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DEVELOPING THE PROCEDURE OF DIESEL FUEL CONSUMPTION AND TIMING
CALCULATION FOR A SHUNTING HALF-RUN IN FLAT MARSHALLING YARDS
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Anomauin. O60rpynmosano HeoOXiOHicmMb PO3POONEHHS NPoOYedypu pPO3PAXYHKY GUMPAM
O0U3eNbHO20 NANUBA HA MAHEBPOBi NepeCcyB8anHs | MPUALOCMi UKOHAHHA MAHE8POBUX HANIBPELCiE.
3asznaueno nepesazu 3acmocy8anHs 0e32ipKoSUX COPMYBANbHUX NPUCMPOI8 3 MOUKU 30pPY AKOCHII
copmyesanvro2o npoyecy. Cihopmosano y3acanoHeHny npoyeoypy po3paxyHKy eumpam naiued i uacy
Ha BUKOHAHHA MaHesposux nepecyséanv. OmpumaHo pe3yibmamu MoOeN08aAHH MAHEBPO8020
Hanispeucy 0 po3paxynkosoeo cocmasa. OOIpyHmoearo 0oyiibHicmb onmumizayii nozuyii
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KOHMpOoepa MawuHicma 0Jisi KOXCHO20 MAHEeBPO8020 HANIBPelC)y | WLIAXY, WO MAE NPOUMU cOCMae
3a IHepyiero i 3 2anbMyBaAHHAM.

Knrouoei cnosa:. copmysanvuuii npucmpii, Ou3zeivHe NAIu8o, npoyedypa po3paxyHKY,
MaHe8po8uUli Hanispelic.

Abstract. By today, the prerequisites for the design of matsig devices have hardly changed
comparison with the standards applied in the lashtary. These standards were determined by
comparing the reduced costs of design solutionis i prices that existed at that time. Currenting
policies and operating conditions are dramaticathfferent. This is especially the case with the
structure of the car fleet, the technical meangduse car handling, and, most importantly, the cobt
idle time of cars at stations, as well as the adstiel and energy resources.

Thus, determining the amount of handling when a@tdgisable to use flat marshalling yards is
an urgent scientific and applied problem, which mainbe solved without developing a procedure
for calculating the duration of shunting half-ruéd the diesel fuel consumption for shunting
movements.

In order to determine the amount of handling forchht is economically feasible to use flat
marshalling facilities together with backward mowa diesel fuel consumption and the duration
of shunting half-runs should be primarily calculdtd hese indicators are decisive in the feasibility
study of the use of a sorting facility.

To develop a procedure for calculating diesel foe$ts and duration of shunting half-runs,
the type of shunting half-run is selected, whiclmtams the following elements: acceleration,
steady predetermined speed, inertia motion, andtibea(if necessary).

To estimate the diesel fuel consumption and thatur of a shunting half-run, an estimated
train was made up. Rational positions of the driv@ontroller and the rational length of the path
the train passes by inertia and with braking aréedenined for the movement of this train.

The developed procedure for calculation of diegel tonsumption and timing of a shunting
half-run can be used to determine the range of hagd/olumes, for which the use of flat sorting
facilities and uncoupling of trains only by backwanovement is economically justified. It should
also be noted that in order to minimize operatingsts for the execution of technological
operations, the rational position of the driverantroller for each shunting half-run and the path t
be travelled by the shunting train by inertia andthwbraking should be determined. The
substantiated design conditions for flat marshajladevices can be applied in the new edition of the
Ukrainian industry building codes.

Keywords: marshalling facility, diesel fuel, calculation gredure, shunting half-run

eKCIUTyaTarii CYTTEBO BIZIPI3HSIOTHCHS.
Oco0nMBO  me  CTOCYETBCS  CTPYKTYpH

Berym. 3ritHo 3 rajy3eBUMU
OymiBeTbHUMH HOpMaMu YKpainu [1] Tun

COPTYBAJILHOTO MPHUCTPOI0 BU3HAYAETHCA Ha
MiJCTaBl TMPOTHO3HHX OOCATIB  MEepepoOKH
BaroOHOIIOTOKIB Ha BIMOB1AHAI piK
ekcrutyatarii. Ha cboromni mitodi ymMOBH
IIPOCKTYBAHHS 3a3HAYCHUX IIPUCTPOIB MalxKe
HE 3MIHWIKCS TOPIBHSHO 3 HOPMamu, IO
3actocoByBamuch y XXcr. LI Hopmm
BU3HAYAIHCH [UITXOM MOPiBHIHHS
MPUBEJICHUX BUTPAT KOHCTPYKIIHHUX pillleHb
3a [iHAMH, 10 MaJIA MICIe Ha TOH MOMEHT.
CyyacHl 1I[iHOBa TMIOJITHKA  Ta YMOBU

BaroHHOTO MapKy, TEXHIYHUX 3ac00iB, IO
BHUKOPHUCTOBYIOTHCSI JIJIsl TEPEPOOKH BaroHiB i,
TOJIOBHE, BapTOCTI MPOCTOI0 BAaroHiB Ha
CTaHIlIAX 1 BapTOCTI MAJIMBHO-CHEPTETUIHUX
pecypciB. AT «Ykp3ani3HUIISL», SIK BiIOMO, €
OJIHMM 3 OCHOBHHX CITOKHBAYiB ITUX PECYPCIB.
[Ipu oMy yacTKa BUTPAT Ha TU3EIbHE MAIUBO
IIpU TPOBEIEHHI MaHEBPOBHX Omepalliii Ha
3QII3HUYHUX ~ CTAHIIAX YKpaiHW  CKJajae
npubmmzno 3C %.
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TakuM dYUHOM,BU3HAUYEHHS OOCSTIB
nepepooKH, npu SIKHAX TOLIEHO
BUKOPHCTOBYBATH OE3TipKOBI COPTYBaJIbHI
HPUCTPOI, € aKTyaJIbHUM HayKOBO-
NPUKITATHUM 3aBJIaHHSM, BUPIMIEHHS SKOTO
HEMOXJIMBO 0€3 po3p0o0JIeHHS MPOLIETyPH
PO3paxyHKY TPUBAIOCTI BUKOHAHHS
MaHEBpPOBHUX HAIlIBPEHUCIB 1 BUTPAT AU3EITHHOTO
najauBa Ha MaHEBPOBI MTEPECYBaHHS.

AHaxiz ocraHHIX JochimKeHL i
nyoaikaniii. Orisn BIJOMHX MAXOIIB JO
PO3PaxyHKy BHTpAT JAU3EIBHOTO MAIHUBA 1 4acy
HA BUKOHAHHS MaHEBPOBHX IEPECYBaHb JIOBIB,
10 I[bOMY MHUTAHHIO MPHUAUICHO HEAOCTaTHHO
yBard.

Y pobGoti [2] HOpMyBaHHS BHTpAaT
MU3ETPHOTO TalMBa Ha MaHEBPOBY pOOOTY
3MIHCHEHO UUIAXOM  JOCHIAHHUX  IOI3I0K.
loguHHI BUTpATH MaanuBa BU3HAYCHO 3AJIEIKHO
BiJl TEeMIEpaTypHHUX YMOB 1 BEJIUYHHH
BUKOHAHHS TUIAHY 3 KUIBKOCTI mepepoOsIeHnX
BaroHiB. CyTTEBUMH HEJIOJIIKAMH JTaHUX HOPM
€ BIICYTHICTb HOPMYBAHHS BUTPAT MaJIMBA JJIs
KOHKPETHOTO THWITY HAaIliBPEUCy, BiJICYTHICTh
ypaxyBaHHS CTPYKTypd BaroHOMOTOKY i
KOHCTPYKTUBHUX OCOOTMBOCTEH 3alli3HUYHUX
cTaHIii. MeToauKa I03BOJISIE BUKOHATH JIUIIIE
MpUOJIM3HI PO3PAXYHKH BUTPAT MaIUBA.

Y poborti [3] moOymoBaHO imiTaliiiHy
MOJENIb pOOOTH COpPTYBaJbHOI CTaHIii 3
BUKOPUCTAaHHAM  CHUCTEMH  MOJICIIOBAaHHS
AnylLogic. ABropu Tpu  MOJCTIOBaHHI
MaHEBPOBOI pOOOTH, WO BHKOHYETHCS 3
BUKOPUCTAHHSIM BHUTSDKHOI KOJIi, YpPaxOBYIOTh
HE TUIBKH TPUBAIICTh PYXY 31 MIBUIKICTIO, IO
BCTAHOBHWJIACS, a W KUIBKICTh BaroHiB Yy
MaHEBPOBOMY COCTaBi, TPUBAIICTb PO3TOHY Ta
ynoBuibHIOBaHHS. [Ipouenypun po3paxyHKy
BUTpAT MaJ1Ba HE PO3TIISAAIUCE.

Y pobori [4] 3aIPOIIOHOBAHO
pPO3paxyHOK BHUTpaT TNalvBa 3/A1HCHIOBATH
NUISIXOM ~ PO3B’si3aHHS  TU(epeHIiaTbHOTO
PIBHSHHS ~ pyXy  MaHEBpPOBOIO  COCTaBa.
MopentoBaHHSI MaHEBPOBOTIO IEpecyBaHHs
3MIMCHIOETHCSA  BIAMOBIAHO 110 KOHKPETHHX
YMOB. BpPaxOBYIOTBCSI OCHOBHI OCOOJIMBOCTI
MaHeBpOBOi pobotu (Oe3mepepBHICTh 3MiHH
IaHy Ta TpodiTro KoJii, CTPUTOYHHUX

nepeBoiB Ta iH.). TakuM YHHOM, YHCETbHE
PO3B’A3aHHA BKa3aHOTO PIBHSHHS J03BOJISE
OTPUMATH  JOCTaTHbO TOYHI  pe3yJabTaTh
po3paxyHkiB. Ciif TakoX 3a3HAYUTH, IO 3
METOIO ITiIBUIICHHS TOYHOCTI OMKCY PeaTbHUX
YMOB poOOTH MOJEIh Ma€ MOXJIHBICTh
BKJIIOYCHHS N0 Hel J0JaTKOBHX €JIEMEHTIB.
Pa3zom i3 TuM y poboti [4] He 3a3HaucHO, 3a
SKUM  QITOPUTMOM  3aJaBaliUCsl  IMO3MIIi1
KOHTpOJIepa MAIIMHICTA TPU  BHUKOHAHHI
MaHEBPOBOTO HaIiBpeucy.

Y poGoti [5] mis cnoemianmizoBaHOT
OOYHCITIOBAILHOT ~ MIJICUCTEMHU  TUTaHYBAaHHS
MaHEeBpOBOi ~ poOOTM  HA  3aJI3HUYHOMY
TPAHCHOPTI MPOMUCIOBUX MHiANPHEMCTB OYyIIO0
po3po0IeHO MeTOAMKy 300py i 00poOKu
HeoOXiaHOi iH(popMallii 3 BUKOPUCTAHHAM
iH(opMaIiiHO-CTpyKTYpHOIMOIemi. K
1HCTpYMEHTIH(OPMALIHHOITEXHOIOT 11
0ararohakTOpHOTO MIPOTHO3YBaHHS
TPUBAJIOCTI MaHEBPOBHMX omepauiid  Oyna
oOpaHa MeETOAMKAa TATOBUX PO3PaxyHKIB,
aJanToBaHa Wi  YMOBH  IPOMHCIIOBOTO
3aji3HUYHOrO TpaHcnopTy. lLle mo3Bommio
3aCTOCYBAaTH NPOIEAYpY, IO BPAaXOBYE THII
MaHEBpPOBOT'O HAMIBPEHCY 1 3MiHY CHJIM TATH
JIOKOMOTHBA 3aJICKHO BiJl TIO3UIllT KOHTpOJEpa
MaIllMHICTa. 3amponoHOBaHa TNpOIEaypa Jae
MOJIMBICTh OTPUMATH TOYHI YacoBi Ta
MaTWBHI BUTPATH TIPH BIAOMIA JOBXKHHI
HamiBpeiicy. Pasom 3 1mum y poboti [5]
JOBEJICHO, Ha SIKUX TMO3MINSIX KOHTpOJIepa
MalIMHICTa MAlOTh MICIIe HAWMEHIII BUTPATH
JM3ENIbHOTO TajkBa, OJHAK TMPHU I[LOMY HE
3a3HAYCHO, SKUX CaMe MOJIelel MaHEBPOBUX
JIOKOMOTHBIB II€ CTOCYETHCSI.

Y pobotax [6-8] Tex 3ampornoHOBaHO
MOJIeNIi JUISI PO3PaxyHKYy BHUTpPAT MaJIUBHO-
CHEPreTUYHUX PECYPCiB HA BUKOHAHHS MaHEB-
pPOBUX oOrmeparliif, OJHaK BOHU 30pPI€EHTOBaHI Ha
T1PKOBI TEXHOJIOT14HI MPOIIECH.

Y po6orti [9] 3amponoHoBaHO MPOLEAYPY
3MIIIAHO1 IIIOYUCENBHOI IIHIHHOT TporpamH,
sIKa JI03BOJISIE BHUPIIITUTH npobieMy
MepecOpTyBaHHS BaroHiB Ha CTaHOii 3
BUKOPHUCTAHHIM O€3TIpPKOBUX COPTYBAIBHHUX
npuctpoiB. Ha ocHOBI MozentoBanHs Oyin
MiHIMi30BaHi3aralabHIBUTPATUIIPU
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MIPOBEICHHI MaHEBPOBHUX OTEpalliif 3a PaXyHOK
3MCHILIEHHS Yacy Ha COPTYBaHHS 3aJICKHO BiJ
napamMeTpiB IUIaHy 1 NpoQiII0 COPTYBaJIbHOI
CTaHIii Ta KIJBKOCTI BaroHiB pi3HUX THIIIB.
Opmniero 3  1ied poOOTH €  3HWIKEHHS
eKCIUTyaTalliiHuX  BUTpPaT HA  KPUTUYHO
BOXUJIMBHA  pecypc, IO  BHUKOPUCTOBYE
MaHEBpPOBUU JIOKOMOTHUB. Ajie poboTa OuIbII
30pi€HTOBaHA Ha TMEPECOPTYBAaHHS BaroHIiB 3a
paxyHOK 3MEHIIEHHS KUJIbKOCTI MaHEBPOBUX
HaIiBpEHCiB.

VY pobori [10] posrasmaroThcs mpobiaeMu
MOJICTTIOBaHHSI POOOTH COPTYBAJIBHOI CTAHIIIi.
AKIIEHT poOMTBhCS Ha TOOYIOBY BipTyaabHOTO
By37a (KOMI'FOTEpPHA MOJIEITb PEabHOTO BY371a)

1 MogemoBaHHS  PoOOTH B paMKax
BIPTYaJIbHOTO CEPEIOBUIIA 3 BUKOPUCTAHHIM
nporpamuoro nakera VIRTUOS —nporpamuoro
IHCTPYMEHTa, M0 CIYXHTh JUIS CTBOPEHHS
BipTyabHOI COpPTYBaJIbHOL CTaHIii i
BIpTyaJbHHX NOTOKIB Mo0i3aiB. KoHTpomoBatu
poboty wMmojeni MoxHa BizyanbHO (Bci il
aHIMOBaHI Ta BHUBOAATHCS HAa €KpaH) Y
peasibHOMY 4aci. Cuctema Moke po3Mi3HaBaTH

1 BUKOPHCTOBYBATH TEXHIUHY JOKyMEHTAIIilo,
ctBopeny B AUTOCAD. Takum yuHOM,
iMiTaifiHO MOXXHA 30UIBLIIMTH TPOIYCKHY
CIPOMOJKHICTh ~ COPTYB&JIbHHUX  IPUCTPOIB.
Onnak y poOOTi HE HABEIEHO MPOILEAYPH IS
BUPIIICHHS [[UX 3aBJaHb.

BuszHauyeHHsi MeTH Ta 3aBJaHHS
AOCTiIzKeHHsI. MeTor0 TaHOTO JOCTiIKEHHS €
HiABUIIEHHS TOYHOCTI PO3PaxyHKy BHTpar
NaJIMBHUX PECYPCiB 1 TPUBAJIOCTI BUKOHAHHS
MaHEBpPOBUX IepecyBaHb NpU po3(opMyBaHHI
cocTaBiB Ha OE3ripKOBHX  COPTYBaJbHUX
OPUCTPOSIX. Y TONANBIIOMY 1€ JO03BOJIUTH
OTPUMATH 00’ €KTUBHY OLIIHKY 00CATIB
nepepoOKH, MPH SIKUX JOLLTEHO
BUKOPHCTOBYBATH 3a3Ha4Y€H1 MPUCTPOI.

Buxonsun 3 MeTH  JOCHIIKEHHS,
OCHOBHHUM WOTO 3aBJaHHAM € PO3POOJICHHS
MPOLEAYPH PO3PAXYHKY BUTPAT IU3EITHHOTO
najauBa MaHEBPOBUM JIOKOMOTHBOM 1 4acy Ha
BUKOHAaHHS MaHEBpPOBOI'O  HaMiBpelcy B
3aJJaHUX YMOBAaX €KCILTyaTallii.

OcHoBHa vacTHHA AocaixxkeHHs. Ha
ChOTOJTHI JUIsI COPTYBaHHS BaroHiB Ha

BUTSDKHUX KOJIiSIX 3aCTOCOBYIOTh JBa OCHOBHHX
CIOCOOM: MaHEBPH OCA/[DKyBaHHSIM 1 MaHEBpH
nomToBXxaMu. [lepimuii TeXHOIOTI9HUH CTIOCiO

€ HalMEHII paIliOHaJbHUM, OCKIJIbKH Mae
HAWOUIbLIl BUTPAaTH 4Yacy Ha BHUKOHAHHSA
MaHEeBpOBOTO HamiBpelicy. OmHaK y HBOTO € i
NeBHI CyTTeBi mepeBaru. llumu mepeBaramu €
BIJICYTHICTh «BIKOH» Ha KOJISIX COPTYBaJIbHOTO
NapKy, BHIQ/IKIB IEPEBHUIIICHHS JOITYCTUMOT
LIBUIKOCTI CHIBYIapsTHHS BaroHiB 1
3aCTOCYBaHHsI Py4YHOI Mpalll PeryIrOBabHUKIB
IIBUJIKOCTI PyXy BaroHiB, II0 Ma€ MICIIe Ha
COPTYBaJbHUX TIpKax 1 TpU MaHEBpax
[MOIITOBXaMH. TakMM YWHOM, JAHUUA CIIOCIO
3abe3neuye HaOLIbIIy SKICTh COPTYBAJIBLHOTO
MpOLIECY.

Jlnst BU3HAYEHHSI OOCSTIB TEpepoOKH,
MPUSKUXEKOHOMIYHOOIIBHO
3aCTOCOBYBAaTH  O€3ripKkoOBI  COpTYBalbHI
OpUCTPOi 3  BUKOPUCTAHHSIM  MaHEBpIB
0CaJ)KyBaHHSIM, OCHOBHY YBary CiiJ 3BEpHYTH
Ha pO3paxyHOK BUTPAT AU3EIBHOTO MalliBa 1
TPUBAIOCTI BUKOHAHHS MaHEBPOBUX
HamiBpeiciB. 3a3HaveHI MOKA3HUKU € OTHUMH
3 BUPIAIBHUX MPU TEXHIKO-EKOHOMIYHOMY
OOTpyHTYBaHHI 3aCTOCYBaHHS TOTO YM IHIIIOTO
COPTYBAIILHOTO MPHUCTPOIO.

ManeBpoBuii HamiBpenc, SK BIOMO, €
[MOEAHAHHSIM JEKUIBKOX €JIEMEHTIB, 0 SKUX
HaJIeKaTh PO3TiH, TaJbMyBaHHI, pyX 3i
IIBUJKICTIO, IO BCTaHOBHWJIACA, 1 pPyx 3a

iHepiiero.  Bubip  palioHaabHOTO  THITY
HamiBpecy 3 TOYKM 30py MiHIMaJIbHUX
CyMapHUX eKCIUTyaTallifHUX  BUTpaT Ha

JTU3elIbHE TaJIMBO 1 BWTpAT, IIOB's3aHUX 3
MIPOCTOEM PYXOMOTO CKJIAy, € OKPEeMHM
JIOCIIKEHHSIM.

st po3pobeHHs MpoIeypH
PO3paxyHKy BUTpAT IU3EIbHOTO MajIuBa i
TPHUBAJIOCTI BUKOHAHHS MaHEBPOBHX
HaIlBpPEMCiB  00epeMO THI  MaHEBPOBOTO

HaIlBpeCy, N0 MICTUTh TakKl EJIEMEHTHU:
pO3TiH, PyX 31 MIBHUIKICTIO, III0O BCTAHOBHUJIACS,
pyX 3a iHepmi€l0 Ta raabMyBaHHSA (3a
HeoOxigHocti). Tlpu 1bOMY CITiJil 3a3HAYMTH,
0 BU3HAYCHHS pAIllOHAIBHOI OCHOBHOI
MO3HMIIIT KOHTpOJIepa MalIuHICTa JIJIs1 PO3TOHY 1
PYXY 31 NIBUJIKICTIO, III0 BCTAHOBUJIACS, TEX €
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BaYKJIMBUM 3aBIaHHAM 3 MiHIMI3a1il
3a3HauEHUX BUILE EKCIUTyaTalllifHUX BUTpAT.

VY3aranpHeHy TPOUEAYPY PO3PaAXyHKY
BUTpAT JAM3EIbHOrO mnanuBa (Ha MPUKIAIL
teroBo3a UYME-3) npu BUKOHAHHI MaHEBpO-
BHUX HAIIBPEICIB Ha OE3ripKOBUX COPTYBaJIb-
HUX MPHUCTPOSAX 1 TPUBAIOCTI 1X BHUKOHAHHSA
MO>KHA TIPEJICTABUTH Y TAKOMY BUTJISII:

1) 3miificHIOETBCS ~ BBEAEHHS  Macu
MaHeBpOBOTro JjokoMoTHBa (P), KibKOCTI ocei
y JIOKOMOTHBI, MacH 1 KiJIbKOCTI 3aBaHTKEHUX 1
MOPO’KHIX YOTUPUBICHUX BAaroHiB, MacH i
KUIBKOCTI ~ 3aBaHTaXEHUX 1  TOPOXKHIX
BOCHBMHBICHUX BaroHiB, KPOKY MOJICTFOBaHHS (
S ), NOBKHMHM HamiBpeWCy, IUIAXY, IO
IPOXOJUTh MaHEBPOBHUW COCTaB Ha MepIlii
NO3MIIl KOHTpoJiepa MamikHicTa (3 MOMEHTY
3pyIIyBaHHS HOro 3 MIiCIs), NUIBIXY, IO
IPOXOJUTh MAaHEBPOBUN COCTaB Ha JpYyTid
NO3UIIT KOHTpOJIepa MaliuHiCTa (3 MOMEHTY
MEepeMUKAHHS KOHTPOJepa 3 Mepioi MO3MIi
Ha JPYry), OCHOBHOI ITO3MIII KOHTpOJEpa
MalIMHICTa, Ha SKIA 3MIHCHIOIOTHCS PO3TiH
MaHEBPOBOT'0 COCTaBa 1 pyxX 31 MBUAKICTIO, IO
BcTaHoBuiacs (3-8 mosuiiii aas TemioBo3a
YME-3), muisixy, 1o mpoxXouTh MaHEBPOBHIA

COCTaB 32 {HepLI€Io i 3 TanbMyBaHHAM (i),
MaKCUMAaJIbHO JOMYCTUMOT HIBUKOCTI
MaHEBpiB, CEPETHBOIO YXHUIY KOJIH y Mexax
namispeiicy (i);

2) po3paxoBYEThCSI Maca MAaHEBPOBOTO
coctaBa ( Q¢ ) 1 KUTBKICTh OCEl Y HhOMY;

3) po3paxOBYETHCATPUCKOPEHHS
BUTBHOTO TIAJIHHSA 3 ypaxyBaHHSM MOMEHTY

iHepIIii Mac BaroHiB i TOKOMOTHUBA, 110
obepratothes, (Q);

4) po3paxOBYEThCS KiJBKICTh BaroHiB y
MaHEBPOBOMY COCTaBl, YaCTKA 3aBAHTAKCHHUX 1
MOPOXKHIX YOTHUPUBICHUX 1 BOCBMHBICHUX
BaroHis;

5) BU3HAYAETHCS  CEPEAHIA  ITUTOMHIA
OITip pyXy MaHEBPOBOTO COCTaBa HA JUTBHHHIII,
JI€ COCTaB PpYXAa€ThCS 3a IHEpIHiEr 1 3
raJlbMyBaHHSM,

6) 3amaroThCs YMOBH nepeBipKu
BEJIMYMHU TPONJECHOTO NUISXY BiJAMOBITHO Ha
nepurif, Japyrid Ta OCHOBHIM  MO3WIIsAX
KOHTpOJIepa MallrHicTa. Ko yMoBH He
BHUKOHYIOTBCS, 3aJIS)KHO BiJl TIO3HIIII KOHTpOJIepa
3a7a€ThCsl BEJIMYMHA TOJMHHUX BHUTpPAT MaJIUBa,
PO3paxOBYIOThCS CHJIa TSITH JIOKOMOTHBA 1
OUTOMHUI Omip pPyXy MaHEBPO-BOIO COCTaBa,
BU3HAYAETHCSI IIBUAKICTh Yy KIHII  KPOKY
MOJICTIOBAaHHS, TTIOTOYHI TPUBATICTh
BUKOHAHHS MaHEBPOBOTO HaTiBpeiicy,
MPOWICHHUH MIJISAX 1 BATPATH TU3EIBHOTO
nanuBa.  SIKI0O  yMOBM ~ BUKOHYIOTHCH,
3IACHIOETBCS TEPEXia 10 HACTYNMHUX OJOKIB.
[Ticns BUKOHAHHS TPETHOI YMOBU PO3PAXOBY-
€TbCSI CEpelHsl TPUBAIICTh PyXy COCTaBa 3a
1HEpITI€I0 1 3 TATbMyBaHHSAM JI0 TTOBHOI HOTO
3YNUHKU Ta BUBOJIATHCS HA IPYK TPUBATICTH
MaHEBpPOBOT'O HamiBpeiicy 1 BUTpaTu
JN3eIbHOTO MaluBa Ha HOT0 BUKOHAHHS.

JIJist po3paxyHKy CHIJIH TATH JIOKOMOTHBA
terwioBoza UME-3 F«(V), xkH, ne V -

IIBUJIKICTh MAHEBPOBOT'O COCTaBa, M/C,
MIPOTIOHYETHCSI BUKOPUCTATH TaKi 3aJI€KHOCTI:

F (V) =70,07¢ 03 npu mo3uilii KoHTposiepa N =1; (1)
F:(V) =145-222Vipn n =2iV 18; K )
F (V) =118,06¢ Y mpu n =2iV 1,8; 3)
Fi(V)=230-24,4Viupu n, =3iV 4,3; (4)
F (V)= 214,55¢ " mpu n =3iV 4,3; 5)
F (V) =277-205Vpn 1 4 4 (6)
F (V)= 269,16 Y mpu n =4iV 4; 7)
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F(V)=375-3L7Vmpn n=5iV 3; (8)
Fk(\/) =399,2¢ 0 mpun =5iV 3; 9)
Fk(V) =411,76-17,39V-1,74V2npu n =61V 4, (10)
Fk(V) =397,34e0% mpu n =61V 4; (11)
Fk(V) =437,0811,7V-1,92V 2upu n =71V 45; (12)
F(V)=441720 mpu 1 =7V 45; (13)
F (V) =450,72-849V-132V2mpu n =8iV 63 (14)
Fk(V) =465,63¢0%% mpun =8 i1V 6,3. (15)

[MuTomuii onip pyxy po3paxoByeThCs 3a POPMYIIO0
w=wM)+ w M+ w W)+ w )+ w (V)
A A T (16)

3 n . . . .
A€ 4 , 4 —4YaCTKA YOTHPHUBICHHX 3aBAHTAXXCHUX 1 IIOPOXKHIX BArOHIB,

3 n . . . .
g 8 — 4YaCTKa BOCBMHMBICHHMX BAHTAXKCHHUX 1 IIOPOXKH1X BaroHis,

w (V)

0 — IUTOMHUH OITip pyxy JiokomotuBa, H/xH,

w (V)=1,9+0,01V +0,0003V 2 ; (17)

W3 (V n 3 n

20 ), Wa(V), ws(V), ws (V) —uromuii omip pyXy YOTHPUBICHUX 3aBAHTAKEHUX 1 OPOKHIX
BaroHiB, BOCbMHBICHUX 3aBaHTa)KEHHUX 1 MOPOKHiX BaroHis, H/xH,

J(V)= 0,7+ 4(3+ 0,1V + 0,0025V 2 )/ q; (18)
4 4

W' (V) =w' (V) =1+ 0,044V + 0,00024V 2 : (19)
4 8

. *(V)=0,7+8(6+ 0,038V + 0,0021V 2 ) /q, (20)
8 8

me 040 4- cepeaHs Maca YOTHPUBICHUX 1 BOCBMUBICHUX BaroHiB, T.

[IBuAKiCTH MAHEBPOBOTO COCTaBa B KiHI[I KPOKY MOJICTFOBAHHS PO3PaX0OBYETHCS 3a (HOPMYIIOI0

100F
VK :\/Vnz +2g S P+ 0 c+i-—wl0=s (21)

ne V, —IBUIKICTh MAHEBPOBOTO COCTaBa Ha MOYATKY KPOKY MOJICIIOBAHHSI, M/C.
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3arponoHoOBaHy NMPOLEAYPY peanti30BaHO
y mporpamMHoMy cepeosuiii Python

Jiss  OILIHIOBaHHSA BUTPAT IU3EIBLHOTO
najnBa 1 TPUBAJIOCTI BUKOHAHHS MaHEBPOBOTO
HariBpeiicy cOpMOBaHO PO3PaXyHKOBHIA
COCTaB 3 KUIBKICTIO BaroHiB 37,y TOMY YUCIi
YOTHPUBICHUX 3aBaHTaxeHux — 20, yoTupu-
BICHUX MOPOXHIX — 7, BOCbMHUBICHHUX 3aBaH-

TaXeHUX — 41 BOCbMHUBICHUX IMOPOKHIX — 6.

Kepyrounch pe3ynbTaTaMu MOJIEIIOBaH-
Hs, [0 HaBeJeHI B TaONUIll, 1 BPaXOBYIOYH
BapTICTh JM3EIIPHOTO TMaliMBa 1 BapTICTh
BaroHO-TOJIMHU MMPOCTOIO BaroHiB Ha CTaHIIII B
nporeci mepepoOKr, MaeMoO ONTHMI3aIliiHy
3a/laqyBU3HAYECHHSIOCHOBHOTIO3UIIIT
KOHTpOJIepa MaIWHICTa 1 WXy, IO
POXOAUTH COCTaB 3a IHEpLi€0 1 3
raabMyBaHHsaM (puc. 1, 2).

E,rpa 140 [ |
o

100-
80-
60-
40-

20~

I

[To3wurrist KOHTpOJIEpa MaIIHHICTA

— CKCHHyaTaHiﬁHi BUTpPATHU HA JHU3CJIBHC IT1aJIUBO

eKCIUTyaTalliifHi BUTPaTH, TTOB'sI3aHi 3 TPOCTOEM PYXOMOTO CKIIAITY

— CyMapHi eKcIlUTyaTaliiiHi BUTpaTH

Puc. 1.3anexHICTh CyMapHHUX €KCIUTyaTaIlliHUX BUTPAT HA TU3EIIbHE MMAJIMBO 1 BUTPAT, MOB’ I3aHUX
3 MMPOCTOEM BaroHiB, BiJl TIO3HIIIi KOHTpOJIepa MaIIMHICTa P TOBXHHI HamiBpeiicy 500w i
BEJIMYMHI [IIXY, [0 MPOXOJANTh MAHEBPOBHI COCTaB 3a IHEPIII€IO 1 3 rajJpbMyBaHHsIM, 280M

Buxonauu 3 oTpuMaHuX pe3ysbTaTiB,
CIIII BIA3HAYNTH TAKE:

— palioHAIbHUMU TIO3HIIISIMH KOHTPOJIE-
pa MammHicTa ISl IepecyBaHHS PO3paxyHKO-
BOTO MaHEBPOBOT'O COCTaBa € YETBEpTa 1 I ATa;

— TpH YEeTBEpPTId TMO3MIII KOHTpoOJIepa
MAIIMHICTa PalliOHATBHOI BEIHMYMHOK MUIAXY,
10 TIPOXOJUTHh MaHEBPOBUH COCTaB 3a IHEPIIi-€10
1 3 TarbMyBaHHsIM, € 120 M, ipu 10 AT MO3MIIIT
KOHTpoJiepa MammHicTa — 210m.

BucHoBku. PospoGiena mnpouenypa
PO3paxyHKy BHTpAT JAU3EIBHOTO MAIHUBa 1 4acy
Ha BUKOHAHHS MaHEBPOBOTO HaIliBpeiCy aae
MOKJIMBICTh BH3HAUUTH Jiama3oH o0O0OCATriB
nepepoOKH BaroHiB, MPHU TKOMY 3aCTOCYBaHHS

0€3TipKOBHUX COPTYBAILHUX MPUCTPOIB 3 BHKO-
HaHHAM Tpoliecy po3(OpPMYBaHHS COCTaBiB
TIIBKH HUIAXOM OCA/DKyBaHHA € EKOHOMIYHO
obrpynToBanuM. CIliJl TaKOX Bi3HAYUTH, IO 3
METOI0 MiHIMi3allil eKCIuTyaTalliiHuX BUTpaT Ha
BUKOHAHHS TEXHOJIOTIYHHUX Omepamii HeoOXiTHO
BH3HAYATH pAIliOHATFHY TMO3UIII0 KOHTpOJIepa
MaIIMHICTa  JUIS  KOXXHOTO  MaHEBPOBOTO
HaIBpeHCy 1 pallioHabHy BETUYHUHY MUISXY, IO
Ma€ TPOWTH MaHEBPOBHIA COCTaB 3a 1HEPIIEH 1 3
rajJbMyBaHHSM.

OOrpyHTOBaHI YMOBH MIPOEKTYBaHHS
0€3TipKOBUX COPTYBAJTBHUX MPUCTPOIB MOXKYTh
OyTH 3acTOCOBaHMMH B  HOBii  penakiii
rary3eBuX OyiBeTbHUX HOPM YKpaiHH.
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