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MODEL FOR DETERMINING                                                               
THE OPTIMAL SIZE OF A MULTI-NOMENCLATURE 

CARGO BATCH, TAKING INTO ACCOUNT                                                                                          
THE WEIGHT AND VOLUME CHARACTERISTICS                               

OF THE TRANSPORT VEHICLE

Lutsenko E.A.

There is considered the cargo transportation dynamics that indicates 
an increase in the small consignments volume. There are determined the 
main criteria for small shipments delivery in relation to transport compa-
nies and their customers. Based on criteria there was proposed solution 
to optimize cargo deliveries. This solution is to consolidate cargoes de-
liveries with different nomenclature positions in a single vehicle. There 
was proposed the model for determining the optimizing consignment size 
task that allows loading the transport vehicle with several nomenclature 
positions of cargoes effectively.

Purpose. To determine the consignment size using weight and vol-
ume characteristics of load units and the transport vehicle.

Methodology / Methods. In the article mathematical statistics meth-
od was used.

Conclusion. The algorithm for determining the optimizing consign-
ment size task is proposed.

Keywords: small consignments; weight and volume characteristics; 
consumer demand; automobile transport. 

МОДЕЛЬ ОПРЕДЕЛЕНИЯ ОПТИМАЛЬНОГО                            
РАЗМЕРА МНОГОНОМЕНКЛАТУРНОЙ ПАРТИИ                    

ГРУЗОВ С УЧЕТОМ ВЕСОГАБАРИТНЫХ                                                                                                      
ХАРАКТЕРИСТИК ТРАНСПОРНОГО СРЕДСТВА

Луценко Е.А.

Рассмотрена динамика грузоперевозок, свидетельствующая 
об увеличении объема малых партий грузов. Определены основные 



27Международный журнал перспективных исследований, Т. 10, №1, 2020

критерии доставки малых партий грузов по отношению к транс-
портным компаниям и их клиентам. На основе этих критериев 
было предложено решение по оптимизации доставки грузов. Это 
решение заключается в консолидации поставок грузов различных 
номенклатурных позиций в одном транспортном средстве. Предло-
жена модель определения задачи оптимизации размера груза, позво-
ляющая эффективно загружать транспортное средство несколь-
кими номенклатурными позициями товаров.

Цель. Определить размер партии грузов с помощью объем-
но-массовых характеристик укрупненных грузовых единиц и транс-
портного средства.

Методология / Методы. В статье используется метод мате-
матической статистики.

Результаты. Предложен алгоритм определения оптимально-
го размера партии грузов.

Ключевые слова: мелкие партии; объемные и массовые харак-
теристики; потребительский спрос; автомобильный транспорт. 

Currently, the transport system must interact with other components 
of the cargo delivery transport system: the warehouse complex, sup-
pliers and goods consumers [1, 2]. Thus, transport companies should 
be focused on achieving both their own goals and the goals of partici-
pants who interact throughout the whole supply chain from the goods 
manufacturer to their final consumer.

The finished products consumer is aimed at minimizing transportation 
costs. The main criterion that affects transportation costs is the rolling 
stock (automotive rolling stock). It is due to the efficient use of vehicles 
that the transportation rate (set by transport companies) is reduced.

For all supply chain participants, the most effective delivery option 
is to deliver a batch of an equal a fully loaded vehicle batch. This option 
allows, on the one hand, to effectively use rolling stock, which is one 
of the fundamental tasks in the activities of transport companies, and on 
the other – to deliver goods batch as quickly as possible from the man-
ufacturer to the products consumer, bypassing the time spent on storage 
in intermediate warehouses [3, 4].
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However, the cargo transportation dynamics indicates an increase in the 
small shipments volume. According to the research agency M.A. Research, 
the share of groupage cargo transportation in the Russian Federation in the 
cost volume structure of the commercial road cargo transportation market 
in 2017 amounted to 20.7%, and in 2020, this segment is expected to in-
crease to 24.6%. The main factors for the growth of small consignments 
transportation by road are a decrease in the physical volume of one delivery 
of transported goods, a decrease in total costs by consolidating goods of 
different nomenclature positions from different shippers, and the territorial 
expansion of trade networks. Indicators that predict business activity (PMI) 
[5, 6] and the inventories level [7–9] also evidence this trend.

For goods transportation in small batches, the main thing for the cus-
tomer (the consumer of goods) is, on the one hand, to minimize transpor-
tation costs, and on the other hand, there is a need to reduce the time for 
delivery of goods in small batches. When transporting small consignments 
of goods, additional necessary delivery participants appear (for example, 
warehouse complexes – for storage and distribution small consignments to 
one dispatch with a full load of vehicle in the direction of one consignee).

For transport companies, the main criteria for cargo transportation re-
main transportation costs reduction and need for efficient use of ro lling 
stock. This criterion is not fundamental for goods transportation with a 
full load of vehicles. Consider the impact of the main criteria for small 
shipments delivery in relation to transport companies and their custom-
ers (Table 1).

Table 1.
Criteria for goods delivery in small batches

Criteria Transport companies Customers
Minimizing transportation costs + +
Minimizing delivery time + +
The efficiency of vehicles use + –

Thus, it can be noted from Table 1 that the customer is not interest-
ed in efficient use of vehicles when ordering goods delivery. In order to 
optimize the delivery of transport companies and at the same time not to 
lose customers, it is necessary to improve the delivery process in small 
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batches. Not all transport companies have the capacity to full the roll-
ing stock fleet with trucks of lower load capacity. Therefore, one of the 
solutions to optimize cargo deliveries can be the consolidation of goods 
deliveries [10–13] with different nomenclature positions in a single vehi-
cle. This solution will allow to use rolling stock efficiently, and to deliver 
goods in the required for customers volume, corresponding to the final 
consumers demand, which in turn will reduce the total logistics costs.

On water transport, a method was developed to determine the unit 
loading volume of cargoes and the number of units of cargoes of two 
nomenclature positions to improve the efficiency of vehicle cargo space 
using. The efficiency of vehicle exploitation depends on the utilization 
degree of cargo capacity (by volume) and load capacity (by weight).

A complex indicator that characterizes the efficiency of vehicle usage in 
terms of volume and weight is the unit cargo capacity. This indicator is fun-
damental in the tariff rates formation for small shipments transportations.

In addition to the compatibility of transported cargoes of different no-
menclature items, the efficiency of vehicle using depends on the volume 
and weight goods characteristics. The main cargo characteristic is the unit 
loading volume that shows the average volume of one ton of cargo in a ve-
hicle. It is this characteristic that determines whether the load is heavy (full 
load capacity use) or light (partial load capacity use) for the certain vehicle.

The purpose of this method is to determine the unit loading volume 
of cargoes and the number of units of transported goods in two nomen-
clature items for a particular vehicle.

In accordance with the transport characteristics of cargo spaces (load-
ing capacity – weight and cargo capacity – volume) and load unit (di-
mensions, gross weight) there is determined the unit volume of the ve-
hicle and load unit. The further calculated stacking coefficient on water 
transport takes into account the use of a cargo space that differs from 
a parallelepiped (i.e., the space between the cargo and the walls of the 
cargo space is additionally considered). This factor for palleted cargoes 
delivery by motor vehicles can be neglected, as discussed cargo in the 
integrated cargo units is approximated to the form of a parallelepiped, as 
the vehicle itself, i.e., cargo shape coefficient can be taken equal to one.
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Comparing the unit loading volumes of cargoes and the vehicle al-
lows determining which one of the two cargoes is heavy and which is 
light. Setting up a system of equations for load capacity and cargo ca-
pacity of the vehicle allows determining load of two types of cargoes.

The algorithm for calculating the effective cargo space use in a ve-
hicle is shown in Fig. 1.

Fig. 1. Algorithm for efficient vehicle usage
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Determining the optimal loading of a particular vehicle with car-
goes of different nomenclature positions (using the method used in 
water transport) can also be used in road transport, taking into account 
adjustments. As the carriage of goods in small consignments may re-
quire a vehicle load cargoes with more than two nomenclature items, 
it is necessary to upgrade the approach with the possibility of loading 
goods of more than two items.

References
1. Malikov O.B. Sklady i gruzovye terminaly v tsepyakh postavok [Ware-

houses and cargo terminals in supply chains]. Russian Journal of Lo-
gistics & Transport Management. 2015. Vol. 2. №2, pp. 3–7.

2. Lutsenko E.A. Rol’ avtomobil’nogo transporta v obsluzhivanii khabov 
[The role of automobile transport in hubs service]. International Jour-
nal of Advanced Studies. 2015. Vol. 5 №3, pp. 50–54.

3. Domnina S.V., Fedorenko A.I. Razvitie rynka transportno-logistich-
eskikh uslug v stranakh Evraziyskogo ekonomicheskogo soyuza [De-
velopment of the transport and logistics services market in the countries 
of the Eurasian economic Union]. Logistika segodnja. 2014. Vol. 66. 
№06, pp. 344–361.

4. Terentyev Yu.A., Filimonov V.V., Malinetskiy G.G., Smolin V.S., Kole-
dov V.V., Suslov D.A., Karpukhin D.A., Mashirov A.V., Shavrov V.G, 
Fongratowski S.V., Kovalev K.L., Ilyasov R.I., Poltavets V.N., Levin 
B.A., Davydov A.M., Koshkidko Yu.S., Kurenkov P.V., Karapetyants I.V., 
Kryukov P.V., Drozdov B.V., Kraposhin V.S., Semenov M.Yu., Nizhelskiy 
N.A., Solomin V.A., Bogachev V.A., Fomin V.M., Nalyvaichenko D.G., 
Bogachev T.V., Tochilo V.V. Integrirovannaya tranzitno-transportnaya 
sistema (ITTS) Rossii na osnove vakuumnogo magnitno-levitatsionno-
go transporta (VMLT) [Russia integrated transit transport system (ITTS) 
basid on vacuum magnetic levitation transport (VMLT)]. Transportnye 
sistemy i tekhnologii [Transportation Systems and Technology]. 2018. 
Vol. 4. №3 suppl. 1, pp. 57–84. DOI: 10.17816/transsyst201843s157-84.

5. Shcherbinina L.Ju., Peres’ko Ju.A. Obzor metodik po otsenke indeksov 
delovoy aktivnosti [Review of techniques for the evaluation of the in-



32 International Journal of Advanced Studies, Vol. 10, No 1, 2020

dex of business activity]. Voprosy ekonomiki i upravleniya. 2016. Vol. 
3. №1, pp. 52–55. 

6. Natsypaeva Ye A. Analiz sushchestvuyushchikh podkhodov k otsenke 
delovoy aktivnosti predpriyatiya [Overview of existing approaches to 
business activity of enterprise assessment]. Vestnik Saratovskogo go-
sudarstvennogo social’no-jekonomicheskogo universiteta. 2011. №3, 
pp. 85–87.

7. Nahmias S. Sistemy skoroportyashchikhsya zapasov [Perishable Inven-
tory Systems]. International Series in Operations Research & Man-
agement Science. 2011. 96 pp. DOI: 10.1007/978-1-4419-7999-5.

8. Bochkarev P.A. Metodika rascheta pokazateley nadezhnosti v tsepyakh 
postavok [Managing supply chain reliability in supply logistics]. PhD 
thesis, NIU VShJe. 2015. St. Petersburg.

9. Sviridova V.V., Kudryashova T.V. Sovershenstvovanie sistemy uprav-
leniya zapasami na torgovom predpriyatii [Improvement of the inven-
tory management system at the trade enterprise]. BENEFICIUM. 2019. 
Vol. 30. №1, pp. 35–52.

10. Nagornyi Ye., Naumov V., Shulika O. Model’ vybora optimal’noy 
mezhdugorodnoy skhemy dostavki upakovannykh gruzov s ispol’zo-
vaniem avtomobil’nogo transporta [The model for selecting the opti-
mal intercity scheme for packaged cargo delivery with the use of road 
transport]. Avtomobil’nyj transport. 2014. №35, pp. 110–115.

11. Aleksejevs R., Guseinovs R., Medvedev A.N., Guseynov Sh.E. Mod-
el’ perevozki sbornykh gruzov [Groupage cargo transportation model]. 
Transport and Telecommunication. 2016. Vol. 17. No. 1, pp. 60–72. 
DOI: 10.1515/ttj-2016-0007.

12. Bakulіch O.O., Musatenko O.V., Samojlenko E.S. Analiz pokazateley 
effektivnosti raspredelitel’noy sistemy dostavki gruzov [Analysis of 
the efficiency indicators of cargo delivery distribution system]. Tekhno-
logicheskiy audit i rezervy proizvodstva [Technology audit and produc-
tion reserves]. 2016. Vol. 29. №3/2, pp. 40–44. DOI: 10.15587/2312-
8372.2016.71550.

13. Liotta G., Stecca G., Kaihara T. Optimizatsiya gruzopotokov i snab-
zheniya v ustoychivykh proizvodstvennykh i transportnykh setyakh 



33Международный журнал перспективных исследований, Т. 10, №1, 2020

[Optimisation of freight flows and sourcing in sustainable production 
and transportation networks]. International Journal of Production Eco-
nomics. 2015. №164, pp. 351–365. 

Список литературы
1. Маликов О.Б. Склады и грузовые терминалы в цепях поставок // 

Russian Journal of Logistics & Transport Management. 2015. №2(2). 
С. 3–7.

2. Луценко Е.А. Роль автомобильного транспорта в обслуживании 
хабов // International Journal of Advanced Studies. 2015. №3 (5).  
С. 50–54.

3. Домнина С.В. Развитие рынка транспортно-логистических услуг 
в странах Евразийского экономического союза / Домнина, С.В., 
Федоренко, А.И. // Логистика сегодня. 2014. №06 (66). С. 344-361.

4. Терентьев, И.А., Филимонов, В.В., Малинецкий, Г.Г. и др. Инте-
грированная транзитно-транспортная система (ИТТС) России на 
основе вакуумного магнитно-левитационного транспорта (ВМЛТ) 
// Транспортные системы и технологии. 2018. Т. 4. №3 прилож. 1. 
C. 57-84. DOI: 10.17816/transsyst201843s157-84

5. Щербинина Л.Ю. Обзор методик по оценке индексов деловой ак-
тивности / Щербинина, Л.Ю., Пересько, Ю.А. // Вопросы эконо-
мики и управления: научный журнал. 2016. №3.1. С. 52–55. 

6. Нацыпаева Е.А. Анализ существующих подходов к оценке деловой 
активности предприятия // Вестник Саратовского государственного 
социально-экономического университета. 2011. №3. С. 85–87.

7. Намиас С. Системы скоропортящихся запасов // International Series 
in Operations Research & Management Science. 2011. 96 с. DOI: 
10.1007/978-1-4419-7999-5.

8. Бочкарев П.А. Методика расчета показателей надежности в цепях 
поставок: дис. … канд. экон. наук: 08.00.05 / П.А. Бочкарев; НИУ 
ВШЭ. СПб., 2015.

9. Свиридова В.В., Кудряшова Т.В. Совершенствование системы 
управления запасами на торговом предприятии // BENEFICIUM. 
2019. №1 (30). С. 35–52.



34 International Journal of Advanced Studies, Vol. 10, No 1, 2020

10. Нагорный Е., Наумов В., Шулика О. Модель выбора оптимальной 
междугородной схемы доставки упакованных грузов с использо-
ванием автомобильного транспорта // Автомобильный транспорт. 
2014. №35. С. 110–115.

11. Алексеев Р. Модель перевозки сборных грузов / Алексеев Р., 
Гусейнов Р., Медведев А.Н., Гусейнов Ш.Е. // Transport and 
Telecommunication. 2016. №1 (17). С. 60–72. DOI: 10.1515/ttj-2016-
0007.

12. Бакулич О.О., Мусатенко О.В., Самойленко Е.С. Анализ показате-
лей эффективности распределительной системы доставки грузов // 
Технологический аудит и резервы производства. 2016. №3/2 (29). 
С. 40–44. DOI: 10.15587/2312-8372.2016.71550.

13. Лиотта Г. Оптимизация грузопотоков и снабжения в устойчивых 
производственных и транспортных сетях / Лиотта Г., Стекка Г., 
Кайхара Т. // International Journal of Production Economics. 2015. 
№164. С. 351–365.

DATA ABOUT THE AUTHOR
Lutsenko Elizaveta Aleksandrovna, Assistant Professor «Motor 

transportations»
 Moscow Automobile and Road Construction State Technical 

University (MADI)
 64, Leningradsky prospect, Moscow, 125319, Russian Federation
 elutsenko07@gmail.com
 SPIN-code: 4142-2781

ДАННЫЕ ОБ АВТОРЕ
Луценко Елизавета Александровна, старший преподаватель ка-

федры «Автомобильные перевозки»
 Московский автомобильно-дорожный государственный 

технический университет (МАДИ)
 Ленинградский проспект, 64, Москва, 125319, Российская 

Федерация
 elutsenko07@gmail.com


