
» 
 

. . . . . 20. 2020 . 

 
doi: https://doi.org/10.15802/tstt2020/217402 © . ., . ., . . 2020 

51 

 656.621 

. . 1*, . . 2*, . . 3*  
1* . « »,   

. , . , 2, 49010, , , . +38 (056) 373 15 04,  
.  andrew.okorokoff@gmail.com, ORCID 0000-0002-3111-5519 

2* . « »,   
. , . , 2, 49010, , , . +38 (056) 373 15 12, .  rv.vernigora@gmail.com,  

ORCID 0000-0001-7618-4617 
3* . « », , . , 2/4, 
49010, , , . +38 (056) 745 55 96, .  alia1971@i.ua, ORCID 0000-0001-7278-3647 

 
 

 

-
. -

;  –  
.  – . -

,  
-

. ,  
.  

 
, -

, -
 

. -
 

. -
 ( )  

.  
 

 20,5 . EUR.  
. -

-
,  

.  
,  

. :  
, -

. -
. 

: ; ; ; -
 

 

 
) -
, -

, -
-
-

 [1].  
,  « » 

,  
 

.  
, -

 
-
 

,  
 « -



 

52 

»  
-

. , -
 

,  
. -

-
,  

 
-

. -
, 
 
 

,  
. -

-
 
 

). ,  
 2030 -

-
-

 5  
[2].  

, ,  
 

 [1]. 
 – , , -

, 
 

,  
; -

. 

 

, -
 

. -
-
-

, ,  
, , -

 
.  

-
, -

,  
, , -

.  
-
 

-
-

. 

 

 
 

, , -
. ., ., ., -

. ., . .,  
. ., . ., . . .  

,  [3] -
 

-
-
 

.  
,  

 
-

. , ,  
,  

 
.  

 [4] -
-
 

-
 

. -
-

.  
 
 

. -
 

,  
, , ,  
. -

-
-

. -
,  

.  
 [5] -

-
 
 

. -
 

. -
-
-

. 
 [6] -

-
-

 ( ) -
 



 

53 

-
 ( ) -

. , -
-
-

. 
, ,  

 
-

,  
.  

, ,  
-
 

-
, , -

. 

 
 

 
, -

-
,  [1]: 

1) : 2 -
 250 ,  100  
 2 ;  

; 
2) : 1 . -

 
 1 . .  4 ; 

3) : -
-

,  
 

-
. 

-
-

: 
– 3 ,  

-5 ; 
– 16 ; 
– 60 . . 

-
, ,  -

 2241 ,  
.  

 65  
.  

-
 [1, 7, 8], -

 
 12 , -

. 

 
60 .  80 .  
2030 .  

,  
 10...15%. ,  

1990 . , -
 65 . 

., -
 6...7 -

 4...12 . .  [9, 10]. -
,  

 
. -

 ( )  
,  

,  
, , -

-
.  

, -
. ,  2015 .  

-
. , -

, ,  
. ,  2016 . -
 – -

-
, -

. -
-

,  2019 .  
 11,8 .  [1]. 

,  
 (  1),  (47%),  (16%), 

 (11%),  (10%). 

 
. 1. ,   

 

 1 -
 410  



 

54 

 910 – -
,  – 580 ,  

 –  60  [11]. , 
 

BakerTilly,  1  
100 -

 4,5 USD,  – 7,8 USD,  
– 11,2 USD [12]. , -

-
, -

-
 300...500 .  

 
-

 ( -
). ,  

, , -
 

. ,  
, , -

.  
-
-

.  
-
 

-
, , , -

-
, -

,  – -
-
-
-

.  

 

-
 

, -
,  

 
 ( ). -

,  
, -

 ( -
) – ,  

. 
, -

-
-
-

,  -
, , -

 [13].  

-
,  [14], -

-
-

, -
-

.  
-

 ( ) -
,  

, -
,  ( , , 

, , ), . -
 

-
,  – 34,6 

.  2 [15].  
,  

.  
,  [16], -

-
 

.  
 

-
,    

-
 a

=2,65 . , ,  
 

 ( ) -
, -

: 
M[t ]= 27 .,  = 4 .  

 
 8:00  17:30 

. -
,  

 [17]: 

 1 lni iI R  (1) 

 iR  – , -
 [0; 1]. 

 -
: 

 Ti = Ti-1 + Ii  (2) 

 
. 1.  

 
-

 [17]: 

 ti = M[t ] +   Zi  (3) 



 

55 

 Zi –  ,   
 M[Z]=0, 

Z=1. 
-

. 1. 
-
 

 ( ) -
. -

 
.  2 -

,  
 P=0,5. -

, , Ri < P, -
 ( )  1- , -

 –   2- .  -
. 1. -

 Bi -
-

 [17]: 

 11

1

 ,
 ,

iii

iii
i FTF

FTT
B  (4) 

 Fi-1 –  
. 

 Fi  
: 

 Fi = Ti + ti (5) 

 
,  

: 

 Wi = Bi – Ti (6) 

-
 

-
. 1. -

-
-

,  
. 2.  

 1 
 ( ) 

 
    

  
  

 

 
 

 ti 

 Wi   
 

Fi  1  2 

1 00:00 08:00 1 00:28 00:00 – 08:28 
2 00:42 08:42 1 00:30 – – 09:12 
3 00:32 09:14 1 00:23 – – 09:37 
4 00:21 09:36 1 00:26 00:01 – 10:04 
5 00:14 09:50 2 00:26 – – 10:17 
6 00:12 10:03 2 00:24 – 00:13 10:41 
7 00:19 10:23 1 00:31 – – 10:54 
8 00:15 10:38 2 00:22 – 00:03 11:04 
9 00:00 10:38 2 00:29 – 00:25 11:33 

10 00:32 11:11 1 00:29 – – 11:41 
... ... ... ... ... ... ... ... 
32 00:01 15:15 2 00:37 – 02:53 18:45 
33 00:02 15:18 2 00:29 – 03:27 19:14 
34 00:23 15:41 1 00:26 –  16:08 
35 00:08 15:49 2 00:26 – 03:24 19:40 
36 00:24 16:14 1 00:37 – – 16:51 
37 00:37 16:51 1 00:27 – – 17:18 
38 00:31 17:22 1 00:25 – – 17:48 
39 00:00 17:22 2 00:24 – 02:17 20:05 

 

 
. 2.  



 

56 

. 1 , -
-
-

,  
. , , 

,  
, ,  

. ,  
 
 

 ( )  

. -
-

,  
, -

. -
 (1)-(2) -

 (3) -
-

 ( . 2). -
-

. 3. 
 2 

 ( ) 

 
   

 
-
  

  
 

 
 

 ti 

 Wi   
 Fi  1  2 

1 00:00   00:28 00:00 – 08:28 
2 00:42 08:42 2 00:30 – – 09:12 
3 00:32 09:14 1 00:23 – – 09:37 
4 00:21 09:36 2 00:26 – – 10:02 
5 00:14 09:50 1 00:26 – – 10:17 
6 00:12 10:03 2 00:24 – – 10:27 
7 00:19 10:23 1 00:31 – – 10:54 
8 00:15 10:38 2 00:22 – – 11:00 
9 00:00 10:38 1 00:29 00:16 – 11:24 
10 00:32 11:11 2 00:29 – – 11:41 
... ... ... ... ... ... ... ... 
30 00:02 15:09 2 00:27 – 00:43 16:20 
31 00:03 15:13 1 00:29 00:51 – 16:34 
32 00:01 15:15 2 00:37 – 01:05 16:57 
33 00:02 15:18 1 00:29 01:16 – 17:03 
34 00:23 15:41 2 00:26 – 01:16 17:24 
35 00:08 15:49 1 00:26 01:13 – 17:29 
36 00:24 16:14 2 00:37 – 01:10 18:02 
37 00:37 16:51 1 00:27 00:38 – 17:57 
38 00:31 17:22 2 00:25 – 00:39 18:27 
39 00:00 17:22 1 00:24 00:34 – 18:22 

 

 
. 3.  

 ( -
) -

. 3.  
: N  –  

, , W –  
-

, w –  
. 

.  3  ,  -
-
 

 2 .  
-
-

 «  – -
 – » -

 



 

57 

: 

 
( )

250
60

w w  (7) 

 c –  1  ( -
 5 EUR); 
w , w  – -

-
, .; 

250 – . 

(42,1 22,7)250 38 5 15,4 . EUR
60

 

 3 
  

 N , . W, . w, . 
 

 38 1600 42,1 

 
 38 864 22,7 

 
-
-
-

.  
-

: 

 
( )

60
N w w

K
t

 (8) 

 K  – -
 (  40 000 EUR); 

t  –  
 (  12 .); 

38 (42,1 22,7)40000 40,9 . EUR
60 12

 

 
-
 

: 

  =  +  (9) 

  – -
 (  0,125). 

 = 15,4 + 40,9  0,125 = 20,5 . EUR 

, -
-
-

 20,5 . EUR. 

 

-
, -

,  
. 
 

-
, -
, « » . 

-
,  

-
. -

,  
, 

 – , .,  
,  
. 

,  
-

, -
 

. -
-

, ,  
. -

 
-

. 
 

-
-
-

. , -
 45% -

, , ,  
.  

 20,5 . EUR. 

 
1. . . . 

. . -
 ] – : 

https://mtu.gov.ua/content/informaciya-pro-vodniy-
transport-ukraini.html 

2.  
 2030 . -

 30  
2018 .  430- . [ ] – -

: https://zakon.rada.gov.ua/laws/show/430-2018-
%D1%80#Text 

3. , . . -
-
 

: . -
.  .  .  .  .  .   05.22.19  –  



 

58 

,  / . 
. . – . : . -

. , 2017. – 395 . 
4. , . . -

-
 

: . . . . . . 
. . 08.00.05 / . .  –  : . 

. , 2019. – 144 . 
5. , . .  

-
 /  .   //  :   

. – 2013. –  18. – . 106-109. 
6. , . . -

 / . . -
 //  .  .  .  –  

2003. –  1. – . 159-161. 
7.  .   

.  [ -
].  – : 

http://texty.org.ua/pg/article/txts/read/68935/Vid_Goris
hnih_ Plavniv_i_dali_Stan_richkovogo 

8. , . ., , . ., , . 
. : -

 / . . , . . -
, . .  // -

. – 2016. – . 12. – . 62-68. 
9.  [ -

]. – : 
http://www.ukrstat.gov.ua/ 

10.  
.  [ . ] –  
: https://ukrris.com.ua/index.php 

11. -2019. -
 – : . – 2020. – 

115 . 

12. -
.  BakerTilly [ . 

] – : 
https://bakertilly.ua/ru/news/id43042 

13. , . . -
:  / . . 

, . , . , . 
 – : , 2015. – 269 . 

14.  ,  .  .,  ,  .  .  -
-
 / 

. . , . .  // -
. – 2018. –  1 (56). – . 89-114. 

15.  
. . [ . -

] – : 
https://ukrris.com.ua/hydraulics/ports/item.php?ID=568 

16. , . -
 

/ . , . 
 // -

. – 2012. – 2/3 (56). – . 62-67. 
17. , . . -
: .  

/ . . , . . , . . -
 – : , 2015. – 277 . 

 
 

., 
. . . ( ) 

 
 05.10.2020. 

 26.10.2020. 
 

 

 
. . , . . , . .   

 
 

  

-
. -

;  – -
.  – -

. -
, -

.  
, -

. -
-

,  
,  

-
 

.  
. 



 

59 

 (  
)  

. -
 20,5 . EUR. -

-
.  

-
, . -

-
, . 

:  
, . 

-
. 

: ; ; ; -
 

A. M. OKOROKOV, R. V. VERNYHORA, a. I. KUZMENKO 

STUDY OF INTERACTION OF AUTOMOTIVE AND RIVER 
TRANSPORT AT THE PORT TERMINAL BY THE METHOD OF 
SIMULATION 

The aim of the study is to improve the technology of interaction between road and river transport on the territory 
of the port. The object of research is the port handling fronts; the subject of research is the technology of servicing 
various types of transport on the territory of the port terminal. Research methodology - simulation. The result of the 
study is an analytical assessment of the work of inland waterway transport for the carriage of goods, which indicates 
the absence of an integrated approach to improve the interaction of various modes of transport on the territory of the 
port terminal. Therefore, it is proposed to search for a rational technology based on simulation methods, which can 
reduce the time of non-production downtime. Competent organization of reloading from road to river transport and 
vice versa provides for the creation at the cargo terminal of such a traffic control system that provides collection and 
storage of operational information about the location of vehicles on the cargo fronts of the port terminal, the state of 
loading and unloading mechanisms, and allows making decisions on their use and transmitting commands to car driv-
ers in order to improve the efficiency of interaction between road and river transport during cargo transshipment. For 
the proposed technology, the time for transshipment of cargo and idle time of vehicles under unloading was calculated 
using the theory of queuing systems. Counting the idle time of vehicles in various disciplines of choosing the cargo 
front (random or adjustable mode) made it possible to select the optimal system for regulating the approach of vehicles 
to the cargo fronts of the port terminal. The expected economic efficiency due to the reduction in the time of trans-
shipment of goods from one mode of transport to another, according to the results of calculations, is 20,5 thousand 
EUR. The scientific novelty lies in the theoretical substantiation of various technologies for the interaction of road 
and river transport on the territory of the port terminal. At the same time, the problem of determining the optimal 
control system for the delivery of vehicles of the cargo fronts of the port terminal, on which reloading to river vessels 
occurs, has been formalized and solved using the methods of simulation modeling. This allows to reduce the downtime 
of transport units and more efficiently use the loading and unloading mechanisms, and, consequently, to reduce cost 
indicators. Practical significance: the proposed technology can be introduced into the technological processes of 
large river port terminals, where various types of transport interact. The simulation results are recommended to be 
used by the dispatcher staff when planning to bring vehicles to the berthing cargo fronts. 

Key words: river transport; road transport; port terminal; simulation 


