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SCIENTIFIC-METHODICAL STATEMENTS ON ASSESSMENT TECHNICAL
AND ECONOMIC EFFICIENCY OF WORKS DIRECTED FOR EXTENSION
OF SURFACE-TO-AIR MISSILES" ASSIGNED MEASURES

General scientific-methodical statements on assessment technical and economic efficiency of works directed
for extension of surface-to-air missiles’ (SAMs) assigned measures are formulated. Characteristic of costs con-
nected with SAM assigned measures’ extension is given. Equations for comparative assessment of the costs con-
nected with works on SAM assigned measures extension, and ones needed for purchasing new SAMs are consid-
ered. Graphs which allow assessing assumed values of assigned measures’ increasing based on available economic
resources, and also graphs characterized duration of extending SAMs" lifetime as the function of preliminary stated

SAM life cycle are shown.
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Introduction

At present, the scientific-methodical and regula-
tory support of works directed to the extension of as-
signed measures (EAM) of a SAMs is not investigated
completely. In particular, there are absent technical re-
quirements for SAM components, programs and proce-
dures for operation testing on reliability and other me-
thodical documents. In previous article [1] there were
developed scientific-methodical statements concerned
with nomenclature of SAM assigned measures (AMs),
corresponding reliability measures, and also with proce-
dure of developing a structure and functional diagrams
of SAM reliability. This article is the continuation of the
aforementioned previous article, and is devoted to de-
veloping the scientific-methodical statements on techni-
cal and economic assessment of works directed to EAM
of the SAMs.

In accordance with [2] for each type of SAMs after
conducting the works directed to EAM SAMs, decisions
should be developing with assessment of economic ex-
pediency of EAM. And work program for EAM should
contain results of assessment of their technical and eco-
nomic efficiency. Therefore, at present, the develop-
ment of a scientific-methodical procedure concerning
the conducting technical and economic assessment of
works concerned to EAM is relevant.

Analysis of modern researches and publica-
tions. At present, problem concerned to scientific-

methodical support of works directed to SAMs® EAM is
not fully solved. In particular, there are absent regula-
tory documents, which determine peculiarities of con-
ducting of such works in real situation of Ukraine. Some
researches is being done to develop the regulatory and
scientific-methodical support of mentioned works. In
particular, the standard [3] has put into operation, there
have been developed a drafts of documents which de-
termine procedure of SAMs® EAM, and present improv-
ing the standard [4], etc.

Analysis of modern researches and publications
shows, that the issues of scientific-methodical support
of the works concerned with EAM are only partly
solved. Some works [5—15] are devoted to partial issues
of EAM scientific-methodical support. For example, in
[10] the following issues were discussed: substantiating
the extent of test for SAMs' and their propulsions; me-
thodical recommendations on assessment the storability
measures of SAM airborne equipment; developing a
method for determination of real lifetime for SAM
transport launching containers [13], etc. At the same
time, solution a problems connected with substantiation
of AMs’ required values, and assessment of technical
and economic efficiency of the activities that are
planned within the framework of the program of works
connected with EAM is actually absent.

According to the aforementioned the object of the
article is the increasing the efficiency of the works con-
nected with EAM SAMs by means of improving a sci-
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entific-methodical support of considered works within
the framework of assessing their technical and eco-
nomic efficiency.

Main Part

Assessment of technical and economic efficiency
of works concerned with EAM is carried out to deter-
mine the possibility and expediency of extension the
missiles” AMs on the value of the extending lifetime of
items — t. In this case, the value of t can be established
on the basis of the following criterion:

t=min(tee,tieen ), Where to., tien are the values of

assigned extending lifetime for SAMs, which are stated
under the results of economic or technical assessment of
EAM possibility respectively. And at the same time
technical assessment is connected with requirements on
allowable level of decreasing SAM reliability measures.

Further, the main statements of the article are
given as applied to the assessing the economic effi-
ciency of works directed to the SAMs' EAM.

When planning a works on EAM customer should
provide for the following:

— costs of works on the assessing the possibility of
increasing the AMs to the value t which exceeds the
preliminary assigned value T, ;

—costs of works connected with realization for
each SAM of measures necessary for providing its ex-
ploitation during the extended period [T,, T, +1t];

— additional costs conditioned by acquisition of
spare parts (SPs) for recovering and maintaining the up
state of SAMs during their exploitation period t in the
case of their failures.

On the other hand, increasing the values of AMs
excludes the customer's costs for the acquisition of new
SAMs, which, if necessary, should be purchased to re-
place SAMs with completed measures.

If the cost of acquisition n new missiles (n is the
size of SAM park) after expiring time T, makes value

C and the total cost for conducting researches on

acqn »
assessment of the possibility to increase the AMs to
value t, for realization necessary measures for each mis-
sile, as well as for acquisition of SPs for n SAMs is
specified as Cypap » then the allowable value t for ex-

tending AM can be determined from the following
condition:

Cackn (toTe ,n) = CZ EAM (the ,n). (D

If after expiring the time T, , decision on n new

SAMs' acquisition is made, then the value of corre-
sponding cost can be found using the following equa-
tion:

Cackn (tsTe n) = C0 ‘n- k1 (t, Te) 5 @)

where C; presents the cost of single new SAM;
ky(t,T,) is the coefficient for matching cost of new
SAMs’ acquisition with the cost Cy gan -

Value of coefficient k;(t,T,) can be obtained us-
ing equation: k;(t,T,) =t/T,.

It should be noted that in case of supplying new
SAMs, customer faces with cost connected with recov-
ering failures appearing during exploitation. In equation
(2) such costs is not taken into account, because they are
insignificant owing to the following:

— for all new SAMs certain warranty is stated, ac-
cording to which failures are eliminated by manufac-
turer;

— failure flux parameter ® for new SAMs is sub-
stantially smaller, than for missiles which will be ex-
ploited with extended AMs.

Economic expenses connected with EAM can be
separated to the following three groups:

1** group represents cost C;, connected with con-
ducting works directed to researching a possibility of
AMs' extension on value t exceeded preliminary as-
signed value T, , and with determining a works neces-

sary for considered extension;
2" group assumes cost C,, connected with reali-

zation for each SAM of works on providing for exploi-
tation during the extending period [T,, T, +1];

39 group represents cost C5, connected with sup-
plying SPs for restoring and maintaining an up state for
SAM park during the extending period [T,, T, +t] .

SAMs of various types are characterized during
the exploitation by different integrity of up state moni-
toring which can makes value 0.4...0.7 [3]. In this con-
nection when assessing an economic efficiency of
works directed to AMs® extension, it iS necessary to
select SAM components, up state of which is tested
(monitored) during exploitation, as well as components
technical state of which is not tested during the opera-
tion and is assessed (investigated) at the stage of works
on AMs extension.

Total cost connected with AMs" extension can be
found using the following equation:

Cypam (6T, n) =C(t,T) + Cy (£, T, n) + C5(t, T, n) .(3)

Value C; depends on type of each missile, dura-
tion of testing, types of testing etc. In practice for most
types of SAMs it is assumed C; = (2-10)-C,. Value
C; has the property that its value does not depend on
the number of missiles that are exploited. If necessary,
to estimate value C; for certain types of SAMs it can be

obtained empirical dependencies as the functions of
extending period t.
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Cost C, includes economic expenses connected

with performing all works to provide exploitation dur-
ing the extending period.
Value C, varies from value C, =0 in case of

making decision on AMs" extension without performing
any works on each missile, to value C, =C_n,

where C, is the cost of major repairs (MR) for single

SAM, including the cost of new components manufac-
tured for replacement at the stage of MR. Unlike C,

cost C, depends on number of SAMs that are ex-

ploited.
Cost on supporting exploitation C; can be ob-

tained using the following equation:
C3 (t,Te,n) =1 'Cserv Kspy (taTe) ) (4)

where n is the size of SAM park; C is the mean cost

of single failure restoring (servicing) during SAM ex-

serv

ploitation; KspY (t,T,) —is the upper confidence contour
for necessary number of SPs having level vy .
Value Kspy (t,T,) taking into account the standard

[4] can be obtained (when failure flux parameter o(t) is

a known function) using equation:

T+t

Te+t
Ksp, (LT)= [ o@di+ [ [ o@dt, ()
Y TC 1_y TC

where t is the extended value of AM above value T, for
which an upper bound of necessary amount of spare
parts is determined; y is the assigned value of a confi-
dence probability.

Concrete form of w(t) function as a rule is speci-
fied during the works directed to AMs" extension. For
most types of SAMs, function ®(t) outside the interval
limited by preliminary assigned measure T, can be

expressed as a linear or quadratic function, parameters
of which are determined using regression procedures,
based on information obtained at the stage of EAM.

For simplification let us specified that during pe-
riod [T,,T, +t] function w(t)=const, then (5) is re-

duced to the equation:

t-y
o ©)

Ksp, (1, T,) = - t+

After substitution (2; 4; 6) to (1) the following
equation can be obtained:
-t
= },(7)

t
C0~n-T—=C1 +C2 +n.CSCrV |:(x)t+

[

Y4 z

where Cgery = Coeryi®; / D ®; 5 z is the number of
i=l i=l

SPs’ types; Cqeyi is the cost of SPs of i type.

Equation (7) can be used for obtaining estimates of
possible increasing the AM value t for SAMs, up state
of which can be restored during the exploitation by
means of SPs’ using.

Also using (7) it can be obtained allowable value
of economic expenses for conducting researches di-
rected to increasing AMs on value t and realizing a
works necessary for this purpose.

Value of additional costs C,q = C; +C, we obtain

using the following condition:

t
Cog £Copn-—-—1n-Cqpy | @t +
TC

Below in fig. 1 graphs obtained using equation (8),
are shown. Presented dependencies characterize an al-
lowable economic expenses as the function of duration
of SAMs" extending lifetime t when fixed preliminary
stated lifetime T, . Calculations were conducted for the

following conditions:

Cp = 100-103 equivalent units (e.u.), Cg, =200 e.u.,
n=800, w=02year ', y=08.

Based on analysis of graphs shown in fig. 1 the
following conclusions can be made:

— increasing the value of extending lifetime leads
to growing economic cost connected with conducting
researches on increasing the AMs on value t and with
realization corresponded activities;

—when conducting a works on extension to the
same period, for SAMs having smaller preliminary
stated lifetime assumed economic cost is greater then
for items with longer preliminary stated lifetime.
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Fig. 1. Assumed economic cost versus duration
of SAMs® extending lifetime t for various T, :

1- T, =10 years,2 - T, =15 years, 3 — T, =20 years

Equation (7) can be used for determination of as-
sumed value of increasing AMs given specified cost.
Also from (7) we can obtain equation for calculating
value t:
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At-B=A+/Dt, )
C C
where A = 0 _»,B=—2: _ p-= or
servTe n- Cserv 1—y

Thus from (9) the following equation for t can be
written:

t_2AB+D+\/4ABD+D2

2A2

(10)

Further in fig. 2 graphs calculated using (10) are
shown. Mentioned functions characterize dependency of
extending lifetime t from preliminary stated lifetime T,

for various fixed costs connected with works during the
extending period. Calculations were carried out for the

following conditions: Cy =100- 10°c.u.,

Ceury =200 e.u., n =800, w=02year ', y=0.8.
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Fig. 2. Duration of SAMs’ extending lifetime t versus
preliminary stated lifetime T, for various cost Cq:

1— Coq =20-10°%eu.,2— Coy =30-10%c.u,
3-Coq =40-10°c.u.

Based on analysis of the graphs shown in fig. 2 it
can be made a conclusion, that for increasing an extend-
ing lifetime, economic cost necessary for conducting
researches directed to increasing AMs™ on value t and
realizing corresponded works needs to be increased.

Using equation (10) we can obtain assumed value
of increasing AMs t given available economic resources
for extension of the AMs and providing for SAMs" ex-
ploitation during the extending period.

Equations (8) and (10) have been obtained under
the condition that extending value t belongs to time in-
terval 0 <t <T,. Taking into account that EAM is car-

ried out by stages, when calculations using equations (8)
and (10) are conducted, value T, is supposed to be
equal SAMs' assigned measure, which stated basing on
the results of previous stage. In this case condition
0 <t <T, is always satisfied.

If SAMs contain components, status of which is
not tested during exploitation, then such components are
tested for assessing possibility of their AMs increasing.

And based on results of considered works the following
decisions can be made:

—decision A: AM value is extended to necessary
magnitude without conducting any activities;

— decision B: after the end of preliminary stated
AM, components of given type for all SAMs from the
park should be substituted by new ones;

—decision C: after the end of preliminary stated
AM all SAMs from the park are subjects to MR.

For decision A it is obvious, that for such compo-
nents works directed to increasing their AMs need cost
only for research of the C;; . At the same time values of

Cy; should satisfy the following condition:

(11)

where Cy; is the cost of single set for new component

Ci; <Coyi o,

taking into account the cost of conducting works on its
substitution on SAM.

After making decision B, costs connected with re-
searches of Cy;, acquisition of new SPs and conducting

works on their installation on SAM, necessary. Such
variant is the least economically viable, as costs for its
realization exceed costs needed for acquisition and in-
stallation of new SPs. In other words:

p
Cii +2.Cy 2 Cqyi 1

i=1

(12)

Variant C provides costs needed for researches di-
rected to determining the MR size for EAMs on value t,

T
conducting a MR Cyp =n-> Chpi , where Copi is
i=l1
the cost of MR for single i™ component. In this case
total cost for research and MR should satisfy the follow-
ing condition:

Cii + Comr <Coyi -1

(13)

Conditions (12) and (13) should to be used for as-
sessment expediency of conducting the works on in-
creasing AMs for unmonitored components.

Conclusions

Based on the results of conducted researches the
following recommendations can be given:

—value of the extending lifetime t for SAMs
should be selected based on the results of the assessing
technical and economic efficiency of works on the EAM
according to the criterion t = min(te., tieen ) ;

— expediency of conducting works on EAM should
be substantiated based on the results of comparing the
cost connected with conducting works on EAM and
providing for SAMs up state during the extending pe-
riod, as well as the cost on acquisition of the necessary
number of new SAMs;
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—when conducting works directed to EAM for sponded to works on EAM for SAMs with longer pre-
SAMs having shorter preliminary stated lifetime, possi-  liminary stated lifetime.
ble economic cost can grows as compared to cost corre-
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HAYKOBO-METOAWYHI MONOXEHHSA 3 OLIHIOBAHHA TEXHIKO-EKOHOMIYHOT EQEKTUBHOCTI POBIT
3 MPOAOBXEHHA MPU3HAYEHUX NOKA3HUKIB 3EHITHUX KEPOBAHUX PAKET

B.M. Jlarenskwuit, B.B. JIyx'ssHuyk, B.B. JlicoBenxko, .M. Tepedyxa

DopmynioromsbCst OCHOBHI HAYKOBO-MeMOOUUHI NOLONCEHHSL 3 OYIHKU MEXHIKO-eKOHOMIUHOI eghexmusrocmi pobim 3 npooo-
BOICEHHA NPUSHAYEHUX NOKA3HUKIE 3eHimHuX Kepoganux pakem (3KP). Haoaemvcs xapakmepucmuxa umpam, noe'si3anux 3 npo-
00821CeHHAM NpUsHayeHux nokasnukie 3KP. Posenanymi cniggioOHowuieH s 015l NOPIGHANLHOL OYIHKU 8UMpPam, NO8'A3aHUX 3 Npose-
OeHHsM pOOIm 3 NPOOOBHCEHHS NPUSHAYEHUX NOKA3HUKIE ma 3akynieneto noeux 3KP. Hasedeni epagixu, axi 003601510mb OYiHU-
mu npunycmumi 6eIUYUHU 30LTbUIeHHS NPUSHAYEHUX NOKA3HUKIE UX00UU 3 HASLGHUX eKOHOMIYHUX Pecypcie, a maKoic epagiku,
SKI Xapaxkmepusyloms 3aiedCHiCnb MpUsaniocmi npoo0BACY8AH020 MePMIHY Cryxicou eupobie 6i0 NOYAmMKO80 BCMAHOBIEHO20
mepminy cayorcou 3KP.

Knrwuoegi cnosa: pobomu 3 npo0osdxcenta npusHaueHux NoKA3HUKI6, MexHiKo-eKOHOMIUHA OYiHKA, NPUNYCIMUMA 8eTUYUHA
3011bUWEHHA NPUSHAYUEHUX NOKA3HUKIB, MPUBANICINb NPOO0BHCYEAHO20 NPUSHAUEHO20 MEPMIHY CIYHCOU.

HAYYHO-METOANYECKUE NOJIOXEHUA NO OLLEHUBAHUIO
TEXHUKO-9KOHOMWYECKOW 3 PEKTUBHOCTU PABOT NO NPOANEHUIO
HA3HAYEHHbIX NOKA3ATENEW 3EHUTHBLIX YMPABNAEMbIX PAKET

B.H. Jlaneuxuii, B.B. Jlykpsauyk, B.B. JIucosenxko, M.H. Tepebyxa

Dopmynupyromest 0OCHOBHbBLE HAYYHO-MEMOOUYECKUE NONOICEHUS] NO OYCHUBAHUIO MEXHUKO-IKOHOMUYECKOU dhpexmueno-
cmu pabom no NPOOAEHUI0 HA3HAYEHHbIX noKazameneil 3eHumnolx ynpasisemvix pakem (3YP). Ilpusooumcs xapakxmepucmuxa
3ampam, C853aHHbIX ¢ NPOOJieHueM HazHayennvlx nokazamenei 3VP. Paccmompenvi coomnouienus 05 CpasHUMeNbHOU OYSHKU
3ampam, CeA3aHHLIX ¢ NposedeHueM pabom no npooieHur0 HA3HAYeHHbIX noxasamenell u 3axynkou Hoevix 3VP. [lpusedenvl
epauxu, no3gonsIOWUe OYEHUBAMb OONYCMUMbLE GEIUYUNbL VECIUUCHUs HAZHAYEHHBIX NOKA3amenei Ucxo0s U3 UMeoujuxcs
IKOHOMUYECKUX Pecypcos, d MaKdice epaguKu, Xapakmepusylowue 3a6UcCUMoCms OIUMeNIbHOCHU NPOONe8AeMO20 HAZHAYEHHO2O0
CpOKa cyHcobl uz0enutl O NePEOHAUAILHO YCMAHOBIEHHO20 HA3HAYEHHO20 CPOKaA ctycObl 3VP.

Knrouegvie cnosa: pobomuvl no npooneHuio HA3HAYEHHbIX NOKA3amenell, MexHUKO-IKOHOMUUECKAsl OYeHKd, OONYCMUMas
BEIUYUHA YBETUHEHUs] HA3HAYEHHbIX nOKazameietl, OMUmenbHOCIb NPOOAEBAEMO20 HAZHAYEHHO20 CPOKA CYIHCObL.
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