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BU3HAYEHHS EHEPTO3AOLIA/IKYIOYMX PEKUMIB
BEJEHHS MOI3/IB

Merta. TsroBi po3paxyHKH 3 BU3HAUCHHSIM €HEPro3aollaKyI0UnX TPAEKTOPiH rmepeadayaroTh MOMIYyK palioHa-
JBHOI 3aJIeKHOCTI BUTpPAT €HEpropecypciB i3 yacoM xoxay moizfa. [Ipu BuOOpi eHepro3aomamKyounx TpaeKTopii
pyXy moizza ta npu po3poOui peXXKUMHHX KapT BeJCHHS MM013/1iB HEOOXiHO BpPaxOBYBaTH 3MiHHI IIapaMETPH, TaKi 5IK:
npo¢iIb TUISHKA, Macy T0i311a, cepiro JJOKoMOTHBa Ta iH. [Ipu 3pocTaHHI MBHUAKOCTI PyXy BiAOyBa€eThCs 30UTBIICH-
HSl ONOPY PYXY, SKMH TIPONOPUIHHMK KBaJApaTy WIBHIKOCTI, IO NMPHU3BOAWTH 1O MiJBHUILEHHS BUTPAT MaJIMBHO-
SHepreTHYHUX pecypciB. HaBmaku, 3HIKEHHS BHUTpAT 4epe3 3MEHIICHHS IMIBUIKOCTI PyXy NPH3BOIATH A0 301ib-
LIEHHS Yacy XOJy IO0i3/a, IKHii Mae OyTH y3roJDKEHHM i3 rpadikoM pyxy Ta IHIIMMH T€XHIKO-€KOHOMIYHMMHU Tapa-
MeTpaMHU, 3aJIeKHUMH BiJl IIBUIKOCTI pyXy. B cTaTTi po3risHyTO OQUH i3 CIIOCOOIB 3MEHIIICHHS BUTPAT €HEpPrope-
CypciB Ha TAry moizaiB. MeTol CTaTTi € 3MEHILIEHHS! BUTPAT EHEPropecypciB 3a paxyHOK BH3HAUYEHHS €HEprosao-
IIa/DKYIOUHX peKAMIB KepyBaHHs JIOKOMOTHBOM. Lle BimOyBaeThCst 32 yMOBH onTuMi3arii PyHKIIIT KepyOUHX BILTH-
BIB [0 4acy XOAy IOi37a Ta BHTpPaTi €HEpropecypciB IpH BEICHHI 10134a 3 MOMEHTY 3aKiHYEHHsI PO3rOHY 0
nmepexony Ha pexkuM BuOiry. Meroamka. MeTtonnka BHOOpPY €HEPro3aollaKyrouoi TpaeKTopii pyXy moizma Ta
YIOPaBJIiHHS HMOTYXKHICTIO €JIeKTPOBO3iB Ta TEIUIOBO3iB 13 EICKTPHUYHOIO MEepeaaycto nepeadayae po3paxyHoK Oara-
TOBapiaHTHUX TPAEKTOPIH i3 BapiaTHBHUMH BHXITHUMH JAaHAMH MTapaMeTpiB CKIaLy Ta MOi3HOI cuTyarii. MeToauka
BpPaxOBY€ MaTeMaTH4YHI METOAM PIBHOMIPHOTO IMOLIYKY Ta MapaMeTpu4Hoi ontumizauii. [{iast piBHOMIpHOCTI pyXy
HEOOXiqHO, 00 MPUCKOPIOI0Yi CHIIM BPIBHOBAXKYBAJH CIOBiUTbHIOIOYI. Pe3yabTaTu. Ha migcraBi GaraToBapiaHT-
HHUX PO3paxyHKIiB YAOCKOHAJICHO aJrOPUTM BU3HAYCHHS €HEPro3aolla/KyIouuX TPAEKTOpid pyXy mnoizna, modynmo-
BaHO OararomapaMeTpU9Hy (YHKIIIO YIPaBIiHHSA MOTYXKHICTIO JIOKOMOTHBA, SKa JO3BOJISIE 3MEHIIUTH BUTPATH
enepropecypcis Big 11 mo 13 %, 3anexHo Big Macu moi3na Ta noizHoi cutyanii. HaykoBa HoBu3Ha. ABTOpOM
OTPUMaHI €Hepro3aomaKyodi QYHKIIT yIIpaBIiHHA TATOX JOKOMOTHBA JIJIS BiAMOBINHUX PIBHOMIPHHX IIBHAKO-
CTeM, fKi 3aJekaTh Bl Macu moizzaa Ta yxuiy. [lpakTuyna 3nayumicts. Ha BiaMiHy Bix icHy:09HX po3poOoK parti-
OHAJIBHOTO BEJICHHS I0i3/1iB, 1aHa (QyHKLis noTpedye 3HaYHO MEHIE MANIMHHOTO Yacy IPH BUCOKIM TOYHOCTI po3-
paxyHkiB. Ile 1ae MOXnHBICTh 11 BOPOBaXKEHHS B OOPTOBY CHCTEMY KEPYBaHHS JJOKOMOTHBOM Ta €KOHOMIi €Hepro-
pecypciB.

Kniouosi crosa: TAroBi po3paxyHKH; eHeproe()eKTUBHICTh BElICHHS I013/1iB; KIHETUYHA €HEepris; YIPaBIiHHS M0-
TYXHICTIO; ITapaMeTpU4Ha ONTUMI3aLlis

Beryn Ilocmanoexa npobnemu. PiBeHb pailioHATBHOCTI
pPeKUMIB BEIECHHS II0i371a MOXHA OITIHIOBATH pi3-
HUMHU METOJMKAMHU Ta IIOKAa3HUKAMH, Cepel SKUX
€ BIJJHOILIECHHS BUTpPAaT €HEPropecypciB 0 Yacy Xo-
Iy moi3na (XBHJIMHHA BHTpaTa manuBa). MiHiMi3y-
BaTW L€l MOKAa3HUK MO>KHA 3HIKCHHSM CHIIM TATH
JIOKOMOTHBA, IO MPU3BOAUTE 10 30UIBIICHHS Yacy
X0y moi3zna. Ane TMM CaMHUM CTBOPIOETHCSI YMOBa
3MEHIIEHHSI TeXHIYHOT mBUAKOCTI. Ceper MHOKUHI
BapiaHTIB KepyIOUHX BIUIMBIB HEOOXITHO oOpatn
TOH, AKkui Oyne 3abe3neuyBaTH CyTTEBE 3MEHILCHHS
BUTpaT EHEepPropecypciB Mpu HE3HAYHOMY 30iib-
IIEHH] Yacy X0y Moi3fa.

Ananiz oocnioxcens i nyonikayit. ONTAMI3AIIIO
KEpyBaHHsI PyXOM I10i3/]a 332 JOTIOMOTO0 KJIaCUYHO-
ro BapiamiiiHoro uywcnenHs Bhoepme y CPCP

BapiaHTiB peXuMiB BEACHHs IOi37a I dac
eKcIuTyaTarii Moxe OyTH Oe3iid, OCKUTHPKH BOHH
BHU3HAYarOThCs OaratbMa Qakrtopamu. Lle mpodins
KOJIii, BTPaTH B TATOBUX JIBUTYHAX, PO3TALTyBaHHS
CUTHAJIiB, CUTHANBHUX 3HaKiB Ta iH. barato ¢ak-
TOpIB MalOTh HECTIHKUHN XapakTep, sKi BIUIMBAIOThH
Ha PEXHMM BEJICHHS M0i3]1a, a OTXKe, U Ha eHepre-
THYHI BUTpaTH. TOoMy i7calbHOTO TIOBTOPEHHS OJI-
HOT'O ¥ TOTO X PEKUMY BEICHHS MOT3/1a IOMOTTUCS
NPaKTUYHO HEMOJIMBO. BuTpara eHepropecypcis
Ha TATY M0i3/1a B OCHOBHOMY 3JISKHUTh BiJI PEKUMY
HWoro BeneHHs IO OUIMHLI. Po3B’sa3aHHA 3amadi OIl-
TAMI3aIlii BETpAT €Heprii Ha IEpeMIICHHS Ioi3aa
JTa€ MO>KJTUBICTH ITIBUIICHHS E€KOHOMIYHOI e(ek-
TUBHOCTI ITPH 371iICHEHH] TIEPEBI3HOTO MPOIIECY .
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nocmimpkysae 0. I1. Ilerpos [17]. YMoBH onTuma-
JTBHOCTI HUM Oynu copMynnboBaHi y ¢opmi piB-
HsHb Efinepa. 3a yMoBH, IO CHIIa TSITH MOXE 3Mi-
HIOBaTHCS Oe3nepepBHO, a Koe(illieHT KOPUCHOI il
TSATOBOTO MPUBOJA JOKOMOTHBA MOCTIHHMH, Oyno
BCTaHOBJICHO, III0 ONTUMAJIbHA TPAEKTOPIsl 3a3BUUaii
CKJIQIa€ThCSl 3 JAUITHOK PyXy IO eKCTpemali, Ha
SIKif TIIBUIKICTh TIOBUHHA OYTH CTaJIOl0, Ta JUITHOK
pyxy mpu oOMexeHHsIX abo Ha KepyBaHHs, abo Ha
LIBUIKICTH

2
dfm +ov=nP,
dr{ 2

ne m — Maca cxiany; 1 — KKJI nepenadi Bix nep-
BUHHOTO JIBUT'YHA JIO PYIIIMHUX KOJIiC TIOKOMOTHBA;
P — mOTyXHICTb.

[Ti3Hile BYUEHUMH aKTUBHO PO3POOJISIIHACS all-
TOPUTMH ONTHMIi3allii PeXUMiB KepyBaHHsI, 1€ Te-
OpETHYHE PIIIEHHS BUKOHYBAJIOCS 32 JOIMOMOTO)
npuaIuny Makcumymy JI. C. IlomTpsrina a6o
METO/IOM JAWHaMiyHOro mporpamysanHs P. Bemn-
MaHna [3].

IIpuntun Makcumymy [loHTpsTiHA Ha BiIMIHY
BiJl KJIACUYHOT'O BapialiiiHOTO OOYMCIICHHS I03BO-
Jsie PO3B’sA3yBAaTH 3aiadi YNpaBiiHHA, B SKUX Ha
Kepyrodi mapaMeTpl HakiaJeHi 0OMeXeHHs, Xo4a
3a3BUYal 3a3/ayerijib 00yMOBIIIOETHCSI HU3KA BIla-
CTHBOCTEH pilleHHs. 3aBOSKH LBOMY TNPHHLUI
MaKCHMyMy € OCHOBHUM MAaTeMaTHYHHM TMpHUiio-
MOM, II0 BUKOPHCTOBYETHCS MPU PO3PAXYHKY OII-
TUMaJIbHOTO YTPAaBIiHHS B 0aratboX BaKIHMBUX
3aBHaHHAX TexHikm [16 , 18].

Meron bemnmana 06a3yeTbcsi Ha TMPUHITATI
ontuManbHOCTI «OnTUManpHa CTpaTeris ynpas-
JHHS Ma€ BJIACTUBICTD: SKi O He OyJiM MEepBHUHHUM
CTaH Ta PIllICHHS B MOYATKOBUI MOMEHT, HACTYIIHI
pillieHHS  TOBMHHI  CKIAJaTH  ONTHMAJIbHY
CTpaTerilo yHnpaBliHHS BiIHOCHO CTaHy, IO OTpPH-
MaHMd  HA  TMOYATKOBIM  CTamil  mpouecy»
[4]. 3HmKEHHS BUTPAT €HEPTOPECYPCIB 3a ITUM Me-
TOJOM  BHUKOHYEThCS  MIHIMI3alli€l0  IIJIbOBOT
(GYHKUIT ynpaBIiHHA MOTYXXHICTIO JIOKOMOTHBA.
3amaga MiHIMI3aIlii CIIPOIIYETHCS TIPH 301TBIICHHI
KUTBKOCTI OOMEXEHb Ha PIBHSAHHS PyXy Ioi3da 3a
PaxyHOK 3MEHIIEHHS KITbKOCTi HaOJIMKEHb

f(v,l,p)zzn:Aei(vi,ti,pi)—>min ,
i=1

Je vV — IIBUAKICTH PYXY; # — KUJIBKICTH €TalliB
pO3B’s3aHHA PIBHAHHA PyXy N0i371a; Ae, — BUTpaTa
EHEepropecypciB Ha i -My KpOLi pillIeHHS.

B po6orti [7] 3anpornoHOBaHO METO] ONITUMAITb-
HOCTI 3a afUTUBHHUM KpHUTEpieM. B piBHSIHHI pyxy
noi3/ia CKJIaJ0BOI0 YaCTHHOIO € TIeperpiB 0OMOTOK
TATOBHUX €NEKTPUYHUX MAIINH y BUTIISAL

drt _—r-l—'cw(v,u)
dr T(v,u)

Iie T, — IeperpiB MpU BCTAHOBICHOMY PEXUMI;
T(v,u) — cTaJjia yacy.

B mpoMy MeTozi anropuTM 3HAXOIKEHHS OI-
TUMAaJIbHOTO YHPABIIHHS CKIAJAETHCS 3 EJIEMEH-
TapHUX omepauiii A, , AKi CKIagaloTh o0yacTs B.
Jnst obnacti B BH3HAYa€eThcs ONTHMAIbHA TPAEK-
Topist X , sika MepeBipsAEThCS Ha SKICTh YHpPaBIiH-

ws [=I[X,u]. Ouuc enemenrapHoi omepauii
A(BK) BUKOHAHO HIDKYCHABEIEHUMH METOAMU:

— METOJI Pi3HUIIEBHX PiBHSIHB;

— ONTUMAJILHMH 10 MIBUAKOMIT;

— KOB3aI0YH{ PeXuM (IMIOMOAI0OHH );

— KOB3aIOUMH PEXKUM 3 OOMEKEHHIM aMIl-
JTY 7,

— METOJ JIiHeapu3aIlii.

B [8] po3risHYTO ONTHMI3AIlil0 TATOBUX
pO3paxyHKIB 3a MIiHIMATHPHUMH  3HAYCHHIMH
JIBOX MOKa3HUKIB BUTpPATH qacy

Ha TIEPEeMIIIeHHs Toi3a ¢ Ta poOOTH CHII OTOPY
pyxy 4

t= st/v(s) — min;

A =A_f0)(v)ds —> min.

OCKIIBKH TATOXO 1o

Oyne

npu
U (S )

MiHIMaJIbHOIO, TO ICHY€ YIpPaBIiHHA U, (s) i3

yHIpaBIiHHI

HIBUAKOIT BUTpaTa  4acy

saranbHOi MHOXHHH u(s)eU , ipy KoMy poboTa
€ MiHiManbHOW A4, [u, | =min A[u]. ix yac pos-
TSy HETOPIBHIOBAaHMX BapiaHTIB PO3B’s3aHHS
PIBHSIHHS pyXy Hoi3na V, CKIamaeTbesi 3 MHOXKH-
HU TPAEKTOPii, cepea SKUX ICHYE ONTHMi30BaHA
kpusa V7. Omke, npu ¢, <t MHOxuHa V, (1))
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oOMexeHa, omykya Ta KommakTHa. [Ipu mpomy
ONTUMI3allisS 3BOJUTHCS IO PO3B’SI3aHHS JBOX 3a-
Jad:

— BHUKOHAHHS TSATOBHX PO3PaxyHKIiB IpU Kepy-
BaHHI 1O IIBHIKOIIT;

— MiHiMi3amii cui1 onopy pyxy mHoizaa npH 3a-
JAHOMY YacOBi XOZy.

3amauy pamioHaii3alii TATOBUX PO3PaxyHKIB 3a
METO/IOM HETOPiBHIOBAaHUX BapiaHTIB TAKOX pO3T-
JsHYTO B [6]. YMOBOIO palioHaJbHOCTI PEXUMY
BUCTYTIa€ MiHIMI3allisl 9acy XoAy Mmoi3aa Ta poOoTH

CHJI OTIOPY PYXY
t[v(s)]

A[v(s):l

[lepmmM eTamoM BU3HAYAETHCS MAaKCHMAIBHO
MOJKJIMBA IBHIKICTh PYXY IO AUISHII 3 BpaxyBaH-
HSM BCix oOMexeHnb v, (s), s<[0,/], mo 3a6e3-

nedye MiHIMaIBHUHN 9ac xony mnoizna. HacrymHoro
PO3paxoBYETHCS MHOKHHA TPAEKTOPIH

V= {v(s) : v(s) =0V (s),s € [O,l]} .
ITogyaTkoBa MBHAKICTB V, 3aa€ThCS Y BUIIIAAL

vO = 52?5 vmax (S)

Ta BHKOHYETHCS moOyaoBa HIBUAKOCTI
ve(s|o,vy)
Vmax (S) s
SKIIO V. (s) <Vy;
ve(s] o,y )=

vO + a’(vmax - VO)’

SKIIO V. (s) 2V,.

[Mapamerp o  3MiHIOETBCA B MeXKax
0<a<l. Xapaktep MHOXHUHH TpPa€eKTOPii
V. Z{V*(S|(X,VO)ZOSOLS1;VO E[K,V]} HaBeICHO
Ha puc. 1.

Bubip pauioHanbHOi TpaekTopii 3 MHOXWUHH
HETNOPIBHIOBAaHWX BapiaHTIB TPAEKTOPid BUKOHY-
€TBCS PO3B’SA3aHHAM 3aJadi HA YMOBHHM €KCTpe-
MyM [5]

—) min .

ZA

%

0 Vmax/s/
T T T~
w SR wlsla ) D
v \
/ \)
g0 4 N
%

60

S S
40 I I I I I I I | I I I I

a a2z 04 06 a8

Puc. 1. OnuH 3 BapiaHTiB Vi (S | OL,VO)

npH (iKCOBAHOMY 3HAUEHHI O Ta V),

Fig. 1. One of the variants v, (s | Ot,vo)

at a fixed value o, and v,

Ileit MeTon J03BOJMB CTBOPUTH arapaTHO-
MPOrpaMHUM  KOMIUIEKC BHU3HAYCHHS  1HIIUBI-
JyalIbHUX PalliOHAJILHUX PEIKUMIB BEIACHHS.

B po6orax [12, 13] aBTOp 3ampoInioHyBaB METOT
3HWKCHHSI CHEPrOBUTpPAT Ha TATY IOI3IB, IO
0a3yeThcs Ha AITOPUTMAX JIWHAMIYHOTO IMPOrpa-
MyBaHHS 3 OOMEXEHHSIM Yacy XOIy Ioi3ia, IIo
3amaHnid TpadikoM pyXy 3 ypaxyBaHHSM HampyTH
KOHTaKTHOI MepexKi

4, = I—F n,k.R |ds,

e n,, M, — BignosimHo KKJI nmokomoTuBa B pe-

KUMI TATH Ta pekymepamii; k, — KoedimieHT

¢
pO3CifoBaHHS €Heprii B peocTarax MpH BiJCYyTHOCTI
MIpUITMAaYiB.

3 ypaxyBaHHIM KEpyHOUMX BIUIMBIB OTPHUMAaHO
3aJIeXKHICTh

A =

P+QJ‘ uf fmax(v)_ s

nn -n- Uy " Vax (V)

He up, u, — KepYIoUi BIUTMBH BiIIOBiTHO.

B nopanemomy B po6oti [15] aBTopu 3ampomno-
HyBaJld CUCTEMY aBTOMATHUYHOTO BEIEHHS IOI3ZiB
3 BuKopucTaHHIM EOM Ta IpHHIHAITY MaKCUMyMy
B 3ajayax JMHAMIYHOTO MPOrpaMyBaHHs OITH-
MaJIBHOTO PyXYy IOI3/IiB.

Cucrema BifICIiTKOBY€ 33/IaHAI TIPOTPaMHUIA 4ac
XO[Ty Toi31a B GYHKIIIT IpoiaeHoro nxy [25].

BusnaueHHs IMO3I0BXKHIX CHJI IOi3[a BU3HA-
Yae€ThCS INIITXOM PO3B’sA3aHHS JAu(EepeHIIIHHOTO
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PIBHSAHHSA PyXy Moi311a Ul HEHTPY Mac BBEICHHIM
Koe]ilieHTiB TP MHOKHUKAX CHIIU TATU [ (v) Ta

rajJbMyBaHHSA b(v)

v%zuf'f(v)_”b b(v)-o(v)-g(s),

e g(s) — MO30BXHI CWIM TOi37]a B KOOPIH-

HaTi § .

st oTpuMaHHS 3HAYEHHS TO3UITT KOHTpoJIepa
MalllMHICTa BIJMOBIAHI KOEQIIEHTH anpoKCUMY-
IOTBCSI 110 3HAYEHHIO MTOTY>KHOCTI JIOKOMOTHBA.

B poGorti [15] 3ampomoHOBaHO KOPHUTYBaHHS
Yyacy XOJXy MOi3fla 1Mo cepeiHiil MIBHUIKOCTI 3 Bpa-
XyBaHHAM IpagikoBOro pyxy MHOi3IiB, IO MpsSMY-
I0Th TMONepeNy W 103aay LUIAXOM PperyJIIOBaHHS
nepepBHOi cuin TiIru (Mix BrmodeHHsME TE]).
Takox B [2] BpaxoBaHO Koe(illieHT MOBEPHEHHS
eJIEKTPUYHOT €Heprii 1, SKWuil BH3HAYEHO SK Ma-

TeMaTUIHE OYiKyBaHHS JJIS JTAHOI JIiHil.
B po0ori [19] po3risaHyTO MOJETb, sIKa OMUCYE
MIHIMYM y3arajilbHeHO1 eHeprii
s+As;

AJ = I H*(s,v,z)ds,

.
ne H — ysarambHeHa cwjia TATH, Zz — MO3HAYCHHS
noxigHoi dv/ds .

Otpumana QyHKLis v(s) pyU TepepaxyHKy
. *
3 NPHUCKOPIOIOYO-CIOBUIBHIOWYMX CUll H € CTy-

IIEHEBOIO 3 iHTEpBalOM As, a OrMHAKYa € ONTH-
MaJILHOIO TPAEKTOPIEIO.

B MarematuuHiii Momeni  moi3ma, Ky
3amporioHyBamu B [11], HaBOAWTBCS pIBHAHHS
pyxy moizma y BUDAi  QyHKOIi, sKa

HE BKIIIOYae Macy ckiamy () sK mapamerp, IIo
BILJIMBAC HA [IUTOMY IIPUCKOPIOIOUY CUILY
1000y, (v)-&p

1+k,

npy OOMEXEHHI 110

3YCIIJICHHIO,;

[ v 1000y, (v)-k,
oY

vp (1+kP)kF 'Bmin

npy 0OMeKeHH1

I'paHUYHOIO CUJIOKO TATHU,

e B HAWOUTBIIMK CTYMiHB PETYyJIOBaHHS
30ymxeHHs; k, — Koe]illieHT Macu JIOKOMOTHUBA,
kp=PlQ; kp -
kp.=F,/F,.

Ilpu  BukopucTaHHi  Iiel  Momem  Js
KOHKPETHO1 3alli3HUYHOI JIiHII TpH BigoMOMY

Koe(imieHT CHIM  TATH,

npodini xomii i(s), Tpaexropis pyxy moizma v(s)
BU3HAYAETHCS JIMIIE PEKUMOM BENIEHHS Ta TpPUK-
HATOIO BETMYNHOIO PO3PAaXyHKOBOT IIBUAKOCTI.
Po3p’sa3anHs PiBHSHHSA pPyxy noizzua
nependavyae MeBHI BUMOTH: BCS Maca 10i3/la CKOH-
IIEHTPOBaHA B OAHIN Toumi (B IIEHTPi Tmoi3dga) Ta
pyu UBOMY MOi3J Mae NOBXUHY. [Ipu cranomy
PeXUMI pyXy Ta Ha He3MiHHOMY mpodini Koumii e
HE BHOCHUTH TTOXHOKY. OfHAK TIpH TMEepeXigHuX pe-
JKUMax pyXy B TOi3[li BUHUKAIOTH BJIACHI CHJIH
iHepIii BiJl AMHAMIYHOTO TIEPEMIIIICHHS BarOHiB.

Merta

Merot0 cTaTTi € 3MEHIIEHHS BUTPAT €Heprope-
CypciB 3a paxyHOK BH3HAuUEHHS C€HEPro3aola-
JDKYIOUHX PEXHUMIB KepyBaHHS JIOKOMOTHBOM 3a
YMOBH ONTHMI3allii QYHKITIT KEpyIOUNX BIUTHBIB 11O
Yyacy XOJy MOi3/]a Ta BUTPATi CHEPropecypciB mpH
BEJCHHI M0i3]]a 3 MOMEHTY 3aKiHUE€HHS PO3TOHY JI0
Mepexo/y Ha pexXuM BUOITY.

MeTtoanka

Metoauka BUOOpPY €HEPro3aolaKyodoi Tpa-
€KTOpIi pyXy Moi3Aa Ta yHpaBIiHHS MOTYXKHICTIO
€JICKTPOBO3iB Ta TEIUIOBO3IB 3 CIIEKTPUIHOIO TTepe-
Jadero nepeadadyae po3paxyHOK OararoBapiaHTHUX
TPAEKTOPi 3 BapiaTUBHUMH BHXIJHUMHU ITaHUMU
rmapaMeTpiB CKJIaay Ta MOI3HOI cuTyamii. Metoau-
Ka BpPaxoOBy€ MaTeMaTH4YHI METOIU PiBHOMIPHOTO
MOLIYKY Ta MapaMeTPUYHOI ONTHUMi3auii.

OcHosHuti mamepian. PexxuMm BeleHHs moi3aa
CKITATIAETHCS 3 TAKUX (a3:

— IIyCK JIOKOMOTHBA Ta PO3TiH Moi31a A0 BUXO-
Iy Ha o0OpaHy XO/JOBY XapaKTepUCTUKY JOKOMOTHU-
Ba [9];

— PYX IpH BKJIFOUSHHUX TATOBUX JIBUTYHAX;

— PyX Ha BUOIry MpH BUMKHEHHX TATOBUX JIBU-
TYHaX; pErylioBajbHE TIaJbMyBaHHA-IPUTalb-
MOBYBaHHJ I0i3/1a Ha CITyCKax AJIsl MiATPUMYBaH-
HS IIBUJIKOCTI Ha 3aJaHoMYy piBHi [14 ];

— rajJbMyBaHHS U 3HMKCHHS LIBHIKOCTI Iie-
pell CUrHajaMu 1 3yIMHKaMU.
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Koxna 3 mux a3 poOuTs iCTOTHHI BIUIMB Ha
pe3yJIbTaT BUKOPUCTAHHS TOTYXKHOCTI JIOKOMOTH-
BIB Ta BUTpPATH CHEPreTUYHUX PECYpPCIB Ha TATY
moi3miB [25 ].

JlogaTkoBi AMHAMIYHI HAaBaHTa)KCHHS BUHHKA-
I0Th SIK B TSATOBOMY PEXKHMi, TaK i M 9ac pyxy
B peXuMi BUOITY, a TAaKOX B TaIbMiBHOMY PEXUMI
Ta B TIpoIieci Biamyckanus rambM. CHid, 1Mo BUHU-
KaIOTh Ha IIUX PEeKUMAX, MOXKYTh JOCATATH HaiOi-
JIBIIOTO 3HAYEHHS B PI3HMX YaCcTHHAX Moi3aa 3a-
JIEKHO BiJl OJHOPIMHOCTI BaroHiB Ta CTyIEHS iXx
3aBaHTaXXCHHS, a TAKOX BiJ TOTO, 310paHUi CKIIaJ
a00 pO3TATHYTHH. Y BaHTXHHUX MOI3Jax Ii CHIU
MOXYTh MPHU3BOIUTH 10 OOpHUBY Moi3ma abo BUaa-
BIIFOBaHHS BaroHiB, B MAaCAKUPCHKUX Ta MPHUMIiCh-
KHX — JI0 IOPYIIEHHS KOM(OPTY Macaxupis.

3HaueHHs JUHAMIYHUX CHII 3aJIeKaTh BiJ MacH
Ta TOBXUHH 101372, IPOQIII0 KOJIii, pSKUMIB TATH
Ta TaJbMyBaHHs, MIBUJKOCTI PyXy, 3a30piB B aBTO-
3YEMHHUX MPUCTPOSX, INMBUIKOCTI MOIIUPEHHS Ta-
JTBMIBHOI XBHIII TIO JOBXHHI MOI34a, THITY i CTaHy
TaTbMIBHUX TIPUCTPOIB.

ITig wac pyxy moi3ma JOIIBHO TPUMATH CKJIAJ
abo B 3i0paHoMy, abo B po3TsarHyTOMY cTaHi. On-
HakK I He 3aBXIW MOXXJIMBO IIiJl Yac PyXy peaiib-
HUM Tpodinem komii. s Toro mob mepeBecTH
PYXOMHH cKiax i3 3i0paHOTO CTaHy B PO3TSTHY-
THH, PYKOATKY KOHTpOJIEpa MAIIWHICTa CTaBIIATH
y moizHe monoxeHHs. 1100 ctucHyTH cknan, pa-
HIllIE PO3TATHYTUH, MMOCTYIIOBO BUMHUKAIOTh TSTOBI
JIBUTYHU, TIEPEBOISIYN PYKOSATKY KOHTpojepa Ha
HIDKY1 TIO3UINIT 10 HyJIhOBOI. SIKIIO IHOTO HENO-
CTaTHBO, TO MPHUBOIATH B JII0 €JICKTPUYHI rajibMa,
a Ha JIOKOMOTHBAX, HE O0JIATHAHUX €IIEKTPUIHUMHU
raJlbMaM¥ — THEBMATHYHi.

YMOBHU BEACHHS NOI37a, PETYJNIOBAHHS MOTYX-
HOCTI JIOKOMOTHBa Ta WIBHIKOCTI pPyXy 3HA4YHO
BiJIPI3HSIOTHCS y BAHTAXXHOTO W IMACaXKHPCHKOTO
noi3niB. BoHu cyTTeBO BiAPI3HIIOTHCS 1 BCEpEIUHI
KOXHOI 3 IUX TPy, HANPUKIAJI, BEIUKOBAroBUI
YU TIOPOXKHIN, a JUIsi TMACaKUPCHKUX — IIBUIKUN
a00 MTPUMIiCHKHA.

Bucoki mBUAKOCTI pyXy Ha KOPOTKUX IEpero-
HaX BUKIMKAIOTh HEOOXIIHICTh MOYATKY TalbMy-
BaHHS TIPU BEJUKINA MIBUIKOCTI.

Ha mepeBamucromy mpodini, Je 4YepryroThCs
MiOMU, TOPU3OHTAIBHI JUISHKA Ta CITyCKH, JO-
[ITPHO BECTH TOI3[ B PO3TATHYTOMY CTaHi NPHU
BKIIFOUEHOMY KOHTpOJepi. Y IbOMY BHIIAJKy pe-
TYJIOOTh MIBUJAKICTh PYXY HUISXOM 3MiHU CHIIA
Tsaru. [Ipy mpoxomkeHHi migAOMIB CHITy TATH 30i-

JBIIYIOTh, HA TOPU3OHTAIBHUX MUISHKAX Ta CITyC-
Kax — 3MCHINYIOTh. [limxoasun 10 migioMy, sTKUi
HE MOXXHa NPONTH 32 PaxXyHOK BUKOPUCTAHHS Ki-
HETUYHOI eHeprii, 30UIbIIYIOTh CHIIy TSTH, Tepe-
BOJSYHM PYKOATKY KOHTpOJIEpa Ha BHUII ITO3MIIi{
a00 3aCTOCOBYIOYHM CTyINEHI OcCialleHHs 30y-
JOKESHHS.

Ilix gac pyXy mo AUIIHKaxX 3 PiBHUHHHUM IIPO-
¢ineM Komii Ta BiTHOCHO HEYaCTUMH 3yNUHKAMH
HEOOXITHUI PEeKUM BEICHHS, 0 3a0e3rneuye Haii-
MEHIIII KOJHMBAHHSA MIBUAKOCTI NIPH BUKOPHCTaHHI
MO3MINIH, IO BIANOBIZAIOTE HAHOIIBII BHCOKHUM
3HaueHHs M KKJ] moxomoTnBa. 3MeHIIEHHS! HEpiB-
HOMIPHOCTI pyXy Ja€ MOMITHHIA e(PeKT BHACIIIOK
HEJTIHIHHOI 3aJeKHOCTI MK CHJIOIO OIOPY PYyXy
1 IIBUAKICTIO PyXYy.

3a3Buyail mpodisip AUISTHOK 3a1i3HUYHOT Mepe-
X1, HA IKUX € OOMEKCHHS Y BUKOPUCTAHHI TTOTYX-
HOCTI JIOKOMOTHUBIB TI0 3YCIUICHHIO, XapaKTepHU3y-
€ThCsI HASIBHICTIO MiJHOMIB BEJIIMKOT KPyTH3HH, aJie
BiTHOCHO HEBEJWKOI JTOBXHHU. TOMYy TpU po3po0d-
i Ta peaiizamii parioHATEHUX PEKUMIB BEICHHS
MOT3/IIB HA TaKUX MIISHKAX JYXE BAKJIMBO MOPST
3 peaizaiic€ro HalOIMBIINX CHJI TITH 3a0e3IevyBa-
TH MaKCUMaJIbHE BUKOPHUCTaHHS KiHETHYHOI €Hep-
rii moizna.

Ockinbky KiHETMYHA €Hepris MpomopLiiiHa
KBaJpaTy IIBUAKOCTI, TO TPH MiAXOAI TMoi3ma 1o
B)XKHX €JIEMEHTIB MpOo(]iji0 MIBHIKICTH NOBUHHA
OyTH HANOLIBII TOMYCTUMOIO, IO JJA€E MOXKIIUBICTh
MPOUTH YacTHUHY MiAHOMY 3a paxyHOK HaKOIH4e-
HOI Ha IOTIEPEIHIX eleMeHTaX NpodiTo KiHeTHI-
HOI eHeprii noi3za.

ITixg yac pyxy 1o migiioMy HIBHIIKICTh ITaJa€ 1Mo
Mipi BUKOPUCTAHHS KiHETUIHOI €HEprii, CTpyM TH-
TOBUX JBHTYHIB 3pOCTa€, ONHAK IEPEXOJUTH Ha
HIDKY1 MO3MMLIT CIiJ TUTBKK NP TOCATHEHHI CTpY-
My TSTOBHX ABUTYHIB Ta CHJIHM TSTH JIOKOMOTHBA
TpPaHUYHUX 3HAYCHb.

SKmo micns mepexoay Ha HYDKYI MO3UIl ocia-
OyrleHHs1 30y/PKEHHS TATOBHUX JIBUTYHIB IBHUIKICTh
pyXy Mmoi3fa MpoJOBXKy€e 3MEHIITYBaTHUCh, TO HEOO-
X1THO MepelTH Ha TIOBHE 30y/KeHHS. Y BHITQ/IKAX,
KOJIM TCIsl TEepexoqy 31 CTYINEHIB OCIa0IeHOTOo
30yKeHHS Ha TOBHE MIBUAKICTH PYXY HPOJOBKYE
3HW)KYBaTHUCh, a4 HABAHTAXKEHHS 3HOBY JIOCSTa€E
TpaHUYHHUX 3HA4YEHb, 100 HE AOMYCTHTH CIPAIbO-
BYBaHHS 3aXHUCTY, MOKHa KOPOTKOYACHO TEPEeUTH
Ha TIOCTiOBHO-TIApajieNlbHe 3 €AHAHHSA TATOBHUX
JIBUTYHIB JUISl €JIEKTPOBO3iB IMOCTIHHOTO CTpyMy
a00 Ha HIDKYY MO3UIIO /IS eIEeKTPOBO3iB 3MiHHO-
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ro cTpymy. Jlis TemIoBo3iB B MOAIOHUX BUIIAIKAX
JIOITyCKAEThCSl IBUAKICTE HUKYE PO3PAXYHKOBOI,
aze BiAcTaHp, 110 MOXKE MPOiXaTH MOi3/, HOBUHHA
OyTu He Oinbme Hix 500 M.

YacTto emeMeHTH TPOGIII0 KOIi 3 BaKKUMHU
MiioMaMu 9epryroThCsl 3 eleMEeHTaMH MPOdiIIo
MeHIoi KpyTu3Hu. OCTaHHI CliJi BHKOPUCTOBYBA-
TH JUIsl TMIJBUINEHHS MBUJIKOCTI PyXy Ta HAKOIH-
YeHHsS KIHeTHYHOI eHeprii. s 1bOro JOIIIBHO
NepexonuTH Ha Oimbln rimboke ocnabieHHs 30Y-
JOKEHHST 200 BUCOKI MTO3UIIIT peryIroBaHHS.

[oni6bHi yMOBH pyXy HaNpHKIHII IMiIiioMy MO-
JKYTh BHUSBHUTHUCS palliOHATBHUMH BiJJHOCHO €KO-
HOMI{ eTIeKTpoeHeprii abo manrBa B TOMY BUIAJIKY,
SKIIO TICHS TiTHAOMY pO3TalloBaHa CTaHIliSA, Ha
SKiii mepeadadyeHa 3yNMUMHKA 101372, a00 IIKiIIH-
BUHl cnyck. To/i 3HMXKEHHS BTPAT SHEPril MpH 1o-
JANBIIIOMY TalbMyBaHHI JIO3BOJUTH OTPHUMATH
JesIKy €KOHOMII0 TaJMBHO-CHEPreTHYHUX pecyp-
cis [10].

Metoauka, O MPOMOHYEThCS /ISl BU3HAUCHHS
SHEPro3a0IIaDKYIOUNX PEKUMIB BEIEHHS ITOI3/IiB
OazyeTbcsi Ha piBHOMipHOMY pyci. Jns piBHOMIp-
HOTO PyXy HEOOXiZHO, II00 CHJIHM, CTBOPEHI IITy4-
HO B pe3yibTaTi KepyBaHHS JIOKOMOTHBOM, BpiB-
HOBa)XyBJIU CHJIH OTIOPY.

MareMaTudHa MOAEINb VISl TOCHiIKEHHSI OIHca-
HaB[9 ]

Oco0JIMBI YMOBH, SIKI HAKJIAJIAIOTHCS HA MOJICIB:
JoBXWHA AUITHKA [ = 20 KM; TIpH IIbOMY Maca TIoi3/1a
P+ Q 3mintoerses B Mexkax 1 000+ 6 000 T 3 iHTEp-

BasioM 1 000 T; Mexi yXWIiB IS JUISTHOK CKIIaJIar0Th
i=—4+ 7,5 %o.

Homxunaa minsgaka [ =20 kM 3yMOBJICHA THM,
0 TIPH BUKOPHICTAHHI ITEpaIlifHOTO OOYMCIICHHS
3 KUTBKICTIO KpOKIB 7 =23 BKa3aHa JOBXKHHA Ja€
HaWOUTBII JOCTOBIpHUH pe3ynbTaT [21].

HwuxHs Mexka yxXwiy 3yMOBJICHAa THUM, IO ITiJ
yac pyxy Ha JOUISHKaX 31 3HAYCHHAM yXWIY
i<—2 %0 HampsSMOK CHJIU BiJi yXWIy CIIiBIaaae

3 HampsSIMKOM pYyXY Ul JOMYCTHMOTO Jiama3oHy
HIBUJKOCTEH, TOMY BOHa Oy/ae NMPUCKOPIOBATH II0-
i30. BepxHs Mexa BW3HadeHa aHamTHUHO. [Ipm
3HAUEHHAX yXWiy i>7,5%0 pexXuM KepyBaHHs

BiJINIOBi/1a€ HAWOLIBIIIH MOTYKHOCTI JIOKOMOTHBA.

Ilicns po3B’s3aHHS PIBHAHHS PyXY TOi3da s
KOHKPETHHUX BHXIJIHUX JaHUX PO3PAXOBYETHCS KO-
eQilieHT MUTOMOI BUTpaTH HajHBa MiA 4ac pyxy
Ha pIBHOMIpHIH MBUIKOCTI ¢

c=10°g/tOV?*/2,

e g — BUTpara ManuBa, KI; ¢ — 4ac X0y moi3aa,
rox; 0 — maca ckiamy, Kr; V' — HIBUAKICTH py-
Xy, M/c. TakuM YHHOM PO3MIpHICTh KoedilieHTa ¢

KT

c=|——
roxa - MTx

[Ipuknan BU3HAYCHHS 3HAYeHb KoeQillieHTa ¢

it Macu  ckimany (Q=2000T Ta yxmry
i=-0,5%0 HaBomuMO y BurJsAAl Tabu. 1, a rpadi-
YHY IHTEpIIpEeTalilo Ha puc. 2.

[licna iHTepnosimii MONIHOMOM YETBEPTOrO
CTYIICHS] OTPUMYEMO 3aJIKHICTh

c = 2,29-10°-PKM* -
~ 6,98-107*- PKM’ +
+8,63-107 - PKM” —
—4,69-107 - PKM +0,662 .

3a OMOMOrOK MaTeMaTHYHOro maketry Maple
[1] Bu3HAUaeMO MiHIMaIbHE 3HAYCHHS (PYHKIII Ta
BIJINIOBITHE 3HAYCHHS apTyMEHTY.

extrema(c,{}, PKM,' PKM,;,");

PKM . ;

{0.569815389}
{PKM =5.500811924} .

OcCKiNbKM 3HAUEHHS MO3WIli KOHTpoJNepa Ma-
MIUHICTa MOXe OYTH JIMIIE IUTAM YHCIIOM, BHKO-
HYEMO OKPYTJICHHS JI0 HAWOIMKIOTO IILJIOT0 YUCIIa

PKM,, =6.

Jnst nesikux 3Ha4eHb YXWIIY Ta MacH CKIaay
MiHIMaJIbHI 3HAYCHHS KOeQIl[ieHTa TUTOMOI BH-
TpaTu MajuBa ¢, BLANOBINAIOTH 3HAYCHHSAM PiB-
HOMIPHOi IIBHAKOCTi, BHIIOI 3a JIOIYCTUMY 3a
KOHCTPYKI[IHHMMU TMapaMeTpaMyu PyXOMOTO CKJia-
Iy, TOMY BBOJHMMO JOJATKOBHI OOMEXKYBaIbHUN
napamerp

VpiBH < Vaon

3aranpHa
yIpaBIiHHS

yMOBa BHOOpY  palioHaJbHOTO
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PRM: -

¢ = min;
VpiBH < V;[on'

ITicns oTprMaHHS apTyMEHTIB TTPH MiHIMATBHHX
3HaueHHsX (QyHKUIT KoedillieHTa MUTOMOI BUTPaTH
najnuBa Mif 4ac pyxy 3 PiBHOMIpHOIO MIBUAKICTIO
st O =1000;2000..6000 ta i=-4;-2,5..7,5

3BOUMO iX B Tabm. 2, a rpadivuHy iHTepnperariro
HABOJMMO Ha puc. 3.

0,70
0,62
0,66
0,64
0,62
0,60

0,58 4

1] 5 1 15

Puc. 2. 3anexHicTh KoehillieHTa MUTOMOT BUTPATH
MajuBa MiJ 4ac pyXy 3 pPiBHOMIPHOIO HIBUAKICTIO
BiJI MMO3UIIIT KOHTPOJIEpa MaIlUHICTa

Fig. 2. Dependence of the specific fuel consumption
while driving at constant speed from
the position controller driver

MACA CEIIATY,
1081

Puc. 3. 3nauenns PKM ::;:V

Fig. 3. Value PKM ;1“;2?

Tabaums 1

3HaveHHs koedilicHTAa THTOMOI BUTPATH NAJINBA
Nig yac pyxy Ha piBHOMIpHiil mIBHAKOCTI

Table 1

Value of the coefficient of specific fuel
consumption during movement at uniform speed

Tlo3umis xoHTpO- PiBHOMIpHA c,
nepa MamMHiCTa | WIBHAKICTS, awron - Jbk
KM/TOZL

15 133,57 0,706051

14 128,91 0,660393

13 123,51 0,634046

12 117,18 0,613325

11 110,96 0,597601

10 104,91 0,584951

9 98,03 0,579838

8 91,84 0,575596

7 85,52 0,572810

6 78,09 0,569319

5 71,29 0,570869

4 63,91 0,574193

3 49,71 0,580659

2 48,90 0,582861

1 41,43 0,597916

0 31,31 0,663379

Tabnuns 2

3HaveHHs MO3MLii KOHTpPOJepa MallHHiCTA,
Bi/INOBiIHI MiHiMaJILHUM 3HAYeHHAM KoeQilieHTa
NUTOMOI BUTPATH NAJIMBa

Table 2

Value of the position of controller of the driver
corresponding to the minimum value of the coeffi-
cient specific fuel consumption

i, %o Iozunis KM no maci ckiany [Tuc. T]

-1,0 0 0 0 0 0 0
-0,5 3 6 8 10 10 10
0,0 6 10 10 11 12 12
0,0 7 11 12 13 13 14
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3akiHuyeHHs TabI. 2

End of table 2

i, %o Mozuuis KM no maci ckiany [tuc T]

1,0 8 12 13 14 14 14
1,5 8 12 14 14 14 14
2,0 9 13 14 14 14 15
2,5 9 14 14 15 15 15
3,0 10 14 15 15 15 15
3,5 10 14 15 15 15 15
4,0 11 15 15 15 15 15
4,5 11 15 15 15 15 15
5,0 12 15 15 15 15 15
5,5 12 15 15 15 15 15
6,0 13 15 15 15 15 15
6,5 13 15 15 15 15 15
7,0 14 15 15 15 15 15

7,5 15 15 15 15 15 15
BimnoBigHi 3HAa4YeHHS PIBHOMIPHHX IIBUJKO-
cTell HaBoOUMO B Tabn. 3, a rpadiuHy iHTepmpera-
1it0 — Ha puc. 4.

o =] =
& = = =

LWBKMAOKICTD, km/Tog,

[ 5]
=

MACA CEIATY, 2
108 7 1

Puc. 4. PisHoMipHi mBuakocTi, Bixmosingai PKM rrnn;zcy
Fig. 4. Uniform speed corresponding to PKM HT;IV

Tabauns 3

3HaveHHS PiBHOMIPpHHUX HIBHIKOCTEH,
min,.
max

wo Bignosinarore PKM
Table 3

Uniform speed corresponding
to PKM ™

Vxun, PiBHOMIpHA IIBUAKICTH [KM/TOA]
%0 o Maci noizzaa [tuc. ]
-3,0 97,1 | 95,9 | 95,3 | 95,1 | 95,0 | 94,7
-2,5 86,6 | 84,1 | 83,0 | 82,3 | 82,0 | 81,6
-2,0 75,6 | 71,3 | 69,3 | 68,1 | 67,5 | 66,8
-1,5 64,2 | 57,8 | 54,4 | 52,4 | 51,1 | 50,0
-1,0 53,2 | 43,7 | 38,8 | 35,5 | 33,1 | 31,2
-0,5 64,7 | 78,1 | 78,7 | 80,7 | 73,6 | 68,1
0,0 92,9 | 98,2 | 82,8 | 77,8 | 75,0 | 68,6
0,5 96,1 | 98,3 | 87,6 | 81,6 | 72,7 | 70,0
1,0 98,6 | 99,0 | 87,3 | 79,8 | 70,3 | 63,0
1,5 93,1 | 93,3 | 86,7 | 73,5 | 63,9 | 574
2,0 96,3 | 95,0 | 81,0 | 67,7 | 58,5 | 55,7
2,5 91,4 | 96,1 | 75,7 | 67,0 | 58,0 | 50,5
3,0 96,2 | 91,2 | 75,8 | 62,1 | 53,2 | 459
3,5 91,7 | 86,5 | 71,1 | 58,4 | 48,9 | 42,5
4,0 95,9 | 87,9 | 66,7 | 54,3 | 45,1 | 39,0
4,5 91,8 | 83,7 | 62,7 | 50,6 | 42,3 | 359
5,0 96,6 | 79,6 | 58,9 | 47,2 | 39,3 | 33,2
5,5 92,8 | 75,8 | 56,5 | 44,2 | 36,6 | 30,8
6,0 98,0 | 72,3 | 53,3 | 42,0 | 34,2 | 28,7
6,5 94,5 | 68,9 | 50,4 | 39,5 | 32,0 | 26,8
7,0 98,7 | 65,8 | 47,7 | 37,2 | 30,1 | 25,1

I[J'IH MOKJIUBOCTI 3aCTOCYBaHHS OUCKPETHUX
min,,

max, Ta BIIMOBIJHUX PIBHO-

naHux marpumi PKM

MIpHHX IIBUAKOCTEH B MaTeMaTHYHIA MOZeIi He-
00XiTHO BHKOHATH IHTEPIOJSAIiI0. [HTepmomnsimiro
BUKOHY€EMO JIIHIHHUM CIUIAHHOM JUIsl 3HAYCHb Ma-
CH TMOT37a BKa3aHOTO Jiama3oHy 3 apryMEHTOM
yxuny . Jiud TpuUKiIagy HaBeAeMO  CIUTalH

PKM ;“;; Jus Macu ioizga P+ Q0 =6000 1
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0, i<-1;

20+ 20i, i <-0,5;
12+414,i<0;
12+4i, i<0,5;
14, i<1;

14, i <1,5;
11+2i, i<2;

15 otherwise.

PKM6000 —

min,,
max,

Jns MOKIUBOCTI po3paxyHky PKM s

MPOMIKHHMX 3HAY€Hb MacCH II0i3/1a 3aCTOCOBYEMO
IHTEPIONALII0 B MEXKaX KOHKPETHOTO YXUITY § IS
3HAY€Hbh MacH moi3ga OUIBIIMX Ta MEHIIUX, HIXK
JaHe

PKME (i)- -279),
PKM 29 = AQ
+PkMO (i) 1-27€2
AQ
Jns BU3HaYeHHS PIBHOMIPHOI IIBUAKOCTI, IO

BimnoBimae PKM g=0<¢

, BHUKOHYEMO aHAJIOTi4Hi
o0uncieHHsl, ane 0e3 OKpYTJICHHs BETHYHH.

. <0<0
ITicas obuucnenuss PKM g<0<Q BH3HAYAETHCS

cuJia TsTHUu
0<0<0
; _3,6-NQ(PKM7 < )-nc-nH
- V. tAV

Ta PO3B’A3y€ThCA PIBHAHHA PyXy 10137a.
Taknm 4uHOM KpuBa V = f(S) mparse 10 pis-

HOMIpHO{ IIBUAKOCTI (pHC. 5).

85—y,
30 4 KM/TOI

S.M

T T T T T T T T T T T T T
63000 66000 67000 63000 69000 70000 71000 72000 73000 74000 75000 76000 77000

_ VpiBH. Zf(S)
—-==-V=/(5)

Puc. 5. KpuBa mBuakocTi pyxy noizaa

Fig. 5. Curve of train speed movement

Kpua V7 = f (S) OyayeThes Ha TijacTaBi
yCepeOHEeHHsI yXWIiB MPodito Komii 1Mo ITOBXKHHI
moizga 3 iHTepBaioM AS=15 M (moBxuHa
YOTHUPUBICHOTO BaroHa). J{jsi 1bOr0 BUKOHYETHCS
CIIAH-THTEPITOJIAIIS YXHUIIIB TI0 TOBXKWHI MIJITHKH
Ta 00MpaeThes (Pa3oBa KOOpAWHATA BiAMPABICHHS
noi3aa (cTaHiis, CBITIIO(Op, MKET Ta iH.).

0; s <2000;
0,5; s <5500;
-3; s <7500;

-8,4; s <44 000;
-3,2; s <44 200;

-1; otherwise.

Jns gaHoi Macu 1moi3ga Ta JOBXKUHU IMOi3/1a BU-
3HAYAIOThCS 3HAUEHHS YXWIIB IO OCAX KOXHOTO
BaroHa i1 JOKOMOTHBA Ta Ha ITiICTaBl Mac OCTaHHIX
BHU3HAYAETHCSA CEPENIHE 3HAUCHHS I IICHTPY Mac
noizja.

1,/2
1
i

=— | “O(1,)-dS.
Qz;'./z ( )

[lo wmipi mepemimieHHS TOi34a 3 iHTEPBAIOM
AS BHU3HAUYAIOTHCS AMCKPETHI 3HAYCHHS IS BCi€i
IOUITHKY, SIKi  [epeOyAOBYIOTBCS B CIUIAH
i=f(S). OcraHHiil BUKOPHCTOBYETbCS NP BH-

3HAYCHHI MPUCKOPIOI0YO-YIOBITBHIOIOUNX
PIBHSIHHS pyXy HOi31a

pe e () -0()
/- 500

R CAORIT)
500

CHUII

+

3a BKa3aHOI METOJHMKOI0 BHUKOHAaHO TSTO-
BO-CHEPreTHYHI PO3pPaxyHKH Ui MOi3[a Macolo
3000 T, M0 pyXaeThcs MO JTUISHIN 3 MO3I0BXKHIM
npodinem III ckmamHOCTI B mpsiMOMY Ta 3BOPOT-
HOMY HampsMmKax. J[ns TOpiBHSHHSA pPO3paxyHKU
BUKOHaHO 3a Meroamkoio IITP [20]. BusnaueHo
y3araibHEeHHH MMOKa3HUK XBWJIMHHOI BUTpPATH Ma-
nMBa g , KI/XB. Pe3ynbraT HaBeneHo B Tali. 4.
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Tabmus 4

Pe3yibTaT TArOBO-¢HEPreTHYHNX PO3PAXYHKIB

Table 4
Results of traction-energy calculations
Meronuka t,XB q , KT g, KI/XB
TP 120 1555 13
100 1063 10,7
131 1383 10,6
Posrnsinyra — — —_—
108 927 8,6
Pi o 9,4 -11,1 -18,8
i3 , —
HIHLL 70 8,3 ~12.8 19,5

*[IpumiTKa: B YUCENBHUKY — B MPSIMOMY HAINPSIMKY;
B 3HAMEHHHUKY — B 3B0OPOTHOMY HAIIPSAMKY

Pesynbraru

Ha migcraBi OararoBapiaHTHHX pO3PaxyHKIB
YIOCKOHAJICHO aJrOPUTM BH3HAYECHHS EHEpro3ao-
MIADKYIOUNX TPAEKTOPIH pyXy M0i3ma, moOya0BaHO
OararonapaMeTpruHy (QYHKIIIO YHpaBIiHHS MOTY-
JKHICTIO JIOKOMOTHBA, SIKa O3BOJISIE 3MEHIIUTH BHU-
Tpaty eHepropecypcis Bix 11 no 13 % 3anexHo Big
npodiyito Kojii, Macu moi3la Ta MOi3HOI CHTYaIlil
MOPIBHSIHO 3 METOAUKOIO [20].

HaykoBa HOBU3HA Ta NPAKTHYHA
3HAYHMICTDL

OTprMaHO  €HEepro3aomauKyoui  QYHKIIT
YIOpaBIiHHSA TATOK JIOKOMOTHBA JUIS BiAITOBITHIX
PIBHOMIpHUX IIBHIKOCTEH, SIKi 3aJIeXKaTh BiJ Macu
noizaa Ta yxwry. Ha BigMiHy Bill iCHYIOUHX pO3pO-
00K paIliOHAILHOTO BEJEHHS MOI3MIB [ (YHKIIis
noTpedye 3HAYHO MEHINE MAIIMHHOTO 4Yacy TpH
BHCOKIHf TOYHOCTI pPO3paxyHKIB, IO Ja€ MOXKITHU-
BICTh ii BIPOBA/XKCHHS B OOPTOBY CHUCTEMY Kepy-
BaHHS T4 €KOHOMIi CHEPTOPECYPCiB.

BucunoBku

Y I0CKOHAIEHO aJTOPUTM BH3HAUEHHS €HEeprosa-
OLIAIKYIOUOi TPA€eKTOpii pyXy MOi3Aa 3 MOMEHTY
3aKiHYCHHS PO3TOHY JI0 TIEPEXO0.Ty Ha PEXKIM BHOITY:

— BH3HAYCHO KOEQILi€HT MATOMOI BUTPATH IIa-
JIUBA I 9ac PyXy Ha PIBHOMIpHIA IIBHIKOCTI C,
(i3MYHMI 3MICT SKOTO — TOIUHHA BUTpATa IainBa,
mo npuxomutbes Ha 1 MJ[k KiHeTHYHOI eHeprii
noi3aa;

— pO3paxyHKOM TPAEKTOPIA TPH BapiaTHUBHHUX
BUXIIHUX JaHUX MOOyA0BaHO (PYyHKIIIi 3MIHH KOe-
¢imienTa c;

— BM3HAYEHO palliOHAJIbHI MO3MIII KOHTpOIepa
MalllMHicTa A7 MiATPUMYBaHHS KIHETHYHOI eHep-
rii Ta BiMOBIiHI IM PiBHOMIpHI IIBHKOCTI;

— noOy/I0BaHO aHATITHYHI 3aJIeKHOCTI parrio-
HaJIbHUX MO3ULIH KOHTpoJiepa MaluHicTa Ajsl pi-
BHOMIPHUX IIBHIKOCTEH, IO 3aJieKaTh BiJl Macu
CKIIay Ta YXWIY, IEPEBIPEHO iX TOUHICTH Ta a/leK-
BaTHICTb;

— aHaJITUYHO BM3HAYEHO SKOHOMIiIO eHeprope-
cypciB, sika cknagae 11—13 % mopiBHsHO 3 MeTOAU-
koo [20].
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OIIPEAEJIEHUE SOHEPT'OCBEPEI'AIOIIINX PEXKUMOB
BEJAEHUA ITOE310B

Heanb. TsaroBeie pacdeTsl ¢ ONpeNeNICHHEM YHEProcOeperaInx TpaeKTOpUil PEeayCMaTPHBAIOT MOUCK PALIHO-

HaJIbHOM 3aBHCHUMOCTH Pacxoja 3HEpropecypcoB OT BpeMeHH xoza noesfa. [Ipu Beibope sHeprocoeperaromumx tpa-
eKTOPHH JBW)KEHHS I0€37]a U MPU Pa3pabOTKe PEKUMHBIX KapT BEICHUS IOE3/10B HEOOXOIMMO YUUTHIBATH IEpe-
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MEHHBIE TTApaMETPhl, TAKUE KaK: MPOPHIIb yUacTKa, MacCy MOe3/1a, CEPUI0 JIOKOMOTHBA U jip. [Ipu yBennueHun cko-
POCTH JBIDKEHHUS] NPOUCXOJUT POCT CONMPOTHBICHUS JBMKEHHIO, KOTOPBIA HMPOMOPIIMOHANIEH KBAIPaTy CKOPOCTH,
YTO MPUBOJIMT K MOBBILIICHUIO PACXOJIOB TOINTUBHO-IHEPIreTHUECKUX pecypcoB. HampoTus, cHIDKeHHE 3aTpaT nu3-3a
YMEHBILEHUS] CKOPOCTH JBIKEHUS] IPUBOAT K YBEJIMUEHHIO BPEMEHH XO/Ia 10€3/1a, KOTOPbIH JIOJKeH OBbITh coria-
COBaH C I'pa(l)I/IKOM JABWKCHUSA U APYT'MMU TEXHHUKO-OKOHOMHYCCKHMMU IapaME€TpaMH, 3aBUCAIIMMU OT CKOPOCTU
JBIDKeHUs. B crarbe paccMOTpeH OAMH U3 CIIOCOOOB YMEHBILIEHHs PAacXOAOB SHEPropecypcoB Ha TSTY ITOE3]I0B.
[enbro cTaThU ABISIETCS YMEHBIICHUE PAcX0jia YJHEPrOPECYPCOB 3a CUCT OIMPEICIICHIS YJHEPrOCOSPETaoIIX PEKH-
MOB YIIPABJICHUS JOKOMOTHBOM. DTO MPOUCXOTUT MPU YCIOBHH ONTHMH3ANUU (PYHKIMH YIPABISIONIUX BO3ICHCT-
BHI IO BPEMEHH X012 M0E3/1a U Pacxo/ia SHEPropecypcoB MPH BEJCHUN MOe3/1a OT MOMEHTA OKOHYAHHS Pa3roHa 10
nepexoja Ha pexum BoiOera. Meroguka. Mertozuka BeIOOpa SHEprocoOeperaroiieil TpaeKTOpUU IBIDKSHUS 110e3/1a
W YIPABICHUS MOIIHOCTBIO AJIEKTPOBO30B M TEIUIOBO30B C AJIEKTPUUECKON Mepenaveii mpeaycMaTpuBaeT pacdeT
MHOTOBAPHAHTHBIX TPACKTOPHI C BapUATUBHBIMU HCXOIHBIMH JIAHHBIMH [ApaMETPOB COCTaBA U MOE3THOM
cuTyauu. MeToquKka YYHUTHIBAET MaTeMAaTHYeCKHEe METOAbl DPaBHOMEPHOTO IIOMCKa U apaMeTpUYecKOn
ontuMuzaimu. Jljisi paBHOMEPHOCTH JBMXKEHHST HEOOXOAMMO, YTOObI YCKOPSIOIIHME CHIIBI yPaBHOBEIIMBAIIN
samemsitonine. Pesyabrarhl. Ha OCHOBaHMM MHOTOBapHAaHTHBIX PACYETOB YCOBEPIICHCTBOBAH —aJTOPHUTM
OTPENICIICHUS SHEProCOeperaroIuX TPACKTOPHIA JBHKCHUS MOE3/a, MOCTPOeHa MHOronapameTrpuueckas (QyHKIus
YIIPaBJIEHUSI MOIIHOCTBIO JIOKOMOTHBA, KOTOpas MO3BOJISIET YMEHBIIUTh pacxoj sHepropecypcos ot 11 mo 13 %,
B 33aBHCHMOCTH OT MAacChl TOe3[la ¥ TMoe3[HOoW curyarmu. HaydHas HOBH3HA. ABTOPOM TOJYYCHEI
sHeprocOeperarmmue QyHKIUN YIPABICHUS TSATOW JOKOMOTHBA [UISI COOTBETCTBYIOIIUX PABHOMEPHBIX CKOPOCTEH,
KOTOPBIE 3aBHCAT OT MAacChl moe3fa W ykioHa. IIpakTmdeckasi 3HAYAMOCTB. B OTIIMYHE OT CYyMIECTBYIOIIUX
pa3paboTOK pAIMOHAIBLHOTO BEACHHS IOC3/I0B, JaHHAs (QYHKIMsS TpeOyeT 3HAYUTEIHHO MEHBINE MAIIHHHOTO
BPEMEHHU IPU BBICOKOH TOYHOCTH PACUETOB. DTO MO3BOJSIET UCIOIb30BATh MOJYYCHHBIC aJrOPUTMbBI B OOPTOBBIX
CHCTEMaXx yMpPaBJICHUsI JOKOMOTHBOM M 3KOHOMHHU SHEPrOPECYpPCOB.

Kniouegvie crosa: TAroBble pacuerhl; 3Heprodh(HeKTUBHOCTD BEICHHUS MOE3/I0B; KUHETUYECKAsl SHEPIUs; yIIPaB-
JICHUE MOIIHOCTBIO; TApaMeTPUIECKast ONTUMHU3ALIHS

D. M. KYSLYI"

"Dep. «Locomotives», Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan, Lazaryan St. 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (066) 625 18 59,
e-mail dmitriykisliy@gmail.com, ORCID 0000-0002-4427-894X

ENERGY SAVING MODES DEFINITION OF TRAINS HANDLING

Purpose. Traction calculations with the definition of energy-efficient trajectories provide search for rational en-
ergy consumption depending on the time course of the train. When selecting energy-efficient trajectory of the train
and the development of regime charts conducting trains must take into account variables such as: the profile of the
site, weight train, locomotive series, etc. When increasing the speed of the growth it occurs the resistance move-
ment, which is proportional to the square of the speed, which leads to higher costs of fuel and energy resources. In
contrast, the reduction of costs due to the decrease in speed leads to an increase in travel time of the train, which
should be consistent with the timetable and other technical and economic parameters, depending on the speed. The
article describes one way to reduce the cost of energy for traction. The aim of the article is to reduce energy con-
sumption by identifying energy-saving control modes. It occurs with the locomotive optimization function of control
actions on the running time of the train and the flow of energy in the management of the train from the end of the
acceleration to go to the coasts. Methodology. The technique of choice of energy saving path of the train and power
control and electric locomotives with electric transmission provides the calculation of multiple paths with variable
input data and parameters of the composition of the train situation. The methodology takes into account the uniform
mathematical methods of search and parametric optimization. For uniformity of motion needed to slow down the
accelerating forces are balanced. Findings. On the basis of calculations of multiple advanced algorithms determine
the trajectories of energy-saving trains, built multiparametric locomotive power control function, which can reduce
energy consumption by 11 to 13% depending on the weight of the train and the train situation. Originality. The au-
thor obtained the energy-saving function of traction control of locomotive for the corresponding uniform velocity,
which depends on the weight of the train and bias. Practical value. In contrast to existing development of rational
management of trains, this function requires much less computing time with a high accuracy of calculations. It al-
lows using the algorithms in the onboard control systems, locomotive and energy savings.
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