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TEXHUYECKO CbCTOAHMUE HA MECTUMWUTE PEJICOBU MbTULLIA U TAXHOTO
BINUAHUE BBLPXY TEXHONOrMYHUTE NAPAMETPU NPU CbBMECTHA PABOTA HA
XENE3OMbTHUA TPAHCMOPT C EAHOKO®OBU BATEPW.

AtaHac CmunsiHoB

MUHHO-reonoXKM YHUBEPCUTET
“Cs. ViBaH Punckwn”
Cochust 1700, Bbnrapus

PESIOME

MaynuH 3nataHoB

®unun KyamaHos

MUHHO-reonoXKM YHUBEPCUTET
“Cs. ViBaH Punckw”
Cochust 1700, Bbnrapus

Upes dopmmpaHms anapart, npunaraH B POLIECUTE W TEXHONOTMSITA Ha OTKPUTUS A0BWB € M3CrneaBaHO BNIMSIHUETO Ha TEXHUYECKOTO ChCTOSHIUE HA MECTUMMTE PENCOBM
MbTULLA BPXY HSKOW Hail-OCHOBHM TEXHOMOMMYHW NapaMeTpu Ha MUHHUTE paBoTy Npu CbBMECTHa paBoTa Ha XenesombTHIUS TPAHCMOPT ¢ eAHOKooBM Garepy.

BbBEAEHME.

TEeXHUYECKOTO CCTOSHUE Ha MECTUMUTE PENCOBM MbTULLA Ce
onpefiens OT (haKTUYECKOTO OTKMOHEHWE Ha PENICOBUTE HULLIKM
OT MPOEKTHOTO UM ronoxeHne. Hail-CbluecTBeHUTe akTopH,
KOWTO ro onpeaensT ca:

- BMOAMM M CKPUTM NporajaHus BbB BepTMKanHaTa
PaBHHa;

- BMOAMM W CKpuTM JedopMauuu B XOpU3OHTanHaTa
PaBHWHa;

- YCYKBaHE Ha MbTsi CMIPAIMO OCTa My.

MpucbCTBMETO MM BOAM [0 3akanBaHe Ha 6anacToBOTO
nerno, pa3buBaHe Ha MbTs B 30HaTa Ha HacTaBUTe (HKOMH-
TOBUTE BPbL3KM), pasxrabBaHe U CYynBaHe HA CKPENUTENHUTE
BPBL3KM MEXMY PENCUTE M TpaBepcuTe, CHYNBAHMS Ha CKpemu-
TEMHUTE BPb3KW MEXOY PENCUTE U TPaBEPCUTE, CHYNBaHUS Ha
pencu u ap.

Wntoctpauus 3a mbpeus TUN Aaea ¢ur. 1, a 3a TpeTUs — dur. 2.

lMbpBaTa ¢urypa e B3eTa OT paspaboTkata C PbKOBOAWUTEN
npo. L. CrosHoB ‘TpeBaHTMBEH KOHTPON M PEMOHTHO-
Bb3CTAHOBUTENHW paboTu Ha MECTUMMTE PENCcOBM MbTULA B
OTKPUTMSA pyaHWK “TposiHoBO” KbM “Munn Mapuua nstok” EAL”
[1], a BTOpaTa — OT paspaboTka CbC ChbLMSA PBKOBOAUTEN W C
WOEHTWYHO HauMeHOBaHue [2], HO u3cnedBalwa npobnema B
“TposiHOBO ceBep’.

FEIE TR IEYEE S E Y EE:q YA

Queypa 1. Mpachuka Ha ckpumume nombeaHusi Ha abaemuepeH
K0/10803 Ha 8bMPELIHU Hacunuwa 6 patioHa Ha AS-1600,
pyOHuK “TposHoso — 1’

N—"1T—" ~
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Ppascronnwe, m

®Queypa 2. lpachuka Ha ckpumume nomueaHUs Ha pesicogume
HUWKU 8 palioHa Ha abzemuep AS-1600, No6.
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Ot gpyra ctpaHa (haKkTN4ecKOTO TEXHUYECKO ChCTOSIHUE Ha
MeCTUMMTE PEncoBM MbTUA pesynTupa B JomycTumara
CKOPOCT Ha BriakoBeTe no TsX. Hanpumep aHanoryeH npobnem
e TpetupaH B pygHu “Kpemmkosuu®” oT AT. CmunsHoB B
paspaboTkata  “EkcnepTHa  oueHka Ha  MbTHaTa U
KenesonbTHaTa Mpexa Ha pyaHuk “Kpemukosuu” [3], kosTo e
MpU4MHa 3a OrpaHMYeHWe Ha CKOpPOCTUTE Ha [ABWKEHWe Ha
BNakoBeTe B paMkiTe Ha Be3onacHUTE UM CTOMHOCTMW. 3aLloTo
reOMeTPUYECKUTE XapakTepUCTUKU B NraH 1 npodun Ha Tesu
JIMHAN W TATOBMTE  XapaKTEPUCTWKM Ha  W3MOn3BaHuTe
NOKOMOTMBM JonyckaT ckopocT go 45km/h, Ho u paspaboTkaTta
Ha AT. CmunsHoB “Otpacnosu mpobremn 3a npemecTsaHe,
NOAADbPXKAHE M PEMOHT Ha MeCTUMMTE PencoBy MbTWLa B
PyAHUK “KpemukoBumn™ [4], CKOpOCTUTE Ha ABWKEHWE MO THX
npenopbYBa OrpaHNyaBaHe KakTo cneaga:

- BpyaHuka — ao 5 km/h no toxHa nuHns;
- B HaCMMWLLETO W cneLoTBana:
O [0 12 km/h B nocoka “npasHo”;

o J0 8 km/h B nocoka “mbnHo”.

TOYHO B TO3M CMUCBIT TEXHUYECKOTO CHCTOSHUE Ha
MECTUMMTE PErNCcOBW MbTULLA Oka3Ba CbLUECTBEHO BMMSHWE Ha
OCHOBHUTE MapaMeTpy Ha paboTa Ha pyaHWka, MokasaHo mo-
fony.

BIMNAHWE HA TEXHUYECKOTO CbCTOAHUE BBPXY
OCHOBHWTE TEXHONOTMYHU NAPAMETPI.

3a cxema, UMKCTpuUpaLLa U3NOXEHNUTE NO-A0NY Pa3ChXKAEeHMS
€ B3eTa XN Cxemarta Ha pyaHuk “KpemukoBuu”, kato ugea-
NU3MPaHO € PasChbxaaBaHO CamMo BbPXY MapLUPYTUTE PYOHWK —
HACUMULLHN XOPU3OHTY — ¢hur. 3.

Hacunume ( M nBT)
XOpM3oHT! 1588 ( M xmn)
Xopu3oHT! 600 ( M xnn)

r. Bzanosa cn. Manespexa
S~

lperos. rapa .
—— toxua 'nunns
( M mT)

L ~ 1870 m},
+ %

TOCTOSHER Y-k

PN roensont | 612 (M sex).
L~ 1870 m | N L ~ 4870 m L
ot -t

Queypa 3. lpuHyuNHa mpaHcnopmHa cxema npu U3e03 Ha
omkpuska 8 pydHuk “Kpemukosyu”

CnenBa fa ce nogdepTae, Ye HanpaBeHUTe pasChXAeHUs U
W3BOOM Ce OTHAcAT W 3a ApyruTe MapLupyTW, BKMIOYBaLLM
MECTUMU DEncoBM MbTULIA B CMELMAnU3upaHoTo feno ¢
KonoBoau 3a GapuTHa 1 XenssHa pyaa.

CxemaTa Ha ur. 3 e nofuMHeHa Ha ugesTa 3a MUHUManeH
npecToil Ha Garepa B NpeToBapHa rapa, T.e. Npeanonara ce, Ye
PYOHWKBT € MaKCMarHO HaTOBapeH, paboTy ¢ MpoekTHaTa Cu
MowHocT. ToBa mpepronara, Ye Bb3MOXHOCTUTE  Ha
WNKoCTpaTMBHATa TPAHCMOPTHa CXeMa CredBa fa ce M3nonaeat
100%.

ToBa uanckBa MUHUManeH npectoi Ha barepa 3a ga ce
rapaHTpa W3MbiHEHWMETO Ha Npou3BoacTBeHuTe obemu. B
TakbB Cryval, ako ce JomycHe, Ye DBarepbT pabotu camo Ha
OTKpWBKa, OpOSIT Ha BbL3MOXHMTE BRakoBe, OOCMYXeHu OT
Barepa 3a eauH1La BpeMe € PYHKLMS Ha BPEMETO 3a ABUKEHME

B ABETE MOCOKM M BPEMETO 3a TOBapeHe W OvakBaHe Ha
cnegpallata komnosuums. Vapassea ce upes (1).

t

ng:t K+z’ Y

mos o

KbaeTo:

N, — 6post Bnakose, paboTeLLm N0 eanH 1 Cbll MapLLpYT, KOUTO
eavH Barep e B CbCTOSHME fa 06CNyxBa N0 BpeME Ha CMSHATa;
trs — BPEMETO 3@ TOBapeHe Ha Bnaka. 3asucu ot 6pos 1 obema
Ha BaroHWTe M JeNCTBUTENHATA TEXHUYECKA NPOU3BOAUTENHOCT
Ha Garepa. 3a OMpPoCTSBaHe Ha M34MCrEHUsiTa Mo Jony ce
npuema, Ye C AOCTaTbYHA TOYHOCT € B CiNa U3pasbT (2)

tmoe = > > N ( 2)
Qmex
KbAeTo:

N, — OposT Ha BaroHMTe B [fafdeH Bnak. 3aeucu OT
reOMETPUYECKUTE XapaKTepUCTUkK B nnaH 1 npodmn (Ryix [m],
imax [%o]) HA MECTUMUTE PENCOBM MbTULLA B PYAHUKA U TATOBUTE
XapaKTepuUCTUKM Ha eNeKTPOIIOKOMOTHBITE.

V, — 06eMbT nibTHa Maca (B Cryyast OTKpUBKA) B €AMH BaroH;
Quexs — TEXHMYECKA MPOM3BOAMTENHOCT Ha barepa.

Mpon3BeneHNeTo N,.V, BCHLIHOCT NPeaCTaBnsBa NonesHuUaT
TOBap, NPeB03BaH OT Briaka. Toil 3aBUCK OLLE OT MaKCUMATHNSAT
HaKMOH Ha HAAMbXHMS NPOMUN HA MECTUMUTE U MOCTOSHHIATE
PENICOBN MbTULLA, PaaMycUTE Ha KPUBMTE W AOMbIHUTENHOTO
UM BIMSHWE BbPXYy MaKCMMasnHaTa CTOMHOCT Ha HaKMoHa B
KOHKPETHMSI y4aCTbK.

MonseanuTe B pyaHWKka nokomoTuem ca EL-2 tun “Bo — Bo”.
/3BbpLueHuTe TArosu usumcnenns (no metoga Jluneux MIIC,
npeactaBeH B [5] no pedyumMpaHust HapmbxeH npodmn (c
OTYMTaHe AOMbIHWUTENHOTO BIMSIHWE HA CLMNPOTUBMEHWE OT
kpueuTE) B [3] NOKa3Ba CTOAHOCTW Ha BPEMETO 3a [BUKEHWE N0
lOXHa NUHUS B pyaHUKa — Tabn. 1.

Tabnuya 1. Pesynmamu om mse2o8u u3yucnieHus no [3].

Mpy pepykuMsTa Ha CTOMHOCTUTE Ha HAKMOHUTE BRMSHUETO
Ha paguycuTe Ha KpMBMTE MO Ta3W OTCEYKA € OTYETEHO MO
copmyna (3) o [5].
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l
Wz i Lsr ey, (3)
W R wl,
KbOeTo:

W, — CbnpoTMBREHNeTo 0T KpuBaTta B %o;

R - paguyc Ha kpusaTta B m;

t — abconTHa BenWYMHa Ha HENoraceHoTo LEHTPOBEXHO
ycKopeHue B m/s?, onpeaeneHo no dopmyna (4).

X 2

T:3V—-ﬁﬂ.g,m/s2 (4)
n13.R Sy

KbeTo:

V/ - ckopocTTa Ha Bnaka m/s;

h — HagBULEHMe Ha PencoBKs MbT B KpuBaTa mm;
S = 1500 mm — 0coBOTO MeXaypencue;

G = 9,81 m/s? — 3eMHOTO yCKOpEHHe,

lx =M, AbMKMHATa Ha KpKBaTa;

lsn =M, ABIDKMHATA Ha Braka.

MonasaHuTe B pyOHIUKa BaroHM ca TUM AyMnkapy, Gbnrapcku i
pycku, ¢ 0Bem 40 m?, 4eTprocHM.

Mo obemHOTO Terno Ha OTkpuBKaTa, obema Ha BaroHa M
TapaTa My e npecMeTHaTo OOLOTO Terno Ha BaroHuTe BbB
Bnaka. OCHOBHOTO CbNPOTUBIEHME NPY [BUKEHMETO Ha Braka e
OTYETEHO CHOTBETHO:

- 3aBaroHuTe — no opmyna (5) — no [5].

W V+65 (5)
° 12+ 0,55

KbaeTo:

W, = — OCHOBHO CbMPOTUBrEHWE Ha [BUXEHMETO 3a

YETUPUOCHM BaroHw;
V - ckopocT Ha Bnaka km/h;
q — BpyTHO Terno Ha BaroHa B t;

- 3a eneKkTPONOKOMOTMBMW MpU TAMOB M BE3TAMOB pPeXum
Ha [BWKeHWe CbOTBETHO No hopmynu (6) v (7) no [5].

W, = 1,9+ 0,010+ 0,0003.) (6)

= 2,4+ 0,11V + 0,00035.)> (7)

06

KbOeTo:
V - ckopocT Ha asukerue B km/h.

B ocraHarmTe fBa y4acTbka no cxemara Ha ¢wr. 3
MaKCUManHUTE HaKMOHW Ca B 30HUTE Ha MNOAXOAUTE KbM
cTbrnanata Ha HaCUMNLLETO 1 C BNUSHUETO Ha KPUBONUHENHUTE
yyacTbuM He Hagxebpnat 9%. [lopagn TOBa B THX
OrpaHWyeHusiTa Ha CKopocTTa Ca CaMo MO reomeTpusita u ce
oTyuTat no copmyna (8)

V=R, km/h (8)

KbaeTo:

R —,m paguyc Ha kpusuTe;

C — KOHCTaHTa. 3aBuUCK OT LIMpUHATa Ha MeXAypencueto u

rofieMmHaTa Ha HafBMLLEHWETO Ha BbHLUHATA PENCoBa HULLKA.
3a cromnHocTu ot 150 go 200 meTpa ce npenopbyBa CTOMHOCT

Ha ¢=3,4 — no Ct. TpHoadunos B “CTPOMTENCTBO Ha OTKPUTH

pyaHuUK’ [6].

MakcumanHaTta JOCTUXMMa CKOpOCT B Tean yyacTbuy 6e3 fa
Ce OT4MTa TAXHOTO TEXHUYECKO CbCTOSHWE € B NOpsAbKa Ha 45
km/h (Mo reomMeTpuyHM XapakTEPUCTUKIA Ha MiaHa v npodmna 1
Mo TArOBM XapaKTepUCTMKW Ha MpuiaraHute JOKOMOTMBN).
HonycTumata MakcuManHa CkopoCT Ha BakoBeTe B pyaHuKa e
NMMUTUpPaHa C BbTPELLHM 3anoBeay, 060CHOBaHM Cbe [4].

to — (no chopmyna (1 )) e BpeMeTo 3a O4YakBaHe Ha Bnaka OT
Barepa. TpaHcropTHaTa Cxema npu MpeToBapHa rapa B pyaHuKa
Mo3BONsBa TOBA BPEME @ CE CBELE 40 MUHAMYM, T.€. 10 BpEMETO
3a MaHeBpu 3a MpOMyCkaHe Ha Yakalws npaseH Bhak creq
HaryckaHe Ha Beye HaToBapeHaTa KoMMOo3uLS.

t - (no chopmyna ( 1)) e BpeMeTo 3a M3BBPLUBAHE HA MbeH
Kypc v ce onpegens no ( 9)

T N A 0 S AN N (9)

km mn nocm'n .p mexu'n .o0p3

KbaeTo:

tr - BpEeMeTO 3a HaToBapBaHe no (2)

tw - BPEMETO 3a [ABWKEHWE HA Baka Mo MeCTUMMTE MbTULLA OT
KOHKPETHWS MapLUpYT W ce onpedens no dopmyna (10)

20 1

imn

t, = —=—.h (10)

mn

KbOeTo:

YMCTIUTENST U3pa3siBa CyMapHaTa AbIkMHA Ha BCUYKW OTCEYKM, MO
KOWTO BMaKbT Ce ABKM BbPXY MECTUMM PENCOBK MbTULLA B ABETE
MOCOKM MO KOHKPETHUS MapLLIPYT;

Vi(w n) - CkopocTTa Ha Briaka no mectumuTe mbtuwa B km/h v e no
(4]

t rocr.n - BPEMETO 33 ABWXEHIE HA Briaka Mo MOCTOSHHUTE PercoBy
MbTULLA OT ChLLUMS MapLUPYT 1 ce onpegens no (11)

oo X ]j [j U
tnoam.n B e g_ Pt 0’ Oozsd’ h (11)
w

1IN n np
KbAETo:
Z ) ;= CyMapHata ObiTKMHa Ha OTCEYKUTE C MOCTOAHHW PEencoBu

MbTULLA 33 KOHKPETHUS MapLLPYT;

V, - ,km/h ckopocTTa Ha MbnHus BRak;

Vi - .km/h ckopocTTa Ha npaaHus Brak;

t, - BpemeTo 3a pasToBapBaHe Ha KOMMoavuwmsTa. 3aBuCM OT
MOLLHOCTTa U M3MPaBHOCTTA Ha KOMMPECOpUTE B NOKOMOTUBMTE,
M3MPaBHOCTTA M MOLLHOCTTA Ha Bb3AYXONpeHOoCHaTa cuctema u
NHeBMAaTUYHUTE Pa3TOBAPHM CUCTEMMW Ha BaroHuTe. lNpn Bnak
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C nocTosHeH Opoii BaroHM 1 JIOKOMOTMBM TOBa BpeEME €
OTHOCHTENHO MOCTOSIHHA BENTMYMHA;

trexi.n - 3ABMCY OT MAPLLPYTa, KOMOBO3HOTO PasBUTUE, MHCTaNaLuMTe
32 OTBapsHe W 3aTBapsHe Ha XN CTPenkuTe, BMAa Ha
KOMOBO3HMTE TPAHCMOPTHU CxeMu. [pu KOHKPETHWS CITyuai € ChLUO
OTHOCWTENHO MOCTOSHHA BenMiMHa tp, - BpeMeTo 3a Apyr
380pbXKA OT BCAKAKBO €CTECTBO. Hait-ronsma OTHOCUTENHa TeXecT
MMaT BPEMETO 3a OTCTpaHsBaHe Ha OTKasuTe N0 HAKOW OT
MOLCUCTEMUTE Ha XN TPaHCropTa: PercoBus MbT, BO3UNATa U T.H.
BbavmoxHOCTUTE My 33 CBeXdaHe [0 MMHMMYM ca B Jobpe
Opa3MepeHUTe [EMHOCTW MO  MNAHOBOMPEAYNpesuTEnHUTE
PEMOHTW 3a BO3WnaTa M MOAABPKAHETO Ha MeCTUMUTE W
MOCTOSHHWTE PENCOBM MbTULLA B JOBPO TEXHNYECKO CHCTOSHUE.

TNecHo ce cboBpa3siBa, Ye 3a KOHKPETHUS MapLLPYT MO npuMepa
oT cur. 3 MeCTUMMTE MbTULLA MMAT Halt-CbLUECTBEH OTHOCUTENEH
pan B anrebpuyHata cyma 3a tx. BugHo e, ye camoTo Bpeme 3a
ABWKEHNE € C 0BpaTHOMPONOPLMOHANHa 3aBICUMOCT OT CKOPOCTTa,
orpaHu4aBaHa Cue 3anoseam no [4] .

fAcHo €, Ye ako ce Mpunoxar LenecbobpasHu UHXEHEPHM
MeponpusTUsl, KOMTO fa NPOTUBOAENCTBAT E(EKTUBHO W
CUrypHO Ha WHTEH3WBHOCTTA Ha HaTpynBaHe Ha OCTATb4HM
pedopmaum,  TEeXHWYECKOTO  CbCTOsHME LWe ce  nopobpu
3HaunTenHo. Toea 61 no3sonuno B 3HameHaTens Ha (10)
pencTayBalmTe no [ 4 ] ckopocTu Aa ce 3aMEHST C NO-BUCOKM.
IMpn nocTuraHe Ha yBenuueHue ot nocoueHute (5), (8) 12 km/h Ha
15 km/h, nopagu ronemmus OTHOCWTENEH AN Ha BPEMETO 3a
ABWXEHWE MO MECTUMUTE Y4acTbLy, CbLIECTBEHO Ce yBennyaBa
OposiT Ha KypcoBeTe, KOWUTO eOWH BMaK M3BbPLIBA NPy
0bCrnyXBaHeTo Ha efyvH U Cbluy Barep.

Taka ce OCbLieCTBABA BEPUXHO BMMSHUE BbHPXY
peauLa BaxHW TeXHOMOMYHM NapameTpu. Hanpumep:
- BposT Ha KypcoBeTe, KOWTO NpaBy evH BNak.

T:’;u tpen
rep——r,
t

K

(12)

KbaeTo:
Tew — MPOABIDKUTENHOCT HA CMAHaTa B h;

toern — PEFMAMEHTMPAHO BPEME 3a MPErnean W PeBuans Ha
BaroHuTe 1 JIOKOMOTMBITE MPEMN W N0 BPEME Ha CMSHATA;
t.— BpemeTo 3a MbrieH Kypc Ha Braka.

- [pou3BoanTenHOCT Ha Braka:

Q&v.(c,n) = r'ne VH ( 13)
- npOI/I3BO,£I,VITeJ'IHOCT Ha BaroHa:

Qfm (em)
Qg.(c.w) - (14)

.
Mo CbLMs HAUMH MOXE [a Ce NOKaXe CbLLECTBEHOTO BIMSIHIE
Ha MECTUMUTE PENCOBM MbTULLA BbPXY CrIEAHUTE TEXHOMOTUYHM
napameTpu;
- 06wy bpoit Ha KypcoBe B CMsIHa:

w
- IW (15)
na'V(:
Kb[eTo:
W - cmeHHMs ToBapoobOpOT Ha M3BO3BaAHATa OTKPMBKA MO
npumepa;

f=1,2-1,25 — npenopbunTeneH KoeuUMEHT Ha pe3eps C
LieT rapaHuMs Ha CMEHHWS TOBapoobopoT.

- 06w bpoli Ha BnakoBeTe B PyAHUKa:

Na =, (16

- 06w 6poi Ha BaroHUTe B pyaHMKa:

N, = N, .nfp (17)

OnpenensHeTo Ha WHBEHTapHUs OpOA Ha BaroHUTe W
NOKOMOTMBHTE Ce U3BBPLLIBA MO U3BECTHITE (HOPMYITK, MpUNaraHu B
npolecute Mpu OTKpUTUS O0BMB 1 3aBMCKM OT Bb3npueTata
OpraHu3auust Ha pabota B OTKPUTMS PYOHWK, YTBbpAeHaTa
cucTeMa  Ha  MMAHOBO  MpeaynpeauTenHi  PEMOHTH,
kBanMdMKaLUMsSTa Ha MALLMHUCTUTE, PEBM3OPUTE U PEMOHTHUS
nepcoHar, CbCTOSHUETO Ha TEXHWKaTa 1 Mp.

Ha BTOPO MsiCTO, 0BBbP3aHO C TEXHOMOMUSITA HA MMHHUTE
paboTh, MECTUMUTE PENCOBM MbTULLA BIUSAAT BbPXy fpadvka Ha
[BVKEHVETO HA BrIAKOBETE M OT Tam BbpXy MporyckaternHara
MPeBo3Ha CMOCOBHOCT Ha pyaHUYHATa KenesombTHa Mpexa. B
OTKPUTUTE PYAHWLM Ce MpunaraT pasnuuiu rpadmuy. OcHOBHUTE
ca napaneneH W nakeTeH. B pasnuuyHute MaplpyTM Ha
Pa3MNUYHUTE PYAHULM Ce MpUraraT 1 fBaTa Tuna.

Hanpumvep npu napariereH rpadwk, BpeMeTo HeobXxoaumo 3a
MporyckaHe Ha BCEKW YMCT BRakoBe npe3 JaaeHa oTcevka (Ha
npumepa Ha cur. 3 NN 3a KOHKPETHO MEXyrapiie) Mo eauHUYHa
TMHKS €
T=t+t+2I, min (18)

KbAEeTo:
T - nepuog Ha rpacuka Ha BUKEHME Ha BNaka;
ti u t, — BpeMeTo 3a NpuABKKBaHE Ha Bnaka B NOCOKA “MbAIHO” 1
CbOTBETHO “NpasHo”;
t — BPemMeTO 3a onepauun npy NponyckaHe Ha Briaka B [BeTe
HanpaBIeHus.

B TakbB cnyqaﬂ I'IpI/I eQuHN4YHa nUHUA nponyCKaTenHaTa
CnocobHocCT €:

T-t

pean

peat 19
t+t,+ 21 [19)

Nép

KbOeTo:
N — nponyckaTenHa cnocobHOCT Ha y4acTbKa;

T — NPOABMKMTENHOCT Ha CMSHATA;

toern — PErNamMeHTMpaH npectoit. 3a geHoHowe Te ca okono 180
min.
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OTHeceHO KbM OTCEYKMTE C MECTUMM Xn nuHuM oT (19) e
BMIHO CBLUECTBEHOTO 3HAYEHME Ha BPEMETO 3a ABMKEHWE Ha
BrakoBeTe Mo TaX. TO 3aBWCKM OT CKOPOCTTa WM, a T — OT
TEXHWYECKOTO UM CbCTOSIHIE.

Taka ce Brnusie BbPXY npeBo3Hata crocobHoct “M’ Ha
OTAENHUTE OTCeYKM W KOMOWHMPaAHUTE OT TAX MapLupyTw,
NpemMuHaBaLLy Npe3 kanuTanHaTa TpaHLUes.

N
M=—nyq, 20
: (20
KbAeTo:

f — koeduUMeHT Ha pe3seps;
Qu — NMOMNE3EH TOBap Ha BMaka;

3apace yBENN4M NpeBo3HaTa CnocobHOCT Ha KoM
0a € MapLpyT ca Bb3MOXHW CneaHuTe nogxoau:

- yBenu4yaBaHe CKOPOCTTa Ha ABWXEHWE Ha BMakoBeTe. B
YacTTa, 3aBucella OT MeCTUMUTE PENCOBU MbTULLA TOBa €
[OCTWXMMO Camo Npu peanu3auma Ha TakuBa UHXEHEPHU
MeponpuaTna, Kouto fuxa noBMLLMMNK CbLLECTBEHO
TAXHaTa yCTOVI‘-IVIBOCT;

- yBenM4aBaHe TErNoTO Ha Bnaka. [ocTuxumo e (B yacTTa,
3aBucela OT MEeCTUMUTE pPencoBM MbTUA) Mpy
peanuaaums Ha  MeponpusTus, MOBULLIABALLM
YCTOYMBOCTTA HA NUHUNTE, T.€. - TOPHUS CrIy4al Unu npu
yBenuyasaHe Opos Ha NOKOMOTMBWTE (COBOEHa Tsra) W
npuriaraHe Ha MOTOP-BaroHHM CEXLM;

- YCbBbpLUEHCTBAHE Ha CpPeACTBaTa 3a MPUOBKKBaHE,
oTBapsHe U 3aTBapsHe Ha XM CTpernkute 3a obpasyBaHe
Ha KOHKPETHUTE MaplipyTi. Hamupa npunoxexue npu
HaluMTe  YCroBMS, HO  BCAKO  MO-HAaTaTbLUHO
YCHBBPLUEHCTBAHE HA Te3W CUCTEMM € CKbMo U ce
ofescMucnsi ako TMpedn TOBa He Ca  peanmaupaHi
MEponpUsTUA  3a  MOBMLUABAHe YCTOMYMBOCTTA  Ha
MECTVMMTE PErCoBM MbTULLA.

MokasaHata [0 TyK MeTOOMKA 3@ W3ACHSBAHE BIMSHMETO Ha
MECTUMMTE PErCOBYN MbTULLA BbPXY TEXHONMOTUYHUTE NapaMeTpu e
OCHOBaHa Ha  CUCTeMaTManpaHus B TEXHOMOTMYHUTE
BUCLMNINHK (MO TEXHOMOrWs Ha OTKpUTMSA fobus) opmyneH
anapar — [7], [8] u ap. 3a npumepa no dur. 3 He e npobnem fa ce
nokaxe C uupy no paspaboteHata MeToaMKa BMUSHUETO Ha
CKOpPOCTTA Ha BrakoBeTe MO MECTUMUTE XXM TUHAM BbPXY
n3bpoeHMTe  TEXHOMOMMYHW  napameTpu.  Hanpumep, ako
TEXHUYECKOTO ChCTOSHUE HA MECTUMIUTE PENCOBU MbTULLA Ce
nogobpu M NO3BOMW yBeNM4YaBaHe Ha CKOPOCTTa Ha ABWXEHME
Ha 15 km/h, TO BpemeTo 3a eaunH Kypc Hamansiea ¢ 40 %, 6posiT Ha
KypcoseTe ce yBenuyasa ¢ 50 % U T.H.

Ako TexHudeckata npou3BOAMTENHOCT Ha barepa ce
npupaeHu ¢ Tasn oT chopmyna (2) ce nonyyasa (21):

n VK 3600.E ;
- Sl Y 21
Q&H tmoe t;‘ngHJQ P ’ H H ( )

KbaeTo:
E — obem Ha kodata Ha barepa;

tTeXH.u = tK + tnos + 2t3 + tp + t'qp_g

t,— Bpeme 3a konaeHe (HambnBaHe Ha kodaTa Ha barepa);

t, — Bpeme 3a 3aBbpTaHe Ha barepa OT MACTOTO Ha komaeHe Ao
MSACTOTO Ha Pa3ToBApPBaHE Ha BaroHa;

t, — Bpeme 3a pasToBapBaHe;

thos — BPEME 3a CMyCKaHe 1 NoBAMraHe Ha kodata;

tips — BpeMe 3a Apyru 3apbKKK;

K, — koednUMeHT Ha HambBaHe Ha kodaTa. Moxe aa 6bae no-
FONAIM WM NO-MaTbK OT eauHuLa.

Ks < 1 — koeduumeHT, 0TpassiBaLy TpyAHOCTTa Ha 3a60s;

K, > 1 — koeduumeHT Ha pa3byxBaHe Ha AadeHaTa noyea
(ckama) oT macwmea.

3awmecTBalik CTOMHOCTTa Ha tos OT (21) ¢ Taam ot (1) ce
noryyaBa TexHOMorMyHata OOBpb3ka MeXZy CKOpOCTTa Ha
BMakoBeTe MO MECTUMUTE JIMHWM, M3pa3eHa Ype3 BPEMETO 3a
LBIKEHWE MO TAX U NPOU3BOAMTENHOCTTA Ha barepa — (22)

tnz\]/vV{( : 3t600.E. | F\ms/hH (22)
K - 1o Jlgxu.u p

Bpb3kata CbC CMEHHaTa W roguiLHaTa NPOW3BOAMTENHOCT €
no m3BectHute OT [7], [8] W Ap. 3aBMCUMOCTM U MOXe Aa ce
nokaxe BIMSHMETO Ha CbCTOSHWETO, M OT TaM — Ha camuTe
MECTUMU PencoBW MbTUWA BbpXy TakMBa  CbLUHOCTHMU
TEXHONOTMYHM NapameTpy KaTo CKOPOCTTa Ha HanpedBaHe Ha
pabOoTHWS PPOHT B KOHKPETHWS PYLHMK U T.H.
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MbpBo:

MokasaHa € Bpb3kaTa MeXQy TEXHUYECKOTO CbCTOSHWE Ha
MECTUMMTE PENCOBM MbTULWEA W OCHOBHUTE TEXHONOMYHN
napaMmeTpu Ha TPaHCMOPTHWUA MpoLec npu CbBMecTHa paboTa
Ha eaHokodoBK Barepu W kenesombTeH TpaHCnopT (hopmynu
0T (2) 8o (20)) C €AHOMbTHU NMHUK.

Bropo:
lMokasaHa e KONWYecTBEHaTa 3aBMCUMOCT — MEXIy
TEXHWYECKOTO CLCTOSHUE HAa MECTUMWTE PENiCoBM MbTULA M
OCHOBHWTE TEXHOMNOMMYHM MapamMeTpu Npu OTKPUTU  MUHHK
13paboTkM Ha npumepa Ha NPOM3BOAUTENHOCTTa Ha barepa npu
cbBMeCTHa paboTa Ha eaHokodoBu Garepn W xn TpaHCMopT
(cbopmyn (21) 1 (22)) Npu €AHOMBLTHA AHNK.
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The effect of technological condition of movable railroads on some of the technological parameters of combined mining operation of railroad transport and single-bucket

excavators is studied by means applied to the processes and technology of opencast mining.
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INTRODUCTION

Technical condition of movable railroads is determined by the
real deviation of rails from their design postioned. The most
important factors to determine deviation are as follows:

visible and hidden settlements of the vertical plane;
visible and hidden deformations in a horizontal plane;

torsion of road round its axis.

The above factors bring to mudding of the gravel ballast bed,
breaking of railroad in the zone of joint connections, loosening
and breaking of joints between rails and sleepers, breaking of
rails bringing to visible or invisible settlements.

The first type of deformations are shown in fig. 1, and the third
type —in fig. 2.
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Figure 1. Response of invisible settlements of spreader railroad
of inner dumping areas at the AS-1600, No 3, “Troyanovo - 1’
mine
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Figure 2. Response of invisible settlements of railroads at the
area of spreader AS-1600, No 6, “Troyanovo north”

The first figure is shared by a project, managed by Prof. D.
Stoyanov “Preventive control and repair and maintenance of
movable railroads at the “Troyanovo” opencast mine of the
“Maritza-East” EAD mines [1], and the second — by a project of
the same author and identical title [2], but studying the same
issues at the “Troyanovo-sever’ mine. Measurements were
carried out in October 1998.

On the other hand, the real technical condition of movable
rialrods results in the admissible speed of train cars on them.
For example, similar issue is treated at the “Kremikovtsi” mine
by Atanas Smilianov in the project entitled “Expert assessment
of road and railroad network at the “Kremikovtsi” mine [3], which
is the reason for limiting the speeds of motion within their safe
speeds. However, geometrical characteristics in the plane and
section and haulage characteristics of locomotives allow a
speed up to 45km/h, however the project of Atanas Smilianov
“Problems of the moving, maintenance and repair of movable
railroads at the “Kremikovtsi” mine [4], recommends speeds of
moving along them limited as follows:

in the mine — not more than 5 km/h along the southern
line;
in the dumping area and the special dumping site:
not more than 12 km/h in direction “empty;

not more than 8 km/h in direction “full”



Considering the above mentioned, technical condition of
movable railroads effects significantly on major operating
parameters of the mines, shown below.

EFFECT OF TECHNICAL CONDITION ON MAJOR
TECHNOLOGICCAL PARAMETERS

The concept consists in presenting the effect by formulas,
applied in technology of opencast mining. This is implemented
by showing the consecution and interrelation of commonly
applied formulas, describing the movable railroads in a more or
less evident type.

Below presented cconsiderations are shown in the example of
the scheme of railroad transport of the “Kremikovtsi” mine, and
even more, to simplify the model, only mine — dumping area
routes are treated - fig. 3.
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Figure 3. General haulage scheme for transportation away of
overburden from the “Kremikovtsi” mine

It is worth mentioning that considerations and conclusions
refer to other routes as well, including movable railroads in the
specialized depot with different ways for barite ore and iron ore.

The scheme in fig. 3 is subordinated to the idea of minimum
idle time of excavator at the re-loading station, i.e. the mine is
supposed to work with its maximum design capacity. That
suggests 100 % use of the capacities of the illustrated haulage
scheme.

That requires a minimum idle time of the excavator to
guarantee the performance of production capacities. In that
case, if admitted that excavator works only for overburden, the
number of trains, serving the excavator for a unit time is a
function of time for moving of train in both directions and time
for loading and unloading and expecting the next composition. It
is shown by (1).

- tK
N, = — (1)

where:
N. —number of trains, operating in one and the same route, and
served by one excavator during a shift;
t:e — time for loading of train. It depends on number and volume
of cars and actual technical productivity of excavator. The
expression (2) is accepted as precise enough to simplify below
the presented calculations

n.V
Loy = 2
moe ngx ( )
where:

n. — number of cars in a train. It depends on geometrical
characteristics in layout and profile (Ruin [M], imax [%0]) of movable
railroads in the mine and haulage characteristics of electric
locomotives.

Vs —volume of mass (in that case overburden) in one car;

Quexs — technical productivity of excavator.

The product n,.V, represents the useful load, transported by
the train. It depends on the maximum slope of longitudinal
sections of movable and constant railroads, radiuses of curve
and additional effect on the maximum value of slope within the
specific portion of the railroad.

The locomotives used at the mine are E type “Bo — Bo”. The
haulage calculations, carried out (by method of Lipetsk MPS,
shown in [5] according to a reduced longitudinal section (reading
the additional effect of resistance of curves) in [3] show values of
time for moving on the southern line of the mine as follows -
table 1.

Table 1. Results of haulage calculations, carried out by [3].

When values of slopes are reduced, the effect of radiuses of
the curve within that portion of the railroad is read by the formula
(3) according to [5].

)

k.
lH.T

wo= X290, s 4
R w
where:
W, - resistance from the curve in %o;
R - radius of the curve in m;
t - absolute value of non-compensated centrifugal acceleration

in m/s?, determined by formula (4).

(3)

X V2 oohu
- - 24, 4
TTIBR si® (4]



where:
V - speed of train m/s;
h — exceed of railroad transport in the curve mm;
S = 1500 mm - axial distance between rails;
G = 9,81 m/s? — earth acceleraion;
l, m — length of curve
lsn, M — length of train.

The cars used at the mine are of dumpcar type, both Bulgarian
and Russian manufacture, with a volume of 40 m?, four axes.

Bulk weight of overburden, volume of car and own weight of
car are used for calculating the total weight of cars of the train.
The principal resistance of train is read as follows:

for cars — by formula (5) — according to [5].

V65 (s)
° 12+ 0,55¢

where:

W, " - principal resistance of mition of the four cars;

V - speed of train km/h;
q - gross weight of car in t;

for locomotives in ghaulage and non-haulage mode of
operation, respectively by formulas (6) and (7), according to [5].

W, = 1,9+ 0,017+ 0,0003.) (6)
W, = 2,4+ 0,11V + 0,000357° (7)
where:

V- speed of moving in km/h.

In the other two portions of the railroad, according to the
scheme in fig. 3, the maximum slopes are within the zones of
roads towars benches of dumping area and combined to the
effect of curved portions they do not exceed 9 %. For that
reason speed is limited only by the geometry and is considered
by the formula (8)

V=R, km/h (8)

where:
R, m —radius of curves;
¢ — constant. It depends on width between rails and value of
overheight of the outer rail.

A value of c=3,4 is recommended for values from 150 to 200
meters, according to S. Trendaphilov in “Construction of
opencast mines” [6].

The maximum achievable speed in those portions of the
railroad, not reading their technical condition, is about 45 km/h
(according to geometrical characteristics of the layout and
section and haulage characteristics of locomotives applied). The

admissible maximum sped of trains in he mineis limited by in-
company orders, reasoned by [4].

to — (according to formula (1 ))is time for expecting the train by
excavator. The thransportation scheme for re-oading station allows
reducing that time to the minimum, i. e. time for maneuvres for in-
coming of the empty train after out-going of the full one.

t« — (according to formula ( 1)) is the time for a complete route
and it is determined by ( 9)

LoZ Eob t bl FEabL ohE (9)
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where:

tr — time for loading, according to (2)

tun — time for movement of train along movable railroads of specific
route and it is determined according to formula (10)

2e1

t,, V;,‘,,, (10)
where:

the numerator shows the total length of all portions of the railroad,
where the trains moves along movable railroads in both directions of
specific route;

Vi(w n) — speed of train along the movable roads in km/h and
according to [4]

t e n — time for motion of train along the constant railroads of the
same route and determined according to (11)

LoL, ooozsd h (11)
v,

m
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where:
S 1, -total length of portions of constant railroad for a specific route;

V,, km/h — speed of full train;

Vi , km/- speed of empty train.

t, — time for unloading the frain. It depends on power and faultless
work of compressors in locomotives, faultless work and power of air-
conductive system and pneumatic unloading systems of cars. In the
case of a train of constant number of cars and locomotives that time
is a rather constant value;

trewin — depends on the route, railroad track development, installations
for opening and closing of railroad switching arrows, type of track
transportation schemes. For the specific case it also is a rather
constant value.

taps — time for other retains of any kind. The highest is the weight of
time for repairing faults of some of he sub-systems of railroad
transport: railroad itself, vehicle etc. Options for reducing that time to
the minimum are consist in well-dimensioned activities of scheduled
repair of vehicles and maintenance of movable and constant roads in
a good working condition.

It is evident that for the specific route from the example in fig. 3
the movable railroads have the most significant relative share in
the algebraic total for t. It is evident that time for movement itself
reverse proportional to speed, limited by the order, according to [4] .



It is evident that if recommendable engineering activities are
suggested that may effectively and reliably counteract to to
intensity of accumulation of residual deformations the technical
condition will be significantly improved. That will allow speed
acting according to [4] to be changed with higher ones in the
denominator of (10). When an increase of the above speeds of
5/8/12 km/h to only 15 km/h, due to the high relative share of time
for moving along the moveable portions of the railroad, number of
routes by one and the same train for serving one and the excavator,
is significantly increased.

Thus a consecutive effect on a number of important
technological parameters occures. For example:
Number of routes, done by one train;

T -
r@? cm tpez.t , ( 12)

tk"
where:
Tew — duration of shift in hours h;
tem — regulated time for review and revision of cars and
locomotives before and after the shift;

t, — time for total route of train.

Productivity of train:
Q&v.(c.u) = r'ne ’va (13)
Productivity of car:
QB7 (cm)
= e 14
Q&(aw) n ( )

The effect of movable railroads on the following technological
parameters may be shown in the same way:
Total number of routes for shift:

r= 17 (15)
ns'l/rf
where:

W - shift loading of volume of transported overburden according
to the example;

f=1,2-1,25 - recommended coefficient of reserve aiming to
guarantee the shift loading.

Total number of trains in the mine:

Na= . (16]

Total number of cars in the mine:
N, = N_.nfp (17)

Determination of inventory number of cars and locomotives is
realized by formulas, applied in opencast mining and according
to approved organization of work in the opencast mine,
approved system for planned repairs, qualification of machine-

operators, reviewers and other repairing staff, condition of
equipment etc.

At the second place, movable railroads effect on the time-
schedule of train movement and therefor on permission and
haulage capabilities of the mine railroad network. Different
versions of time-schedules are applied in opencast mines. The
main types of time-schedules are the parallel ones and the
package one.

For example, in the case of parallel time-schedule, time necessary for
permitting of a couple of trains through a certain portion of the railroad (in
the example of fig. 3 oror certain distance between two stations) along a
single line is:

T=t+t+2I, min (18)
where:

T - period of the time-schedule of train movement;

t; and t, — time for moving of the train in direction “full” or

direction "empty”, respectively;

t - time for maneuvers for permitting the train in both directions.

In the case of a single line the permissible ability is:

T-t
Nz — = (19)
Lttt 21
where:

N - ability of the portion to permit trains;;

T - duration of shift;

toern — regulated idle time. For a 24 hour day the idle time is from
180 min to 300 min.

The importance of time for moving of trains is evident related
to portions of movable railroads from (19). It depends on the
speed, and speed depends on technical condition.

Thus an effect is exerted on haulae ability “M” of different
portions and combinations between them, crossing the capital
trench.

N
M=—nq, 20
; (20

where:
f — coefficient of reserve
qu — useful loading of the train;

The following approaches are applied to increase the haulage
ability of any route:
increase the speed of train movement. In the portion , depending on
movable railroads that may be achieved only by realization of
engineering activities, which will significantly incrase their stability;
increase of weight of train. It may be achieved (in the portion,
depending on movable railroads) by the realization of activities,
icreasing the stability of lines, i.e. the upper case or increasing the
number of locomotives (coupled haulage capability) and aplication
of motor-car integrated sections;

improvement of the means of moving, opening and closing of



railroad switching arrows for formation of specific routes. That is
applicable to our conditions, however, each further improvement of
those systems is expensive and senseless in case all other activities
for improvement of stability of movable railroads have not been
performed before.

The entire above presentation shows that technical condition
of movable railroads effects synthetically through the admissible
speed. For the example in fig. 3 It may easily be shown that if
speed is increased to 15 km/h (compared to admissible speeds
- see the initial page), then the time for one route will be
reduced with 40 % and numbr of routes done by one train will be
increased with nearly 50 % etc.

This may be digitally shown for all the technological
parameters of haulage system, shown by the dependencies
(12), (13), (14), (19), (16), (17), (19) and (20). In a reverse
aspect the effect on important technological parameters of mine
equipment — technical, shift, week productivity of single bucket
excavators may be revealed.

CONCLUSION

The dependencies are presented, where speed of motion of
trains on movable railroads, directly or indirectly, effects on the
technological parameters of haulage.
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