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O ITOAXOJE K OITPEAEJEHUIO
HEKOTOPBIX KHHEMATUYECKHUX TAPAMETPOB
JABUKEHUS BATOHA HA TOPMO3HBIX NO3UIUAX
COPTUPOBOYHBLIX 'OPOK

Typanoe X.T., I'opouenko A.A., Cauousanueg I11.Y.

Ipu npoexmuposanuu copmupogouHbX 20POK, gblbope ee Onmu-
MATbHBIX NAPAMEMpPO8 HONbUIOe 3HAYEHUE UMEIOM NMOYHbIE GeTUYUNb]
KUHeMaMUu4ecKux napamempos 08UICEHUsL 6A20H08, OMYEN08 HA 8CeX
ee yuacmrax. [Iposedennulili ananus cyujecmeyroujeti Memoouxu pacie-
Ma cCOpMUpPOBOUHBIX 20POK NOKAZLIBAET, YMO UCTOTb3YeMbLE POPMY b
cooepacam 3HaUUMeNbHOE KOTUYeCme0 HeKOPPeKMHoCcmell U He cooep-
HCUM HEKOMOPBIX 8bIPANCEHUL 0TI ONPeOeNeHUst BANCHBIX KUHEeMamMu-
yecKkux genuuun. B cmamoe npusedeno mamemamuieckoe Onucanue
0BUIICEHUSL BACOHA HA YYACMKAX MOPMOZHBIX HOZUYUL COPMUPOBOY-
HOU 20pKU € UCNOTB30BAHUEM MEOPeMbl 00 USMEHEHUU KUHEUYEeCKOL
oHepeuu 0Jisk HeCc8000OHOU MAMEPUATLHOU MOYKU 8 KOHeUHOU (hopme.
Hannulii nooxo0 no3eonsem pewums parnee mpyoHopaspeuumyio 3a-
0auy no 6vl600y Hopmynbl NYMu MOPMONCEHUS. 6A2OHA HA YUACTIKAX
MOPMO3HBIX NOZUYUL COPMUPOBOYHBIX 20poK. Tlonyuennas mamema-
Mmuyeckas Mooelb anpoduposana Ha KOoHKpemuom npumepe. Illocmpo-
EHHAsL 8 CIAMbe 3A6UCUMOCTIb MY TOPMONCEHUSL O HAYATbHOU
CKOpOCMU 8A20HA NO380JIslem CYOUms 06 ee go3pacmarouem Keaopa-
muunom xapakmepe. Ilpuseden ananuz ¢opmynvl nymu mopmoscenus
6A20HA C NO3UYUU KAACCUUECKOU MEXAHUKU, KOMOPblll 00Ka3bleaem
KOPPEeKMHOCb U NPUMEHUMOCHL NOCIMPOEHHbIX MAMEMAMULECKUX
Mooenell NPUMEHUMENbHO K 30He MOPMOJICEHUsl BA20HA HA BCEX YUACHI-
KaX MOPMO3ZHbIX NOZUYUIL.

Lenv — nocmpoums mamemamuieckyto Mooenb 08UIICEHUS BU2OHA
HA yHacmKax mopMO3HbIX NOZUYUL COPMUPOBOYHBIX 20POK.
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Memoo unu memooonozus npoeedeHus padomol: mamemamuye-
CKO€e ONUCaHUe OBUNCEHUSL BAZOHA HA YHACIKAX MOPMO3HBIX RO3UYULL
COPMUPOBOYHOU 20PKU OCYUECNBIIEHO C UCNOTb308AHUEM MEOPeMbl 00
UBMEHeHUU KUHemUu4eckol sHepeunt 0Jisk Hec80OOOHOU MAMeEPUATbHOU
MOUKU 6 KOHEYHOU hopme.

Pesynvmameol: nonyuena gopmyna nymu mopmojiCeHus: 8a2oHa Ha
VUACMKAX MOPMO3HBIX NO3UYUL COPIMUPOBOUHBIX 20POK.

Oobnacmb npumeHeHUs pe3yIbmMamos: pe3yiibmanmol UCCAe008aHUL
10 onpeodeneHuo nymu MoPMONCEHUsL 6A20HA 8 30He 3AMOPMANCUBAHUS
8a20HA MO2ym OblMb UCNOIL308AHb NPU NPOEKMUPOBAHUY NPOPUTIA
nymu copmupo8o4Hol 20pKu.

Knrwoueswle cnosa: dicenesnas 0opoea; dicene3Ho00pOoNiCHASL CMAH-
Yusl, COpPMUPOBOUHAS 20PKA, BA2OH, MOPMO3HASL NO3UYUS, NYMb MOP-
MOJICEHUSL.

ABOUT THE APPROACH TO THE DETERMINATION
OF CERTAIN KINEMATIC PARAMETERS OF THE CAR’S
MOVEMENT ON THE HUMP BRAKING POSITIONS
OF MARSHALLING YARDS

Turanov Kh.T., Gordienko A.A., Saidivaliev Sh.U.

In the design of marshalling hump, the choice of optimal parameters
of great importance to have accurate values of the kinematic parame-
ters of the movement of the cars, uncoupling at all parts. The analysis
of the existing method of calculation of marshalling humps shows that
the formulas used contain a significant number of inaccuracies and
does not contain some expressions for determining important kinematic
values. The article presents a mathematical description of the move-
ment of the car on the sections of the hump braking positions of the
marshalling hump using the theorem on the change of kinetic energy
for a non-free material point in the final form. This approach makes
it possible to solve the previously intractable problem of deriving the
formula of the braking path of the car on the sections of the hump brak-
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ing positions of the marshalling humps. The resulting mathematical
model is tested on a specific example. The dependence of the braking
path on the initial speed of the car built in the article allows to judge
its increasing quadratic character. The analysis of the formula of the
braking path of the car from the position of classical mechanics, which
proves the correctness and applicability of the constructed mathemat-
ical models in relation to the braking section of the car in all parts of
the hump braking positions.

Purpose. To build a mathematical model of the movement of the
car on the sections of the hump braking positions of the marshalling
stations.

Methodology. The mathematical description of the movement of the
car on sections of hump braking positions of the marshalling stations
is carried out using of the theorem of changing of kinetic energy for a
non-free material point in a final form.

Results: for the first time, the formula of the braking path of the
car on the sections of the hump braking position of the marshalling
Stations was obtained.

Practical implications the results of studies to determine the brak-
ing path of the car in the area of braking of the car can be used in the
design of the profile of the path of the marshalling hump.

Keywords: railway, railway station; marshalling hump; wagon;
hump braking position; braking path.

Hacrosmmast ctathst SBIsS€TCS TMPOIOHKEHUEM CEpUH ITyOTHKAITHA
1o npoodiemMe pacuéra U MPOCKTUPOBAHUS NPODUIIS IIyTH COPTHPO-
BOYHBIX TOpoK [1-16].

HHTepecHo 3aMeTHTh, UTO B [3, 15] mtst onpeneneHus SHEpreTHIe-
CKOM BBICOTBI COPTUPOBOYHON TOPKH /i, WCIIONB3YCTCs OJIHA M Ta KE
METO/MKA. B HUX MPUHSTO JIOMYIIEHUE O TOM, YTO B JIF0OOO TOYKE Ha-
KJIOHHOM TUIOCKOCTH DHEPTHSI CKaThIBAIOIIETrocs Tesia Maccoi M paBHa
CyMME MOTEHUHAIBHON Ep U KuHeTH4eckou sHepruu E . Ilpennona-
raeTcs, 4To 3Ta PHEPTHs PacXoAyeTcs Ha padOTy CHII COTPOTHUBIICHHS
nswkenuo 4, r.e. E + E =A_(cMm. cTp. 8 B [3] u hopmymy (6) B [15]).
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OTcrona onpeeNaioT SHEPTeTHYECKYI0 BBICOTY COPTHPOBOYHOM TOPKU
h,. OnHako, Tako¥ IOX0 NPOTHBOPEYUT 3aKOHY COXPAHEHHS SHEPTHH
[6, 7]. 1o HACTOSAIIIETO BPEMEHH MPOCKTUPOBAHUE YHEPTETUIECKOU BBI-
COTBI COPTUPOBOYHON TOPKHM /1, BBIIOIHAETCS C UCIIOJIB30BAHUEM 10~
HSTHS «MOIIHOCTh TOPMO3HBIX MO3UIMH A, MM TOPMO3HBIX CPEJICTB
h, »[1,2,3,5, 15]. MOWHOCTh TOPMO3HBIX MO3ULMH A, BEIOMPAOT
cornacHo [5]. Duepretuveckas BoicoTa b, COPTUPOBOYHOM TOPKH B
npenenax pacuéTHoi anuHb! (0T BepuuHbl ropku (HP) no pacuérnoii
touku (CT)) onpenensror Kak CyMMy TpeX MpOQHIBHBIX BBICOT pac-
YETHBIX YYACTKOB (CM. pUCYHOK 5.1 B [5]): TOOBHOTO y4acTKa (MEXKIY
BEPIIMHON TOPKH M HAYaJI0M TIEPBOX TOPMO3HOM nosuumii (1BP)) A, |,
CpemHero ygactka (Mexay HadaioMm | TopmosHoi nozunue 1BP u Ha-
4aJioM IMy4KOBOK TOpMO3HOM mo3uiun (2BP)) A, , v HiKHETO yUacTKa
(Mex Ty HadaJioM My4YKOBOW TOpMO3HOHM mo3unmu 2BP u pacuetHoOU
toukoid CT) h, ;. [Tpu 5ToM 3Hauenus h, , h,, v h, , BEIMUCIISIOT 110 5M-
upudeckon popmyie (cMm. opmyna (5.1) B [5]):

2 2
Vo =V,

h = ; .
8ox
Ota (opMmyrra COCTOUT U3 TpeX ciaraeMbiX. [lepBoe ciaraemoe B
¢dopmyne (5.1) [5] nomydeHo Ipu OTCYTCTBUU CHIIBI CBSI3U MEKAY KO-
JIeCaMu BaroHa W PEeNbCOBBIMH HUTSIMH (T.€. JJIS UIeaTbHOU CBSI3N),
KOTJIa TIOJTHAsI KWHETUYECKasi SHEPTUsl BaroHa MpH €ro rmepeMeieHIH
n3 CT Ha HEKOTOpOE PacCTOSTHHE PABHO pa0OTE COCTABIISIONICH CHITBI
TSDKECTH Ha HaIlpaBJICHHE TIepeMeIIeHns Barona (Gsiny) mo penbco-
BbIM HHUTAM [S5]. BTopsie u Tpethu ciaraemsie Gopmyisl (5.1) B [5]
MIPECTABIISIIOT COOO0H, MPEONIOKUTENHHO, IOTEPH YIETHHON SHEPTHH
[IPU TIPEOAOJICHUH OCHOBHOTO Y/AEIBHOTO COMPOTUBIICHUSI TBIKEHHIO
Y COTIPOTHBJICHUS CTPENIOK M KPUBBIX B MPEJEIax COOTBETCTBYIONINX
yJactkoB h, ., h , v h, , [5]. Unaue, Gopmynsl qis onpenenenus h ,
h,, u h , TIpUMEHUMBI JIIsl HEUICANBHBIX CBA3EH. Takas e MeTonuKa
pacuéra npocnexxupaercs B [3, 15].
ComtacHo epBoMy craraemomy Gopmyist (5.1) [5], koneca Baro-
Ha CKOJIB3ST 10 PEIBCOBBIM HUTSIM. DTO HE COOTBETCTBYET peajibHO-

+h

ocnl

+hcr<]' (1)
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My JIBWIKEHHUIO KOJIEC KOJIECHBIX Iap BaroHa Mo pelbCOBBIM HUTSIM,
MTOCKOJIBKY TTOCIIEIHAE HEBO3MOXKHO TIPEICTABUTh B BUJIE HJICATHHBIX
cBsa3eil. CormacHO BTOPBIM M TPETHUM ciaraeMbiM GopmMynsl (5.1)
[5] xoneca BaroHa KatsiTcsi 0€3 CKOJNBXKEHUS TI0 PEIbCOBBIM HUTSIM. B
NEHCTBUTEIHHOCTH MPOGUITb COPTUPOBOYHON TOPKH (HAKIOHHAS TIITO-
CKOCTB) SIBIISICTCSl HeMIeallbHOM (HeTyIaIKOH 1/WIK C TPEHHEM ) TOBEPX-
HOCTBIO 1 BaroH C TPY30M JBMIKETCS 110 TPO(HITIO TOPKH ¢ HAYATbHOM
CKOPOCTBIO V,, PABHOH HYIIIO (T.€. v, # 0).

Hecmotpst Ha 3T0, BCe pe3yabTarhl UCCIIEA0BAHUN 10 IPOEKTUPOBA-
HUIO COPTUPOBOYHOM ropku B [1, 2, 4, 5, 15, 16] monydeHsr:

80-1nepauvlX, C YIETOM WHEPLIMU BpAIIAIONINXCs YacTel (KOIECHBIX
nap), BKJIOYast y4aCTKH TOPMO3HBIX MO3UITHIA, Ha KOTOPBIX TIPOUCXOTUT
[IOCTyNaTeIbHOE IBUKEHUE KOJIECHBIX Tap. 371€Ch HEJIOYCTUMBIM SIB-
JSIETCS yYeT MHEPITUH BPAIIAOIINXCS YacTel Ha y4acTKaX TOPMO3HBIX
MO3HULNH, TaK KaK HAOIIOAAETCS YUCTOE CKOJIbKEHUE KOJIEC OTHOCH-
TEJBHO PETbCOBBIX HUTEH M TOPMO3HBIX IIIMH BaTOHHOTO 3aMEIJTHTEIS,

80-6MOPbLIX, TSI HEUOEATbHBIX TIOBEPXHOCTEH, C Y4ETOM NpoduiIs
COPTHPOBOYHBIX TOPOK;

6-mpembvux, MPU ONPENCICHHH CKOPOCTH IBWKCHUS BaroHa Ha
BCEX y4YacTKax TOPKH, BKJIOUas TOPMO3HBIE MMO3HIIMH, TTO (OpMYyIIe
v=1/2g'h (rne g' — yckopenue cBOGOAHO NAAIONIETO Tea C YUEToM
WHEPIWH Bpamarmuxcs yactent) (cM. ctp. 186 B [1]), mpuMeHNTENEHO
IUISL UOeanbHOU NOBEPXHOCMU, YTO HEJOMYCTHMO.

Kak BuHO, OIIMOOYHOCTH OTPEIeIIEHUS] JHEPTETUIECKON BHICOTHI
COPTUPOBOYHON FOPKH /i, COCTOUT B HCTIONIB30BAHUU HECOBMECTHMOTO
10 (PU3NYECKOMY CMBICITY TTOHSITHS UOed1bHOL CBSI3U K PEIICHHUIO 3a-
Jlad COPTUPOBOYHBIX TOPOK, HA KOTOPOH (DAKTHUECKH CBS3HU SIBISIOTCS
HeuoeaibHbLMU.

Jlo cux mop aBTOpHI cTarh [ 11-14] cautanm penenne TpaHcIopT-
HOM 3a/1a4¥ TI0 ONpE/ACICHUIO BPEMEHH ABHKCHUS U MyTH TOPMOXKE-
HUS BaroHa Ha y9acTKaX TOPMO3HBIX TIO3UIIUH COPTUPOBOYHBIX TOPOK
TPYAHOPA3PEIINMON 3a1a4eil. B cylecTByOIed METOAUKE TOPOUHBIX
KOHCTPYKTHUBHBIX M TEXHOJOTHYECKHX pacdy€ToB B [4] Takyro 3amady
PEKOMEHIYIOT PEIIUTh C MCIIOIb30BAHIEM HMOHSITHS «MOIIHOCTH TOP-
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MO3HBIX MTO3UIUNY. 3[1eCh ONIMOKA COCTOUT B UCTIONIb30BAHUH (OPMY-
JIbI CBOOOHOTO TAJeHus Tena V = 4/2g'h, IpUMEHUMOM TOJIBKO ISt
HeaIbHOM CBsI3M [5].

Takum 00pa3oM, BBISBICHO, YTO MPOOIEMa MaTEMATHYECKOTO MO-
JIeITUPOBAHUS YYACTKOB TOPMO3HBIX TO3HIIUI COPTUPOBOYHBIX TOPOK
JI0 CHX TIOp HE pelIeHa.

I[IpunsATeHIe JoMyIIEeHUS

[Ipearnonoxum, 4to Jr00bIe TOUKM BaroHa, BKJIF0YAsi €ro LEHTP Macc
C_wn uentp mace C KOJECHBIX Map (31€Ch PUCYHOK HE TIPUBOLIATCSA), B
30HaX TOPMOXKCHHUS yYACTKOB TOPMO3HBIX MO3ULUI OyayT ABUTAThCS
C OJIMHAKOBBIMU CKOPOCTSIMH, PABHBIMU CKOPOCTH BXOJIa BaTOHA V=
v, =V  BOTy30HY, T.€. Vv, =V.=Vv _=v =v =const> 0. [looromy
JBI)KEHUE BaroHa ¢ rpy3oM G B 30HaX 3aTOpMakMBaHUsI MOYKHO pac-
CMaTpUBATh KaK JIBUKEHNE CUCTEMBI MaTEpUANIbHBIX TOUYEK, IPEAIONa-
ras BCIo €ro maccy M| cocpenorodenHou B ero uentpe mace C,. Ilpu
9TOM HETIOJBM)KHYIO CHCTEMY OTCUETA PACIIONOKHM B TO TIOJIOKEHHE, B
KOTOPOM HaxoujIach Touka C BaroHa B Ha4ase ero 3aTOPMaKuBAHUs.
[ToaTomy 3a Hauano oTcuéra BpeMEHH, T.€. 32 Ha4aJIbHbII MOMEHT £ =
0, BO3pbMEM MOMEHT Hauajla 3aTOPMa)KUBaHUs BaroHa, JBMIKYIIETOCs
10 YKJIOHY COPTUPOBOYHOM I'OPKH C IOCTOSIHHON CKOPOCTBIO ¥ =V
=y _=const>0.

.T

MaremaTH4ecKoe OnMucaHue pelieHne 3a1a4n

3anumeM TeopeMy 00 H3MEHEHUU KHHETHYECKOH YHEPTUH ISl He-
€60000H01 MaTepUaIbLHON TOYKH Ha TiepeMenieHnu AB, Mexry KoTo-
pPBIMH BO3MOXKHO ABM)KEHHE BaroHa, ¢ y4€TOM Ha4dalbHON CKOPOCTH
v ., B KOHEUHOH (popme [5, 6] NPUMEHUTENBHO K PEIIEHHIO paccMma-
TPUBAEMOIi 3a/1a41 B BUJIE:

G, . 2
_(vk.’r - VH.T) = AFx’ (2)
2g

¢ Y4€TOM TOrO, 4TO B HEH

Ay = Ag, + Ay, 3)

X
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rae

A —pabora npoeKImu CUIbl TsHKeCTH G 110 0cu Ox, IPOBEIEHHOM
HapajuiebHO PETLCOBBIM HUTSAM, Ha IEPEMEILEHUH X, MEKITY TOYKa-
mu A u B, npoussen€nnoii cuion G

A, =G x., = Gsinyx,,; 4)

A - pabota CHIIbl TpeHHUs F (& o01eM ciryyae, MOXET ObITb U
CHIIBI COTIPOTUBIICHUH BCAKOTO pona F ) Ha IEPEMEILEHUH X, MEXKTY
Toukamu A u B:

Apy = —F X0, = —f,G cOS WX, (%)

[oncrapnss nocnennue nse Gopmynsl B (3) ¢ yuérom (2), mocie
YIPOIIECHUH, MOKHO TONYYUTh (OPMYITY JJIsl ONIPEACICHHS CKOPOCTH
JBIDKCHUSI BAarOHA B 30HE TOPMOYKEHHSI HA yYaCTKaX TOPMO3HBIX TTO3UIIMH:

2 2 .
vk.Ti - VH.Ti - 2g(S1n\|jTi - j; COS\I]Ti )xCBi’

w npu x,.. =1,

2 2 .
Vk.Ti = VH.Ti + 2g(SIHWTi - fT COS\‘I”Ti )lTi' (6)
rae i — HoMepa ydacTkoB npoduis myta (i =1, ... 9).
Orcroma, mpu v, . =0unx, . =1,

2 .
0=12, +2g(siny,, — f,cosy, ),
W3 nocienHero paBeHCTBa OKOHYATENIBHO II0JIyYUM IIYTh 3aTOpMa-

JKMBaHWs BaroHa x,. .= [ :
CBi Ti
2

— H.TI . (7)
2g(f, cosy,; —siny.;)
Ecnu umeTs B BUY, 4TO /I MalbIX yrioB (MeHee 5°), COOTBET-
CTBYIOIIUX MPOQUITIO Ha BCEH MPOTSHKEHHOCTH ITyTH COPTUPOBOYHON

TOpKH: siny, =y, = i, cosy. = 1, To hopmyibl (6) u (7) IpUMyT BUJL:

2 _ .2 . }
Viri = Vari + 2g(li - fT )lTi > ®)
2
V...
lTi — H.TI —. (9)
2g(f'r - li)
Kaxk BuHO, BenmM4anHa TOpMO3HOTO Ty [ - (v/viu [ ) ipsiMo mpo-
HOPIHMOHANIbHA KBA/IpaTy Ha4aJIbHOM CKOPOCTH ¥, -1 00OpaTHO MPOIop-

v

Ti
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LUOHAJIBHO KOY(QQUIMEHTY TPEHHS CKOJIBKEHHUS f . M YKIIOHA TPO(HIIs
yTH .

Takum 00pa3om, IPUMEHEHUE TEOPEMbl 00 W3MEHEHUU KUHETHYe-
CKOM 9HEpTruy MaTepHaIbHON TOUKH B KOHEUHOM BUJiE [5, 6] B 30HaxX TOp-
MOKEHHS BaroHa Ha y9acTKaX TOPMO3HBIX TTo3HUIHiA 1o popmyie (7) u/
1 (9) IO3BOJIMITH ONIPEAETNTH ITyTh TOPMOXKeHHs BaroHal (w/mnunl ).

3aTi T

ITpu 5TOM, 115t BBIUMCIEHNUS [ paCCMATPUBAIOTCS CIIEAYHOIIHME Ba-
PHAHTHI:

a) HeTIOCPEACTBEHHBIN BXO Ha yYaCTOK TOPMO3HOH MO3ULIMH TIEp-
BOHU KOJNECHOM mapsl [ vi/Wii KONECHBIX map nepeanei tenexku [ ;

B) BXOJl BATOHA Ha YYaCTOK Ha JUTMHY 0a3bl BaroHa / ., KOTOpBIE He-
00XOIMMBI ISt 33 JaHKS HAYAIIbHOM CKOPOCTH V. W/WJIK CKOPOCTH BXO-
Jla Barona v, (MMest B BUIY, YTO V. =V . ) B 30HY 3aTOPMa>KHBAHUS.

WHrepecHo 3aMeTUTh, UTO, €CITH, I3BECTHO 3HAUCHUE YCKOPEHUSI JIBU-

JKCHHS TIPU paBHO3aMCJICHHOM JIBUKCHUU BaroHa |a“.| = —an, 10 CHUJIO-
BBIM COOTHOIIEHHUSM, TO TIO ()OPMYIIe CKOPOCTH AIIEMEHTapHON (PU3UKH
VTi = vHi + aTi tTi (10)

MO)KHO HalTH BPEMS 3aTOPMAKUBAHU S t3aTi =t i J0 MOMEHTAa OCTAaHOBKHN
BaroHa t3aTi = tm. < t, rae t— TCKYLICC BpEMA B CCKyHaX:
_ vH — VT[

LV

(11)
aTi

Jns cpaBHEHUs MO 3HAYEHUIO BPEMEHH 3aTOPMaKUBaHUS .= L.
MOXHO HaWTH TyTh TOPMOXKEHHs BaroHa [ ; ¢ ucronb30BanueM ¢pop-
MYJIBI Iy TH 3JIEMEHTApHON (PH3UKHU Ha UCCIIEYEMOM Y9acTKe TOPMO3-
HBIX ITO3UINAH.

Takum 00pazom, (OpMYITBI CKOPOCTH IEMEHTAPHOH (DU3UKH TpU
3aJTaHHOM 3HAUEHWW YCKOPEHUS IIPU PABHO3aMEIJICHHOM JIBUKCHUU
BAroHa |a |, MOJy4YEHHBIM 110 CHJIOBBIM COOTHOUIEHHUSM, MO3BOJIMIA
HaWTH BpeMs 3aTOPMAKUBAHMSI BATOHA t. .= 1. 10 MOMECHTA OCTaHOB-
KU BaroHa, T.e. mpu £, .=, . <t, rje f — TeKyliee BpeMs B CCKyH/axX.

Oco000 0roBOpUMCs, 4TO BPEMs 3aTOPMAKMBAHUS BArOHA £ , BbI-
yucieHHoe 1mo Gopmyne (11), UMeeT OTPUIIATENIEHBIN 3HAK, KOTOPBIH
03HAuYaeT 3aMEIJIEHHOE ABM)KCHHE HAa YYaCTKaX TOPMO3HBIX MO3ULIHN
U TO, 4TO ¢, <t (f — TeKyIee Bpems).
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HcxonHble 1aHHbIE U Pe3yJbTaThl

st mpuMepa paccMOTpUM y4acTOK BTOPOM TOPMO3HOM MO3ULMN
(2TII) coprupoBo4HOil Topku. McxomHble naHHBIE: UIS MAJbBIX YIJIOB
siny, =y, = 0,010 — yknon npouns mytu, pai., ui i, = 10 %o; G =
650 cwia TshKecTH rpy3a Ha BaroHe, KH; G, = 794 — cuiia TshkeCTH Barona
C TPY30M COBMECTHO C HEBpAIIAIOIIMMHUCA YacTsIMU (Ky30B BaroHa, Te-
JexKa 1 Ko€cHble napel), KH; F, = 11,13 — mpoeKiuu cuitbl BO3IEHCTBY-
IOIHE HA y4aCcTKe TOPMOYKEHHUS C yIETOM CHJTBI TTOITyTHOTO BETPa MAJIOH
semumunnbl (F, = 3,2 xH), kH; |F,,| = - F,, = — 222,84 — Momynib CHIIbI
COTPOTHUBIICHHUS BCSIKOTO pofia (YIET CHITBI HaXKaTHs TOPMO3HBIX KOJIOZOK
BaroHHBIX 3aMeInTeNei Ha 0001a KoJIEC BaroHa Ipu CKOPOCTH BXOJa
BaroHa B 30Hy 3aTOPMaXuBanus v, < 6,5 m/c), kH; ano = 8,869-10* —
MIpHBE/IEHHAs Macca BaroHa C TPy30M COBMECTHO C HEBPAIIAIOIIUMUCS
qactamu, kry v, =v. = 3,879 = 3,88 — HauasbHasi CKOPOCTb M/HIIH CKO-
POCTB BXOJIa BaroHa B 30HY 3aTopMakuBaHus yuactka 2TTI, m/c.

Pesynomamur pacuéma [7]. IlyTb TOPMOKEHHS BarOHA HA YUYaCTKE
BTOPOU TOPMO3HOM MO3UIUKM COPTHUPOBOYHOWM TOPKH / ,, BHIYUCIICHHBIH
cormacHo popmyie (10), oxazancs pasubim: [, = 3,195 m. Ilpu sToM
NPAKTUYECKU NPOUCXOUT TIOJIHAS OCTAHOBKA Baroua, T.€. v, = 0.

PacuérHoe 3HaueHHe yCKOpEHMs NPH PAaBHO3AMEAJICHHOM JIBHKE-
HUHM BaroHa |a_ |, moxy4eHHOE COMIACHO CHIIOBBIM COOTHOMIEHUM F
u |F |, oxa3anoch paBHbIM |a | = 2,387 m/c’.

IIpu pacuére CKOPOCTH ABMKEHHS BaroHa v, o popmyie (10) npu
I, = 3,195 m u HayanbHOM ckopocTH v = 3,879 M/c moIy4unics KoM-
IUIEKCHBIA pesynbTar: v , = I(v ,) = 0,456 M/c — MHUMAas 4acThb Yucia
v ,, TI€ [ — MHUMAsl €IMHUIIA. DTO O3HAYAET, YTO JACHCTBUTENbHAS YaCTh
R(v_,) = 0. B cBO10 04€pEIB, 3TO MOATBEPKAAET KOPPEKTHOCTD BBIBOJIA
aHayimtTuaeckoit popmyssl (7) u/mnu (9).

Bpewms Topmorkenus Barona ¢, no gopmyne (11) ckopocTu snemen-
TapHOH (U3MKK paBHO: £, = 1,625 ¢ 10 MOMEHTA OCTAHOBKH BaroHa,
Korma v , = 0, T.e. npu th <{t, Tae f — TeKylee BpeMs B CEKyHIax. Ha-
npumep, ipu ¢ =1 c: v = 1,492 m/c; mpu £ = 1,2 c: v , = 1,05 m/c; ipu
t=14cv,=0535wc;nput=15c:v,=0,299 m/c;nput=1,6c:
v, = 0,06 m/c.
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Kaxk BunHO, popmysa (10) MoxeT ObITh HCTIONB30BaHA JIJISI OTIPEIe-
JICHUS] CKOPOCTH CKOJILKEHHSI BATOHA /IO MOMEHTA €T0 OCTAaHOBKH B 30HE
TOPMOYKEHHMS HA YIACTKAX TOPMO3HBIX TTO3HIIUI COPTUPOBOYHOM TOPKH.

3HaYeHue yTH TOPMOKEHHUS BATOHA [ , OTIPE/IENICHHAs! C MCTIOIB30Ba-
HUEM (OPMYITBI ITyTH IIEMEHTapHON (PU3UKH Ha HCCIIETYEMOM YIaCTKe
TOPMO3HBIX TIO3MIUMI IIPY BPEMEHH 3aTopMakuBanus £, = 1,625 ¢, oka-
3a10¢h paBHbIM [, = 3,152 M. OTHOCHTENBHAS OIIMOKA pacueTa cpas-
HUTENBHO ¢ popmynoi (6) coctasuna 1,37 %, 4TO HUUTOKHO MaJIo.

I'paduueckas saucumocts I, = flv ) = flv,, ) wuama [, = f(v,, ),
MOCTpOeHHas, coritacHo (opmyie (7) u Ghopmysie eMeHTapHOH (u-
3uku (10), npu Bapuauuu v, =v,, ot 0 10 5 ¢ marom Av,, = 0,25 m/c,
MpeICTaBlIeHA HA pUCyHKE 1.

6
4.8 /
Ib2(vi2b) . /
P 360 oA
3.195 2.4 /
/
1.2 //
o=
o 1 2 3 4 5
viZzb

Puc. 1. I'papuaeckas 3apucumocts /, = f{v,, )

W3 pucynka 1 sicHO, 4TO XapakTep 3aBUCUMOCTH ITyTH TOPMOKCHHS
OT Ha4aJIbHOM CKOPOCTH BaroHa MMEET BUJI BO3pacTalollel KBaipaTuy-
HOU 3aBHCHMOCTHU.

Kax Bunno, npu v , =v_, = 0 myts Topmoxkenns [_=1, = 0. 910
MOJITBEPIKAACT PACCYKIICHHE O BAYKHOCTH BXO/Ia BAaTOHA B 30HBI TOPMO-
KCHHS TOPMO3HBIX MO3UIIUI C HAYAIIbHOM CKopocThio v . =v_ . >0, B
MIPOTUBHOM CITy4ae MPOUCXOIUT TOJTHASI OCTAHOBKA BaroHa JI0 BKJIIOUE-
HHsI BATOHHOTO 3ameumuTens. [1pu Bemonnennn ycnogus v, =v_ . >0

KuHeTH4YecKas sHeprust E, = E Barona ¢ maccoit M v HaqaibHOU CKO-
POCTBIO v, OyJIET MOJTHOCTBIO H3PACX0J0BaHa Ha MIPEOIOIEHUS PabOThI
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Ar CHUJI CONIPOTUBJICHUA Fc’ TMOABJIAIOUICTOCA IIPU BKIIFOYCHHUU BaroH-
HOTO 3amMeuTeNs. B cBoro oyepenn, pabora A_OyneT paccenBarhecs B
OKpYXaroUlylo cpeny B Buae tera. ITpu nosHoil oCTaHOBKE BaroHa,
Te. v, = 0, Gyner cobmoneno ycinosue: E, + (-4 ) = 0.

Takum 06pa3om, pe3ynbTaThl pacuETOB My TH TOPMOKEHHUs [, Baro-
Ha C HCIOJIb30BaHUEM BhIpayKeHusI (7) U (pOPMYIIbI Iy TH IIEeMEHTAPHOM
(bu3uKH, TO3BOIUIN OTMETHUTD, YTO IIPHU OJHOM M TOM XK€ 3HaU€HUH Ha-
YaJbHOM CKOPOCTH ¥, =V, , OHH JIAFOT O/IMHAKOBBIE IAHHBIE.

B cBoro ouepenp, 3T0 MOATBEPKAAET HEOCTIOPUMOCTb, KOPPEKTHOCTD U
MNPUMCHUMOCTb MMOCTPOCHHBIX MATEMATUICCKUX MOI[GJIeﬁ MIPUMCHUTECIIb-
HO K 30HE TOPMO)KCHHSI BArOHA HA BCEX yYACTKaX TOPMO3HBIX TO3HLIMH.

3akJirouenue

1. C ucnonb30BaHWEM TEOpPEeMbl 00 M3MEHEHWH KUHETHUYECKOH
SHEPTUH ISl HECBOOOAHON MaTepHaabHOW TOYKH B KOHEUHOU
(hopme BrIepBEIE pelieHa IpodiieMa MaTeMaTHIECKOTO MOICTTH-
POBaHUS KHHEMAaTUYECKUX TAPaMETPOB JIBUKCHUS BarOHA B 30-
HaxX TOPMOXKEHHUS Ha y4acTKaX TOPMO3HBIX MO3MUIIHIA COPTHPO-
BOYHBIX TOPOK KEJIE3HBIX JOPOT.

2. Pesymbrarsl pac4€TOB IIyTH TOPMOXKEHHUSI BATOHA HA TOPMO3HBIX
MO3HUIUSAX COPTUPOBOUYHBIX TOPOK C HCIIOJIH30BAHUEM IIPEIIO-
JKCHHBIX aBTOpaMU cTaThbu (POpMyJ U GOPMYIIBI TyTH JIEMEH-
TapHOU (DU3HUKH [TO3BOJIUIM OTMETHUTh, YTO IPH OJHOM U TOM
JKe 3HAYCHUN HAaYaJIbHOW CKOPOCTH, OHU JIAF0T OJIMHAKOBBIC Pe-
3yABTATHI. DTO MMOATBEPKIAET HEOCITOPUMOCTh, KOPPEKTHOCTH U
MIPUMEHUMOCTbD IMTOCTPOSHHBIX MATEMATUYCCKUX MOJIEIIeH TIPH-
MEHHUTEIFHO K 30HE TOPMO)KEHUS BarOHa Ha BCEX y9acTKaX TOp-
MO3HBIX TTO3UIHAH.

Cnucoxk numepamypul
1. O6pasnos B.H.. Craniuu u y3isl. 4. II. M: Tpauncxkennopusnar, 1938.
492 c.
2. Oo6pasnos B.H., Hukutun B.[., Hlayneckuit ®@.U., by3anos C.II.
Crannun u y31sl. M: Tpancxengopuzaar, 1949. 540 c.



MexayHapoaHbI XypHan nepcrnekTuBHbIX nccnegosaxuii, T. 8, Ne4, 2018 133

. AxymuandeB B.M., Konoauii JI.I1. Pacuer u npoexTupoBaHue ropox

Oonbiol U cpenHeit MomHocTu. M: Tpancmopt, 1981. 68 c.
Amnarues B.U., E¢umenxo FO.U. XKenesHonoposkHbIe CTAHIIAHU U Y3ITbI:
yaeoHuk. M: ®I'BOY «YuebHO-MeTOAMYECKUH IIEHTp 1o 00pa3oBa-
HUIO Ha KeJIe3HOJIOPOKHOM TpaHcnopte», 2014. 332 c.

. IIpaBuna u HOpMBI IPOEKTUPOBAHUS COPTUPOBOUHBIX YCTPONCTB Ha

xKenesHbIx Joporax koneu 1 520 mm. M: TEXMH®OPM, 2003. 168 c.
Tumomenko C.I1., FOur /1. Umkenepnas mexanuka. M: Mamruz, 1960.
508 c.

Tapr C.M. Kparkuii Kypc TeOpeTHYECKOW MEXaHUKH: YYCOHUK ISt
BTy30B. M: Bricmas mkona, 1998. 416 c.

[Imans C.H. [TonbiTKa 3aHOBO paccuuTaTh OpaxucToxpony // Mup
Tpancnopta. 2011. Ne3. C. 34-38.

Ko63er B.A., lImane C.H. OcobeHHOCTH pacuéra CITyCKHOM 4acTH
COPTUPOBOYHBIX TOPOK METOJIOM MOKOOPANHATHOTO cirycka // Hayka n
texauka Tpancropra. 2014. Nel. C. 17-20.

10. Homxenko A.M. OnTuManbHOE yIpaBJIEHUE POCITYCKOM IO€3/10B Ha

11.

COPTHPOBOYHBIX TOpKaxX Majioii MomHocTH // BectHuk Tpancmopta [o-
BOJDKBsL. 2014 Nel (43). C. 56-60.

TypanoB X.T., lopauenko A.A., Msrkosa A.B. YTouHeHHBIE pe3yib-
TaThl BEIYUCIICHUH BPEMEHH JIBI)KCHHS I CKOPOCTH BaroHa Ha BTOPOM
CKOPOCTHOM y4aCTKE COPTHPOBOYHOM TOPKHU IIPU BO3ICHCTBHUH ITOITYT-
Horo Betpa // W3Bectust [leTepOyprckoro yHuBepcuTeTa myTei cooo-
menusd. 2016, Ne 1 (46). C. 40-49.

12. Turanov Kh. Analytical investigation of wagon speed and traversed

distance during wagon hump rolling under the impact of gravity forces
and head wind // Global Journal of Researches in Engineering: A. Me-
chanical and Mechanics Engineering. 2014. Volume 14 Issue 1 Version
1.0 Year 2014. New York, pp. 1-9.

13. Turanov Kh., Gordienko A., Myagkova A. Analytical Description of

Wagon Motion on the Second Speed Section of the Marshalling Hump
with Switch Zone under the Impact of Fair Wind // Journal of Multi-
disciplinary Engineering Scince and Technology (JMEST). 2015. Vol.
2 Issue 11, November — 2015, pp. 3255-3262.



134 International Journal of Advanced Studies, Vol. 8, No 4, 2018

14. Turanov Kh., Gordienko A., Plakhotich 1. Simplified Analytical De-
scription of Wagon Movement with Braking Action on the Marshalling
Hump Section of the First Braking Position under the Impact of Fair
Wind // Science and Technology. 2015. Vol, 5 No. 4, December 2015,
pp- 57-62. doi: 10.5923/j.scit.2015 04.01

15.Prokop J., Myojin Sh. Desing of Hump Profile in Railroad Classifica-
tion Yard // Memoirs of the Faculty of Engineering. Okayama Univer-
sity. 1993. Vol. 27. No. 2, pp. 41-58.

16.Prokop J., Myojin Sh. Simulation of Hump Perfomancre in Railroad
Classification Yard // Memoirs of the Faculty of Engineering. Okayama
University. 1993. Vol. 27. No. 2, pp. 59-71.

References

1. Obraztsov V.N. Stantsii i uzly [Stations and nodes]. Part II. M:
Transzheldorizdat, 1938. 492 p.

2. Obraztsov V.N., Nikitin V.D., Shaul’skii F.I., Buzanov S.P. Stantsii i
uzly [Stations and nodes]. M: Transzheldorizdat, 1949. 540 p.

3. Akulinichev V.M., Kolodii L.P. Raschet i proektirovanie gorok bol shoi
i srednei moshchnosti [Calculation and design of high and medium ca-
pacity slides]. M: Transport, 1981. 68 p.

4. Apattsev V.I., Efimenko Iu.l. Zheleznodorozhnye stantsii i uzly [Railway
stations and nodes]. M: FGBOU «Uchebno-metodicheskii tsentr po obra-
zovaniiu na zheleznodorozhnom transporte», 2014. 332 p.

5. Pravila i normy proektirovaniia sortirovochnykh ustroistv na zhele-
znykh dorogakh kolei 1 520 mm [Rules and regulations for the design
of sorting devices on railways with a gauge of 1,520 mm]. M: TEKH-
INFORM, 2003. 168 p.

6. Timoshenko S.P., Iung D. Inzhenernaia mekhanika [Engineering Me-
chanics]. M: Mashgiz, 1960. 508 p.

7. Targ S.M. Kratkii kurs teoreticheskoi mekhaniki [A short course in
theoretical mechanics: a textbook for technical colleges]. M: Vysshaia
shkola, 1998. 416 p.

8. Shmal’ S.N. Mir transporta. 2011. No 3, pp. 34-38.

9. Kobzev V.A., Shmal’ S.N. Nauka i tekhnika transporta. 2014. No 1,
pp- 17-20.



MexayHapoaHbI XypHan nepcrnekTuBHbIX nccnegosaxuii, T. 8, Ne4, 2018 135

10.Dolzhenko A.M. Vestnik transporta Povolzh’ia. 2014. No 1 (43),
pp- 56-60.

11. Turanov Kh.T., Gordienko A.A., Miagkova A.V. Izvestiia Peterburg-
skogo universiteta putei soobshcheniia. 2016, no 1 (46), pp. 40—49.
12. Turanov Kh. Analytical investigation of wagon speed and traversed
distance during wagon hump rolling under the impact of gravity forces
and head wind. Global Journal of Researches in Engineering: A. Me-
chanical and Mechanics Engineering. 2014. Volume 14 Issue 1 Version

1.0 Year 2014. New York, pp. 1-9.

13. Turanov Kh., Gordienko A., Myagkova A. Analytical Description of
Wagon Motion on the Second Speed Section of the Marshalling Hump
with Switch Zone under the Impact of Fair Wind. Journal of Multidis-
ciplinary Engineering Scince and Technology (JMEST). 2015. Vol. 2
Issue 11, November — 2015, pp. 3255-3262.

14. Turanov Kh., Gordienko A., Plakhotich I. Simplified Analytical De-
scription of Wagon Movement with Braking Action on the Marshalling
Hump Section of the First Braking Position under the Impact of Fair
Wind. Science and Technology. 2015. Vol, 5 No. 4, December 2015,
pp. 57-62. doi: 10.5923/j.scit.2015 04.01

15.Prokop J., Myojin Sh. Desing of Hump Profile in Railroad Classifica-
tion Yard. Memoirs of the Faculty of Engineering. Okayama University.
1993. Vol. 27. No. 2, pp. 41-58.

16.Prokop J., Myojin Sh. Simulation of Hump Perfomancre in Railroad
Classification Yard. Memoirs of the Faculty of Engineering. Okayama
University. 1993. Vol. 27. No. 2, pp. 59-71.

JAHHBIE OB ABTOPAX

TypanoB Xa6uodynna TypanoBuu, npodeccop xadenapsr «Cranium,
Y3JIBI U TPY30Basi paboTay», JOKTOP TEXHHUSCKUX HAYK
Ypanvckuii ecocyoapemeennviil ynueepcumem nymeti coo0-
weHus
yi. Konmozoposa, 66, e. Ekamepunbdype, 620034, Poccutickas
Dedepayus
khturanov@yandex.ru



136 International Journal of Advanced Studies, Vol. 8, No 4, 2018

Topauenko AHapeii AnekcaHApPoOBUY, TOTICHT Kadeapbl « CTaHITHH,
Y3JIbI U TPy30Basi paboTay, KaHAWAAT TEXHUUYECKUX HayK
Ypansvckuil cocyoapcmeennviii ynugepcumem nymeti coooueHus
ya. Konmozoposa, 66, e. Ekamepunbdype, 620034, Poccutickas
Dedepayus
gordiii89@yandex.ru

CaunuBanue lllyxpar YmapxomkaeBu4, acCHUCTCHT Kadeapbl
«TpaHCTIOpTHAS TOTHCTHUKA U CEPBUCH
TawkenmcKkutl. UHCMUmMym UHICEHePOs8 HCeLe3HO00PONCHO20
mpancnopma
Temirylchilar I-tor kycha, 1, TawlUT, 2. Tawxenm, 100167,
Vabexucman
khturanov@yandex.ru

DATA ABOUT THE AUTHORS
Turanov Khabibulla Turanovich, Professor «Station, Junctions and
Freight Work», Doctor of Technical Sciences
Ural State University of Railway Transport
66, Kolmogorova St., Ekaterinburg, 620034, Russian Federation
khturanov@yandex.ru
SPIN-code: 8922-6207

Gordienko Andrey Aleksandrovich, Assistant Professor «Station,
Junctions and Freight Work», Candidate of Technical Sciences
66, Kolmogorova St., Ekaterinburg, 620034, Russian Federation
Gordiii89@yandex.ru
SPIN-code: 8073-2014

Saidivaliev Shukhrat Umarkhodjaevich, Assistant “Transport Lo-
gistics and Service”
Tashkent Institute of Railway Engineers
Temirylchilar 1-tor kycha, 1, TIRE, Tashkent, 100167, Uzbekistan
khturanov@yandex.ru



