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AHHOTanuAa

AKTya/JIbHOCTB: HEO6XOAUMOCTb ONTHUMU3ALUHN TapaMeTPOB FOPHOTEXHHYECKHX CUCTEM Ha YPOBHE COBPEMEHHBIX HAyYHO-
MeTOAUYeCKHUX BO3MOXKHOCTeH ITpHBeJIa K pa3paboTKe METOANYECKOI0 MO/AX0/a K UX OIIMCAHUIO C y4eTOM [IepeX0oAHBIX P o-
neccoB. [Ipy onTUMHU3a MY }KU3HEHHOT0 LIUKJIA TPAHCIOPTHBIX CUCTEM KapbepPOB JJOKHBI YYUTBIBAThCS TJIaBHBIM 00pa3oM
CTPYKTYpHBIe Ilepexo/iHble NMPOIeCcCh], a Ha YPOBHE OTZE/bHbIX €e 3J/eMEHTOB WM ONTHMU3ALUN TPAHCIOPTHBIX CUCTEM
KapbepoB B IIpoLiecce UX IKCIIyaTalluu TPeOGYT 0c060r0 BHUMaHUSA Nepexo/iHble IPOLecChl TapaMeTPUYeCKOro XapakKTe-
pa. lesib: McciejoBaHMe BO3MOXKHOCTEH NporpaMMHOro obecredeHus «TpaHCHOpPTHAs cUCTeMa Kapbepa»; pa3paboTka
HOJXO/I0B K OLleHKe BJIMSHHUSA JAOPOXKHBIX GAKTOPOB Ha MPOU3BOJUTENBHOCTh KAPbEPHOr0 aBTOTPAHCIIOPTA NyTEM UMUTA-
LJUOHHOTO KOMIIbIOTEPHOTO MOJEJMPOBaHUs; UCC/IeJ0BaHHe 3aKOHOMEPHOCTH BJIMSIHUS OTPpaHUYeHHH, CBSI3aHHBIX C B3au-
MOBJIUSTHUEM aBTOCAMOCBaJIOB HA pUTMUYHOCTb JIBXKEHUS 110 aBTO0POraM; UCCIeZloBaHHUE BJIUSAHHUS JOPOXKHBIX GaKTOPOB
Ha NPOU3BOJUTEJBHOCTb KapbePHBIX aBTOCAMOCBa0B. OG'beKThI: Kapbep riayorHol 380 M ¢ NPOU3BOAUTEBHOCTHIO MO
ropHo# macce 125 MJIH T/T0oJi, C TapKOM CaMOCBaJIOB B KoJindecTBe 88 eJj. ABTocaMoCBasibl 06J1aJJal0T rPy30N04bEMHOCTbIO
136-220 T, 3KCKaBaTOPbI — BMECTUMOCTbIO KoBIIa 15-35 M3. MeTObl: UMHUTAIIMOHHOI0 KOMIBIOTEPHOTO MOJI€JIMPOBAHHUS
GYHKIMOHMPOBAHUS TPAHCIOPTHOM cHCTEMBI Kapbepa. Mcrosb3oBasachk paspaboTaHHasa B MHcTUTyTe ropHoro gesa YpO
PAH nporpammMa ana 3BM «TpaHcnopTHas cucteMa Kapbepa». Pesysbrathl. [10 «TpaHcnopTHas cucTeMa Kapbepa» M03BO-
JIleT peliaThb crnenuduyecKkre 3aayd B 06J1aCTH KapbepHOro TPAHCIOPTA, CBSI3aHHbIE B TOM YHCJIe C OLLleHKOH BJIMAHUSA
JIOPOXKHBIX GaKTOPOB Ha TEeXHMKO-3KOHOMHYECKHe MOKasaTeJu KapbepHOro aBTOTPAHCHOPTA; BbIpabOTaHbI MOAXOAbI K
OLleHKe BJIMSIHUA JOPOXHBIX GpaKTOPOB Ha MPOU3BOJUTEIBHOCTb KapbepPHOr'0 aBTOTPAHCIOPTA; yCTaHOBJIEHA 3aKOHOMep-
HOCTb BJIMSIHUSI OFpaHUYeHUH, CBS3aHHBIX C B3aMMOBJIMSIHHUEM aBTOCAMOCBAJIOB, HA PUTMUYHOCTD JIBIXKEHHUS 110 aBTO0pO-
raM; yCTaHOBJIEHO BJIMSIHHE JJOPOXKHBIX GaKTOPOB Ha TPOU3BOUTEIBHOCTb KapbePHBIX aBTOCAMOCBAJIOB.

Kiro4deBble cioBa: HUMUTALUOHHOE KOMIIBIOTEPpHOE MOJe/JIMPOBaHUE, IPOU3IBOJAUTEJIbBHOCTE KAPbEPHOI'0 ABTOTPAHCIIOPTA,
JAOPOXHBbIE YCJIOBUA B Kapbepe, CpeiJHEeTEXHUYeCKad CKOPOCTh, KapbeprIfI aBTOCaMOCBaJl.
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Abstract

Relevance. The need to optimize the parameters of mining systems at the level of modern scientific and methodological
capabilities, which leads to development of a methodological approach to their description taking into account transients.
When optimizing the life cycle of quarry transport systems, mainly structural transients should be taken into account. At the
level of its individual elements or optimization of quarry transport systems during their operation, special attention should
be paid to parametric transients. Aim. To study the capabilities of the software "Quarry Transport System"; to develop
approaches to assessing the impact of road factors on performance of quarry vehicles by simulation; to study the regularity of
the influence of restrictions associated with the mutual influence of dump trucks on the rhythm of traffic on auto roads; to
study the impact of road factors on the performance of dump trucks. Objects. Quarry with a depth of 380 m with a capacity of
125 million tons/year, with a fleet of dump trucks in the amount of 88 units. Dump trucks have a lifting capacity of 136-220
tons, excavators with a bucket capacity of 15-35 m3. Methods. Computer simulation of quarry transport system functioning;
the computer program "Quarry Transport System" developed at the Institute of Mining of the Ural Branch of the Russian
Academy of Sciences. Results. The "Quarry Transport System" software allows solving specific problems in the field of career
transport, including those related to the assessment of the impact of road factors on technical and economic indicators of
career vehicles. The authors have developed the approaches to assessing the impact of road factors on performance of career
vehicles. They established the regularity of the influence of restrictions associated with the mutual influence of dump trucks
on the rhythm of traffic on auto roads and the influence of road factors on performance of dump trucks.

Keywords: simulation computer modeling, performance of quarry vehicles, road conditions in a quarry, average technical
speed, quarry dump truck.
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BBeseHue 3agaun ompeneneHus: NPOU3BOAUTEIBHOCTH TpPaHC-

Heo0OxonuMocTh ONTUMU3AIMU TAPAMETPOB TOPHO-  MOPTHBIX cucTeM KapbepoB (TCK) ABISIOTCS CI0KHBIMY,
TEXHHYECKUX CHUCTEM Ha ypOBHE COBPEMEHHBIX Hay4-  IIOCKOJIBKY Ha pabOTy KaphepPHBIX aBTOCAMOCBAIOB BIIHSI-
HO-METOJMYECKUX BO3MOXKHOCTEM INpHMBENa K paspa- €T Ooiblloe KOJIWYecTBO (haKTOPOB: MapaMeTpsl, KOH(U-
00TKE METOIMIECKOTO MOIX0a K X OIHCAHUIO C yde-  Typals U COCTOSIHHE aBTOIOPOT, COCTOSIHHE aBTOCAMO-
ToM nepexoansix npoueccos (IIIT) [1]. [Ipu onTuMHU-  CBAIOB M MX TEXHUYECKUE XaPAKTEPUCTHKHI, OPraHU3aIIHsT
3allUM JKU3HEHHOIO LIMKJIA TPAHCIOPTHBIX CHCTEM Ka-  JIOPOXKHOTO JBIDKEHHUS, MapaMeTphl, YCIOBUS M PEKUM
poepoB (TCK) DoJDKHBI yUHTBIBAThCS ITaBHBIM 00pa-  pabOThI MOrPY30YHBIX CPEICTB, MAPAMETPBI M PEKUM
30M crpykrypHble IIII, a Ha ypoBHE OTAENBHBIX €€  pabOThl MPHEMHBIX/TIEPErPY30UHBIX CKIaI0B, OYHKEPOB,
anementoB mnu ontummsaimun TCK B mporecce ux — orBanoB. 1103TOMy NPOMO/DKHTEIBHOCTE peiica Kapbep-
9KCINTyaTanuu TpeOytoT ocoboro BHnManus [1I1 mapa-  HBIX aBTOCaMOCBAIOB, paCCYMTAHHAS M0 UX HOMHHAIIb-
MeTpudecKkoro xapakrepa [2]. K pasHOBUIHOCTH 33724,  HbIM XapaKTePUCTHKaM, H3MEHSETCS B MPOLECCE JBIKE-
pemaeMbIx Ipu onTUMH3aiu napamerpuueckux I,  Hus m3-3a: yXyOIIEHHOTO COCTOSIHHS YYaCTKOB aBTOIO-
OTHOCHUTCSI Y4ET HOPOXKHBIX (PaKTOPOB IPH 3KCILTyaTa-  poOr, MOMEX Ha IyTH CIICAOBAHMS, OCIOKHEHHOTO Pa3be3-

UM KapbepHOTO aBTOTPAHCIIOPTA. 1, TOTEPU BPEMEHH B O>KHIAHHUU TTOTPY3KH IIPU CKOILIE-
IIpobnema xapakTepHa Uil TOPHOAOOBIBAIOIIMX  HHMHW OYEPEICH Y MOrPy30YHBIX MAIIKH | T. I1.
MPEANPUATHIA C BBICOKHM TPy30000pOTOM, TJ€ 3HAUH- OdeBUAHO, YTO 3aKOHOMEPHOCTH B 3TOHM 4YacTH SIB-

TEJIbHOE BJIMSHUE HA IPOU3BOAUTEIIBHOCTD KAPBEPHOIO  JISIFOTCS MHOTO(aKTOpPHBIMA M HENWHEHHBIMU. Perre-
aBTOTPAHCIIOPTA OKA3BIBAIOT NOPOKHBIE hakTopsl. [lon  Hue 3agaum  ompemeNeHds NPOM3BOAMTEILHOCTH
JOPOXHBIMHU (PaKTOpaMH B JTaHHOHM CTaThe MIOHUMAIOT-  TPAHCIOPTHOM CHCTEMBI Kaphepa MOKET OBITh: YIIPO-
csl mapaMmeTpsl (YKJIOH, IIUPUHA, PaJuyC IOBOPOTa U T.  MICHHBIM, CJO)XKHO-aHAJTMTHYCCKHM W Ha 0a3e MMHUTa-
I.) U COCTOAHHE (POBHOCTb, KOX(P(UIMEHTHI COMPO-  [HOHHOTO KOMIBIOTEPHOrO MojenupoBanus (tabdm. 1).
TUBJICHUSI KQUEHHUIO M CIEIJICHUS KOJNeC ¢ MOBepXHO- [ yduera HambOJBIIEr0O MHOrooOpasus (GakTopoB
CTBIO) ABTOJIOPOT, MX KOH(UTYpaIys, peXUM BBIIIOJ-  CaMOOPIaHH3alMM CHUCTEMBI C BBICOKOM TOYHOCTBIO,
HEHMS paboT Mo 0OCITY)KUBAHUIO aBTOJOPOT U NMPUBJIE-  YYHTHIBAS Pa3BHTHE KOMIIBIOTEPHBIX TEXHOJOTHM, B
Kaemasi JJIsl 3TOTO TEXHHKa, 00pa3oBaHHE 3aTOPOB HAa  HACTOsIIEe BpeMsi Hamboliee IIeIeco00pa3Ho MpuUMe-
aBTOJOpOrax M T. II. HSTh METOJIbl IMHUTAIIMOHHOTO KOMIIBEOTEPHOT'O MOJIe-
JUPOBAHMSL.
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Ta6auya 1. Kpamkuil aHaau3 cnoco6o8 onpedesieHust npou38o0umebHOCMU MpAHCNOPMHOU cucmeMbl Kapbepa

Table 1. Brief analysis of ways to determine the performance of a quarry transport system
Cnoco6 Onucanue [IpuMepsbl [Ipenmy1ecTBa HepocTtaTku
Method Description Examples Advantages Disadvantages
YupoueHHbIH Yepes pacueT NpoA0/DKUTENBHO- [3-5] 1) mpocToTa pacyeTos; Hepoyuet pakTopos, omnbka 5-
Simplified CTH pelica aBTOCaMOCBaJIa 110 2) npuemJieMast TOYHOCTD B JIH- 10 %, B OTAE/NBbHBIX CJIydanx [0
TSArOBO-JMHAMHUYECKHUM XapaK- HeHHOH 06/1aCTH U3MEHEHUS 20 %; Hey4eT HeJIMHEHHOCTH
TEepUCTHKAM U HOPMHUPOBAHHO- npousBoguTeabHocti TCK ot POM3BOAUTENBHOCTH OT KOJIMYe-
My BpeMeHH MOTPY3KH MO0 OCHOBHBIX (paKTOpOB CTBa CaMOCBaJIOB Ha JIMHUH U Jip.
aHaJIOTUYHBbIM 06pa3oM 1) simplicity of calculations; napaMeTpoOB, YTO MPUBOJHUT K
Through the calculation of 2) acceptable accuracy in the linear | omu6ke g0 50 % u 6o.Jiee B AaH-
duration of the dump truck range of changes in quarry HOU 06./1aCTH 3HaYeHUH GaKTOpoB
journey according to traction and transport system performance Underestimation of factors, error
dynamic characteristics and from the main factors 5-10%, in some cases up to 20%j;
normalized loading time, or in a failure to take into account the
similar way nonlinearity of productivity from
the number of dump trucks on the
line and other parameters, which
leads to an error of up to 50% or
more in this area of factor values
CJ103KHO- Yepes nocTpoeHre MaTeMaTu4e- [6-11] 1) AoCTaTOYHO BbICOKAsi TOYHOCTh | 1) uMeeTcs psaJ GakTOpoOB, He
QHAJIUTUYECKUH cKo# MoJiesi QYHKIIMOHHUPOBa- pe3y/IbTaToB, yueT HeJIMHEMHOCTH | yYUTbIBaeMbIX MO/ieJbIo (110-
Complex-analytical | Husl TpaHCIIOPTHOH CUCTEMBI 3aBUCHMMOCTH NPOU3BOAUTEBHO- | TPEIIHOCTb METOAA);
Kapbepa, HalpuMep: Ha TeOpUH CTH OT onpefesuux GakTopos; | 2) TpeGyeT CJI0)KHOU MaTeMaTHKH,
MaccoBOTO 06CIIy>KUBaHUS, HA 2) TPyZ0eMKOCTb pa3paboTKH ee MPOBEPKH U OTJIAAKH;
3MIHUPHUYECKHX MaT. MOAEJIAX MaT. MOJieJId HU>Ke, 4eM ITporpaM- | 3) AJisd 6oJiee TOYHOTrO y4yeTa pak-
(3aBHCHMOCTSX) Mbl 1151 IBM; TOPOB MaT. MO/JieJb I0JKHA $op-
Through the construction of a 3) MOXeT ObITh peasIn30BaHO MHUPOBAThCS MO/ KaXKbIN KOH-
mathematical model of pacyeTHBIM MeTOZIOM Ge3 Haluca- | KpeTHBIH Kapbep U BApUaHT ero
functioning of the quarry HUsA porpaMMsl At IBM pasBUTHSA
transport system, for example: 1) sufficiently high accuracy of the | 1) there are a number of factors
on the theory of queuing, on results, taking into account the that are not taken into account by
empirical mathematical models nonlinearity of the dependence of | the model (method error);
(dependencies) performance on determining 2) requires complex mathematics,
factors; its verification and debugging;
2) development of a mathematical | 3) for more accurate consideration
model is less complex than of the factors the mathematical
computer programs; model should be formed for each
3) can be implemented by the specific career and its
calculation method without development option
writing a computer program
HUMuTanroHHOE BocnpousBeeHne GyHKIMOHU- [12-19] | 1) uMeeT MUHMMAaJIBHYIO IOrpell- | Bbicokasi Tpyj0eMKOCTh pa3pa-
KOMIIbIOTEPHOE poBanusi TCK no npuHuuMy «Kak HOCTb MEeTO/a JJIs1 JAaHHOM 33Jjaul; | 60TKU U OTJIaJ KU IPOrpaMMbl JJIst
MO/JieJIMpOBaHue eCTb» Ha 0CHOBe 06'beKTHO- 2) no3BoJIsieT OTHOCUTEJIbHO NTpo- | 3BM
Computer OPHUEHTUPOBAHHOTO (MyJIbTHA- CTO U 66ICTPO BapbupoBaTh ¢pakTo- | High complexity of computer
simulation reHTHOro0) NoAxo/a PpBI (KOJIMYeCTBO CaMOCBaJIOB, 3Kc- | program development and
Reproduction of the functioning KaBaTOPOB, AJIMHA aBToJjopor u T. | debugging
of the quarry transport system 1.) 6e3 KOpeHHOH Nepe/ie/IKU MOo-
on the principle of "as it is" based Zes
on an object-oriented (multi- 1) has the minimum error of the
agent) approach method for this task;
2) allows you to vary factors
relatively simply and quickly (the
number of dump trucks, excavators,
the length of roads, etc.) without
radically altering the model

B mocnemnee mecatmerne B Poccum u o crpaHax
OMIKHEro 3apy0exbs copMupoBasiack ocodas Tpyra
TOPHOJOOBIBAIOIINX TPEANPHATHI C OTKPBITBIM CIOCO-
00M pa3zpabOTKH, KOTOPbIE NOCTUTAOT 3((HEKTHBHOCTH
NpH pa3paboTKe OTHOCHTEIHEHO OEJHBIX MITH T€0JIOTHYe-
CKH CJIOXKHBIX MECTOPOXKICHHUII IyOOKHMH Kapbepamu
3a cueT OompImX 00beMOoB mepepaboTku. OHHM XapakTe-
PH3YIOTCS BBICOKOH NPOM3BOACTBEHHON MOIIHOCTHIO U
COOTBETCTBYIOIIEH BBICOKOH WHTEHCHBHOCTBIO TEXHO-
JIOTUYECKHUX IPy30mepeBo3oK. [lisi TAKMX KapbepoB BO-

Mpoc 00eCTIeUeHust MPOU3BOANTEIILHOCTH aBTOMOOMIIb-
HOI'O TPaHCIIOPTA SIBJIAETCS OJHUM W3 KIIOYEBBIX, I1O-
CKOJIbKY Ja)K€ BTOPOCTEICHHBIC (haKTOPHI MOTYT BBI-
3BaTh PUCK HEJOCTW)KEHUSI IUNIAHOBBIX ITOKa3aTelieil.

Ienp uccnenoBaHyus — YCTAHOBIICHHUE 3aKOHOMEP-
HOCTE!l M3MEHEHUs INPOU3BOAUTEIBHOCTH aBTOTPAHC-
HOPTHOW CHCTEMBI TTyOOKOTO Kapbepa C BBHICOKON HH-
TEHCUBHOCTBIO TPY30IIOTOKOB OT KOJIHMYECTBA paboTa-
IOIIUX aBTOCAMOCBAJIOB U JOPOKHBIX YCIOBHU M OTpa-
00TKa METOIMKH PEIIECHUS TAKOTO PoJia 3a1ad.
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MeTo/ bl iCC/I€JOBAHUS

HccnenoBanus BBINONHSIACH METOJOM HMHTALU-
OHHOTO KOMITBIOTEPHOTO MOJEIHPOBAHHS (DYHKIIHO-
HUPOBaHUS TPAHCTIOPTHOU CHCTEMEBI Kapbepa. Vcmonb-
30BaJIOCh pa3paboTtaHHas B MHcTuTyTa ropHOro aema
¥YpO PAH nporpamma anst 9BM «TpancnopTHas cu-
crema kapbepa» (I1IO «TCK») [20, 21]. duas momenu-
poBanus B I10 «TCK» chopmupoBaHa 6a3a TaHHBIX C
XapaKTepPUCTUKAMHU TEXHHUKH (Tabil. 2) ¥ MOJI0KEHUEM
KapbepHBIX aBTOJIOPOT.

VmutanmonHoe MOIENMpOBaHHWE IPUMEHSIIOCH B
Ka4yeCcTBE SKCIEPUMEHTAIBHOTO HMHCTPYMEHTA HCCIe-
JIOBAHUM AJIS pelleHHUs CIEeIYOMUX 3a1au:

1) ompeneneHue MpeAeabHON TOCTHIKUMON HPOU3BO-
IUTENLHOCTH KaphepHOTO aTBOTPAHCIOPTA B 3aBU-
CHUMOCTU OT KOJIMYECTBAa PabOTAIOIIMX aBTOCAMO-
CBAJIOB M CPEOHETO PACCTOSHHUS TPAHCIOPTHUPOBA-
HUS;

YCTaHOBJIEHUE 3aKOHOMEPHOCTEI M3MEHEHUs cpell-
HEll CKOPOCTH IBIDKCHHSI KaphEHBIX aBTOCAMOCBA-
JIOB B 3aBHCHUMOCTH OT OTPAaHMYCHHS MaKCHMAIlb-
HOM CKOPOCTH M KOJIHMYECTBA YYacCTKOB C TaKUM
OrpaHUYeHUEM (MMUTHPYET CHI)KEHUE CKOPOCTH OT
paboT, BEHIMONHSAEMBIX Ha YYacTKE aBTOAOPOTH, a
TaKXe ero yXyAUCHHOT OCOCTOSHHUSA);

BBISIBJICHUE BIMSHUS PabOTHl TEXHUKH, OOCTYXKH-
BafoIel aBTOMOPOTH (Tperaephl, KOJIEeCHbIe OYIb-
JI03€phl), Ha MPOU3BOJUTEIFHOCTh KaphepHBIX aB-
TOCaMOCBAJIOB,

BESIBIICHHE BIHSIHASL pabOT 1O PEMOHTY YYacCTKOB
aBTOAOPOT Ha CHIDKCHHE IPOU3BOIUTEIBHOCTH Ka-
PBEPHOTO aBTOTPAHCIIOPTA.

2)

3)

4)

dopma kapbepa ¥ TPAHCIOPTHBIX KOMMYHUKAIUIA B
HEM W 3a ero mpenenamMu cHopMHpoOBaHa HCXOIS W3
CJIEYIONUX COOOpakeHuH:

32 OCHOBY B3STHI ITapaMeTpbl IIyOOKHX KaphepoB
IpU pa3paboTKe KPYTONAMAIOUINX MECTOPOXKACHUM
OKpyTIOH (opMBI (amMa3opyaHbIe Kapbepbl, HEKO-
TOpBIE Kaphephl IO MOOBIYE IBETHBHIX METAIIOB U
30J10Ta);

HIDKHSISL 9acTb Kapbepa BCKPHIBACTCS €IMHCTBEH-
HBIM KaITUTaIBHBIM aBTOCHE3JIOM (IS COKpAIICHHS
00beMa BCKPBIIIK B KOHEYHOM KOHTYPE), a BEPXHSIS
YacTh — CHCTEMOW W3 JIBYX COBOKYIHOCTEH Karv-
TAJIFHBIX CHE3/I0B, OMOSCHIBAIONINX BEPXHHE TOpPU-
30HTH (JUI OE30IaCHOCTH, IMOBBINICHHUS ITPOU3BO-
IOUTENBHOCTH aBTOTPAHCIIOPTa 3a CUYET pacupere-
JICHUS TPY30IOTOKOB);

mapaMeTpbl TPAHCIIOPTHBIX KOMMYHHUKAIIUN TPHHS-
TBI B COOTBETCTBHH C JEeHCTBYyIOmWMH B Poccum
HOpMaMH (PYKOBOIIINN YKIOH 8 %, IIUpUHA H
3JIEMEHTHl TNPOAOJIBHOTO HPOQUIIL no CII
37.13330);

pabodre TOPH30HTH COCPEIOTOYCHBI TOJIIBKO B HIDK-
Hel yacTH Kapbepa, peaycMoTpeHs! 13 3a60eB.
CocTosiHUE aBTOJIOPOT B KOHEUHOM UTOIe OKa3bIBa-
€T CBOE BIIMSHHE HA IPOU3BOIUTEIHHOCTH TEXHOJIOTH-
YECKOTO aBTOTPAHCIIOPTA uYepe3 CHIKEHHE CKOPOCTU
JBIKEHHs, BBI3BAHHOE HEYJIOBJIETBOPUTEIBHBIM CO-
CTOSTHHEM TOBEPXHOCTH JOPOT (HEPOBHOCTH, CKOJIB3-
KOCTb, TIbUTeHHE U T. 1.). [loaToMy pemenune 3amaun
OyZeT yHUBEpCaJIbHBIM, €CITU 3aJIaThCs PSIIOM OTPaHU-
YEHHUI MPEAETbHON CKOPOCTH JBUKEHHS HA y4acTKax
U TPOLECHTOM TaKUX yYacTKOB B OOIIEM pPacCTOSHHU
TPaHCIIOPTUPOBAHUS.

Ta6auya 2. Budbl mexHUKU, yumeHHble 8 uMumayuoHHoli modeau « TCK»

Table 2. Types of equipment taken into account in the simulation model "Quarry transport system”
TexHuka KosmmyecTBo 1 pacnoJioXxKeHue Npu MmoeJIMpoBaHUHN
Machines Quantity and location in modeling

ABTOCaMOCBaJIbl KapbepHbIe
Quarry dump trucks

I'pysonoabeMHocTbi0 220 T - 0T 48 110 102 ef,, rpy3onofgbeMHOCTBI0 136 T - 0T 30 0 66 ef,.
With a load capacity of 220 tons - from 48 to 102 units, with a load capacity of 136 tons - from 30 to 66 units

IJKCKaBaTOpbl KapbepHbIe
ryceHu4Hble
Crawler quarry excavators

Bce 3kckaBaTOPHI OTTPYXKAIOT FOPHYI0 Maccy U3 3a60€eB B HIXKHeH pabouyel 30He Kapbepa: npsiMast JionaTa ¢
06béMoM KoBma 35 M3 - 4 ef,, npsiMasi JionaTa ¢ 06'béMoM KoBIua 20 M -2en, npsiMasi Jionata 06'bEMOM
koBmma 16 M - 2 e1., npaAMas Jionara c 06béMoM kosma 10 m* - 3 e

All excavators ship rock mass from the faces in the lower working area of the quarry: a straight shovel with a
bucket volume of 35 m3 - 4 units, a straight shovel with a bucket volume of 20 m3 - 2 units, a straight shovel
with a bucket volume of 16 m3 - 2 units, a straight shovel with a bucket volume of 10 m3 - 3 units

[Torpysunku
dpoHTaNbHBIE
Front loaders

OTrpy3Ka ropHO# Macchl U3 3a60€eB B HIDKHEH pabodell 30He Kapbepa. BMectuMocTs koBwa 20 M3, macca 243 T -
1 ex., BMecTUMOCTb KoBIna 12 M3, macca 116 T - lep.

Shipment of rock mass from the faces in the lower working area of the quarry. Bucket capacity 20 m3, weight
243 tons - 1 unit, bucket capacity 12 m3, weight 116 tons - 1 unit

ByJib/103€pbl KOJIECHBIE
Wheeled bulldozers

3ayMcTKa IJI0IA/I0K 3a60€B, OYMCTKA BpEMEHHbBIX aBTOAOPOT B HIXKHEH paGovel 30He Kapbepa OT HPOChINeH.
MougHocTb aBuratess 535 kBT, akciiyatanuoHHas Macca 49,1 T - 5 ef.

Cleaning of face sites, cleaning of temporary roads in the lower working area of the quarry from spills.

The engine power is 535 kW, the operating weight is 49.1 tons - 5 units

ABTorpeiiepnl 0co60
TAMXKEeJIOro THIIa
Motor graders of a
particularly heavy type

[laTpy/ibHasA OYUCTKA JOPOT, 0GHOBJIEHHE IPOTHUBOT0JI0JIEIHOTO 1[e6GHS.
[llupuHa oTBasna 7,3 M, Macca 73 T - 2 ef,.
[llupuna oTBasa 3,7 M, Macca 20,5 T- 5 ef,.
Patrol cleaning of roads, updating of deicing rubble.
Blade width is 7.3 m, weight 73 t - 2 units.

Blade width is 3.7 m, weight 20.5 t - 5 units
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Juia MonenupoBaHus 3a7aHbl CIEAYIOIINE YCIOBHS
(puc. 1):
e MOJEIUPOBAaHME OCYIIECTBISIETCA B  TEUCHHUE
24 yacoB BHUPTyaJbHOTO BpEeMEHH (BBIIONHEHA
MpOBEpKa 110 HECKOJBKUM BapHaHTaM Ha IPOJIOII-
KUTEITBHOCTh MOJIEIUPOBaHMs 7 CYTOK, IOKa3aB-
masi BBICOKYI0 COIOCTaBUMOCTh PE3YJIbTaTOB C Ba-
puaHTamu 24 9);
KOHTPOJIMPYEMBIE ITOKa3aTeNlu (CKOPOCTH B TpYyKe-
HOM U TIOPOXHEM HAIIpPaBJIEHUSIX, CyMMapHbBIH 00b-
€M TepPeBEe3eHHON TOPHON MAaccChl, MPOIAOIHKUTENb-
HOCTh TPAHCHOPTHOTO LHWKIA) ONPENeISUINCEH UISA
HECKOJIbKMX aBTOCaMOCBAJIOB pa3HBIX MOJEJeH,
HAYaJIoOM OTCEYTa TPAHCIOPTHOTO ITHKJIA BBIOpaH
MOMEHT YCTaHOBKH aBTOCAMOCBAJIA O] TIOTPY3KY;
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Puc. 1. Busyaausayuss modeau MpAHCNOPMHOU cucmembl

kapwvepa 8 okHe npoepammbl « TCK»
Visualization of the quarry transport system model
in the "Quarry transport system" program window

Fig. 1.

e OrpPaHUWYEHUE CKOPOCTH 3aaeTCs IO CIEAYIOLIEMY
MIPUHIIMITY: 33/IaHHOE KOJMYECTBO YYACTKOB MMEET
yCTaHOBJIGHHOE orpaHuueHue u3 psaga 40, 30, 20,
10 KkM/d, Ha OCTAJILHBIX YYacTKaX MPUHATA MaKCH-
MaJbHas pa3pelieHHas ckopocTh (40 kM/4 Ha BepX-
HUX TOPH30HTAaX M Ha MOBepxHocTH, 30 KM/4 Ha
HWKHHX TOPH30HTaX, Ha moBopoTtax 15-20 xM/4 B
3aBHCHUMOCTH OT WX KPYTH3HBI), IPH 3TOM (PAaKTHU-
YecKask CKOPOCTh ONPEAENIACTCS C YYETOM TSTOBO-
JUHAMHUYECKMX BO3MOYKHOCTEH aBTOCaMOCBAJIOB Ha
Ka)KZIOM KOHKPETHOM y4acTKe aBTOJOPOTH;

B KOHIIC Ka)KJIOﬁ CMCHBI aBTCaMOCBAJIbl ABUIKYTCS
nocjie pasrpy3Kd K MECTy IEPECMEHKH, a Mocie e
OKOHYAHHS BO3BpAIAIOTCS B paboTy Ha MapIIpyTe;
MIPOIOKUTENTFHOCTD TIOTPY3KH CaMOCBajla Paccyuu-
THIBACTCA C YUCTOM BMCCTUMOCTU pr30BOI>i miaT-
(¢opMBI aBTOCAMOCBajda M KOBIIA IOTPY309HOTO
CpEZCTBa;

24

¢ 3a 0a30BBIN MPUHAT BapUAHT C OFPAaHUYCHUEM CKO-
poctu 40 KM/4 TI0 BCel [UTMHE MapIipyTa;

IIPU BOCTIPOU3BEAEHHU padOThl aBTOrpeiiiepoB OHU
KypCHPOBAJIH 10 aBTOJOPOraM COIJIACHO 3alaHHBIM
MapIIpyTam, [Py TOM UX CKOPOCTh COCTaBIsUIa 4—
10 KM/4 B 3aBUCHMOCTH OT PEXHMa IBIKEHHS U
MapaMeTPoOB KaXJA0r0 KOHKPETHOI'O Y4acTKa aBTO-
Iopord; ux 00Be3l BO3MOXKEH aBTOCAMOCBAIAMHU
TOJIBKO IPU OTCYTCTBHUM MAIIMH BO BCTPEYHOM
JBIDKCHMH, YTO HMUTHPOBANO CO3JaHUE IOMEX
IBIDKCHHIO B PEANTbHBIX YCIOBUSAX pabOTHI B Kapbe-
pe;

aHAJIOTMYHO HMHTUpOBajack paboTa KOJIECHBIX
OyJIBI03epOB, HO C YYETOM TOTO, YTO 30HA U3 [IBU-
JKCHUSI OTPaHWYHMBANACH PAOOUYNMH TOPHU3OHTAMHU
Kapbepa.

W neHTHYHOCTh MCXOIHBIX YCJIOBHI AJISI CpaBHMBA-
eMBIX BapUaHTOB obecriedeHa Onaromaps (QyHKIUH
coxpaHeHust cocrosHust TpaHcmnopta B IO «TCK»:
MOJICIUPOBAHUE HAYMHAIOCH OT OJHOTO M TOTO K€
COXPAaHEHHOI'O IOJI0KEHUS TPAHCIIOPTHOW CHCTEMBI U
3aKaHYMBANOCh POBHO 4epe3 24 4 M0 aBTOMAaTHYECKO-
My TaliMepy.

Pe3yJIbTaThl U UX aHAJIN3

YcTaHOBJIEHHE 3aKOHOMEPHOCTH HM3MEHEHUS Mpo-
M3BOJUTEIHLHOCTH BBHITOTHEHO HAa MOJENH Kapbepa,
rapaMeTpbl KOTOPOTo TPHUBEICHBI B Ta0J. 3, a KOH(U-
rypaiusi aBToopor — Ha puc. 1. ABTocaMOCBaJIbl pa-
0OTaJIM TI0O KOMOWHHPOBAHHOW CXEeMe 3aKpeIUICHUS:
KaXIOMYy M3 HUX OBLT 3a/1aH IEepPEeYCHb HKCKABATOPOB,
MOJT KOTOPBIMH JIOIYCKaeTCs TIOTPy3Ka, a ONpe/eiecHue
KOHKPETHOTO M3 HUX BBITIOJIHSIOCH aBTOMATHUECKH C
YIEeTOM MUHHMU3AINN OYeperell caMOCBAIOB B OXKH-
JAHUHU TOTPY3KUA U OTHOCUTEIHHO PaBHOMEPHOI'O pac-
npeaeneHus o0beMa BhIEeMKH Mexay 3abosmu. Paznu-
YaJcsl THII TOPHOH MAacchl Mo 3a00siM: pyda BO3WIACh
Ha CKJall, a BCKphIIa — B OTBajbl. [Ipon3BOIUTEND-
HOCThH OlIEHMBAJIaCh BaJIOBO MO BCEMY MapKy padora-
FOIINX aBTOCAMOCBAJIOB.

U3 puc. 2 BUAHO, YTO 3aKOHOMEPHOCTH M3MEHCHUSI
MPOM3BOJMTENILHOCTH aBTOTpaHCopTa uMeeT 3ddext
HACHIIICHUS — CHIDKCHHE WHTCHCHBHOCTH HapacTaHHs
o0beMa TIepeBE3CHHONW TOPHOW MacChl TOCIE JTOCTHKE-
HUsI OTPEICTICHHOTO KOJIMYeCTBa paboTaIoNMX aBTOCA-
mocBaiioB [13]. Teopernueckuii mpemen 3ToH KPpUBOH —
MaKCHMaJlbHAsl CyMMapHas JKCIUTyaTal[HOHHAS TIPOM3-
BOJIMTEIIPHOCTh BCEX paOOTAIONINX IKCKABATOPOB C y4e-
TOM TOPHOTEXHHYECKHX YCJIOBHH 3a00€B M OKHIAHHS
oOMeHa caMocBaloB. /1711 KapbepoB ke C BBHICOKOH WH-
TEHCHBHOCTBIO TPY30ITOTOKOB M HACBIIICHUE MPOSBIIS-
€TCsl TOPa3/io PAHBIIE 33 CUET CYIIECTBEHHOTO BIIMSHUS
TakuX (PaKTOPOB, KaK: 3aTPyJHECHHE Pa3MHUHOBOK IIPU
YBEJIMYCHHH KOJMYECTBA aBTOCAMOCBAIIOB, YBEIHICHHE
MPOCTOCB B OUYEpeNIX Ha TOTPy3Ky, (GopMupoBaHue
odepeziell Ha IMMyHKTaX Pa3rpy3KH U T. II.
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Ta6auya 3. OcHosHble napamempul MOOEAUPYEMbIX KAPbEPOB

Table 3. Main parameters of simulated quarries
[TapameTp 3HayeHUe
Parameter Value
Pa3sBeTB/IeHHbIE aBTO/0-
pOTH C AByMsI KallUTa/Ib-
HBIMH Cb€3/JaMH B BEPX-
. Hel YacTH ¥ OZHUM B

CTecHeHHOCTb paboyei 30HBI -

Tightness of a working area HIDKHEU SOHE Kapbep
Branched auto roads with
two major exits in the
upper part and one in the
lower area of the quarry

HoMuHanbHasA nporusBOgUTENBHOCTD

10 TOPHOM Macce, MJIH T/TOA 125

Nominal productivity by rock mass,

million tons/year

HoMuHasbHBIHM Hapk caMocBasIoB (Bce-

ro), eAi. (Ha HOMHUHAJIbHYIO IPOU3BOAU-

TeJIbHOCTb Kapbepa 10 FTOPHOi Macce) 88

Nominal dump truck fleet (total), units

(for the nominal productivity of the

quarry by rock mass)

U3 HUX:

rpy30nobeMHOCTbIO 136 T

rpy30nogbeMHOCTbI0 220 T ~38%

including: ~62 %

carrying capacity of 136 tons

carrying capacity of 220 tons

JlnuHa kapbepa, M

Quarry length, m 1795

[llnpuHa Kapbpepa, M

Quarry width, m 1962

['1y6uHa Kapbepa, M 380

Quarry depth, m

O61asi MPOTSKEHHOCTb aBTOAOPOT, KM 283

Total length of auto roads, km !

I'py3ono’beMHOCTb NIPUMEHAEeMbIX

aBTOCAMOCBAJIOB, T 130-220

Load capacity of the used dump trucks, tons

240 .
4

5 5 220 Teopetunyeckas _—
%\r_‘ npon3BognTeIbHOCTb
= = 200 6e3addekra
= 5
§ zh 180 HacblWeHnA

[aa]
=2 160
= 8
=82 140
2 2
g 9 120
g E
= & 100

75 100 125 150 175

Koi-Bo aBTOCaMOCBaIOB B pa60Te, CI.

ala
Puc. 2.

Kak BumHO U3 puc. 2, 3¢p¢deKT HACBIICHUS HAYHHA-
€T MPOSBIATECS MPU KOJIMYECTBE aBTOCAMOCBAJIOB 00-
nee 130 ex. CymectBeHHy0 npobiiemy (MageHue mpo-
M3BOAUTENBHOCTH Oonee ueMm Ha 10 %) maHHBIA 3¢-
(eKT co3maeT mpH KOJINIECTBE aBTOCAMOCBAIIOB CBBHI-
me 150 en. Harnsgro (puc. 2, 6) 3Ta nmpobiemMa BUIHA
10 MAJICHUIO MPOU3BOJUTEIBHOCTH CPEIHECITUCOYHOTO
caMocBaja. 31eCh HEKOTOPOE YBEIUICHUE IPOU3BOIN-
TeapbHOCTH B auamaszone 90—130 camocBaioB CBSA3aHO
CO CITy4YaiHbIM SIBJICHHEM — JIJIs1 OOJIBIIETO0 KOJUYeCTBa
CaMOCBAJIOB aJITOPUTM JaBaj 0Oojee paluoHaIbHOE
pacripenesieHne caMOCBaJIOB IO 3KCKaBaTopaM. B 1e-
JIOM >K€ 3aKOHOMEPHOCTb MPOU3BOJUTEIBLHOCTH OIH-
CBIBACTCsl HEJMHEHHON yOBIBaromied GyHkiuei (moka-
3aHa MMyHKTHPOM).

[IpuBenenHas Ha rpaduKax puc. 2 MPOU3BOAUTEb-
HOCTb aBTOTPAHCIOpPTa AOCTIKMMA TPU XOPOIIEM CO-
CTOSIHMU aBTONOPOT. Ha mpakTuke ke ee orpaHHYHBa-
IOT JIOPOKHBIE YCIIOBHS, KOTOPHIE VIS IeNie JaHHOTO
WCCIIEIOBAHUS YUUTHIBAIOTCS B TPEX BHUIAX:

CHIDKCHHE CKOPOCTHU ABIDKCHUS H3-32 YXYIIICHHO-
T'O COCTOSIHHS aBTOJIOPOT;

MIOMEXH JBIKEHUIO KapbepHBIX aBTOCAMOCBAJIOB OT
KypCHUpYIOUIeH TEXHUKH [0 OOCITYKUBAaHHIO aBTO-
ZIOpOT (BBITIOIHEHO Ha TIPHMEPE aBTOTPEHIepOB);
MIOMEXHU KaphePHBIX aBTOCAMOCBAJIOB HA PEMOHTH-
PYEMBIX Y9acTKax aBTOJOPOT (CHIDKEHHE CKOPOCTH
BIUIOTH /IO OCTAHOBKH, BBI3BAaHHOW HEOOXOIUMO-
CThIO Pa3MHHOBKH B YCJIOBHSAX paOOTaroien 1o-
POXXHO-CTPOUTEIHLHON TEXHUKH U 3ay)KEHHUS IOJIO-
CHI JIJISl TIPOE37a).
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Fig. 2.

Maximum achieved productivity of dump trucks during transportation of rock mass according to the simulation results:

a) in the whole dump truck fleet; b) one medium-sized dump truck

25



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2023. V. 334.12.20-31
Zhuravlev A.G., Chernykh V.V. Computer modeling when assessing the impact of road factors on performance of quarry ...

BinsHue yXyIIIEHHOTO COCTOSIHHMSI aBTOJOPOT Ha
CHUXXEHHE MPOU3BOIUTEIHHOCTH OLIEHUBAJIOCH Yepe3
CHIDKEHHE CKopocTH. Kak M3BecTHO W3 HMCCleZoBa-
HU# [22], CHH)KEHUE CKOPOCTH UMEET 3aBUCUMOCTB OT
r1yOouHbl HepoBHOCTEH. C y4eTOM 3TOrO BBITIOJIHEHO
MOJIETHPOBAaHUE [BIKCHUS aBTOCAMOCBAIOB IO Ba-
pHaHTaM ¢ BapbHPOBAaHUEM OTPAHUYCHUS CKOPOCTH U
pPa3HO# JUIMHOM y4acTKOB C TAKUM OTpaHUYEeHHEM (Ha
BCEX YJacTKaX CKOPOCTh OTPaHHMYUBAIIACH HA OAHY H
Ty JXe BenuuuHy). [IpOTSHKEHHOCTB YYaCTKOB C
YXYAIIEHHBIM COCTOSHHEM JOPOTH OlLEHUBANIAch Kak
oM MX CYMMapHOHW UIMHBI B OOIIEM pPacCTOSHUHU
TPAHCIIOPTHPOBAHUSA. J[BIKEHHE MOICTHUPOBAIOCH Ha
€AMHCTBEHHOH Tpacce oT 3a00s 10 oTBana. 3a 06azo-
BBIf MPHUHAT BApHAHT C JIOMYCTUMOW CKOPOCThIO 40
KM/4 Ha BCEX yJacTKaX, IIPU 3TOM (PaKTHYEeCKas CKO-
pocTh ompenensigach B MOJEIU C Y4ETOM YKJIOHA
YYaCTKOB U TSTOBO-JAMHAMHUYECKUX XapaKTEPUCTHK
CaMOCBAJIOB.

[omy4enHsie pe3ynbTaThl, MPUBEACHHBIE B Ta0d. 4
W Ha pHUC. 3, IEMOHCTPUPYIOT KakK YBEIMYEHHE TPO-
JOJDKUTEIBHOCTH pelica, TaK U HEJTMHEHHOE CHUKEHHE
CKOPOCTH OTHOCHTENIFHO 0a30BOTO BaphaHTa. Xapak-
Tep 3TOr0 CHWKEHHUSA OJWHAKOB JJIsi aBTOCAMOCBAJIOB
kak 136, Tak u 220 T, ¥ B TPOILIEHTHOM OTHOIICHUU
(puc. 3, @) MpaKTUIECKU COBIAIACT, YTO COOTBETCTBY-
€T OYEBUIHON TeopeTHueckoi 3akoHoMepHocTH. On-
HaKO KOHKpeTHas (opma rpaKoB HECKOJIBKO Pa3iu-
9gaeTcsl M3-3a PA3INYHBIX TATOBO-TUHAMHYECKHX Xa-
PaKTEpUCTUK PacCMOTPEHHbIX MamuH. Takoit ¢akt
TOBOPUT O XOpOIIEH JeTaTbHOCTU pa3padoTaHHON
UMHUTAIIIOHHON MOJENH, TO3BOJIIOMICH YUIHTHIBATH
YKa3aHHbBIC HIOAHCHL.

B abcomoTHOM BBIPOKEHHH CHUKEHHE CKOPOCTH
BIMSICT HAa MPOM3BOAUTEIHFHOCTH CaMOCBAIOB IIO-
pasHOMY, B 3aBHCHMOCTH OT WX TPy30MOJbEMHOCTU
(puc. 4). OT™MedeHo, 4YTO MajJCHUE MPOU3BOJUTEIHHO-

90

Jons yuacTkoB
c

OrpaHNYCHUEM 20

10
ckopoctH, % 40
Puc. 3.
CKopocmu u 00ﬂuywacmkoe C MaKum oepaHu4eHuem
Fig. 3.

restriction

CTH T€M MHTEHCHUBHEE, YeM HUKE OTPAaHHUYCHHE CKOPO-
CTH, TpUYeM HauOoJellee CHIDKCHHE HaOII0IaeTCs
nmpu orpaHndyeHnu MeHee 10—15 km/4. DTO cBsS3aHO C
TEM, YTO 3HAYUTEIBHYIO IIOJI0 BPEMEHHU peiica aBTO-
CaMOoCBaJl JBWKETCS Ha MOIABEM C TPY30M, IPH STOM
CKOPOCTh B CHJIy TATOBO-IMHAMHUYECKHX CBOICTB Ma-
mMUHBI cocTtaBnseT 10—15 km/4, He HOCTHUTras MPEIeIOB
OrpaHHYeHHUs CKopocTH (Hanpumep, 30 kM/4), a ciexo-
BaTENBHO, 3TO OTPAaHUYCHHE BIUACT HA TPOIOIDKH-
TENFHOCTH peiica TOJNBKO B MOPOXKHIKOBOM HarpaBie-
HuM. B menom ke majgeHue MPOU3BOIUTEIBHOCTH OT
OTPaHMYCHUSI CKOPOCTH M3MEHSETCS C MEHBIIEeH Kpat-
HOCTB: HampuMep, MpHU CHIKCHUH OTPAHUYCHHS CKO-
poctu B 4 paza (c 40 1o 10 kM/9) IPOU3BOAUTETHLHOCTh
najaer B 2 pasa.

Ta6auya 4. Pesysomambvl M0O0eaAupo8aHusi hpooosxcumens-
Hocmu pelica KapbepHblX agmocamoceanos npu

dasbHoCMu mpaHchopmuposaHust 8,5 km

Table 4. Results of modeling the duration of the trip of dump
trucks with a transportation range of 8.5 km
I'py3sonogs- [Ipo0/KUTEIBHOCTD pelica, 4
eMHOCTb Trip duration, h
caMoCBaJIOB | % y4acTKOB CO OrpaHHYeHHe CKOPOCTH, KM/4
Loading CHU>KeHHOU Speed limit, km/h
capacity of CKOPOCTBIO
dump % of sites with 10 20 30 40
trucks reduced speed
10 0:53:45 0:48:43 | 0:47:33 | 0:46:59
30 1:01:13| 0:51:39 | 0:48:57 | 0:46:59
136 T/t 50 1:11:22| 0:56:19 | 0:49:39 | 0:46:59
70 1:22:13| 0:58:17 | 0:50:33 | 0:46:59
90 1:33:53|1:01:42 | 0:51:55 | 0:46:59
10 0:52:47| 0:50:30 | 0:48:28 | 0:46:32
30 1:01:06 | 0:51:57 | 0:47:41 | 0:46:32
220T/t 50 1:10:16 | 0:54:38 | 0:48:45 | 0:46:32
70 1:21:05| 0:57:10 | 0:49:47 | 0:46:32
90 1:33:09 0:59:51 | 0:51:55 | 0:46:32
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CHudceHue cpedHeLY 3Kcn/1yamauu0HHoﬁ CKOpOCMuU KapbepHblX aemocamoceas108 8 3agucumocmu om ozcpaHu4eHus

Reduction of the average operating speed of dump trucks depending on speed limit and proportion of sites with such a
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Fig. 4. Change in performance because of speed limit for dump trucks of various load capacities with a transportation distance

of 8 km and a weighted average slope along the route of 4.5% (for proportion of sites with a speed limit of 90% of the

route length)

Bnusare kypcupyroniei TEXHUKH 10 00CITyKUBaHUIO
aBTOJIOPOT (AaBTOIPEHACPOB) OICHHUBAIOCH ITyTEM MOJE-
JUPOBaHUs PabOThl AaBTOCAMOCBAJIIOB Ha BCEi CETH aBTO-
JIOPOT TI0 OTKPBITOI cXeMe (B YaCTH «IIPUBSI3KK» K JKC-
kaBaropaM). COIOCTaBIUIACH MTOKA3aTeNId CPEIHEH CKO-
POCTH JBVDKEHHS aBTOCAMOCBAJIOB M TIEPEBE3CHHOM TOp-
HOHW Macchl M0 BapuaHTaM: 0e3 aBTOIPEeHepOB U C aBTO-
rpelizepamu. ABTOrpeiiiepam ObUTH ONpeeeHbl MapIil-
PYTBL, OXBaTHIBAIOIIME BCIO CETh aBTONOPOT, TIPU ITOM C
OoIbIel MHTEHCUBHOCTHIO OHM JIBUTAIHMCH B Tpeenax
Kapbepa Ha JIOporax ¢ HauOOJBIIMM TIPy30000pPOTOM.
Paborta rpelinepoB co3iaBaia Cleyronmre TOMEXH:

e 3aMeAJIeHHe MpU CJIEIOBAaHWU 3a PAa0OTAIONINM B
MaTPYJIBHOM PEKHUME TPEUIEPOM;

OCTaHOBKa JJIS TPOITyCKa BCTPEYHOTO BVKEHHS
mpu o0be3ae rpeiepa, padOTAIONIETO B PEXKHME
YYaCTKOBOMW 3aYHCTKHU JOPOTH;
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[N
o

CHWKeHHE CyTOUHOU
MIPOM3BOIU-TEILHOCTH IapKa
caMoCBaJIOB, %

O N M OO

0 2 4 6 8 10 12 14 16 18 20
KonmaecTBo rpeiinepos, padoTarommx Ha

aBTOJ0porax, €.
@ Aprorpeiiziep mupHHOW oTBana 7,3 M, Maccoit 73 T

® Astorpeiinep mmpuHoii orBana 3,7 M, Maccoit 20,5 T

ala
Puc. 5.

a) cymmapHo Ha napk; 6) 8 pacieme Ha 00uH 2petidep

Fig. 5.
park; b) per a grader

27

CHmxenne
MIPOU3BOAMTEIHHOCTH TTapKa

aBTOCaMOCBAaJIOB

® CHIDKEHHE CKOPOCTH BIUIOTH JIO OCTAHOBKH IIpH
CO3JIaHWU 3aTOPOB M3-3a PabOTAIONINX IPEeHaACPOB B
30HaX MHTEHCHBHBIX TIPYy30MOTOKOB (B pabodeii
30HE Kapbepa) U Ha TIepeKpecTKax.

Bce 310 mpuBOAMIIO K CTOXaCTHYECKOMY yBEJIHYE-
HUIO TPOJOIDKUTENIBHOCTH peiica aBTOCAMOCBAJIOB,
KOTOpOE€ B CpeJHEM IO MapKy aBTOCAMOCBAJIOB COCTa-
B0 2—4 %, a B oTenpHBIX ciydasx — a0 10 %.

W3 puc. 5 BUAHO, YTO CYTOUHBIH 00BEM MEePEBO30K
MapKOM KapbepHBIX aBTOCAMOCBAJIOB IaJaeT Hecylle-
CTBEHHO: TI0 BApUAHTY C TpeiiepamMu IMUPHUHON OTBaIa
7,3 M — Ha 2,0-2,3 % npu panOHAITBEHOM WX KOJHYE-
CTBE 3 €. U [10 BApUAHTy C IpeiiiepaMu IUPUHON OT-
Bana 3,7 M — Ha 2,5-3,0 % mpu parmoHAILHOM WX KO-
mudectBe 8—9 en. Tem He MeHee OTNpe/ICIICHHABIN BKIIA]T
B 00Illee CHIDKEHUE MPOM3BOIUTEIHLHOCTH aBTOMapKa
OHHU BHOCHIT.

0 2 4 6 8101214161820
KomnmuecTBo rpeiiiepos, paboTarommx

Ha aBTOgOpoOrax, €ai.
® ABTOrpeiinep mHUpUHO oTBana 7,3 M, maccoit 73 T

® Arorpeiiaep mmpuHOi oTBana 3,7 M, maccoit 20,5 T

o/b

CHudiceHUe npoussodumesbHOCMU NAPKA A8MOCAMOC8A/108 Oom hakmopd nomex Kypcupyruwux asmoepetioepos:

Decrease in performance of the dump truck fleet depending on interference factor of cruising graders: a) in total per
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Taroke BHIHO, YTO aBTOTpEiIepbl MEHBIIETO Kiac-
ca mo rabapuTaM IMPH TOM XK€ KOJMYECTBE CO3MAIOT
MEHBIIE ITOMEX, YeM aBTOrpeiaepsl OOJBIIero Kiacca
(puc. 5, 6). D10, OYEBUIHO, IPOMCXOTUT U3-3a Gosee
MPOCTOr0 MX 00BE3/1a BBUIY MEHBIIUX TabdaputoB. B
TO ke BpeMsl s 3 PeKTHBHOTO TOAIEPKAHHUSI XOPO-
IIETO COCTOSHHSI aBTONOPOT TPEHIEPOB MEHBIIETO
KJacca TpeOyercst 0OJIbIle U3-3a MEHBIICH MTPOU3BOIH-
TeIbHOCTH (IIUPHHBI W TIIyOWHBI pe3anus). B wutore
rpeiinepoB kmacca 20,5 T Tpebyercs B 2-2,5 pasa
0oJIblie, YeM MallliH Ki1acca 73 T, U ux o0IIHMe MoMeXu
IUTA TBIDKGHUSI CAMOCBAJOB CPaBHUMBI WM OOJBIIE,
YeM IIOMEXH OT TSDKEIJIBIX MAIlFH.

Hapsiny ¢ maTpyiabpHBIM 00CITy)KHBaHUEM aBTOJOPOT
rpeiiiepaMu U KOJECHBIMHU OYJIbJI03€paMHU BBITIOIHEHO
UMHUTAIIIOHHOE MOJEINPOBAHUE, OIHCHIBAIOIIEE JIO-
KaJbHBIA PEeMOHT y4acTka Jopord. Ha orpanumdeHHOM
y4acTKe TpeaycMaTpuBaiack paboTa  JOPOXKHO-
CTPOUTEIHHOW TEXHHWKH, MPU KOTOPOH BO3MOXKEH ee
00BE311 IO OHOU 3 MOJIOC aBTOJOPOTH; 3TO CO3JaBa-
JIO TIOMEXH JJIsl JABKCHUS TEXHOJIOTHYECKOrO OOJb-
[IETPY3HOTO aBTOTPAHCIIOPTA, BBI3BIBASI CKOIUICHHE
CaMOCBAJIOB C 00EMX CTOPOH OT PEMOHTHPYEMOTO
yuacTka. [IiMHa PEMOHTHPYEMOIo OTpe3Ka JOpPOTd
npuHEManack 150 M, Takke (PUKCHPOBAIKCH ITapaMeT-
PHI IBIDKCHUS CAMOCBAJIOB Ha CMEKHBIX K HEMY OTPE3-
Kkax mmHo# 150-170 M, rme HaOIr0AaI0Ch UX CKOIIIE-
HUE U CHUYKEHUE CKOPOCTH.

Ta6auya 5. CHudxceHue npou3godumenbHOCMU KaApbepHbIX
asmocamoceaos 8 yc/08UsiX peMoHma y4acm-
ka aesmodopozu dauHoti 450 m Ha nymu csaedo-
8aHUs

Decrease in performance of dump trucks in the
conditions of repair of a 450 m long auto road
section on the route

Table 5.

[lo BapyaHTy ¢ peMOHTOM y4acTKa JJOpOTH
JrHOM 450 M
0B1mee PACCTOs- According to the option with the repair
fmee p of a 450 m long road section
HHUe TPaHCIIOPTH-
[poussogu- | IoTeps npousBoau-
poOBaHHUA, KM [Ipopoa-
TEeJIbHOCTb TeJIbHOCTH Ha
Total KUTeJb-
. 1aBTOCaMo- 1 aBTOCaMocCBas
transportation HOCTb
. o cBasa, T/cyT. | Loss of performance
distance, km peiica, 4 -
Trip Efficiency of per 1 dump truck
. 1 dump truck, o
duration, h t/day t/day %
2 0,41 9855 2415 20
4 0,65 6189 873 12
6 0,90 4511 447 9
8 1,14 3548 271 7
10 1,39 2925 181 6

3aKTFOUNTENLHBIM BHJOM BHUPTYQJIbHBIX HCIIBITA-
HUI ObLIa OICHKA BIHSIHUS PEMOHTHBIX Pa0OT Ha aB-
TOAOpPOTe NPHU YCIOBUHU 3aKPBITHS OAHON M3 IOJIOC C
MOOYEpEIHBIM ABM)KEHHEM CaMOCBaJIOB 10 Jipyroi. [1o
pe3ynbTaTaM MOJEINPOBAHUS YCTAHOBIIEHO, YTO HPO-
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CTOI CaMOCBAJIOB B OXHIAHUHU MPOE3Ja MO PEMOHTH-
pyeMoMy y4acTKy Aoporu cocrasisier ot 0,5 1o 5 MuH.
Cpennue mokaszarenu 1mo paboTe ImapKa aBTOCaMOCBa-
JIOB B IIEJIOM 32 CYTKH B YCIIOBHSX PEMOHTHBIX paboT
MIPUBEACHBI B Ta0J. 5. BUIHO, 9TO IpU KOPOTKOM IDIE-
4Ye OTKATKH PEMOHTHBIE PabOTHl Ha YYacTKe IUTHHOU
450 M BBI3BIBAIOT CYIIECTBEHHOE CHIDKEHUE CYTOYHOTO
o0Bema nepeBo30k napkoM aBrocamocBaios 20 %. 1o
Mepe Bo3pacTaHus JajJbHOCTH TPAHCIIOPTUPOBAHUS 3Ta
BeJIMYMHA yMeHbIaeTcs 10 6 %.

BbiBOABI

Paszpaborannoe B UI'J] YpO PAH mnporpammHoe

obecnieuenne «TpaHCHOpTHasg cUCTEMa Kapbepay

MO3BOJISICT pemaTh crienuduiyeckre 3aj1a4u B ooa-

CTH KapbepHOTO TPAHCIIOPTA, CBS3aHHBEIE B TOM

YHCIe C OLEHKOM BIUSHUS TOPOKHBIX (PaKTOPOB Ha

TEXHUKO-3KOHOMHYECKHE MOKa3aTeIH KapbepHOTO

aBTOTpaAHCIIOPTA.

BripaboTanbl MOAX0AB! K OIEHKE BIUSHUS JOPOXK-

HBIX ()aKTOPOB Ha MPOU3BOAUTEIHHOCTh KAPHEPHO-

ro aBTOTPAHCIIOPTA ITyTEM HMHUTALMOHHOTO KOM-

MBIOTEPHOTO MOJICITUPOBAHUSL:

e BHEJAPEHHE B MOJENIb areHTOB, UMHTUPYIOIIHX

paboTy TOPOKHOIN TEXHHKH;

BHEIPCHHE B MOJENb DJIEMCHTOB, UMHTHPYIO-

[IMX COCTOSHUE TPOE3KEN YacTH JOPOT;

yUeT CHIDKCHUS TPOU3BOIUTEILHOCTH Kapbep-

HBIX aBTOCAMOCBAJIOB B 3aBHCHUMOCTH OT COCTO-

SIHUA TIPOE3XKe 4acTu uepe3 BIUSHHE OTpaHu-

YCHUST CKOPOCTH.

YcraHOBICHA 3aKOHOMEPHOCTh BIHSIHHSI OTpaHHU-

YEeHHIA, CBA3AHHBIX C B3aMMOBJIHMSIHHEM aBTOCAMO-

CBAJIOB HA PHUTMHYHOCTH ABIKCHUS IO aBTOHOPO-

raM: IpH YBEITUYCHUH KOJUYECTBAa pabOTAIOIINX B

Kapbepe aBTOCAMOCBAJIOB B YCIIOBHUSIX BBICOKHX

IPY30II0TOKOB M CTECHEHHOH pabodell 30HBI C

€IMHCTBEHHBIM KaIUTaJbHBIM CHE3OM B HIDKHEH

YacTU MPOM3BOJUTENFHOCTh MapKa KapbepHBIX aB-

TOCAMOCBAJIOB pacTeT ¢ yOBIBaIOIIEHl HHTCHCHUB-

HOCTB, 8 TPOHM3BOAUTEIHHOCTh CPEIHECIIHCOYHOTO

aBTOCAMOCBaJa CHIDKACTCSL.

YCTaHOBICHO BIMSHHE NOPOXKHBIX (DakTOpOB Ha

MIPOM3BOJAUTEIEHOCTh KapHEPHBIX aBTOCAMOCBAJIOB,

OIMCHIBAEMOE CIICAYIOIIIM 00pa3oM:

e VYXYJIIEHHOE COCTOSIHHE AaBTOJOPOT BIEYET
CHIDKEHHE MTIHOBEHHOH CKOpPOCTH aBTOCaMO-
CBAJIOB BIUIOTH A0 8—10 KM/4 B 3aBUCHMOCTH OT
KOJIMYECTBA M TIYOMHBI HEPOBHOCTEH WIIM pac-
NyTUIBI U CHWXKEHUS KOX(pQUIMEHTa CIIerie-
HUS; TP 3TOM CHM)KEHHE MTHOBEHHOM CKOpO-
CTH Ha y4yacTkax B 2—4 pa3a Bj€4eT yMEHblIIe-
HUE CPEIHEIKCIUTYaTAllHOHHOW CKOPOCTH TIO
MapLIpyTy U HPOU3BOIUTENLHOCTH aBTOCAMO-
cBajioB B 1,5-2 pasa;
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e pabora JOpOKHOW TEXHHWKH, OOecleYnBalo- ® PEMOHT ydJacTKa JJOPOTH, 110 KOTOPOMY OCYIIIECTB-
el mojep)KaHue COCTOSHUS aBTOAOPOT (3a- JSTFOTCSL TIEPEBO3KH, BBI3BIBACT CHIDKCHUE MPOH3-
YUCTKA ¥ BBIPABHUBAHUE IIOBEPXHOCTH) B BOJIUTEIILHOCTH aBTocamocBajioB Ha 6-20 %,
MaTPyJIbHOM PEKUME, BBI3BIBAET ITOMEXU IS mpudeM TeM OOJbINe, YeM MEHBIIE aJbHOCTh
JIBUKCHHUST TEXHOJIOTUYECKOTO aBTOTPAHCIIOP- TPaHCIIOPTHPOBAHUS, HANMEHBIINE MOTEPH JI0-
Ta, CHMXKAasg UX NPOHU3BOJUTEIBHOCTh B CPell- CTUTAIOTCS TIPH PEMOHTE JOPOTH KOPOTKHMH
HeM Ha 2—4 %; ydacTKaMu JUIMHOH 10 50-70 M.
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