ISSN 2522-9052

CyuacHi indopmaniiini cucremu. 2018. T. 2, Ne 3

UDC 623.451

A. Kovtun, V. Tabunenko

doi: 10.20998/2522-9052.2018.3.24

National Academy of the National Guard of Ukraine, Kharkiv, Ukraine

THE METHOD OF STRENGTHENING
OF DURABILITY OF A MORTAR BARREL

The subject of the article is an assessment of the possibility of improving the security of the personnel of units during the
operation of mortars. The purpose of the article is to study the possibility of increasing the strength of mortar barrels. The
task is to analyze the causes of the increased deaths of mortar fire teams during the operation of mortar barrels. Identify the
main areas of work to prevent mine explosions in the mortar channel and identify ways to eliminate them by improving the
methods of combat use; keep security measures during the shooting; increase the technical training of the personnel of the
units; development and use of new technical solutions for the development of mortars. The work considers and suggests an
analytical method for increasing the strength of mortars, based on the application of the principle of combined structures.
As a result of the researches the model of definition of the resulted pressure and limiting pressure in the combined cylinders
is offered. The results of calculating the limiting pressure in cylinders are given in the paper. Conclusions: the article
investigates the possibility of increasing the strength of mortars. The theory of combined cylinders was proposed to
increase the strength of mortars. The calculation of the internal pressure for the construction of the mortar in the form of
combined cylinders is carried out. Further studies are related to the fact that the theory of combined cylinders creates
prospects both in the development of high-pressure technology and in the creation of lighter and more stable structures.

Keywords: a mortar barrel; a powder gases; a rate of fire; a cylinder; a caliber; a cylinder radius; a security measures
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Introduction

Despite the intensive development of weapons on
new physical principles, advanced modern weapons are
in the arsenal of modern armies. By boosting the
strength of the army, the commandment of the armed
forces of different countries pays much attention to the
improvement of weapons, including mortars. When
conducting combat operations, mortars should be
actively used in the interests of small units of the
tactical level (platoon-company-battalion) together with
other means of armed struggle to defeat the enemy's
manpower and equipment. It is believed that they will
be the main means of fire support for company tactical
groups on the battlefield [1].

In recent decades, various countries are working to
improve mortar weapons: their weight and weight of
ammunition is reduced; improved tactical and technical
characteristics; homing mines are created; universal
fuses used in various systems are being developed;
Improved fire control system and tactics of action.

Analysis of the problem and formulation of the
problem. Experience in the combat use of mortar
weapons in local wars and international conflicts of the
late XX - early XXI century. showed that mortars, as a
class of weapons, were widely used. It was this
armament that became one of the main artillery means
of fire support for the infantry units of the tactical level
(platoon-company-battalion) [2]. This is due to the
following advantages of mortars [3]:

- the mortar has a sufficiently high accuracy and
range of fire, ensuring a reliable defeat of the enemy's
manpower, weapons and unarmored equipment in
battle;

- the mortar gives the possibility of a relatively
hidden fire (a closed fire position and a small force of
sound during a shot make it difficult for the enemy to
detect the calculation);

- a high rate of fire - from ten to twenty rounds per
minute provides a high density of fire in the critical
moments of combat;

- the relatively low weight of weapons and
ammunition increases the maneuverability of infantry
units and reduces their dependence on the fire of
supporting artillery, which is not always effective due to
the time spent on passing teams and the possibility of
hitting their troops with a reduced radius of safe
disposal.

However, the increasing number of deaths of
mortar combat crews (during exercises) with the rupture
of barrels pose new challenges for the developers of this
type of weapon to improve the safe operation of mortars
(Fig. 1).

Based on the results of the work of the
commissions investigating the deaths of mortar fire
teams, the main direction to prevent the explosion of
mines in the mortar barrel during double loading is:

- improvement of methods of combat
employment and exploitation of mortars;

- observance of security measures during the
shooting;

- increase of technical training of personnel;

- use of new technical solutions in the
development of mortars.

It should be noted that methods of increasing the
strength of the barrels are not exhausted [4].

Fig. 1. A mortar barrel rupture
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The classic mortar consists of a barrel, bipods are
devices for giving the barrel the desired elevation angle
(for example, a biped) and a base plate transmitting the
impulse to recoil to the ground (Fig. 2).

Fig. 2. Appearance of a classic mortar

The barrel is the main part of a firearm intended
for pushing a mine with a certain initial velocity and
providing it with a stable flight in a given direction. The
barrel is a pipe on a support, closed on one side, the
bottom of which is the drummer. When a mortar mine is
placed in the barrel, the drummer ignites the propellant
charge. His burning pushes the projectile out of the
barrel (Fig. 3). The thermal energy from the combustion
of the powder charge determines the parameters of the
internal ballistics: the speed of the mine when it moves
in the barrel channel, the direction and initial velocity of
the mine at the time of its departure from the barrel [5].

Fig. 3. A moment of a fire of mines
from the barrel of a mortar

The main functions that the barrel must perform [6]:

- creation of conditions for complete combustion
of the powder charge;

- mine-making necessary flight direction;

- setting the required initial speed of flight.

Mortar barrels are made of carbon steel with
improved thermal conductivity.

When the charge is combusted, the powder gases
in the barrel of the weapon develop a very high
pressure. The lowest pressure in the muzzle of the barrel
at the time of the launch of the mine is equal to several
hundred atmospheres.

In order for the barrel to withstand such a preasure,
during its manufacture, much attention is paid to the
strength of the barrel.

The strength of the barrel depends on the thickness
of its walls and the quality of the metal.

Given the practical operation of the mortar, the
thickness of the walls of the barrel is calculated with
such a margin of strength that it can withstand the
pressure of the gases is much greater than normal.
Therefore, the strength of the barrel always exceeds the
normal pressure of the powder gases by several hundred
and even thousands of atmospheres.

When firing the barrel walls, resisting the pressure
of gases, expand. The strength of the barrel is calculated
so that the metal is subjected only to elastic expansion
deformations: at the gas pressure it expands, and after
the pressure ceases to take its original dimensions. If,
however, the pressure in the barrel exceeds the value to
which the barrel strength is calculated, then a residual
deformation will occur and the barrel will be blown or
broken.

In the scientific literature, much attention is paid to
the determination of stresses arising in the walls of the
barrel during a shot [7, 8, 9].

Depending on the level of prepressure, which
appears in the walls of the barrel before the shot, the
barrel are distinguished and they are not milled. Before
the shot in the walls of the non-fretting barrel, there is
no specially called prestress. Only small stresses arising
during production processes, for example heat
treatment, can appear in it. Non-fretting barrels are
widely used in small arms and artillery weapons, with
the exception of barrels under the influence of very high
pressure (above 300 MPa) [8].

The non-fretting barrel consists of winding several
layers of steel wire on the pipe of the barrel, or in
putting on rings, liners or pipes heated to a temperature
of 700-7500 K. After cooling, the reinforcing elements
compress the barrel tube, causing in it a preliminary
radiation pressure directed to the opposite side of the
stresses arising from the pressure of the powder gases
during the shot. Fretted barrels (multilayered) were used
in guns in which the maximum pressure of powder
gases exceeded 400 MPa. They could withstand the load
(pressure) by 50% greater than the unreturned barrels.

Currently, mainly used autofretched barrels, in
which the increase in strength of the barrel is achieved
by strengthening the material and prestressing in the
walls of the barrel. Auto-fretting occurs as a result of an
increase in the plasticity boundary of the inner layers of
the barrel bore, which occurs as a result of a load caused
by an internal pressure (for example, created
hydraulically) of 1000-1400 MPa (about twice the
maximum pressure of the powder gases). Then
deformation of the inner layers of the barrel occurs
constantly (reinforcement of the material), and external
— elastic. Deformable elastic layers cause in the layers,
deformed constantly, preliminary stresses directed in the
opposite direction from the stresses arising during the
shot.

Calculations of stresses in thick-walled cylinders
were carried out by the scientists G. Lam and
A.V. Gadolin, formulas for determining the dimensions
of multilayer cylinders, calculated by the theory of
strength of A. Guber, R. Mises, and G. Henki under the
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influence of internal pressure, were proposed by
[.M. Naidich and A.M. Rozen [8, 9].

Different researchers have proposed various
methods of increasing the strength of the barrel [6-9],
confirmed by experimental data.

However, the proposed methods do not allow to
ensure the safety of calculations during the mine
explosion in the barrel channel.

Thus, the data presented indicate that the theory of
the mechanical strength of mortar barrels has not
received its full completion, the processes occurring in
this case have not been fully studied. Further
improvement of mortar barrels can be achieved by
applying the optimal combination of new materials and
modern structural and circuit solutions.

A complex experimental and calculation study of
the features of the process of mine explosion in the
barrel channel is the most important condition for
reliable forecasting of calculation results and can
significantly increase the efficiency of design solutions.
Such a scheme of research (study of the behavior of
structural elements under real dynamic loading
conditions, numerical and experimental modeling)
allows us to create the basis for the development and
justification of recommendations for rational design,
and the choice of materials, their structural state, which
increase the efficiency of their use in structures.

The scientific basis for studies of the loading
process of a mortar barrel during a shot is: the theory of
elasticity, plasticity and strength of materials, the
theoretical basis for ensuring the survivability of
weapons in combat operations, the theory of the
reliability of weapon models, mathematical modeling,
mathematical planning of experiments, methods of
bonded structures, coupled cylinders.

The purpose of the article is to study the
possibility of increasing the strength of mortar barrels.

Main part

The following forces act on the barrel of a mortar
during a shot [6]:

— force of pressure of powder gases, causing
stresses and deformations in the walls of the barrel;

— axial and transverse components of the friction
force of the outer shell of the mine on the inner surface
of the bore of the barrel,

— the forces of inertia arising in the walls of the
barrel due to the rapid increase in the pressure of gases;

— Axial forces due to the method of securing the
barrel.

A precise account of all these forces makes the
solution of the problem of calculating the barrel for
strength difficult. Therefore, when calculating the
barrels for strength, a number of assumptions make it
possible to reduce the difficult problem of calculating
the barrel to the calculation of a thick-walled cylindrical
tube. These assumptions include the following:

— the friction forces of the outer shell of the mine
on the surface of the barrel channel cause negligibly
small axial stresses in the walls of the barrel;

— loads experienced by the barrel, are static in
nature with the shot;

— the barrel material is homogeneous and isotropic,
the pressure at each point is normal to the surface, the
shape of the section remains constant during
deformation, and any cross-section remains flat.

The determination of stresses arising in the
construction of a mortar barrel during a shot is based on
the theory of calculation of the strength of thick-walled
cylinders [8, 9, 10].

Consider the process of firing from mortar when
an internal pressure arises in the barrel p, (external
pressure p,=0). We use the known materials of the
formula [9,10] to calculate the normal stresses in the
tangential 6y and radial directions 6,

2 2
R R
0, =—5—2— (== pg;
Ry — r
H ~hp
2 2
R R
59=2;32(1+—12{)'PB,
RH—RB r

where R — internal barrel radius;

Ry — outer barrel radius.

Note that radial stresses or in this case are
everywhere compressive, and circumferential c0 are
everywhere tensile (that is, 61 = 66, 63 = or) and reach
the highest values on the inner surface of the cylinder
(I" = RB)Z

O, =—Pp;

2 2
09=[1+II:§J/[1—II:§J~pB. (1
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Let us write the strength condition for the third
theory of strength:

O3 =01~ 03 <[0]

Taking (1) into account, we find that

Rp
O kg3 =2, 1_RT -pp <[o].
H

We determine the allowable internal pressure in
the cylinder with an unlimited increase in the wall
thickness, that is, for R, — oo. In this case

O3 =2 Pp <[0];

[o]
]

Pp =

As can be seen from the last expression, starting
with a certain internal pressure [p,], increasing the wall
thickness of the cylinder ceases to be an effective way
to increase strength, the allowable pressure tends to half
the permissible voltage. Thus, the maximum permissible
pressure for a single cylinder (barrel) can not be more
than half the allowable voltage. Given that the ultimate
strength of the best weapon steels is 1000 MPa [6], the
maximum permissible pressure for a single barrel is 500
MPa (5000 atm). When a mine explodes, the pressure
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in the barrel reaches a value (5-30) GPa (50-300
thousand atm), a single barrel will be broken [11].

Further increase in strength is possible either
through the use of stronger materials (increase [c]) or
through measures aimed at creating external pressure on
the outer surface of the barrel. For this, for example, it is
possible to make the cylinder compound, and its inner
layer must be pressed with interference into the outer
layer, thereby creating an external pressure on the
surface of the inner layer [8, 9].

However, the initial tightness is one of the widely
known ways to improve the performance of structures,
in general, and the strength of the barrels, in particular.
A. Guber has found a way to obtain the same result as in
compound cylinders without a gap, not a heated nozzle
with interference, but by forming between the cylinder
components a gap into which a gaseous or liquid filler is
injected under pressure. The theory of combined
cylinders was developed by V.1. Zayarnyi [8].

Consider the construction of a mortar, in which
instead of one thick-walled cylinder (barrel) several
combined ones are used, the pressure between the walls
of which can vary. The permissible pressure in the inner
cylinder (barrel) in this case is determined by the
formula [8]:

c? -1
pPp=0"—F7———>
2-C-(1-Kp)
R
rue C =_H’ KP _p_H
Rp PB
For the outer cylinder:
PH
KPO =_0=0.
PBRo

and the allowable pressure will have the form [8]:

g -1
2-C¢

Pp=0

For any intermediate cylinder, the allowable
internal pressure is written as:

c? -1

J

Ppi =0 —F5 .
2-CG -(1-Kp)

Allowable internal pressure in the inner cylinder
(barrel) with n cylinders is obtained by the formula:

c? -1
pp =0 >t
2-C
n—1 2 2
cr -1 Cy -1
+ZUZ 21 +GO' 0 5
2-Ci(1-Kp;) 2-G

From this formula it follows that the value of the
internal pressure pB depends on: the value of the ratio C
of the outer radius to the internal, the value of the ratio
of the external pressure to the internal pressure, the

magnitude of the permissible voltage and the number of
cylinders. The amount of permissible voltage depends
on the properties of the material, the operating
conditions of the cylinders and the loading method.

For aligned cylinders with

Ry - Rp, C—>1,

permissible pressure regardless of the magnitude K,
tends to zero. If

RH - CX), C - (X),
To the permissible pressure is taking a number of values

(o2

Dpi =—2'(1_KP).

depending on the size K),.

When Kp = 0, we get the result for a single
cylinder. If Kp tends to 0.5, then the allowable internal
pressure for the superimposed cylinder is equal to the
allowable voltage.

Determine the value of the internal pressure in the
barrel for the design of the mortar in the form of aligned
cylinders with the following initial data: the internal
radius of the barrel of the mortar

RBC = 0.06 m = 60 mm;
outer radius of the mortar barrel
RHC = 0,07m = 70mm;
internal radius of the first combined cylinder
RB1=0,105m = 105mm;
outer radius of the first co-located cylinder
RHI =0,115m= 115 mm;

(the hydraulic gaps between the cylinders and their
thickness are the same),

C =1.5; when KP = 0.9; [c] = 1000 MPa.

The formula for determining the maximum
pressure for KP = 0.9 has the form [8]:

Prar = 5-o~(1—1/cz) — 3.0 =3000MITa.

Assuming that the internal pressure during the
explosion of a mine in the barrel of 15,000 MPa, the
design of the mortar will consist of 5 aligned cylinders.

Conclusions

1. The article investigates the possibility of
increasing the strength of a mortar barrels.

2. It was proposed to use the theory of combined
cylinders to increase the strength of a mortar barrels.

3. The calculation of the internal pressure for the
construction of the mortar in the form of combined
cylinders is carried out.

4. Further studies are related to the fact that the
theory of combined cylinders creates prospects both in
the development of high-pressure technology and in the
creation of lighter and more stable structures.
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Metoa miABHIEHHA MITHOCTI CTBOJIIB MiHOMETIB
A. B. KoryH, B. O. TabyHeHKO

IIpeamer cTaTTi - OL[IHKAa MOXKJIMBOCTI IiIBUIIIEHHS O€3MEeKH 0COOOBOT0 CKIIAAy IMiIPO3IiTiB P eKCILTyaTallii MiHOMETIB.
HaykoBo10 0CHOBOIO [JOCIIiPKEHb IIPOLIECY HABAHTAXKEHHS CTBOJIA MIHOMETY IIPHU MOCTPII €: TEOPis MPYXKHOCTI, INIACTUYHOCTI 1
MIIIHOCT] MaTepiajiB, TCOPETUYHI OCHOBH 3a0€3I1eUeHHsI )UBYUOCT] 30poi pH BezieHHI O0HOBUX I, Teopis HaMIHHOCTI 3pa3KiB
030pO€HHS, MaTeMaTH4HE MOJICIIOBAHHs], MAaTeMaTH4HE IUIAHYBaHHS EKCIEPUMEHTIB, METOAM CKpIIUICHUX KOHCTPYKIIH,
CyMIIEHUX MWIiHIpiB. MeTa €TaTTi - JOCHIIKEHHS MOMJIMBOCTI ITiJBHIIEHHS MIIIHOCTI CTBOJIB MiHOMETIB. 3aBHaHHA -
IpoaHai3yBaTH NPUYMHU BUNAJKIB 3arudeni 60HOBUX PO3PaxyHKiB MiHOMETIB, L0 MOYACTiLIaNH, IPY PO3PHBI CTBOJIB IIiJ] 4ac
eKkcIutyaranii MiHoMmeTiB. BUSBUTH OCHOBHI HampsMM poOOTH IO BiABEpTAaHHIO BHOYXiB MiH B KaHalli CTBOJIA MiHOMeTa i
BU3HAUUTH IUIAXH X YCYHEHHS 33 PaXyHOK YJOCKOHAaJICHHs CIoco0iB 0OHOBOro 3aCTOCYBaHHS; NOTPUMAHHS 3aXOniB Oesnexu
IIPY MIPOBEJICHHI CTPiib0; MiIBUILEHHS TEXHIYHOI MiIrOTOBKM 0COOOBOr0 CKJIaLy MiAPO3/iIiB; po3pOOKH i BUKOPHCTAHHS HOBUX
TEXHIYHUX PilIeHb IIPU po3pobLi MiHOMeTiB. Pe3yjbTaTn gociixkeHb. Y poOOTi po3rIIHYTHH 1 3aIIPOIIOHOBAHMI aHATI THYHUH
METOJ HiJBUILECHHSA MIIHOCTI CTBOJIIB MIHOMETIB, HA OCHOBI 3aCTOCYBAaHHS IIPUHIMITY ITOEJHAHUX KOHCTPYKLiil. B pesynprari
MPOBEJEHUX JIOCII/UKEHb 3alpONOHOBAaHA MOJENb BU3HAUCHHSA IIPUBEIEHOI HANpYrd i I'PaHUYHOIO TUCKY B IOEIHAHUX
LTiHApax. Y poOoTi NpHBeIeHI pe3ylbTaTH PO3PaxyHKy IPAaHMYHOTrO THCKY B LliHIpax. BUCHOBKH: B CTaTTi AOCIiDKeHA
MOXXJIMBICTD IIIBUIIEHHS MIIJHOCTI CTBOJIIB MIHOMETiB. 3alpOIIOHOBAHO JUIS IIJBUIIEHHS MIITHOCTI CTBOJIB MiHOMETIB
BUKOPHUCTaTH TEOPiI0 MOEAHAHMX IMIiHAPIB. [IpoBENEHO pPO3PaXyHOK BEIUYMHHM BHYTPIIIHBOIO THUCKY M KOHCTPYKLIT
MIHOMETa y BUIJISII HOEAHAHUX IUTiHAPIB. [lomanbimi gocimimkeHHs HOB'sI3aH1 3 THM, IO TEOpis [TO€JHAHUX LIUTIHIPIB CTBOPIOE
MEPCIEKTHUBH SIK B PO3BUTKY TEXHIKH BUCOKUX THCKIB, TaK i B CTBOPEHHI JIETIIHX 1 MILHIIMX KOHCTPYKIIiH.

Kaw4yoBi caoBa: MiHOMET; CTBOJN; ITOPOXOBI Ta3W; CKOPOCTPLIBHICTH; HWIIHID; KaIiOp; pamiyc IWTIHAPA; 3aX0qH
0e3MeKu MpU NPOBEAEHHI CTPUIL0; HANpyra B KOHCTPYKLIi CTBONA; IO€IHAHI KOHCTPYKLII; BHYTPIIIHSA HANpyra i rpaHUYHUNA
THUCK; PO3PHB.

MeTo NOBBIIIEHUsI MPOYHOCTH CTBOJIOB MHHOMETOB
A. B. KoBryH, B. A. TabyHeHKO

IIpeqmer craThbm — OLIEHKa BO3MOXKHOCTH IOBBIMICHHMS OE30MACHOCTH JIMYHOTO COCTaBa IOAPA3JIENeHUH Ipu
9KCIUTyaTanuu MuHoMeToB. Hay4uHoli ocHOBOJ nccienoBanHuii mporecca Harpy3Kky CTBOJIAa MHHOMETA TIPH BBICTPEIIE SBIISIOTCS:
TEOpHsl YHPYTrOCTH, IUIACTUYHOCTH U HPOYHOCTH MATEPHANIOB, TEOPETHUECKUE OCHOBBI OOECIIEUCHUs XKUBYUECTH OPYXKHUS IPU
BE/ICHUM OOEBBIX JICHCTBUM, TEOPUS HA/IEIKHOCTU 00pa3LlOB BOOPYKEHHS, MATEMaTHUECKOE MOJAECIMPOBAHHUE, MATEMaTHYECKOe
IUIAHUPOBAHHE OKCIIEPUMEHTOB, METOIbl CKPEIUIEHHBIX KOHCTPYKIHMH, COBMEIIEHHBIX ImnuHapoB. Ileabs crarbm —
HCCIIE/IOBAaHNE BO3MOXKHOCTH TIOBBIIIEHUS] TIPOYHOCTH CTBOJIOB MHHOMETOB. 3ajJada — IPOAaHAIM3HPOBAaTh ITPUYNHBI
YUYaCTUBIIMXCS ClIydaeB rudenn GOEBBIX PacdeTOB MUHOMETOB IIPHU Pa3pbiBE€ CTBOJIOB BO BPEMs 3KCIUIyaTallid MHHOMETOB.
BbIsBUTH OCHOBHBIE HAIpaBJICHHUs PaOOTHI 110 MPEIOTBPAILECHHIO B3PBIBOB MUH B KaHaIe CTBOJIa MMHOMETA M ONPEIEIIUTh IIyTH
X YCTpaHEHHS 3a CYET YCOBEPIICHCTBOBAHMS CIIOCOOOB 0O0EBOr0 MNPHMEHEHUs; COOJIIONICHHS Mep Oe30IacHOCTH IIpU
MPOBEJCHUH CTPEIIb0; MOBBIIICHUS TEXHUUECKOH MOATOTOBKY JIMYHOIO COCTaBa MOAPA3eIeHUI; pa3paboTKi U UCHIOJIb30BAHUS
HOBBIX TEXHHYECKUX PELICHUI IpU pa3paboTKe MUHOMETOB. Pe3ynbTarhl HecsienoBanmii. B paGore paccMOTpeH 1 IpeuIokeH
AHAJIMTUYECKUHA METON IOBBINIEHHs IPOYHOCTH CTBOJIOB MHHOMETOB, Ha OCHOBE NPHMEHEHHs IPHUHIUNA COBMEIIECHHBIX
KOHCTPYKIIMH. B pesynpTrare NnpoBeAEHHBIX HCCIENOBAHMHN IMPEAJIOKEHA MOJEIb ONPENENIEHNs NMPUBEICHHBIX HANPSKEHUHA H
NPEJIeTIbHOTO JIaBJIeHHUs! B COBMEIIEHHBIX LMIMHIApax. B pabore mpuBeneHb! pe3ynbTaTbl pacdyeTa HPeeNbHOro JaBICHUS B
IUIMHAPax. BeIBOABI: B CTaThe MCCIIENOBaHA BO3MOXKHOCTBH IOBBINIEHHS NMPOYHOCTH CTBOJIOB MHHOMETOB. lIpemtoxeHo mis
MOBBIIIEHHs] TIPOYHOCTH CTBOJIOB MHHOMETOB HCIIOJB30BATH TEOPHIO COBMEMIEHHBIX LMIMHAPOB. [IpoBeneH pacdyeT BeIHMYHMHBI
BHYTPEHHETO JABJIEHUS JUI KOHCTPYKLIUA MHHOMETA B BHJIE COBMEIIEHHBIX IMIUHAPOB. JlanbHeNIIne NCClle10BaHKs CBA3aHbI C
TEM, YTO TEOpPHs COBMELICHHBIX IMIMHIPOB CO3AET MEPCIEKTHBBI KAaK B Pa3sBUTUHM TEXHMKH BBICOKMX IABJICHHH, TaKk U B
co3/taHuu Gosiee JISTKUX U IPOYHBIX KOHCTPYKIHH.

KawueBblie cioBa: MHUHOMET; CTBOJI; IIOPOXOBBI€ I'a3bl; CKOPOCTPEIIbHOCTL; HWJIHMHIP, KaJ'[I/I6p; paauyc HWIMHApPA;
MEPhI 06e30MMacHOCTH IIpu IIPOBEACHNN CTpeJ'IL6; HarpsDKCHUST B KOHCTPYKIMHU CTBOJIA; COBMEIICHHBIC KOHCTPYKIUH; BHYTPEHHEE
HaIpsDKECHUE U TNIPEJICIIbHOC NaBJICHUE, pa3pbIB.
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