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The study of organizational and technological factors on dwelling reconstruction profitability of first mass series with the
purpose to define the effective organizational solutions of reconstruction is described. The study is carried out on the basis of
example of dwelling reconstruction of typical series 1-4382.5-7. The informative and graphical models of reconstruction are
made. The factors having impact on reconstruction indexes are defined. The plan of numerical experiment considering simul-
taneous impact of the given factors on the profitability index of reconstruction is made. With the help of experimental and
statistical modeling mathematical models of dependency of profitability on the factors in the form of charts are made. The charts
analysis defined the areas of effective solutions by simultaneous impact of factors. By the results of studies the conclusions
about the conditions of such dwellings reconstruction operations are made.

Key words: charts, the areas of effective solutions, models of reconstruction, experimental and statistical modeling, organi-
zational and technological factors.

JOCJIIZKEHHA 3MIHU PEHTABEJIBHOCTI PEKOHCTPYKHIi
AKUTJIOBUX BYJIUHKIB ITEPIIIUX MACOBHUX CEPIN

Hy6ennbt T.M.1*

' Onecrka nepxaBHa akaaeMist Oy IiBHUITBA Ta APXiTEKTYPU
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OnucaHe AOCTIKEHHS BIUIMBY OPraHi3allifHO-TEXHOJOTIYHHX (DAKTOpiB Ha pPeHTaOeNbHICTh PEKOHCTPYKLIl JKUTIOBUX
OyAMHKIB IEPIINX MACOBUX Cepil, 3 METOIO BU3HAUEHHS €(PEKTUBHHUX OpTraHi3allifHUX pillleHb peKOHCTPYKILii. B iHpopma-
LIHUX JUKepesax BiACYTHS iHpOpMAIisl IMOA0 METOMUKH JOCIIJDKEHHS! PEKOHCTPYKIIT MOAIOHNX 00 €KTiB. A (akTHUHA
PEKOHCTPYKIIist OyJMHKIB HOCHTbH €I1i30{UYHMI XapaKTep Ta He A€ MO>JIMBOCTI BU3HAYHUTH BILIUB (DAKTOPIB HA IIOKa3HUKH
PEKOHCTPYKIIii, TOMY IO IPOXOIUTH NMpH (HiKCOBAHUX 3HAUEHHSX (pakTOpiB. SIK HacIimOK — HeOaXKaHHS IHBECTOPIB BKIIA-
JIaTH KOIITH B PEKOHCTPYKIIIIO )KUTIOBUX OyUHKIB THUIIOBUX cepiil. [l BUpileHHs nocTaBiieHoi npodiemu Oyim BUOpaHi
BIUIMBOBI (hakTOpH, BU3HAYCHUH Hepenik poOiT, moOyaoBaHi Ta JOCTiKeHI aOCTpakTHI Mojeni peKoHCTpykuii. Jocmi-
JUKEHHSI IPOBE/ICH] Ha MPUKIIAAI PEKOHCTPYKIIT )KHUTIOBOr0 OyIUHKY THIIOBOI cepii 1-4382.5-7. IloOynoBani iHdopmaniiiHi
TarpadiuHi Moaeni peKOHCTPYKLii. BusHaueHi pakTopH 110 BILIMBAIOTH HA HOKA3HUK PEKOHCTPYKILIi cepe sIKUX: KiTbKiCTh
po0OYMX TOANH Ha THXKAEHb, CTYMiHb CyMillleHHS poOiT, He0OXiIHa YacTKa 3aMiHU MpPOpi3iB Ta KOMyHiKanid. Busnaueni
PiBHI BapiloBaHHS KOXHOTO 3 (haKkTOpiB: MiHIMaJbHE, MAKCHMAJIbHE Ta cepefHe 3HaueHHs. CKIIaJeHO IUIaH YHCENHEHOTO
EKCIIEpUMEHTY 1110 BPaxoBYe OJHOYACHHUH BIUIMB BH3HAUCHHX (haKTOPIB HA IMTOKA3HUKH PEKOHCTpyKLii. OTprMaHi OCHOBHI
MOKA3HUKU PEKOHCTPYKIIIT: TPUBAJIICTh, BAPTICTh Ta PEHTA0ENIBHICTh poOIT. 3a JOMOMOTOI0 eKCIIePHMEHTAIbHO-CTaTUCTH-
YHOT'O MOJICTIOBAaHHS MO0y 0BaHI MaTeMaTHIHI MOJIENl 3aJIeXHOCTI OKa3HUKa peHTabenbHOCTI Bix (akTopiB y BUIIILAL
MaTeMaTH4YHUX (GOopMyn Ta Aiarpam. AHaii3 AiarpaM BH3HAYHMB 30HU €(EKTHBHHX pillIeHb IPU OJHOYACHOMY BILIMBI BCIX
(axTopiB. 3a pe3yabTaTaMH JOCTIHKEHb 3p00JICHI BUCHOBKH ITPO YMOBH NIPOBEICHHS PEKOHCTPYKILIT MoAiOHMX OyIHHKIB.

Kawuosi cioBa: niarpamu, 30HH €)EKTUBHHX PillleHb, MOJETI PEKOHCTPYKIIiT, EKCIIEPUMEHTAIEHO-CTATHCTHYHE MO/Ie-
JIIOBaHHS, OPraHi3alifHO-TeXHOJIOT14HI (haKTOPH.
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Introduction

During 60-80 years of the XX century in the countries
of the former USSR and Europe the dwellings mass
building of first mass series has started. The USSR has
been built in postwar period, thus the works were car-
ried out under the conditions of strong economy of ma-
terial costs. Dwellings were considered as lodging of
25-30 years of operation. [1].
The amount of such dwellings forms 25% of all hous-
ing facilities of Ukraine [2]. The level of comfortable
living is very low, flats size length is small, a bathroom
is combined with a toilet, inner walls have weak sound
insulation. This type of buildings is characterized by
great amount of heat loss, lack of elevator, balconies,
rubbish chute and attic. The analysis of demolition of
such buildings forms 30-40%.[3]. Every third house
needs urgent repairing or modernization in Ukraine.
Considering the described difficulties reconstruction of
such houses is possible and enables to prolong their ser-
vice life till 50 years. Lack of such houses reconstruc-
tion capabilities and demolition analysis in modern lit-
erature; calculations of reconstruction additional fi-
nancing lead to investors’ unwillingness to put money
into such projects. Study of abstract models of recon-
struction with the help of computer programs enabled
to obtain calculations and to trace the impact of organ-
izational and technological factors on reconstruction in-
dexes including profitability.

Review of the research sources and publications

As a rule, volumetric and planning solutions of such
houses are described the native literary sources.
According to them, the set of reconstruction measures
to raise the living comfort level is proposed [4 — 6]. The
description of implemented objects enabled to define
the set of works that can be used for majority of series
of such houses. In foreign literary sources there are ex-
amples of successful reconstruction [7 — 10], and the
necessity of houses demolition of such series. On the
basis of analyzed publications it can be concluded that
the dwellings of first mass series can be divided into 2
groups: first group where reconstruction is proper, the
second group where there are houses to be demolished.

Definition of unsolved aspects of the problem

The analysis of informative sources showed that lack
of reconstruction methods impact description on tech-
nical and economical indexes does not enable to have
an idea about the conditions of dwellings profitable re-
construction of first mass series. The amount of imple-
mented objects in Ukraine is less than 20, thus it does
not enable to make conclusions about factors influenc-
ing reconstruction indexes.

Problem statement

The study of simultaneous impact of factors by their
different combination on reconstruction indexes ena-
bles to obtain maximum amount of the material for the
study with minimum costs. The solution of the given
task is implemented via making abstract models imitat-
ing reconstruction of the dwelling under different con-
ditions and their study with usage of software. By the

results of the study the areas of effective solutions of
profitable reconstruction have been defined.

Basic material and results

The examples of carried out reconstruction showed
that reconstruction is made by different conditions of
works execution: under eviction or habitants’ living in
the house while doing the reconstruction. The condi-
tions of works execution have impact on amount of
working hours per a week. Two basic models have been
made for the study considering these conditions.

The studies were conducted using mathematical the-
ory of experiment planning, which is the basis of exper-
imental and statistical modeling [11, 12]. According to
the classical theory of reduced experiment varying fac-
tors planning must be over the range according to clas-
sical —1; 0; +1. Every factor and the ranges of varying
are presented below in details.

The first factor-amount of working hours per week
(X1) depends on the amount of working hours per week
and the amount of working hours per day [13].

Accepted amount of working hours per week is:

— by  habitants’ eviction while conducting
reconstruction: 40, 80 and 112 hours.

— by habitants’ living during reconstruction: 40, 48 and
60 hours.

The second factor — degree of works’ overlapping
(X>) presents ratio of reconstruction period duration to
the total of works duration in each division (Formula 1)
is characterized by coefficient of overlapping and is
variable from 0.15, 0.2 and 0.25

_r 1

X, =k =
? DN

com
where:

T, — duration of the reconstruction period , days;

N — amount of processes;

n —amount of divisions by flow organization;

t; — duration of i-th flow, days.

The third factor — necessary part of slots displacement
(X3) was defined on the basis of visual inspection of
such houses and forms 20, 50 and 80% from total
amount of slots.

The fourth factor — necessary part of communications
replacement (X3) depends on the quantity of porches
and risers in analyzed house and it is variable from:
8.33,50.0 and 91.66% from total amount. The range of
variation of two last factors is connected with inde-
pendent replacement of separate elements by habitants
during house operation.

Reconstruction profitability presents relation of profit
to reconstruction cost. For its determination it is needed
to obtain works duration, to calculate the cost and profit
from the dwelling reconstruction.

The studies were carried out by the example of dwell-
ing reconstruction in one of the spread series
1-438, 5-7. For the reconstruction laboriousness there is
formed informative model in the form of estimate in the
program ABK-5 (3.2.2) at prices of 2016 year.

With the help of program Microsoft Project on the ba-
sis of works laboriousness it is made linear charts by
simultaneous impact of all factors according to two
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plans of numerical experiment. The first plan consid-
ered the condition of habitants’ eviction while making
operations (Table 1-2). The second plan was elaborated
under the condition of habitants’ living during the re-
construction.

The cost of reconstruction considered the costs of
habitants’ eviction during operations by formula

C=Crmwt+Cap+Cu, 2
where:

C — cost of object’s reconstruction, hryvnas.;

Cr.mw. — cost of repair and construction works by esti-
mation, hryvnas;

Cpp. — costs on flat’s buying on the ground floor con-
nected with flats’ alterations for additions to elevator
shaft, hryvnas;

C:; — costs on payment of temporary lodging to habit-
ants during reconstruction

Ctl. = Cmc: X Tr, (3)
where:
Cin.c. — monthly costs on payment of temporary lodg-
ing to habitants during reconstruction, hryvnas;
T, — reconstruction duration, months.

Reconstruction profitability is in inverse proportion

to works cost. Calculations were made by formula

P:%XIOO%, (4)

where:

P — profitability, %;

Pr — profit of reconstruction object, thousand hryvnas;

C — cost of object reconstruction, thousand hryvnas;
Reconstruction profit was calculated by formula

Pr=C,xC, (5)
where:

Pr — profit of object’s reconstructioni, hryvnas.;

C, — profit from new flats’ sale on the ground, fifth and

sixth floors after reconstruction.

On the ground floor the flats are repurchased and re-
planned because of additions to elevator. After recon-
struction termination built-on flats on the fifth and sixth
floors and altered flats of the ground floor are put up for
sale.

Factors impact on indexes is ambiguous: in case of
eviction the first two factors have an impact on works
duration (Table 1), and all the fourth only on cost and
profitability (Table 2). By habitants’ living in the house
the factors impact is pairwise: the first two factors have
an impact on reconstruction duration (Table 3), and the
third and the fourth on cost and profitability (Table 4).
On the basis of calculations, it is obtained numerical in-
dexes of duration, cost and profitability of dwelling re-
construction (Table 1-4).

To define the factors impact on dwellings reconstruc-
tion profitability of first mass series it is made mathe-
matical models with the help of program COMPEX.
The description of dependencies of factors impact on
profitability is presented in the form of analytical for-
mula and charts.

Factors impact on profitability by habitants’ eviction
during reconstruction is described by formula

Yi=P=7.531+10.402 X; —3.98 X;* +
+ 1.58 X1X2 — 0.44 X1.Xz — 0.064 X1.X4 —
—5.108 X2 — 0.904 X>? + 0,241 XoX5 +
+0.031 XoXs —2.28 X5+ 0.144 X532 +
+0.015 X3X: — 0.33 X4+ 0.074 X42.

(6)

The analysis of the given mathematical dependency
is shown that factor X; has the most sufficient impact
on dwelling reconstruction profitability (amount of
working hours per week). Positive mark of the coeffi-
cient X1 indicates that the change of this factor is in
direct ratio to profitability change (13).

Table 1 — Plan of experiment and impact of varying factors X1 and Xz
on the index of duration of the dwelling reconstruction duration (Y1),

condition of reconstruction — habitants’ eviction during operations

No of Coded factors Full-scale factors Indexes
point X;—amount of | X; —coefficient of | X; —amount of | X;— coefficient of | Y; —reconstruc-
working hours per | works’ overlap- | working hours per | works’ overlap- tion duration,
week ping week (hour) ping (days)

1 2 3 4 5 6

1 -1 -1 40 0,15 484

2 -1 0 40 0,2 670

3 -1 1 40 0,25 807

4 0.11 -1 80 0,15 243

5 0.11 0 80 0,2 335

6 0.11 1 80 0,25 404

7 1 -1 112 0,15 173

8 1 0 112 0,2 239

9 1 1 112 0,25 288
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Table 2 — Plan of experiment and impact of varying factors (X1, X2, X3 and X4)
on the index of study reconstruction cost (¥2) and profitability (¥3),
condition of reconstruction — habitants’ eviction during operations

No of Coded factors Full-scale factors Indexes
point 5 . . o ] '
Q. 5 \ \ § 2 , 5 § E -
n Are} [75) ) 172 =
5 2 5 S5 | & g 2 25 |2 2
1S @ a = S o » o= = )
= ? 5 5o < % 2 2ol E Ej
2 £ = E RS = 5 S £
2 1) G © 8 w| ‘o S e °sSao| 8 2
= = o e = 8| & = 5 = 2| 8 g
1S < = 2 S| 8 o e s'g o
5 S g 882 3 S g Sg2| 8 g
=) Q g + 2.8 = s 2 2 S = w g = p=} p=}
5 2 2 | 8E5E|l 52 | & 25 | 82 E| 2 2
2 o) 3 a g o8l ex< 9 o o 2 © 3% E| 3 15
=t o 8 E g - 92| E S g 3 E s -3 3 51
Sx | S, |25 [Tz Ex | %2 |28 | Tz 8 |¢
Lo = b3 L+ S oo _ 9 L e PR < S Tg L
oz = A = e < E 8| X & = = e I == O N
1 2 3 4 5 6 7 8 9 10 11
1 1 1 1 1 112 0.25 80 91.66 25.17 8.56
2 1 1 1 -1 112 0.25 80 8.33 25.0 9.26
3 1 1 -1 1 112 0.25 20 91.66 24.05 13.6
4 1 1 -1 -1 112 0.25 20 8.33 23.89 14.37
5 1 -1 1 1 112 0.15 80 91.66 23.69 15.34
6 1 -1 1 -1 112 0.15 80 8.33 23.52 16.13
7 1 -1 -1 1 112 0.15 20 91.66 22.57 21.05
8 1 -1 -1 -1 112 0.15 20 8.33 22.41 21.93
9 -1 1 1 1 40 0.25 80 91.66 31.84 -14.21
10 -1 1 1 -1 40 0.25 80 8.33 31.68 -13.77
11 -1 1 -1 1 40 0.25 20 91.66 30.72 -11.08
12 -1 1 -1 -1 40 0.25 20 8.33 30.56 -10.61
13 -1 -1 1 1 40 0.15 80 91.66 27.69 -1.33
14 -1 -1 1 -1 40 0.15 80 8.33 27.52 -0.75
15 -1 -1 -1 1 40 0.15 20 91.66 26.57 2.82
16 -1 -1 -1 -1 40 0.15 20 8.33 26.41 3.45
17 -1 0 0 0 40 0.20 50 50 29.44 -7.22
18 0,11 1 0 0 80 0.25 50 50 26.02 4.98
19 0,11 -1 0 0 80 0.15 50 50 23.95 14.06
20 0,11 0 1 0 80 0.20 80 50 25.69 6.34
21 0,11 0 0 1 80 0.20 50 91.66 25.22 8.34
22 0,11 0 -1 0 80 0.20 20 50 24.57 11.18
23 0,11 0 0 -1 80 0.20 50 8.33 25.05 9.04
24 0,11 0 0 0 80 0.20 50 50 25.14 8.69
25 1 1 112 0.25 80 91.66 25.17 8.56

Factor X, has impact half as large (coefficient of
works overlapping), and the factor X3 has impact five
times less (necessary part of slots replacement). The
impact of factor X, (necessary part of communications
replacement) is insignificant. Negative marks of coef-
ficients of factors X», X3, X4 show that their impact is in
inverse ratio to profitability raise (13).

Impact of all 4 factors X (amount of working hours
per week), X> (coefficient of works’ overlapping),
X3 (necessary part of slots’ replacement ) and X

(necessary part of communications replacement ) on
reconstruction profitability (¥3) by their different com-
bination is presented in the chart «square by square »
(fig. 1). To make the chart, it is made 9 two-factor
charts (impact of factors X; and X>), which are situated
on the basic square.The basic square considers the im-
pact of factors X3 and Xs. On the chart the interval of
reconstruction profitability change is depicted by con-
tour lines with pace 5%.
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Table 3 — Plan of experiment and impact of varying factors X1 and X
on the index of the dwelling reconstruction (Y1),
condition of reconstruction — habitants’ eviction during operations

Ne of Coded factors Full-scale factors Indexes
point X; —amount of | X; — coefficient of | X; —amount of | X;— coefficient of | Y7 —reconstruc-
working hours per | works’ overlap- | working hours per | works’ overlap- tion duration,
week ping week ping (days)
(hour)
1 2 3 4 5 6
1 -1 -1 40 0.15 483
2 -1 0 40 0.2 651
3 -1 1 40 0.25 821
4 -0,2 -1 48 0.15 402
5 -0,2 0 48 0.2 542
6 -0,2 1 48 0.25 673
7 1 -1 60 0.15 322
8 1 0 60 0.2 518
9 1 1 60 0.25 547
Table 4 — Plan of experiment and impact of varying factors X3 and X4
on the index of reconstruction cost (¥2) and profitability (¥3),
condition of reconstruction — habitants’ eviction during operations
Ne of Coded factors Full-scale factors Indexes
point £ 2o . = 2o o 2~ =
25 | 2282 | 23 228 E 28 g€
=] ©n ] ©n
g?&a gggS% g%eA gggSE, é% Ex
2 =9 23EwE| 4588 | 88E wg g2 g F
888 =28 E L 8‘58v 8= 8.9 SE o s
S = S 550 F s = S 550 & NG 2=
| = g 2 [ =g 2 I @ I 2
o O + <= g .5 o O + [ o O ="
[ P © = e [ > © = e >~ o >~
1 2 3 4 5 6 7
1 -1 -1 20 8.33 20.18 35.37
2 -1 0 20 50 20.26 34.83
3 -1 1 20 91.66 20.34 34.29
4 0 -1 50 8.33 20.74 31.69
5 0 0 50 50 20.83 31.18
6 0 1 50 91.66 2091 30.67
7 1 -1 80 8.33 21.30 28.27
8 1 0 80 50 21.38 27.78
9 1 1 80 91.66 21.46 27.30

The study of factors’ impact: necessary part of slots
replacement (X3) and necessary part of communications
replacement (Xs) on reconstruction profitability (Y3)
without habitants’ eviction is described by mathemati-
cal dependency by formula

Y3=P=31.179 - 3.523 X5+ 0.127 X2 +
+0.028 X3X4 — 0.512 X4 +0.02 X4% .

(7

The analysis of the obtained analytical dependency il-
lustrates that factor X3 has the most substantial impact
on reconstruction profitability of dwelling (¥3) gives
factor X3 (necessary part of slots replacement). Its im-
pact is 7 times more than factor X (necessary part of
communications replacement). Negative marks of the
coefficients X3 i X4 indicate that factors change is in in-
verse ratio to profitability change (13).

The impact of two factors X3 and X4 on indexes of re-
construction profitability (¥3) is depicted on 2-factor
chart on Figure 2.
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Figure 1 — Chart “square by square” presents impact of factors (X1, X2, X3, X4)
on reconstruction profitability (¥3) under the condition of habitants’ eviction
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Figure 2 — 2-factor chart of factors impact (X3, X4)

on reconstruction profitability (¥3) without habitants’ eviction
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Change of index of reconstruction profitability (¥3) is
presented in the form of contour lines with interval 1%.
Maximum value of reconstruction profitability index is
+35.371%, and minimum + 27.301%.

Edge of reconstruction profitability index efficiency
has been adopted on the basis. By reconstruction on in-
vestments by the state this index is 8% and more.

In the given study the boundary permissible index of
dwelling reconstruction is ¥3>8%. Such proportion of
profitability enables to execute works with getting
profit.

As one can see from Figure 2 reconstruction without
habitants’ eviction is profitable by any combinations of
factors’ values and is more than 8%.

Superposition of restriction of profitability index
Y3>8% by reconstruction with habitants’ eviction on
charts of impact of factors X; and X (Figure 3) illus-
trates that by any combination of factors reconstruction
is unprofitable because there is an area of acceptable
solutions in every chart. It can be reached the maximum
indexes(Y3) of reconstruction profitability by combina-
tion of factors X; from -1 to 0 (from 40 to 76 working
hours per week ), by X, from -1 to 0 (coefficient of
works’ overlapping from 0,15 to 0,25), by X3 from -1
to 0 (necessary part of slots’ replacement from 20% to
50%) and by X4 from -1 to +1 (necessary part of com-
munications’ replacement 91.66%).

R X
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Figure 3 — The chart “square by square” illustrates the restriction
of reconstruction profitability Y3>8% by the condition of habitants’ eviction

Conclusions

The dependencies between organizational and tech-
nological factors and indexes of reconstruction profita-
bility have been obtained for the first time on the basis
of experimental and statistical modeling.

The analysis of graphical image of profitability de-
pendency on factors has illustrated that reconstruction
by habitants’ living in the house during the works exe-
cution exceeds the index of lucrative profitability in 3

times. By reconstruction with habitants’ eviction dur-
ing works’ execution the areas of effective solutions
have been defined. The results of the study illustrated
that dwellings reconstruction is profitable. The method-
ology of the study can be used for the study of other
indexes of dwellings reconstruction of first mass series.
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