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The issue of transportation of agricultural products from the producer to the buyer is important for
our country. Russia's full-scale war against Ukraine emphasized the extreme importance of the transport
complex for the economy and society. With the beginning of invasion of Ukrainian land, air communication
with the world was completely stopped, and sea ports were also blocked. With the beginning of hostilities on
the territory of Ukraine, the routes of transportation of agricultural products were disrupted, a large humber
of elevators were destroyed, the road surface of warehouses was destroyed, and sea ports were seized.

The purpose of this article was to study the current state of freight transportation in the conditions of
matrtial law, to improve and stabilize the ways of transporting agricultural products. The task was to find ways
to improve logistics and ways to protect grain products from missile strikes, as well as possible ways to export
this grain from the territory of Ukraine.

The article presents the results of an analytical analysis of the state of transportation of agricultural
products, suggests ways to stabilize and solve the problem. The development of logistics and cooperation with
foreign partners, the construction of protected hubs for storing grain products, as well as the construction of
modern elevators that could accumulate large volumes of products for their further transportation in large
batches to consumers. The best option for Ukraine would be the creation of grain hubs in European countries,
as well as transport grain by motor vehicle, accumulate grain in large batches, and deliver it to other parts of
the world, through the ports of Europe. However, today it is not so easy, because currently European countries
are imposing restrictions on the import of our grain products.

Today, despite the difficult military situation, the lost part of the transport infrastructure and logistics,
Ukraine is one of the largest grain exporting countries. The restoration of traditional ways of freight
transportation and the constant search for new ones is a sign of a healthy and promising policy for the
development of the transport industry. The European choice of our state, the support of partners will ensure
uninterrupted freight transportation and will give new impetus to the development of river and railway
transport.

Key words: logistics, freight transportation, grain elevators, grain agreement, problems in
transportation.

Fig. 6. Ref. 7.

1. Problem formulation

During the war, the agrarian sector of the economy became the main source of budget replenishment.
Four of the top-five positions of goods that Ukraine sold in 2022 became food and agricultural goods. The
issue of transportation of agricultural products from the producer to the buyer is important for our country.
Russia's full-scale war against Ukraine highlighted the extreme importance of the transport complex for the
economy and society. With the beginning of the invaders' invasion of Ukrainian land, air communication with
the world was completely stopped, and sea ports were also blocked. Therefore, all the hard work fell on the
shoulders of railway workers and car drivers, who from the first days of the war helped millions of Ukrainians
to leave for neighboring countries or safer regions of the Motherland, thus saving many of their lives [2]. The
Ukrainian transport system suffered, because the full-scale war almost destroyed all Ukrainian logistics. Grain
elevators and ports stopped, a significant number of elevator complexes were destroyed by the occupiers.
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Therefore, it is important to find rational ways to export Ukrainian grain, to provide for organizational and
institutional measures to stabilize the condition of the transportation of agricultural products.

2. Analysis of recent research and publications

Grain transportation is one of the most important factors in the logistics chain of any country. Ukraine
IS no exception, as it is one of the largest grain exporters in the world.

Before the full-scale war, in the 2021/2022 marketing year, Ukraine grew and harvested 84.6 million
tons of grain and leguminous crops, which is a record harvest. At that time, there were still 19.7 million tons
of grain left over from the previous year in granaries and elevators.

The vast majority of grain grown in Ukraine is exported to various countries of the world through sea
ports. If you depict the interaction of modes of transport schematically, it will look like in Fig. 1.

[ Basic elevators ]

Motor transport

[ Transfer (nodal) elevators ]

Motor transport Railway transport

Port elevator (Grain
terminal)

Fig. 1 Scheme of the interaction of modes of transport for the transportation of grain in Ukraine

Source: built by the author based on the data from the Ukrainian transport complex.

According to the Ministry of Agrarian Policy and Food of Ukraine and the State Tax Service of
Ukraine, in July-December 2021, Ukraine exported 32.6 million tons of grain, legumes and flour, and this
exceeded the export for the period of 2020 by 6.7 million tons.

Most of Ukraine's exports go through seaports (93-95%), to which goods are delivered by rail
(55- 60%), road transport (30-35%) and river (7-10%).
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Fig. 2 Grain export schedule for 2019-2021 million tons
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If we take statistical data from Ukrzaliznytsia, then in July-December 2021, it transported 18.5 million
tons of grain and milling products for export, so it can be concluded that 14.1 million tons were transported by
road and river transport [7].

The main market for grain export is the countries of Asia and Africa. The largest importers of domestic
grain products are Turkey, Spain, and Egypt.
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Fig.3 Geography of grain exports from Ukraine

Agricultural producers of Ukraine are represented by enterprises of different production volumes and
legal organization, from private personal farms and farms to agroholdings. Therefore, one of the main features
of the Ukrainian grain logistics system is elevators of different purposes, types and sizes, which became the
primary targets for missile attacks by the Russian invaders. According to various studies, Ukraine has lost 10
to 13 million tons of elevator capacity since the beginning of the full-scale war, which was 17 to 20% of the
total capacity. According to the www.elevatorist.com website, from February 24, 2022 to end of December
2022, the number of potentially destroyed or damaged warehouses reached 87 units, 165 elevators were located
in the temporarily occupied Luhansk, Donetsk, Zaporizhia and Kherson regions - this is more than 10% of the
pre-war certified capacities with grain storage [2] .

Also, as of November 2022 year, researchers estimated that the cost of repairing and restoring these
destroyed granaries will reach $1.1 billion.

In general, at the beginning of the full-scale war, it was | think that Russian troops were targeting grain
storage and processing enterprises, which is a war crime.

In a study by the American Conflict Observatory, it was calculated that Ukraine lost every sixth
elevator, and not only in the territories close to the front. Enterprises in Zhytomyr, Kyiv, and Vinnytsia regions
were destroyed and damaged by rocket attacks. Some elevators in Sumy Oblast and Chernihiv Oblast were
damaged back in February-March 2022 year during the occupation of these territories. However, the most
destroyed enterprises located in the eastern and southern regions: in Donetsk, Luhansk, Kharkiv, Zaporizhzhya,
Mykolaiv, Dnipropetrovsk.

One of the oldest elevators in Ukraine, which still worked in the Zaporizhzhia region - "Orikhovsky"
- was completely destroyed.

Due to proximity to the front line and artillery shelling in Kherson region, Mykolaiv region,
Dnipropetrovsk region and Kharkiv region, many small and medium-sized granaries were destroyed and
damaged. In Odesa, silos and premises of a large elevator and a bakery were damaged by a rocket attack.
Mykolaiv seaport survived several shellings, there were fires at oil terminals in the port in the summer. The
silos of one of the port elevators in Mykolaiv were on fire due to the impact of enemy missiles, another fire
was in the warehouses of the port-side enterprise of the Mykolaiv seaport [6].

Despite the active combat operations at the front and rocket attacks on the entire territory of Ukraine,
elevator construction did not stop, and the significant volumes of the previous year's harvest pushed farmers
to expand storage capacities even more. We have 32 ready and 44 new grain storage facilities under
construction. As manufacturers of elevator equipment said, some projects on the frontline and occupied
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territories have been put on hold, while the grain infrastructure continues to develop throughout the rest of
Ukraine. Thus, the company "Volyn-Zerno-Produkt™ increased its own capacities by 100,000 tons and built
2 new silos and warehouses. The company "Epicentr K" continued to complete the construction of two
elevators in the Khmelnytskyi region. The total storage capacity of the completed granaries will reach 180,000
tons. It is also known about the construction of new granaries and the increase of the capacities of already
existing elevators for medium and small farms. Installation of equipment and completion of projects in Lviv,
Volyn, Ivano-Frankivsk, Ternopil, Khmelnytskyi regions were reported by the companies KMZ Industries,
Lubnymash, and Zernova stolitsia [7].
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Fig. 4 Attacks on Ukrainian elevators

The loss of the ability to use sea freight has become a critical challenge for grain exports, so the "grain
deal" has become an opportunity for us. The opening of the "grain corridors” at the UN level was initiated at
the end of April 2022 year, when the Secretary General of the organization Antonio Guterres visited Kyiv,
Ankara and Moscow. The initiative belongs to the UN, and Turkey actively contributed to its implementation.
But the triumph of the signing was short-lived - in less than a day, Russia hit the Odesa port with missiles. At
the same time, they decided not to abandon the implementation of the agreement, which is beneficial to all
parties [2].
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Fig. 5 Exported agricultural products through the grain corridor as
of the beginning of February 2023
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The implementation of the "Istanbul plan" became possible primarily due to the release from the
temporary occupation of Zmiiny Island and the restoration of Ukraine's control in the northwestern part of the
Black Sea. The sea export of agricultural products through the "grain corridor" was resumed on August 1.
According to the terms of the signed agreement, grain shipment from Ukraine is carried out in three ports of
"Great Odesa": Odesa, Chornomorsk and Pivdenny (Odesa region). A caravan is formed from bulk carriers
loaded in Ukrainian ports. He, together with the leading ship, is going to Turkey for an inspection check. Ships
that successfully pass it will be able to continue moving on the agreed course. The grain corridor in Ukraine
works in a two-way direction: as many ships entered our ports to load grain, the same number left for the ports
of destination. During 45 days of work, Ukrainian Black Sea ports handled 134 ships. 3.1 million tons of
various agricultural products were loaded on board: corn, wheat, barley, rapeseed, soybeans and oil. Food is
exported to the following countries: Asia - 71 ships with 1.4 million tons of agricultural products were sent;
Europe - 44 ships, 1.1 million tons; Africa - 19 ships, 0.6 million tons [6].

3. The purpose and tasks of research
The purpose of the article is to study the current state of freight transportation in the conditions of
martial law, improvement and stabilization of the ways of transportation of agricultural products. The task of
the article: to find ways to improve logistics and ways to protect grain products from missile strikes, as well
as possible ways to export this grain from the territory of Ukraine.

4. Results of the researches

Despite the existing agreements on the "grain corridor”, we understand that it is necessary to urgently
look for other options for the transportation of grain products. River transport is getting a new wave. So, Odesa
region has become another place of active construction of new grain infrastructure and expansion of already
operating enterprises on the Danube. Granting the Danube River the status of inland waterway E-80-09 will
make possible the implementation of the European Agreement on the most important inland waterways of
international importance. Such actions will help reduce the burden on seaports and attract additional
investments for the development of the infrastructure of river ports and berthing facilities. Perhaps this will
become a starting point for the restoration of the river fleet.

Another step towards the stabilization of cargo transportation of export grain products can be the
increase of railway transport capacity through the creation of dry ports. The scheme of operation of which is
shown in fig. 6
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Fig. 6 Scheme of operation of the dry port

At the Chop railway station, such a "logistics hub™ with wide and narrow tracks for transshipment of
any agricultural products and processed products has already started operating. The activities of the logistics
hub "CHOP" include transshipment from broad gauge to narrow gauge and vice versa, as well as from any
type of wagons to motor vehicles and vice versa: covered wagons; half-cars; containers on platforms; hoppers
(grain trucks); tanks.

Ukrzaliznytsia and the German VTG agreed on the development of intermodal connections with
European countries. Such cooperation will ensure rhythmic, predictable and economical transportation of
goods.

At the beginning of 2023, Ukrzaliznytsia announced the introduction of an intermodal service that will
combine the transportation of container, trailer and combined transport trains to Poland, Romania, Austria and
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Turkey. Today, the possibilities of using the technological solutions of the French engineering company
Alstom and the Spanish company Tria regarding the purchase of wagons with a sliding system for the transition
from a track width of 1435 mm to a track of 1520 mm are being considered.

Interesting are the proposals of countries such as Oman and Egypt, which offer Ukraine to create a
grain or grain-food hub on its territory for uninterrupted supplies of Ukrainian grain to countries in the Horn
of Africa, primarily to countries such as Tanzania, Kenya, Somalia, Uganda, Rwanda, Ethiopia. However,
Oman, a country characterized by political instability, cannot be considered a reliable partner today. At the
same time, Egypt, for example, after learning about Ukraine's plans, also showed interest in discussing the
possibility of creating a similar logistics center on its territory. It is this country that has access to the sea and
the ocean, which makes it attractive for the creation of a grain hub. Here you can accumulate grain in large
batches and deliver it through the Arabian Sea and the Indian Ocean to China and the countries of the Far East.
It is also possible to deliver grain from Egypt to African countries using vehicles

If we consider the countries to which Ukraine exports grain, we can come to the conclusion that it is
most expedient to create grain hubs in such countries that have access to the sea.

However, the best option for Ukraine would be the creation of grain hubs in European countries. To
transport grain by motor vehicle, to accumulate grain in large batches, and to deliver it to other parts of the
world, through the ports of Europe. But, unfortunately, not everything is so simple, because currently European
countries are imposing restrictions on the import of our grain products. Basing this decision on the fact that
our grain prevents the sale of their farmers' grain [4].

5. Conclusion
Today, despite the difficult military situation, the lost part of the transport infrastructure and logistics,
Ukraine is one of the largest grain exporting countries. The restoration of traditional ways of freight
transportation and the constant search for new ones is a sign of a healthy and promising policy for the
development of the transport industry. The European choice of our state, the support of partners will ensure
uninterrupted freight transportation and will give new impetus to the development of river and railway
transport.
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IIJISAXW CTABLIIBAIIL CTAHY BAHTAKOITEPEBE3EHHS CLIbCbKOI'OCITIOABPCHKOI
MPOAYKIII B YMOBAX IIIMPOKOMACHITABHOI AT'PECII

3 nouwamkxom  eiticbkosux Ol Ha  mepumopii  Vkpainu, wisxu — mMpaHcnopmy6aHHs
CLIbCLKO20CNOO0APCbKOI NPOOYKYIl 0YI0 NOpYWeHo, 3HUWEHO GeluKy KilbKiCmb enesamopis, CcKiadie
3PYUHOBAHO OOPOJICHE NOKPUMMS, 3aXONjieHi Mopcvki nopmu. Memow Oanoi cmammi 6y10 00CHIONCEeHHs
CYUACHO20 CMAHY BAHMANICONEPEBE3eHHST Ni0 4acC BilicbKOB020 CMAHY MA 600CKOHANEHHS | cmabinizayis
WAXI8 Nepese3eHHsl CilbCbKO20CN00apchKoi npooykyii. 3agoanusm Oya0 3HaUmMu WIAXU HOKDAWEHHS
JIO2ICMUKY Ma WIIAXU 3aXUCHTY 3ePHO80I NPOOYKYii 810 pAKemHUX y0apie, a MaKoiC MONCIUGT MaPUPymu Ois
BUBE3EHHSL Yb020 3epHa 3 mepumopii Ykpainu. B cmammi nagedeno pesyiomamu aHANiMUYHO20 AHALIZY
CMAHYy BaAHMANCONEPEBE3CHHS CLIbCbKO2OCNOOAPChKOL NPOOYKYIl, 3anponoHO8ano wiisaxu cmaobinizayii ma
supiutents npobaemu. Possumox nozicmuxu ma cnienpays i3 3aKOPOOHHUMU NAPMHEPAMU, N00Y008a
3axuueHux xaoig 0uis 30epediceHHs 3ePHOB0T NPOOYKYIL, MAKoA’C N0OY008a CYHACHUX eNesamopis, siKi Mo2iu O
Hakonuuysamu Geauxi obcsazu npooyKyii, 01 nooarbuio2o ii mpaHCnopmy6aHHs GeIUKUMU NAPMIAMU OO0
3AMOGHUKIS.

Baoicnueum 0na nawoi Kpainu € numanHs mpancnopmy8aHisi CillbCbK020CH00apCbKoi npooyKyii 6i0
supobnuxka 0o noxynys. Iloenomacwmabna eitina Pocii npomu Ykpainu niokpeciuna Hao36UYAlHy
BAJCIUBICL MPAHCNOPMHO20 KOMNJIEKCY OJisl eKOHOMIKU Mad CYCRIIbCmed. 3 nouamKom 8MOpPZSHEHHS HA
VKPAIHCbKY 3emio OYI10 HOBHICMIO NPUNUHEHO NOGIMPSHE CHOLYYEHHS 31 CE8IMOM, d MAKOJIC 3a0J10KOBAHO
Mopcoki nopmu. 3 noyamxom Ootiosux Oili Ha mepumopii Ykpainu Oyau nopyuwieni mapuipymu
MPAHCNOPMYBAHHA  CiIbCbKO20CNOOAPCLKOI  NPOOYKYIl, 3PYUHOBAHO BeNUKY KIIbKICMb — e1esamopis,
3PYUHOBAHO OOPONCHE NOKPUMMSL CKAAOIB, 3AXONIEHO MOPCHKI NOPMU.

Memoro Oanoi cmammi 6y10 00CRIONHCEHHS CYYACHO20 CMAHY GAHMANCHUX NEPee3eHb 8 YMOBAX
B0EHHO20 CMAHY, B0OCKOHANEHHA mMa CmMabinizayii WiAxie MpaHcnoOpmy8aHHs CLIbCbKO20CNOOAPCbKOI
npooyKyii. 3a80anHs NONALAN0 8 MOMY, WOO 3HAUMU WIAXU NOKPAUJEHHS JIO2ICIMUKY MA WIAXU 3AXUCHTLY
3ePHOBUX NPOOYKMI6 8i0 paKemHux yoapis, a mako’c MONCIUBL WIIAXU GUBE3CHHS YbO20 3ePHA 3 MePUMOpii
Ykpainu.
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Y cmammi nagedeno pezynomamu ananimuuHo20 aHanizy CmMamy nepesesets CilbCbKO20CH00apChKoi
nPOOYKYIl, 3anponoHO8aHo wiiaxu cmabinizayii ma eupiutenus npobremu. Pozsumox nocicmuxu ma
CnispodIMHUYME0 3 IHO3EMHUMU NApmHepamu, OYOIBHUYMBO 3axuujeHux xabié 011 30epieauHs 3epHOBUX
npooyKmie, a maxodic OYOIGHUYMBO CYYACHUX eneeamopis, AKi Mo2nu 0 HAKOnuyyeamu Geauxi oocseu
npoOyKYii 011 NOOANbULO20 i MPAHCNOPMYBAHHA GEAUKUMU NAPMIAMU 00 CROdcusadie. OnmumarbHuM
sapiaumom 0asa YKpainu 0y10 6 CMBOpeHHs 3epHOBUX Xabi6 ) €8PONEUCbKUX KPAiHAX, d MAaAKOH#C
MPAHCNOPMYBAHHA 3€PHA ABMOMPAHCNOPIMOM, HAKONUYEHHS 3ePHA BeUKUMU NAPMIAMU Mad 00CMABIEHHS
020 6 iHwi yacmuru ceimy yepes nopmu €sponu. OOHAK Cb020OHI Ye He MAK NPOCMO, AdOHCe HUHI €BPONEICHLK
KPAiHu 660051mMb 0OOMENCEHHS HA IMNOPM HAWOT 3ePHOBOI NPOOYKYII.

Cb0200HI, He3z6adcalodUu HA CKAAOHY BIUCHLKOGY CUmMyayiio, 8mpaveHy YacmuHy mpaHCHOPMHOL
iHpacmpyxmypu ma nozicmuxu, Ykpaina € 00Hicio 3 HAUOIILUWUX KPAiH-eKcnopmepie 3epHa. Bionoenenus
MPAOUYIUHUX ULISXIE NEPeBe3eHH GAHMANCI6 I NOCMIHULL NOULYK HOBUX € O03HAKOI 300p060i ma
NepCneKmuUsHOi  NONMUKU  PO3BUMKY MPAHCNOpmMHOI  2anysi. €gponelicokull 8ubip Hawioi Oepxcasu,
niompumka napmuepie 3abe3neuams be3nepediliHicmb 8AHMANCHUX Nepese3enb ma 0adymb HOBUU NOWINOEX
PO36UMKY PIUKOBO20 A 3ANI3HUYHO20 MPAHCHOPMY.

Knrouoei cnoea: nocicmuka, 8anmadxcHi nepege3ents, 3epHoeNesamopu, 3epHo8a y200d, npodiemu 8
MPAHCNOPMYBAHHL.
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