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SCIENCE AND ENGINEERING

Mwuxaun LUMYJIEBUY
Mikhail I. SHMULEVICH

OBIYHO MPOIOKUTETEHOCTh COPTH-
POBKM COCTaBa U3 71 BaTOHOB U g OT-

€TIOB paCcCUMTHIBAETCS MO (PopMyJie

Dependence of Train Sorting Time on the T =A].l +B .p eAuB— 03(13$ pMZ ]
Turnout Track and Duration of Semi-Trip copr & m, e AU K MLMCH

(TekcT cTarbu Ha aHr. s13.— English text of the  Thl, BEIMYNHA KOTOPBIX IPUHUMACTCS B 3aBH -

article — p. 52) CUMOCTH OT YKJIOHA ITyTH CJIEIOBAHUS OTLIETIA

¥ CIToc0o0a OpraHM3ay MaHeBpoB [ 1, 2].
MpoAomKkNTeIbHOCTb COPTUPOBKN HA TpuBeneHHas popMyia MoayueHa UcXozst
BLITSDKHOM NyTh COCTaBa ONPEACGNACTCA 3 oo y1g cocTaBa HA YACTH C LIEIBIO MUHH-

rno nasectHou popmyne T __=Aeg+Bem. .
MU3aLMU O0LIEN TMPOAOKUTEIbHOCTA COP-

copr

Mpy 3TOM NPO[O/KNTESIBHOCTU BCEX

nosypeiicos — 3aeaaa okomoTusa TUPOBKU [3], HO TP BBIBOJE yKa3aHHOM

3a YacTblo cocTaBa, eé BoiTarueaume (HOpMYyJibl IIPOIOIKUTEILHOCTh MOIypeiica

Ha BbITSDKHOM NyTb, COPTUPOBKMN  oripeie)isiach 1o GhopmyJie Lo = a+bm (roe

M 06paTHOro OTTArMBaHUs OCTABLUMXCS 1y _ o yecTBO BATOHOB B COCTABE), KOTOast

BaroHoB — paccyUTLIBANMCD MO JEHCTBYIOIINX «MeTonMUeCKNX YKa3aHUsSIX

¢dopmynet, pat b _, koTopas

Teneps MeToauyecKkuMy ykazanuamy 10 DACUCTY HODM BPEMEHM HAa MaHEBPOBBIC

110 HOPMUPOBAHNIO MaHEBPOBbIx PAOOTEHD> 3aMeHeHa npyroii. [1pu sToM Koad-

pa6or 3ameHeHa HOBoOJ#. B ctatbe  (puiineHTH A 1 B ompeneneHsl craTucTide-
un3anararorcs pe3yJsibTaTtbl UCcsiegoBaHus, CKUMU HaﬁJHO)IEHI/ISIMI/I.

M103BO/INBLUErO BbIBECTYH HOPMYITy B nmaHHOI4 cTaThe 0GOCHOBBIBACTCS! BHIBOIL
pacy4yéTa npoAo/DKUTE/IbLHOCTHU

COPTUPOBKM COCTaBa HA BbITSXKHOM opmysbi, aHaJIoTIHOM T =AgtBm,
NyTV MCXOAS M3 MHOrO pacyéTa  VICXOIS U3 JICHCTBYIOLICH METOAMKN pacyera
NPOAOCHKNTENILHOCTY NOJTypeicos.  NIPOIOJDKUTEIHOCTY MAaHEBPOBOTO ITOJTypelica
C TEOPETUYECKIM BBIBOIIOM KO3(h(PHUIIECHTOB.
Kniouesbie crosa: xenesnasi 10pora, DopMyia 11 ONpe/ieeH s POIOJIKH-
BBITSKHOW 11yTb, NPOAO/IKUTENBHOCTL 1o 1y et MaHeBPOBOTO MOJTypeiica, mpuBe-
COPTUPOBKU, MPOAOSIKUNTE/IbHOCTb
nonyperica, pacyéTHbie popmyny.  ACHHAA B [1] B3amen dopmynel 7 = a+bm,
BBITJISIIAT CJICIYIOIIMM 00Opa3oM:
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V3,6,
)
reo, — KO ULIMEHT, yYUTbIBAIOLIN Bpe-
M1, HEOOXOAUMOE TSl U3MEHEHUST CKOPOCTU
JIBUKEHMUSI IOKOMOTHBA Ha 1 KM/4 TIpy pasro-
HE U TOpMO)KeHI/II/I, B COOTBETCTBUMU C [1]

—076

tuo :(apT + , CeK,

)]

KM/’!

Bm — K03 GULUMEHT, YYUTHIBAIOLLIUI 10~
MOJTHUTETbHOE BpeMsI Ha U3BMEHEHHUE CKOPO-
CTH IBVDKEHMSI KaXKI0TO BaroHa B MaHEBPOBOM
cocTaBe Ha 1 KM/4 TIpu pa3roHe u TOpMO)KC—

=0,13

HUH, B cootBeTcTBUM C [1] B, /
y
V — momycTrmast CKOpOoCTbh IBVKEHUSI TIPU
MaHeBpax, KM/4;
[, — JUIMHa ToJtypeiica, M.

TIpeobpazyem popmyiy (1):
V. 3,601l
t% - (apT+ﬁpT.m)'E+T_
V 3,6 BpreV
= apTo—+—oal—|——om =
2V 2 )
=a+ Belp+tyem
V
e o= a’”.E , CeK, 3)
36 6
p= 72k ceK/M, 4)
N4
y= ﬂ’"z , Cex. (5)

B o0miem ciyyae mpomoIKUTeIbHOCTD
MaHEBPOB Ha BBHITSDKHOM ITyTU TIPU OCICHUN
COCTaBa Ha X YacTell MOXHO OIIPEICTUTD 10
dopmyie:

T=2%t+2%t +2t + 2t ,ceK, (6)
rae 2.f, — TMPOJOJKUTENBHOCTh XONOCTBIX
TIOJTypeiicoB (3ae3/a 3a YacTSIMH COCTaBa), CeK;

2.t — NPONOJIKUTEIBHOCTD TI0JypeiicoB
BBITSITMBAHUS YacTeli COCTaBa, CEK;

2.f, — NPOIOJIKUTENBHOCTD MONYpEHCcOB
OCaXMBaHUSI COCTaBa Ha COPTHUPOBOYHEBIC
MyTH, CeK;

2.t — TIPOIOJLKUTENBHOCTD TOJIyPEHCOB
00paTHOTO OTTSTMBAHUS COCTaBa Ha BHITSK-
HOI MyTb, CEK.

TIpomoKuTeTbHOCTD IMOJYPEHCOB 3ae31a
32 4acTAMM COCTaBa (2f,) MOXHO ONPENETUT
o popmye:
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lo 80 do bo_ao

F—s—L

w = onoa

Puc. 1. Cxema ansa pacyera npoaoHKNTESIbHOCTHN
MaHeBpOB.

2=t e X, @)
rae £ — cpeHsisl MPOJOJIKUTEbHOCTb MOJTY-
peiica 3ae31a 3a YacTSIMU COCTaBa, Cex.

TTpoaoKUTENBHOCTD MOMYPENCOB BbITSI-
rMBaHuUA yacTeil cocTapa (2r):

Xt =t e X, 8)
Tae P — CpeHsist NPOIOJIKUTEIbHOCTD MOJTY-
peiica BBITSTMBAaHUS YacTeil COCTaBa, CeK.

TTponoKUTENBLHOCTD MOJYPERCOB OCAKU-
BaHMs COCTaBa HA COPTUPOBOYHbIE MyTH (27,
COCTaBJISIeT:

Yt=t® g, 9)
rnfi 1 — CpeHAs MPOAOJIKUTENLHOCTD TTOJTy-
peiica ocaxxuBaHUs, CEK;

g — KOJIMYECTBO OTLIETIOB B COPTUPYEMOM
COCTaBe.

TTpoao/KUTeIbHOCTh MOTYPEicoB 00paT-
HOTO OTTSITMBAHUS COCTaBa Ha BBITSKHOM MyTh
(Xt,) onpenensierca Gopmynoit (C yueTom
BO3BpaTa JJIOKOMOTHMBA MOCJ€ MOCTaHOBKU
MOCJEAHEro OTLENa):

Xt =t P g, (10)
rae f ° — cpeiHsist NPpOJOJKUTEbHOCTD IO~
Jlypefica OTTATMBaHUS COCTaBa Ha BBITSXKHOM
MyTh, CEK.

CpeaHIOI0 MPOIOKUTETbHOCTD MOTypeii-
ca KaxJ0oro TUIa MOXHO ONpPeAeSUTh MO
dopmyie:
tn/p°9=a+[3' [P +y o meP, (11)
rae [ — cpenHsis JUIMHA NoJypelica, M;

m® — cpegHee KOJIMYECTBO BarOHOB IPU
JIAHHOM THUIIE Moaypeiica.

CpenHssl a1auMHa ToJypeiica (lcp) onpeﬂe:
JIsIeTcsl Kak MojJycyMMa ero MMHUMalbHOM
(/,,) ¥ MaKCUMaJIbHOW (/, ) IUTMHBI:

/- Lo+
cp 2

Jlnst onipeneneHUsl yKa3aHHbBIX BEJIUYUH
paccMOTpuUM cxemy Ha puc. 1.

TexHoJIOrUSI COPTUPOBKU B pacCMaTprBa-
€MOM ITPUMepe TAKOBA: COPTUPYEMBII COCTAB
HaxOAUTCS Ha MyTH |, MAaHEBPOBbII IOKOMO-
TUB — Ha BEITSLKHOM ITyTH 5. CocTaB COpTH-
pYyeTCs To TpeM Ha3HAYeHUSIM Ha TPH ITyTH: 2,
3, 4. MoIIHOCTh HA3HAYEHU B COCTaBe MPU-
HSITa OIMHAKOBOU U COCTABJILET IJIsI KaXKAOTO

, M. 12)
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U3 TpeX Ha3HaueHuit m/3. MaHeBpOBBIi J1O-
KOMOTHB 3ae3KaeT Ha IyTh | 3a IepBoii ya-
CTBIO COPTUPYEMOTO COCTaBA, MEePBbIE OTLIETIBI
Ha KaXIOM ITyTU CTaBSTCSI Ha pacCTOSTHHUE
m,* [, ie [ — JuIMHa BaroHa, m, — KOJIMYECTBO
BaroOHOB U3 COPTUPYEMOTO COCTaBa, yCTaHAB-
JIMBAEMBIX Ha i-W TyTh, T.€. KaXIbIA OTLEIT
YCTaHaBIMBAETCI Cpa3y B KOHEYHYIO TOUKY
U B MPOLIECCE COPTUPOBKM COCTaBa He TMepe-
Metmaercs. Janee mytu 2, 3, 4 3aIIOIHSIOTCS
B CTOPOHY BBITSKHOTO MyTH. TakuM 00pa3oMm,
ITocJie OKOHYaHUS COPTUPOBKHY BBIICICHHBIC
Ha3HAYCHUs HaXOIOATCS B Hadajie COPTUPO-
BOYHBIX nyTeit. Tako#l crocod gaeT MUHU-
MaJIBHYIO TTPOIOJKUTEIIBHOCTE MAaHEBPOBBIX
pabor.

Otcrona:

1. lnsa 2t (monmypeiicyl 3ae3/1a):

IlepBrlii mosrypeiic BHIOTHSIETCS K TOJIOBE
cocraBa (puc. 1):

[mm=]=2«a +d +b +lnp,M (13)
e /, — umHa 1 -To noJjypeiica 3ae3a, ornpe-
nensietrcs mo popmyse:

[,=2¢a,+d +b +1Hp, , (14)
31€Ch a, — PACCTOSHKE OT CThIKA PAMHOTO
pejibca A0 LEHTPa CTPEJIOYHOIO MepeBoia, M
(a, =15m);

b, — paccTosiHME OT LEHTPA CTPENOYHOIO
nepeBoa 10 Topla KPeCTOBUHBI, M (b =
15 m);

d, — nnvHa npsAMOWM BCTaBKU, M (d, =
12,5 m);

lHp — paccTOSIHUE OT LIEHTPaA CTPEJIOYHOTO
repeBojia 10 MPenebHOro CTOIONKA, M, (lnp =
37 m).

3ae3[ 3a MmocyeIHe il YacThIo cocTaBa:

max =1 + 1, % e (x—1), M. (15)
CpenHss IIMHA TTOJTypelica 3ae3na:

cp _ m m

l3 —ll+lB';—l30;,M. (16)

ITpu momypeticax 3aezga m = 0 m u3 (11)
CIIemyeT:

Sty=(a+fe(li+l S =l )+

+700) e x = (a+ Bl + Bl )x = flu
a7

2. lna Xt (OJTypeNChl BHITATUBAHKSA):

BeITrrBaHue TIEpBOil YaCTH COCTaBa:

lmin

=11+lg°%,M. (18)

BrITarnBanme mociegHe 4acTU COCTaBa:

[re=1+1 «m M. (19)
CpenHsist [IUTMHA NOJTypeiica BBITSITUBAHUSI:

=l s e, M, (20)
w M

m? =; (gacTb cocTaBa), 21)

m
Yt (atfo b4l STl ety ey ex =
= (a+ Bl + A Dx + 2+ ym. (22)

3. lna 2t (monmypeiichl ocakuBaHUsA):
OcaxuBaHUe TOCTIETHETO OTILEMNA YACTH
cocrasa:

[min = | 4 .%, M, (23)

e [ — pacCTOSHUE OT OCTPSIKOB CTPEJIOYHO-
TO MEPEeBOIA, BEAYIIETO HA BBITSKHOU IYTh,
IIO KpaitHeTo (IaJbHETO0) TIPeAeIbHOTO CTOM-
OuKa COPTUPOBOYHBIX TyTeil (Ha puc. 1 coB-
naznaer ¢ /).

OcaxxnBaHue BCEU 4aCTW COCTaBa IS
MOCTaHOBKM MEPBOTO €€ OTLIea:

l;ﬁnax = lr + lB ° %a M, (24)
Cp _ m
IP =141, +z,,-5, M, (25)
_m m » m(g+Xx)
D mmax = b mB = b (26)
g’ X 2gx

m,;
Z (a+,8 (lr+l,,-zﬁ+

me(g+x)
2gx )-g

I m)+
B Zg

= (P + DS+

tre 2x

. 27)
+a+ g+ Bl + 15

4. Jlna 2t (momypeichl 00paTHOTrO OTTsI-
TUBAaHUS):

BosBpaiiieHre JOKOMOTHBA TIOCTIEe OCAXKH-
BaHWUSI MOCIIEIHETO OTIIEeTa:
[ =1, M. (28)

OTTSIrMBaHue IOCIE OCaKUBAHKS IIEPBOIO
OTIIera YacTh COCTaBa:

max = l +l ° (__ ): M, (29)

lgl:n:lr'l'ls'%_la'%aMa (30)
m m m m

m. =0 m, =——— m’'= 31

min X g 2% 2 » 31)

m
Do = (@t fe et b~z ) 47 G ) g =
29 2x (32)

= B+ N5 +(0!+ﬂlr)9 Bla+ D5
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70

Tc m

140
120 === Ag + Bm, m =70

100 Puc. 2. lMpogosmxknTenbHOCTb
80 HeT,(a,0,m,g) MaHeBpOB Ha BbITSDKHOM IyTu,
60 m = 70 BaroHos.

=0T, (V.img) -
20 A aHaNUTUYECKN

0O +———T—"TT—T—T—T—T—T—T>

= To(V,M,8)
3 456 7 8 9 1015 20 25 30 35 40 45

Tc m=50

100

o —=Ag + Bm, m = 50 Puc. 3. MpoponxnTenbHoOCTs

80 MaHeBpPOB Ha BbITSXKHOM 1yTH,
m =50 BaroHos.

60 =He=T,(a,b,m,g)

40

20 =0=T,(V,mg) -
aHanUTUYecKm

0 — T T T T T T T T
3 4 5 6 7 8 9 10 15 20 25 30

= Top(V,m,g)

Te m =20
40
35 X
30 /. —>=Ag+Bm, m=20 Puc. 4. [PoAOIKNTENBHOCTD
25 M MaHeBPORB Ha BbITSXKHOM nyTH,
m = 20 BaroHoB.
20 =He=T,(a,b,m,g)
15
10 - =0=T,(V,m,g) -
5 aHaNUTUYeCKn

T T T T T T T T d _.—Tum(vlm,g)

g

OO611ast TPOAOKUTEIBHOCTh COPTUPOBKU  BTOpAsi TPOM3BOIHAS SIBJIICTCS MTOJOXKUTEIb-
COCTaBa OCAXKMBAHUEM TP IEJICHUM €T0 Ha X HOW BEIMUMHOM, ITO3TOMY MUHUMYM (bYHK-
yacTeu: un T gocTuraeTcst B TOUKeE:

T=th+2tg+2tc+2tm= Y = (Bly+y)mg (36)
= (at fly+ D) 2= 2+ N 2@t B+ Alsm

®opmyia (36) onpenesnseT ONTUMaIbHOE

mg
+m+ (Bl + )+ (at g+ .
ym+ (A + 7, 2x Frlg KOJIMYECTBO YacTel COCTaBa IO KPUTECPUIO

ol mg _ MUHMMYMa MIPOJIOJKUTEILHOCTH €70 COPTHU-
+Ble+ N5+ B+ N5+ (a+ g

2 e DOBKHM OCaXMBAHUEM Ha BBITSIKHOM TIYTH.
—(8l, + 7)% =2(a+ Ay + A, %) X+ ym+ IMoncraBus (36) B (34), MONTY4UM MUHU-

. (33)  MaJbHYIO POIOJIKUTENBHOCT MAHEBPOB:
+(Bly + DL+ 2(a+ g m

* T=2J2(a+ﬂll+ﬂlB—)(ﬂlB+y)mg+
wim 2

m
T = 2(a+ﬂll+ﬂl3?)x+ym+ +2(a+ fl)g + ym, cex. 37/
e

+(B, + DL+ 2(a+ Al)g, CEK. 34 ®opmyity (37) MOXHO TIPeICTaBUTh Ciie- (it

x IYIOIITIM 00pa3oMm:

TTepBasi MPOM3BOIHAS 110 X:

L 2(a+ fla+ A 2) - (Bl + D25 (35) T=Ag+Bm+Cmg, (38)
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Zfa Tabmma 1 rne g = 200+ Al) = ape -V + 221, (39)

Koadduument A, b
1, ™ V, kM/4 B = y= Ppr*”
15 25 40 T 0
100 0,99 0,80 0.81
150 1,39 1,04 0,96 c = sz (a+,311 + A, %) Bl +7) =
200 1,79 1,28 1,11
250 2,19 1,52 1,26
300 2,59 1,76 1,41 2 ((%T . K) + (ﬁ) L + (ﬁ) L, ﬂ) .
350 2,99 2,00 1,56 2 g 4 £ g
400 3,39 2,04 1,71 ) ((ﬁ)ln + M) ) n
450 3,79 2,48 1,86 i z (41)
500 4,19 2,72 2,01

Taémmua 2 Kak BunHO 13 dpopmyn (39)—(41), Ben-

b 9
Kooddumuent B npn V = 15 km/u ‘II/’IHH A’, B’ He 3aBUCST OT g U m, a BEIMYMHA
C’ 3aBUCUT OT m.

g,0TI | m, Bar

TR Dopmyiy (38) MOXKHO TIpeICTaBUTh B 00-
1 0,23 (0,19 [0,18 [0,17 |0,16 |0,16 |0,16 | J16€ TIPUBBIYHOM BUIE:
5 0,49 0,40 037 [0,36 035 034 |0,33 T, =Ag+Bm, (42)
10 0,68 0,57 0,52 |050 |048 |0.47 |047 | TmeAd, =A,
15 0,69 |0,63 0,61 0,59 |0,58 |0,57 T N
20 0,73 0,70 [0.68 [0.66 |0,65 By =B"+C \/; =y+C \/% =——*C J%
25 0,78 10,75 [0,74 [0,73
30 0,82 [0,81 [0,79 C yuerom BeipaxkeHuii (39)—(41) momydyeH-
35 0,87 0,86 | Hble KOA(hhULUEHTbl PABHbL:
40 0,93 | 0,91 .
45 0,97 Ay =ap -V + 7 ly, mun/oTi. (43)

Taommua 3 7 =
Koaddumuent B1 mpu V = 25 km/4 5 (apT . ;) + (7) L+

10 |20 [30 J[40 [s0 [eo [70 26 BonV
1 0,19 0,16 0,15 |0,14 |0.14 |0,13 0,13 ((7)13 + T)
5 0,40 (0,32 [0,30 [028 [027 [0,26 [0,26
10 0,55 (0,45 |041 039 |037 |036 |0,36
15 0,54 0,49 (047 (045 044 043 | \/E, MWH/BAr. (44)
20 0,57 0,54 [0,52 0,50 [0,49 m
;5) 0,60 g: ; gZT g: (5) Taxkum obpazom:
35 ’ 0’66 0’64 AI =N (am’ v, lr) ;
40 0,70 | 0,69 B, =fla,, B, V.m, g);
45 0,73 T=f((X.pT, Bp’r’ V, lr; m, g)

Tabmmad %o B, — HOpMaTUBHBIC K02(hOUIMEHTBI, TIPU-

BeIEHHBIE B [1], TTO CyTM OTpaxkaroT TexHu4e-
CKME XapaKTepUCTUKN MaHEBPOBOTO JIOKOMO-
THBa. 3aBUCUMOCTb OT HUX TIPUBE/ICHA BHIIIIE.

Kooddumment B, npu V =40 km/4

g, OTIL m, Bar

10 20 |30 |40 |50 |60 |70 [pn ¢pukcuposanueix o, B u/l T =
1 0,20 |0,17 |0.15 |0,15 |0.14 |0.14 [0.13 | £V, m, g), T.e. ONTUMAJIbHAS TPOLOJIKUTEb-
5 0,40 0,32 10,29 ]0.27 |0.26 |025 |0.25 | HocTh MAHEBPOB Ha BBITSKHOM IYTH METO-
10 0,55 [044 (039 [037 [035 034 [0,33

JOM OCa’kMBaHUWA aHAJIMTUYCCKU BBIBOOAUTCS

15 053 1047 1044 1042 10,41 10,40 ¢ momo1ibio popmyst (1) B 3aBUCUMOCTH OT
20 0,54 0,50 [0,48 0,46 [0,45
mug.

25 0,56 (0,53 [0,51 {0,50

0 058 1056 To.5a Pesynbrarer pacaeToB o dopmyiie (38) mist
™ - 0: & 0: | V= 15KM/4 1 pUKCHPOBAHHOM M NIPUBELCHDI
7 062 lo.e Ha puc. 2—4 (/. = 94,5 m). B 0603HaueHusIX
45 066 | KOTUM PUCYHKaMm:
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Ag+Bm — IpoA0LKUTETbHOCTh MAaHEBPOB,
paccuMTaHHasT UCXOJIS U3 CTATUCTUIECKUX KO-
3(PULIMEHTOB B COOTBETCTBUU C [1];

Topt( a, b, m, g — ontuMasbHas (IIpU OITHU-
MaJIbHOW BEJMYMHE X) TTPOJOJIKUTEIBHOCTD
MaHEBPOB, paCCUYMTAaHHAsI KaK CyMMa ITOJTypeii-
COB UcX0MIs1 U3 GOPMYIIBI #,,, =a+bm ;

Tom( V, m, g) — onTumMalibHast POJIOKUATE b~
HOCTh MaHEBpPOB, pacCUMTaHHas KaK cymMMa
MoIypercoB ucxoas u3 hopMyssl (1);

Tom( V, m, g) — onTumMalibHast NPOJIOKUATE b~
HOCTb MaHEBPOB, MOJTYYE€HHASI aHATUTUYECKUM
criocodoM 1o opmyiie (38).

B tabnuiie 1 npuBeneHsl 3HaYeHUST KOA(D-
(bumenTa A, B 3aBUCUMOCTH OT CKOPOCTH TIPU
maHeBpax (V) u IIMHBI TOPJIIOBUHBI COPTUPO-
BOYHOro napka (/). B rabmuax 2—4 npuseaeHst
3HaYeHMs Ko3(hduLeHTa B, B 3aBUCMMOCTH OT
CKOpOCTH IpU MaHeBpax ( V), KomuyecTBa Baro-
HOB (m) 1 oTienoB (g) B coctase. Tabmuiibt 1—4
COCTaBJICHBI [IPY HOPMATUBHBIX 3HAYCHUSIX O,
i

AHa/M3 NPUBEIEHHBIX JAHHBIX MOKA3bIBAET
craenymomee:

—mipu m > 50 u g < 10 Bce yeThIpe moaxona
JTAIOT MPAKTUYECKU OIUHAKOBBIE PE3YJIBTATHI,
npu m = 20 pe3yJIbTaThl COBMAAAIOT TOJIBKO IS
g<5;

— MPU YKCJIE OTLIENOB, OOJIbIIE YKa3aHHbBIX
BEJIMYMH, HarOoJiee 3HAYUTETbHO OTJINYAOTCS
OT OCTAJIbHBIX PE3YJIbTAThl, TTOJIyYEeHHBIE T10
TpanULMOHHO hopmyne 7, =A-g+B+m,otn
pe3yJILTaThl CYIIECTBEHHO HUXKe TIOTyYeHHBIX
TIpU pacyeTax 1o noyypeucam;

— TIpY JUIMHHOM COPTHPYEMOM COCTaBe
(m =50, m =70) 1 3HAYNUTEILHOM YUCJIE OTLIE-
noB (g>10) aHanUTUYeCKU BbIBeIcHHAST DOPMY-
JIa 1aeT O0JBLIYIO MPOIOIKUTETBHOCTD COPTU-
POBKU, YeM hopmyJia, UCXOISIIAS U3 CTATUCTHU -
YECKUX TAHHBIX (C y4ETOM pacyeTa MpoJo/IKU-
TEJIBHOCTU MOJTypeCcOB Ha OCHOBE ONTUMU3U-
poBaHHOI (popmyiibl (1), ormMCaHHOM B cTaThe
[4]), TpruemM ¢ yBeTMUEHUEM YKCIa g 3TO pac-
XOXJEHUE PacTeT;

— Opu Majioit JyinHe coctapa (m = 20) aHa-
JINTUYECKU BbIBeACHHAs (hOopMyJia 1aeT pe3ysib-
TaThl, MPAKTUIECKN COBMAJAIOIIME C ONITUMU-
3UPOBaHHO hopMysoii (1), mpruyeM MeHblIIe,
YyeM MpU pacyeTe MPOAOKUTEIBHOCTU MOy~

peiica o popmyzrie ¢, o a+bm. Bce pacxoxne-
HMSI PaCTyT C YBEJIMYEHUEM YKCIIa OTIIETIOB.

Takum 00pa3oM, aHATUTUYECKN BbIBEICH-
Has popmyia T, . A,*g+B,*m naer pesyib-
TaThl, OJIM3KWE K TOJTYYEHHBIM TPU pacueTe
TPOIOJDKUTETBHOCTH COPTUPOBKH T10 TIOJTypeti-
caM B IIMPOKOM JIMaria3oHe 3HAYeHUA m U g,
W TIPU 3TOM TTO3BOJISIET OBICTPO HATH MICKOMBIE
BeJIMYMHBI (0€3 pacuera MPOAOJIKUTEIEHOCTH
KaxJ10ro rnoJjypeiica).

DTO 0COOEHHO BaXXHO JJIs1 MIPOBEACHUS
OTepaTHBHOM MPOBEPKU PaCYETHBIX 3HAUCHU I
TPOIOJDKUATETBHOCT MAHEBPOBOI paOOTBI, UTO
peanm3ayeTcsl P UMUTAITMIOHHOM MOJIEJIMPO-
BaHUU TTPOIIECCOB Ha JKeJIE3HOIOPOXKHOM CTaH-
uu B cpene AnyLogic [5—11].
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DEPENDENCE OF TRAIN SORTING TIME ON THE TURNOUT TRACK AND

DURATION OF SEMI-TRIP

Shmulevich, Mikhail I., Moscow State University of Railway Engineering (MIIT), CJSC PromtransNIlproekt,

Moscow, Russia.

Starikov, Aleksey E., CJSC PromtransNIIproekt, Moscow, Russia.

ABSTRACT

The duration of sorting of the train on the turnout
track is determined by the known formulaT_  =A-g
+ B+m. At the same time, the duration of all semi-
trips — arrival of the locomotive behind the part of the
train, its extension to the turnout track, sorting and
reverse pulling of the remaining cars — were

calculated according to the formula t,, = a + bm,
which is now replaced by a new method {or adjusting
the shunting operations. The article presents the
results of a study that made it possible to derive a
formula for calculating the duration of the sorting of
a train on the turnout track based on a different
calculation of the duration of semi-trips.

Keywords: railway, turnout track, duration of sorting, duration of semi-trip, calculation formulas.

Background. Usually, the sorting time of the
composition of m cars and g cuts is calculated by the
formula T, = A-g+B-m, where A and B are the
coefficients, the value of which is taken depending on the
slope ofthe track of cut motion and the way the maneuvers
are organized [1, 2].

The formula given was obtained from the division of
the composition into parts in order to minimize the total
duration of sorting [3], but in the derivation of this formula
the duration of the semi-trip was determined from the
formulat, = a+bm (where m is the number of cars in the
composition), which in «Methodical instructions on the
calculation of time norms for shunting work» was replaced
by another. The coefficients A and B are determined by
statistical observations.

In this paper, we prove the derivation of a formula
analogousto T =A-g+B+m, on the basis of the current
methodology for calculating the duration of a shunting
semi-trip with a theoretical derivation of the coefficients.

Objective. The objective of the authors is to consider
the problem of dependence of train sorting time on the
turnout track and duration of semi-trip.

Methods. The authors use general scientific and
engineering methods, mathematical calculation,
comparative analysis.

Results.

The formula for determining the duration of the
shunting semi-trip, given in [1] instead of the formula
(S a+bm, looks like this:

V 3,61
t:/,=(aa,,+/3a,,-m)'5+ VSI , sec, (1)
where o, — coefficient, which takes into account time
required for changing speed of motion of a locomotion by
1 km/h at acceleration and braking, in accordance with

[1] oy

k/h

B, — coefficient, which takes into account additional
time for changing speed of motion of each car in the
shunting train by 1 km/h at acceleration and braking, in

accordance with [1] f3,, = k / n

V- permissible speed of motion at maneuvers, km/h;
I, — length of semi-trip, m
We transform the formula (1):

N Ist _ao.do.bo_ao,
| i‘\\‘i | 2
[ ls

s—C

Pic. 1. Scheme for calculating the duration of
maneuvers.
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Vo3, 6l

L, = (aab + By m)—

V3,6 V
=y Y Ty ﬁ:r ‘m=+1, +m, (2)

V

where a=a,, 7, sec, (3)

3,6
B==-, sec/m, (4)

14

14

y=ﬁ”§ , sec, (5)

In general, the duration of maneuvers on the turnout
track when dividing the composition into x parts can be
determined by the formula:
T=2t + 2t +2t + 2t , sec, (6)
where Zt - duratlon of idle semi-trips (arrival to seek for
parts of the composition), sec;

th — duration of semi-trips of pulling of parts of the
composition, sec;

ZtS — duration of semi-trips of backing of the
composition to the sorting tracks, sec;

Ztm — duration of semi-trips of reverse pushing back
of the composition to the turnout track, sec.

The duration of semi-trips of arrival to take parts of
the composition (Xt ) can be determined by the formula:
Xt=t®-x, (7)
where t? - average duration of a semi-trip of arrival to
take pan‘s of the composition, sec.

The duration of semi-trips of pulling of the parts of the
composition (Xt p) is equal to:

Zt =tex, (8)
where t @ — average duration of a semi-trip of pulling of
parts of the composition, sec.

The duration of semi-trips of pulling of the composition
to the sorting tracks (Xt )is:

Xt=t-g, (9)
where t? - average duration of a semi-trip of pushing
back, sec.;

g — number of cuts in the sorted composition.

The duration of semi-trips of reverse pushing back of
the composition to the turnout track (Xt ) is determined
by the formula (taking into account the return of the
locomotive after the installation of the last cut):

Zt =t,"g (10)
where't o — average duration of a semi-trip of reverse
pushing-back of the composition to the turnout track, sec.

The average duration of a semi-trip of each type can
be determined by the formula:

= ot By e m® (11)
where I — average length of a semi-trip, m;

m?® —average number of cars with this type of a semi-

trip.
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The average length of a semi-trip (1, ) is defined as
the half-sum of its minimum (I . ) and maximum (I )
length:
lav — lmin +lmax , m. (12)

2

To determine these quantities, let’s consider the
scheme in Pic. 1.

The sorting technology in the example under
consideration is as follows: the sorted composition is on
the track 1, the shunting locomotive is on the turnout
track 5. The composition is sorted in three appointments
into three tracks: 2, 3, 4. The power of the appointments in
the composition is assumed to be the same and is for each
of the three appointments m/3. The shunting locomotive
drives to track to take the first part of the sorted train, the
first trains on each track are put on a distance m;l, where |
is the length of the car, m. is the number of cars from the
sorted train to be installed on the i-th tracks, i.e. each cut
isinstalled immediately at the end point and does not move
during the sorting process. Further, tracks 2, 3, 4 are filled
in the direction of the turnout track. Thus, after the end of
sorting, the assigned appointments are at the beginning of
the sorting tracks. This method gives the minimum duration
of shunting operations.

Hence:

1. For Xt (semi-trips of arrival):

The first semi-trip is done to the head of the train
(Pic. 1):
=] =2-a +d +b, +I,m, (13)
where |, - length of the 1-st semi-trip of arrival, defined
by the formula:
l,=2-a,+d,+b +I m, (14)
here a - distance from the junction of the frame rail to
the center of the turnout switch, m(a, = 15m);

b, - distance from the center of the turnout switch to
the end of the track crossing, m, (b, = 15m);

d, - length of the straight insert, m, (d, = 12,5 m);

1,, — distance from the center of the turnout switch to
the distance post, m (1, o= 37m);

Arrival to take the last part of the composition:

adT) +Ip-%'(x—1),m. (15)
Average length of semi-trip of arrival:

v m ,m

I =ll+lp3—lpg,m, (16)

In case of semi-trips of arrival m = 0 and from (11) it
follows:

m
Sty = (ot 41,5 e

m
+ ve())ex =
2‘x) 70)ex

=(a+ﬂll+ﬂlp%)x—ﬂlpg. (17)
2. For Xt (semi-trips of pulling):
Pulling of the first part of the composition:
min m
L =h+l,— m. (18)
X
Pulling of the last part of the composition:
Lre=1,+1 -m, m. (19)
Average length of semi-trip of pulling:
av m m
IN =ll+lp-5+lp-g,m, (20)
me = % (part of the composition), (21)

m m
D1, =(a+pe(, +lp-5+lpoﬁ)+y-r )ex

=(a+pl ++ﬂlp%)x+%+ym.

Ts m=70
140
120 =>=Ag+Bm, m=70
100 -
B0 =T o(a,b,m,g)
60
a0 =O=To(V,mg) -
20 i
o

— 17— T e T (V,m,g)
3 4 5 6 7 8 9 10 15 20 25 30 35 40 45

Pic. 2. Duration of maneuvers on the turnout
track, m = 70 cars.

Ts m=50

100 —=Ag +Bm, m =50

S

80 ;
60

a0 |
20

= ——T_,(V,mg)
3 4 5 6 7 8 9 10 15 20 25 30

=¥=To(a,b,m,g)

=0=T,(V.mg) -

analytically

Pic. 3. Duration of maneuvers on the turnout
track, m = 50 cars.

Ts m =20
a0 =>=Ag + Bm, m = 20
35 /\.V
L
2'5’ B e Tyabme)
20
15 4 =0=T,(V,mg) -
10 i
s == Ton(V,m,8)
o T T T T T T T T e

3 4 5 6 7 8 9 10 15
E

Pic. 4. Duration of maneuvers on the turnout
track, m = 20 cars.

3. For Xt (semi-trips of pushing back):
Pushing back of the last cut of the part of the
composition:

min m

=l +l— m, (23)
4

where | — distance from switch points of the turnout

switch, 7eading to the turnout track, to the extreme (far)

distance post of the sorting tracks(in Pic. 1 coincides with

l).
' Pushing back of the entire part of the composition for
setting its first cut:
=i+l m (24)
X
m m
1" =1 +1 —+1 —
St e ™ (25)
m m W m(g+x)
m,, =, mmﬂxzir m =T 26
‘min g x P 2gx ( )
m m m-(g+x)
to=|a+ Pl +1 e—+1 +ye——— g =
Z: ( ﬂ(g " 2x ”2g) 4 2gx Jg
(27)

(s, +y)%++(a+ﬂlg)g+(ﬂlp +7)%.

4. For Xt _(semi-trips of reverse pushing):
Return of the locomotive after backing ofthe last cut:
min = I,m, (28)

(29)

rp

max m_m
L=l G0 m,

o m m
B =lorlygomlyg,m, (30)
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:Zé'? Table 1 m_ =0, m :ﬂ_ﬂ! " m_m (31)

Coefficient A, min mee = T T Tox 2g7
1,m V, km/h m m m m
e = of o— — [ o—— o ——))e=
15 25 40 2ty =(a+ pell +1, 2x ly 2g)+7(2x 2g))g
100 0,99 0,80 0,81 mg . -
150 1,39 1,04 0,96 =(ﬂlp+7)§+(a+ﬁlg)g—(ﬂlp+7)7~ (32)
20 1,79 1,28 Ll The total duration of the sorting of the composition
250 2,19 1,52 1,26 by backing when it is divided into x parts:
300 2,59 1,76 1,41 T=St+30+30+3%, =
350 2,99 2,00 1,56 ( mj m ( m]
=la+pl+pl, —|x-pl, —+| a+plL++pl, — |x+
400 3,39 2,24 1,71 Ph+ Bl Jx =Pl Bh++pl,5
450 3,79 2,48 1,86 +ﬂl’%+ym+(ﬂlp+y)$+(a+ﬂlg)g+(ﬂl +y)%+
500 4,19 2,72 2,01 *
mg m_
Table2 *+(Bl+7)5 +(a+pl)e=(pl,+7)5 =
Coefficient B, at V=15 km/h =2(a+ﬂl, +pl, %)x wym++(pl,+7) "8 +2(a+pl,)g (33)
g, cuts m, cars *
10 20 [30 T[40 [so Jeo [70 L . .
1 023 [0,19 0,18 017 [o,16 [o0,16 [0,16 T:2(“+ﬁ’n+ﬁlqjx+7m+(ﬁ’p+7)7g+2(a+ﬁ’g)g’ o)
5 049 1040 [0,37 [036 [035 [034 [033 | The first derivative on x:
10 0,68 0,57 [0,52 [0,50 [0,48 |0,47 |0,47 dT . mg
15 0,69 [0,63 061 [0,59 [058 [0,57 E=2(“+ﬂ’1 +ﬂ’p7)‘(/ﬂp 1) (35)
20 073 10,70 0,68 [0.66 |0.65 The second derivative is a positive value, so the
25 0,78 10,75 |0,74 10,73 minimum of the function T is reached at the point:
30 0,82 (0,81 |0,79
_ | +)me
35 0,87 |0,86 X=, |z (36)
2(+l)+1,m
40 0,93 [0,91
45 0,97 The formula (36) determines the optimal number of

parts of the composition by the criterion of the minimum
Table 3 quration of its sorting by backing on the turnout track.

Coefficient B, at V =25 km/h Substituting (36) in (34), we obtain the minimum
duration of maneuvers:

g, cuts | m, cars

10 (20 [30 |40 |50 |60 |70 T= 2\/2[(1 + Bl + Bl %)(ﬁlp +y)mg +
1 0,19 0,16 [0,15 [0,14 [0,14 [0,13 |0,13
5 0,40 (0,32 (030 |0,28 [0,27 |026 |0,26 +2(cr+ Bl ) g +ym, sec. (37)
10 0,55 1045 |041 |0,39 10,37 0,36 |0.36 Formula (37) can be represented as follows:
15 0,54 (049 (047 [045 [044 |0,43 T=Ag+Bm++C'\Jmg, (38)
20 0,57 054 [052 |05 [0,49
25 0,60 10,57 0,56 |0.,55 where A =2(+l,)=a,V +%lg , (39)
30 0,63 0,61 [0,60
35 0,66 | 0,64 g PV (40)
20 0,70 | 0,69 2
45 0,73 . m

Table 4 C —2\/2(a+ﬂll+ﬂlp7j(ﬂlp+7)_

Coefficient B, at V = 40 km/h

V. 36, 36, m\,36, BV
e e =2\/2[(aﬂ7)+(7)11+(7)1p5j((7)1p+ S j (41)

L 2L ) 40 0 o0 0 As seen from the formulas (39)-(41), the values A’,
1 0,20 0,17 0,15 |0,15 |0,14 |0,14 |0,13 B’ do not depend on g and m, and the value C’ depends
5 0,40 0,32 0,29 [027 |0.26 (025 [025 onm.
10 0,55 |044 039 037 [035 [0.34 |0.33 Fortmul?f(s’B) can be represented in a more
conventional form:
15 0,53 0,47 (044 [042 |0,41 [0,40 T_=Ag+Bm, (42)
20 0,54 10,50 |0,48 [0,46 |0,45 where A, = A,
25 0,56 (0,53 |[0,51 [0,50
5 s 5 s s . lg N ﬁ o . lg
30 0,58 0,56 |0,54 5 —B+C\/;—7+C\/;—"T+C\/;-
35 0,60 10,58 Taking into account expressions (39) — (41), the
40 0,64 10,62 coefficients obtained are:
45 0,66 7,2 )
A=a,V +7lg, min/cut. (43)
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Vv, 3,6 3,6, m

2((“;1'7)"'( N+ (G0, *}

B‘zﬂ"£V+ 3,6 ﬂl; =
-[(;,)1,,+ . )

-\/E, min/car. (44)

m
Thus:
A =fla, V1)

B,=fla, B, V. m, g);
T=flo, B, V.1, m, g).

a,, B, — normative coefficients given in [1],
essentially reflect the technical characteristics of the
shunting locomotive. The dependence on them is
shown above.

At fixed o, B, and Ig T=1V, m,qg),

i.e. optimum duration of maneuvers on the turnout
track by the backing method is analytically deduced
using formula (1) depending on m and g.

The results of calculations using formula (38) for
V=15 km / h and fixed m are shown in Pic. 2-4 (Ig =
94.5 m). In the notation for these figures:

Ag+Bm - duration of maneuvers, calculated on the
basis of statistical coefficients in accordance with [1];

Tom(a, b, m, g) — optimal (at optimal value x) the
duration of maneuvers, calculated as the sum of semi-

trips, based on the formula t,,, = a+bm;

T,.{V. m, g) —optimal duration of maneuvers,
calcu/nated as the sum of semi-trips, based on the
formula (1),

Tom(V, m, g) — optimal duration of maneuvers,
obtained analytically by the formula (38).

Table 1 shows the values of the coefficient A,
depending on the speed at maneuvers (V) and the
length of the neck of the sorting park ( Ig). Tables 2-4
show the values of the coefficient B, depending on the
speed at maneuvers (V), the number of cars (m) and
cuts(g) in the composition. Tables 1-4 were compiled
at standard values of o, .

Conclusion.

Analysis of the results shows the following:

For m > 50 and g < 10 all four approaches give
almost identical results, for m = 20 the results are the
same for g <5;

With the number of cuts greater than the indicated
values, are the most significantly different from the
others, the results obtained according to the traditional
formula T =A-g+B-m, these results are significantly
lower than those obtained by semi-trips calculations;

With a long sorted composition (m = 50, m = 70)
and a significant number of cuts (g> 10), the analytically
derived formula gives a longer sorting time than a
formula derived from statistical data (taking into
accountthe calculation of duration of semi-trips on the
optimized formula, described in [4]), and with increasing
g this discrepancy grows;

For a small length of the composition (m = 20), the
analytically derived formula gives results that practically
coincide with the optimized formula (1), and is smaller
than in calculating the duration of a semi-trip by the
formula t, e a+bm. All discrepancies increase with
increase of the number of cuts.

Thus, the analytically obtained formula T =
A, -g+B,-m gives results close to those obtained in
calculating the duration of sorting by semi-trips in a wide
range of values of m and g, and at the same time allows
to quickly obtain the desired result (without calculating
the duration of each semi-trip).

The result can be used to quickly check the calculated
values of the duration of the shunting operation, which,
along with calculating the semi-trip duration [4], is realized
in the simulation modeling of station operation in the
AnyLogic environment [5-11].
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