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Annotation. Problem Statement. The main characteristic of the buildings, including Orthodox churches, is a
reliability index. It depends on the service condition and includes reliability, durability, effective age of a structure and
suitability of buildings and their separate elements to repairs [4; 10]. Despite the fact that the greatest losses Ukrainian
architectural heritage have suffered from the policy of the communist regime and utilitarian, equally important factor
was the low cultural standard of living. A number of lost churches as a result of neglect and "unconscious vandalism" is
equal to the losses that were caused by the First and Second World Wars [2; 9]. As a result of the increase, the intensity
of the adverse factors impact on Orthodox churches building their reliability is reduced. Since the dominant number of
scientific publications dealing with technical condition and methods of restoration only for particular buildings, it is still
no common data on the primary cause of the destruction of Orthodox churches. The main unexplored issues include the
following: 1) what kinds of structural destructions have a mass character; 2) what kinds of what factors have a critical
role in reducing building reliability index; 3) what are the main causes of the loss of interior decoration of churches.
Research in this area will help to prioritize the development of constructive and technological solutions for the
restoration of Ukrainian sacral architectural heritage. The purpose of the article. To identify factors which have the
most impact on the durability of supporting structures of stone Orthodox churches (including which were built before
1917) and preserve their interior decoration on the basis of the expert survey. Conclusion. According to the results of
expert evaluation and calculations, found that: cupolas, vaults (domes) and vertical bearing structures suffered the most
significant losses; the main destructive factors of Orthodox churches can be considered disturbance of building
structural scheme of the building, disturbance of service condition, temperature and humidity condition; mistakes in the
design and construction of churches caused minimal loss of Orthodox church (due to the fact that churches are
considered those that have survived).

Keywords: expert evaluation, the expert group, destroying factors, the durability of construction, stone Orthodox churches,
decorative finishing
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Awnorauis. Ilocmanoexa npoonemu. IlokazHuk HaIHHOCTI — OCHOBHA XapaKTEPUCTHKA Oy/IiBelb, B TOMY YUCI 1
MPaBOCIIABHUX XpaMiB, SKa 3aJICKUTh BiJl YMOB CEKCIUTyaTallii. BiH Bkitoyae B cebe OE3BiJIMOBHICTBH, JOBrOBIYHICTD,
CTYIiHb 30€epeKeHHS Ta TMPHUAATHOCTI IO PEMOHTIB OyIiBmi Ta okpeMux ii ememeHTiB. He3Bakaroum Ha Te, IIO
HaHOUIBIINX BTPAT apXiTeKTypHa CHAAIIMHA YKpaiHU 3a3Haja BiJ TMONITHKA KOMYHICTHYHOTO Ta YTHIITaApHOTO
peXKHMY, He MEHII BOXJIMBAM YHMHHHKOM BHSBHBCS HU3BKHI KYJIBTYPHHH piBeHb XKUTTs. KilbKICTh BTpadyeHUX LIEPKOB
y pe3ynbTaTi HeadaJoro CTaBJIEHHS Ta «HECBIIOMOTO BaHAANI3MYy» IOPIBHIOE BTpaTaMm, ki Oynu cnpuunHeHi [leprmoro
ta J[lpyroto cBitoBuMu BiiiHamu. Came miIBUILEHAa IHTEHCHUBHICTh Aii HecnpusTiuBuX (akropiB Ha OymiBii
MIPABOCJIIABHUX XpaMiB 3yMOBWJIA 3HIKCHHA iX HamitHOCTI. OCKUIBKM y HayKOBIH JiTepaTypi MUTAHHS JOCITIKCHHS
TEXHIYHOT'0 CTaHy NPABOCJIABHUX XPaMiB i METO/IB 1X BiJHOBJICHHS] HABOAATHCS JIMIIE JUIsi KOHKPETHUX 00 €KTIB, OCi
JIMIIAEThCS HE BIZIOMHM pYyHHYBaHHS SKUX KOHCTPYKTUBHHX E€JIEMEHTIB MalOTh MAacoOBHH Xapakrtep, ski (akropu
BiZIrpaloTh BHUPIMIAIbHY POJIb y 3HIDKEHHI KoedilieHTa HaniiiHOCTi OyZiBeib Ta sIKI OCHOBHI NPUYMHHM BTPATH
BHYTPILIHBOTO 03700JeHHsT XpaMiB. JOCHI/UKEHHS y LbOMY HAampsMKy JO3BOJISITH BH3HAUYUTH IPIOPUTETHICTH
PO3pO0OJIEHHS! KOHCTPYKTUBHHMX 1 TEXHOJIOTIYHMX pIilleHb ISl 30€peKeHHS CaKpaJbHOI apXiTEeKTYpHOI CHaIIMHA
VYxpainu. Mema cmammi — Ha OCHOBI METO/ly €KCIIEPTHOT'O OLIIHIOBAHHS BU3HAYNTH (DaKTOPH, SIKi MArOTh HAWOLIbIIHIA
BIUIMB Ha JOBTIOBIUHICTh HECHUX KOHCTPYKIIH KaM’STHUX MPaBOCIaBHUX XpaMiB (y TOMy 4HcIi 3BeaeHux 10 1917 poky)
i 30epekeHHs 1X 031000eHHA. Buchoexku. BcTaHOBICHO, IO HAMOLIBIT 3HAYHUX BTPAT 3a3HAINM KOHCTPYKIIT BEpXiB 1
BEPTHKAIBHAX HECHHX KOHCTPYKLiH; OCHOBHUMH pPYHHIBHHMH (pakTOpamMy IPaBOCIABHUX LEPKOB MOXKHa BBaXKATH
MOPYIICHAS KOHCTPYKTUBHOI CXeMH OY[IiBIi, YMOB €KCIUTyaTallii Ta TeMIIepaTypHO-BOJIOTICHOTO PEXKUMY; MIHIMATBHHUX BTPaT
3aBJIAJIM TIPABOCIIABHIM XpamaM TIOMIJIKH Y 1X TIPOEKTYBaHHI Ta 3BEICHHI.

KiwuoBi cioBa: excnepmue oyiniosanis, eKcnepmua epynda, pYUHIGHI (axmopu, 008208IMHICMb KOHCMPYKYIU, Kam sHi
NpaAeoCIasHi Xpamu, 030001eHHs.
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AunHoraumsi. Ilocmanoseka npoonemst. TlokazaTellb HaJEKHOCTH — OCHOBHAsl XapaKTEpUCTUKA 3AaHUN, B TOM
YHCIie ¥ TPABOCIABHBIX XPaMOB, KOTOpasi 3aBUCHT OT YCJIOBHUH 3kciuryaTanud. OH BKIOUAeT B ceOsi 0€30TKAa3HOCTB,
JIOJITOBEYHOCTb, CTENIEHb COXPAHHOCTU U MPUTOAHOCTH Ul PEMOHTOB 3[aHUs M OTIENbHBIX €ro aieMeHToB. Hecmotps
Ha TO, YTO HaWOOJBIINE IOTEPH apXUTEKTYPHOE Hacienue YKpanHBI IIOHECTIO H3-3a TOJUTUKHA KOMMYHUCTHUYECKOTO U
YTHINTApHOTO PEeXrUMa, He MEHee BaKHBIM (haKTOPOM OKazajcs HU3KWH KyJNbTypHBIH YpOBEHBb XH3HH. KommaecTBo
YTpadueHHBIX XpaMOB B pe3yJbTaTe XaJIATHOTO OTHOIIEHHS M «OECCO3HATENFHOTO BaHAAIM3Ma» PABHAETCS MOTEPSIM,
KoTOpble OblTM BbI3BaHBI [lepBoit m BTOopoii MHpoBbIMEH BoiiHamu. VIMEHHO MOBBINICEHWE WHTEHCHUBHOCTH BIIVISTHHS
HEOIaronpusITHHIX (haKTOPOB Ha 3/1aHHS MPABOCIABHBIX XpaMOB IIPUBOJMT K CHIKEHUIO KO3((HUIIMEHTa HAIE)KHOCTH.
ITockonbky B HaydyHOW JUTEepaType BOMPOC HCCIENOBAHHS TEXHUYECKOTO COCTOSHHUS MPABOCIABHBIX IEPKBEH U
METOAOB HX BOCCTAHOBJICHUS OIIUCBIBACTCA TOJBKO [JIA KOHKPETHBIX 06"I)KTOB, A0 HACTOAUICTO BPEMECHU HE
YCTaHOBJIEHO: pa3pyIIEeHUs] KAKMX KOHCTPYKTUBHBIX 3JIEMEHTOB UMEIOT HanboJiee pacpOCTpaHEHHBIN XapaKTep; Kakue
(baxTOPHI BBITIOIHSIOT PEIIAIOIIYIO POJIh B CHIDKECHHH KOA((HUIMCHTa HAICKHOCTH 3/1aHUS; KAKHE OCHOBHBIC ITPHYMHEI
paspyllieHusi BHYTpPEHHEW OTHeNnKd XpamoB. HMccinepoBaHus B JJaHHOM HANpPaBJIEHUU IMO3BOJIST OMNPENEIIUTh
MPHOPUTETHOCTh Pa3pab0TKH KOHCTPYKTHBHBIX M TEXHOJOTHYECKUX PEHICHUH ISl COXPAaHCHHS CaKPalbHOTO

apXuTeKTypHOro Hacnenus. I]ens cmamwpu — Ha OCHOBAaHMM METO/a SKCIEPTHOW OLEHKU OIPENEeNIUTh (HaKTOopHl,
KOTOPbIC UMCIOT Hal/l60ﬂbﬂlee BJIMAHUC HA JOJIIOBCYHOCTH HECYIIUX KAaMCHHBIX IMPAaBOCIABHBIX XpaMOB (B TOM 4UCJIE U
BO3BEICHHBIX 10 1917 roma) U COXPAaHHOCTh MUX OTICIIKA. Bbl80Obl. YCTaHOBIICHO, YTO HAMOOJIBINAS YaCTh MOTEPh
NPUXOJUTCS. HAa BEPXYIIKM W BEPTUKAIbHBbIE HECyIHE KOHCTPYKIHMH; K OCHOBHBIM pa3pylIalomuM (akTopam
MPAaBOCIIABHBIX - XPaMOB OTHOCSTCS HapyIICHHEe KOHCTPYKTUBHOW CXEMBI 3JIaHUs, YCIOBHU OKCIUTyaTallid u
TEMIIEPaTYPHO BIQXKHOCTHOTO PEXKHIMA; OIIHOKH MPOCKTHPOBAHUS M BO3BEICHUS MPUYNHILTH MUHUMAIBHBIN yIiepO.

KnrodeBble clioBa: skcnepmmnas oyemka, SKCNepmHas 2epynna, paspywanowue @axmopul, 001208e4HOCHb KOHCMPYKYU,
KameHHble NPABOCA6Hble XPaMbl, OMOenKa

Problem Statement. The main characteris-  the following: 1) what kinds of structural de-
tic of the buildings, including Orthodox  structions have a mass character; 2) what kinds

churches, is a reliability index. It depends on  of what factors have a critical role in reducing
the service condition and includes reliability,  building reliability index; 3) what are the main

durability, effective age of a structure and suit-  causes of the loss of interior decoration of
ability of buildings and their separate elements  churches.
to repairs [4; 10]. Research in this area will help to prioritize

Despite the fact that the greatest losses  the development of constructive and technolog-
Ukrainian architectural heritage have suffered  ical solutions for the restoration of Ukrainian
from the policy of the communist regime and  sacral architectural heritage.

utilitarian, equally important factor was the low Analysis of publications. A considerable
cultural standard of living. A number of lost  amount of research was carried out by domestic
churches as a result of neglect and "uncon-  and foreign scientists to study the factors that

scious vandalism" is equal to the losses that  affect the durability of sacred buildings
were caused by the First and Second World [1;8; 11; 12]. The cause and nature of the de-

Wars [2; 9]. As a result of the increase, the in-  struction of bearing structures of buildings,
tensity of the adverse factors impact on Ortho-  methods for their strengthening and renovation
dox churches building their reliability is re-  were interpreted in their works.

duced. The purpose of the article. To identify fac-

Since the dominant number of scientific  tors which have the most impact on the durabil-
publications dealing with technical condition ity of supporting structures of stone Orthodox
and methods of restoration only for particular  churches (including which were built before
buildings, it is still no common data on the pri-  1917) and preserve their interior decoration on
mary cause of the destruction of Orthodox  the basis of the expert survey.
churches. The main unexplored issues include
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The presentation material. To determine
the main reasons for the loss and destruction of
stone Orthodox churches, members of the ar-
chitectural heritage, the study was conducted by
an expert evaluation. It was made in two stages:
the first stage is the identification of the most
common factors that affect the durability of
supporting structures and buildings in general,;
the second stage is to determine the cause of
losses interior decoration of Orthodox churches
[5; 6].

The study of the causes of the main sup-
porting structures churches destruction was
done in 2 levels. The aim of the first level is to
establish constructive elements of Orthodox
churches buildings have the greatest damage
and defects discovered by the technical survey.
The purpose of the second level is to define
which factors have the greatest negative impact
on the technical condition of the main load-
bearing elements.

Rational organization of expert analysis of
the problem of quantitative assessment and
treatment results has allowed to find a solution
to the research questions (Fig.1).

In this study, experts offered only those
factors which influence can be avoided or re-
duced. It follows that the occasional emergency
factors such as military actions, vandalism, nat-
ural disasters, fires, were not considered.

The main information source in the
formation of expert evaluations is experts.
Therefore, there are special requirements for
the selection of the expert group, including
determination of their level of professional
competence. Lack of expert competence can
lead to rough errors in expertise data, and
consequently to the uncertainty of results [3; 7].

The candidate suitability to participate in
the expert evaluation was carried out by self-
assessment and by calculation of the candidate
competence coefficient (K;), which is deter-
mined by the formula:

3
Yi-1Kij

Ki= 3

) (1)

where K;; — information coefficient of the i-
th candidate;
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K — personality measure of the i-th candi-
date;

K3 — work stability coefficient of the i-th
candidate.

Informativity of the candidate is deter-
mined by the experience of his work (the num-
ber of years devoted to Orthodox architecture
and the number of finished projects) and the
relevance of his knowledge in the study area
(remoteness of publication of written evidence
on the survey, the design and the restoration of
Orthodox churches).

For the assessment of individual qualities,
the initial data was taken from observations of
the teamwork, speed and objectivity in deci-
sion-making, organization and punctuality. To
determine this coefficient there is used scoring
whose values are in the range of 0.1 to 1, where
1 is the best result, 0.1 is the worst result.

Experience in the building industry served
as an indicator of the work stability of the can-
didate. It was estimated as follows: 1 — 2 years -
0.2,3 -4 years - 04,5 - 6 years - 0.8, 7 — 8
years - 1.0.

Quantitative composition of expert groups
for each stage is established by the formula:

Mpin <m< Mmax>

)

where m,,;,, — minimum number of experts:

3)

where n — number of factors, which are
investigated;
Myqx — the maximum number of experts:

Mmin >n,

Mpax = 05+ (2+5), 4)
where » — allowable error in the results of
the evaluation (0 <r<1).

The expert survey was carried out by using
questionnaire, which included objects of
research. Experts have fulfilled ranking
(ordering) of the objects of expertise, namely,
have arranged them in order intensity
characteristics of reduction (a factor which
received the highest praise from the expert
receives 1).
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1. Preparatory stage
WV
Define the goals and objectives of the expert judgement

jl Define the composition of the working group

Formation of the expert committee:
- make an initial list of candidates;
— - formation of an extended list of candidates;
- determine the competence factor of candidates;
- quantitative determination of the expert committee;
- the final determination of the expert committee.
W

M

2. Information stage
W
Determination the methods for data collection

j' Determine the type of grading scale

%I Development of forms to obtain expert data
A4

3. Collection expert assessments by questionnaire
V¥

4. Analysis of questionnaire
¥

Assessment-rank conversion

h 4

— Analysis of the significance of the investigated factors

Evaluation of middle degree of concordance of all expert opinions (W)

" : _ 2
Evaluation of concordance coefficient (Pearson criterion ")

Yes w No

7] Construction of sum rangs bar plot to factors

b

Preparation of expert committee solution (determination of the weight
coefficient)

h 4

S. Interpretation of the results

Fig. 1 - Implementation of expert evaluation algorithm
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To establish the degree of harmonization of

experts  opinions, the  coefficient of
concordance (W) for the case when the results
of the evaluation are related ranks is
determined:
s
W= %mz(n3—n)—mZTi’ (5)
where S — total sample of variation:
XX Xij
S =X x; —T])Z, (6)

where n — number of experts who partici-
pated in the questionnaire;

m - total number of investigated factors;

T; — number of links (types of repetitive el-
ements) in the assessments of the i-th expert:

ISSN 2312-2676

T, = =%(t — ti), (7)

where #; — the number of elements in the -
th link for the i-th expert (the number of repeti-
tive elements).

Since the concordance coefficient is the
random variable, as there was a need to assess
its significance. To test the statistical hypothe-
sis (Hy: Expert views coincided by chance, H:
Expert views coincided not by chance) there
was calculated Pearson criterion > with a
number of freedom degrees (v = n-1), which is
determined by the formula:

128
1 .
mn(n+1) _EZ T;

2
Xprox =

(8)

50 1. Total variation of
20 sample, $=497
34,3 2. The concordance
£ 30 o _E P coefficient, W=0.72
= — Lo S— 3. Pearson criterion,
2 20 o L L .  prn=25.932>
= 3 [ — [ — szrox_ .
- [ 1 [— | P >~ =11.34
10 | [ | [ X o= 1L
L1 L1 [ — | L1
5 L1 L1 E— L1
Subject of research
1 — the cupola, 2 — vaults, 3 —vertical load bearing construction, 4 — foundations
Fig. 2 — The rank sum bar plot of factors (destruction of the main structures of Orthodox churches)
160 1475150 1. Total variation of
140 1305 B B sample, §=17272
o b I I 2. The concordance
coc 1035 B B ; —
e oa 995 1035 ER B B8 coefficient, W=0.70
“ — . .
g 100 PRI B B 3. Pearson criterion,
2 20 EEELES BN B B B B 2 _105.0>
= ° ’ = I H EH B Rl %( prox .
g oo . b B BN B OB OB B Sy’ =232
36 ca BN BN BN B B B B
a0 - E
NI A B B EEEEEENDS
d.1 d.2 d.3 d.4 d.5 d.6 d.7 d.8 d9 di1o d.11
Subject of research

d.1 — absence of the roof covering; d.2 — disturbance of building structural scheme; d.3 — lack or removal of the
dome bracing; d.4 — biological damage of vaults and structure of cupolas; d.5 — disturbance of renovation technology;
d.6 — use of building materials which are not compatible and reversible for primary; d.7 — disturbance of service
condition, temperature and humidity condition; d.8 — absorption of environmental pollution; d.9 — physical aging of
vaults building material; d.70 — mistakes in the designing or detailing of the building; d.11 — mistakes in the

construction of the building.

Fig. 3 — The rank sum bar plot of factors, which influence on domes technical condition of Orthodox churches
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180 1. Total variation of
155 —
160 154 sample, 5=18319
140 2. The concordance
1e8 coefficient, W=0.74
120 100,5 3. Pearson criterion,
E oo 94 95 5
< 5y 815 X pro=111.5>
5 80 >y =232
60 45,5
37
40
20
0 -
v.l v.2 v.3 v.d v.5 v.6 v.7 v.8 v.9 v.10 w.11
Subject of research

v.I - disturbance of building structural scheme; v.2 - disturbance of service condition, temperature and humidity con-
dition; v.3 - softening or process of deterioration of the masonry surface layers due to frost and sulphate wearing; v.4 -
biological damage of structure; v.5 — disintegration and softening of full-thickness masonry with fallback or without it,
the strength characteristics of bricks and mortars were of the of masonry with a reduced; v.6 — use of building materi-
als which are not compatible and reversible for primary; v.7 — absence of controlled water disposal; v.8 — disturbance
of renovation technology; v.9 — physical aging of vaults building material; v. 10 - mistakes in the designing or detailing
of the building; v.11 - mistakes in the construction of the building.

Fig. 4 — The rank sum bar plot of factors, which influence on technical condition of vertical load bearing construc-
tions of Orthodox churches

1. Total variation of
sample, §=18523

2. The concordance
coefficient, W=0.75

3. Pearson criterion,
ijmle 12.8>

>y =232

Rank sum

f.1 f.2 f.3 f.4 f.5 f.6 £.7 f.8 f9 fl1o0 f11

Subject of research

f-1 —disturbance of building structural scheme, the load increase on the foundation (a renovation, a heightening,
change in the design loads); f:2 - disturbance of service condition, change in the functional purpose; f-3 - water-
saturation of soil, increasing of groundwater level; 4 — defects and cracks in the blind area, absence of blind area; £5
- soil subsidence; f.6 - foundation settlement; f.7 - capillary moisture penetration; £.8 — physical aging of vaults
building material of foundation; f£.9 — increase in groundwater aggressivity; f.10 — mistakes in the designing or detail-
ing of the building; f-11 - mistakes in the construction of the building..

Fig. 5 — The rank sum bar plot of factors, which influence on foundation technical condition of Orthodox churches

The critical criterion (y°.,) is determined  believe that the experts' opinions coincided by

using a table of Pearson distribution at a  chance.
significance level of a = 0.01 and degrees of As a result of research obtained diagrams
freedom v = n — 1. If szmx > ¥, the null  of total ranks (Fig. 2, Fig.3, Fig. 4, Fig.5,
hypothesis is refuted, that is no reason to  Fig. 6), where the axis of abscissa was
postponed objects of study, and the vertical axis
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postponed the sum of ranks. Since more
powerful factors received the lowest rank
(numerically) in stage ranking, then their sum
of ranks will be low and consequently, they
have the lowest value.
Thus, according to the results of expert
evaluation and calculations, found that:
» cupolas, vaults (domes) and vertical bear-
ing structures (walls, columns, pylons) suf-
fered the most significant losses;

ISSN 2312-2676

» the main destructive factors of Orthodox
churches can be considered disturbance of
building structural scheme of the building,
disturbance of service condition, tempera-
ture and humidity condition;

mistakes in the design and construction of
churches caused minimal loss of Orthodox
church (due to the fact that churches are
considered those that have survived).

50

1. Total variation of

B
o

sample, $=497
2. The concordance

w
Q

coefficient, W=0.72

3. Pearson criterion,
X opro=25.93>

Rank sum
(3%
o

>v o=11.34

=
=]

i1 i.2

i.3
Subjeck of research

i.4

i.1 - disturbance of temperature and humidity condition; &2 - disturbance of renovation technology; i.3 - use of build-
ing materials which are not compatible and reversible for primary; i.4 - paintings destruction due to pollution

Fig. 6 — The rank sum bar plot of factors, which have the most negative impact on the interior decoration of Or-
thodox churches

Conclusion. Since the restoration works
are the first to eliminate the negative impact of
internal and external destructive factors, which
sufficient attention should be paid to production
technology works and the selection of building
materials. Therefore, not there only will be able

to improve the service conditions of the sacral
monuments, but also reduce the influence of
controllable destructive factors, such as
disturbance of technological processes, using of
incompatible or reversible materials, etc.
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