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Methods of increasing the input capacity
of industrial housing construction enterprises

Input capacity of the industrial housing construction enterprise (IHCE) reflects the maximum volume of finished
construction products that the enterprise is able to produce over a period of time. It is expedient to increase the in-
put capacity of IHCE by intensification of its production. It becomes possible with a deep understanding of work
of its production system (PS), and taking into account its peculiarities: firstly, due to the complexity of formulat-
ing and solving in analytical form the problem of making an optimal decision within the framework of production
management, it is advisable to resort to the variant approach. This approach implies the use of various manage-
ment strategies and tactics depending on the specific situation, operating conditions and objectives of the en-
terprise; secondly, production technologies and its material and technical base are constantly updated following
the progressive development of scientific and technical progress. Consequently, there is the emergence of more
and more advanced forms of organization and management of production processes, as well as changing meth-
ods of planning business processes of the enterprise; thirdly, the production system of IHCE should be analyzed
systematically. The system approach to production analysis is a methodology that allows analyzing production
processes as a single interconnected system rather than as a set of individual elements or operations. Growth of
input capacity during intensification of IHCE production by various methods, including by increasing labour pro-
ductivity, adapting the means of labour and proper adjustment of production flows, in which specialization, pro-
portionality, parallelism, directness, continuity, rhythmicity and automation are achieved. This in turn increases
the input capacity of the enterprise.
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INTRODUCTION

The input capacity of an industrial housing con-
struction enterprise as one of the states of po-
tential intensity of its production system (PS) [1]
reflects the maximum volume of finished construction
products that the enterprise is able to produce over
a period of time [2, 3]. Increasing the input capacity
of IHCE can be achieved using two approaches: ex-
tensive and intensive. The first direction is provided
and is characterized by the growth of finished con-
struction products output at the expense of quantita-
tive increase of living labour and means of labour
without changing the technical characteristics and
production technology. The second — at the ex-
pense of qualitative changes in the elements of pro-
duction and technological processes by improving
the technique and technology of production. This pa-
per considers the methods of intensive increase in in-
put capacity as the most effective.

IHCE PRODUCTION INTENSIFICATION

Intensification of IHCE production is a system-
atic application of scientific and technical achieve-
ments in its economic activity, contributing to the in-
crease of efficiency of its production system. To
make optimal decisions on intensification of PS,
the management of the enterprise should have
an understanding of all production processes, suf-
ficient for complex analysis of PS as a whole and its
individual components through a system of relevant
indicators, which can be subsequently compared
with those of the leading enterprises of the industry.

When considering methods of intensification of
IHCE production, it is necessary to take into ac-
count the peculiarities of its PS functioning.

Firstly, due to the complexity of formulating and
solving in analytical form the problem of optimal
decision-making within the framework of production
management, it is advisable to resort to the variant
approach. This approach involves the use of vari-
ous management strategies and tactics depending
on the specific situation, conditions of activity and
objectives of the enterprise [4]. The main advan-
tages of using the variant approach include man-
agement flexibility, adaptability to changing condi-
tions of external and internal environment, the ability
to switch between different management strategies.
At the same time, the variant approach requires
high qualification, the ability for deep analysis and
strategic thinking from the managerial level.

Secondly, production technologies and its mate-
rial and technical base are constantly being updated
following the progressive development of scientific
and technological progress. As a consequence,
there is the emergence of more and more advanced
forms of organization and management of produc-
tion processes, as well as changing methods of plan-
ning business processes of the enterprise.

Thirdly, the production system of IHCE should
be analyzed systematically. The system approach
to production analysis is a methodology that allows
analyzing production processes as a single inter-
connected system rather than as a set of individual
elements or operations. Within the systems ap-
proach, each element of the production process is
not considered by itself, but in the context of how it
affects other elements and the system as a whole
[5, 6]. The whole production process is considered
as a unity that has its own goals, structure, functions
and regularities of development. In the framework of
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the system approach, the production system is usually differentiat-
ed into subsystems and elements, between which vertical and
horizontal links are established.

The intensification of IHCE production can be carried out in
various ways, among which are the increase in labour productivity,
adaptation of labour tools and improvement of production flows.

INCREASE IN LABOUR PRODUCTIVITY

The main directions for increasing labour productivity at pro-
duction facilities are improving the qualifications of the enterprise's
personnel and improving their working conditions.

Professional development of employees involves improving
their professionalism by acquiring new and deepening existing
knowledge. For this purpose, both internal (coaching, mentoring)
and external (lectures, seminars, trainings) methods can be used.

Improving the working conditions of employees involves ensur-
ing their physical and mental comfort, which, in turn, leads to a re-
duction in their fatigue — the process of decreased productivity
due to the performance of hard and long work. Mental comfort is
ensured by friendly relations within the team, its cohesion, as well
as the availability of recreational infrastructure. Physical comfort is
ensured, first of all, by the creation of a microclimate at the enter-
prise that meets all regulatory requirements. Secondly, it is ensured
by introducing technologies that reduce physical strain into produc-
tion practice. Advanced solutions in this direction include industrial
exoskeletons [7-9] (Fig.).

ADAPTATION OF THE MEANS OF WORK

Adaptation of means of labour, as a part of the enterprise po-
tential, is aimed at increasing their compliance with the characteris-
tics of manufactured products, selected production technology and
capacity of private technological processes in order to increase
overall productivity.

As arule, it is carried out in the form of technical re-equipment
of the enterprise. Technical re-equipment of an industrial housing
construction enterprise is a process of renewal and modernization

of the technical base of the enterprise. It may involve the acquisition
and introduction of modern equipment, improvement of process
automation systems, as well as the introduction of innovative pro-
duction technologies. The application of technical re-equipment is
aimed at increasing the efficiency and productivity of work, improv-
ing the quality of products, optimizing costs and improving working
conditions for personnel.

IMPROVEMENT OF PRODUCTION FLOWS

Flow production is the main way of production organization at
the enterprise of industrial housing construction. It is based on
the principles of specialization, proportionality, parallelism, direct-
ness, continuity, rhythmicity and automation [10]. Its advantages in-
clude increased productivity, reduction of time and costs of work,
better organization of labour and the possibility of using modern
technologies.

Specialization of a production flow is characterized by the in-
volvement of a group of production elements of a given flow in
the performance of specific operations only. This allows for more
efficient utilization of production elements due to optimal modes of
their operation.

Process flow proportionality is the consistency and coherence
of interrelated operations during the production process. This
means that each step in the process must be balanced and co-or-
dinated with the other steps. For example, if one operation is per-
formed faster than the next, this can lead to a build-up of produc-
tion and unnecessary downtime. On the other hand, if one operation
is slower, it can cause delays in the entire process. To determine
the proportionality of the entire process, the ratio of the private to
the total cycle of the process line should be used. The time required
to complete the process Ty, is determined by the formula:

C(t gt E) Zt
BT R ¥
where ty, tg, tc, tp — duration of operations of the stage process,
min; R* — cyclicity coefficient.

Then the ratio of partial cycles over the whole process will be

equal to:
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Parallel production flow refers to the simultaneous execution of
several operations during the production process. That is, different
elements of a product are processed in different areas or produc-
tion lines and then combined to create the final product. This helps
in improving the efficiency of production by speeding up the pro-
cess and increasing output per unit of time.

Parallelism is the parallel execution of works of a dismembered
technological process. It allows to reduce the duration of the techno-
logical cycle. Parallelism of operations at technological stations is
mandatory when i, , ... I exceeds the value of r cycle of the line.
The number of parallel stations is equal to the multiplicity coefficient:

t, t t

=A4+B4 +L2. (3)
r r r
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Cycle is the time interval between the production of two products.
With actual time Fp, min, and line capacity N, m3, cycle ris equal to,
min/ms:

(4)
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Straightforward production flow means that the production
process is organized in such a way that manufactured products
pass through the production stages sequentially, without gaps.
That is, the items of labour move along the production line in one
direction, from the beginning to the end. This helps to minimize
the time and resources spent on moving items of labour between
operations.

Continuity of production flow means that the production pro-
cess is organized in such a way that production operations are car-
ried out without interruption or delay [11]. That is, as soon as one
operation is completed, the next one begins, so that the objects of
labour move uninterruptedly along the production line. This reduces
downtime costs and increases overall labour productivity.

The rhythmicity of the technological process determines
the output of products strictly according to the schedule and at
certain intervals. Rhythmicity is assessed by the correspondence
of the duration of the technological cycle of a stage process to
the tact, rhythm and pace of the complete process, which predeter-
mines the best conditions for its management [12]. If one group of
operations is performed simultaneously at two or more stations,
then the time interval required to perform n operations will be called
the rhythm R, min/m?:

R=rn; (5)

(6)

One of the main conditions for rational organization of a pro-
cess is its synchronization, i.e. equalization of the duration of pro-
cess execution. In case of full synchronization 4, t5, ... {p are equal
or multiple of K, cycle and such a process is intermittent-flow. In
the case when:

t,#R; t; #R, ...t, #R, (7)

the multiplicity condition can be written:

R
t, =K, rtAt,=—=xAt,;
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R
ty =K rtAty=—+At,; (8)
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where At; — time is shorter than a cycle r.

Production flow automation is the application of various kinds of
automatic systems and equipment at each stage to reduce human
involvement, increase productivity, efficiency and quality of output.
It may include the use of software for planning and control, includ-
ing artificial intelligence [13—15], robots for physical work, automat-
ed systems for transferring products between workstations, auto-
mated machines for quality control, and so on.

CONCLUSION

Deep understanding of IHCE production system operation al-
lows to intensify its work — to increase the degree of correspond-
ence of the enterprise potential characteristics to the characteris-
tics of its product; to increase labour productivity by increasing
the qualification of personnel and improving working conditions; to
establish production flows properly, in which specialization,

proportionality, parallelism, directness, continuity, rhythmicity and
automation are achieved. This in turn increases the input capacity
of the enterprise — its maximum achievable capacity to produce
finished construction products.

REFERENCES

1. Prykin B.V. Technical and economic analysis of production. 2 ed.,
rev. and supplement. Moscow, UNITI Publ., 2003 (GUP IPK
Ulyanovsk House of Press),; 475. (rus.)

2. Grabovyy P.G., Grebenshchikov V.S. Assessing the potential of
a construction system for the delivery of large investment projects.
Real Estate: Economics, Management. 2017, 2:76-81. URL: https://
elibrary.ru/item.asp?id=30775540 (rus.).

3. Grabovyy P.G., Zhikharev D.F. The productivity of an industrial
housing construction enterprise as the main indicator of the potential
intensity growth of the production and construction system. Real es-
tate: economics, management. 2022; 2:11-17. DOI: 10.22337/2073-
8412-2022-2-11-17

4. Monfred Y.B., Prykin B.V. Organization, planning and manage-
ment of construction industry enterprises. Moscow, Stroyizdat Publ.,
1989; 506. (rus.).

5. Rodionova V.N. System approach as a general methodological
principle of research into the organization of production systems.
Organizer of Production. 2008; 38:12-13. URL: istemnyy-podhod-kak-
obschemetodologicheskiy-printsip-issledovaniya-organizatsii-proiz-
vodstvennyh-sistem (rus.).

6. Namestnikova L.S., Pakhomova A.A. System approach to
the management of production systems efficiency. Bulletin of Platov
South-Russian State Polytechnic University (NPI). Series: Socio-
economic sciences. 2016, 3:86-91. URL: https://vestnik.npi-tu.ru/in-
dex.php/vestnikSRSTU/article/view/759/760 (rus.).

7. Zhu Z., Dutta A., Dai F. Exoskeletons for manual material han-
dling : A review and implication for construction applications.
Automation in Construction. 2021; 122:103493. DOI: 10.1016/j.aut-
con.2020.103493

8. Golabchi A., Riahi N., Fix M., Miller L., Rouhani H., Tavakoli M.
A framework for evaluation and adoption of industrial exoskeletons.
Applied Ergonomics. 2023; 113:104103. DOI: 10.1016/j.aper-
00.2023.104103

9. Ralfs L., Hoffmann N., Glitsch U., Heinrich K., Johns J., Weidner R.
Insights into evaluating and using industrial exoskeletons: Summary
report, guideline, and lessons learned from the interdisciplinary pro-
ject “Exo@Work”. International Journal of Industrial Ergonomics.
2023, 97:103494. DOI: 10.1016/j.ergon.2023.103494

10. Ivanov A.S. Planning and organization of production. From indus-
trial economy to knowledge economy. Moscow; Berlin, Direct-Media,
2016; 203. (rus.).

11. Naumenko |.H. Design of flow organization of construction works
production. Moscow, ASV Publ., 2008; 118. (rus.).

12. Lebedev V.M. System engineering of flow methods of construc-
tion. LAP LAMBERT Academic Publishing, 2016, 248. (rus.).

13. Nguyen T.T., Dinh K. 2020. An atrtificial intelligence approach for
concrete hardened property estimation. Journal of Science and
Technology in Civil Engineering (JSTCE) — HUCE. 2020, 14(2).40-52.
DOI: 10.31814/stce.nuce2020-14(2)-04

14. Wagar A., Bheel N., Tayeh B.A. Modelling the effect of implemen-
tation of artificial intelligence powered image analysis and pattern
recognition algorithms in concrete industry. Developments in the Built
Environment. 2024; 17:100349. DOI: 10.1016/j.dibe.2024.100349
15. Wang Q., Hussain A., Farooqi M., Deifalla A. Atrtificial intelli-
gence-based estimation of ultra-high-strength concrete's flexural
property. Case Studies in Construction Materials. 2022; 17:€01243.
DOI: 10.1016/j.cscm.2022.e01243

#1/2024




#1/2024

MexayHapoaHbI Hay4YHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

TEXHOJIOTUA U OPTAHU3ALUA CTPOUTENILCTBA

50

MeTopb! NOBbILLEHUA BXOAHOW MOLLHOCTHU
npeanpuaTUA UHRYCTPUANbHOIO
AOMOCTpPOEHUs

BxogHas MOLLHOCTb NpeanpusATUS MHAYCTPMaribHOro [OMOCTPO-
eHus (OCK) oTpaxaeT MakcMMarsbHbIli 06beM FOTOBOW CTPOU-
TEeNbHOW MpoAyKLMK, KOTOPbIA NPeanpusaTne cnocobHO Npous-
BECTU 3a onpeneneHHbI Nnepunog BpeMeHN. MoBbiLLaTh BXOAHYHO
mMowHocTb [ICK uenecoobpas3Ho nyTeM MHTEHcudukaumm pabo-
Tbl ero 1C. MHTeHcudukaumsa nponssoacTea JCK — nnaHomep-
HOe BHeApEHUe B ero NPakTUKy OOCTUXXEHUIN HayYHO-TEXHNYe-
CKOro nporpecca, obycnasnuBaloLLlee Jy4Llee UCMnob30BaHne
NPOV3BOACTBEHHbLIX PECYPCOB U POCT IPPEKTUBHOCTN NPOUN3-
BoacTBa. OHa CTaHOBUTCS BO3MOXHA Mpuv rMy60KOM MoHUMa-
HUWM paboTbl ero NPon3BoAcTBeHHON cuctemsl (M1C) n yyete ee
0CO6EHHOCTEN: BO-NEPBLIX, N3-32 CIOXHOCTU (POPMYSIMPOBaHUS
1 PELLIEHVS B aHANNTMYECKOM BUAe 3aJadyun NpUHATUS onTuMarnb-
HOrO PELLEHMS B paMKax yrnpaBfieHUsi MPON3BOACTBOM LIENECO-
o6pasHo npuberaTe K BapMaHTHOMY nogxoay. HaHHbIi Nogxon,
npegnonaraeT UCMNOMb30BaHWE Pa3fINYHbIX CTpaTern n Tak-
TVIK yNpaBneHns B 3aBNUCUMOCTU OT KOHKPETHOW cuTyauuu, yc-
JIOBUI OEATENIBHOCTU U Lienen npeanpusaTusi; BO-BTOpbIX, TEX-
HOMOrMM NPOM3BOACTBA M €ro MaTepuanbHO-TEXHMYecKasn 6asa
NOCTOSIHHO OGHOBIAOTCSA BCed 3a NOCTynaTesibHbIM Pa3BUTU-
€M Hay4HO-TEXHMYEecKoro nporpecca. Bcnegctemne atoro Ha-
6nogaeTcs nosiefieHne Bce 605ee CoBEpLLEHHbIX (hOpM opra-
HU3auun 1 ynpaeneHns npoueccamu NpoM3BOACTBA, a Takxe
M3MEHSIIOTCA METOAbI NIaHMPOBaHNS 6U3HEC-MPOLECCOB Npeq-
NpUATUS; B-TPETbUX, NPOM3BOACTBEHHYO cuctemy [CK Heo6-
XOAMMO aHanM3npoBaTtb cucTeMHO. CUCTEMHBIM NOAX0A K aHa-
N3y NpoM3BOACTBa — 3TO METOAOJIOrUs, KoTopas No3BonseT
aHanuManpoBaTb NPON3BOACTBEHHbIE MPOLIECCHI KaK eAMHYIO B3a-
MMOCBA3aHHYIO0 CUCTEMY, @ HE Kak Habop OTAENbHbIX ANIEMEHTOB
unu onepaunin. B pamkax cuctemMHoro nogxoga kaxgbli ane-
MEHT MPON3BOACTBEHHOIO NpoLiecca paccmaTpuBaeTcs He caMm
no ce6e, a B KOHTEKCTE TOr0, Kak OH BMUSIET HA OpPYr1e anemMeH-
Thbl U Ha CMCTEMY B LienioM. POCT BXOQHOM MOLLIHOCTY NPW UHTEH-
cudmkaumm npouaeopctea ACK pasnuyHbiMM MeTogamu, B TOM
yucne 3a CYET NOBbLILLEHNS NPOM3BOANTENBHOCTH TPyAa, apan-
TMPOBaHWSA CPEeACTB TpyAa M NPaBUiIbHOW Hanagku Npou3Boa-
CTBEHHbIX MOTOKOB, B KOTOPbIX AOCTUralTCa cneunanvsaums,
NponopLMOHaSIbHOCTb, NapanfenbHOCTb, NMPAMOTOYHOCTb, He-
NPEpPbIBHOCTb PUTMUYHOCTb M @aBToMatuaaums. 3T0 B CBOO O4e-
pefb MOBLILLIAET BXOAHYIO MOLLHOCTb NPEAnpUaTHs.

KnroyeBsie cnoBa: npegnpuaTua nHA4yCcTpuaslbHoro JOMocCTpo-
©HUA, NMpon3BoACTBeHHas cucteMa, BxogHas MOLLHOCTb, MHTEH-
CMdJI/IKaL[l/IH npon3BoAcTtsa, npon3BognTesibHOCTb TpyAa, NoTeH-
ynars, rnoTo4Hoe rpon3BogcTeo
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