SIKI JO3BOJSIFOTH YPaxoByBaTH JeMI(yBaibHUN €PEKT MTHEBMOPECOPH
B TOPU30HTAJbHOMY Ta BEPTHKaJIbHOMY HANpPSIMKY, TEPMOJMHAMIYHI MOJIEJ TEePEeBaXHO OPIEHTOBaHI Ha JIOCIHi-
JOKEHHS JUHAMIYHOT MOBEIIHKM ITHEBMAaTHYHOI PECOPH Y BEPTHKAIHLHOMY HAIPSKY. BUKOpHCTaHHS METOmy CKiH-
YEHHHUX €JIEMEHTIB JI03BOJISIE HAMOUIBII TOYHO BiATBOPHUTH IMHAMIYHY INOBEIIHKY ITHEBMATHYHOI PECOPH, MPOTE
BUMarae 3HaYHMX 3aTpaT CWJI Ta 4acy Ha CTBOPEHHsS CKiHUEHHOEJIEMEHTHOi MOJeNli ¥ BHUKOHAHHS PO3paxyHKIB.
HaykxoBa HoBu3Ha. CyicTeMaTH30BaHO MaTeMaTHYHI MOJIENI JUHAMIYHOT NOBEAIHKM ITHEBMATUYHOI PECOPH Ta Mij-
KPECJIEHO Ba)KJIMBICTH IX BUKOPHUCTAHHS MiJ Yac JOCIKEHb PYXy IIBHJIKICHOTO 3aJi3HWYHOTO PYXOMOTO CKIafy.
IMpakTuuna 3nauyumicTh. [IpoBeneHnii aHami3 MareMaTHYHUX MOJENEH NUHAMIYHOI MOBEMIHKH ITHEBMATHYHOI
pecopH MoKa3ye HUISIXH MOJabIIOro iX YJAOCKOHAJCHHS, BKa3ye Ha MOXJIMBICTh 1X BUKOPUCTaHHS B IIPOCTOPOBIH
MaTeMaTHYHIA MOJIEN PyXOMOTO CKJIay BiJIMTOBIAHO IO MOCTAaBJICHUX 3a1ad. Lle M03BOHTH I1Ie Ha eTari MpPOeKTy-
BaHHS MIBUAKICHOTO PyXOMOTO CKJIay OI[iHIOBaTH HOTO TUHAMIYHI IOKA3HUKH Ta MOKa3HUKH OE3MEeKH pyXy MiJ yac
B3a€MO/Iii 3 peHKOBOIO KOJIIETO.

Kniouosi crnosa: THEBMaTHYHA PEcOpa; PYXOMHUH CKIaj; MaTeéMaTHYHA MOJENb; KOPCTKICTh, AeMIpyBaHHS,
TEPMO/IMHAMIKA; THCK; TEMIIepaTypa
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PYXOMMI1 CKJIAJL I TATA TTOI3/11B

Beryn

Bianosimao go Crparerii AT «YKp3amdi3HALID
Ha 2019-2023 pokw, OJHI€IO i3 3arajibHUX iHIIlia-
TUB Oi3HEC-BEpPTHKANI € OHOBIEHHS IapKy maca-
XKHUPCHKOI'O Ta MOTOPBArOHHOTO PYXOMOTO CKJIazxy
[5]. OHoBneHi BaroHu MOBHMHHI TapaHTyBaTH 0Oe3-
MeKy MacaXupiB Ta BAaHTAXIB B yMOBax MpHUCKOpe-
HOTO pyXy MOi3MdiB Ta, y HalOmmkdoMmy MmaiOyt-
HBOMY, MIBHJAKICHOTO PYXy 31 IIBUAKOCTSIMH Bif
161 mo 200 xm/rox. BimmoBimHO, BaXKIUBUMH
I aKTyaJbHMMH [OCTAIOTh MMUTAHHS NPOEKTYBAHHS
HIBUJKICHOTO PYXOMOTO CKJIaxy Ta MOTO OKpEeMHUX
KOHCTPYKUIHHHUX BY3JIiB, CTBOPEHHS HAAIWHOI cHc-
TEMH aMOPTH3allii BArOHIB Yy MPOIECi PyXy, po3Io-
ITy Mepeki Ha JIiHIi 3 BaHTQKHAM 1 TaCaKUPCh-
KHM PyXOM.

B Vkpaini npoBigHuM mianpuemMcTBoM y chepi
BIIPOBA/KEHHS B €KCIUTyaTalil0 Cy4yacHOTO LIBH[I-
KicHOTO pyxoMmoro ckiany € KprokiBcekuii Baro-
HOOymiBHMI 3aBOJ. B ocraHHIX po3poOkax mimam-
pUEMCTBa B KOHCTPYKIIFO MEXaHIYHOI YaCTHHH
PYXOMOTO CKJIaay OyJio BHECEHO 3MiHU B YaCTHHI
BUKOPHUCTAHHS B IICHTPAJIbHIN CTYIEHI PECOPHOTO
MiABIIIYBaHHS MHEBMaTHYHUX pecop. SK mokasye
JOCBIJT eKCIUTyaTallii, ykasaHa 0COOJIUBICTh TO3BO-
JISI€ HE TIIBKU IOJIMIINTA JUHAMIYHI OKA3HUKHU
PYXOMOTO CKJIafy, ajle i 3a paXyHOK IPUMYCOBOTO
HaxwWily Ky30Ba BaroHa y KpHBIA JUTSHIN KOJii
3MIACHIOBATH BAHTAXXHHUN Ta TACAKUPCHKHA IIIBH-
JKICHHI pyX Y MeXaX OJHi€l KOJIii.

OCHOBHOIO OCOOJMBICTIO 3aCTOCYBAaHHS ITHEB-
MaTHYHOI PECOPH € OTPUMAHHS CYTTEBO HENiHIH-
HOI CHJIOBOi XapaKTePUCTUKH 3’€HAHHS eJeMEH-
TiB KOHCTPYKLii 3a ii oOMexeHHx TradapHTiB Ta
camoaeMIpyBalbHUX BIIACTUBOCTEH. AJjie mepen
YCTaHOBJICHHSIM ITHEBMOPECOPH Ha KOHKPETHUH
PyXOMHUH CKJIa] HEOOXiIHO JaTH BiAIMOBIAb HA PSI
3aliTaHb, SKi MOJATAIOTh Y BUOOPI ONTUMAaIhHHUX
pPO3MIpiB JOJJATKOBOTO pe3epByapa W eJIeMEHTIB
JPOCEITIOBAaHHS, OIHIN caMoaeMIipyBalbHUX Bia-
CTHBOCTEH MMHEBMAaTHYHOTO €JIeMEHTa, BU3HAUCHHI
CHJIOBOT XapakTEPUCTUKM IHEBMATHYHOIO MiJBi-
IIIyBaHHs, aHaJi31 JUHAMIYHUX SKOCTEH PyXOMOI0O
CKJIaJy 3 THEBMAaTHYHHMH PECOpaMH B EKCILTyaTa-
HiiHOMY ¥ aBapiiHOMy peXuMax, po3poOui Ta
CTBOPEHHI KOHCTPYKLil MHEBMOCHCTEMH 3 MPHUCT-
POSIMH PETYJIIOBaHHS W ynpaBiiiHHS. 3a HasSBHOCTI
aJIeKBaTHOI ~MaTeMaTH4YHOI MOZEIl PyXOMOro
CKJIagy 3 ITHEBMOpEcOpaMH IIOCTaBJEeHI 3ajadi

MOXXKHa PO3B’SI3yBaTH YHCENHHO HA CTaii MPOEK-
TyBaHHA 0€3 BUKOPHCTAHHS KOIITOBHOTO Ta CKJa-
JTHOTO HaTYpPHOTO €KCIIEPUMEHTY.

Tomy mpoBeneHHs aHaANi3y CTBOPEHHMX Ha Iei
MOMEHT MaTeMaTHYHUX MOJeJel ITHeBMaTHIHOI
pecopu € akTyalbHUM. BiH JO3BOJINTH YCTaHOBUTH
nepeBary i HEeJOMIKK 3alPOIIOHOBAHUX MaTeMaTH-
YHUX MOJEJICH Ta PO3MOAUINTH iX BIATOBITHO IO
MOCTaBJICHHUX 3a/1a4.

Merta

OCHOBHOIO METOIO POOOTH € aHaIi3 Ta CHCTE-
MaTH3allis HasBUX MAaTeMaTHYHHUX MOJeeH JiHa-
MIYHOI MOBEIIHKH MHEBMATHYHOI PECOPH; OIlIHKA
MOJKJIMBOCTI BpaxyBaHHS B MOJEINSX IMapaMeTpiB,
SIKi YMHSATH OCHOBHHUH BIUTUB Ha POOOTY ITHEBMO-
pecopH, a Takoxk e()eKTUBHOCTI 3aCTOCYBaHHS PO3-
[IITHYTHX MOJeNiell i dYac CTBOPEHHS MOAeni
MIBUIKICHOTO 3aJTI3HUYHOTO 013/,

MeToauka

st IpoBelleHHsI aHaNi3y BUKOPUCTAHO TOPiB-
HSUTHHO-XPOHOIIOTIYHUA METO, SKAW A€ MOKIIH-
BICTh MPOCTEKUTH PO3BUTOK AEKITBKOX TOYOK 30-
Py, KOHIEMII#, Teopili. BiamorigHo mo Toro, ski
00paHO PO3B’s3yBajbHI PIBHSHHS, HasBHI MOAEi
ITHEBMATHUYHUX pecop OyIlo MOAINEHO Ha TPH TPy-
MU: MEXaHi4YHi, TePMOJHMHAMIYHI Ta CKiHYEHHOe-
nemMeHTHI. [lix yac aHamizy MaTeMaTHUYHUX MOJe-
Jeldl TPUIUIEHO yBary MOXKIIMBOCTI BpaxyBaHHS
B HUX KOHCTPYKTHBHHX OCOOJMBOCTEW IMHEBMATH-
YHOI pecopH, TeIuionepeaadi, HeNiHIMHUX Xapak-
TEPUCTUK MaTepianiB, GopMu MeMOpaHH TOIIIO.

Posrnsan, anani3 Ta kinacudikaiis HasBHAX Ma-
TEMAaTUYHUX MOJIeJIe TTHEBMAaTHYHHUX PECOp € Ba-
JKIJIMBOIO TIEPEYMOBOIO JJIsi BU3HAUEHHSI HAMPSIMIB
MOJAJBIIOT0 CTBOPEHHS YTOYHEHHX MaTeMaTHY-
HUX MOjIeJiel MTHEBMATUYHUX CHUCTEM, a TaKOX IO-
Oy/Z10BH OLIBII JETAJBHUX MPOCTOPOBHUX MOJICINEH
IHHOBAIIIfHOTO PYXOMOTO CKJIany, SIKi MOXHa BH-
KOPHCTOBYBaTH SIK JUIi HOTO MOJEpHi3amil, Tak
1 MpOEKTYyBaHHS. [3 TOYKM 30py AWHAMIKH, LIS
OTpPHMAaHHsI SKICHOI Ta KiJBbKICHOT KapTHHU HEO0O-
XiJIHO TIPOBOAMTH JIOCII/PKEHHS pOOOTH ITHEBMa-
TUYHOI PECOPH B YaCTOTHOMY Jiamna3oHi Big 0 10
20 T'n [45]. OueBwaHO, IO CHEKTP 3aCTOCYBAHHS
HasBHUX MOJEJEH MHEBMATHYHUX PECOP CYTTEBO
PO3PIi3HAETHCA.
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Pe3yabTaTn

Mexaniuni modeni TIpeicTaBlIeH] K €KBiBaJICH-
THI MeXaHiuHi cXeMH (L0 CKIaJar0ThCs 3 MPYKHH,
Mac, nemrndyBalbHUX Ta IHITUX €JIEMEHTIB), 3Ha-
YCHHS TMapaMeTpiB SKUX 3a3BHYail BU3HAYAIOTH
eKcrepuMeHTanbHuM nursixoM. [Ipocta Ta mBuaka
peaizanist poouts ix HaHOLIBII MOMYJISPHUM Ba-
pianToM y MoxemroBaHHi. Y 1963 pori aBTop po-
6otu [18] 3amporonyBaB OHY 3 MEPIIHNX MEXaHiy-
HUX MOJEJCH sk 0a30By JUIsl aHATI3y XapaKTepHC-
THK TTHEBMATHYHOI pEcOpd B HHU3bKOYACTOTHOMY
miamazoni (puc. 1). o Takoi Momeli MPHAHSATO
MPUITYIIEHHS TIPO OJIMH CIUIBHUI 00’€M TTHEBMOpE-
COpH Ta JIOAATKOBOTO pe3epByapa, IO € CIpaBeIu-
BUM Y BUMAJKy BUKOPUCTAHHS 3’€THYBATHLHOTO ejie-
MEHTa 3HaYHOTO JiiamMeTpa abo 3a Majol 4acTOTH KO-
JIMBaHb CUCTEMH.

l,Fe sin ot |
I m |:ﬂrh H

Phw ks 3K |

Puc. 1. ba3oBa MexaHigHa MOZIENb POOOTH
MTHEBMATUYHOI PecopH

Fig. 1. Basic mechanical model
of the air spring operation

PiBHSIHHS pyXy Macu M Mae BUTJISLI;
mAh = F, sinet —,,Ah— (K, + K, )Ah; (1)

_ APy
g L

K _YAuP

m 5 Tl K|:I'pg!

e M — Maca BaHTaxy; Ah — 3MiHa BUCOTH B Mpo-
1eci KOJIMBaHHS ITHEBMOPECOPH; — YacToTa
30ypIOBaJIbHOI CWIM; A, — KoediumieHT aeMndy-
BaHHA; K, — aniabaTuyHa *OpPCTKICTh ITHEBMOpE-
copy; K, — KOpPCTKICTb THEBMOPECOPH BHACHTIJIOK
3MiHM ii edekTrBHOT Twiomi; | — mocTifiHa 3MiHa
e(peKTHBHOI TUIONII TTHEBMOpECOpU 3i 3MIHOK ii
BUCOTH; Y — BIJHOLICHHS NMUTOMHUX TEIIOEMHOC-
Teii moBiTps; A, — edexTHBHa IIONIA ITHEBMOpE-
COpHM HA MPOEKTHIH BUCOTI; P, — THCK IOBITPs
B MTHEBMAaTHYHIN pecopi; P — aOCONIOTHHHA THCK

MOBITPsI B MHEBMAaTW4HINA pecopi; H — mpoekTHa
BHCOTA ITHEBMOPECOPH.

[ocriitHa B’s3K0r0 AeMIIpyBaHHS B 3arajibHO-
My XapaKTepu3ye PO3CIIOBaHHS €Heprii Marepia-
JIOM THEBMaTHYHOI PECOpH Ta MOBITPSAM YHACIITO0K
Horo mepeTikaHHs 3 THEBMAaTHYHOI PECOPH B 10/1a-
TKOBHUH pe3epByap 1 HaBIaKH.

Haii0inpm nmomynsipHUMH MEXaHiYHHUMH MOJie-
MMM TTHEBMaTHYHHMX PEcop € JiHiHHAa MOZETb
S. Nishimura [42], momens Simpack [44], Moxens
Vampire (BepTukanbpHa it 6oxoBa) [6, 28] i Mmozxenb
Bepra [9, 10].

Mogens Nishimura Oyna peamizoBana B mpo-
rpamuomy komruiekci ADAMS/Rail [42, 57]. Ma-
TEMaTU4YHA MOZETb PO3IiIsie 00’€MH MHEBMAaTHY-
HOl pecopu V, Ta I0OJAaTKOBOro pesepmyapa V.,
a TaKoXX MOK€ BPaxOBYBATH JIiHIHHE B’SI3KE JEMII-
¢byBanns 3 koedinieatom C (puc. 2).

Puc. 2. BepTukansHa MaTeMaTHIHa MOJCIb
nHeBMaTH4HOI pecopu (Monens Nishimura)

Fig. 2. Vertical mathematical model of the air spring
(Nishimura model)

Mogens Simpac, maBemena B pobGoti [53],
€ npoposkeHHsaM mozeni Nishimura ta gogaTkoBoO
BPaxOBY€E BIUIMB aBapiiiHOI MPYXHUHH 3 JKOPCTKiC-
0 K, Ta nemndysanuaM C, (puc. 3).

Puc. 3. MaremaTuyHa MOJIEIb
MTHEBMATHYHOI pecopu Simpac

Fig. 3. Mathematical model
of the Simpac air spring
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ExBiBasleHTHY >KOpPCTKICTh TTHEBMATHYHOI pe-
COpH 3HAXOJUMO 32 POPMYIIOI0:

o
. KBZ(BHMJ

o (2)
+B, +—
B, +B, Tra
K:Ae(bzpn_ —V'B:ﬁ'ﬁzﬁ-
v v T kK

aox

ne K — 5KOpcTKiCTh MHEBMAaTU4HOI pecopu; K, —

JKOPCTKICTh, SIKa BH3HAYAETHCS 3MIHOIO €()EKTHB-
HOI IJIONIi MHEBMaTH4HOI pecopH; K, — xopct-
KiCTh aBapiiiHOI TpPYKWHU; 0 — BiJHOIICHHS
00’eMiB MHEBMATUYHOT PECOpH H JOJATKOBOTO pe-
3epByapa.

3rogom mozeri Nishimura ta Simpac Gymu
yTO‘-IHCHi IIAXOM JO0AAaTKOBOI'O BHKOPUCTAHHA
«MacoBOI» MOJIENI, SKa BPaXOBY€E MOBITPSAHY Macy
3’€IHYBAJIBHOTO TPYOOIIPOBOAY Ta BiJTHOCHE TPHC-
kopenHs miei Macu (puc. 4). ITro Mmozens O6yi0 pea-
JI30BaHO y MTPOrpaMHOMY KOMILIEKCi Vampire.

Puc. 4. MaTemaTiuHa MOJIEIb
MTHEBMATHYHOI pecopu Vampire

Fig. 4. Mathematical model of the Vampire air spring

Ockinpkn Maca TMOBITPs B 3 €IHYBaJbHOMY
TpyOONIpPOBOAI € MaJOI0, TO 3IAETHCS, 110 HEIO MO-
KHa 3HeXTyBaru. [Ipore TuIoma MOMEPEeYHOTo Ie-
pepi3y TpyOu € Habarato MEHIION, HiXK ITHEeBMa-
THYHOI pecopu ab0 JOAATKOBOTO pe3epByapa, TO-
My IIBWJKICTH TOBITPS, IO JOCSTAETHCS B TPYOi,
Ta 1HepIlsl MOBITPSHOI Mach MOXYTh OyTH 3Hau-
HUMH, 110 BIUIMBA€ HA XapaKTEPUCTUKU ITHEBMa-
TUYHOI PECOPH IIiJ] Yac ii MOJICTFOBAHHSI.

Cunig 3a3Ha4MTH, 10 MOjeNib Vampire Takox
nepeadadae JOCIIHKEHHS! TOPU30HTAIBHOI IOBE-
JIHKY TTHEBMaTHYHOI pecopH (puc. 5).

Puc. 5. TopusonTansHa momens Vampire
Fig. 5. Horizontal Vampire model

Mopens Gensys [8, 9] e naiicknagHimow Me-
XaHIYHOIO HEMHINHOI TPHUBUMIPHOIO MOJICIUTIO
IIHEBMATHYHOI PECOPH, KA MOXE OIMCYBaTH 11
MOTIEPEYHY, MO3A0BXHIO I BEPTUKAIbHY MOBEIiH-
Ky (puc. 6). 3anpornonoBana mozenb Mae 13 mapa-
METpIB Ta OmMHCye TpU €(DEeKTH: MPYKHICTh, TEPTS
1 B’A3KICTb. Y CBOIX po0OTax aBTOpP PEKOMEHIYE
BH3HAYATH MapaMeTpyd Ha OCHOBI aHalli3y eKcrie-
pPUMEHTAIBHHUX pe3ynbTatiB. [IpoTe ekcriepuMeHTH
BUMArarTh JIOCTYIY J0 CKJIaIHOTO BHMIpIOBAIIb-
HOTO OOJIQJIHAHHSA, a TAKOXK iX MOTPIOHO BHKOHY-
BaTH JJIs1 KOXKHOI HOBOI MOJIEJNi ITHEBMATHYHOI pe-
copu.

X
>
Kex Kex;..j
TATATAVATANY

Puc. 6. Monens Gensys
Fig. 6. Gensys model

Beprukansaa monens (puc. 6, 6) onucye npy-
HI Ta 1eM(yBaJbHI BIACTHBOCTI PECOPH, a TAKOK
BpaxoBye Macy 2M , sika OTMHCY€ iHEPIiI0 MOBITPS
B 3piBHIOBAJILHOMY TPYOONPOBO/II.

VY ropu30HTaIbHOMY HANpPSMKY ISl HU3BKHX

qacToT mnpyxuHu K, Kexx € IOOMIHAHTHUMMU.

V pasi 30ibIIeHHs YacToTH B si3kuii gemndep C,
MOYMHAE TIepeaBaTH CHITy, 1 )KOpCcTKicTh K, cTae

aKTUBHOIO. Lle mpU3BOIUTH A0 3pOCTAHHS 3HAYEH-
HS1 3araJIbHOT TOPU30HTAIBHOT dKOPCTKOCTI.

3Ha4YeHHs] TOPU3OHTAIBHUX MapaMeTpiB MepIl
3a BCE 3aJIeXaTh BiJl BIACTUBOCTEH T'yMH, SKa PO3-
CIIOE EHEeprif0 BHACIIJOK MOJEKYJSPHOTO TEpTS.
Jnist BU3HAYEHHS MapaMeTpiB HEOOXiTHO TIPOBECTH
JIBa BUIIPOOYBaHHS:
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— BenMka amrorityga 3mimeras (20-40 mm)
1 HM3bKa YacToTa (< 0,1 Fu) ;

— cepenust amrnrityna 3minieHHs (5-20 mw)
i cepentst yacrora (=11).

JIns BU3HAYCHHS MapaMeTpiB BEPTUKAIBHOI
Mmozeni B poborax [45, 56] Oyno posrisHyTo Oa-
JIAHC CHJI, IKi BUHHUKAIOTh Y 3’ €IHYBAILHOMY TPY-
OOMpPOBO/Ii Ta JiFOTh HA MOPIICHB (PHUC. 7).

vZs

ms, As. s

V. Pr

Puc. 7. BepTukanbHa MoAens THEBMAaTUUHOT pecopu
Fig. 7. Vertical model of the air spring

VY pesynbraTi aHaJITUYHOTO PO3PaxyHKY OyiH
OTPUMaHi CKJIaI0BI BEPTHKAIBHOI KOPCTKOCTI,
BH3HAUYEHA Maca MOBITPs, HelliHiifHe B’S3Ke IEeMII-
¢yBanHs Ta nemMndyBaHHS B 3’€IHYBAILHOMY TPY-
0OIPOBOII.

VY pobotax [48, 50] OGysi0 gociikeHO aUHAMI-
YHY MOBEJIIHKY MTHEBMAaTHYHOI PECOpPH TPaHCIIOPT-
Hux 3aco0iB kommnaHii ZF Friedrichshafen AG. 3a
OCHOBY OyJ1a B3siTa Moziesb Gensys (puc. 6).

Cuiy TepTs B 1iif MOJIeTi BU3HAYAIOTH 3a (Gop-
MYJIOIO:

_(x=x) Lo
TepTs _mSIgn(X), (3)

ne f — mocTiiiHa BEMUYHMHA; X — MOTOYHE 3MIlleH-
Hsl; X, — 3MILIEHHs B IONEpeIHii ToYLli.

OcoOnHUBICTIO PO3paxyHKy 3a ILI€I0 MOJIEIUIIO
€ Te, IO 3HAYECHHsS MONEPEeIHBOTO 3MIIEHHS I10-
BUHHO OyTH NPHUCBOEHO 3MiHHIH X, , 10 HE € CTa-
HAAPTHOIO MPOLEIYPOI0 B AMHAMIYHOMY aHalIi3i Ta
MPU3BOAUTE 10 30010 AITOPUTMY. 3 ypaxyBaHHIM
IBOTO JIISI MOJICNIOBAHHS TIOBEAIHKH TYMH OYIIO
BUKOPUCTAHO OJJHOBHMIPHY MOJIEINb 13 TIOCTIHHUMHU
koedinientamu [29], sixka Mae MpyxHI Ta B’A3KO-
NpYXHi eneMeHTu (puc. 8).

FA C=els]+9)

Puc. 8. Omroumipaa mozens Haupt & Sedlan
Fig. 8. Haupt&Sedlan one-dimensional model

VY po6oti [41] aBTOpH TpEACTABUIN MaTeMaTH-
YHY MOJIe]Tb THEBMAaTHYHOI pECOPHU Ha OCHOBI €KC-
MEPUMEHTANBHUX XapakTepucTHK. Criovyatky Oyia
chopMoBaHa HelNiHIHHA TiAPOIWHAMIYHA MOIEIH,
sIKa BPaxOBY€ JKOPCTKICTh MiJABICKH, Koe(illieHT
neMrQyBaHHS Ta IPOMYCKHY 3AaTHICTh. J{7s mpak-
TUYHOI'O 3aCTOCYBaHHS MOZENb JIiHEapU30BaHa
LUISIXOM PO3KJIaJaHHsl HETiHIHHUX YIEHIB y psau
Telnopa Ta OTpUMaHHS BEIWYUH IEPIIOTO MOPSA-
Ky. Y Tporeci JOCTiKeHHS )KOPCTKICTh MOAETHO-
BAaHO JUISL ABOX EKCIEPHUMEHTAJIbHUX BUIAJIKIB:
HU3BKOYACTOTHOTO Ta BHUCOKOYACTOTHOT'O Jliarmaso-
HIB.

ABTtopu poOiT [64, 65] mpencTaBunn TUHAMIY-
HY MOJIETIb THEBMATUYHOI PECOPH, SIKa CKJIaJa€Th-
Csl 3 TPHOX HapaieIbHO PO3TAILOBAHUX €JIEMEHTIB
Ta BpPaxoBYE€ TEPMOAMHAMIKY IHEBMAaTHYHOI CHC-
TEMH pecopa — Tpy0a — pe3epByap, eheKTUBHE Tep-
T51 T4 B’SI3KO-NIpYKHE nedopMyBanHs rymu (puc. 9).
OpUKIiHHAN eIeMEeHT BUKOPUCTAHO ISl MOYKIIBOC-
Ti BpaxXyBaHHS TiCTEPE3MCHOI IMOBEIiHKH ITHEBMa-
TUYHOI PECOpH 3a MUKIIYHOTO PO3IIHPEHHSI.

roy

b

e

Puc. 9. MaTematuyHa MO/IE b THEBMATUYHOT CUCTEMH
3 TphOMa MapajeabHO PO3TAIIOBAHUMHE €IeMEHTAMU

Fig. 9. Mathematical model of the air system
with three parallel elements

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2021/245974

© A. 5. Kyzumn, C. A. Koctpuns,
TO.T. CoGonenceka, A. B. Barir, 2021

29


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2021, Ne 4 (94)

PYXOMMI1 CKJIAJL I TATA TTOI3/11B

Sk anpTepHATUBHY JJISI MOJEIIOBAHHS AHHAMI-
YHOI MTOBEIIHKH ITHEBMATHIHOI PECOPH MOYKHA BHU-

KopucToByBaTH Mozens Bouc-Wen  [52, 59]
(puc. 10).
1 FE\V X
4
ko Cow Boue-Wen
I::| A7
LV

Puc. 10. Marematnuna mozens Bouc-Wen
Fig. 10. Bouc-Wen mathematical model

VY Hill 3aranpHy CHJIy ITHEBMATHYHOI pecopH
BHU3HAYAIOTh 32 (JOPMYJIOHO:

Faw = KgwX + CagwX + gy Z, (4)

ne Kg, — JiHIMHA )KOPCTKICTh NPYKUHU; Cgy —
Koe(ilieHT neMnyBaHHS; O, — KOC]ILi€HT Ma-
cmta0yBaHHS, TIOB’S3aHAN 13 TEPTAM TyMH, Z —
ricrepesncHa e opMartis.

BrinB mHEBMaTHYHOTO OTMOpY 3’ €IHYBAIBHOTO
eJIEMEHTa Ha TPYXKHI Ta JAeMI(yBaJbHI BIACTHBO-
CTi MMHEBMATUYHOI pecopu OyIo IOCIHiIKEHO B PO-
6otax [2, 3]. TIpu npomy Oyiia po3pobiieHa MOAEb
MHEBMATUYHOI PECOpH SK JWHAMIYHOI CHUCTEMH
3 TphOMa (ha30BUMH KOOpIUHATAMH (THCK y OaJoHi
Ta JOJaTKOBOMY pe3epByapi, Maca IMOBITps B Oa-
JIOH1).

EdexTuBHICTS HAWOUTBII MOMYJSAPHUX 13 IHX
MEXaHIYHUX Mojeleil Oyna mpoaHali3oBaHa B Po-
oorax [7, 25, 38, 49].

Ormxke, aHajmi3 BHIIECHABEICHUX MEXaHIYHHX
Mozesell T03BOJMB 3’SICYBaTH, IO ITHEBMAaTHYHA
CHCTEMa B CEPEIHbO-4aCTOTHOMY Jiana3oHi (Bim 6
no 14 T'm) e HemiHiiiHOO, 11 MapameTpH 3alexaTh
BiJl aMIUTITyau KonuBaHb. OCHOBHHM HEIOJIKOM
MEXaHIYHUX MOJIeNied € HEBH3HAYEHICTh BEIIMKOI
KUTBKOCTI BXIIHUX TapaMeTpiB, SKi MPOIOHYIOThH
3HAXOJIUTH 3 MOTIEPE/IHIX EKCIIEPUMEHTIB.

Tepmoounamiyni modeni MOXHA TIOAUTUTH Ha
pi3HI Kateropii 3ajexHO BiJi KiJBKOCTI OMHCAHUX
eJeMeHTIB (TTHeBMopecopa, 3’ €IHYBAIBHUN TpY-
OomnpoBix, OTBip, AOAATKOBUH pe3epByap i pery-
JIOBAJIBbHI KJanaHu) i GisudHMX sBUI (BTpaTH Ha

TepTs, IHEpIlisS MOBITPS, MOXKIIUBICTH TEILIOTEpe-
Jadi Ta iH.).

Ha pwuc. 11 npeacraBneHa TepMOIUHAMIYHA
MOJIeJIb THEBMATUIHOT PECOPH, SIKa MICTHTh ITHEB-
MobanoH, TpyOompoBix i pesepByap. Taka momenb
MIEPEBAXKHO OPIEHTOBaHA HA JIOCIIPKCHHS BEPTH-
KaJIbHUX KOJIMBaHb.

zt

My, Ty py

Vy A,

Puc. 11. TepmoauHamMiuHA MOAETH THEBMATHIHOT
pecopu [21]

Fig. 11. Thermodynamic model of the air spring [21]

BaxnuBuMm dakTopom mim "ac mocmimKeHHS
TEPMOJUHAMIYHUX TPOLECIB € Te, 0 THCK razy
BCEpEAMHI TTHEBMATHYHOI PECOPH 3aleXKHUTh Bij
MIBUAKOCTI Ta BenmuumHU i1 aedopmarnii. [IBruaka
nedopmariisi THEeBMATUIHOT peCOpPH TPU3BOAUTH JI0
a1ia0aTUYHOTO CTUCHEHHS 3 OUIBII BUCOKHUM THC-
KOM 1 OLITBIII BUCOKOKO JKOPCTKICTIO THEBMOPECOPH,
TOJI SIK TOBiNBHA AedopMallis TPU3BOIUTH 10 130-
TEPMIYHOrO TpoIlecy. BiamoBiHO, 3MIHIOHOTHCS
OCHOBHI PIBHSIHHSI MaTE€MaTHYHOT MOJICII.

KBazicTtatnuHy Ta IWHAMi4HY JKOPCTKICTH BH-
3HAYalTh 32 PopMynamH:

2
UH d
K? ZY'(pa_'_pg)' V +pg' cf:: (5)
2
CT d
K; =(pa+pg)-—/i§ +pg-—£‘. 6)

HeoOxigno mam’garaTH, IO HAaBITH HEBEIUKA
3MiHA IUIONII MOJKE MPHU3BECTH JI0 3HAYHOTO 30i-
JBIICHHS J)KOPCTKOCTI THEBMATHYHOT pecopu. YKa-
3aHa O0cOoOIMBicTH Oyna BpaxoBaHa B pobOOTax
[41,61] musIXOM BHKOPUCTaHHS HAOJIMKEHOTO
aHAITUYHOTO METOY.

VY po6orax [51, 61] HaBeneHi MaTeMaTH4HI MO-
7l THEeBMOOaNoHa Ta J0JATKOBOTO pe3epByapa
B MPHITYIIEHHI, 1[0 BiICTAHb M)XK HUMHU € HEBEJIH-
ko1o (puc. 12). byno nocmigkeHo, SiK TUCK y TTHEB-
Mo00asoHi, 00’ €M JTIOTaTKOBOTO pe3epByapa, po3mip
JPOCETIOBAIBHOTO OTBOPY, YaCTOTa Ta aMILTITy/a
30ypIOBAIBHOI CHJIM BIUIMBAIOTH HAa JWHAMIYHY
KOPCTKICTh THEBMAaTUYHOI PECOPH.
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TIHEEMETHYER
PEOOPE W
OTEIp

bt

DOOETROEKE
psepEyEp

b

Puc. 12. ITHeBMaTHYHA cUCTEMa
6e3 3’€THyBaJIFHOTO TPYOOIIPOBOLY

Fig. 12. Air system without connecting pipe

Skimo B3sITH, MO poOoYe TOBITPS € iIeaTbHAM
ra3oM, TO CKJIaJ0Bi CTaHy MOBITPsI B THEBMATHYHIH
pecopi OyayTh BimnosigaTu piBHsHHAM [1, 4]:

PdV, +V.dP, = R(deTS +T,dm, ); (7)

dQ =dE + P.dV, + hdm,; (8)

dE =C,m.dT, +C,T,dm,, 9

ne P, — abcomoTHuil THCK y nHeBMopecopi, Ila;

V, — 06’eM nHeBMaTH4HOI pecopr, M%; R — rasosa

craima, R=286.9 Jox ; M, — MOBITpsgHa Maca
kr-K

B IMMHEBMAaTH4YHIA pecopi, Kr; T,

. — Temmeparypa

MOBITPsI B MHEBMAaTH4HIN pecopi, K; dQ — Temo-

OOMiH MiX MTHEBMAaTHYHOK PECOPOI0 Ta HABKOJIU-
mHIM cepepoBuiieM; OE — 3MiHa BHYTPILIHBOI
eHeprii; h — enransnis nosirps, Jx/kr; C, — mu-

TOMa TEIUIOEMHICTB 32 MMOCTIHHOTO 00’ €My, <
KT -

Juns agiabatiunoro nporiecy dQ =0 aunHamiv-
HY JKOPCTKICTh ITHEBMATUYHOI PECOPH 3HAXOIUMO
3a hopmyIoro:

Ks=(R _Po)aAe + GAS_BA %,(10)

Emz‘vsaz

S

Je Z — BepTUKaJbHA AedopmMallisi THEBMATUYHOT
pecopu, M; A, — eeKTHBHA IIOIIA THEBMATHYHOT

pecopu, M%; kK — nokasuuk agiabatu, K =1,4.

VY pobori [7] 6yna 3acTocoBaHa ifiest 010 BU-
KOPUCTaHHS B 3 €IHYBaJIbHOMY TpyOOIpOBOIi
KJIalaHa 3 PeryJIroBajJbHUM OTBOPOM, IIIO JI03BOJISIE
JiHEeapu3yBaTH CUCTEMY.

VY pobori [47] Oyso npeacTaBieHo Oe3po3MipHy
MO/IeJIb THEBMAaTHYHOI PECOPH 3 TOAATKOBHM pe3e-
PByapoM, fKi 3’€JHaHi TiApaBIiYHAM omopoM. Mo-
nenb Oyma peamizoBana B cepemoBumt Matlab-
Simulink.

ABTOpH BKa3ylOTh, IO MapaMeTpu BCIX TPHOX
CJIEMEHTIB TiJIBICKM HEOOXiJTHO BUOMPATH OJHOYAC-
HO, OCKUTBKM TOTICPEHIH BHOIp ITHEBMOPECOPH Ta
JOIaTKOBOTO pe3epByapa Ha OCHOBI JKOPCTKOCTI abo
BJIACHOI YacTOTH, a BXKE IOTIM BUOIp TapameTpiBs
OTBOpY, TpPH3BEAE IO OTPUMAHHS HEJOCTATHHOTO
3HaYeHHS KoedimieHTa AeMIQipyBaHHSI.

VY pobori [25] po3risHyTO pi3HHUIIIO MiXK KBa3ic-
TATMYHUM Ta JMHAMIYHUM MiIXOJIAMH JIO CKCIICPH-
MEHTAIFHOTO BH3HAYCHHS MapaMeTpiB ITHEBMOpE-
copu. JuHamiuHi BUNpoOYBaHHS TPOBEACHO B Jia-
na3oni yacror 0-20 I'n. BiamorigHo a0 pe3yibTa-
TIiB TIPOBEICHUWX KBa3iCTaTUYHHX BHUIIPOOYBaHb
OyJ0 3ampOTIOHOBAHO 3AJIEKHOCTI JIHIHHUX CHI
BiJ nehopmarriii.

3a MUHAMIYHOTO MiJXOMy IMHEBMATHYHY PECOPY
Ta pe3epByap MOIETIOBAIM SIK CHCTEMH i3 30cepe-
JDKEHUMH TIapaMeTpaMH, SIKi BH3HAYAIOTHCS piB-
HSIHHSIM HEpPO3PHUBHOCTI Ta PiBHSHHAM CTaHy ijea-
nmeHOTO Ta3y. [loBiTpsHMIA TOTIK Y 3’ € AHYBATEHOMY
TpyOONpPOBOJIi BBAXKAIOTH OJHOBUMIPHUM, Oe3 ypa-
XYBaHHS CTHCHEHHS TIOBITPsI, SIK 3alPONOHOBAHO
B pobOotax [20, 21]. Y uux npurymeHHsIX THHAMIKY
MTHEBMAaTUYHOI CHCTEMH TIOBHICTIO MOYKHA OIHCATH
TaKOI0 CUCTEMOIO TU(EPEHIiaIbHUX PIBHIHB:

PV, +kp,V, =KG,RT; (11)

PpLplp = Pr — Pa—
s, 1

— = deonePp |Up |Up; (12)
2 p concPpP [YP|[HYP>
D? 2

PrVir =—KGpRT, (13)

e P, 1 Pgr — THCK ITHEBMATHYHOI PECOpPH Ta HO-
JaTKOBOTO pe3epByapa BidmoBigHo; V, 1 Vi —
00’eM TTHEBMOPECOPH 1 pe3epByapa BiJIOBIIHO;
pp 1 Up — INUIBHICT 1 WIBUAKICT HOBITPS
B 3’€IHYBaJIbHOMY TpyOompoBoai; G, — MacoBuii
po3xia y 3’eaHyBanbHOMY Tpybomnposoai; Ly i D —
JOBKHHA Ta JiaMeTp 3 €IHYBAJIBHOTO TPYyOOIpO-

Boay; R 1 k — muroma rasoBa crama Ta muToma
TETJIOEMHICT MOBiTPs; ' — TeMmIeparypa CUcTe-
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MH; |t — B’SI3KiCTb MOBITps; d,. — MiCIIeBI BTpaTH
B 3’ €THYBAJILHOMY TPyOOIIPOBOII.

ABtopu po0irt [26, 63] npoBenu nocmimKeHHS
pI3HUX THITIB 3’€IHAHb ITHEBMATHUYHOI PECOpPH Ha
OCHOBI CTBOPEHHX MaTeMaTHYHHX MOZEJEH: IHe-
BMOOAQJIOH — OTBIp — pe3epByap; MHEBMOOAJIOH-
TpyOa — pe3epByap; MHEBMOOAJIOH — OTBip — TpyOa
— pesepByap. [TopiBHABIIN pe3ysIbTaTH MaTeMaTHy-
HOTO MOJICJIIOBAHHS 3 €KCIIEPUMEHTAILHUMH JIaHU-
MH, aBTOPH POOIT PEKOMEHIYBalU: Uil HHU3BKHX
9acTOT BUKOPHUCTOBYBATH THII 3’ €HAHHS «ITHEBMO-
0anoH-0TBIp-TpyOa-pesepByap», a MAjisl BHCOKHX
YacTOT — «ITHEBMOOAIOH-OTBIp-pe3epByap». Tun
3’€JHaHHS «ITHEBMOOAJIOH-TpyOa-pe3epByap» BHKO-
PHCTOBYBAaTH HE DPEKOMEHIYBAIM, II00 YHUKHYTH
BiJI’€MHOI )KOPCTKOCTI.

VY pob6ori [16] 6ymno mocmipKkeHo albTepHaTHB-
Hi IUIAXH ONTUMI3alii THEBMATUYHOI CUCTEMHU.

BaxxnuBuM (akTopoM mia 4ac MOJEIIOBaHHS
MTHEeBMATUYHOI CUCTEMH € TEIJI000MiH 3 HaBKOJIHU-
IIHIM CepeloBUINEM. Y 3arajlbHOMY BUIAJKy TEl-
JI0OOMIH MOXXHA OI[IHUTH, YPaXOBYHOUH TMOIITPOT-
Huii porec [22, 31, 36]. Y KOHKpEeTHHX BHIAJKaX
MpOIIEC MOKHA PO3TIISAATH K i30TepMiunuid [13]
a0o amiabaTnunmii [22].

VY crarri [36] aBTOpH TPOBETH MOJCTIOBAHHS
po0OTH MHEBMOPECOPH B YMOBAaX IMOJITPOITHOTO
npouecy. Ilix yac MoJemOBaHHS BHUKOPUCTAHO
HENpsSMUAK METOJ| peatizalii MOJITPOIHOTO MPo-
1ecy nuisixoM Mojugikallii CriBBiIHOIICHHS THUC-
Ky Ta 00’€My, OTPIMaHOT'O B PE3YJIbTaTi MOJIEIIO-
BaHHS i30TepMiyHOTrO Tporecy. Ha ocHOBI oTpu-
MaHHX Pe3yJIbTaTiB 0yJI0 BCTAaHOBJIEHO, IO TEPMO-
IUHAMIYHUN Tpolec y THEBMAaTH4HIN pecopi
MOYKHA BBa)KaTH a/1la0aTHYHUM, KOJM YacToTa Iie-
pesuirye 5 ', a MONITPOITHUI MPOLIEC CINiJT PO3T-
JISIIaTH, KOJX YacToTa HUK4de 5 1.

VY poboti [57] Oyi0 mpoBeneHO MOJEIIOBaHHSI
Ta aHaNi3 MapameTpiB MHEBMATHYHOI PecopH 3aje-
JKHO BIJI YaCTOTH 30ypIOBAIIBHOT CHJIM Ta IIBUJIKOCTI
il medopmarii. [3o0TepmiuHMIA TTPOIIEC BUKOPUCTAHO
3a yactotu Hwk4e 0,1 I'n, momitporwmii Big 0,1 10
3 I';, amiabaTHYHMI 32 9acTOTH BHIE 3 ['II.

Chix 3a3HauuTH, 110 HA TOBEMIHKY ITiABICKH
B 3HAUHIM Mipi BIUIMBA€ MOKA3HHUK MOJITponH K .
Lle nmuranHs Oyio po3msiHyTO B podortax [19, 22],
y SKMX BpaxoBaHO Mepenady TeIia MK IMHeBMaTH-
YHIMH KaMepaMHd Ta atMocdeporo, a IMBUAKICTh
TEMJIOBOTO TIOTOKY B35TO TPOMOPILIHHOK Pi3HHUII

TemnepaTtyp. byno BcraHoOBiIeHO, IO JUHAMIYHA
JKOPCTKICTh Uil a/1iadaTUIHOTO BUMANKY € Oiib-
IIOK0 TOPIBHSHO 3 130TEPMIYHUM Ta MPEACTABIISIE
pe3oHaHCHUH eeKT I 9acToT, OJm3bkuX A0 15 I'm.

VY poborti [14] Gymna po3pobieHa HOBA AUHAMI-
YHa MOJeNb THEBMAaTUYHOI pecopu, Jie 3MiHy cTa-
Hy TIOBITpSI PO3IiNIEHO Ha JBa MPOLECH: 3MiHa
00’emy (amiabaTwuaHuil) 1 TerwmoBmit Oamanc (i30-
XOpHUH).

s maTemMaTHyHa MOAENb 32 AOMOMOTOIO MPO-
rpamaux makeriB ADAMS i Matlab / Simulink
Oyra iHTerpoBaHa B 3arajbHYy MOJIENb TPAHCIIOPT-
HOTO 3ac00y.

VY Hamr yac iCHYIOTh MaTeMaTHYHI MOJIEIi THe-
BMaTHYHOI CHCTEMH TMiABINIYBaHHSI PyXOMOTO
CKJIaay, 1€ BBEJACHI pEryJIIOBalbHI, 3armo0iKHI
KJIallaHM Ta KiamaHu nepenany tucky [20, 22, 40].

VY pobori [20] Gymo 3a3Ha4YeHO, IO BiAMIOBIIHO
mo EN 14363 [24] € aBi cucteMu BHPIBHIOBaHHS
Ky30Ba BaroHa: 4OTHPHTOYKOBA, sIKA CKJIAJAa€ThCsI
3 YOTHUPHOX BHUPIBHIOBAIILHUX KJIAllaHIB Ha KOXKEH
Ky30B, Ta JBOTOYKOBa (puc. 13).

6—-b

0o 0O
9 ]
oo o
Puc. 13. Cucremu BUpiBHIOBaHHS Ky30Ba:

a —4Y0TUPUTOYKOBA, 0— JBOTOYKOBA

Fig. 13. Body leveling systems:
a — four-point; b — two-point

[Tig yac MonenoBaHHS peryIIOBAILHUX Ta 3a-
MoODKHUX KJIallaHiB MacoBa BUTpaTa IMOBUHHA 0y-
TH BHM3HAa4YCHA 3 YpaxyBaHHSIM THCKY Ha BXOi
1 BUXO/I Ta 3MIIEHHS Baykels KiamaHa. [[jist mpo-
0 BUKOPUCTOBYIOTh €BPOIICHCHKHI CTaHAapT
ISO 6358 [30].

Y CTaHOBJICHO, [0 YOTHPUTOYKOBA KOH(Irypa-
il BUKIIMKA€E 3HAYHI KOJUBAHHS HEMiIPECOPEHHX
Mac IMOPIBHSHO 3 JBOTOYKOBOIO. 3 iHIIOro OOKY,
YOTHPHUTOUYKOBA MiJIBICKA JI03BOJISIE OOMEKUTH KYT
Haxwiy Ky30Ba IIiJ] 4aC MPOXO/DKCHHS KPHUBHX i-
JITHOK KOJTii.

Crig Big3HAYHTH, IO B MIPOIECi MATEMATUIHO-
ro MOJICNIOBAHHS ITHEBMATUYHOI PEecOpy BUHHKA-
I0Th HEBHU3HAYEHOCTI, SKi B TMepmly 4epry
OB’ s13aHi 3 pO3paxyBaHHsAM e(EeKTUBHOI IO K
(hyHKIIIT BUCOTH.
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VY pobotax [34, 35] aBTOopH 3anpoIIOHyBaId HOBY
aHATITHYHY (OPMYITY IUISl OITUCY BEPTHKAIBHOI KO-
PCTKOCTI TTHEBMAaTHYHOI PECcCOpU 3 ypaxyBaHHSIM
MIBUIKOCTI 3MiHHM i1 €PeKTHBHOT TUTOTITI.

dopMyna BepTHKAIBHOI JKOPCTKOCTI ITHEBMa-
TUYHOI PECOPU MAa€ BUTIISI:

AL A
C=v(po+Pa)g-+apo 5
Vo Ry

(14)

e a — koedimieaT GopMH MTHEBMATHYHOI PECOPH.

3 aHasizy OTpUMAaHUX Pe3yJbTaTiB CIoCcTepira-
JIoCs, 110 aAeKBaTHICTh MaTeEMAaTUYHOI MOJEII I10-
TIpUIYETHCS Y BUMAAKY, KOJU MHEBMATUYHA pecopa
oOlajHaHa JOJAaTKOBHM pE3EpBYapoOM BEIUKOTO
00’eMy TIOPIBHSHO 3 pPe3epBYyapoOM Malloro 00’ eMy.
VYkazana 0coOIMBICTE OOYMOBJICHA HEBPaxXyBaH-
HSIM CKJIQJIOBOi YKOPCTKOCTi, SIKa TIOB’si3aHa 3i
CTPYKTYpOIO Tiadparmu.

Y pobori [46] Oymo OTprMaHO aHANITHYHI 3a-
JISKHOCTI 3MiHH 00’ €My Ta 3yCHIUIS THEBMAaTHYHOT
pecopu Bij il mepeMillleHHs] y BepTUKaIbHOMY Ha-
TPSMKY.

VY poboti [62] 3anporoHOBaHO pPO3paxyHKOBY
¢dbopMyny A BU3HAUYEHHS BEPTUKAIBHOI KODPCT-
KOCTI TTHEBMOPECOPH 3 YPaxyBaHHSIM 3MiHH e(dek-
TUBHOI 1ot Ta ii 00’ eMy BHaCIHiOK aedopmariii.

Po3paxyHkoBuM nuisixom Oyno OTpUMaHO cTa-
THYHI W JTWHAMIiYHI KpUBI «aedopmMarlis — KOpcT-
KiCThb» ITHEBMaTUYHOI PECOPH.

Y pobGori [17] aBTOpM HOCHIAMIM TOBEMIHKY
MTHEBMATHYHOI PECOpPH, BUKOPHUCTOBYIOUH TICEBIIO-
IMHAMIYHy Tporeaypy. Mojenb 0OOJOHKH po3pa-
XOBaHO BapiallitHUMKM METO/IaMH, 3aCHOBAaHUMH Ha
KOHIICTIIIIT MiHIMaJIbHOT eHeprii aedopmartii Ta Tep-
MOJIMHAMIYHUX TIporieciB. J{JIsi MiABHUINIEHHS! TOYHO-
CTi OyJI0 BpaXxOBaHO BIUIMB IIBUAKOCTI Jedopmartii
HUISIXOM BHOOpPY PEXHMMIB CTUCHEHHS TTHEBMATHY-
HOI pecopH (i30TepMidHOTO a0 a/1iabaTH4HOTO).

JInst 3HAXOJPKEHHS KOPCTKOCTI ITHEBMOPECOPH
PO3TIISIHYTO JIBI MOJIEINI:

— mepima MojeNnb nepeadadae, Mo TUILKA CTH-
CHEHE TIOBITPS € NMPYKHUM €JIEMEHTOM;

— OCOONMBICTIO JIpyroi MoOJelNi € HakIaJaHHS
JKOPCTKOCTI OOOJIOHKHA ITHEBMOPECOPH Ha KOPCT-
KICTh CTHCHEHOT'O TOBITPS, OCKIIbKH JBa €JIEeMEH-
TH TPALIOIOTh MapajieNbHO.

Astopu pobotu [15] po3pobmin HOBY MaTeMa-
TUYHY MOJICNb ITHEBMATUYHOI PECOPH, sKa Bpaxo-
BYy€ i1 CTPYKTYpHi mapaMeTpH, a came: eQEeKTUBHY

IUIONTY, MIBHUAKICT 3MIHHM €(EeKTHBHOI ILIOII],
e(heKTUBHUHN 00’ €M, MIBUIAKICT 3MiHH €(PEKTHBHO-
ro 00’eMy. AHaIITHYHI 3aJISKHOCTI CTPYKTYPHHUX
mapameTpiB Bif aedopmarnii mHEBMOpecopu Oyio
OTPUMAHO TEOMETPHYIHO.

Ckinuennoenemenmui modeni. lleperinemo 10
pO3TIIALYy Ta aHami3y MOJENed, CTBOPEHUX 3a J0-
[IOMOTOK0  METOLY  CKIHYCHHHUX  €JICMEHTIB
[11, 33, 54, 58, 60]. Takuii BHI MOJCTIOBAHHS JO-
3BOJIIE BIATBOPUTH HANOINBII TOYHY IOUHAMIYHY
MTOBETIHKY MHEBMATHYHOI PECOpH, MPOTE 3aTPaTh
Ta 9ac MOJIEITFOBAHHS € 3HAUHUMH.

3a OCTaHHE NECATIIITTS IS aHANI3y JUHAMIY-
HOI IMOBEIIHKM CUCTEM Ta IX CKJIAJOBUX HANOIIBII
MIOIIMPEHUM TPOTPAMHHUM TaKETOM, SIKUH BHKOPH-
CTOBYE METO CKIHYEHHUX €JIEMEHTIB
1 KOMIT'IOTepHE MPOEKTyBaHHs, € Abaqus.

[lepmri kpoKu B MOJIETIOBaHHI THEBMATHYHOTO
eIeMeHTa 3a JOMOMOTOI METOAYy CKiHYEHHHX
eJIeMeHTIB Oysu 3po0ieHi B poboTi [11] Ha ocHOBI
PIBHSIHHS 130€HTPOITIi Ta3y.

VY po6orti [60] i3 BAKOPHUCTAHHSAM POrPAMHOTO
maketa Abaqus Oyio mpoBeAeHO IOCIHIKECHHS
BIUIMBY NapameTpiB 000JOHKH (KOpAY) MHEBMATH-
YHOI pecopH Ha i1 TpykHi xapakrepuctuku. O0o-
JIOHKY MTHEBMAaTHYHOI PECOPH MOJENIOBAIN apMa-
TYpHUM €JICMEHTOM, a CTHCHEHE TMOBITps Oyj0
MIPEICTaBJICHO €IIEMEHTOM TiApOCTaTUYHOI PIIHHH.

ABTOp pobotu [54] anst nociiKeHHS BEpPTUKA-
JIBHOT )KOPCTKOCTI MHEBMATUYHOI PECOPH CIIOYATKY
BHKOHAaB TOOYJIOBY CITKM B MPOTPaAMHOMY TaKeTi
ANSA, sixuil € MOTYy>KHUM 1HCTPYMEHTOM HoIiepe-
JIHBOI O00pOOKM, a TMOTIM pO3B’s3aB  3ajauy
B Abaqus (puc. 14).

Puc. 14. MopentoBaHHs THEBMATUYHOI PECOPH
B IporpamHOMYy maketi Abaqus

Fig. 14. Modeling of an air spring
in the Abaqus software package
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VY poborax [12,43] aBTOpM NpOBENM aHai3
BIUTMBY (DaKTOPiB KOHCTPYKIIi THEBMATHYHOI pe-
copu Ha ii BTOMHY MilHicTh. byno 3pobneHo Bu-
CHOBOK, II0 HaiOiNpIIM{ BIUIMB Ha BTOMHY MiIl-
HICTh ITHEBMATHYHOI PECOPH MAIOTh PI3HUIII Iia-

D, -

METpiB Ti, KyT KOpAy ¢ Ta KOMOiHamis Iux

JBOX (haKTOPIB.

Y poboti [55] Oyma cTBOpeHa CKiHYEHHO-
eIleMEHTHAa MOJIeJIb THEBMAaTHYHOI PECOpH 3 J101a-
TKOBHUM pe3epByapoM Yy TPOTPaMHOMY TaKeTi
Abaqus. OcHOBHOIO MeTol OyJo JOCHiIKEeHHS
BIUTMBY PI3HOTUITHUX 3’ €IHYBAIBHUX TPYyOOIpO-
BOJIIB Ta JTIOJATKOBUX pPE3EpByapiB HA BEPTHUKAIBHY
KOPCTKICTh Tpu 4actoTi 1o 10 I’ YceraHoBneHo,
0 TIPU HU3BKIA 9acTOTi 30yIKEHHS CHCTEMH Ta
30iTbIIeHHI 00’€My MONATKOBOTO pe3epByapa Iu-
HaMiYHa XOPCTKICTh IMHEBMATHYHOI PECOPH MAajio
BIJIPI3HSAETBCS BiJ| CTaTUUHOI. 301IBIICHHS AMHAMI-
YHOT JKOPCTKOCTI ITHEBMATHYHOI pecopH BigOyBa-
€THCS 32 PaxXyHOK 301JIBIICHHS TI0YaTKOBOTO THUCKY.

ABtopu pobotu [27] mocmimKyBanu BepTHKa-
JBbHY CTaTHYHY Ta AWHAMIYHY )KOPCTKICTh ITHEBMa-
TAYHOI pecopu. EKcIiepuMeHTanbHi JOCIHiHKEHHS
MPOBENIM Ha TiIpaBiiuHilil BUMIPOOyBalbHIM MaIlu-
Hi «Instron» 3 gacrororo xomusaub n0 400 I, i3
JO/IaTKOBUM pe3epByapoM Ta 0e3 Hporo. Po3paxy-
HKW BHKOHYBaJIH 32 JIOTIOMOTOIO CKiHYEHHOEJIeMe-
HTHOT MOJIeIi, PO3po0JIeHOT B IPOrpaMHOMY MaKeTi
Abaqus. Byno BcTaHOBIICHO, IO KYT BOJIOKOH 000-
JIOHKMA ITHEBMATUYHOI pecopu Mae HaWOUIbIIMN
BIUTMB Ha IEpPUIY BIACHY YaCTOTY KOJIHMBAaHb.

VY poborti [39] Oyno mpoBeneHO MOCHTIHKEHHS
I0JI0 OTPUMAHHS BXiJIHUX TapaMeTpiB MHEBMATHY-
HOi pecopu (edeKTHBHA IUIONIA, 3MiHA €(hEKTUBHOT
TUTOIII, B’SI3Ki BTpATH, BTPATH HA TEPTs Ta iH.) 3 BU-
KOPUCTaHHSIM TIporpaMHoro makera Abaqus. ITpo-
AHATI30BaHO BIUIMB IapaMeTpiB KOHCTPYKIIii TTHEB-
MaTHYHOI PECOpPH, OCOOIHMBO KyTa HAXMITY BOJOKOH
O0OJIOHKH, HA 3HAYEHHS BHINCHABEICHHX BXiJHUX
napaMeTpiB, CTATHYHY W JTUHAMIYHY, BEPTUKAJIbHY
Ta TOPU3OHTAIBHY >KOPCTKOCTI, YaCTOTy KOJMBAaHb
Ta, BiJINIOBIHO, HA KOM(OPTAOETHHICTh PYXY.

Cepen iHIIMX NPOrpaMHUX MAKETIB, SIKi BUKOPH-
CTOBYIOTb JJIsl JIOCIII/PKEHHSI MTOBEIHKH ITHEBMATH-
YHOT pecopy, MOXKHA BUJIUTUTH TIPOTPAMHY CHCTEMY
ckinueHHoenemenTHoro aHaiizy ANSYS [23, 32].
VY po6oti [32] aBTOpH BHKOPHCTOBYBAIN MPOrPaMy
ANSYS st MomemioBaHHS CTATUIHOTO TECTY.

Bymno Big3zHaueHO 3HAYHWI BIUIMB KyTa HAXWITY
BOJIOKOH OOOJIOHKHM Ta BHYTPIIIHBOTO TTOYaTKOBOTO
TUCKY Ha XapaKTEPUCTUKH THEBMATUYHOI PECOPH.

Omxe, IpOBEICHU aHAI3 HAYKOBUX JKEpEIT To-
Ka3aB 3HAYHy KIUIBKICTh MaTeMaTHYHUX MOJIenel
PI3HOTO CTYIEHS CKJIaJHOCTI, IO MiATBEPIKYE
BRXJIMBICTh THTAaHHS BIATBOPCHHS JIUHAMIYHOI
MTOBETIHKY THEBMAaTU4IHOI pecopu. Ipore mist Bpa-
XYBaHHS BIUIMBY KOJIMBaHb KOHCTPYKTHBHUX €Je-
MEHTIB HIBHJKICHOTO PYXOMOTO CKJIaJy IIiJ{ 4ac
PYXY 3ai3HUYHOIO KOJI€I0 HEOOXITHO pO3TIsgaTH
MOJIeTTh THEBMOPECOPH K CKJIaIOBY YaCTUHY HOTO
3arajbHOI MPOCTOPOBOi Mojemi. CTBOPEHHS Takoi
y3arajbHEeHOI MaTeMaTH4YHOi MOl JIO3BOJIMTh
MIPABUIIBHO OLIHUTH IWHAMIYHI ITOKA3HUKH Ta TI0-
Ka3HUKU OE3MEeKH 3aJli3HUYHUX EKIllaXiB Yy LIBHI-
KiCHOMY pYCi.

BukoprcTanHs MexaHIYHHX MOjeied mependa-
Yae€ BHU3HAYCHHS BXIJHHUX IapaMeTpiB Ha OCHOBI
aHaJTi3y eKCIePUMEHTAILHUX PE3yJbTaTIiB, 10 BU-
Marae JOCTYIY [0 CKJIAJHOTO BUMipPIOBAIBHOTO 00-
JAJTHAHHA Ta TIOBMHHO BHKOHYBATHCSA U KOXKHOL
HOBOI MOJIe/i ITHEBMATHYHOI pecopu okpemo. Ha
BiZIMiHY BiJ] MEXaHIYHUX MOJEJICH, SKi JO3BOJIIOTh
BpaxoByBaTH JeMII(pyBabHUI e(PeKT MHEBMOpPECco-
PY B FOPH30HTAJIBHOMY Ta BEPTUKAILHOMY Harpsi-
MKy, TEPMOJMHAMIYHI MOZIET] MEePEeBaKHO OPIEHTO-
BaHi Ha JOCHI/DKEHHS JUHAMIYHOI TTOBEIIHKU ITHEB-
MaTHYHOI PECOPH Y BEPTUKAITEHOMY HalpsMKy. Bu-
KOPDUCTaHHS  METOJy CKIHYCHHHX  CJIEMCHTIB
JIO3BOJISIE HAMOUTBII TOYHO BIATBOPUTH TUHAMIYHY
MOBE/IIHKY IMHEBMATUYHOI PECOpH, MPOTEe BUMarae
3HAYHUX 3aTpaT CHJI Ta 4acy Ha CTBOPEHHS CKiHYE-
HOEJIEMEHTHOT MOJIENi Ta BUKOHAHHSI PO3PaxyHKiB.

HaykoBa HOBHU3HA Ta NPAKTHUYHA
3HAYMMICTH

ABTOpY CHUCTEMATHU3YyBaJlM MaTEMaTHYHI MOJIe-
Ji IWHAMIYHOI TOBEMIHKM MTHEBMATHYHOI pecopu
Ta TIiAKPECHHIIM BAXKJIMBICTh iX JTOCIIKEHHS
B CYKYITHOCTI 3 TIPOCTOPOBOI0 MaTeMaTHYHOK MO-
JICJUTIO IIBHJIKICHOTO pyxoMoro ckiany. [Tposene-
HUH aHa3 MaTeMaTUYHHX MOJeJeHd IWHAMIYHOI
MMOBEIHKH THEBMATUYHOI PECOPU IMOKA3Y€E HUIIXH
[OAJIBIIOTO 1X YIOCKOHAJICHHS, YKa3y€e Ha MOX-
JIUBICTh X BUKOPUCTAHHS B MPOCTOPOBIii MaTema-
TUYHIN MOZENi pPyXOMOro CKJIaay BiANOBIAHO 110
IMOCTABJIEHUX 3a71a4.
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BucHoBku

VYrpoBa/ykeHHS IIBHIKICHOTO PyXOMOTO CKJIa-
Iy MOXKJIMBE JIMIIE 32 YMOBHU BiAIMOBIIHOCTI po0o-
TH HOro KOHCTPYKTHBHHUX EJIEMEHTIB EKCILTyara-
MIHHAM peXuMaM. AHaii3 3a3HaYeHUX pOOIT IMo-
Ka3ye BaXXJIUBICTh Ta Oe3MepepBHICTh MPOBEICHHS
JOCHIDKEHb UHAMIYHOI [MOBEIIHKHA ITHEBMATHYHOT
pecopH K OCHOBHOI CKJIaIOBOI PECOPHOTO ITiBi-
LIyBaHHS pyXxoMoro ckiany. Ilig yac monentoBaH-
HS pyXy moi3aa oOpaHa MaTeMaTuyHa MOJEIb TTHe-
BMAaTHYHOI PECOPH BiJlirpa€ HAHBaKIWBIIIY pPOJb,
OCKITBKM YacTOTa KOJIMBaHb CHUCTEMH, CHIHM Ta
MOMECHTH, SIKi BUHUKAIOTh Y Hilf, 3aJexKaTh Bij Xxa-
PaKTepUCTUK pecopHOro minBinryBanHs. [Iposene-
HUI aHaNi3 MOJENel THEBMOPecop MOKa3aB, MO iX
nepeBakHa OUTBIIICTh OMUCYE JIMILE BEPTHKATBHY
MOBEIHKY ©Oe3 ypaxyBaHHs Topu3oHTanbHOI. Lle
MOB’sI3aHO, y TEpIIy Yepry, i3 BiACYTHICTIO iH{]O-
pMariii mpo KOHCTPYKTUBHI HapaMeTpu giapparmu
Ta HEJIHIHHICTIO XapaKTePUCTHK TyMHU.

Ilix yac BUKOpHICTaHHI MEXaHIYHHX abo Tep-
MOJMHAaMIYHHUX MOJIEJIeH iCHYIOTh IEeBHI TPYIHOIII
B OTPUMAaHHI BXiJHHX MapaMeTpiB, OCKIJIbKH JUIS
BOTO TOTPIOHO TPOBOIWTH CKJIQJHI Ta IOPOTi
eKCTIepUMEHTAIbHI TOCIIHKEHHSA. AJTBTEPHATHBOIO
MOXXYTh OYyTH CKIHYCHHOCJIEMEHTHI MO, SKi
JO3BOJISIIOTH YPaxOBYBAaTH TiCTEPE3UCHY MOBEHiH-
Ky TyMH 3aJIe)KHO BiJl 9aCTOTH Ta aMILTITyIH KO-
JUBaHb, TEMIeEpaTypHi eQeKTH Ta iHII (aKTOPH.
AJle BBEJCHHSI TaKMX MOJENEH y MPOCTOPOBY Ma-
TEeMaTHYHY MOJENb MIBUIKICHOTO PyXOMOTO CKJIa-
Iy CIPUYHHSE 3HAUYHE YCKIIaJHEHHS PO3PaxyHKIiB.

OCKiNbKH CHJIOBHH BIUIMB Ha ITHEBMOPECOPY
BU3HAYAETHCS KOJMBAHHIMHU €JIEMEHTIB PyXOMOTO
CKJIQJTy, @ 4acTOTa W aMIUTITya KOJHMBaHb I013/1a
CYTTEBO 3aJIeKaTh BiJj pOOOTH caMOi ITHEBMOPECO-
PH, BXXJIUBUM [OCTa€ MUTAHHS (HOpMYBaHHS €IU-
HO MareMaTu4HOi MOZAENl i AOCHiAKEHHS B3aEM-
HOTO BIUIMBY ITHEBMAaTHYHOI PECOpH Ta IHIINX
KOHCTPYKTHUBHHX €JIEMEHTIB IIBUAKICHOIO PyXO-
MOTO CKJIaJy.
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World Experience in Creating Mathematical Models of Air Springs:
Advantages and Disadvantages

Purpose. Taking into account the production and commissioning of modern high-speed rolling stock, the au-
thors are aimed to analyze the currently created mathematical models describing the dynamic behavior of the air
spring, systematize them and consider the advantages and disadvantages of each model type. Methodology. For the
analysis, a comparative chronological method was used, which makes it possible to trace the development of several
points of view, concepts, theories. In accordance with the adopted decision equations, the existing models of air
springs were divided into three groups: mechanical, thermodynamic and finite-elements. When analyzing mathemat-
ical models, the influence of a number of parameters on the dynamic behavior of the air spring, such as disturbing
force frequency, heat transfer, nonlinear characteristics of materials, the shape of the membrane, etc., was consid-
ered. Findings. A feature of mechanical models is the determination of input parameters based on the analysis of
experimental results, requires access to complex measuring equipment and must be performed for each new model
of an air spring separately. Unlike mechanical models, which allow taking into account the damping effect of an air
spring in the horizontal and vertical direction, thermodynamic models are mainly focused on studying the dynamic
behavior of an air spring in the vertical direction. The use of the finite element method makes it possible to most
accurately reproduce the dynamic behavior of an air spring, however, it requires significant expenditures of time and
effort to create a finite element model and perform calculations. Originality. Mathematical models of the dynamic
behavior of an air spring are systematized, and the importance of their study in conjunction with a spatial mathemat-
ical model of high-speed rolling stock is emphasized. Practical value. The analysis of the mathematical models of
the dynamic behavior of the air spring shows the ways of their further improvement, indicates the possibility of their
use in the spatial mathematical model of the rolling stock in accordance with the tasks set. It will allow, even at the
design stage of high-speed rolling stock, to evaluate its dynamic characteristic and traffic safety indicators when
interacting with a railway track.

Keywords: air spring; rolling stock; mathematical model; rigidity; damping; thermodynamics; pressure; tempera-
ture
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Kad. «Micbke OyiBHHITEO i apXiTeKTypay», [HkeHepHHUIi HABYATBHO-HAYKOBHI iHCTUTYT 3aMOpi3bKOro HAIliOHAEHOTO
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el mourra arytynyanevgen@gmail.com, ORCID 0000-0002-0502-6651

InHOBaLiiTHMH IHCTPYMEHTAPIN YI0CKOHAJICHHS NPOLECiB opraHizauii
OyAIBHMUTBA B YMOBaX YIIUIbHEHOI MicbKOI 320y 10BH

Merta. OcHOBHa MeTa CTAaTTi — Ha OCHOBI aHaNi3y Cy4YacHUX IHHOBAal[IfHMX MIIXOMAIB Ta IHCTPYMEHTIB
YIOCKOHAJICHHS TPOIIECiB OpraHizalii OyZiBHHIITBA B YMOBAaX YIIUTLHEHOI MICHKOi 3a0yIOBH CTBOPUTH HAYKOBHI
IHCTpyMEHTapiil i3 BUKOPHCTAHHAM JIOTICTHKH, SKa MAa€ CydYacHi KOHIICTIIi HMOJIMIICHHS BiIIOBITHHUX IPOIECIB.
Metoanka. [IpoBeeHO CHCTEMHMIA aHANI3 HAYKOBHUX IIPallb Y PO3pi3i mpobiieM opraHizarii OyAiBeTbHIX MPOIIECiB
B YMOBaX IIIBHOI 3a0yIOBH, SIKUH CIIyTye IIaTGOPMOIO BIIPOBAIKCHHS iIHHOBAIIIITHOTO IHCTpYMEHTapito Ha 0a3i Ta-
KOl raly3i 3HaHb, fK Jorictuka. PesyasraTn. OOrpyHTOBaHO NOMUTBHICTS BUKOPUCTAHHS JOTICTUYHAX MiIXOMIIB Ta
KOHIICTIIIIH i3 BpaXyBaHHSAM 30BHIIIHIX (aKTOPiB Ta 0OMEXKCHb, 3yMOBJICHUX OTOUYCHHSM i KOH(ITrypaIier IisTHKH,
110 CHIPUYUHSIOTH TPYIHOIII AJIsl BHYTPIIIHBOI OpraHizanii OyaiBHUITBA. JloricTHYHUIT IHCTpYMEHTapii (miaxin) no-
3BOJIsIE O1MIbII €(DEKTUBHO BUKOPUCTOBYBATH HAYKOBO-TIPAKTUYHUI MOTEHITIAN Y PO3BUTKY Ta PO3pPOOIl METOIIB YI0-
CKOHAJICHHS OpraHi3aliifHO-TeXHOJIOTTYHHX pillleHb OyIiBEIbHOr0 BUPOOHMIITBA B YMOBax (DyHKLIOHAJIBHO-IIAHY-
BaJIbHOI iH(pacTpykTypH MicT. [[pUHIMNN JOTICTUKY 103BOJISATH 30allaHCyBaTH Oy/iBeIbHE BUPOOHUITBO B yMOBAax
LIJIbHOT 3a0Y10BH, BUKOPUCTOBYBATH I'HYYKHUI IHCTPYMEHTApIl SIK MOXKJIMBICTh YHECEHHS 3MiH y rpadik 3aKymiBii,
TEPMiHU TIOCTauYaHHs OyIiBETbHUX MaTepiaiiB, KOHCTPYKIIiH, eTajei, a TakoK MiHIMi3yBaTH 00’€MH 3amaciB Oyi-
BeJbHUX MaTepianiB. HaykoBa HoOBU3HA. Y XOMi JOCHTIKEHB IPEICTABICHA MOJEIb ONTHMI3aIlil OpraHi3aiiftHuX
IpoIieciB OyAiBHAIITBA, IO BPaXOBYE YMOBH YIIUIFHEHOI MiChKOT 3a0YI0BHU Ta QYHKIIOHATBHO-IIAHYBAIBHY iH]pa-
CTPYKTYpY MicT. CTBOPEHO SKICHO — HOBY CIEIiali30BaHy HayKOBO-TIPAKTHYHY IiArainy3b 3HaHb — OyAiBEIbHY JIOTi-
CTHKY — JJISl CKIIQJIHAX YMOB MiChKO1 3a0yTOBH Ta BHKOHAHHS OPTaHI3aIliifHO-TEXHOJIIOTIYHHAX MIPOIIECiB HOBOTO OY/Ii-
BHUNTBA. [IpakTHYHA 3HAYMMIicTh. 3aCTOCYBaHHS JIOTICTUYHUX MiAXOAIB JO3BOJHUThH YIOCKOHAINTH Ta ONTHUMI3Y-
BaTH MPOLIECH OpraHizaiii OyAiBHHUIITBA 3 YpaXyBaHHIM CYTTEBHX YMHHHKIB (pyHKIIIOHAIBHO-IUIAHYBaJIbHOT 1HDpa-
CTPYKTYpH MicTa, B yMOBax SIKHX HEOOXiHO NpHUHAMATH palioHaNbHI YHPaBIIHCHKI pillleHHs. ['HY4YKiCTb,
aJIbTEPHATHUBHICTh BAPOOHNYO-TOCIIONAPCHKUX CUTYALlIH 1 TPAHCIIOPTHUX MEPEX MiJl yac BUKOHAHHS CKJIJIHUX Opra-
Hi3aI[i THO-TeXHOJIOTIYHHX MPOIIECiB OYAIBHUIITBA J]a€ MOXKIIHBICTh CKOPOTUTH COOIBAPTICTh Oy 1iBEIbHO-MOHTAXKHUX
poOIT Ta CrIpUsATHME 3MEHILCHHIO TPUBAIOCTI Oy 1IBHUIITBA.

Kniouosi crnosa: oprauizaiiisi OyaiBHAIITBA, MiChbKka 3a0y/0Ba; OyaiBeibHO-MOHTaXkHI pobotu (BMP); morictuka;
KOHIICTIIiS JIOTICTHKH; ONITUMI3allisl OpraHi3alliifHAX MpoIeciB

Beryn 3HAYHI TPYIHOLII B opraHizauii OyAiBeIbHHUX IpoO-
necis [1, 6].

VY Ham yac yMOBH Oy/IIBHUIITBA Y BEJIMKUX Mic-
TaX CKJIAJIMCS TaKUM YHUHOM, IO HAHOLIbII 1HTEH-
CUBHO Oy[iBeJIbHI poOOTH BEIYThCS B iX LIEHTpalIb-
Hid yacTuHi. OCOOJHUBICTIO CYy4aCHOI'O MiCBHKOIO
Oy/MiBHUIITBA € MPArHEHHS JI0 OCBOEHHS MIPOCTOPY.
Le noB’s3aHO, 3 0AHOrO OOKY, i3 MPUBAOJIUBICTIO

ByniBaunrBo B YKpaiHi € ogHieto 3 pyHAaMEH-
TaJbHUX rally3eil IPOMUCIOBOCTI Ta HAHOIIbII BH-
COKOPO3BUHYTOIO Tajly3310, L0 3a0e3Meyye CTBO-
PEHHSI HOBUX, PO3LIMPEHHS Ta PEKOHCTPYKIIO Hasl-
BHUX OCHOBHUX (DOHJIIB.

3oBHimHI (akTopu ¥ 0OMEKeHHsI, 3yMOBIEHI
OTOUYECHHSAM 1 KOHQITypaLi€lo AiISTHKH, CTBOPIOIOTh
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JUTS 1HBECTOPIB PO3MIIIeHHSI 00’€KTIB y paiioHax
3 y’Ke pO3BUHEHOI0 1H)KEHEPHOIO 1H()PaCcTPYKTYpOIO
Ta HAMOLIBIIIOK KOHIICHTPAIIIEI HACEICHHS, a 3 1H-
IIOTO — 3 ICTOPHYHOIO TICHXOJIOTI€0 TTPECTHKHOCTI
00’€KTIB HEPYyXOMOCTI B IIEHTPAIbHHX paioHaxX
mict [1, 6]. [Ipu npoMy HEOOXiJHO BpPaxOBYBaTH
HaiO11p1I TpUBa0IMBi TEPUTOPIT Ta TUISHKH, A€ Ha-
SIBHI KOMYHIKaIlii Ta po3BHHEHa iH(PpaCTPyKTypa,
a TakoX OpaTu 0 yBaru eKOHOMiuHe pailOHyBaHHSI.

AJie € iCTOTHI TPYIHOIII: IPUBa0JIUBI JIISTHKH
SIKi TIOTPAIUIAIOTH MiJ TWIAMY 3a0yZOBH UM MEXY-
IOTh 13 KUTJIOBHMH, TPOMAJCHEKIMH a00 BUPOOHU-
yuMu OyIiBJISIMH, TOPOTaMu, SKi HE MOXYTb OyTH
nepeMileHi, iHKEHEpHUMH MepekaMu Ta 3elie-
HUMH Haca/DKeHHsIMU. [lepeBakHO B IIEHTpaJIbHUX
paiioHax po3TalloBaHi MAJIOIIOBEPXOBi KHUTIIOBI OY-
JVHKH CTapoi 3a0y0BH, Y TOMY YHCIIi 1TaM’sITKH ic-
Topii Ta apxitekTypH [1, 6].

Tomy i moctae mpobnema: K yxe HasBHE Bpa-
XyBaTH Ta BIIMCATH B HOBE OYAIBHUIITBO 200 MpoBe-
JIEHHsI PEKOHCTPYKIIil, pEMOHTY, OOTpYHTYBAaTH J0-
HITBHICTh 3BEJCHHA HOBUX OyAiBeNlb Ta CIOPY.
(a, MOKJIMBO, PEKOHCTPYKIIiI0) B yMOBaX YIIiJIbHE-
Ho1 3a0yZI0BH, epedaunTH MOKIMBICTh BUKOPHC-
TaHHS MiCBKOI TepUTOPIi Ta i OaroycTpii, mapare-
JBHO JIOBECTH €KOHOMIUHY €()eKTHBHICTb MMPOEKTY.

Buieckasade 10BOIUTh HEOOXIAHICTH OITHUMI-
3amii (yIOOCKOHAJIEHHS) OpraHizarii Oy/iBeIhbHHX
MIPOIIECIB y CKIAIHUX YMOBaX MiChKOI 3a0yJIOBH Ta
($yHKIIOHATBHO-TUTAHYBaIBHOT  iH(pacTpykTypH
BEITMKUX MICT.

Meta

OcHOBHa MeTa JOCIiPKEHHS TIOJISTaE B PO3pPo-
O11i 1i€BOTO IHCTPYMEHTApito Ha MIaTdOpMi JioTic-
THKH, 10 JO3BOJIUTH YAOCKOHAIUTH OpTaHi3amiiHi
MpolleCH OYAIBHHUIITBA 3 ypaxyBaHHSIM CYTTEBHX
YHHHUKIB 30BHIIIHIX QaKkTOpiB na 0OMexeHb QyH-
KIIIOHATBHO-TJIAHYBAIBHOI iH(PpaCcTpyKTypH MicTa,
3YMOBIIEHUX OTOYEHHSM 1 KOH(ITYpaIi€ro AiISTHKH,
B YMOBaXx SIKHX HEOOXiJHO MPUHMATH pallioHaIbHI
yIpaBIIiHCBKI pitreHHs. Lle qacth MOKIUBICTH CKO-
potuTH coOiBapTicTh OyIiBEIbHO-MOHTAXXHHUX PO-
OiT i cIpUsATHME 3MEHIICHHIO TPUBAIOCTI Oy 1iBHU-
IITBA.

MeToauka

[IpoBeneHo cucTeMHnit aHAJi3 HAYKOBHX TIPAIh
B po3pi3i mpobiem minbHoi 3a0ynoBu (M. C. ABze-
eBa , JI. B. TycranoBceka [1], criemiamictu pisHUX
IHCTUTYTIB THIIOBOTO i eKCIIEPUMEHTAIIEHOTO ITPOE-
kTyBaHHs xuTia pp. XX ct. 80-x b. BpannenOypr,
3. [letpora, O. Bacunenko, B. [Tepecreros, 0. Pe-
mif Ta iH. [6]). st BupimieHHs npobiem Oy TiBHAI-
TBa >KUTJIOBO-IIUBUILHUX OYIiBEIIb MU O3HAHOMH-
JUCS 3 HAYKOBUMHU IpansiMu BYeHux b. A. AHikiHa,
A. M. TI'amxinacekoro, B. M. Kipnoca , 1. JI. Ilag-
noBa, B. O. Ilokonenka, A. B. PankeBuua,
O. M. Tpizgina, O. A. Tyras, B. H. CraxaHoga, 1110
HA/JaJ0 MOXKIUBICTh MpOaHaNi3yBaTH IUTaHHS,
IOB’sI3aH1 3 OpraHizamielo OyAiBeIbHOTO BUPOOHH-
LITBA B KOHTEKCTI peaii3allii MeTOJI0JIOT uHUX ij-
XOZ1iB Ha 0a3i JIOTICTHYHUX 3aca/l.

JlocmimuBIg HU3bKY HayKOBHUX pooiT [4, 5, 7, 9,
14], mu 111€ pa3 MEPEKOHYEMOCS B TOLIIBHOCTI JIO-
TICTHKH B Oy IiBHUIITBI.

Ane HEOOXiTHO BpaxOBYyBaTH, IO OymiBeTbHE
BUPOOHMIITBO — II€ CKJIAJHUI KOMIUIEKC B33a€EMO-
OB’ I3aHUX TPYJOBUX MPOIIECiB 1 BAPOOHUYHX BiJI-
HOCHH OyJiBEJIbHOTO Ta MOHTQXHOTO HAarpsMiB,
CIPSMOBaHMX Ha CTBOPEHHS OYHiBENBHOI MPOIYK-
ii (CKJIa/I0Ba YaCTHHA KaIiTaIbHOTO OYIiBHHUIITBA,
y MpOIIeci SIKOTO 3BOJATH HOBI OY/iBII Ta CIIOPY.H,
3MIACHIOIOTH PO3MIMPEHHS, PEKOHCTPYKINIO, TEXHi-
YHE TIEPEOCHAILCHHS, KalliTaJIbHUH 1 IIOTOYHHH pe-
MOHT HasiBHUX MiANPHEMCTB, OyIiBeNb 1 CIOPY.N)
[2-5, 7-9].

Tomy /1 partioHaTbHOTO BUKOHAHHS Oy 1iBEIb-
HUX MPOLIECIB Y MICISIX HIUTbHOT 3a0y/I0BH Ta HAsIB-
HUX 1HQpacTPyKTypH HEOOXiTHO ONTUMI3yBaTH Op-
rafizamito OyniBeTbHOTO BUPOOHHIITBA, BPaXOBY-
I0YM CYTTEBI YNHHUKH (DYHKIIOHATBFHO-TIIAHYBaITb-
HOT iHPPACTPYKTYpH MicT Y KpaiHH.

AHaITi3 HayKOBUX TIpaIlh BITYM3HIHUX Ta 1HO3E-
MHUX (paxiBiiB-yuenux, takux sk B. M. Kipnoc,
B. P. Miogeupkuid, 1. /1. ITasnos, B. O. I[Tokonenko,
A. B. Pagkesuy, B. H. Craxanos, B. 1. Topkartiox,
O. A. Tyraii, P. b. TsaH T1a iH., Ki BigI3epKaIrOOTh
CIIEKTp HasBHUX IPOOJIEM Y PO3pi3i MPAKTHKH Op-
rasizamii OyIiBeJILHOrO BHUPOOHMIITBA, 3aCBiAuye
HEOOXiHICTh PO3POOKH Ta BIPOBAHKEHHS BiJIIOBI-
JHOTO iHCTpyMeHTapito [3-5, 7, 9-10].

[Tnardopma aHamizy MiAMITOBXYE IO 3aCTOCY-
BaHHS JIOTICTUKH, SIKa aKTUBI3Y€E HAsIBHI METOJIU OP-
rasizanii Oy1iBHHIITBA.
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st po3B’si3aHHS CKIIAIHUX OpraHi3amiitHO-BU-
POOHUYHX TUTAHD Y OYIiBHUIITBI 3ACTOCOBYEMO JIO-
TiCTHYHI MiaX0au (KOHIICTIIIT), BpaXOBYIOUH CIICIIH-
(iuHi yMOBH OyareHIUIaHy, SKi TOJSATAl0Th y HE00-
XITHOCTI palliOHaIbHOTO PO3TAITyBaHHS BiAIMOBiA-
HUX  CKIQJCBKHUX  TPUMIIICHb, THMYAaCOBHX

OymiBenb, MaiicTepeHb, OYIiBETLHUX MAITHH 1 TeX-
HIKH.

TumyacoBi OyaiBii, CKIIAACHKI MPHUMIIIEHHS,
BIAMOBIMHO 1O TPaBWJI OpraHizarmii OyIiBHHIITBA
JBH A.3.1-5-2016 [2], noTpibHO po3TamoByBaTH

B MeXax Oy/iBelbHOTrO Maiinanuunka (puc. 1).
ge— ) ‘\
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Puc. 1. [lpuxiag OyareHIIaHy )KHTIOBOI TPUCEKIIIHHOT 0araTomoBepXxoBoi Oy aiBimi

Fig. 1. Example of construction layout plan of a residential three-section multi-storey building

Pe3yasbTar

[oHATTS «OYAIBHUIITBO» PO3YMIIOTh Y KiJTBKOX
3HaueHHsx [2-5, 8]:

1) six mporec cropymKeHHs Oy 1iBelb;

2) sIK rajy3b, 10 3a0e3Meuye CTBOPEHHS HOBUX
MiAIPUEMCTB, PO3MINPEHHS, PEKOHCTPYKIIIIO i TeX-
HiYHE nepeoONaHAaHHA MiANPUEMCTB Ta IHIINX
00’€eKTiB BUpOOHNYOT chepH, a TaKOK 00’ €KTIB He-

BupoOHUYOI chepu. Jlo mpoaykuii OyaiBHUIITBA Ha-
JNEKUTh 1 KaliTaabHUA PEMOHT OyIiBENbHUX
00’ €KTiB.

Busnauena y crarti mpoOiemarvka ga€ TIo-
IITOBX JI0 HEOOXITHOCTI CTBOPEHHS AIEBOTO 1HCTPY-
MEHTapito0 — Oy/iBEIHHOI JIOTICTUKH, 1[0 BPAXOBYE
CKJIaJIHI YMOBH MiCBKOi 3a0y/IOBU IJI1 BUKOHAHHS
OpraHi3alifHO-TeXHOJIOTIYHUX MPOIECIB HOBOTO
Oy/liBHHIITBA.
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[IpuHIHTY TOTICTHKH JO3BOJIATH 30aIaHCYBaTH
OyziBesbHE BUPOOHUIITBO B YMOBax MIUTEHOI 3a0y-
JIOBU; BUKOPHCTOBYBATH THYYKHI 1HCTpyMEHTapii
SIK MOXKITUBICTh BHECEHHSI 3MiH Y rpadik 3aKymiBii
MaTepiajiB, 3MiH y TEpMiHaX TIOCTa4aHHs Oy/IiBeTb-
HUX MartepiajiB, KOHCTPYKUIH, AeTaneld; MiHIMi3y-
BaTH 00’ €MH 3amaciB Oy/iBeTbHUX MaTepiajiB, KOH-
CTPYKIIiH, JeTaneil 32 paxyHOK paIlioHaIbHHUX ITiJI-
XOJIiB Ta PO3paxyHKiB, a B JICSIKUX BUTAIKaX MOBHi-
CTIO 200 YacTKOBO BiJIMOBHTHCS Bifl CKJIaayBaHHS,
BUKOPUCTOBYIOYHM KOHLEHIII0 «TOYHO — BYACHO;
3MOZENOBATH PyX MOTOKIB Oy/iBeThHUX Martepia-
7B, KOHCTPYKLiH, AeTaleif; palioHaIbHO YIIpaB-
JIATH MaTepialbHUMU ITOTOKaMU OY/IiBEIBHUX PECy-
PCiB; TapaHTyBaTH HaJilHICTh y 3a0e3medueHHi Oy-
JiBENPHUMU ~ MarepiajJopecypcaMu;  MiIBUIIATH
E€KOHOMIYHICTb 32 paXyHOK CKOPOYCHHS PiBHS 3aIia-
ciB OymiBeNbHUX PECypCiB, a TaKOXK BPaxOBYBaTH
nedinuT pecypcis; po3poOUTH pallioHATEHUHN TUTaH
MapuipyTu3alii 3a paxyHOK ONTHMAIBHOI JOpPOXK-
HBOI KapTH Ta MiHIMi3amii TPaHCIOPTHUX BHUTpAT,
CBOEYACHOI JIOCTABKH MaTepialbHO-TEXHIYHUX pe-
CypciB Ha OyTiBeIbHI MaiiIaHYMKH; BUKOHATH palli-
OHaNbHUI BUOIp MOCTavyalbHUKA, BPAXOBYIOUH SIK-
ICTh pecypciB, IIHOBY IONITHKY, TOOPOYECHICTB,
BUPOOHUYY MOTYKHICTb.

MosxeMo 3poOHUTH BUCHOBOK, IIIO JIOTiCTHKA Op-
rafizanmii OyiBHUIITBa Mlepeadadac yrpaBIiHHS Ma-
TepiaJbHUMH IOTOKAaMH, CBO€YAaCcHE 3a0e3MeUeHHS
Oy/iBeJIbHUMHU MaTepiallaMH, KOHCTPYKIIIsIMH, Jie-
TaJSIMU.

VYnpaBniHHSA MaTepialbHUMH HOTOKAaMH BKJIIO-
Yae omnepailii BAHTOKEHHS, PO3BaHTaXEHHSI, TPaHC-
MOPTYBAHHS, KOMILICKTAIII] Ta iHIII, a BIAMOBIAHUN
MaTepiadbHOMY iH(OPMAIiHIA TOTIK XapaKTepH-
3YEThCS OmepallisMu 300py, oOpoOKu U mepenadi
iHpOopMaIlii.

JochimkeHHs] psAAy JOTiCTUYHUX KOHIEMIii
Jla€ 3MOTY 3pOOMTH BUCHOBOK: ISl BAOCKOHAJICHHS
(ToiruIeHHs) opraHizaiii BAKOHaHHsI OyiBeIbHO-
MOHT2)XXKHUX POOIT B yMOBaX IIIbHOT MiChKOi 3a0y-
JIOBU JIOPEYHO BHKOPHUCTOBYBAaTH MOJJIMBOCTI Ta-
KHAX KOHIIELIINI:

— xonnemnis JIT «rouno — Buacuoy» [4, 9, 11,
12, 14] ynockoHaneHHs rpadika nmocrayanb, cxema
«TOYHO — BYACHO» Pa30M i3 TUM CIIpHs€ KOHICHT-
pailii OCHOBHHMX TOCTa4aJlbHHUKIB OyJliBELHUX pe-
CYpCiB, SIKi CTarOTh, 110 CYTi, HapTHEpaMu Oy/iBeIb-
HUX opranizariii [4, 7, 9, 12];

— xoumerntis RP y BupoOHHUIITBI Ta MOCTavaHHi,
mo mictuth cuctemd MRP 11 MRP Il — Materials
Requirements Planning / Manufacturing Resource
Planning (cuctema manyBaHHs moTped y matepia-
nax / BUpoOHWYE IIaHyBaHHS NOTped y pecypcax),
a B posmozini DRP I i DRP Il — Distribution Re-
quirements Planning / Distribution Resource Plan-
ning (cucTemu IUIAHYBaHHS PO3MOALTY MPOMYKIIi
i posmominy pecypciB BianosigaHo) [6]. Cucrema
MRP — nie BU3HaueHHs1 TEpMiHYy Oy/iBHHLITBA, PHUT-
MIYHOCTI ITOCTa4aHb OyNiBeTHFHIX PECypPCiB Ta IX Ki-
JIKOCTI BIIITOBIAHO IO MMPOEKTHO-KOIMITOPUCHOT 10~
KyMEHTallii, sika BpaxoBye crerudiky OymiBmi;

— konuenuiss OPT — Optimized Production
Technology (onTrMi3oBaHi BUPOOHHUYI TEXHOJIOTII),
sIKa J03BOJISIE HE pearyBaTH Ha TOSIBY «BY3bKHX»
MICIlb Y JIQHIIOTY MI>)KCHCTEMHUX 3B’S3KIiB «I10CTa-
YaHHsI — BAPOOHUITBO — 30yT» [9, 12, 13].

[lin gac ¢gopmyBaHHS onTHMaabHOTO Trpadika
npoBeICHHs OyIiBeIbHO-MOHTXHUX poOiT (BMP)
BHKOPHCTOBYIOTh KPHUTEPiil 3a0€e3MmedeHoCTi mocTa-
YaHb OyJiBETHPHUX MaTepialliB, KOHCTPYKIIiH, BUPO-
0iB, e()eKTUBHICTH BUKOPUCTAHHS OYyAiBEIBHHUX pe-
CypciB, MiHIMYM 3amaciB 1 THYYKiCTh BUPOOHHIITBA
BIJIMTOBITHO 10 €TamiB OyIiBHUIITBA.

Edext cucremu OPT — 3HIKEHHS BUPOOHUYIHX
1 TPAaHCTIOPTHHUX BUTPAT; 3MEHILIEHHS 00CSTiB He3a-
BEPIICHOTO BHUPOOHHIITBA; CKOPOUYEHHS BHUPOOHU-
9OT0 LUKITY; 3HIKEHHS MOTPEOU B CKIIA/ICHKUX 1 BU-
POOHUYMX ILJIONIAX; MMiIBUIICHHS PUTMIYHOCTI Bij-
BaHTA)XEHHS BUTOTOBJIEHOI MPOJYKIIl 3aMOBHUKY
[4,7,9,13].

Buxopstum 3 BHIe3a3HAYCHOTO, MOKXEMO CTBEP-
JDKYBATH: JIOTiCTHKA € CyYaCHUM MEXaHI3MOM, SIKUH
BH3HAYA€ NUIAXU OHOBIIEHHS METOJIB OpraHi3arfii
OymiBeIbHHUX MPOIIECIB 1 3IaTHUH YCITIIIIHO BUPINTY-
BaTH HaWOUIBII CYTTEBI MPOOIEMH 32 PaXyHOK Ha-
THHOTO YIPaBIiHHS MOTOKAMH B MeXaX BHPOOHU-
4oi JisUTbHOCTI OyJiBeNbHUX opraHizariii. Kirouo-
BUM AaCIEKTOM JIOTICTUKHM € OpraHi3ailis, yrpas-
JNiHHSA  MarepialbHUMH Ta  HeMaTepialbHUMU
MOTOKAMH.

Jns nocArHeHHs TOJIOBHOI METH 3alpOIOHO-
BaHO ONTHMI3yBaTH OpraHizaliliHi Ipoecu 3 ypa-
XYBaHHAM KOHLEMIi JIOTICTUKH, IPU LbOMY B3STO
JI0 yBaru BiJINIOBiJIHI 3aX0JM SK JJsi Oy/TiBHHIITBA,
peMOHTY ab0 PEeKOHCTPYKIIii, TaK i YMOBHU HIUTBLHOT
MiCbKO1 3a0y0BH (pHC. 2).

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2021/246512

46

© €. E. Apyrronsin, 2021


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp20

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancropry. Bicuuk J{HinponeTpoBcbKoro
HaL[lOHAJIIBHOTO YHIBEPCHTETY 3alli3HUYHOro TpaHcnopty, 2021, Ne 4 (94)

TPAHCIIOPTHE BYJIBHUIITBO

CYYACHI TEHIEHIIT OPTAHIZAINI BY TIBE.TbHOT O BHPOEHHITIBA B YMOBAX INLTRHOI
MICBEROI 3AEY TOBH

MeTa Ta =EOAHEA OpraEizani §ymiEeNeHOTC EHpOCHHITER

/-'_E.&HEH.E[&IIHB IIaHYE4HHA OiAr 0TOEYHE }

N AN /

OvmiBemeHHE pofiT 3 VPEXVEAHHEAM HeoOximHHX IpOsETYEAHHA B HAEKOIHITHI 38 0vIoHE;

TepMiHIE SESpIIEHHEA OyOIEHHOTER ofEETIE T3 - HeoOximHICTE =afesmeusHHA SHCITYATAMIMHNX
EHEOHAHHA CEPEMEX STamiE pofiT, VeromssHmX i3 BIACTHEOCTEH OVOMEKIE, MO SHAXOOATBLA ¥
OiAMH VHACHHEIE OVOIEHHITEZ; GesmocepemHill SINSBROCTL BLO 33 GYIOBH;

- MATE[INEHO-TEXHIUHE 330SSMEUsHHA EHEOHAHHA - pospofEa COSOIAMERHE EOHCTOVETHEHHE T4
EBnAP; TERHOMOTIUHHX — 3aX0OiE,  HaO{EeMeHHX  H3
- EpAXVEAHHA HEMOEMHECCT] POSTAIINEAHHA HA COTHMISAMIF DpoUscis SEEOEHEA 08 £5Ta;

CymiESMEHOMY MaHDaHUNEY Heofxigeel mimeROCT - OOcATHEHHA — OPOERTHHY  SHCIUTYETamifeunx
nofVIOEHE Ta IHMEHSpPHHE COOPGE, MAIIHH, EMaCTHEOCTER ofexTa OVIiEHHITES,
o0MamHAHEA Ta MEXaHIIMIE; safiesmeusERA  EBignoeigEel AkecTi GymiBenemOl

- [AOICHAMBHZ OPTAHIGENIA Opani Ta  MexaHisani DPomyEDiL

1 i e _ |
| FOEOENNII TOTICTHAEKR |
Il 1 4

FoRmennis «OnanyEAHE A Kornemiz Fomnennin OFT
moTped |/ pecypoiEs T O9IH 0-E9a CH O
#{- ZHECESHHY EHPOOHEYHX i
- 13 IOEQN SHHA moTtpet - smawme  monimmenss [TE2HCIOPTHEN EHTDAT,
faTeplanax,  EOMOOHSHTZX i ooTi  mpomyEmi,  mgl e - IMEHIISHHT oGCAris|
OVEIL  ONN  IOIaHVE3H HITYCEAETECA; HET AESpI SHOCD EHpOOHIITTED,
H pOOHHEITER i I OCTaEE #l- zEmEswms cobieaproetd M- crEopowsERs  ERpobEEUOG
enoEHEadanM - OVIIESTEBHEM HpOOHHITE; [THEITY;
lopramizamiau; [*|- mparTHuEE CROpOMSHES] M- zHICESHHA [OOTpsOH g
Hel-  MOTpHMEZ HEIREEHX  [LEHIE| ANDEMX 33MACE; eEmagceErx 1 EHpobHEDD
pamacie EF, HssaEepmeHOorq - MPHIIEHT N SHET T L 2%
[EH pOOEHITTES, TOTOEC IO VEIN Gopomiocti obopoTrOrD L[ mimEwEmremEs  peETMwHOCT
¥ [I2 EYE2 HES EHDODHETHR amiTamy dipam [FiIEaNTZESHEY EHCOTOENZHO]
lomepamii, pOCETary TOCTAEER, MPOIVELNLL ZaMOEHHEY.
|2 2EVIEST BHEK OIISPaIii.
T I
—_—

I;mmmsim IMEHII SHHS EQWTOPHCHN E2pTOCT! SVIIESNE BOl MPOIVELDY 2 DEXVHOE CEODOHYSHHYT EHpOOHE
HTLAT (HICESHHA TDZHCTOPTHEX EMTDET, THICESHHT ZiM0TIESTERO-CENANCEEMX ENTPET) Ha 02: [IOTimes
MpOMECiE OPraHizanil = EMECDHCTAHHAM IMATHOPME EOHISIMN «TOMHD EYacHO, DO DICTE ZMOCY S2CTEX
200 MOEHICTES EIIMOEHTHCE ELT MPHOS £ETHEHX CETZTIE;

- EMpIMISHHEA CENATHER 32ETaHE OVIIESTEHODD EHPOOHHOTEZ, K EIZCMOMNOE T33HOTD EOMITISECY TPWIOE
MpOMECiE 1 EMPOCHHYHX ETHOCHE OVIIESTEHOND H MOETZEHODD HAIQIMIE, COpEMOEAHEK H2 CTECDEH
OVOIESNEHO OQROTWVELDN 32 [EXVHOE CRUIOHIMEAmi OprasialifHEX [MpOUSCciE B VMOESX MUMEHM KiCEEDX
=20V IOER;

- VIOCECHATEHEA TpOOStiE OpraHizami OvIiEsnEHore EXpOCHHIITER, HAIPHETAN, TOEHA 200 "RCTECEA EiIMOE3]

[ELD MpHOD CETHEX CENAILE MATSLlalbBHEX PECYDCE SalSEHC B cOsURiER 00 €RTa;
e ——

- DOCPAXYHOE ONTHMATEHOTY EHpDODHHGODC amacy, Ha 02 EMEOPHCTAHHS EOHIEMMI TOTICTHEH, VHHEHSHHS
thopu VEAHES DefioETy

i ———

Puc. 2. Onrrumisariis opratizanii OyJiBeIbHOr0 BUPOOHUITBA B YMOBAX LIIIbHOT
MiCBKO1 3a0yJOBH 3 BUKOPUCTAHHAM KOHIIETIIIi JIOTiCTHKU

Fig. 2. Optimization of the organization of construction production in the conditions
of dense city development using the concepts of logistics

{Bpax}-‘san:ﬂﬂ oiMeEHEA pOSMipaMH .:l:ima-_'}\
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TPAHCIIOPTHE BYJIBHUIITBO

HaykoBa HOBH3HA Ta IPAKTHYHA
3HAYHUMICTh

Ha ocHOBi HayKOBUX TOCHII)KEHb OTPIMaHa MO-
JIeNTb ONTHMI3AIlii OpraHi3aliiHuX mporeciB OyIiB-
HUITBA 3 ypaxyBaHHSIM YMOB YIIUTEHEHOI MiCHKOI
3a0yn0BU Ta (yHKIIOHATBHO-TUIAHYBANbHOI iHpa-
CTPYKTYPH MICT.

3Ba)karouu Ha TPYAHOIII 30BHIMTHIX (aKTOPIB Ta
oOMekeHb (YHKLIOHANBHO-TIAaHYBAIBHOT 1H(pa-
CTPYKTYpH MICT  3HalAEHO ONTUMAJIbHE
pO3B’s3aHHSA CKIAAHUX OpraHi3amiifHuX 3amad, 1o
Jla€ MOKJIMBICTH CKOPOTHTH CcOOiBapTicTh OymiBe-
JBHO-MOHT2)KHUX POOIT 1 CIPUSTUME 3MEHIICHHIO
TPHUBAJIOCTI OYyAiBHUITBA.

BucnoBok

V Xoml MOCHIDKEHHS BHUSBIIEHO MOXJIMBOCTI
BJIOCKOHAJICHHS IIPOIIECIB OpraHi3alii Oy1iBHHUIITBA
B YMOBax YyIIJIbHEHO! MICHKOI 3a0yIOBH 3a paxy-
HOK 3aCTOCYBaHHsI JIOTICTHKY 30KpeMa OCHOBHHX

€JIEMEHTIB 11 KOHIeTii, o crpusie GopMyBaHHIO
MEXaHi3My ONTHMAIBHOTO PO3B’SI3aHHS CKIIATHIX
OpraHi3alifHO-TeXHOJIOTIYHUX 3a7a4  Oy/IiBeIb-
HOTO BHPOOHHMIITBA: YAOCKOHAJIEHHS Tpadika moc-
Ta4aHb 32 CXEMOIO0 «TOYHO — BYACHO»; IJIAHYBaHHS
notped y OyAiBenbHHX pecypcax BiAMOBITHO IO
cneungiku 06’ €KTa; BU3HAYCHHS TEPMiHYy OyiBHU-
LITBA, PUTMIYHOCTI MTOCTaYaHb Oy/IIBETFHUX PeCyp-
CiB Ta iX KUIBKOCTI BiJIMTOBITHO /IO MPOEKTHO-KOIII-
TOPUCHOI JOKYMEHTALIi.

Hoga koHmenTyansHa OCHOBa ONITAMI3allii opra-
Hi3amifHUX TpoleciB OyniBeT-HOTO0 BUPOOHHIITBA
B YMOBaX IIJIBHOT MiChKOT 320YI0BH 32 PaXyHOK 3a-
CTOCYBAHHS JIOTICTUYHHUX KOHIICIIIIH «TOYHO — BUa-
CHO», «IUTaHyBaHHA 1MOTped / pecypciB», OPT mo-
3BOJIIE  KapJUHATBHO TEPEOCMUCIUTH TEOPIi0
1 IpaKTUKy OyIiBETBHOTO BUPOOHUIITBA B pa3i po3-
MIIIEHHSI HOBUX )KUTJIOBHUX OYAMHKIB HA 3eMETHHIX
TUISTHKaX y MiKpopalOHax IIi/1 4ac MpOBEIeHHS Po-
3paxyHKIB T'paHUYHOI IMIJIBHOCTI  HACEJICHHS,
00’ €KTIB 6JIar0ycTpoIo.
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Innovative Tools for Improvement of Construction Organization Processes
in the Conditions of Dense Urban Development

Purpose. The article is aimed to create scientific tools based on the analysis of modern innovative approaches and
tools to improve the processes of construction organization in the conditions of dense urban development using logis-
tics, which has modern concepts of improving the corresponding processes. Methodology. A systematic analysis of
scientific works in terms of problems of organization of construction processes taking into account the conditions of
dense development, which serves as a platform for the introduction of innovative tools based on the field of logistics
knowledge. Findings. The expediency of using logistical approaches and concepts is substantiated, taking into account
external factors and limitations that are caused by the environment and configuration of the site, causing difficulties
for the internal organization of construction. Logistics tools (approach) allow more efficient use of scientific and
practical potential in the further development of methods for improving organizational and technological solutions of
construction production under conditions of the functional and planning infrastructure of cities. Principles of logistics
will allow to balance construction production in the conditions of dense building; to use flexible tools as an opportunity
to make changes in the schedule of material purchase, changes in terms of delivery of building materials, designs,
details; minimize stocks of building materials. Originality. Based on scientific research, a model of optimization of
organizational construction processes is presented, taking into account the conditions of dense urban development and
functional and planning infrastructure of cities. A qualitatively new specialized scientific and practical sub-branch of
knowledge, construction logistics, was created for complex conditions of urban development to perform organiza-
tional and technological processes of new construction. Practical value. The use of logistics approaches will improve
and optimize the processes of construction organization, taking into account the essential factors of functional and
planning infrastructure of the city, in which it is necessary to make rational management decisions. Flexibility, alter-
nativeness of production and economic situations and transport networks during the complex organizational and tech-
nological processes of construction make it possible to reduce the cost of construction and installation works and help
reduce the duration of construction.

Keywords: construction organization; urban development; construction and installation works; logistics; logistic
conception; optimization of organizational processes
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ei1. momrra DankevichNatali28 @gmail.com, ORCID 0000-0002-7146-9303

2Ka. «IIpoMHCIIOBE Ta UUBiIbHE Oy IiBHUITBOY, IHKeHEPHUH HABYAIbHO-HAYKOBHI iHCTUTYT 3alI0pPi3bKOT0 HALIOHAILHOTO
yHiBepcurery, rp. Cobophuii, 226, 3anopixks, Ykpaina, 69006, ten. +38 (050) 533 30 25, en. momra pytnitsa99@gmail.com,
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Ouinka HaXiHHOCTI Ta TEXHIYHA TIarHOCTUKA MOCTOBOI CIIOPY/AHU Yepe3
p. Bepxusa Xopruus y M. 3anopizksa

Mera. ABTOpH MalOTh Ha METi IPOBECTH OLIHKY HATiHHOCTI Ta TEXHIYHY AiarHOCTHKY MOCTOBOI CHOPYIH,
a TaKOX PO3POOUTH METOIU YCYHEHHs Ie(EKTiB 1 BIIHOBICHHS eKCIDTyaTaliiHOI MPUAATHOCTI MONTKOKEHUX OYIi-
BEJIPHAX KOHCTPYKIiH, OCKIJTBKH OUTBINICTh aBapiiHIX CUTYAIliil BUHUKAE Yepe3 He3aJOBUTFHUN TEXHIYHUI CTaH CII0-
PYA, KOHCTPYKIiM Ta iX 3HaYyHy 3HOLICHICTh YHACHIJOK 3aKiHYE€HHS HOPMAaTHBHOTO CTPOKY EKCILTyaTallii.
Metoauka. BaxiBy poib y J0CIiKeHH] Binirpae popMyBaHHS 3HaHb i BMiHb BUKOPUCTAHHS Cy4acHOTO iH)KEHe-
PHO-TEXHIYHOT'O MAXOAY JI0 MPOBEICHHS 00CTE)KEHHS OYAiBEIbHUX KOHCTPYKIIH 3 METOIO BiTHOBJICHHS IX €KCILTya-
TauiiHoi npuaatHocTi. O0CcTexkeHHs OyNiBeIbHUX 00’ €KTIB MPOBOJSITH BiIIOBIIHO 10 MTPAaBUJI, BU3HAYCHUX BIINOBI-
JHAMH HOPMaTHBHUMHM akTamu. JleeKTH i MOIIKOJHKEHHS ONMUCYIOTHCS B MaTepiajiax oOCTEeXKEHb 13 3a3HaYCHHIM
MOXJIMBHX MPUYMH X MOSBU Ta NPOTHO3YBaHHS iX MOJAJbLIOrO BIUIMBY HAa HAJAIHHICTH 1 JOBrOBIUHICTH CIIOPYAH.
PesyabstaT. Y poOOTi MPOBEACHO aHANI3 HAYKOBHUX IOCIIIKCHb | HOPMAaTHBHUX OKYMEHTIB, 5IKi BiOOpa)karoTh
mpobIeMy MiBUIICHHS O€3MeKH eKCIUTyaTallii OyAiBelb i CIIOpYX Ta BAKOHAHHS OLIHIOBaHHS TEXHIYHOTO CTaHY KOH-
CTPYKIiil. 3acTOCOBAaHO METOAM OWIHKK HATIHHOCTI # TEXHIYHOI JIarHOCTUKU MOCTOBUX criopyd. OOGIpyHTOBaHO pe-
3yNbTaTH OOCTEKEHHS Ta PO3pPOOJICHO peKOMEHAAIlii, o0 3a0e3MeUeHHs eKCIDTyaTaliifHOl IPUIATHOCTI Ta ITiBH-
IICHHS pecypcy MOIMIKODKCHUX KOHCTPYKLiK 00’ekta nociimkeHHs. HaykoBa HoBu3HA. Ha OCHOBI MpOEKTHO-TEX-
HOJIOT1YHOI JOKYMEHTallii, HOpMaTHBHOI 0a3M, HAYKOBHUX JOCIIKEHb OTPUMAHO MOJEIb IPAMOTHOI CHCTeMAaTH3aLlil
JIaHUX 3 0OCTEKEHHS CIIOPY/I. 3BEPHEHO yBary Ha CBO€4acHe IPOBECHHS KalliTaIbHOTO PEMOHTY, a TAKOK IIOTOYHOT'O
CepeIHbOr0 PEMOHTY JUIsl MOJIIIICHHS TEXHIYHOTO CTaHy €JeMEHTIB MOCTY, a B Psi/ii BUIAJKIB — 1 IJIOi CIIOPYAH.
IIpakTH4YHA 3HAYMMICTh. 3aCTOCYBaHHS METOIB OOCTEKCHHS — Bi3yaJbHOTO Ta IHCTPYMEHTAIBHOTO — JI03BOJIHIIO
chopMyJIIOBaTH BUCHOBKH 1 pEKOMEH/allii, OpIEHTOBaHI Ha NIMPOKE BIPOBA/KCHHS B MPAKTHKY OLIHKU HaJiifHOCTI
Y TEXHIYHOTO CTaHy CIIOPY/I.
Knrouogi cnoga: MOCTOBI CIOPYAH; aBapiiiHUIl CTaH; TEXHIYHUN CTaH; KOHTPOJIbOBaHI MapamMeTpH; OesneKa eKc-
IUTyaranii; HaJiiHICTh
Beryn Mepexi, i3 MeTO 3a0e3ledeHHs iX HaMiiHOCTI,
0e3nedHoi eKCIuTyaTallii Ta 3amooiraHHs aBapism Ha
HUX, MJISATal0Th MacopTU3allii Ta TeXHIYHOMY 00-
CTEKEHHIO 13 3aJydCHHSIM BiAMOBITHMX HAayKOBO-

BinpricTe aBapiiHUX cHUTYaIlili BUHHKAE Yepes3
He3aJ0BUTbHUI TEXHIYHHUI CTaH CIOPY/[, KOHCTPYK-
il Ta iX 3HA4YHy 3HOIIEHICTh YHACIHIZOK 3aKiH-

YEeHHS HOPMAaTUBHOTO CTPOKY EKCILIyaTallii — Hop-
MaTUBHOTO peCypcy, HEBHKOHAHHS HOPMAaTHBHUX
00CSATIB TJIAaHOBO-TIOTIEPEKYBATEHUX PEMOHTIB,
MOPYIICHHS perjaMeHTy eKCIUTyaTallii Ta HeiocTa-
THS HAAIHHICTh GYHKUIOHYBaHHS B YMOBAax €KCTpe-
MaJIbHUX TPUPOJHUX SIBHII.

3rigHo 3 mocranoBoro Kabinery MinicTpiB Yk-
paiam Bing 05.05.97 Ne 407 yci 06’ ekt BUpOOHH-
90ro, rpoMajCbKOTO, CKJIaIChKOIO NpH3HAYECHHS,
TH)KEHEPHO-TEXHIYHI CIIOPY/IH, 8 TAKOX 1HKEHEPHI

JOCITITHUX 1 MPOEKTHHUX oprauizariii [3, 10, 12-14].

[IpoGiiemMa OIIHKK Ta MPOTHO3Y OE3MEYHOIO
CTPOKY eKCIUIyaTarlil MioXiIHUX MOCTIB y 3ariopi-
3bKOi O0JIaCTi, i3 KOO0 CTHKAETHhCA 1 BCSA KpaiHa
B I[LJIOMY, € 0COOJIMBO BaroMOI0 Yepe3 3HaYHY Kijlb-
KIiCTh HECTIPUSTIIMBUX MPUYHH, & caMe: HeCTa0lIbHe
€KOHOMIYHEe Ta ()IHAHCOBE CTAHOBHIIE, MaibKe
OCTaHHE MicIle B €BpOIi 32 PO3BUTKOM JIOPOKHBOT
MEpeXi; Malluii CTPOK CIyXOM 3a1i300€TOHHUX
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MIPOTOHOBHX CIIOPY/I MOCTIB; BiICYTHICTh HaJIS)KHOT
CUCTEMH eKCIUTyaTaIlii Ta iHii.

VY 3B’A3Ky 31 301IbIICHHAS MIMIOXIAHOTO TOTOKY
Ta CTPOKY EKCIUTyaTallii MIIoXiTHAX MOCTIB B YK-
paiHi, 3pocTae HEOOXIAHICTh aKTHBi3aIlii podiT i3
PEMOHTIB MOCTIB Ta BIOCKOHAJICHHS CUCTEMH iX yT-
pUMaHHSL.

Meta

Ockinbku peMOHTHUM pobOoTaM mepenye oocre-
XKeHHs1, 00poOka oTpuMaHoi iHdopMmaii Ta BUKIA-
JeHHs il y BHIJISII TAclopTa W TEXHIYHOTO 3BITY
PO CTaH CIIOPYIH, TOTPIOHO MATH YiTKE YSIBICHHS
PO CTPYKTYPY Ta OCHOBHI acneKTd O(GOPMIICHHS
IUX JOKYMEHTIB 3TiJHO i3 Cy4YaCHHMMH HOpPMAaTH-
BaMu. BaxxnnBo, o6 poOoTu 3 00CTEKEHHS TAaKOXK
3MIACHIOBAJIM Ha MiJCTaBi YMHHOI HOPMAaTHBHOI
0asm [2, 3, 11, 14].

Tomy mMeroro mi€ei poOOTH € OLIHKA, pO3pOOKa
METOJIIB YCYHEHHs Ne()eKTiB 1 BiIHOBIIEHHS €KC-
IUTyaTallifHOT MPUIATHOCTI MOIIKOKEHUX Oy liBe-
JTHFHUX KOHCTPYKIIH MIIIOXiTHOTO MOCTY 4epe3 pi-
uyKky BepxHs XopTuiis B M. 3amopixoks, a TaKox ¢Go-
PMyBaHHS peKOMEHALIN 00 MojanbInoi oe3me-

YHOI eKCIUTyaTamii  HasBHUX OyIiBeNbHUX
KOHCTPYKIIif CTIOPY/IH.
MeTtoauka

O6cTexeHHs OyiBeNbHUX 00’ €KTIB MPOBOISTH
BiJIMTOBITHO 0 TIPaBHII, 3aKPIIJICHHUX BiIMTOBTHUMHI
HOpMaTHUBHUMH akTaMu. OOCTEKEHHS MOCTIB € OJI-
HI€IO 31 CKJIQJIOBUX TEXHIUHOI eKCILTyaTallii, mo 3a-
Oe3nedye HaJNeXKHAN piBEHh HANIWHOCTI i JTIOBTOBi-
yuocTi 3rigHo 3 JJCTY-H b B.2.3-23:2012.

OO0cTekeHHsT MOCTIB TIPOBOJISATE 3TiHO 3 TIPO-
rpamolo, po3po0IIeHO0 BUKOHABIEM POOIT 1 y3ro-
JDKEHOIO 3 BIIaCHUKOM criopyad. lIporpamy poOit
MOYKHa KOPUTYBaTH B IPOIIECI BUKOHAHHS 00CTE-
JKEHHSI, AKIIO I[bOT0 BUMAraroTh OTPUMAaHI IiJ 4ac
oOcTtexxeHHs1 maHi. [H(opMmarisi, oTpuMaHa B Ipo-
1eci oOCTe)KeHHs, MMOBHHHA BimoOpakaTH piBEeHb
nerpajaiii i TeHIeHIli10 po3BUTKY nedektiB. BoHa
Ma€ OyTH JOCTATHBHO IMOBHOMO, 1100 BUKOHATH KJla-
cudiKalilo TEXHIYHOTO CTaHy CIIOPYIAH W OLIHUTH
BapTicTh yeyHeHHs aedekTis [1, 2, 9, 10, 14].

Hedekty i momKkoHKeHHs ONUCYIOTh y MaTepi-
anax 0OCTeXEHb 13 3a3HAYCHHSIM MOXKIUBUX TPH-
YUH 1X IOSBH Ta MPOTHO3Y 1X MOJANBIIOr0 BILUIHBY

Ha HaJIHHICTP 1 TOBTOBIYHICTh ciopyau. HaitOinpm
HeOe3MmeyHi i XapaKkTepHi MOMKOHKSHHS Ta aede-
KTU ¢pororpadyroTs. I'eone3nuny 30MKy MOCTa Ta
HWOTO €JIEMEHTIB TPOBOMITH IS OIIHKH BiIITOBII-
HOCTI TTOJIOKEHHS CIIOPY/IU B TUTaHi Ta mpodii, 3a-
3HA4YEHUX y IPOEKTHiH, BUKOHABYIH a00 ekcIuTyara-
LIAHIA TeXHIYHINA JOKYMEHTAIIi.

[limcyMKOBHM pe3ylbTaTOM OOCTEXEHHS € OIli-
HKa TEXHIYHOTO CTaHy MOCTOBOI CIIOPYAH, SIKY BU-
3HAYalOTh MUIAXOM YCEOIYHOTO aHaji3y HAaHUX,
OTPUMAHMX TiJ Yac 0OCTEKEeHHS 1 BUIIPOOYBaHHS,
Ta 3a TMMOKa3HUKaMH 1i OCHOBHHX BJIACTHBOCTEH (J10-
BrOBIYHOCTI, O€3MEKU Ta iH.) 3 ypaxyBaHHSAM pe-
3yJIbTaTiB aHaJi3y 1 knacuikaiii HassBHUX nedex-
TiB 32 KaTE€ropisiMH.

3aranbpHy OLIIHKY CTaHy MOCTOBOI criopy/u (y3a-
TaJbHEHUH MMOKa3HHUK CTaHy CIHOPYAH) BUKOPHUCTO-
BYIOTh JUISI BU3HAYEHHS MPABWIBHOI CTpaTerii pe-
MOHTY, a TaKOXX JUI BU3HAYECHHS PEKUMY EKCILTya-
tarii cnopyau [2, 3, 10,12-14].

TexHiuHe oOCTeKeHHS OYyIiBETHPHUX KOHCTPYK-
it Ha 06’ exTi «Ilimmoximanit Mict yepes p. Bepxus
Xoprui, Byi. ['epois 37-ro 6aranpiiony — ByJ1. 3a-
YHHSEBA, M. 3allOPLXKS» BUKOHAHO 33 JIOTOBOPOM
i3 3aMOBHUKOM, y SKOMY BKa3aHi €JIeMEHTH
00’€KTa, MO MiAIAral0Th OOCTEIKEHHIO, 3aBIAaHHS
i TepMiHU BUKOHAHHS POOIT.

Criopyna po3paxoBaHa Ha MPOITYCK IMMTOX1THAX
ITOTOKIB HaJ| piukoro Bepxus Xopruis.

VY mtaHi MiCT po3TalIoBaHUA MEPIIEHAUKYIISIPHO
10 pycina piuku Bepxust Xopruis (puc. 1).

JlJ1s OIiHKK TEXHIYHOTO CTaHy B 00csT oOcTe-
JKEHHsl YBIMIUIM TaKi KOHCTPYKTHBHI €JIEMEHTH
CTIIOPYJIH: MOCTOBE IOJIOTHO; MPOTOHOBI CIOPY/H;
OTIOPH; TIIXOIH; YKOCH; PYCIIO.

KoHCTpyKTHBHO MiCT BHKOHAaHO 3a 0aJKOBOIO
HEPO3PI3HOI0 CXEMOIO OJHONPOTOHOBHM, 3 OOMH-
PaHHSIM IIPOTOHOBHUX KOHCTPYKIIiT Ha 3aJ1i300€TOHHI
IUTUTH Ta 3a1i300eToHHi 6moku omop. [loBHa moB-
JKMHA MOCTY 3a 30BHIIIHIMH TPaHSIMHU MPOTOHOBOT
cropyu cTaHoBuThH 12,4 M. lllupuna mmo Bepxy mpo-
TOHOBOI criopyau — 1,5 M, HajIeXuTh 10 Ki1acy Hac-
nigkis CC1, nopmaruBHe HaBaHTaxeHHs 0,4 T/M2,
Criopyna posraiioBaHa B J{HIIPOBChKOMY paiioHi
MicTta 3amopixoks. IIpupogHo-kiiMaTHYHa Xapax-
TEPUCTHKA MalilaHYMKa PO3TALIyBaHHS MOCTY, Ha-
nexuth g0 Il ximiMaTHuHOTO paiioHy 3TigHO
3 ACTY-H b B.1.1-27:2010.
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Puc. 1. CuaryaniitHuii TUIaH MiIoXigJHOTO MOCTY
yepe3 p. Bepxusa Xopruns

Fig. 1. Situational plan of the pedestrian bridge
across the Verkhnia Khortytsia River

Criopyia Mae TOPU3OHTAIBHUN TO3I0BXKHIM
npodine. Pyx mimoxojiB 3mMiHCHIOETHCS MO OJHIN
cMmy3i. [TokpuTTs MOCTy — cTayieBuil IPOCIYHO-BH-
TsOKHUE uct. OpraHizoBaHMA BOJOBIBI 3 TOBEP-
XHI HE 3aIpOEKTOBaHO. BomoBiABEeIEHHS 3 MOBEp-
XHi BigOYyBa€eThCS 32 paXyHOK OTBOPIB y MPOCITHO-
BUTSDKHOMY JTUCTI MOKPUTTA. I1ITydHe OCBITIICHHS
cropyiu — BiicyTHe. Ha MOMEHT 00CTeXEHHS CITO-
pyda mepeOyBae B ekcruryaranii. OyHKIliOHaNbHE
MpU3HAYEHHS BiIMOBIA€ IPOEKTY.

3araipHUIA BUTIIST MOCTY HaBeJeHO Ha pHC. 2,
CUTYyalliiHu# miaH — puc. 1.

Puc. 2. 3aranpHuil BUIIA[ MIIIOXiTHOTO MOCTY
yepes p. Bepxus Xoptuis, M. 3anopizoks

Fig. 2. General view of the pedestrian bridge across
the Verkhnia Khortytsia River, Zaporizhzhia

IIporpamoro o6cTexXeHHST TPOBEICHHS 1H)KEHE-
PHO-TEOJIOTIYHMX BHIIYKYBaHb HeE IependadeHo.
Knacudikariss TeXHIYHOTO CTaHy CIIOPYIW BH3HA-
yena Bignosigao g0 JCTY-H b B.2.3.-23:2012.

IIporpama oOcTekeHHA Tmepemdadaga BHKO-
HaHHS TaKUX POOIT:

1)3aranpHe OOCTEIKEHHS CIOPYIH, YMOB €KC-
IoIyaTarii.

2) BukoHaHHs 0OMIipIOBaJIbHUX POOIT 1 CKIla-
JaHHS KPECJIEHb.

3) 30BHiIIHI# OIS | BUABIEHHS HOMIKOKEHb,
nedeKTiB, TeOMETPHYHUX XapaKTEPUCTUK KOHCTPY-
KIIi¥, a TAKO’K BCTAHOBJICHHS BiJIIIOBIIHOCTI BY3JIiB
CTIOJIy4eHHsI BAMOTaM HOpPM NpoeKTyBaHHs. DoTo-
rpadyBaHHS Ta BUKOHAHHS HEOOX1THUX €CKi3iB T0-
IIKOJIXKEHb, JIe(DEKTIB, a TAKOXK 1HITUX HEBIAMOBI-
HOCTell BUMoraMm OyJiBebHUX HOPM 3a pe3yibTa-
TaMU 30BHIITHBOTO OTJISTY.

4) BuBueHHS pe3yJIbTaTiB 30BHIIIHBOTO OTJISTY
Ta IHCTPYMEHTAJILHOT'O BUMIiPIOBaHHSI.

2) O1iHIOBaHHsI TEXHIYHOTO CTaHy MOCTY B Ili-
JIOMY JUISl PaHTYBaHHSI CIIOPYAHM 3a HOTPeOOI0 eKc-
IUIyaTaliftHUX 3aXO0/iB.

VY mporeci o0cTexxeHHs OyAiBeTbHUX KOHCTPY-
KIIiil BUKOPUCTAHO TaKi MPUJIAAN Ta iIHCTPYMEHTH:

1) nanexkomip nasepuuii pyunuii Leica Disto
D2, niamazon BumiproBanb 0,05-150,0 m, moxubka
A==x1,5 mm;

2) pynetka BuMmiproBanbHa MeraneBa P10Y3K,
niana3on BuMiproBanb 010000 MM, 11iHa MOALIKA
IMMm, 3 k1.5

3) uudposa porokamepa;

4) petika HiBemipua PH-3;

5) niBenip HU-3IL

3a pesynpraTaMM OOCTEXEHHS TEXHIYHOTO
CTaHy criopyau uepes p. Bepxus XopTuis, Mix ByII.
I'epoiB 37-ro 6atanbiiony i Byn. 3aunnsesa, M. 3a-
TIOPIXOKSI, CKIIAJIEHO BiIOMICTh AeeKTiB, y sSKiif Ha-
BelleHI OCHOBHI JeeKTH ¥ IOMIKO/KCHHS,
a TaKOX 3aX0JIH, IIOJI0 X YCYHEHHs. 3a pe3ybTa-
TaMU €KCIEePTU3U Oyje MiArOTOBJICHO €KCIIePTHHIA
3BiT, HA BUMOTY 3aMOBHHKA — HACMOPT TEXHIYHOTO
CTaHy OymiBIIi.

PesyabTatn

Jis mocsrHEHHS TOCTaBICHOT METH MIPOBEACHO
aHaJIi3 mpailb SIK BITYU3HSIHUX, TAaK 1 3aKOPJIOHHUX
HAyKOBIIIB, OOIPYHTOBaHO BHUOIp HOPMATHBHOI
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0a3m, BUKOPHUCTAHO MaTepiaiu HaTypHUX oOcTe-
YKEHb MOCTIB MOAIOHUX KOHCTPYKIIiH, SKi eKCILTya-
TYIOTBCS Ha TEpUTOPIi 3armopi3pkoi 001acTi.

JlocmimKeHHsT TTPOBOIUIOCH AHANITUIHUAM Ta
eKCIIePUMEHTATEHUM METOIOM BiJITOBITHO IO YHH-
HUX HOPMAaTUBHHX JOKYMEHTiB. Y Xomi o0Ocre-
JKeHHsI chopMOBaHa BiJJOMiCTh OCHOBHUX JIC(EKTIB
(tabm. 1).

Tabnuuns 1

Binomictb nedexriB nmimoxignoro mocry

Table 1
Defect list of the pedestrian bridge
Ne | HaiimenyBanHs nedekTiB 3axoam moIo iX ycy-
3/11 Ta IMOIIKO’)KCHb HCHHA
1. MocToBe noJ0THO
Hedopwmarris, HegocTa-
1 | A JKOPCTKICTB JINCTa | 3aMIiHHUTH JUCTHU TTOK-
MTOKPUTTS MOCTY PHUTTS MOCTY
(puc.3)
Oropoxa (mepuia) BukoHaTH Oropoky
2 MOCTOBOI CIIOPYAU HE 3Ti/IHO 3
BIJITIOBiZ]a€ HOPMATHUB- JACTY b B.2.3-11-
HUM BUMOTaM (puc. 4) 2004
BincyTHIiCTh OCBIT-
.y VYcranoButu onopy
3 | neHHs Ha BCill TEpUTO- .
OCBITJICHHS
pii ciopyiu
OYHCTHTH ETIEMEHTH
. . BiJl MPOYKTiB KOPO-
Kopo3is moBepxHi Me- 2L TIPOALY p
o 3ii, TOKPUTH 3aXHC-
4 TaJeBUX KOHCTPYKITIH "
HOIO aHTHKOPO3ili-
mocty (puc. 5) . o
HOFO CYMIIIIIIO i 1Mo-
thapOyBaTu
2. [IporoHoBi ciopynu
[IpoBectn BUpyOKY
IIpopocTanHs nepeB Ta | JIepeB 1 KYIIiB, 10
YarapHUKiB y 0e3noce- | 3HaXOASTHCS Ha BiJic-
5 penHiii OJIM3BKOCTI 110 Tani Mexe Hix 3,0
MIPOrOHOBUX CIOPYAX | METPHU BiJ KOHCTPYK-
(puc. 6) THBHHX EJIEMEHTIB
Criopyu

IMpoxgoBxenus tabx. 1

Continuation of Table 1

Ne | HaiimenyBaHHs nedekTi 3axoau Moo iX ycy-
3/ Ta IMOIIKOJXKCHb HCHHSA
OYHUCTUTH CIEMEHTU
. . BiJl MPOJIYKTiB KOPO-
Koposis noBepxHi Me- 2L TIPOLY p
e 311, TOKPUTH 3aXHC-
6 | TaJeBHX KOHCTPYKIIiH .y
HOIO aHTHKOPO3il-
MOCTY . o
HOIO CYMIIIIIIO # T10-
¢bapOyBaTH
3. Onopu
YcranoBneHHs QyH-
Po3muB Ta 3cyB pyHma- (I)y
. JTAMEHTHHX OJIOKIB y
MEHTHUX OJIOKIB depe3
7 . . . MIPOEKTHE MOJIO-
ITiIBUITICHHI PiBHA pid- .
.. JKCHHS, YKPITUICHHS
koBo1 Boz (puc. 7) .
OCHOBU (DyHIaMEHTIB
4. dynraMeHTH
[NomkomKeHb CIIOPYAH, BUKIMKAHUX HE3a10BI-
8 JBHUM CTaHOM (YHIIAaMEHTY, y X0/i o0cTe-
JKCHHS HE BUSABJICHO
5. Migxoau
BincyTHicTh OCBIT-
. YcranoButu onopy
9 | neHHs Ha BCill TEpPUTO- .
OCBITJICHHS
pii ciopyiu
Po3murTs rpyHTY mia-
XOJIiB 10 MOCTY uepe3 | Bukonaru opraHizo-
10 BiJICYTHICTB OpTaHi30- BaHE BOJIOBIJIBE-
BaHOTO BOJIOBi/IBe- JICHHS Ha ITiAX0Jax
JICHHS Ta HAJICKHOTO IO MOCTY
nokputTs (puc. 8)
BincyrHicTs manmyca
eyt AHAYCA 1y o ranosuTH MaHIyC
11 HAJICKHOTO ITi X0y . .
Ha MiIXO0/i A0 MOCTY
JI0 MOCTY
6. Pycio
3aMmyneHHs, Ipopoc-
Y » IPOpoc¢ Pozuucturu pycio
TaHHS POCIUHHOCTI, . .
12 BiJl POCIIMHHOCTI Ta

3acMiYeHHs pyciia pi-
uku (puc. 9)

CMITTSA

Jlis BU3HAYECHHS CTaHy OCHOBHUX OETOHHHX
KOHCTPYKTHBHHX €JIEMEHTIB (3a1i300€TOHHI TTirmi-
PHi CTiHM) HEOOXiHO BCTAHOBHUTH MIIHICTh OCTOHY
3a JIONIOMOTOI0 yJApHO-IMITYJILCHOTO BHMiprOBaya
JUTSE KOHTPOJTIO MILTHOCTI 0eToHY «OHikc—2.5%.
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Puc. 6. [IpopocranHs iepeB Ta yarapHHUKiB

Puic. 3. JlehopMAILis, HEIOCTATHS KOPCTKICTH y OesmocepeHiil OIM3BKOCTI JO IPOTOHOBUX CHOPY

JIUCTA MOKPUTTS MOCTY Fig. 6. Germination of trees and shrubs in the immediate

Fig. 3. Deformation, insufficient rigidity vicinity of the outbuildings

of the sheet covering the bridge

Puc. 7. Po3amuB Ta 3cyB (yHAaMEHTHHX OJIOKIB Yepe3
IiIBUIIEHHS PiBHS PIUKOBOT BOAN

Fig. 7. Erosion and displacement of foundation blocks
with increasing summer water level

Puc. 4. Oroposka (riepusia) MOCTOBOI CIIOPYIH

——

Fig. 4. The fence (railing) of the bridge structure

|
e

Puc. 8. PO3MUTTS IpyHTY HiIXO/IB 10 MOCTY uepe3
BiJICYTHICTh OPTaHI30BaHOTO BOJOBIIBEICHHS Ta
HAJICXKHOTO IMOKPHUTTS

Puc. 5. Koposis noBepxHi MeTalIeBHX KORCTPYKLH Fig. 8. Soil erosion of approaches to the bridge due to

Fig. 5. Corrosion of the surface of metal structures the absence of Ofgamzidhdfzingge and proper coverage
of the bridge
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Puc. 9. 3amyneHHs, IpopoCTaHHS POCIMHHOCTI,
3aCMIYCHHS pyciia piuKu

Fig. 9 Siltation, germination of vegetation, clogging of
the riverbed

3a pe3yabTaTaMu 00CTEKEHHS Ta BiIOBITHO J0
EKCIIEPTHOI eKCIUTyaTaIliifHOT OI[IHKH! CTaH CIIOpYIx
MIIIOXiTHOTO MOCTy dYepe3 p. Bepxus Xoptwis,
Mix ByIL. ['epoiB 37-ro GaTanbiioHy i Byn. 3aunHs-
€Ba, M. 3amopiKKs, MO)KHA BU3HAYUTH SIK CEpell-
HbO3BO)KEHE 3HAUCHHS EKCIUTyaTallifHOTO CTaHy
TPyl KOHCTPYKTUBHHX €JIEMEHTIB CIIOPYAH, 3TiIHO
3m. 7 JCTY-H b B.2.3-23:2012:

_80(5—22;ZaiDi)+
B 4

E 20,

@
ne Di — HOMep eKcIulyaTalliiHOTO CTaHy TpYIU
KOHCTPYKTHUBHHUX €JIEMEHTIB CIIOPY/IH 3TiIHO 3 KJla-
cu(ikariifHo0; ¢i — Koe(illieHT BIUIUBY CTaHy I-r0
eJIEMEHTA Ha 3arajbHUii CTaH COpyau (HopMaltizo-
BaHi Koeirientn Barn), i =1, 2, ..., 7.

3riiHO 3 PO3paxyHKOM, EKCIIepTHA eKCIUTyaTa-
HiliHa oIliHKa (PEHTHHT) CHIOPYAHU B LILIOMY 3a Tab-
muuero 4.1 ICTY-H b B.2.3-23:2012 cranoBuTh
E=72 (craH 3, mpare3iaTHuii).

JlonaTKOBOTO aHajdi3y BHUMAaralOTh IHTaHHS,
MOB’s13aHi 3 pO3p0OOKOI0 TEXHIYHOTO AacropTa CIo-
pyAu 3a pe3yabTaTaMu eKCIEePTU3H.

HaykoBa HOBHU3HA Ta IPAKTUYHA
3HAYMMICTh

OTprUMaHO MOJENTh TPAMOTHOI CHCTeMAaTH3allii
JAHWUX 3 OOCTEKEHHS CIIOPY/I 13 BUKOPHUCTAHHSIM Ha-
YKOBHX Ta HOPMATHBHHUX JDKEpENl. 3BEPHEHO yBary
Ha CBO€YAcCHE MPOBEACHHS KaliTaJbHOTO PEMOHTY,
a TaKoXX TOTOYHOTO CEPEeAHBOTO PEMOHTY JISl TO-
JIMIIEHHS TEXHIYHOTO CTaHy eIeMEHTIB MOCTY,
a 'y psli BUNIAJIKIB 1 IUT01 criopyiu.

Po3pobriena metoauka gomoMarae CUCTEMaTH-
3yBaTH U MOJETIHTHA poOOTY 3 BeeHHs 00Ky Ta
BHKOHAHHS PEMOHTY Je(eKTiB CIOPY.

BucHoBku

Sk MoKa3yoTh pe3yIbTaTH IPOBEIECHOr0 00CTe-
JKEHHSI, BUSIBIICHI Ie(heKTH 1 IOMIKOKEHHS Oy aiBe-
JTBHUX KOHCTPYKIiH 00’ ekTa «[limoxiaHuii MicT 4e-
pe3 p. Bepxus Xopruis, Byi. ['epoi 37-ro 6aranb-
HOHY — BYJI. 3a4HMHSEBA, M. 3aIOPKKS OB’ I3aH1
BIJICYTHICTIO HAaJIe)KHOI CHUCTEMH CIIOCTEPEKEHHS
1 TEXHIYHOTO 00CITyTOBYBaHHSI.

VY xo1i 06cTexxeHHS BUKOHAHO OOMipHI poOOTH
3 YTOYHEHHSM rabapuTHAX PO3MIpIB 1 CKIIaay mepe-
TUHIB €JIEMEHTIB, IPOBEJCHO 3iCTaBICHHS (DaKTH4-
HOI KOHCTPYKTHBHOI CXeMH OYJOBH 3 HMPOEKTHUM
PpIIIIEHHSM, a TAaKOXK 3/TiHCHEHO 0(hOPMIICHHS €CKi3iB
Ta (QOTO3HOMKY BHABICHUX Ae(EKTiB 1 MOMIKO-
JOKEHB.

Ha mixcraBi aHamizy pe3ynbTaTiB OOCTEKEHHS
KOHCTPYKITii 00’€KTa, XapakTepy Ta Micls po3Ta-
nryBaHHs Je(eKTiB i TMOIMIKOHKeHbh MOXXHa BBa-
JKaTH, 110 3aI1ac MIITHOCT1 HECYYOi 3JaTHOCTI JOCITi-
JDKYBaHOI CIIOPYAH B LIJIOMY HEIOCTATHIM.

VY uinoMy cniopyza, 3 orjisily Ha XapakTep MoIil-
KOJDKEHb Ta iX BIUIMB Ha €KCIUTyaTalliiHy IpHIaT-
HICTB, ITepeOyBae y npare3JaTHOMY CTaHi Ta ITiJIs-
rae MmoJabIIii ekcruryaranii 3a yMoBd 000B’s13KO0-
BOTO TIPOBEJICHHSI TUIAHOBUX OOCTEXKEHBb, CKOPO-
YeHHsSI TEPMiHIB MK TEpIOJUYHIMHU OTIISIAMH,
BUKOHAHHS MOTOYHUX PEMOHTIB. 3a HEOOXiIHOCTI
CJTiJ] 0OOMEXyBaTH MBUAKICTH PYXY.
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Reliability Assessment and Technical Diagnostics of the Bridge Structure
across the Verkhnia Khortytsia River in Zaporizhzhia

Purpose. The authors aim to assess the reliability and technical diagnostics of the bridge structure, as well as to
develop the methods for eliminating defects and restoring the serviceability of damaged building structures, as most
accidents occur due to unsatisfactory technical condition of structures and their significant wear due to expiration of
the standard service life. Methodology. An important role in the study is played by the formation of knowledge and
skills of using a modern engineering approach to the survey of building structures in order to restore their serviceabil-
ity. Inspections of construction sites are carried out in accordance with the rules set by the relevant regulations. Defects
and damages are described in inspection materials with the indication of the possible reasons of their occurrence and
forecasting their further influence on reliability and durability of construction. Findings. The analysis of scientific
research and normative documents reflecting a problem of the operation safety increase of buildings and structures
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and estimation of a technical condition of structures is carried out in work. Methods of assessment of reliability and
technical diagnostics of bridge constructions are applied. The results of the inspection are substantiated and recom-
mendations are developed to ensure the serviceability and increase the service life of damaged structures of the object
of study. Originality. Based on the design and technological documentation, normative base, scientific research, the
model of competent systematization of the construction inspection data is obtained. Attention is paid to the timely
major, as well as current medium repairs to improve the technical condition of the bridge elements, and in some cases
the entire structure. Practical value. Application of the survey methods — visual and instrumental — allowed formu-
lating the conclusions and recommendations aimed at widespread implementation in practice of assessing the relia-
bility and technical condition of structures.

Keywords: bridge structures; emergency condition; technical condition; controlled parameters; operational safety;
reliability
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HigBuieHHs eeKTUBHOCTI MOEAHAHHS 0yAiBeJIbLHO-MOHTAXKHUX POOIT MM
4ac yJamTyBaHHS HYJbOBOI0 IMKJY B YMOBaX YIILIbHEHOI 3a0y/10BH

Mera. Po3BuTok yp6anizanii B ymoBax XXI cTopiyusi XapakTepu3yeThcs 3pOCTaHHSAM 4acTKU OaratodyHKIio-
HaJIBHUX 1HQPACTPYKTYPHUX KOMIUIEKCIB CEpell 3arajbHOTr0 0O0Csry HOBOTO Ta BiJIHOBJICHOIO OYAiBHHLTBA. 3HAU-
HUM IOIMTOM XapaKTepU3YIOThCsl MPOEKTH 3 PO3BUHEHOIO CTHIIO0ATHOIO YAaCTHHOIO Ta IPU PO3MIlIEHHI MapKyBa-
JHHUX MaiJaHYMKIB B IPOCTOPI MiI3EMHUX MOBEpXiB. Taki pilleHHs JO3BOJSIOTH €PEKTUBHO BUKOPUCTATH ITiA3EM-
HHUH TIPOCTIp NpH MiHIMi3amii 3anoBHeHHs 1-5 moBepxiB. OcTaHHS BUMOTa € XapaKTEepHOIO JUIsi 3a0yI0BH iCTOpHY-
HUX IICHTPIB, /€ MicTOOYIIBHUMH OOMEKCHHSIMH PETJIAMEHTYEThCS TpaHWYHAa BUCOTa OymiBmi. JlocimimkeHHS
CIPSMOBAHO Ha MIIBUIIEHHS €()EeKTHBHOCTI BUKOHAHHS POOIT 32 YMOBH IX CYMIIIEHHS IIiJ] Yac yJaIITyBaHHS HY-
JBOBOTO IUKITy OaraToyHKIiOHATFHUX KOMIUICKCIB, AKi 3BOJIATH B iCTOPHYHII YaCTHHI MIiCT, B yMOBaX yIIUIbHEHOI
3a0yI0BH Ta BKpail 0OMexeHOoro mpoctopy. MeToauka. ABTOPH IIPOBENH OTJISA] CBITOBOTO JIOCBiTy BIAINTYBAaHHS
6aratoyHKIIOHATHPHAX KOMIUIEKCIB 1 3aIpOBaIMIA MEPEAOBUI JOCBIA MPUHHATTS OpraHi3amiiHO-TEXHOJIOTTIHUX
pilIeHs Mg yac po3poOKH MPOEKTHO-TEXHOIOTIYHOI JOKYMEHTAIII] 3 yJIalITyBaHHS HYJbOBOTO HUKITY 00’ ekTa «Ho-
Be OYMIBHUIITBO OaraTo()yHKIIIOHAIFHOTO KOMILICKCY 3 aBTOIAPKIHIOM 3a aipecoro By Bomomumupa BepHanchko-
ro, 25, M. [lHinpo». Po3risiHyTo OCHOBHI OyaAiBeNbHI IPOLECH BIIAIITYBaHHS HYJIbOBOTO IIMKIY B CKJIaIHUX YMOBax
YIIUTbHEHOI 3a0y/I0BM Ta BU3HAYEHO KPUTHYHI €EMEHTH T[] Yac iX IPOEKTYBaHHS. Y IOCKOHAIEHO TEXHOJOTIYHY
MOCITIIOBHICTh BUKOHAHHS CyMDXHUX POOIT piI3HUMH MiAPSIHUMH OpPTaHi3alisIMH 3 METOI0 CTBOPEHHS pE3epBY Hacy
Ta MIIBUIICHHS HAIIIHOCTI BCHOTO TEXHOJOTIYHOro mporecy. Pe3yasTaTn. Bu3HaueHo opraHizamiiHO-
TEXHOJIOTIYHI PIillIeHHs, IO JO3BOJIIIOTH BUKOHYBATH CYMIIIEHHS OYIiBETbHO-MOHT)XHHX MPOIIECCIB yIAIITyBaHHS
HYJBOBOTO MUKy OaraTo(pyHKI[IOHAIEHUX KOMIDIEKCIB 32 3HAYHOI KUTPKOCTI CYOIigpSTHIX OpTraHi3amiid B yMOBax
YIIiTbHEHOT 3a0yI0BH, a TAKOX Y CKIATHHUX TiPOTEONIOTIYHAX yMOBaxX a0bo mix yac OyniBHUIITBA B MPOCTOPI iCTO-
pPHYHOI 3a0y0BU IEHTPalIbHOI YacTHHH MicT. HaykoBa HOBH3HA. ABTOpH BIepIlle MPOBEIH HAYKOBE HOCIIKEHHS
B Tally3i BJIAIITYBaHHSA HYJHLOBOTO LUK 3 OTJISIY HA PO3TAITyBaHHS OYIiBEIbHOI TEXHIKH B YMOBax OOMEKEHOTO
IpocTopy OyIiBeJFHOIO MaiJaHYMKa B iCTOPUUHilM 4acTHHI M. J{HIIpO Ta 3ampoNOHYBaN PSR PillleHb, IO 3a0e3-
MIeYMITH MiZBUIIEHHS HaiHHOCTI OCHOBHOTO OyniBenbHOro npouecy. Ilpakruyna 3HaunmicTs. Ha ocHOBI oTpuma-
HHUX pe3yNbTaTiB MOXKHa KOpPEryBaTH PO3TallyBaHHs Oy/iBeNbHOI TEXHIKM Ta BU3HAYECHHS PalliOHAIBHOT MOCIIiI0B-
HOCTI OyZiBEIbHO-MOHT)XHUX POOIT, @ TAKOXK NMPOTHO3YBATH IMOJAIIBIINI PO3BUTOK TEXHOJIOTIi Oy/AiBEILHOTO BH-
pobuunrTBa. L{i mocmimpkeHHs MOXYTh OyTH KOPUCHUMM IIi/l 4ac BUBYEHHs JUCUUILIIH «TexHoioris OyaiBensHOro
BUpOOHHIITBa», «TexHooris cremiaabHuX podiT», Ul opraHisauii HayKOBO-TIPAaKTUYHUX CEMiHApiB, KypciB Mil-
BHIIICHHS KBami(ikamii Tomro.

Knrouosi crosa: ymoBH yminpHeHOT 320y 10BH; OaraTo(yHKIIIOHATFHIA KOMILIEKC; OpraHi3aliifHO-TeXHOIOTI9Hi
(baxTopy; MiZI3eMHUH MTAPKIHT; ICTOPUYHA YaCTHHA MICTa; CTHIIO0AT; IIITYHTOBE OTOPOIXKEHHS

Beryn oynisuuiTBa [1, 6, 8]. 30KpemMa, 3HAYHMIT TIOTTUTOM
MAalOTh MPOEKTH 3 PO3BUHEHOIO CTHIIO0ATHOO Yac-
THHOIO Ta PO3MILICHHSIM MapKyBaJIbHUX MailaaH-
YHKiB y mpocTopi mimzemuux nosepxiB [10]. Taki
pIlIEHHS JO3BOJSIOTh €(PEKTUBHO BHKOPHUCTATH

Po3Butok ypOanizauii B ymoax XXI cropiuus
XapaKTepPU3yETHCS 3pOCTAHHSAM YacTKu Oaratody-
HKLIOHANBbHUX 1H(QPACTPYKTYpHUX KOMILJICKCIB
cepejl 3arajibHOro 00CSTy HOBOT'O Ta BiTHOBJIEHOTO
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MiJ3eMHUN TPOCTIp 3a MiHIMI3alii 3amOBHEHHS
1-5-ro moBepxiB [7]. OcTaHHs BMMOTa € XapakKTe-
pHOXO U1t 3a0yI0BU ICTOPUYHUX LICHTPIB, JIE MicC-
TOOYMIBHUMHA  OOMEKEHHSIMH  PErjaMEHTOBaHO
rpaHnuHy BUcoTy Oymiimi (2—4). Ha puc. 1 mnoka-
3aHUI TPUKIA] yJIalTyBaHHA Mi3eMHOT0 NapKiH-
Ty Hig yac peKoHCTpyKuii Oyaismi: B’i34 mo Oara-
TOPIBHEBOTO MAapKiHTY BUKOHAHO 0e3MocepeHbo 3
BYJIUIIl, a OUISIXOM PalliOHaTbHOTO BUKOPUCTAHHS
e(eKTHBHUX apXiTEeKTypHHUX pillleHb BiH MpPaKTHY-
HO HE BHAUISETHCA 13 3aralbHOTO aHCaMOITo Oymi-
Br. TakumM YHMHOM, 3O0BHIIIHE €CTETHYHO-
TICUXOJIOTIUHE CIPUUHATTA OKpeMuX OyIiBenb Ta
BYJIUIII B IIIJIOMY HE TIOTipIIY€ETHCS.

Meta

BpaxoByioun BHIIe3razaHe, aBTOPH CTaBJIATh
32 MeTy  TpoaHami3yBaTH  OprasizauiiiHo-
TEXHOJIOTIYHI pIMIeHHs, TPUHHATI MiJ Yac CIopy-
JOKeHHS HYJIBOBOTO IHKITY 0aratoyHKIiOHAJIBEHO-
ro KOMIUIEKCY B iCTOPHYHIM 4YacTHHI MicTa, Ta
chopMyBaTH TPUHIUIKA TIOEIHAHHS OYiBEIHHO-
MOHTa)KHUX TPOIIECiB B YMOBaX YIILIbHEHOI 3a0y-
JIOBH JUTSl Y3TOPKEHOCTI POOOTH KIIBKOX CYOTij-
PSAHUX OpraHizaliii B yMOBax 0OMEXEHOro Oyi-
BEJIBHOIO MaillaHuMKa Ta BHCOKOI MexaHizamii i3
3aCTOCYBaHHSM ra0apuTHOI OyiBEIbHOI TEXHIKH.

Puc. 1. B’i31 10 mi3eMHOT0 MapKiHTy B peKOHCTpYHOBaHii OyaiBii rotesto,
ByI. AnbsiHc, 27, M. Bynanemr, YropmuHa

Fig. 1. Entrance to the underground parking in the renovated hotel building,
Alliance St, 27, Budapest, Hungary

MeTtoauka

[lix yac nanyBaHHSA poOiT B yMOBax yIlilbHe-
Hoi 3a0yZ0BH, Yepe3 CyTTeBe 0OMEXEHHS MPOCTO-
py OymiBeJIbHOTO MaiaaH4YKMKa, HEOOX1THO PEeTeb-
HO IIJIJaHYBaTH IOCIIIOBHICTh BUKOHAHHS OyIiBe-
JbHO-MOHT@XHHX pobiT [12]. OcobnuBy yBary
CIIiJl IPUALIATH poOOTaM eTary HyJlIbOBOI'O LIUKIY,
OCKIJIbKM B II€H Iepiof BHHUKAE moTpeda CyMi-

IICHHS [} 1[1JI0T HU3KY CIeliali30BaHuX Opuraj i3
BHUCOKMM piBHEM MeXaHi3alii, a TakoX CYTTEBO
OOMEKEeHHIA MPOCTIp MOHTAXHOTO Topu3oHTY [9].
YcknanHeHHsT BMHUKAE 1 Mg 4vac OyIiBHUIITBA
B CKJIaJHHUX TigpOreosjoriyHux ymoBax [5], a Ta-
KO y pa3l OJM3bKOro pO3TallyBaHHS HaBKOJHII-
HiX OyniBenb 1 criopyl, KOJM 3HAYHO OOMEXKEHUH
HPOCTIp UIS BIAIITYBAaHHSA KOTJIOBaHY Ta pO3Ta-
ryBaHHs ykocis [11].

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2021/245669

60

© A. B. Paakesuu, M. 1. Hereca, A. M. Hereca, 2021


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp20

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcmnopry, 2021, Ne 4 (94)

TPAHCIIOPTHE BYJIBHUIITBO

B ictopuuniit wacturi M. uinpo no Bym. Bo-
nogumupa Beprajcbkoro, 25, 3BOJSATH CydacHUI
OaraTo)yHKI[IOHATLHUI KOMIUICKC 3 aBTO MapKiH-
roMm. IlpoekToM mepenbadene 3BeneHHS OyIiBIi
3MIHHOI TTOBEPXOBOCTI, Big 5 mo 12 moBepxis, i3
BUXO/IOM Ha Byl Bonomumupa Bepnaackkoro
5-noBEepXOBOT YaCTHHU VIS 33JI0BOJICHHS MICTOOY-
NIBHUX yMOB Ta oOMmexeHb. KpiMm Toro, mepemda-
YeHE BJIALITYBaHHS 3-TIOBEPXOBOTO MiJ3€MHOTO
napkiary. KoHcTpykTrBHa cuctemMa OyniBii — Kap-
KacHa, 3 MOHOJIITHAM 3aJli300€TOHHUM KapKacOM.
OyHgamMeHTH — manboBi Ta TwmMTHI. s 3amo0i-
TaHHs BIUIMBY OYZiBJIi HAa HABKOJMIIHIO 3a0yJOBY
Ta yTpUMaHHS TPYHTOBOTO MacuBy IependayeHo
IIITYHTOBE OTOPOJDKEHHS KOTJIOBaHY 3 3aiizo0e-
TOHHUX OYpOIH’€KIIIMHUX Ta OYpOHAOMBHUX MAJb.

- Tureracoli nodumodi npuivenn _TumvacoBa aBmomoBinsHa dopoza

\

PesyabTaTn

Ha  erami mmanyBaHHS — oprasi3amiiHO-
TEXHOJIOTIYHUX PIlIEHb TPOIECY BIAIITYBaHHS
HYJIHOBOTO UKy nepeadadeHa Taka
MIOCIIZIOBHICTh BUKOHaHHS poOiT. Bixm meperuny
oceii 4 Ta /[ BUKOHYIOTh IIIMTYHTOBE OTOPOKEHHS
KOTJIOBaHy. )i 1bOTO MPOBOIATH JIOKAIBHY PO-
3poOKy rpyHTY 3 opMyBaHHAIM Tepacu. Jami ma-
paNeTBHO 3 TMPOIECOM YIIANITYBAaHHS NaJlb BUKO-
HYIOTh yJIAIITyBaHHS (QyHAaMEHTHOI Oayiku aJist
o0’emnanHs pobotm maib. llocTymoBo mpomos-
KYIOTh TOHANbII poboTH 3 (GopMyBaHHS Tepacu
1o no3H. 94,600 y mexax oceii 1-4. PozramyBan-
Hs OyIliBeNbHOI TEXHIKM Ta OpraHi3allito OyIiBenb-
HOTO MalJaHYMKa IMOKa3aHO Ha PUC. 2.
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Puc. 2. Opranizanis OyaiBebHOTO MaiiTaHYMKa Ha €Talli BIAIITYBaHHSI
HIMTYHTOBOI'O OrOPOJDKEHHS KOTJIOBaHY B Mexax oceil 1-9. ABTOpChKe KpecleHHs

Fig. 2. Organization of the construction site at the stage
of installation of sheet pile wall of the pit within the axes 1-9. Author’s drawing

Kpim ykazanux poOit, 3 1i€i TOBEPXHI TaKOX
Oynu BIAIITOBaHI Malli IO OCi B JUIsl MOAANbIIOTO
CIMpaHHS Ha HUX PO3MIpHHUX KOHCTpyKuid. Cuc-
TeMa PO3MIPHUX KOHCTPYKIIH 3a MPOEKTOM TO-
BHHHA CTPUMYBATH HIITYHTOBE OTOPOJKEHHS KOT-
JIOBaHy Ta YTPHUMYBaTH €JIEMEHTH HaBKOJMUIIHBOT
3a0yIOBH JI0 3BEICHHS MOHOJIITHOTO 3aJ1i300€TOH-
Horo kapkaca B ocsix 1-9. [Ipore BkazaHa cucrema
CYTTEBO OOMEXY€ MpPOCTip BUKOHAaHHS POOIT Ta

CTBOPIOE 3HAYHI YCKJIaJHEHHS poOOTH OyIiBenbHOT
TEXHIKH.

[lix wac moganemux poOiT 3a0e3reyeHo nepe-
CYBaHHsI TIPOIIECY BJAIITYBAaHHS IIITYHTOBOTO OTO-
pOIKeHHS 110 oceit 5-15 3 MeTow 3BiIBHEHHS
MaljaHJuKa B Mekax oceil 1-5 Ta movarky Bnari-
TyBaHHS TaM PO3MOAIIBHOI CHCTEMH Ui Maii-
OYTHBOTO BIIAIITYBAaHHS PO3MOPOK (prc. 3) Ta 6e3-
MOCEPEHBOTO MOHTAXY PO3IMIPHUX KOHCTPYKLIiH

(puc. 4).
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Puc. 3. [TouaTok ynamTyBaHHS po3IipHOI cucTeMu. HaBilryBaHHS aHKepiB.

ABTOpPCBKE KPECIEHHS

Fig. 3. Beginning of the cross-tie system arrangement. Hanging anchors.

Author’s drawing
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Puc. 4. YnamTyBaHHS pO3MOpOK B ocsix 1-4.
ABTOpCBKE KPECIEeHHS

Fig. 4. Cross-bar arrangement in axes 1-4.
Author’s drawing

VY mexax oceir 9-10 Ta A—b Takox ynamToBa-
HO OypoHaOuBHI mami i Mai0yTHBOTO KpPaHOBO-
ro ¢pyHaameHnty. Po3miieHHs: kpaHa OyJo mepe-
0aueHo Ha (yHJIAMEHTHIN IUIMTi, TOMY IIiJIKpaHO-
BUH POCTBEPK CIIPOEKTOBAHO TaK, 00 30iranmcs

Bepx (pyHmaMeHTy Ta BepX OCHOBHOI rumntH. [IpoTte
Yyepe3 CKIAIHICTh JOCTAaBKU Ha OYiBEIILHUN Maii-
JMAHYMK TabdapuTHOI OypOBOi YCTaHOBKH MacolO
0sn3bpko 100 T 1 HEMOXKIIMBICTS i1 CIYCKY B KOTJIO-
BaH MiIKpaHOBI NaJli BUKOHAHO 3 MOBEPXHi, 3 MO-
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JaNbIINM 3pyOyBaHHSAM 10 TPOEKTHOI MO3HAYKH
MicIs pO3pOOKH KOTIOBaHY.

[Ticns 3aBepieHHS IMTYHTOBOTO OTOPOHKEHHS
Ta HaOyTTS OETOHOM MIIHOCTi, a TaKOX 3aBep-
IICHHS BIAIITYBAHHS PO3IMIPHOI CHCTEMH Nepen-
0ayeHo pPO3pOOKY KOTJIOBaHY 3 YJAIITYBaHHIM

B’i3ay mo Bici " B Mexax oceit 9-12. TIpu npomy
Uit 3a0e3nedeHHs (PpOHTY POOIT 3 yiamTyBaHHS
KpaHoBoro (yHIaMEHTY CIOYaTKy mepeadavueHa
po3poOKa TPyHTY B mpocTopi Mix ocsmu 8-11 ta
A—B, mWoOTIM TOmadbINe PO3BUHEHHS B HAIPSAMI
oceit 1-4 (puc. 5).
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Puc. 5. Po3poOka koTnoBaHy 3 60Ky oci 12, yiamryBaHHs B’13/1y B KOTJIOBaH.
ABTOpPCBKE KpeCIeHHs

Fig. 5. Development of the pit from the axis 12, arrangement of the entrance to the pit.
Author’s drawing

[Tin wac mpoekTyBaHHS B’i3My OCOOJIMBY yBary
NPHUIICHO TEXHIYHUM XapaKTepPHCTHKAM MaIllvH,
3a/iTHUX y po3po0lli KOTJIOBaHy — eKcKaBaropa (Ha
BUMOTY CyOMiJIpsTHUKA, MiHIMaJbHa BHCOTa BiJ
piBHS J1HA KOTJIOBaHY 1O HaHOMMK40i po3mipHOI
KOHCTpYKIIl Mana ckiaaata 5,0 M) Ta aBTOCaMmoc-

kuga MAN TGS 41.400 8X4 (rabapuTtHa BHCOTa
3,6 M; MakCUMaJbHUI yXui B’i34y 3alOBHEHOTO
aBrocamockuia 25°). Po3pi3 mo B’i31y B KOTJIOBaH
i3 3a3HAUCHHSAM KPUTHYHHUX PO3MIPIB YKa3aHWi Ha
puc. 6.
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OcHoBHI 00MeXyBabHI po3MipH. Po3pi3. ABTOpCEKE KpecaeHHS

Puc. 6. B’i31 y KOT/I0BaH.

Fig. 6. Entrance to the pit. The main limiting dimensions. Cut. Author’s drawing
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YHacmigok oOMexXeHHs Mmia i3miB 10 OymiBelns-
HOTO MaiaHYUKy, @ TAKOXX HEIONYyLICHHS HepeK-
puBaHHS ByJl1. BepHaacbkoro, Ha eTami yKiIagaHHS
06eToHHOI cymimmi ams pyHAaMEHTHOI TUTUTH TIPHIA-
HATO pIIIEHHS BUKOHYBaTH OETOHYBaHHS OJHOYA-
CHO /BoMa OeroHoHacocamu. [lepmmii 6eToHOHA-
COC YCTaHOBIIOIOTH Ha TOBEPXHI KOTJIOBaHy MOO-
3y oci 12 3a MexaMH MOXJIHBOTO OOpYIICHHS
TPYHTY, BiH npuiiMae OETOHHY CyMmill i3 6ETOHOBO-
3iB Ta mojae ii Jo Gerononacoca Ne 2. BeroHnona-

3 —

Do

—d—e—4—%

e

-

coc Ne 2, cTosum B KOTJIOBaHI, BUKOHY€E Oe3moce-
peaHio momady OETOHHOI CyMimIi A0 MicIs yKia-
JAHHSI, PO3TAILIOBYIOYHM CTPUTy HAaJ pPO3MiPHUMHU
KOHCTPYKIIISIMH Ta PYXalOYHCh MOCTYIOBO B Ha-
npsMKy Bix oci 1 o oci 9. Cxema po3aTamryBaHHs
Oy/iBeJIBHOT TEXHIKM Ha IIbOMY €Tali BHUKOHAHHS
poOiT mokazaHa Ha puc. 7. besnocepenHs nojgava
0eTOHHOI cyMimni B MpUMaIbHUA OyHKEp OETOHO-
Hacoca Ne2 OerononacocoM Ne 1 mokaszaHa Ha
puc. 8.
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Puc. 7. Po3ramyBanHs Oy/iBelbHOT TEXHIKH Ha eTarri
0eToHyBaHHS ()YHIAMEHTHOT IUIUTH.
ABTOpPCBKE KpeCIeHHs

Fig. 7. Location of construction equipment at the stage
of concreting the ground slab.
Author’s drawing

3a paxyHOK BHKOpHCTaHHA ¢(peKTHBHUX OeTo-
HoHacociB Daewoo (pobounii pamiyc — 10 48 M,
niametp OetoHOBOAY — 120 MM, MPOAYKTHUBHICTH
nmonayi 6eroHHO! cymimi — go 120 M3/ron) Oymna
3a0e3neyeHo Oe3rnepepBHy I0jadyy pallioHaIbLHO
CIIPOEKTOBAHOI OETOHHOI cyMmimn (PyXJUBICTh —
I15, xnac 3a minnicTio — C16/20). Ilpn upomy He-
OOXIHICTh OJJHOYACHOTO BHKOPHCTAHHS JIBOX Oe-
TOHOHACOCIB Ta BIJAIMOBIJHI BUTPAaTH KOIITIB Ha
OpEH/y CIIELTEXHIKM KOMIIEHCOBAaHO €(DEKTHMBHUM
BUBaHTaXCHHSIM OETOHOBO3IB 0€3 3aTpUMKH Ha
MICIII PO3BaHTa)XEHHS BHAC/IAOK HAsSBHOCTI pO3-

BOPOTHOTO MaiiaHuuKa Ta 12-MeTpOBHX BODIT Ha
B’i3111 710 OyAIBEJILHOTO MaiJaHUHKA.

3a paxyHOK e€()eKTHBHOIO ITaHYBaHHS MOCITi-
JIOBHOCTI BHKOHAHHS POOIT BIANOCS paIlioOHaIbHO
MOEIHATH BUPOOHMYI MPOIECH CIEHiaTi30BaHUX
MiIPSIHUX OpTaHi3alidi Ha eTami BIIAIITYBaHHS
HYJIBOBOTO IMKJIY. YHACIIIOK HOCTIHHOTO BHKO-
PHUCTaHHSI CIIAHOBAHOTO ()POHTY POOIT B yMOBax
00MEXeHOCTI OyAiBeNbHOTO MaiinaHunka 3abesre-
YEHO BHMCOKY HaIiiHICTH BHUPOOHHYOIO MpOLECY
3 MOJMJIMBICTIO 3aCTOCYBaHHSI PE3EPBIB yacy s
e(eKTHBHOTO BUKOHAHHSI POOIT.
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Puc. 8. ITomagya 6etorHO{ cymimti
6erornoHacocoMm Ne 1 no mpuitmMaipHOTO OyHKEpa
OeroroHacoca Ne 2 B yMoBaX 00MEKEHOCTI
OyaiBeTbHOTO MaliJaHYMKa.
®oto aBTOpa Ha OyNiBEILHOMY MaiilaHINKY

Fig. 8. Supply of concrete mix
by concrete pump no. 1 to the receiver hopper of
concrete pump no.
2 under the conditions of limited construction site.
Photo by
the author on a construction site

HaykoBa HOBH3Ha Ta MPpaKTHYHA
3HAYUMICTD

VY wiit poboTi Ha OCHOBI aHami3y MOIEPEAHIX
JIOCITI/PKEHb 1 3aCTOCYBaHHS MEPE0BOrO JOCBILY
B TPOEKTYBaHHI palliOHAJIBHUX TEXHOJIOTTYHHUX
MPOIIECIB B yMOBax OY/IBEJIBHOIO MalIaHYuKa
BUKOHAHO JIOCII/KEHHS B raiy3i oprasizauii Oyni-
BEJIBLHOIO0 BUPOOHUIITBA. JIOBEACHO, 1110 HAMOIIBII
HNEepPCTIeKTUBHUMHU U TOAAJIBIINX JIOCTIKEHb
€ OpraHizaliiHO-TE€XHOJIOTIUH] pillleHHA 3 palio-

HaJIBHOTO TOEAHAHHS CHEMiali3oBaHuX MiAPSIHUX
opraizariit uis 3a0e3mneueHHst iX e(h)eKTUBHOI Cy-
MiCHOI poOOTH B yMOBaXx yUIJILHEHOT 3a0y10BH.

BucHoBku

AHaniz oTpUMaHUX pillleHb MI0A0 3abe3neveH-
HS HalidHoro (YHKUIOHYBaHHS OyAiBEIBHOTO
MalJaHdYuKa B yMOBaX OOMEXKEHOCTI MPOCTOpY
BHACJIJIOK YIIUILHEHOI HABKOJIMIIHBOI 3a0yJI0BU
JIaB 3MOTy 3pOOUTH TaKi BUCHOBKH:

1. Cran po3BUTKY Cy4acHOI OyIiBeIbHOI TEXHi-
KU Ta HAasBHUX OPTaHi3alliifHO-TeXHOJOTIYHHX Ta-
pameTpiB JUIs TPOLECIB yJAIITYBaHHS CIICIiaib-
HUX poOIT Ha TepuTopii YKpaiHU I03BOJISE BHKO-
HYBAaTH CKIIQIHI TPOEKTHI pIlIeHHS 31 3BEICHHS
HOBHX OaraTo(pyHKIIOHATBHUX 1HPPACTPYKTYPHHUX
KOMIUICKCIiB, Y TOMY YHCIi B CKIQJHUX TiJporeo-
JIOTIYHUX YMOBAaxX, a TaKOX B iICTOPWYHIN YacThHI
MICT.

2. YpbaHizalisi Ta PO3BUTOK aBTOTPAHCIOPTY
MIPU3BOMIATH JIO MiJIBUIICHHS MOTPEOW B HAasIBHUX
MICISIX MapKyBaHHS, 30KpeMa B IPOCTOpi miazem-
HUX IOBEPXiB HOBHX Ta PEKOHCTPYHOBaHUX OyIi-
BEJIb.

3. ParionansHe MPOEKTYBaHHSA OyIiBENBHUX
MPOLIECIB 3 OMVISTy Ha MOKJIMBICTB IX CYMIIICHHS
Ta MiJABMIICHHS HAJIMHOCTI BHACIIJIOK CTBOPCHHS
pe3epBiB yacy 103BOIISIE MiBUIINTH €(DEKTUBHICTh
YJIAIITYBaHHS HYJbOBOTO LHKIY OaraTonoBepxo-
BUX OyJiBesb 1 CHOPY/ 1, SIK HACHIJIOK, 3a0e3medn-
TH HaliliHe BUKOHAHHsA poOiT. IIpore HeobOximHO
BJOCKOHAJIOBATH TEOPETHYHI Ta MPaKTU4HI 3aCO0U
MPOEKTYBAHHS, OI[IHKK W aHaJli3y BiJIOBIJHHUX pi-
LICHB I CTBOPEHHSI KOMILJIEKCHOT METOJIMKH BCe-
01YHOrO OLIHIOBaHHS MOXJIMBHX PilIeHb Ta BUOO-
Py HaMOLIBII palioHaTBFHOT MOCHIJOBHOCTI BUKO-
HaHHA poOiIT. B yMoBax pHHKOBOiI EKOHOMIKH
i HeoOX1THOCTI CTBOpPEHHS HaJiiHOI cuctemu Qy-
HKIIIOHYBaHHS TMIAPATHUX OpraHizamiil mj dac
BTUJICHHSI OCOOJIMBO CKJIQJIHUX TNPOEKTIB Oararo-
(GyHKIIOHATBHUX 1HQPACTPYKTYPHUX KOMIUIEKCIB
BIJIMOBITHI 3aXOMU TPU3BOAATH O ITiJBUIICHHS
IHBECTHUIIMHOT CIPUATIMBOCTI MPOEKTHUX PIlICHbD,
1 3arajibHOr0 1HBECTHUIIHOIO KJIiMaTy PErioHiB Ta
VYkpainu B uijgomy.
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Improving the Efficiency of Combination of Construction and Installation
Works During the Underground Phase Under Conditions of Compacted
Construction

Purpose. The urbanization development in the twenty-first century is characterized by increasing the share of
multifunctional infrastructure complexes among the total volume of new and renovated construction. Projects with
a developed stylobate part are characterized by significant demand, as well as placing parking lots in the space of
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underground floors. Such solutions make it possible to effectively use the underground space while minimizing the
filling of 1-5 floors. The latter requirement is typical for the construction of historic centers, where urban re-
strictions regulate the maximum height of the building. The research is aimed at increasing the efficiency of works
provided they are combined during the arrangement of underground phase of multifunctional complexes, which are
built in the historic part of cities, in a densely built-up area and extremely limited space. Methodology. The authors
reviewed the world experience in the installation of multifunctional complexes and introduced best practices in or-
ganizational and technological solutions during the development of design and technological documentation for the
arrangement of underground phase of the object «New construction of a multifunctional complex with parking at
25 Volodymyra Vernadskoho Street, Dnipro.» The main construction processes of the underground phase arrange-
ment in difficult conditions of compacted construction are considered and the critical elements during their design
are determined. The technological sequence of performing related works by various contractors has been improved
in order to create a time reserve and increase the reliability of the entire technological process. Findings. Organiza-
tional and technological solutions have been identified that allow combining construction and installation processes
of underground phase of multifunctional complexes with a significant number of subcontractors under conditions of
compacted construction, as well as under complex hydrogeological conditions or during construction in the historic
buildings of the central part of cities. Originality. The authors for the first time conducted research in the field of
underground phase arrangement given the location of construction equipment in the limited space of the construc-
tion site in the historic part of Dnipro and proposed a number of solutions to increase the reliability of the main con-
struction process. Practical value. Based on the results obtained, one can correct the location of construction
equipment and determine the rational sequence of construction and installation works, as well as predict the further
development of construction technology. These studies can be useful during the study of disciplines «Technology of
Construction Productiony, «Technology of special worksy, for the organization of scientific and practical seminars,
refresher courses and more.

Keywords: conditions of compacted buildings; multifunctional complex; organizational and technological fac-
tors; underground parking; historical part of the city; stylobate; sheet pile wall
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YK 69:658.567

A. A. IITYBAEBY

Kag. «IIpoMucioBe Ta UUBiIbHE OYIiBHUITBOY, 3aN0pi3bKKil HALliOHANBHUI yHiBepcuTeT, np. CobopHuit, 226, 3anopixiks,
Vkpaina, 69006, ten. +38 (096) 180 45 99, en. nomrra shywazp@gmail.com, ORCID 0000-0002-4919-485X

OpranizaniiHo-pyHKIIOHATBHA CTPYKTYpa cucTeMH iH(popManiiiHo-
AHAJIITUYHOI0 YIPABJIIHHS MOTOKAMH BiX01iB OyAIBHUIITBA

Mera. 3a OCHOBHY MeTy poOOTH IOCTAaBICHO BU3HAYECHHS Ta OOIPYHTYBAHHS NPHUHIMIIB, (QYHKIIOHATEHUX BU-
MOT 1 3aBJiaHb peatizauii iHGopManiiHO—aHATITUYHOT MIATPUMKHN YIPABJIiHHS MOTOKaMU BIIXOJIB OYyAiBHUIITBA Ta
3HOCY SIK BTOPHHHUX PECypciB; po3po0ieHHs opraHizaliifHo-(QyHKIIOHAIBHOI CTPYKTYPH CHCTEMH iH(pOpMaIliifHO-
aHAJITUYHOTO YIPaBJIiHHA, sKa O 33J0BOJIBHSIIA YMOBaM YIIPOBA/PKEHHS JOTICTUYHOTO MiXOAY B MEKaX KOMILIEK-
CHOT'O YIPABIiHHS MOTOKAMH BiXOJiB OyIiBHHUIITBA 1 CTajla OCHOBOIO CTBOPCHHS €IUHOI iH(OpMAIliitHOT TIaTdop-
Mu. MeTtoanka. SIK METOZOJIOTIUHY OCHOBY JOCJIJDKEHHS MPOLECY YIPaBIiHHS IOTOKAaMHU BTOPHHHUX PECYpCiB
1 peBepCHBHUX IMOTOKIB y OYyIiBENBHII ramy3i 3aCTOCOBAHO JIOTICTHYHHUN MiAXid, M0 mependadae aHami3 GpakTopiB
BIUIMBY Ha CHCTEMY Ta JIOCHTIPKCHHS 1i TMHAMIYHOI ITOBEAIHKHU K CKIaJHOI afanTuBHOI cucteMu. CHCTeMHHH mif-
XiI y po3po0mi iHpopMamiifHO-aHAITHYHUX CHCTEM YIPaBIiHHA Nepenbadae po3B’si3aHHS TaKUX 3a7ad: po3poOKy
(YHKIIOHATHFHOT MOJIENI CHCTEMH YIIPaBIiHHS MOTOKAMHU BiIXOAiB OYyHiBHHIITBA Ta 3HOCY; MOOYIOBY MaTpPHUIlh B3a-
€MOJIi1 aBTOMaTH30BaHMUX IPOIIECIB 1 MPOIECiB MapMIPYTH3AIlil JaHUX; MOJCTIOBAHHS JIOTIYHOI apXiTeKTypH CXOBH-
Ia JaHWX; PO3pOOKY KOMITICKCY MPOTPaMHUX 1 TEXHIYHHUX 3ac00iB. Pe3yabprarn. OOrpyHTOBaHO OCHOBHI 3aBIAHHSI
po3po0bseHHs iH(GOPMAIIITHOT MiATPUMKHU JIOTICTHYHOI CHCTEMH YIIPABJIiHHSA MOTOKAMHU BIiAXOIB OYHiBHHIITBA Ta
3HOCY. 3alpOINOHOBAHO IHTETPAIlil0 B CHCTEMY TakuxX (DyHKLIIOHAIBHHX OJIOKIB: (hopMyBaHHsS 0a3u JaHHX; OJIOK
OLIIHKM CYKYITHUX €KOHOMIYHHMX BHTPAT Ha MpOILEC; OJIOK OI[IHKM €KOJIOTIYHMX 30HMTKIB; OLIHKH 1H(OpMaLiitHuX
PH3HKIB; OLIIHKM aJbTEPHATUBHHUX CIOCOOIB YNpaBIiHHS MOTOKAMH BIJIXOJiB; OJOK (hOPMYyBaHHsS ONTUMAaJIbHOIO
MapuIpyty; 6yok Bizyamizauii. Ha migcTaBi y3aranbHeHHS BUMOT i MOXKJIMBOCTEW MpoaHai30BaHMX 3a (yHKLiOHa-
JBHICTIO 1H(OpMaLiiHO-aHATITHYHUX CHCTEM Ta BUMOT, siKi 0 3a0e3neuyBain e()eKTUBHICTh yNPABIiHHS IOTOKaAMHU
BiIXOMiB OYAIBHHIITBA, 3aIPOIIOHOBAHO OpraHi3aliifHO-(QYHKIIIOHANEHY CTPYKTYpY CHCTeMH iH(OpMaIliifHo-
aHaNMiTHYHOTO yrpaBiiHHs. HaykoBa HOBH3HA. Y POOOTI apryMeHTOBAaHO BKIIOYCHHS /O MEPeNiKy (yHKIIOHATb-
HUX OJIOKIB OpraHi3amiifHO-(QpyHKI[IOHANEHOI CTPYKTYpH CHUCTeMH iH()OpPMAIifHO-aHANITHYHOTO YIIPABIIHHSI, sKa
Ma€ CTaTH OCHOBOIO CTBOPEHHSA iH(pOpMamiiHOT m1aThopMu yIpaBIiHHS MOTOKaMH BiIXO/iB OyAiBHUITBA Ta 3HOCY,
OIIIHKH EKOJIOTIYHHX PU3WKIB Ta OILIHKHU iHQopMamniiiHiux pusukiB. [IpakTudna 3HaummicTh. Peamizamis B Mexax
iHpOpMAIifHO-aHATITHYHOTO YIPABIIHHS OI[IHKA EKOJIOTTYHHUX 30WMTKIB (SK CKIam0BOI OIHKK e()hEeKTHBHOCTI yII-
paBJiHHS TOTOKAMH BigXO/iB OyIiBHHUIITBA) Ta OLIHKK iH)OPMAIIAHUX PHU3HKIB (K IHCTPYMEHTY JIOTiCTHYHOTO
miixo/y) 3a0e3MeYuTh MOXKIIMBICTh TPOTHO3YBAHHS KJIFOYOBUX IOKa3HHUKIB CHCTEMH, IPUUHATTS ONTUMAJIbHUX Di-
LIEHb, CIIPSIMOBAaHMX HAa MaKCUMaJbHE BKJIIOYEHHSI JO CUCTEMHU IOTOKIB BiZIXO/iB OYy/IBHUITBA K NOTEHIIIHOT BTO-
PHHHOI CUPOBHHH, JOCTATHIH PiBeHb €KOHOMIUHOI Ta €KOJIOTTYHOT e)EeKTUBHOCTI 3 ONTUMAaJIBHUM PiBHEM JIOTICTHY-
HUX BHUTpAT.

Knrouosi cnosa: moricTHIHUN MIXiM, OpraHi3aliiHO-(QYHKIIOHATBFHA CTPYKTYpa; CHCTEMa KOMIUIEKCHOTO YII-
paBIiHHSA TOTOKaMU BiaxoniB OyxiHunTBa Ta 3HOCY (CKVYIIB); iHpOopMamiiiHO-aHATITHIHA MIATPUMKA; (QYHKITIO-
HaJIBHI ONIOKH iHpOpManiiHOI cucTeMy; iH(popMatiitHa maTdhopma

CTPYMEHTapito, Yy TOMY YHCIi 3apyOi’>kKHOTO JIOCBi-

Beryn NIy YIpaBJIiHHS TTOTOKaMH BiJIX0JIiB Oy/IiBHUIITBA.
BBaxxaeMo 0OTpyHTOBaHWUM, IO CHCTEMY YII-
paBiiHHS nepepoOKor0 OyAiBEIbHHUX BiAXOIIB MO-
TPiOHO pO3INIAJATH SIK CUCTEMY KOMILIEKCHOTO
yIOpaBIiHHS TOTOKaMM BiAXO0iB  OyJIiBHHUIITBA
(CKVIIB) [3], 110 OXOIUII0E€ KOMIUIEKC B3a€EMO-
OB’ s13aHUX 3aXO[iB, IPOLIEAYP Ta 3a7a4u OpraHiza-
IHHO-TEXHIYHOTO, TEXHOJOTIYHOIO0 Ta €KOHOMIY-
HOTO XapakTepy, sKi 31aTHi 3a0e3neunTu 30ip, co-

[Ipobnema ynpaBniHHs BigxomaMu OyaiBenbHOT
rany3i HaOyBae aKTyalbHOCTI SIK Y KOHTEKCT] Hay-
KOBHUX JOCIIIKEHb, CIPSIMOBAaHMX Ha CTBOPEHHS
eeKTHBHOI Ta HAYKOBO-OOTPYHTOBAHOI KOHIETii
YIpaBIIiHHA (3 YpaxyBaHHSIM €KOHOMIYHUX, €KOJIO-
TYHUX, COWIaIbHUX, TEXHOJIOTIYHUX (AKTOPIB
BIUIMBY), TaK i 3alpoBaJKCHHS! MPAaKTUYHOIO iH-

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2021/245674 © A. A. lllyBaes, 2021

69


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp20
https://orcid.org/0000-0002-4919-485X

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpacnopty. Bicaux /IHinponeTpoBcskoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 Tpancnopty, 2021, Ne 4 (94)

TPAHCIIOPTHE BYJIBHUIITBO

PTYBaHHs, TPaHCIOPTYBaHH:, MepepoOKy OyniBe-
JHHAX BIIXOIB Ta OTPUMAaHHS BTOPUHHOI CHPOBH-
HA  (MaTepiamiB) i3  3aMaHUMH  TEXHIKO-
CeKOHOMIYHMMH MOKAa3HUKAMH, a TaKOK MaKcHMa-
JFHO 3ay4UTH OYIiBENbHI BIXOAH J0 TOBTOPHO-
ro rocromapcbkoro 1ukiay [4]. Okpemo B Mexax
CKVYTIIB HeoOXiHO pO3TisfaTH CUCTEMY JIOTiCTH-
KM TIOTOKIB BiZIXOJliB OyMiBHHIITBA, IO Oe3mocepe-
ITHHO BIUIMBAa€ HA €(eKTUBHICTh (PYHKIIIOHYBaHHS
nepmoi (OnTUMi3alis Po3MoiNy, BapTiCTh TpaHC-
MOPTYBaHHs, iHTerpauisi iHpOpMaLiiHUX MOTOKIB
Ta iH.) 1 37aTHA 3a0€3MEYUTH TIEPEPO3MOALT BITXO-
IiB OyIBHUIITBA 3 OAHOYACHOIO MaKCHMI3aIi€lo ix
sanyaenns 1o CKVIIB.

CrporozHi B OLIBIIOCTI KpaiH CBITY BiI0OYBa€Th-
csi aKkTuBHE (OPMYBAHHSA JIOTICTUYHOI CHCTEMHU
BTOPHHHUX PECYPCIB, SIKa J03BOJISIE 3aTy4aTH MaK-
CHMaJbHI OOCSTH BiIXOJliB BUPOOHHIITBA, Yy TOMY
gucii OyHiBHUIITBA, IO BTOPHUHHOI MEepepoOKH;
3a0e3neuyBaTH  I[UJIECTIPSIMOBaHY  AISUTBHOCTI
CITy>k0 3aMOBHHKa, OyiBEIbHUX, MPOEKTHHUX, TPa-
HCIIOPTHUX, MOCTAYaJIbHUIBKUX Ta MNEPepOOHUX
MiIPUEMCTB 32 PaxXyHOK Y3TOJDKEHOCTI i, 30a-
JAHCOBAHOCTI ~ TPYIOBHX Ta  MaTepiaJlbHO-
TEXHIYHUX PECYPCIB.

AKTYaIlbHICTh JOCTIKEHHSI JIOTiICTUYHOI CHC-
TEMHU TIOTOKIB BiAXOHIB OYyJIiBHUIITBA (BTOPUHHHUX
pecypciB) noB’si3aHa 3 ii TMHAMIYHICTIO, CKJIaIHIiC-
TIO MeXaHi3My (QOpMyBaHHS Ta PO3BUTKY, IMOCTIiii-
HUM BUHHKHEHHs HOBUX (PakTOpiB (EKOHOMIYHI
Mpo0JIeMH Tajy3i, 3pOCTaHHS BapTOCTI PECypcCiB,
00MEXEHICTh PecypcCiB, 3pOCTaHHs €KOJOTI9HOTO
HaBaHTA)KCHHS, COIliaJIbHI 3MiHH Ta iH.), 10 MAIOTh
iCTOTHHMIT Ta HeoaHO3HauHMI BIuTHB [5-10].

3rigHo 3 mociimkenusmu [1, 2, 6], npucesye-
HUMU JIOTICTHIII B YIPaBIiHHI IOTOKAMHU BiJIXO/IiB,
BUKOPUCTAHHS CyYacHHX iH(QOpMAaIiifHUX TEeXHO-
JIOTi# Ta BiAMOBIIHUX MIPOTPaMHUX PIILIEHb € 3aI0-
PYKOIO €(EeKTHBHOIO Ta ONTHUMAIBHOTO 3aCTOCY-
BaHHS HASBHUX PECYpCIiB Ul TPaHCIIOPTYBAaHHS,
PO3MOTy TMOTOKIB BiAXOJIB OYyMiBHHMIITBA, 3HH-
’KEHHsI PiBHS BIUTMBY Ha HAaBKOJIMIIHE CEpPEIOBU-
me. BignoBigHo, J0riCTHKA BiAX04iB, a00 €KOJIOri-
CTHKa, aKyMYJIIO€ MIPOIIeCH IUTaHyBaHHS, OpraHi3a-
1ii, YIpaBIiHHS, KOHTPOJIIO, PETYIIOBaHHS MpoIie-
ciB 300py 1 TpaHCHIOPTYBaHHs BiAXOJIIiB 3a YMOBH
MiHiMi3alii BUTpaT Ta HETaTUBHOTO BIUIMBY Ha
exostorito [8-10].

AKTyanbHUM 3aBJaHHAM y il cdepi € hopmy-
BaHHs aJalTUBHOI CHUCTEMH OpraHi3alifHOTro yI-

PaBJIiHHS TOTOKAMH BiIXOJIB OYIIBHUIITBA, IO
nepeadaydae TakoXK 3a0e3MedYeHHS ameKBaTHOI iH-
(dhopmartiitHo-aHATITHIHOT MMATPUMKH TIPOIIECIB
yMpaBiliHHs JOTICTUKOIO BigXONiB OyMiBHHUIITBA Ta
3nocy [1, 2, 7] .

Indopmariiiino-aHaTiTHIHA MATPUMKA (SIK OC-
HOBa JiorictuuHoi cuctemu B ckiani CKYIIB) no-
BHHHA 3a0e3meuntu 0a3zy A iHTErpaii pizHor-
JTaHOBOT 1H(OpMAIIii MO0 BCIX aCIEKTiB MisUTBHO-
CTi 3 YIIPaBIiHHS MOTOKAMH BiJIXOJIB OYy/IiBHUIITBA
Ta 3HOCY, PO3BUTKY MOXIIUBOCTEH OOMiHY JaHUMU
Ta BHOPSAKYBaHHS 1H(GOPMAIIHUX IMOTOKIB MIiX
ycimMa CTeHKXOJepaMul CUCTEMH Ha BCIX eTarax —
BiZl 300py 1 TpaHCIIOPTYBaHHA A0 MepepoOKH Ta
yTHITI3aii.

Meta

OCHOBHOIO METOIO JOCIIPKCHHS € BU3HAUCHHS
Ta OOIpYHTYBaHHS NPUHIMIIIB, (QYHKIIOHAIHHHUX
BUMOT 1 3aBHaHp peamizamii iH(oOpMamiiHO—
aHANTHYHOI MIATPUMKH YIPABIiHHS TOTOKAMH
BIJIXO/IB OyIiBHUIITBA K MOTCHI[IHHMNX BTOPUHHHUX
pecypcis; po3poOIeHHS oprasi3ariitHo-
(byHKIIIOHATBHOI CTPYKTYpH cHcTeMHu iH(popmMa-
LiHHO-aHATITUYHOTO YIPABIiHHS, 5SIKa O 337]0BOJIb-
HsiJla YMOBaM BITPOBAJKCHHS JIOTICTUYHOTO ITi/IX0-
Iy B KOMIDIEKCHE YIPaBIiHHS MTOTOKaMH BiIXO[iB
Oy/JIBHUIITBA Ta 3HOCY 1 CTajla OCHOBOIO CTBOPEHHS
€IMHOI iHQOpMAaIiiHOT MIaThOpMH.

Takox mepenbadeHO OOTPYHTYBaHHS HEOOXin-
HOCTI BIIPOBaJKEHHSI €IUHOI UG poBoi miardop-
MU KOMIDIEKCHOTO YIPaBIIiHHS MIOTOKAMH BiIXOJiB
OyIIBHHUIITBA, SKa JIO3BOJIMTH B OHJANWH—PEKUMI
KOHTPOJIFOBAaTH pyX BIiIXOJiB OyJiBHUIITBA BiJX
MPOAYIEHTIB (MicIsi YTBOPEHHS) O Micls X rie-
pepoOku (yTwitizaii); 3MiHCHIOBaTH OOJIIK; BHSB-
JSITU TOPYLICHHS; Oy yBaTH ONTHMAIIBHY JIOTICTH-
Ky; MPOTHO3YBaTH Ta MOJIENIOBATH YNPaBIiHCHKI
MPOIIECH B MEXaX CUCTEMH Ta BU3HAYATH OINTHMa-
JIEHE PO3MIIIeHHS iH)PACTPYKTYpH.

MeTtoauka

3acTOCyBaHHS JIOTICTUYHOIO MIIXOIY K METO-
JOJIOTIYHOI OCHOBH AOCII/PKEHHSI MPOLECy YIpas-
JHHS OTOKaMH BTOPUHHHX PECYPCIB 1 peBepCUB-
HUX TIOTOKIB y OyiBeJbHIN Tany3i 0a3yeTrbcs Ha
aHami3i (hakTopiB BIUIMBY Ha CHCTEMY, JIOCIi-
JUKeHHI 11 AUHAMIYHOI IOBEAIHKHA SIK CKJIaIHOL
amantuBHOl cuctemu [6]. OcoOmuBicTh JOTiCTHY-
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HOTO MiIXOAY SIK CUCTEMHOTO B JOCIIIKECHHI Mpo-
IIECiB yMPaBIIHHS MOTOKAMHU BiIXOIB OyMiBHHIIT-
Ba Ta 3HOCY IIOJISITA€ B TOMY, 11O KOKHUH CTaH J0-
CIII/PKYBaHOI CUCTEMH Ta iX CYKYIHICTh pO3TJIsja-
I0Th y B3a€MO3B’SI3Ky, HACTYITHOCTI Ta PO3BHUTKY
B MIPOIIEC] ITEPEXOTy MI0 SKICHO HOBOTO cTaHy. [Ipu
OMY CKJIaJiHI 00’€KTH CHUCTEMH IMOTPIOHO pO3T-
JSIIATH SIK 1€papXidyHO MOOyIOBaHI BIAKPUTI cHC-
TeMH, a B TIPOIeCi MPHUHHATTS OOTPYHTOBAHOTO
pilleHHs] BpaxoBYBaTH HOTO BIUIMB Ha CYMDXKHI
CIIEMEHTH Ta 3B’SI3KM. |HCTpyMEHTaMHu 3acTocy-
BaHHS JIOTICTHYHOTO IiAXOAY B IIbOMY JIOCIi-
JDKeHHI € aHalli3 1 CHHTe3 CHUCTeMH YIpPaBIiHHSI
MMOTOKaMH BiZIXOJIiB Oy IiBHUIITBA.

BinmoBigHo, i3 TOYKH 30py CHUCTEMAaTHUKH YII-
paBiiHHS OyIiBeTHHUMH BiIXOHAMH CIiI PO3TIIS-
JaTu SIK CKJIaJHYy aJalTHBHY CHCTEMY, TOOTO Cy-
KYIHICTh OKPEMHUX areHTIB, II0 MOXYTh MiTH He-
nependauysano [1, 6, 9], ToMy po3ymiHHsS OKpe-
MHUX CKJIQJIOBHX CHCTEMH HE J]a€ aBTOMaTHYHOTO
PO3yMiHHS 11 MOBEIHKY B I1ioMy [6].

CucremHwmii miaxix y po3pooii iHpopmariiitno—
AHANITHYHUX CHCTEM VIPaBIiHHSA TIependadae
pO3B’sI3aHHS TakuX 3afad: po3poOKy (yHKIIOHA-
JBHOT MOJIEJIi CUCTEMH YIPaBIiHHS MMOTOKaMHU BiJl-
X0JiB OyNiBHHIITBA Ta 3HOCY; MOOYIOBY MaTPHIh
B3a€MOJIi1 aBTOMAaTH30BaHUX MPOIIECIB Ta MPOLECIB
MapIpyTH3amii JaHUX; MOJCIIOBAHHS JIOTIYHOT
apXiTEeKTypH CXOBHILA JaHHUX; PO3POOKY KOMIUICK-
Cy IPOrpaMHUX 1 TEXHIYHHX 3aCO0IB.

PesyabTaTtn

AXTUBHHMH PO3BUTOK KOHIICMIii iHTErpOBaHOI
(KOMIIIEKCHOT) CHUCTEMH YIIPaBIiHHSA BiIX0JIaMHU
OyJIBHUIITBA OB’ sI3aHUI 3 TEXHOJIOTTYHO OOIPYH-
TOBAaHUM 3POCTAHHSAM IIOTEHIiAly BHUKOPUCTAHHS
BTOPUHHUX pecypciB (BiIXoiiB OymiBHHUIITBA Ta
3HOCY) [8]. 3rigHO 3 Ii€f0 KOHIIEMIIE, Y TePIry
4epry HeoOXiJIHO CKOPOUYYBaTH KiJIBbKICTh BiJIXOJiB
(mxepen BigXomiB), TOOTO 3MEHIINTH MOTEHIIIHHO
HeOe3MeuHi BiIXOAW M0 TOrOo, SK BOHU CTaHYTh
MMOTOKAMHU BIAXOJIB, a MOTIM Y€ 3IIMCHIOBATH
JOLITPHY Ta palioHAbHYy TepepoOKy BiIXOIiB
(TO0TO OBEPHYTHU BIAXOAW 0 BUPOOHHUOTO JIaH-
mrora). Y OLIBIIOCTI 3aXiJHUX KpaiHax, IO KOHIIE-
M0 3aCTOCOBYIOTH Ak 3R-xommemiro (reduce,
reuse, recycle), mo O6e3nocepeaHbO TMOB’SI3aHO
3 peamizali€ro 3ajad MiIBUIICHHS €()EeKTUBHOCTI
THBECTUIITHUX TIPOEKTIB Yy cdepi OymiBHUITBA.
EdextuBHicts peamizamii 3R-koHnmenmi v cdepi

yIpaBiliHHS MOTOKaMH BiIXOXiB OyAiBHHUITBA Ta
3HOCY MOJKHA 3HAYHO IIJBHIINTH 332 PaxyHOK 3a-
CTOCYBaHHSI JIOTICTHYHAX METOJIB ympaBiiHHs [5,
9].

IaTerpamis iHQpacTpyKTyp 3 yIpaBIiiHHS MOTO-
KaMH BiIXoAiB OymiBHHWIITBA Ta 3HOCY B PETiOHa-
JBHI (MDKpETioHabHI) JOTICTHYHI IIEHTPU 3[JaTHa
3a0€3MeYUTH TaKi epeBar:

— MakCHUMallbHE 3aJIyd9eHHS OO0CSTIB BiIXOIB
OyJIBHUIITBA K MOTCHIIWHOI BTOPUHHOI CHPOBHU-
HU JI0 UEHTPAJI30BaHOTO YIPaBIiHHS;

— TOJIETTIEHHS MPOIECy KOHTPOIIIO 32 eKOJIOTi-
YHIMH HOPMaMH TIEpEepOOKH Ta yTWii3aii Bimxo-
JIiB OyZ[IBHUIITBA Ta 3HOCY;

— TiaBHIEHHS e(eKTUBHOCTI MEepepoOKH Bia-
XO/iB Ta X 3aJly4eHHS B MOBTOPHHUH I'OCIIONAPCH-
Kuli 00ir (3a paxyHOK ONTHUMIi3alii JIOTICTUYHUX
BUTpAT, 3HWKEHHsI COOIBAPTOCTI MepepoOKH );

— ONTHMI3allisl TPAHCIIOPTHUX TTOTOKIB, TIEpEBe-
3CHHS, Y TOMY YHCJI BEJTMKOT'a0apUTHUX BiJXO/IIB;

— aKTWBi3allil PO3BUTKY IIepepoOHOI ramysi,
CTBOPEHHS JOJJATKOBOI BapTOCTi, poOOYUX MICIh
Ta 301bIICHHS OAATKOBUX HAIXOKEHB;

— 3HIDKCHHSI HaBaHTAXXCHHS Ha EKOCHCTEMY
[UISXOM BUOOPY HaWOLIBII €KOJOTIYHUX OpraHi-
3aIifHO-TEXHOJOT1YHUX PIlIEHb.

OCHOBHUMHU 3aBJaHHIMH iH(POPMAIIHHOT miIT-
PUMKH JIOTICTUYHOT CHCTEMHU YMpPaBIiHHS IMOTOKA-
MU BiZIXO/iB Oy/IiBHUIITBA Ta 3HOCY €:

1) inpopmariiiHuii CympoBia MporeciB 300py
Ta TPAHCHOPTYBaHHS BiJXOJiB OyAiBHUIITBA 1 3HO-
cy (Ha miAcTaBi aKyMyJIOBaHHs CTAaTUCTUYHHX JIa-
HUX IOJI0 00CATiB yTBOPEHHS BiIXOIB 32 BUIAMHU,
OTPUMAHMX BiJl MPOIYIICHTIB BIAXOIB; JaHUX IO~
JI0 BUPOOHHUYMX TMOTYXHOCTEH 1 TEXHOJIOTTYHHX
MOXKITUBOCTEH MIANIPUEMCTB — BiJl TEpPepOOHUKIB
BIJIXOIB OYMiBHUIITBA; JAHUX I10JI0 MOXKJIUBOCTEH
TPaHCIOPTYBaHHS — Bijl TPAHCIIOPTHUX KOMITaHil;
JMAHUX MIOAO0 HAsSBHUX OOMEXEeHbh Ha yTHIII3aIlilo,
3aXOpPOHEHHS Ta MepepoOKy BiIXOiB Oy/1iBHUIITBA
3a KjacaMu HeOE3INEeKH — BiJi PeryJIOBaJIbHUX Op-
raHiB BIaIM);

2) mEcrieTyepu3allisi  YIpaBJIiHHS — IPOIECOM
TPaHCIOPTYBaHHS (KOHTPOJIb i MOHITOPHHT);

3) aBromarusaiiss  (OpPMyBaHHS MapIIPyTiB
(reoinopmaniiiHi cucTeMH) Ta MJIaHyBaHHS Tpa-
(iKiB i pO3KIaJIiB TPAHCIIOPTYBAHHS;

4) po3paxyHOK (piHAaHCOBHUX BHTpAT, 3 ypaxy-
BaHH;M 3a0e3nevyeHHs] NPUHLOMIIB e(EeKTUBHOCTI
YIPaBJIiHHS TOTOKAMH BIJIXOJIB JUISI KOXKHOTO OK-
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PEMOTO CTEHWKXOJ/Iepa CUCTEMH Ta CHUCTEMH B IIi-
oMy (Ha TiACTaBi OOMEXKEHb, KpUTEPiiB IPUIHST-
TS PIIIICHB);

5) 3a0e3neueHHs JUHAMIYHOTO PO3BUTKY CHC-
TEeMH y BUIAAKYy HACTAaHHS CUTYaIlil HeBH3HAUYCHO-
cti (iHbopMamifHMX pPHU3WKIB), IO Tepembadae
KOPUTYBaHHSI YHPABIiHCBKUX pilIeHb, i3 METO0
JOCSTHEHHSI [IJThOBUX MOKA3HUKIB €)EKTUBHOCTI;

6) oIliHKa €KOJIOTTYHOTO 30MTKY, Y TOMY YHCII
HOro po3Mipy, SIKOTO MOXKHA 3armo0irtvu 3a yMOBU
onTuMi3zamii Ta eEeKTUBHOTO YIPaBIiHHA MTOTOKA-
MU BiAXoiB OyAiBHHUIITBA Ta 3HOCY (i3 MeTOIO Ho-
T0 BpaxyBaHHA 5K CKJIaJIOBOi OLIHKH €(eKTUBHOC-
ti CKVIIB).

Buxonsun 3 mporo, ¢GyHKIIOHATPHAMH MOX-
JMUBOCTSAMH, SIKi TOBWHHA 3a0e3medyBaTH 1HQOp-
MalliifHa cucteMa JIOTICTUYHOTO yNpaBJiHHs TOTO-
KaMH BiIXOiB OyAiBHUITBA Ta 3HOCY, €:

— TUIaHYBaHHS PECypcCiB Ui peajizalii Jioric-
TUYHOTO HiAXO0Y;

— pO3paxyHOK €KOHOMIYHHUX BHUTpAaT (BapTiCTh
300py Ta TPaHCIOPTYBaHH:);

— (hopMyBaHHS CTaTHCTHKH JAHHX;

— OIiHKa EKOJIOT1YHMX 30MTKIB (Y TOMY 4HCIi
BiJIBEpPHEHHX EKOJIOTIYHUX 30WTKIB y pa3i onTumMa-
JIGHOTO JIOTICTUYHOTO PIillICHHS);

— KOpUTYBaHHS IUIAHIB HA TiJICTaBi OLIHKY iH-
(hopmarliitHux puU3HKiB;

— ¢opMyBaHHS 3BITHOCTI;

— MJIaHYBaHHS ONTHMAIBHUX MapIIPYTiB;

— BpaxyBaHHS JOPOXXHbOI OOCTAHOBKH — MOHI-
TOPHHT PyXY aBTOTPAHCIOPTY B PeaIbHOMY Yaci.

Cepen MOKIHMBUX AJIS1 3aCTOCYBaHHS iH(oOpMa-
LIMHUX CUCTEM, SIKi O 3aJ0BOJILHSIN OCTABICHUM
Tepe]l JOTICTHYHOI0 CHCTEMOIO YIPABIIHHS ITOTO-
KaMH BIAXOMIB 3aBIaHHSIM, CJiJ  BHIUIMTH:
ANTOR Logistics Master — mporpamuunii Kom-
IUIeKC st TpaHcmopTHoi Jorictuku [11]; Top
Logistic — mporpamMHa cucTeMa IUIaHYBaHHS Ta
yIIpaBIIiHHs TIepeBe3eHHsAM BaHTaxiB [6]; Magenta
Systems — MyJIbTHAreHTHI CHCTEMH JJIsl MOJEIIIO-
BaHHS 1 TUTAHYBaHHS JIOTICTUKH, AKi 320€3Me4yoTh
6isHec-mporiecu [8]; cucTeMHu MATPUMKH MTPHHAHS-
tux pimens (CIIP) ans ynpaBmiHHS TpaHCTIOPT-
HOIO CHCTEMOIO MICTa Ta CHCTEMa KOHTPOIO MOOi-
neauxX 00’exTiB (CKMO) [9] (Tabm. 1).

Tabnuns 1

®OyHKIiOHAIbHI MOKIUBOCTI iHopManiiiHux cucteM y cdepi JiorictuaHoro ynpasiinus [6]

Table 1
Functional capabilities of information systems in the field of logistics management [6]
[porpamHi pimeHHs
OyHKITIOHATEHI MOXKIIMBOCTI ANTO_R To Magenta
Logistics P 9 CIIIIP CKMO
Logistic Systems
Master
[TmanyBaHHS pecypci i3amii .
YBAHILL PECYPCIB LA peailisatil TaK Tak Tak TaK Hi
JIOTICTUYHOTO TiAX0ay
Po3paxyHOK eKOHOMIYHUX BUTPAT . .
. Hi Tak TaKk TaK Hi
(BapTicTh 300py Ta TPAHCIIOPTYBAHHS)
dopMyBaHHS CTATUCTUKU JAHUX TaK Hi Tak TaK TaK
O11iHKa €KOJIOTIYHUX 30UTKIB Hi Hi Hi Hi Hi
KopurysaHuHst riaHiB XYBaHHIM . . . . .
purysa JIAHIB 3 ypaxysa Hi Hi Hi Hi Hi
iHpOpMaliHHUX PU3HKIB
®DopmyBaHHS 3BITHOCTI TaK Tak Tak TaK TaK
[TnanyBaHHS ONTHMAaTHLHUX MapIIPYTiB TaK TaK TaK TaK TaK
YpaxyBaHHS T0pOKHBOI 00CTAHOBKH TaK TaK Hi TaK TaK
MOHITOPHHT PyXy aBTOTPAHCIIOPT .
PHHI PyXY aBTOTPaHCIIOPTY TaK TaK TaK Hi TaK
B peaJbHOMY Yaci
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I3 tabn. 1 BumHo, mo ANTOR Logistics
Master, Top Logistic Ta Magenta Systems MarOTh
(hyHKITIOHATBHI MOXKIIUBOCTI, SKi 37€0UTBIIOTO 3a-
JOBOJILHSIOTH BUMOTaM JIOTICTUYHOI CHCTEMH YTI-
PaBJIIHHS TOTOKaMH BiIXO/iB Oy/IiIBHUIITBA Ta 3HO-
Cy, KpIM TOTO, iX YCHIIITHO 3aCTOCOBYIOTH B yIIPaB-
JIHHI TOOYTOBUMH BiJX0/JaMH B Mekax mict [5] .

Ane >xoaHa 3 iHGOpPMaLidHUX CHCTEM HeE 3a-
Oe3nedeHa (PYHKII€0 OIIHKU eKOJIOT1YHAX 30UTKIB
(BimBepHEHMX eKOJOTiyHHX 30uTKiB). [Ipuknamzom
BUPIIICHHS i€l MPo0JieMU € po3po0IieHa mporpa-
MHa CHCTeMa YIPAaBIiHHS JOTICTHKOIO MOOYTOBHX
BigxoxiB AMC YJIO [6], sika 3miiicHIOE po3paxy-
HOK 30WTKIB, 3aBJIJaHAX 30BHIIITHHOMY CEPEIOBHUIILY
B IpOIIECi TPAaHCIIOPTYBaHHS BiAXOXiB. AJle B Me-
xax CKVYIIB mporo HemoctaTHRO i1 BUOOPY OII-
TUMaJFHOTO BapiaHTa CHIPSIMYBaHHS MOTOKIB BiJ-
XOJiB OYyJiBHHUIITBA, 3 ypaXxyBaHHSIM MiHIMaJbHOT
IIKOJIX JUTA €KOJIOTi1 (He JIHIIe B MPOIeci TpaHCIO-
pTyBaHHs, a 1 B Ipolieci 300py, yTuimi3allii i nepe-
poOku BinxoniB). ToOro iHdopmamiliHa cucTeMa
Ha mifcTaBi 0a3y AaHMX MOBUHHA BU3HAYUTH Haid-
Oimpin  eeKTUBHUN Ta €KOJOTidHO Oe3nmedHuit
CHoci0 CrpsMyBaHHS MOTOKIB BiAXOJIB OyiBHHUII-
TBa, 10 JO03BOJSE 3MIHCHIOBATH HAHOUIBII ONITH-
MaJbHHNA BUOIP 13 MOXKIIMBHX alIbTEPHATHUB.

BaxxuBicts 1i€l QpyHKIIOHATBHOT MOKIHBOCTI
MOSICHIOETBCSL BKJIFOUEHHSM PO3MIpPY €KOJIOTIYHUX
30UTKiB (32 PI3HUMH aNBTEPHATHBAMU CIIPSIMYBaH-
HSI TIOTOKIB OYJIiIBHUIITBA Ta 3HOCY) JIO0 CYKYITHOTO
noka3zuuka edekrtuHocti CKVYIIB [4], mo nae
MOJXKITUBICTh OOMpaTH BapiaHT CIPSIMYBaHHS IOTO-
KiB BiIx0/iB OyIiBHHIITBA 3 HAHOUTBIINM €KOJIOTi-
YHUM Ta CKOHOMIYHUM €()ECKTOM.

Kpim Toro, y >xofHii i3 po3risHyTHX iHGOP-
MaIlifHUX CHUCTEM He Iepen0adeHo OmiHKHU iH(op-
MalliiHUX PU3UKIB T4, BIJIOBIIHO, aBTOMATHYHOTO
KOPUTYBaHHS IUIAHIB Ha TiJICTaBI ii pe3yNabTarTiB.

[Iportec ynpaBiiHHS MOTOKaMU BiIXOJiB HEMHU-
Hyde OyJne 3IiHCHIOBAaTUCh B yMOBaxX HEBH3Haue-
HOCTi, IO IOB’S3aHO 3 BHUHHMKHEHHsSM iH(opma-
MIHHUX PU3UKIB, HACTIIKAMU KX, Y CBOIO UEpTy,
€ 30UTKH, MO TepeadavaloTh 3HIKEHHS e(eKTUB-
HOCTI.

Tomy npo0GiieMy HEBU3HAYEHOCTI CJIiJI BUPIIITY-
BaTH LUIAXOM IUIAHYBaHHSA Ta HMPOTHO3YBaHHS 00-
CSITIB pecypciB, HEOOXIJTHHUX JUIS YIPABIiHHS I10-
TOKaMH BiIXOJiB OyaiBHUIITBA, OOCSATIB BIJXOIIB
OymiBHULTBA, AWHAMIKM BHITYCKY MNPOAYKLIl i3

BTOPMHHOI CHPOBHHHM Ta PiBHS JIOTiCTUYHOTO iH-
(hopMariitHOTO PU3MKY.

Indopmartiitai pu3uKA TOB’s13aHI 3 MMOTOKAMU
iHpopMalii, IO CIPSIMOBYETHCS BiJ MPOIYLEHTIB
BimxoiB OymiBHUITBA (0OCSATH Ta BUAM BiIXOIB
OyIiBHUIITBA 1 3HOCY), MEPEpOOHUKIB (TEeXHIYHI
MOJKITUBOCTI 1 TEXHOJIOTIYHI MOTYXHOCTI) JI0 €/IH-
Hoi iH(opManiitHoi IaTPopMu Ta y 3BOPOTHOMY
HampsMi — iHpopMaIlis MO0 ONTHUMI3aIiil Joric-
TUYHUX BUTPAT, PO3MOJITY MaTepialbHUX MOTOKIB,
IIPOTHO3HI 00CSATH PECYpPCiB.

Apanrartis HasBHUX, a00 CTBOPEHHS HOBOI iH-
(hopmartiitHo-aHATITHIHOI CHCTEMH Mae Iependa-
YaTh IHTETpamil0 B CUCTeMy (QYHKIIOHAIBHUX
OJIOKiB, 3JaTHUX 320€3MEeYNTH TIPOIEC YIPABIIHHSI
JIOTICTUKOK TIOTOKIB BigXOAiB OyAiBHHUIITBA Ta
3HoCy (puc. 1):

— QopmyBanHs 6a3u JaHUX (KOOPIUHATH MPO-
IYLIEHTIB BiJIXOiB, 0OCSTH Ta BUIM BiAXomiB Oymi-
BHUIITBA, KOOPJMHATH TEPEPOOHHKIB Ta MiCIb
yTHII3allii, BUJIM TEXHOJOTiH, 3a SKUMH MOXKHA
3MIACHIOBATH TEPEepOOKy, BHPOOHUYI ITOTYXKHOCTI
repepoOHUKIB Ta OOMeKeHHsI, iHpopMarlis epesi-
3HHUKIB);

— OJIOK OILIIHKU CYKYIMHHUX €KOHOMIYHUX BHTpPAT
Ha TIporiec BiA 300py, COPTYBaHHS O MEpepoOKH
Ta YTWIi3allii BiIX0/iB OyAiBHHUIITBA;

— OJIOK OIIIHKU €KOJIOTIYHUX 30MTKIB (BIUIMB Ha
€KOJIOTII0 B pa3i 3aXOPOHEHHS BIIXOMIB HA 3BaIU-
max, y mpoiieci mepepoOKy BixoaiB Oy/1iBHUIITBA
3a BUJAMHU i TEXHOJIOTISIMH, Y TIPOIIeCi TpaHCIop-
TyBaHHS);

— OWiHKH iH(OpMAIiTHIX PU3UKIB (OIIHKA He-
nepeadadyBaHUX BUTpPAT (PU3HKIB), OB’ SI3aHUX 13
HEBIJIMOBIIHICTIO BXIJHUX JaHHUX 1 CUTYyalliii HeBH-
3HAYEHOCTI CHCTEMH; OIliHKA JIOTICTUYHUX BUTpAT
(BUTpaTH, MOB’s3aHi 3 TPAaHCIOPTYBAaHHIM BiJIXO-
JIB BiJl MPOJyILIEHTa J0 MepepoOHUKa, MICI yTH-
Jizamii, ONTHMI3ali€l0 MapmpyTH3alii TOTOKIiB
BiIXOIB);

— OIIIHKM aJbTEPHATHBHUX CHOCOOIB Yympas-
JIHHS TIOTOKaMH BiAXOJiB OYyAiBHHUIITBA Ta 3HOCY
(KOXeH BapiaHT MOXITUBOTO CIIPSIMYBAHHS MOTOKY
BiIXOIB OymiBHUIITBA (MICIIE CIIPSIMyBaHHS, CIIO-
ci0 TpaHCIIOPTYBaHH, CIIOCiO mepepoOKu) moTpio-
HO OIIIHIOBAaTH 3a KPHUTEPISAMH ONTHUMAaJIbHHUX BH-
Tpat, epEeKTUBHOCTI Ta PO3MIpy HAHECCHHS 30WT-
KiB HABKOJIUIIIHBOMY CEPEIOBHUIILY);
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JIoricTHYHA CHCTeMA YIpABIIHHA NOTOKAMH BiIXoxiB OyIiBHHUTEA TAa 3HOCY

CHcTeMAa KOMILTeKCHOr 0 YIP ABJIIHHSA MOT OKAMH BiXXoXie OyIiBHHUTEA TA 3HOCY

(CKVIIB)

Puc. 1. dynkuioHanbHi 670kM iHOPMAILIHOT CCTEMHU YIpaBIiHHS JIOTICTUKOIO TIOTOKIB
BiJIXO/1iB OYMIBHUIITBA Ta 3HOCY

Fig. 1. Functional blocks of the information system of logistics management
of construction and wracking waste streams

— 010K (OpMyBaHHS ONTUMAIBLHOTO MAPIIPYTY
(mepenbavyae BpaxyBaHHSI SIK TPAHCIOPTHUX BH-
Tpar, Tak i rabapuTiB, CTyINeHs OE3MeKH BIIAXOIIB
OyIiBHHUIITBA, TE€OJIOKAIlii MPOAYIIEHTIB Ta Tepe-
POOHUKIB, MapIIPYTHUX OOMEKEHB);

— Onok Bi3yamizanii (nependauae 000B’sI3KOBE
3actocyBaHHs ['IC—rexnoinoriii — 00poOka Ta Bu-
KOPHUCTaHHs MPOCTOpoBoi iHdopmartii) [13].

VY3arajgpHUBIIM BUMOTH W MOXIIMBOCTI IPO-
aHaJi30BaHUX 32 (DYHKIIOHATBHICTIO iHpOpMAITiii-
HO-aHAJIITUYHHUX CHUCTEM Ta BUMOTH, sIKI O 3a0e3-
neuyBanu edexrunicte CKYIIB [4, 7, 10, 14],
MIPOTIOHYEMO opranizaIiifHo-(Q)yHKIIIOHATIbHY
CTPYKTYpY cucTeMH iH(OpMauiiHO-aHaJITHIHOTO
YOpaBIiHHA TIOTOKAaMHU BiXOMAiB OyHiBHHIITBA

(puc. 2).

Cunig 3ayBakKUTH, IO B 3aIPONIOHOBAHIN opra-
HizaliiiHO-QyHKIIOHANBHIN CTPYKTYpi iH(pOpMa-
iHHO-aHANITUYHOI CHCTEMH YIPaBIiHHS MOTOKA-
MU Binxo[iB OyniBHHIITBA TeoiH(OpMAIiiiHI TeX-
HOJIOTii BUCTYIAIOTh HE JIMIIE SIK IHCTPYMEHT Bi3y-
amizamii, ajme i K KOMIUIEKCHE 1H(pOpMaIiitHo—
aHANIITUYHE 3a0e3MeYeHHsT TPOIIECiB YIpPaBIiHHSI
MMOTOKaMHU BiAXOIiB, 060 3a0e3rneuytoTh epeKTUBHI
3aco0M JUIS PO3B’sI3aHHA 3a/1a4 30epiraHHs, o0po-
OKM Ta BHUKOPHUCTAaHHS TPOCTOPOBOI iH(opMarii,
a TaKOX € IHCTPYMEHTaMHM JJisl CTBOPEHHS Hugpo-
BHUX Mojeiiel kapt, po3pooku I'IC—nmomarkis, ajis
3a0e3MeUeHHs] YIpaBliHHS iHQOpMaliiHUMH pe-
cypcaMu Ta OpraHizauil JIOCTyIy IO reojaHux [5,
13].
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Puc. 2. Opranizauiitno-(yHKI[IOHaJIbHA CTPYKTYpa CUCTEMH iHPOpMaIiiHO-aHATII THYHOTO
YIpaBIIiHHS TOTOKAMHU BiTXOiB OyIiBHUIITBA

Fig. 2. Organizational and functional structure of the system of information and analytical
management of construction waste streams

Kpurepii npuiiHATTS pilieHb

KI[IF0 TiABUINEHHS e()eKTUBHOCTI
IUISXOM IIOIIYKY ONTHMAaJIbHOI'O PIIICHHS B €KC-

BUKOHYIOTh (PyH-
yHpaBIiHHSL

nepTHii 0a3i naHux. basa gaHMX cHCTEMH CKJiajaa-
€THCS 3 IPaBUJI aHANI3Y iHPOpPMAIlii, IKa MiICTUTBCS
B iH(popMaIiiHO—aHANITHYHIN CHCTEMI YIpaBIliH-
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Hs Bijixonamu OYJiBHUIITBA; KpiM TOTO, mependa-
YeHO, [0 CHCTEMa IMOBUHHA aHATI3yBaTH CUTYAIII0
(3aexHO Bij CIIPSIMOBAHOCTI ¥ 3a1a4 yIpaBIIiHHS
MOTOKaMHU BiJXOIB OYIIBHHUIITBA B TICBHUX yMO-
Bax) B aBTOMATHUYHOMY DPEXHMi 3 JOTPUMAaHHSIM
YCTaHOBJICHHX KPHUTEPIiB 1 BU3HAYATH PEKOMEHMa-
Uil 3 IPUHHATTS PILICHHS.

HaykoBa HOBH3Ha Ta MPpaKTHYHA
3HAYHUMICTD

OcoOnMBICTIO 3alTPONOHOBAHOI OpraHi3aliifHo-
(YHKLIOHATBHOI CTPYKTYpH CHCTeMH iH(OpMa-
MIHHO-aHAITUYHOTO YIIPABIIHHSA TOTOKaMH Bij-
XOJiB Oy/IIBHUIITBA, KA Ma€ CTATH OCHOBOKO CTBO-
peHHs1 iHpopManiiiHoT mnarGopMu  yHpaBIiHHS
MMOTOKaMHU BiAXOMiB OYIiBHUIITBA, € BKIFOYCHHS
B CTPYKTYpy (YHKIIIOHATHHHX OIJIOKIB iH(OpMa-
iHAHO-aHAITHYHOI CUCTEMH: OILIIHKA €KOJIOTIYHHUX
PH3HKIB Ta OIiHKa iHpopMaLiiHUX pu3nKiB. [Ipak-
TAYHY 3HAYUMICTh TaKOTO IMiIXOXy OOTPYHTOBAaHO
3 MO3UIIT PO3MJISAY OIIHKK CKOJIOTIYHHX 30MTKIB
SK CKJIQJIOBOi OIIIHKH e()eKTUBHOCTI YIpaBIIiHHS
MMOTOKaMH BiJXO/iB Oy/IiBHUIITBA Ta OIIIHKHU iH(O-
pMaIiifHIX PU3UKIB SIK IHCTPYMEHTY JIOTiCTHYHOTO
MiAXOAY, L0 JIO3BOJISIFOTH 3a0€3MeYnUTH MOXKIIHU-
BIiCTh MPOTHO3YBAaHHS KIIFOYOBHX MOKA3HUKIB CHC-
TEeMH, MIPUIMATH ONTHMAJbHI PIillIEHHS, CIIPSIMOBa-
Hi HA MakCHMaJbHE BKIIOYEHHS A0 CUCTEMH TOTO-
KiB BiJXOiB OYJIBHHUIITBA SIK IOTCHIIAHOI BTO-
PHHHOI CHPOBHMHH; 3a0€3MEYECHHS JI0CTaTHHOTO
PiBHS €KOHOMIYHOI Ta €KOJIOTiYHOi e()eKTHBHOCTI
3 ONTUMAJILHAM PiBHEM JIOTICTUYHUX BUTpAT.

BucHoBknu

OOrpyHTYBaHHS TPHUHIUIMIB, (YHKIIOHAIEHUX
BUMOI Ta 3aBIaHb peaizarmii iHpopMaIiiHO—
aHAITHYHOI MIATPUMKH YHPABIiHHS TOTOKaMH
BTOPUHHHUX PECYpCiB BigXomiB Oy/IiBHUIITBA IIe-
peabagae mponeaypy ¢opmamizamii mpormeciB yi-
paBIIiHHS, CTBOPEHHS JIOT1YHMX Ta (QYHKIiOHAIb-
HUX MOJeNIe JOCHIKYBaHOI CHUCTEMH, IO,
Yy CBOIO Yepry, BUMarae KOMOIHAIl CrHemiadbHuX
METOJIUK Y MEXaX CUCTEMHOTO IMiX0ay ¥ BiIIOBi-
JTHOI ONTHMAJIBHOI MOCIIOBHOCTI iX 3aCTOCYBaH-
HA.

Peanizawis BU3HaueHMX 3aBJaHb MOXJIMBA 3a
YMOBHM BUKOPHCTaHHS aBTOMaTH30BaHOi iH(opMma-
iAHOT CHCTEMH YTIPaBIIHHA JIOTiICTUKOIO TOTOKIB
BiIXO/iB OyHIBHHUIITBA Ta 3HOCY, BiATOBiTHO, OC-
HOBHOIO METOIO iH(QOpMAaiiHOI CHCTEMH TTOBUHHO
CTaTH MiABUILIEHHA e(pEeKTHBHOCTI iHPOpMaIiiiHo-
ro 3abesnedyenHs B Mmexxax CKYIIB 3 ypaxyBanHsIM
0oOMeKeHb, HOPM 1 CTaHAapTiB yNpaBJiHHS BiIXO-
Jamu OyJIiBHUIITBA Ta 3HOCY, MPIOPUTETHOCTI €KO-
JIOTIYHHX MapaMeTpiB 1 MOKa3HUKIB €(hEeKTUBHOCTI.

3anponoHOBaHi MiAX0AW # BUMOTH 0 PO3p00-
KM iH(pOpMalifHO—aHAIITHYHOI CHUCTEMH YIpaB-
JIIHHS TIOTOKAMH BiXOJiB OyMiBHHUIITBA J03BOJIAThH
TIOJIIMIITUTA  KJTFOYOBI XapaKTePUCTUKH CHCTEMHU
TaKOTO YIPaBIiHHA, 30KpeMa — MiJABHUIIATH Orepa-
TUBHICTh Ta iH()OPMATUBHICTh MPUHHATTS YIpaB-
JHCHKUX PIlIeHb MO0 TMOTOKIB BiAXOMdiB OymiB-
HUITBA SIK TOTCHLITHO BTOPUHHUX PECYPCIB.
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Organizational and Functional Structure of the System of Information and
Analytical Management of Construction Waste Streams

Purpose. The main purpose of the work is to define and substantiate the principles, functional requirements and
objectives of the implementation of information and analytical support for the management of waste streams of con-
struction and wracking as secondary resources; development of the organizational and functional structure of the
information-analytical management system, which would satisfy the conditions for the introduction of a logistical
approach within the framework of integrated management of construction waste streams and became the basis for
creating a single information platform. Methodology. As a methodological basis for the research of the process of
managing the secondary resources streams and reversible streams in the construction industry, a logistic approach is
used. It involves the analysis of factors influencing the system and study of its dynamic behavior as a complex adap-
tive system. The system approach in the development of information-analytical management systems involves solv-
ing the following tasks: development of a functional model of the management system of construction and wracking
waste streams; construction of interaction matrices of automated processes and data routing processes; modeling the
logical architecture of the data warehouses; development of a software and hardware set. Findings. The main tasks
of developing information support for the logistics management system of construction and wracking waste streams
are substantiated. The integration into the system of the following functional blocks is proposed: database formation;
block for estimating the total economic costs of the process; environmental damage assessment blocks; information
risk assessment; evaluation of alternative methods of waste stream management; optimal route formation block;
visualization block. Based on the generalization of requirements and possibilities of the functionality analyzed in-
formation-analytical systems and requirements which would provide efficiency of construction waste streams man-
agement, the organizational-functional structure of the system of information-analytical management is proposed.
Originality. The work gives reasons for the inclusion in the list of functional blocks of the organizational and func-
tional structure of the information-analytical management system, which should be the basis for creating an infor-
mation platform for the management of construction and wracking waste streams, environmental and information
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risk assessment. Practical value. Implementation within the information-analytical management of environmental
damage assessment (as part of the efficiency assessment of the construction waste streams) and information risk
assessment (as a tool of logistical approach) will provide the ability to predict key system indicators, make optimal
decisions aimed at maximum inclusion of construction waste streams in the system as a potential secondary raw
material, a sufficient level of economic and environmental efficiency with the optimal level of logistics costs.

Keywords: logistic approach; organizational and functional structure; integrated management of construction
and wracking waste streams; information and analytical support; functional blocks of the information system; in-
formation platform
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