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MMpu peweHnn npobremsl aHeprocobepexxeHns
Ha TpaHcrnopTe BO3HUKaeT anieMma: 1mbo
yBenIn4nBaThb CKOPOCTU ABMKEHUS (40CTaBKu)
UM COKpaLwjaTb BpeMsl HaXOXAeHuUsl rpy3a

B npoyecce ToBapoABUXEHUsI, NGO coKpaLaTh
3HEepProeMKoCTb TPAHCMOPTHOM yCJyrU.

B cTtaTbe gaercs aHasin3 UCIOJIb30BaHNS
n3mepuTesisi TPaHCMOPTHOM PaboTbl — «TpaH»,
npuBeneHbl pacyeTsl, 4O0Ka3biBaloLLne ero
HeafeKkBaTHOCTb AJ1sl OeHKN 3HEProeMKOCTHU
TPaHCMOPTHOro fnpoLecca, 0Co6eHHO

npv HaIn4YNm JIOrMCTUYECKUX CUCTEM

U c/10XXUBLLIErocs nopsiaka oocnyxmBaHns
uenev NocTaBoK. B KOHTEKCcTe IorncTukn

HU TOHHO-KWUJIOMETPbI, HU TeM b6osiee «TpaH»
He uMeIoT peLuaioLlero 3Ha4yeHus, MoCKoJIbKY
Ha ¢poHe MaKkCcUMasibHO BO3MOXHOIO CHUXEHUS
COBOKYIMHbIX 3aTpaT Ha TOBapoOABMXeHue
onpeaensiioLLei CTAaHOBUTCSI CUHXPOHU3aLns
onepauuii no obecrne4eHunio HenpepbIBHOCTN
v 3¢pPEeKTUBHOIro TeEXHNYECKOro
conpoBoXxaeHs (BKJIlOYasl nokasartenu
BHeproeMKocTH) TPaHCIOPTHOIO npouyecca.

Knto4yesble crioBa: aBTOMOGWIb, rPy30MepeBo3Ky,
«TpaH», 3HeProeMKOCTb TPAHCMOPTHOM PaboThl,
CKOPOCTb AOCTaBKU rpy3a, abTepHaTUBHbIE
riokasareJsiu.

® MWP TPAHCIMOPTA, Tom 13, N2 5, C. 50-57 (2015)

ABTOMOOUNBHbBIE
rpy3onepeBoO3KMU:
pacyeT 3HEeproeMKoCcTHU
TPaHCNOPTHOM PadoThI

Bockpecencxuii Heopv Baadumuposuu — xanoudam
MEXHUYEeCKUX HayK, O0UeHm, 3a8edyruuil

Kxagedpoui « Tpancnopm u noeucmuka» Cubupckoeo
20Cy0apcmeeHH020 UHOYCMPUANbHO20 YHUGepcumema,
Hoesokysneuk, Poccus.

pobsiemMa aHeprocoepexXeHUs SIBIsIeT-

Cs IJIO0AJIbHOM, TPAHCTIOPTHbBIE MTPO-

LIECChl — OJTHU U3 CaMbIX 9HEProeM-
KHX, MO3TOMY BOIMIPOC O COKPAIIEHUU IHEpP-
ronoTpedeHNs (IHEProeMKOCTH ) MPU Tepe-
BO3KaX TpPy30B HEM3MEHHO aKTyaJieH.
ITonbITKM HaliTU B 3TOU cdepe Kakue-To
YHUBEpCaIbHbIE CPEICTBA MAJIO UTO 1A0T, UOO
BO3HUKAET AujieMMa: OO YBEUYMBATh CKO-
POCTU ABUXEHUS (IOCTaBKU) U COKpallaTh
BpeMsI HaXOXAEHUS Tpy3a B Mpoliecce TOBa-
POIBUXEHUS, TUOO COKpallaTh SHEPTOEeM-
KOCTb TPAHCITIOPTHOM YCJIyTU, MPUXOSIIecs
Ha OJJTHY TOHHY WIU TOHHO-KUJIOMETP. YBEu-
YeHUEe CKOPOCTU NOCTAaBKU HEMPEMEHHO
MPUBOAUT K YBEIUYEHUIO IHEPTOEMKOCTH,
CTpEMJIEHUE K COKPAILIEHUIO 9HEPTOEMKOCTH,
B CBOIO 0Yepellb — K YBEJIUUYEHUIO BPEMEHU
JIBUKEHUS.

3AKOHOMEPHOCTU N 3AKOH
YemoBeuecTBO B CBOEM Pa3BUTHUU TIOCTO-
STHHO JJOOMBAJIOCh HapalllMBaHUSI TTPOU3BOI -
TeJIBHBIX CUJI. POCT MPOM3BOAUTENBHBIX CUIT
MpenIoyaraeT ABa acrekra: yBeIudeHUe
MaccChl TIPOM3BEACHHBIX TOBAPOB U yBEIMYE-
HIUE CKOPOCTH WX OOPAIIEHUST, TO €CTh TOCTaB-
KY TIOTPEOUTEITIO YT K ITOCIIeIYIOIINM Tiepe-
JenlaM B Kpartdaiiive cpoku. Ecim yBenmmae-



HHE TOBapHOI MacChl OTPaHUINBAIOCh PeCyp-
caMU 1 TTOTPEOHOCTSIMMU 0011IeCTBa, TO OOphba
3a CKOPOCTH CTajla OCHOBHBIM HallpaBJICHUEM
Pa3BUTHSI TEXHUKH BOOOIIE U TPpaHCIIOPTa —
B YaCTHOCTH.

CJIOXHBII, COCTaBHOM XapaKTep CKOPOCTH
TOBAapPHOT'O OOpAIIeHNUS IPUBEII K Pa3IeICHUIO
W CIlelaIn3aly Tpyaa Mo MepeMeIeHUIO
TPY30B OT HAYaIbHOTO 0 KOHEUHOTO ITYHKTA,
a TaKKe K HEOOXOIMMOCTH CBS3BIBATh STAIIBI
mpoliecca, coodpasysich ¢ haKTopaMu BpeMe-
HU Y UCITOJIb30BaHUS paOOUeii CHIIHI.

IIpumMeHeHNEe Ha TPAaHCIIOPTE TEIUIOBBIX
¥ 3JCKTPUUCCKUX IBUTATENeH, pa3BUTHE CO-
MYTCTBYIOIINX IIpeoOpa3oBaTesicii SHEPIUH,
TIPOTPECCUBHBIX TEXHOJIOTUI U CCTEM YIIpaB-
JICHUS IIPOU3BOICTBOM OTKPBIIO 3Py MEXaHU -
3MPOBAHHOTO TPAHCIIOPTA U BBICOKOTEXHOJIO-
TUYHOTO OOCITYXXMBaHUS, IMPUBEAIIYIO K CY-
IIECTBEHHOMY POCTY CKOPOCTEil M IIpOn3BO-
JIUTETLHOCTU TPAHCITOPTHBIX cucTeM [3].

OmHaKo 32 CKOPOCTh MPUXOIUTCSI pacTuIa-
YUBAThCSI MOIITHOCTHIO. B 3aBCHMOCTH OT CO-
TIPOTUBJICHUS CPEIbl, SKOHOMUIHOCTHU IBU-
rarenisi, Beca U Koa¢pUIMeHTa TOJIe3HOTO
MEWCTBUSI ABUTATENISI 1 MHOTUX APYTUX (haK-
TOPOB PaHO WJIM ITO3THO HACTYITaeT MOMEHT,
KOrJa IjiaTa 3a CKOPOCTb CTAaHOBHUTCSI Upe3-
MEpHOM, 3aTpaThl BO3PACTAlOT 10 TaKOIro
mpenesa, KOrma BEIMIPHIIT B CKOPOCTU JaeT
OTPUILIATEIbHBII YKOHOMUYECKUI (PPEKT.
Ecnu cBectu BnusiHue Bcex (haKTOpOB BOEIM-
HO, TO JOJDKHA OBITH BBISIBJICHA HEKOTOpas
00111as1 TEHASHIIMSI, CBOETO pola YHUBED -
CaJbHBIN 3aKOH TpaHCIIOpTa, CBSI3bIBa-
OIIUI yIeIbHYI0 MOITHOCTE (KBT(71.¢)/T)
M CKOPOCTh ABMXKeHUs [3], u Torma 3amadya
BO3pacTaHMSI CKOPOCTH CTAHOBUTCS OITUMU-
3allMOHHOM.

TTombITKa yCTAHOBUTH TAKYIO 3aBUCUMOCTD
OblJ1a TIpEANPUHITAa UTAIbIHIIeM [a0puann
v aMepuKaHieM (hoH KapmaHoM B maTuaecs -
TBIX TOAaX MPOIUIOro Beka. OdpaboTaB OrpoM-
HBIM CTaTUCTUYECKUU MaTepuana, OHMU IS
KaXXJIOTo BUIa TPAHCIIOPTA IOCTPOWIN KPH-
By10. TOUHBII CMBICIT €€ TaKOB: P CYIIIECT-
BYIOILIEM YPOBHE Pa3BUTHUS TEXHUKHN SKUTIAXK
JAHHOTO TUTIA TIPY JAaHHOM CKOPOCTHU TpeOyeT
OIIPEeAEICHHOU MOIIHOCTU — IO KpaliHeu
Mepe, TaKOM, KaKylo OH! YKa3aIu Ha TuarpaM-
Mme (puc. 1) [2].

IIpaBma, B cBouX pacuerax labpusnu
u (poH KapmaH Opajin MOJTHYIO MOIIHOCTD,
XOTSI YaCTh €€ OTOMPACTCS Ha BCIIOMOTaTelb-
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Hble HYXIbl U cOo3aHue TATU. boiee agek-
BaTHOI Mepoii Obl1a 6bI MOIIHOCTD IS Me-
PEBO3KM TOJIBKO IOJIE3HOTO Tpy3a, a 0osee
TOYHOW — MOIIIHOCTh MO OOLIEMY MOJTHOMY
BECy TPAaHCIOPTHOTO CPelCcTBa (IOMYCTUM,
COOCTBEHHBII BEC aBTOMOOUJISI C HOMUHAJIb-
HOIl Harpy3koit). TeM He MeHee, Jaxe UX
IUarpaMMa I10CTaTOYHO HATJISIIHO XapaKTe-
pu3yeT lieHY, YIJauyuBaeMylo B €IUHUIIAX
MOIITHOCTH 332 CKOPOCTB, XOTSI ¥ HE 32 MOJIE3-
HYIO Harpy3Ky.

ITpuBeneHHas fuarpaMma UHTEPECHA TEM,
YTO TIOKA3bIBAET MapadOINYECKYIO 3aBUCH-
MOCTb yIeJIbHOU MOIIHOCTU OT CKOPOCTU
NBUXKEHUS. SBSETCS JIM 3TO OOCTOSTELCTBO
MPUHILIMITUATBHO HOBBIM SIBJICHUEM U CBUJIE-
TEeJIbCTBOM «EIUHOTO TPAHCIIOPTHOTO 3aKO-
Ha»?

«TPAH» U IOTMYECKUE
C-«TPAH»-HOCTU

Bormpockl cozgaHust eIMHOTO TPaHCIOPT-
HOTO 3aKOHA HE MOTYT UTHOPUPOBATH BIUSTHUE
HecyLIel cpebl; 11 MOAAePXKAHUS dKUMaxa
B cpelle HE0OOXOIMMO paBHOBECHUE TIPU €TO
HaXOXJEHUU B MMOKOE; TAKYIO CPEAY B pa3HOA
CTEIeHU O0eCIeYrBAIOT 3€MHAasl U BOAHAs
MOBEPXHOCTU. BO3MOXHOCTU YCKOPEHHOTO
JIBUKEHUST U COXPAHEHUS MOCTOSIHHOM CKO-
pocTy 00eCceunBalOTCSI HE HOBBIM 3aKOHOM
TpaHCHOpPTa, a PU3NIECKUMU 3aKOHAMU TeJa,
00J1aJaI011IeTO KUHETUYECKOU SHEPTUeit; Ku-
HeTUYecKasi SHEPTUST JBUXKYILIETO dKUITaxa
TaKKe He SIBJISIETCSI HOBBIM 3aKOHOM.

CKOpPOCTbh CTPEMSITCSI YBEJIMYUTD JIUIITh
MOTOMY, YTO ATO YACTHBIN ciy4yaili 60pbObI
3a BpeMsi, KOTOPYIO BEJIET YeJIOBEUECTBO Thl-
csuenetusiMu. COKpaTUTh Bpemsi Ha IPeoio-
JieHre | KM yTH — 3HAYUT MOBBICUTH TPOU3-
BOJUTEIBHOCTD TPYIa HA TPAHCIIOPTE, OAHO-
BPEMEHHO CKOPOCTb JOCTAaBKU HESBHBIM
00pa3oM TMPUCYTCTBYET B OCHOBHOW 3amade
TpaHCIIOpTa — JOCTAaBUTh TPy3 MO Ha3Haye-
HUIO Ha ONpEIEIEHHOE PACCTOSTHUE TOYHO
B CPOK.

IIpu nepememieHUU 0OBEKTA MACcCO m
B cpelie 0OMTaHMs Ha paccTossHue L nmpeono-
JIEHVE CWIbl CONPOTUBIEeHUS P cpensbl sBs-
eTcd 0ObeKTUBHOM peanbHOCThI0. Hensoex-
HOCTb MPEOAO0JEHUS HAa3BAHHON CUJIbI HE 3a-
BUCHUT OT BUJIa HOCUTEJISI 00BbEKTA U HATUYUS
TpaHcropTHoro cpeactBa A = PL. Cuna co-
MPOTUBJIEHUS IBUXEHUIO OOBEKTA CO CTOPO-
HBI cpeibl (OyIb TO BO3IYX, BO/IA WU 3€MJIST)

pacyeT 3HEProeMKOCTU TPaHCNOPTHOM paboTbl
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Puc. 1. BaBucumMmocTs Mexay CKOPOCTbIO U YAEJIbHOM MOLLHOCTbIO (MOLLHOCTb, J1.C./Macca, ToOHHa, 1966 r.)
no gaHHbiM Mabpunann n poH Kapmara [2].

MPOMOPILIMOHATbHA KBAAPAaTy CKOPOCTH V2
u Macce obbekta m. TakuM oOpasom,
A=P-+(m,Vv?) L, Te. IEHHOCTb TPAHCIIOPT-
HoM ycayru (A) Mo JmocTaBke oObeKTa U ee
00bEM ITPOMOPLMOHAIBHBI Macce 00bEeKTa m,
KBaJpaTy CKOPOCTH V21 pacCTOsSTHUIO L Mexy
HayaJabHbIM U KOHEUHBIM MyHKTaMH [3].

B 80-x romax mpolumjioro CTojJeTus
I1. Ky3neuoB u P. O6pasuoB [4] u3 Teope-
TUYECKUX COOOpa*keHMII BHIABUHYJIM B Ka-
YecTBE HOBOTO KPUTEPUs OLIEHKHU PabOTHI
TPaHCIIOPTa «TpaH» — TOKa3aTeb, YIUTHI-
BaloIMi TpU (pakToOpa: TOHHBI, KUJIOMETPbI
M KBaJapaT CKOPOCTHU JOCTaBKM, U TMPEII0-
JKVMJTU MCTIOJTb30BaTh €0 B 9KOHOMUYECKHUX
pacyeTax, MUMesl B BULLY, YTO «TpaH» oTpaxa-
€T 9HEPreTUYECKYIO CYIIIHOCTh TPAHCIIOPT-
HOTO Ipoliecca, T.€. paccesTHue MOITHOCTHU
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Ha 1 kM nyTu nipu foctaBke 1 T rpysa. TpaHc-
MOpTHas yciyra B 1 «TpaH» paBHa MOJIE3HOM
paboTe, 3aTpadyeHHOU Ha mepeMelleHue
rpy3a maccoii 1 T Ha paccTtosiHue 1 KM
CO CpenHePeiCOBO CKOPOCTHIO ABMXKECHMS
1 KM/4; oTclolla pa3MepHOCThb «TpaHa» —
T KM3/4?,

DTy pa3MepHOCTh MOXHO 3amucaTh
M TaK: (T * KM) * (KM/4)?, OTKy/Ja BUIHA aHa-
Jorus ¢ popmMyJI0ii KWHETUIECKOI 9HEPTUU
E~m V2, ecnu Mepe MHEPLUUU IBUKEHUS
TeJla — Macce M MOCTaBUTh B COOTBETCTBHUE
Mepy MHEPILIMY TPAHCIIOPTHOM YCIYTY — BbI-
pabotky W, T.e. A ~ Wv2,

ITonbITKM BKJIIOYUTH BPeMsI TOCTaBKH
B KPUTEPUI OLIEHKM TPAHCIIOPTHBIX YCIYyT
npeanpuHUMANNUCh AaBHO. Tak, eie
B 1950 rony npod. H. I. BunHuueHko npea-

BockpeceHckuii . B. ABTOMOOUIIbHBIE FPY30MEePEBO3KU: PacyeT SHEProeMKOCTU TPaHCMOPTHOW paboThl



Ta0imuna 1

PacueT KoJM4yeCcTBa aBTOMOOWIEi M CyMMAaPHO# MOIIHOCTH (3HEProeMKOCTH), HEOOXOIMMbBIX
JU1 IepeBO3KHM 32/1aHHOTO KOJMYeCTBa rpy3a

Mapka g, T n, KBr n,, KBt Q, t/cyr | Z o o 2N,
MOE3I0K |4 q kBT * u/cyTku
KamA3-4308-6064-79 | 5 136 54,4 60 12 4,27 51,24 |2787
KamA3-43118 10 191 76,4 60 6 4,27 25,62 |1957
KamA3-65117 15 221 88,4 60 4 4,27 17,08 |1510
KamA3-63501 20 294 117,6 60 3 4,27 12,81 |[1506

JIOXKWJI BMECTO TOHHO-KIJIOMETPOB UCITOJIb-
30BaTh TaK Ha3bIBAEMYI TPaHCIIOPTHYIO
SOMHUILY ICHCTBUS — IIPOU3BEACHNE TOHHO-
KMJIOMETPOB Ha CKOPOCTh JOCTaBKH, BhIpa-
JKEHHYIO B KUJIOMETpax B 9ac. HoBBI Kpu-
Tepuii ObLJT anpoOupoBaH HA MOCKOBCKOM
KEJIEe3HOMOPOXKHOM y3Jie AUCIIETIYCPOM
K. TI. KoponéBoii. CBeneHUsI 0 HEM ITOSIBU-
JINCH B CTICIIMAIBHOM TUTEpaType, HO B ITpaK-
THKE OH TaK 1 He YKOpeHWICA. Parmonanu-
3UPOBATh MEPEBO3KM U MOCTABUTH OILICHKY
paboTH TpaHCIOPTA Ha HAyIHYIO OCHOBY,
COOCTBEHHO, 1 TIpU3BaH (110 MHEHHIO aBTO-
poB [3, 4]) «TpaH» KaK TPaHCIIOPTHAS eIH-
HUIIa OeHCTBUS, BBRIABUTacMasi B3aMeH
TPaIUIIMOHHBIX TOHHO-KMJIOMETPOB U pac-
CuMTaHHAs Ha 0oJice TOYHYIO U OOBEKTUB-
HYIO CUCTEMY OTLJIATHl TPAHCTIOPTHBIX YCIYT
B 00pb0OE 32 5KOHOMMIO TOTUIMBA U CMa304-
HBIX MaTepHaJIOB.

OpmHako rmpeaiaraeMas eIuHAIA («TpaH»)
HEe MOXET OBITh BHEAPEHA KaK aJlbTepHATH -
Ba TOHHO-KMJIOMETPaM B 3KCILTyaTallMOH-
HoIt pabote TpaHcmopTa. [IprunHa He B TOM,
YTO TPAHCIIOPTHUKU «CTPEMSATCS HaMaThl-
BaTbh TOHHO-KHUJIOMETPHI JTI0O00I IIEHOM»,
a B TOM, YTO JBMKCHHE TPAHCIHOPTHBIX
cpeacTB U paboTa, UMU BBIITOJHEHHAS,
HE aleKBaTHBI ITOHSITUIO MX KHUHETUICCKOMN
9HEPTUH, TOCKOJIBKY ITPU IBUKCHUH TPaHC-
TMOPTHOTO CPeICTBa KUHETUYECKast SHEPTUS

MIPUCYIa BCEMY 9KUTIAaXYy B 1IEJIOM, a HE OT-
JIeJIbHO MepeMeaeMoMy Ipy3y. YUET MOl -
HOCTH, 3aTpavycHHON Ha IepeMelleHue
rpy3a, MOXKeT BECTHCH TOJIBKO IIJIsI KOHKPET-
HBIX YCJIOBUH KCIUTyaTalliK, pa3HOOOpas3ne
KOTOPBIX 3aBUCUT OT MHOTHUX (PaKTOPOB,
1 X abcTpakTHasa (popManm3amnus He UMeCT
CMEICTIA.

ABTOMOBWJ1bHbIA MPUMEP

HccnenoBaTe/iu TpaHCIIOPTHOM SHEPIETH -
Ku [3] ocoboe 3HaUueHME TIPUAAIOT SAUHULIE
N3MEPEHUs «TpaH» B YCIOBUSX Pa3BUTHUS
JIOTUCTUYECKUX CUCTEM U METOIOB OOCITY KM -
BaHUS 1ieTleil TOCTAaBOK, MPUOIMKEHHBIX
K TpeOOBaHUsIM IHs. B KOHTEKCTE TOTUCTUKI
HUY TOHHO-KWJIOMETPbI, HA TeM 00Jiee «TpaH»
He UMEIOT PeLLAaIOLIEro 3HaYeHHsI, TOCKOJIbKY
Ha (poHE MAKCUMaJIbHO BO3MOXHOTIO CHIKE-
HUSI COBOKYITHBIX 3aTpaT Ha TOBAPOABUKEHUE
OIpeIe/SIOIINM OYyIeT CUHXPOHU3ALIUs BCEX
orepaluii o 06ecreYe H1I HeIPEePbIBHOCTU
TPaHCIOPTHOI'O MPOLIECCA I10 LIEIISIM ITOCTABOK
P YCJIOBUU OTCYTCTBUSI IPU3HAKOB «I10I0II-
TUMU3ALUN».

Llenecoobpa3HOCTh IPUMEHEHUS eAUHU-
L6l SHEPTOEMKOCTH «TpaH» IS OLEHKU
TPAHCIIOPTHOI PabOThl IpOaHaIU3UPYyEM
Ha IpuMepe.

Yenosue 3a0auu: HeoOXomMMO MepeBeCcTH
60 T rpy3a B CyTKM Ha paccTOSHUE 83 KM, [IJIsT

Ta6amua 2
YI[eJ]le)le 3HAYCHHUA SHEPro€MKOCTH NMPHU BbINMOJIHCHUH MEPEBO30K
Mapka g, T |Q, 1/cyT L(i) T oo n, Do n, L
KM q KBT*u/T KBTe*u /TKM | KBT*u4/4 |KBT*4 /KM

KamA3-4308-6064-79 |5 60 996 51,24 | 46,45 0,046 54,39 2,9

KamA3-43118 10 |60 498 25,62 |32,61 0,065 76,38 3,93
KamA3-65117 15 |60 332 17,08 [25,16 0,075 88,41 4,55
KamA3-63501 20 |60 249 12,81 [25,1 0,1 117,56 6,05
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9TOM 1IeJI UCTTIONIB3YIOTCSI TPY30BbIe aBTOMO-
6w «KaMA3» pa3IuaHoil rpy30TI0IBEMHO-
ctu. [lepeBo3KM OCYIIECTBIISIIOTCS MasiTHH-
KOBBIMU MapIipyTaMu ¢ 0OpaTHBIM TTOPOXK-
HHMM TTPOOETOM CO CKOPOCTBIO 60 KM /4.
3ajieiicTBOBaHHAsI MOIITHOCTB pacCUnTaHa
o ¢opmyie:
Z]vi=t06'Zmp‘ni'kmcrl’ (1)
rae 2N, — cyMMapHas MOLIHOCTb BCEX aBTO-
MoOueit ogHON MapKM, OCYLIECTBIISIIOIINX
MepeBo3Ky Trpy3a (KBt * u/cyTkn);

t . — BpeMs1 000pOTa OJHOTO aBTOMOOMJIA
MPY BBIMOJHEHUU NIEPEBO30K (4);

z,, — TPeOyeMoe KOIMYECTBO 310K aBTO-
MOOWJISIMU KaXKI01 MapKW;

n, — HOMUHAJIbHAasl MOIHOCTh aBTOMOOM -
JIS Kaxx a0 mapku (KBT);

k.. — KO3(pOULMEHT UCIOIb30BaAHUS
MOIITHOCTU aBTOMOOMJIEI MpH TIepeBO3Kax,
B pacueT npuHIT — 0,4.

TpebyeMoe KOJMYECTBO €30K OTHOTO
ABTOMOOWJISI 3aJaHHOU TPY30TOIbEMHOCTHU
oTpe/ieIeHO 3aBUCMMOCTBIO:

0

Zop 2’
e Q — CyTOYHBII 00beM TIepPEBO30K, T/CYTKU;

g — TPY30MOIbeMHOCTb MCITOJIb3YeMBbIX
aBTOMOOWJICH, T.

B tabnuue 1 npeacTaBieHbl pacueThbl KO-
JIMYECTBA aBTOMOOMJIEH U CyMMapHasl Hep-
roemMkocTb 2N, (KBt * u/cyTkn).

B tabauue 1 npuHATH clieayrolme 000-
3HAYEeHUsI, KpOME paHee MPUBEIECHHBIX:

I (bakTUecku 3a1eiicTBOBAaHHAST MOIII-
HOCTb aBTOMOOWJISI K10 Mmapku (KBT);

T, — dakTHYecKn 3aTpauyeHHOE BpeMsi
JUTSI BBITIOJTHEHUS TIIaHa TIePEeBO30K, Y.

Kaxk BugHO 13 Tabaunbl 1, MOIIHOCTD,
3aIeicCTBOBaHHAsI BCEMH aBTOMOOWIISIMU, TIPU
nepeBOo3Ke ONMHAKOBOTo ob0beMa rpysa
Ha OJIMHAKOBOE PacCTOSTHUE, ¢ OMMHAKOBOMW
CKOPOCTBIO, pa3jIM4Ha M 3aBUCUT OT I'Py30-
MOABEMHOCTU aBTOMOOWJISI, MPUYEM YeM
BBIIIE TPY30ITObEMHOCTbD, TEM MEHBIIIEC SHEP-
TOEMKOCTb ITePEBO30K.

PacueT yneabHbIX BETMYUH 10 SHEPTOeM-
KOCTH TIPUBOJIUT K CJICIYIOIINM Pe3yIbTaTaM:

— BHEProeMKOCTh OJIHOI TOHHBI TIepeBe-
3€HHOTO Tpy3a:

(2

n, = 2 N/ Q,(xkBr*u4/1);

— DHEProeMKOCTb TOHHO-KWJIOMETpA Te-
peBe3eHHOTIO Tpy3a:

neo= 2N/ QL. (kBT *4/TKM);

— DHEPTOEMKOCTh OJHOTO yaca paboThI
aBTOMOOWJIEH TIPU TIepEeBO3Ke TPy3a:

My = 2 Ni/ Toﬁm(i)’ (xBT);

— DHEProeMKOCTb Ha OJWH KUJIOMETP
npobera aBTOMOOWUJIA:

n, = 2N/ L, (xkBr*u/km).

VYienbHble BEIUYMHBI SHEPTOEMKOCTHU
1O MPUBEIEHHBIM €IMHUIIAM M3MEpPEHUS
JIaHBI B TA0IMILIE 2.

Kak cnemyeT u3 taGauibl 2, sHEproeM-
KOCTb IT€PEBO3KU OHOI TOHHBI TPy3a CHIKA -
eTcsl MPU YBEJIMYEHUN TPY30TIOABEMHOCTHU
aBTOMOOWJISI, 3HAUEHMUSI IT0 OCTAJIbHBIM ITapa-
MeTpaM MOKa3bIBAIOT, YTO YBEJMYCHUE TPY30-
MOABEMHOCTU TIPUBOIUT K YBEJIUUYECHUIO
yIETbHOI 3HEPTOEMKOCTH Ha TOHHO-KWJIO-
MeTp, 4ac pabOThI M KUJIOMETP MTpobera aBTo-
MOOWJIA.

Pacuetr 3HEproeMKoCTH B €AMHMIIAX
«TpaH» 3a CYTKM NTaeT KOHCTAHTY MO BCEM
8APUAHMAM 0CB0CHUsL NEPeBO30K, NOCKOAbKY
u 00sem nepeso3oK, U Mpancnopmuas paboma,
U CKOpocmb 08UICEHUs NO 8CeM BAPUAHMAM
00uUHaKoBble, a eAUHNIIA UBMEPEHUS IHEP20-
emkocmu — (m *km’/v?) ne ompaxcaem cymu
MPaHcnopmHo20 npoyecca.

Taxkum obpazom, eduHuya uzmepenHus
«mpaw» He Mocem Obimb NPUHAMA 8 KaHecmee
OUEHKU DHePe0eMKOCIU MPAHCHOPMHO20 Npo-
yecca. Oyenka e2o peanvHoll dHeP2oOeMKOCmU
Haxoo0umcsi 8 3a8UCUMOCIU OM MUNA MPAHC-
HOPMHBIX cpedcma, ux epy30n00semMHOCmU
U NPUHAMOIL 8 OU3Hec-naane eQUHULbL Usmepe-
HUsL MPAHCNOPMHOU YCayeU.
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FREIGHT TRANSPORTATION: CALCULATION OF POWER INTENSITY

OF TRANSPORT OPERATION
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ABSTRACT

Inaddressing the issue of energy saving in transport
there is a dilemma: either to increase speed of motion
(delivery), and to reduce time when the goods are in the
process of product distribution, or to reduce power in-
tensity of transport services. The article analyzes the use
of a measuring instrument of transport work — «tran».

Calculations are provided, proving its inadequa-
cy to evaluate energy consumption, especially in the

presence of logistics systems and the established
order of supply chains service. In the context of lo-
gistics neither tonne-kilometres, nor «tran» are criti-
cal, as in the background of maximum possible re-
duction of total cost of product distribution, rather
synchronization of operations to ensure continuity
and effective technical support (including power
intensity) of the transport process becomes deter-
mining.

Keywords: car, freight transportation, «tran», power intensity of transport operation, delivery speed, al-

ternative indicators.

Background. The problem of energy saving is
global, transport processes are among most power-
intensive ones, so the issue of reducing power con-
sumption (power intensity) in freight transportation is
invariably relevant. Attempts to find in this area some
universal means give hardly anything, because there
is a dilemma: either to increase speed of motion
(delivery), and to reduce time when goods are in the
process of product distribution, or to reduce power
intensity of transport services per one tonne (t) or
tonne-kilometre (tkm). The increase in delivery speed
will certainly lead to increased energy consumption,
adesire to reduce power intensity, in turn, leads to an
increase in travel time.

Objective. The objective of the author is to con-
sider some issues concerning power intensity of
transport operation and to verify applicabiity of some
measuring units for solution of logistics problems.

Methods. The author uses general scientific
methods, comparative analysis, evaluation approach,
modeling.

Results.

Regularities and law

Humanity in its development continually sought
extension of productive forces. The growth of produc-
tive forces involves two aspects: increase in mass of
produced goods and increase in velocity of their cir-
culation, i.e. delivery to consumers or to subsequent
production areas in the shortest time. If the increase
in mass of commodities was limited by resources and
needs of society, fight for speed became a main direc-
tion of development of technology in general and
transport — in particular.

The complex, composite character of goods cir-
culation speed has led to a division and specialization
of labor on movement of goods from origin to destina-
tion, and also to the need to link the process stages, in
accordance with the factors of time and labor utilization.

Application of heat and electric motors for trans-
portation needs, development of related power con-
verters, advanced technologies and production
management systems opened an era of mechanized
transport and high-tech services, which led to a sig-
nificantincrease in speed and performance of transport
systems [3].

However, there is a need to pay for speed by
power. Depending on resistance of environment, eco-
nomical operation of engine, weight, engine efficiency,
and many other factors, sooner or later time comes
when the payment for speed becomes excessive, cost
increases to such a point where the gain in speed gives
a negative economic effect. If we link the influence of
all the factors together, some general trend should be
found, a kind of universal law of transport linking unit

power (kW (hp)/t) and speed of motion [3], and then
the task of increasing speed becomes optimal.

An attempt to establish such a relationship was
made by ltalian researcher Gabrielli and American
researcher von Karman in the 50s of the last century.
After processing huge statistical material they con-
structed a curve for each mode of transport. The exact
meaning of it is that at the current level of technology
the vehicle of this type at this speed requires a certain
power — at least, the power that they indicated in the
diagram (Pic. 1) [2]'.

However, in their calculations Gabrielli and von
Karman took into account the full power, although some
of itis taken for accessory needs and creation of trac-
tion. A more appropriate measure would be the power
to transport only useful load, and, more accurately, the
power needed to transport the total weight of the ve-
hicle (for example, own car weight plus its nominal
load). However, even their diagram quite clearly cha-
racterizes price paid in terms of power per speed,
though not for net load.

The diagram is interesting because it shows a
parabolic dependence of specific power on speed. Is
this fact fundamentally new phenomenon, and evi-
dence of «a unified transport law»?

«Tran» and logically s-«tran»-ge assumptions

Issues of creating a unified transport law cannot
ignore the influence of the carrier medium; for the
maintenance of the vehicle in the medium, there must
be a balance of its stay in the rest state; such a medium
to varying degrees is provided by land and water sur-
face. Possibilities of accelerated motion and maintain-
ing a constant speed are provided not by new law of
transport, but by the physical laws of the body, having
a kinetic energy; kinetic energy of moving vehicle is
also not a new law.

There is a desire to increase speed only because
it is a special case of fight for time, waged by humani-
ty for thousands of years. To reduce time to overcome
1 km means to increase productivity in the transport,
while the speed of delivery is implicitly present in the
fundamental problem of transport — to deliver cargo to
the destination for a certain distance in time.

When an object with mass m moves in life environ-
ment for the distance L overcoming the resistance
force R of the medium is an objective reality. The
inevitability of overcoming the said force is not depen-
dent on the type of media object and the availability of

! Original publication: What price speed? Specific power
required for propulsion of vehicles, G. Gabrielli and

Th. von Karman, Mechanical Engineering 72 (1950),
#10, pp. 775—781. — edit. note.
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Table 1
Calculation of the number of cars and total power (energy intensity) required for transportation
of specified volume of goods

Brand g, t n, kW |n,kW |Q,t/day |Z t, T, . 2N,
trips | h h kW + h/day
KamAZ-4308-6064-79 5 136 54,4 60 12 4,27 51,24 2787
KamAZ-43118 10 191 76,4 60 6 4,27 25,62 1957
KamAZ-65117 15 221 88,4 60 4 4,27 17,08 1510
KamAZ-63501 20 294 117,6 |60 3 4,27 12,81 1506
g
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the vehicle A= PL. The force of resistance to the motion
of the object from the medium (whether air, water or
land) is proportional to the square of speed v and the
mass of the object m. Thus, A = P(m, V)L, i.e. the
value of transport services (A) for delivery of the object
and its volume is proportional to the mass of the object
m, the square of speed v? and the distance L between
starting and terminal points [3].

In the 80s of the last century P. Kuznetsov and
R. Obraztsov [4] reasoning from theoretical consider-
ations put forward as a new criterion for evaluation of
transport operation a «tran» that was deemed to an
index that takes into account three factors: tonnes,
kilometres, and square of speed of delivery, and pro-
posed to use it in economic calculations, bearing in
mind that «tran» reflects power essence of the transport
process, i.e. power dissipation per 1 km of route in the
delivery of 1 tonne of cargo. Transport services of 1
«tran» is equal to useful work, performed to move
cargo of a mass of 1 tat a distance of 1 km at average
speed of 1 km / h; hence the dimension of the «tran»
ist+ km®/h?

This dimension can be written as: (t-km) «(km/h)?,
hence the analogy with the formula of kinetic energy
E~m-V?, as if the measure of inertia of the movement
of the body, which is mass m, assigns a measure of
inertia of transport services which is run W, that is
A~ WA
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Attempts to include the time of delivery in the
evaluation criteria of transport services were made long
ago. So, in 1950 professor N. G. Vinnichenko, offered
to use instead of tkm the so-called transport unit of ac-
tion — product of tkm and delivery speed, expressed in
kilometres per hour. New criterion was tested at the
Moscow railway junction by the dispatcher K. P. Koro-
liova. Information about it appeared in special literature,
but in practice it did not take root. According to the au-
thors [3, 4] «tran» as a unit, easuring transportation
action, was designed and put forward just to rationalize
transportation and to put an assessment of transport
operation on scientific basis. It was deemed to replace
traditional tkm and intended to be basic for more ac-
curate and objective system of payment for transport
services within the framework of struggle for saving fuel
and lubricants.

However, the proposed unit («tran») cannot be
implemented as an alternative to tkm in the opera-
tional work of transport; the reason is not that the
transport workers «tend to accumulate tkm at any
price», but that the movement of vehicles and the
work they perform, are not adequate to the concept
of kinetic energy, as when a transport vehicle moves,
kinetic energy is inherent to all the vehicle as to a
whoel unit, rather than separately to a vehicle and to
atransported cargo. Accounting of power expended
for the movement of goods can be carried out only
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Table 2

Specific values of energy consumption during transportation

Brand g,t |Q,t/day |[L [T, n., n,. n.. n, .

km |h kW< h/t kWeh /tkm [kW<h/h [kW<h /km
KamAZ-4308-6064-79 |5 60 996 |51,24 46,45 0,046 54,39 2,9
KamAZ-43118 10 |60 498 | 25,62 32,61 0,065 76,38 3,93
KamAZ-65117 15 |60 332 | 17,08 25,16 0,075 88,41 4,55
KamAZ-63501 20 |60 249 | 12,81 25,1 0,1 117,56 6,05

for specific operating conditions, a variety of which
depends on many factors, and their abstract forma-
lization does not make sense.

Example from the automotive sector

Researchers of transport power [3] attach special
importance to the unit «tran» in terms of development
of logistics systems and methods of supply chain ser-
vice, which is relevant to the demands of the day. In the
context of logistics neither tkm, nor «tran» are suitable,
since in the background of maximum possible reduc-
tion of the total cost of goods distribution, rather syn-
chronization of all operations counts. It will be the
synchronization that will be determining for ensuring
continuity of the transport process within supply chains
in the absence of signs of «suboptimization».

Practicability of the use of the power consumption
unit «tran» for the assessment of transport operation
is analyzed at the example that follows.

Statement of a problem: jtis necessary to trans-
port 60 t of cargo per day at a distance of 83 km, for
this purpose trucks «KamAZ» are used with different
carrying capacity. Transportation is carried out via
pendulum routes with the inverse empty runs ata speed
of 60 km / h.

Applied power is calculated by the formula:
XNtz -n kK, (1)
where YN, is total power of all cars of one brand,
transporting cargo (kW-+h/day);

t . is time of round trip of one car during transporta-
tion (h);

z is required number of trips of cars of each brand;

n, is nominal power of a car of each brand (kW);

k . Is coefficient of utilization of capacity of cars in
transportation, for the calculation purposes it is as-
sumed to be 0,4.

Required number of trips of one car with a set car-
rying capacity is determined by the dependence:

0
Z, ==, 2
" (2)
where Q is daily volume of traffic, t/day;

g Is carrying capacity of used cars, t.

The table provides estimates of the number of cars
and the total power consumption >N,(kW+h / day).

In Table 1, the following notations, besides the
previously mentioned, are used:

n, is actual applied power of car of each type (kW);

Tgen is actual time spent to perform the transporta-
tion plan, h.

As seen from Table 1, the power, applied by all cars
during transportation of the same volume of cargo for
the same distance at the same speed, varies and de-
pends on the carrying capacity of a car, the higher is

carrying capacity, the smaller is power consumption of
transportation process.

Calculation of specific quantities of power con-
sumption leads to the following results:

— power consumption of tonnes of transported
cargo:

Ny = 2N/ Q,(kW-h/t);

— power intensity of tkm of transported cargo:

Mgy = 2N/ QL (KW= h/tkm);

— power intensity of one hour of work of cars during
cargo transportation:

ni{h) = z N/ Tgen{i) - (kW)’

— energy intensity per one kilometer of car run:

Ny = 2N/ Ly (KW=h/km).

Specific values of energy consumption per units of
measurement are given in Table 2.

As shown in Table 2, power intensity of transporta-
tion of one tonne of cargo decreases with increasing
carrying capacity ofthe car, values of other parameters
show that the increase in carrying capacity leads to an
increase in the specific power consumption per tonne-
kilometre, hour of work and kilometre of car run.

Calculation of power consumption in units «tran»
per day provides a constant value for all variants of
development of transportation, since volume of traffic,
transport operation, and speed for all variants are the
same, and the measurement unit of energy intensity
(t-km?3/h?) does not reflect the essence of the transport
process.

Conclusion. Thus, the unit of measurement «tran»
cannot be taken as an estimate of power intensity of
the transport process. Evaluation of its actual power
consumption depends on the type of vehicle, its car-
rying capacity and on specific measurement unit, ad-
opted within a business plan of a given business entity.
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