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NORMATIVE PLANNING PROCESSES OF CONSUMPTION AND REPLENISHMENT
RESOURCES OF GROUPING WITH DELIVERY NEW OBJECTS

The article describes the features and results of normative planning processes of spending and re-
plenishing the grouping resource with the supply of new objects.

The troops have an important task of timely planning for the repair of weapons and military equip-
ment and supplies to the grouping of new objects. It is shown that the solution to this problem is possible
only through the use of a mathematical model process of spending and replenishing the technical re-
source of grouping objects. Using it, you can predict the composition and resource of the group and calcu-
late the optimal plans for maintaining the combat readiness of the group.

The launch of the presented algorithm involves the use of a previously developed enlarged structur-
al diagram of a modeling algorithm. The number of implementations of the modeling process and a cer-
tain coefficient that sets the range of the limit on the consumption of the resource of objects in percent are
set. The block diagram of the modeling algorithm in the standard planning mode plus the supply of new
facilities is presented. It is essentially an extension of the previous algorithm. The initial information, as
before, is GR and TipO data structures. The required (minimum acceptable) number of objects in the
grouping is added to them. The results are shown for two calculation options: for a single case simulation
implementation and for 100 implementations. This allows us to compare the obtained data and qualita-
tively assess nature of the effect on the type of graphs numbers of simulation implementations.

The block diagram of the algorithm for modeling the process of spending and replenishing a re-
source in the User Planning mode without supplying new objects is presented.

The form for displaying simulation results (graphs) in the User Planning mode is no different from
the form for presenting the results obtained in the Normative Planning modes. Showing examples of the
presentation of these results.

Key words: expenditure and replenishment of the resource, repair planning, weapons and military
equipment, mathematical model, technical resource, grouping.

Introduction and statement of the problem. The organizations responsible for the operation
of groupings have an important task of timely planning for the repair of weapons and military
equipment (WME) and the delivery of new objects to the group. Obviously, the solution of such a
problem is possible only on the basis of applying a mathematical model of the process of expendi-
ture and replenishment of resource (PERR) of grouping objects, with which you can predict the
composition and resource of the group, and taking into account the forecast obtained, find (calcu-
late) optimal plans for replenishing its resource.

The work [1] shows the results of studies of various groups from the point of view of eluci-
dating the patterns of the occurrence of PERR in them. To do this, using the model, various types of
groupings can be generated with the given characteristics, and also the optimal plans for replenish-
ing the resource for a specific group of military equipment (user groups) are calculated, these plans
are stored in a database, and then refine calculations are made taking into account current changes
in grouping. It is assumed that by the time this algorithm is launched, all the necessary data struc-
tures have already been created in the random access memory of the personal computer, the user
has already selected an implementation option for the grouping for which the simulation is per-
formed. Also, the number of implementations of the modeling process and the coefficient specify-
ing the range of variation of the limit on the expenditure of the resource of objects (in percent) are
given. In each iteration, the process of PERR of objects of the i-th type is simulated at a given fore-
cast interval.

The objective of this article is to formulate an PERR simulation algorithm for the supply of
new weapons and military equipment in a group.
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Analysis of recent research. The real situation in Ukraine in the field optimizations of
maintenance and repair (MR) of military and technical equipment shows that developments are car-
ried out only in some areas [2-6] and practically do not concern groups. So, in [2], new technologies
for determining the reliability of objects are proposed. In [3], the optimal system of scheduled re-
pairs for individual objects was proposed. In [6], maintenance was offered “as-is” with an adaptive
change in the frequency of control.

In [5,6], the results of a study to determine the supply of spare parts, tools and devices (spare
parts) are presented. In [7,8], the authors have already begun research on the grouping of objects to
optimize the number of repair bodies and evaluate the effectiveness of maintenance of military
equipment. In [9], the basic initial actions were studied to construct an enlarged structural diagram
of an algorithm for modeling the processes of spending and replenishing the resource of a group of
military objects in normative planning mode.

The main results of the study. In [9], the authors proposed an enlarged structure of the mod-
eling algorithm scheme. It is assumed that by the time this algorithm is launched, all the necessary
data structures have already been created in the random access memory of the personal computer
(PC), the user has already selected the implementation of the GR grouping for which simulation is
performed. Also, the number of implementations of the modeling process N, and the coefficient

KV /.., specifying the range of variation of the limit on the expenditure of the resource of objects (in
percent) are given. In each iteration, the process of PERR of objects of the i-th type is simulated at a
given forecast interval T_ [10].

The block diagram of the modeling algorithm in the Normative planning + delivery of new

objects mode is shown in Fig. 1. This algorithm, in fact, is an extension of the algorithm considered
in [8]. The initial information, as before, is the GR and TipO data structures. The required (mini-

mum acceptable) number of objects in the grouping TipO.N;" is added to them. Let us briefly

consider the operation of this algorithm.

Operators 1, 11 and 12 form an external cycle in which sequential enumeration of the values
of model time t within a given interval of operation time of the group is performed. Operator 2 gen-
erates the current value of the model time t. For each value of t, statements 3-10 are executed that
determine the state of the process at the current time. Operator 3 sets the initial (zero) values of the

variables R, N_, N_ and N in which the information is generated, which is then used to
plot the functions R, (t), N, (t), N _.(t) and N__ (t) at point t.

Operator 4 denotes a group of operators that form the values of variables R, N, N

HOBY !

pZi HZI

LD
These operators are completely analogous to the operators 3-17 of the structural diagram of the al-
gorithm depicted in Fig. 2.5. They have been described in detail above, so here we will not consider
them again.

Operator 5 removes from the set of grouping objects (represented by the list GR.ListO) all
objects that have been decommissioned at a given point in time. Operator 6 checks the condition

whether the remaining TipO.N," number of objects N, (condition N, < N") has dropped be-

low the permissible value of the number of objects in the grouping. If “yes”, then the operators 7-9
are executed, with the help of which the addition required number of new objects to the grouping is
simulated.

Operator 7 creates a new program object O, representing in the PC OS a new technical object
of the type TipO.Name added to the group at time t. Operator 8 adds O to the list GR.ListO.

Operator 9 increases the values of and by 1 N and N, . After that, control is returned to

operator 6. The actions of operators 6-9 are repeated until the condition N, = N.” is satisfied.
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If condition N, > N, is satisfied when operator 6 is executed, then control is transferred to

operator 10, which adds R_, (t), N, (t), N _.(t) and N
sponding to the current value of the model time t.
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Figure 1 — Modeling algorithm in normative planning mode with the supply of new facilities

The operator 11 counts the number of points of the discrete model time t for which points on
the graphs are already plotted. If their number has not yet reached the set value n max, operator 12

will transfer control to operator 2 and the described graphing process continues as described above.
After the completion of the algorithm, graphics will be generated. The graphs will be displayed on

the PC screen, as shown in Fig. 2. Functions R,;(t), N, (t) and N (t) at the same time, they

are formed and displayed taking into account the fact that new objects were received by the group-
ing within the terms corresponding to the normative supply plan IT"

As before, in fig. Figure 3 shows the results for two calculation options - for case 1 of the
simulation implementation (a) and for 100 implementations (b). This allows us to compare the ob-
tained data and qualitatively assess the nature of the effect on the type of graphs of the number of
simulation implementations.

When you click the Plan for the supply of new objects (Fig. 2), a form will open (Fig. 3),
which displays the optimal (normative) delivery times to the grouping of new objects.

15



ISMPN: Peayiin

TATM MOLE [IMPOBAHNA

P paGoTe:  HOPMATVISHOE INAMWPOBOMAE + NOCT 884 HOBbIX 06 bex Ton
Fpynnvoosal AAA-1-Tun-1 (10)-4
Thwy o yec yor: Twn-1 Asta naasna reproas secniyatages  01,01,2018
“eno ofvenros; 10 LTS tama MOAEAMDOB S 26,11.2018
ATad = 100000,0 4 Ry (t) 0,8116
100 000 ———————
SR || Lpmwrn w A |
0000 1 TInas pemoMTaS I
L Feanss CIACalea
S% = S0000,0 40000 ) . e . . o ———
2 N MNsan noCTanos
20000 HONIK 06 BeNTOR
2N M W W N e
o4
br2os
N, (t) 0,9958
10 REw 1r3mmc
8 R 137 1w
g 7
A A
|
N Tpet =8 e -
'y s _— » : Nnoo =B
£ Yucio of 'b.CKTOB B peMOHTe { UHCO HOBBIX Nowm: =10
“ e o { H 00BeKTOB
]
18 19 20 21 2.9 M 25 26 22 0 20 0 31 N 3 N B ¥ ¥ B ros
01.2018 2028 2038
KomrecToo srepapst |
Keadd. oaperpcoam: 0

a) one implementation (N, =1,K

Vil

Lim

ISMPN: Peaynntarn Moag HpoRanty

Pawin paboTen

I pYNNHpoBKal
Thin Gl Tom:
HHENo ofLekTom!

Rra = 100000,0 4

S0 = S0000,0 4

M Tpeh =8

KonHqecTio nTapaikR: 100
Kendich, BapHpGRaH; 0

HOpHMATHEHOE NASHAPOBAHKE + NOCTABKH HOBEIK obbexToB

AAA-1-Tun-1 {10)-4 SaKpEITE
Tun-=1 ABTa HaHana NEpHo L SkcniyaTaikak: 01,01, 2018
10 AaTa Ceakch Mo ABAHPORAHRA ZB.11.2018
ﬁz. (t) CymmapHEF pecypo 0,6070
100 Qoo
| H | | "HpaHAT B B B |
80 000 h ] ] i
goo004--a---a---a

TInaH peEmoHTE |
CIHCAHAA
Mnak NocTanoK
HOBBIH 06 beKTOD

40000

20000 -

0 demnt
18 18
o1.201n

SCCECEEETEEY | RO =12 pec

YRR T e T S EEPH S SRELEVE TR
; : e Lo Rl 137 8 nec

PR RS T AP I s ot

e d N Hos =
[ M crde = 10

AR e e IS 08 S S S
18013 20 21 2@ o3 oM 25 26 F 20 23 0 N R 1 M N W I OW
nl.z018 2028 2038

ﬂih)‘-‘\ le'u-\

Figure 2 —

b) 100 implementations (N, =100,KV,, . =10%)
Simulation results (Normative planning mode + delivery of new objects)
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Figure 3 — The form for displaying the supply plan of new objects in a grouping

In user planning modes, initial information for modeling is presented in the same objects G
and GR, but created for user grouping. In addition to these objects, additional lists List KR and
List SP are created that contain information about the user scheduled repair and decommissioning

of grouping objects. The elements of these lists are pairs <i,Di> in which 1 is the identifier (index)

of the technical object D,, and is the date planned by the user, respectively, of sending the i-th ob-

ject for repair or decommissioning. The lists List_ KR u List_SP are generated anew each time when
modeling is performed in the User scheduling modes (Reg_p> 1).

The block diagram of the algorithm for modeling the PERR in the User Planning mode
(without deliveries of new objects) is shown in Fig. 4. Consider briefly the operation of this algo-
rithm.

Operators 1, 23 and 24 form a cycle (index 1), in which sequential enumeration of moments of
model time t is carried out. Operator 2 generates the current value of the model time t.

Operator 3 initializes (sets to zero) the values of the variables, R,, N, and N_. in which

the values are formed, respectively, of the total resource of the grouping objects, the number of ob-
jects in the grouping and the number of objects being repaired at time t,

Operators 4, 20, and 21 form an inner loop (index j), in which all technical objects of the cur-
rent grouping G are enumerated (by enumerating the elements of the list GR.List_O). Operator 5
selects the next element O (representing a technical object that is part of the grouping) from the list
GR.List_O. Operator 6 checks the current state of object O.

If 0.s=0, this means that the object O is in a healthy state and performs the task as part of
the grouping. In this case, operators 7-14 are then executed.
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Figure 4 — Modeling algorithm in User planning mode (Reg_p=1)

The operator 7 simulates the consumption of the resource of the object O over a period of
timedt =[t-dt,t]: the current values of the residual resource of the object ©.R . and the resid-

ual life 0.T__ are reduced by dt-0.Lim0O/12and dt.

Operator 8 checks whether the CR of object O is scheduled at the current time t. This check is
performed by calling the function procedure Poisk_KR(t), which returns True if the CR is sched-
uled at time t, and False otherwise. If the CR is planned, then operator 9 is executed, which simu-
lates the beginning of the CR, while the following instructions are executed:
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The operator 10 checks whether the cancellation of the object O is planned at the current time
t. This verification is carried out by calling the function procedure Poisk_SP(t. If the cancellation is
planned (the function returns True), then operator 14 is executed that simulates the cancellation of
the object. Write-off of the object is simulated by following the instructions 0.s :=2;. The algo-
rithm allows the option when the user has erroneously planned for the same time both CD and
write-off.

The operator 11 checks whether the resource or service life of the object O has been exhaust-
ed at the current moment of time (this operator is executed only if the object is not currently being
sent to CD or write-off). If yes (exhausted), then statements 12-14 are executed. Operator 12 checks
the necessary condition for the object O to conduct subsequent CD. If CD must still be performed to

extend the resource of the object (if 0.N . >0), then operator 13 is executed that simulates the

transfer of the object to the state of the CD. Otherwise, operator 14 is simulated to simulate the
write-off of the object.

If at the current moment of time the object O is in the state of repair (), the operator 15 trans-
fers control to the operators 16-18, which simulate the continuation of the RC. If 0.s=1, at the
same time, it turns out that the repair should be completed at the current moment of time, then the
operator 17 is executed, simulating the completion of the CD. Otherwise, the operator 18 simulates
the continuation of the repair.

After executing the above operators 6-18, control is transferred to the operator 19, which per-

forms the calculation of variablesR,, N, and N characterizing the state of the simulated pro-

inc (N

cess at the current time t. Then the operators 20 and 21 are executed, completing the inner loop, in
which all the objects in the group are enumerated. The operator 22 displays the obtained values R, ,

N, and Nsz in the form of points on the corresponding graphs on the PC monitor screen. Opera-

tors 23 and 24 complete the execution of the external cycle, in which the discrete values of the
model time t are searched within the specified value of the operating time. These operators are simi-
lar to the corresponding operators of the algorithm shown in Fig. 2.5, and do not require any addi-
tional explanations.

The form for displaying simulation results (graphs) in the User Planning mode is no different
from the form for presenting the results obtained in the Normative Planning modes. Examples of
the presentation of these results are shown in the above figures.

Conclutions. An enlarged structural diagram of the modeling algorithm is proposed. It is as-
sumed that by the time this algorithm is launched, all the necessary data structures have already
been created in the RAM of the personal computer, the user has selected the implementation of the
grouping for which the simulation is performed. The number of implementations of the modeling
process and a certain coefficient that sets the range of variation of the limit on the consumption of
the resource of objects in percent are given. The block diagram of the modeling algorithm in the
Normative planning mode plus the supply of new objects is developed. The results are shown for
two calculation options: for a single case of simulation implementation and for 100 implementa-
tions. A block diagram of an algorithm for modeling the process of spending and replenishing a
resource in the User Planning mode without supplying new objects has been developed.
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Ph.D. Lenkov Ye.S.
HOPMATUBHE IIVTAHYBAHHS ITPOILIECIB BUTPAT TA IIOITOBHEHHSA PECYPCY YI'PY-
IMOBAHHA 3 ITIOCTABKAMUM HOBUX OB'EKTIB

Y ecmammi onucani ocoonueocmi ma pesynvmamu HopmamueHux npouecie NiAHYEAHHA GUMPAM
ma NONOGHEHHA Pecypcie ZPYNYBAHHA NOCIAYAHHAM HOGUX 00’ €Kmis.

Ilepeo silicokamu cmoimo éaxciuge 3a60AHHA CEOEUACHO20 NIAHYBAHHA PEMOHMY 030POEHHA ma
GiIICbK06OI MEeXHIKU ma NOCMABOK 00 yZ2PYynoeannsa Hosux 06’ckmie. Illokazano, wio supiuienus yiei npo-
Onemu Moxcauge auuie 34 00NOMO20H0 BUKOPDUCHAHHA MAMEMAMUYHOI MOOeNi npouecy sumpam ma
HONOGHEHHA MEXHIUHO20 Pecypcy ZPYNY8aHHsA 00°ckmie. Bukopucmogyiouu 11020, MoxycHa nepeodbauumu
CK1a0 ma pecypc zpynu ma 004ucaIumuy ORMuUMaabHi RAaHu RIOMPUMKU 0010601 20moeHocmi zpynu.

3anyck npeocmaenenozo anzopummy nepeooauac euKOpUCMania paniuie po3poodnenoi posuiupe-
HOT cCmpyKmypHoi cxemu anzopummy mooentoeanns. Bcmanoesneno kinokicmo peanizauyiit npoyecy mooe-
JII06AHHA MaA NeGHUIl Koepiyichm, w0 6CHAHOGNIOE OIANA30H JIIMIMY CHOMNCUGAHHA pecypcy 00'ckmis y
giocomkax. Ilpedcmaenena 010K-cxema anecopummy MoOOeaI06AHHA 6 CHIAHOAPDIMHOMY DelNCUMI HIaHY-
6aHHA NIOC ROCMAaYaHHA Hogux 3acooie. Ilo cymi ye poswupenna nonepednvozo anzopummy. Iouwam-
Koea ingpopmauisn, ax i paniute, - ye cmpykmypu oanux GR ma TipO. /lo nux 0ooacmuca neobxiona (mi-
HIMANbHO NPUIHAMHA) KilbKicmb 00°ckmie y zpynysanni. Pesynomamu nokazani 011 060x eapianmis
PO3PAaxyHKy: 0na peanizauii 00H020 6unaoxy mooenioeanusa ma 01a 100 peanizayii. Lle 0o3601a¢€ nopie-
HAMU OMPUMAHI OAHI MA AKICHO OUIHUMU XAPAKMEp 6Naugy Ha mun yucen zpagikie peanizauiii mooe-
JII08AHHAL.

Ilpedcmaenena 610K-cxema anzopummy MoOeni06aHHA RPOUECY GUMPAYAHHA MA NONOGHEHHA pe-
cypcy 6 pexcumi «Ilnanysanns kopucmyeaua» 6e3 nooaui Hoeux 00’ ckmis.

Dopma ona 8idodparcennsn pesynomamis mooentosanns (epaghixu) ¢ pexcumi User Planning ne 6i-
OpizHAEcmbCa 6i0 popmu nooannsa pesynbmamie, ompumanux e pexcumax Hopmamuenozo nnanysannsa.
IHoxazani npuknaou npeocmaesienus yux pe3yibmantis.

Kntouoei cnosa: eumpamu ma nonoeHennsa pecypcy, niaany8anHs pemornmy, 030pOcHHA ma @ilich-
K06a mexHiKa, Mamemamuuna mooeib, mexXHiuHUIl pecypc, ZPYny6anns.
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