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Annotation. The experience of the history of wars and war conflicts shows that in every successful military company,
operation, battle, as in every defeat, it is necessary, among other reasons, to look for the positive and negative sides in the
work of logistical bodies, their organizations, capabilities and ways of providing. The development of the logistics system
has always been carried out in parallel with the development of the armed forces and methods of warfare, operations and
combat. New types of weapons, military equipment, methods of warfare put forward their requirements for the logistics
system, forced to produce more modern forms of organization of the logistics system and methods of security. The system
of logistical support of the state defense forces is a complex, multi-level structure. In the course of the article, the author
developed a mathematical model for predicting the state of the logistical support system of the state defense forces. This
model allows to predict the effectiveness of the system of logistical support of the defense forces of the state, with both the
system as a whole and its individual elements. This model allows to predict the state of the logistics system, to establish
relationships between individual elements of the logistics system of the defense forces of the state, to determine the number
of logistics that need to be put in the near future. In the course of the research, the author used both general scientific and
special methods of research: semantic was used for the development of the essential part of the definitions of the
categorical apparatus of military logistics; methods of economic analysis were used to assess trends in the military
provision of the Armed Forces of Ukraine; systematic analysis methods were used to evaluate the prerequisites and
integrate the goals in the process of forming a military logistics system; methods of economic and mathematical modeling
were used to optimize the structure and internal processes of the military logistics system. According to the results of the
research, the author was tasked with developing a methodology for assessing the effectiveness of the system of logistical

support of the state defense forces.
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Introduction

Considering the presence of an objective constraint
on reforming the Armed Forces of Ukraine, it is typical
in the context of the theory of change management
(conservatism, resistance to change), it is necessary to
acknowledge the lack of theoretical developments in
optimizing the ways of reforming the Armed Forces of
Ukraine, above all their logistics.

When the business concept of logistics is
increasingly perceived as one of the most effective tools
for increasing competitiveness at the expense of cost
advantages, in terms of elasticity and reliability, this is
not always the case in the military sphere.

Logistics is the planning and implementation of
the deployment and provision of troops (forces) that is
applicable to aspects of military operations, which are
related to the following activities: design, development
(modernization and modification), purchase, storage,
transportation, distribution, maintenance and repair,
evacuation and disposal of material resources;
transportation of personnel; purchase (construction),
maintenance, operation and sale of military
installations; purchase or provision of food, bath and
laundry services; health care, etc. The organization of
the logistics system of the Armed Forces of Ukraine
envisages the widespread use of the products of
production of enterprises of the state industry.

The aforementioned system is not autonomous and
self-sufficient, it is embedded in the general economic
processes of the state and it is prone to influence not
only crisis phenomena in the economy, but also
transformations occurring in the system of public
administration [1-5].

The system of logistical support of the state
defense forces is a complex, multi-level structure. It
requires taking into account different in origin, units of
measure of performance evaluation and forecasting of
its status for a certain amount of time ahead.

Given the above, an urgent scientific task is to take
into account the maximum number of indicators by
which the system of logistical support of the defense
forces of the state and the forecasting of its state is
evaluated [6-14].

The purpose of this article is to develop a
mathematical model for predicting the state of the
logistics system for the defense forces of the state.

Outline of the main research material

One of the main research areas for the Logistics
Support System of the State Defense Forces (LSSSDF)
is now considered to be the development and
application of models that allow to analyze and describe
the process of logistical support (LS) with sufficient
completeness and correlation and, on that basis, to offer
methods of enhancement of its effectiveness [11].

The research of the parameters of LSSSDF
functioning in the predicted conditions of their
application, which is revealed by a number of
contradictions in the theory and practice of LS at the
present stage [12]. Among the most significant, such
contradiction are mentioned: between the planned and
real-time costs of organizational and theoretical tasks in
the course of deciding on LS (planning of transportation
of material resources); between the need to predict the
need for material resources (MR) and the imperfection
of the accepted scientific and methodological apparatus
for forecasting.
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The essence of these contradictions should be
explained.

1. Logistical support of troops in the course of the
operation is organized on the basis of the analysis,
which was received from the bottom-up logistics
authorities of the reporting documents. The timing of
their development and submission to the senior
management bodies is strictly regulated, but at the same
time they imply a certain information delay (time for
processing and generalization of data at each of the
higher levels of management).

Considering the time for tasking the contractor
(military unit or logistical unit) and processing of this
task, such an information delay is usually at least 2
hours. In addition, depending on the distance of the
warehouses-suppliers, their equipment devices of
mechanization of loading and unloading works,
accessible loading front, the state of the road network,
the ability to transport the truck, the influence of the
enemy and other factors may delay the delivery [12-15].

As a result, until the actual delivery (¢) the

claimed amount of material at the time of application
(1), the

0(t)-0(1)+0O(r—t) and it is not completely satisfied

actual need is increasing:

(there is a shortage (AQ), which is equal to the amount

of costs and losses of material resources for the period
of delayed delivery).

2. The organization of logistical support of troops
during the operation necessarily requires the solution of
the task of forecasting the need for material resources
for its further management.

Known techniques are based on the estimation of
the mathematical expectation (ME) of the average daily
consumption of material resources, the intensity of
warfare over the operation periods, the location, the role
of a particular connection (part, unit) in the operational
construction (combat order), the length of time of
execution combat task in a given mode, etc. ME is
calculated on the basis of a certain set of coefficients.
These forecasting techniques (sets and values of
coefficients) were developed on the basis of large-scale
strategic operations and exercises of the XX century
without the necessary detail on the various forms and
methods of action of the troops.

In recent years, the forms and methods of combat
operations have changed: disappearing lines of
continuous collision of groups of troops (forces),
combat operations become focal and highly
maneuverable, with their intensity and dynamism
increasing substantially, with advanced technologies
emerging in the first place the conduct of hostilities and
the processes for their provision through the
introduction of fundamentally new combat and support
systems.

Considering the high dynamics of modern
operations (combat operations), the search for adaptive
forecasting methods is especially relevant.

The use of statistical forecasting methods can help
to overcome the contradictions, which are described
above in the operation of the ME [11-14].

One of the main statistical methods is the variable
mean method, which is described in detail in the works
[11-14].

The estimated value for the planned period is the
average value for N previous periods.

The projected need (cost and loss) of the ME of
the state defense forces in 7 period is determined by the
formula:

0P (T-1),

M=
M=

1
an (T) = K

~
Il

li

where O/7(T) is the need of the defense forces of the

state, which is predicted by the i-th type of material
devices in the period (time, day) of the operation, units
of account, t; K is the number of observation periods;
N is the nomenclature of the material devices;

o? (T-1) is the actual consumption of material

resources of the state defense forces in the previous
period, units of account, t.

However, the method of variable average is
characterized by significant shortcomings, the presence
of which makes use of it while planning the logistics of
troops during the operation, which is impractical.

Firstly, the use of the method requires a
sufficiently long history of observations from previous
periods (usually 5-6 times the duration of the forecast
period).

Secondly, the method does not take into account
the effect of preservation (aging) of information within
a time period or statistics when the situation changes.

As aresult, it is proposed to use adaptive statistical
forecasting methods based on exponential smoothing as
a basis for short-term forecasting of costs and losses of
material resources under the considered conditions.

The scheme of construction of the adaptive
forecasting model, which is presented in Fig. 1.

Mathematical modeling. Suppose that the time
series model looks like

Ve = aytey, (1)
where y; is the value of the time series at time ¢
a; =const; g 1is the random deviations with zero

mathematical expectation and variance o2,
Expotential smoothing of a series is carried out by
the formula:

S, =y, +BS,_;, )
where S; is the exponential mean value at time #; o is
the smoothing parameter,

a=const, 0<a<l; B-1-o.

Exponential average S, , can be represented by the

previous values of the time series, using the expression
consistently (2):

Sl = (X,yl + BSt—l = (X,yt + B(ayt—l + BSI—Z ) =
=y, +BS; +BS,o-

In the end we get
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n—l1
S, = OLZ Blyt—i + BnSOa (3)
t=0

where n is the length of the row; § is the exponential
mean value at the previous period of time.

Thus (3), the value
S; is the sum of all the

members of the series.
Moreover, the
weights of the
individual levels of the
series decrease as they
are removed in the past
according to the
exponential ~ function.
For example, when
o =0,3 (the weight of
\ | the current
Calculation of the observation), weight of
H forecast error the previous level
(»;1) will respond
apf-0,3-0,7=0,21;
for the level y;_, the
will be

och =0,147 etc.

While calculating

) ' the exponential value
Fig. lj An alg(')rl'thm for S, at time ¢ the
an adaptive prediction model

START

1 Obtaining the
output coefficients
of the model

Modification,

which is based on

the prediction
error

P

One step forward
forecasting

Does the
training
period complete?

weight

exponential mean at the
previous time is always needed S;_; (2) or at the first
step Sy (3). If there is a history of observations of the
actual value of this indicator before the beginning of the
alignment, then as the initial value of the exponential
mean, you can use the arithmetic mean of all available
values of the time series or any part of it. In the absence
of such data, the initial value S, should be anticipated
based on prior knowledge of the process.

The main task of optimizing the exponential
smoothing model is to find the optimal value of the
smoothing parameter o . Indeed, when o =0, the
model will be characterized by a complete lack of
adaptation: S; —S,_; and when a =1, the forecast for
any time period becomes equal to the current actual
value of the series. As a rule, it is recommended to take
the values within 0,1-0,3 [12], at the same time, the best
values of the forecast can be reached at any acceptable
values a [13].

Short-term forecasting using the exponential mean,
which is performed according to the formula [11-14]:

Spa =S, +a(y, =5;).

The new forecast S;,; is obtained as a result of
adjusting the previous forecast to account for its error
(»; —S;) . That is the adaptation of the model.

It is advisable to take the value of the o parameter
to a large extent, taking into account fresh information.

As the forecasting period increases, on the contrary, the
latest data reflecting the so-called fluctuations in the
situation should be slightly less weight, this value o
should be reduced.

The optimal parameter values o can be obtained
by the least-squares method.

The analysis of the considered time series (Table
1) reveals a fairly pronounced trend of linear growth.
While predicting the values of such a time series, the
exponential mean gives a systematic error (leads to
biased forecasts). Thus, the maximum prediction
accuracy according to formula (4) is achieved at
o =0,9 and does not exceed 9%. Such accuracy is not
practically acceptable, so model (1) in this case is
advisable to replace the model of linear growth
according to the recommendations [12, 16].

The forecast can then be obtained by expression

S =by by, 4)

where b, and b,, are the current estimates of the

model coefficients; 1 is the time ahead of the forecast.
Estimation of coefficient values b, and by, is

performed according to the following recurrent
formulas:

by =by1+by, 1 +oye;

byt = by sy + o028y,
where o; and o, are the exponential smoothing

parameters (adaptations), 0<oy; oy, >1, ¢ =y, =S5,
is the forecast error.
The initial values of the coefficients by, and by,

can be obtained by the least-squares method [8] as a
result of solving the system of equations:

n n
byn+bynYy t; = v
P

n n n
2,
bty ti+by Y 1i=Y 1y,
i-1 i-1 i-1
where 7 is the number of previous observation steps; i is
the sequence number of the observation stage; ¢ is the

stage of information receipt, (tl =0,t, =T,t3 = ZT) ;
¥; 1s the actual value of the parameter, which is

observed at the i-th stage of observation.
The most appropriate values of the adaptation
parameters o, and o, are selected by the method of

the least-squares.

Comparative estimates of the accuracy of forecasts
for the selected time series using the model (4) at
o =0,9 and models (5) at oy =0,7 and o, =0,1 on
relative indicators that are shown in Table 1.

Forecasting according to the accepted conditions
was made starting from the fifth day of operation.

Let us analyze the advantages and disadvantages
of this model. Exponential smoothing prediction does
not require a long observation history. In addition, the
model allows to take into account how the current trend
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is going to develop, rather than the trend that has
developed on average over the whole analyzed period
[12]. This is very important for predicting the dynamic
environment of modern combat (operations). The

resulting model is adaptive, that is, in the repeated
forecasting cycle, it responds to the prediction error that
occurred in the previous adaptation period, thus,
iteratively receives each new actual point of the series.

Table I — Estimation of accuracy of forecasts by the relative indicators

The A Simple exponential smoothing at o =0,9 Expotential smoothing on the lincar
days of Zziriage growth model at o =0,7 and 1(; :1 0,' 1
operatio | . irement | The yalue of | SISO | Relative forecast | Thevalue | ARSosonte | Frl

n the forecast At error ;% forecast error At error &;,%
1 7981 - - - - - -

2 7601 - - - - - -

3 7791 - - - - - -

4 7221 - - - - - -

5 7031 7264 -233 -3,3 7776 -745,0 -10,6
6 7221 7054 -167 2.3 6569 652,1 9,0
7 6081 7204 -1123 -18,5 7025 -944.3 -15,5
8 5701 6193 492 8.6 5719 -18 -0,3
9 5321 5750 -429 -8,1 5382 60,5 -1,1
10 4941 5364 423 8,6 4984 -42,7 -0,9
11 4560 4983 -423 93 4598 -38,1 -0,8
12 4180 4602 422 10,1 4210 -30,3 -0,7

The conclusions

1. In this article, the author developed a
mathematical model for predicting the state of the
logistical support system of the defense forces of the
state.

2. The essence of this mathematical model is that it
will allow to predict the state of the system of logistical
support of the state defense forces.

The application of this model in the logistics
management system will allow to organize a plan-
preventive (in addition to the existing application) by
nature of the MR trucking system, which will
significantly reduce the volume of possible MR supply
to consumers in the current conditions of operations
(hostilities).

In addition, the proposed forecasting model can be
used to determine the required volumes of military and
operational stocks of the MR in the operational

direction, depending on the expected duration of
hostilities.

3. Thus, the article proposes an approach to
forecast the need for MR in planning the logistics
support of troops during (operations) combat operations
using an adaptive model based on exponential
smoothing of time series. Experimental researches on
the example of forecasting the need for MR of the state
defense forces in the course of a defense operation have
shown a fairly high accuracy (within 5%) of the
proposed approach.

4. The above mathematical model is an integral
part of the methodology of assessing the effectiveness
of the system of logistical support of the state defense
forces.

The direction of further research should be
considered the development of a methodology for
assessing the effectiveness of the functioning of the
system of logistical support of the state defense forces.
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MaremMaTHYHa MOJE/]Ib IPOrHO3YBAHHS CTAHY CHCTEMH JIOTiCTHYHOIO 3a0e31e4eHHsi CHJI 000POHM NepiKaBH
O. B. Hakoneunwmit

AnoTanisi. JlocBix icTopil BifiH 1 BOEHHUX KOH(UIIKTIB IOKa3ye, 110 y KOXKHIM YCIIIIHO IPOBEEHiil BOEHHIH KOMNaHii,
omeparii, 6010, 5K 1 y KOXKHIH 1opasii, HeoOXiHO, MOPs 3 IHIIMMH IPUYUHAMH, IIIYKATH TO3UTHUBHI Ta HEraTHBHI CTOPOHU y POOOTI
OpraHiB MaTepiaJIbHO-TEXHIYHOro 3a0e3leyeHHs, IX oprasisauii, MOXJIMBOCTSX 1 crocoOax 3abesrnedeHHs. PO3BUTOK cucremu
JIOTiCTUYHOr0 3a0e3NeueHHs 3aBKIH 31 HCHIOBaBCS Mapale]bHO 3 PO3BUTKOM 30pOIHMX cuil 1 crioco0iB BeJIeHH: BiiiHH, onepanii i
6oro. HoBi Bumi 030poeHHs, GOHOBOI TEXHIKH, CIIOCOOW BejieHHs OOMHOBHX Jiif BHCYBaJIH CBOI BUMOTH JIO CHCTEMH JIOTiCTHIHOTO
3a0€e3IeUeHHs], 3MYIIyBAIM BHPOOJATH OUIBII cydacHi (OpMH OpraHi3amii CHCTEMH JIOIiCTHYHOro 3a0e3NedyeHHs 1 CIocoOH
3abe3nedenHs. CucremMa JIOricTHYHOro 3a0e3NedYeHHsT CHII 000POHHU JIEpKaBU € CKJIAJIHON, 0GaraTopiBHEBOIO CTPYKTYporo. B xomi
IIPOBE/ICHOr0 aBTOPOM CTaTTi JOCIHI/DKEHHS pO3POOJIEHO MaTeMaTHYHy MOJENb HPOrHO3YBAHHS CTaHy CHCTEMH JIOTiCTHYHOIO
3a0e3neueHHs CWJI OOOPOHM JepiKaBM. 3a3HaueHa MOJENb JIO3BOJSAE IPOTHO3YBATH €(eKTHBHICTb CHCTEMM JIOIiCTHYHOIO
3a0e3rnedeHHs Cui1 00OPOHH JIepXKaBH, NPH LbOMY SIK CHCTEMHM B LIIJIOMY TaK i OKpeMHX il eleMeHTiB. 3a3HaueHa MOJIEIb J03BOJISE
MIPOBECTH NPOrHO3YBAHHS CTaHY CHUCTEMH JIOTICTHYHOrO 3a0e3NeueHHs, BCTAHOBUTH B3a€MO3B’SI3KM MK OKPEMUMH €JIEMEHTaMU
CHCTEMH JIOTICTHYHOr0 3a0e311eueHHs C1I 00OPOHH JIeprKaBH, IPOBECTH BU3HAYEHHS KUJIBKOCTI MaTepiabHO-TEXHIYHUX 3aC00IB 1110
HEOoO0XiZIHO MOCTAaBUTH HAHOIKIMM YacoM. B mporeci mpoBeieHOro 10CiiVKeHHS aBTOPOM BUKOPUCTaHI SIK 3araJlbHOHAYKOBI, TaK i
crienianbHi METOAU JOCIIJUKEHHS: CeMaHTUYHUM — JUIS PO3BUTKY CYTHICHOI YyacTHHU Ae(iHiliil kareropiiiHOro amapary BiiCbKOBOI
JIOTICTUKH; METOJM €KOHOMIYHOr'0 aHajli3y — I OLIHIOBAaHHS TEHJICHLIH y BilicbkoBoMy 3abesneueHHi 30poitnux Cun Ykpainy,
METOJIM CHCTEMHOrO aHali3y — JUlsl OL[HIOBaHHS IepeyMOB Ta iHTerpauii el y npoueci popMyBaHHS BIHCHKOBOI JIOTICTUYHOL
CHCTEMH; METOJM €KOHOMIKO-MaTeMaTHYHOrO MOJIENIOBAHHS — I ONTHMI3alii CTPYKTYpU Ta BHYTDILIHIX NpPOLECIB BiHChKOBOI
JIOTICTUYHOI CHCTEMHU. 3a pe3yJIbTaTaMM HPOBEICHOr0 JIOCIIPKEHHs aBTOPOM OYJIO IIOCTaBIEHO 3aBIaHHSA Ha PO3POOKY METOIMUKI
OLIIHIOBaHHS e(heKTUBHOCTI CHCTEMH JIOTiCTUYHOr O 3a0e3MeYeHHs CHJI 000POHH JePIKaBH.

KawuoBi ciroBa: cucrema JIOricTHYHOro 3a0e31eYeHHsT; CUII 000pOHH JIepKaBH; e(eKTUBHICTH; POPMH Ta CIIOCOOH.

MaremaTH4ecKast MOJIeJIb MPOrHO3HPOBAHHUS COCTOSIHUSI CHCTEMbI JIOTHCTHYECKOT0 06ecneyeH st CHI 000POHBI IocyIapcTBa
A. B. HakoneuHs1i

AnHoTanus. OIBIT UCTOPHH BOMH ¥ BOSHHBIX KOH(IIMKTOB ITOKA3bIBACT, YTO B KAXKJON YCIIEIIHO IPOBEACHHOH BOCHHOM
KOMIIaHUY, ONeparyy, 005, KaK U B Ka)<I0i MOPasKeH!H, HEOOXOIMMO, HapsAy ¢ IPYTHMHU NPUYHHAMY, UCKATh IIOIOXKUTENIBHbIC H
OTpHIIATENIbHBIE CTOPOHBI B paboTe OpraHOB MaTepPUATBHO-TEXHHUYECKOrO OOECIeUYeHMS, UX OpraHM3aliM, BOSMOMKHOCTSX U
criocobax obecreueHys. Pa3BuTHe CHCTEMBI JIOTMCTHYECKOTO OOECIICUEHHMs! BCErAa OCYILIECTBILUICS IMapaluIeNbHO C Pa3BUTHEM
BOOPY)KCHHBIX CHJI M CIIOCOOOB BEJICHHS BOWHBI, onepauuu 1 60s. HoBble BHbl BOOpY:KeHHS, O0CBOI TEXHUKH, COCOOBI BEJCHUS
6OEeBbIX IEHCTBUII BBIIBUTANM CBOM TPEOOBAaHUS K CHCTEME JIOTHCTHYECKOro OOECIeUEeHHMs, 3aCTaBIIUIM NPOU3BOAUTH Oolee
COBpPEeMEHHbIE (HOPMBbI OPraHU3ALMK CUCTEMBI JIOTHCTHYECKOro odecriedeHust 1 croco0b! odecrieueHus. Cucrema JIOrHCTHYECKOro
obecrieyeHys c1i1 000pOHBI FOCYIAPCTBA ABJIACTCS CIIOKHOM, MHOTOYPOBHEBOH CTPYKTYpOH. B X0zie IpoBeIeHHOro aBTOPOM CTaThby
HCCIIEI0BaHMS pa3paboTaHa MaTeMaTH4YecKast MOJENb NPOrHO3UPOBAHUSA COCTOSHHUS CHCTEMbI JIOTMCTHYECKOr0 00ECIeYeHUs CHII
000pOHBI rocynapcTBa. YKa3aHHas MOJENb II03BOJISIET MPOrHO3MPOBaTh dQPEKTUBHOCT CUCTEMBI JIOTHCTHYECKOI0 00ECIIeUeHUs!
cuil 000pOHBI TOCYAPCTBa, IIPU 3TOM KaK CHUCTEMBI B LIEJIOM, TaK U OTJCNIBHBIX €€ IEMEHTOB. YKa3aHHas MOZEIb M03BOJISET
MIPOBECTH MPOTHO3HPOBAHMSA COCTOSHHUS CHCTEMbI JIOTMCTHYECKOTrO 00ECIEUEHHUs, YCTAHOBUTh B3aUMOCBSA3H MEXIY OTJIEIbHBIMU
JJIEMEHTAMM CHUCTEMBbl JIOTMCTHYECKOro olecrneyeHus Ccwl OOOpOHBI TOCYHapcTBa, IPOBECTH ONpPEJCICHHE KOJINYeCTBa
MaTepHalIbHO-TEXHUYECKUX CPEJICTB, KOTOpble HEOOXOAMMO IIOCTaBUTh B Omkaiiliiee BpeMs. B mporecce INpoBeAEHHOrO
HCCIICZIOBAHNS aBTOPOM HCIOJNIB30BAHbI KaK OOLEHAY4YHbIEC, TAK U CIECLMAIbHBIC METObl MCCIICOBAHHSA: CEMAaHTUUECKUH - Is
Pa3BUTHS CYLIHOCTHOH 4acTH JeMHMINK KaTeropHajJbHOroO almapara BOGHHOM JIOTMCTHKH; METO/bI 9KOHOMUUYECKOro aHalIu3a -
JUISL OLICHKH TEHIEHIMH B BOGHHOM oOecrieueHHH BoopyxeHHbIx Cuil YKpauHbI; METOABI CHCTEMHOrO aHalW3a - VIl OLEHKH
NPEINOCbUIOK M HHTErpalyy Ienedl B mpouecce (GOpMUPOBAaHMS BOEGHHOM JIOTMCTHYECKOH CHCTEMBI; METOIbI 3KOHOMHKO-
MaTeMaTUYecKOro MOAEIUPOBAHUS - ULl ONTHUMM3ALMK CTPYKTYPbl M BHYTPEHHHX IPOLIECCOB BOCHHOW JIOTMCTHUECKOH CHCTEMBI.
ITo pesynpTaraM HPOBEICHHOrO HCCIEAOBAHMSA aBTOPOM ObLIa IIOCTAaBJICHA 33jada Ha pPa3pabdOTKy METOAMKU OLEHKU
3((HEKTUBHOCTH CHCTEMBI JIOTHCTUYECKOTr0 00eCIIeUeHUs! Cril 000POHBI IOCYAapCTBa.

KaroudeBble caoBa: cucteMa JIOTUCTHYECKOrO 00ECIIEUeHUsT; CHUIIBI 00OPOHBI TocyapcTBa; 3G GeKTUBHOCTD; GOPMBI U
CIIOCOOBI.
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