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under the action of gravity, Archimedes and speed pressure
stays in equilibrium.

Originality. The mathematical model of a soil particle
motion along the generatrix of submarine face suction area
has been developed. The submarine face of the hydraulic
dredger has been for the first time examined as an area li-
mited by the suction area of the previously distended soil.

Practical value. Analytical dependences for determi-
nation of suction stream speed on the border of subma-
rine face suction area allowing a particle to stay in
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equilibrium have been got. Analytical dependence for de-
termination of pulp suction radius has been obtained.
Dependences allow setting the scope of pulp suction area
in the submarine face, and defining the volume of soil
mined out by the hydraulic dredger.
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METHODOLOGY FOR DETERMINATION
OF ROPE VEHICLES ENERGY CONSUMPTION

Heanb. Pa3paboTka METOANKN ONPENETICHHUS SHEPTeTHUECKNX 3aTPaT KaHATHBIX TPAHCIIOPTHBIX CPEACTB AJISI paciIn-
peHus 06acTu 3 PEKTUBHOTO UX MPUMEHEHHS B yCIOBUAX TOPHOTO IPOM3BOCTBA.

MeToaunka. PemeHre nocTaBineHHbIX B paboTe 33/1a4 BBINOIHIIOCH KOMIUIEKCHO ITyTEM aHAIN3a CYIIECTBYIOIIHX MO-
XOJIOB K OIPEZIENICHHIO SHEPro3aTpaT Ha OTKPBITHIX TOPHBIX padoTax, 0000IICHHS BO3MOXKHBIX CXeM KaHaTHOM OTKATKH IPy-
30B, BEIOOPA €IMHOI0 KPUTEPHS OLICHKHU M COCTABJIEHUS aJrOPUTMa pacueTa pacxoa YHEpruy Ha IepeMelleHHe TPY30B.

PesyabTaTbl. B pabore 0000IIEHbI 1 CHCTEMATU3MPOBAHBI CYNIECTBYIOIINE MOAXOABI K OLIEHKE IHEPreTHIECKON
3¢ PEKTUBHOCTH TPAHCIOPTHBIX CHCTEM OTKPBITHIX TOPHBIX padOT M BBIZETIEHB HanOoIee 3HaUNMble U3 (PaKTOPOB, OKa-

3bIBAIOIIMX HA HEC BIMAHUC.

Pa3paboTan anroputMm omnpeneseHns yAeIbHOH 3HEProeMKOCTH Tpoliecca TPaHCTIOPTHPOBAHUSI KaHATHBIMU CHCTe-
MaMH ¥ YCTAaHOBJICHBI 3aBUCHMOCTH PacXo0/ia SHEPTUH OT yIJia HAKJIOHA BBIPAOOTKHU ISl pEKOMEHAYEMBIX TPAHCIIOPTHO-

TEXHOJIOTHYECKNX CXEM JOCTAaBKHU I'PY30B.

Hayuynasi HoBH3HA. BriepBble MOMydeHB! 3aBUCHMOCTH SHEPro3arpaT yCTAHOBOK KAaHATHOTO TPAHCIOpPTa OT yIiia
HAKJIOHA BBIPAOOTKU B YCIOBHAX OTKPBITHIX TOPHBIX PAaOOT M HA OCHOBAaHHMHU WX aHAJIM3a MPEAJIOKEHBI PallliOHAIbHbIE

TPaHCIIOPTHO-TEXHOJIOTUIECKUE CXEMBI.

IIpakTHyeckasi 3HAYNMOCTh. Pa3zpaboTaHbl peKOMEHIAIMH 110 BHEAPSHHUIO KAHATHBIX HATIOYBEHHBIX JOPOT HA OT-
KPBITBIX TOPHBIX pabOTaxX, MO3BOJIIONINX CHU3UTH Ha 30% 3HepromnorpediieHHue B CUCTEMaX TPAaHCIIOPTa.
KualoueBble cioBa: oyenxa sghpekmusHocmu, sHepeoeMKOCmb, KAHAMHASL HANOYEEHHASL 00PO2A, IHEPLEMUYECKULL

Memoo, IHep2eMmuYecKull Kpumepuu

IHocranoBka mnpobaembl.  TpaHcrmopTHpoBaHUE
TOPHOH MaccChl SBIISIETCS] CAMBIM HEPTOEMKHM H JJOPOTo-
CTOSIIIIMIM ITPOIIECCOM Ha OTKPBITHIX TOPHBIX padoTax. Ha
JEUCTBYIOINX Kaphepax HanOOJbIIee PAaCIPOCTPAHCHNE
MOTY4MJI ABTOMOOWIIBHBIN TPAHCIIOPT, CEPhE3HBIMU He-
JOCTaTKaMU KOTOPOTO SIBIISIIOTCS BBICOKHE 3HEProeM-
KOCTb U CTOMMOCTH TpaHCIIOpTHpoBaHuA. B paborax [,
2] nokaszaHo, YTO C IOHMKEHUEM IITyOHHBI KaphepoB aB-
TOTPAHCIIOPT 1eJIECO00Pa3HO HCIIONIB30BAaTh TOJBKO B
KadyecTBe cOOpPOYHOrO, KOrJa B IOJHOW Mepe peayn3y-
IOTCSI TaKWe JOCTOMHCTBA 3TOTO BHJA TPAHCIIOpTa Kak
MOOMIIBHOCTB, aBTOHOMHOCTb, MAaHEBPEHHOCTH H JIp.
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OmHaKo, C TO3UINH YHEPTOMOTPEONICHUS, IS TTOdb-
eMa TOPHOW MAacChl Ha TOBEPXHOCTH Kaphepa BBICOKOU
3((eKTUBHOCTHIO 00TIaaI0T KaHATHBIE CKUIIOBBIE TTOIB-
emMHHEKH [3, 4]. BO3MOXHOCTh TPUMEHEHHSI KaHATHOTO
TPAHCIOPTAa Ha OTKPBITHIX TOPHBIX paboTax TakkKe pac-
CMOTpeHa B paboTte [5], rae AaHa olleHKa 1ierecoodpas-
HOCTHM TIPUMEHEHHUS KaHATHBIX HAMOYBEHHBIX JOPOT
(AKH), koTopble HamIM IIHPOKOE NPUMEHEHHE Ha
YTOJIbHBIX IaXTaX YKPauWHBI U 332 PyOEkKOM i mepe-
BO3KU MaTepHAIOB, 000PYIOBaHHS U JIFOJICH.

Heas padoThl — pa3paboTKa METOTUKHU OTIPEICIICHUS
SHEPreTUYECKUX  3aTpaT KaHATHBIX  TPAHCIIOPTHBIX
CPEICTB UIA pacIIupeHust 00macTh 3(PQPEKTHBHOTO UX
MIPUMEHEHHUS B YCIOBUSIX TOPHOTO TIPOM3BOJICTBA.
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3apaum:

1. AHanmu3 CyIIECTBYIOUIMX IOJIXOJOB K OICHKE
SHepreTu4eckor 3((GEeKTUBHOCTH CXEM M CPEICTB KOM-
IUIEKCHOM MEeXaHW3aIlMH TEXHOJIOTHYECKHUX IIPOLIECCOB
Ha OTKPBITBIX TOPHBIX PadOTax.

2. Pa3paboTka METOAMKM SHEPreTUYECKON OIEHKH
TPaHCIIOPTUPOBAHUS TOPHON MacChl KAaHATHBIMU BHIaMHU
TpaHCIIOpTa Uil NMPUMEHEHHS WX B YCIOBHAX AEHCT-
BYIOIINX KapbhepoB.

AHanIu3 TOCHAeNHUX HCccaenoBaHui. [ oneHku
3¢ GEKTUBHOCTH CHUCTEM Pa3pabOTKH MECTOPOXKICHUH TI0-
JIE3HBIX MCKOIAEMBIX HCCIIEIOBATEIH U MPOCKTUPOBIIIKH
OOBIYHO HCTIOJNB3YIOT TEXHMKO-D)KOHOMHYECKUI METOJ,
CEphE3HBIM HENOCTATKOM KOTOPOTO SBJSIETCS 3aBHUCH-
MOCTh OT HMH(QIILMOHHBIX MPOIECCOB, YaCTO H3MEHSIO-
MIMXCS [IeH Ha SHEPrOHOCHTENH, O0OpyIOBaHHWE, 3amya-
CTH, YCIyrH # T.J. B ycloBHsSX pocra CTOMMOCTH
SHEProHOCUTENe 0COOYI0 aKTyaJbHOCTh NpPHOOpETaeT
oleHKa 3((EKTUBHOCTH CHCTEM pa3pabOTKH MECTOPOXK-
JICHUH ¥ IPIMEHSIEMOT0 000PYIOBaHUS C TIOMOIIBIO SHEP-
TETHYECKOTO KPUTEPHsI, YUNTHIBAIOIIETO HATYpaJIbHEIE, HE
TTOJIBEP)KEHHBIC BIMSIHUIO BPEMEHH W KOHBIOKTYpPBI PBIH-
Ka, pr3nvecKie BETUYNHEI 3aTPAYeHHON YHEPTHH.

Bompocy a¢dexTrBHOCTH KaphepHOro 000pyIoBa-
HUS MTOCBSIIIIEHBI MHOTOYHCIIEHHBIE Pa0OThI OTEYECTBEH-
HBIX U 3apyOeXHBIX HCClefoBaTelei, B KOTOPBIX pac-
CMATPHUBAIOTCS PA3JIMYHbIC MOAXOIBI K Y4eTy SHEpTrHH,
3aTpayeHHOW Ha BHITOJIHEHNUE TEXHOJIOTUYECKHX TPOIec-
coB. [Ipu pazpaboTke METOMKH PHEPIeTUUECKOIN OILIEHKH
KaHAaTHBIX BHUJOB TPAHCIOPTa U3BECTHBIE MCCIIEAOBAHUS
ObUTH paszesnieHs! Ha e Tpynnbl. K nepBoit rpymme ObI-
JI1 OTHECEHBI uccaenoBanus [1, 6, 7], roe poka3zaHa BO3-
MOJKHOCTh HCIIOJNIB30BaHUS YHEPTETHYECKOTO KPHUTEPHS
JUTSL OIICHKH CHCTEM Pa3pabOTKH MECTOPOKACHUH Toje3-
HBIX HMCKOTIAEMBIX M KOMIDIEKTOB TOPHOTO O00OpyZOBa-
HUsI, KO BTOpOi — pabotsr [3, 4, 8, 9], HanpaBieHHbIE HA
HCCIIEZIOBAaHHUE 3aTpaT PHEPTUU TPAHCIIOPTHBIMHU CPECT-
BaMU TOPHBIX MPEATPUSTHIA.

C nmo3umuM y4era »SHeproszarpar Ha IOJABEMHO-
TPaAHCTIOPTHBIE MPOLIECCHI U ONIEPALIMH MPECTABIISIET HHTE-
pec MeToJ, MpeIoKeHHbBIN B paboTe [3], rie BBEICH KO-
3¢ dUIHEHT NCTIONB30BaHMS SHEPTUH — OTHOIIEHHE Teope-
THYECKH HEOOXOJMMOM 3HEpruy Ha MoabeM | T. rpy3a Ha
BEICOTY H K (hakTHUYECKH 3aTpadycHHON, BRIPKCHHBIX B KU-
JIOTpaMMax YCIOBHOTO TOIUIMBA. ABTOP ITOUEPKHIBACT, UTO
HanOoee OOBCKTUBHON OIICHKA IOJy9YaeTcsi MPH CpaBHe-
HUHM (PaKTUIECKUX pAaCXOJOB DHEPrOHOCHUTEINS Ha YpPOBHE
MPOU3BOAUTENS 3JIeKTposHeprun. CremyeT MOTYEpPKHYTH,
YTO HEJOCTAaTKOM JAHHOW METOIWKHU SIBISIETCS HCIOJB30-
BaHHE TIOKa3aTesell pacxosa yIeJIbHOTO TOIUTHBA Ha BBIpa-
601Ky 1 KBT'4 251€KTpORHEPIHH | MOTEPh SHEPIUH B Mark-
CTPAJIBHBIX JIMHUAX SHEPrOCHCTEMBI, 3HAYEHHS! KOTOPBIX
3HAYNTEILHO U3MEHSIOTCS BO BPEMEHH.

B paGote [4], mias 3HEpPreTHYECKOW OIICHKH TpaHC-
TIOPTHBIX CHCTEM TIIIyOOKHMX KaphepoB, aBTOPHI TaKkKe
TIEPEBOAAT PACXOJ DIEKTPOIHEPTHH M JU3EIHHOTO TOT-
JMBa K PacXoAy NMEPBUYHBIX YHEPTOPECypPCOB — , yYCIOB-
HOMY TOIUIBY . OHAKO TPUBEIEHHUE 3aTPaT YHEPTOHO-
CUTEJIE B CONOCTaBUMBIM BHJl OCYLIECTBIISIETCS C
TTOMOIIBIO OOJBIIETO KOJIMYECTBA KOAPPUIIEHTOB, yUH-
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TBHIBAIOIIMX 3aTPaThl 3HEPTUH HA MOJy4EHHE, JOObIIy 1
TPaHCIIOPTUPOBAHUE [U3TOILINBA, PA3HUIly YAEIbHON
TEIJIOTH! CTOPAaHUs IU3EIBHOTO M YCIOBHOTO TOILUIHBA,
3arpaThl yCJIOBHOTO TOIUIMBA Ha mosydeHue | kBru
INIEKTPOIHEPTUH, TOTEPH IEKTPOIHEPTUH TIPH TIepeiaue
W pacnpeneneHud. lcnonb3oBaHWe JaHHOW METOAWKH
CBSI3aHO C TPYIHOCTSMH ONpe/esICHHs] 3HAUCHUH TaHHBIX
K03((UINEHTOB, KOTOPbIE 3aBUCAT OT MHOXECTBA HEU3-
BECTHBIX U TPYIHO IPOTHO3UPYEMBIX (PaKTOPOB.

B wnccnenoBanmsax sHepretuueckoil addexTuBHOCTH
JKEJIE3HOIOPOXKHOTO TPAHCHOPTA HAa OTKPBITBIX TOPHBIX
pabotax [8] aBTOp HCHONB3yeT 3aTpaThl YHEPruu (JX/T.)
C Y4eTOM pacxoja TOIUIMBA U 3JIEKTPO3HEPTHH, 3aTpaT
SHEPreTUYECKUX PECYpCOB Ha CO3/aHHE TEXHUYECKHX
CpPE/ICTB, SHEPTETUUIECKUX 3aTpaT TPyAa U pacxoja 3Hep-
T'MU Ha TPelOTBpAIlIeHHe BPEAHOTO BO3JICHCTBHS Ha OK-
pyxatoriyro cpeny. Heo6xoaumMo oTMETHTb, Y4TO SHEpre-
THUYECKHE 3aTpaThl Ha HW3TOTOBJICHHE aBTOCAMOCBAJIOB,
JIOKOMOTHBOB, 3KCKaBaTOPOB, CTPOHUTEILCTBO aBTOMO-
OWJIBHBIX JIOPOT, >KEJIE3HOJOPOXKHOTO IIyTH, COIYTCT-
Bylomield HMHQPACTPYKTYpbl  OIPEAEISAIOTCS  CyMMOM
9HEpro3arpar, 3aTpadnBacMbIX Ha MOITYYCHHE MCXOJHBIX
MaTepuagoB W KOMIIOHEHTOB. B yCIOBHSAX pBIHOYHBIX
OTHOIIEHUH BBITIOJIHUTE JTOCTOBEPHBIM YYeT 3aTpaT IO
YKa3aHHBIM NO3ULUSM MPAaKTUIECKH HEBO3MOKHO.

OCo0EHHOCTH JHEPreTHYeCKOro MeTola pacdera
9HEpro3arpaTr KapbepHOTO TPAHCHOPTa IMPEACTABICHHI B
padote [9]. C 1enpro KOPPEKTHOTO CPaBHEHUS SHEPIeTH-
YEeCKUX 3aTpar, MEXaHHMYECKYI0 SHEPrHi0 MPUBOJOB aB-
TOPBI TNPUBOIAT K YUCTOW Macce TPaHCIOPTHPYEMBIX
TPY30B M KpaTdaillleMy pacCTOSHHIO nepeBo3ku. [Ipm
9TOM 3aTpaThl PHEPTHU Ha €AWHHIY (paKTHUECKOro pac-
CTOSIHHSI TPAHCIOPTHUPOBAaHHWA TOPHOW Macchl, Ha Hall
B3I, TIPE/ICTABISIIOT OOJNIBIINIT MHTEpeC, TaK Kak pac-
XOJ SHEPTHH HCHOIb3YETCs U IIPH JATbHEHIINX pacderax
SKOHOMHYECKUX MTOKA3ATEIEH.

M3i0:keHne OCHOBHOIO MaTepuasa. Pe3ynbTaTb
BBITIOJIHEHHOTO aHAJIM3a CYLIECTBYIOIIUX MOJX0A0B K OIl-
pEIeNeHNIO DHepro3arpaT Ha IOJbEMHO-TPAHCIIOPTHEIC
oliepaliy MOCITYKHIA MCXOIHOW 0a30i Iuisi pa3paboTKu
METOANKH DHEPreTUUECKOW OIIEHKH CXEeM KaHaTHOW OT-
KaTku. [IJ11 BcroMoraTesbHOTO TPaHCTIOPTUPOBAHUSI TPy-
30B Ha TOPHBIX NPENIPUATHSX YacTO MPHMEHSIOTCS Ka-
HaTHbBIE OTKATKH 110 TOPH30HTAJIBHBIM, CIIA00HAKIOHHBIM,
a Takke HAKIOHHBIM (¢ yriamu HakiioHa 1o 30°) BeIpa-
O6otkaM. CymecTByIONe KOHCTPYKIHH TPAHCHOPTHBIX
YCTaHOBOK C KaHATHBIM TATOBBIM OPraHOM MOXHO MpH-
BECTH K IIITH XapaKTepHBIM cxemaM (puc. 1).

C yueToM BBIIIEHU3TI0KEHHOTO, ONPEACIUTh BIUSHUE
OCHOBHBIX ITapaMETPOB Ha SHEPronoTpedIeHne OTKATKH,
a TaK)Ke CPaBHUTDH €€ CXeMbl OTHOCUTEJIBHO 3aTpaT dHep-
THU TIPEJICTABIISETCS BO3MOXKHBIM, UCIIOJNB3Ysl BETUUUHY
YIeIBHON SHEPrOEMKOCTH TEPEeBO3UMON €IMHHIBI TPpy3a
(xr) Ha emuHMIy JUMHBI (M). W3 ombITa 3KcIuryaTanuu
CPE/ICTB KaHAaTHOW OTKAaTKM HW3BECTHO, 4TO Hamboee
9HEPrOEMKHM TIPOIIECCOM CUMTAETCsl ABMKEHHUE Tpy3a
BBEpX. B CBs3M ¢ 3TUM OyzmeM cUuTaTh, YTO JIBIKCHHE
COCTaBOB B CXeMax d, 0, 2 M1 OTHOTO U3 COCTAaBOB B CXe-
Max 6, 0 COOTBETCTBYET IIEPEMELICHUIO IPy3a BBEPX.
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Puc. 1. Cxemvl kKaHamuvix OMKamox: a, 6, 8 — no 20pu3OHMaIbHLIM (0 < 6°); 2, 0 — no HaxnoHHbIM (0. = 6° + 30°) sbipa-
bomkam (1, 2 — ooHobapabanusie 1ebedku, 3 — cocmas 6aconemox; 4, 5 — kanamoi; 6 — 08yxbapabanHas 1ebedka
unu 1ebedka co WKUBOM mpeHus;, 7 — KOHYe8ouU WKuUe), 30ect 0. — Y20/l HAKIOHA Nymu

Beenem cnenyrome 0003HaueHHs OCHOBHBIX TMapa-
METPOB, TO €CTh BEJIIMYMH, XapaKTePU3YIOIINX KaHATHYIO
OTKaTKy: m, — Macca MOPOKHEH BarOHETKH, KT; M — TPy-
30M0JbEMHOCTh BaroHETKH, KT; m; — Macca OyKCHpa, KT
pr — TOTOHHasi (JIMHeHHas) Macca KaHaTa BMeCTe C Bpa-
HIAOIICHCS YacThIO IMOJICPKHUBAIOIINX POJHMKOB, KI/M;
Z — YHCJIO BarOHETOK B COCTaBe (OJJMHAKOBO VISl TPY>KEHO-
TO ¥ TIOPOXHETO COCTaBa); o — YroJl HAaKJIOHA BBIPAOOTKH,
rpan; L — aiMHa OTKaTKH, M; W, W, — KO3 QHUIMEHTHI co-
MIPOTHBIICHUS ABWKEHUIO BarOHETOK M KaHATa COOTBETCT-
BeHHO; # — KIIJ] anekTpoaBuraresns u peaykropa.

O0o03HaunM BCrIOMOTaTeNbHbIE (TIPOU3BOJHBIE) OT
OCHOBHBIX BEJINYHH
K = ZMmtmg

TC

— k03¢ (pUIEHT TapBI COCTABA;
zm

K ="« — xo>hdUUHEHT Tapbl ABHKYIIErocs KaHaTa,
TK
zm

rac m, = prx — MacCa ABMIKYHICTOCA OAHOBPEMEHHO C

COCTaBOM BaroHETOK KaHaTa (OJHOM WM JBYX €ro BeT-
Bell) COBMECTHO C MacCOW BpalllalOIIUXCs YacTed MOJ-
JICPKUBAIONIUX POJIMKOB; L, —IJINHA KaHATA.

JIns cxeM KaHaTHOW OTKATKH d, 6, 2 OJUH UK COCTO-
WUT WX JBYX pPEHCOB, HApUMeEp TPYKEHOTO BBEPX W TIO-
POXHEro BHU3, a U CXEM 8, 0 — M3 OJTHOTO peiica rpyxe-
HOTO COCTaBa BBEPX M OJTHOBPEMCHHO MOPOXKHETO BHHU3.

OnpenennM pacxoa YHEPTUHU Ha MEepeMelIeHIe Tpy3a
BBEepX (BapuaHT 1) 3a ONWH IHKI, KOTOPBIA BKIIIOYACT
IBIDKEHUE COCTaBa C TPY30M BBEPX U 3aTE€M — ITOPOKHE-
ro BHU3. C 3TOH IENbI0 BBIOJHUM NPUBEICHHBIC HUXKE
BBIYUCIICHHS.

Cuia, 3aTpauyuBaeMasi TOJIBKO Ha IIEPEBO3KY Ipy3a OT
nyHKTa / (HWKHsS nebenka) K MyHKTY 2 (BepXHssl Je-
Oemka), paBHa

F, =zmg(cosa-w+sin ).
Cuna JJIA IEPEMCIICHM S KaHaTa BBEPX
F_ =Lpg(cosa-w, +sina).
Cuna JJIA TIEPEMEIICHUS COCTaBa

Fmap = (ZmOg + mgg)(COS o- w+ Sin a)

O6III€€ 3HAUCHUC CUJIbI, 3ana‘IHBa€MOﬁ Ha IBUKCHHUC
TPYKEHOI'0 COCTaBa OT ITyHKTa Ik IIYHKTY 2 , COCTaBUT
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F? =(zmyg+m,g+zmg)(cosor-w+sina)+
+Lp g(cosa-w, +sin).

OO1ee 3HAYEHNE CIUTBHI TSI TIEPEMEIIICHHS TIOPOXKHE-
ro COCTaBa BHU3 BMECTE C KAHATOM PaBHO

nop __ .

F, =(zmyg+m,g)(cosa-w—sin)+
+Lp g(coso-w, —sin).

[NonHas BenuYMHA TOJIE3HON PabOTHI A4,,;, 3aTpauynBae-

MO Ha TPaHCIOPTHBIM LUK (BapuaHT 1) mpu F;’;‘Z >0,

ONpeaACIIsACTC B CJ'IC,Z[yIOH.[Qﬁ OCJICAOBATCIIBHOCTH

AN =F} - L=L[(zmyg+m;g+zmg)(cosa-w+
+sina)+ Lp, g(cosa-w, +sina)];

A =Fr - L=L[(zmyg +m;g)(cosa-w—sina)+
+Lp.g(cosa-w, —sina)];

A, =AY+ 4" =L[2zm,g cosaw+2m g cos aw+
+zmg(cosor-w+sina) +2Lp gcosa-w,].

Ipu F 'Zf <0 s A;;mp cxeM a, 6, 2 paboTa 1o Te-
PEMEILEHUIO COCTaBa BHU3 COBEPIIAETCS CHIIAMHU TPABH-
TallUW U IIOJIHasA BECJIMYMHA IOJIe3HOMI pa6OTI)I A’:I TOrga
onpeensercs 1o Gopmyie

’ ’, ’2
A, =4 =F; -L=L[(zmyg+m,g+zmg)X

X(cosa-w+sina)+Lp, g(coso-w, +sina)].

Hcnonb3ys npUBENEHHBIE BbIIIE 0003HAUEHUS, MOX-
HO 3aII1CaTh, YTO

A, =L[2zmK g cosaw+zmg(coso-w+
+sin) +2zmK,_ g cosaw,];
A, =L[(zmK g +zmg)(cos - w+sin @) +
+zmK _ g(cosa-w, +sinx)].

3arpadeHHas paboTa A, onpenensercs mo hopmye

A=A4-17"

ISSN 2071-2227, HaykoBui BicHuk HI'Y, 2012, N2 4



PO3POBKA POAOBUIW, KOPUCHUX KONAJNH

Pacxon morpebnsemoli mBurareneM sHepruu E; Ha
onuH TpancropTHeii nuka JKH (Bapuant 1) onpenens-
eTcs mo hopmyiie

E =4,=1L[2zmK gcosa-w+zmg(coso-w+
+sin@)+2zmgK,, cosaw, ™"
E/ =4, =L[(zmK, g +zmg)(cosa- w+sina) +
+zmK, g(cosa-w, +sina)n".

ITpu sToM Mmacca rpy3a, NEpeBO3UMOro 3a LUK Ha
paccrosinue L, paBHa BEITUYUHE Z/1.
VnenbHbIN pacxos sHeprun (Ha 1 M Ha 1 KT)

E
el = — = g[COS O{(ZKTCW+ ZKTKWK +
Lzm=
+w)+sinaln™;
, El’ 1
e =——=g[(K, +D(cosa-w+sin)+

Lzm=
+K_ (cosa-w, +sina)]n™".

AHAJOTHYHO TIOMYY€HB! BBIPAKEHHSA, 1O KOTOPHIM
OTIPEZICTISIIOT YIeJIbHBIE 3aTPaThl MEXaHMUECKOH 3HEPTUU
OTHOCHTEJIBHO BCEX MATH BAPUAHTOB OTKATOK HA YKJIOHE.
B taGuuue npuBeaeHs! GOpMyIIBl IS KaXKIOTO U3 BapH-
AQHTOB OTKaTKHU IPH NMOABEME I'Py3a BBEPX.

Tabnuya

VY ienbHBIN pacxo/1 SHEpruy MpH HaKJIOHHO# oTkaTke (puc. 1.)

Bblpa)l(e]—ll/lﬂ JJIS1 OTpeleJICHUA YI1€JIbHOI0 pacxojaa e

Bapuant

nop
OTKATKH F06m >0

F™P <0
0oy

e = g[cosa(ZKTcmrZKTKwK +w)+sin a]-rfl

¢f = g|(K o +1)(cosa w+sina) + Ky (cosar- wy +sina)]- 7!

6 e5 = glcos (2K yow+ 4K o wy +w) +sina]-n7! e = gl(Kye +1)(cosa - w+sin @) + 2Ky cosar-wy |-

B e3 :g[cosa(2KTcw+2KTKwK +w)+sin0!]-77_1 & :g[cosa(ZKTcw+2KTKwK +w)+sin0(]-77_1

r - el = gl(Kye + D(cosar w+sina) + 05K (cosa - wy +sina)]- 7!
I - ¢4 = gloos 2K oW+ Kyewye +w)+sina] 77!

C moMOmbI0 YKa3aHHBIX BBIPAKEHHUH HCCIIEOBaHA
3aBUCUMOCTD YAEIbHON 3HEPrOEMKOCTH KaX/I0H U3 CXeM

OT yTJIa HAKJIOHA BEIPAOOTKH (pHC. 2).
10

S VHEPTOEMKOCTE, JT#/KI M

0 5 10 15 20 25 30

Yron Hakiosn BRIpaGOTKIL Tpajt

Puc. 2. Yoenvhas snepzoemkocms mpancnopmupoeanust
2py3a KAHAMHBIMU YCMAHOBKAMYU, 6 3A8UCUMOCTU
om yzia HaKnoHa evipabomku (puc. 1.): 1 — cxema a;

2 —cxema 6; 3 — cxema 6; 4 — cxema 2; 5 — cxema 0

AHanu3 MoJy4eHHbIX 3aBUCUMOCTEH TOKa3al HU3KYIO
YIENBHYIO DHEPrOEMKOCTh CXeM C ABYMs pabO4YMMH BeT-
BSIMH (CXEMBI 8, 0), 4TO 00ecreunBaeTcs 3a CUET HUCIOJb-
30BaHMs YPaBHOBEIIMBAIOIIEH BETBH.

YunThIBasi BO3SMOKHOCTD IPHMEHEHUS] OTKAaTOK CXe-
MBI 6 KaK B TOPHM30HTAIBHBIX, HAKJIOHHBIX, TaK U B BhIpa-
00TKaxX CO 3HAKONEPEMEHHBIM IpOoQrieM, IPH He3HAYH-
TENBHOU Pa3HHLIE B DHEPIONOTPEOICHNH, 110 CPABHEHHIO
CO CXeMOHU 0, malbHeWIIne padoTHl CIIEAyeT HAIpPaBUThH
Ha UCCJIeIOBAaHNE TPAHCIIOPTHBIX YCTAaHOBOK C KaHATHBIM
TATOBBIM OPraHOM, COOTBETCTBYIOLIMX cXeMe 6. IMeHHO
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K TaKMM YCTaHOBKaM OTHOCSITCSI KaHATHBIE HAITOYBEHHBIE
JIOPOTH € IByMsI paOOYNMH BETBIMH.

Ucnons3oBanue JIKH ¢ nByms pabodunmMu BETBIMHU
MO3BOJISIET CHU3UTH YHENBHYIO 3HEProeMKOCTh 10 32%
10 CPaBHEHUIO C IPYyTUMHU BapuaHTaMU KOHLIEBOI OTKaT-
KU C OJJHOI paboueil BETBbIO.

BeiBoabl. PaccMoTpeHHBIE TPUMEPH] UCIIOIb30BaHUS
HHEPreTUYECcKOro MoJXoJa CBHIETEILCTBYIOT 00 OTCYT-
CTBUM Ha COBPEMEHHOM OJTale €IUHOH MEeTOJO0JIOTHH
9HEPreTUUECKOr0 AHAIN3a TEXHOJIOTHYECKHX IPOLIECCOB
JIOOBIYM T10JIE3HOTO HCKomaeMoro. [IpuMeneHue snHepre-
TUYECKOM OIICHKH IOIONHHUTEIBHO K (PMHAHCOBOH IIO-
3BOJISIET OMPEJEINTh PecypcocOeperaromme TeXHOI0T I
U MIPOAHAIM3UPOBATh OJHY W3 HanOoJee 3aTPaTHbIX CTa-
Tel KaJIbKyJSuu cedecTonMOCTH. [Ipu 3TOM cymiecTBy-
€T BEpOATHOCTh HECOBIAJEHUS CO CTOMMOCTHBIMH IOKa-
3aTeNisiMM, 4YTO OCOOCHHO SIPKO  BBIPQXKEHO IMpHU
SHEPreTUYecKoil oueHke dPpQPeKTUBHOCTH 000pyAOBaHUS
U TEXHOJIOTHYECKUX IPOIECCOB, KOTOPHIE HCIONb3YIOT
pa3Hble YHEPTOHOCUTENH C PA3IUUYHON CTOMMOCTBIO €1U-
Hu1s! dHepruy. C MoMoIIbI0 METOAUKH YHEPTEeTHUECKON
OLIEHKH TPaHCIIOPTHPOBAHUS TPYy30B KAHATHBIMH BHIAMHU
TPaHCIIOPTAa HCCIIEI0OBaHA yHAEJIbHAas 3HEProeMKOCTh
TPAaHCIIOPTHPOBAHUS TOPHOM Macchl TPH Pa3IMYHBIX
cxeMmax KaHaTHOM oTkaTku. C TOYKM 3pEHHsI SHEProIo-
TpeOIeHnsI KaHAaTHbIE OTKAaTKH C IBYMsS pabO4YHMMH BeT-
BSIMH SIBJIAIOTCS Hanboee 3((GEeKTUBHBIMH, II03TOMY 1ie-
71€c000pa3HO HCMONIb30BAaTh KAaHATHBIE HAIOYBCHHBIC
JIOPOTH UMEHHO TaKOil KOHCTPYKIIHH.

JlanbHeie uccaenoBaHus IeIecoo0pa3Ho Harmpa-
BUTh Ha CO3/1aHHE KOMIUIEKCHOTO KpuTepus 3(QeKTuB-
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HOCTH TPaHCIOPTHO-TEXHOJOTHYECKHX CXEM Ha OCHOBE
SHEPreTU4ecKON U JICHE)KHOW OIIEHKH, KOTOPbIA He Oy-
JeT TOABEPXKEH BIMAHMIO MHQIIALMU U CMOXET BCECTO-
pPOHHE XapakTepu3oBaTh 3P(PEKTUBHOCTH pPa3pabOTKU
MECTOPOXKICHHS TIOJNE3HBIX HMCKOMaeMbIX, a TaKkKe Ha
pa3paboTKy TEXHOJOTMYECKHUX CXeM TIPUMEHEHHsS U
000CHOBaHHE MapaMeTPOB KaHATHBIX HAIIOYBEHHBIX J10-
POT Ha OTKPBITHIX TOPHBIX padoTax.
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MeTta. Po3poOka METOIMKHN BH3HAYEHHS €HEPreTHY-
HUX BUTpPAT KaHATHUX TPAHCIIOPTHUX 3acO0iB AJS po3-
mHpeHHst cepu e(eKTUBHOTO iX 3aCTOCYBaHHS B yYMO-
BaX TIPHUYOTO BUPOOHHUIITBA.

MeTtoauka. PitieHHs nocraBieHnX y poOOTi 3aBAaHb
BUKOHYBAJIOCS KOMIUIEKCHO HIISIXOM aHaJ3y ICHYIOUYHMX
MiIXO/IB 70 BH3HAYEHHS EHEPrOBUTpPAT HA BiJKPUTHX
TipHUYMX POOOTaX, y3arajJbHEHHS MOXIIMBHX CXEM KaHa-
THOI BIJIKATKM BaHTaXiB, BHOOPY €IMHOTO KPHUTEPIIO
OLIHKM Ta CKJI3JaHHS aIrOPUTMY PO3paxyHKy BHTpaT
eHeprii Ha MepeMillleHHs BAHTaXIB.

PesyabraTu. Y poOOTi y3araJibHEHO i CHCTEMATH30-
BaHO iCHYIOYI MiIXOI! J0 OUiHKH €HEePTreTHIHO] eeKTH-
BHOCTI TPAHCIIOPTHUX CHUCTEM BiAKPUTHX TipHAYUX POOIT
1 BUAUICHO HAWOLTBII 3HAYYI 3 YHHHUKIB, IO BIUIABA-
I0Th Ha He.

Po3po6iieHo anropuT™ BU3HAYEHHs TUTOMOI €Hepro-
€MHOCTI IIPOIIeCY TPAHCIIOPTYBaHHS KAaHATHUMH CHCTe-
MaMH i BCTAHOBJICHO 3aJIC)KHOCTI BUTPAT €HEpril Bill KyTa
Haxwily BHUPOOKH Uil PEKOMEHIOBAaHMX TPAHCIOPTHO-
TEXHOJIOTIYHUX CXEM JIOCTABKH BaHTaXIB.

HaykoBa HOBHM3HA. Ynepiue OTpHMaHO 3aJI€XHOCTI
SHEPrOBHUTPAT YCTAHOBOK KAaHATHOTO TPAHCHOPTY Bif Ky-
Ta HaXWIy BUPOOKM B YMOBaX BIAKPHTHX TipHUYHX POOIT
1 Ha MiAcCTaBi IX aHAJi3y 3alpOIOHOBAHO pAaIliOHANBHI
TPAHCIIOPTHO-TEXHOJIOTIYHI CXEMHU.

[pakTnyna 3HaunmicTb. Po3pobieHo pexomeHnma-
il i3 BOPOBaPKEHHSI KaHATHUX HAATPYHTOBHX JIOPIT Ha
BIIKPUTHX TIpHUYMX POOOTax, IO TO3BOJIAIOTH 3HU3UTH
Ha 30% eHeprocrnoxuBaHHsA B CUCTEMaX TPAHCIIOPTY.

KarouoBi cioBa: oyinka egpexmusnocmi, enepeoem-
Hicmb, KaHamua HAOIPYHMO8A 00po2d, eHepeemuiHull
Memoo, eHepeemuyHull Kpumepii

Purpose. To develop the methodology for determining
energy consumption of rope vehicles in order to extend the
field of its efficient implementation in mining industry.

Methodology. The solution of the tasks was executed
in a complex by analyzing the existing approaches of de-
termination of energy consumption in open cast mining,
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generalizing the possible schemes of cargoes haulage by
the rope transport, choosing the single criterion for eval-
uation of energy required for moving of cargoes and
making the algorithm of its calculation.

Findings. Existing methodologies for determining
energy efficiency of transport systems of open cast mines
have been generalized and systematized, and the most
significant factors determining it have been identified.

Algorithm of determination of specific energy con-
sumption of transportation by means of rope systems has
been developed and dependence of energy consumption
on the inclination angle of the mine working for recom-
mended transport and technological delivery schemes of
cargo have been set.
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Originality. Dependences of energy consumption on
the inclination angle of the mine working of rope transport
facilities in opencast mining have been established for the
first time and on the basis of this analysis the rational
transport and technological schemes have been offered.

Practical value. Recommendations about introduc-
tion of the surface rope road in opencast mining have
been developed. Use of surface rope roads reduces trans-
port system energy consumption by 30%.

Keywords: assessment of efficiency, energy consump-
tion, surface rope road, energetic method, energy criterion
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MINING-GRAPHICAL APPLICATION TO AUTOCAD

Heas. Pa3paborats TpexmepHyto 3D Moznens ceTn TOpHBIX BBIpAO0TOK Ut yroibHbeIX maxTel [TAO , JITOK , Ilax-
ta Komcomornen Jlonbacca®.

Metoauka. B o0macTi TEXHHUECKHX MPOAYKTOB MOJCIHPOBAHMS M BH3YalH3allMH B IMOCIEAHEE BpeMs Hamboiee
3HaYNMEIM siBIsieTcs makeT AutoCAD, Ha 6a3e KOTOpOro, B pe3yibTaTe MHOXKECTBEHHBIX pa3paldOTOK, OBLIO CO3/IaHO
nporpammHoe obecnieueHre PLAST, mo3Bossromiee HCIOMb30BaTh €ro Kak MOJTHOIICHHOE TOPHO-TpadUiIecKoe MPIIo-
xeHue K nakery AutoCAD. Paznenssick Ha Tpu CTPYKTYPHBIX 3JIEMEHTA, JAHHBII TPOrPaMMHBIA IPOLYKT 3HAYUTEILHO
ymporiaet (Onaroiapsi CyIIeCTBEHHOW aBTOMATH3ALUK JIEUCTBUN ¢ 00BEKTaMK) paboTy ¢ BU3yanu3alueil 3JIeMEeHTOB,
MOCTPOEHHEM POEKIMH FOPHBIX BBIPAOOTOK, BU3yaIH3allell T'e0JIOTMYeCKUX YCIOBHBIX 0003HAYECHUMH, TepeHeCeHNEM
Ha NMPOEKLUH BEPTHKAJIBHBIX BCKPHIBAIOLINX U Pa3BeIOYHBIX BEIPA0OTOK: CTBOJIOB, IIyp(OB, CETH Te€0JI0r0pa3BeI0YHBIX
CKB)KHH C ITPOEKIUSIMH UX OTKIIOHEHHH, OTMETKaMH U BCEMH HEOOXONMBIMU TEXHOJIOTMYECKUMH TaHHBIMHU.

Pe3yabTarhl. [IporpaMMHBI TPOAYKT MO3BOJISIET KaYECTBEHHO BBIOJHSATH IPOTHO3WPOBAHHE I'€OMEXaHWYECKHX
YCIIOBHI pa3pabOTKH YTOJIBHBIX [UIACTOB B PA3JIMUHBIX TOPHO-TEOJIOTMYECKHUX YCIOBHAX. [IpiBeneHs! IprMepsl BHIKOIIH-
POBOK M3 OOBIYHOTO M COBMEIIEHHOI'O IUIAHOB T'OPHBIX BBIPAOOTOK Imiacta. PaccMoTpeHa HIMpOKONpO(UIBHOCTH MC-
TIOTb30BAHMSI IPMIOKEHUH MPOTPaMMBI B MOJICITMPOBAHNH U MIPOEKTHPOBAHUH IAXTHBIX 00BEKTOB. OTpasKeHBI TEXHU-
YECKHE acleKThl PabOTHI C MPOrpaMMO 1 KPaTKO OXapaKTepH30BaHbl IPOrPaMMHBIE MOy ocTpoeHust 3D Monen.

Hayunas noBu3Ha. CpopMUpOBaHBI 3JEKTPOHHBIC TUIAHBI TOPHBIX BBHIPAOOTOK M MOCTpoeHB 3D Momenmn cucrtem
HOArOTOBUTEIBHBIX BBIPAOOTOK INTyOOKHX YTOJBHBIX INAXT. YCTaHOBJIEHBI 3aKOHOMEPHOCTH NPOTHO3UPOBAHUS IeOMe-
XaHWYECKUX YCIIOBHII BEICHHS TOPHBIX Pa0oT Ha INIMKATUBHO HAPYLIEHHBIX YTOJNBHBIX IUIACTaX IO (OpMe UX 3ajeraHusl.

IMpakTnyeckas 3naunmoctb. Co3nana OMOMMOTEKA IUIAHOB TOPHBIX BBIPAOOTOK, BKIIOYaromias 44 maxToruiacra
22-X KpYIHBIX yrienoObBaromux npeanpustiid Jlonenkoi n Jlyranckoir obnacreil. [aBHBIM JOCTH)KEHHEM cTalia
pa3pabotka mnporpammHoro obecredenuss PLAST, koTopoe MOXXHO HCIOJIB30BaTh KaK IOJHOIICHHOE TOPHO-
rpaduueckoe mpuaoxenue K makery AutoCAD.

KnrodeBble cii0Ba: xomnviomepHoe Mooenuposanue, 20pHas ebipabomra, 3D modens, npoepammuoe obecneuetue,
NPOEKMuposaHie, NpoePaMMHbIL RPOOYKM

AHaIu3 NOCJeIHUX uccaenoBaHui. B HacTosmee
BpeMsi Hambollee paclpOCTpaHEHHBIM W BOCTPeOOBaH-
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HBIM TIPOTPaMMHBIM IIPOIYKTOM B OOJIACTH TEXHHYECKO-
r0 NPOSKTUPOBAHUS M BH3YAIM3aLUH €r0 PE3yJIbTaTOB
spisiercss makeT AutoCAD, pa3paOoTaHHBI HW3BECTHOU
amepukaHckoil upmoii AutoDesk. 3a Bcio cBOIO qocCTa-
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