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Abstract: Efficient activity of organizational units at armed forces is impossible without
comprehensive and continuous logistics. Key role in arrangement of logistics is played by supply
processes: ordering, purchase, delivery, and storage of material and technical resources (goods).
Complexity and multiplicity of implementing the logistics process assume the use of economic-
mathematical modeling, as efficient tool for supporting the decisions, which ensures the
selection of the most favorable supply options. The paper provides dynamic model of optimized
supply (at decentralized procurement of material and technical resources), which describes the
possible options of arranging the logistics of organizational units of the armed forces. Criterion
of global optimization is represented by normalized performance indicator characterizing the
level of provision of organizational units with material and technical resources. Proposed
economic-mathematical model is efficient tool for supporting the decisions taken by logistics-
management divisions of organizational units of armed forces — at multiple options of
implementing the logistic processes and limited financial resources, which allows to optimize the
level of provision of organizational units with required MTR (for the entire planning period of
supply, regarding the change of need, scope of funds allocated for logistics and logistic costs
accompanying the supply process).
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JTUHAMIYHA MOJEJb OITUMI3ALIII IOCTAYAHHSA
OPFAHI3AHIﬁHHX ®OPMYBAHB 35POMHUX CUJI ITPU
JENEHTPAJII3OBAHUX 3AKYIIIBJISIX
Cucoes B.B.

AHoTauis: EQexTuBHa NisIbHICTH OpraHizaliifHux ¢popMyBaHb 30pOHHUX CHJII HE MOXKJIMBaA 0e3
ix BceOiyHOro 1 0Oe3mepepBHOrO MaTepiaibHO-TEXHIYHOro 3abe3nedeHHs. Kio4yoBy poiib B
oprasizauii mpoluecy MaTepialbHO-TeXHIYHOro 3a0e3NedyeHHs TparoTh JOTNICTUYHI HpPOLEeCcH
MOCTayaHHs: 3aMOBJICHHS, 3aKyIMiBJs, TPAHCIOPTYBaHHS 1 30epiraHHs MaTeplalbHO-TEXHIYHUX
pecypciB (ToBapiB). CkiaaHiCTh 1 OaraToBapiaHTHICTb peasizallii IMpolecy MaTepialbHO-
TEXHIYHOTO 3a0e3Me4YeHHs OOYMOBIIIOIOTh BUKOPHUCTAaHHS METOLY €KOHOMIKO-MaTeMaTHYHOIO
MOJIETIOBaHHS K €(EKTUBHOIO 1HCTPYMEHTY OOTPYHTYBaHHS pillleHb, 110 J03BOJIsiE BUOpaTU
HAWOIMBII BWTIAHI BapilaHTH TMOCTayaHHSA. Y CTaTTi MpeACTaBlieHa AWHAMIYHA MOJEINb
ONTHUMI3aIlil HOCTaYaHH MPH JIELEHTPATI30BaHUX 3aKYIIBIISAX MaTeplalbHO-TEXHIYHUX PECYypCiB,
sKa ONHCYe MOXIIMBI BapiaHTH oOpratizamii MaTepiaJbHO-TEXHIYHOrO 3a0e3neueHHs
oprasizauiiHux (opMmyBaHb 30poilHMX cwiI. Sk KpuTepil onTuMizalii 3ampOoNOHOBAaHUI
HOpMaJli30BaHMM TMOKa3HUK €(eKTUBHOCTI, IO XapakTepusye piBeHb 3a0e3MedyeHoCTi
MaTepiaJbHO-TEXHIYHUMHU  pecypcaMu  opraHizauiiHoro ¢opMmyBaHHS  30pOMHHMX  CHIL
3amponoHOBaHa €KOHOMIKO-MaTeMaTHuyHa MOJEb J03BOJIAIOTH ONTHMI3yBaTH 3a0e3NedeHiCTh
oprasizauiiiHoro ¢opMyBaHHS HEOOXIIHMMU MaTepilaJibHO-TEXHIYHUMH pecypcaMu 3a BeCh
IUTAHOBHMH MEpioj MOCTauyaHHS B IIJIOMY 3 ypaxyBaHHSAM 3MiHU MOTped, oOcATiB (piHaHCOBUX
KOINTIB, IO BUIUISIOTHCS HAa MaTeplaibHO-TEXHIYHE 3a0€3MEeUeHHs, 1 JOTICTUYHUX BUTpAT, 110
CYIIPOBOJUKYIOTh JaHUH MPOILIEC, a TAKOXK € €PEeKTUBHUM IHCTPYMEHTOM OOIPYHTYBAHHS pillIeHb,
o0 NOpuiMaloTbCcd  OpraHaMM  YNPABIIHHS ~ MaTepialbHO-TEXHIYHUM  3a0e3MeueHHsIM
oprasizauidHux QopMmyBaHb 30pOHHMX CHJI B YMOBax OaraTOBapiaHTHOCTI peasizamii
JIOTICTUYHUX TIPOIIECIB Ta 0OMEXEHOCTI (PIHAHCOBUX PECYpCIB.



KuarouoBi cjoBa: mocTauaHHs, JOTICTUYHI TIPOIECH, JWHAMIYHA MOJEb, ONTHMI3aIlis,
JIEIEHTPaTI30BaH1 3aKyIiBJIi, opraHizaiiiiHe ¢opMyBaHHS 30pOHHUX CHIIL.

JTUHAMMUYECKAS MOJIEJIb OIITUMU3ALIUA CHABXEHUSA
OPTAHU3ALIMOHHBIX ®OPMUPOBAHU BOOPY KEHHBIX CIJI
INPU JEHEHTPAJIN30BAHHBIX 3AKYIIKAX

CricoeB B.B.

AHHoOTauus: DPPEeKTHBHAS NEATEIBHOCTh OPraHU3AUOHHBIX (POPMUPOBAHUN BOOPYKEHHBIX
CHJI HE BO3MOXXHa 0€3 HX BCECTOPOHHEr0 M HEMNPEPhIBHOIO MAaTepHaIbHO-TEXHUUYECKOTO
obOecnieuenus. KiroyeByro poinb B OpraHM3allMd IIPOLECCA MAaTEPUAIbHO-TEXHHUUYECKOTO
o0ecreyeHns UrparoT JIOTUCTUYECKHE MPOLIECChl CHAOKEHMs: 3aKa3, 3aKylKa, TPaHCIIOPTUPOBKA
U XpaHEHHE MaTepUAIIbHO-TEXHUUECKUX pecypcoB (ToBapoB). CI0KHOCTh U MHOTOBapUAHTHOCTh
peanu3alMM  Ipolecca  MaTepUaJbHO-TEXHMUYECKOro  olOecreueHuss  00yClIaBIMBAIOT
UCTIOJIb30BaHUE METOJa AIKOHOMHKO-MATEMaTHUYECKOTO MOJCIUPOBAHMS KaK A(PPEKTHBHOTO
MHCTPYMEHTa 00OCHOBAHUS PEIIECHHH, TO3BOJIAIONIETr0 BEIOpaTh Hauboiee BHITOIHbIE BapUAHThI
cHaOxeHus. B craree mpejacraBieHa JWHAMHYECKAs MOJAETh ONTHMH3ALUN CHAOKEHUS TpPU
JICLIEHTPAIN30BAHHBIX 3aKyNKaX MaTepUaIbHO-TEXHUYECKUX PECypCcOB, KOTOpas ONMCHIBAET
BO3MOKHBIE BapHUaHTHI OpTaHu3aIH MaTepHaTbHO-TEXHUIECKOTO obecrieueHus
OpraHU3alMOHHBIX (POPMUPOBAHUM BOOPYKEHHBIX CHI. B KauecTBe KpuTepus ONTUMH3ALUU
NPEUIO’KEH HOPMAIM30BAaHHBIN MOKa3aTenb 3()(eKTUBHOCTH, XapaKTepH3YIOUIMA ypPOBEHb
00€CIeYeHHOCTH MaTepUaIbHO-TEXHUYECKUMHU PEeCypcaMH OpraHU3allMOHHOTO (OPMHUPOBAHUS
CHIIOBOH  CTPYKTYphl. IIpe/ioskeHHass SKOHOMHKO-MaTeMaTHYeCKass MOJENb ITO3BOJISIOT
ONTUMHU3UPOBATh 0OECHEUEHHOCTh OPraHU3ALMOHHOIO  (OPMHUPOBAHUA  HEOOXOAWMBIMU
MaTepHaIbHO-TEXHIUECKUMH pecypcaMH 3a BECh IUIAHOBBIN IMEpHOJa CHAOXKEHHS B IIEJIOM C
y4eTOM M3MEHEHHUs MoTpeOHocTel, 00BEMOB (PUHAHCOBBIX CPEJACTB, BBIIEISIEMBbIX Ha
MaTepHaIbHO-TEXHIMUECKOE 00ecrieueHue, 1 JIOTUCTUYECKHX 3aTpaT, COMPOBOKIAIOIINX TaHHBIN
nporecc, a Takxke sBiIseTcs A(PQPEKTHUBHBIM HHCTPYMEHTOM OOOCHOBAHHUS pEIleHHH,
NPUHUMAEMbIX ~ OpraHamMH  yIpaBJICHUS  MaTepUANbHO-TEXHHYECKHMM  oOecrieuyeHneM
OpPraHU3alMOHHBIX (OPMUPOBAHUI CHUJIOBBIX CTPYKTYp B YCJIOBHUSAX MHOTOBapUaHTHOCTU
peanu3anuy JOTHCTUIECKUX MPOIECCOB M OTPAHUYCHHOCTH (DMHAHCOBBIX PECYPCOB.

KiawueBble cioBa: cHaOXeHHME, JIOTMCTHYECKHME TIPOLECCHl, JMHAMUYECKas MOJIENb,
ONTUMU3AIMS,  JICICHTPAJM30BaHHbIE  3aKyNKH,  OpTraHU3alMoOHHOe  (HOpMUpOBaHHE
BOOPY’KEHHBIX CHJI.



Introduction

One of the most important factors defining the success of armed forces is their
comprehensive and continuous logistics, which is not just a material basis of their
activity, but also a connecting link between the armed forces and state economy.
Complexity of managing the logistics processes for armed forces is, on one hand,
due to their heterogeneity: wide nomenclature of consumed material and technical
resources (MTR), various sources and options of meeting the needs at sale
markets, and, on the other hand, due to their dynamics: change of needs (based on
specific activities of organizational units of armed forces ), scope of financial
resources allocated from the budget for their support, and logistics costs for orders,
purchase, delivery, and storage of MTR (determined by various market factors).

In the context of developing (regional and local) sale markets, which offer the
ever widening range of goods/services, decentralized purchase management
(ensuring more flexible response to change in market environment, efficiency and
saving of funds in the course of supply — due to less distance) is becoming actual
for hierarchical logistics systems of armed forces (regarding the location of their
organizational units across the country). In this case, management divisions of
bottom hierarchical levels of the system (authorized for independent purchase of
certain MTR — at relevant sale markets, for served organizational units of armed
forces) operate autonomously and, therefore, shall have the efficient tools for
supporting decisions — to choose the most advantageous supply options regarding
the features of logistics process.

Solution of this logistics problem (characterized by multiple solutions) will
involve the economic-mathematical modeling ensuring the optimized provision of
organizational units of armed forces in terms of time-changing logistics parameters
and limited funding of needs.

1. Literature review

The following studies are dedicated to supply management of companies on the
principles of logistics: Dobler D. et al. (1995), Johnson F. et al. (2010), Sergeyev V.
and Elyashevich I. (2011).

Theoretical and methodological basis, as well as practical tools of modeling the
individual logistics processes (supply of companies), are stated in papers Barkalov S.
et al. (2000), Volodina E. (2003), Semenenko A. and Sergeyev V. (2003),
Lukinskiy V. ed. (2007), Fertsch M. et al. (2009).

In recent years, important place in studying the logistics (supply) processes is
occupied by modeling of supply chain management (aimed at optimizing the
material flows between all parties of product distribution — from producers to end
users): Tayur S. et al. (1999), Shapiro J. (2006), Ivanov D. (2009), Monczka R. et
al. (2011), Schonberger J. (2011).


http://www.google.com.ua/search?hl=ru&tbo=p&tbm=bks&q=inauthor:%22P.+Fraser+Johnson%22

Range of mathematical methods applied in logistics (regarding the streaming
nature of supply processes and optimization procedures) is reviewed in papers
Simchi-Levi D. et al. (2004), Prosvetov G. (2008), Brodetskiy G. (2011, 2012).

However, potential of applying the models of logistic processes (supply of
companies) for research/management of logistics at armed forces is limited, as it
does not account for such features of supply, as:

- organizational units of armed forces are non-profit entities, results of which
are not evaluated by economic parameters;

- determinacy of logistics for organizational units of armed forces , especially
in peacetime (rationed consumption of MTR, program-oriented and goal-oriented
planning of activities with definition of required MTR, covering the unplanned
consumption of resources by reserve stocks);

- in the course of purchasing the MTR, logistics departments at organizational
units of armed forces interact only with those suppliers, who directly sell the
products to end users, i.e., they are not interested in logistics chains of supply
created by various parties of product markets for sale of goods;

- dependence on budget funding (provided at certain periods by state bodies,
limited, unbalanced, and excluding any pre-payment of goods);

- diverse nomenclature and various priorities of consumed material and
technical resources;

- mandatory setting of minimum provision levels for each type of MTR — to
ensure the life support of staff and implementation of service and combat activities
at minimum-allowed level;

- variation of need for different MTR — depending on nature of tasks
performed by organizational unit.

So, such models can not be applied for simulation of logistics processes
(supply of armed forces).

Computational models of certain logistics tasks (supply of armed forces ) were
reviewed in papers Grigoriev Y. (1999), Moskovchenko V. (2001), Mihaylov Y.
(2002). Optimization models (management of certain logistics processes for supply
of armed forces ) provided in papers Pluzhnikov B. (1999), Pytlak, R. and Stecz, W.
(2006), Chistov I. (2006), Gallasch G. et al. (2008), Hester J. (2009), Lisovskiy V.
(2012) do not account for dynamic nature of supply, and objective function is
represented by logistic costs only, which limits the use of models for control of
actual logistics process and does not reflect its main goal — providing the
organizational units of armed forces with required MTR (according to their
rationed needs).

Given that supply of organizational units at armed forces is a permanent task
of logistics management, which depends on numerous (time-varying) features of
orders, purchase, delivery, and storage of MTR, establishment of efficient
logistics-management tools (subject to dynamics and comprehensive review of all
interrelated logistics processes) is quite actual.


http://www.amazon.com/David-Simchi-Levi/e/B000APSNOA/ref=sr_ntt_srch_lnk_1?qid=1369509659&sr=1-1

Purpose of present paper is to develop the economic-mathematical model,
which ensure the optimized provision of organizational units in armed forces — at
decentralized procurement, regarding the dynamics of their needs, allocated funds
and logistics costs accompanying the process of supply.

2. Formulation of the problem and a description of the model

Despite the fact that, under market conditions, logistics-management divisions at
organizational units of armed forces act as market entities, their activity (unlike
businesses) is realized under strict limitations for scope of allocated funds, which
iIs due to limited budget funding and consequent restrictions on needs of
organizational units — set as range of values for each type of MTR and reflecting
the minimum and rationed need for them — to ensure the activities of organizational
units at minimum and maximum possible level respectively.

Dynamics of supply process shall be presented as time chart reflecting the split
of planned period (operation of logistics systems at armed forces) into T equal
periods of time, where logistics-management divisions get certain scope of funds
(within each period) and purchase the MTR required for this period (Fig. 1).

Allocated Allocated Allocated
funds funds funds
Period 1 Period t i Period Tv
C ] L] L]
Costsof MTR Costsof  MTR Costsof  MTR
orders, (goods) orders,  (goods) orders, (goods)
purchase, purchase, purchase,
delivery delivery delivery
and storage and storage and storage
of MTR of MTR of MTR

....... » Funds (financial flows)
— Material and technical resources (material flows)

Figure 1. Time chart of planned supply for organizational units at armed forces

Limited budget funding is manifested in two aspects.

First, the total amount of funds allocated for the whole planning period is less
than required funds for this period (to meet the rationed demand of organizational
units at armed forces).

Second, there is an unevenness (variation) in flow of funds within different
periods of time, which (in case of their shortage to meet the minimum needs for
MTR) (requires) causes the use of stocks reserve, replenishment which take into
account in the value of the order formed for the next period.
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The logistics of organizational units at armed forces is characterized by a set of
logistics indicators, which include the costs for ordering the required MTR from
suppliers and their value (regarding the possible discounts and costs of
transportation and storage of MTR at warehouses of organizational units). For that
reason, costs of material and technical resources (goods), transportation, and
storage are calculated per unit of MTR, and ordering costs — per each order (based
on type of MTR).

To simplify the modeling of supply process (for organizational units of armed
forces), let’s introduce the following heuristic assumptions:

- parameters of logistics process (allocated funds, needs of organizational
units, price of MTR, cost of ordering, transporting, storage) are constant within
each time period and only vary on transition from one period to another;

- regardless of the amount of MTR (same type), purchased within the same
period, only one order is issued and only one shipment from one supplier is
performed;

- material and technical resources are purchased at the beginning of each time
period — so, storage costs of purchased lot are calculated for the entire period and
are similar for the same type of MTR (regardless of supplier);

- within the entire (planned) period of supply, warehouses of organizational
units maintain a set level of stock reserve (for material and technical resources of
each type).

Given the diverse nature of consumer goods and multiple vendors supplying
them to market, there are three options of arranging the logistics process for
organizational units of armed forces (at decentralized procurement):

option 1 — one consumer, one type of material and technical resources, one
supplier;

option 2 — one consumer, one type of material and technical resources, many
suppliers;

option 3 — one consumer, many types of material and technical resources, and
many suppliers.

The first two options are isolated situations of the third one; so, let us build a
dynamic model of optimized supply for organizational unit of armed forces — the
most common case characterized by various types of material resources, which can
be purchased from multiple vendors, thus allowing the selection of vendors
ensuring the most favorable terms for purchase of goods within each period of time
(Fig. 2).

Let us define the basic parameters of the model:

Vv,;; —amount of MTR of type s, s = 1,..., S, available by supplier i, i€ 1, during
the period t, t=1,..., T;
a™ — minimum demand of MTR of type s, s = 1,..., S, during the period t,

st

t=1,.... T,



rat

a,, — rationed demand of MTR of type s, s = 1,..., S, during the period t,
t=1,...,T,

z, — level of stock reserve of MTR of type s, s = 1,..., S, which must be always
available at warehouses of organizational unit;

co, — cost of one order for the purchase of MTR of type s, s = 1,..., S, from the

supplier i, i = I, during the period t, t=1,..., T;

¢S — unit transportation cost of MTR of type s, s = 1,..., S, from the supplier i,

i< lg,during the period t, t=1,..., T;

stor

Cq — unit storage cost of MTR of type s, s = 1,..., S, during the period t,
t=1,...,T;
Is — set of indices of the suppliers offering the MTR of type s, s = 1,..., S, at the

market;

vl — the threshold value amount of MTR of type s, s = 1,..., S, in the case of

purchase of which from the supplier i, i € 1, is given a discount on the price unit
of production during the period t, t=1,..., T;
cP' _ unit price of MTR of type s, s = 1,..., S, purchased from the supplier i,

I € I, during the period t, t=1,..., T, without discount;

¢ — unit price of MTR of type s, s = 1,..., S, purchased from the supplier i,

I € I, during the period t, t=1,..., T, with discount;

c° _ funds allocated for purchase of material and technical resources during the
periodt, t=1,..., T.

~Y Supplierl |

o
o
o

Costs of orders,

purchaseand . . Supplier2 | MTR
delivery of MTR /""" : (goods)
S : of type 1
Allocated ol S :
funds Supplieri-1 |
v MTR
Consumer Supplier i | (goods)
: of type s
: : ; T % Supplieri+1 |
v v v & . MTR
Costof Costof Cost of o, : (qoods)
storage  storage storage ey, N Supplier I-1
of MTR of MTR of MTR PP | of type S
type 1 types  typeS Supplier | |

Figure 2. Scheme of supply process at decentralized procurement (option 3)



Within certain period of time, each type of MTR makes its contribution to
activities of organizational unit (determined by weighting factors):

w,, =0;5=1,....5;t=1,....;T (1)
S
2w, =1;t=1,..T 2)
s=1

where w, — the weight of MTR of type s, s = 1,..., S, during the period t,
t=1,..,T.

Variables of the model are as follows:
Xt — required amount of MTR of type s, s = 1,..., S, purchased by the consumer

from the supplier i, i = |, during the period t, t=1,..., T,
CY — funds available at consumer after period t, t = 1,..., T. For sake of

completeness, we assume that C;" =0;
6, — binary variable equal to 0 or 1 depending on the presence of the order for
MTR of type s, s =1,..., S, purchased by the consumer from the supplier i, i € I,
during the period t, t=1,..., T.

As is known, during purchase of goods, vendors provide discounts, value of
which depends on lot of goods. So, unit price is a function of number of purchased

goods and can be represented via system of equations or as continuous
dependence. Let us set the unit price as the following system of ratios:

pwtd thr.

Csi 1X it < Vi ’ .

Pl = sp'svd o s=1LSie =1 T (3)
Csit ’Xsit szit;

where ¢k — unit price of MTR of type s, s = 1,..., S, purchased from the supplier
I, 1€ |, during the period t, t=1,..., T, at that

pwd

or:
O = - o )i =L SIS Lt =L T @

pwd

where &g, — percent discount per unit price in case of bulk purchase.

Efficiency of supply management is represented by indicator characterizing the
provision of organizational units by MTR (with best reflection of achieved ability
to implement set service and combat tasks):



min

X

- sit'ast

IS
U,=————:s=1...S:t=1...T. 5
st a:t_asﬁtln ( )

In this task, values 2x, -a™ can be considered as “criteria-forming" — i.e.,

il
target function is aimed at increasing the difference between supply of MTR (each
type) and minimum need for them, which corresponds to increased level of
providing the organizational unit of armed forces with material and technical
resources. Given that minimum demand of organizational unit ensures its activities
under set norms of logistics and ability to perform the service and combat tasks in

accordance with assignment (at minimum acceptable level), value of supply Exsit
i€l
n

less than value of minimum demand a™ is actually impossible.
As the various types of MTR with different dimensions may have significant

difference in ranges of supply values szit, simultaneous maximizing of their

el

difference 2, -a™" shall be normalized; at that

Sl
0<u, <Is=1..S;t=1..T. (6)

Thus, the formula for target function

ZX mln
] TZ SZ —'e' (7)
T el ey

to optimize the supply for organizational unit can be considered as expression of a
scalar ~ convolution  for maximized (private) efficiency indicators
Ugy;S=1...,.5;t=1....,T, while corresponding to summary weighted average of
provision levels (from minimum need for each type of MTR).

Mathematical model of optimized supply (in case of many types of MTR and
multiple suppliers) looks like the following.

1 T ?xsit - agt‘n
ie
'I_' Z 2 arat amln - max (8)
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S S
C., X.: I
Ca = CAP+CY - 2 X (04 + (CPh +coxg + =1 - 2z, >0;t=0,T -1 (9)
s=1

s=licly 2
Cy' =0 (10)
17 Xsit > O; .
O = 0.x. :0_s=1,...,S;|EIS;tzl,...,T (11)
U] !
ag" +z, < ;xsn <min(ag'; IE\/Sit);t =1...T (12)
1€y 1€1g
Xt = [Xit] =0;8 =1,....S;ie 1t =1...T (13)

where [X;,] — integer part of Xg,.

For the first two options of arranging the logistics process (at decentralized
purchase), optimized supply models are similar to reviewed model and differ from
it by less dimensions only (option 1 considers the time period only, option 2 — time
period and variety of vendors).

At decentralized purchase, reviewed task of optimized supply (for
organizational units of armed forces) is non-linear, and proposed economic-
mathematical model refers to mixed integer programming models, as area of
feasible solutions shows limitations set by logical terms “or — or”.

3. An example of application of the model

Let us imagine the implementation of developed model on the example of
logistic system consisting of a single consumer — organizational unit of armed
forces and five suppliers (A, B, C, D, and E), while , suppliers A and B supply the
MTR of type X, , suppliers C and D — MTR of type Y, and supplier E — MTR of
type Z. Cost indicators are shown in conventional monetary units (CMU). Initial
data for modeling the logistics process of organizational units are presented in
Table 1.

The modeling was made via Solver module of MS Excel 2010.

As a result of modeling, the optimal level of provision of organizational unit of
armed forces equal to 0.2988, real value of total logistic costs equal to 9,449,853.3
CMU, and distributions in time purchase volumes of MTR, total logistic costs,
funds remaining at consumers after each period time, and variable showing the
presence of orders at suppliers were obtained.

Distribution of purchase volumes of MTR of each type is shown at the
background of dynamics of change in levels of minimum and rationed need
organizational unit for these types of MTR (Fig. 3).
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Table 1. Initial data for modeling the logistics process (example)

Parameters| Units Planned period of time (1 year)

t month | 1 2 | 3|4 |5 |6 7|89 ]10)11]12
calee |Th.cMU | 690,0 |700,0|700,0{740,0(770,0 |810,0 840,0|850,0|850,0|840,0{840,0 820,0
Vx-a pcs | 800 | 800 | 800 | 900 | 900 | 900 | 900 | 1000|1000 | 1000 | 1000 [1000
Vx.B pcs | 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 1600 | 1600 | 1600 | 1600 | 1600 [1600
Vy.c pcs | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2300 | 2300 | 2300 | 2300 | 2300 (2300
Vy.D pcs | 3500 | 3500 | 3500 | 3500 | 3500 | 3500 | 3300 | 3300 | 3300 | 3300 | 3300 (3300
Vz.E pcs | 5000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5300 | 5300 | 5300 | 5300 | 5300 (5300
aym pcs | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1300 | 1300 | 1000 | 1000 (1000
ay pcs | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2400 | 2400 | 2000 | 2000 (2000
ay™” pcs | 4000 | 4000 | 4000 | 4000 | 4000 | 4000 | 4200 | 4200 | 4200 | 4000 | 4000 (4000
ay™ pcs | 5000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5500 | 5500 | 5500 | 5000 | 5000 (5000
ap pcs | 3000 | 3000 | 3000 | 3000 | 3000 | 3200 | 3200 | 3200 | 3200 | 3000 | 3000 (3000
ay pcs | 4500 | 4500 | 4500 | 4500 | 4500 | 5200 | 5200 | 5200 | 4500 | 4500 | 4500 |4500
Zy pcs | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Zy pcs | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300
Z; pcs | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200
Wy 05 | 05|05 |04|05|05|06|05]|05]|05]|05]05
Wy 02 | 02]02|03|02|01|01]02|02]02]|03]0.2
Wy 03 | 03]03|03[03|04|03|03|03/|03]|02]/03
ca CMU | 350 | 350 | 350 | 350 | 380 | 380 | 380 | 380 | 380 | 380 | 380 | 380
cg CMU | 340 | 340 | 340 | 340 | 340 | 340 | 360 | 360 | 360 | 360 | 360 | 360
& CMU | 400 | 400 | 400 | 400 | 400 | 400 | 450 | 450 | 450 | 450 | 450 | 450
c CMU | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 350 | 350 | 350
cg CMU | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 280 | 280 | 280 | 280 | 280
ch™d | CMU | 120 | 120 | 120 | 130 | 130 | 130 | 140 | 140 | 140 | 145 | 145 | 145
chd | CMU | 110 | 115 | 120 | 125 | 130 | 135 | 135 | 135 | 135 | 140 | 145 | 150
¢ |l cMU | 60 | 60 | 60 | 60 | 60 | 60 | 7O | 70 | 70 | 70 | 70 | 70
e 1 cMU | 65 | 65 | 65 | 70 | 70 | 70 | 75 | 75 | 75 | 65 | 65 | 65
M | CMU | 40 | 45 | 50 | 55 | 60 | 65 | 65 | 60 | 55 | 55 | 55 | 55
c¥y | CMU | 18 | 18 | 18 | 18 | 18 | 20 | 20 | 20 | 20 | 24 | 24 | 24
s CMU | 20 | 20 | 20 | 22 | 22 | 22 | 22 | 22 | 22 | 22 | 22 | 22
cdeL CMU | 10 | 12 | 14 | 16 | 16 | 16 | 14 | 14 | 14 | 16 | 16 | 16
% CMU | 12 | 12 | 12 | 12 | 12 | 12 | 15 | 15 | 15 | 15 | 15 | 15
¥t CMU | 10 | 10 | 10 |10 | 8 | 8 | 8 | 8 | 8 | 10 | 10 | 10
cx” CMU | 10 | 10 | 10 | 10 | 12 | 12 | 12 |12 | 12 | 8 | 8 | 8
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C\S(toIr CMU 4 4 4 5 5 5 5 5 5 6 6 6
C%tor CMuU 6 6 6 8 8 8 10 10 10 12 12 | 12
VQEA pcs 800 | 800 | 800 | 800 | 800 | 800 | 800 | 800 | 800 | 800 | 800 | 800
VE?EB pcs 1000 | 1000 | 1000|1000 | 1000| 1000 | 1000| 1000| 1000 | 1000 | 1000|1000
v\t(h_rc pcs 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 {2000
V\t(h_rD pcs 3000 | 3000 | 3000 | 3000 | 3000 | 3000 | 3000 | 3000 | 3000 | 3000 | 3000|3000
Véh_rE pcs 4000 | 4000 | 4000 | 4000 | 4000 | 4000| 4000 | 4000 | 4000 | 4000 | 4000 {4000
8§<V\_'dA % 5 5 5 5 5 5 5 5 5 5 5 5
s | % | 3 | 3|3 |[3|3|3|3|3|3]|3]|3]3
6$ch % 4 4 4 4 4 4 4 4 4 4 4 4
8$ng % 5 5 5 5 5 5 5 5 5 5 5 5
ob< | % | 8 | 8| 8|8 | 8| 8|8 | 8| 8|88/ 8
The distribution of MTR-X
3000
2500
E’gﬁjzooo + A— -
-;E 1500 A A =—4—minimum need
cg}looo M‘—t rationed need
——volume of purchases
500
O T T T T T T T T T T T 1
123 4567 8 9101112
Period, month
a)
The distribution of MTR-Y
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5000 H SR -
%D: 4000 ‘:‘:‘QZM
-::,E: 3000 =—¢—minimum need
C% 5000 rationed need
—#—volume of purchases
1000
0 T T T T T T T T T T T 1
123456 7 8 9101112
Period. month

b)
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The distribution of MTR-Z

6000
5000
% 4000
=
% 3000 A4y ini
§ 3000 | —¢—minimum need
C% 2000 rationed need
== volume of purchases
1000

0 T T1.__Tr _Trr T T T T~ 1T T 1
1 2 3 45 6 7 8 9101112

Period, month

c)
Figure 3. The distributions purchase volumes of MTR (a— X, b-Y,c-2)

Distribution of total logistic costs is shown at the background of the
distribution of funds planned for logistics of organizational unit at armed forces
(Fig. 4), that allows to see their remains arising at the end of each time period
(Fig. 5), and to make certain adjustments in budgeting process.

The distribution of funds and costs
1200000
2 1000000
=
@]
» 800000 = H -
[72]
Q
S 600000 H = = = — -
'% B amount of financing
%ﬂ 400000 B B B B total logistic costs
g 200000 — — — — -
[,
0 T T T T T T T T T T T
12 3456 7 8 9101112
Period, month

Figure 4. The distribution of total logistic costs and funds
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The distribution of funds remaining in the
customer after each period

= 140000
5 120000
“ 100000

80000
60000

40000
20000

Funding and cos

0 -+ e T T T 1

1 2 3 4 5 6 7 8 9 10 11 12
Period, month

Figure 5. The distribution of funds remaining in the customer after each period

Distribution of variable reflecting the presence of the orders at certain supplier
is only shown for types of resources purchased at multiple suppliers (Fig. 6).

The distribution of variable reflecting the presence of
the orders for MTR-X at multiple suppliers

=¢=—supplier A

supplier B

Presence of the order

o
o

1 2 3 4 5 6 7 8 9 10 11 12
Period, month

a)
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The distribution of variable reflecting the presence of
the orders for MTR-Y at multiple suppliers

1 !

=4=supplier C

supplier D

Presence of the order

V S N
v - -

1 2 3 4 5 6 7 8 9 10 11 12

o

Period, month

b)

where value “1” - presence of the order, “0” - absence of order

Figure 6. The distribution of variable reflecting the presence of the orders
for MTR (a- X, b -Y) at multiple suppliers

Proposed model shows good response to change of any model parameter
through time that allows to identify the cause-and-effect relationships between
main components of supply process and to select the most beneficial options
arranging of logistics processes at any time period.

On the adequacy and accuracy of the model evidenced by the fact that at
multiple model runs with different initial plans, deviation in target function values
was less than 0.001.

Conclusions
In terms of limited funding and dynamics of logistics process, efficient supply
management of organizational units at armed forces is achieved by solving a
global optimization problem, which covers the full range of logistics processes
(implemented throughout the planned supply period and within mutual
relationship). Modeling of logistics process in time allows the use predictive
estimates, which characterize the trends of change in parameters (used in models to
describe the process components under study). (At that, it is possible to review)
In the course of simulation, it is possible to consider the different scenarios of
potential variation in certain parameters (at certain periods), which reflect both the
activities (demands) of organizational units and change in market conditions.

The model enables more detailed description of logistics processes, which
ensures the consideration of multiple parameters affecting the formation of
logistics costs (e.g., for delivery and storage). By results of modeling, they choose
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the most efficient (in terms of the least logistics costs) options of supply — within
each individual time period, subject to decisions made during previous period, and
aimed at achieving the maximum provision of organizational units at armed forces
(over the entire planned period). In addition, the obtained values of total
(logistical) logistic costs for each time period may be indicative data for the
budgeting of logistic process of the organizational units of armed forces on
considered planned period of time.

Developed dynamic model reflects the features of arranging of the logistics for
organizational units of armed forces (at decentralized procurement in terms of
market economy), consider the nature, the set of parameters and the logical
sequence of the components of its logistic processes.

The model is efficient tool for supporting the decisions taken by logistics-
management divisions of organizational units of armed forces — at multiple options
of implementing the logistic processes and limited financial resources, which
allows to optimize the level of provision of organizational units with required
MTR (for the entire planning period of supply, regarding the change of need, scope
of funds allocated for logistics and logistic costs accompanying the supply
process).
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