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Abstract. The military aggression of the Russian
Federation against Ukraine, through the use of the
full range of enemy aerial attack means not only
against military targets but also against critical
infrastructure objects (hereinafter — CIOs) [1, 2] and
other civilian facilities, has brought significant
changes in the construction of protective and civil
defense structures. The current regulatory
documents [3] were developed under the
assumption of a single nuclear explosion occurring
at a considerable distance from the facility, which is
why the design of building structures was carried
out without taking into account other damaging
factors [4].

The realities of the war have shown that the
enemy’s use of high-precision weapons in the form
of kamikaze unmanned aerial vehicles (hereinafter
— UAVs) and various types of missiles requires the
immediate development of unified approaches to
the construction of modern, highly reliable
protective and fortification structures.

Today, Ukraine is actively implementing the
“Fortress Country” concept, approved by a
resolution of the Cabinet of Ministers of Ukraine.
This concept envisions integrated protection of
CIOs and other strategically important facilities,
which includes the organization of layered air
defense systems similar to those used in Israel, the
United States, and other countries. This approach is
combined  with  comprehensive civil and
engineering protection measures, electronic warfare
systems, the deployment of decoys, camouflage, the
shift from large strategic facilities to smaller,
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dispersed ones, as well as the transition to natural
energy sources. Altogether, these measures are
expected to significantly increase the country’s
resilience to external threats during martial law.

In fact, Ukraine must develop a regulatory
framework ensuring that, when designing
fortification and engineering protection structures
for CIOs and other critical objects, new threats from
enemy aerial attacks are duly considered.
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pressure; explosive substance; TNT equivalent.

BynisenbHi koHcTpyKUjii. Teopis i npakTuka * 16/2025


mailto:mykhailovskyi.dv@knuba.edu.ua
mailto:skliarov.io@knuba.edu.ua
https://orcid.org/0000-0002-6150-5518
mailto:komar_oa-2023@knuba.edu.ua

PROBLEM STATEMENT

The ongoing military conflict in Ukraine has
led to an urgent need for the construction of a
large number of fortification and protective
structures of various purposes and structural
forms. In addition to standard loads and
impacts, these structures must also account for
specific effects associated with enemy attack
threats, as outlined in [11]. Such effects
include: the action of an explosion shock wave
(hereinafter — ESW), fragmentation damage,
partial or complete penetration of munitions
into the body of the protective structure (which
may be followed by detonation), high
temperatures, and more.

To describe the explosion (detonation) of an
industrial explosive charge, the point explosion
model is commonly used. In the case of an
explosion above the surface (airburst), a
spherical shock wave is generated, while a
ground-level explosion produces a
hemispherical wave.

The aim of this study is to review existing
engineering-analytical methods for determining
the main characteristics of the explosion shock
wave (ESW) resulting from enemy aerial
attacks. Selecting the correct -calculation
method for different types of threats and
materials used in protective barriers is a critical
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task for the proper design of fortification and
protective structures.

According to works [5-7], the main types of
enemy weapons used for aerial strikes against
critical infrastructure (CI) include air-, land-,
and sea-launched missiles, as well as loitering
munitions (kamikaze UAVS). The primary
damaging factors in such attacks are
fragmentation and the explosion shock wave.

Despite the existence of a large number of
publications on this topic [8-10], the
calculation of ESW parameters remains highly
relevant. In this work, we attempt to generalize
and present the main existing methods for
determining ESW parameters.

CORE RESEARCH
1. Methodology by M.O. Sadovsky

During the explosion of a TNT charge with
an effective mass mer in the air, the overpressure
at the shock wave front can be calculated using
the empirical formula by M.O. Sadovsky [12],
derived from the analysis of experimental data
obtained during TNT detonations under
standard atmospheric conditions. The formula
is named after its originator, Mykhailo
Oleksandrovych Sadovsky:
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where: ps — overpressure of the explosion shock wave, MPa;
Mmet =Ket 77 Me — equivalent mass of the explosive, which depends on the actual mass of the
explosive, the TNT equivalent, and the type of explosion, kg;
R — distance from the explosion point to the location where the overpressure of the shock

wave is being determined, m.

The coefficient ket accounts for the type of
explosive material, while # accounts for the
nature of the explosion. For TNT — ket =1; for
RDX — 1,31; for TEN — 1,39; for HMX — 1,28;
for Amatol 80/20 — 0,98; for black powder —
0,66; for Pentolite 50/50 — 1,13; for Oxyliquits
— 0,9-1. For an airburst explosion = 1. For
dense loams and clays » = 1,6. The maximum
pressure on the ground surface during an
airburst explosion depends on the detonation
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height. However, for a relatively small height,
less than R, the given formula remains valid. In
this case, the shock wave propagates along the
ground surface with a vertical front.

Reference [12] provides a variant of M.O.
Sadovsky’s formula for determining the
overpressure at the shock wave front in the case
of a surface explosion, where the explosion
energy is distributed not over a full sphere, but
only over a hemisphere:
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where: ps — overpressure of the explosion shock wave, MPa;
met — the mass of the explosive in TNT equivalent, kg;
R — the distance from the explosion point to the location where the overpressure of the
explosion shock wave is being determined, m.

The duration of the compression phase (in
seconds) can be calculated using the following
formula:

t. =1,5-10°s/m, VR : @3)

and the pressure impulse
compression phase, in Pa-s:

3 m2
i, =126 4)
R

during the

The duration of the compression phase (in
seconds) for a surface explosion can be
calculated using the following formula:

t,=1,7-10%s/m_ R 5)

pressure impulse during the compression phase,
in Pa-s:

A (6)

Experimental studies have shown that M.O.
Sadovsky’s formulas provide good agreement
for overpressure calculations when the TNT
equivalent of the explosive exceeds 2 kg.

2. Methodology by A.N. Birbraer
Reference [13] presents a somewhat

different methodology for determining the
parameters of an explosion shock wave. The

(0.92 35 10.6
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jxlOl at 1.2<R<17.8

pressure from an air shock wave is primarily
determined based on the mass of the explosive
charge, the distance from the explosion center,
and the environmental conditions. An
approximate method for calculating the shock
wave parameters is provided below. The effect
of an air explosion depends on the scaled
distance, expressed in m/kg*3:

= R
R= ;
om. (7)

where: R - distance from the explosion
point to the object under
study, m;

m, =(l-¢)-a-m, — effective mass of
the explosive in  TNT
equivalent;

me — mass of the explosive, kg;

¢ — the fraction of explosion energy
spent on crater formation (for
rocky soils

¢ = 0,05; for soft soils

¢=0,2; if the explosion occurs in the
air without crater formation

e=0);

a= kef —the ratio of the specific
energy of the explosive to the
specific energy of TNT.

The overpressure at the front of the
explosion shock wave is equal to, MPa:

(8)
at 17,8<R <1000
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The given formulas are applicable for
R >3 m. The formation of the explosion shock
wave (ESW) is influenced by whether the
explosion is an airburst or surface burst, the
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shape of the explosive charge, and its burial
depth in the ground prior to detonation.

The duration of the compression phase in this
case is, S:

17-10°3m, JR at 1.2<R<10

6.504-10°3/m_ [1g(0.4R)|" at 10<R <1000

Since the duration of the explosion shock
wave (ESW) during detonation explosions is
usually extremely short, the vibrations and
strength of structures can be determined using
the impulse theorem. For this purpose, the
specific impulse of the compression phase
i+ (Pa-s) is used, which is numerically equal to
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the area under the pressure curve in this phase
(see Fig. 1). Under 12 <R <1000, m/kg?.
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Fig. 1. Parameters of Detonation Blast Wave
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The pressure distribution during the o+
phase can be approximately assumed to follow
a triangular law. The negative phase z-, is
generally less destructive to massive
engineering protective structures and therefore
can be neglected.

(0.975 1.455 5.85
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3. Methodology by Brode, H. L. and others

In Brode’s work [14] and in later studies by
other researchers [15], the following formula is
proposed for determining the overpressure of
the explosion shock wave (ESW), in MPa:

0.019j><10_l at 0.01<p, <1

(11)
at p,>1
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In formula (11) R —the scaled distance from
the explosion point to the object, which should
be determined using formula (7), expressed in
m/kg*3.

4. Methodology by Henrych, J

14. 072 5.540 0.357 O. 006

Reference [16] proposes the following
formulas for determining the overpressure of
the explosion shock wave (ESW), the duration
of the compression phase, and the value of the
positive impulse.

The overpressure of the ESW is suggested to
be determined by the following condition, in
MPa:

R R2+R3

Pe= TR R?

—— + +
R R?

In formula (12) R —the scaled distance from
the explosion point to the object, which should
be determined using formula (7), expressed in
m/kg*.

6194+0326+2132j <10

0.662 4.05 3288) <10

j x107" at 0.05<R<0.3
at 0.3<R<1.0 (12)

at 1.0<R <10

The duration of the compression phase is
calculated using the formula, s:

r, =3m, (0.107 +0.444R +0.264R* —0.129R" + 0.0335F?4)-103. (13)

For formula (13), the following limitation is
introduced: 0.05<R <3.

1115 62.9 lO 04

The value of the specific impulse of the
compression phase according to [16] should be
determined by the following condition, Pa-s:

|+ = 3\/ mef

(663— e
R R

211 216 801

) 10" at 0.4<R<0.75
(14)

(322 —
R R

In formulas (13) and (14) mer — effective
mass of the explosive in TNT equivalent.

5. Methodology by Korenev B. and others

The work dedicated to the dynamic behavior
of building structures [17] contains the
following formulas for determining the
parameters of the explosion shock wave
(ESW).

114

j 10" at0.75<R<3

The value of the ESW overpressure is
recommended to be determined using the
following condition, in MPa:

0.84 27 70

The duration of the compression phase is
recommended to be determined using the
following formula, in seconds:

BynisenbHi koHcTpyKUjii. Teopis i npakTuka * 16/2025



ISSN 2522-4182

7, =15-g/m, R 107 (16)

The value of the specific impulse of the
compression phase according to [17] should be
determined by the following condition, Pa-s:

3 mzv
i, =4—\’Ref.102 =4_32-102. (17)

In formulas (15), (16), and (17): mer -
effective mass of the explosive in TNT
equivalent, which depends on the mass of the
explosive and the type of explosion, kg; R —
scaled distance from the explosion point to the
object, which should be determined using

formula (7), m/kg¥®; R — distance from the
explosion point to the location where the
overpressure of the explosion shock wave is
determined, m.

6. Methodology by Kinney & Graham

The formulas for determining explosion
parameters by Kinney & Graham, presented in
[18], have become widely used.

The overpressure at the shock wave front
according to [18] is recommended to be
calculated using the following formula, in kPa:

, (18)

"

R 2 R 2
- 14| ——
0.32 1.35

R — scaled distance from the explosion point to the object, which should be

where:

determined using formula (7), m/kg*3;

po — atmospheric pressure value (101.3 kPa), in kPa.

The negative overpressure is then calculated
using the following formula, in kPa:

Pt (ar
p =——re ", (19)
o
where a— is the shape coefficient, which should
be determined using formula (20).

p,_= —&e‘(“ﬂ) . (20)

The positive specific impulse of the shock
wave is determined using the following
formula, in kPa-s:

0.067, |1+
i+ =3 M . 3 (21)

R?3/1+ R
1.55
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For scaled distance values R >2.8 a
simplified formula may be used:
. 21R

1, =—.
+ 2
R

(22)

The duration of the compression phase in
this case is, s (in seconds):

i, a’
"7, (m] @

7. Methodology by Kingery-Bulmash using
UFC 4-023-02 charts

For more accurate calculations, the
relationships known as the Kingery-Bulmash
formulas [19, 20] are currently widely used.
The authors applied curve-fitting methods to
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represent the data
polynomial equations.

The results of their work are reflected in
UFC 4-023-02, where charts are provided to
determine the main parameters of the explosion
shock wave depending on the scaled distance Z,

using  higher-order
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Fig. 2. Parameters of Blast Wave for Air Explosion
according to UFC 4-023-02

which is determined using formula (7). To use
the charts, unit conversions to the metric system
should be made:

1 pound (Ib) =4.445 N; 1 pound/inch? (1 psi)
= 6,890 Pa.

s mara
Bt [ewtmee [+ Bw" "

Fig. 3. Parameters of Blast Wave for Surface

Explosion to UFC 4-023-02

Puc. 2. [Tapamerpu BY X npu nositpstnomy BuOyxy Puec. 3. [Tapamerpu BYX npu HazemHomy BHOYXY

srigao UFC 4-023-02

The duration of the impulse action is
determined using the following formula, s (in
seconds):

=21 (22)

When an explosion occurs, the shock wave
propagates as a high-pressure front moving in
all directions. Upon reaching a surface, the blast
wave interacts with it: air particles are suddenly

decelerated, and their kinetic energy is
converted into pressure energy, which
superimposes, forming the reflected blast

pressure. Thus, at the point of impact between
the wave front and the obstacle, a reflected
pressure is  generated, which usually
significantly exceeds the incident shock wave
pressure due to the additional energy
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contributed by the reflected wave. As shown by
the analysis of existing blast wave parameter
calculation methods, this effect is often not
taken into account in many approaches.

To compare the results of blast wave
parameter calculations in methods where no
procedure for determining the reflected
pressure of an airburst is provided, it can be
estimated using the following formula:

2 y—1 Ap,
where p, — reflected overpressure of the blast
wave, MPa;
prr — pressure at the blast wave front,
MPa,
y — adiabatic index of the medium (for
air, y=1.4).
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P = Pat Py (24)
where pa — atmospheric pressure, approxi-
mately 0.1013 MPa;
pr — overpressure of the blast wave,
MPa.

In [13], the following formulas are proposed
to calculate the reflected blast wave pressure
under the condition that the wave front
propagates perpendicularly to the front wall of
a structure, MPa:
when the area of the openings in the wall is less
than 10%:

6(p, )

e AV 25
p, +0.72 @)

pr=2pf +

when the area of the openings in the wall is
more than 10%:
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25(p, )

it L 0 26
Ap, +0.72 (@8)

pr=pf+

In these formulas, the first term represents
the actual reflected pressure, and the second
term accounts for the dynamic (velocity)
pressure of the air. The amplification of
pressure due to reflection is characterized by
the reflection coefficient k = p, /p, , which in

formula (25) is taken as 2.

To compare the calculation results, an
analysis was conducted for each of the blast
wave parameter estimation methodologies
under two different scenarios:

« in the case of indirect impact from a Kh-22
missile at a distance of 15 meters from the
calculated structure (TNT equivalent of
718.2 kqg);

«in the case of indirect impact from a
“Shahed-136” UAV detonating at a
distance of 5 meters from the calculated
structure (TNT equivalent of 34 kg).

Table 1. Calculated Parameters of Blast Wave for an Airburst Explosion at a Distance of 15 m from the
Epicenter, with Explosive Mass of 718.2 kg TNT Equivalent. Airburst Explosion.

Taba. 1. 3nadueHHAS PO3paxXyHKOBUX MTapaMeTPiB BHOYXOBO-YIapHOI XBIIII JUII HA3€MHOT'0 BUOYXY Ha BiICTaH1
Bif emiteHTpy 15 M, BUOyX0BOi peuoBrHM 718,2 KT B TPOTHIIOBOMY eKBiBaneHTi. [loBiTpsiHUi BUOYX.

Duration of Reflected pressure,
OVerpressure the Specific kPa (for methods that
Method valupe kPa compression pressure do not include this
’ phase, impulse, Pa-s | parameter, calculated
seconds using formula (26))
Empirical formulas by
M.O. Sadovsky 295,3 0,017 673,54 1485,1
Empirical formulas by 405,2 0,02 1870,94 1924,5
Birbrayer ' ' ' '
Empirical formulas by 2538 0,011 3028,84 1302
Henrych. J ’ ' ’
Empirical formulas by
Kinney & Graham 314,3 0,009 864,08 1523,8
Methodology of Kingery-
Bulmash using UFC 4- 301,33 0,068 1027,23 1172,49
023-02 charts
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Table 2. Calculated Parameters of Blast Wave for a Surface Explosion at a Distance of 15 m from the
Epicenter, with Explosive Mass of 718.2 kg TNT Equivalent. Surface Explosion.

Ta6.. 2. 3HaueHHs po3paXyHKOBUX apaMeTpiB BHOYXOBO-yAIapHOT XBHIII IJIsl HA3EMHOTO BUOYXY Ha BijICTaHi
Bix emitenTpy 15 M, BuOYyX0BOi pedoBunu 718,2 Kr B TpOTHIIOBOMY ekBiBasieHTi. HazeMHUIT BUOYX.

Duration of the
compression Specific Reflected pressure, kPa
Method Overpressure phase, rpessure (for methods that do not
value, kPa seconds impulse Pa-s include this parameter,
puise, calculated using formula
(26))
Empirical formulas by
M.O. Sadovsky 472,3 0,02 1069,11 2192,9
Empirical formulas by 572,2 0,019 1744,03 2792,9
Birbrayer ' ' ’ '
Empirical formulas by 235,6 0,011 2852,58 1235,5
Henrych. J ' ' ' '
Empirical formulas by
Kinney & Graham 289,6 0,009 817,68 1433,3
Methodology of Kingery-
Bulmash using UFC 4- 427,05 0,011 1427,84 1809,44
023-02 charts

Taba. 3. 3HaueHHS PO3PaXyHKOBUX MapaMeTpiB BUOYXOBO-yAapHOI XBIIII JIs BUHOYXY B TOBITPI HA BiACTaHi
BiJl €MIIICHTPY 5 M, BUOYXOBOT peuoBHHU 34 KT B TPOTWIOBOMY eKBiBaJIeHTi. [oBiTpsiHUI BHOYX.

Table 3. Calculated Parameters of Blast Wave for an Airburst Explosion at a Distance of 5 m from the
Epicenter, with Explosive Mass of 34 kg TNT Equivalent. Airburst Explosion.

Reflected pressure,
Overpressure Duration of the Specific pressure kPa (for methods that
Method P compression phase, P P do not include this
value, kPa impulse, Pa-s
second parameter, calculated
using formula (26)
Empirical formulas
by M.O. Sadovsky 358,2 0,006 264,48 1684,7
Empirical formulas 494,9 0,007 734,66 2185,9
by Birbrayer
Empirical formulas 302,3 0,004 1153,99 1480,1
by Henrych. J
Empirical formulas
by Kinney & 380,1 0,003 326,44 1765,1
Graham
Methodology of
Kingery-Bulmash
using UFC 4-023-02 361,65 0,0039 402,75 1503,1
charts
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Tao6.. 4. 3HaueHHs po3paXyHKOBUX ITapaMeTpiB BUOYXOBO-yAapHOI XBIJII AJIsl HA3EMHOTO BUOYXY Ha BiAcCTaHi
BiJl €MIEeHTPY 5 M, BUOYyXOBOi peuoBHHH 34 KT B TPOTUIIOBOMY eKBiBaJieHTi. HazeMHuit BHOYX.

Table 4. Calculated Parameters of Blast Wave for a Surface Explosion at a Distance of 5 m from the Epicenter,
with Explosive Mass of 34 kg TNT Equivalent. Surface Explosion.

Specific Reflected pressure, kPa
Overpressure Duration of the P (for methods that do not
Method . pressure . )
value, kPa compression phase, impulse. Pa-s include this parameter,
seconds pulse, calculated using formula
(26))
Empirical formulas by
M.O. Sadovsky 326,1 0,007 419,8 2667,2
Empirical formulas by 454 0,007 684,82 2036,1
Birbrayer
Empirical formulas by 280,4 0,004 1090,83 1399,5
Henrych. J
Empirical formulas by
Kinney & Graham 350,4 0,003 309,57 1656,2
Methodology of
Kingery-Bulmash using 516 0,0034 558,51 2320
UFC 4-023-02 charts

CONCLUSIONS AND PROSPECTS FOR
FURTHER RESEARCH

This work reviews existing global
methodologies for determining the parameters
of blast shock waves.

The need for developing a clear engineering
methodology for calculating building structures
under the action of blast shock waves in various
attack scenarios using different types of
weapons has been raised.

Methods for calculating blast shock wave
parameters necessary for further structural
analysis of buildings and facilities as a whole
are presented.

The obtained results allow the following
conclusions:
the empirical formulas of M.O. Sadovsky and
A.N. Birbraer approximate experimental results
well for charge masses above 2 kg and are
simple for practical use; however, they do not
account for reflected pressure, which limits
their accuracy in calculating effects on
engineering structures;
the Kinney & Graham methodology, as well as
the Kingery-Bulmash approach (UFC 4-023-
02), provide more accurate consideration of the
relationships between pressure, impulse, and

ByanisenbHi koHCTpyKUji. Teopis i npakTuka  16/2025

compression phase duration, especially for air
blasts;

the charts and approximation dependencies
from UFC 4-023-02 allow obtaining fairly
accurate values for a wide range of distances
and charge masses, with the possibility of
accounting for complex environmental
conditions.

A comparison of methodologies showed that
with the same initial parameters, results may
differ significantly, necessitating a
comprehensive approach when selecting a
calculation method for a specific task.

Reflected pressure values, which are not
considered by most methods, have a significant
impact when assessing the effect of blast shock
waves on structures, particularly in cases of
frontal impact. For their inclusion, it is
advisable to use generalized formulas, such as
those proposed in [13].

Prospects for further research include:
improving the methodology for calculating
blast shock wave parameters of all probable
damaging elements needed for the structural
analysis of buildings and facilities;
developing a unified methodology that would
incorporate the advantages of different
approaches for various types of explosions (air,
surface, underground) and structures (massive,
lightweight, with or without openings);
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conducting  experimental  research  and
computer modeling to refine empirical
coefficients in the dependencies used in
existing methodologies;

investigating the influence of reflected waves in
urban environments, where complex building
configurations can significantly alter wave
characteristics.

The development of modern calculation
methods, with awareness of current wartime
threats, will enable the most effective
construction of engineering protective and
fortification  structures, thereby greatly
contributing to the realization of the “Fortress
Country” concept.
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MOPIBHSIHHS METOJUK
PO3PAXYHKY ITAPAMETPIB
BUBYXOBO-YJIAPHOI XBUJII JJIS1
PO3PAXYHKY CIIOPY ]
IH)KEHEPHOTI'O 3AXUCTY

Henuc MUXAHJTIOBChKHH,
leop CKJIAPOB,
Onec KOMAP

Anotauis. Boenna arpecis pd mpotu Ykpainu,
LOUIIXOM  3aCTOCYBaHHA BCi€l  HOMEHKIATYpH
3ac001B TIOBITPSIHOTO Hanaay MPOTUBHHUKA HE JIUIIE
MIPOTH BIHCHKOBUX IIiJIeH, aie i mpoTh 00 €KTIB
kputH4yHOi iHPpacTpykTypH (mami - OKI) [1, 2] ta
IHIIUX IMBUIBHUX O0’€KTIB, MpHUBHECTIA CYTTEBI
3MiHM B YacTHHI 3BEIEHHs 3aXHCHHUX CIOPYZA Ta
CHOPYJ IHUBUIFHOTO 3a-XHUCTy. YWHHI HOpMAaTHBHI
TOKyMEHTH [3] pO3poOIsLTHCE 3  TEPEeIyMOBH
MMOOJIMHOKOTO  siIpHOrO  BHOYXy Ha 3HAuHIid
BiJICTaHi BiJ 00’€KTy, 4epe3 MO0 1 PO3paxyHKH
OyIiBeTbHUX KOHCTPYKIIH BWKOHYBAJIUCH 0€3
ypaxyBaHHs 1HIIUX (akTopiB ypaxkeHHs [4]. Peanii
BifHM TIOKa3aJIM, 10 3aCTOCYBaHHsS BOPOTOM BHCO-
KOTOYHOTO O30pO€HHS Y BUTIANI OE3MiIOTHUX
JeTanpHUX anapartis (gam — brJIA) — kami-kaaze Ta
0araTbOX THIIB pakKeT, MOTPeOYIOTh HETaHHOTO
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ypaxyBaHHS IUITXOM PO3pOOKH €IMHUX IIXOJIiB
0 3BEJCHHS CY4YaCHHX 3a-XHUCHHX Ta (oprudi-
KaIliifHUX CITOpY BUCOKOI HaIIHHOCTI.

Crorozani B YKpaiHi akTUBHO BIPOBIKY-€THCS
koHuenuis “Kpaina-dgopreus” cxpajieHa mocTaHo-
Boro Kabinery MinicTpiB YkpaiHu, 3rigHO SKOi
niepenbadeHo iHTerpanbamii 3a-xuct OKI Ta iHmux
00’€KTiB CTpaTEerivYHOro 3HAYCHHS, IO Nepeadayac
OpraHi3aliio ele-JOHOBaHOI MPOTUIOBITPSHOI
000pPOHH aHAIO-TIYHO CHCTEMaM 3aXHCTy I3paiimo,
CIIA Ta iHmMHWX KpaiH, CHOJYYEHOI 3 KOMII-
JICKCHUMH 3aX0JaMH IIMBUIBHOTO Ta 1HKEHEPHOTO
3aXHC-Ty, CHCTEM pPamioelIeKTPOHHOI OOpOTHOMH,
BCTaHOBJICHHS XUOHMX II1JIeH, MACKyBaHHSI, ITepexXif
BiJl CTBOpEHHS BENHKHX OO0 €KTiB CTPaTETi4HOTO
3HAYeHHS J0 MEHIIUX pO30Ce-PEeKEHUX MiXK
c00010, a TaKOK MepeXia Ha MPUPOIAHI CHEPTETHYHI
JOKepelia, 10 3HAYHOK MIpOI MAa€ MiJBUIIUTH
CTIMKICTh KpaiHM 10 30BHIIIHIX 3arp03 BOEHHOTO
CTaHy.

OTtpuMaHi B CTaTrTi 4YHCENbHI pe3yNbTaTH
nokazanu, 1o Metogukn M.O. CamoBCBKOTO Ta
bipOpaepa moOpe ampoKCUMYIOTh pe3yJIbTaTH
eKCIIEpUMEHTIB TpH Maci 3apsay moHax 2 KT i
MPOCTi Y MPakTHUYHOMY BUKOPHCTaHHI, OJHAK He
BpPaxoBYIOTb BiOMTHH THCK, IO OOMEXye iX
TOYHICTh Yy pO3paxyHKaxX BIUIMBY Ha iH)Ke-HEepHi
KOHCTpYyKLii, a MeToanka Kinney & Graham, fx i
miaxin  Kingery-Bulmash  (UFC  4-023-02),
3abe3riedye OLTBII TOYHE BpaxXyBaHH 3aJIe)KHOCTEH
MDK THCKOM, IMITyJIbCOM 1 TPUBANICTIO (ha3u CTHC-
HEHHs, OCOOJINBO IS MOBITPSIHUX BHOYXIB, B TOH
xe vac rpadikd Ta anmpoKCUMALifdHI 3aJeXKHOCTI
UFC 4-023-02 103BOJNSIOTH OTPUMYBATH J0-CHUTh
TOYHI 3HA4YeHHS JUIA [IMPOKOTO  Jiana3zo-Hy
BiZiIcTaHEel Ta Mac 3apsiB, 3 MOXIHUBICTIO Bpaxy-
BaHHS CKJIaJHUX YMOB CEpEeIOBHIIA.

[MopiBHSIHHS METOJIUK T[OKa3alo, IO TpHU
OHAKOBUX BHXITHHX TapaMeTpax pe3yJbTaTH
MOXYTh CYTTEBO BIIPI3HATHCS, IO TOTpedye
KOMIUIEKCHOTO IMAXOMy TpH BHOOpPI METOIH-KH
PO3paxyHKY JUIsi KOHKPETHOTO 3aBJIaHHS.

B Vkpaini mae 6ytu po3pobieHa HOpMa-TUBHA
0aza, 3rifHO 3 KO TpU TMPOEKTYBaHHI
dopTudikanifHUX cropyl, CHOPYA iHXEHEep-HOro
3axucty OKI Ta iHIINX KpUTHYHUX 00’ €KTIB MAIOTh
BPaxOBYBAaTUCh 1 HOBITHI 3a-TPO3H MOBITPSHOTO
Hanajgy IpOTUBHHKA.

KarouoBi cioBa: BHOYXOBO-yJgapHa XBWIIS,

HaJUIMIIKOBUHA THCK;, BIMOWUTHH THCK; BHOyXOBa
pEYOBHHA; TPOTUIOBUIN SKBIBAJICHT.

BynisenbHi koHcTpyKUjii. Teopis i npakTuka * 16/2025


https://doi.org/10.32347/2522-4182.13.2023.41-50
https://doi.org/10.32347/2522-4182.13.2023.41-50
https://doi.org/10.30888/2709-2267.2024-22-00-020
https://doi.org/10.30888/2709-2267.2024-22-00-020
https://doi.org/10.32347/2522-4182.14.2024.147-160
https://doi.org/10.32347/2522-4182.14.2024.147-160

