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PROJECT-ORIENTED MANAGEMENT OF INDUSTRIAL
PRODUCTION OF FIRE AND RESCUE EQUIPMENT
BY MEANS OF GEOMETRIC MODELLING

IIpoexkHO-OpeHTHPOBAHHOE YIIPABJIeHHE MPOMBINIJIEHHBIM TPOU3BOACTBOM
NMOKAPHO-CNACATE/ILHON TEXHUKH CPeICTBAMM FeOMeTPUY€eCKOro
MO/1eJTUPOBAHUA

Zorientowane na projekt zarzadzanie produkcjg przemyslowa wyposazenia
przeciwpozarowego i ratunkowego z uzyciem modeli geometrycznych

Abstract

Objective: The objective of the research is to develop a method based on the geometric modelling for the purpose of improving the
effectiveness of fire protection project management in industrial production of fire protection technology systems.

Methods: The theoretical inheritance mode of effective management in project-organizational structure of fire protection and
specialized technical equipment production using geometric modelling.

Results: Mathematical and geometric models of project management describe graphically the process of optimal financial resources
allocation in conditions of project-organizational production structure of fire protection and a special type of fire rescue equipment.
Methodological basis of the project and program management subject area were enhanced through the introduction of project-oriented
management using techniques of geometric modelling in industrial production of fire-rescue specialized equipment. The use of
geometric modelling methods in the project-organizational management of specialized technical systems manufacturing and systems
engineering provides optimization of whole production process and management automation.

Conclusions: Mathematical and geometrical models of resource management in fire protection and industrial production of specialized
equipment were developed. The graphical visualization process of effective project management in the allocation of financial resources
for the industrial production of special fire-rescue equipment was constructed; The use of geometric modeling methods in project-
organizational management of specialized systems production provides optimization process of whole production process and
management automation.

Keywords: geometric modeling, projects, models, resources, fire protection and specialized equipment;
Type of article: review article
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PesyabTarnel: Pa3paboTanbl MaTeMaTH4ECKHE M TEOMETPUIECKUE MOJIENH rpaduiIecKoro OMUCaHus MPOLecca YIPaBIeHHUs TPOSKTOM
ONTHMAJILHOTO pacIpesiesieHus] (PUHAHCOBBIX PECYpCOB B YCIIOBHSX IPOSKTHO-OPTaHW3AIMOHHOM IIPOM3BOACTBEHHOW CTPYKTYpPBI
TIPOMBIIIUICHHOTO BBIMYCKA MPOTUBOIOXKAPHON M CIIEIMAIBFHOTO THUIIA CIIacaTelIbHOM TEXHUKH; paclIipeHa MeToJoJIorndeckas 0aza
13 TpeMETHON 001acT! ynpaBIeHHs MPOEKTAMH W MPOTPaMMaMM, 3a CUYeT BHEAPEHUS MPOEKTHO-OPHEHTHPOBAHHOTO YIPABICHUS
C UCTIONB30BaHMEM METOJOB T'€OMETPHUYECKOTO MOJEIMPOBAHHS B YCIOBHAX NPOMBIIIIEHHOTO MPOU3BOJICTBA CIEIMATH3UPOBAHOMN
TEXHHUKH T0XKaPHO-CIIAcaTeNbHOTO TUIA; MPUMEHEHHs] METOJIOB T€OMETPHUYECKOTO MOJIETUPOBAHUS ITPU NMIPOEKTHO-OPTaHN3allMOHHOM
YIPaBICHUH BBIYCKa CIEIUATH3UPOBAHBIX TEXHUYECKHX CHCTEM 00eCleqrBaeT MpoLecc ONTUMH3AINH BCETO MPON3BOACTBEHHOTO
rpolecca 1 aBTOMaTU3aluI0 YIIPaBICHUSL.

BoiBoau: PazpaboranHble MaTreMaTHYecKHe W T€OMETPHYECKHE MOJETH YIPABIEHHS PECypcaMH B IIPOEKTaX IMPOMBIIIIEHHOTO
TIPON3BOACTBA TOXKAPHOU U CIIEINATM3UPOBAHHON TEXHUKH; TOCTPOSHA MOJIEIb Ipa(hiIecKoi BU3yalH3aIiy Iporeccy 3(G(heKTHBHOTO
YTPaBIEHUS] MIPOEKTOM MPH PACTIPENEICHUN (PUHAHCOBBIX PECYpPCOB ISl YCIOBHH MPOMBIIITIEHHOTO MPOHM3BOACTBA CIENTEXHUKH
MOKapHO-CIACaTeIbHOTO THUMA; NPUMEHEHHE MEXaHU3MOB TI'EOMETPHYECKOTO0 MOAENUPOBAHUS TO3BOJMIO JOCTHYb OCHOBHOM
LeJTH — CHHEePTHH JJIEMEHTOB KOHBEPIHPYEMBIX METOIOJIOTHH MpH pa3paboTKe METOMOJOTHH U CHCTEMBI YIPABICHUS MPOEKTaMHU,
IIporpaMMaMy 1 MopTQesiIMU JAHHOTO TUITA IPEATIPUSITHSL.

KnioueBble €j10Ba: reOMETPUIECKOE MOZICTUPOBAHHUE, TPOEKTHI, MOJICIH, PECYPCHI, TIOXKAPHAS U CHEIHATN3NPOBAaHHAS TEXHHUKA;
Bua crarbu: 0630pHas cTaThbs

Abstrakt

Cel: Opracowanie metody opartej na modelowaniu geometrycznym w celu zwigkszenia skutecznosci zarzadzania w Srodowisku
projektow ochrony przeciwpozarowej w produkcji przemystowej technologicznych systemow przeciwpozarowych.

Metody: Teoretyczna metoda dziedziczenia skutecznego zarzadzania struktura projektowo-organizacyjna w ochronie przeciwpozarowej
1 produkcji wyspecjalizowanego sprzgtu technicznego przy uzyciu modelowania geometrycznego.

Wyniki: Modele matematyczne i geometryczne zarzadzania projektem opisujace w sposob graficzny proces optymalnej alokacji
srodkéw finansowych w warunkach projektowo-organizacyjnej struktury produkcji przemystowej sprzgtu przeciwpozarowego
i ratowniczego. Podstawa metodologiczna tematyki projektowej i zarzadzania programem zostala rozszerzona o zarzadzanie
projektami zorientowanymi na zastosowanie techniki modelowania geometrycznego w warunkach produkcji przemystowej produktow
techniki pozarowo-ratowniczej. Zastosowanie metod modelowania geometrycznego w zarzadzaniu projektowo-organizacyjnym
produkcji wyspecjalizowanych systemdw technicznych oraz inzynierii systeméw zapewnia optymalizacj¢ calego procesu produkc;ji
i automatyzacjg zarzadzania.

Whioski: Opracowano matematyczne i geometryczne modele zarzadzania zasobami do zastosowania w produkcji przemystowej
wyspecjalizowanych produktéw technicznych oraz produktow zwiazanych z ochrona przeciwpozarowa. Stworzono model graficznej
wizualizacji procesu skutecznego zarzadzania projektem przy podziale srodkow finansowych dla warunkow produkceji przemystowe;j
wyspecjalizowanej techniki pozarowo-ratowniczej. Zastosowanie mechanizméow geometrycznego modelowania pozwolito osiagnaé
cel gtéwny — synergig elementow calego procesu produkc;ji.

Stowa kluczowe: modelowanie geometryczne, projekty, modele, zasoby, technika pozarnicza i wyspecjalizowana;
Typ artykulu: artykut przegladowy

1. Introduction

The effectiveness of financial resource management in
order to achieve an optimum state of design, production
and implementation of fire protection system is possible
in case of using models and methods of project-oriented
management. Transition to the project-oriented manage-
ment in sphere of industrial production of fire and specia-
lized equipment requires creation of such project-mana-
gement methodology that takes into account specificity of
measures, aimed to improve significantly fire protection
systems at industrial plants and high hazard objects. Such
an approach requires transition to a higher level of use of
project management methodology when organizing ma-
nagement in all spheres of production and practical acti-
vities. This methodology should correspond to effective
functioning state of economic activity at the level of de-
sign, manufacturing and operating component. Thus, the
selected research area is important, especially in terms of
environmental degradation in the world.

2. Problem setting

Worldwide complication of environmental situation
needs introduction of special requirements to production
of industrial fire prevention products. Solving of this pro-
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blem needs involvement of significant financial resources,
management of which requires the use of project-oriented
management means. Resource management in projects of
industrial production of fire and specialized equipment
will ensure the optimization approach to the management
of financial flows at the level of design, manufacturing,
operation, as well as retraining of fire and rescue service
personnel. At the moment there is no structured methodo-
logy of project-oriented management of financial resour-
ces for organizing design, manufacture and operation of
fire protection equipment, developing technologies that
take into account the current state of globalization and cy-
bernetization of society.

3. Analysis of recent research

The analysis of research on creation and effective use
of technical systems in enterprises of fire protection cha-
racter and high hazard objects indicates the absence of re-
asonable methodology of project-oriented management.

The results of the development of scientific funda-
mentals of project management in industrial technical
system production are presented in the works of R. D. Ar-
chibald, S.D. Bushuev, Yu.P. Rak, V.A. Rach, M.M. Bru-
shlinskyy, K.V. Koshkin, Hiroshi Tanaka, V.M. Burkov,
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Thovb O.S.etc. [1, 2, 3]. Scientific reasoning of project
management processes of financial resource allocation to
organize production of fire protection equipment and spe-
cialized systems at all stages of project implementation,
taking into account that specificities of operating con-
ditions of such systems are absent.

Improvement of financial resource management in
the projects of organization and management of produc-
tion process is subject to development of methodologies,
which are based on design-geometric management me-
thods of fire protection [4].

4. Purpose of research

The aim of the article is to develop a method, based on
geometric modelling, for the purposes of fire protection
project management for industrial production of fire pro-
tection technical systems.

5. Main part of the research

The effective implementation of fire protection pro-
jects in organizing production control management (desi-
gn, industrial production, operation and disposal stages)
in the output of fire protection technical systems is achie-
ved through the introduction of project-oriented manage-
ment involving geometric modeling methodology. The
main condition of the implementation of this project is to
manage financial resources at all project stages of indu-
strial production. Cost minimizing of industrial produc-
tion of such systems can be achieved when using methods
of geometrical modeling in the allocation of financial re-
sources at all phases of the project life cycle.

Using the method of geometric modeling, we perform
some interpretation, characteristic to resource manage-
ment in projects of industrial production of technical and
specialized systems of fire protection type.

In particular, the cost of the entire project can be for-
malized in the form of its individual components. An im-
portant component of the project is scientific and techni-
cal development of its all elements. The cost of perform-
ing design studies /¥, is determined by the value 4, of ma-
terials, wages, etc.:

W, = wia) (1

Resources 7, of implementation i — of that production
project include, besides W,, necessary types of works p,
aimed at project implementation

r.=r(W,p) 2

Since W, covers all element components of i of project
elements, their share in each of them is

W, =W, (@, a, .., o) 3)
where )’ a. = 1.
An important condition of the project implementation

is the process of its financing. To consider changes in the
allocation of financial resources due to inflation and, the-

DOI:10.12845/bitp.32.4.2013.2

refore, to predict their value at the end of the project im-
plementation is possible on the basis of the known ex-
change rate x, y with predicted change in time t:

ax* +by* +dx + ky + mxy =d 4)

where the coefficients of the polynomial are determined
for the known dependence y = y(x), obtained by consider-
ing time characteristics exchange rates (Fig. 1).

|

b
o
Fig.1. Scheme-model of the distribution of time characteristics
of exchange rate changes (of financial resources) in project
management by the method of geometric modeling
Puc.1. Monens-cxema pacrnpeiesieHus BpeMEHHBIX
XapaKTepPUCTHK H3MEHEHHs BAIFOT((DMHAHCOBBIX PECYPCOB)
B [IPOEKTHOM YIIPABICHHH METOJIOM F€OMETPHYECKOTO
MOJICITHPOBAHUS

A model of resource management in projects of indus-
trial production of fire protection and specialized machin-
ery is implemented by hypersurface G of covering mul-
tidimensional phase space O(a, r, p,) of its parameters
(Fig. 2).
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Fig. 2. A model-scheme of resource management in projects
of industrial production of fire protection equipment by
geometrical modeling
Puc. 2. Mojenb-cxema ynpasieHust pecypcamMu B IPOEKTax
HPOMBIIIICHHOTO MPOM3BOACTBA IPOTHBOIIOKAPHOI TEXHUKH
TEOMETPUIECKUM MOJICTHPOBAHHEM

Taking into account (1) and (3), we see that Wg for
work p_is determined by the value a, as a part of value
ain. In turn subspace a...a, determines the hypersurface
W , which serves as the subspace of arguments of hyper-
surface 7. Subspaces p,...p, are two-dimensional phase
spaces of arguments that form the hypersurface of cover-
ing phase space.

Given the subspace a...a, p,...p, serves as the only sub-
space of arguments, hypersurface of phase space can de-
signed in the direction, which is orthogonal to the sub-
space r,...r, (Fig.3).

Fig. 3. Scheme-model of subspace of resource management
in projects of industrial production of fire protection and
specialized equipment
Puc. 3. Monenb-cxema IOAIpOCTPAHCTBA YIIPABICHUS
pecypcamu B MPOEKTax MPOMBIILIEHHOTO MPOU3BOJICTBA
MPOTHUBOINOXKAPHON U CIELHATH3UPOBAHHON TEXHUKH

Projection of hypersurface G' of subspace r,...r, con-
tains points 4, as parameters of the process, the coordi-
nates of which are determined by numerical values of all
measurements of covering multidimensional space (see
Fig. 3).

Hypersurface projection (see Fig. 4) can be described
by the dependence, in particular

7=y Ty s 1) (5)

Extremum (5) can be determined by setting hyper-

[ .
plane G'' with a mark 7, parallel to subspace r,, r,...r,
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(see Fig.4). Smoothly changing Tioo setting its other nu-
merical parameters, in particular r,, we find the point
Ai' of extremum, coordinates of which determine the
volume of resources for the implementation of the proj-
ect portfolio.

A model of resource management implies simultane-
ous change of a parameter or several project parameters
of industrial production of fire protection and specialized
equipment, that is accompanied by shape changes of hy-
persurface G and, therefore, location of extremum point
A, Managing numerical values of parameters for a given
direction of hyperplane with variable mark r, the coordi-
nates points 4, are received, as parameters that determine
efficiency of resource management in projects.

Example of determination of optimal and compromise
values of variable parameters is carried out for the case of
two optimization functions under arbitrary number of pa-
rameters for compromise optimization of specialized fire
and rescue equipment micro transformer (SFREMT) ha-
ving power P , by two parameters: volume J and weight
D according to dependences [5]:

(4.44k, /8102 (1+6,) (1-U ) Uk 3 x2a?
P =

kaw(1+8i1)(1+€u (1—U)2)(Z+Zy+72'xk(1+28il)/(1+8i1))’

V=2(x+1)(y+2x,)(z+1)d’, (6)

D ={kcycy(2(x+z)+72[]+k0ykkrwzk (xk —xA)(2+xy+;z-xk )}ﬁ,

where x,y,z — dimensions of SFREMT;
k., f,B,&e,k,,a,kp,,i,k,— calculation parameters.

Hyperplane G in the case of dependence > _ f( 5 j
D " \V
b b

is set in coordination system 07 B by a segment:

BRIV _PB/D

1, (7
where A and A, - optimality balance according to volu-
me and weight.

Having received

accepted  for dependences

b b
B =f 7 optimality balance A, and A, according-
ly, we conduct tangent G'p and, therefore, define nec-
essary geometrical dimensions of SFREMT. In the case
of compromise optimization and, for example, calculated
optimality balance A, =1, A, = -0.4 dependence (7) is pre-
: > b
sented by a segment in the plane O 7 —-.
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Fig. 4. Graph of dependence of a segment in the plane for the
optimality balance condition calculation under compromise
optimization and project management
Puc. 4. I'paduk 3aBUCHIMOCTH OTPE3Ka B IIOCKOCTH JIJISI
YCIIOBHS pacdeTa BECOB ONTHMAIbHOCTH P KOMIIPOMICCHON
ONTHUMH3ALMU U IPOCKTHOM YIIPaBJICHUH

| . (PR
We build graphical dependencies —== f|—=
D V
when resizing x, y, z of SFREMT, which present projec-
tion G in the two-dimensional plane.

PV

Fig. 5. Graph of dependencies of optimality determination
when calculating geometric dimensions of SFREMT and
project management
Puc. 5. I'padhuk 3aBUCHMOCTH 110 ONPEIETICHUIO
ONTHMAJIBHOCTH HPH PacyeTe TEOMETPUISCKHIX Pa3sMEpPOB
CMTIIPT 1 mpoeKTHOM yNpaBICHUH

Putting a tangent in parallel to the segment G' , we
define calculated dimensions of SFREMT x = 0,7; y = 3;
z=1 (Fig. 6).

DOI:10.12845/bitp.32.4.2013.2

W= T

=3 =1

=12

|- 02

Fig. 6. Graphs of dependencies of determining Compromise
extremum for calculated dimensions of SFREMT
Puc. 6. I'paduku 3aBHCUMOCTH ONIpeeNCHNS KOMIIPOMUCCHOTO
SKCTpeMyMa A7 pacueTHbIX pazmepoB CMTIIPT

Absolute extremum according to volume V or weight
D is defined, by drawing a tangent to the projection G of

| P P
hyperplane in parallel to the axis OBand 7 (Fig. 7a, b).

Fig. 7. Graphs of dependencies of determining compromise
extremum for the case of two functions and project
management when calculating SFREMT dimensions
Puc. 7. I'paduku 3aBUCUMOCTH OIPEIeICHUs] KOMIIPOMHCCHOTO
9KCTpEMyMa JUIsl CiTydast ABYX (YHKIMH ¥ IIPOSKTHOTO
ynpasneHus npu pacuere pazmepos CMTIIPT

Problem of compromise extremum determination for
the case of two optimization functions under arbitrary
number of independent arguments is solved by the above
method. Increasing the number of optimization functions
with the same number of arguments requires use of nu-

merical methods of calculation. Increasing number of op-
timization functions, up to three:

%:D(x,y,z,a)

P

—=V(x,y,z,a
7=V ) "
%zW(x,y,z,a)
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leads to phase space dimensionality increase of its imple-
mentation:

9
and tangent hyperplane serves as a two-dimensional plane
of the three-dimensional phase space (Fig. 8):

¥ . PV

Fig. 8. Graphs of dependencies of determining three
optimization functions of geometrical parameters of SFREMT
in three-dimensional phase space of project management
Puc. 8. I'paduku 3aBucuMOCTH onpeneneHus Tpex QyHKIui
onTUMH3aLUK reoMeTpuueckux napamerpos CMTIIPT
B TPEXMEPHOM (ha30BOM IIPOCTPAHCTBE MPOEKTHOTO
YTIpaBIEHUS

P/D PIV PIW
+ - =
Ay Ay Ay

1 (0

Point 4 coordinates of their contact is the value of the
desired ratios and, therefore, geometrical parameters of
SFREMT.

Compromise values of geometric parameters of
SFREMT correspond to the contact point of these geo-
metric patterns.

Values of geometrical parameters of SFREMT having
power of SOW are determined by consecutive comparing
of compromise values of optimization functions as con-
tact point coordinates of equivalent manifold and a plane
(10). Obtained values x = 1, y = 2, z = 2,5 with a standard
value a = 25 mm of closed armor belt core are within the
boundaries of SFREMT parameters for calculated opti-
mality balance A, =4, 4, =1, 4, =8 .

6. Conclusions

On the basis of the research analysis of realization of
the project-oriented management of industrial production
of fire protection and specialized equipment it was sug-
gested:
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® A scheme-model of project management of efficient
allocation of financial resources for industrial produc-
tion conditions and use of geometric modeling me-
thods.

® Mathematical and geometric models of resource ma-
nagement in production projects of fire and speciali-
zed equipment.

® Project task was implemented introducing geometric
modeling and project management in the calculation
of optimal parameters of SFREMT in industrial pro-
duction and obtaining numerical values of geometrical
parameters of the closed armor belt core.

® The results of experimental researches will be resulted
in future in the extended interpretation of this article.
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