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Ui I CaHOpoGHa — acnupanm
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Tatbsina XKXYKOBA ma mpancnopma (MUHT),
Tatyana A. ZHUKOVA Mockea, Poccus.

)

Anekcanpp BATYPUH
Alexander P. BATURIN

Justification of Weight Norms 2003 roga B OAO «P)KI[» ocJie10Ba-

for Heavy Haul Transportation
(TEKCT CTaTbI1 Ha AHI, 3. — TEJILHO TIPOBOAUTCS paboTa IO MOBBI-

English text of the article — p. 132) LIEHUIO CPEJHETO Beca noe3za. B 3Ha-
YUTEJIbHOM CTEIEeHU 3TOMY CIIOCOOCTBYET Op-

B cTaTbe 060CHOBbIBalOTCS BECOBbIE HOPMbI
L7151 TRKENIOBECHBIX 0308, oueHnBaercs  AHN3ALIMS IBIDKCHIS TKETOBECHBIX T10€3/10B
TexHosorus ux popmuposanus ¢ ysétom ¢ Maccoit 6000 T u 6osee [1]. B reHepanbHOI

CyLUeCTBYIOLUMX PaKTOPOB M yCOBUI.  cxene pa3BUTHS KeJIE3HBIX Jopor P® Ha rne-
B yacTHOCTH, BO BHUMaHUe NPUHUMAETCsl, YTO

B TSDKE/IOBECHOM ABWKeHun ncronbaylorcs  PHOL 10 2020 rona orpe/ieEH MOTUIOH 1 OC-
JIOKOMOTHBBI C GO/IBLUMM YUCOM CeKUMii,  HOBHbBIE HAIIPABJICHNS IBVKEHUS TSKETOBEC-

CKOpOCTbL 1 EPEMSI XOAa 10 NePeroHam BCeX  yyy 1oe31108, B KOTOPBIX IIEPEBO3SITCS YIOJb,
rpy30BbIX Moe3[oB 40JDKHbI 6blTb Oo4UHaKoBbI,

a BecoBble HOPMbI BbIGUPaTLCS TaK, 4TOObI He(MTb, HEMTENPOAYKTHI, MUHEPATTEHO-XUMHU-
obecrneynsaTe MUHUMYM 3aTpaT Ha OCBoeHme  yeckue yaoopenus. [1pu ¢popmMuposBaHuu co-

3apaHHbIX 00bEMOB repeBo30K. - .
3HaummocTs u nepcrextusrocts  CTABOB M3 BATOHOB C OCEBOH HArpy3Koit 25 1C

bOpMUPOBaHNs TsXENoBeCHbIX Noe3nos  BO3MOXHBI BAPUAHTHI 110e310B Maccoil 8000—
Tpebyet paspabotku Texnonornyeckn 9000 T u Gosee. [IpyHUMAasg BO BHUMaHUE

0060CHOBaHHbIX BECOBbIX HOPM C YBSI3KOW,
COrNIacoBaHNeM ux ¢ yHUPULMPOBaHHBIMMN 3HAYMMOCTDb N NEPCINEKTUBHOCTD TSAKEJTIOBEC-

HOpMamu AJ1s 06bIYHbIX Noe340B. lMpuBoagsarcs  HOI'O IBV2KCHUA, HGOGXOL[I/IMO OLICHUTb TEXHO-

npyuMepbl BO3MOXHbIX BaPUAHTOB BECOBbIX  ory10 (bOpMI/IpOBaHI/IH TaKUX ITOE3I0B U IPEXK-
HOpM, MeToANKa pac4yéTa cpeaHuX Becos, 6
CTPYKTYpa rpy30Bsix nepeso3oumsix satpar 1€ BCETO YCTAHOBUTH TEXHOJIOIMYECKH 060C-

Npy oLeHKe HOPM 4151 TsKesToBeCcHbIx  HOBaHHbIE BeCOBbIE HOPMBI. [1py 3TOM BaxkKHO
¥ ObIHBIX MOE3A0B.  \yyTLBATE CIIEAYIOLE (HaKTOPHI:
KnioueBsie criosa: xeneaHasi 4opora, 1. Ing TSXKeITOBECHOTO ABUXKEHUS KC-

TSKE/IOBECHBIN 110€34, BeCoBasi HOpMa, noe3aHasl  TOJIb3YIOTCS JOKOMOTHUBEI C OOJIBIINM YMC-

r1OroHHasi Harpyaka, pacrnpeneneHne ¢akTn4eckmx JIOM CeKLMit, 4eM y OOBIUHBIX (HE TSKENO-
BECOB 10e3408, pacrpeaeneHne AJ1MH noe3aos.

I BCCHBIX) T10€3/10B.

® MWP TPAHCIMOPTA, Tom 16, N2 6, C. 126—135 (2018)
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Bec noesna,

Puc. 1. luctorpamma pacnpenesneHns BecoB noe3fos.

2. CKOpOCTb, a CJIeIOBaTeIbHO, U BpeMs
XOJIa TTO TIepeTOHaM Y BCeX TPY30BBIX IT0E310B
JIOJKHBI OBITH OMMHAKOBBIMU, UTOOBI HCKITIO-
YUTh WHIWBUIYaJbHBIE HUTKHA TpaduKa
JIBUKCHUS.

3. BecoBble HOPMBI 1151 OOBIYHBIX U TSIKE-
JIOBECHBIX MOE3I0B JOJIXKHBI OBITH COTJIACO-
BaHbl U BBIOpaHbBI TAKUM OOpa30M, YTOObI
00ecIeYynTh OJMHAKOBOE BpeMs XoAa IT0o
TIeperoHaM yJacTKa.

4. BecoBble HOPMBI 1JIS1 OOBIYHBIX U TSIXKeE-
JIOBECHBIX ITOE3I0B JOJIKHBI ObITh 9KOHOMU -
YeCcKU 000CHOBaHEBI, 00eCcIeunBast MUHUMYM

0,25

MepeBO30YHBIX 3aTpaT Ha
HBIX 00BEMOB MEPEBO3OK.

Ha puc. 1 ans yuactka Jluxas—bataiick
B YETHOM HaIlpaBJIeHUM IBVKEHUS TTOKa3aHO
pacripeneieHre paKTUIeCKUX BECOB ITOE3/I0B
OpyTTO. BecoBbie HOPMBI COCTaBIISIOT: YHU-
¢unupoBanHasg — 3700 T, A1 TSXKeTOBeEC-
HbIX — 6000 1. B aTOM pacnpenenenun 25 %
noe3aoB UMeloT Bec B mpeaenax 3400—
4600 TOHH, YTO XapaKTEPHO 1JisI OOBIYHBIX
COCTaBOB, U 55 % SIBASTIOTCSI TSKETOBECHBIMU
¢ pacnpenesieHueM (aKTUIECKUX BECOB
B npeaenax 5200—6700 1. Bc€ sTo cBumereinb-

OCBOCHMUE 3adaH-

YacrocTh
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JlnnHa nmoesna, M

Puc. 2. lmcrorpamma pacnpegeneHns AJIMH noe3zos.

® MWP TPAHCIOPTA, Tom 16, N2 6, C. 126-135 (2018)

BaTtypwuH A. M., Ma3oncknm KO. O., XXykoea T. A. OGOCHOB
ABMKEHNS

aHMe BECOBbIX HOPM AJIS TSXXEJIOBECHOro
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Puc. 3. Anarpamma Ansi COBMECTHOro pacnpezaesieHus BeCOB U [IJINH Moe3/0B.

CTBYET O TOM, 4YTO (hOpMHUPOBATh IMoe3aa
B CTPOTOM COOTBETCTBUU C 3alaHHBIMU Be-
COBBIMU HOPMaMU HEBO3MOXHO. [TpyUYuHBI
JIBE: BO-TEPBbIX, Moe3aa GOpMUPYIOTCS MO
JUIMHE CTAHIMOHHBIX MTPUEMOOTIPABOYHBIX
MyTei, a BO-BTOPBIX, HEOOXOAUMO 3aMOJTHUTh
CcBOOOIHBIE HUTKU TpadUKOB, OTIPABISSA
rnoesfa ¢ HEJOUCIOIb30BAaHUEM BECOBBIX
HOPM.

Ha puc. 2 a4 Toro xe yyacTka nokasa-
HO pacmnpeneneHue GakKTUYECKUX TJIUH
noe3aoB. M3 obuiero ux yucia 28 % dop-
MUPYIOTCS C HEAOUCTIOJb30BAHUEM IT0JIE3-
HOW JUIMHBI CTAHLIMOHHBIX IMyTe (57 ycaoB-
HBIX BaTOHOB) U 72 % SIBISIIOTCS IJIMHHO-
coctaBHbIMU. COBMECTHOE pacIipeieieHrue
dakTHUEeCKUX BECOB U NJUH TMOE3I0B

Taoumma 1
Bo3MoKHbIe BADHAHTBI BECOBBIX HOPM

Becosbie HOPMBI U151 BecoBbie HOPMBI U151
OOBIYHBIX I10€310B, T TSI2KEJIOBECHBIX ITOE310B, T
3000 6000

3100 6200

3200 6400

3300 6600

3400 6800

3500 7000

3600 7200

3700 7400

3800 7600

3900 7800

4000 8000

® MWP TPAHCIMOPTA, Tom 16, N26, C. 126-135 (2 )

(puc. 3) roBOpUT 0 TOM, UTO 54 % OOGBIYHBIX
moe310B c(hOPMUPOBAHBI C HETOUCTIOTB30-
BaHMEM Kak TO0JIe3HOW JTMHBI CTAHIIMOH -
HBIX TPUEMOOTIIPABOYHBIX MYyTeW, TakK
1 BecoBOU HOpMBI. Cpelnu TSKeJTOBECHBIX
moe3a0B 39 % UMeIoT BeC MEeHbIIIe yCTAHOB-
JieHHo# HopMbI (6000 T) M3-3a orpaHuYe-
HUS 110 IJIMHE CTAHIIMOHHBIX TYTEH.

Takum oO6paszom, B 00LLIEM cTydae U3 IMpu-
BEIIEHHOTO aHaJIn3a CJIeayeT:

1. I1pu 3agaHHOI BECOBOW HOPME KaK JUTS
OOBIYHBIX, TAK U IJIS TSIKEJTOBECHBIX ITOE3/10B
¢GopMUpOBATH UX CTPOTO B COOTBETCTBUU
C BECOBBIMM HOpMaMu He MOJIydyaeTcs,
1 UIMEHHO TTI09TOMY BO3HUKAET pa3dpocC BECOB
TOe3JI0B.

2. JIns TSKETOBECHBIX M OJHOBPEMEHHO
JJIMHHOCOCTaBHBIX MTOE310B TpebyeTcst obec-
MeYuTh 6€300rOHHBINA MPOIYCK MO Yy4acTKy
U CIIeMaJTU3UPOBAHHYIO HUTKY Tpaduka.
Heob6xonumo Takxke mpuHUMAaTh BO BHUMAa-
HUE TTPOIOJIKUTETbHOCTh HAKOTUIEHUSI Baro-
HOB Ha COCTaB Moe3a.

3. O60CcHOBaHKE BECOBBIX HOPM TSI OOBIY-
HBIX U TSTKEJIOBECHBIX TTO€3/10B PEKOMEH/TYeT-
Csl OCYIIECTBIISITH COBMECTHO: HaIllpUMep,
€CJIV JIUISI OOBIYHBIX TTOE3/10B YCTaHOBJIEHA
BecoBast HopMma 3000 T, 1 oHa peanusyeTcs
JIByXCEKIIMOHHBIMU JIOKOMOTUBAMHU, TO JIJIsI
TSDKEJIOBECHOTO TT0e3/1a BO3MOXKHBI BECOBBIC
HopMbl 6000 T 1 MeHee TPU YCJIOBUM BOXKIE-
HUST JIOKOMOTUBAMM C Y€THIPbMST CEKIIUSIMU.
DTO 00YCIIOBIEHO TEM, YTO CKOPOCTh, a CJIe-

BaTtypuH A. ., Na3ouckun 10. O., XXykoea T. A. OG0OCHOBaHUE BECOBbIX HOPM Al TAXXEIOBECHOIO

ABNXEeHNsa



0,16

YacTocTh,
)
=
5

o
o
&

0,060,06

,0. 0,030,03

3839 4 414243 44454647 4849 5 51525354
MoesaHas NoroHHas Harpyska, 7/m

,06 0,1
03 II

0,02

OG6bliyHbIE NOE3aa

58 59 6 61 62 63 64 65

Moe3saHas NOroHHas Harpyska, /m

66 67 68

TskenoBecHble noe3aa

Puc. 4. lTmcTorpammel pacnpeneneHnsi Noe34HbIX MOroHHbIX HarpPy30K.

JIOBATEJIbHO, BpeMeHa X01a OOBIYHBIX 1 TSIKE -
JIOBECHBIX IT0€310B, B rpaduKe JBUKEHUS
JIOJDKHBI OBITh OMMHAKOBBL. B TakoM citydae
MX OTIIPaBJICHUE HE MCKIIIOUEHO IO JII000M
rpy30BOi1 HUTKE TpacuKa.

ITocnenoBaTeIbHOCTb PACUETOB IO CO-
BMECTHOMY BBIOODPY BECOBBIX HOPM JJIsI
OOBIYHBIX U TSKEJTOBECHBIX TTOE3M0B MOXET
COCTOSITh U3 CJIEAYIONINX 3TAIIOB:

1. COop cTaTUCTUYECKOTO MaTepuasa
0 Becax M JJMHaX I0e310B Ha 3aJaHHBIX
ydJacTKax HalpaBJIeHUsI, Ha KOTOPBIX IJIaHM -
pYeTCsT OpraHU3aLusI IBYKSHUS TSKET0OBEC -
HBIX ITOE3/I0B.

2. B 3aBUCMMOCTH OT MOIITHOCTHU TSITOBBIX
CPEJICTB COCTAaBJISIIOTCS BapUaHThI B3aMO-
YBSI3aHHBIX BECOBBIX HOPM JUISI OOBIYHBIX
M TSDKEJTOBECHBIX ITOE3/I0B.

3. JIisg Kaxxaoro BapuaHTa pacCYMTHIBA-
€TCSI CPEeIHMI BeC 1oe3/1a, pa3Mephl IBUXE-
HUSI, XOI0Basi CKOPOCTb M BpeMs Xoja I10
TeperoHaM.

4. O1eHKa KaXJ10T0 BapraHTa OCYIIECTB-
JISIETCST C TIOMOIIBIO TIPUBEIEHHBIX TOAOBBIX
MEePEeBO30YHBIX 3aTPaT, KOTOPhIE PACCUMTHI-
BAlOTCS KaK JUIsl OOBIYHBIX, TaK W JJISI TSKE -
JIOBECHBIX MOE3/I0B.

BapuaHThl B3aMMOCBSI3aHHBIX BECOBBIX
HOPM, MCXOJISI U3 YCIIOBUSI, YTO JJISI TSIKEJI0-
BECHBIX T10€3/10B MCITOJb3YEeTCSI ABOMHAS
TATa M KPUTUICCKUIA BEC JUISI OOBIYHBIX T10-
e310B cocTtasiseT 4000 T, MOTyT ObITh, KaK
B Tabauue 1.

® MWP TPAHCIOPTA, Tom 16, N2 6, C. 126-135 (2018)

BesycinoBHO, 115 TSKETOBECHBIX ITOE310B
MOXHO YCTaHaBJIMBAaTh BECOBYIO HOPMY HIKE
yKa3aHHBIX B Tabauie. Hanpumep, nipu Be-
COBOIi HOpMe OOBIYHBIX Mmoe3a0B 4000 T
BapbUPOBATh HOPMBI JUISI TSKEJIOBECHBIX
coctaBoB oT 6000 o 8000 T. OgHAaKO B 3TOM
cllydae MOIITHOCTh IBOMHOM TSTM OyIeT He-
JIOMCIIOJIb30BaHa, YTO HEJIb3sl CYUTATh LIeJie-
CO00pa3HbIM.

IIpu pacu€re cpenHero Beca moesna
B KaXXJIOM BapMaHTe BECOBBIX HOPM MCITOJIb-
3yeTcsl FTUCTOTpaMMa paciipeie/eHUsT TToe3 -
HBIX TIOTOHHBIX HAarpy30K, IMOJIydeHHasl Ha
OCHOBE CTaTUCTMYECKOW BHIOOPKM BECOB
M JUITMH TPY30BbIX 1T0e310B. [Toe3nHas moroH-
Hasl Harpy3Ka pacCUMThIBACTCS KaK OTHOIIIE -
HUE CPeHEro Beca moesna K ero mmHe. Ha
puc. 4 IpeicTaBlIeHbl TUCTOTPAaMMBI pacIipe-
JIeJICHMS ITOE3IHBIX ITOTOHHBIX HAaTPY30K JUIsI
yuyacTka JIuxag—bartailick B He4YE€THOM Ha-
MPABJIICHUM JIBMXKEHUS JJISI OOBIYHBIX M TsI-
JKeJIOBECHBIX IToe310B. [1pu pacuére cpenHe-
ro Beca Ioe3ja MCIoyib3dyeTcss hopMya,
npeanoxeHHas npodeccopom K. K. Tuxo-
HOBBIM [2]:

5 P ¢, —a)

Qﬁp - k 1 n ’
Zi:lai +?Zi:k+1ai£'

n
rae P*— cpeaHee 3HaYeHME MOE3IHOM ITOTOH-
HOI HaTrpy3KH, T/M;
[ — cTaHgapT OJIMHBI CTAHLMOHHBIX

CcT

MMPUEMOOTIIPABOYHBIX ITyTEH, M;

BaTtypwH A. ., Ma3oncknm 0. O., XKykoea T. A. OGOCHOBaH1e BECOBbIX HOPM AJ151 TAXXEJIOBECHOIO

ABNXEeHnsa
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0, — YaCTOCTb i-r0 pa3psaa ’MCTOrpaMMbl
pacripeieJIeHHs ITOe3IHBIX TOTOHHBIX HATPy-
30K;

P, — cpennee 3HaY€HME NOE3AHOM TIOTOH-
HOI1 Harpy3ku B i-M pa3psiie TUCTOTpaMMBbl,
T/M;

P — noesnHas MoroHHas Harpyska, co-
OTBETCTBYIOIIIasi HOPME MAacCChl, T/M;

k — HOMep pa3psiia TMCTOIpaMMBI, IIpaBast
rpaHMLa KOTOPOTo coBnanaer ¢ P ;

1 — o0IIIee YMCIIO Pa3psiIoB TUCTOIPAMMBI.

J11s1 KOpPEKTUPOBKY Pe3yJIbTaTOB pacyéra
(opMyIIbI MOXKHO MCITOJIb30BaTh METOIUKY [3].
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Puc. 5. BaBucumocTu cpegHero Beca noesaga or BeCOBOV HOPMbI.

Ha puc. 5 moka3aHbl 3aBUCUMOCTH CPeJi-
Hero Beca Ioe3na OT BECOBOUW HOPMBI IJIsI
OOBIYHBIX U TSKEJIOBECHBIX M0e310B. B cBoo
oyepenb, Yepe3 CpeIHU Bec moe3aa MOXHO
paccyuTaTh CpeIHECYTOYHbIE pa3Mephbl 1BU-
JKEHUS TPY30BBIX TTOE3/10B.

J151st OOBIYHBIX TTOE310B:

00 — Anﬂ

ep Qgpﬁ
s TSIKETOBECHBIX TT0E310B:
Nm}mc = A

p

MANC

o™
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Puc. 6. logoBbie nepeBo30YHbIE 3aTPaThl. OO6bI4HBIE U TSXKE/IOBECHbIE noe3aa.
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Puc. 7. CymmapHbie rofoBbie rnepeso304HbIe 3aTparTsl.

B atux popmynax A _u A__ — CyTOUHBIE
. 00 TS
00BEMBI TOHH OPYTTO, IMEPEBO3UMBIE B 00bIU-
HBIX U TSDKEJIOBECHBIX I10€3/1aX;
Qﬁ"f u O — cpenHmii Bec moesna 00bIy-

HOTI'0 " TAXEJIOBECHOTIO.

W3znoxeHHbie TNPUHOUIIBI TTO3BOJIAIOT 1A
3aJaHHbIX BApMAaHTOB BECOBbLIX HOPM pacCuun-
TaTb:

° CpeI[HI/Ifl BeC OOBIYHBIX U TSIKEJIOBEC-
HBIX TTO€3/10B;

* CPEAHECYTOUYHBIC pasMepbl ABUKCHUA
OOBIUHBIX U TSKEJIOBECHBIX TIO€310B;

* XOOOBYIO CKOPOCTD ITO BECOBOW HOpME
OOBIYHBIX TTOE310B.

CpaBHCHI/Ie BapuMaHTOB BE€COBLIX HOPM
peaIn3yeTCda 4€PE3 rogoOBLIC HpI/IBCHéHHHC
NEPEBO30YHBIC 3aTpaThI:

E(Q7:0M )=E,,(Q7 )+ E,, (Qr™ )+
+Eualc(Q:6)+Enalc(Q:mw)JrEpes( :5;Q:"ﬂm)’
e E,, ( or ); E,, (Q,:”’”’c ) — rOJIOBBIE 3aTPa-

ThI HAa HAallpaBJICHUHN, CBA3aHHBIC C IIEpEME-
IICHUEM OOBIYHBIX U TAXKEIJIOBECHBIX IMOE3-
JOB;

E

HaK

 E

Qnﬁ
H >~ hak
ThbI Ha HAKOIUIEHNE OOBIYHBIX U TSKEJIOBEC-
HBIX ITOE300B,

Em( oﬂ.Q’:"”"ﬂ) — TOJIOBbIE 3aTPaThl HA

Ho
pe3epBHBII TpoOer JTOKOMOTUBOB U Opura.
Ha puc. 6 mpencrtaBieHbl pe3yabTaThl
pacuéTa 1Mo BIOOPY ONTUMAaIbHBIX BECOBBIX
HOPM 15T OOBIYHBIX U TSKETOBECHBIX TTOE3-
ToB. XapaKTepHO, YTO TOJOBbIC 3aTPATHI TSI
OOBIYHBIX C TIOBBIIIIEHUEM BECOBBIX HOPM
BO3pACTAIOT, a JIJISI TSOKEJTOBECHBIX UMEIOT
ontumyM. CymMMapHBIe TOIOBBIE 3aTPaTh
(puc. 7) onpenensiioT oNTUMaIbHbIE BECOBBIE
HOPMBI JUIST OOBIYHBIX U TSKEJTOBECHBIX TI0-
e3I0B, KoTophie cocTtaBiasgioT 3200 T misg
repBbIX 1 6400 T 11T BTOPBIX.
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ABSTRACT

The article substantiates the weight standards
for heavy trains, evaluates the technology of their
formation, taking into account the existing factors
and conditions. In particular, it is taken into account
that in heavy traffic, locomotives with a large number
of sections are used, the speed and travel time for
all cargo trains should be the same, and the weight
standards should be chosen so as to ensure the
minimum cost of mastering the specified traffic
volumes.

The promising importance of heavy weight trains
requires development of technologically
substantiated weight standards for those trains, so
that those standards should comply with harmonized
standards for ordinary trains. So the article offers
description of main factors that should be taken into
consideration while substantiating weight standards
for heavy trains. The authors quote examples of
possible variants of weight standards, methods of
calculation of mean weights, structure of freight costs
for different weight standards for both ordinary and
heavy trains.

Keywords: railway, heavy trains, weight norms, linear loads, weight standard, distribution of actual train

weights, distribution of trains’ lengths.

Background. From 2003 to the present, JSC
Russian Railways has been consistently working to
increase the average weight of a train. To a large extent,
this is facilitated by organization of movement of heavy
trains weighing 6000 tons or more [1]. The «General
scheme for development of railways in the Russian
Federation for the period up to 2020 defines the landfill
and the main directions of movement of heavy trains
in which coal, oil, petroleum products, mineral and
chemical fertilizers are transported. While proceeding
with formation of heavy trains with wagons with an axle
load of 25 tons, it is possible to form trains weighing
8000-9000 tons or more. Taking into account the
importance and prospects of heavy traffic, it is
necessary to evaluate the technology of formation of
such trains and, above all, to establish technologically
sound weight standards. The following factors must be
considered:

1. For heavy traffic, locomotives with a larger
number of sections are used than for ordinary (non-
heavy) trains.

2. The speed, and, consequently, travel time on
the hauls for all freight trains must be the same, in
order to exclude necessity to develop individual
threads of the schedule.

3. Weights for ordinary and heavy trains should
be coordinated and selected in such a way as to
ensure the same travel time on the section hauls.

0,160

4. Weight norms for ordinary and heavy trains
should be economically justified, ensuring a minimum
of transportation costs for development of specified
traffic volumes.

Objective. The objective of the authors is to
consider train weight norms aspects in relation to
organization of heavy traffic.

Methods. The authors use general scientific
methods, comparative analysis, evaluation approach,
mathematical methods, graph construction, specific
railway and engineering tools.

Results. Pic. 1 shows distribution of actual train
weights gross for the section Likhaya — Bataysk in the
even direction of motion. Weight norms are as follows:
standardized — 3700 tons, for heavyweight — 6000
tons. In this distribution, 25 % of trains have a weight
in the range of 3400-4600 tons, which is typical of
ordinary trains, and 55 % of trains are heavy and the
actual weights are in the range of 5200-6700 tons.
All this indicates that it is impossible to form trains in
strict accordance with given weight norms. The
reasons for this are associated with the fact that,
firstly, trains are formed along the length of a station’s
receiving-departure tracks, and, secondly, it is
necessary to use free threads of the schedule,
sending trains with underutilization of weight norms.

Pic. 2 shows distribution of actual train lengths for
the same section. Of the total number of trains, 28 %
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Pic. 1. Histogram of distribution of train weights.
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Pic. 2. Histogram of distribution of train lengths.

are formed with underutilization of the useful length
of station tracks (57 conditional wagons) and 72 % of
trains are long. The combined distribution of actual
weights and lengths of trains (Pic. 3) suggests that
54 % of ordinary trains are formed with underutilization
of both the useful length of stations’ receiving-
departure tracks and the weight norm. For heavy
trains, 39 % have a weight less than the established
weight norm (6000 tons) due to restrictions on the
length of station tracks.

Thus, in general, the following conclusions can be
drawn from the above analysis:

1. For a given weight norm, itis impossible to form
trains strictly in accordance with weight standards,
both for ordinary trains and for heavy trains, which is
why there is a scatter of train weights.

2. For heavy and at the same time long trains, it is
necessary to provide without-overriding pass on the
section and a specialized thread of the schedule. It is
also necessary for these trains to take into account
the duration of accumulation of wagons to form a
given train.

3. Justification of weight norms for ordinary and
heavy trains should be carried out jointly, for example,
if ordinary trains have a weight norm of 3000 tons and
this weight norm is implemented by two-section
locomotives traction, then for heavy trains there can
be weights of 6000 tons or less, subject to driving such
trains by locomotives with four sections. This need is
due to the fact that speed and, consequently, travel
times of ordinary and heavy trains in the schedule
should be the same. In this case, departure of both
ordinary and heavy trains is possible on any freight train
schedule.

The sequence of calculations for the joint choice
of weight norms for ordinary and heavy trains can
consist of the following stages:

1. Collection of statistical material on the weights
and lengths of trains in given sections of the direction
in which the organization of movement of heavy trains
is planned.

2. Depending on the power of the traction
locomotives, variants of interconnected weight
standards for ordinary and heavy trains are compiled.

3. Foreach option, the average weight of the train,
volume of traffic, travel speed and travel time on the
hauls are calculated.

4. Evaluation of each option is carried out using
the reduced annual transportation costs, which are
calculated for both ordinary and heavy trains.

Variants of interconnected weight norms, based
on the condition that double traction is used for heavy

trains and the critical train weight for regular trains is
4000 tons, can be as presented in Table 1.

Of course, for heavy trains it is possible to set a
weight norm below those indicated in Table 1. For
example, with a weight norm of 4000 tons for ordinary
trains, it is possible to vary the weight norm for heavy
trains from 6000 tons to 8000 tons. However, in this
case, the double traction capacity for heavy trains will
be underutilized, which cannot be considered
appropriate.

When calculating the average weight of a train in
each variant of the weight norms, a histogram of
distribution of train loads is used, which is obtained
on the basis of a statistical sample of weights and
lengths of freight trains. Train load per unit length is
calculated as the ratio of the average weight of the
train to its length. Pic. 4 shows the histograms of
distribution of train loads per unit length for Likhaya —
Bataysk section in the odd direction of movement for
ordinary and heavy trains. When calculating the
average weight of a train, the formula proposed by
professor K. K. Tikhonov is used [2]:

. P'(l,-a)

0, = k 1 «n ’
Zi=1ai i F Zi=k+1ai P'
1

where P" - average value of a train load per unit length,
t/m;

I, — standard length of station’s receiving-
departure tracks, m;

o, — frequency of the i-th digit of the histogram of
distribution of trains loads per unit length;

Table 1
Possible options of weight norms

Weight norms for ordinary Weight norms for
trains, t heavy trains, t
3000 6000

3100 6200

3200 6400

3300 6600

3400 6800

3500 7000

3600 7200

3700 7400

3800 7600

3900 7800

4000 8000
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Pic. 5. Dependence of the average weight of the train on the weight norm.

P, — average value of a train load per unit length For ordinary trains:
in the i-th digit of the histogram, t/m; N = A,y

P, — train load per unit length, corresponding to o o’
the weight norm, t/m; &

k- number of the histogram digit, the right border For heavy trains:
of which coincides with P,; N — e

n — total number of the histogram digits. s Q:jav ’

Pic. 5 shows the dependence of the average .
weight of a train on the weight norm for ordinary and Inthese formulas A, and A, - daily volumes of
heavy trains. In turn, through the average weight of ~ tons gross, transported in ordinary and heavy trains;
the train, it is possible to calculate the daily average Q2 and Qi* — accordingly average weight of an

movement of freight trains. ordinary and a heavy train.
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The principles outlined above allow calculating for
given weight norms:

« average weight of ordinary and heavy trains;

« average daily movement of ordinary and heavy
trains;

- travel speed corresponding to the weight norm
of ordinary trains.

Comparison of options for weight norms are
implemented through the annual reduced
transportation costs:

E ( :’d;Q:eaV) -E,, (Q:m ) +E, (Q:eav ) 4
+E,, ( o ) +E,. ( o ) +E, (Q:"i; :eav)’
where E,,, (0 )E

> Htrans

(Q:”‘V) are annual costs

regarding a route direction associated with movement
of ordinary and heavy trains;

EﬂL‘E ( Q:rd ); Eacc ( Q:eav ) -

accumulation of ordinary and heavy trains;
E, (Q"”’ ; ") —annual costs for reserve mileage

n 2%n

annual costs for

of locomotives and brigades.

3200/6400 3400/6800

Conclusion. Pic. 6 shows the calculation
results for choosing the optimal weight norms for
ordinary and heavy trains. It is characteristic that
the annual costs for ordinary trains with increasing
weight norms increase, and for heavy trains they
have an optimum. Total annual costs in Pic. 7
determine the optimal weight norms for ordinary
and heavy trains, which amount to 3200 tons for
ordinary trains and 6400 tons for heavy trains.
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