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Pozpodaeno anzopumm y3zeo0xncenus amicmy
ma uacy 6uKOHAHHA po6im Yy N0ZiICMUMHUX
cucmemax 3azomieni MOJNOKA 3 GUPOOHUUUMU
ymosamu. Q0rpynmoeano 00uiabHicmv GUKO-
HAHHA 00UHAOUAMU YNPABIIHCOKUX Onepauii,
wo 3a0e3neuyiomv Y3200M4CEHHs 3A20Mi6eJb-
HO-mpancnopmuux pooim 3 dobosumu obcaza-
MU HAOX00IHCEHHS MOJIOKA-CUPOBUHU Y NYHKMU
1020 3azomieai. Ilposedeni docnioxcenns 6asy-
10MbCA HA IMIMAUIIHOMY MOOENI08AHHI BUKO-
HAHHS 3A20MiBENbHO-MPAHCROPMHUX POdImM 3
PI3HUM iX 3MICMOM MA 6PAXYEAHHA MIHAUBOCMI
BUPOOHUMUX YMOB.

Ha nidcmaei imimauiiinozo mooento8anns
suKonanna pooim y nozicmuuniii cucmemi 3azo-
mieai MONOKA 13 8PAXYBAHHAM MIHAUBOCMI BU-
POOHUMUX YMOB MA MONCTUBUX 6APIAHMIE 3MIC-
my pooim 6UKOHAHO NPOZHO3YEAHHS iX PyHK-
UIOHANLHUX NOKA3HUKIE 6 OKpeMi nepio-
ou xanenoapmnozo poxy. O6rpynmosano, wjo iz
3pocmannam Kiavkocmi podim w000 3azomieni
MOJIOKA 3POCMAOme KilbKiCHI 3HAMEHHS NOKA3-
HUKI6 GUKOHAHHA UUX pobim ma 3MeHwyemv-
cs KINbKICHI 3HAYEHHS NOKA3HUKI6 6UKOHAHHS
mpancnopmuux poodim.

3a pezyaromamamu 0ocaidxceHs 6cmanos.ie-
HO, W0 6NPO00BIC KANeHOapH020 POKY Y 3adanii
JI02ICMUMHIN cucmeMmi 3azomieai MoJ0KA 3Micm
BUKOHAHNSA 3A20Mi6ENLHO-MPAHCROPMHUX POOIM
ma eupoOHuui Yymoéu 3HAMHO 6NAUGAIOMb HA
noxasnuxu uux pooim. Takxoxc o6epynmosano
nonepeoniil 6UCHOBOK, WO i3 3POCMAHHAM Killb-
Kocmi pobim w000 3azomieni Moaoka 3pocma-
10Mo KiNbKICHI 3HAUEHH NOKA3HUKIE BUKOHANHS
UUX podim ma 3MeHUYEeMbCA KiNbKiCHi 3HAMEHNS
NOKA3HUKIE GUKOHAHHA MPAHCROPMHUX POOIm.
3o0kpema, w0 KinvKicHe 3HAYMEHHS UUX NOKA3-
HUKI68 8npP0006I’C KANEHOAPHO20 POKY 3MiHIO-
emvca y 1,2...3 pasu. Ile noscnroemoca 3minoio
00cs2ie 3a20mieni MoOKA 6nMPO006IHC KaJleH-
dapnoezo pokxy. Ompumani pe3yrvmamu 6xasy-
1omv Ha 0ouiavHicMb 000006020 Y3200%CEH-
HS 3MICMY 6UKOHAHHA MPAHCROPMHUX POOIm i3
BUPOOHUMUMU YMOBaAMU Y 3a0aHill J02icmuMHil
cucmemi 3a20mieni Monoka

Kniouosi crosa: nnanyeanns, smicm poéim,
3a20MiBN MONOKA, I02ICMUMHI CUCMeMU, AKICMb
ynpaeninns
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1. Introduction

standards for manufacturing milk products in Ukraine and

In solving the problem of providing the population with
high-quality food, provision of the diet of people with milk
and dairy products is essential. Compliance with quality

the European Union [1, 2] requires adoption and implemen-
tation of effective management decisions in the processes
of planning and organization of logistic systems for milk
collection (LSMC).




Under modern conditions, the issues of coordination of
collection and transportation operations (CTO) in LSMC
with daily volumes of arrival of raw milk material at collec-
tion points (CP) remain unresolved. This problem belongs
to the tasks of operative planning of content and duration of
CTO execution in LSMC and has its own characteristics. At
that, the toolkit for executing such operations is imperfect.
That is why development of an appropriate procedure and
the algorithm of computer programs for performing CTO
in LSMC is relevant and essential for taking into account
the changeability of production conditions in these logistic
systems. To improve the technical and economic indicators
of efficiency of LSMC functioning, it is relevant to substan-
tiate possible variants of the content and time of execution
of respective CTO.

2. Literature review and problem statement

Many scientific studies address solving management
problems in complex organizational and technical systems
in various sectors of economy. In particular, papers [3, 4]
proved that making managerial decisions under intra-orga-
nizational conditions of enterprises somewhat differs when
compared with systemic decisions that apply to a set of ob-
jects that are located at separate territories. This indicates
that it is necessary to coordinate the content of operations
in LSMC for a set of CPs, located at the assigned adminis-
trative area with production conditions in a systemic way
from the unified center. Such a center is mainly composed of
milk processing shops (MS), in which management problems
associated with LSMC operation are solved. It is noted in
papers [4, 5] that increasing the efficiency of logistic systems
in various sectors requires that specific models, methods
and tools that would take into account their features should
be developed. In papers [6, 7], it is stated that the basis of
efficiency of operation of logistic systems is to study them
at the level of particular operations (works). However, it
is impossible to use the scientific results proposed in the
above-mentioned papers in LSMC. This is due to the fact
that they do not take into consideration the peculiarities of
variability of volumes of milk collection and seasonality. In
addition, each administrative region has a specific network
of roads of different categories and conditions. That has a
significant impact on efficiency of LSMC and should be
considered when predicting the indicators for operations
execution in these systems.

Research [8, 9] proved that it is impossible to plan ef-
fectively the activities for different applied spheres without
the use of PC tools based on applied software. At the same
time, it is noted in articles [10, 11] that the tools for planning
must take into consideration stochastic processes that are
inherent in systems with changing manufacturing condi-
tions. That is, it is possible to say that the above-mentioned
scientific papers are important to the theory of management
of separate systems. However, they offered the tools that
cannot be used in LSMC. This is due to the fact that they
do not take into account specific features in the technology
of execution the milk collection operations, which define the
content of these operations, and specific, changing produc-
tion conditions.

In papers [12—14], it is proposed to simulate transport
operations to determine the indicators for their execution.

However, it is impossible to use the results obtained in these
papers in order to coordinate CTO at a given LSMC with
production conditions. This is due to the fact that variability
of the daily volume of milk collection at the assigned ad-
ministrative territory over a calendar year and the specific
features of the content of performed operations are not taken
into account in the above papers. In addition, simulation, as
one of the effective tools for forecasting indicators of oper-
ations execution under given production conditions, is not
used either.

The specified drawback was eliminated in papers [15-17],
which proposed to adjust the content and time of operations
execution to production conditions. In this case, simulation
is used as a tool to adjust the content and time of operations
execution to production conditions. The main disadvan-
tage of these scientific papers, according to the authors, is
that the existing tools do not take into consideration the
variability of production conditions and seasonality of milk
collection. This, in turn, decreases quality in planning the
implementation of milk collection processes [18, 19] and, at
the same time, quality of collected milk as a result of ineffec-
tive planning [17].

It is advisable to use simulation processes to adequate-
ly predict production conditions in LSMC, as well as to
represent operations execution in them [20]. However, for
simulation of processes in LSMC, it is advisable to carry
out preliminary specific studies concerning the feasibility
of indicators of production conditions for particular admin-
istrative territories [17]. Changing production conditions
of milk collection are taken into account in papers [17-19].
However, it is impossible to use their tools for operative
planning of operations execution in LSMC, because the
proposed models do not take into consideration possible
variants of daily content and duration of operations execu-
tion in LSMC [18].

Thus, an analysis of results from previous studies by oth-
er authors reveals that it is possible to say that the issues on
planning in various fields of activity have been given much
attention to. However, it is impossible to use the existing
tools for operative planning of CTO execution in LSMC.
This is due to the fact that most of the above-mentioned
papers do not take into consideration the peculiarities of
variability of production conditions of milk collection and
features of forming the content of operations in LSMC. That
is, in the authors’ opinion, the above papers on making man-
agerial decisions in complex organizational and technical
systems in various industries give a significant contribution
to the theory of management. However, the problem con-
cerning the impact of variability of production conditions on
the content and time of operations execution in LSMC was
left out of focus.

In turn, this creates the need for predicting variability of
production conditions, which requires time-consuming cal-
culations and, consequently, the use of simulation of process-
es. At the same time, the solution of the problem of operative
planning in LSMC is impossible without the development of
an algorithm and software. Therefore, the latter should be
based on simulation of processes in LSMC and adequately
reflect the variability of production conditions and the spe-
cifics of operations execution. This will ensure the solution
to an urgent problem regarding the coordination of the
content and time of operations execution with variability of
production conditions.



3. The aim and objectives of the study

The aim of this research is to substantiate regularities of
change in the indicators of operations execution in logistic
systems of milk collection given their different content,
taking into consideration the influence of variability of pro-
duction conditions.

To accomplish the aim, the following tasks have been set:

— to develop an algorithm of coordination of the content
of operations execution in logistic systems of milk collection
with production conditions;

— to substantiate the structure of the simulation model
of operations execution in logistic systems of milk collection;

—to assess quantitatively the indicators of operations
execution in logistic systems of milk collection with their
different content, taking into consideration the influence of
variability of production conditions.

4. An algorithm for adjusting the content of operations
execution in logistic systems of milk collection to
production conditions

The following operations are performed on a daily basis
at the territory of a particular administrative district in
LSMC:

— cooling milk raw material at CP;

— loading into a tank truck at CP;

— drawing up forwarding documents at CP;

— transportation of milk raw material;

— unloading tank trucks at CP;

— drawing up forwarding documents at MS.

Effectiveness of the CTO execution in LSMC depends
on their content and the time that are determined by daily
volumes of collection of milk raw materials on the territory
of the administrative district. In this case, the volume of col-
lection of raw milk from individual dairy farms is changeable
over a calendar year and its particular days [18]. To solve
the task on adjusting the content of CTO execution to daily
amounts of collection of milk raw materials at the territory
of a particular administrative region, the appropriate algo-
rithm was developed, shown in Fig. 1.

To form a database on the production conditions of milk
collection, external and internal information relative to a
given LSMC is used. External information includes the re-
quirements of current standards concerning milk collection,
characteristics of climatic and natural conditions in the area
of milk collection, predicted demand and prices of dairy
products, etc. Internal information includes availability and
territorial location of dairy farms regarding CP in LSMC,
predicted volumes of milk collection in each of the farms of
an administrative district, characteristics and the state of
the road network.

Information about the availability and territorial loca-
tion of dairy farms, which supply milk raw material to CP
is taken from reporting documentation of MS [18]. Informa-
tion on the amount of collection of milk raw material from
each of the dairy farms on a separate day of the calendar year,
for which CTO are coordinated, is taken from producers of
milk. The obtained information on volumes of collection of
milk raw material is passed to MS where the operations are
coordinated during operative planning through the telecom-
munication network.
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Fig. 1. Algorithm for adjusting the content of operations
execution in LSMC to production conditions

The peculiarity of prediction of the volume (Q,) of milk
collection on the d-th day is that this volume is changeable
and depends on the cows’ lactation period. Lactation pe-
riod lasts from 265 to 435 days (depending on the breed,
age, and productivity of cows). Lactation period is shifted
relative to the calendar year for particular cows, and milk
collection is performed throughout the whole calendar
year. However, the bulk of milk collection falls on summer
months, during which transport vehicles are intensively
used to perform the CTO.

The total volume Q) of milk collection on the d-th day
from the i-th farm is

Q"=§Q:;-zd'k, )

where z;1is the number of cow milking within the d-th day; &
is the coefficient of taking into account the share of milk raw
material which was left by an enterprise for its own needs.

Daily volumes (Q}) of milk collection from separate
farms are different and changeable throughout the calendar
year. If we know the value of annual volume (Q,;) of milk
collection from i farms, daily volumes (Q)) are predicted
using the source method [17]. In this case, the annual volume
(Qp) of milk collection from i farms is determined based
on statistical data taken from reporting documentation of
i farms.

Duration of execution of particular CTO is determined
based on industrial experiments in the assigned LSMC



[16]. To do this, photo-chronometric evaluation of separate
operations is performed with the use of a stopwatch. These
data determine specific duration of cargo handling works
for vehicles available at MS. In addition, the sections of the
route between the CP and between CP and MS and duration
of their trip are recorded with the help of a speedometer of
vehicles and the duration of their traffic is recorded with the
use of a stopwatch. Based on these data, the average techni-
cal speed of tank trucks is determined.

Based on the experimentally obtained data under condi-
tions of PAT “Brodivskyi ZSZM” (Lviv oblast, Ukraine) on
the duration of separate cargo handling operations using CA
Hyundai HD-65 STD+G6-OTA-3.9, the dependences of
their duration on daily volumes (Qy;) of milk collection were
constructed (Fig. 2—4).
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Fig. 2. Dependences of duration (Z,) of cooling milk raw
material on its volume (Q;,) in the refrigerator plant during
first (1) and second (2) milking

These dependences of duration of cooling milk raw mate-
rial (¢,) on its volume in the refrigerator (Q,,) are described
by the following equations:

— cooling milk raw material from first milking

0,473
r.p

£'=1355-Q."", r=0.97; 2)

— cooling milk raw material from second milking
12=0,707-Q"% r=0.95. (3)

Dependences (2), (3) indicate that at an increase in the
volume of milk in the refrigeration plant, duration of its cool-
ing increases in proportion. Correlative relations for the first
and second milking are 0.97 and 0.95, respectively, indicating
a direct link between the duration of cooling of milk raw ma-
terial (¢,) and the volume of it in the refrigeration plant (Q,).

Based on photo-chronometric evaluation of execution of
collection and transportation operations, the dependences of
duration of separate transport operations using CA Hyundai
HD-65 STD+G6-OTA-3.9 on daily volumes (Qjp;) of milk
collection were established (Fig. 3, 4).

The obtained dependences (Fig. 3, 4) are described by
the following equations:

— tank truck loading at CP

t,=51.Q, +0,091, r=0.96, %)
where ¢;is the duration of loading of milk raw material at CP,
min; (Qy) is the volume of milk raw material, t;

— tank truck unloading at M'S

o =2,8-Q,,+0,215, r=0.97, 5)

where ,,,; is the duration of unloading milk raw material at
MS, min; (Qy) is the volume of milk raw material, t;
— transportation of milk raw material

t,=0,037-L+0,012, »=0.95, (6)

where ¢, is the duration of transportation of milk raw materi-
al, hours; L is the transportation distance, km.
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Fig. 3. Dependences of duration of loading at
CP (a) and unloading at MS (b) of
CA Hyundai HD-65 STD+G6-OTA-3,9 on daily volumes (Q;)
of milk collection
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Fig. 4. Dependences of duration (#) of transportation of milk
raw material by CA Hyundai HD-65 STD+G6-OTA-3.9 on
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The duration of drawing up forwarding documents
at CP and MS do not depend on the volumes of milk raw
material that was loaded at CP and, respectively, unload-
ed at MS. The data on duration of drawing up forwarding
documents at CP (¢,,) and at MS (tpp) are shown in
Table 1.

Statistical processing of the data made it possible to
determine the numerical characteristics, as well as to
substantiate the theoretical laws of distributions, which
are the Weibull distributions. The theoretical curve of
distribution is described by the following equations:



— the duration of drawing up forwarding documents at CP

]} 7

— duration of drawing up forwarding documents at MS

f(toM)=o,281(t0M—‘M) Xexp[_(tw_—lﬂ) ] ®

t,—1

5 0,49
573 ) xexp[—(

£, ~15
273

(e.)=0.585

4,22 4,22

Table 1

Experimental data on duration of drawing up forwarding
documents at CP (#,,) and at MS (top)

Indicator Numerical values
0515 16]16]17]17]18]19]20]006
Duration of | 2,1 2223242525 26]26]27]007
drawingup [28 12829 [29[30][31[33[34][34]007
?foiiif 35(37137(38(39/40/(42]42]43]008
at CP (t,,), | 44|40 [45]47[47]49]50]52]53]008
min. 53(54(55]58[60]62]63]65]67]0,09
71l73l76l77] - - -1 -1 - [o09
31(31(32]32[33]34]34[34(35]0,18
' 35(35(37[38[39(42]42[43]44]0.21
gr‘;rvig%nu‘l’f 461474949 ]50[50]51]51]52]023
forwarding | 52|53 (55 ]57[58[59[60[62[64]025
documents | 66(66(68[68[70|70(71]72]74]027
at MS (om, ['7 41757778 84878890 92]029
i 9419699 [10,3]10,6]10,8]11,4]11,9]12,4] 0,33
13,6/14,1[152[16,3[175[184] - | - | - | -

The following main statistical characteristics of distri-
bution of duration of drawing up forwarding documents at
CP (t,,) and at MS (tpp) were established. In particular,

fint

assessment of mathematical expectation of these durations is
3.9 and 7.1 min, respectively. Estimation of root mean square
deviation of these durations is 1.66 and 3.42 min, respective-
ly. Confidence interval of these durations is 1.5...8.4 min and
3.1...18.6 min, respectively.

The adequacy of obtained distributions was verified by
y2-Pearson criterion. The obtained calculation values of
criteria x? were compared with the table (y")? values. For dis-
tributions of durations of drawing up forwarding documents
at CP (,,) and at (¢op), the values of criteria x* are

(1:=156)<((x) =2.25) and (x'=25)<((x’ ) =7.81),

respectively. This indicates that the obtained theoretical
curves of Beibull distributions adequately display empirical
data of durations of drawing up forwarding documents at CP
(to,n) and at MS (tow).

The obtained dependences and distributions of duration
of execution of separate CTO are the basis for simulation of
these operations for the purpose of quantitative assessment
of their indicators for their different content, taking into
consideration the influence of variability of production
conditions.

Based on the analysis of the content and duration of
execution of collection operations in existing LSMC, their
possible variants were established (Fig. 5). In particular, the
operations regarding delivery of milk raw material from the
CP to MS can be carried out by the following patterns — one,
two or three times a day. This is mainly caused by the physi-
ological features of cows and peculiarities of organization of
collection operations. As far as physiological features of cows
are concerned, in winter months cows are milked twice a day
because the duration of the light daytime is short. In all oth-
er months of the year cows’ milking is organized three times
a day. This indicates that it is possible to organize operations
of milk collection on a single day not exceeding the number
of milking of cows on this day.
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If milk is collected three times a day, it is necessary to
plan three trips of tank trucks at each CP. If milk is trans-
ported twice a day, there are several options for content and
time of CTO execution:

1) the milk stored in the morning and in the afternoon is
transported in the afternoon, the milk stored in the evening
is transported in the evening (Fig. 5, a);

2) the milk stored in the morning is transported in the
morning, the milk stored in the afternoon and in the eve-
ning, is transported in the evening (Fig. 5, b);

3) the milk stored in the evening of the previous day
and in the morning of the current day is transported in the
morning and the milk stored in the afternoon is transported
in the afternoon (Fig. 5, ¢).

If transport operations are organized once a day, the
following variants of content of time of execution of these
operations are possible:

1) the milk stored in the afternoon and in the evening
of the previous day and in the morning of the current day is
transported in the morning (Fig. 5, d);

2) the milk stored in the evening of the previous day and
in the morning and in the afternoon of the current day is
transported in the afternoon (Fig. 5, e);

3) the milk stored in the morning, in the afternoon and
in the evening of the current day is transported in the eve-
ning (Fig. 5, f).

The obtained diagrams (Fig. 5) were plotted based on
simulation of execution of transport operations. To do this,
we used the simulation model of operations execution in
LSMC, which is substantiated below.

Thus, there are seven variants of the content and dura-
tion of CTO, among which it is necessary to determine the
most effective. The effective variant of the CTO was deter-
mined based of their simulation for the assigned production
conditions in LSMC.

5. Substantiation of the structure of the simulation model of
operations execution in logistic systems of milk collection

Simulation of CTO execution in LSMC is carried out
with the aim of quantifying the indicators of execution of
specified operations for their different content, taking into
consideration the influence of changeability of production
conditions. These indicators include:

1) technological demand for tank trucks at CP;

2) time consumption to perform separate CTO and ser-
vice particular routes (z,,);

3) covered distance (L) and performed cargo freight (W)
for separate routes of transportation of milk raw material;

4) consumption of electric power by refrigerating equip-
ment and of consumptions of water for its washing.

Simulation of CTO execution was carried out by stages:

1. The block diagram and the algorithm for statistical
simulation, as well as software for its implementation on PC,
were developed.

2. Previous simulation was performed and the adequacy
of the model of actual duration of execution of the CTO for
the conditions of PAT “Brodivskyi ZSZM” was verified.

3. Computer experiments (simulation of CTO execution)
for different variants of the content of operations were per-
formed.

4. The results of simulation were analyzed and depen-
dences of indicators of execution of the specified operations

for their different content, taking into consideration the im-
pact of changing production conditions, were substantiated.

The block diagram and the algorithm for simulation of the
CTO execution for different variants of their content were
developed based on substantiated methods, models and pro-
cedures of coordination of CTO with daily volumes of milk
arrival [17]. The block diagram consists of 12 blocks (Fig. 6).

Based on revealing the content of the blocks shown in the
block-diagram, we developed the algorithm for simulation of
execution of CTO, consisting of 14 steps.

Each of the steps of the proposed algorithm means the
following:

1. Entering initial data for simulation to PC memory:

— number of CP performing milk collection — #;

— number of days, for which the volumes of milk collec-
tion are predicted — d;

— number of variants of content of CTO d1;

— loading capacity of tank truck at;

— average technical speed of tank track motion vr;

— specific duration of operations execution at CP ptz;

— specific duration of operations execution at MS ptr.

2. Formation of arrays of characteristics of production
conditions, specifically;

— daily volumes (Qy;) of milk collection at the i-th CP

MK = Q) > ©)

where (Qg) is the volume of milk collection at the i-th CP of
the d-th day throughout the calendar year, t.; 7 is the number
of CP, units; d is the number of days of prediction of volumes
of milk collection, units.

MV = (‘/1] )nxn’ (10)
where (Vj) is the distance between the i-th and the j-th set-
tlements, km.

3. Allocation of space in PC memory for the arrays of:

— indicators (MN) of execution of transport operations
on each route:

MN = (¥, ) (11)
where yy; is the indicator of execution of transport opera-
tions at the i-th CP on the d-th day; % is the number of indi-
cators of execution of transport operations, units.

—volumes (MD) of milk collection at CP for different
variants of the content of collection and transportation
operations

MD:=(Q) g (12)
where (Qyiq) is the volume of milk accumulation at CP at
the i-th CP on the d-th day; o is the number of variants of
content of collection and transportation operations, units;

—results (MR) of determining the indicators of execu-
tion of collection and transportation operations for their
different content

MR=(Y,), (13)
where v, is the indicator of collection and transportation
operations at the i-th CP on the d-th day; o is the number
of variants of the content of collection and transportation
operations, units
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Fig. 6. Block diagram of the algorithm for simulation of CTO execution

4. Preparing the data on daily volume (Qp;) of milk
collection at i CP and formation of arrays of variants of the
content of collection and transportation operations

MW = (Qai)mxrz‘ (14)

5. Selection of a variant of the content of collection and
transportation operations and assigning the value

o=0+1. 15)

6. Determining indicators for the execution of collection
operations at CP, specifically

— recording the number of CP

MR[nA]:=n;

(16)

— determining the duration of milk cooling at CP, using
dependences (2) and (3) and entering numerical values to
the array of results (MR):

(1 =1,355-Q%"

r.p
t2=0,707-Q, 15)

MR|n,2]:=t; a7



— determining the volumes of consumed electricity at CP
and entering numerical values to the array of results (MR):

(18)
(19)

Q.=q, ‘Qr,pi “Lop»
MR(n,3]:=Q,,,

where (Q,) is the volume of milk raw material in the refrig-
eration plant, t
7. Formation of routes of transportation of milk raw ma-
terial from CP to MS for the assigned variant of the content
of collection and transportation operations with recording:
— the route number

MNT{km,i]:= km; (20)
— the order of arrivals at CP along the route
MNTkm, j1+2]:= MS[1, j1]. 1)

8. Determining the indicators of execution of transport
operations along a separate route and entering numerical
values to the array of results (MR), specifically:

— transportation distance

Ly=L+YL+L, (22)
i=1

where L4 is the distance covered by a tank truck along the
p-th route of bringing milk from CP to MS on the d-th day,
km; Ly, Lj, L, are, respectively, the distance covered by a
tank truck to the first CP, from the i-th to the j-th CP and
from the last CP along the route to MS along the route, km.

MR[km,2]:= L, (23)

— duration of servicing the route is determined based on
formulas (4)—(8)

L=t D b+ Db+ D b+l + oy, (24)
i=1 i=1 i=1

where ¢, is the duration of motion of tank trucks from the
first CP along the route, h; ¢, t,,; are, respectively, the
duration of loading milk raw material and drawing up
forwarding documents at the i-th CP, h; ¢, t)s are, respec-
tively, the duration of transportation of milk raw material
between the i-th CP and from the last CP along the route to
MS, h; t,u1, tos are, respectively, the duration of unloading
milk raw material and drawing up forwarding documents
at MS, h.

MR[km,3]:=t,, (25)

— freight turnover performed along the route

WW' :ZQMi'Lz‘jJ"QZi'LZiv (26)
i=1

(Wya) is the freight turnover performed by a tank truck on
the p-th route of collecting milk from CP to MS on the d-th
day, t. km; Qus, Qz; are, respectively, the volume of milk in a
tank truck after loading at the i-th CP, as well as after load-

ing at the last CP along the route, t; Ly, Ly; are, respectively,
the covered distance by a tank truck from the i-th to the j-th
CP from the last CP along the route, km.

MR[km,4]:=W,.. (27)

9. Checking the condition of milk availability at CP

P[1..n]=0. (28)

If the condition is not met, proceed to step 7.

10. Determining total daily indicators of execution of
transport operations for the assigned variant of their con-
tent, specifically:

— total distance covered along the routes

MR[i,2]:=L,= Y L;
n=1

sum :=sum+ MR][i,2]; (29)
— total duration of servicing the routes
MR[i,3]:=t,= Y 1,;
pu=1
summ = summ + MR][i,3]; (30)

— total freight turnover performed along the routes
MR[i,2]:=W, =Y W,
u=1

sumk :=sumk + MRJ[i,4]. (31)

11. Entering characteristics of execution of collection
and transportation operations for the w—o variant of their
content in the array of results:

MR [km,2]:=sum,
MR [km,3]:=sum m,

MREZ[km,4]:=sum k. (32)

12. Checking the condition of selection of all the variants
of the content of collection and transportation operations

w=d1. (33)

If the condition is not met, proceed to step 5.

13. Output the results for printing.

14. Finish.

Based on the presented algorithm, the software program
of simulation of CTO execution in Pascal ABC language was
developed, the volume is 38 Kb.

The next step was to perform preliminary simulation in
order to verify the adequacy of the model of actual duration
of execution of the CTO for conditions of the PAT “Bro-
divskyi ZSZM”. The developed simulation model of CTO
execution was tested for adequacy using a paired ¢-criterion.
The original data for verification of the simulation model for
adequacy are given in Table 2.



Table 2
Original data for verification of the simulation model for
adequacy
Data on duration of servicing CP
along separate routes, hour Difference
Route -
Production Computer Xon—X1n

experiment xy, experiment Xy,
1 1.57 1.6 0.03
2 1.83 1.777 —-0.053
3 3.37 3.36 —0.01
4 3.91 3.94 0.03
5 4.26 4.32 0.06
6 5 5.1 0.1
7 6.29 6.18 —0.11
8 6.89 6.91 0.02

During verification of its adequacy, the experimental and
simulated values of durations of servicing separate routes (t,;)
by tank trucks Hyundai HD-65 STD+G6-OTA-3.9 were
compared. Deviation of the obtained quantitative values of
durations (t,;) of performing separate routes based on sim-
ulation of CTO execution and their obtained experimental
values does not exceed 2.9 %. This testifies to the adequacy of
the developed simulation model of CTO execution in LSMC.

6. Regularities in change in the indicators of operations
execution in logistic systems of milk collection

In order to identify the influence of the content and du-
ration of CTO execution on their systemic indicators, their
simulation was performed. To do this, the computer program
in the Pascal ABC language, based on the algorithm sub-
stantiated above (Fig. 3), was developed at the Department
of information systems and technologies at Lviv National
Agrarian University (Ukraine). Simulation of CTO execu-
tion was carried out according to the previously substantiat-
ed options for the content of these operations for predictable
changing production conditions of PAT “Brodivskyi ZSZM”
(the town of Brody, Lviv oblast), the characteristics of which
are shown above.

Based on simulation, CTO execution for each of the
variants of their contents and duration of execution, the fol-
lowing systemic total indicators were determined:

— daily duration of cooling milk raw material at CP;

— daily volume of water consumption at CP;

— daily distance covered by tank trucks;

— daily duration of tank trucks operation;

— daily freight turnover performed by tank trucks.

The quantitative values of the basic indicators of CTO
execution were obtained by the results of simulation and
shown in Table 3.

Table 3

Results of determining the basic indicators of CTO execution in LSMC within separate days of milk collection season (d) for
different variants of the content of their execution

Variant of content of Day of milk collection season (d)
operations 21 49 77 105 133 161 189 217 245 273 301 329
1 2 3 4 5 6 7 8 9 10 11 12 13
Total daily duration of cooling milk at CP (z,.), h
1 155 179.3 | 203.2 | 234.7 | 3321 | 349.3 | 3363 | 340.2 | 337.2 | 3237 | 286.6 | 231.3
2 283.3 305 326.2 354.1 440 455.2 443.7 447.1 444.5 432.7 399.9 351
3 283.6 305.3 326.5 354.5 440.7 455.9 444.4 447.8 445.2 433.3 400.5 351.4
4 282.9 304.4 325.5 353.3 439 4541 444.8 448.2 445.5 433.7 400.8 351.7
5 370.2 390.1 409.5 435 663.1 746.8 694.6 720.6 695.5 638.4 480.4 4351
6 370.7 390.6 410.1 435.8 664.5 748.3 693.2 719.1 694.1 637.1 479.5 434.4
7 371.2 391.2 410.8 436.5 665.8 749.9 691.8 717.7 692.7 635.9 478.6 433.7
Total daily volume of water consumption at CP (Qp), m®
1 18 18 18 18 18 18 18 18 18 18 18 18
2 12 12 12 12 12.84 13.1 129 12.94 129 12.68 12.28 12
3 12 12 12 12 12.68 13 12.74 12.84 12.84 12.58 12.24 12
4 12 12 12 12 12.74 131 12.94 13 12.94 12.68 12.28 12
5 6 6 6 6.1 8.61 9.44 8.91 9.19 8.94 8.34 6.55 6.1
6 6 6 6 6.12 8.61 9.47 8.89 9.19 8.91 8.31 6.55 6.1
7 6 6 6 6.12 8.61 9.47 8.89 9.19 8.89 8.31 6.5 6.1
Total daily volume of electricity consumption at CP (Qgc), kW-h
1 1,395 1,614 1,614 2,112 2,989 3,144 3,027 3,061 3,034 2,914 2,579 2,081
2 2,550 | 2,745 | 2,745 | 3,186 | 4,657 | 5007 | 4,733 | 4807 | 4,741 | 4,471 | 3,832 | 3,159
3 2,553 2,748 2,748 3,191 4,554 4,939 4,629 4,739 4,711 4,405 3,804 3,163
4 2,546 | 2,740 | 2,740 | 3,180 | 4,573 | 4,995 | 4,782 | 4,855 | 4,790 | 4,481 | 3,841 | 3,166
5 3,332 3,511 3,511 4,096 7,508 8,435 7,901 8,188 7,955 7,235 5,285 4,097
6 3336 | 3,516 | 3,516 | 4,140 | 7,523 | 8,496 | 7,842 | 8,172 | 7,895 | 7,178 | 5275 | 4,091
7 3,341 3,521 3,521 4,147 7,539 8,513 7,826 8,156 7,836 7,164 5,185 4,084
Total daily distance covered to CP (L.), km
1 966 966 1,090 1,158 1,454 1,554 1,460 1,488 1,460 1,522 1,262 1,158
2 672 694 777 884 1,114 1,243 1,139 1,147 1,139 1,162 993 912
672 686 831 864 1,122 1,244 1,128 1,157 1,128 1,176 964 876




Continuation of Table 4

1 2 3 4 5 6 7 8 9 10 11 12 13
4 672 694 819 892 1,114 1,231 1,139 1,172 1,139 1,152 993 920
5 386 437 490 536 827 857 852 849 878 834 735 536
6 386 474 490 546 827 873 852 849 852 842 735 527
7 392 516 488 546 827 873 843 878 843 836 735 527
Total daily freight turnover performed by tank trucks (W), t-km
1 1,056 1,438 1,441 1,576 2,268 2,770 2,373 2,476 2,398 2,523 1,848 1,500
2 786.6 1,022 1,109 1,272 1,737 2,138 1,808 1,875 1,824 2,023 1,539 1,357
3 786.6 1,012 1,290 1,280 1,799 2,148 1,856 1,953 1,872 1,940 1,541 1,366
4 778.4 1,012 1,261 1,316 1,721 2,115 1,826 1,886 1,842 1,851 1,557 1,393
5 628.2 644.8 820.8 925.5 1,340 1,499 1,453 1,439 1,463 1,473 1,258 927.8
6 635.7 830.1 834.3 934.3 1,358 1,487 1,432 1,419 1,446 1,379 1,243 878.1
7 643.1 836.9 801 950.9 1,376 1,509 1,408 1,470 1,420 1,408 1,228 862.1
Total daily duration of execution of transport operations (¢7¢), h.
1 27.6 27.6 33.3 35.2 48.0 50.8 48.2 48.9 48.2 49.9 40.3 35.2
2 19.9 20.5 24.3 28.1 38.3 42.7 39.7 39.9 39.7 39.6 33.4 28.9
3 19.9 20.3 25.9 27.6 38.5 42.7 38.7 40.2 38.7 40.0 31.8 27.9
4 19.9 20.5 25.5 28.3 38.3 42.3 39.7 40.6 39.7 39.4 33.4 291
5 12.5 139 16.1 18.2 30.8 32.4 31.5 31.4 32.2 30.3 26.0 18.2
6 12.5 15.0 16.1 18.5 30.8 32.8 31.5 31.4 31.5 30.5 26.0 17.9
7 12.6 16.9 16.1 18.5 30.8 32.8 31.2 32.2 31.2 30.3 26.0 179

The obtained data (Table 3) were processed with the use
of Microsoft Excel 2010 program, which made it possible
to construct dependences of the key indicators of CTO on
the day of the milk collection season (d) and the variants of
their content (Fig. 4). These dependences are described by
equations that are shown in Table 4.

Thus, the obtained dependences (Fig. 7, a) indicate that
the total daily duration of milk cooling at the CP decreases
at an increase in the number of trips of tank trucks from the
CP to MS. The total daily volume of water consumption at
the CP (Fig. 7, b) is constant throughout a year and makes
up 18 m® provided milk is transferred from the CP to MS

three times a day. The total daily amount of water consump-
tion at the CP depends on the variant of CTO execution and
the volumes of milk collection if milk is transported from the
CP to MS once and twice a day. The total daily amount of
water consumption at the CP increases at an increase in the
volume of milk collection.

It was found (Fig. 7, ¢) that the total daily volume of
electricity consumption at the CP decreases at an increase
in the number of trips of tank trucks from the CP to the MS.
At the same time, (Fig. 7, d), the total daily distance covered
by tank trucks increases at an increase in the number of trips
of tank trucks from the CP to the MS.
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It was found (Fig. 7, e) that total daily freight turnover
of tank trucks increases at an increase in the number of their
trips from CP to MS. Similar tendencies are observed for
total daily duration of execution of transport operations
(Fig. 7, /), which increases at an increase in the number of
trips from CP to MS.

Equations of dependences of indicators of CTO execution on the day of milk collection
season (d) and the variant of their content

Information about the availability and geographical location
of dairy farms, which supply milk raw material to the PS, is
taken from reporting documentation of MS. Information on
the volumes of preparations of milk raw materials on each of
dairy farms on a separate day of the calendar year, for which
the CTO is coordinated, is taken from producers of milk.
Information on the volumes of col-
lection of milk raw material is passed
to the MS, where the operations are
coordinated during operative plan-

Table 4

Indicator

Content of CTO execution

ning through the telecommunication

once a day

twice a day

- network.
three times a day

Total daily
duration of
milk cooling at
CP (toc)

toe1=2x10""7d"~
—1x10"d3+2,76x1072d?~
—0,75d+158,55, =0,95

toer=1x10 7d" -
%10 4d+2,44x10 22~
~0,67d+286,44, r=0,95

The peculiarity of the prediction
of daily volume of milk collection
is that it implies taking into con-
sideration its variability during the

tocz=6x10 7"~
~5x10 40,1142~
~7,56d+494,27, r=0,92

Total daily vol-
ume of water
consumption at

Q301:7><1079d4*
—6x10°6cB+1,4x10-3d*>~
~9,8x10~%d+7,66,

Qpeo=—3x10"d3+
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period of lactation of cows, which
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riod depends on the breed, age and
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execution of
transport oper-

ations (f7¢)
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—1x1075dB+2,9x10 32—
-0,11d+14,4, r=0,91

treo=2% 10-844—
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+11,92, r= ..
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Total dail Ed' L o107 T o—ox 10 d T o0 F dar year. It was established that the
otal daily dis- 1=2x1077d"~ =6x10"7d4— 5=6x10"7d1— . . i
tance covered | -2x10 4d+5 1210 24— | —4x10 4d+9,1x10 22— | —5et0-ddro1ar— | UK Of “gllllk SOII?C“OI;]@S? on Sumt
to CP (L) | —1,27d+4133,7=091 | -3,184+6914,r=094 | —444d+1001,r=091 | MEr months, during which transpor
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region, Ukraine), the dependences of
durations of the CTO execution on
daily volumes of milk collection were
constructed (Fig. 2—4). It was found

Note: d is the day of milk collection season

Therefore, the key indicators of CTO execution in LSMC

depend on the variants of their organization and the day of
milk collection season. The obtained results of the research
are the basis for determining cost indicators of CTO exe-
cution in LSMC. In particular, the effective variant of the
contents of CTO in LSMC is selected on their basis.

7. Discussion of results of studying the influence of
production conditions and the content of execution of
collection and transportation operations on
their indicators

The developed algorithm of coordination of the content
of operations in logistic systems of milk collection with pro-
duction conditions implies the execution of eleven grounded
management operations (Fig. 1). Unlike existing approaches
to planning of operations execution in logistics systems, the
proposed algorithm takes into consideration the changing
daily volumes of milk collection from separate farms. In
addition, it takes into consideration stochastic durations of
CTO execution. The variants of their content were substan-
tiated. The proposed algorithm for coordination of the con-
tent of operations execution in logistic systems of milk col-
lection with production conditions implies the formation of
the database to perform calculations from different sources.

that dependences of the duration of
cooling milk raw material on its vol-
ume in the refrigeration plant for the first (1) and second (2)
milking are described by power dependences. At the same
time, according to the duration of loading at CP and unloading
at the MS of CA Hyundai HD-65 STD+G6-OTA-3.9 on daily
volumes of milk collection (Fig. 3) and the dependence of the
duration of transportation of milk raw material on transpor-
tation distance (Fig. 4) are described by linear equations. The
correlation coefficient is observed within 0.95...0.97, which
indicates a strong correlation between the studied indicators
It was established that the duration of drawing up for-
warding documents at the CP and at the MS do not depend
on the volumes of milk raw material loaded at the CP and
unloaded at the MS. Statistical processing of these data
made it possible to determine the numeric characteristics, as
well as to substantiate the theoretical laws of distributions,
which are the Weibull distributions. The main statistical
characteristics of the distribution of durations of drawing
up forwarding documents at the CP and at the MS are the
following. Estimation of mathematical expectation of these
durations is 3.9 and 7.1 minutes, respectively. Estimation of
root mean square deviation of these durations is respectively
1.66 and 3.42 minutes. Confidence interval of these dura-
tions is respectively 1.5...8.4 minutes and 3.1...18.6 minutes.
It was substantiated that there are seven variants of the
content and duration of CTO, among which it is necessary
to determine the effective one. The obtained dependences



(Fig. 5) of the variants of CTO execution were constructed
based on the simulation of execution of transport operations.
To do this, we used the simulation model of operations ex-
ecution in LSMC. They are the basis for determining the
effective variant of the CTO under the assigned production
conditions in LSMC.

The proposed simulation model of execution of the CTO
in LSMC was developed at four stages. The block diagram
and the algorithm for statistical simulation were developed
at stage 1. For this, we used the predictable changeable daily
volume of milk collection from selected farms, the substan-
tiated dependences of the duration of CTO execution on
the volumes of milk collection, as well as possible variants
of their content. At stage 2, the preliminary simulation was
carried out and the model for adequacy was verified with the
use of the paired t-criterion. To do this, experimental and
simulated values of durations of servicing separate routes
by tank trucks Hyundai HD-65 STD+G6-OTA-3.9 were
compared. Deviations of the obtained numerical values of
durations of execution of individual routes based on simula-
tion of the CTO execution and obtained experimental values
do not exceed 2.9 %. Computer experiments (simulation of
the CTO execution) for different variants of content of op-
erations were carried out at stage 3. Stage 4 made it possible
to process the results of the simulation and substantiated
the dependences of indicators of performing the CTO of
different content, taking into consideration the impact of
changeable production conditions.

It was established that the key indicators of the CTO
execution in LSMC depend on the variants of their organiza-
tion and the day the collection season. The obtained results
of the research are the basis for determining the cost indica-
tors of CTO execution in LSMC. In particular, the effective
variant of the content of CTO in LSMC is based on them.

The shortcomings of the proposed approach to coordi-
nation of the content and duration of operations execution
with daily volumes of milk collection is the need to perform
specific and time-consuming production experiments for
quantitative estimation of characteristics of production con-
ditions. To eliminate this drawback, it is necessary to create
an information system of supporting managerial decision
making in LSMC. The information system will greatly facil-
itate the process of the formation of the database on change-
able production conditions and, respectively, quantitative
estimation of their indicators. This will increase the quality,
accuracy and efficiency of making managerial decisions
regarding the coordination of the content and duration of
operations execution with changing production conditions.

Analysis of functioning of the existing LSMC revealed
that there are seven variants of content and duration of the
CTO execution, each of which has its own specifics. It was
established that milk collection operations include duration
of cooling, volume of energy and water consumption. Re-
spectively, transportation operations include the distance
covered by tank trucks, duration of their use and performed
freight turnover.

The use of the simulation model of CTO execution in
assigned LSMC makes it possible to perform iterative selec-
tion of substantiated variants of the content and duration of
CTO execution.

Several constraints were accepted in the course of the
study.

The number and geographical location of milk collection
points, availability of farms, as well as characteristics of the

network of roads were accepted as constant as of 01.01.2019
for the conditions of PAT “Brodivskyi ZSZM” (the town of
Brody, Lviv oblast, Ukraine). The previously substantiated
regularities of a change in indicators of using vehicles of one
brand — tank trucks Hyundai HD-65 STD+G6-OTA-3.9
were used in the research.

The performed studies based on simulation of CTO exe-
cution in LSMC made it possible to determine the numerical
values of the indicators of execution of these operations for
different content in separate periods of the calendar year
(Table 3).

It was established that at an increase in the number of
operations concerning milk collection, the quantitative val-
ues of indicators of execution of these operations (duration
of cooling milk raw materials, consumption of electricity
and water) increase. In turn, the quantitative values of the
indicators of execution of transport operations decrease.
In this case, the indicators of execution of collection op-
erations at the CP of the assigned LSMC fluctuate within
certain limits for different variants of content of operations
execution during the calendar year. In particular, for the
conditions of PAT “Brodivskyi ZSZM” (the town of Brody,
Lviv oblast), the total duration of cooling milk raw material
fluctuates within 155...750 hours. Total daily electricity
consumption within 1395..8513 kW-h. Total daily water
consumption within 6...18 m?. Total daily distance covered
by tank trucks — within 386...1,554 km. Total daily dura-
tion of using tank trucks within 12.5..50.8 hours. Total
daily freight turnover — within 628...2,770 t-km.

Analysis of specific variants of the content and du-
ration of CTO execution in the assigned LSMC reveals
that for the two-time transportation of milk raw material,
compared with the one-time transportation, a decrease in
the total daily duration of cooling milk raw material by
1.2..1.65 times is ensured. At the same time, the total daily
energy consumption increases by 1.28..1.7 times and the
total daily water consumption — by 1.38...2 times. In this
case, an increase in total daily mileage of tank trucks by
1.31...1.73 times; the total daily duration of the use of tank
trucks by 1.22..1.61 times; the total daily execution of
freight turnover by 1.31 ... 1.57 times is ensured.

If the three-time transportation of milk raw material is
organized, in comparison with one-time transportation, it
ensures a decrease in total daily duration of milk cooling
by 1.67..2.4 times, an increase in total daily consumption
of electricity and water by 1.96..2.71 and 1.9...3 times,
respectively. The indicators of execution of transport op-
erations of total daily mileage of tank trucks increased by
1.69...2.46 times; total daily duration of the use of tank
trucks — by 1.52...2.19 times; total daily execution of freight
turnover — by 1.5...1.84 times.

The obtained dependences (Fig. 4) are the basis for sub-
stantiation of the effective variant of the content and dura-
tion of CTO execution in the assigned LSMC. Cost indica-
tors of CTO execution in LSMC are determined on their
basis. Specifically, the effective variant of the content of
CTO in LSMC is chosen.

Thus, the conducted studies take into consideration the
variability of daily volumes of milk collection from separate
farms, stochastic durations of CTO execution, as well as the
substantiated variants of their content. The obtained results
will be useful for managers, who are involved in planning
in LSMC and their designing. Substantiated regularities of
the change of indicators of the CTO execution will acceler-



ate the implementation of the managerial decision-making
process and enhance its quality. Subsequent research should
be carried out in relation to the development of information
decision support system in LSMC. This will offer the oppor-
tunity to solve the managerial problem of coordination of
CTO with daily volumes of inflows of delivery of milk raw
material to the CP under different production conditions
(particular regions of different countries).

8. Conclusions

1. The developed algorithm to adjust the content of oper-
ations execution in LSMC to production conditions implies
the execution of eleven substantiated management opera-
tions (Fig. 1). The research that was based on it, in contrast
to previous studies, take into consideration the predictable
variability of daily volumes of milk collection from separate
farms, stochastic durations of CTO execution, as well as the
substantiated variants of their content.

2. The proposed simulation model is based on the de-
veloped block diagram and the algorithm for simulation of
CTO execution for different variants of their content. The
block diagram consists of 12 units, which are based on the
substantiated methods, models and procedures of coordina-
tion of the CTO with daily volumes of milk delivery. Units
1—-3 ensure the database formation, unit 4 — the selection
of variants of the CTO, unit 5 — determining the indicators

of operations execution at CP, units 6—9 — determining of
indicators of implementation of transport operations, units
10-12 — saving and output of the simulation results. The
simulation model implies the prediction of changeable daily
volumes of milk collection from separate farms. The model
is based on the substantiated dependences of duration of
the CTO execution on volumes of milk collection, distri-
butions of durations of CTO execution, as well as possible
variants of their content. The proposed model was verified
for adequacy with the use of the paired t-criterion. Exper-
imental and simulated values of the durations of servicing
of certain routes do not exceed 2.9 %, which indicates the
adequacy of the developed model to the actual processes of
milk collection.

3. Based on the simulation of CTO execution in LSMC,
their indicators were established. These indicators include
the duration of cooling milk at the CP and the duration of
transport operations, the volume of water and electricity
consumption by the CP, the covered distance and freight
turnover performed by tank vehicles. Their quantitative
values depend on the content of operations execution and
seasonality of milk collection. It was established that the
content of CTO execution and production conditions sig-
nificantly affect their indicators, the quantitative values of
which change by 1.2...3 times in a given LSMC throughout
the calendar year. This proves the appropriateness of daily
coordination of the content of execution of operation within
a given LSMC with production conditions.
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