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Pe3rome. lureHcuBHOE ocBoeHne Henp Cubupu u JlanbHero Boctoka TpeOyeT ocHallleHHs TOPHBIX MPEANPHUITHI COBPEMEHHO
TEXHHUKOH, B TOM YHCJIe ¥ aBTOTpaHcopToM. [Ipemiaraercs TpexaTanHas MEeTOHKa BEIOOpa aBTOTPAHCIIOPTA IS IEPEBO3KHU ITOPOJIBI
B OTBAJIbI [1OCJIE 3arPY3KH HKCKaBaTOpaMH U JIPyTUX TPAHCIOPTHHIX padoT. [1epBblii aTan — npenBapuTeNbHbli, 0 YUCITY KOBILEH,
BBITPY’KaEMBIX 9KCKaBaTOPOM B Ky30B aBTOCAMOCBaja. BTopoii oTam — orieHka NoTpeOHOro KOINYECTBa aBTOCAMOCBAJIOB Ha Kapbepe.
Tperwuii aTamm — mpoBepka aBTOTPAHCIIOPTA IO TATOBBIM XapaKTePHCTHKAM Ha JTaHHOM Kapbepe. Vcronp30Banue mpeiaraeMoi MeTo-
JIUKH TTO3BOJIMT UCKIIOUUTH TpUoOpeTeHne HedPEeKTUBHON JIsl TAHHOTO TOPHOTO MPEINPHUSTHS aBTOTPAHCIIOPTHON TEXHUKH.
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Rezume. The intensive development of the subsoil of Siberia and the Far East requires the equipping of mining enterprises with
modern technology, including vehicles. A three-stage methodology is proposed for selecting vehicles for transporting rock to landfills
after loading with excavators and other transportation operations. The first stage is preliminary in terms of the number of buckets
unloaded by the excavator into the dump truck body. The second stage is the assessment of the required number of dump trucks at the
quarry. The third stage is to check vehicles for traction characteristics at this quarry. The use of the proposed methodology will make
it possible to exclude the acquisition of inefficient motor vehicles for this mining enterprise.
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[EOTEXHOJIOMVIA, TOPHBIE MALLIVIHBI

BBenenue

B HacTosiiiiee BpeMst Ha TOPHBIX BbIpaOOTKax B Poccuiickoit
Oenepanyy JOMUHUPYET aBTOMOOMIIBHBIN TPAHCIOPT, KOTOPBIiA
MPUMEHSETCS Ha MaJIbIX Kapbepax, IpH HeOOoNbIINX 00beMax me-
PEBO30K, M Ha KPYITHBIX Kapbepax, nocturaomux 80 u 6onee MITH
1/ron [1, 2]. OTKpbITHE B MOCIIEIHUE TOABI HOBBIX MECTOPOXK/Ie-
Huil B JlapHEBOCTOYHOM pernone Poccuu TpebyeT ycoBeplleH-
CTBOBaHHS METOIMK BBIOOPa OBICTPOMEHSIOIINXCS TEXHUIECKUX
CPEZCTB, B TOM YHCJIE aBTOMOOMIIBHOTO TPAHCIIOPTA ISl TIOOBIYH
TIOJIE3HBIX HMCKOITAaEMBbIX. CJ'[C}IyCT OTMETHUTH, YTO METOAUKH II0
BBIOOPY aBTOTPAHCIIOPTA HE MEHSITHCH Topsiaka 40 set [3—6].

K nmpeumymiectBaM — HCIIOJIB30BaHUS — aBTOMOOMIIBHOTO
TpaHCIOpTa Ha TOPHBIX Bpra6OTKaX IIOJIC3HBIX HMCKOIIa€MBbIX
MOXKHO OoTHecTH [7, 8]:

— aBTOHOMHOCTb, TO €CTh HE3aBUCUMOCTb OT BHELTHUX HCTOY-
HHUKOB 3HEPIUU, YTO MO3BOJIACT UCIIOJIB30BATh aBTOTPAHCIIOPT BO
BpPEMs CTPOUTEIILCTBA KapPbEPOB;

— MOOHMJIBHOCTB, YTO JIa€T BO3MO)KHOCTh HPUMEHATH aBTO-
TPaHCIOPT B CJIOXKHBIX YCJIOBHAX 3aJICTaHUsA ITOJIE3HBIX HCKO-
MaeMbIX, a TaKKe MPH pa3padOTKe MECTOPOXKACHHN C MaJbIMU
3aracamMy U KOPOTKUM CPOKOM SKCILTyaTallny;

— BO3MOXKHOCTb NEPEMELICHUS IIOPOA C PA3IUIHBIMU (HU3U-
KO-MEXaHWYECKHMU CBOMCTBaAMU;

— COKpallleHHe JUIMHBI TPAHCIIOPTHBIX KOMMYHHKAIMH H3-3a
BO3MOJKHOCTH JBHIaThCS MO0 OTHOCHUTEIILHO KPYTBIM IMObEMaM
U HaKJIOHaM;

— 3HAYUTENFHOE YIPOILIEHHE MTPOLiecca OTBAIO00pa30BaHUsL.

PanmonanbHOe  paccTOsiHME TEPEBO3KM  aBTOMOOMIBLHBIM
TpaHcnoproM — He Oonee 3—4 kM [9]. Kapbepsl, rie ucmnonb3y-
€TCsl aBTOTPAHCIIOPT, UIMEIOT OIPAaHMYCHHBIE pa3Mephl B IUIAHE:
He Oosee 2-2,5 kM. YKIIOHBI aBTOIOPOTH COCTaBisOT 4—5°, pa-
JIMYCBI IOBOpOTa Ha fAoporax — 40—50 M, a r1yOuHa KapbepoB HE
npessimaer 200-250 m [10].

Mertogosiorust

Kak mpaBmiio, aBrocaMocBajbl Ha Kapbepax padOTalT B
KOMILIEKTE C OJHOKOBLIOBBIMHU 3KCKaBaTopamu. [IpakTukoii Be-
JEHUS OTKPBITHIX TOPHBIX PA0OT BBIPAOOTAHO YCIOBHUE, YTO BMe-
CTHMOCTh Ky30Ba CaMoOCBajia IOJDKHA COOTBETCTBOBATh 4...5
BMECTHMOCTSIM KoBIIa 3KckaBaropa [11]. Ilpu koapdunuente
HAITOJIHCHHUS, paBHOM 1,2, TeOMETPUYECKUI 00BEM YEeThIPEX KOB-
1Ieif 9KCKaBaTopa COOTBETCTBYET 00beMy Ky30Ba aBTOCaMOCBala,
a 00beM TISTH KOBILEH HKCKaBaTOpa «C MIAMKOI» COOTBETCTBYET
MaKCHMaJIbHOMY O0BEMY Ky30Ba aBTOCAMOCBajia. JTO TNEpPBBIi,
MpeBAPUTEIBHBIN 3Tal BEIOOpA aBTOCaMOoCBasioB [12].

Bropoii sTan MeToguku BbIOOpa aBTOCAMOCBAJIOB 3aKIIIOYa-
€TCsl B ONPE/ICSICHMH HEOOXOIUMOT0 KOJIMYECTBA TPEIBAPUTEIb-
HO BBIOPaHHOTO THIIa MAIlMH JUIsl ONpeNeNIeHHOro Kapbepa. [
STOH LeNu HEeOoOXOIMMO pacrojiaraTb HCXOJHBIMH JIaHHBIMH:
JAJIBHOCTHIO TpaHcnoptupoBanus (2000...2500 m); BMecTUMO-
CTBIO KOBIIA DKCKaBaropa ¢ koddduuuentom Hanonuenus K, =
1,15...1,2.

B xommiekre skckaBaTop — aBTOCAMOCBAI IEPBBIN SABIACTCS
TOJIOBHOW MaIIMHOM.

B cBsI31 ¢ 3THM KOJIMYECTBO aBTOCAMOCBAJIOB PACCUUTHIBACT-
sl TSI KaXKTOTO 9KCKaBaropa OTAeabHO 1o (opmyrie [13]
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rae Tp — BpEMs OJHOI'O peuca, tn — BpEMs IOTPY3KH aBTOCaMO-
cBaljia.

Dopmyiny (1) cnenyer moHUMaTh Tak, 4TO BpeMs pelica, Kak
MIPaBHJIO, OOJIBIIE BPEMEHH 3arpy3KH HKCKAaBaTOPOM Ky30Ba Of-
HOTO aBTOCaMOCBAIa.

TTpOIOIKUTENBHOCTD JIBHIKCHHSI aBTOCAMOCBaIa OT MECTa 3a-
IPY3KH JI0 TIYHKTa pa3rpy3Ku U 00paTHO (T. €. BpeMsl peiica) paBHa

Tp =1, +1,, +l‘pa3 +17, ()

TJIe ¢, — BPeMs [IOIPY3KH, MUH;
¢, — BPEMS JIBIDKEHNUS aBTOCAMOCBAIA, MUH;
! ., — BPEMsl Pasrpy3KH aBTOCAMOCBAJIa,
ln ™= 1,5 mun; ¢ — Bpems MaHeBpa, npu pasrpyske £, = 0,5...1
MHH, IIEPE MOTPy3Kok £ = 0,75 muH.
Bpewms norpysku aBrocamocsana [14, 15]
(=L )
" EYK

H
rje (, — rpy30NoAbeMHOCTh aBTOCAMOCBAJIA, T;

K — k05 UIHEHT Pa3pBIXICHHS FOPHON ITOPOJBI (B Ky30B¢),
K, =1,12...1,15;

t, — (axTuueckoe Bpemst LMKIA dKCKasaropa, f, = 04...
0,6 MuH;

E — BMeCTUMOCTH KOBIIIA KCKaBaropa, M3 [16];

Y — 00beMHast cuiia THKECTH noposl, ¥ = 1,5...1,6 /M5

K —xo>pduument nanonnenus kopma, K =1...1,1.

BpeMst IBIDKSHUs aBTOCaMOCBaJIa PABHO

120L,,
tz)s = vV ’ (4)
cp

e L, — nanbHOCTb TPAHCIOPTHPOBAHUS TOPOJIBL, KM;

V,, — CpelHsisi CKOPOCTh JBHKCHHS aBTocamocsana, V= 30
KM/4.

Onpenenus cornacHo (2), (3) TI M [, HAXO[IUM KOIIMYECTBO
pelicoB aBTOCaMOCBAJIOB B CMEHY:

607 K,
N = cM—_ua s 5
om T ( )

p

rae T, —uuncino vacos B cmene, 7, = 10...12 4;

K, — ko3 duuuent 3arpyKeHHOCTH aBTOCaMOCBANIOB, K =
0,75.

OmpezernsieM cpeiHee YUCIIO aBTOCAMOCBAJIOB, KOTOPOE MO-
xeT 3P (HEKTUBHO MCTOIB30BATHCS B KOMIUIEKTE C OJJHUM JKCKa-
BatopoM 1o Qopmyne (1), u uncino paboyux aBTOCAMOCBAJIOB,
00CITy>KMBAIOIINX BCE pabovne dKCKaBaTOPbI MO Gopmyle

N,, =nN,,. (©)
rie N, — KOIMYecTBO aBTOCaMOCBANIOB, 00CIYKMBAIOLINX OMH
9KCKaBaTop; 71, — YMCII0 IKCKABaTOPOB, PAOOTAIOIIMX C aBTOTPaH-
CIIOPTOM B CMEHY.

YucIio 9KCKaBaTOPOB, pabOTAIOIIMX HA Kapbepe B OHY CMe-
HY, ONpEACIACTCA B 3aBUCUMOCTH OT MOIIHOCTH BCKPBLIIINA WUJIA
MOIIHOCTH TUIACTa TTOJIE3HOTO HCKOIIAEMOTO, a TAK)KE CPOKOB OT-
PabOTKH MECTOPOXKICHHSI.

TpeThbst 3ama4a B BHIOOpPE ABTOTPAHCIIOPTA 3aKIIOYAETCS B
MIPOBEPKE MPEABAPUTEIHEHO BHIOPAHHONW MOJEIH aBTOCAMOCBaja
IO TATOBO-CICITHBIM Ka4eCTBAM.

ITonHOE COMPOTHBIIEHHUE ABMKCHUIO TPYKEHOTO aBTOCAMO-
cBaJjia paBHO
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DW=W, +W, +W, @)

rae W,  — COIpOTHBIEHHE ABUKEHHIO TPYKEHOTO aBTOCaMOCBa-
J1a BBEPX 110 YKIIOHY;

W, — HeobXomuMoe YCHUIIHE JUTs pa3sroHa aBTOCaMOCBala JIo
TPAHCIIOPTHOM CKOPOCTH;

W — conpotuBieHye BO3ayXa HPH ABHKEHHH IPYKEHOTO aB-
TOCAMOCBAJIa.

ComnpoTHBIIEHHE IBIKEHHIO TPYKEHOTO aBTOCaMOCBalIa PABHO

W, =G(fcoso+sina), )

men

rae G — cyMMapHasi cuila TSDKECTU aBTOcaMocBala U rpysa, KH;
f— K03(hGHULIUEHT COPOTUBICHUS IBIKEHHIO, f= 0,25;
0 — yroJ HaKJIOHA My TH, o = 5°;
g — YCKOpEHHUE CBOOOIHOTO MaeHusl, M/c?,
Yeunue 11 pa3roHa aBTocaMocBaja paBHO

W, =—m, €

rae V' — TpaHCIOpTHAs! CKOPOCTh IPYKEHOr0 aBTocaMocBana, V=
0,85 M/c; m — mMacca TpyKeHOro aBTOCaMOCBalIa, T;

{,— BpeMs pasroua, = 2c.

ComnpoTuBieHUE BO3yXa PABHO

W,=afK.K,,, (10)

e q — y/AeJbHbIA Harop Bosmyxa, = 250 H/m?% F = H - K —
ILIOLIAb J1I000OBOIO CONPOTUBIIEHUS; [ — rabapuT caMocBaja o
BbICOTE; K — KOJIesl KoJlec;

K — x03()UUKMENT, YUHTBIBAIOWIMI COCTOSHHE TOPOKHOIO
nokpeitus, K = 1,6;

K, — K0dDQULMEHT adpOAMHAMIYHOCTH KOPITyCa CaMOCBa-
na.

HomuHanpHas cuiia Tsru

T =G-o, (11

rae ¢ — k03 UIMEHT CLeIIeHHs Koyec ¢ Joporoi, ¢ = 0,9.
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KpyTsmuii MOMEHT Ha BBIXOZHOM Bally ABHUrarelis

 9550N
n

(12)

M

rae N — MOIIHOCTb JBUTATENs, KBT; 7 — 4rcio 000pOTOB KOJICH-
YaToro Bajia ABUTATENs, 00/MHH.
KpyTsiiuit MOMEHT Ha BEAYIIMX KOJecax aBToCaMoCcBaia

M, =M:-in, (13)
e [ — MepesaToyHoOe YHCIO TPAHCMUCCHH;
1 — KIIJI Tparcmuccun, n = 0,85.
OKpy’KHOE yCHIIe Ha BelyLHX Kojlecax
M
P, =—* (14)
rK
e 7', — pauycC Kojeca.
TsroBeiii 6ananc mamuHsl [17]
R)KPZZ;ZZW’ (15)

Takum 00pa3oM HOMHWHANIbHAsI CHJIa TSTH aBTOCAMOCBaja
JIOJKHA OBITh HE MEHEE IOJTHOTO CONPOTHUBIICHUS €T0 IBH)KEHHIO
1 He 0oJiee OKPY)KHOTO YCHJIMS Ha BEIyIUX Kojuecax IMpH HOMH-
HaJIbHON MOITHOCTH.

3akJjoueHnune

[pemaraemast MeTOMKa BEIOOPA aBTOTPAHCIIOPTHBIX CPEIICTB
Ha CTPOSIIIMXCS TOPHBIX MPEANPHATHSX 110 JOOBIYE ITOTE3HBIX HC-
KOIIaeMBIX TIO3BOJSIET TPEABAPHUTENBHO, Tepel MpUOOpeTeHneM
aBTOTPAHCHOPTHBIX CPEICTB, MPOBECTH aHAIN3 HEOOXOAMMOTO
Ka4ecTBa OOOPYIOBAaHMS I KOHKPETHBIX YCIIOBHI pabOTHI Ha
Kapbepax M TeM CaMBIM HE COBEPIIATh SKOHOMHYECKHX OLIHOOK.

PaccmarpuBaeMasi METOAMKAa MOXET OBITH ITOJE3HA CTYACH-
TaM HPH BBIIOJHCHUH AUIIOMHBIX ITPOEKTOB, a TAKXKE aCIUpaH-
Tam.

Mertonuka OblIa anpoOupoBaHa Ha Kapbepax rOPHOLOObIBa-
FOLICH KOMITAaHUH «Apean», pacroIoKEeHHBIX B MaragaHckoit 00-
nacTi 1 UyKOTCKOM aBTOHOMHOM OKpYTe.

CIIMCOK JIMTEPATYPbI / REFERENCES

. Makaposa 1.B., I'anues M.M., bapunos A.C. u ap. CoBpeMeHHBI aBTOTPAHCIIOPT FOPHOMPOMBIIIJICHHOTO KOMIUIEKCA: MPOOIEMBbI U PEIICHHUSI.
Topnas npomwrunennocms. 2025; 1S: 28-33. https://doi.org/10.30686/1609-9192-2025-1S-28-33.

Makarova L.V., Ganiev M.M., Barinov A.S. et al. Modern motor transport of the mining complex: challenges and solutions. Russian Mining Indus-
try. 2025; 1S: 28-33. (In Russ.). https://doi.org/10.30686/1609-9192-2025-1S-28-33.

. Kypranos B.M., I'pssnos M.B., Kono6anos C.B. Ouenka HangexHOCTH (YHKIHOHHPOBAHHS HKCKABATOPHO-aBTOMOOWIBHBIX KOMIUIEKCOB B
kapbepe. 3anucku [oprozco uncmumyma. 2020; 241: 10-21. https://doi.org/10.31897/pmi.2020.1.10.

Kurganov V.M., Gryaznov M.V., Kolobanov S.V. Assessment of operational reliability of quarry excavator-dump truck complexes. Journal of
Mining Institute. 2020; 241: 10-21. (In Russ.). https://doi.org/10.31897/pmi.2020.1.10.

. Bnosuuenko A.M., Cepebpennuxos O./l. OOocHOBaHME NOKa3aTelel, ONPENENSIONMX BbIOOP TPAHCIOPTA NIYOOKHMX HArOpPHBIX KapbepoB.
3anucku 'oproeo uncmumyma. 1989; 120: 103-105.

Vdovichenko A.M., Serebrennikov O.D. Justification of the indicators determining the choice of transportation of deep highland quarries. Journal
of Mining Institute. 1989; 120: 103-105. (In Russ.).

. Hacupos Y.®., 3aupos I1LIII., Kapumos L11.B. MccnenoBanue 1 OLeHKa TEXHOIOTHIECKOTO aBTOTPAHCIIOPTa [Ist 3 (PEKTUBHOM TPaHCIIOPTUPOBKU
TOPHOIT Macchl B ITyOOKUX Kapbepax. Yeors. 2023; 12: 67-72. https://doi.org/10.18796/0041-5790-2023-12-67-72.

Nasirov U.F., Zairov S.S., Karimov S.V. Research and evaluation of process fleet for effective haulage of rock mass in deep open pits. Coal. 2023;
12: 67-72. (In Russ.). https://doi.org/10.18796/0041-5790-2023-12-67-72.

. Hunepdun U.M., lteiin B.Jl. KapbepHsiii aBromoOuibHbIi Tpancnopt: CrpaBounuk. Mocksa, 1992: 415.

Tsiperfin I.M., Stein V.D. Career automobile transport: Handbook. Moscow, 1992: 415. (In Russ.).

. Burmistrov K. V., Osintsev N.A., Shakshakpaev A.N. Selection of open-pit dump trucks during quarry reconstruction. Procedia Engineering. 2017,
206: 1696-1702. https://doi.org/10.1016/j.proeng.2017.10.700.

Mine Surveying and Subsurface Use Vol. 26, Ne 1, JANUARY-FEBRUARY 2026 59



TEOMEXAHUKA, PASPYLLIEHVE [OPHBIX [10POL

10.

11.

Koptev V., Kopteva A., Ivanova T. Directions for the development of transport machines for open-pit mining. Journal of Applied Engineering
Science. 2020; 19 (1): 1-5. https://doi.org/10.5937/jaes0-28708.

Sxosnes B.JL., 3pipsnos W.B., XKypasnes A.I., Uepenanos B.A. OcoOGeHHOCTH COBPEMEHHOTI'0 TI0JX0/a K BBIOOPY TEXHOJIOTHUECKOTO TPAHCIIOpTa
JUISL aIIMAa30PYAHBIX KapbepoB SKyTHH. Pusuko-mexnuueckue npoobnemvl paspabomu noaesnvix uckonaemuvix. 2018; 6: 109-119.

Yakovlev V.L., Zyryanov 1.V., Zhuravlev A.G., Cherepanov V.A. Peculiarities of the modern approach to the choice of technological transport for
diamond ore quarries in Yakutia. Journal of Mining Science. 2018; 6: 109-119. (In Russ.).

Tananun B.B., KazakoB B.A., bexep B.I. Onrumunzanus paccTOsSHHN TPaHCIIOPTUPOBAHUS BCKPBILIHBIX MOPOJ Kapbepa aBTOTPAHCIIOPTOM C
UCIIOIb30BAHUEM FOPHO-TEOJIOTHYECKUX MH(OPMAIIMOHHBIX CUCTEM. [ OpHblll UHDOpMayuoHHO-anarumuyeckutl orontemens. 2025; 10: 124-139.
https://doi.org/10.25018/0236 1493 2025 10 0 124.

Talanin V.V., Kazakov V.A., Bekher V.G. Distance optimization in overburden haulage by dump trucks using mining and geological information
systems. Mining informational and analytical bulletin. 2025; 10: 124-139. (In Russ.). https://doi.org/10.25018/0236 1493 2025 10 0 124.
Kypasnés A.I., Ceméuxun A.B., UepenanoB B.A. u ap. 3amaun pa3BUTHs NMEPCHEKTUBHBIX [MKIMYHO-TIOTOUYHBIX TEXHOJIOTHH IJISI TIIYOOKHX
KapbepoB. [ opHas npomviunennocms. 2022; 1S: 53-62. https://doi.org/10.30686/1609-9192-2022-1S-53-62.

Zhuravlev A.G., Semenkin A.V., Cherepanov V.A. et al. The purpose of developing advanced in-pit crushing and conveying technology for deep
open pits. Russian Mining Industry. 2022; 1 S: 53-62. (In Russ.). https://doi.org/10.30686/1609-9192-2022-1S-53-62.

Xopemok A.A., [lyounkun J[.M., Mapkos C.O., TroneneB M.A. OrieHka CTENICHN B3aWMOBIIUSHUAS BMECTUMOCTH KOBILIA DKCKABATOpa M Ky30Ba
aBrocamocBana. Becmuuk Kyz6acckoco ecocyoapcmeennoeo mexuuueckozo ynugepcumema. 2021; 3: 104-112. https://doi.org/10.26730/1999-
4125-2021-3-104-112.

Khoreshok A.A., Dubinkin D.M., Markov S.O., Tyulenev M.A. Estimation of the degree of mutual influence of the excavator bucket capacity and

haul truck body. Bulletin of the Kuzbass State Technical University. (In Russ.). https://doi.org/10.26730/1999-4125-2021-3-104-112.

12. Tomaxos I1.1., Haymos 1.K. Texnonorus, MexaHu3alus 1 OpraHu3anusi OTKPBITBIX TOPHBIX paboT. Mockaa, 1992: 463.
Tomakov P.I., Naumov I.K. Technology, mechanization and organization of open-pit mining. Moscow, 1992: 463. (In Russ.).

13. Mirzaei-Nasirabad H., Mohtasham M., Askari-Nasab H. et al. An optimization model for the real-time truck dispatching problem in open-pit min-
ing operations. Optimization and Engineering. 2023; 24: 2449-2473. https://doi.org/10.1007/s11081-022-09780-x.

14. Botyan E., Pushkarev A. Improving the methodology of choosing machinery models for the formation of an excavator and vehicle fleet during the
modernization of a mining transport system, with account for the Arctic specifics. Transportation Research Procedia. 2021; 57: 106-112. https://

doi.org/10.1016/j.trpro.2021.09.031.

15. lewmsikun C.A., Jlemunckuit A.B. Pacder 3emiepoitabix Mamiia. Xabaposck, 2014:55.
Shemyakin S.A., Leshchinsky A.V. Calculation of earthmoving machines. Khabarovsk, 2014:55.
16. Tpyoeuxoii K. H. u np. OTkpbITHIC TOpHBIE paboTHI clipaBoYHUK. MockBa, 2014: 621.

Trubetskoy K.N. et al. Open-pit mining handbook. Moscow, 2014:621.

17. omapuu PIO. Mexannueckoe obopynoBanue kapbepos. Mocksa, 2003: 605.

Poderni R.Y. Mechanical equipment of quarries. Moscow, 2003: 605.

CBEJEHMUSA Ob ABTOPAX

Cmanucnae Apkaovesuu Illemakun —

0-p mexH. Hayk, doyenm, npogeccop Buvicuiel wiKoibl nPOMblLL-
JIeHHOU UHdICeHepul, TUXOOKeaHCKUll 20Cy0apCmeeHHblil YHUBep-
cumem, 2. Xabapoeck, Poccuiickas @edepayus

Anmon Opvesuu Yeoan —

KanO. mexH. HayK, 8e0ywull HayuHwlti compyOHux Uncmumyma
20pHo2o dena, Xabaposckuil pedepanbubiil Uccied08amenbCKull
yeump Jlanvregocmounoeo omoenenus Poccutickoll akademuu
Hayk, e. Xabaposck, Poccuiickas ®edepayus

Eeszenuit Anexceesuu Illumikun —

KAHO. MeXH. HayK, 0oyeHm Bolcuiell wiKoabl npOoMblULEeHHOT
unocenepuy, TUXOOKeancKull 20CyO0apCmeeH blil yHugepcumen,

2. Xabapoeck, Poccutickasi @edepayus, e-mail: 004655@togudv.ru

Bauecnas IOpvesuyu Boponun —
2NaBHbILL UHICeHep Komnanuu «Apeany, 2. Xabaposck, Poccutickas
Dedepayus

Kpurepun aBropcrBa:
ABTOPBI 3asBIISIIOT O PABHOM BKJIAJIE KaXKJOTO B pabOTy HaJl CTaThei.

KonguaukTt untepecon:
ABTOpBI 3asBISIIOT 00 OTCYTCTBUH KOH(INKTA HHTEPECOB.

HNndopmanus o crarbe

Iloctynuna B pepakuuto: 27.01.2026
IMocrynuna nocine penensuposanus: 18.02.2026
TIpunsra k myonukarmu: 27.02.2026

60

ABOUT THE AUTHORS

Stanislav A. Shemyakin —

Dr. Sci. (Eng.), Professor of the Graduate School of advanced
engineering, Pacific National University, Khabarovsk, Russian
Federation

Anton Y. Cheban —
Cand. Sci. (Eng.), Senior Researcher, Institute of Mining,
Khabarovsk Federal Research Center of the Far Eastern
Branch of the Russian Academy of Sciences, Khabarovsk,
Russian Federation

Evgeny A. Shishkin —

Cand. Sci. (Eng.), Associate Professor of the Graduate
School of advanced engineering, Pacific National University,
Khabarovsk, Russian Federation, e-mail: 004655@togudv.ru

Vyacheslav Y. Voronin —
Chief Engineer, Areal company, Khabarovsk, Russian
Federation

Contribution:
The authors declare the equal contribution of everyone to the
work on the article.

Conflict of interest:
The authors declare no conflict of interest.

Hndopmanus o crarbe
Received: 27.01.2026
Revised: 18.02.2026
Accepted: 27.02.2026

Mapxkwenigepns n Hegpononb3oBanue T. 26, Ne 1, iHBAPb-®EBPAJIb 2026 r.





