DYNAMICS AND STRENGTH OF MACHINES

UDC 624.014, 621.039.58

THE SPECIFICS

OF THE COMPILATION

OF THE CALCULATED LOAD
COMBINATIONS

IN THE ASSESSMENT OF SEISMIC
RESISTANCE OF STEEL
SUPPORTING STRUCTURES

OF NUCLEAR POWER PLANT
EQUIPMENT AND PIPING

' Oleksandr P. Shugaylo
op_shugaylo@sstc.ua
ORCID: 0000-0003-1044-0299

2 Serhii I. Bilyk
bilyk.si@knuba.edu.ua
ORCID: 0000-0001-8783-5892

!'State enterprise "State Scientific and Technical
Center for Nuclear and Radiation safety”
35-37, V. Stusa str., Kyiv, 03142, Ukraine

?Kyiv National University
of Construction and Architecture
31, Povitroflotskyi ave., Kyiv, 03037, Ukraine

Introduction

DOI: https://doi.org/10.15407/pmach2022.03.006

The seismic resistance of nuclear power plant equipment and
piping is determined, inter alia, by the seismic resistance of
their steel supporting structures. During the operation of the
nuclear power plant power unit, mechanical loads from the
elements installed on them are transferred to the steel sup-
porting structures of the equipment and piping. During an
earthquake, seismic loads are added to these loads. By state
building codes, when considering steel structures in special
operating conditions (in particular, exposed to seismic haz-
ards), it is necessary to comply with additional requirements
that reflect the features of these structures. Given this, the
issue of developing approaches to the compilation of load
combinations in assessing the seismic resistance of steel sup-
porting structures of nuclear power plants equipment and
piping is acute, taking into account the specific conditions of
their operation. The paper is also relevant as it is one of the
priority areas of science and technology under the legislation
of Ukraine. The development of approaches to the compila-
tion of the calculated load combinations will contribute to the
improvement and development of methods for assessing the
safety of nuclear power facilities. The paper presents the re-
sults of the review of the provisions of state building codes on
the calculated combinations of loads when assessing the
strength of steel structures. Approaches to the compilation of
the calculated load combinations in assessing seismic resis-
tance of steel supporting structures power units of nuclear
power plants equipment and piping taking into account the
specific conditions of their operation have been developed.

Keywords: steel structures, seismic resistance, calculated
load combinations.

Seismic resistance of equipment and piping of power units of nuclear power plants (NPP) is deter-

mined, inter alia, by the seismic resistance of their steel supporting structures. For the manufacture of these
structures, I-beams, C-channels, corners, bent closed welded square and rectangular profiles are generally
used for building structures (examples of supporting structures of the NPP power unit elements can be found
in [1, 2]). Analysis of the operation of steel supporting structures of NPP power units equipment and piping
under seismic loads is aimed at clarifying and improving approaches to assessing their seismic resistance. In
general, the result of this activity is the improvement and development of methods for assessing the safety of
nuclear power facilities. The relevance of this study is also due to the fact that it, in accordance with:

— The Law of Ukraine [3], refers to the priority direction of the development of science and technology
(namely: "Energy and energy efficiency");

— Resolutions of the Cabinet of Ministers of Ukraine [4], is included in the list of priority thematic
areas of scientific research and scientific and technical development (namely: "Nuclear energy technologies
and methods of assessing its safety").

During the operation of the NPP power unit in any design mode, mechanical loads from the elements
installed on them are transferred to the steel supporting structures of the equipment and piping. In the event
of an earthquake at the NPP site, seismic loads are also added to these loads. In paper [2], it is determined
that the assessment of the seismic resistance of the steel supporting structures of NPP power units equipment
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and piping must be performed on the basis of specific requirements regulated by norms, rules and standards
on nuclear and radiation safety (in particular, NP 306.2.208-2016 [5]), and also taking into account the pro-
visions DBN V.2.6-198:2014 [6], DBN V.1.1-12:2014 [7], DBN V.1.2-2:2006 [8], DBN V.1.2-14:2018 [9].
In accordance with DBN V.2.6-198:2014 [6], when considering steel structures that are in special operating
conditions (in particular, exposed to seismic hazards), it is necessary to comply with additional requirements
that reflect the peculiarities of the operation of these structures.

For now, let's stop at a detailed consideration of the issue of calculated load combinations (CLC)
compilation when assessing the seismic resistance of the steel supporting structures under consideration.
When it comes to the supporting structures of the NPP power units equipment and piping, document NP
306.2.208-2016 [5] generally regulates only the requirements for combinations of technological operating
conditions and seismic hazards. At the same time, the issue of establishing detailed requirements for the CLC
compilation when assessing the seismic resistance of steel supporting structures is not considered. The cur-
rent situation occurred due to the modern concept of the development of the regulatory legal framework of
Ukraine for ensuring the safety of nuclear power plants, which provides for the development and implemen-
tation of regulatory legal acts containing general regulatory requirements.

Steel supporting structures of NPPs equipment and piping are designed to withstand the simultane-
ous action of such specific loads as [5]:

— high temperatures occurring in the reactor compartment during the maximum design basis accident
at the NPP power unit;

—1impacts from equipment and piping with corresponding internal environments (steam, water,
steam-water mixture) in various technological conditions of the NPP power unit operation;

— seismic hazards.

The specified factors are the initial data for determining the calculated loads on the supporting struc-
tures. However, there are quite a few cases when the CLC used in the calculation of these structures to assess
their seismic resistance are not sufficiently complete, for example [10, 11]: the CLC includes seismic loads
transmitted to the supporting structures from the buildings to which they are attached, but the additional seismic
loads that act on supporting structures during seismic disturbance of equipment and piping are ignored. Such
situation arises as a result of the lack of clear rules for compiling the CLC, which take into account the specific
conditions of operation of the steel supporting structures of the NPP power units equipment and piping.

As the analysis of sources [12—19] showed, the issue of the CLC compiling for steel supporting
structures of NPP equipment and piping, taking into account the specific conditions of their operation, is also
not considered in literary and scientific works. At the same time, papers [1, 2, 20-22] consider the general
aspects of determining the above-mentioned specific loads on the NPP power units elements (including the
supporting structures of equipment and piping), in particular, the preparatory stage for the CLC compilation.

Taking into account the results of the already completed papers [1, 2, 20-22], the need to develop
detailed approaches to the CLC compilation when assessing the seismic resistance of steel supporting struc-
tures of the NPP power units equipment and piping, taking into account the specific conditions of their op-
eration, became actualized. So, the aim of the paper is:

—review of the provisions of the state building codes regarding CLC when assessing the strength of
steel structures;

— development of detailed approaches to the CLC compilation when assessing the seismic resistance
of steel supporting structures of NPP power units equipment and piping, taking into account the specific
conditions of their operation.

Overview of the provisions of the state building codes regarding calculated load combinations when
assessing the steel structures strength

Load values, schemes of their application and consideration conditions are regulated [8, 9]. Spatial
distribution of loads in general has a rather complex nature. As a result, in engineering practice, it is custom-
ary to simplify the description of such loads by introducing loads that are simpler in structure (for example:
uniformly distributed over the surface or concentrated). At the same time, this simplification should ensure
the same influence of the load on the structure as the load with a complex spatial structure [23].

According to [8, 9], when calculating the strength of steel structures, mechanical loads are consid-
ered as a set of forces (force factors and influences) applied to the structure, including forced movements and
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additional deformations of structural elements. Loads of non-mechanical origin (for example, the influence
of an aggressive environment), as a rule, are taken into account in the calculation indirectly, for example,
using the appropriate reliability factors.

Depending on the causes of load and influences, it is customary to divide them into main and epi-
sodic ones. At the same time, the main loads are generally caused by technological processes, and the epi-
sodic loads are caused by an undesirable result of human activity, an unfavorable coincidence of circum-
stances, and extreme natural phenomena.

Loads and influences are divided into permanent and variable ones depending on the variability over
time. The latter ones, depending on the duration of continuous action, are divided into long-term, short-term
and episodic ones. Long-term loads and impacts include those for which the duration is comparable to the
structure service life, short-term loads are those for which the duration is much shorter compared to the ser-
vice life. The set period of operation of the structure is accepted in accordance with the design and opera-
tional documentation for the structure.

Permanent loads include: the weight of parts of constructions, including the weight of load-bearing
and enclosing structures; weight and pressure of soils (embankments, fills), bearing rock pressure.

Variable long-term loads include: the weight of stationary equipment, piping with valves, supporting
parts and insulation, as well as the weight of liquid and solid substances filling the equipment; pressure of
gases, liquids and bulk bodies in tanks and piping, excess pressure; temperature technological influences
from stationary equipment; the weight of the water layer on water-filled flat surfaces; the weight of industrial
dust deposits, if its accumulation is not excluded by appropriate measures.

Variable short-term loads include: loads from equipment that occur in start-stop, transition and test
modes, as well as during its rearrangement or replacement; useful and technological loads; loads from mo-
bile lifting and transport equipment and bridge and overhead cranes, as well as loads that occur during the
manufacture, storage, transportation and installation of structures.

Episodic loads include: seismic hazards; explosive effects; loads caused by sudden disruptions of the
technological process, temporary malfunction or destruction of equipment; impacts caused by deformations
of the base, which are accompanied by a radical change in the soil structure (when subsided soils are soaked)
or its subsidence in areas of mining and karst areas.

CLC are formed as a set of their calculated values or their corresponding forces and/or movements,
which is used to check the structure in a certain limit state and in a certain calculated situation. CLC include
loads that can physically act simultaneously and most adversely affect the structure from the point of view of
the considered limit state. Two types of combinations are used in structural calculations: basic and emer-
gency ones. At the same time, in addition to constant and variable loads, only one episodic impact can be
included in the emergency combination.

The low probability of simultaneous implementation of the calculated values of several loads is
taken into account by multiplying the calculated values of the loads included in the CLC by the combination
factor y<1. The values of the combination factors for the loads are given in Table 1 [8, 23, 24].

In the main combinations of loads, taking into account three or more short-term loads, their calculated
values are allowed to be multiplied by the loads combination factor, which is accepted for the first (by degree
of influence) short-term load as 1.0, for the second one as 0.8, for the rest as 0.6.

In the calculations, the load reliability factor y; which is set taking into account the type of load and
depends on the structure service life, is also used. The calculated load values are determined by multiplying
the characteristic values by the load reliability factor.

Table 1. The values of the combination factors for loads

Combinations and loads included in them Combination factor y for loads —
Permanent | Long-term () | Short-term (y,) | Episodic
1) Basic:
1.1) permanent + 1 long-term 1.0 1.0 — —
1.2) permanent + 1 short-term 1.0 — 1.0 —
1.3) permanent + long-term + short-term 1.0 0.95 0.9 —
2) Emergency
2.1) permanent + long-term + short-term + episodic | 1.0 | 0.95 | 0.8 | 1.0
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Development of detailed approaches to compiling calculated loads combinations when assessing the seismic
resistance of steel supporting structures of NPP power units equipment and piping, taking into account the
specific conditions of their operation

The design operation modes of the NPP power unit are established by the standard technological regula-
tions for the safe operation of the power unit [25]. This document also defines the permissible number of rele-
vant operation modes of the NPP power unit. In general, the operation of the NPP power unit can be carried out
in the following groups of design modes: normal operation (NO), violation of normal operation (VNO), design
basis accident (DBA). In relation to the NPP, the specified terms are used in the following meanings [26]:

—normal operation — NPP operation within the operational limits and conditions defined by the project
(for example: planned heating of the reactor plant from a "cold" state at a speed value of no more than 20°C/hour;
false activation of the reactor's emergency protection; inclusion of the main coolant pump on the main circulation
circuit loop, which did not work before; testing of the passive unit of the emergency cooling system of the reactor
active zone; scheduled cooling to a "cold" state with a cooling rate of no more than 30°C/hour, etc. [25]);

— violation of normal operation — a violation of NPP operation, during which there was a deviation from
the established operational limits and conditions, which did not lead to an emergency situation (for example: de-
energization of the main coolant pump in the state of the reactor plant "Working at capacity"; cessation of feed
water supply to the steam generator; steam generator leaks mode: rupture of the heat exchange tube; sudden
transition to primary circuit feeding with feed water temperature in the range of values from 60 °C to 70 °C;
complete shutdown of the NPP; sudden transition to primary circuit feeding with feed water temperature in the

range of values from 60 °C up to 70 °C, etc. [25]); Table 2. Combination of technological

— design basis accident — an accident for which initial operating conditions and seismic hazards
events and final states are defined by the project and safety sys- | for thermomechanical equipment, piping and
tems are provided, which ensure, taking into account the princi- their supporting structures
ple of a single failure of the safety system (system channel) or of the NPP power unit
one additional error of the personnel, the limitation of its conse- Seismic The combination of
quences by established limits (for example: rupture of piping of resistance technological
the first circuit with a nominal pipe diameter less than 100 mm; category operating conditions and
high flow mode: rupture of the piping of the first circuit with a of the NPP seismic hazards according
nominal pipe diameter more than 100 mm, including 850 mm; element to NP 306.2.208-2016 [3]
rupture of the steam piping of the steam generator; rupture of the NO + SSE
piping of the feed water of the steam generator; rupture of the VNO + SSE
collector of steam piping of "sharp" steam, etc. [25]). I NO + DBA + SSE

Table 2 shows the requirements [5] for the combina- NO + DBA + DBE
tion of technological operating conditions and seismic hazards NO + DBE
for thermomechanical equipment, piping and their supporting VNO + DBE
structures of the NPP power unit. I NO + DBE

At the same time, in the combination of technological _ . VNO + DBE
operating conditions and seismic hazards Notations gccepte(.i in the table:'
NO+DBA + SSE and NO + DBA + DBE, loads NO refer to | quor oooeh basis carthuake;

; — safe shutdown earthquake

constant loads (for example, from own weight).

As noted above, during the operation of the NPP power unit in any design mode, mechanical loads
from the elements installed on them are transmitted to the steel supporting structures of the equipment and pip-
ing. The study of sources [25, 27] made it possible to research and form a nomenclature of calculated loads to
which the steel supporting structures of the NPP power units equipment and piping in groups of NO, VNO and
DBA modes are subjected. Herewith, for the first time, a comprehensive system of load symbols was devel-
oped, which takes into account the specific operating conditions of the steel supporting structures of the NPP
power units equipment and piping. This system of symbols uniquely characterizes the type of load to ensure the
correct CLC compilation. Therefore, the following symbols components are accepted: L (Load); R (Regular);
W (Weight); VL (Variables Long); THI (THermal Isolation); I(Internal) — internal environment;
VSH (Variables SHort); T (Transient) — load in transient mode; E (Episodic) — episodic load; SM (Seismic
Maximum) — load from SSE; SD (Seismic Design) — load from DBE; A (Accident) — load from DBA.
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Table 3. Nomenclature of calculated loads to which steel supporting structures of the NPP power units equipment and
piping are subjected in groups of modes NO, VNO and DBA

No. | Load description | Load symbol
Basic loads
Regular:

1 | Own weight of the supporting structure | LRIW
Variable long-term:

2 | Weight of equipment/piping LVLIW

3 | Weight of thermal insulation of equipment/piping LVL2THIW

4 | Load from the environment of the equipment/piping at NO LVL3IW
Variable short-term:

5 | Load from equipment/piping in start-stop and test modes LVSHITW
6 | Load from the environment of the equipment/piping in transient mode (VNO) | LVSH2TW
Episodic loads
7 | Seismic loads transmitted from building structures at SSE LEISM
8 | Seismic loads transmitted from building structures at DBE LE2SD
9 | Seismic loads transmitted from equipment/piping at SSE LE3SM
10 | Seismic loads transmitted from equipment/piping at DBE LE4SD
11 | Load from the environment of the equipment/piping at DBA LESTAW

The effect of seismic hazard on three components (two horizontal and vertical one) is considered as one
episodic load. The developed nomenclature of calculated loads, as well as their symbols, are shown in Table 3.

According to [8], when determining the load from the weight of the structure, the factor y, for metal
structures is taken to be equal to 1.05, if the forces from its own weight are less than 50%, and 1.10, if they
are equal to or exceed 50%. At the same time, for other loads from Table 3, the factor should be taken equal
to one, since in [8] it is not regulated for these specific types of loads of steel supporting structures of the
NPP power units equipment and piping.

The establishment of numerical values of changes in the parameters of the internal environment (in
particular, pressure), as well as its state of aggregation (steam, water, steam-water mixture) of specific
equipment and piping at VNO and DBA is also carried out on the basis of consideration of project design,
technological and operational documentation (analyses of design basis accidents, protection and blocking
installation maps, operating instructions, element passports, etc.) [21].

The following prerequisites and approaches are adopted when compiling the CLC:

— it is assumed that all loads in the selected CLC simultaneously affect the supporting structures of
equipment and piping;

— CLC includes loads that most adversely affect the supporting structures of equipment and piping;

— influences that mutually exclude each other are not included in one CLC;

—the low probability of simultaneous implementation of the calculated values of several loads is
taken into account by the combination factor y<1, which is determined according to [8].

According to [8], seismic hazards and DBA are episodic influences, therefore emergency combina-
tion is considered for the supporting structures of the NPP equipment and piping. At the same time, in accor-
dance with the requirements [5] and in contrast to the approaches [8], these two episodic effects are simulta-
neously included in the emergency combination.

According to [5], combinations of technological operating conditions and seismic hazards do not in-
clude start-stop and test modes. Therefore, the LVSHITW load is not included in the CLC. Table 4 shows
the nomenclature of the developed CLC for steel supporting structures of the NPP power units equipment
and piping, taking into account the specific conditions of their operation.

During the development of approaches to the CLC compiling, it was established that the VNO
modes at the NPP according to the approaches [8, 9] can be attributed to variable short-term loads in relation
to the supporting structures of the equipment and piping. In this case, when compiling load combinations
taking into account seismic hazards, the combination factor should be taken as the minimum of all possible
values for the basic and emergency combinations (see Table 1), which reduces the conservatism of the re-
sults of the supporting structures strength assessment. This decrease is a cause for some concern given the
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fact that in certain VNO modes the safety systems of the NPP power unit are activated, i.e. systems to which
increased safety requirements must be imposed. Therefore, in further research, it is advisable to develop rec-
ommendations for adjusting this factor for steel supporting structures of equipment and piping of safety sys-
tems, the operation of which occurs in VNO modes at NPPs.

Table 4. Nomenclature of the developed CLC for steel supporting structures of the NPP power units equipment and
piping, taking into account the specific conditions of their operation

Combination
of technological . . ..
operating conditions CLC for supporting structures of equipment and piping
and seismic hazards
Supporting structures of the I earthquake resistance category
NO + SSE 1.0xLR1W+0.95xLVLIW+0.95xLVL2THI+0.95xLVL3IW+
+1.0xLE1SM+1.0xLE3SM
VNO + SSE 1.0xLR1W+0.95xLVLIW+0.95xLVL2THIW+
+0.8xLVSH2TW+1.0xLE1SM+1.0xLE3SM
1.0OXLR1W+0.95xLVLIW+0.95xLVL2THIW+1.0xLESIAW+
+ +
NO+DBA + SSE +1.0xLE1SM+1.0xLE3SM
1.OXLR1IW+0.95xLVLIW+0.95xLVL2THIW+1.0xLESIAW+
+ +
NO+DBA + DBE +1.0xLE2SD+1.0xLE4SD
NO + DBE 1.0OXLR1W+0.95xLVLIW+0.95xLVL2THIW+0.95xLVL3IW+
+1.0xLE2SD+1.0xLE4SD
VNO + DBE 1.0XxLR1W+0.95xLVLIW+0.95xLVL2THIW+
+0.8xLVSH2TW+1.0xLE2SD+1.0xLE4SD
Supporting structures of the II earthquake resistance category
NO + DBE 1.OXLRIW+0.95xLVL1W+0.95xLVL2THIW+0.95xLVL3IW+
+1.0xLE2SD+1.0xLE4SD
VNO + DBE 1.0xLR1W+0.95xLVLIW+0.95xLVL2THIW+
+0.8xLVSH2TW+1.0xLE2SD+1.0xLE4SD
Conclusions

1. During the operation of the NPP power unit, mechanical loads from the elements installed on
them are transmitted to the steel supporting structures of the equipment and piping. During an earthquake,
seismic loads are also added to these loads. Taking into account the above, a review of the provisions of the
state building codes regarding CLC in assessing the strength of steel structures was carried out.

2. The nomenclature of calculated loads to which steel supporting structures of the NPP power units
equipment and piping are subjected in groups of NO, VNO and DBA regimes is defined. For the first time, a
comprehensive system of calculated loads symbols has been developed, which takes into account the specific
operating conditions of the steel supporting structures of the NPP power units equipment and piping.

3. According to [8], seismic hazards and DBA are classified as episodic influences, therefore emer-
gency combination is considered for the supporting structures of NPP equipment and piping. At the same
time, in accordance with the requirements [5] and in contrast to the approaches [8], these two episodic effects
are simultaneously included in the emergency combination. Therefore, based on the results of the work per-
formed, approaches to the CLC compilation have been developed when assessing the seismic resistance of
steel supporting structures of the NPP power units equipment and piping. On the basis of these approaches, a
specific nomenclature of CLC for steel supporting structures has already been developed, taking into account
the specific conditions of their operation.

The developed approaches to the CLC compilation and the specific nomenclature of the CLC will be
used by us in the future during:

—numerical studies (using the ANSYS calculation complex) of the stress-strain state of steel sup-
porting structures of NPP equipment and piping under seismic loads;

— development of a methodology for assessing the seismic resistance of steel supporting structures,
which takes into account the specific conditions of their operation and the degree of responsibility for ensur-
ing the safety of nuclear power plants during and after seismic hazards.
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4. During the development of approaches to the CLC compilation, it was established that the VNO
modes at the NPP according to the approaches [8, 9] can be attributed to variable short-term loads in relation
to the supporting structures of equipment and piping. In this case, during the compilation of load combina-
tions taking into account seismic hazards, the combination factor should be taken as the minimum of all pos-
sible values for the basic and emergency combinations, which reduces the conservatism of the results of the
supporting structures strength assessment. This decrease is a cause for some concern given the fact that in
certain VNO modes the safety systems of the NPP power unit are activated, i.e. systems to which increased
safety requirements must be imposed. Therefore, in further studies, it is advisable to develop recommenda-
tions for adjusting this factor for steel supporting structures of equipment and piping of safety systems,
which are triggered in the VNO modes at the NPP.
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DYNAMICS AND STRENGTH OF MACHINES

Oc00JMBOCTI CKJIAJAHHA PO3PAXYHKOBHUX CMOJIyYeHb HABAHTAKEHb MPH OWiHIi ceiicMiuHol MiTHOCTI
CTAJIeBUX ONMOPHUX KOHCTPYKIiii 00JJaTHAHHSA i TPYOONPOBOAIB ATOMHUX CTAHIIH

' 0. II. Ilyraiino, > C. I. Binunk

! JepxaBHe miagnpueMcTBO «JlepaBHUI HAyKOBO-TEXHIYHHUN IISHTP 3 SACPHOI Ta padiaiifHOT Oe3meKm»
03142, Ykpaina, m. Kuis, Byn. B. Cryca, 35-37

* KuiBChKHi HALIOHAIBHIIT yHIBEPCUTET Oy/IiBHHUIITBA i apXiTEKTypH
03037, Ykpaina, M. Kuis, np. IToiTpodnorcekuit, 31

Ceticmocmitikicmob 001a0Hanms i mpyoonposodie enepeobi0Kié amoOMHUX CMAHYIL BUSHAYAEMbCSL 8 THOMY YUC-
a1 cercmocmitikicmio ix cmanegux onoprux kKoncmpykyit. Ilpu excniyamayii enepeobnoxa amomuoi cmanyii Ha cma-
J1e6i ONOpHI KOHCMPYKYIT 001A0HAHHS | mPyOOnpo60die nepedaromvcs MEXAHIYHI HABAHMANICEHHS GI0 eJleMeHmis, AKI Ha
Hux ecmanoseneni. Ilpu 3emaempyci 00 yux Ha8AHMAN’CeHb 000AIOMbCI MAKONC CeUCMIYHi. BionogioHo 00 depicagHux
6y0iselbHUX HOpM Ni0 YAC Po32is0y CIMANe8UX KOHCMPYKYIN, W0 3HAX00SMbCsl 8 0COOIUBUX YMOBAX eKCHIYyamayii (30K-
pema, nio0aui CeuCMiYHUM GNIUBAM), HEOOXIOHO OOMPUMYBAMUC DOOAMKOBUX GUMO2, KI 8I000paANCAOMb 0COOIUBO-
cmi ix pobomu. 3 0210y Ha ye aKmyanvbHuM € NUMAHHA po3pooOKU Ni0Xo0i8 00 CKIA0AHHS PO3PAXYHKOBUX CHOTYYeHb
HABAHMANICEHb NPU OYIHYT CEUCMIYHOT MIYHOCMI CMANesUX ONOPHUX KOHCMPYKYIl 001a0HaKHS | MPYOOnpos8odia enep-
200710Ki8 amoOMHUX CManyill 3 ypaxysauuam cneyuiunux ymos ix excnayamayii. Kpim moeo, akmyanvnicms pobomu
3YMOBIEHA MAKOHC MUM, WO 32I0HO 3 YUHHUM 3AKOHOOABCMBOM YKpaiHu 80HA HANEHCUMb 00 NPIOPUMEMHUX HANPAMIE
po36umKy Hayku i mexHiku. Po3pobxa nioxodigé 00 cKiaodaHHs po3paxyHKOBUX CNOIYYeHb HABAHMANCEHb CRpUAMUME
NOKPAWeHHI0 ma po3eumxy mMemooie oyiHKu be3neku ob €kmie amomuoi enepeemuxu. Y cmammi naseoeHo pe3yioma-
My 0271510y NOJONHCEHb OEPACAGHUX OYOIiBENbHUX HOPM WOOO PO3PAXYHKOGUX CNOLYYEHb HABAHIMANCEHb NPU OYIHYI MiYy-
Hocmi cmanesux KOHcmpykyiu. Po3pobneno nioxoou 0o ckiadamnHs po3paxyHkoGUx CROIYYeHb HABAHMANICEHb NPU OYiH-
Yi ceticMivHOI MIYHOCME CIMAe8UX ONOPHUX KOHCIMPYKYIU 001AOHAHHS I mpyOOnpoeo0ie eHepeoOIOKi6 amOMHUX CIAH-
Yitl, cCnuparyucs Ha cneyughiuni ymosu ix excniyamayil.

Kniouogi cnosa: cmanesi koncmpyxuyii, celicMiuna MiyHicms, po3paxyHKosi CHOIYYEeHHA HABAHMANCEHD.
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