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RATIONALIZATION OF PORT
INFRASTRUCTURE MANAGEMENT
DURING ICE NAVIGATION
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Kotenko V.,
Yakovisev S.

06’cxmom docriowcenis € ynp 6AiHHs MOPCHKOIO NOPMOBOIO THPP CMPYKMypoio 6 nepiod 1vodosoi n iz uii.
O0num 3 1 UbOLILW NPOOLEMHUX NUM Hb € P UioH 113 uis i epexmuenicmsv 1b00060i nposodxu. H ocnosi cm -
MUCTUYHUX 0 HUX OYI0 BI03H YEHO 3H UHe SHUICCHHS 8 Hm Jcoobiey 6 nopm x A306cvkozo mops (M piynow
i Beposmcox (Yep in )) npomszom ycvozo iv0006020 nepiody. IIposedeno docuidncenms neobxionocmi suxopu-
Cm HHA M Ni3Y 1 NPOZHO3YE HHSA CE30HHUX NPOUECIE 6 Ynp 6AIHNHI UPOOHUU0I0 OLAIbHICTNI0 MOPCOKUX NOPMIE,
3 00noM02010 CM MUCTMUYHUX O HUX, 0L 6U3H deHHs Oun MIKU 6 Hm H000izy MOPCLKUX NOPMI6 6 nepiod
10006801 06cm nosku. H ocnosi cm mucmuunozo H 1isy 0 nux 6yni0 copmyivo8 Ho NOHAMMS CE30HHOCMI
JIodoymeopenis 8 A306CbKOMY MOPI.

B npoueci docrioncenns 0 1O 6U3H UEHHs NOHAMMS () KMOP CE30HHOCMI SK K Mezopil, wo 6up i €mvcs
Y BU2NA01 KOIUS TbHUX NPOUecis. A m Ko po3pobiero nioxio 0o popmye wuns ingopm yiinoi 6 3u, wo ép xoeye
Pisni hopmu supobHuuoT JislibHOCi NOPMY 6 YMOB X Ib00060T 06Cm HOBKU, U0 3 0060ILHAE 6UMOZ M Oesnepeps-
H020 NI HYE HHSL 1 Peeyaro8 HHsi poOOmu nopmy. 3 nponoHos Huil i po3poOIeHUTl CLOBECHUL  I20PUMM NPOZHO3Y
cm Hy 10008020 NOKPUBY 0Nt POPMYE HHA K P 6 Hi6 3 MEmO CM MUCTNUUHO20 NPOZHO3YE HHSL, BKIHOU 10UU
6ci cm 0il 06poOKU Oun miunux psdis. B pesyavm mi 6yio dosedeno cymmese smenments 6 um xHcoobizy nop-
mis 6 nepiod 1b00060i 0OCM HOBKU 1 3 NPONOHOE Hi CHOCOOU NIOBUEHHS NPONYCKHOL 30 MHOCME 600HUX ULLSXIE
6 1p00osuil nepiod. H oymxy emopis, 3 00nomoz010 ¢p kKmop  ce30HnoCmi i npozHo3ys Hist 1b000YMEOPeHiLs,
H  OCHOBI CILOBECH020 NZOPUMMY, MONCH OOCSZMU SMEHUCHHS. UMY M H  BUKOPUCTN HHSL KPUZOL M Nid 4 ¢
1000601 1 iz yil. [lepedb u emovcs, wWo 3HUNCENHIA BUX00I8 KPUZOL M 6 pelic modce Oymu 3nudxcerno 3 10—15 do
4-5. Ile, 6 c6010 uepey, 31 UHO 3HUSUMb UMY MU NOPIMIE H  YMPUM HHL KPUZOL M 1 NIOSUUUMb NPOOYKMUE-
Hicmb nopmie nio u ¢ Ab0006oi 1 iz Uii.

Kmwouosi cnoBa: ynp 6inis MOPCHKOI0 NOPMOBOIO iHpp cmpyrmypoio, 36iaviuenns 6 um Hcoooizy, MOPCHKULL
nopm, 10008 1 iz 4is.

winter period of navigation. Rational management of the
port infrastructure contributes to increasing the turnover
of goods regardless of seasonal fluctuations. Under the
port infrastructure refers to the set of available means
of communication, transport terminals and vehicles that

1. Introduction

The management, organization and planning of year-
round sea transportation largely depends on the influence
of external factors, in particular on the conditions of the
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perform transportation or ensure their implementation.
One of the components of the port infrastructure is ice-
breakers. All over the world there is an acute problem
of maintaining cargo flows in the ice period. In general,
during the ice period, the global cargo traffic decreases
by more than 5 times compared with the summer-autumn
navigation period, which negatively affects the performance
of the ports. The wiring of ships along main canals in ice
conditions is characterized not only by the limited width
of the free passage of a convoy of ships, but also by the
high level of environmental and environmental variabi-
lity. In such difficult conditions, the process of managing
shipping is complicated by the application of the relevant
regulatory documents on ship escort modes and requires
prompt response to external factors. Studies of navigation
conditions during the ice season show that methods and
calculations that take into account both the natural and
production aspects of the transport process, which have
a significant impact on the management and planning of
port operations, are relevant.

2. The ohject of research
and its technological audit

The object of research is the management of the sea
port infrastructure during the ice navigation period.

Port infrastructure management during ice navigation
is always associated with additional difficulties and risks
for the ship, cargo and crew. Additional risks and costs are
not conducive to attracting ship-owners to ports, since the
lack of specific deadlines for handling ships significantly
complicates the further scheduled travel of a particular
ship. Following in the convoy or without it requires the
navigators to be prepared for unforeseen situations, to as-
sess the capabilities and condition of the ship, the hydro-
meteorological conditions, the condition and characteristics
of the ice.

Cargo transportation is an integral part of managing
the flow of goods and includes two interrelated processes:

1) production (directly the process of transportation);

2) appeal (commercial and financial operation of ships).

These processes are united by the law of the market,
according to which the financial efficiency of transportation
by sea is determined by the value of the freight rate for
transportation minus the total cost of transport services.

The production process involves three basic elements:
human labor, objects of labor (transported: cargo and/or
passengers) and means of labor (ships). At the same time,
the cost of cargo increases depending on the assessment
of the cost of seafarers’ labor and operating costs.

An incorrect assessment of the situation and the lack
of qualified management of individual elements of the port
infrastructure can cause damage to the hull of the ship or
chaining it in the ice. This, in turn, may carry a threat
to the ship and crew, as well as cause additional costs
associated with delaying the ship, polluting the environ-
ment, late delivery of the cargo or damage to it.

Rationalization of the port infrastructure management
during the ice navigation period is connected with the
need to improve the safety of navigation and requires
solving the problems of optimizing the elements of the
transport process and increasing the accuracy of deter-
mining the ship’s position. As well as the crew’s ability
to operate successfully in various sailing conditions. All

these and other aspects of shipping require a systematic
approach using the deduction method when solving an
important transportation problem — sea transportation
during the ice period.

3. The aim and ohjectives of research

The aim of research is studying the problem of increasing
cargo turnover and improving the quality of freight traf-
fic during the ice navigation period by rationalizing the
management of the sea port infrastructure.

To achieve this aim, the following objectives are set:

1. To define the concept of «seasonality factors.

2. To develop an approach to the formation of infor-
mation base that takes into account various forms of the
port’s production activities in ice-cold conditions that satisfy
the requirements of continuous planning and regulation
of the port operation.

3. To develop a verbal algorithm for predicting the
state of ice cover for the formation of convoys for the
purpose of statistical forecasting, including all stages of
processing time series.

4. Research of existing solutions
of the prohlem

The study of world ports data shows a significant de-
crease in cargo turnover during the ice period [1]. The
decline in cargo turnover during the winter period is as-
sociated with the carrying capacity of the sea routes due
to the constant freezing of shallow seas and the idleness of
ships in anticipation of icebreaking. There is a very high
percentage of hull damage as a result of movements and
ice compressions [2]. Based on the work, a high level of
accident rate of ships during the ice period is revealed,
which is caused by navigational errors and is 38.7 %. This,
in turn, indicates an incorrect assessment by the crew of
the capabilities of ships in ice conditions. Severe climatic
conditions and the ice thickness, sometimes reaching up
to one and a half meters, at least leads to a ship’s idle
time. This entails additional costs for ship-owners and the
reluctance of them to operate the ship in such severe con-
ditions, and may also lead to catastrophic environmental
pollution and human casualties.

A priority strategy for the development of ports in the
context of globalization has been to increase the competi-
tiveness of maritime transport through the effective manage-
ment of auxiliary fleet. One of the problems of managing
the efficient operation of ports during the year is the lack
of ice-breakers and ice-class ships, which leads to waiting
and idle ships. This problem is solved by solving the al-
gorithm of rhythmic, continuous posting of ship convoys
under the posting of two icebreakers. The construction of
a multipurpose ship for ice pilotage of ships with a higher
standard of strength, a powerful engine and improved
maneuverability, according to experts, should solve the
problem [3].

In [4], the problems of navigation and accidents during
the ice period in the Baltic Sea are considered in de-
tail. However, specific proposals to reduce the risks of
ice navigation are not proposed.

In [5], important issues of navigation with an ice-
breaker are touched upon, but the method of improving
safety is not fully disclosed. The authors of [6] carry out
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a significant analysis of the ice cover of the Sea of Azov,
although the issue of systematizing data to improve the
safety of navigation in this area remains open. Partially,
the question of seasonality is considered in [7]. However,
the question of its influence on the ports of the Sea of
Azov and navigation is not disclosed. Studies [8] are de-
voted to the issue of port performance, but the work of
the port during ice conditions is not considered.

The authors of [9] show the importance and the need
to improve the efficiency of ice convoying. However, the
question of the influence of system analysis of seasonal-
ity is not considered. The authors of [10] emphasize the
importance and need for an effective use of an icebreaker
in the Sea of Azov, but no specific analysis of the ice
situation has been carried out.

The need to solve the problem in a shorter time, as
well as the financial and time costs of the proposed ideas,
encouraged the authors to in-depth analysis of the situa-
tion, as well as to develop a rational algorithm that can
solve this problem. To compile the algorithm, data from
the existing experience of ice pilotage of ship convoys are
used, as well as data on the state of the ice cover and
the timing of the onset of ice phenomena. The proposed
idea can be used to plan ice operations and stabilize cargo
traffic during the ice period, as well as to ensure naviga-
tion safety during the formation of ship convoy.

5. Methods of research

To solve the objectives and achieve the aim, the fol-
lowing methods are used in the work:

— theoretical generalization — in the study of the in-

formation base of the studied issue;

— statistical analysis — when studying the dynamics

of cargo turnover;

— graphic method — for visual presentation of infor-

mation;

— mathematical method — for carrying out calculations

and data analysis;

— system approach — with a comprehensive study of

ice navigation capacity.

6. Research results

The external natural environment deter-
mines the navigation features of navigation,
which greatly affect the regularity of the

tely 33 % (1.332 thousand tons), and in the port of Berd-
iansk decreased by 17 % (73 thousand tons). From 2015
to March, in Mariupol, from January to March, there was
a decrease in freight turnover by 43 % (2035 thousand
tons), and in Berdiansk — by 18 % (85 thousand tons).
In 2016, a decrease in Mariupol was 6 % (129 thousand
tons), in Berdiansk — 27 % (338 thousand tons). During
2017, during the ice situation, the turnover of Mariupol
fell by 39 % (773 thousand tons), and in Berdiansk —
51 % (552 thousand tons). In 2018, the decline was 40 %
(807 thousand tons) in Mariupol and 60 % (457 thousand
tons) in Berdiansk (Table 1).

Tahle

Dynamics of cargo turnover in the period of ice and non-ice navigation
in the period 2014-2018

Ice period | Non-ice time Beduced freight
Period Part (January — (April — turnover
March) June) thousand tons | %
Mariupol 2725.8 4058 1332 33
2014
Berdiansk 370 4432 73.2 17
Mariupol 2647 4683 2036 43
2015
Berdiansk 398.7 484 85.3 18
Mariupol 2185 2315 130 B
2016
Berdiansk 909.9 1248.8 3389 2
Mariupol 1204.27 1977.92 773.65 39
2017
Berdiansk 530.2 1082.1 551.9 51
Mariupol 1207.27 2014.57 807.3 40
2018
Berdiansk 300.7 758.61 457.91 60

Note: compiled by the authors based on the data [1]

Let’s consider the definition of the type, size and nature
of the interaction of ice-class ships (Table 2) in the non-
arctic southern seas. In the process of convoying ships,
the ice convoy interacts with broken ice in the channel
behind the icebreaker, colliding with individual ice floes;
in the process of splitting ice and posting a convoy, the
icebreaker must effectively overcome ice fields of varying
intensity [11].

port’s cargo turnover and the technical and
operational characteristics of vehicles used

in a particular navigation area. Proper plan-

ning of the upcoming transition in the ice,
taking into account and analyzing all the

factors, contributes to the leveling of undue

risks, damage to the ship and cargo delay.
Let’s consider and analyze the effects

of ice navigation on changes in cargo tur-

nover using the example of Mariupol and
Berdiansk ports (Ukraine), based on data

from cargo turnover during the ice cam-

paign (January — March) and the next
three months, starting in 2014 (Table 1).

According to the presented data, it is noted

that in the port of Mariupol in 2014 the

Table 2
Ice classes of ships of the largest classification communities
Classification Society Ice class

Finnish-Swedish Ice Class | IA Super IA IB IC Category 11
Russian Maritime Register Arc 5 Arc 4 Ice 3 Ice 2 Ice 1
American Shipping Bureau IAA IA IB IC Do
Veritas Bureau IA SUPER 1A IB IC 1D

Det Norske Veritas ICE-1A* ICE-1A ICE-1B ICE-1C ICE-C
Germanischer Lloyd E4 E3 E2 E1 E
Maritime Register of Lloyd 1AS 1A 1B 1C 1D
Nippon Kaiji Kyokai IA Super IA IB IC 1D
Italian Maritime Register IAS IA IB IC 1D
Thick ice thickness - >50 cm | 30-50 cm | 15-30 cm 10-15 cm

decline in cargo turnover was approxima-
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Due to the dynamic ice formation and ice fields, weather
forecasts for more than half a century (from 1950 to 2018)
were analyzed, which were processed by statistical methods
and summarized in graphical, tabular and analytical forms.
The nature of the interaction of broken ice with the hull
of the ship, except for the drift of ice fields and ice floes,
as well as their ability to create ice bars in the form of
ice hummocks, depends on the age of the ice channel laid
by the icebreaker [2]. An important issue is to establish
the nature of extreme ice loads on the considered sec-
tion of the waterway for the subsequent selection of the
energy characteristics of icebreakers.

According to methodological considerations, a section
of a waterway under ice conditions in non-Arctic seas can
be divided into three types according to ice conditions:

1) fast ice;

2) thin ice;

3) free water.

The position of the ice edge and its distribution depends
on the severity of winter and is of a complex systemic
nature. So, all winters can be divided into three types:

1) severe;

2) moderate;

3) soft.

Therefore, the first statistical methods determine the
sections of the route that present serious difficulties for
navigation along the waterway and are characterized by the
length of ice routes. Let’s consider the Mariupol — Kerch
route, the average distance of a sea route is 115 nautical
miles. In a severe winter, the ice track in the fast ice will
take 110+5 nautical miles, to moderate — in the fast ice
22+ 2 nautical miles, in the floating ice — about 82 nautical
miles and in free water — only 10+4 nautical miles. In
a soft winter, the situation is different — in the fast ice
5+1 nautical miles, in floating ice 10+5 nautical miles
and in free water — about 100 nautical miles.

Let’s consider the route Kerch — Berdiansk, which
averages 95 nautical miles. In severe winter, navigation
in fast ice may take about 92+3 nautical miles. In a soft
winter, in floating ice, ships must move 25 nautical miles,
and 70 nautical miles in free water. If the winter is soft,
then the Kerch — Berdiansk highway will be completely
free through the water.

Therefore, in the severe winter, the length of the Mariu-
pol — Kerch route in the fast ice is 100 %, in moderate —
10 % in the fast ice, 60 % in the floating ice and 30 %
in free water, and in the soft ice — 5 % in the fast ice,
15 % in the floating ice and 80 % free water.

The ice fields to Mariupol and Berdiansk are highly
variable over the months, this is due to weather conditions,
and in particular with the strength and direction of the
wind, air and water temperature. The greatest changes
can be noted from December to January, with a shift to
the south, and from February to March, with a shift of
the isochron to the north.

It is also necessary to take into account the thickness
of the ice, which in different areas of the Sea of Azov,
depending on the type of winter, may differ significantly.

In the northern part of the Sea of Azov, the dura-
tion of the ice period takes 100£12 days and in a soft
winter the ice thickness is 0.5 m. In a severe winter, the
thickness increases to 0.8—1.0 m. In the western part in
the soft winter the thickness ice ranges from 0.1-0.3 m,
and in a severe winter from 0.6—0.8 m. The eastern part

has the same ice period, 100+15 days, but the thickness
of the ice in a soft winter is 0.1-0.3 m, and in severe —
0.6-0.8 m. The central part has an ice period of about
90 days, and the thickness of ice in soft winters is 0.2 m,
and in severe ones 0.6 m. The Kerch Strait has ice period
of about 55+5 days. The thickness of ice in soft winters
is about 0.42 m, as in severe.

Linear empirical dependencies with the determination
of the coefficients of the equations for the direct timing
of the onset of ice phenomena and characteristics of the ice
cover depending on the geographical latitude of the loca-
tion or the upcoming location of the ship were proposed
n [12]. These equations are aimed at streamlining the
work of the port during ice conditions and, in particular,
for planning ice operations.

As a result of the analysis, an algorithm is developed
for predicting the state of the ice cover in order to form
convoys and select an icebreaker:

1. It is necessary to determine the route of the convoy,
the area of navigation and the type of winter.

2. Depending on the type of winter, determine the
length of the path in the ice.

3. Interpolation isochrones are established by the inter-
polation method. The longitude and latitude of the fast
ice at the beginning and end of the route is determined.

4. The main icebreaker is selected depending on the
thickness of the ice in the northern part of the location
of the convoy.

5. Determine the thickness of the ice cover throughout
the route, depending on the area of navigation and the
type of winter.

6. For each of the ports of the Sea of Azov, depending
on its location, the average statistical characteristics of
the ice operation are determined.

The authors make an assessment of the efficiency of
the carrying capacity of the waterways of the Sea of Azov
during the ice period. When calculating, it is proposed to
introduce a capacity factor (1), which will determine the
possibility of increasing the port capacity, reduce the time
and cost of organizing cargo delivery to/from the port.

AS

K =

c Txv (1)

where A — the quantitative assessment of actually processed
ships in the ice period; T; — the quantitative assessment
of theoretically processed ships in the ice period.

The components of the ice company affect the carrying
capacity of the ports of the Sea of Azov, the conditions
for safe navigation, and environmental pollution. Using
the seasonality factor taking into account the proposed
algorithm, let’s consider the possibility of ensuring con-
tinuous cargo turnover using the example of a dry cargo
ship with deadweight of about 30.000 tons.

The cost of a call at the ports of Ukraine is calculated
based on the tonnage of the ship. According to the new
tariff rates [13], the average cost of a ship call for a dry
cargo ship with a gross tonnage of 30.000 register tons is
24.000 USD. When using an icebreaker, the cost of a call
at least increases by 8.000 USD and is 32.000 USD. The
average number of ships that an icebreaker can carry in
1 exit, taking into account the predicted external factors,
may be 10 ships, that is, the savings may be more than
90 %. The cost of maintaining the icebreaker is approxi-
mately 6500 USD per day, excluding fuel costs.
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By rationalizing the management of the port infrastruc-
ture, it is assumed that using the developed algorithm
for predicting the state of ice cover to form convoys, the
icebreaker instead of 10—15 departures for pilotage can
reduce their number to 4-5. At the same time, spending
the maximum possible number of ships of approximately
one tonnage, which will significantly reduce port costs
and increase its profits, as well as the attractiveness of
ports for foreign ship-owners.

Optimization of port infrastructure management during
the ice navigation period will lead to significant savings
for ship-owners (Table 3). This will positively affect the
competitive position of the port and will contribute to
attracting cargo flows during the entire calendar period,
regardless of the presence of ice cover.

Tahle 3

Financial performance of the ship during the period of ice
and non-ice navigation

Financial performance Ice period Non-ice period
Capacity coefficient 0.6 0.9
The sum of costs, USD:
— fuel; 22050 20009
— port charges 204188 174179
Total costs, USD 226239 194188
Profit, USD 87812 200771

Reducing the cost of maintaining and operating ice-
breakers by reducing their access to sea also reduces port
costs.

7. SWOT analysis of research resulis

Strengths. With the help of the formulated concept
of the seasonality factor and ice formation forecasting,
based on the developed verbal algorithm, it is possible
to achieve a reduction in the cost of using an icebreaker
during ice navigation. It is assumed that the decrease in
the icebreaker exits can be reduced from 10-15 to 4-5.
This, in turn, will significantly reduce the port costs for
the maintenance of the icebreaker and increase the per-
formance of the ports during ice navigation.

Weaknesses. This method requires testing. The analyzed
data make up more than half a century. It is necessary
to continue to further analyze and collect data on the
ice situation and its impact on the performance of the
ports. Climate change may contribute to the fact that
data and algorithms will need to be reviewed under the
changing situation. The use of these algorithms for other
seas and ports will require an analysis of the ice situation
and its influence on the performance of specific ports in
a strictly allotted period.

Opportunities. Further studies of the performance of
ports during ice navigation can provide an opportunity to
more effectively plan the logistics of sea freight by both
the port and the shipper and ship-owner. With the increase
and optimization of port performance, previously undetected
problems in the performance of seaports can be detected.

Threats. Testing this method can take enough time and
resources for both the icebreaker and the port. Misuse,
interpretation of this algorithm can lead to negative con-
sequences for the ship, the port and the environment.

The data analyzed that should be constantly updated and
take into account the general climate situation and trend.

1. In order to increase the efficiency of the port traf-
fic during ice navigation, the concept of seasonality is
formulated. The analysis of the severity of winter made
it possible to divide it into three types, for further use
in the analysis.

2. As a result of analyzing the methods for determining
the main dimensions of ships for navigation on channels,
fairways and maneuvering zones in tabular form, a method
has been created for calculating the maximum and safe
values for the main ship dimensions. This method com-
prehensively takes into account the basic processes in the
elements of the «ship-waterway-weather-maneuverss» system
to increase the capacity of waterways. It is also distin-
guished by the fact that it uses proven calculation methods,
which, together with increasing the informativeness of the
system, allow to take into account both the natural and
production aspects of the transport process, and not just
the draft of the ship as a factor of safe navigation. Effec-
tive and safe ice-laying will not only increase the safety
of navigation during the ice period, but also increase the
efficiency of ports. It is also planned to reduce the costs
of ship-owners and the ports themselves at the expense
of more economical and safe use of the icebreaker.

3. As a result of statistical analysis and data proces-
sing for the period from 1950 to 2018, a method has
been developed in the form of a verbal algorithm. This
method allows not only qualitatively, but also quantita-
tively establishes the types and nature of ice loads on
ships along difficult sections of the sea route. At the same
time, ice phenomena and severity of winter are taken
into account for safe ship navigation during the winter
navigation period using the example of the Sea of Azow.
As a result, a significant decrease in the port turnover
during the ice period is proved and ways to increase the
capacity of waterways during the ice period are proposed.
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RESEARCH OF THE OF IDENTIFICATION
ALGORITHM OF CONTROL OBIJECT OF
SECOND-ORDER LINKS WITH A DELAY TIME

O6’ckmom docrioncenis € ONmuM JoHi 1 CIMPOI8 HHS PEZYASmop M MoK 3HUKU AKOCMI Nepexionux npo-
yecie. O0num 3 1 UOLILW NPOOIEMHUX MICUD € Te, WO CYY CHI MEXHOL0ZIUNL NPOUECU € CKI OHuMU 00 6Km Mu
Kepye MHs, NPU NPOCKMYE HHi CUCTeM 6MOM MU3 Ul 8 JHCAUSUM C. € num HHs idenmudix uii 06 exmy kepy-
8 HHMSLM PO3P XYHOK H CMPOIO8 Hb pezyramop i ix onmumis uis. Onmum AvHi H CMPOI08 HHsL Pezyisamop
0036015Mb 3 Oe3neuumu M KCUM JbHO MONCIUBY 6 YMOE X 0 HOI Mmexnonozii axicmv npodyKuii m  Minim oy
ii cobie pmicmv npu 3 0 Homy 06ca31 GUPOOHUUME . Busi uenns onmum JIoHUX 1 CMPOIOE HUX N D Mempig
DEZYAAMOP  WAAXOM NPOBEOCHIs eKCNEPUMEHINY 1 ¢ MOMY 00 €Kmi Modce npusseecmu 00 6mp mu AKOCMi 20-
mMoeoi npodyKuii, ncye HuHs CUposunu, K m i3 mopis. Anzopumm po3p xyuxky 6yio pe iizo8 1o 3 00NOMO20i0
npoep mnozo n kemy <Maples.

B x00i docnidscenns 3 npononog 1o i docaioxceno azopumm idenmupix yii 06’exkmie ynp 6ninmus 3 PiHUM
X D KMepom nepexionux npouecié i nK Mu 0pyz020 nOpadKy 3 4 com 3 nisuios uus. B x00i docridwcenns,
i nidcm 6l OMPUM HUX M KUM YUHOM Neped 8 IvHUX DYHKuil exeie aenmuux 00’'e¢xmis, Oyau 3un tdeni i -
cmpotiku I1-, I11- i I11/[-pezynsimopie (nponopyiinux, nponopyitno-inmezp JbHUX i NPONOPUIUHO-IHMezp JIbHO-
dighepenyitinux pezyisamopie) mMemooom MpuKymuuxie, memooom nes z ¢ ouux xoiue no (memod Hikor ¢ -
Huznep ) i 3 suxopucm nuim 3 npPononos nozo Jjzopummy. Ili n cmpoiiku npusn ueni O 6MOM MUUNUX
cucmem pezynog uns. IIposedenuil nopisusaivnuil 1 13 NOK 3HUKIE AKOCMI Nepexionux npouecie 0ociioncys nux

BMOM MUMHUX CUCTNEM PEZYII08 HHS NPU H CMPOUK X, W0 OMPUM Hi PISHUMU MmO Mu. 3  pe3yivm mom
NOPIBGHALLIHO2Z0 1 I3y 3POOLEHO BUCHOBOK, W0 3H UOEHI N P MEmpu Pezyismop 3 3 NPONOH08 HUM Ji20-
DUMMOM 31 UHO NOJANWULU OUN MIUHI 61 CIMUBOCTE CUCTeMU (nepepezyios Hits, U C Pezynios HHs, CTN MUU
i Oun miun  noezpiwnocmi). 3 npPononos Ho i 0CAIONCeHO N20PUMM NOWYKY H CMPOUOK PEYLimop 3 66e0eH-
HAM 0OMeNCeHMsL 1 Nepepezyiios His nepexionozo npouecy, SKull noK 3 6 m KONC NOSUMUGHUT Pe3Ybin M.
Hoepiwnicmo idenmugpix il ne nepesuwye 3 %, wo € Uinkom JOnycmumo 0is Po3p XYHKI6 m K020 muny.

Kmovosi cnosa: 1 1k 0py2020 NOPsOKY, 1 CMPOUKU PE2YASMOP , 4 C PeyYyiio8 Hisl, J20pumm idenmudix uii,
nepexionuil npoyec, u ¢ 3 NisHeHus.

Loriia M.

ral gas in chemical products reaches 75 %. So, in order
for Ukrainian products to be competitive in the global
market, there is an acute need for more efficient use of
raw materials, energy, and the like. That is, it is neces-
sary to carry out optimization of technological processes.

35—)

1. Introduction

The rising cost of raw materials on world markets causes
a rapid increase in the cost of production of Ukrainian
industries. Thus, at present, the share of the cost of natu-
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