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DETERMINATION OF RELIABILITY INDICATORS OF COMPLEX ELEMENTS
OF ROCKET COMPLEXES IN TRANSPORTATION OF ROCKETS

Under the missile system (MS) it is understood that the totality of the functional and technologically interconnected
missiles of a particular type, technical means and facilities intended to maintain their readiness for use, launching missiles,
controlling their flight, and performing other tasks (for example, protecting a missile from the impact of the attacking
factors enemy weapons). The main properties of LWR are survivability, combat readiness, effectiveness of the action on
the target, ability to overcome the enemy's resistance, reliability, manageability, reach. The property of the Republic of
Kazakhstan as a whole and its constituent parts separately keep in time the ability to perform functions in accordance with
the intended use under the specified modes and conditions of operation (at application, maintenance, storage,
transportation). The paper considers the concept of reliability of MS, whose increase is considered one of the important
tasks. One of the most important indicators of reliability during operation of the LWR is to ensure the mechanical
preservation of their component parts. It is understood that the preservation is understood as the ability to preserve the
specified mechanical properties, in particular, during and after transportation. In the process of transporting a rocket, its
structure is exposed to various external forces that vary in magnitude and time. During operational loads, there is a process
of complex interaction of external force factors. Estimated and experimental studies of the effect of actual operational loads
on a launcher with a rocket (LWR) present considerable difficulties, especially considering the dynamics of loads. Apart
from this, on the PUs there are striking factors, due to the use of weapons by the enemy. These effects can cause damage
and failure as separate elements of the LWR and the product as a whole. The use of LWR constantly requires the solution
of specific tasks to ensure the mechanical safety of structures, for the solution of which developed new methods. There are
differences between the results obtained to ensure the mechanical safety of the components of the MS and the real results
obtained on the basis of existing methods. However, the level of development of the means of defeating the enemy,
mechanical safety of the components of the LWR, under the influence of vibration and shock loads, is not ensured. In the
considered woMS, it is proposed to evaluate the reliability of the launcher with the rocket during the transportation process
with a complex indicator - the coefficient of operational readiness of the launcher with the rocket. The given mathematical
model of determining the coefficient of operational readiness of the launcher with the rocket during the transport of the rocket.

Keywords: reliability; rocket complex; launcher; reliability; reparability; safety; indicators; mathematical model.

Introduction

One of the components of combat readiness of
missile systems (MS) is their reliability. Increasing the
reliability of the components of the LWR is one of the
most important challenges faced by developers,
manufacturers and specialists using rocket technology.
In conditions of conducting military operations,
increasing the reliability of the MS, ensures the success
of the tasks.

The impact of reliability on the combat capability
of the MS is such that the number of launchers (L) and
missiles required for the combat task is inversely
proportional to their reliability. Increasing the reliability
of MS by 1% leads to an increase in the number of
combat heads delivered by missiles to targets by 15-17
units, which allows you to hit the same amount of
additional enemy objects [1, 2].

One of the most important indicators of reliability
during the operation of the MS is to ensure the
mechanical safety of their constituent parts
(preservation - the ability to maintain the specified
mechanical properties, in particular, during and after
transportation). In the process of transporting a rocket,
its design is subjected to the influence of various
external force factors, varying in size and time. In the
general case of operating load there is a process of
complex interaction of external force factors. Estimated
and experimental studies of the impact of real
operational loads on missile launcher (LWR) present

considerable difficulties, especially given the dynamics
of loads. In addition, on the LWR there are impressive
factors used by the enemy of the weapon. These
influences can be the cause of damage and failure as
separate elements of the LWR and the product as a
whole [1].

Formulation of the problem

The practice of the use of MS constantly requires
the solution of specific problems of mechanical
preservation of structures, for the solution of which
developed new methods. However, there has recently
been a discrepancy between the required results, which
correspond to the current level of development of
scientific methods for ensuring the mechanical
preservation of the components and real results obtained
on the basis of existing methods.

For example, during the transport of missiles, in
the course of providing combat operations, the peak
values of transverse overloads of missiles can reach
values of 4, with the maximum permissible value of
overload of the constituent parts of the LWR-2 [2]; the
likelihood of a defeat of the LWR with an increase in
the time of its occurrence under bombardment increases
in (1,5-2 times) [3]. Thus, taking into account modern
approaches to the methods of fighting and the level of
development of the means of defeating the enemy, the
mechanical safety of the components of the LWR, under
the influence of vibration and shock loads, is not
ensured.
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Analysis of recent research
and publications

The scientific basis of studies of the level of
reliability of components of the MS to the tasks is: the
theory of the effectiveness of military equipment, the
technical operation of machines, the theory of reliability
of products, the theory of probabilities and
mathematical statistics. The main dependencies used in
determining the level of reliability of the components of
the MS are given in [1, 2]. Proposals for assessing the
reliability and readiness of modern equipment products
are given in [4 -12]. In [6] analytical dependencies of
the factors of serviceability and combat readiness of
armaments and military equipment were developed.

Since the methods of reliability theory and
methods of reliability are applied in various fields of
science and practice, then the literature on reliability is
quite diverse.

There is enough educational, monographic and
reference literature on reliability.

The most complete reliability issue is presented in
the ten-volume manual [4].

This guide presents methodological aspects of the
reliability of technical products, calculation and
organizational methods for ensuring the reliability of
products at different stages of their life cycle, starting
with the designers design before the aging and
decommissioning techniques. The main document,
which lists the systems of reliability standards, is DSTU
2860 - 94 "Reliability of technology. Terms and
definitions."

However, in certain dependencies and data are not
given on the generalized assessment of the existing level
of reliability of the components of the MS and the
determination of the required level of reliability of
perspective complexes.

The purpose of the article is to obtain an
addiction to assess the level of reliability of the
elements of the MS in the performance of tasks for the
purpose and determine the effect on it of individual
properties.

Presenting main material

Maintaining a given level of reliability of the
constituent elements of the MS remains the most
important task that is solved during their exploitation.
The solution to this problem is complicated by the fact
that MS is a complex technical system consisting of tens
of thousands of elements that function during significant
time periods in tense modes.

The need to maintain a high level of reliability of
the MS also follows from the fact that these complexes
are weapons that are in constant high combat readiness.
Frequent carrying out on restoration of reliability of
complexes, which are on combat duty, leads to a
significant reduction of combat readiness of the
grouping.

The level of reliability of the complex significantly
affects other indicators of its operation. Increasing the
level of reliability of the components of the complex
reduces the labor costs and the number of personnel of

units supporting the combat readiness of the complex,
reduces the required amount of spare parts.

Reliability indicators are known to be
probabilistic. This is due to reasons that can be divided
into two groups.

The first group includes the reasons caused by the
instability of the properties of elements and systems of
components of rocket complexes due to the
heterogeneity of the source materials, the instability of
the technological processes of their production, and
others.

The second group includes reasons caused by the
accidental nature of the conditions of exploitation and
military use of the MS.

In terms of the reliability of the functioning of the
MS, the complex, in general, should consistently
perform the following functions, with the necessary
level of reliability, [1]:

- maintenance of the missile complex in the
specified degree of readiness for combat use during the
specified term of its operation 7. The probability of
finding a MS, at the moment of giving the command to
the launch, in the state of readiness for combat
application, is estimated by the coefficient of readiness
of the K;

- preparation for start-up after receiving the
command and launching the missile at the set time ¢,
Probability of the preparation and launch of the rocket
P, characterizes the reliability of systems and
elements of the MS during the period #, - from the
moment the command is presented to the launch of the
launch rocket from the launching station;

- a rocket flight. The probability of a successful
flight of a rocket R(z,,) characterizes the reliability of
systems and elements of the LWR during the time ¢, -
from the moment the missile launches from the launch
vehicle to the delivery of the warhead to the target.

To assess the degree of performance of the MS of
the above functions, a generalized reliability indicator is
used, which implies the probability of a successful
delivery with the given accuracy of the warhead to the
target when the command is received for launch at any
time of operation of the complex.

At the stage of operation of the complex its
reliability is reduced due to the degradation of the
properties of systems under the influence of operational
factors. Reliability of the MS can be maintained through
constant monitoring, control periodic inspections and
regulatory works.

Thus, the reliability of the MS depends on the
circuit design features of its systems, the quality of the
components and characteristics of the operation process.

It is proposed to assess the reliability of the
launcher with the missile in the process of transportation
by a complex indicator - the readiness factor of the
launcher with the Kogzmr rocket, which is defined as
follows:

KoGrwr = Kogru - Kogr> (1)

where Kogpy - coefficient of operational readiness of the
launcher; Kogr - coefficient of operational readiness of
the rocket.
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The readiness factor is the probability that a rocket
launcher will be in a state of combat at any one time,
except for scheduled periods, when the use of the object
is not foreseen, and starting from this moment, will
work without fail for a given period ¢ [13].

The operational readiness rate of the Kogpy
launcher is determined as follows:

Kocru =Kors - g (1), (2)

where Kos - coefficient of readiness of the launching
station; Py,(?) is the probability of failure-free operation,
the probability that within the set time t does not occur
the failure of the launcher.

P () =1=Fpy (1), 3)
where Pypy(t) - the probability of failure of the launcher.
Bpy()=R+bH-H-b, (4)

where P; - is the probability of forecasted missile
failures; P, - probability of non-predicted missile
failures (battle damage).

For a period of normal
exponential law of reliability [13]:

operation, a fair

t
~[Mp)dt

Pp(t)=1-¢ 0 =1—e_M, A =const, (5)

where A (t) is the intensity of the failures.

The readiness factor for the Kggy - launcher is the
probability that the launcher will be in an operational
state at any time, except for scheduled periods during
which the use of the launch vehicle is not foreseen.

From this definition it turns out that the readiness
factor characterizes the readiness of the launcher for its
intended use only in relation to its combat capability
and it means the probability that the launching device

KOGPU

will be able to be in an operational state at any given
time, and this time moment can not be selected at
intervals where the application of the launcher is
excluded.

The value of Kogpy corresponds to a given interval
of the time of operation of the launcher, with the
increase of which the coefficient of operational
readiness monotonously decreases. Therefore, taking
into account the coefficient of operational readiness, one
can determine the average number of operational
launchers before the end of the operation (period t)

Mgpg,, ():
Mgpr,, (1) = Kogpy () - Mspg,,, (6)

where Mgpp, , - the number of able-bodied launchers

at the beginning of the operation.

Taking into account the average speed of the
launcher, depending on the category of conditions of its
operation, this formula can be written down through the
mileage in km:

Mpg,, (L) = Kogpy (L) M spgp, » ()

where L — mileage km.
Adoption of a mathematical model:
- fornew LWR P(L)=1 where L = 0;
- during the warranty period P(L)=1.
- Lim;_, P (L)=0,
- dP(L)/dL <0,
Initial conditions:
L=0 P(L)=1; Lg<L,. 8

Charts of the dependence K,gpy for launchers at

various operating conditions from run Z, are represented
on Fig. 1.

4 3 2 1

L. thousands lm ¥

Fig. 1. Chart of the change of the Kygpy from L to launchers
in different categories of operating conditions

Probabilities of non-predicted missile failures — P,
related to the use of an enemy weapon.

Probability of not impressing launchers without
taking into account the time spent in the zone of fire, is
determined by the dependence [3]:

P2 =1_PG’ (9)

*

PGze_}\‘ Sa (10)
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where ¢* - the distribution density of the field of
fragments, units/m?; S — the projection area of the
target in a fragmentary field, m.

The probability of not impressing the Pg
launchers, taking into account the time spent in the zone
of fire and the moment of its detection, is determined by
the expression [3]:

_ L _ —p~)vl:|

Ps(0) p.m[l P, (11)

where A — the number of shots per target in time t = t'-

T, hours; 7 — time of the launcher in the area of fire,

hours; T — time of detection of launcher, hours; p — is
the probability of reaching the target.

Coefficient of operational readiness of the Kogr
missile is determined as follows:

Kogr = Kgr - Par (1), (12)

where Kgr - rocket readiness factor; Ppp(t) - the
probability of failure-free operation - the probability
that within the specified time # will not occur missile
failure.

Ppr(t) =1- B (), (13)
where Pyg(t) - probability of missile failure;
Pgp(t)=Rp + P —Ag Py, (14)

where P;r(t) — the probability of missile failures during
the forecasting; P,p(t) is the probability of missile
failures that are not predicted.

The probability of missile failures in the predicted
transport - Pr(?) is determined as follows:

Rp(t)=1-Pgr(2), (15)

PB]R(t)zl’ where nl-Snpe,,

PB]R(t) =1_e_”per/ni’ where n; - npe},,

=1 = Rpers

where n; — the number of bends (fluctuations) of the
rocket during transportation; n,,, — average permissible
number of bends (fluctuations) of the rocket during
transportation.

The probability of missiles failing during
transportation that is not predicted - P,p(?) is determined
by the expressions (9 - 11).

A comprehensive indicator Kogiwr, which is
determined by the formula (1), estimates comprehensive
assessment of the reliability of the launcher with a
rocket in the transport process.

Conclusions

1. An approach for quantitative assessment of the
reliability of component elements of the MS during the
transport of missiles is proposed. The obtained
dependencies allow us to estimate the level of reliability
of the component elements LWR, as a component of the
readiness of the MS to perform tasks.

2. Dependencies for assessing the reliability of the
elements MS make it possible to determine the effect on
it of individual properties and to identify ways to ensure
a high level of reliability of the elements MS during the
development of requirements for modern missile
technology samples.
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BusnHayeHHs MOKA3HUKIB HANIHHOCTI CKJIAJOBHX €JIEMEHTIB PAKETHHX KOMILJIEKCIB
NpH TPAHCIIOPTYBAHHI paKeT

A. B. KosryH, B. O. Tabynenko

IMin pakernum xomiuiekcoM (PK) npuiiHaTo po3ymiTH CyKynHICTh (YHKIIOHAIBHO 1 TEXHOJIOIIYHO B3a€EMOIIOB'SA3aHUX
paKkeT KOHKPETHOr'O THIly, TeXHIYHMX 3ac00iB i CHOpYJ, NPU3HAUCHUX JUIS MIATPUMKHU iX B FOTOBHOCTI JJO 3aCTOCYBaHHS,
IIyCKY paKeT, YNPaBIiHHA iX MOJBbOTOM 1 BUKOHAHHS IHINNX 3aBJiaHb (HANPUKIAJ, 3aXMCTY PAKETH BiJl BIUIUBY BPa)KarOuMX
¢axropiB 30poi nporuBHHKa). OcHOBHUMH BiactuBOCTsIMH PK €: xuBydicTh, GO€roroBHicTh, €()EKTHBHICTH Aii MO MLiii,
3ATHICTH JOJaTH TPOTHJIII0 CYIPOTHUBHHKA, HaJaiHICTh, KEpOBaHICTh, JOCSDKHiCTh. Biactusicte PK B mimomy i ioro
CKJIQJIOBUX YaCTHH OKpeMO 30epiraTté B 4aci MOXIIMBICTb BUKOHYBAaTH ()YHKIIi BIIIOBIZHO 10 NPU3HAYCHHS NPU 3aTaHUX
pexMMax 1 yMOBax eKcruryaTauii (Ipu 3aCTOCYBaHHI, TEXHIYHOMY 0OCIIyrOoBYBaHHI, 30epiraHHi, TpaHCIIOPTYBaHHi). Y poOoTi
PO3IIIHYTO MOHATTA HajifHocTi PK, mifBUINEHHS SKOI BBa)Ka€ThCs OJHIEIO0 3 BaXJIMBHUX 3a1ad. OJHUM 3 HalBaXJIMBIIINX
MOKa3HUKIB HagiliHOcTi mpm ekciuryaramii PK e 3abesrmeueHHs mexaniyHol 30epiraHHs iX ckiagoBux dvacTud. Ilin
30epeKEeHICTIO TPUIHATO PO3YMITH 3JIaTHICTH 30epiraTW 3aJaHi MeXaHiYHi BIACTHUBOCTi, 30KpeMa, B Iepiox 1 micis
TPaHCHOPTYBaHHs. Y IPOLECI TPAaHCHOPTYBAHHS PAKeTH, 1i KOHCTPYKIS MiAJAeTbcs BIUIMBY Pi3HUX 3OBHIIIHIX CHJIOBUX
(axTopiB, 110 3MIHIOIOTHCS 3a BEIMYMHOI 1 B yaci. [Ipm ekcruryaTamifHUX HaBaHTaXXEHHSIX Mae Micle IMpOoIec CKIIAIHOI
B3aeMOJii 30BHIIIHIX cHiIoBUX (akropiB. Po3paXxyHKOBI 1 eKCIEepUMEHTallbHI JOCHIJUKCHHS BIUIUBY pEaIbHHUX
eKCIUTyaTallilHNX HaBaHTa)XXC€Hb HA IYCKOBY YCTaHOBKY 3 pakeroro (IIYP) mpencraBiisitoTe 3HauHI TpyAHOLIi, OCOOJIHUBO 3
ypaxyBaHHSAM JMHAMIYHOCTI HaBaHTaxeHb. KpiM nporo Ha ITYP nirors Bpakaroui akTopH, 3a paXyHOK 3aCTOCYBaHHs 30poi
nporuBHUKOM. Lli i MOXyTh OyTH NPUYMHOO TOLIKOKEHb 1 BUXOLY 3 Jaay sK okpemux enementis ITYP, Tak i Bupobu B
nisiomy. 3acrocyBaHHs PK mocTiliHO BuMarae BHpIIICHHS KOHKPETHHMX 3aBJaHb 3a0€3NCUCHHS MeXaHIuHOi LiIiCHOCTI
KOHCTPYKILIH, Ul BUPILIEHHS AKUX PO3pOOJIsUICA HOBI MeToqu. € BIIMIHHOCTI MK OJEp)KyBaHUMHU PE3yJIbTaTaMH ILIO00
3a0e3edyeHHs MexaHiuHoi 30epexeHHs cKkiaoBux yacTiH PK i peanbHUME pe3ynbTaTaMu, OTpPUMaHUMU Ha OCHOBI iCHYFOUHMX
MmeroziB. OnHaK, piBeHb PO3BUTKY 3ac00iB ypakeHHs NMPOTHBHHKA, MeXaHi4HAa 30epexeHHs ckianoBux udactud IIYP, npu
BIUTMBI BiOpawiifHuX i yZapHUX HaBaHTaXeHb, HEe 3a0e3redyeThcs. Y AaHii poOOTi 3alpOIIOHOBAHO OLIHIOBATH HaJiHHICTh
IIyCKOBOI YCTaHOBKM 3 PaKETOI0 B IIPOLECI TPAHCIOPTYBaHHS KOMIUICKCHHM IIOKa3HHKOM - KOE(Ili€HTOM OnepaTHBHOI
TOTOBHOCTI ITIyCKOBOI YCTaHOBKM 3 pakeToro. HaBeJeHO MaTeMaTHUHY MOZENb BHM3HAuUCHHS KoedillieHTa ornepaTuBHOI
TOTOBHOCTI ITyCKOBOI YCTaHOBKH 3 PaKETOIO Iijl 4aC TPAaHCIOPTYBaHHS PAKEeTH.

KorouoBi cioBa: HagiliHICTb; pPaKkeTHHH KOMIUIEKC; IIyCKOBa YCTAHOBKA; O€3BiJMOBHICTb;, PEMOHTONPHIATHICTD;
30epeKeHiCTh; NOKa3HUKH; MAaTeMaTHYHA MOJIEIb.

OnpeneneHnst MoKa3aTeJiell HaIe;KHOCTH COCTABJISIONINX 3JIeMEHTOB PAKETHBIX KOMILIEKCOB
NP TPAHCIIOPTHPOBKeE PaKeT

A. B. KosryHn, B. A.TaGyneHko

IMog paxerHeiM komiuiekcoM (PK) mpuHATO MOHMMAarh COBOKYNHOCTh (YHKIMOHAIBHO U TEXHOJOTMYECKH
B3aMMOCBSI3aHHBIX PAaKeT KOHKPETHOI'O TUIIA, TEXHUUYECKUX CPEJICTB U COOPYKECHUMH, PeIHA3HAUYCHHBIX AJIS MOANCPKAHUI UX
B TOTOBHOCTH K INPUMEHEHHIO, ITyCKYy PaKeT, YIPABICHHS MX IMOJIETOM W BBINOJIHEHHS APYTUX 3anad (Hampumep, 3aluThl
paKeThl OT BO3ACHUCTBHS MOPAXKAIONIUX (PaKTOPOB OpyXKHs MPOTHBHUKA). OCHOBHBIMU cBOMcTBaMH PK sBIstOTCS: XKHMBYUECTB,
00EeroTOBHOCTh, 3P QEKTUBHOCTh AEWCTBHA II0 LeENH, CIOCOOHOCTH NPEOAONieBaTh NPOTHUBOICWCTBHE IPOTHBHUKA,
HaJIeKHOCTb, YIIPABIAEMOCTh, AocsraeMoctb. CoiicTBo PK B 1ieioM 1 ero cocTaBHBIX YacTeil O OTIEIBHOCTU COXPAHATH BO
BPEMEHH BO3MO)KHOCTH BBINIONHATH (PYHKIUHM B COIJIACOBAHHMHU C IIPEJHA3HAUYCHHWEM IIPH 33aJaHHBIX PEKUMaxX U YCIOBHIX
9KCIUTyaTanuu (P MPUMEHEHUH, TEXHHYECKOM OOCITY)XMBaHHH, XpaHEHHH, TpaHCIOPTHpoBaHNHU). B pabore paccmorpeHo
nonsrue HaaéxHocTu PK, moblieHne KOTOpod cuuTaeTcss OOHOW M3 BaKHBIX 3agad. OOHMM M3 Ba)XHEHIIMX IOKa3aTenei
Han&xHOCTH mTpH dKciutyataund PK ectp obecrnedeHnme MeXaHMUECKOW COXPaHAEMOCTH WX COCTaBHBIX uacrteil. [lon
COXPaHSIEMOCTBIO IPUHATO TOHUMATh CIOCOOHOCTH COXPAaHSTh 3aJJaHHBIE MEXaHWYEeCKUE CBOICTBA, B YACTHOCTH, B MEPUO] U
1ocje TPaHCIOPTUPOBKU. B mpouecce TpaHCIOPTUPOBKU PaKeThl, €€ KOHCTPYKLUS IOJBEPraeTcsl BO3AEHCTBHIO pa3In4HbIX
BHEITHUX CHJIOBBIX (haKTOPOB, N3MEHSIOMINXCS 110 BEJIMUMHE U BO BpeMeHH. [Ipy SKCITyaTalnOHHBIX Harpy3kax MMeeT MecTo
MIPOLIECC CJIOKHOTO B3aMMOJCHCTBHSI BHEUIHMX CHIOBBIX (pakTopoB. PacueTHble M SKCIEepHMEHTANbHBIE HCCIIEIOBaHUS
BIIMSIHUSI peaIbHBIX SKCIUTyaTallMOHHBIX Harpy3oK Ha IYCKOBYIO ycTaHOBKYy ¢ paketoil (ITYP) mpencrammsior 3Haunmble
TPYAHOCTH, OCOOCHHO C YU4ETOM ITUHAaMHUYHOCTH Harpy3ok. Kpome sroro Ha [IVP neiicTByroT nopaxatomue GpaxkTopsl, 3a CYET
MIPUMEHEHHST OPYXKUsI IPOTHBHUKOM. DTH BO3JEHCTBHSI MOTYT OBITH NPEIIOCHUIKON IMOBPEKAECHUI W BBIXOAA M3 CTPOS Kak
oTAenbHBIX eMeHToB [IYP, Tak u m3menus B nenom. [Ipumenenne PK mocrosHHO TpeOyeT pemieHuss KOHKPETHBIX 3a1ad
obecrieyeHNss MEXaHWYECKOW COXPaHHOCTH KOHCTPYKLMM, JUIS peIleHHs KOTOPHIX pa3pabaThlBaINCh HOBBIE METOBI.
VmeroTcst pa3nuuusi MeXIy IMOTydaeMbIMH Pe3ylIbTaTaMH M0 00eCIeUeHNI0 MEXaHNUECKONH COXPAaHHOCTH COCTABHBIX YacTel
PK u peanpHbpIMU pe3yinbTaTaMy, IOJTYYEHHBIMH Ha OCHOBE CYIIECTBYIOIIUX MeTOA0B. OIHAKO, YPOBEHb Pa3BUTUS CPEICTB
MOpaXeHUs IPOTHBHUKA, MEXaHUUECKass COXPAaHHOCTh cOCTaBHBIX yacreil [IYP, npu Bo3aeiicTBIM BUOPallMOHHBIX U yIapHBIX
Harpy3ok, He oOecreunBaercsi. B paccMaTpuBaeMoli paboTe NPEeUIOKEHO OLEHUBATH HAJE)KHOCTH IIYCKOBOW YCTaHOBKH C
paxeToil B Iporecce TPaHCIIOPTHPOBKY KOMIUIEKCHBIM ITOKa3aTenieM - KO3 HUIIMeHTOM onepaTHBHOH TOTOBHOCTH ITyCKOBOWM
YCTAaHOBKH ¢ pakerod. [IpuBemeHa Maremaruueckasi MOJETb ONpEAEIeHUS KOod(pQHIMEHTa OINepaTUBHONH TOTOBHOCTH
IIyCKOBOM YCTaHOBKHU C paKeTOH BO BpeMs TPAaHCIIOPTUPOBKU PAKETHI.

KawueBble ciioBa: HaJIC)KHOCTD, paKeTHHﬁ KOMIUICKC; ITYCKOBasl YCTaHOBKaA; 6630TK3.3HOCTL; PEMOHTOIIPUT'OAHOCTD;
COXPAaHHOCTbB, ITIOKA3aTeJINn; MaTEMaTHYCCKasa MOJACIIb.
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