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B cratbe Ha npumepe «ATI Kama»
aHanu3unpyeTcsi COCTOsTHue napka
aBTOTPaHCMNOPTHOIO NPeAnpuaTus, a Takxe
cyujecTByloLelri cucteMbl obecrneyeHus
ero paborocrnocobHocTu. B yacTtHocTu,
rnokasaHa HOpMaTUBHas U pakTnyeckas
TexHu4yeckasi roTOBHOCTb aBTOOYCOB

C y4ETOM CPOKOB UX IKCI1yaTaymu,
cpeaHecyTo4YHOro npobera, CyMMapHOro
Konun4yecTBa AHevi npebbiBaHUs HA
TeXHU4eCcKOM OOC/y)XXNBaHUN N PEMOHTEe

B Te4eHue roga. Bei6paHa meTogmuka
KOppPeKTUpoBaHNsI HOPMaTUBOB,
onpeagesnieHa onTuMasibHasi NepuognYHoOCTb
TeXHU4eCcKoro oocayxmsaHus napka
mawuH. lMpoBeageHa oueHka UHTeHCUBHOCTU
OTKa30B, 3aTpaT nNpeanpusaTs Ha NJ1aHoBoO-
npeaynpeanTesibHble U PEMOHTHbIE
paboTtsl, caenaH pacy4ET 3KOHOMUYE CKOM
appekTuBHOCTM NpeasraraeMbiX PeLLIeHN.

Kntoyessie crioBa: aBTonpeanpusTme,
JKOHOMMVIKa, CHVYDKeHVe 3aTtpar, oriTumMalibHas
MePUOANYHOCTL TEXHUHECKOIro 06CITYXNBaHWS,
aKcriyarauns aBT06YCOB, OKOHOMUKO-
BEPOSITHOCTHBIN METO/, SKCMOHEHLINE TbHBIV
3aKOH pacrpenesneHusl.
|
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IKOHOMWKA

OnpepeneHne onTuMasibHOM
NepnoanyHOCTUN TEXHUYECKOro
o06cnyXxusaHusa aBToOycoB

Maavuee /Imumpuii Buxmoposuu — xandudam
MexXHU4ecKux Hayk, 0oueHm Kageopol

agmomoounell U mexHoN02UHECKUX MAULUH

Ilepmckoeo HayuoHanbHO20 uccned08amenbeKo2o
noaumexuuueckozo ynueepcumema (ITHUITY),
Ilepmb, Poccus.

Ilecmpukoe Cepeeii Anamoavesur — kanoudam
IKOHOMUHECKUX HAYK, DoyeHm Kagpedpsbl agmomoduieil
u mexuonoeuveckux mawun ITHUILY, Ilepmb, Poccus.

PBIHOUHBIX YCIOBUSIX KOHKYPEHTO-
CITOCOOHOCTH JIIOOOTO aBTOTPAHC-
TMOPTHOTO TIPENTPUSITUST 3aBUCUT OT

KO3 pUIImeHTa TEXHNIECKON TOTOBHOCTH

rmapka ¥ 3aTpaT Ha TEXHUYECKOe 00CTyX1Ba-

aue (TO) u tekymmit pemoHT (TP). Kpome

TOTO, HEJIb3sl 3a0bIBATh O POCTE CTOUMOCTH

aBTOMOOWJIEN, 3aTTaCHbIX YaCTEM, O TOCTaTOY-

HO BBICOKOM CpeTHEM BO3pacTe TMOJBUKHOTO

cOCTaBa, 0COOEHHO TPY30BbIX aBTOMOOWIIEH

U aBTOOYCOB.

B HacTosiiee BpeMs Hab101aeTCs TEHIEH-
WS K Pa3yKpPyMHEHUIO aBTOTPAHCTIOPTHBIX
OpraHu3alnil, CPeAHECTATUCTUUECKOE TIPEI -
MpUsITHEe HACUUTHIBAET HbIHE He Oosee 30
enuHUII TeXxHUKH [ 1]. CucteMa momaepskaHus
paboTOCIIOCOOHOCTU MTOABUXKHOIO COCTAaBa Ha
TaKUX MPEATPUATASIX Hed((PEKTUBHA U B JTyI-
1IeM ciTydae 3aKiodaercs B BoioHeHu TO
C TIEPUOINYHOCTBIO, YKA3aHHOW B TEXHUYE-
CKOM JOKYMEHTAIINU, TIPY 3TOM OOJTBIITMHCT-
BO MPEANPUSITHI HE pacrioiiaraeT COOCTBEH-
HOW MPOU3BOJACTBEHHO-TEXHMYECKOU 06a30ii,
HE UMeeT BO3MOXHOCTH COOJTIONATH TEXHOJIO-
rudeckyto mucuuiinHy mo TO u TP.

OCHOBHBIM TOKYMEHTOM, PEIIAMEHTUPYIO-
MM KOPPEKTUPOBAHE HOPMATUBOB B 3aBUCH -
MOCTH OT YCJIOBU 9KCTUTyaTalluu, KITMMaTH4Ie-
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Puc. 1. Bo3pacTtHbie rpynnbl NoABvXXHOIro coctaBa Ha ATl «Kama».

CKUX YCJIOBUIA, CPEIHETO ITpobera aBTOMOOUJIEH,
kayecTBa BoinogHeHus TO u TP u apyrux
dakTopos, sBisgercs «ITonoxkeHne o TexHUYe-
CKOM OOCITY>KMBaHUU 1 PEMOHTE TTOIBMKHOTO
coCcTaBa aBTOMOOMJILHOTO TpaHcropTa» [2].
JloxkyMeHT pa3paboTtaH Oosiee 30 neT Hazan,
TIOABWXKHOM COCTaB, a TAK:Ke€ HOPMAaTUBBI, KO-
TOpbIC B HEM yKa3aHbl, ycTapeau. Kpome Toro,
B JAHHBIIA MOMEHT ITEPUOAUYHOCTH TEX0OCITy-
KUBaHMS, TPYAOEMKOCTDb OOCITY>KMBaHUS U pe-
MOHTA OITPEACISIFOTCS 3aBOIOM-U3TOTOBUTEIIEM,
¥ MHOTHUE MPEeANPUSTUS TIPUACPKUBAIOTCSI
MMEHHO 3TUX peKoMmeHaauuii. He sBasiercs
nckmouenreM 1 OO0 «ATTI Kama» B [Tepmn,
Ha 0a3e KOTOpOro IPOBOAMIMCEH HaIIU HCCIe-
nJoBaHus. [1apk mpeanpusaTrst 00CTy>KUBaeTCst
C IEPUOOUYHOCTBIO, YKa3aHHOM B TEXHUYECKOU
JOKyMEHTAIlX 3aBOJOM-M3TOTOBUTEIEM, TIPU
5TOM HE YUUTHIBAIOTCS HU YCJIOBUST KCILTyaTa-
UM, HU TIpoune (pakTophl, HU ClienuduKa
TPEANPUSITUST — IMacCaKUPOIepeBo3Ku. Beé aTo
MPUBOIUT K TIPOAOLKUTEIbHBIM IPOCTOSIM
TEXHUKU U BBICOKMM YIEIbHBIM 3aTpaTaM Ha
aKCIUTyaTauuio [3—5].

YkazaHHOe TIpeAnpUsITHe 3aHUMaeTCs
MaCCaXXUPCKUMMU MIEPEBO3KAMMU, TTAPK COCTOUT
un3 aBTo0ycoB MA3 u JInA3. I1pu aToM ObUIH
BBIIEICHBI TPY BO3PACTHBIX IPYTIIIHI ITOABIK -
HOTO cocTaBa: 0 3 JIeT, OT 3 10 5 JIeT, CBhILIe
5 net (puc. 1). Y cynst mo neMOHCTpUpPYEeMbIM

JIaHHBIM, OOJIBIIYIO YaCTh aBTOOYCHOTO IapKa
MOXHO CYUTATh OTHIOAb «HE MOJIOIOM».

HopmaTtuBHas mepuoaMIHOCTb 00CTyK1-
BaHus aBTo0ycoB MA3 cocrasisgeT 10000 km
(TO-1) u 30000 xm (TO-2) [6], TuA3 —
10000 xm (TO-1) 1 20000 xm (TO-2) [7].

BoinonHeH aHanu3 paboTHI MPEeANpUITUs,
oIpee/ieHbl OCHOBHBIE TTOKa3aTe/ 1 0 KaxK-
JIOM BO3pACTHOM TPyIIIIE, OHU IIPEACTABICHbI
B Tabyune 1.

W3 Tabmuupl 1 cieayeT, 9To KO3GGUINEHT
TEXHUYECKOU TOTOBHOCTHU TPYIILI OT 3 10 5
JIET HUKE, YeM TPYIIIBI CO CPOKOM BKCIUTya-
TallMU CBBIIIE 5 JIET, 3TO MOXHO OOBSICHUTH
cllydailHBIMU (haKTopaMU M3-3a HEOOJIbIIO
BBIOOPKHU, ITOCKOJIBKY MCCAEIOBAHUS TIPOBO-
IWJIKCH Ha 0a3e JUIIb OMHOTO MPEAMPUSTHSL.
Takke BUIHO, UTO aBTOOYCHI CO CPOKOM DKC-
TUTyaTalluy J0 3 JIET BBIMOJIHSIOT OOJBIIYIO
YacTh TPAHCIIOPTHOI pabOTHI IO TTepeBO3Ke
rmaccaxKupoB, OMHAKO 3Ta e rpyIra HauooIb-
111ee KOJIMYEeCTBO BPEMEHM HAXOOUTCS B 00-
CIIYXKMBaHUU ¥ PEMOHTE, UYTO CBUAETEIHCTBYET
0 HeoNnTuMalibHO mepuoguyHocTu TO.
Kpowme Toro, cyiiecTByeT mpobyiemMa HU3KOit
TeXHUYECKOI TOTOBHOCTU aBTOOYCOB CO CPO-
KOM 3KcIutyaTaluuu cBbiie 3 yet. Koagdu-
LUEHT TEXHUYECKOU TOTOBHOCTH JIJ11 BTOPOU
U TPEThe TPYIIN 3HAYNTEIbHO HIKE CPeTHEe-
OTpPacyIeBOTO.

Ta6mmma 1
OcHOBHbBIE IT0KA3aTeIH paﬁOTBI MOABMZKHOI'0 COCTaBa
Ne | Cpok KoadduuneHT Texunyeckoi Koadouument | Cpeanecyrou- | CpeHee KOJIMYECTBO
SKCIUTyaTallMy | FOTOBHOCTU KCIIOJIb30BAHMSI | HbIM TIPOGer, | IHEi B 00CIyK1Ba-
dakTiueckmit | HopmatuBHbi | TAPKA Ll I EODEMORTCIBRON
(Haen.)
1 o 3 et 0,89 0,85 0,77 153 43
2 Ot 3 mo 5er 0,63 0,85 0,58 66 20
3 Cspimre 5 et | 0,70 0,85 0,63 85 27
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3arparbl npeanpusTus Ha TO u TP

Tab6uuna 2

Cpoxk akcrutyataiuu | [lepuonuunocts | [lepronuunocTts | YnenbHbie 3atpathl | CyMMapHbIEe TOJO-
TO-1, km TO-2, km Ha TO u TP, py6./km | Bble 3aTpaThl Ha TO
u TP, ToIC. pyo.
o 3 ner 10000 40000 1,40 234,11
Ot 3 o 5 et 8000 32000 2,70 328,16
Csbitie 5 et 6000 24000 3,78 825,76
Hroro 1387,92

M3BecTHO HECKOJIBKO METOIOB OIpeiesie-
HMSI OTITUMAJIBHOM TIEPUOANMIHOCTH OOCITY KU~
BaHUS TPAHCTIOPTHBIX CPEACTB: METOJM IO
JIOITYCTUMOMY YPOBHIO 0€30TKa3HOU paboThI,
METO/I TIO IOTTYCTUMOMY 3HAUYE€HUIO U 3aKOHO-
MEpHOCTU M3MEHEHUs MmapaMeTrpa TeXHUde-
CKOTO COCTOSTHUSI, TEXHUKO-3KOHOMUYIECKU T
MEeTOJ, 9KOHOMUKO-BEPOSITHOCTHBIN U T.II.
[8-9].

[Moucky onTuManbHON MTEPUOTAUIHOCTHU
TEXHUYECKOTO OOCTY>XKMBAHUS TOCBSIIEHO
0OJIBIIIOE KOJTMIECTBO HAYUHBIX ITyOIMKAIIN T
[10—17]. Kak mpaBuio, UX aBTOPHI TTOJT OTITH -
MaJTbHOM MepUOIUIHOCTHIO TOHUMAIOT TAKO
CPOK 3KCIUTyaTalluu, Tpru KOTOPOM 3aTpaThl
Ha TO u TP, oTHecEHHBIC K eIMHUIIE PAOOTHI,
MuHUMabHHI [ 10]. s Hamero uccienosa-
HUS HAWOOJIBIIUN WHTEPEC MPEeNCTaBIsIeT
9KOHOMUKO-BEPOSITHOCTHBIN METO/, 10O OH
TTO3BOJISIET OIIEHUTDH HE TOJBHKO 3aTpaThl, HO
1 0e30TKa3HOCTh pabOTHI TIPY 33IaHHOM PU-
CKe U pa3yMHOM KOJIMYECTBE UCXOIHBIX TaH-
HBIX ¥ TPYITOEMKOCTU BHIYMCIICHUT.

CrienunuKOI TpenmnpusiTUs SIBISIOTCS
MaccaxuponepeBo3Kr, MOITOMY [IJIsI MOJIEeP-
JKaHUs TTapka aBTOO0YCOB B pab0TOCIOCOOHOM
COCTOSTHUM WCITOJIb3YeTCST TUIAHOBO-TIPELY-
npeauTebHas cucreMa. [lepuoanaHOCTb
00CITYy>KMBaHUS U 3aTPaThl MPEATIPUATUASI HA
TO u TP 3a 2016 rox npeacTaBieHbl B TAOJ M-
1e 2.

OnHUM U3 KpUTEPUEB ONITUMU3AIIUN SIB-
JISIETCSI CHUDKEHME 3aTpaT Ha dKCIUTyaTalluio,
MO3TOMY IIPU Pacy€TaxX OMPeNesIIUCh YIEIb-
HbIE 3aTpaThl HA KWIOMETp Mpobera.

VYienbHbIe 3aTpaThl MIPU MPUMEHEHUN
TIpeyTIPEeTUTEIEHON CTPATEeTUN MOXKHO TPaK-
TOBaTh KakK OTHOIIECHWE CPEIHEB3BEIICHHON
CTOMMOCTH OJTHOU OTIepally K CPeIHEB3BE-
IIEHHOW HapaboTKe C yYETOM OTKa3a YacTu
KOHCTPYKTUBHBIX 3JIEMEHTOB aBToOyca 1o
dopmyme [8]:

U =C, = cF+dR

=, (1)
[ F+1R
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rae d —CTOMMOCTh Orepayu TeXHUIECKOTO
o0Cy>XMUBaHus, pyo.;

R — BeposiTHOCTB 6€30TKa3HOI PabOTHI;

F — BeposiTHOCTB OTKA3a IMPpU BHITIOJTHEHU T
TEXHUYECKOTO OOCITy>KUBAHUSI C TIEPUOIUAY -
HOCTBIO || 1 BEpOSITHOCTD BBITIOIHEHHST pe-
MOHTHOU orrepalny (YCTpaHEHHE 0TKa3a);

C — CTOMMOCTbH OTIepalluu yCTpaHeHUs
oTKa3za, pyo.;

I — cpenHsist HapabOTKa OTKa3aBILINX
C BepOsITHOCTHIO F 2j1eMeHTOB, KM;

lp — NePUOJUYHOCTb TEXHUUYECKOTO O0CITy-
KUBAHUS, KM.

BeposTHoCTh 6e30TKa3HOW pabOThl MpU
9KCTIOHEHIIMAJILHOM 3aKOHE BbIpaXkaeTcs
dopmyroii [8]:

R(x)=exp ™, ()

rae A — UHTEHCUBHOCTb OTKa3a.

Wcmonp3oBaHue 3KCITOHCHIIMATBLHOTO
3aKOHa Mpu pacyéTax oOycJIOBIeHO OOJIblIe
TOYHOCTBIO B CPaBHEHNM C HOPMAJIBHBIM 3a-
KOHOM pacIipeeeHs. DKCITOHEHIIMATBHBIN
3aKOH OITMCHIBACT HAIEKHOCTH paOOTHI U3/Ie-
JIAS B TIPOMEKYTOK €0 HOPMaJTbHOM SKCILTya-
TalK, KOTIa IMOCTEIeHHBIE OTKa3hl CIIE He
TIPOSIBIISTFOTCST ¥ HAAEKHOCTh XapaKTepU3yeT-
¢S TOJTLKO BHE3AITHBIMU OTKa3aMH.

MHTEeHCUBHOCTB OTKA30B SIBJISICTCST ITOCTO-
SIHHOW BEJIMUMHOI U orpeaessieTcs mo ¢op-
myie [8]:

1

A=—,
T

0

(€))

rae T, — cpenHss HapaboTKa Ha OTKa3, KM.

BeposiTHOCTH O0TKa3a IMpuU MPOBEICHUU
TEXHUYECKOTro 00Cay:KUBaHuUs [8]:
F=1-R. 4)

Pesynbratel pacyéToB IpeAcTaBIeHbI Ha
puc. 2—4.

Bun rpadukoB oObsICHSIETCS CIEAYIOLIMM
00pa3oM: 3aTpaThl Ha TEXHUYECKOE OOCITYKM -
BaHME OT Ipobera 3aBUCIT Majo U MOXKHO
MIPUHSTH IOIYIIEHWE, YTO OHM BBICTYIAIOT
ukcupoBaHHOM BeIMUMHOM. YeM valiie mpo-
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Puc. 3. YaenbHbie 3aTpatbl Ha TO M peMOHT U BepOSITHOCTb OTKa3a aBToGyCcOB
C BO3pacToM aKcnyaTauum ot 3-x 40 5 et npu pas3nnyHon nepnoaunyHocty TO. / R

BozaT TO, TeM Joposke yaeabHbIe 3aTpaThl HA  TO BO3PACTAIOT Y/IETbHBIC 3aTPAThl HA PEMOHT.
00CTy>KIBaHME ¥ MEHBIIIC 3aTPAThl HA PEMOHT, Bce monyueHHbBIe TpadUKU UMEIOT MU-
TIOCKOJIBKY BEPOSITHOCTb BOBHUKHOBCHHUS OT- HUMYMBI, KOTOPBIE COOTBETCTBYIOT OIITH-
Kaza cHmkaetcst. Ecmu TO mpoBomuTh peako, MalbHBIM 3HaUeHUSM ITepuogunaHoctu TO,
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C BO3pacTOM 3KCrulyaTayuu CBbile 5 1eT npu pa3nnyHon nepuognyHoctu TO.
Tab6auna 3
3arparsl npeanpusatus Ha TO u TP npu ontumansHoii nepuogumunoctd TO
Ne | Cpok akcrutya- | OnTuManbHas OnTumanbHast VnenbHble 3atpathl | CyMMapHBIE TOIOBbIE
TaluKu MEepUOAUYHOCTh nepuoandHocth | Ha TO u TP, py6./km | 3atpatel Ha TO u TP,
TO-1, km TO-2, km TBIC. PYO.
1 o 3 ner 8000 32000 1,265 234,11
2 Ot 3 1o 5 net 6000 24000 2,143 328,16
3 Cabiwie 5 et 4000 16000 3,002 825,76
Hroro 1128,34

OJIHAKO 3TH 3HAYECHMSI CYIIECTBEHHO MEHb-
IlIe, YeM 3HauyeHUss HOPMATMBHOM Iepuo-
IUYHOCTU 00CHyXXMBaHUS aBTOOycoB MA3
un JInuA3, npuBeaeHHbie Boile. [TonyuyeHHbIe
OITUMAaJIbHbIE 3HAYECHMSI NIEPUOIUYHOCTHI
TO uenecoobpa3Ho KOPPEeKTUPOBATH AJIS
CHMXEHUSI BEPOSITHOCTU BO3HUMKHOBEHUS
OTKa30B.

Takum oGpaszom, oJig TpaHCIIOpTa CO
CPOKOM 3KCILIyaTalliuu A0 3 JIeT IIPU IIPOBe-
neHun TO-1 ¢ nepuommuHocThio 8000 KM
yIeJdbHbIC 3aTpaThl OYAYT MUHUMAJIbHBIMU
u cocTtaBst 1,170 py0./KM, IpU BEpOSITHOCTHU
otkaza — 0,45. YuurtsiBasg crieunuky mpe-
MNPUATUS — IacCaXKUPOIEePEeBO3KM, OITU-
MaJIbHOM OyIeT MepUOAUIHOCTb HE C MUHU -
MaJIbHbIMU 3aTpaTaMM, a C MEHbIIEH Bepo-
SITHOCTbIO BOBHMKHOBEHMUSI OTKA30B IpPU
paLMoHaIbHbIX 3aTpaTaX. [loaTOMY pasyMmHO
MPOBOAUTDH OOCTY:KMBAHUE C IEPUOIUIHO-
cthio 5000 kM, 3aTpaThl yBeJIM4yaTcs OO0
1,265 py6./kM, T.¢. Ha 8 %, IIpU 3TOM BEpO-
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SITHOCTb BOBHUKHOBEHHUS OTKa3a CHU3UTCS
1o 0,23 niau mouTH B 2 pasa.

J11s1 TpYIIIBI CO CPOKOM IKCIUTyaTalluu OT
3 10 5 1eT MUHUMaJIbHBIE 3aTPaThl OyIyT IpU
nepuoagudHoOCTH obcayxkuBanus 6000 km
U cocTaBdT 1,754 py0./KM, TIp1 BEPOSITHOCTH
otkasza — 0,53. OgHako ecjii TPOBOJUTHL 00-
cIIy>KuBaHUe ¢ TiepuoandHocThio 4000 KM, TO
3aTparthl yBeaudarcs 1o 2,143 py0./km, T.e. Ha
22 %, Ip1 5TOM BEPOSITHOCTh BO3HUKHOBEHMSI
orkasza cHusurcs 10 0,30 mau Ha 43,4 %.

JJ1s1 TPYIIIBI CO CPOKOM BKCILIyaTalluKi
CBBIILIE 5 JIET MUHUMAaJIbHbIE 3aTpaThl OyIyT
Mpu nepuoandHocTr oocmykuBanus 4000 km
U cocTaBdT 2,898 py0./KM, TIpU BEPOSITHOCTH
orkasza — 0,49. OgHako eciu TPOBOJUTHL 00-
clIy>KuBaHue ¢ repruoandHocThio 3000 KM, TO
3aTparthl yBeaudarcs 1o 3,002 py0./km, T.e. Ha
3,5 %, ipu 3TOM BEpOSITHOCTb BO3HMKHOBE-
Hus1 oTKa3a cHu3utcst 1o 0,39 wiv Ha 25,6 %.

KoppekTupoBaHue HOpMAaTUBOB MEPHO-
OIUYHOCTH OOCYXXKMBaHMsI B CTOPOHY UX
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YMEHBIIEHUS NMPUBEAET K YBEJIUICHUIO
yaenbHBIX 3aTpat Ha TO, HO IIpHW 3TOM 3Ha-
YUTEJTHHO YMEHBIITUTCS BEPOSITHOCTD HACTYIT-
JICHUST OTKA30B U, KaK CJICACTBUE, CHU3SITCS
yIelIbHBIC 3aTPAThl Ha PEMOHT, 3a CUET YeTO
U OYAET NOCTUTHYT SKOHOMUYECKU I 3(P(PEKT.
KoHeuHO, TpUHSITEIE BEPOSITHOCTH HACTYII-
neHust orkazoB ot 0,23 go 0,39 cioxHo Ha-
3BaTh YAOBJICTBOPUTEIILHBIMU, TEM HE MEHEe
nonaepkaHWe BEepPOSITHOCTU OTKA30B Ha
ypoBHe 0,1—0,15 (4T0 COOTBETCTBYET KOI(P-
GUIMEeHTy TEXHUYECKO TOTOBHOCTH Ha
YPOBHE CPEAHEOTPACEBOI0) MPUBEAET K PO-
CTY YOEHABHBIX 3aTpaT MpUMEpHO B 2 pasa,
a ONTHMaJIbHAs MEPUOAUIHOCTh COCTABUT
2000—2500 xkm.

B Tabnuiie 3 npuBeneHbl pe3yJibTaThl pac-
YETOB IIPU HOBBIX ONTUMAIBHBIX 3HAYCHUSIX
TMePUOINIHOCTH TEXHUIESCKOTO OOCITYKIMBa-
Hust. CyMMapHEIe TOIOBEIE 3aTpaThl TIpe/-
npusitust Ha TO u TP cHu3sATCS B 9TOM ciiyyae
Ha 259,58 thic. py0. v Ha 18,7 %.

BbIBO/[bl

1. 3amaya HaAXOXACHUST ONMTUMAJIBHOTO
3HAYECHUST TIEPUOINIHOCTU TipoBeaeHust TO
¥ TP noaBM:KHOro cocTaBa sSIBISIETCS aKTyallb-
HOU U MHOTO(AaKTOPHOWA.

2. OnpenenieHa ONTUMAaJbHAS TIEPUOINY-
HocTh TO 11sT MapKa aBTOTPaAaHCTIOPTHOTO
npeanpusiTust. [11st aBTOOYCOB ITEPBOM TPYIIITBI
oHa coctaBuT 8000 KM, /17151 BTOPOIA TPYTITIBI —
6000 xm, st Tpetbeit — 4000 kM. [MonmydeH-
Hble 3HAYECHUsI MEPUOTUIHOCTH MMO3BOJISTIOT
3HAYUTEIBHO CHU3UTh BEPOSITHOCTh BO3HUK-
HOBEHUSI OTKA30B, UTO OYCHb BaXHO TPU
MepeBO3Ke MacCaXUpoB, TTPU HE3HAUUTETb-
HOM YBEJIMYECHUM YIeIbHBIX 3aTpaT Ha TO
uTP.

3. cnonb3oBaHue MPeUTOXKEHHON METO-
JUKU TTO3BOJIUT MOBBICUTh KOIDGDUIIMEHT
TEXHUYECKOW TOTOBHOCTU Ha TIPEANPUSITUN
M CHU3WUTH CyMMapHbIe TOIOBBIC 3aTpaThl Ha
TOuTP.
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OF BUSES

ABSTRACT

The article, using the example of LLC ATP Kama
analyzes the condition of fleet of the motor transport
enterprise, as well as the existing system for
ensuring its operability. In particular, normative and
actual technical readiness of buses is shown taking
into account the terms of their operation, average
daily mileage, total number of days of stay for

Background. /n market conditions, competitive-
ness of any motor transport enterprise depends on
the coefficient of technical readiness of the fleet
and the costs for maintenance (TM) and current
repairs (CR). In addition, we should not forget about
the increase in the cost of cars, spare parts,
relatively high average age of the fleet, especially
trucks and buses.

Currently there is a tendency for disaggregation
of motor transport organizations, an average
enterprise now has no more than 30 units of
equipment [1]. The system for maintaining working
capacity of the fleet at such enterprises is ineffective
and at best consists of performing maintenance with
the frequency specified in the technical
documentation, while most enterprises do not have
their own production and technical base, they cannot
keep technological discipline for maintenance and
current repairs.

The main document regulating adjustment of
standards depending on operating conditions,
climatic conditions, average mileage of cars, quality
of maintenance and current repair performance and
other factors is «Regulation on technical maintenance
and repair of the fleet of automobile transport» [2].
The document was developed more than 30 years
ago, cars, as well as the standards, which it indicated
are outdated. In addition, at present periodicity of
maintenance, labor-intensive maintenance and repair
are determined by the manufacturer and many
enterprises adhere to these recommendations. LLC
ATP Kama in Perm on the basis of which studies were
conducted is not an exception. The maintenance of
the enterprise fleet is carried out with the frequency
specified in the technical documentation by the
manufacturer, and neither the operating conditions,
nor other factors, nor the specific nature of the

upto3
years
20 %

Pic. 1. Age groups of rolling stock at LLC ATP Kama.
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maintenance and repair during the year. The method
of adjustment of standards was chosen. Optimal
periodicity of maintenance of vehicles was
determined. An assessment of intensity of failures,
costs for the enterprise of preventive maintenance
and repair work, and calculation of economic
effectiveness of the proposed solutions are
suggested.

Keywords: motor transport enterprise, economy, cost reduction, optimal periodicity of maintenance, bus
operation, economic-probabilistic method, exponential distribution law.

enterprise — passenger transportation, are taken into
account, all this leads to long downtime of equipment
and high specific costs of operation [3-5].

Objective. The objective of the authors is to
consider the issue of determining rational frequency
of technical maintenance of buses.

Methods. The authors use general scientific
methods, comparative analysis, evaluation approach,
scientific description method.

Results. The said enterprise is engaged in
passenger transportation, the fleet consists of MAZ
and LIAZ buses. Three age groups of rolling stock are
distinguished: up to 3 years, from 3 to 5 years, over 5
years (Pic. 1). And judging by the data shown, most
of the bus fleet cannot be considered «young».

The normative frequency of maintenance of MAZ
buses is 10000 km (TM-1) and 30000 km (TM-2) [6],
LiAZ-10000 km (TM-1) and 20000 km (TM-2) [7].

The work of the enterprise is analyzed, the main
indicators for each age group are determined, they
are presented in Table 1.

From Table 1 it follows that the coefficient of
technical readiness of the group of buses aged from 3
to 5 years is lower than those with a service life of more
than 5 years, this can be explained by random factors
due to a small sample, since the studies were
conducted on the basis of only one enterprise. It can
also be seen that buses with a service life of up to 3
years carry out most of the transport work for
transportation of passengers, however the same group
has the greatest amount of time lost for maintenance
and repair, which indicates non-optimal periodicity of
maintenance. In addition, there is a problem of low
technical readiness of buses with a service life of more
than 3 years. The coefficient of technical readiness for
the second and third groups is much lower than the
industry average.

There are several methods for determining the
optimal periodicity for maintenance of vehicles:
method based on permissible level of failure-free
operation, method based on permissible value and
regularity of the change in the technical condition
parameter, technical and economic method,
economic-probabilistic, etc. [8-9].

A large number of scientific publications have
been devoted to the search for optimal periodicity of
maintenance [10-17]. As a rule, their authors
understand under optimum periodicity such a service
life at which the costs for maintenance and current
repair, referred to the unit of work, are minimal [10].
For our study, the most interesting is the economic-
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Main performance indicators of rolling stock

Table 1

No. | Service life Coefficient of technical readiness Fleet Average daily | Average
actual s utilization mileage, km number
coefficient of days in

maintenance
and repair per
year (per unit)

1 Up to 3 years 0,89 0,85 0,77 153 43

2 From 3 to 5 years | 0,63 0,85 0,58 66 20

3 Over 5 years 0,70 0,85 0,63 85 27

Table 2
Costs of the enterprise for maintenance and current repair
No. | Service life Periodicity of Periodicity of Specific costs for Total annual costs
TM-1, km TM-2, km TM and CR, rub./ |for TM and CR,
km thous. rub.

1 Up to 3 years 10000 40000 1,40 234,11

2 From 3 to 5 years 8000 32000 2,70 328,16

3 Over 5 years 6000 24000 3,78 825,76

Total 1387,92
probabilistic method, because it allows us to estimate 1
not only costs, but also failure-free operation ata A=—, (3)

given risk and a reasonable amount of input data and
laborious calculations.

Specifics of the enterprise is passenger
transportation, therefore, in order to maintain the fleet
of buses in working condition, a preventive
maintenance system is used. Periodicity of
maintenance and costs of the enterprise for
maintenance and current repair for 2016 are
presented in Table 2.

One of the optimization criteria is reduction of
operating costs, therefore, the specific costs per
kilometer of mileage were determined in the
calculations.

Specific costs when applying a preventive
strategy can be interpreted as a ratio of weighted
average cost of one operation to weighted average
service hours, taking into account failure of a part of
the structural elements of a bus according to the
formula [8]:

cF+dR
V=Gt TEaR &
P P
where d — cost of maintenance operation, rub.;

R — probability of failure-free operation;

F — probability of a failure during performance of
maintenance with periodicity | and probability of
performing a repair operation (elimination of a failure);

c —cost of a failure elimination operation, rub.;

r ,—average service hours of a failed element with
probability F, km;

|_— periodicity of technical maintenance, km.

The probability of failure-free operation under the
exponential law is expressed by the formula [8]:

R(x)=exp™,

where )\ — failure intensity.

The use of the exponential law in calculations is
due to greater accuracy in comparison with the normal
distribution law. The exponential law describes
reliability of a product in the period of its normal
operation, when gradual failures are not yet manifested
and reliability is characterized only by sudden failures.

The failure intensity is a constant value and is
determined by the formula [8]:

(2)
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where T,—average service hours to a failure, km.

Probability of a failure during maintenance [8]:
F=1-R. (4)

The results of the calculations are shown in
Pic. 2-4.

The type of graphs can be explained as follows:
maintenance costs depend little on the mileage and
it can be assumed that they are a fixed value. The
more frequent is maintenance, the higher is the unit
cost of maintenance and the less are repair costs,
since the probability of failure is reduced. If
maintenance is carried out rarely, then the unit costs
for repairs increase.

All the obtained graphs have minima that
correspond to the optimum values of TM periodicity,
but these values are substantially less than the values
of the normative periodicity of maintenance of MAZ
and LIAZ buses given above. It is advisable to adjust
the obtained optimum values of the periodicity of TM
to reduce the probability of failures.

Thus, for transport with a service life of up to
3 years it is recommended to carry out TM-1 with a
periodicity of 8000 km, the specific costs will be
minimal and amount to 1170 rub./km, with the
probability of failure — 0,45. Given the specifics of the
enterprise — passenger transportation, the periodicity
will be optimal not with minimal costs, but with a lower
probability of failures at rational costs. Therefore it is
reasonable to carry out maintenance with a frequency
of 5000 km, the costs will increase to 1,265 rub./km,
i. e. by 8 %, while the probability of a failure will
decrease to 0,23 or almost by 2 times.

For a group with a service life from 3 to 5 years,
the minimum costs will be at a maintenance period of
6000 km and will be 1,754 rub./km, with a probability
of failure - 0,53. However, if the maintenance is
carried out at a frequency of 4000 km, the costs will
increase to 2,143 rub./km, i. e. by 22 %, while the
probability of a failure will decrease to 0,30 or 43,4 %.

For a group with a service life of more than 5 years,
the minimum costs will be at a maintenance period of
4000 km and will be 2,898 rub./km, with a probability
of a failure — 0,49. However, if the maintenance is
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carried out at a frequency of 3000 km, the costs will
increase to 3,002 rub./km, i. e. by 3,5 %, while the
probability of a failure will decrease to 0,39 or 25,6 %.

Adjustment of standards for maintenance
intervals focusing on their reduction will lead to an
increase in specific costs for maintenance, but at
the same time, the probability of a failure will
significantly decrease, and as a consequence, the
specific costs for repair will decrease, thereby
achieving economic benefits. Of course, it is
difficult to call the accepted probability of failures
from 0,23 to 0,39 satisfactory, nevertheless
maintaining the probability of a failure at the level
of 0,1-0, 15 (which corresponds to the coefficient
of technical readiness at the level of the industry
average) will lead to an increase in specific costs

a 2000

4000 A000 2000 10000 12000 14000
TM periodicity, thous. km

by approximately 2 times, and the optimal
frequency will be 2000-2500 km.

Table 3 shows the results of calculations at the
new optimum values of maintenance intervals. The
total annual costs of the enterprise for maintenance
and current repair will decrease in this case by 259,58
thousand rubles or by 18,7 %.

Conclusions.

1. The task of finding an optimal value of periodicity
of carrying out maintenance and current repair of
rolling stock is topical and multifactorial.

2. The optimal periodicity of maintenance for the
fleet of the motor transport enterprise was determined.
For buses of the first group it will be 8000 km, for the
second group — 6000 km, for the third one — 4000 km.
The obtained values of periodicity can significantly
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Table 3

Costs of the enterprise for maintenance and current repair
at the optimum periodicity of maintenance

No. | Service life Optimal Optimal Specific costs for | Total annual costs for
periodicity of periodicity of TM and CR, rub./ | TM and CR, thous.
TM-1, km TM-2, km km rub.
1 Up to 3 years 8000 32000 1,265 234,11
2 From 3 to 5years | 6000 24000 2,143 328,16
3 Over 5 years 4000 16000 3,002 825,76
Total 1128,34

reduce the probability of failure, which is very
important for transportation of passengers, with a
slight increase in specific costs for maintenance and
current repair.

3. Using the proposed methodology will increase
the coefficient of technical readiness at the enterprise
and reduce the total annual costs for maintenance and
current repair by 259,58 thousand rubles or by 18,7 %.
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