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JUSTIFICATION OF RECOMMENDATIONS FOR IMPROVING THE FUNCTIONING

OF THE ARMORED WEAPONS AND MILITARY EQUIPMENT RECOVERY
SYSTEM BASED ON THE STUDY OF THE GRAPHICAL NETWORK MODEL

Abstract. The subject matter of the article is the functioning process of the armored weapons and military equipment
recovery system during combat operations in modern conditions. The goal of the study is to justify of recommendations for
improving the functioning of the recovery armored weapons and military equipment under the order to reduce the time of work
and rational use of forces and resources. The tasks to be solved are: to present the process of functioning of the system of
armored weapons recovery and military equipment as a list of events and works that comprehensively reflect its essence and
the interrelations between individual actions; to build a network graphical model of functioning of the armored weapons and
military equipment recovery system of the assigned units; to analyze the critical path of network grapHhics; to identify critical
work requiring closer scrutiny and identification of issues and risks that may impact the functioning of the whole recovery
system, by analyzing and optimizing the network schedule make suggestions for improving the operation of the recovery
armored weapons and military equipment system. General scientific and special methods of scientific knowledge are used.
The following results are obtained. It was simulated the functioning of the armored weapons and military equipment recovery
system of military units in performing their tasks by constructing a graphical network models critical path. Analysis network
diagram allowed us to determine directions of improvement of functioning of system of recovery of armored weapons and
military equipment under the conditions of limited material and nonmaterial resources and regular information updates.
Conclusions. The network graphic model of the for restoring armored weapons and military equipment recovery of during
combat operations it possible to present the entire scope of work, their logical and chronological relationship and to adjust
plans taking into account the limited time and insufficient number and training of personnel. Analysis of the critical path of the
network schedule makes it possible to conclude that if there are several battalions in the brigade, the repair of samples of
armored weapons and military equipment with a labor intensity of more than 200 people / hour is on the critical path because
the forces and means for the restoration of armored weapons and military equipment not enough in modern conditions. The
network schedule for the recovery of armored weapons and military equipment with the functional distribution of the volume
and list of works is optimal for the length of the critical path. The practical implementation of proposals to improve the
functioning of the armored weapons and military equipment recovery system is possible by creating separate logistics units of

the appropriate hierarchy levels and implementing an interspecific territorial system for providing military units.
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Introduction

Formulation of the problem and research tasks.
The combat experience of the use of troops during the
Joint Force Operation indicates that the restoration of
armored weapons and military equipment (AWME) is
the main source of replenishment of its loss directly
during the hostilities (march) and consists in the
implementation of a set of organizational and technical
measures (works) aimed to bring weapons and
equipment samples out of order, ready for use with the
return to service, which as a whole forms a unified
system for the restoration of armored vehicles weapons
and equipment.

The goal of the recovery system is to provide the
necessary volume and rate of return to the units of the
damaged equipment and weapons and is achieved by
purposeful management of its operation and in the
general case is reduced to the creation of a rational plan
for carrying out a complex of works consists of the
interdependent actions of forces and means of troops,
repair units which are part of repair and restoration units
(subdivisions) of formations (parts) as well as
warehouses of armored property. The above testifies to
the relevance of the study and the need to formulate an
approach to the organization of the functioning of the
armored weapons and equipment recovery system based

on the combination of scientific methods and advanced
information technologies to calculate and justify the
decision made under the conditions of limited material
and nonmaterial resources and regular information
updates.

Analysis of recent research and publications on
the issues mentioned above, confirms the relevance of
this issue.

According to experts, the inconsistency of the
capabilities of the forces and means of repair and
restoration units of technical support to the goals and
tasks of the Land Forces logistical support system leads
to the fact that the existing AWME recovery system
doesn’t fully provide the needs of the military
departments in performing their assigned tasks,
therefore there is a need to improve the organizational
structure of the repair authorities, on the basis of the
system approach and the search for a model of
functioning which would provide optimal distribution of
forces and means in the shortest recovery time AWME
and return it into unit [1-6].

The goal of this issue is to justify of
recommendations for improving the functioning of the
recovery armored weapons and military equipment
under the order to reduce the time of work and rational
use of forces and resources. To achieve this goal the
following research tasks are solved: to present the
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process of functioning of the system of armored
weapons recovery and military equipment as a list of
events and works that comprehensively reflect its
essence and the interrelations between individual
actions, to build a network graphical model of
functioning of the armored weapons and military
equipment recovery system of the assigned units; to
analyze the critical path of network graphics; to identify
critical work requiring closer scrutiny and identification
of issues and risks that may impact the functioning of
the whole recovery system, by analyzing and optimizing
the network schedule make suggestions for improving
the operation of the armored weapons and military
equipment recovery system.

Main material

1. Building a graphical network model of
functioning of the armored weapons and military
equipment recovery system. Network planning is
considered to be the general tool of project management
allows you to make the most effective use of both the
production capacity of the repair and restore agencies
and the available stocks of military-technical
equipment. Based on the application of graph theory
using a network diagram, modeling the process of
AWME restoration of military units when performing
their intended tasks makes it possible to present the
entire scope of work and its logical and chronological
relationship. It also allow to create a solution to restore
AWME on different levels of the hierarchy; to
determine and mobilize time reserves;, to prevent
possible disruptions in the course of work, to implement
operational control of deadlines, and, if necessary,
adjust plans taking into account limited time and
insufficient number and training of personnel.

As you know, the graphical network model [7] is
represented as a directed graph (actually called a
network graph), whose elements are two logical
elements-work and event. The work expresses the
performance of a specific event and is divided into
work-action and work-expectation (fictitious work).

Work-action will be called a process that occurs
over time and is associated with the expenditure of time
and resources (material or non-material), so it always
has a beginning and an end. It translates one event into
another and is shown as a solid line with an arrow on
the network graph. To build a network schedule for the
operation of the AWME recovery system, we will
define the following actions:

— technical intelligence;

— evacuation of a sample of equipment;

— protection, security and defense measures;

— towing of damaged equipment;

— field repair of equipment “on the spot”;

— current repair of AWME samples;

— defects detection;

— simple average repair of AWME samples with a
labor intensity up to 200 people / hour;

— complex average repair of AWME samples with
a labor intensity more than 200 people / hour;

— overhaul of AWME samples;

—returning of the AWME sample to the division;

— military technical equipment resupply;

As military technical equipment resupply is time-
consuming, it is suggested that you enter a standby job
that carries the event over time:

— getting military-technical equipment from the
warehouse.

On the network graph such work is also
represented by a solid line with an arrow. Dependencies
(fictitious works) that show a logical relationship
between two or more events, but do not require resource
and time costs, are not considered in this model.

The initial and final work, that is, the beginning
and end of a certain event, is called events. An event is
indicated by a circle with a number inside that defines
its number.

Among the events, the initial and final events are
distinguished. The initial event does not have any
previous activities or events related to those reflected in
the network model of the work package. The final event
does not have the following jobs and events. The initial
and final work, that is, the beginning and end of a
certain event, is called events. An event is indicated by a
circle with a number inside that defines its number.

Among the events, the initial and final events are
distinguished. The initial event does not have any
previous activities or events related to those reflected in
the network model of the work package. The final event
does not have the following works and events.

Thus, the process of restoring AWME can be
described in a list of events and activities that
comprehensively reflect its essence and the relationship
between individual measures. The set of works to
restore AWME in the terms of the network schedule is
presented in Table 1.

As it is known, the armored weapons and military
equipment recovery includes, in the general case,
technical intelligence, evacuation, transfer of
undeveloped weapons repair stock (weapons and
military equipment that cannot be restored on their own)
to the funds of the senior chief, repair (restoration of
combat capability) of weapons and military equipment,
bringing them to a combat ready state, returning to
service (to units). owever, It is proposed to add to the
standard list of events that’ll take into account
necessarity of waiting for military-technical equipment
resupply.

The classic theory of network planning and
management allows to optimize the graph to reduce the
time spent on work and the rational use of forces and
resources. To do this, each work must be matched by
some numerical estimate that characterizes its duration.

Given the specifics of the subject matter for some
works, it is suggested to use the complexity of the
works as numerical estimates.

For example, the complexity of current repairs is
10 people / hours workload, simple average repair — up
to 200 people / hours workload, complex average repair
— more than 200 people / hours workload, etc.

The division personnel, data on the possibility of
repair and restoration units of the certain hierarchy
level, statistical data on the AWME failure are indicated
in the guidance documents [8].
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Table I — The set of works to restore AWME
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1 1 0 Beginning

2 |2 1-2 Technical intelligence

3 13 2-3 Evacuation of a sample of equipment

4 14 3-4 Field repair of equipment “on the spot”

5 |7 7-4 Field repair of equipment “on the spot”

6 |5 3-5 Towing of damaged equipment

7 |6 3-6 Protection, security and defense
measures

8 |7 3-7 Waiting for military-technical
equipment resupply

9 |8 5-8 Defects detection

10 |8 6-8 Defects detection

11 (13 4-13 | Returning a sample of equipment to
the division

12 |9 7-9 Current repair of AWME samples

13 |10 7-10 | Simple average repair of AWME
samples

14 |7 8-7 Waiting for military-technical
equipment resupply

15 |7 7-7 Military-technical equipment
resupply

16 |9 8-9 Current repair of AWME samples

17 |10 8-10 | Simple average repair of AWME
samples

18 |11 8-11 Complex average repair of AWME
samples

19 |12 8-12 | Overhaul of AWME samples

20 |13 10-13 | Returning of the AWME sample to
the division

21 |13 11-13 | Returning of the AWME sample to
the division

22 |13 12-13 | Returning of the AWME sample to
the division

23 |14 13-14 |End
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2. Optimization of network schedule for
AWME recovery. As we can see, if several battalions
are part of a brigade, AWME samples repair with a
workload of more than 200 people / h is on the critical
path, and the forces and means at the level of a
operational grouping of troops (forces) are not enough
to restore AWME samples in modern conditions.

The given data unambiguously signify the
triviality of the work, ale to the given statutes are
indicated more detailed, to conduct such a work.

Fig. 1 shows a fragment of a network graph of
simulation of the process of reconstruction of a tank
(mechanized) battalion, which performs tasks as
assigned to the brigade. To simplify the presentation of
the material, we’ll assume that for each battalion that is
part of the brigade, the complex of BTOT
reconstruction works is similar to the accuracy of the
equipment of the armored tank (t) or mechanized (m)
battalion.

Waiting for military-technical equipment resupply
is time-consuming, so we will assume that its events are
fictitious.

An analysis of the constructed network schedule
makes it possible to determine what works are on a
critical path, that is, need more careful monitoring and
identification of problems and risks that may affect the
functioning of the entire recovery system.

Typically, network scheduling optimization is
offered by redistributing resources from non-critical
work to critical work, using additional resources, and
reducing the duration of some critical work by involving
other professionals [7], and the most “dangerous” for
“getting in” ”On the critical path are the events of
numbers 10, 11 and 12. In the terminology of AWME
recovery these proposals can be formulated as follows:

Crew

Mechanized bngadc
damaget—veh

collection naint

Crew

<200p/hour

repair
¥ regiment

7-30 days

Fig. 1. Fragment of the network graph simulation of the recovery pocess of the tank (motorized) battalion
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— to create separate units of operational command
logistics (for example, a logistics regiment, a separate
logistics battalion), which will consist of existing car
battalions, logistics battalions, and repair parts of
operational commands capable of deploying mobile
units in field and field environments, ensure timely
transportation of material resources, repair of weapons
and equipment;

— to introduce strict distribution of functions on the
volume and the list of works between the links of the
system in accordance with the technical equipment,
qualification and specialization of the personnel of the
repair and recovery units and the availability of the
required number of spare parts for the volume and the
list of works that are being performed.

Such distribution is proposed on the basis of
functional characteristics (technical service, logistics
service, supply service, transport service, medical
service, etc.), which in turn will lead to a decrease in the
number of intermediate supply units.

According to the authors, the reduction of the
critical path will be facilitated by the introduction of an
interspecific territorial system of providing military
units, regardless of their affiliation with one or another
type of armed forces, and concentrating their basic

2

3
intelligonce Defects
detection

Separate
logistics
battalion

4
Evacuation
M

efforts directly where material resources are spent - in
units.

It is advisable for the logistics regiment
commander to interact with the commanders of the
armored weapons and military equipment, maintenance
and repair, as well as issues related to the AWME
operation and recovery (eg through a senior brigade
repair officer).

To improve the functioning of the AWME
recovery system, it is proposed to clarify the norms and
order of separation of rockets and ammunition stocks,
transfer to the operational commands of certain arsenals,
security centers, bases and warehouses, to review the
nomenclature and composition of repair kits of spare
parts and to create additional repair kits (typical) with a
standard supply of severely deficient military-technical
equipment.

In addition, it is advisable to provide the
possibility of the repair and recovery units forces and
means operational and combat composition adjusting
according to the design of operations and the tasks
defined by it.

An example of a network graph of the simulation
AWME recovery pocess constructed taking into account
the comments, is shown in Fig. 2.

3 4
Repair Returning
obile damaged

vehicles collection
point

Fig. 2. Network schedule of AWME recovery with functional volume distribution and list of works

3. Optimization of the network schedule of
AWME recovery according to the principles of
functional volume distribution and the list of works
between elements of the recovery system. As you can
see, building a network schedule of AWME recovery on
the principles of the functional distribution of the
volume and the list of works between the elements of
the recovery system makes it possible to draw
conclusions about the advisability of repairing
equipment at the places of failure or at the collection
points of damaged combat vehicles based on:

the least time spent on evacuation damaged
vehicles;

close interaction and coordination of the work of
all forces and means of technical support;

performing repairs by the aggregate method.

In accordance with these principles, it is proposed
to build structures of forces and facilities for the
AWME field recovering.

The focus is paid to the recovering of the failed
AWME at the places of failure, so most of the forces
and means intended for the repair of weapons and
equipment are in the military rank.

To ensure high survivability and mobility of the
means of evacuation and repair, especially in units of a
company-battalion-brigade  operating under the
influence of enemy fire weapons, modern tanks and
other types of armored vehicles are used as a base for
repair and evacuation forces and equipment. The main

military evacuation vehicle operating directly behind
combat conducting units may be an armored repair and
evacuation vehicle.

Equipping troops with modern repair and
evacuation vehicles will significantly increase the
amount of repair work that is carried out directly in
combat orders of units, accelerates the return of
weapons and military equipment in order.

In the units, starting with the division, where it is
necessary to evacuate damaged equipment over a long

distance,  heavy-duty  vehicles  (trailers) are
comprehensively used.
Conclusions

1. The network graphic model of the for restoring
armored weapons and military equipment recovery
during combat operations it possible to present the
entire scope of work, their logical and chronological
relationship and to adjust plans taking into account the
limited time and insufficient number and training of
personnel.

2. Analysis of the critical path of the network
schedule makes it possible to conclude that if there are
several battalions in the brigade, the repair of samples of
armored weapons and military equipment with a labor
intensity of more than 200 people / hour is on the
critical path because the forces and means for the
restoration of armored weapons and military equipment
not enough in modern conditions.
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3. The network schedule for the recovery of armored
weapons and military equipment with the functional
distribution of the volume and list of works is optimal
for the length of the critical path.

4. The improvement of the functioning of the
armored weapons and military equipment recovery
system offered by the strict separation of functions in
terms of volume and list of work between the parts of
the system, by the correspondence of the technical
equipment, qualifications and specialization of the

personnel of repair and restoration bodies to the
availability of the required number of spare parts,
volume and list of performed work.

5. The practical implementation of proposals to
improve the functioning of the armored weapons and
military equipment recovery system is possible by
creating separate logistics units of the appropriate
hierarchy levels and implementing an interspecific
territorial system for providing military units in the
Armed Forces of Ukraine.
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OOrpyHTYBaHHSI peKOMeHJALil 11010 BAOCKOHAICHHS (PYHKIiOHYBAHHS CUCTEMM BiJIHOBJICHHS
OpOHETAHKOBOI0 030pO€EHHS i BiliCbKOBOI TEXHIKH Ha OCHOBI J0CJIizKeHHs1 rpadivHoi MepexeBoi Mogei

C. A. Kommatmmucekuii, O. B. CepmyxoB, O. A. Maxkoros, C. M. I'y6a, O. B. Icakos, 0. B. ba6kin, O. I1. Kiimos

Anotanisi. Ilpenmerom BHUBYEHHS B CTarTi € mpouec (YHKIIOHYBaHHA CHCTEMM BiJHOBJICHHS OpPOHETaHKOBOTO
030pO€HHS Ta BICHKOBOI TEXHIKH IiJi 4ac BEJCHHs OOHOBHX il B CydacHHMX yMoBaxX. MeTOI0 JOCTiTKeHHSI € BUPOOJICHHS
MIPOIO3HUMLIH 3 YAOCKOHAIEHHS (DYHKIIOHYBaHHS CUCTEMH BiJHOBIJICHHS OPOHETAHKOBOT'O 030pOEHHS 1 BifICEKOBOI TEXHIKH 33115
CKOpPOYEHHsSI 4Yacy IIPOBEAEHHsS poOIT Ta paliOHAJIBHOrO BUKOPHCTaHHS CWI 1 3aco0iB. 3amadi: IpeacTaBUTH IIpoLecC
(GYHKLIOHYBaHHS CHUCTEMH BiJHOBJIEHHS OPOHETaHKOBOrO 030pO€HHS W BIHCHKOBOI TEXHIKHM SIK HEpeNiK MoAidl Ta poOiT, 110
KOMIUIEKCHO BiZIoOpakaroTh HOro CyTHICTb Ta B3a€MO3B’A3KM MDK OKPEMUMH 3aXO/aMH; MoOynyBaTH MepexeBy rpadiuny
Mozienb (DYHKI[IOHYBaHHS CUCTEMH BiJHOBJICHHSI OpPOHETAHKOBOI'O 030pPOEHHS 1 BIMCHKOBOI TEXHIKH IiJPO3/ILIiB, SIKi BUKOHYIOTh
3aBJIaHH 32 NPU3HAYCHHSIM; IPOAHATI3yBaTH KPUTHUHMI LIUIIX MEPEXEeBOro rpadiky; BU3HAYUTH, SKi POOOTH 3HAXOAATHCA HA
KPUTHYHOMY LIUISIXY, TOTPEOYIOTH OiMIbII PETEIBHOr0 KOHTPOIIO Ta BUSABJICHHS MPOOJIEM Ta PU3MKIB, SIKI MOXYTh YUMHUTH BIUIUB
Ha (YHKI[IOHYBaHHsI BCi€l CUCTEMH BiJIHOBJICHHS; HA OCHOBI aHaJi3y Ta ONTHMIi3alii MepexeBoro rpadika BUpOOUTH MPONO3HLIT
o0 Horo BIOCKOHAIEHHS (YHKIIOHYBAaHHS CHCTEMH BiJHOBJICHHS OpOHETAaHKOBOTO O30pO€HHSI Ta BIiMCHKOBOI TEXHIKH.
MeToI0MI0rYHOK OCHOBOIO JOCIHIKEHHS CTAJIM 3arajlbHOHAYKOBI Ta CHELialbHi MeTOAM HayKoBOro Ii3HaHHA. OTpuMaHi Taki
pe3yiabTatu. Byno 3nilicneno mozenoBanHs () yHKIIOHYBaHHSI CUCTEMH BiTHOBJICHHSI OPOHETaHKOBOT'O 030pPOEHHS Ta BIHICHKOBOI
TEXHIKM BiMCHKOBHX MIiAPO3AITIB I Yac BEAEHHs OOHOBMX Iiil HULIXOM moOynoBH rpadidHoi MepexeBoi Moneri. AHami3
KPUTHYHOIO IIUIAXY MepekeBoro rpadika IaB 3MOry BHU3HAUYUTU HANPSIMKH YHIOCKOHAJICHHS (YHKI[IOHYBaHHS CHCTEMH
BiJTHOBJICHHsI OpOHETaHKOBOI'O 030pOEHHS Ta BiICHKOBOI TEXHIKM B YMOBaxX OOMEXEHHsS MaTepiajlbHUX 1 HeMaTepialbHHX
pecypciB Ta pEryjisipHOro OHOBJIeHHS iH(popMalii. BucHoBkM. MepexeBa rpadiuyHa MOJENIb CHCTEMH BiJIHOBIJICHHS
OpOHETaHKOBOr'O 030pOEHHS i BiiCHKOBOI TEXHIKH BIHCHKOBUX ITiJPO3IIIIB ITiJ] Yac BEACHHS HUMH OOHOBUX il Ja€ MOXKITUBICTb
MPEJICTABUTH BeCh 00CAT POOIT, X JIOriYHUI 1 XPOHOJIOTIYHUI B3a€MO3B’SI30K Ta 311HCHUTH KOPUTI'YBaHHS IUIAHIB 3 ypaXyBaHHAM
00MEKEHOr0 yacy Ta HeI0OCTaTHbOI KUIBKOCTI 1 HABUEHOCTI 0cOO0BOro cKJay. AHaili3 KPUTHYHOrO LIIAXY MEpexeBoro rpadiky
Jla€ MOXJIMBICTh 3pOOMTH BHCHOBOK, IO IIPM HAsABHOCTI y cKiIajxi Opuragu AekiibKox OarTaibHOHIB, PEMOHT 3pa3KiB
OPOHETaHKOBOIr0 030pO€HHS 1 BIHCHKOBOI TEXHIKH TpynomicTkicTio Gibiie 200 M101/To/. OMUHSIETHCA HA KPUTHYHOMY LULIXY,
OCKUIBKH CHII 1 3ac00iB ISt BITHOBJICHHSI OPOHETaHKOBOT'O 030POEHHS Ta BICBKOBOI TEXHIKM HEIOCTATHBO B CYYaCHUX yMOBaX.
MepesxeBuii rpadik BiZHOBIECHHS OPOHETAaHKOBOIO 030POEHHS i BIHCHKOBOI TEXHIKHU IPH (DYHKIIOHAJIBHOMY PO3IOALILY 00csry i
nepeniky poOiT € ONTUMAaIbHUM 32 JOBXHHOK KPUTHYHOrO HUIAXY. BlockoHaneHHs (YHKI[IOHYBaHHS CHCTEMM BiJHOBIICHHS
OGPOHETaHKOBOI0 030pPOEHHS 1 BIICHKOBOI TEXHIKM IIPOHOHYETHCS 32 PAXyHOK CYBOPOro po3oainy GyHKIH 3 o0cAry i nepeltiky
poOIT MK JIaHKaMH CHCTE€MH, Y BIAINOBIJHOCTI TEXHIUYHOrO OCHalleHHS, KBanidikauii i creuiamizanii oco0oBoro ckiany
PEMOHTHO-BiJHOBJIIOBAJILHUX OPraHiB i HAsABHOCTI HEOOXiZHOI KUIBKOCTI 3aIlaCHUX YacTHH oOcAry 1 mepeniky poOir, ski
BUKOHYIOTHCS. [IpakTiyHa peaizanis Ipono3uLlii, 010 BAOCKOHAIECHHs ()YHKLIOHYBAHHS CUCTEMH BiIHOBIICHHS OPOHETaHKOBOI'O
030pO€eHHS i1 BIHCHKOBOI TEXHIKM MOMUIMBA LIIAXOM CTBOPEHHS OKPEMMX I1iIPO3/ijiB JOTiCTUKY BiJIIOBIAHMUX PiBHIB iepapXii Ta
BIIPOBAKEHHS MIDKBHIIOBOI TEPUTOPiaibHOI cCHCTEeMU 3a0e3MeueHHs BiicbKOBHX YacTuH y 30poiiHux Cuinax YkpaiHu.

Karo4doBi ciaoBa: BiiHOBIECHHS OPOHETAHKOBOIO 030pPOEHHS 1 TEXHIKU, MEpeKeBUH rpadik, JIOTiCTHUHUM MiAXiA.
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