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LOGISTICS METHODS FOR MANAGING THE TRANSPORTATION
OF HUMANITARIAN CARGO NEAR THE WAR ZONE

This article analyzes existing logistics systems, identifies problematic aspects of their functioning, and develops practical
recommendations for optimizing the transportation of humanitarian cargo. The logistical delivery of humanitarian cargo faces
many challenges near the war zone. The authors research the impact of various factors, including security risks for carriers,
limited access to transport and infrastructure, adverse weather conditions, and insufficient coordination between different
humanitarian organizations and local authorities. The characteristics of cargoes provided to citizens as humanitarian aid are
considered, and a means of transport for transporting goods from large warehouses to intermediate storage facilities is selected,
and transport routes are developed, taking into account the uncertainty of route selection due to shelling. Simulating the routes for
delivering humanitarian aid to frontline settlements has been carried out. The research emphasizes that efficient transportation
of humanitarian cargo from central warehouses to frontline areas is a complex but solvable challenge. Transporting cargoes from
central warehouses to intermediate ones, developing routes for further transportation to humanitarian aid distribution points,
and optimising the transport fleet are the main stages in developing an effective transport and logistics system. Specialised
algorithms of linear programming tasks were used to allocate vehicles and minimise costs. In the event of a danger associated
with hostilities, the availability of developed alternative routes ensures continuity of supply. Risk probability analysis makes it
possible to choose the safest routes.
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Mpysukin M. 1., Hecmepenxo I. L, bioix C. L, Yybenko O. I. Jlozicmuuni memoou ynpaeninusa nepese3eHHAMU
2YMAnimapHux 6anmasici¢ nooau3y 30nu 60iL06UX Oiil

Cmammio npucesuero anarizy iCHyUUX 102ICMUYHUX CUCTEM, BUABTEHHIO NPOOIEMHUX ACHEeKMI6 iX )YHKYIOHYBaHHS, A
MAKoiC PO3poOYI NPAKMUUHUX PEKOMEHOAYill Ot ONMUMI3ayii npoyecie mpaHcnopmyeants ymManimapnux eawmangicie. [loonusy
30HU 601L06UX Oill 102ICMUYHA OOCABKA CYMAHIMAPHUX BAHMANCIE CIMUKAEMbCSL 3 bazambma mpyoHouwamu. JJociioncyemcst
8NUB PISHUX (PAKMOPIE, 30KpeMa 6e3neK06i pusuKu 0Jis nepegizHuKis, 0bmedicenuli 00cmyn 00 Mpancnopmy ma inpacmpykmypu,
CKAAOHT NOCOOHT YMOBU, A MAKONC HeQOCMANIHA KOOPOUHAYIA MIJIC PISHUMU 2YMAHIMAPHUMU OP2AHI3AYIAMU MAa Micyesumu
opaanamu 81a0u. Po3ensanymo xapaxmepucmuxy 6aHmanticie, AKi HA0AOMbCA 2POMAOSHAM Y AKOCTI YMAHIMAapHoi 0onomozu,
00pano mpancnopmuutl 3acio 01 nepese3eH st BAHMANCIB 3 BEIUKUX CKIAOIE 00 NPOMINCHUX CKAOI8 Ma po3pOOLeHO Mapuipymu
nepese3enHs, GPaxo8yIoul HeGUIHAUEHICIb BUOOPY Mapuipymy uepe3 obcmpinu. Buxonano modeniosanns mapuipymie po3eesenns
2YMAHImapHoi 0onomo2u 6 NPUQpPoOHmMosi HaceieHi nynkmu. B docrioocenni niokpecioemncs, wo epexmuehe nepesesenis
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2YMAHIMAPHUX 8AHMAICIE 8I0 YEHMPANbHUX CKAAI8 00 NPUPPOHMOBUX PAliOHI8 € CKAAOHOIO0, dne GUPIULY8AHOI0 3a0ayero.
Ilepesesenns sanmadicie 8io yeHmpanoHux ckaadig 00 NPOMINCHUX, PO3POOKA MAPUPYMIE 0718 NOOANLUI020 MPAHCHOPMYBAHHS]
00 Micyb 6uoayi 2ymanimapHoi Oonomozu ma OnmuMizayiss MpaAHCNOPMHO20 HAPKY € OCHOSHUMU emandamu po3pooKu
ehexmusnoi mpancnopmuo-nozicmuynoi cucmemu. I1i0 vac suxkonanns ponooiny MpaHcnopmuux 3acodig ma Minimizayii
BUMPAI UKOPUCHIAHO CNEYIANI308aHI aN2OPUMMY 3404y TIHIHO20 npoepamysanns. Y pasi HaseHocmi Hebe3neku noe s3anoi
3 botioguMY OisMU, HAABHICHIL PO3POOIEHUX ANbIMEPHAMUBHUX MAPWIPYmMig 3abe3neuye besnepepericms nocmayvanns. Ananis
UMOBIDHOCI PU3UKIE HAOAE MONCIUBICIG 00pamu Hatlbe3neuHiu Mapuipymu.

KitrouoBi cnoBa: eymanimapna nozicmuxa, npu@poHmosi pauoHu, anbmepHamueHi 102iCMUYHI MApuwpymu, 2yMaHimapHi
BAHMAACI.

Problem statement. The modern world faces numerous challenges, one of which is conflicts and armed
confrontations, which create a need for humanitarian assistance. In situations where the lives and well-being of
millions of people are at risk, it is especially crucial to ensure the efficient transport of humanitarian cargoes. The
timely delivery of such cargoes can be vital for saving human lives, supporting the survival of affected communities,
and providing basic needs [1].

Logistics strategies for handling the transportation of humanitarian cargoes near war zones are critically
important in today's world, where armed conflicts leave millions without livelihoods and essential protections. That
is why this article is relevant.

Analysis of recent research and publications. Humanitarian cargo includes a wide range of vital resources,
such as medicines, food, clean drinking water, clothing, and other essential items [3]. However, the logistics of
these cargoes near the combat zone are often accompanied by numerous difficulties and challenges [12]. Among
them, it is worth highlighting security risks for carriers, limited access to transport and infrastructure, difficult
weather conditions, as well as insufficient coordination between various humanitarian organizations and local
authorities [8].

We have witnessed and participated in another wave of unprecedented mobilization not only of the Ukrainian
people, but also of people around the world, to assist both the Armed Forces of Ukraine and the Territorial Defense
Forces, as well as to provide humanitarian assistance to those affected by russian military aggression. At the
same time, we are forced to admit that the network potential of Ukrainians for cooperation, which ensured the
supply chains of necessary assistance, although it played a critically important role, remained untapped due to
the lack of effective coordination mechanisms. Logistics specialists in the global humanitarian community are
making increasing efforts to formulate principles, protocols, and a structure for effective interaction in the field of
humanitarian aid delivery. [9]

The team of authors in the work [11] proposes to use the method of hierarchy analysis to determine the criteria
for optimization and selection of the optimal transportation route in conditions of military conflict.

The article states [10] that volunteer organizations play a crucial role in meeting the humanitarian needs of
the population in Ukraine. The research analyzes in detail the volumes and types of assistance provided by various
organizations, and also emphasizes the importance of coordinated logistical processes and effective organization.
Much attention is paid to humanitarian logistics, which needs further development.

The purpose of the article is to comprehensively study methods and strategies that can increase the efficiency
of humanitarian cargo transportation near the combat zone. The research aims to conduct an in-depth analysis of
existing logistics systems, identify problematic aspects of their functioning, and develop practical recommendations
for optimizing transportation processes. The main focus is on studying the best international practices, implementing
innovative approaches, and utilizing modern technologies to enhance transportation efficiency.

Presentation of the main material. More than three years have passed since the full-scale invasion of Ukraine
began, and the humanitarian needs of the affected population remain high. An estimated 14,6 million people are in
urgent need of humanitarian assistance and social and legal protection services in 2024. Since the start of the year,
people across Ukraine have been suffering from widespread rocket attacks, which have killed and injured civilians
and damaged homes and critical infrastructure. The ongoing fighting in frontline and border communities in the
north, south, and east of the country is negatively impacting the population and forcing people to evacuate. From
January to March 2024, a total of 9,700 attacks were recorded across Ukraine. [1]

As of the end of December 2023, almost 907,000 people in Ukraine had received assistance to get through
the autumn-winter period from the United Nations High Commissioner for Refugees (UNHCR) and partners. It
provides cash assistance of UAH 6,660 per person. This aid is planned to reach over 617,900 people with special
vulnerability criteria to help them cover increased expenses during the winter months. [1]

Almost 249,000 people received essential items to get through the winter period (namely thermal blankets and
regular blankets), of which 77,000 people received winter clothing.

Over 11,800 people received housing assistance during the autumn-winter season. This includes nearly 8,500
individuals who received seasonal home insulation kits to keep their homes warm, such as materials traditionally
used in Ukraine to improve thermal insulation: heat-reflecting screens, transparent polyethylene film for windows,
foam sealants, and construction tape.
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At the same time, in close coordination with the authorities, the distribution of generators to communities
continues. As of today, more than 80 of the 147 planned generators have already been provided to communities. This
support will help people and communities be prepared for power outages and keep their homes warm.

To support internally displaced persons in temporary housing nationwide, UNHCR also helped repair and
insulate premises, as well as maintain heating and electricity systems. This support improved the living conditions
of nearly 28,200 IDPs in temporary accommodations.

In 2023, UNHCR provided multi-purpose cash assistance to 899,039 internally displaced families, returnees,
and individuals with special vulnerabilities to help cover basic needs such as food, medicine, clothing, shelter,
utilities, and energy costs during the autumn-winter season. This included 565,236 people who received three
months of multi-purpose cash assistance and 617,926 individuals who received cash support to help offset additional
costs related to the autumn-winter period. Many families with special vulnerability criteria received payments from
both programs. Over $223.6 million was allocated in 2023 to assist internally displaced and other war-affected
populations through multi-purpose cash assistance and energy cost support during the colder months.

UNHCR signed a Memorandum of Understanding with the Ministry of Social Policy of Ukraine and the
Pension Fund of Ukraine to provide additional support to the Ukrainian population during the winter period of
2023-2024. According to the Memorandum, UNHCR will provide cash assistance for the purchase of solid fuel
for more than 85,000 families with special vulnerabilities, including households of older people and families with
people with disabilities.

In December, UNHCR also provided cash assistance to 120 refugee families remaining in Ukraine to cover
their basic needs and rent.

UNHCR supplies standard essential items, such as blankets, kitchen sets, and solar lamps. Non-standard
items, like feminine hygiene products, mattresses, and clothing, are also being provided (Fig. 1). All this support is
distributed to those in need, mainly in frontline areas and among newly displaced people, as well as in areas where
access has recently been restored and which have been affected by shelling for months. The distribution of non-food
items is carried out with the help of implementing partners and local authorities. Assistance is delivered directly to
those in need or through participation in inter-agency responses.

Structure of non-food items

Non-standard essential items

263617

Other items 216846

Hygiene kits 374778

Essential items 476297

0 100000 200000 300000 400000 500000 600000
Fig. 1. Structure of non-food items

Helping war-affected families living in frontline communities meet their basic needs remains a priority.
UNHCR joined and provided essential items, including tarpaulins, plastic sheeting, blankets, solar lamps, and
bedding sets, for six inter-agency convoys in December, including three to Donetsk, two to Kherson, and one to
Kharkiv regions.

In total, UNHCR provided 3,120 tarpaulin sheets, 1,374 solar lamps, 30 rolls of plastic sheeting, 300 blankets,
300 bedding sets, 1,500 sleeping bags, and clothing for the six convoys. These items will help families in frontline
communities, including vulnerable people and people with disabilities, stay warm this winter.

Overall, more than 575,270 internally displaced and war victims have received essential items this year,
including people affected by renewed shelling across the country and people living in hard-to-reach frontline areas.
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A summary of the assistance received by item is shown in (Fig. 2).

Assistance received in 2023, persons

Compact accommodation - 99088

Repair materials - 247160
Essential items [N 575773
Financial assistance _ 899039
Protection services _ 1480928

0 200000 400000 600000 800000 1000000 1200000 1400000 1600000

Fig. 2. Aid received in 2023, persons

UNHCR’s shelter programme supports people affected by the war in three ways:

— providing emergency shelter to those in urgent need in areas directly affected by shelling;

— repairs and housing solutions to help people return to their homes, where possible;

—improving conditions or creating new places in collective accommodation for IDPs who cannot return home.

The number of people who received assistance in 2024 by month is shown in (Fig. 3).

Almost 2.9 million people were provided with food and agricultural supplies, mostly in frontline communities.
Almost 1.7 million people received health assistance.
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Fig. 3. Number of people who receive assistance in 2024 by months, in millions of people
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To prepare for the autumn-winter season, over 1.2 million people received fuel and supplies to repair damaged
homes, along with other non-food items. Humanitarian workers also offered protection services, including social
and legal support, child protection, gender-based violence prevention and survivor assistance, and mine action, such
as explosive ordnance risk education.

To reach frontline areas where access is difficult due to the security situation, humanitarian partners delivered
28 inter-agency convoys with assistance for almost 45,000 people in Donetsk, Zaporizhia, Kharkiv, and Kherson
regions, in addition to regular humanitarian assistance activities. The distribution of people assisted by region is
shown in (Fig. 4).
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Fig. 4. Distribution of people by region [5]

Among the statuses of citizens, assistance is provided to citizens of the following statuses: internally displaced
persons (IDPs), people who have returned to their places of residence, and non-displaced (Fig. 5) [5].

®mIDPs ®Returned ®m Non-displaced

Fig. 5. Population groups provided with assistance for January-September 2024
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Humanitarian aid is provided by many Ukrainian manufacturers, which is delivered to central warehouses
in the cities of Dnipro, Poltava, Kropyvnytskyi. Then, after the formation of sets, the goods are transported to an
intermediate warehouse in the cities of Kramatorsk, Chuhuiv, Izium, Zaporizhzhia, after which, for safety reasons,
they are reloaded onto smaller cars (pick-ups) and delivered to settlements in the frontline area.

It is essential to consider the characteristics of goods provided to citizens as humanitarian aid, select a vehicle
for transporting goods from large warehouses to intermediate warehouses, develop transportation routes from large
to intermediate warehouses, and simulate these routes for delivering humanitarian aid to frontline settlements from
Kramatorsk. In the initial phase of transportation, cargo should be moved from central warehouses with humanitarian
aid in cities such as Dnipro, Poltava, and Kropyvnytskyi to intermediate warehouses in Kramatorsk, Chuhuiv,
Izium, and Zaporizhzhia. In the second phase, delivery routes should be planned from Kramatorsk to frontline cities
(Kostiantynivskyi district).

The mathematical model of the transport process of transporting humanitarian cargoes looks like this. If x,,
is the volume of humanitarian cargo transported from warehouse i to intermediate warehouse j, then the transport
work for such transportation is equal to ¢ . The total transport work for the transportation of all cargo will be

X
m_n A

ZZC. x, . . Transport work must be minimised, so the target function of the transport task will be as follows [4]:

Z(X):)Zn:ic”x”—)Min. Q)

i=1 j=1

The system of constraints contains two groups of equations. The first group of m equations indicates that the
stocks of all m warehouses are transported in full, i.e.

Zx,.j:a,. ,i=12,..m. 2
j=1

The second group of constraints from » equations indicates that the needs of all consumers are fully satisfied,
i.e. Zx.j:bj , j=1,2,...n . Considering that x,.j.ZO:

i=l1
m

le.j:bj, j=L2,..n 3)

i=1

x,,20, i=1,2,.m, j=1,2,.n. 4)

In the transport problem model under consideration, it is assumed that the total warehouse stocks equal the
total requirements of intermediate warehouses, i.¢., the condition is met

2a=2b )
i-1 I=

Such a problem is called a problem with a correct balance, and its model is called closed. If equality (5) is not
satisfied, then the problem is called a problem with an incorrect balance, and its model is open.
When solving a transport problem, it is necessary to find a transportation plan, a matrix

X X Xin
X X. X
21 22 2n mon
X= ={ X, } 6
. . . )iz =17 ( )
xml me xmn

that satisfies the system of constraints (2), (3), (4) and minimises the objective function (1).

A transportation plan that satisfies the system of constraints (2), (3), (4) is called admissible.

A transportation plan in which the objective function is minimal is called optimal.

The transportation problem is a linear programming problem and can be solved by the simplex method
algorithm. Since this problem has several features, namely:

1) constraints are given in the form of equations;

2) each unknown appears in only two equations;

3) the coefficients for unknowns are units.

Special algorithms have been created for its solution [5].

There are 3 types of vehicles and 9 settlements where humanitarian aid needs to be delivered. The requirements
for the number of food packages and their weight are given in (Tab. 1).
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Table 1
Requirements for food packages by settlements

No. Settlement Number of food parcels, pcs Total weight, kg
1. Oleksiievo-Druzhkivka 7000 35000
2. Stepanivka 400 2000
3. Predtechyne 300 1500
4. Ivanopillia 700 3500
5. Illinivka 1000 5000
6. Kostiantynivnka 1 1100 5500
7. Kostiantynivnka 2 1150 5750
8. Kostiantynivnka 3 1300 6500
9. Kostiantynivnka 4 800 4000

Considering the capacity of vehicles in terms of load capacity, the cost of transportation to the i-th settlement
relative to the j-th type of vehicles, the cost of renting each type of vehicle, and the distribution of vehicles between
intermediate warechouses, we obtain the optimal transportation route based on linear programming tasks [2]. Thus,
the objective function for the first stage of transportation will be as follows:

F(x)=349.28x,, + 376.56x,, + 390.51x,, + 220.06x,, + 161.25x,, + 215.87x,, +
+250.80x,, + 205.00x,, + 189.01x;, + 183.37x,, + 187.42x,, + 70.00x,, —> min

With the following constraints:

()

By stocks:
X+ X, + X+ x,< 500
Xy + Xpy + Xpy + x,, < 450
Xy + x5, + x5+ x, < 500
By needs:

X, + Xy + x5, = 300
X, + Xy + x5, = 250
X3+ X+ x5, = 450
X, + X, + x5, = 450

Food packages provided as humanitarian aid to war-affected people include canned goods, cereals, pasta,
flour, yeast, oil, salt, sugar, tea, bottled drinking water, and beverages. These goods do not have special storage
temperature requirements, but some of them require storage and transportation in dry places.

Choosing the right vehicle for transporting goods is of great importance for the success and efficiency of
any logistics process. The right solution in this area can reduce costs, improve transportation safety, and ensure the
timely delivery of goods.

Key factors to consider when choosing a vehicle:

Type of cargo: The characteristics of the cargo, such as its size, weight, and sensitivity to transport conditions,
influence the choice of transport vehicle. Considering the transportation of goods that only need to be protected from
moisture, special vehicles (SV) are not required for transportation.

Choosing the right vehicle can significantly reduce transportation costs. Optimizing fuel, maintenance, and
other operating costs helps to increase the profitability of logistics operations.

Choosing a vehicle that meets the needs of fast and reliable delivery guarantees the timely arrival of the cargo
at its destination. This is especially important for companies working with urgent orders or perishable goods. Given
that the delivery takes place in an area close to the front line, speed is also of great importance.

Vehicles that meet modern environmental standards help reduce environmental impact. Choosing a vehicle
with low CO, emissions supports corporate responsibility and contributes to a positive company image.

Reliable vehicles with special safety systems ensure the safety of cargo during transportation. This reduces the
risk of damage to goods and losses associated with accidents or other incidents on the road.

The correct choice of a motor vehicle allows you to optimize transportation processes, reduce costs, and
increase the overall efficiency of logistics. This is a strategic decision that requires careful analysis and consideration
of all aspects of transportation.

The selection of the optimal vehicle model from three competitive ones is based on a comparison of the results
of technical and operational calculations, as well as technical and economic calculations. Three types of rolling
stock were selected for comparison: DAF FX105, Mercedes-Benz Actros, and Renault Magnum [6]. A comparison
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of vehicles is given in Table 2. In the future, the selected model will be used for cargo transportation along the

Dnipro-Kramatorsk route.

Table 2
Comparative table of rolling stock of vehicles
No. Indicator Option 1 Option 2 Option 3
1. |Car brend DAF FX 105 Renault Magnum Mercedes-Benz Actros
2. | Euro compliance Euro 5 Euro 5 Euro 6
3. | Transmission Manual Manual Automatic
4. |Power (horsepower) 410 480 448
5. |Fuel type diesel diesel diesel
6. | Fuel consumption (litres per 100 km) 30 33 28
7. | Load capacity (kg) 45000 45 000 45000
8. | Year of manufacture 2017 2017 2018
9. |Car price 24000 dollars 23000 euros 36000 euros
10. | Car tyre cost 10500 UAH 10500 UAH 10500 UAH
11. |Technical speed (km/h) 85 75 80
12. | Productivity (t) 1.55 1.38 1.45
13. | Productivity (t/km) 1074.18 957.29 1050.76

According to the calculations, the first option (DAF FX 105) showed higher hourly productivity, so we chose

it for transportation.

Considering the amount of cargo for different settlements that transport aid directly to the front line, we
suggest choosing vehicles of different load capacities.

The vehicle with a load capacity of up to 1.5 tons.

We will prepare the initial data in Excel and provide information on distances, stocks, and requirements (Tab. 3).

Table 3
Initial data for calculating the transport task
Chuhuiv Izium Kramatorsk Zaporizhzhia Stocks
Kropyvnytskyi 349.28 376.56 390.51 220.06 500
Poltava 161.25 215.87 250.80 205.00 450
Dnipro 189.01 183.37 187.42 70.00 500
Needs 300 250 450 450

The obtained results are shown in (Fig. 6).

o Haomin

\\M {

=\
¥

\

ldZatLting

%})'\: OO
lobems

¥ L 5

Fig. 6. Transportation scheme based on the solution of the transportation task
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Thus, the minimum transport work will be 292114 t-km. From Kropyvnytskyi to Izium, 50 tonnes of cargo
are delivered, and to Zaporizhzhia, 450 tonnes. From Poltava, 300 tonnes to Chuhuiv and 150 tonnes to [zium. From
Dnipro 50 tonnes to [zium and 450 tonnes to Kramatorsk.

To solve the transport task, distances were calculated using the criterion of minimum distance; however, due
to the proximity of the front, it is necessary to have alternative routes in case of shelling.

In case of shelling of this territory, alternative routes can be used, one through Synelnykovo and Vasylkivka,
and the second through Pokrovsk.

Since it is essential to deliver food and hygiene products to people in settlements as quickly as possible,
we choose the route that is both the shortest and fastest in terms of delivery time. We also have two alternative
routes passing through the cities of Pokrovsk and Vasylkivka. Let us analyze the probabilities associated with these
alternative routes. Along a similar route, 60% of vehicles carrying humanitarian cargo pass through Pokrovsk, while
40% go through Vasylkivka. Additionally, 5% of vehicles near Pokrovsk come under fire, compared to only 2% near
Vasylkivka. We need to calculate these probability indicators.

Let us formulate two hypotheses: H, — the vehicle passed through Pokrovsk, H, — the vehicle passed through
Vasylkivka. Let event A — the vehicle was waiting for the end of the shelling.

To determine the probability that a random vehicle with humanitarian cargo was waiting for the end of the
shelling near the city of Pokrovsk, we need to use the Bayes formula, according to which [8]:

P(H,)-P(A/H,) _ 0,6-0,05 _ 0,03
P(H,)-P(A/H,)+P(H,)-P(4/H,) 0,6-0,05+0,4-0,02 0,038

P(H,/ 4)= =0,79=79%

Then, by the property of probabilities that their sum is equal to 1, we have that the probability of downtime
in Vasylkivka will be as follows:

P(H,)=1-0.79=021

Thus, for the alternative transportation route, we choose route No. 2, via Vasylkivka, because this route has a
lower probability of coming under fire.

There are 3 types of vehicles and 9 settlements where humanitarian aid needs to be delivered. The requirements
for the quantities of food packages and their weights are given in (Tab. 4).

Table 4
Requirements for food packages by settlements
No. Settlement Number of food parcels, pes Total weight, kg
1. Oleksiievo-Druzhkivka 7000 35000
2. Stepanivka 400 2000
3. Predtechyne 300 1500
4. Ivanopillia 700 3500
5. Illinivka 1000 5000
6. Kostiantynivnka 1 1100 5500
7. Kostiantynivnka 2 1150 5750
8. Kostiantynivnka 3 1300 6500
9. Kostiantynivnka 4 800 4000

So, according to the terms of the task, the optimal transportation option should be as follows: four vehicles
with a load capacity of 8 tonnes (the third type) and one vehicle with a load capacity of 3 tonnes (the second type) go
to the urban village of Oleksiievo-Druzhkivka; two vehicles with a load capacity of up to 1.5 tonnes (the first type)
go to the village of Stepanivka; one vehicle of the first type goes to the village of Predtechyne; one vehicle of the
first type and one of the second type go to the village of Ivanopillia; one vehicle of the third type goes to the village
of Illinivka; one vehicle of the third type goes to the city of Kostiantynivka (the first district); another of the third
type to Kostiantynivka (the second district); one vehicle of the third type to Kostiantynivka (the third district); and
one vehicle of the first type and one of the second type go to Kostiantynivka(the fourth district). This allocation and
distribution of the vehicle fleet ensures minimal costs for transporting humanitarian cargo.

After three years of a full-scale invasion of Ukraine, the humanitarian crisis has not eased; rather, the needs of
the affected population remain high. Massive rocket attacks and ongoing hostilities have caused significant civilian
casualties and destroyed infrastructure, forcing thousands of people to leave their homes. Organizations such as
UNHCR are working to provide a variety of assistance — from monetary to material support — meeting the basic
needs of those affected and helping them survive the autumn and winter months.
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Fig. 7. Transportation scheme from the warehouse to issuing points

Overall, humanitarian assistance in Ukraine as of the end of August 2024 has achieved significant results
thanks to the efforts of more than 580 organizations. It was able to support 6.7 million people by providing water
supply, food, healthcare, and non-food items. Successful preparations for the autumn-winter season enabled support
for over 1.2 million people with fuel and materials for house repairs.

It is worth noting the important role of multi-purpose cash assistance, which helped more than 600,000 people
meet their basic needs. Also, providing education to almost 530,000 people is a significant achievement.

Thanks to inter-agency convoys, it was possible to reach hard-to-reach frontline areas and provide assistance
to nearly 45,000 people, which is an important step in overcoming the consequences of the conflict.

Humanitarian partners continue to work to improve the living conditions of internally displaced persons
and provide necessary support to citizens of various statuses, which is crucial to a further successful response to
humanitarian challenges in Ukraine.

Conclusions. Despite numerous challenges, both international and local efforts focus on supporting the most
vulnerable groups, improving living conditions for internally displaced persons, and providing them with housing.
The success of these initiatives is vital for ensuring the survival and dignity of those facing hardship due to the
war. The daily work of coordinating humanitarian aid and responding to emergencies continues to be crucial in
overcoming the war's impacts and maintaining stability in the country.

The effective transportation of humanitarian cargo from central warehouses to front-line areas is a challenging
but solvable task. Developing an efficient delivery system based on logistics management methods involves several
key stages: moving cargo from central warehouses to intermediate depots, creating routes for further transportation
to distribution points, and optimizing the transport fleet. Using specialized algorithms for linear programming tasks
helps find the best solutions for vehicle allocation and cost reduction.

Choosing the right vehicle for cargo transport is crucial for the success of logistics operations. The proper
choice can significantly cut costs, enhance safety, and ensure on-time delivery. Optimizing delivery routes and
selecting rolling stock with different capacities helps reduce transportation expenses and improve transport efficiency.
The minimum transport work for the first stage will be 292,114 t-km, with 50 t delivered from Kropyvnytskyi to
Izium, 450 t to Zaporizhzhia, 300 t from Poltava to Chuhuiev, and 150 t to Izium. Additionally, 50 t move from
Dnipro to Izium, and 450 t to Kramatorsk. In the second stage, selecting and distributing the vehicle fleet minimizes
transportation costs for humanitarian cargo.

During threats like shelling, having alternative routes ensures supply continuity. Risk analysis helps identify
the safest routes. Overall, careful planning, modern vehicles, and route optimization are key to successfully
delivering humanitarian aid, especially during military operations.
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