
Vestnik of Astrakhan State Technical University.  

Series: Marine engineering and technologies. 2024. N. 4 

ISSN 2073-1574 (Print), ISSN 2225-0352 (Online) 

Ports, port infrastructure and transport logistics 

 

 
 

91 

K
iselev

a E
. V

., B
ely

an
in

 N
. E

., V
alk

o
v

 V
. E

., S
trash

k
o
 V

. E
. S

o
lv

in
g

 th
e p

ro
b
lem

 o
f o

p
tim

izin
g

 th
e tran

sp
o

rt sy
stem

 fish
in

g
 area m

ain
ten

an
ce

 

 

ПОРТЫ, ПОРТОВОЕ ХОЗЯЙСТВО  
И ТРАНСПОРТНАЯ ЛОГИСТИКА 

PORTS, PORT INFRASTRUCTURE  
AND TRANSPORT LOGISTICS 

Original article 

UDC 639.2:656.6.07 

https://doi.org/10.24143/2073-1574-2024-4-91-98 

EDN ALYMZS 

 Solving the problem of optimizing the transport system  
fishing area maintenance10 

Elena V. Kiseleva
1
, Nikita E. Belyanin

2
, Vladimir E. Valkov

3�, Viktoriya E. Strashko
4
 

1, 2Far Eastern Federal University, 

Vladivostok, Russia 

3The Far Eastern State Technical Fisheries University, 

Vladivostok, Russia, vlvalkov@yandex.ru� 

4Far Eastern Institute of Communications, 

Vladivostok, Russia 

Abstract. The conditions of possible ways to improve the transport and logistics support of fishing activities are con-

sidered. The organization of the work of the fishing fleet in a fishing expedition is described. The general scheme  

of the functioning of the system for the delivery of fish products from the fishing area to the final consumer is formu-

lated, taking into account its structure and the requirements of the divisions of this system for each other. Based on  

a detailed analysis, taking into account the development strategy of the fishing industry and the prospects for the de-

livery of fish products to consumers along the Northern Sea Route, the specified requirements for the projected organ-

ization of the fleet's work in a traditional and alternative logistical manner are formulated and described. In search  

of possible ways to optimize the system of transport and logistics support for fishing, examples of the operation of re-

ceiving and transport vessels in the organization of fishing services under the scheme “fishing area – fishing flotilla – 

floating base – transport fleet – port – hub – transport fleet – port” were considered. A systematic approach using the 

linear programming method was used to solve the problem. The mathematical model was developed based on the dis-

tributive linear programming problem of placing shipping vessels on the “shoulders” of delivering fish products to 

transshipment ports. The mathematical model of the problem uses two types of variables, and the total cost of trans-

porting fish products is considered as an objective function, which should be minimized taking into account a number 

of restrictions. Based on the results of preliminary calculations, the “Solution Search” add-in of the MS EXCEL pro-

gram was used to solve the problem in accordance with the mathematical model. The simulation results made it possi-

ble to formulate the logistical component of servicing fishing areas and justify the advantages of this approach for op-

timizing the choice of cluster ports, as well as the choice of transport vessels and their placement along the routes  

of transportation of fish products to the consumer at the lowest cost. 

Keywords: fishing expedition, transport refrigerator, floating vessel, optimal option, cluster ports, linear programming, 

distribution problem, objective function, restrictions, variables, mathematical model, voyage of a transport vessel 
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а Научная статья 

 Решение задачи оптимизации системы транспортного обслуживания 
района промысла  
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2
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Аннотация. Рассматриваются условия возможных путей совершенствования транспортно-логистического 

обеспечения промысловой деятельности. Описана организация работы рыбопромыслового флота в рыбопро-

мысловой экспедиции. Сформулирована общая схема функционирования системы доставки рыбопродукции 

из района промысла конечному потребителю с учетом ее структуры и требований подразделений данной си-

стемы друг к другу. На основе детального анализа с учетом стратегии развития рыбной отрасли и перспектив 

доставки рыбопродукции потребителям по Северному морскому пути сформулированы и описаны уточнен-

ные требования к проектируемой организации работы флота в традиционном и альтернативном логистиче-

ском ключе. В поисках возможных путей оптимизации системы транспортно-логистического обеспечения 

промысла были рассмотрены примеры варианта работы приемно-транспортных судов при организации об-

служивания промысла по схеме «район промысла – промысловая флотилия – плавбаза – транспортный флот – 

порт-«хаб» – транспортный флот – порт». Использован системный подход с применением метода линейного 

программирования. Для решения задачи транспортного обслуживания районов промысла была разработана 

математическая модель на основе распределительной задачи линейного программирования по расстановке 

транспортных судов на «плечах» доставки рыбопродукции в порты перегруза. В математической модели зада-

чи используется два типа переменных, в качестве целевой функции рассматриваются суммарные расходы на 

перевозку рыбопродукции, которые должны быть минимизированы с учетом ряда ограничений. На основании 

результатов предварительных расчетов для решения поставленной задачи в соответствии с математической 

моделью была использована надстройка «Поиск решения» программы MS EXCEL. Результаты моделирования 

позволили сформулировать логистическую составляющую обслуживания районов промысла и обосновать 

преимущества данного подхода для оптимизации выбора портов-кластеров, а также выбора транспортных су-

дов и их расстановки по маршрутам перевозки рыбопродукции потребителю с наименьшими затратами.  

Ключевые слова: рыбопромысловая экспедиция, транспортный рефрижератор, плавбаза, оптимальный вари-

ант, порты-кластеры, линейное программирование, распределительная задача, целевая функция, ограничения, 

переменные, математическая модель, рейс транспортного судна 

Для цитирования: Киселева Е. В., Белянин Н. Е., Вальков В. Е., Страшко В. Е. Решение задачи оптимизации 

системы транспортного обслуживания района промысла // Вестник Астраханского государственного техниче-

ского университета. Серия: Морская техника и технология. 2024. № 4. С. 91–98. https://doi.org/10.24143/2073-

1574-2024-4-91-98. EDN ALYMZS. 

Introduction  
The logistics supply chain of fish products from the 

fishing areas to the main points of consumption has 

always been one of the most important issues in the 

fisheries industry. The organization of the export  

of fish products from fishing areas and the supply  

of mining vessels is a rather complex, but mandatory 

process requiring a specialized logistical approach [1].  

The Far Eastern fisheries basin accounts for 2/3  

of the total catch of Russian fishermen. It is with this 

region that the main potential for the growth of fish 

products supplies to the domestic market of the Rus-

sian Federation is associated, in the long term until 

2030 it can provide at least 400-500 thousand tons  

of fish products in addition [2]. 

The demand from fishermen, sellers and buyers for 

the transportation of fish and marine products with 

temperature control continues to grow both during 

import and export, as well as domestic transportation. 

In this regard, new logistics routes are opening up for 

Russian fish products, including opportunities to opti-

mize the maintenance of fishing areas. In such a situa-

tion, structured logistics and, above all, transportation 

are especially important – optimization of traditional 
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methods of delivering fish products to consumers. 

Thus, the updated concept of the development  

of the fisheries industry until 2030 provides for  

a large-scale change in the structure of production to-

wards deep and waste-free processing, an increase in 

catch due to new fishing facilities. According to the 

strategy, the fishing terminals of Primorsky Krai will 

take the main load of the additional commodity flow. 

Whole complexes will be created at individual enter-

prises – fish clusters, which include, in addition to cold 

storage, processing and auction trading. Cargo turno-

ver through the ports of Primorsky Krai may increase 

by more than 1.5 times by 2025 [2]. 

The relevance of the chosen topic of this article is 

primarily due to the need to improve the transport sys-

tem for the distribution and delivery of fish products 

from the fishing site to the ports of the Russian Federa-

tion by improving the transport system for distribution 

and delivery. 

 

Materials and methods 
When organizing the work of a fishing fleet, the 

concept of a fishing expedition is used – the organiza-

tion of fishing by object or fishing area. The organiza-

tion of the fishing facility is carried out in relation to 

fish bioresources that have the property of commercial 

availability at certain times of the year, which in turn 

allows them to be seized on an industrial scale in one 

fishing zone. In turn, the organization of the fishing area 

involves the formation of a group of fishing vessels that 

catch fish in several fishing zones at the same time [3]. 

In this study, a comparative analysis is performed in 

relation to the integrated organization of the fleet (min-

ing, processing and transport) by fishing areas. 

The general scheme of operation of the fish prod-

ucts delivery system from the fishing area to the con-

sumer consists in determining the structure of its tech-

nical and material means, first formulating the en-

larged, most significant requirements of the structural 

units of this system to each other and to the system as 

a whole. Based on a detailed analysis, specific re-

quirements for the projected fleet management organi-

zation are formulated. 

The structure of the traditional fish product distri-

bution system “fishing area – fishing fleet – transport 

fleet – fishing ports – railway (automobile) transport – 

wholesale buyers” is shown in Fig. 1. 

 

 
 

Fig. 1. Traditional logistics scheme for delivering fish products to the consumer 

 

Currently, in accordance with the concept of the 

development of the fisheries industry until 2030, it is 

planned to change the logistical structure of fish pro-

duction due to waste-free processing, increased catch, 

as well as the development of the domestic market 

through the creation of alternative schemes for the 

delivery of products and modernization of port infra-

structure. 

According to the strategy, fishing terminals located 

in proximity to the main fishing areas should act as 

“hubs” for the distribution of additional commodity 

flow. For example, Magadan Port has a unique posi-
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а tion: about 200 thousand tons of fish are produced in 

the northern and central part of the Sea of Okhotsk, as 

well as 200 thousand tons of salmon per year. 

This is due to the long downtime of ships waiting 

for cargo transshipment or their control in Vladivostok 

Port. The average duration of downtime is from two to 

five days, which leads to the loss of 47.6 thousand ship 

hours per year and economic losses in the amount  

of 3.8 billion rubles. 

According to the concept, fish and fish products are 

delivered to Magadan Port, reloaded into a refrigerated 

container on the principle of a container ship and then 

sent to the recipient by road along the Kolyma high-

way, by sea to the port of Vladivostok or along the 

Northern Sea Route, as well as directly to the countries 

of the Asia-Pacific region. The volume of transship-

ment is 200-220 thousand tons per year. The port will 

be able to serve vessels of various types, including 

vessels with a draft of up to 10 meters and a gross ca-

pacity of up to 10 thousand tons. The terminal for in-

tegrated ship maintenance in Magadan will include 

unloading of products, parking, bunkering, inter-

voyage maintenance, crew change, and restocking. 

The passage of a vessel from the main fishing areas to 

the most popular port of Vladivostok in summer takes at 

least six days, and the journey to the port of Magadan 

will take one or two days. At the same time, the cost  

of transferring to Primorye per vessel is estimated at 

100 thousand US dollars. In the period from Septem-

ber to May, about 50 vessels are employed in the pol-

lock fishery [4]. The port of Magadan has a huge ad-

vantage – the presence of a deep-water bay, which 

allows not only to receive heavy-duty vessels with the 

further possibility of transshipment of fish products 

into refrigerated containers, but also allows in the fu-

ture an increase in the size of berths with a length of at 

least 100 meters. Consumers tend to choose higher-

quality fish products, and a refrigerated container is 

the easiest and most reliable way to deliver it over long 

distances in the most preserved form. 

In accordance with the implementation of the con-

cept of creating fishing clusters based on existing fish 

terminals, it is necessary to develop an alternative lo-

gistics scheme for the delivery of fish products to con-

sumers. An alternative structure of the fish product 

delivery system “fishing area – fishing flotilla – 

transport fleet – port hub – transport fleet (rail (road) 

transport) – wholesale buyer” is shown in Fig. 2. 

 

 
 

Fig. 2. Alternative logistics scheme for delivering fish products to the consumer 

 

The organization of the proposed logistics option 

for the delivery of fish products to the consumer  

includes: 

– the traditional method of delivery, but taking into 

account the possibility of effective placement of transport 

vessels both on “short shoulder” (fishing area – port-

“hub”) and on the shoulder (port-“hub” – port of unload-

ing), in addition, it allows for the transshipment of cargo 

into containers and the use of heavy-duty vessels; 

– an alternative option involves coordinating the 

technological process of delivering fish products to the 

consumer, taking into account the possibility of using 

container technologies and related modes of transport. 

 

Setting the task 
In search of possible ways to optimize the system 

of transport and logistics support for fishing, examples 

of the operation of transport vessels with an alternative 
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method of organizing fishing services according to the 

scheme “fishing area – fishing flotilla (RST) – floating 

base – transport fleet – port-“hub” – transport fleet – 

port” were considered (Fig. 3). 

 

 
 

Fig. 3. Transport and logistics scheme for the operation of transport vessels with  

an alternative method of organizing fishing services  

 

The linear programming method is used to deter-

mine the optimal route for the organization of transport 

and logistics support for the fishery. The solution  

of the problem is realized by the compiled mathemati-

cal model of the problem and the algorithm developed 

by the authors in the “Solution search” MS Excel. 

The mathematical model of a distributive problem 

consists of variables, objective functions, and a system 

of constraints. We use two groups of variables – Xij, Yi:  

1, if immediately after the -th request, the vessel executes the -th request;

0 otherwise,
ij

i j
X


= 

−
 

 

Yi – the start time of the i-th application (the time  

of arrival of the vessel for loading according to the i-th 

application).  

The objective function of the task should ensure 

the minimum total costs for the operation of ships: 

Z = qxBT�i�jxijtij + Tokсp�jxj + �jtjqxBT 	 min, 

where qx – fuel consumption on the move, t/d; ВТ – the 

price of heavy fuel, Rub./t; tij – the duration of the 

transition from the place of unloading according to the 

i-th application to the place of loading according to the 

j-th application, d; To – operational period, d; kсp – the 

cost of maintaining the vessel in the parking lot, 

Rub./d; tj – is the travel time of vessels when fulfilling 

requests, d.  

It is also necessary to introduce a system of re-

strictions, which will provide for the fulfillment  

of a number of conditions: 

yi + τi + tij – M(1 – xij) � yj(�j),                (1) 

where is τi – the duration of the i-th application;  

M – is an arbitrary large positive number (assumed to 

be 100 000); 

�iXij = 1(�j, except j = );                   (2) 

�iXij = �JXij (�j, i);                       (3) 

yi 
 ai (�j, except i = 0),                   (4) 

where is ai – the earliest time for the start of loading 

according to the i-th application; 

yi � bi (�j, except i = 0),                   (5) 

where is bi – the latest time for the start of loading 

according to the i-th application; 

yi 
 0.                                 (6) 

Restriction (1) provides that if the j-th application is 
executed immediately after the i-th application, then the 
start time of the j-th application must be greater than or 
equal to the end time of the previous i-th application 
plus the duration of the transition to the place of loading 
according to the j-th application. Restriction (2) stipu-
lates that one vessel must fulfill each request. Re-
striction (3) ensures the coherence of the work plan  
of the courts. Restriction (4) stipulates that the vessel 
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а must start fulfilling the request no earlier than the stipu-
lated time. Restriction (5) stipulates that the vessel must 
start fulfilling the request no later than the stipulated 
time. Constraint (6) introduces the condition of non-
negativity of the variable yi. 

 

The results of the study  
As initial data for solving the problem, the follow-

ing are used: 
– data on the technical and operational characteris-

tics of standard transport vessels operating in the direc-
tions of Okhotomorskaya (OME), Yuzhnokurilskaya 
(SKE) Sakhalin and Bering Sea (BME) fishing expedi-
tions [5]; 

– characteristics of cargo spaces of transport vessels; 
– applications for fish collection and transfer of sup-

plies to floating bases. The calculations used data from 
applications for the operation of two types of floating 
bases: KE – 1 type and VS – 2 type; 

– the total voyage time of the transport vessel in 
days (the duration of the transition from the port to the 
fishing zone and the duration of the parking time); 

– data on the operating costs of the transport vessel 
for one voyage (thousand rubles). 

The appearance of the MS Office Excel worksheet 
with initial data for solving the transport problem with 
integer variables is shown in Fig. 4. 

The appearance of the dialog box of the “solution 
search” wizard is shown in Fig. 5. 

An example of the result of solving the distribution 
problem according to the option “Fishing zones – 
Magadan Port – South Sea Port” is shown in Fig. 6. 

 

 
 

Fig. 4. Example of order parameters  

 

 
 

Fig. 5. Dialog window of the “Search for a solution” wizard with restrictions 

 

 
 

Fig. 6. An example of solving the distribution problem “Fishing zones – Magadan Port – South Sea Port” 
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Fig. 6 shows that in order to carry out transport and 

logistics support in the direction of fishing zones − 

Magadan port (“hub”), 3 transport refrigerators (sum x) 

will be needed, which will ensure the full volume  

of supply and export of fish products [6] (according to 

the schedule of the floating base in the fishery for  

260 days): 

– transport vessel 1 operates according to the requests 

of floating base KE (1st cargo operations) for 9 days; 

floating base KE (3rd cargo operations) for 31 days; 

floating base KE (5th cargo operations) for 53 days; 

floating base KE (7th cargo operations) for 75 days; 

floating base VS (2nd cargo operations) for 92 days; 

floating base KE (10th cargo operations) for 108 days; 

floating base VS (5th cargo operations) for 124 days; 

floating base VS (7th cargo operations) for 142 days; 

floating base VS (10th cargo operations) for 172 days; 

floating base VS (14th cargo operations) for 245 days; 

– transport vessel 2 works on request: floating base 

KE (2nd cargo operations) for 20 days; floating base 

KE (4th cargo operations) for 42 days; floating base 

KE (6th cargo operations) for 64 days; floating base 

KE (8th cargo operations) for 86 days; floating base 

VS (3rd cargo operations) for 102 day; floating base 

KE (11th cargo operations) for 117 days; floating base 

of the VS (6th cargo operations) for 132 days; floating 

base of the VS (9th cargo operations) for 162 days; 

floating base of the VS (12th cargo operations) for  

203 days; floating base of the VS (13th cargo opera-

tions) for 227 day;  

– transport vessel 3 operates according to the re-

quests of floating base VS (1st cargo operations) for 

82 days; KE floating base (9th cargo operations) for  

99 days; floating base VS (4th cargo operations) for 

112 days; floating base VS (8th cargo operations) for 

152 days; floating base VS (11th cargo operations) for 

182 days; afloat base (15th cargo operations) for  

260 days. 
 
Discussion 
The analysis of modeling options for the operation 

of transport vessels servicing Okhotomorskaya 

(OME), Yuzhnokurilskaya (SKE), Sakhalin and Ber-

ing Sea (BME) fishing expeditions showed: 

1. In the case of transshipment in Magadan Port,  

3 transport vessels are required to work on the shoul-

der of “fishing area – Magadan Port”. When transport-

ing from Magadan Port to South Sea Port, 2 transport 

vessels will be required. The total amount of transpor-

tation costs is 662.8 million rubles. 

2. With the option of transshipment in the port  

of Korsakov Port, 3 transport vessels are needed to 

work on the shoulder of “fishing area – Korsakov 

Port”. When transporting from Korsakov Port to South 

Sea Port, 1 transport vessel will be needed [6]. The 

total amount of transportation costs will amount to 

640.9 million rubles. 

3. With the option of transshipment in Petropav-

lovsk-Kamchatsky Port, 3 transport vessels are required 

to work on the shoulder of “fishing area – port of Petro-

pavlovsk-Kamchatsky Port”. When transporting from 

Petropavlovsk-Kamchatsky to South Sea Port, 2 trans-

port vessels will be required. The total amount of trans-

portation costs will amount to 639.1 million rubles, 

which is optimal compared to other options. 

 
Conclusion 
In search of possible ways to improve the transport 

and logistics support of fishing, the study considered 

the issue of modeling the operation of transport ves-

sels, taking into account the implementation of the 

concept of creating fishing management clusters based 

on existing fish terminals and the development of an 

alternative logistics scheme for the supply of fish 

products to consumers. To solve the problem of opti-

mizing the transportation service system of the fishing 

area, a systematic approach was used using the linear 

programming method, which will allow: 

– coordinate the technological process of deliver-

ing fish products to the consumer, taking into account 

the possibility of using container technologies and 

related modes of transport; 

– to select the optimal cluster port for transship-

ment of fish products and develop a logistics scheme 

for the delivery of fish products to consumers; 

– to select the types of transport vessels and their 

number and arrangement in the directions of transport 

and logistics chains for the transportation of fish prod-

ucts to consumers and the supply of fisheries. 
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