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ANALYSIS OF REQUIREMENTS
TO THE METHOD OF LAUNCH
OF ANTI-SHIP MISSILES
DEFINED BY THE SPECIFICITY
OF MODERN MARINE WEAPONS
AND STRATEGIES FORTHE
COMBAT USE OF THE NAVY

The article shows that the specific features of the com-
bat application of anti-ship missile systems require, when
choosing the method of missile launch, taking into account
the limitations caused by the level of thrust-to-weight ratio
of the missile, requirements for firing at targets on the short
range, increasing requirements for missile reliability during
its long-term storage and operation in the field conditions.
Satisfaction of the specified requirements for anti-ship mis-
sile complexes is most fully achieved by application of ver-
tical gas-dynamic method of missile launch with forced
declination of the missile on the trajectory of the required
movement.

The use of vertical gas-dynamic container launch of an-
ti-ship missiles of coastal missile systems makes it necessary
to address the optimal choice of mass and energy characte-
ristics of the «container-missile» subsystem.

The presented approach can be used at the initial stages
of development of launch units of missile systems vertical
launch to solve the issues of selecting the optimal design
of the subsystem «container-missile» and launch units as a
whole.

Keywords: choice of launch method for anti-ship mis-
siles, limitations due to the level of thrust-to-weight ratio of
the missile, requirements for firing targets on the near border,
initial stages of development of vertical launch launchers.

INTRODUCTION

Changes in the tactical and technical characteristics of
naval weapons and strategies for the combat use of the Navy
in coastal areas have put forward new requirements, the solu-
tion of which leads to the need to develop versatile (including
coastal) missile systems [1].

The specific features of the use of such complexes impose
a number of restrictions on the method of launching missiles
from mobile launchers. In this regard, solving the issue of
choosing a design scheme for launchers, taking into account
the imposed restrictions, is fundamental importance and it’s
the goal of this chapter.

ANALYSIS OF LIMITATIONS IMPOSED ON THE
METHOD OF LAUNCH OF A MISSILE BY ITS
THRUST-TO-WEIGHT RATIO

Modern universal missile systems have strict requirements
for the reaction time of the system, i.e., the time from target
detection to missile launch, as well as for the average flight
speed of the missile up to the point with the target.

Due to the limited capabilities of launchers in terms of
weight and geometric characteristics of missile ammunition,
it is necessary to search for all possible reserves to increase
the average speed of flight within a predetermined, fixed
weight of the missile.

One of the most effective ways to increase the average
flight speed of a missile is to increase its thrust-to-weight
ratio in the launch phase of the flight.

A quantitative assessment of the dependence of the ave-
rage flight speed on thrust-to-weight ratio is obtained on the
basis of the well-known equation of motion of the missile’s
center of mass in projection on the tangent to the trajectory
[2 4]
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The characteristics of the conditional version of the mis-
sile were taken as the initial data.
In the process of calculations the value of the thrust force
of the starting engine was discretely changed and the depen-
dence was obtained

Vuveruge :f ' ({:)’
where V

verage  AVOTAZE missile flight speed; ¢ — the mis-
sile’s thrust-to-weight ratio.

From the obtained dependence (Fig. 1) it follows that
for values of ¢ <15 + 20 there is intense growth V verage
(at a fixed launch weight of the missile). As we further
increase ¢ slew rate Vave’,age decreases, and there is a cer-
tain limit to which the average velocity asymptotically
tends to & — oo,

In real designs, the transition to large thrust-to-weight
ratio (¢ > 70) is accompanied by a sharp increase in the
dimensions of the starting engine, as a result of which it be-
comes difficult to place the missile on an empty installation.

Therefore, levels are practically used 50 < £< 70.

74

1(33)/2022 - WEAPONS AND MILITARY EQUIPMENT



ISSN 2414-0651 (apyk)

PakeTHi komnnekcu

With this level of thrust-to-weight ratio, even with a re-
latively small weight of the missile at the level of (20—30) kH,
the thrust value of the starting engine should be equal to
R=(1-2) MH.

This circumstance gives rise to a number of difficulties
in ensuring the integrity of the launcher and the remaining
missiles under the conditions of the gas jet’s force on their
elements, protecting the crew from acoustic noise, etc.
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Fig. 1. Functional dependence of the average missile flight
speed on the missile’s thrust-to-weight ratio

It is clear that failure to meet any of these requirements
excludes the possibility of launching the missile from the
launcher under its own thrust.

In order to analyze the possible limitations on the above
factors, the issue of the impact of the launch-engine jet on
the elements of the launcher was investigated in this work
using the methodology developed in [5]. The calculation
procedure is as follows.

The gas jet of the launching missile is conventionally
divided into three sections (Fig. 2): the initial one is long x,
transitional (x —x), basic (x > x, ).

da

du |
de

dx

Xy I

Fig. 2. Three notional sections of the gas jet of a launching
missile

At each of these sites, depending on the degree of unac-
countability

P,

PH

where P, — static pressure at the nozzle shear, its law of

pressure distribution along the axis of the jet and in its cross
section is assumed.

Taking into account the fact that according to the law of
change of motion, the total force acting on a boundless ob-
stacle under the influence of a gas jet is equal to the reactive
force

n= > 1,

R =JEP- dF = const

and also by taking the pressure distribution in each cross
section according to the dependence

AE* (l" JZ
- = EXp|—a — )
AP X

m

2

where AP" — pressure at the i -point away from the axis
of the gas jet at a distance 7, AP, — pressure on the axis
of the jet, separated from the nozzle exit by a distance x;
a — turbulence coefficient which depends on the degree of
non-calculation »n (Fig. 3).
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Fig. 3. Dependence of the turbulence coefficient on the
degree of uncalculability

Let us determine the pressure at different distances from
the nozzle cutoff. The pressure distribution law for the main
section is represented as a dependence:

ap; =R
X

In the cylindrical section of the jet, the pressure along its
axis is assumed constant and its value is determined by the
empirical relationships

AP =[m— b(n l)]F£° if 1<n<S§

a
R 3)
‘ if
AP, =0,18—, n >3,
F,
where m,b — experimental coefficients, determined by
pressure measurements in the jet; F, — is the area of the
nozzle outlet cross section.
At the site X, (Fig. 2) the pressure is assumed to change
according to a linear law (from the braking pressure at the
nozzle cut to the pressure at the cylindrical section of the jet)
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F > AP’ >[1-0,205(n - 1)]Fa. @

The pressure distribution in the cross section of the jet is
taken as follows:

- initial gas-dynamic section:

a) expansion section

AP* =AP" = const; )
b) cylindrical section
AP*u =AP’ = const; (6)

c) the transitional section

. . ‘R
AP, = AP, = a — =const, if

X

0<r<r

. . r—rY (7
AP, =AP, -exp —a =~ Lo r>r.
X ;
where r. = the distance from the center of the core of the
transition site;
- basic area

2
ap; =ap; =48 exp[— [—] }
T-x x

Geometric parameters of the proprietary jet are founded
by empirical relationships:
a) length of the expansion section

x,=0,66(m—1)-d,if1<n<4
x,=2-d,if n>4,

where d, — the diameter of the nozzle cutoff;

b) distance from the nozzle cutoff to the end of the cylin-
drical part of the jet

c) diameter of the cylindrical part of the jet

d
=——92 _if 1<n<s;
1-0,205(n 1)
d =235-d,, if n»5;

d) diameter of the jet in the expansion section

ded 4 =9,
Xo )
e) limits of the transition site core are taken linear and the
diameter of the core is determined by the expression

c

d . =(x.—x) d,, if x,<x<x;

X, —X,

f) limits of the jet in the basic section can be found from

Table 1 shows the results of calculations to determine the
pressure along the gas jet and the limit of its main section,
depending on the relative distance from the nozzle shear

X= di for a starting engine that has R = 110 kH . da = 0.22 m.

a

Table 1
X
Parameter
0 |1...12,8| 15 20 25 30 40
AP"mI[I-I/MZ]JO5 29,1 20,1 14,5 | 8,18 | 5,23 | 3,64 | 2,04
7o ollM] 0,11 | 0,133 |0,334(0,446|0,55710,6690,891

Pressure distribution over the jet cross section at a dis-
tance from the nozzle shear x = 20 for this engine is given
in Table 2.

Table 2
r[m] 0 0,091 | 0,178 | 0,268 | 0,357 | 0,446
AP*m] [HAL)10° 8,18 | 6,78 | 3,92 | 1,55 | 0,437 |0,0818

The character of pressure changes at the limit of the basic
section of the jet and at its axis depending on changes in the
thrust force of the starting engine is shown in Fig. 4 and 5,

respectively.
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Fig. 4. The character of pressure change at the limit
of the main jet section depending on the change in thrust
force of the starting engine

As follows from the above dependences at thrust level
R > 1 MH the pressure on the axis of the gas jet is
AP*m,> (4,1 :12)9) - 10° H/m?at x =20...10 m from the
nozzle cutoff), i.e., several times greater than the specified
norms for the impact of a nuclear explosion shock wave
[6].

Consequently, on the one hand, to ensure high levels of
average missile flight speeds for anti-ship missile complexes,
an increase in the thrust of the launch engine to the value of
R=1MH at 50 << 70.

the ratio
A!_,a 2
—=0.01=exp| — g r i
AP x
L2
2p 0,01 ’\/E "
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Fig. 5. The character of change of pressure
at the boundary on the jet axis depending on change
of thrust force of the launch engine

On the other hand, when launching the missile with this
level of thrust, there is a significant dynamic loading of the
launcher, which exceeds the allowable norms and this ex-
cludes the launch of these types of missiles under their own
thrust entirely.

These circumstances lead to necessity of transition from
open launch of missile under action of thrust force of mis-
sile’s starting engine to launch with use of special gas ge-
nerators with following launch of the starting engine at safe
altitude.

The study of such a launch scheme, the development of
a methodology for optimizing the parameters of the subsys-
tem «container — missile» predetermined the main focus of
research in the section of the work.

The issue of selecting a safe launch altitude of the starting
engine (#,) in the work was not investigated, because H de-
termined by the author in the course of the field experiment
and set as a constraint in the developed model.

It is worth noting that the containerized launch of a missile
can be implemented either obliquely or vertically. In order
to solve the issue of selecting a launch pattern, it is also
necessary to take into account the constraints imposed by
the target firing conditions.

ANALYSIS OF RESTRICTIONS IMPOSED ON

THE LAUNCH METHOD BY TARGET FIRING

CONDITIONS

When assessing the capabilities of anti-ship missiles to
fire against surface targets, it is essential to take into account
the balance of time and the limits of the kill zone of the
coastal missile system.

1. The time balance of the missile system [7] is the ratio
between:

- disposable (¢ Jispos
shooting (T e shood)>

-available (¢’ . )and the necessary time to prepare and

conduct the shooting (z,, , . ).

) and the necessary time to prepare the

This target can be fired only if

> X >
(Tdispos) - Tprep.xh(mt’ T available — Tconduc[ shoot >

where 7 dispos time of target movement before it enters the
launch area; 7’ .~ — the time to move the target before it
leaves the kill zone.

Analysis of the reaction time of existing launchers, cal-
culated from the moment of target detection (target desig-
nation) to missile launch, showed that the required time of
deployment of the artillery unit with missiles in the firing
position (and the development of inclination of the missile to
the combat course — in case of inclined launch with guidance
by azimuth and elevation angle) for the launchers of missile
systems takes 23 ... 26 seconds.

Reducing the reaction time of the launchers can also
be achieved by launching missiles at constant angles of
elevation. However, this is accompanied by an increase
in the time to bring the missile to the desired trajectory.

In this regard, it is necessary to find acceptable design
solutions to reduce this time. Varying the magnitude of trans-
fer velocity provides only a partial solution to the problem
of reducing the reaction time of the launchers.

The studies [4] performed to establish the dependence
of the time of launch of an inclined launch missile on the
accuracy of targeting have shown that an increase in the
orientation error of the launch vehicle relative to the angular
coordinates of the preemptive point by 5 ... 10 % leads to
an increase in the time of flight of the missile to the point of
rendezvous with the target by 2.5 ... 7.5 %.

Consequently, when launching missiles at constant angles
of elevation, it is necessary to solve the issues associated
with providing forced compensation for the targeting error.

2. As mentioned above, the capability of anti-ship missiles
to fire against surface targets at the borders is also determined
by the configuration of the kill zone of the coastal missile
system (especially the value of the near border of the kill
zone, as well as its azimuthal characteristics).

Fig. 6 shows the comparative characteristics of such zones
for the vertical and fixed oblique launch modes of missiles.

Implementation of design solutions that reduce the coun-
ter compensation time may allow a more complete use of
the advantages of vertical launch, including the absence of
the required time to move the artillery part with missiles to
the target.

With this launch method, the required initial flight speed
of the missile can be provided by using external energy
sources. Further, in the initial part of the active flight of the
missile, it is possible to turn it toward the target with the help
of aerodynamic controls or by using special impulse devices.

Application of such controls doesn’t require much time for
acceleration of the missile to speeds determined by efficiency
of controls in the aecrodynamic way of control.

In addition, the ability to control the flight of a missile
with low flight speeds allows the missile to turn at high an-
gular velocities, which contributes to compensating for the
counterattack error in a short time comparable to the dura-
tion of bringing the missile to the trajectory of the required
movement during an inclined launch.
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Fig. 6. Comparative characteristics of the near end kill zone and azimuthal characteristics for vertical and fixed tilt
missile launch method

CHOICE OF LAUNCH METHOD, TAKING INTO
ACCOUNT THE MISSILE’S SURVIVABILITY
REQUIREMENTS

Based on the assessment of the choice of the launch me-
thod, taking into account the restrictions imposed by the
missile’s thrust-to-weight ratio, it has been shown that the
most appropriate is the use of an inclined or vertical launch
with the launch of the starting engines at a safe altitude.

In addition, when choosing the launch method and the
design of individual subsystems of launchers, it is important
to satisfy the required level of reliability, characterized by
various properties, including the persistence of the missile.

The missile’s survivability [8] will be understood as its
ability to withstand the negative impact of storage and trans-
portation conditions on its safety and durability.

The missile’s survivability is increased by meeting the
requirements for its reliable protection during combat ope-
ration and transportation against mechanical, meteorological
and temperature impacts.

Providing the required level of missile’s survivability, it
is possible to implement the principle of missile’s untested
use from the time of its assembly till the launch.

It would greatly facilitate the issues of operation of the
launcher-missile system under military conditions and would
contribute to the increase of the missile complex perfor-
mance as a whole.

An analysis of the development trend of advanced missile
systems of advanced countries [1] has shown that the imple-
mentation of the principle of missile launch-less operation is
possible with sealed transport and launch containers.

The experience of missile units operation has shown that
when sealed containers are used, the guaranteed periods of
failure-free operation are increased and restrictions are not
set on the distance and speed of transporting missiles by air
and water.

In Table 3 warranty periods for the failure-free operation
of one of the solid-propellant missiles are given.

The data in this table indicate that the storage of missiles
in sealed containers contributes to prolongation of warranty
uptime both in field storage and in warehouses.

Table 3

The warranty uptime

Missile storage conditions . .
operation period

1 In the vault

a) the missile is in a sealed container

7 years

the missile is stored without

b) . 3 years
a container

2. In the field

a) the missile is in a container 3 years
the missile is stored without a

b) 1 year

container

The increase of warranty uptime and the possibility of
implementing the principle of missile trouble-free use are
the determining factors of application of transport and launch
containers in advanced missile complexes. Thus, accor-
ding to the press data [1], starting from all newly developed
foreign missile systems, the use of transport and launch
containers is foreseen.

However, with the use of transport and launch containers,
there is some increase in the weight of the carried ammuni-
tion and the selection of optimal mass-energy characteristics
of the «container-missile» system becomes decisive.

The importance of the issue of selecting the optimal
mass-energy characteristics of the «container-missile» sys-
tem is also important in terms of obtaining the optimal initial
speed of the missile flight (speed at the moment of the missile
exit from the container), which to a certain extent can affect
the mass-energy characteristics of the missile.

78

1(33)/2022 - WEAPONS AND MILITARY EQUIPMENT



ISSN 2414-0651 (apyk)

PakeTHi komnnekcu

Let us illustrate this with the following example.

It is known that the amount of fuel (m,,) and the engine
mass of the missile’s launch stage (meng) are approximately
determined by the expressions [4]

V
m,, = m,|1—exp (-—3)|;

. - (13.1)

mengl = (Byngli 1)mT]5 (132)

where m; — missile’s launch mass; V| — the speed of
the missile, determined by m_; P, — specific thrust of the
starter engine; Bengl — the structural-mass characteristic of
the launch engine.

The value of the coefficient of missile velocity loss at the
launch section (k) determined by empirical dependencies
[9, 10]:

- for missiles with tandem boosters

k,=0,97-0,15- 107 (V, - 300); (1.3.3)
- for missiles with peripheral boosters
k,=0,92-0,25- 107 (V, - 300). (1.3.4)

Target value of missile flight speed at the end of the launch
section ¥, can be provided by using the combustion energy
of the starting engine ¥, and the pressure powder accumu-
lator V , i.e.

V,=V,+V.

n

(1.3.5)

Using the expressions (1.3.1 — 1.3.5), we determine the
quantities m,, and M depending on speed change V, with
initial data: V', = 600 m/s, m;, = 2500 kg, P, = 2200 H.s/

1

kg, B =1,5.
> Fengl ’
The results of the calculations are summarized in Table 4.
Table 4
Missile with axial booster | Missile with
v, ateral boosters
[rn7s]
My mengl’ Am b My mengl’ Am )¢
[ke] [ke] [ke] [kg] [ke] [ke]
0 641 320,5 0 691 3455 0
20 621 310,5 29,5 672 336,0 28,5
40 600 300 61,5 651 3255 60,0
60 583 291,5 87,0 630 315,0 91,5
80 567 283,5 | 121,0 613 306,5 | 116,0
100 543 271,5 | 147,0 580 290,0 | 166,5

The analysis of Table 4 proves that as the missile’s exit ve-
locity from the transport and launch containers increases, due
to the use of the combustion energy of the pressure powder
accumulator, there is a decrease in the fuel consumption of
the starting engine and when the missile’s initial flight ve-
locity is reported ¥ =100 m/s its total mass can be reduced
by Amg=Am,+m, = 147..1655 kg.

However, this problem was solved without taking into
account the changes in the mass and energy characteristics
of the pressure powder accumulator and the transport and
launch containers, which provide an increase in the initial
missile flight speed. The increase in velocity is associated

with an increase in pressure in the launch vehicle volume,
which in turn leads to an increase in the weight of the con-
tainer, the gas generator and additional loading of the mis-
sile’s bottom.

Consequently, to obtain an answer about the optimal
mass-energy characteristics of the system «container-mis-
sile» requires a comprehensive study to establish the condi-
tions that provide an overall gain in the value of the average
missile flight speed, taking into account changes in the total
weight of the system «container-missile» and its elements.

The solution of the issues of optimization of mass-energy
characteristics of the «container-missile» system in this for-
mulation requires consideration of the launchers not only as
a missile launching system, but also to assess its capabilities
for missile transportation. This is caused by the fact that for
missile systems the tasks of transportation and launch are
strictly normalized.

A BRIEF DESCRIPTION OF THE STRUCTURAL
DESIGN OF THE INVESTIGATED
«CONTAINER-MISSILE» SUBSYSTEM

It was shown above that the solution to the problem of
missile launches, taking into account the limitations imposed,
is provided by a vertical (inclined) container launcher with
communication to the missile of the initial speed of flight by
using the energy of extraneous sources. For the investigated
launcher, the pressure powder accumulator (3), placed in the
missile launch volume by transport and launch containers, is
used as an extraneous energy source (Fig. 7).

Missiles (1) during transportation and prelaunch are
in sealed containers (2). And on each launcher is placed
an independent package «container-missile». The need
for the use of independent packages is determined by
the conditions of recharging the launcher, as well as
the fulfillment of the requirements of virtualization of
the subsystem «container-missile» in the prelaunch
period [9 — 11].

After taking the starting position, the installation of con-
tainers in a vertical position is carried out by power drives.
In the pre-launch period and during the launch of missiles,
the containers rest on the ground, have elastic connections
with the chassis (4) of the launchers and have a degree of
freedom in the vertical plane.

The missile launch process begins with the moment of
ignition of the charge of the gas generator of the powder
pressure accumulator, which has a progressive consump-
tion characteristic. With the start of the combustion process,
the gases enter the container backfill volume and create an
overpressure P,.

When the force acting on the bottom part of the missile
reaches a value (P - F,) that exceeds the weight of the mis-
sile and the total resistance to motion, the missile begins to
rise upward. As it moves, the pressure-powder accumulator
charge combustion progresses, which ensures that the pres-
sure in the container space remains constant. Under these
conditions, it is possible to give the missile maximum velo-
city at optimal overloads during its movement.

If a malfunction of the powder pressure accumulator oc-
curs during the movement of the missile through the trans-
port and launch containers, the missile will not impact the
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Fig. 7. Vertical container launcher

bottom of the container, since a back-up pressure is created
in the missile volume, which takes time to collapse.

During this time, the missile will take its initial position,
i.e., the missile is expected to descend at low velocities.

After the missile is moved away from the container cutoff
to a safe altitude, the engine of the launching stage is started
and the missile is inclined towards the target.

It should be noted that for the considered structural
scheme of the launcher, solving the problem of optimizing
the mass and energy characteristics of the «container-mis-
sile» subsystem, taking into account all factors affecting
the launch, flight and transportation of missiles, is quite a
complex problem. In this connection, within the framework
of the research to be conducted, we will assume that:

- missile transportation speed and conditions are un-
changed and the change in power requirement of the running
base engine is conditioned by the change in the total weight
of the «container-missile» system;

- the missile velocity profile remains unchanged when vary-
ing both the mass and energy characteristics of the system,
«gas generator-container», and the missile’s launch mass;

- the missile flight speed at the end of the launch sec-
tion is known, and achieving its required value is ensured
both through the work of the missile’s launch gas pedal and
through the course of gas dynamic processes during combus-
tion of fuel in the pressure powder accumulator;

- a change in the missile’s launch mass leads to a change
in the mass of its constituent parts, but at the same time,

the relative structural mass characteristics of the propulsion
system and the hull remain constant.

The introduction of these assumptions greatly simplifies
the mathematical apparatus used and specifies the process
of optimization of the subsystems under study, making it
possible to obtain practically acceptable results.

CONCLUSIONS

1. Specific features of combat use of anti-ship missile
systems require, when choosing the method of launching
missiles, to take into account the limitations caused by the
level of thrust-to-weight ratio of the missile, requirements to
firing at targets on the close range, increasing requirements
for the reliability of missiles during long-term storage and
operation in the field conditions.

2. The satisfaction of these requirements for anti-ship
missile systems is most fully achieved by using the verti-
cal gas-dynamic method of launching missiles with forced
declination of the missile on the trajectory of the required
movement.

3. The transition to the vertical launch from trans-
port-launch containers is accompanied by a sharp aggrava-
tion of the weight problem due to the appearance of addi-
tional elements (containers, gas generators, etc.) on mobile
launchers, in connection with this the establishment of opti-
mal distribution of mass and energy characteristics between
the individual subsystems becomes important.
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3BepurxoBchkuii I.B., 3ipka M.B.,
Kyuuncbka O.b., 3inuenxo 1./1.

AHAJII3 BUMOT 10 CITIOCOBY CTAPTY
INPOTUKOPABEJIBHUX PAKET, BU3HAYY-
BAHUX CIIEUPIKOIO CYYACHUX MOP-

CBHKHNX 03BPOEHH I CTPATET'TI BOEBOI'O
BUKOPUCTAHHSA BMC

Y cmammi asmopamu nokasaHo, wo cheyugiyHi oco-
61ugocmi 60008020 3acMocy8aHHA hpomukopabesnbHUX
pakemHux KomnJekcie sumazarome npu eubopi cnoco-
6y cmapmy pakem 8paxy8aHHA OOMeXeHb, 3yMOB/IEeHUX
pisHeM msA20036poeHOCMIi pakemu, sumozamu obcmpiny
yinel Ha 6/UXHIU MeXi ypaxxeHHs, ni0BUWEeHHAM 8UMOe
0o HaodiliHocmi pakem npu mpusasnomy ii 36epicaHHi ma
ekcniyamayii 8 Nonbosux ymoseax. 3a0080J1eHHA 3a3Hd-
YeHUX 8umo2 0719 hpomukopabeslbHUX paKkemHux Komn-
JleKcig HalnogHiwe 00CA2AEMbCA 3aCMOCYB8AHHAM 8ep-
MUKAIbHO20 2a300UHAMIYHO20 cnocoby cmapmy pakem 3
hOpCOBAHUM CXUMAHHAM pakemu HA Mpaekmopito Heob-
XiOHO20 pyXy. 3aCMOCYy8aHHA 8epMUKAIbHO20 20300UHA-
Mi4HO20 KOHMeliHepHO20 cmapmy npomukopabenbHuUx
KoMnJiekcie bepe2o8Ux pakemHUX KOMNJIeKci8 cCnpu4UHAE
HeobxiOHicMb 8upilleHHA NUMAHL ONMUMAJIbHO20 8U6O-
py MdAcoso-eHepzemMuUYHUX Xapakmepucmuk niocucme-
MU «KoHmeliHep-pakema. [TpedcmasneHuli nioxio mMoxe
6ymu sukopucmaHuli Ha NOYAMKOB8UX emanax po3pobKu
NycKoBUX YyCMAHOBOK pakemHUX KOMNJIeKCi8 8epmuKarib-
HO20 cmapmy 3 Memolo 8UpiweHHa numaxe 8ubopy onmu-
ManbHOI KOHCMPYKUIi nidcucmemu «KoHmMelHep-pakema
ma nyckosux yCmaHoB8OK 3a2aJIOM.

Knrouoei cnoea: subip cnocoby cmapmy npomukopa-
benlbHUX pakem, 0bMexXeHHs, 3yMOo8JieHi pisHeM MA2003-
6poeHocmi pakemu, sumoau obcmpiny yinel Ha 6UXHIG
Mexi, noyamkosi emanu po3pobKU Nyckosux YCMAaHOB0OK
paKemHux KOMNJiekcie 8pmuKaabHO20 cmapmy.
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