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IKOHOMUKA

Kputepum adhppeKTmBHoCTH
npu NpoaneHnn cpoka
akcnnyatauum TMNC

Anexkcanap KPALUEHUHUH

Efficiency Criterion in Life Extension of
Traction Rolling Stock

(TekcT cTarbu Ha aHr/l. 3. —

English text of the article — p. 134)

OnbIT 3KCNyaTayumn Tarosoro
nogsumxHoro coctasa (TIC)
noka3sbiBaeT, 4TO B CUJTY 3KOHOMUNYECKUX
u puHaHCOBbIX NPO6/IEeM BO3HUKaeT
HeobxoanMocCcTb Hay4YHOro 060CHOBaHUS
3¢ PeKTUBHOCTN ero ncrnosib30BaHNs

B nepuos BpeMeHU, NpeBbILLaloLnii
HOpPMaTUBHbIN. ABTOPOM rIpOBE[EHO
uccnegoBaHve o onpesesieHuIo
kputepus appektusHocTu TIIC

npu peMoHTe, MoAepPHU3auuu nian
3ameHe. lNpuBeneHHbIN Ha OCHOBaHUN
Teopumu pasmMepHOCTU KPpUTEPNii
no3BoJsISeT HAUTU MaKCUMaJlibHYIO AJ1s
peasibHbIX 3KOHOMUWUYECKNX YCJ10BUI

3¢ PeKTUBHOCTb IKCIIyaTaLynmn TSroBbix
cpeacrTs.

Kno4eBsie croBa: xesne3Has qopora,
BKOHOMUKA, PUHAHChI, OKYNaeMOoCTb
3arpar, Kputepuii 3¢HeKTMBHOCTH,
TSroBbIVi MOABVXXHOV COCTAB.
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Alexander S. KRASHENININ

Kpawenunun Anexcandp Cemenosuu — doxmop
MexHU4ecKux HayK, npogeccop kagedpol
«IKcnayamayua u pemMoHm no08UNCHO0 cOCMAsa»
Ykpaunckoeo eocydapcmeennoeo ynugepcumema
JHcene3H000poICHO20 mpancnopma, Xapvkos, YkpauHa.

YCIOBMSIX Te(pUIITa SKOHOMUYECKUX

W TIPOMBIIIUIEHHBIX PECYPCOB aKTy-

aJTbHOM JIJIST 3KeJIE3HBIX TOPOT CTaHO-
BUTCSI HEOOXOAMMOCTh MOIEPHM3AIIMH TSITO-
Boro nonaprkHoro coctasa (TTIC). Ee ipose-
JIEHUE C y4yeToM psifa (pakTopoB, MO3BOJISTIO-
IIMX OPOMIUTh CpoK Mucnoyab3oBaHus TIIC,
obecrieuynBaeT 5KOHOMUIO 3HAYUTETbHBIX
cpeacts nipu npoBeaeHuu TO u TP [5].

IToHsTHO, YTO 3TO ITOKA JIUIITH HATTOMUHA-
HUE 0 3HAYMMOCTH 9KOHOMMYECKOi ahdek-
TUBHOCTHU MEPOIIPUATHII TIO MOJIEPHU3AIINH,
Bellb BOBMOXHBI CIydau, KOTJa MOJ00HbIE
YCWINS HE OKYITAl0TCS WU, HA000POT, CTOMO-
pUTCS MOJIEPHU3AIISI, XOTS OHA SIBHO CYJTUT
a(PekT.

Ha mpakTuke nmpu pemreHUU Bompoca
00 3¢ (HEeKTUBHOCTH MOJIEPHU3ALUM CTAPOTO
TIIC, 4yTo mpomIsieT CPOK IKCITyaTalluu,
JTOJKHBI COMTOCTABJISITHCS MTOKA3aTes I M0 TPEM
BapuaHTaM: MIPOIOKEHUE 3a CYET PEMOHTA
u skcryatauu ctaporo TIIC, ero moaep-
HU3aIMs WU 3aMeHa HOBBIM.

MHorma o60cHOBaHME KOHOMUYECKOU
3 GHEKTUBHOCTU MOJEPHU3AIIUN CBOJIUTCS
K JIBYM BapuWaHTaM, TO €CTb OpraHM3alluiu
JaTbHenIIero peMoHTa 1 akcrtyaTauuu TTIC
W eT0 MOJEpHU3AIUN. DTO MOTUBUPYETCS
OTCYTCTBMEM WJIM HEXBATKOW (hMHAHCOBBIX
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Puc. 1. CTpyKTypHasi cxema BapuaHTOB NPoAJSIeHNs, MoAepHu3aunn, 3amensi TI1C.

CPEICTB Ha 3aMEHY OTpaboTaBIIIero oopasua
[1,9-11].

Bmecrte ¢ TeM He3aBUCUMO OT 9TUX apry-
MEHTOB COIMOCTaBIeHE BAPUAHTOB MOJEPHU-
3allUM U 3aMEHBI SIBJISIETCS 00sI3aTeIbHbIM
ycioBreM. B HEKOTOpOM cMBbICiie 3TO AaeT
BO3MOXXHOCTb OTIPEIETTUTHCST, KaK1e TTOATIOPKA
TUTAHUPOBATh U YTO HY>KHO, YTOOBI POBECTU
3aMEHY CTaporo o0OpyIOBaHMsI, KOTIa B TOM
€CTb Pe30H. AHAJIOTMYHO HEeJIb35 OrpaHUYM-
BaTbCsI COMOCTABJIECHUEM TOJBKO PacXoI0B
Ha peMOHT 1 3ameHy ctaporo TTIC Ha HOBBIIA.
MHbopMaTUBHBIMU MOKA3aTEISIMU,, TO3BOJIS -
IOIIIUMU BBIMIOJTHUTH OObEKTUBHOE CPAaBHEHUE
BapUaHTOB, CIYXUT HaJIW4YME KamUTaIbHBIX
BJIOXXEHUI B COOTBETCTBYIOLIME MepHI |2, 3].

Bo MHOTHX cityyasix UMEIOT MECTO CIIemy-
IOIIME COOTHOILIEHUS TaKUX MOKa3aTeaei
10 BapUaHTaM:

R.<K, <K,;C,<C,<C.;

PC<PM<PH5 (1)

rne P, K,, K, — pacxombl Ha PEMOHT IpH
MPOIJIEHUM CPOKa IKCILTyaTallu, MOAEPHU-
3aumu, 3ameHe ctaporo TITC Ha HOBBII;
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C,, C,, C.— cebecTouMOCTh MeEPEeBO30K
rocJie MPOBEACHUS TEKYIIEro peMOHTa, MO-
nepHu3auuu, 3aMeHsl craporo TIIC Ha HO-
BbIi, B pacyeTe Ha ol

P, P,, P, — npousBoautensHocts TTIC
MnocJjie TeKylIero peMOHTa, MOAEPHU3ALIUH,
3aMEHbI Ha HOBBI.

Kak BugHO, 11 TpeThell rpymIibl oKa3a-
TeJielt He0OXOIUMO TTOBBILIEHUE TPOU3BOIU-
teapHOCTU TTIC, ¥ MO9TOMY MOMCK JIYYIIIEro
BapuaHTa CJIEyeT BBIMOIHSThH HEe B a0COIOT-
HBIX, a B yACJIbHBIX U3MEPEHUSIX 3aTPaT.

Ha puc. 1 npencraBieHa CTpyKTypHas
cxema mpolieypbl TOMCKa JIyYIIero BapruaHTa
MPU Pa3TUYHbIX COOTHONICHUSIX Ha3BaHHBIX
rnokasareJyie.

BwmecTte ¢ TeM B Takoil TOCTAaHOBKE He-
BO3MOXXHO OMpPEeAeanuTh BpeMs, Koraa Haao
BBIMTOJIHATH COOTBETCTBYIOIIUE MEPOIMPUSI-
TS 1o MoaepHu3auuu unu 3amene TIIC [4,
6, 8].

Kak crnenyet u3 puc. 2, TuHaMMKa U3Me-
HEeHMS XapakTtepuctuk P(t), C(t) 1oCTaTOIHO
CJIOXHAas, 4TO TpeOyeT MPOBEIEHUS MOHUTO-
puHra kak npousBoautenabHoctu TIIC, Tak
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Puc. 2. 4 1Ka npoayktusHocTu TINC
u ceb6ecTommMocTu NnepeBo30K

M ce0eCTOMMOCTH BBITTOJHIEMOI padOThI
3a orpenesieHHoe BpeMsa. O6ecredyuTh 3TO
B XOJI€ KCIUIyaTallMy JOBOJbHO TPYIHO.
MOXHO OTMETUTh, YTO TpeOyeMasi CBsSI3b
MEXIy PM u PC IOJIKHA OTBEYATh COOTHOILLIE-

Huwo B, ZK—M~PC (puc. 3).
Ry

YToObI U30eXKaTh HEOMPENEIEHHOCTH MPU
MOUCKE ONTUMATIbHBIX COOTHOLIEHU I MEXIY
MOKa3aTeIsIMU LIEHbI, TIPOU3BOAUTETbHOCTU
WIN CTOUMOCTU, BOCIIOJb3YEeMCSI METOJOM
pa3MepHOCTEN.

ITouck KpuTepuss OLUEHKU MPOBEACHUS
MoOJepHU3ALUN Win 3aMeHbl ctaporo TTIC
Ha HOBBII OCYIIECTBUM C MTOMOIIBIO MEeTOAa
Pa3MEpHOCTU B BUJIE
K=f(P, R(K,, K), C)—>max

@)
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6) AK=0,5
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Puc. 3. 3asucumocts P,=f(P ).

IIpencraBuM pa3MepHOCTb 3TOIO KPUTEPUSI
C y4eTOM CMEBICTIa obectieueHIS 3(PheKTUBHOCTH
MEePEBO30K KaK OTHOILIEHUE IPOU3BOIUTEILHO-
CTH K ITOKA3aTeJIsIM LIEHbI 11 Ce0eCTOMMOCTH:

[K] _ mm: _|- (I’HICM)2 3
ZpH.-L (epn)
mKMm

Orcioa moayJaeM oO0IInil BUI KPpUTEpUst
KaK KOPHS KBJIpaTHOTO U3 KBajipaTa pa3Mep-
HOCTU B OKOHYATEJTLHOM BUJIC:

k=]
R-C

IIpu onipeeneHUN yCUIUiA Ha IPOBEIEHNE
MojAepHHU3auuu Ui 3aMeHbl ctaporo TIIC
Ha HOBBIH ITPECTaBUM 3TOT KPUTEPU B BUJIE,
YIOOHOM JIJISI MOZIETUPOBAHYS:
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2) AK=0,9

Puc. 4. Onpeaenernune kpurepusi K B 3aBUCUMOCTU OT ANHAMUKN
AP un AC: a) AK=0, 1; 6) AK=0,3; B) AK=0,5; r) AK=0,9.
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K. = (PC+APM) 5 5
" (RC+AKM)(CC_ACM) ’ ©)
K, - (P-+AP,) ©

(R-+AK,)(C.—AC,) "

Jlng yrpoIieH1s MOJAeTMpOBaHus 0003Ha-
YUM HavajlbHble 3HAYCHUS IIPOU3BOAUTEIIb-
HOCTH, 3aTpaT Ha PEMOHT U Ce0ECTOUMOCTHU
nepeBosok kak P.=1, R =1, C.=1, acooTser-
CTBYIOLIME ITapaMeTPhl UX U3MEHEHMSI OIIpe-
nenuM B auara3one AP=0, 1-0,9; AK=0, 1-0,9;
AC=0,1-0,9. C moMoIIbl0 IPOTpaMMBbI
MathLab nnsa kaxmoro 3HaueHust AK rmoJryue-
HbI rpaduuecKre 3aBUCMMOCTU, KOTOpbIE
YaCTUYHO IIPEICTaBICHBI Ha pUC. 4.

Ha ocHoBe npuBeaeHHBIX I'paUIeCKUX
3aBMCUMOCTEM MOXHO KOHCTaTUPOBATh, YTO
npoBeneHue peMoHTa (AK=0,1), MmonepHu-
3auuu (AK=0,3) unu 3ameHsl (AK=0,5)
MO3BOJIMT IIPAKTUYECKU BO BCEM Araa30He
MOBBICUTH 3((HEKTUBHOCTD UCITOJIb30BaHUS
JnokoMoTuBOB. IIpu AK=0,5 HabmogaeTcsa
He3HaYUTeJIbHOE CHMXKEeHUE 3(PPEeKTUBHO-
CcTU oTHOCcHUTeNIbHO BapuaHTta AK=0,3. Bme-
CT€ C TeM ITOHSITHO, YTO MOJAEPHU3aLUs
10 CPAaBHEHUIO C 3aMEHOM JTOKOMOTHBOB
CIIOCOOHA TOCTUYb 3aMETHOTO MOBBILLICHUS
MIPOU3BOAUTEILHOCTH C OJHOBPEMEHHBIM
YHHUUTOXEHUEM yIeIbHbIX pacxonoB. Crpa-
BEJIMBO CYMTATh, YTO BapuaHT 2) AK=0,9
BOCIIPOU3BOJIUT CUTYaLIMIO 3aMEHBI JTOKO-
MOTHBA, IPU KOTOPOM IlIeHAa HOBOIO IIpH-
MepHO B 1,9 pa3 Gosblile, 4eM CyMMapHbBIE
MEPOIMPUSITUS Ha IIPOBEAeHUE YIIyOIeHHO-
0 PEMOHTA WJIM MOJAEPHU3ALIUU TOKOMOTH -
Ba. B 3aBUCUMOCTH OT OXXUAAEMbIX ITapaMe -
TPOB IMHAMUKM U 110 IPUBEICHHBIM 3aBU-
CHUMOCTSIM MOXHO MPUHSITH pellieHue
0 Mepax 10 CoAepKaHUIO IOKOMOTUBOB |5,
7, 10].

BbIBO4bl

1. CnoxxHOCTb (hopMUpOBaHUS Oa3bl JaH-
HBIX 10 U3BMEHEHMIO ITapaMeTpOB 3 HEKTUB-
Hoctu ucrnoab3oBaHus TITIC Tpedyer moncka
aJIbTePHATUBHBIX ITyTEH JIS1 pEIIeHUST 3a1a91
npomsieHus: cpoka akcruryatanuu TIIC, ero
MOJEPHU3ALIMKU WJIK 3aMEHbI Ha HOBBINA.

2. IlpeaBapuTesibHbIE PACUETHI C YUYETOM
CpOKa OKYITaeMOCTH MEPOTIPUSITUIA IO MOZIEP-
Huzauuu win 3aMeHe TTIC crnemyeT BbIMOJ-
HSITb C TOMOIIIBIO AITOPUTMA, YIUTHIBAIOIIETO
COOTHOIIIEHUE MapaMeTPOB, PEaTU3YIOLIUX
addekTuBHOCTDL Ucnonb3oBaHus TIIC.

3. ®opMann30BaHHBIN MPOIIECC MOUCKa
CpOKa MPOBEIeHNS MEPOTIPUATUI IO MOJEP-
Huzauuu unu 3ameHne TIIC ompenensieTcsa
MOCTUXKEHUEM MakcuMyMma K mpu COOTBET-
CTBYIOIIIMX BIOXEHUSIX AK B pPEMOHT, MOJEP-
HU3ALMIO WK 3aMEHY TSTOBOTO TTOABUKHOTO
cocTaBa B AuWamna3oHe U3MEHEHUs MPOU3BO-
JUTEJLHOCTU AP 1 ce0eCTOMMOCTHU MEPeBO-
30K AC.

3amaBasicb OTHOCUTEIbHOW BEJIUYMHOMN
AK, 110 TaHHBIM CTaTUCTUKUA MOXKHO OTpe/ie-
JIUTH UL Pa3WYHbIX cOOTHOWEeHuin AP, AC
30HY JOCTIDKEHUSI MAKCUMaTbHOM 3(PheKTUB-
Hoctu aKcrryatauuu TITC.
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EFFICIENCY CRITERION IN LIFE EXTENSION OF TRACTION ROLLING STOCK

Krasheninin, Alexander S., Ukranian State University of Railway Transport, Kharkov, Ukraine.

ABSTRACT

Operating experience of traction rolling stock
shows that due to economic and financial problems
itis necessary to study the effectiveness of its use in
the period, exceeding the standard. The author

conducted aresearch to determine the effectiveness
criterion of TRS regarding repair, modernization or
replacement. Criterion, based on the dimension
theory, enables us to find maximum operation effi-
ciency of traction means in real economic conditions.

Keywords: railway, economics, finance, cost recovery, efficiency criterion, traction rolling stock.

Background. Given the lack of economic and
industrial resources the need for modernization of
traction rolling stock (hereinafter referred to as TRS)
becomes relevant to railways. Its implementation,
taking into account a number of factors, allowing
extending the service life of TRS provides significant
savings during maintenance and repair [5].

Clearly, this is a reminder of the importance of the
cost-effectiveness of measures to modernize, be-
cause cases may arise where such efforts do not pay
off, or vice versa, modernization stops, although it
clearly promises an effect.

In practice, when deciding on the effectiveness
of the modernization of the old TRS, which extends its
service life, indicators of three options must be com-
pared: extension of service life due to repair and
operation of old TRS, its modernization or replace-
ment with a new one.

Sometimes the rationale of economic efficiency
of modernization boils down to two options, i.e. orga-
nization of future repair and operation of TRS or its
modernization. It is motivated by a lack of funds to
replace the exhaust sample [1, 9-11].

However, regardless of these arguments com-
parison of modernization and replacement is a pre-
requisite. In a sense, this makes it possible to deter-
mine which bearers should be planned and what is
necessary to hold the replacement of old equipment,
when in fact there is a reason for it. Similarly, a com-
parison cannot be limited only to the cost of repair
and replacement of the old TRS with the new one.
Informative indicators to perform an objective com-
parison of the options are availability of capital invest-
ments in appropriate measures [2, 3].

Objective. The objective of the author is to find
an efficiency criterion in life extension of traction roll-
ing stock.

Methods. The author uses general scientific
methods, mathematical methods, simulation, dimen-
sion theory.

Results. In many cases, we have the following
relation of these indicators on the options:
R <K, <K,;C,<C,<C.; P.<P,<P,,

(1)
where P,, K, , K, are costs of repair in extension of life,
modernization, replacement of old TRS with the new
one;
C,, C,, C,are cost of transportation after repair,
modernization, replacement of old TRS with the new
one, on an annual basis;

P, P,, P, are performance of TRS after repair,
modernization, replacement with the new one.

As can be seen, for the third group of indicators
itis necessary to increase productivity of TRS, so the
search for the best option should be conducted not
in absolute, but in specific dimensions of costs.

Pic. 1 shows a block diagram of a procedure of
finding the best embodiment with different ratios of
these indicators.
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At the same time in this formulation it is impossible
to determine time when it is necessary to take relevant
measures to upgrade or replace TRS [4, 6, 8].

As follows from Pic. 2, the dynamics of changes
in the characteristics P(t), C(t) is quite complicated,
which requires the monitoring of performance of TRS,
and the cost of the work over time. It is quite difficult
to ensure this during operation.

It may be noted that the required relationship

. Ky
between P, and P.must meet the ratio P, = R -F.

‘N

(Pic. 3).

In order to avoid uncertainty in the search for
optimal ratio between price, performance or cost we
use the method of dimensions.

The search for criterion for assessing the mod-
ernization or replacement of the old TRS with the new
is accomplished by a method of dimension in a form

K=f(P, R(K,, K_), C)->max(2)

Let’s represent the dimension of this criterion,
taking into account the meaning of ensuring the ef-
ficiency of transportation as the ratio of performance
to price and cost parameters (hryvnia — UAH)::

(tkm)’ }

tkm B {
7 - . \2
hryvnia.- Lol (hryvnia)
tkm

[K]= (3)

Hence we get a general view of the criterion as a
square root of the square of the dimension in the final
form:

P
K= /R—C. (4)

In determining the effort to modernize or replace
old TRS with a new one we will present this criterion
in a form suitable for simulation:

N (P.+AP,) '
K= R+ ak, )(C.-4¢,) (9
(PC +APH) (6)

Ky “\(R.+AK,)(C.-AC,)

To simplify the simulation we denote initial values
of performance, repair costs, and the cost of trans-
portation like, P.=1, R.=1, C =1 and define corre-
sponding parameters of their changes in the range
AP=0,1-0,9; AK=0,1-0,9; AC=0, 1-0,9. With the pro-
gram MathLab values obtained for each value of AK
graphic dependences are partially shown in Pic. 4.

On the basis of graphic dependences it can be
stated that repairs (AK=0, 1), modernization (AK=0,3)
or replacement (AK=0,5) allows virtually in the entire
range to increase the efficiency of locomotives’ use.
At AK=0,5 there is a slight decrease in efficiency rela-
tive to the option AK= 0,3. However, itis clear that the
modernization as compared with replacement of lo-
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Pic. 1. Block diagram of options of life extension, modernization, replacement of TRS.

Py

<\

tkm/yeaf Pe

v

1, year

Cy
Cu

Ce

Pic. 2. The dynamics of changes in TRS productivity
and cost of transportation.

comotives can achieve a significant increase in per-
formance with simultaneous destruction of unit costs.
Itis clear to consider that the option d) AK=0,9 repro-
duces the situation of locomotive’s replacement, in
which the price of a new one is about 1,9 times more
than the total measures for in-depth repair and mod-
ernization of the locomotive. Depending on expected
parameters of the dynamics and according to given
dependencies it is possible to decide on measures to
maintenance of locomotives [5, 7, 10].

Conclusions.

1. The complexity of developing a database to
modify the parameters of effective use of TRS requires
a search for alternative ways to solve the problem of

Py 4
Ky o4
Py, le ( K,
K
C
PM, < .
F, F, Pc

Pic. 3. Dependence P,=f(P ).

extending the life of TRS, its modernization or replace-
ment with a new one.

2. Preliminary calculations with account for the
payback period of measures to modernize or replace
TRS should be performed using an algorithm that
takes into account the ratio of parameters, realizing
efficient use of TRS.

3. A formal process of searching for the term of
the measures to modernize or replace TRS are deter-
mined by the achievement of maximum of K with
corresponding investments AK in repair, moderniza-
tion or replacement of traction rolling stock in the
range of changes of performance AP and cost of
transportation AC.
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Pic. 4. Determination of criterion K, depending on the dynamics of AP and AC:
a) AK=0,1; b) AK=0,3; c) AK=0,5; d) AK=0,9.

Assuming the relative value AK , according to
statistics it is possible to define for different ratios of
AP, AC the area to maximize the operational effi-
ciency of TRS.
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