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The possibility of optimization of the grain crops supply chain taking into account the interests of the farm is
investigated in the work. The main trends in the agricultural sector of Ukraine, which directly or indirectly affect the
activities of the farm, are analyzed in the work.

It is established that the choice of the most optimal means of transport for grain crops transportation allows the
farm to reduce the cost of the logistics supply chain, which in turn will lead to increased profitability and expansion
of the agricultural sector. The solution to this problem is possible through the modeling of the grain crops logistics
supply chain. To form a model of the grain crops supply chain the process of grain delivery as a system that contains
many acceptable alternatives for making the most rational decision. The proposed model is presented in form of a
"black box" model. The objective function of this model for farms is to make a rational decision on the process of
grain delivery in order to maximize profits by optimizing the costs of such supply chain and ensuring the development
of farming as an activity.

The original variables of this model are: grain crops yields and grain crops humidity; farm’s sown area; harvesting
equipment efficiency; own granaries capacity; cost for grain storage in own granary or for elevator service; grain
share depending on the storage place; sales price of grain crops: to the internal buyer, at the grain reception center,
at the port terminal, and also weather and climate conditions during harvest (favorable / unfavorable conditions).

The initial indicators that will characterize the success of the grain delivery process will be the following one:
harvest duration, harvest amount, trucking cost, average daily harvest duration, additional costs obtained by
managing grain humidity, magnitude of crop losses due to the harvest duration, magnitude of losses due to the grain
quality reduction (with mixing, without mixing).

The proposed model will consider all these factors and their impact on harvesting, storage and transportation of
grain crops, and will help to take into account the costs for farms depending on the situation.

Key words: grain logistics, farming, supply chain, «black box» model.

Problem statement

The active development of the agricultural sector in Ukraine, in particular the cultivation of grain crops,
contributes to the activation of its subjects. Today we see not only the development of agricultural holdings,
but also the farms growth. Thus, as of July 1, 2021 the number of farms is 48.4 thousand, which is lower than
in 2013 - 49.1 thousand (a record number of farmers in Ukraine). However, from 2015 to 2021 only a positive
dynamics of farms growth is observed, in general by 11% [1].

Along with the development of farming in Ukraine, farmers face the problem of choosing a place to store
products, vehicle types, grain species and new technologies for harvesting. All these factors, individually and
in combination, affect the profitability of a farm. That is why a rational assessment of the costs that take part
in the supply chain of grain products is of practical importance and is of interest to the farm.

Main part

The number of small farms is 69% havingsize of the harvested area up to 200 ha (Fig. 1) of the total number
of agricultural enterprises in Ukraine to date. Therefore, decision-making by a farm is important not only to
increase its own profitability, but also for the agricultural sector of Ukraine. Having considered the main trends
in the agricultural sector of Ukraine, which directly or indirectly affect the activities of the farm, it is necessary
to highlight the following:

1. The influence of agricultural holding companies

The Ukrainian agricultural industry is characterized by the presence of agricultural holdings. Although
agricultural holdings cultivate only 10% of arable land, their political influence extends throughout the country.
The access to new export markets, the construction of elevators, the gradual purchase of leased land, the desire
to minimize the involvement of employees and the purchase of modern equipment, all these phenomena are
inherent in Ukrainian agricultural holdings [2].

2. Use of high-yielding grains.

The increase in grain yield index from 27.4 ¢ / ha to 42.9 ¢ / ha [3], which can be explained by the use of
high-yielding grain species, as well as the combination of the best species and dominant agricultural systems
in agriculture. Larger harvests require greater demands on services and infrastructure in the logistics supply
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chains of grain: the grain storage on a farm,the gain transportation, the grain storage in the country, the grain
storage and transshipment in ports.
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Fig. 1. Grouping of enterprises by size of the harvested area (ha) of the main crops in 2020

3. Use of modern harvesting equipment

The combination of increased yields and grain cultivation encourages farmers to use more efficient
harvesting equipment. Improving the efficiency of the harvesting and transport complex allows to reduce the
duration of the harvest, which in turn can lead to additional costs for the grain storage.

4. The method of grain storage.

In Ukraine today there are more than 1,200 elevators and granaries. Most of them have a well-developed
infrastructure, their own laboratories for analysis, and railway tracks. There is also a tendency to active building
of linear elevators, modernization existing granaries in order to increase their energy efficiency. At the same
time, the demand for granaries exceeds considerably their supply [4]. This is especially true for small and
medium-sized enterprises, which, for lack of granaries, need to storage grains for resale.

In addition, observing the dynamics of the total availability of cereals, leguminous crops and sunflower
seeds at enterprises directly growing them, and at enterprises engaged in their storage and processing (Fig.2),
it can be argued that farms are increasingly storing their crops in their own granaries. At the same time the
guantity of storage of grain at the specialized enterprises decreases.This may be due to the lack of modern
granaries and the desire of grain owners to reduce the cost of storing their crops in their own granaries.
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Fig. 2. Dynamics of the total availability of cereals, leguminous crops and sunflower seeds at enterprises directly growing them,
and at enterprises engaged in their storage and processing

5. Method of transportation
Usually, grain is moved from the farm to the place of storage by a truck, a group of farmers' own trucks
and grain wagons. According to [5], two thirds of grain produced in Ukraine is transported by rail. Grain
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shipments have grown sixfold in the last 18 years, demand and tariffs are high, but the quality of such
shipments has not changed. Outdated rolling stock, shortage and untimely supply of wagons, as well as a
complex mechanism for calculating the transportation cost contribute to the search for new opportunities for
the transportation of grain crops

At the same time, the real cost of road transport has decreased in recent decades due to the increase in truck
capacity, efficiency of truck engines and improvement of the regional roads quality.

Choosing the most optimal means of transport for the grain transportation allows the farm to reduce the
cost of the logistics supply chain, which in turn will increase profitability and expand the country's agricultural
sector.

Among the tools that will help to solve the problem mentioned above, it is worth noting the modeling of
the supply chain logistics. In this case, such a tool must take into account all possible options for storage,
transportation and sale of one or more grain species in order to maximize profits. In practice, it is also worth
considering whether crops with higher yields, as well as vehicles with higher productivity, efficient reception
centre, although they are more remote, will really contribute to a significant increase in farm profits.

To form a model of the grain crops supply chain, let’s consider the process of grain delivery as a system
that contains many acceptable alternatives for making the most rational decision.

The system is a set of interconnected elements, separated from the environment that interacts with it as a
whole [6].

The process of grain crops delivery from the farm to the place of reception centre/internal consumer/ port
terminal has all the features of the system, namely:

* is a holistic set of interconnected elements;

« forms a unity with the environment;

* is an element of the "supersystem";

* process elements can be lower order systems [7].

Let’s form a semantic model (a formal model that is filled with a semantic essence from a given subject
area, in other words terminologically "tied" to the object of modeling) of the grain crops logistics supply chain
in the form of a "black box" model.

o Grain crops yields

o Grain crops humidity

e Farm’s sown area

o Harvesting equipment efficiency

o Own granaries capacity

o Cost for grain storage in own
granary / for elevator services

o Retained grain share:
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e Harvest duration

e Harvest amount

e Trucking cost
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Fig.3. Model of the “black box” in forming the grain crops supply chain
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The "black box™ model is the original model for building models of a complex system. This type of model
allows us to consider the interaction of the system with the external environment. The model reflects the
interaction of the system and the environment: 1) the impact of the system on the environment through the
results of its purposeful operation that is through the target product (system outputs); 2) the influence of the
external environment on the system through resource provision, management and various controlled and
uncontrolled factors that contribute to or interfere with the normal functioning of the system (system inputs)
[8].

The "black box" model should contain a clear criterion of efficiency, which will determine how close the
solution is to the goal ("outputs') [9]. Figure 3 shows the model of the grain crops supply chain, the objective
function of which for farms is to make a rational decision on the process of grain delivery in order to maximize
profits by optimizing the costs of such supply chain and ensuring the development of farming as an activity.

If we consider each of the original variables, we can identify a number of factors that shape it. For example,
the harvest duration depends on factors such as: area of grain crops, initial grain crops yield, number of days
without reduced grain crops yield (such reduction usually occurs due to weather conditions, drying or damage
by pests), harvest speed, technical and operational efficiency of vehicles, distance to the reception centre, as
well as its working hours [10].

Conclusions

The proposed model will consider all these factors and their impact on harvesting, storage and
transportation of grain crops, and will help to take into account the costs for farms depending on the situation.
For example, for the sale of grain on the internal market through farm warehouses, the cost of grain processing
will be zero, but for other supply chain routes grain processing costs will usually be incurred (which may be
time-dependent or fixed). Even delivering grain directly from the farm to the port terminal can potentially
incur grain handling costs through the use of third-party port infrastructure. That’s why further research will
allow us to consider all scenarios of the grain crops supply chain and to identify factors that will play a key
role in profits forming of the farm and ensure its further development.
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B. 1. Kotenko

Po3poOka mopeti JJaHIIOra MOCTA4YaHHS 3€PHOBUX KYJIbTYP

BiHHUIBKWIT HAITIOHAEHUH TEXHIYHAN YHIBEPCUTET

B pobomi docnidxeHo Moxnugicme onmumidauii 1o02icmuyHo20 faHyrza nocmayvyaHHsi 3epHO8UX Kyribmyp i3 epaxye8aHHsIM
iHmepecie ¢hepmepcbko2o eocriodapcmea. B npoueci 0ocniOkeHHs1 npoaHarsni3o8aHo OCHOBHI MeHOeHUiT y aspapHil eanysi
YkpaiHu, siki npsimo abo ornocepedkosaHo ernusaromes Ha OisifibHicmb ¢hepMepcbKo20 eocriodapcmea.

BcmaHoseneHo, wo eubip Halbinbw onmumarnbHo20 8udy repeeeseHHs 3epPHOBUX Kynbmyp 0038059€ hepMepCbKOMY
2ocnodapcmey 3HU3UMU 8umpamu Ha Jlo2icmuyHUl JlaHUyro2 rnocmayvaHHs, a ue 8 ceok yYepey rpu3sede 00 3pOcCmaHHs
npubymkosocmi ma po3WUpPeHHs1 azpapHOi 2anysi KpaiHu. BupiweHHsi 0aHoi npobnemu € MOXIueuM 4Yepe3 MOOesIo8aHHs
J102icmuyYyHoO20 naHyro2a rnocmavaHHs epoxaro. [ns chopmysaHHsi Moldesi fo2icmuyHo20 naHytoea rnocmadyaHHs 3€pHO8UX
Kynbmyp ripoyec 6ocmasku 3epHa 8apmo po3aissdamu K cucmemy, Wo micmums y cobi MHOXUHY donycmumMux aribmepHamue
Ons nputiHAMmMS Halbinbw payioHanbHO20 piweHHs. 3arnporoHosaHa Moderb npedcmasnieHa y euensdi Modesii «4OpHO20
Awukar. Linboea ¢yHKuis modeni nonseae y npulHAmMmi gpepMepcbKuM 20¢rno0apcmeomM payioHanbHOo20 PilueHHsT Wodo
npouecy 0ocmasku 3epHOBUX Kyrbmyp 3 Memor Makcumizauii npubymky depes onmumizauyilo eumpam makoeo raHytoea
riocmayaHHsi ma 3abe3rneqyeHHs1 po3sumky ¢pepmepcmea sik 8udy OisribHOCMI.

BxidHumu napamempamu moOesii 8U3Ha4YeHO: 8poXalHicmb ma 807102iCmb 3epHOBUX Kynbmyp, MOCieHI niowi ¢hepmu;
npodykmusHicmb 0briadHaHHs Orisi 360py 8poXaro; EMHICMb 81aCHUX 36PHOCX08UW, 8apmicmb 36epizaHHS 3epHa Ha 8/1aCHOMY
3epHocxosuwi abo nocrnyeu enesamopa; Yacmky 3epHa, 3anexHo 8id micuys 3bepieaHHss ma npodaxy; UiHy npodaxy 3epHO80I
Kynbmypu: 6HymMPpilWHbOMY MOKYMNyto, y MyHKMI nputioMy 3epHO8UX, Yy MOpmMO8OMYy mepMiHasi, a maKkox Mo200HO-KiiMamuyHi
ymosu nid Yyac 36opy epoxaro (crnpusmnusi abo Hecripusimiuei ymosu).

BuxioHumu iHOuKamopamu, Wo xapakmepusysamumyms ycriwHicms npouecy 00Cmasku 3epHO8UX eucmyrnamumymb
HacmynHi  okasHUKuU: mpusanicme 360py epoxalro, obcsie 3ibpaHO20 8poxalo, eumpamu Ha asmorepese3eHHs,
cepedHbo00bosa mpusarnicmb 360py epoxato, 0odamkosi sumpamu, ompuMaHi 3a paxyHOK KepyeaHHsI 80/102iCMi0 3epHa,
sumpamu epoxato 4epe3 mpusanicmb 360py 8poxar ma eumpamu 6i0 3HUXEHHS SKocmi 3epHa (3i 3miwysaHHsAM, 6e3
3Mily8aHHs).

BanponoHosaHa modesnb 00380/1UMbB PO32/ISIHYMU 8Ci Ui ghakmopu ma ix ennue Ha 36ip, 36epicaHHs ma mpaHcrnopmyeaHHsI
8poXaro, a makox 00rnoMoxe epaxysamu sumpamu 0118 ¢hepMepCcbKo20 2ocriodapcmea 3anexHo 6id cumyauii.

Knro4oBi cnoBa:3epHoBa norictuka, gepmMepcbke rocnofapcTBo, NaHLor NOCTayvaHHs, MOAENb KHOPHUIN SLLMKY.

Komenko Bixmopia Izopiena — acnipantka xadeapd aBTOMOOUTIIB Ta TPAHCIOPTHOIO MeEHEMKMeEHTy, e-mail:
mialkovska.viktoria@gmail.com.
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Pa3paboTka Moae/ M Heny MOCTABKU 3ePHOBBIX KYJIbTYP

BuHHULIKMI HAITMOHAJIBHBIA TEXHUYECKUN YHUBEPCUTET

B pabome uccnedosaHa 803MOXHOCMb ONMUMU3AUUU J102UCMUYECKOU Ueru rnocmaegoK 3epHOBbIX Kyfbmyp C y4yemom
uHmMepecos hepmepckoeo xosslicmea. B npouecce uccrnedosaHusi npoaHanu3uposaHbl OCHOBHbIE MeHOeHyuU 8 aspapHoli
ompacsu YKpauHbl, NPSIMO Ul KOCBEHHO 8/usiouUe Ha OessimesibHOCMb (hepMEPCKO20 xo3slcmea.

YcmaHoeneHo, Yymo ebibop Haubosiee onmumasnibHo20 8uda MepesosKu 3epHOBLIX Kyrbmyp Mo3eosisiem ¢hepmepcKomy
Xxo3sticmey CHU3UMb 3ampamabl Ha JI02UCMUYECKYI0 Uerb cHabxeHusi, Ymo npusedem K pocmy npubbiibHOCMU U pacluupeHUro
azpapHol ompacrnu cmpaHbl. PeweHue 0aHHoU npobnemb! 803MOXHO Yepe3 ModeruposaHue floeucmudeckol Uenu rnocmasku
ypoxasi. [4ns chbopmuposaHusi Modesiu 5io2ucmu4eckol yernu nocmaesok 3epHO8bIX Kyrbmyp rpoyecc 0ocmasku 3epHa criedyem
paccmampusamb Kak cucmemy, codepxalwyro 8 cebe MHOxXecmeo OonmycmuMbiX arbmepHamue O npuHamusi Haubonee
payuoHanbHo2o peweHus. [NpednoxeHHass modesnb npedcmasnieHa 8 gude MoOesiu «4epHo20 Auwukar». Llenesasi ¢hyHkyus
modleniu cocmoum 8 MPUHAMUU (heEPMEPCKUM X035UCMB0OM pPayUOHa/IbHO20 peleHUsi o npoueccy 0ocmasku 3epHOBbIX
Kynbmyp C Uerbio Makcumu3ayuu npubbiiiu Yepes onmumu3ayuro 3ampam makol uenu cHabxeHusi u obecrieyeHue pa3sumusi
gepmepcmea Kak suda OesimesibHOCMU.

BxodHbiMu napamempamu molesnu orpedeneHbl ypoxaliHocmb U 81aXXHOCMb 3epHO8bIX Kyrbmyp, MocesHble niouwaou
gepmbl; npoussodumernsHocmbs 0bopydosaHusi Onsi cbopa ypoxasi; eMKOCMb COBCMBEHHbIX 3ePHOXPaHUUW; CMOUMOCMb
XpaHeHusi 3epHa Ha cob6CMEEHHOM 3ePHOXpaHUuUWe unu ycriyau afieeamopa,; Yacmb 3€pHa, 8 3asucumMocmu om mecma
XpaHeHUs1 U npodaxu; UeHy npodaxu 3epHO80U Kyrbmypbl: 8HYMPEHHeMY MOKyrnamerso, 8 nyHKkme rpuema 3€pHOBbIX, 8
opmoeoM mepMuHane, a makxe [Mo200HO-KIUMamuyeckue ycriogusi rnpu cbope ypoxas (bnazonpusmHbie unu
Hebra2onpusimHble ycrioeus).

Ucxo0HbIMU uHOUKamopamu, Komopbie 6yOym xapakmepu3oeamb ycrewHocmb rpoyecca 0ocmasku 3epHo8biX, 6ydym
ebicmynamb criedyrowue rnokazamenu: npodomkumensHocms cbopa ypoxasi, obbeM cobpaHHO20 ypoxasi, pacxolbl Ha
asmoriepesosKku, cpedHecymoyHasi rpooosmkumensHocms cbopa ypoxas, 00NoIHUMebHble pacxodbl, roly4eHHbIE 3a cHem
yrnpaerneHusi 8/1aXHOCMbIO 3€pHa, pacxolbl ypoxas u3-3a npodosmxumesisHocmu cbopa ypoxasi U pacxoObl OM CHUXEHUS
Kayecmea 3epHa (co cmewusaHueM, 6e3 cMelusaHusi).

lNpednoxeHHasi Modenb M0380/UM paccMompems 6ce Smu hakmopbl U UX e/usiHue Ha cbop, xpaHeHue Uu
mpaHCrnopmupoBKy ypoxasl, a makxe MoMoxem ydyecmb 3ampambi Onisi (hepMepcKo20 xosslicmea 8 3asucumocmu om
cumyauuu.

KnioueBble cnoBa:3epHoBasa JNIOrMcTuka, cbepmepCKoe XO3ANCTBO, Lienoyka cHabxeHus, Mogernb «qepruZ ALWNK».

Komenko Buxkmopusa Hzopeena — actnupantka kadeapsl aBTOMOOWIIEH M TPaHCIOPTHOTO MeHeKMeHTa, e-mail:
mialkovska.viktoria@gmail.com.
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