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Abstract. Problem statement. The paper analyzes the few explorations performed in this field and the conclusions
obtained during the research. In reality, a comprehensive study of gas-saturated frozen soils has not been carried out at
present. This has not been done either in geocryology as a whole, or within its specific lines: mechanics of frozen soils,
structural geocryology, dynamic geocryology, and especially cryo-seismotectonics. There are only individual works that
fragmentarily consider specific issues related to the gas saturation of frozen rocks, mainly in areas of gas- and oil
production. But in modern conditions, this position should be radically revised, since a practical need has been formed to
study the structure, properties, and seismotectonic processes in the zone of permafrost soils. In recent years, specialized
emanation (including radon) research, conducted both in combination with some shallow geophysical work (electrical
tomography, microseismic sounding, high-precision gamma spectrometry) and independently, have received some
development in the countries of the Arctic (Canada, the US state of Alaska, Greenland, Spitsbergen, northern Eurasia)
and Antarctic zones, as well as some internal regions of Asia (the Himalayas, Mongolia). This was because the gas
component is an important feature of permafrost. The goals of such work were initially both ecology (especially after it
was established that after the thawing of frozen soils in certain areas, the radon emanation increased tens of times) and
geological exploration. Purpose of the article. Modern evaluation of organizational and technical methods for detecting
radon activity of identified tectonic faults of the earth's crust in the permafrost zone. Conclusions and results. The authors
propose a refinement of the existing methodology for detecting both faults themselves in the permafrost zone and
evaluating their tectonic activity. Additionally, for confident sorting of radon anomalies and identifying the parameters
of fault zones necessary to define their tectonic activity, it is recommended to introduce a special parameter — a coefficient
for frozen soils that characterizes the permeability of the medium (the degree of radon emanation) after permafrost
thawing. A modern analysis of previously completed works allowed us to suggest focusing further efforts on conducting
radonometry in range zones of permafrost soil, studying the existing instrumentation and technical base for solving target
problems and finding ways to improve it.
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Anotauis. Ilocmanosexa npooaemu. Y poOOTIi IpoaHaTI30BAHO JCSKI BUKOHAHI Y 1[Il Tay3i TOCIIXKCHHS, 1 HABITh
OTpHUMaHi BHUCHOBKM Mix 4Yac jgociipkeHb. CIif 3ayBaKHWTH, IO KOMIUIEKCHOTO BHBYEHHS Ta30HACHYCHHX MEP3IIHX
IPYHTIB 0ci He 31ilicHIoBasocs. [luM nuTanHsIM He 3alimanics Hi B T€OKpIOJIOTii 3arajom, Hi B I OKpeMHX HalpsMKax:
MeXaHilli Mep3JIMX IPYHTIB, CTPYKTYPHIH Ta TUHAMIUHIH reokpiosiorii. [CHyrOTh JHIIe MOOMHOKI Tpari, SIKi pO3TIIsIaloTh
OKpEeMi acTeKTH Ta30HACHYCHHS MEP3JHX IIOpif], MepeBaXHO B paifoHax Tazo- i HapToBUAOOYTKY. ONHAK y CydacHHX
yMOBax ITF0 TO3HIIIO CIIiZi JOKOPIHHO TEperJITHYTH, ajpke chopMyBaiacs HarajdbHa IpakTHYHA MoTpeba y BUBYCHHI
CTPYKTYPH, BIACTHBOCTEH Ta CEWCMOTEKTOHIYHHX TIIPOIECIB Yy 30HI BiYHOMEpP3NMUX TIpyHTiB. B ocTaHHI poku
CIIeIiaTi30BaHI JOCIIKECHHS eMaHallii (BKIII0OYarun pajoH), 0 IPOBOISTHCS K Y TOEIHAHHI 3 ASIKUMU HETJIMOOKUMHU
reodisnuHUMH poOoTaMu (eneKTpudHa ToMorpadis, MikpoceicMivHI 30HlyBaHHSI, BACOKOTOYHA FrAMMa-CIIEKTPOMETPIs ),
TaK 1 CaMOCTIHO OTpUMaiu NeBHUIl po3BUTOK y KpaiHax Apkruynoi (Kananma, mrar Amsicka CIUA, I'pennanmis,
HImin6epren, miBHIiYHA €Bpasis) Ta AHTapKTHYHOI 30H, a TaKOX Y NESIKMX BHYTpimHIX perioHax Asii (I'imanai,
Mourostist). [le mosicHIOBaJIOCS THIM, IO Ta30Ba CKJIAZOBA € BAXKJIMBOI OCOONMBICTIO BiuHOT Mep3notu. LinsmMu Takux
po0iT criouatky OyJiH SIK €KOJIOTisl (0COOJIMBO MiCHs TOTO, SIK OYJIO BCTAHOBJICHO, IO ITCHIS BiATaBaHHS MEP3JIMX IPYHTIB
y TEBHUX paliOHaX eMaHallisl paJoHy 30UIbIIyBanacs B JAECATKH pa3iB), TaK i reoJIoropo3BiayBalbHI podoTn. Mema
cmammi. MeToro CTaTTi € cydacHa OLIHKA OpraHi3alifHUX Ta TEXHIYHUX CIIOCOOIB BHUSBICHHS PaJIOHOBOI aKTUBHOCTI
BHSIBJIICHUX TEKTOHIYHHUX PO3JIOMIB 3eMHOI KOPH B 30HI TIOIIMPEHHS BIYHOMEP3NIUX IPYHTIB. Bucnoexu. 3anpornoHoBaHo
YTOYHEHHS iCHYIOUOi METOAWKH BUSBJICHHS SIK CAaMUX PO3JIOMIB Y 30HI BIYHOI MEpP3JIOTH, TaK 1 OIIHKH iX TEKTOHIYHOT
akTUBHOCTI. J[01aTKOBO, I BIEBHEHOTO PO30paKyBaHHS paJOHOBHUX aHOMAIiH Ta BHIUICHHS MapaMeTpiB PO3TOMHHUX
30H, HEOOXITHUX U BU3HAYCHHS iXHBOI TEKTOHIYHOI aKTHBHOCTI, pEKOMEHIOBAaHO BBECTH CIICLIANBHUI MapameTp —
KOE(IIIEHT AJIsi MEP3JIUX IPYHTIB, L0 XapaKTepH3y€e MPOHUKHICTh CEepeJOBHUIIA (CTYMIHb PaJOHOBWIIICHHS) MiCIs
BigTaBanHs Mep3notd. CyuyacHWil aHaii3 paHillle BUKOHAHHX POOIT J03BOJHMB MPUIYCTUTH OPIEHTAIIIO MOAATBLIMX
3yCHJIb Ha TPOBEJIEHHS PaJIOHOMETpil y 30HAX MOLIMPEHHS BIYHO MEP3NUX IPYHTIB. A TaKoX BUBUEHHS HasBHOI
NPWJIAI0BOT Ta TEXHIYHOT 0a3u JUIsl BUPIILEHHS LiIJIbOBUX 3aBJaHb Ta IUISXIB i1 BIIOCKOHAICHHS.

KurouoBi ciioBa: siuna mepznoma; padonomempis; c6epoyosuHU; GUMIPIOGAHHSL PAOOHY; MEKIMOHIYHI PO3IOMU

Introduction. In reality, a comprehensive  carried out at present. This has not been done
study of gas-saturated frozen soils has not been  either in geocryology as a whole, or within its
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specific lines: mechanics of frozen soils,
structural geocryology, dynamic geocryology,
and especially cryo-seismotectonics. There are
only individual works that fragmentarily
consider specific issues related to the gas
saturation of frozen rocks, mainly in areas of
gas- and oil production. But in modern
conditions, this position should be radically
revised, since a practical need has been formed
to study the structure, properties, and
seismotectonic processes in the zone of
permafrost soils.

In recent years, specialized emanation
(including radon) research, conducted both in
combination with some shallow geophysical
work (electrical tomography, microseismic
sounding, high-precision gamma spectrometry)
and independently, have received some
development in the countries of the Arctic
(Canada, the US state of Alaska, Greenland,
Spitsbergen, northern Eurasia) and Antarctic
zones, as well as some internal regions of Asia
(the Himalayas, Mongolia). This was because
the gas component is an important feature of
permafrost. The goals of such work were
initially both ecology (especially after it was
established that after the thawing of frozen soils
in certain areas, the radon emanation increased
tens of times) and geological exploration [1-6;
11].

The latter was conducted primarily in areas
of kimberlite occurrence and oil and gas fields,
including those located on the shelf of the
northern seas. The scope of research work has
expanded significantly with the repeated
placement of energy facilities in some of these
zones, and with plans to develop transport
infrastructure, including railways. An example
is the railways in the Himalayas. However, all
the work performed was of a point and
experimental nature. In addition, they were
usually carried out in Summer and mainly on
loose soils of the upper horizons. But at present,
specialized surveys are in demand at sites in the
northern zone, including radonometry for
seismotectonic purposes, namely, determining
the activity of identified or hidden tectonic
faults. Which could not be reliably identified by
traditional methods of engineering geophysics in
the permafrost zone. All this requires a

161

completely different approach, as well as an off-
season mode of work, and on all types of
permafrost soils. This is the purpose of this
work.

The purpose of the article. Modern
evaluation of organizational and technical
methods for detecting radon activity of
identified tectonic faults of the earth's crust in
the permafrost zone.

Methodology and analysis of previously
completed work. As mentioned above, the
study of gas emission from frozen soils is a
poorly studied branch of geocryology. This
applies even more to the radonometry in frozen
soils. The following two types of research
carried out both in natural undisturbed natural
and artificially created conditions, are known
and described in the scientific literature.

In the first case, the works were carried out
along profiles in Summer on one of the
kimberlite pipes in the northern region to detect
and trace fault zones when placing equipment
(radon radiometers, the “Kamera-01” type) in
the upper seasonally thawed layer of permafrost
soils. The results of 2-day measurements were
processed following the experience of
researching the radon activity of Mongolian
faults [Demberel, 2013]. To correct the results,
this research was duplicated by electrical
resistivity tomography. The results showed the
possibility of detecting fault zones and their
structure within the field.

In the second case, the research was also
carried out in the northern region, but outside the
permafrost soil zone for 5 months to measure the
gradual diffusion of radon-222 during the
thawing of artificially recreated frozen soil. A
mixture of red clay containing a high content of
226Ra filled the bottom of a 200-liter barrel
containing a radon source. The barrel itself was
buried at a depth of 1.6 m (e. g., the radium
source zone), then covered with natural soil,
filled with water, and frozen in situ during the
winter. Radon measurements were carried out
from the soil surface above the container (a
disturbed soil layer) and in a background
location nearby (an undisturbed soil layer). The
experimental  results showed a stable
relationship between radon flux density and soil
temperature profiles at different depths.
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Measurements of radon flux density were
performed using a radon radiometer by a
standard technique.

As can be seen from the conditions of the
field experiments, in the first case the
measurements were carried out over 2 days of
summer time, actually in the near-surface
conditions of the seasonally thawed permafrost
layer. In the second case, to conduct the
research, it was necessary to carry out
preliminary volumetric excavation work to place
the emanation source, which is not possible in all
types of soil, especially in Winter and in the
permafrost zone. It is clear that such experiments
will be very difficult for large-scale surveys. The
duration of the experiment itself in this
equipment configuration is also significant, and
the work to support the experiment is very labor-
intensive and costly. In addition, parallel
standard geophysical explorations may be
required to confirm the results.

Apart from field observations, the problem
of radon emission from frozen soils was also
studied using modeling methods. In particular, at
the University of Leeds, Paul Grover and his
colleague modeled the formation of radon gas,
its distribution through soil, permafrost, and
typical  buildings, including those with
underground and above-ground basements, and
also those built on piles, using the finite element
method [7]. They also found that permafrost acts
as a protective barrier for radon gas, reducing
emanation on the surface to one-tenth of the
background level. But below the permafrost
layer, the radon concentration increases up to 12
times. Moreover, this was noted over a wide
range of depths.

The obtained values were likely averaged
and estimated since radon emission from the
subsurface depends on seismotectonics and can
vary significantly in different sites. Therefore,
the same article indicated that the modeling
results must necessarily be confirmed by
fieldwork. However, information about the
implementation of such work and its results is
unknown. In any case, this only indirectly
confirms both the need for special verification
field work on permafrost soils and the
complexity of their high-quality
implementation.
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Findings. In the context of the target task, it
seems necessary to amend the standard
methodology for conducting radonometry at the
sites of future railways, main pipelines, and
energy facilities to identify both hidden or
obvious fault zones themselves and determine
their possible activity [8; 9]. The basis of the
expanded methodology is the staged
measurements of the volumetric activity of
radon in permafrost soils in special wells.
Moreover, when conducting research, the season
of the year should be taken into account. During
periods of negative temperatures, the first
(initial) stage is immediately after the
completion of well drilling. The second stage is
after forced heating of the shaft by already
completed drilling and a settled well (naturally,
with the stability of its walls, for example, in
rocky or large-debris soils).

Conducting research in this mode is due,
among other things, to the inevitable processes
of permafrost thawing in the foundations of
future transport and energy facilities,
accompanied by the release of radon. Also, as a
consequence, there is a possible change in the
properties of soils, including rocky ones. In this
case, the volumetric activity of radon is defined
both in the soil air (in the wellbore) and in the
liquid phase (in its presence during thermal
action on the well walls when opening, for
example, in highly icy soils). During positive
temperatures, the stage of thermal heating in the
wellbores can be excluded. To obtain
comparative background values, it is possible to
determine the volumetric activity of radon from
the seasonally thawed layer near the drilled wells
in a favorable season of the year. The issue of
radon release from the so-called cryo-pegs, in
the case of their opening by the well, should also
be worked out, but at later stages of research.

As the practice of laboratory research on the
analysis of gas release from monoliths of frozen
soils shows, the process itself begins even after
their insignificant heating. But for some types of
soils (usually sandy-clayey) after heating
to —2° C, gas emission usually decreases sharply,
which can be a kind of temperature limit of the
wellbore heating function. It is noted that at such
a limited temperature, the soil usually remains
frozen, and therefore the stability of the walls of
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such wells can be fully ensured. In the case of
obtaining high-quality monoliths of frozen soils
from non-rocky monolithic or their highly
cracked varieties during wells drilling, their
processing should also be provided.

The choice of boundary conditions can be
significantly affected by the permitted operating
mode of the existing target instrumentation for
radonometry. For example, the limiting
temperature conditions for the operation of the
Alfarad+ radon radiometer from “NTM-
Protection” Company are stated by the
manufacturer to be no lower than +1° C, for the
SRS-05 seismic radon station — no lower than
+5¢ C, and for the Kamera-01 in active sorption
mode no lower than 0° C.

The lower temperature limit  of
measurements for the widely known RAD-7
radon radiometer from DURRIDGE Company,
Inc. (USA) is also 0° C. For comparison, the
lower limit of the exploitability for various
versions of the  well-known  device
“AlphaGUARD” (Germany) is declared by the
manufacturer to be —10 °C. The lower limit of
operation of radon radiometers Radon Scout
PMT and RTM2200 from the company
“SARAD” (Germany) is defined even at —20 °C.
The first of them is created specifically for work
in field conditions and is equipped with a Lucas
camera, and the second for work in low-
temperature conditions is equipped with a
special heat-protective casing in an external
aluminum case (see Fig. 1). The RTM2200
system itself is equipped with heating, an
electric dehumidifier, and protection against
water suction.

But for Arctic, Antarctic, and high-altitude
conditions, these functions on existing
equipment should be significantly enhanced,
considering the introduction of forced thermal
heating of the well in permafrost to release radon
into the measurement methodology. Moreover,
it is still very difficult to find information in
scientific periodicals on year-round
radonometry in-situ in the northern latitudes.
Thus, all of the above raises, in particular, the
question of either modifying the existing
equipment to reduce the lower temperature
threshold for normal operation or ensuring its
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operability in low-temperature conditions by
other organizational or technical measures.

Fig.1. Thermal protection housing of the RTM2200
radon radiometer in an external aluminium casing.
(Published with the kind permission of SARAD GmbH)

A separate issue requiring additional
engineering study is the technology of drilling
wells in permafrost for radonometry related to
determining their depths. Also, methods for
sealing wellheads to ensure high-quality radon
measurements in the wellbore both directly
during drilling and after its completion, and in
the case of experiments in wells that have
already settled. In any case, the depth of such
wells should be greater than the thickness of the
seasonally thawed layer and reach the layer of
constant temperatures. Considering the possible
placement of thermal equipment in the wellbore,
its optimal diameter should be at least
168-273 mm. When drilling shallow wells in
large-debris soils, common in the northern
regions and especially in Northeast Asia, the
most appropriate method is to use rotary drilling
with a shortened core barrel with insert bits. For
wells with a diameter of 219 and 273 mm — a
barrel with bar teeth, once created by
L.S. Amaryan for the LPG-42 rotary-vane
hydraulic pressure meter (see Fig. 2) [10].

Heating the wellbore can be carried out
either by electric heating elements from a
portable gasoline electric generator or by
exhaust gases from the engine of the drilling rig
or the portable electric generator itself after they
are re-equipped with the necessary fittings. Air
temperature in the wellbore is measured by
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standard portable temperature sensors or thermal
analyzers (pyrometers).

When carrying out work above the wellhead
in unfavorable periods of the year, a quick-
release frame multilayer tilt-covered tent with
the necessary equipment to ensure the
production process, life support (heater), and fire
safety can be mounted.

Fig. 2. Shortened core barrel with a diameter of 273 mm
(Ulyanov, 2019, 2021)

Originality and Practical value. The
proposed refinement of the  existing
methodology will help to identify both the faults
themselves in the zone of ever-frozen subsoil
and to evaluate their tectonic activity.

Additionally, for the confident sorting of
radon anomalies and the identification of fault
zone parameters necessary to determine their
tectonic activity, it is recommended to introduce
some changes to the standard radonmetry
methodology. It is envisaged to introduce a

special parameter — a coefficient for frozen soils
that characterizes the permeability of the
medium (the degree of radon emission) after
permafrost thawing — (Kpm), determined by the
formula:

Kpm = volumetric radon activity for frozen
soils / the same for thawed soils.

This coefficient can characterize both the
permafrost itself (including its ice content) and
the physical properties of rocks resulting from
its tectonic features in the study area. And also,
indirectly  contributes to the climatic
paleoreconstruction  of nature, including
paleotectonic conditions of sites of future
transport and energy facilities.

Conclusion

This paper highlights some practical and
methodological issues in organizing and
conducting a completely new direction of
radonometry — its implementation at the sites of
transport and energy facilities being designed or
under construction in the permafrost zone. In
particular, the methods of equipping observation
points on profiles, possible depths and diameters
of wells, as well as the designs of wells and
drilling tools themselves are determined.

Additionally, to confidently sort radon
anomalies and identify the parameters of fault
zones necessary for determining their tectonic
activity, it is recommended to introduce a special
parameter into the standard radiometry
methodology — a coefficient for permafrost soils,
characterizing the environment's permeability
(the degree of radon emission -Kpm) after forced
thawing of permafrost. This parameter can also
be used for environmental purposes.

Modifying the existing instrumentation for
work in low-temperature conditions is also
necessary.
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	Постановка проблеми. Найчастіше під час проєктування динамічні характеристики враховуються динамічними коефіцієнтами та обмеженнями частот нижчих форм власних коливань. Існують анти-резонансні вимоги, які прямо забороняють або обмежують певні діапазон...
	Виклад матеріалу. Розглянемо, як будуть впливати форми коливань (як умовна характеристика просторової жорсткості конструктивної схеми) та вплив конкретних форми коливань на ймовірність поширення прогресуючого обвалення.
	Досліджуваним об’єктом є одноповерхова промислова  будівля з каркасною конструктивною схемою, яка має габарити в плані – 48×18 м.
	Будівля оснащена електричним мостовим краном вантажопідйомністю 10 т. Відмітка головки рейок становить +20.000, нижній рівень ферм +22.500 (рис. 1).
	У підвалі зі залізобетонною конструктивною схемою та на першому поверсі розташовано обладнання для динамічних випробувань.
	Несучий сталевий каркас складається з 9-ти поперечних рам із кроком 6 м, які пов’язані між собою, вертикальними зв’язками по колонах, підкрановими конструкціями та конструкціями покриття. Жорсткість диска покриття забезпечується горизонтальними зв’язк...
	Колони каркасу між відмотками ‒1.500 до +19.408 виконані зі зварених двотаврів (нижня полиця – № 45, верхня – 450×20 мм, стінка – 1225×8 мм, ребра – 14 мм, крок  2,4 м). Надкранова частина (до +24.600) – стінка 560×8 мм.
	Фахверкові стійки запроєктовано зі швелерів № 30 і мають складений двотавровий перетин.
	Підкранові балки виконані розрізними з прокатного двотавра № 45 з накладками (360×10 мм верх, 210×12 мм низ), ребра мають товщину 12 мм.
	Кроквяні ферми покриття виконані з прольотом з жорстким примиканням до колон. Висота ферм на опорах складає 1,8 м, на опорі, у середині ‒ 2,55 м. Елементи ферм виконані з спарених рівнополочних кутників: пояси – 160×10 мм; стійки, розкоси – 75×6, 100×...
	Зв’язки по фермах покриття – вертикальні зв’язкові ферми, горизонтальні хрестові та  розпірки з кутників 75×6 мм.
	Плити покриття виконані ребристі за серією 1.465, 3×6 м, ребра 300 мм.
	Покрівля виконана тепла м’яка рулонна.
	Стінове огородження ‒ навісні панелі з керамзитобетону товщиною 200 мм (серія ЖБ-1196).
	Перша форма власних коливань відповідає першому тону поступальних згинальних коливань поперечних рам (розгойдування в поперечному напрямку). Друга форма власних коливань відповідає закручуванню покриття відносно вертикальної осі. Третя форма власних к...
	Ці форми характеризуються найбільшими амплітудами згинальних коливань у верхніх перерізах колон. Четверта форма власних коливань відповідає першому тону згинальних коливань конструкцій покриття з найбільшими амплітудами згинальних коливань ферм покрит...
	Зниження частоти поперечної форми коливань (першої форми) у разі руйнування (втрати) крайньої колони виникає асиметрія жорсткості, що призводить до зменшення  жорсткості каркасу. При цьому зменшена частота першої форми коливань складає 1,1 Гц. Також з...
	Втрата (руйнування) вертикальних зв’язків по колонах призводить до зниження просторової жорсткості каркасу, особливо в торсійному напрямку. При цьому характерне зниження частоти другої форми коливань до 1,22 Гц та третьої  форми до  1,38 Гц. Також змі...
	Втрата однієї зі стропильних ферм спричиняє локальне порушення жорсткості покриття, що критично впливає на динамічні характеристики всієї конструктивної системи.
	В результаті втрати (руйнування) ферми відбувається зниження частот 4-ї форми коливань до 4,68 Гц. Також змінюються форма коливань ‒ різке зростання амплітуд коливань у напрямку, перпендикулярному до втраченої ферми. Зменшення жорсткості конструктивно...
	Власні частоти коливань будівлі залежать від жорсткості, маси та умов закріплення. Форми коливань та їх послідовність у спектрі частот визначаються співвідношеннями різних видів жорсткостей (табл. 1). Наприклад, жорсткість колон при згинанні в напрямк...
	Згідно [10] розширена умова енергетичного підходу при оцінці поширення прогресуючого обвалення з урахуванням динамічних характеристик:
	де γd ‒ динамічний коефіцієнт, що враховує імпульсне навантаження, ударний ефект при падінні елементів, їх швидкість, демпфування, тертя між елементами, в'язкі втрати в матеріалі (1,5‒3).
	Динамічний коефіцієнт γd можна уточнити з урахуванням спектра частот та демпфування так, що у конструктивній системі з малим демпфуванням та низькими частотами коливань підсилюється імпульсний ефект:
	γd1  = γd  × (1 + α1 / ( + α2 / fmіn),         (2)
	де γd ‒ базовий динамічний коефіцієнт, що враховує імпульсне навантаження, ударний ефект; α1, α2  ‒ коефіцієнти, визначаються чисельно або експериментально для конструктивної системи; ( ‒ демпфування (0,02…0,05 для сталевих конструкцій); fmіn ‒ мініма...
	Праву частину (1) можна зменшити множником, який враховує локалізацію деформацій у формі коливань, тобто структурну вразливість:
	∑(0,5 × Fкр × δ) × (1 ‒ (),            (3)
	де ( ‒ індикатор локалізації у формі коливань, відносна зміна деформаційної форми після пошкодження, чим більша (, тим менше здатна конструкція до поглинання енергії (все концентрується в одному місці.
	У прикладі, що розглядається (див. табл. 1, 2), для другої форми fmіn = 1,68 Гц, ( = 0,03, γd = 1,5 до пошкодження. Після втрати ферми: fmіn = 1,22 Гц, ( = 0,03, α1 = 1 для надчутливих систем або в гіпотетичній межі нестійкості [8], α2 = 0,5 передбача...
	Аналіз власних форм коливань конструкцій будівлі можуть відображати потенційно слабкі місця, де деформації та напруження в конструкціях будуть найбільшими. Це важливо при прогнозуванні механізму розвитку прогресуючого обвалення.

	6. Про схвалення Стратегії розвитку фонду захисних споруд цивільного захисту на період до 2034 року та затвердження операційного плану заходів з її реалізації. Розпорядження Каб. Міністрів України від 4 березня 2025 р. №183-р. URL: https://zakon.rada....
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