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AHoTanist. Y CTaTTi po3TJSTHYTO YHHHUKM, 0 BIUVIMBAIOTH HAa HAMIIHICTH CTANEBUX MariCTPaIbHUX TPYyOO-
MIPOBO/IB IIiJl Yac CTAlliOHAPHOTO pexkuMy ix poboru. Haseneno miabip iMOBIpHICHUX MoOzIeeli Ta BUSHAUEHHST
PO3TIO/IiTy 3HAaUe€Hb BUTIQJIKOBUX BEJIMYNH BHYTPIIITHBOTO THCKY MPOAYKTY, IO TPAHCIOPTYETHCS, TA TIEPETaay
TeMIIeparyp B Mi3eMHOMY MaricTpaibHoMy Tpy6onpoBozi. [IpOIOHYEThCSI METOAMKA OI[IHIOBAHHS HAIHOCTI
TaKWX KOHCTPYKITii (BU3HAYeHHsI IMOBIPHOCTI BiZIMOBY Ta MapaMeTpa HaiiHOCTi MaricTpaJbHOTO TPYGOIpPO-
BOJIY B €KCILTYaTaIlilHOMY CTaHi), HABOAUTHCS MOPIBHAIBHU aHai3 /15T TPYyOOTIPOBO/IIB PI3HOTO 30BHINITHBO-
TO /liaMeTpa Ta 7T Pi3HOI BeJIMYMHI BHYTPINTHBOTO THUCKY TIPOAYKTY, IO TPAHCTIOPTYEThCS. Po3risaaoTees
mUTaHHs BUOOPY ONTUMAJIBHOTO PiBHS HaailiHOCTI MaricTpasbHuX Tpybonposozis. ChopMyiboBata i po3po6-
JleHa TMOBipHiICHA METO/MIKA BiZIPi3HAETHCS aHAIITHIHOIO TTPOCTOTOI0. /[aHa MeToIKa MoXKe 3aCTOCOBYBATH -
s SIK Ha CTajlii IPOEKTYBaHHsI, TaK 1 Ha CTaJil eKCIIyaTallii MaricTpajbHOrO TPyOONPOBOLY: IPU TIPUXHSITTI
PpiTIIeHHsI TPO HOTO KA TATbHUH PEMOHT, BUSHAYEHH] 6€3MEeTHOTO POOOUIOTO TUCKY TIPU (DaKTUIHOMY TE€XHITHO-
My CTaHi TOIIO.

Kmouogi ciioBa: maricrpaibHuil TpyGONPOBi, HAAIHHICT KOHCTPYKIIIH, BUNIAJKOBI BEJMYNHU
HaBaHTAKEHb Ta BIINBIB, iMOBipHICHUI METO/I.
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AnHotanus. B cratbe paccMoTpeHbl (haKTOPBI, BAUSIONINE HA HAJIEKHOCTh CTATbHBIX MAaruCTPAIbHBIX TPY-
GOITPOBOIOB BO BPEMSsT CTAIIMOHAPHOTO pexkrMa uxX paboThl. IIpuBeneH mogxbop BEPOSITHOCTHBIX Mojeseil u
orpeiesieHNe PacIpe/iesieHusT 3HaYeHNH CIyYailHbIX BEJIMUYUH BHYTPEHHETO /IABJIEHNS] TPAHCIOPTUPYEMOTO
MPOAYKTa M Mepemnaja TeMIepaTyp B MOA3eMHOM MarucTpaibHoM Tpyborposoje. [IpennaraeTcss MeToauka
OIIEHKH HAJIESKHOCTHU TAKUX KOHCTPYKIUI (OIpe/iesieHrie BEPOSITHOCTH OTKa3a U MapaMeTpa HaJlesKHOCTH Ma-
TUCTPAIBHOTO TPYGOMPOBO/A B 9KCIIYaTAIIMOHHOM COCTOSIHHMW ), TPUBOJMTCS CPAaBHUTEIbHBIN aHAIN3 IS
TPYOOIIPOBOIOB PA3HOTO HAPYIKHOTO AMAMETPa U IS PA3JUYHON BEJMYMHBI BHYTPEHHETO JABJIEHUST TPAHC-
nopTUpyeMoro. PaccMaTpuBaioTcst BOPOCH! BBIOOpA ONMTHMAIBHOTO YPOBHST HAJE’KHOCTH MaTHCTPabHbIX
Tpybonposoaos. ChopmyrupoBaHHast 1 pa3paboTaHHAs BEPOATHOCTHAS METOJMKA OTIUYAETCST aHATMTHYEC-
KOii mpocToTOM. JlaHHAs METOAMKA MOXKeT OBITh MCIIOJb30BaHa KakK Ha CTaIWK MPOEKTHPOBAHUsI, TaK W Ha
CTaJI¥ SKCILTyaTal[M¥ MaruCcTpaJIbHOTO TPYOOITPOBO/IA: TIPY TIPUHSATHH PENIEHUS PO €ro KaluTaIbHBIH pe-
MOHT, OMpe/ieJIeHH Ge30ITacHOr0 pabovero AaBIeHUs TPU (PaKTUIECKOM TEXHUYECKOM COCTOSTHUY U T. TI.

KioueBbie cioBa: MarvucTpaabHbIiA TPYGONPOBOJ, HaZeKHOCTh KOHCTPYKITHH, CJIYYaiiHbIe BEJTNINHBI
Harpy3oK 1 BO3/ICHCTBUIA, BEPOSITHOCTHBIN METO/L.



78

Sergey Pichugin, Oleksandr Zyma

METHOD FOR RELIABILITY ESTIMATION OF THE MAIN PIPELINE
STEELWORK STRUCTURE

Sergey Pichugin, Oleksandr Zyma

Poltava National Technical Yuri Kondratyuk University,
24, Pershotravnevyi Avenue, Poltava, Ukraine, 36011.

E-mail: zymaae@gmail.com
Received 16 January 2014; accepted 25 April 2014.

Abstract. Factors affecting the reliability of steel pipelines are under consideration in the paper. A selection
of probability models is presented and the random variables magnitude distribution is determined for internal
pressure of the product transported and for the thermal gradient in the buried pipeline. The method for
estimating the reliability of such structures is suggested, the comparative analysis for pipelines having
different external diameters and for different internal pressure values of the product transported is presented.
The problem of choosing the best level of pipelines safety is considered. The formulated and developed
probabilistic method is distinctive in its analytical simplicity. The given method can be used at the design
stage as well as during operation of transit pipeline: in the process of decision making of its major repairs,
determination of safety power pressure under the practical engineering state.

Keywords: main pipeline, reliability of structures, loads and impacts random variables, probabilistic

method.

Introduction

In Ukraine, the length of the main oil and gas pipe-
lines makes approximately 45 thousand km. Numer-
ous pipelines have a great working lifespan. They
operate quite often in extreme conditions, as they
were laid in various topographic, geologic, hydro-
logic and climatic conditions. Damage and destruc-
tion of pipelines are most frequently caused by the
pipe’s wall weakening.

Due to lack of information on the actual loads
and quite a rough idea of the mechanical charac-
teristics values of the structure’s material [4, 5],
which determines its resistance to the actual load,
determining the pipe’s strength state is the main
prerequisite for assessing the reliability of pipe-
line systems. The strength state values are deter-
mined depending on the loading stability
conditions, reference data on the mechanical char-
acteristics, technology level and other factors. The
admissible strength state values are determined
with account of the engineering experience in
creating the analogous structures. At present, there
are no theoretical and experimental grounds to
determine the strength state components; the sto-
chastic nature of operating loads, impacts and struc-
tural characteristics of the used materials are not
taken into consideration [13]. This causes the in-
creased specific amount of metal per a pipeline and

using unreasonably high strength state values. For
example, according to Construction Norms and
Regulations, SNiP 2.05.06-85 [7], the total factor
of strength redundancy, including the pipeline’s op-
erating conditions, safety asto the material, as to
theload, etc. can make 3.0. The existing standards
and design rulesin this field of construction, based
on a normative method for designing a structure
according to its edge states, do not permit a com-
prehensive assessment of the pipeline’s reliability
according to the today’s requirements, because they
do not explicitly consider the factors of time and
the probabilistic nature of the bearing capacity and
loads characteristics.

Analysis of the factors affecting the reliability of
main pipelines

In the construction of main pipelines, significant
internal efforts, strain and deformations occur
[11, 12]. Thisis due to the action of heavy random
workloads and structure impacts. For probability
calculation of the pipeline, under the impact of many
random factors, it is necessary to develop models of
these random factors [9, 10], in order to pass on to
the distribution of the structure’s determining pa-
rameter (strain, forces, etc.), using these models, and
by its extreme value for a certain time period to
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forecast the probability of failure-free operation for
the entire running period.

As noted in [4, 5], the reliability and safety of
main pipelines operation depend on many different
factors that affect their strength and durability. Most
of them are random in the practice of main pipelines
running. The main factors that affect the stress-
strained state of a main pipeline, are the internal
pressure of the product p transported through the
pipe; thermal gradient At; the axial curvature of the
pipeline k. Internal pressure and thermal gradient
in pipelines undergo changes, both lengthwise and
temporal.

According to the experimental data, collected in
the process of studying an operating main pipeline,
pressure values variations were observed in the pipe
during the observation period. It can only be pos-
sible to determine the pressure variation rule, if a
sufficient number of statistical studies is conducted.
Therefore, the task is to make a reasonable approxi-
mate choice of a pressure distribution model both
along the length of the pipeline and a temporal one.
Thus, validation of the parameters for probabilistic
methods of the studied structures calculation be-
comes a prerequisite when performing calculations.

Probabilistic models selection and determining
distribution of random pressure values
magnitude in the main pipeline

In the operating main pipeline, while studying the
statistical parameters, collected for a long period of
its operation, it was found that magnitudes of the
pressure value pj, p,,...,p, tend to temporal
changes 7. In practical calculations of main pipe-
lines the operating pressure change is taken into
account, based on the rates and regulations, by the
coefficient (factor) of the operating pressure over-
load in the pipeline — #, given depending on the
way the pipeline structure is laid. The operating
pressure overload factor is given in the regulations
within wide limits, namely # = 0,8...1,2. The inter-
nal pressure and the operating pressure overload
factor are included into the basic formula for deter-
mining the pipe’s wall thickness. Considerable at-
tention should be paid to the closer estimation of
the operating pressurein the pipeline and to speci-
fying the overload factor for each particular condi-
tion of the main pipeline running mode.

It is important to choose a probabilistic model
and to determine the laws of pressure and its distri-

bution. Analysis of the experimental data obtained
on the basis of pressure observations in the main
pipeline «Lysychansk — Kremenchuk» is given be-
low. The general data sample makes 3436 values,
obtained within three months. The general nature
of the pressure fluctuations for the entire period of
observation depended mainly on changes in the
pipeline’s workload and the system’s power control.
The pressure changes diagram for 3 months period
is shown in Figure 1.

Fluctuations of the pressure values in this mode
of the pipeline operation are obviously caused by
the technological factors connected with the opera-
tion peculiarities of the compressor equipment and
hydraulic features of the system itself. Such factors
are of random nature and cause accidental overloads
of the pipeline structure that should be considered
when calculating the reliability and designing main
pipelines.

Values p,, p,,..., p, — the pressure magnitudes
in the stationary operation mode — will be consid-
ered, as a preliminary hypothesis, independent and
identically distributed random variables falling un-
der the distribution law F'(p). Let us perform pro-
cessing of the statistic data collected for quite a long
period of the pipeline’s running, T= 3 months. In
the pipeline operation, for the mentioned time pe-
riod, 11 intervals have been found in its stationary
mode of operation. Therefore, in order to improve
the reliability of the results obtained, one interval
was exposed to at least 20 measurements of pressure
and duration of the period was not less than 12 hours.

Since for many particular distributions the for-
mulato determine centering and normalizing con-
stants a, and b, are known, and can be expressed
in the considered time interval 7, and the distribu-
tion parameters are known as well, the model se-
lection problem can be reduced to the selection of
the distribution F(p), so that its parameters for
thestudied timeinterval 7 would give the equation
a,=a, b =b.

Let us perform further estimation of the prob-
ability that the obtained sample does not contradict
to, or, conversely, sustains the assumption about the
types of lawsregulating random values distribution.
Let us take the criterion of Pearson — Z; value.
It should be noted that to solve the equations
a, =a, b, =b in most cases the two-parameter or
three-parameter distributions are necessary, as they
can more accurately provide the possibility of the
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Figure 1. Pressure changes in the main pipeline for 3 months period.

model description. Further, to describe the spread
in pressure values at the stationary operating mode
of main pipelines, we are going to apply the normal
distribution law, as the most particular according to
the considered samples.

Analyzing Table 1, one can also see the correla-
tion between the mean value of the internal pres-
sure random variable and its standard deviation. The
calculations demonstrated that the correlation fac-
tor of these parameters is 0.931. This indicates a
nearly linear correlation between the parameters,
i.e., the constant value of the pressure variations fac-
tor of pipelines.

Mean variation coefficient makes 6.9 %, which
istaken asa design factor for further research.

Selection of probabilistic models and
determining distribution of the thermal gradient
random values magnitude in the main pipeline

Another important factor affecting the stress-strain
state of the structure, and thus, its reliability, are sea-
sonal temperature changes ¢, Z,, ... in the pipeline
caused by the outside environment. In the process of
main pipelines running, the magnitude of this change

is not constant and varies temporally both within a
year and in the context of many years variability. The
calculation formulas take into account the value of
thermal gradient A¢ between the pipeline operation
temperature and the temperature at which it was built.
The thermal gradient also determines the buckling
stability of the pipeline, provided by the respected
pipeline curvature, pipeline laying depth, balancing.

Experimental studies of pipelines showed that
changes in the thermal gradient occur cyclically
throughout the year. Meanwhile, the greatest
temperature changes are typical for the summer pe-
riod and are short if compared to the total running
period. Therefore, the reduced probability of the ther-
mal gradient estimated value emergence should be
taken into consideration when designing pipelines.

In this research, the choice of the random value
distribution law has been made according to the
experimental temperature observations in the main
pipeline «Kelif — Shabarhan» in the section of
100 km long. The general sample makes 366 daily
temperature values yearly. The general nature of the
temperature change oscillation during the whole pe-
riod is shown in Figure 2.
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Table 1. Estimation of the distribution law consistency with the observation data of the pipeline’s pressure changes

when operating in the stationary mode

Number Period duration, m?;r;lrzz;fts Mean value, Standard deviation, Consistent
hours . MPa MPa distribution
per a period
1 17,5 35 3,410 0,0271 Normal
2 14,6 22 3,500 0,0259 Normal
3 23,0 46 3,827 0,0421 Normal
4 36,1 23 3,810 0,0448 Gamma-distribution
5 26,8 30 3,779 0,0360 Normal
6 20,2 71 3,447 0,0295 Normal
7 35,3 127 3,437 0,0220 Gamma-distribution
8 28,9 99 3,337 0,019 Normal
9 15,8 55 3,439 0,0274 Normal
10 14,8 46 3,397 0,0239 Normal
11 19,0 57 3,504 0,0322 Normal
tr
°C
75
'J

70 IV

85 \‘\

60

55 F

50

a5

40

1 I I v \Y VI VII VIII IX X time period, months

Figure 2. Diagram of the temperature ¢ changes on the main pipeline surface per year.

The temperature variation, shown in Figure 2, is
generally typical of main pipelines, which was con-
firmed by the 10 years long observations of the same
pipeline and by the data, obtained from other pipe-
lines. So, it can be taken as the estimated one to
determine reliability. Let us verify the initial hy-
pothesis that the thermal gradient values Az, At,,
At,, ..., At,, on the surface of the main pipeline are
independent and their distribution corresponds to
thestandard normal. For this purpose, we will apply
the Pearson’s criterion, as we did before. The calcula-

tion performed is presented for ten intervalsin the
tabular form (Table 2). In our case, the estimated
level of significance is 5 %.

The criterion’s limit value for the given signifi-
cance level and the selected number of intervals
makes y; s =14,1. Thus, since )(qz < Xo0s, the ori-
ginal hypothesis is confirmed, and the law of ther-
mal gradient’s random value distribution is
consistent with the normal distribution. The dia-
gram comparing these distributions is shown in
Figure 3.
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Determining the probability of failure and the
reliability parameter of the main pipeline in the
operating condition

Since all the random values affecting the general
safety margin of the studied pipeline come within
the normal distribution law, we can assume that
the reliability function Y is of normal nature [4],
too.

Under the normal distribution law, it is enough
to calculate the safety characteristic to determine
the structure failure probability:

Sergey Pichugin, Oleksandr Zyma
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where Y — the mathematical expectation of the
structure’s safety margin;
Y — the safety margin standard.
The performed studies have shown that the safety
margin function of the pipeline (4) may be, with
sufficient accuracy and the obtained results secu-
rity, linearized (replaced by a straight line) along
the entire range of the random arguments possible
values. For linear dependence of the reliability

Table 2. Verification of the hypothesis about the temperature distribution normality

Interval limits Number of Laplace function’s Probability of
Number At °C observations within | values for the interval falling into the ;(l.z
? one interval limits interval
1 8 12 9 0,0000 0,0446 0,0446 2,277
2 12 16 27 0,0446 0,0968 0,0522 2,250
3 16 20 39 0,0968 0,1841 0,0873 1,562
4 20 24 38 0,1841 0,3085 0,1245 1,254
5 24 28 56 0,3085 0,4602 0,1516 0,005
6 28 32 53 0,4602 0,6179 0,1577 0,388
7 32 36 48 0,6179 0,7580 0,1401 0,211
8 36 40 39 0,7580 0,8643 0,1063 0,000
9 40 44 38 0,8643 0,9332 0,0689 4,499
10 44 48 10 0,9332 1,0000 0,0668 1,215
20 = 12,661
0,18
0,16
0,14
0,12
)
C 0,10
o
S
S o008 \
C ]/ —e— oxperimental
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'/ — _ nhormal \‘
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Figure 3. Comparison of the temperature change At experimental and normal distributions.
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function, its statistic parameters can be calculated for the relevant statistical parameters of the arguments

according to the following formulas:
— mathematical expectation

7 =¥(R,.7.A0x) @)
— standard
V=R + A2+ 42N + A2(R) ®3)
Y
WhereAlza— ,A2=6—Y ,=— or :a_Y
OR | % op v=p O(AY) v OK|, _:

Expectation of the bearing capacity reserve of the pipeline structure is determined as (4)

—_ 2 —_
7-Rr_ [ PPu W,ﬂ QEAT 4 Pou
20 20

KEK )? -

pD nﬁDin
AT

—aEAT + 2o Ky (4)

To determine the standard Y, let us first compute the required design factors:

oY
' OR
Yo _ _
aY i (2 ;u) 2lqu (O-lang + O-bend ) in (luo-long + O-bend )
A, =—] = ; (6)
ap P:; 25\/5;\ + (5/ang + Ebend )Z - 5hs (Elang + Ehena’)
aY | (ZE (Ehs (Elong + Ebend )) . (7)
3 b
OAt |At At 2\/0-;” (Ulong + O-hend ) O-hs (O-long + Gbend)
L (D, p(1-2u)+28E (2aAt +¥D,,K,))- D, EK,
' ooxl, 2\/p D (1= -+ 27 )+ D, pSE(1-241) (2aAt + KD, K, )+ 8°E* (2adt +&D, K, ) * )

The following values are indicated in the above
formulas: D, — internal diameter of the pipeline;
D, , —outer diameter of the pipeline; § — wall thick-
ness of the pipeline; ¢ — Poisson’sratio; £ — module
of steel elasticity; o — coefficient of linear thermal
expansion; kK — curvature of the pipeline; K — coef-
ficient taking into account the influence of founda-
tion soil reaction on the longitudinal stress values in
main pipelines; o, — hoop stress in the pipeline;
O ong — longitudinal stress in the pipeline; o,,,, —
stress arising from the axis bend of the pipeline.

According to the above algorithm, one may per-
form the reliability calculation for any main pipeline,
taking into account variability of its parameters: the

strength of steel, operating pressure, thermal gradi-
ent, depth of laying.

This method can be used both at the design stage
and at the pipeline operation stage: when deciding
on its repairs, identifying safe operation pressure at
the actual technical condition, etc.

For example, at the design stage, having com-
pared the obtained failure probability value for the
main pipeline’s area with the normative values [2]
for structures of this type (consequences class SS3,
liability category A) — 1-10°% (8 =5,05) it is pos-
sible to estimate the reliability level of the struc-
ture. In addition, having adopted the normative
value of failure probability as the original one, by
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means of the developed method, it is possible to
solve the inverse problem: to design the pipeline
structure with a given reliability level.

To determine the impact of the operating pres-
sure change on the reliability of the main pipeline,
the calculations of the «Lysychansk — Kremenchug»
main pipeline’s area have been made with changesin
its operating pressure and its diameter (which de-
termines the bandwidth).

The results of the safety characteristic calcula-
tions with changes of the mentioned parameters are
presented in Table 3 and graphically shown in Fig-
ures 4 and 5.

Sergey Pichugin, Oleksandr Zyma

Analysis of the diagrams in Figures 4 and 5 shows
that with increase in the diameter of the pipeline, its
reliability reduces. Moreover, variations in the val-
ues of safety characteristic for small diameter pipe-
lines can be explained by the structural constraints
of the pipeline’s minimum wall thickness, which natu-
rally increases the margin of safety and, therefore,
reliability.

For large diameter pipelines, such spread of val-
ues is not observed, and the safety characteristic
value approachesto 5.45.

Asthe analysis shows [3], significant impact on
the stress-strain state and on the estimated value of

Table 3. Values of the main pipeline’s safety characteristic # depending on the mean pressure and the diameter of the pipe

Operating pressure Reliability parameter § depending on the outer diameter D,,,,, mm
p, MPa 720 820 1020 1220
3,5 6,20 5,85 5,49 5,45
4,0 6,04 5,67 5,46 5,45
4,5 5,87 5,69 5,53 5,43
5,0 5,70 5,72 5,45 5,44
5,5 5,76 5,57 5,49 5,43
6,0 5,61 5,60 5,48 5,43
B T
——35 —-—4
——45 ——5
6,20 «
\ —%—55 ——5
— — standart
6,00 \\\
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Figure 4. Correlation of the safety characteristic # for main oil pipelines of different diameters at different operating
Pressures: = == — standard value of safety characteristic.
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Figure 5. Diagrams of the # — p correlations at different diameters (external) of the pipeline with the minimum design
wall thickness 6.

the pipeline’s wall thickness is made by its inaccurate
laying. Ttis taken into account in the described method
of calculating the reliability level using the param-
eter of deviations from the project curvature x.

Conclusions

1.

The reliability theory can be adapted to calcu-
late the main pipeline’s steelwork structure, tak-
ing into account the internal pressure load,
temperature impacts, the impact of stress caused
by the elastic bending and the reaction of the
foundation soil on the pipeline.

Parameters of the internal pressure p of the trans-
ported product, thermal gradien Az, curvature
of the pipeline x and steel tensile strength R ,
measured at different time are independent ran-
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dom variables. The frequency of these parameters
valuesin calculations of the of pipeline steel struc-
ture reliability is described by the normal distri-
bution law with sufficient accuracy.

With increase of the main pipeline’s diameter, its
reliability reduces, despite the respective in-
crease of the wall thickness.

With increase of the operating pressure, struc-
ture reliability of main pipelines, designed to ans-
wer the current standards [ 7], does not practically
change.

Steel structure reliability of the main pipeline
designed on the basis of deterministic calcula-
tion according to the existing standards [7] is
sufficient, which is illustrated by the values of
failure probability: Q(8) = 2,82-10° ... 5,45-10°¢
(at therate of 1-10°%).
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Miuyrin Cepriii @ea0poBUY — JOKTOP TEXHIUHUX HayK, Ipodecop, akageMik Akajemil OyiBHUIITBA YKpalHu, 3aBi/y-
Bay Kadeapn KOHCTPYKINH 3 MeTary, iepeBa Ta maactMac IloaTaBcbkoro HaIliOHAIBHOTO TEXHIYHOTO YHIBEPCUTETY
imeni FOpia Konaparioka. Haykosi iHTepecy: pO3BUTOK 3arajibHOI METOAMKY OIIHKY HaJiliHOCTI efeMeHTiB Oy iBeib-
HUX KOHCTPYKIIi# i cTaTUYHO HeBU3HaYeHUX cucteM. OINC BUNAAKOBUX HABAHTAXKEHD Y Pi3Hill IMOBIPHICHIN TeXHIIL.
Po3B'a3anns 3amadi criosrydyeHHs HaBaHTaKeHb. OIliHKA TEXHIYHOTO CTaHYy 1 MPOEKTYBAHHS MeTaJeBUX KOHCTPYKIIIH.
YuacTb y po3po0iti 6yIiBeTbHIX HOPM MTPOEKTYBAHHS.

3uma Onexcangap €BreHoBuY — acucTeHT Kadeapu opramisarii i TexHosoTii Gy IIBHUITBA Ta OXOpoHu mparti Tos-
TaBCHKOTO HAIliOHATBHOTO TexXHiYHOTO yHiBepcuTeTy iMeHi IOpis Kommparioka. Hayxosi iHTepecu: MeToa OITiHKT
MTPOEKTHOI i eKCILTyaTaIliiiHoi HaaiitHOCTI 6y /IiBeTbHIX KOHCTPYKIIii. OTyc BUMaIKOBUX HaBaHTAKEHD Y IMOBIpHiCHi it
TeXHiILi.

Muuyrun Cepreit MeaopoBuy — IOKTOP TEXHUYECKUX HAYK, TPOdeccop, akajieMUK AKaJleMiH CTPOUTENbCTBA YKpa-
WHBI, 3aBelyoNNil Kadeapoil KOHCTPYKIINN U3 MeTasula, JepeBa U TacTMacce [1oaTaBckoro HaIMOHAIBHOTO TEXHU-
veckoro yuuBepcuteta umenn IOpust Konapatioka. Haydnbie nHTEpeCh: pasBUTHE OOIIEi METOANKHN OTIEHKI HaIEK-
HOCTHU 9JIEMEHTOB CTPOUTENbHBIX KOHCTPYKIIUI U CTAaTUYECKH HeolpeleTUMBIX cucteM. Omucanne ciaydyallHbIX Ha-
TPY30K B Pa3JIMYHON BepOSITHOCTHO TeXHUKe. Perenue 3asaun couetannii Harpy3ok. OTieHKa TeXHUYeCKOTO COCTOsI-
HUS U TPOEKTUPOBAHNE METAJUTNYECKUX KOHCTPYKIUH. YdacTrie B pazpaboTKe CTPOUTETbHBIX HOPM TIPOEKTHPOBAHMSI.

3uma AJ[eKcaHle EBrenbeBuY — accucTeHT Kad)e]lpbl OpraHmn3alni U TEXHOJIOTUU CTPOUTEJbCTBA U OXPaHbl TPy/da
[TosTaBcKOro HAIMOHAJIBHOTO TEXHUYECKOTO YHUBEPCUTETA UMEHU IOpI/IH KOHZI])&TIOK&. Haquble WHTEpPECHL: METO-
JIbl OI€EHKU HpOGKTIIOfI n SKCHHyaTaHHOIIIIOﬁ Ha/AeKHOCTU CTPOUTEJTbHBIX KOIICprKHHﬁ. Onucanue CJIy‘-IafIIIbIX Ha-
TPY30K B BepOSITIIOCTIIOﬁ TEXHUKE.
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