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EOTEXHOIOMA: NOO3EMHAA,
OTKPbITAA, CTPOUTESIbHAA

V]IK 622.063 DOL: 10.21440/0536-1028-2019-1-6-13

On the parameters of an industrial motor vehicle designed
to transport sized coal out of the face
of an open pit

Mulenkova A. 0.1, Demchenko I. I.
1 Siberian Federal University
(79, Svobodny Prosp., Krasnoiarsk, Russia)

Abstract
Introduction. Sized coal production in the face of an open pit allows to reduce its prime cost by reducing
transfers and backhauls. At that, the maintenance of the quantitative and qualitative characteristics of
the produced coal is highly significant. For this purpose it is suggested that the coals transfer from the
face to the daylight surface ought to be carried out in specialized containers installed on an industrial
motor vehicle being the initial link in the resource-saving and ecological technology of sized coal
transportation out of the face of an open pit.
The research aims to determine and substantiate the parameters of an industrial motor vehicle for sized
coal transportation in specialized containers out of the face to the daylight surface.
Methodology. An industrial motor vehicle parameters determining mathematical model have been
worked out, which allows to determine the rational values of its carrying capacity and structural
parameters. Research methods include mathematical modeling and analysis, computer calculation
software tools, and physical modeling.
Results. The present work has determined the range of parameters and the alternatives of structural
variants of an industrial motor vehicle adapted for the specialized containers with sized coal
transportation out of the face of an open pit. Interdependences between its basic parameters among
themselves and between its basic parameters and external factors have been examined. The dependences
between the carrying capacity and the productivity of processing equipment, time of sized coal loading
into the containers, and the dimensions of a freight platform.
Conclusions. Dependences derived in the present work allow to determine rational values of industrial
motor vehicle parameters and come into the substantiation of excavating and loading equipment and
processing equipment for co-operation in the process chain of coal production in the face of an open pit.

Key words: sized coal; stoping face; industrial motor vehicle; parameters; carrying capacity.

Introduction. Coal producers competitive growth is an important development
objective of the industry [1-3]. The growth in coal production output leads to the
increasing demand for sized coal. Sized coal production in the face of an open pit
allows to reduce its prime cost by reducing transfers and backhauls. The maintenance
of the quantitative and qualitative characteristics is provided by technological use of
the specialized containers (SCC) for sized coal delivery to the consumer. The delivery
of SCC from out of the face to the daylight surface is carried out by an industrial motor
vehicle (IMV).

Consequently, there appeared the need to substantiate the parameters of an industrial
motor vehicle being the initial link in the resource-saving and ecological technology of
sized coal transportation out of the face of an open pit.
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Methodology. Research methods include mathematical modeling and analysis,
computer calculation software tools, and physical modeling.

Research results and analysis. Under cyclic technology of coal miningitisoffered
to organize sized coal production in the face [4] and then load the produced sized coal
in SCC installed on an industrial motor vehicle for its transportation out of the face to
the daylight surface [5].

IMV represents an open pit automobile with removable load-carrying vessels in the
form of specialized coal containers installed in a platform. IMV parameters must
provide the fulfillment of the following
requirements: 25001

— structural adaptation to the
conditions of exploitation — moving on
open pit roads with complex and KCY-656 EKCY-49
changeable cross section and a large 2000 |
number of sharp turns [6];

— operation in confined spaces —
numerous  manoeuvres  including
manipulations at the territory which is
limited across the width of a working
site [7];

—  structural  suitability  for
specialized containers transportation — 1000 |
the availability of the equipped load
platform;

— carrying capacity correlating with
the productivity of processing
equipment.

The range of IMV parameters has
been determined on the basis of the
initial data analysis — the main
conditions of its operation, namely: 100 300 500 700
mining technical conditions, Processing equipment productivity, t/h
productivity of mining transportation
cquipment and SCC parameters being {11 e dependnes bty e me et o
aremovable load carrying element of equipment productivity
IMV. The basic parameters are the Puc. 1. 3aBucuMOCTh BpeMeHH MOIpy3KH COPTOBOTO
nominal carrying capecity of avehicle 3114 ST oM Koeiepi o ipor
g, t; dimensions of a freight platform
(length @, m; width b_, m; height /_, m); dimensions of IMV (length a__, m; width
b,., m; height 2 ., m); minimum swing radius R, m; motor power N, kW;
the coordinates of a loaded vehicle centre of gravity ensuring its longitudinal
and transverse stability.

Carrying capacity is one of the crucial factors to determine the structural variant,
dimensions and power of IMV engine. Carrying capacity of IMV must correlate with
the productivity of the processing equipment complex installed in the face in order to
prevent failures in winning, processing and transporting components of open pit
technological process. For that reason the given parameter takes priority in its value
determination and substantiation.

BEKCY-32.1 BKCY-15,6
BKCV-11,3 BEKCY-57
BKCY-3.3 BKCY-1,55

=

[

o

o
T

Loading time, s

500
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Actual carrying capacity of IMV ¢’ , t, is determined by the parameters of the
complex of processing equipment and by the loading technology:

! Kn t1’1
qT.C = QOG n )
Y

where Q,; is the productivity of the processing equipment complex, m¥h; K is a
correction factor taking into account afraction of sized coal output from the processing
equipment; ' is IMV loading time, h; 1 is a coefficient of vehicles’ uneven arrivals at
the loading point; y is IMV carrying capacity operation factor [8].

150 Qe t/h
140 | —e— 100
130
- 120 | —e— 200
2110
g 100 | 300
T |
g’ 80 | —o— 400
S 70|
g —o— 1500
> 60
S 50} 600
40
30 r —eo— 700
20
10 —o— 800
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 —— 900
The number of IMV, unit

Fig. 2. Dependence between IMV nominal carrying capacity and the number of vehicles in use
Puc. 2. 3aBucumocts HOMUHaNBHOW rpy3onoabeMHocTH TATC OT KoIMuYecTBa HCIHOJIb3YEMBIX aBTO-
MOOuIIEH

IMV loading time ¢’ is the time to load sized coal into all the SCC installed on the
freight platform; the number of SCC should meet two basic conditions:

1) the total gross weight of the specialized containers my , t, installed on the freight
platform converges to nominal carrying capacity of IMV and is equal to actual carrying
capacity of IMV:

1
Zrnﬁpin = q;‘.c < qrAc’

where i is a nominal scale value which classifies the specialized containers according
to the form factor; mg, is the gross weight of a container with i form factor, t; ¢’ _is
IMV actual carrying capacity, t; n, is the number of containers with i form factor;

2) the total area of the foundation S, m?, of the installed containers converges to
IMV freight platform effective area S, m?:

i’

i SDCHi ni < Srm .
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Loadingtime¢’ isdirectly proportional to themassof sized coal stored in acontainer
with a definite form factor and to the number of containers on a freight platform; and it
is inverse to the productivity of the complex of equipment:

8. V.yK j
tl — Bi (0" MH ,
. iZ_ll(n—Qoﬁ

where V; is the internal volume of a specialized container with i form factor, m?; y, is
the dimensional weight of coal, t/m% K is a coefficient of container filling; for small
pieces K = 1.0-1.1; for average — 0.7-0.8; for large 0.3-0.6.

The formula (V,;y,K,)/Q is the loading time for one specialized container with i
form factor 7, h.

Fig. 1 represents a graph of the dependence between the time of sized coal loading into
the specidized containers,, s, and processing equipment with the productivity Q_, t/h.

Thus, the actual loading time for IMV ¢’ equipped with SCC with various form
factors depends on their total number installed on the freight platform with the account
of the number of containers of each form factor and the loading time ¢_for each
container.

The dependence between the actual carrying capacity of IMV ¢, and the parameters
of mining transportation equipment will become:

8 V. vy, K
VC:QO Kn Bi 10 Hj~
q. = Qs ng(n 0K

Nominal carrying capacity of IMV ¢__, which determines the largest quantity of
cargo which can be transported by avehi cIe at the sametime, isrelevant to the number
of IMV operating in the line of sized coal bulk transportation:

Q| 31 o2t en

i=1 06 L

Ay

Q.. =

where 4 is the number of IMV operating in the complex of equipment, unit; L is the
distance between the face and the warehouse of temporary storage, km; v is the speed
of IMV movement, km/h; 7/ is the time to unload one SCC from IMV freight platform

Dependence between the carrying capacity ¢, . and the number of vehicles 4 in use
when producing sized coa using the equipment with productivity Q is presented at
fig. 2.

In order to determine dependence between IMV actual carrying capacity and freight
platform dimensions (length a_, m, width 5 _, m) under different variants of specialized
containers arrangement on the IMV platform, the Institute of Mining, Geology and
Geotechnology of Siberian Federal University has written a computer program [9]. The
developed computer program allows to consider the variants of IMV platform
arrangement with various SCC form factors and their combination and determine the
dependence between IMV carrying capacity and its platform dimensions. The values of
IMV actual carrying capacity under given values of platform length and width are
graphically represented at fig. 3. The values of width (b, m) are the following: 2.44 is
the maximum width of a specialized container out of all granted for use, which
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determines the minimum width of IMV platform ensuring the arrangement of specialized
containers of any form factor out of the suggested ones; 3.86 — the width of BelAZ-7540
dump truck with carrying capacity 30 t [10]; 4.24 — the width of BelAZ-7545 dump
truck with carrying capacity 45 t [11]; 4.74 — the width of BelAZ-7555 dump truck with
carrying capacity 55 t [12]. Freight platform length values correspond to maximum
lengths of SCC. Open pit vehicle taken as a base is plotted on the horizontal axis.
Platform dimensions are plotted on the vertical axis; for each IMV, 4 combinations of
platform length and width are presented. Highlighted are the variants of platform length
and width combination corresponding or close to the nominal carrying capacities of
open pit vehicle on the basis of which it is made.

14 r 1 120

N ® 106 ®
12 105 1 100

IMV carrying capacity, t

Thedimensions of IMV freight platform, m

Based on BelAZ-7555 | Based on BelAZ-7545| Based on BelAZ-7540| Based on the on-highway
dump truck

mmmm Freight platform length C— Freight platform width
—@®— |[MV carrying capacity

Fig. 3. The dependence between IMV actual carrying capacity and platform dimensions
Puc. 3. 3aBucumocTh (hakTHUECKOH TPYy30HOABEMHOCTH OT rabapHTHBIX pa3MepoB miatdopmer TATC

For example, for IMV made on the basis of BelAZ-7555 optimum platform
dimensions will be the length of 6.06 and the width of 4.74 m, at which maximum
possible nominal carrying capacity will make 57 t.

IMV loading height /_, m, which determines IMV suitability for loading operations,
is an important parameter. Under specialized containers top load, the following
condition should be met:

hs 2 h, +h,

where & ¢ is the height of coal discharge from screener loading conveyor, m; /_is the
maximum height of a specialized container installed on a platform, m; 4 _ is IMV
loading height, m.

The dimensions of the platform considered above are the components of the IMV
dimensions. Besides, IMV dimensions depend on the structure: a single unit vehicle,
semi-trailer road train or trailer type road train [13]. The structural variant, apart from
its influence on IMV length, affects the minimum swing radius R, which determinesthe
possibility of manoeuvring. IMV minimum swing radius R depends on IMV wheelbase
L, maximum wheel turning angle, and structural variant. A single unit IMV with hinged-
articulated frame has the minimum swing radius. External swing radius depending of
IMV dimensions determines the possibility of IMV manoeuvring at the face working
site territory.



ISSN 0536-1028 «H36ecmust 8y306. Topuotii scypuany, Ne 1, 2019 11

Longitudinal cross section of open pit roads represents the sequence of rises and
descents of various gradient and length. In complex conditions of operation, longitudinal
road slopes can reach 10—12 % and more at certain short road sections [4], at that, cross
slope can reach 6 %. That is why it is necessary to pay special attention to IMV
parameters which determine the stability and all-terrain capability in the specified
conditions. The checking calculations of IMV longitudinal stability have shown that in
case of the centre’s of gravity maximum shift towards the back axle, vehicle roll-over
will happen if the elevation of its centre of gravity 7, will be 9.8 m. The given value
corresponds to the elevation critical height ofaloaded IMV centre of gravity. Calculation
values of /2, m, are presented at fig. 4.

25 1
2 |
157 1,62
- \ N
N\ N
St A
os | NN 2 N
0,4
O I ! L ]

Based on open pit dump Based on aminerailway Based on the on-highway Low-loading trailer
truck BelAZ-7540 carriage VS-30 dump truck KamAZ- 6520

Loading height of IMV

Elevation height of aloaded IMV centre of gravity with SCC-65.5
installed

— Elevation height of aloaded IMV centre of gravity with SCC-1.54
! installed

The centre of gravity of abasic motor vehicle

Fig. 4. Calculation values of elevation height of a loaded IMV centre of gravity to overcome a longitudinal
slope of 120 %o when transporting rock mass with the dimensional weight of 1 kg/m
Puc. 4. PacueTHble 3Ha4CHUS BHICOTHI LIEHTpa TshkecTH rpyxeroro TATC st npeomoseHus IpoJoIbHOTO
ykiiona 120 %o 1pu mepeBo3Ke TOPHOIT Macchl 0OBEMHBIM BECOM 1 KI/M

As can be seen at fig. 4, actual maximum arrangement of the centre of gravity is
2.24 m for the IMV variant based on BelAZ-7540. That is why IMV longitudinal
stability is reached in any structural variant.

Conclusions. The present work has determined the range of the basic IMV
parameters depending on the features of mining technology and mining technological
conditions of mining. Dependences between the nominal carrying capacity and
dimensions of a platform derived in the present work allow to determine rational
values of an industrial motor vehicle structural parameters being the initial link in the
resource-saving and ecological technology of sized coal transportation out of the face
of an open pit.
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O napameTpax TeXHOJOrH4eCKOro aBTOTPAHCIOPTHOIO CPEICTBA,
NMpeIHA3HAYEHHOT0 VISl BLIBO3KH COPTOBOTO YIUIsi H3 320051 pa3pe3a

Myaenkosa A. 0.1, lemuenxo . U.!
! Cubupckuii penepanbhbiii ynusepcuret, KpacHosipck, Poccust.

Pecgpepam
Beeoenue. Ilonyuenue copmogoeo yais 6 3aboe paspesa no360sen CHU3UMy €20 cebeCmoumocniv 3a cuem
COKpaujenus nepesanox u 6Cmpeunvix nepegos3ok. IIpu smom 6onbuioe 3nauenue umeem coxpameHue
KAUeCmEeHHbIX U KOAUYECTBEHHBIX XAPAKMEPUCTNUK NOTYHEeHHO20 Yens. [l 9moeo npediazaemcs ocy-
Wecmenamy e2o nepeso3Ky u3 3a60s Ha OHEBHYI0 NOGEPXHOCHb 6 CNeYUdIUSUPOSAHHBIX KOHmMeHepax,
VCMAHOBNIEHHBIX HA MEXHOLOSUYECKOM ABMOMPAHCNOPIHOM CPEOCMEe, CAYHCAUWEM HAYAIbHBIM 36€HOM
pecypcocbepezaioujell u HKON02UYECKU YUCIOU MEXHON02UY OOCMABKU COPMOBO20 Yelisl U3 3a005 paspesa.
Lens. Onpedenums u 060CcHOBAMb NAPAMEMPLL MEXHOIOSUHECKO20 A8MOMPAHCHOPMHOZ0 CPeOCmEa OISl
6bI603A COPMOBO2O V2l 6 CNEeYUANUIUPOBAHHBIX KOHMEUHEepax u3 3a60s paspe3a Ha OHESHYI0 NoGepx-
HOCHIb.
Memooonozus. Paspabomana mamemamuyeckas mooenb onpeoeienus napamempos mexHoI02U4ecKo20
A8MOMPAHCROPMHO20 CPEOCMBd, KOMOPAs NO360JAEm ONPedeluntb PAYUOHATbHbLE SHAYEHUS €20 2PY30-
NnOOBLeMHOCIU U KOHCIMPYKMUSHBIX napamempos. Memoobl ucciedo8anus 6KA0UA0m MamemMamuieckoe
MOOENUPOBaHUe U AHAIU3, NPOSPAMMHbBLE cpedcmea pacuemos Ha IBM, gusuueckoe modenuposanue.
Pesynemamui. B pabome onpedenenvl HoMEHKAAMYpa NAPAMEMPO8 U 6aPUAHIbL KOHCIMPYKMUSHO20 UC-
NOTHEHUs. MEXHONO2UUECKO20 A8MOMPAHCNOPNIHO20 CPEOCHBd, A0ANMUPOSBAHHO0 Ol MPAHCROPMUPOS-
KU CHeyuanu3uposantblx KOHMeUHepos ¢ COpMogsim yenem us 3abos paspesa. Paccmompenul 63aumosa-
BUCUMOCTU OCHOBHBIX €20 Napamempos opye ¢ Opyeom u 6HewHumu @akmopamu. OnpedeneHvi
3a6ucUMOCmuU  2py30N00bEMHOCIY  OM  NPOU3E0OUMENbHOCIU  hepepabambléaiouje2o 000pyOOsaHus,
BpPeMeHU NO2PY3KU COPIMOBO0 Yelisl 8 KOHMEUHEPbl U PA3MEPO8 NOZPY30UHOU NAAMPOPMbL.
Bu1600bi. BvigeOennvie 6 pabome 3a8UCUMOCIU NO3GONAIOM ONPeOetmb PAYUOHATbHbIE 3HAYEHUS Napa-
Mempo8 MEXHONOSUUECKO20 ABNMOMPAHCNOPNIHO20 CPEOCMBA U BbLUMU HA CO2NACO8AHUE NAPAMEMPOS
BbIEMOUHO-NOZPY30UHO20 U Nepepabamuléaroujeco 000py00sanus Oisi CO6MECMHOU pabomvl 8 MEXHONO-
2UYECKOUl Yenouxe NOIYYeHUs COPMogo2o yeiis 8 3aboe paspesa.
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Knrouesvie cnosa: copmogoii y2onw, 000biunoll 3a00U; MeXHOI02UYECKOe AGMOMpAaHCROPMHOe CPeOCmB0;
napamempul; 2py30n00beMHOCHIb.
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WccnenoBaHue napaMeTpoB paMHO-aHKEPHOW Kpenu
rOPU3OHTaNbHbIX BbIPaboTOK B YCNIOBUAX BNUAHUSA
OYUCTHBIX paboT

Natbiwes O. INL, Xne6Hukos M. K.'-2
1'YpanbCKuin rocyaapCTBEHHbIN TOPHBIA YHUBEPCUTET
(Poccws, r. Ekatepunbypr, yn. Kyinbeiwesa, 30)

2 |lJaxta «Cokonosckasi» AO «CCITIO»

(Pecnybruka KasaxcraH, r. PyaHoiin, Cokonoscko-Cap6aiickuin [OK)

Pegpepam
Beeoenue. Ha oeticmeyrowem 2opHom npeonpusmuu no mepe pa3eumusi OYUCHHBIX pabom yeeruyusa-
emcst Hazpy3Kka Ha Kpenb no03eMHbIX 8blpabomok. [is ee bezasaputinoil pabomel mpedyemcs ycuieHue
pamuoi Kpenu awkepamu. Ilapamempvl pamHo-aHKepHOU Kpenu OONXCHbL 0Decneuums HAOEHCHYIO
YCMOU4U80CcmMy 20pHOU 8bIPAOONKU.
Ienvio pabomul ssns1emes ycmanosienue 3akOHOMePHOCMEN pacnpedeneHus yeunuil (uzeubarouux mo-
MEHMOB) 8 PAMHO-AHKEPHOU KPenu 8 3a8UCUMOCIU Ol 2e0MEMPUl 8bIPADOMKU U 0elCMEYIowe20 2op-
H020 0a6NeHUs.
Memoodonozus: komnvromepHoe MoOenuposanue pabonvi pAMHO-AHKEPHBIX Kpenetl, aHaiu3 uzeubaio-
WUX MOMEHMOB 6 JIeMEeHMax Kpeni.
Pesynomamut. Oyenxa Hecywjeti cnocOOHOCIMU PAMHBIX Kpenell npou3eo0Umcs aHAIU30M U3udaruux
MOMEHMO8 6 UX snemenmax. s 9mo2o UcnoIb3yemcs paspabomannas KoMnvlomephas mooeib pabo-
mbl Kpenu, NO360JAI0WaAs NPOU3E00UMb NOCMPOeHUe INIOPbl U3LUOAIOWUX MOMEHMO8 N0 NPOGULIO
ApPOYHOU Kpenu. YCmaHnosneno, umo MakCuMaibHble uzeubarouue MOMEHmMbl PAMHOU KPenu ¢ d1eMeH-
mamu NOOAMAUBOCIMU BO3HUKAIOM 6 cmOotiKkax pambel. /s 6e3aeapuiinoti pabomul Kpenu npediazaemcs
YCMAHOBKA YCUTUBAIOWUX aHKepO8. B pabome npedcmasienvl pe3yibmamyvl KOMIIEKCA UCCAe008aAHUL
HAanpAXsceHull 8 paMHO-AHKEPHOU KPenu 8 3a8UCUMOCU Om Oelicngyouje2o0 20pH020 0asietus (coom-
HouwteHus OOKOBOU U 6ePMUKANLHOU HASPY3KU) U 2e0MeMPUL NOOZEMHOU BLIPADOMKU.
Bueoowl. B pesynbmame npoeedeHHbIX UCCIe008aHUll YCIMAHOBIEHO, YMO 6eNUYUNHA U32UOAIOWUX MO-
MEHMO8 8 PAMHO-AHKEPHOU KPenu 3a6Ucum om cOOMHOWeHUs. OOKOBOU U 6ePMUKAIbHOU HASPY3KU HA
pamy kpenu u om ceomempuu evipabomru. ITonyuennvie KoruuecmeeHHbvie OYeHKU U pAPuKu JIMux 3a-
sucumocmeti n0360a510M 0O0CHOBAHHO 8bIOUPAMb MECIA YCMAHOBKU YCUTUBAIOUUX KPENb AHKEPOS.

Knwueevie cnosa: pamno-anxepnas xpenv; uzeubaiowjue MOMEHMbl, KOMNbIOMEPHAS MOOETb,
napamempul Kpenu.

BBenenue. Baxxueiimeii 3aaadeii MpoeKTHPOBAHUS TEXHOJIOTHH pa3padOTKH MECTO-
POXIEHUH TTOJIE3HBIX HUCKOTIAEMBIX SABIIAETCS 00eCIeueHe YCTOMYUBOCTH TTOI3EMHBIX
BBIPa0OTOK. YCIIOBHSI YCTOWYMBOCTH ONPENEIISIOTCS COOTHOMIEHHUEM EHCTBYIOMIMX
HampsDKEHUN U peakiuu otnopa kpend [1]. s ux oIeHKH UCTIONB3YIOTCS Pa3InIHbIC
KJIacCH(UKaMKA TOPOAHBIX MAacCHUBOB, Hampumep pexkoMeHmauuu «Ceoda npasuiy
CII 91.13330.2012. B 3apy0OexHOM MpaKTUKE MPOSKTHPOBAHMSI IIIMPOKO HUCITOJIB3YIOT-
Csl PEUTHHTOBBIE CHCTEMBI OIIEHOK ycToiumBoCcTH MaccuBoB (bensBckwii, JloGuep,
Xoek, bpayn, bapron u ap. [2—6]). OuieHKa U IPOrHO3 YCTONYMBOCTH OCYILECTBISIOT-
csl, KaK MpaBWJIo, Ha CTaJIMU MPOEKTUPOBAHMSI TOPHOTO MPEANPUATHS MO pe3yabTaTaM
OILICHKH HampspkeHHO-IehopmupoBanHoro coctosuus (HIC) mopomHoro maccuBa B
OKPECTHOCTH COOpYKaeMoi BEIpaboTkH [ 1, 7]. OmHako o Mepe oTpaboTKH MECTOPOXK-
JIeHHs 32 cueT BIusHus ouncTHRIX pador HIC MaccuBa cymiecTBeHHO M3MEHSIETCA, U
oTIpe/ieJICHHbIe paHee YCIOBHS YCTOWYMBOCTH MOTYT Hapymiathcsi. ITo TpedyeT Ho-
MOJTHUTENBHBIX HCCIEOBAHNHN 1 B HEKOTOPBIX CIy4asX YCUJICHHS Kpemu.
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Taxast cuTyanus BO3HUKIIA TTPH 3KCIDTyaranuu maxTel « CokonoBckas» (Kazaxcran).
3anpoeKTUPOBaHHBIC U BO3BEICHHBIC PAMHO-aHKEPHBIE KPEIU C PaCKIMHUBAOIIUMU
3JICMEHTAMH B KalUTaJbHBIX BhIPAOOTKAX [8] MO BIMSHUEM OYUCTHBIX pa0OT Ha OT-
JICIBHBIX Y4acTKaX MPHUIIUIK B aBAPUHHOE COCTOSIHUE. ITO MOTPEOOBAJIO IOTIOHUTE b~
HBIX FICCTIEIOBAaHUN U 00OCHOBAHHSI CITOCOOOB YCHIICHHUS] pAMHON KPEeTIH.

MeTononorus. J{ns onpeneneHus Harpy3Kyd Ha KPelb B 30HE BIMSHUAS OYHCTHBIX
paboT B COENMHUTENFHBIX aHKEPHBIX Y3JIaX YCTaHABIUBAIUCH WHAUKATOPHI HATPY3KU
npousBoncTBa (upMbl BWZ. DT0 MO3BOJIMIO OCYIIECTBIATh KOHTPOJIb COCTOSHUS
KpeIu BhIpa0OTOK M CBOCBPEMEHHO IMOJIy4aTh HH(OPMAIIHIO O HEOOXOUMOCTH YCHUIIC-
HUS KPEIUICHUS Ha KOHTPOJIBHOM yYacTKe TOPHO# BbIpaOOTKHU. Pacuer 371eMEeHTOB paMm-
HO-aHKEPHOH Kpemnu IMPOM3BOIMIICS METOJOM MOMEHTOB [9—11] mo paspaboraHHOI
kommnbtoTepHoi Mmonenu RAMKREP [8].
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Koaddunuent popmsr K.
Puc. 1. BnusHue reoMeTpun BEIpaOOTKH Ha ONTUMAJIbHbIE
MeCTa yCTaHOBKH aHKEPOB

Fig. 1. Mine working geometry influence on the optimal
sites of anchorsinstallation

Pe3yabTarthl uccienoBanuii. B pesynbrare vccieoBaHuUsl aBapUUHbBIX CUTYyallui
paMHO-aHKEPHOU KPENH C paCKIMHUBAIOLINMH dIIEMEHTAMH Ha m1axTe « COKOIOBCKash
B 30HE BJIMSHUS OYMCTHBIX Pa0dOT yCTaHOBJICHBI HEAOIMYCTHMbIE N3rMOAIOIEe MOMEH-
Tl B CTOMKax Kpenu. Ha Takux yuyacTkax NMPHHATO peIIeHHE MPOM3BECTH yCUJIEHHE
KpEeMu 32 CHET YCTaHOBKH JOTIONHUTEIBHBIX aHKepoB. sl 000CHOBAaHHOTO Ha3Haue-
HUS XapaKTEPUCTUK U MECT YCTAHOBKH YKPEIUIAIOUINX aHKEPOB HEOOXOAMMO HCCIIEI0-
BaTh pabOTy KPEIH IpH Pa3INYHBIX €€ KOHCTPYKLUIX. PacueT n3rubarommx MOMEHTOB
Kpenu MPOU3BOAMIICS IPU BaAPbHUPOBAHNU CIEAYIOIMX MOKAa3aTeIei: FTeOMETPUIECKUE
XapaKTepPUCTHKH BbIPAOOTKM B BHJI€ OTHOLIEHHUS ee upKHbl B k Bbicote H (K = B/H);
XapaxkTep HarpyXeHHUs Ha KpelH B BHJI€ OTHOIICHHUS OOKOBOW Harpy3ku K BepTHUKaJIb-
HoM: K = ¢, /q,; MeCTa yCTaHOBKU aHKEPOB — MX YIJIOBbIE KOOPAMHATHI (Tpaj).

[TepBoii 3a7aueii ABISIETCA UCCIIEIOBAHUE U ONPEIEIEHUE ONITUMAIIBHBIX MECT pac-
MIOJIOXKECHUSI aHKEPOB B CTOMKAX KPENH IIPU YK€ YCTAHOBJICHHBIX PACKIMHUBAIOIINX
3NIEMEHTAX B 3aMKaxX CBOJA AJIS Pa3IMYHBIX YCIOBUH HArPYKEHHS U T€OMETPHH BhIpa-
Ootku [12]. [lns pacyeToB HCIIONB30BaHA KOMITBIOTEPHAS MOJAENh PaMHO-aHKEPHBIX
kpeneii [8]. ConocTaBneHue pe3ylbTaToB pealnu3alii MOJIEIH AJI BCEX BO3MOMKHBIX
COYeTaHHUN HAarpy30K Ha KPeTlb, ONPEeIEHHBIX B PEabHBIX YCIOBHX IAXThl MHANKA-
Topamu BWZ, moka3sIiBaer, 4To mpu JIF000M COYETaHWH BEPTUKAIBHBIX U OOKOBBIX Ha-
TPY30K ¥ ONITHMAJIBHBIX MECTAX PACIIONIOKEHHS PACKIMHUBAIOIINX 3JIEMEHTOB KOOPAH-
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HaTbl MECT YCTAaHOBKHM AHKEPOB B CTOMKaxX KpEmu 3aBUCAT OT TEOMETPUYECKOH
XapakTepucTUKy Bbipabotku: K = B/H (puc. 1).

Haubonee TouHO maHHAs 3aBUCHMOCTH OITUCHIBAETCS] YpaBHEHHEM KBaJIpaTHOM Ia-
paboIIBI:

h=1,2-0,12K_—0,23K?
¢ OJM3KKMM K eIMHHIE KOA(DOUIIMEHTOM JOCTOBEPHOCTH anmpokcumaruu (R? = 0,996).
60
50
a0 L
30
20
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MakcumanbHbIit MOMEHT, KH - M

0 1 1 1 1 J
0 0,2 04 0,6 08 1

Xapakrep HarpyxeHus K,

®lcxonnas M PackiuHka AHKepbl

Puc. 2. 3aBUCHMMOCTh MaKCUMaJIBHBIX M3rHOAIOIIMX MOMEHTOB OT XapakTepa
HarpyXeHus
Fig. 2. The dependence between the maximum bending moments and
the loading condition

BennunHa MakCUMaJIbHOTO M3THOAOLIETO0 MOMEHTa B paMax Kperu CIOKHBIM 00-
pa3oM 3aBUCUT OT COOTHOLIEHMS OOKOBOW M BEPTHMKAIbHOM Harpysku: K = g /q,.
B uactHOCTH, 11pU KO3 Punmente Gopmel BepaboTku K = B/H = 1 3T 3aBUCUMOCTH
JUTSL KCXOTHOW paMbl (0e3 YCUIIeHH), C paCKIIMHUBAIOIIMMH 3JIEMEHTaMH U B COYeTa-
HUHU C PACKJIMHKOM M aHKepaMu, IPeACTaBIEHbI Ha pUC. 2.

Ta6auua 1. IlapameTps! ypaBuenus (1)
Table 1. Parameter s of equation (1)

Ycunenue kpenu Ao A As A3 Ay As
Ucxonnas 28,5 243 -1893 4460 -4203 1417
Packnunka 22,0 -232 1119 -2239 2073 717
AHKepBI 1,6 67 -356 705 -538 141

IIpu BceM paznuunu 3aBUCUMOCTEN TOUKH Ha rpa)rKax JOCTATOYHO TOYHO OIHCHI-
BafOTCs YpaBHEHHUEM TTOJTMHOMA TIATOM CTETICHH (JTMHUH Ha TpaduKax):

M; = A+ AK, + AKZ + AKD+ AKT+ AKD. (D

[TapameTpbl ypaBHeHHS ITPUBEICHBI B Ta0M. 1.

Amnanmus rpadukoB (puc. 2) ¥ pacyeThl, BBITOJIHEHHBIE IS IPYTUX TEOMETPHICCKUX
XapaKTEPUCTUK BHIPAOOTKH, MIO3BOIISIOT 3aKITIOUUTH clieaytoree. [Ipu Manprx 60KOBBIX
Harpyskax (K, < 0,3) ycTaHOBKa aHKEPOB PH HAIMYMHU PACKIMHUBAIOLINX JIIEMEHTOB
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Heleaecoo0pa3Ha B CHITy MAJIOTO CHIDKEHHS M3TH0A0INX MOMEHTOB. MUHUMYM MO-
MEHTOB IPH YCTaHOBKE aHKepoB Habmogaercs npu K, = 0,3-0,5. IIpu nanbuelimem
pocre 60k0BOii Harpysku (K > 0,5) nabmrogaeTcst TMHEHHBIH POCT BETMYMHBI MAKCH-
MaJlbHBIX MOMEHTOB B pamax kpenu ¢ Temnom: M, /K =28-32 kH - m.

40
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0,8 1,0 1,2 1,4 1,6 1,8 2,0
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=& lcxongnass =@ Packiunnka AHKepsI

Puc. 3. XapaKTep U3MCHCHHUA MAaKCHUMAJIBHBIX I/I3FI/I68.IOHII/IX MOMCHTOB
KpenH IpH pasInaHON TeOMETPHU BBIPAOOTOK
Fig. 3. The behavior of the maximum bending moments of a support
under various geometry of a mine working

Ha cnenyromem stane BoinonHeH aHann3 3)(EKTUBHOCTH YCHICHUN BBIPAOOTKU
IpH pasnu4uHol ee reomeTpuu (K = B/H) BO BceM BO3MOKHOM JIMaNa30HE COOTHOMLIE-
HUH OOKOBOM U BEPTUKAIbHOU Harpy3ok (K, = g, /q,). B kauecTBe npumepa Ha puc. 3
IpUBEIEHBI PE3yIIbTaThl aHanu3a A1 cinydas K, =g, /g, = 0,7.

5 ¢

OTHOIIIEHHE MOMEHTOB

O 1 1 1 )
0,8 1,0 1,2 14 16
Koadumuent dpopmsr K,
—_— M,/ M, M,I'M,
Puc. 4. OTHOCUTEIBHBIEC H3THOAIOIIAE MOMEHTHI B paMaX KPerH MpH
HCIOJIb30BaHUU YCUIIMBAIOIIUX BO31EHCTBUH

Fig. 4. Nomina bending moments in the frames of the support under
the use of the reinforcing effects

Hawubosee cuiibHast 3aBUCUMOCTh MaKCUMaJIbHBIX M3rHOAIOIINX MOMEHTOB HAOIIO-
JaeTcsl B paMax Kpenu 0e3 IpuMeHEHHs! YCHIIMBaloIINX 31eMeHToB. [Ipu ucnons3osa-
HHUH PacKIMHHUBAIOMINX IEMEHTOB 3Ta 3aBUCHMOCTH CTaHOBHUTCS cinabee. [Ipu ycue-
HUM Kpenu aHkepamMu M npu K > 1,3 MakcuMajbHble H3THOAIONIME MOMEHTBI
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NPaKTHYECKU HE U3MEHSIOTCS, T. €. TEOMETPHS BEIPAOOTKH CTAaHOBUTCA (DAKTOPOM Ma-
no3HaunMeIM. B obuem ciyyae rpaduku 3aBucumocteit M, = f (K|) umerot skcTpe-
MyM (MUHHMYM), COOTBETCTBYIOIIMI Fr€OMETPUN HanOoJiee YCTOMYMBOM BEIPAOOTKH.

W3 rpadukos (puc. 3) ciemyeT, 9YTo MIPIMEHEHNE YIPABISIOMINX BO3ICHCTBUMN, 0CO-
OEHHO B COYETAaHNHU PACKIMHKH U aHKEPOB, CYIIECTBEHHO CHM)KAeT U3rHOarole Mo-
MEHTBI B KPEMH, YTO AAET BO3MOKHOCTh YBEJINYHTH IIAr YCTAHOBKU KPEMU I MPH-
MEHSTh ee 00JerdyeHHbIe THITHI (crennpoduieil MeHbIIuX HoMepoB). Ha puc. 4 moka-
3aHO OTHOCHUTENbHOE CHIKEHHE MOMEHTOB IPH HCIOJIb30BAHUN PACKJIMHUBAIOIIMX
SIIEMEHTOB M, M COYETaHUs PACKIMHKU C aHKEpaMu M, 110 CPAaBHEHHUIO C MAKCHMAJIb-
HBIMHU M3THOAIOIIMMK MOMEHTAMH B pamax 0e3 ycuieHus M.

Ta6auna 2. [lapaMeTpsl paMHO-aHKEPHOI KpPenu ¢ PACKINHUBAIOMIMMH 3JIeMeHTAMH
Table 2. Parameters of the frame-anchor support with the wedging elements

VYriaoBble KOOPAU- Bericora VYri0oBble KOOPIH- BeicoTa
K.=B/H | HaThl paCKJIHKH, YCTaHOBKHM K.=B/H HaThbl PACKJIMHKH, YCTaHOBKH
rpan AQHKEpOB, M rpan aHKEpOB, M
Xapaxmep naepysxu: Ky = gs/gs = 1,0 Xapaxmep nazpysxu: Ki. = gs/9: = 0,6
0,8 60 0,97 0,8 50 0,97
1,0 60 0,86 1,0 40 0,90
1,2 60 0,75 12 30 0,68
1,4 60 0,63 1,4 20 0,55
1,6 60 0,49 1,6 20 -
Xapaxmep naepysxu: Ky = gs/gs = 0,9 Xapaxmep naepysxu: Ky = gs/gs = 0,5
0,8 60 0,97 0,8 40 1,10
1,0 60 0,86 1,0 30 0,84
1,2 60 0,74 12 20 0,71
1,4 50 0,62 1,4 20 -
1,6 30 0,41 Xapaxmep naepysku: Ky = g5/ = 0,4
1,8 20 0,27 0,8 30 0,95
Xapaxmep naepysxu: Ky = gs/gs = 0,8 1,0 20 0,86
0,8 60 0,97 1,2 20 0,63
1,0 60 0,86 1,4 20 -
1,2 60 0,74 Xapaxmep naepysku: Ki = 05/ = 0,3
14 50 0,60 0,8 30 0,93
1,6 40 0,47 1,0 20 0,78
Xapaxmep naepysxu: Ky = qs/gs = 0,7 12 20 -
0,8 60 0,97 1,4 20 -
1,0 50 0,86 Xapaxmep naepysku: Ku = Q5/0s = 0,2
1,2 40 0,73 0,8 20 0,96
14 20 0,57 1,0 20 -
1,6 20 - 1,2 20 -
1,4 20 -

HpO‘{CpKI/I B Ta6nuue JUIsL CTOH6H3 AHKEPOB O3HAYAKOT, UYTO NPU NAHHBIX COOTHOLICHHUAX IIapaMETpPOB yCTa-
HOBKa YCWJIMBAOIIUX aHKECPOB HEpALMOHAJIbHA.

g paccMaTprBaeMoro citydas MpUMEHEHUE aHKEPOB B COUETaHHUH C PACKINHHUBA-
IOLIMMU DJIEMEHTaMH CHIDKAeT MaKCUMalbHbIE N3rHOaroImue MoMeHTHI B 2,4—4,4 pa3a.
Bmecre ¢ TeM onucaHne paccMaTpUBAEMbIX 3aBUCUMOCTEH MOMEHTOB B paMax Kpenu
OT TEOMETPHUH BBIPAOOTOK W COYETAHHS HATPY30K MPOCTEHIIMMHU anre0pandecKuMu
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(GYHKIUSIMU HE IPEACTaBIIsETCS BOBMOXKHBIM. 7151 pacuera onTUMaIbHBIX TapaMeTPOB
PaMHOM Kpenu cieqyeT HCIOoIb30BaTh pa3paboTaHHy0 MaTeMaTHIECKyI0 MOJEIb A
KOHKPETHBIX TOPHO-TE€OJIOTHYECKUX YCIOBHM. Pe3ynprarsl peannzannu 3Tol MOAETH
MO3BOJIMIIA OTPEJENINTh ONTHMAaJIbHBIE IMapaMeTphl KPemH ISl Pa3INYHBIX YCIOBHH
Harpy>keHHs ¥ FeOMeTpUH BeIpaOOoTOK. TUNHMYHbIE Cilyyau MpUBEAEHBI B Ta0I. 2.

B cooTBeTcTBIY € NOMY4YE€HHBIMH PEKOMEHIALMSAMH IIPOU3BEACHO YCHICHHUE KPEI aH-
KepaMH{ Ha aBapuMHBIX ydacTkax oTkartouHoro mrpeka OILI-15 rop. —260 m maxter «Co-
KOJIOBCKas». J10 HACTOSIIIIEro BpeMEeHH Takasi yCHIeHHas Kpellb paboTaeT 6e3aBapuilHO.

BouiBoabl. [To Mepe pa3paboTKu MECTOPOXKICHHUS I PA3BUTHUSI OUUCTHBIX PabOT BO3-
pacraeT Harpy3ka Ha Kpellb KalluTaJbHbIX BEIpaO0TOK. PaHee ycTaHOBIEHHBIE PaMHO-
aHKEPHBIE KPENH C 3IEMEHTaMH NOAATIAMBOCTH HPUXOAST B aBapUHHOE COCTOSHHUE.
g ux ycuneHus mpejuiaraeTcsl ycTaHOBKA aHKEPOB B CTOMKax kpenu. Mecta ycra-
HOBKH ONPEACIAIOTCS TeOMETpUeil BBIPAOOTKM M COOTHOLICHHEM OOKOBOW W BEPTH-
KaJIbHON COCTaBJISIOIINX TOPHOTO J1aBICHHUS.
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Abstract
Introduction. At an operating mining enterprise, with the growth of stoping the load on the support of the
underground workings increases. For its uninterrupted operation frame support reinforcement with anchors
is required. The parameters of frame-anchor support should ensure reliable stability of a mine working.
Research aim is to establish regularities in the distribution of forces (bending moments) in frame-anchor
support depending on the geometry of a working and the operating rock pressure.
Methodology includes computer modeling of frame-anchor supports operation and the analysis of bending
moments in the elements of a support.
Results. The estimation of frame supports bearing capacity is carried out by the analysis of bending
moments in their elements. For this purpose the developed computer model of support operation is used
which allows to construct a shear and bending moment diagram along the profile of a frame support. It has
been stated that maximum bending moments of frame support with the elements of compliance occur in
frame poles. For uninterrupted support operation, reinforced anchors installation is suggested. The given
research presents the results of a set of studies of frame-anchor support stresses depending on the operating
rock pressure (the ratio of side and vertical loads) and the geometry of the underground working.
Conclusions. As a result of the research it has been stated that the value of bending moments in frame-
anchor support depends on the correlation of side and vertical load upon the supports frame and on the
geometry of the working. The obtained quantitative estimates and diagrams of these dependences allow to
select the installation sites of support reinforcing anchors on reasonable grounds.

Key words: frame-anchor support,; bending moments; computer model,; support parameters.
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Pa3pabotka pecypcocbeperaroien TeXHONOrmu
OypoB3pbIBHbIX paboT

Xapumkos C. H.!
" MiHeTuTyT ropHoro aena Ypanbckoro otaenerus PAH
(Poccus, r. Ekatepunbypr, yn. Mamuna-Cubupsika, 58)

Peghepam
Beeoenue. IIpu paspywenuu 20pHbIX HOPOO 63PbIBOM CIUMKOM MHO20 HEONpedeneHHOCHel, KOmopble
He NO380JIAIOM CYUWecmBeHHO NOGbICUmMb ) dekmusnocms 6yposspeienvix pabom. Ilpednrazaemces kom-
nJIeKCHoe uzyuenue 80npoca 0JiA peuenus 0anHoll npoodiemyl.
Leny pabomul. Pewienue komniexca 3a0ay no pasgumuio pecypcocoepezaiowjeli mexHono2uy paspyuie-
HUSL 20PHBIX MACCUBO8 OYPOB3PLIGHBIM CNOCODOM NPU UCNONBL30BAHUU IMYTbCUOHHBIX 83DbIEUAMNbIX Ge-
wecme (OBB) mecmmnozo uzeomosnenus gxniouaem 06a OCHOGHbIX HANPAGLEHUs: IKCHPECCHOe Nonyde-
Hue uH@OpMayuu 0 NPOYHOCMHBIX U MEXHONO2UYECKUX CBOUCMBAX 20PHBIX NOPOO NO MPYOHOCMU U
9HepeoeMKocmu OypeHUss MexHON02UYeCKUX CK8AJICUH, onpedeienue 83pblguamuix ceoticme OBB u 603-
MONCHOCIU UX PESYIUPOSAHUS 6 3ABUCUMOCIU OM OUAMEMPA CKEANCUH U NIOMHOCU 63PbIGUAMBbIX
sewjecms (BB) 6 kononke 3apsoa.
Memooonozusa. Ilpeocmasnensvt n00xX00bl K IKCHEPUMEHMATbHOMY ONPeOeseHUI0 83auMOCBA3U MedHcOy
nromuocmuio BB, ckopocmbio demonayuu u ouamempom 3apsaoa 0 dMyibCuonubix BB na npumepe
HUMPOHUMA, A MAKJICe YMOUHEHUIO NPOYHOCIMHBIX XAPAKMEPUCMUK 20PHBIX NOPOO 8 eCmecmeeHHOM
3anezanuyl No usMepAeMbiM XApaKmepuCmuKam npoyecca mapoueyno2o 6ypeHus CKEaMiCUH.
Pesynomamur. Cmpykmypa 3a0a4u paseumus pecypcocoepezaioujeti mexHono2uy paspyuenus 2opHuix
Maccugog 6ypos3pul8HbIM CHOCOOOM NPU UCNONbL30BAHUU IMYTbCUOHHBIX B3PbIBUAMbBIX Belyecms Mech-
HO20 U320MO0GIEeHUs Npeononazaem KOMNieKCHoe uzyieHue, ¢ 0OHOU CMOPOHbL, NPOYHOCMHBIX Xapakme-
PUCMUK TIOKATLHO20 MACCUBA 20PHBIX NOPOO C Yeablio YCMAHOBIEHUS PAYUOHATLHOZ0 PA3PYULAIONe20
6030€liCMBUs 8 HYICHOM Mecme, a ¢ Opyeoll — onpeodeleHue 0emoHaAyUuoOHHbIX ceoticme DBB ¢ yenvio
VMOYHEHUs B03MOICHOCU CO30ANUS ONPedeNeHH020 0asieHus npu e3puiee. I1pu smom mooicHo 0obumo-
CSAl CYUeCmBEHHO20 CHUJICEHUS 3aMPaYUBAEMbIX MAMEPUATLHBIX PeCYPCo8 HA OYpOo63pbleHble pabombl
(BBP) u nogvicums kawecmeo no020mosKi 20PHOU MACCHL K GbleMKe.
Bui6oowt. Paspabomana pecypcocbepecaiowas memoouxa onpedenenus napamempos bBP na ocnose
VMOYHEHHBIX OAHHBIX 0 NPOYHOCHMHBIX CEOLCBAx nopoo u ceoticmeax IBB.

Knrouesnvle cnoea: sspvisuamvie sewjecmea; ckopocms demonayuu,; Quzuko-mexanudeckue ceoti-
CMea 20pHbIX NOPOO; wapoweyrnoe dypenue; paspyuieniue 20pHulX HOpPoo.

Beenenue. Ha kpynHbIX Kapbepax 3aTparbl Ha OypoB3peiBHBEIE padotsl (BBP) no-
cturaroT 30 % oT o0mux 3aTpar Ha A0OBIYY, ¥ 1O Mepe MOHMKEHUSI TOPHBIX PadoT
OXKU/IaeTCs UX yBenuueHue. B mepByio ouepenp 3To CBSI3aHO C YBEIUYCHUEM yAETbHO-
ro pacxona B3phIBYaTHIX BemecTB (BB) Ha paspymieHue ropHbIX mopoa, KOTOPBIN 3a
nocnegane 30 et BBIpoc B cpeHeM Ha 25-35 %. Ykazannas nudpa oOyciaoBieHa TeMm,
YTO Ha TOPHBIX NPEeIIPUATHAX HNOIYYUIN MHpoKoe npuMeHenne BB mectHOrO M3ro-
TOBJICHUS, YACIBHBIM pacxoj KOTOPhIX M3HauanbHO Ha 10-20 % BeIIIe, 4eM MITaTHOTO
BB. B pe3synbrare paccTosiHUSI MEXIY CKBKMHAMH YMEHBIIWIHCH, 00beM OypeHus
BBIPOC, a KaY€CTBO APOOJICHHUS B PsJie CIydaeB yXyAUIMIOCH [1], YTO HEraTUBHO OTpa-
3WI0Ch Ha 3P PEeKTUBHOCTH OYPOB3PHIBHEIX pa0OT. B CBA3M ¢ 3THM B TIOCIIETHUE TOIBI
HaOMI0aeTCcsl JOCTaTOYHO BBICOKAsl aKTUBHOCTh HAY4HOTO HCCIIEIOBaHMS CBOMCTB
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B3pBIBYATHIX BEIIECTB, H3TOTOBIISIEMBIX B MecTaxX nmpuMeHeHns. OTHaKO B3aUMOCBS3b
TpexX mapamMeTpoB: IIoTHOCTH BB, ckopocTH ieToHauu 1 iuaMeTpa 3apsijia — oka He
BEIpaXXCHA B OOIICH 3aKOHOMEPHOCTH, U i oOecrieueHUs] O0E30MacHOCTH BEICHUS
B3PBIBHBIX pa0OT COOTHOIIICHHE YKa3aHHBIX XapaKTCPUCTUK IMYIbCHOHHBIX B3pPhIBYA-
TEIX BemecTB (OBB) ompenensercs skcriepuMeHTaNbHO. [Ipu 3TOM, Kak MOKa3hIBaeT
MPAaKTHKA, B3PBIBUATHIE XapaKTEPHUCTHKN cMeceBbIX BB oHO# Mapku MOTYT HMETh J10-
CTaTOYHO LIMPOKHUM nuamna3oH 3HayeHui [2—5]. C ogHOU CTOPOHBI, MOIXYYaeTCsl, 4TO
nmapaMeTphl Pa3pymIAIONIETO BO3JACHCTBUS HA TOPHBIH MacCUB HOCIT CIydaliHBIN Xa-
pakrep. C 1pyroii CTOPOHBI, CBOMCTBA FOPHBIX IMOPOJT B TPAHUIIAX BRIEMOYHOTO OJIOKa
HE BCErJa COOTBETCTBYIOT NPEACTABICHUIM O HUX HAa OCHOBE JAHHBIX JETaIbHOH U
AKCTUTYyaTaI[MOHHONW Pa3BeIKH, YTO OOYCIIaBIMBAET 3aJI0KCHUE 3HAUYNTEIBHBIX pe3ep-
BOB TNIPH ONpEACNeHUH Pacxofla MaTepUalbHBIX PECypCcOB Mpu Ipou3BoncTBe HBP.

7000

3
8

3
3

5
3

3000

CKOpOCTb JICTOHAIMH, M/C

zow 1 1 1 1 ]
12 125 1,26 1,28 134

[norrocts DBB, r/em3

Jnametp 3apsizia, MM
——200 —8—250 270

Puc. 1. 3aBUCHMOCTH CKOPOCTH JETOHAIMU OT IUIOTHOCTH HUTPOHHUTA D-70 mpH OONBIINX JHaMeT-
pax 3apszna
Fig. 1. Dependence between the velocity of detonation and the density of nitronite E-70 under
the large charge diameter

Takum 00pa3oM, IpH pa3pyILLIEHUH OPOA B3PEIBOM CIMIIIKOM MHOTO HEOIpeIeIeHHOCTEH,
KOTOpBIE HE MO3BOJIIIOT CYIIECTBEHHO MOBBICUTH 3 dexTuBHOCTh BBP, eciu He perars
npo0eMy KOMIUIEKCHO. Jlanee MpeACTaBiIeHbl KPaTKUe Pe3ysbTaThbl UCCIIEN0BaHuUM, IPO-
BeeHHbIX B UT][ YpO PAH, koTophIe 3aKII049ar0TCs B PELICHUU KOMIUIEKCA 3aa4 0 pas-
BUTHIO pecypcocOeperaromieii TEeXHOJIOTHN Pa3pyLICHUs] TOPHBIX MacCHBOB OypOB3pBIB-
HBIM CIIOCOOOM MpH Hcnonb3oBaHud OBB MectHoro wmsrorosnenus. McciemoBaHust
BBITIOJTHEHEI T10 IBYM OCHOBHBIM HAIPAaBJICHUSIM: SKCIPECCHOE MOTydeHHe HHHOPMAIIH O
MPOYHOCTHBIX ¥ TEXHOJIOTMYECKHX CBOMCTBAX TOPHBIX MOPOJT TIO TPYAHOCTH B SHEProeM-
KOCTU OypeHHs TEXHOJOTHMYECKUX CKBaKHH [6—8]; ompeneneHue B3pBIBYATHIX CBOICTB
OBB 1 BO3MOXHOCTb HX PETYIMPOBAHUS B 3aBUCHMOCTH OT JUaMETPa CKBAXKUH U IIJIOT-
Hoctu BB B kononke 3apsina [9—12]. YcTaHoBnEHO, 4TO NOTyYEHHbIE YTOUHEHHBIE TaHHBIC
0 COCTOSIHUM MAacCHBa TOPHBIX MOpoA M MHGOPMALHA O THaMeTpe CKBaKUH, IIOTHOCTH
OBB B KkomoHKe 3apsa U pacdeTHasi CKOPOCTh JETOHAIMY TTO3BOJIIOT ONPEAETNUTD IS
3THX YCJIOBHH pallOHANBHBIA yIENbHBIA pacxon DBB, KoTopblil 3HaYUTENTHHO HIDKE MPO-
€KTHOTO, ¥ BBIOpaTh HalpaBIeHNEe HHUIMUPOBAHNS CKBAKUHHBIX 3aPSI0B, YTO 00ECIICUUT
TpedyeMoe KauecTBO ApOOIICHNS TOPHOM MacChl M CHU3HT BBIXOJ] HerabapHTHBIX (hpaKLIvi.
B pesynbTrare MOryT OBITH CHU)KEHBI SHEPro3aTpaThl Ha OypOB3pHIBHBIE Pa0OTHI M Ha JIPO-
OreHure ropHoi Macchl B 000raTUTETLHOM ITPOM3BOJICTBE.

CaoiictBa DBB. B3aumocBs3u, yCTaHOBICHHBIE MKy JETOHAIIMOHHBIMU XapakK-
TEPUCTUKAMH, UMEIOT OOJIBILIOE 3HAYEHUE AJISl PALlMOHAIBHOTO HCIIONb30BaHUS dHEp-
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THH B3pBIBa Ha pa3pyIlIeHNEe TOPHBIX TIOPOJI IPH WX TIOATOTOBKE K BhIeMKe. Jlaee mpe-
CTaBJICH MOAXOJl K X SKCIEPUMEHTAILHOMY OIPECIICHUIO Ha TPUMEpEe HUTPOHHMTA.

Ha puc. 1 npencrapnena 3aBUCUMOCTb CKOPOCTH JI€TOHALIMH OT IJIOTHOCTH HUTPOHHU-
Ta 3-70, moy4ueHHast HA OCHOBE M3MEpeHwi 1o MeToauke [9—12]. BuaHo, 9To CKOpOCTh
JIETOHAITUH 10 OIPEAETICHHOTO 3HAYeHHs pPacTeT, a TIOTOM IafaeT MpH MPHOIIKEHUN
IUIOTHOCTH K KPUTHYECKOMY 3Ha4deHut0. J{iist smynbcronubix BB 310 ~ 1,4 r/em?.

B nienmom rpaduky ykaspIBaroT Ha HaJWMYWE ONTHMAaIbHON IUIOTHOCTH 3MYJIbCHOH-
HOTO B3pPbIBUATOTO BELECTBA, IPU KOTOPOH POCT CKOPOCTHU JAETOHALIUY CMEHSIETCS Ma-
JEHHEM TIPH YBEIMUCHHUHU TUTIOTHOCTH, OJM3KOHM K KpUTHYECKOMY 3HaueHH0. [1pu 3Tom
cienyeTr oOpaTuTh BHHMAaHHME Ha «IIpocefqaHue» rpaduka mpu auameTpe 3apsia
200 MM u moTHOCTH 1,25 T/cM?, 9TO yKa3bIBaeT Ha CIIEAYIOIIEE: CHUKEHHE CKOPOCTH
JIETOHAIIMH TTOCIIE JOCTHYKEHUS ONITUMAIIBHON IJIOTHOCTH CaMOe 3HAUYNTENbHOE, HO HEe
enuHCTBeHHOE. [loAaTOMY H3MEHEeHNE TuaMeTpa 3apsija TakKe HEOOXOAUMO YIUTHIBATh
MIPHU N3yYEHUH CKOPOCTH JeToHauuu OBB.

CkopocTh /IeToHAIMH IMYJIbcHOHHOro BB Hutponurta J-70
The velocity of detonation of nitronite E-70 emulsion explosive

TInoTHOCTH Junamerp 3apsiia, MM

BB, r/em® 90 120 130 140 150 160 180 200 250 270

1,100 3819 4164 | 4236 | 4308 | 4380 | 4452 | 4596 | 4740 | 5100 | 5151

1,110 3805 4067 | 4098 | 4128 | 4159 | 4258 | 4456 | 4654 | 5194 | 5260

1,150 2971 3392 | 3575 | 3726 | 3877 | 4028 | 4330 | 4868 | 5387 | 5358

1,180 2137 2717 | 3296 | 3327 | 3407 | 3639 | 3648 | 3871 | 4094 | 4838

1,183 2824 3492 | 3715 | 3938 | 4161 | 4384 | 4450 | 4516 | 4680 | 4766

1,190 3510 3900 | 4030 | 4160 | 4290 | 4420 | 4521 | 4622 | 4875 | 4599

1,200 2887 3142 | 3227 | 3312 | 3397 | 3482 | 3652 | 3822 | 4106 | 4360

1,225 2755 3208 | 3359 | 3510 | 3661 | 4130 | 4273 | 4416 | 4773 | 4423

1,250 3193 3497 | 3599 | 3700 | 3802 | 3903 | 4106 | 3192 | 4817 | 4486

1,260 3630 4188 | 4374 | 4560 | 4747 | 4933 | 5305 | 5677 | 6090 | 5797

1,270 3310 3512 | 3580 | 3647 | 3715 | 3782 | 3917 | 4052 | 4420 | 4677

1,277 3284 3425 | 3460 | 3496 | 3545 | 3575 | 3636 | 3697 | 3848 | 3594

1,280 3789 3907 | 3946 | 3985 | 4025 | 4064 | 4142 | 4221 | 4778 | 5677

1,330 3219 3584 | 3706 | 3827 | 4307 | 4357 | 4457 | 4557 | 4675 | 4848

1,340 2885 3229 | 3370 | 3469 | 3573 | 3714 | 3868 | 3974 | 4248 | 4542

I:l I/I3MepeHHbIe 3HAYCHUS I:l I/IHTepHOHHHI/IH 1 DKCTPAIIOJIsIUst

W3mepeHust TeTOHALMOHHBIX XapaKTEPUCTHUK HUTPOHUTA IPOBOIMINCH HA MPOTSIKE-
HHMU HECKOJBKHX JIET COTPYAHMKAMH JIaboparopun paspyiueHust ropasix nopox Il YpO
PAH npu pa3seIx anameTpax 3apgioB U Pa3HOM IUIOTHOCTH B IOJWIOHHBIX YCIIOBHSIX.
C y4eToM TOro 4To U3MepeHHs MPOBEECHBI HE BO BCEX JMara3oHax IJIOTHOCTH U THaMeT-
pOB 3apszoB, U Ooree yIIyOJMEeHHOTO aHauM3a HENOCTAIONIME 3HAYEHUS IOTydEHBI
MHTEPIOALMEN 1 3KCTpanossiiueil. B Tabnuie npuBeaeHbl COOTBETCTBYIOIIHME JAHHBIE.

Ha ocHoBaHMM IaHHBIX TaOIMIBI HOCTPOEHBI Oojiee MOapoOHbIe TpaduKK 3aBUCHMO-
CTH CKOPOCTH JIETOHALIMH OT IULIOTHOCTH BB, HEKoTOpBIE 13 HUX MpecTaBlIeHbl Ha puC. 2.

Kax nmoka3zanu rpaduku, CKOpocTb IETOHAIMHU B 3aBUCHMOCTH OT TIOTHOCTH MOZIBEP-
JKEHa JI0OCTaTOYHO OOJIBIIUM KOJIeOaHUsIM, TIPH STOM I10 BCEMY JWAINa30Hy 3HaYeHUH Ha
OONBIIMHCTBE IMAaMETPOB 3apsIOB OTMEYEH IIOXOXKHM XapakTep 3THX KOJeOaHHI.
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CrenoBatenbHO, €CITH MOCTPOUTH TPa(UKH 3aBUCHMOCTH CKOPOCTH JETOHALMH OT JHa-
MeTpa 3apsa MO Pa3HbIM IUIOTHOCTSIM, TO NepecedeHe rpadukoB pa3HbIX IIIOTHOCTEH
IpU ONpEAeTICHHOM AuaMeTpe OyAeT OTpakaTb B3aMMOCBS3b CKOPOCTH JIETOHALWH,
miotHoctd BB u nuamerpa 3apsiga. [Ipu 3ToM nosiBiisieTCs BOBMOXKHOCTD TIPU 3apsixKa-
HUM CKBaXMH KOHKPETHOTO AMAMETpa W M3MEPEHUM IIOTHOCTH SMYJIBCHH MIPEITIONO-
JKUTH CKOPOCTh IETOHAIMH. B cOOTBeTCTBMY C JaHHOH Maeeit ObIUTH TOCTPOEHBI TpadruKu
TI0 BCEMY IMaNa3oHy 3HaY€HWH, OMH U3 BAPUAHTOB IPEICTABIIEH Ha pHC. 3.

6000 r

5000

CKOpOCTh ACTOHAIMH, M/C
T

3om 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )
1,100 1,110 1,150 1,180 1,183 1,190 1,200 1,225 1,250 1,260 1,270 1,277 1,280 1,330 1,340

Inotrocts BB, r/em3

Jlnametp 3apszia, MM
150 160 —180

- 140

Puc. 2. 3aBUCHMOCTh CKOPOCTH JICTOHALMHU OT INIOTHOCTH HUTpOHHTA D-70 MpH MaJbIX JHAMETPax
3apsa
Fig. 2. Dependence between the velocity of detonation and the density of nitronite E-70 under the
large charge diameter

Cornacuo puc. 3, npu wiotHoctu 1,10-1,11 r/cm® nepeceuene rpadukoB MPOUCXO-
it ripu quamerpe 200—250 MM, ipu 3TOM pa3dpoc 1O CKOPOCTH IETOHALUH COCTABIIAET
4850-5150 m/c, cienoBaTebHO, MPY 3HAYSHUH TUIOTHOCTH 3apsDKaHMS B 9TOM HHTEPBa-
ae 1,10-1,11 r/em?® u 3apsimax auamerpom 200—250 MM MOXKHO 0XKHIATh yKa3aHHYIO CKO-
POCTH JieToHAUK. AHAJIOrHYHO 1pH tutoTHocTH 1,10-1,15 r/cm?® Tpu rpaduka nepeceka-
F0TCSL HanpoTHUB AuaMeTpa 3apsia 180—-200 MM, COOTBETCTBEHHO MPU JAHHOU INIOTHOCTH
1 THaMeTpe 3apsiaa MOXKHO OXKHIATh CKopocTh AetoHanuu 43004750 m/c.

JlaHHBIE TO3BOJIAIOT NP 3apsKaHIH CKBaKHHBI OMPEIEICHHOTO AUaMeTpa 1 H3Mepe-
HUH TIPU 3TOM TutoTHOCTH BB mnipenmonarars BO3MOKHYIO CKOPOCTB IETOHALNH KaXKI0TO
3apsizia B BbleMOYHOM Onoke. Eciin uMeTh aHHBIE O CBOMCTBAX MOPOJ B €CTECTBEHHOM
3aJIeTaHWH, TO TOSBIIIETCS BO3MOKHOCTD PacCUnTaTh PalyC 30HbI pa3pylleHHus U Tpe-
IIMHOOOPa30BaHMs CONTACHO [ 13] M COOTBETCTBYIONIMM 00Pa30M CKOPPEKTUPOBATH CXE-
MY UHULMMPOBAHMSA 3apsAA0B. DTO UMEET BBICOKYIO MPAKTHYECKYIO 3HAUMMOCTb U MOXKET
CYILIECTBEHHO OTPA3UTHCS HA KaUueCTBE MOATOTOBKU TOPHON MAacChl K BHIEMKE.

IIpounocTHBIE cBOIiCTBa rOpHBIX Mopoa. Hanbonee TOYHO CBOWICTBA TOPHBIX TI0-
PO XapaKTepU3yIOTCs TPYIHOCTbIO M YHEPrOEMKOCTbIO OypEeHHs] TE€XHOJIOIMYECKHX
ckBakuH [ 14—16]. OmHaKo eciu OypUMOCTH M KPETIOCTh IMTOPOJ IO XPOHOMETPaxy Oy-
PEHHSI MOXET OBITh OTpeieTIeHa JOCTaTOYHO TOYHO, TO B3PBIBAEMOCTH 0€3 y4eTa cpe/i-
HETo pa3Mepa OT/AETHLHOCTH B MacCHBE HE MOXKET OBITh OmpeseneHa. B nanHoM ciydae
pasnu4us MEXIY TPELIMHHON CTPYKTYPOi OO B 3200€ CKBRKUHBI B OTOMBaEMOM
CKBO)XWHOU 00beMe MMEIOT NPUHIMIHNAIBHOE 3HaYeHune. Ecnu no JaHHbIM OypeHHst
HeJb3s1 yCTaHOBUTH, KaKoe KoinuecTBO BB 3a110)KUTh B CKBaXKHHBI, TO Takasi ”HPoOpMa-
LSl B 3HAYUTEIILHON Mepe TepsieT CBOIO LIEHHOCTh, Tak Kak pacxox BB He MoxxeT ObITh
u3MeHeH. MiMeHHo mosToMy nipu mpousBoacTBe BBP mapamerpsl nponecca OypeHus
CKBaYKHH HE U3MEPSAIOTCA U HE YUUTBIBAIOTCSA IPU KOPPEKTHPOBOUHBIX pacueTax.
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C apyroii cTopoHsl, ciaenyeT oOpaTuTh BHUMaHue Ha Gopmynsl B. B. PxeBckoro
[17-19] mo pacuery sTanoHHoOro yaenbHoro pacxona BB g, u mokasarens TpyaHocTu
Oypenus I B 3aBUCHUMOCTH OT (PU3MKO-MEXAaHMYECKMX CBOMCTB TOPHBIX TIOPO:

q, = k(o + o, + o, +10v);

I1; =0,07(c,, +o,, +10y),
TIE G, — NPEJIeN NPOYHOCTH FOPHOM MOPO/IBI HA OIHOOCHOE CKatue, [la; 6 — mpenen
POYHOCTH FOPHOM MOPOBI Ha cABHT, [1a; 6 — npezen MpOYHOCTH FOPHOIE [IOPOBI Ha

pactspkenue, [1a; y — II0THOCTh TOPHO# Macchl, T/M?.
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Puc. 3. 3aBHCHMOCTb CKOPOCTH JCTOHAIIMH HUTPOHUTA D-70 OT [uameTpa 3apsia
Fig. 3. Dependence between nitronite E-70 velocity of detonation and charge diameter

[Mony4aeTcst, 4To MoKa3aTenb OypUMOCTH M STAJIOHHBIN ynenbHbIN pacxon BB cBs-
3aHBI yepe3 (PU3NKo-MeXaHHYeCKHE CBOMCTBA TOPHBIX mopoa. ClienoBaTenbHO, 3TaJ0H-
HEIH pacxosl BB MOXHO BBIpa3uTh C yUETOM MTOKA3aTeNsl TPYAHOCTH OypeHHUS:

o
AL,
4 = k(G o7 7o)

Anamms ¢opmyn B. B. PxkeBckoro moArBepikaacT, 4yTo pa3pyiieHre TOPHBIX TOPOJT
nipu OypeHUH U B3phIBaHUH UMeET cBA3b. [Ipu 3TOM 3TanonHsIi pacxon BB Haxomures B
3aBUCHMOCTH OT IIOKa3aTeJisl TPYIHOCTH OypeHusi. V3 pakTUKU U3BECTHO, YTO IOKa3a-
Tenb TpymHocTH Oypenms B. B. PxkeBckoro cBsizan ¢ K03((HUIMEHTOM KPEIOCTH
M. M. Ilporonssixonosa (II; = 0,95f"). CnenosarensHo, €cu MOAEIUPOBATh KPEMOCTh
TOPHBIX MOPOJ 1O AaHHBIM TEXHOJIOTHYECKOTO OypPEeHUs, TO Ha OCHOBE 3THX PE3YJIbTaTOB
BIIOJIHE MOXXHO OTpenersTh (yTouHsaTh) napamerpsl BBP. [lokazarens TpyaHoctu Oype-
Hus [1; cBsA3aH ¢ napameTpamu Iporecca MapoleyHOro OypeHus ClIeayomuM 00pa3oM:

0,625
0,8 !
Pn

oD

T

II; =

b

rne P, — oceBoe ycunue, KH; n — yactora Bpauenus, MUH !

poctb Oypenus, M/4; D — muameTp J0JI0Ta, CM.

; U, — TEXHUYECKAs CKO-
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Ha puc. 4 npencrapiena cxema nocTpoeHHus HU(PPOBOH MOJEIH KPETIOCTH TOPHBIX
MIOpOJ] Ha OCHOBE AAHHBIX XPOHOMETpaka OypeHusl.

Ha ocHoBaHMY TOTYYEeHHBIX pe3yabTaTOB pa3padoTaHa METOAMKA OTpe/IeTIeHNs Be-
JIMYUHBI YAETIBHOTO pacxona BB 1o naHHbIM OypeHHs TEXHOJIOTHYECKUX CKBKUH, KO-
TOpasi MO3BOJISIET CTPOUTH MOJIENIM W3MEHEHUs! KPETOCTH MOPOA IO BHICOTE YCTYTa,
OTIPENeNsATh NPOIOPLHOHATIBHOCT MEKAY SHEPTETHIECKIMHU XapaKTePUCTHKAMU MIPO-
LECCOB IIApOLICYHOTO OypeHUs W B3PBHIBHOTO Pa3pyLICHUS] MACCHBA TOPHBIX MOPOX
[20], a Takke yTOUHSTH Maccy 3apsiioB BB mo kaxmoii ckBakKrHE BEIEMOYHOTO OJIOKA.
IIpencrasnennas Ha puc. 4 MOIEIh MO3BOJIIET pa3OUTh B3PHIBAEMBIN OJIOK HA SIIEHKH
U IS KaXI0W STYCHKH YCTaHOBUTH HEOOXOMMUMBIN yIeNbHBIN pacxon BB, a Bmocnen-
CTBHM CKOPPEKTHPOBATh €ro 3Ha4YCHHUE 10 CJIoAM ycTymna. Cxema onpenesneHus yaeib-
Horo pacxona BB no nanHbIM yka3zaHHOHN Ha puc. 4 MOJENH NpEACTaBIeHa Ha puUC. 5,

rie Q,,, — BEC 3apsijia B CKBOXHHE; My, — Macca BB Ha cioid; n; — 4ncio sneMeHTos
ciiost; V,— o0bem ci10st; N — MOIIHOCTE IBUraTesst Bpamaress; M, — MOMEHT BpaICHHs

J0JI0Ta; 71 — 4acToTa BPallleHHs J0I0Ta; ¢ — cpeinee Bpems Oypenus 1 m; P, — oceBoe
YCUIIHE; Qle — yZelbHas TEIIOTa B3PbIBA; ¢, — NPOCKTHBIN yaesbHbIA pacxon BB mo
METOJMKE MHCTUTyTa «lMnpopyna»; ¢ — BBIXOH TOPHOM Macchl ¢ 1 M CKBaXKHHBI,
E —sueprus Ha o0ypuBanue | M3 TopHOU Opobl; 17— K03 PUIIMEHT TPOMOPIIHOHATb-
HOCTH MEXJIy DHEPrusiMd Ha oOypHBaHWC M B3pbIBHOE paspyuienue; Kyy, K, K, o
K, — k0> (HUIMEHTEI, yIUTHIBAIOIIME COOTBETCTBEHHO TUIl BB, mnameTp CKBaKMHBI,
CTeNeHb JPOOJICHHS U YTOJl HAKJIOHA CKBAYKHHBL:

N=2n- IO_SMKpnn’l,

rne M » — MOMEHT BpAIlEHHs 107I0Ta, H - M; n — gacrora Bpamenus, ¢'; n — KITJT
TPaHCMHUCCHHU BpaIllaTers;

M, =2,84-10°D(0,22P,)",

rae k, — smnupuyeckuil ko3GdunuenT, 3aBucAmuMi 0T KpernocTu nopoasl [19, 20];
D — muametp ponora, MM; P, — oceBoe ycunue, KH; m — mokasarenb KauecTBa O4UCTKH
ckBaxuHbI (1,25 — «oueHb XOpomoy; 1,5 — «ymoBIeTBOPUTENBHOY; 1,75 — «I710X0»).

Iomy4aemast MOZEND CITyKUT OCHOBOM AJIs1 YTOUHEHHS MTapaMETPOB 3apsiIOB B CKBa-
JKMHAX BBIEMOYHOTO Ojoka. [IpuMmeHsisi MoAennpoBaHUE KPENOCTH TOPHBIX MOPOA IO
TPYAHOCTH M SHEPTOEMKOCTH OypeHHs, MO’KHO M3ydaTh TPEIIMHOBATOCTh MacCHBa, YTO
0COOCHHO Ba)KHO ITPH BEIOOPE PAIIMOHAILHONU CXEMBI MHUIIMUPOBAHUS 3aps1oB BB.

CoBMecTHOE IPUMEHEHH e JaHHBIX 0 CBOHCTBAX FOPHBIX NOPOJ U 1eTOHALMOH-
HbIX XapakrepucTukax IBB. CoBMecTHOE IPUMEHEHNE TaHHBIX O CBOICTBaX T'OPHO-
r0 MacCUBa U JETOHALIMOHHBIX XapakTepucTukax BB dopMannzoBaHo B COOTBETCTBY-
romux Mmertonmyeckux paspaborkax WUIJ] VpO PAH. B Hacrosiee Bpems uuer
TIOTIOJIHEHUE CBEJIEHUH O JETOHAIIMOHHBIX XapaKTepucTukax pasHeix OBB u mposo-
JIITCS IPOMBIIIUIEHHBIE UCTIBITAHHS TPUOOPHOTO KOMITIEKCA IO cOOPY TaHHBIX O Oype-
HUM CKBaKUH. [loka naHHas cucTeMa LeIMKOM He 0TpaboTaHa, HO3TOMY [10Ka3aTh KOH-
KPETHBIN pe3ynbTaT KOMIUIEKCHOTO PELIEHMs 3aJa4dl B IPOU3BOJICTBEHHBIX YCIOBHAX
HE TPEACTaBIsAETCS BO3MOXKHBIM. OJHAKO CTPYKTypa 3aladd €CTh, CIEAO0BATEIBHO,
MIPOLIECC PEIICHUS MOXKHO CMOAETUPOBATh.

B kauecTBe npumepa MpoBeACH MPOU3BOIBHBIN pacyeT A CIeTyIOIUX YCIOBHH.
B3peiBuyartoe BelecTBO — HUTPOHUT, TUaMETP CKBAXKUHBI M JUaMeTp 3apaga — 250 M.
B BeleMo4HOM OmOKE 5 pIOB CKBayKWH 110 20 B psY, pACCTOSIHAE MEXy CKBAKHHAMU
6 M. [Topospl B BHIEMOYHOM OIIOKE KpEIKHUe, MPOYHOCTh Ha cxkarue B oopasue 140, 160
n 200 MIla; npoyHOCTH Ha pacTsKeHue cooTBeTCTBEHHO 14, 16 n 20 Mlla; xoadduru-
eHT cTpyKTypHOTro ocnabdienus 0,1. [InotHocTs DBB 1 pacnoioxeHue nopox B O1oke
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BEIOpaHO ciy4yailHBIM 00pa3oM. 30Ha YIPAaBISEMOTO pa3pylICHUS OT BO3ACHCTBUS
B3phIBA CKBRXMHHOTO 3apsjia OIMpPENesIeTcs NaBJICHUEM Ha CTCHKU CKBAXKHHBI U
(PM3UKO-MEXaHUYSCKUMU CBOMCTBaMHU TOPHBIX MOpoi. [1opsiiok onpenaesieHus: pa3py-
NIAIOIIETO BO3ACUCTBUS CIEAYIOIINH.

JlaBieHre Ha CTEHKY CKBaYKHHBI [13]

2
r3a

p

P gl

CKB

rae > Pap pazuyc 3apana, m; I — PaauyC CKBaXHMHBIL, M; P}1 — JIaBJICHHE IETOHAIMOH-
Hoi BoimHEI, MI1a.
[Tpu mokazarese H303HTPOIIBI, PABHOM 3, TaBJICHUE JIETOHAIIMOHHOW BOJTHBI MOYKHO

OTIPEACTUThH CICIYIOIIUM 00pa3oM [5]:

P _ pBBD2 (1)
- ’
8 4
I Py — IIOTHOCTH BB, kr/M*; D — ckopocTs seToHanuu, m/c.

3HaueHus JaBICHUS, paCCYMTaHHBIC 110 BhIpaXkeHUIo (1), Kak MpaBuiIo, MOIydar0T-
Csl 3aBBIIICHHBIMH TI0 CPaBHEHMIO C Oosee TOUHBIMU criocoOamu pacdera. [lorpemr-
HOCTH MPUOIU3UTENHEHO MOXKET COCTABIATh 6—8 %. OqHaKo B JAHHOM Cy4yae yKa3aH-
Has TOYHOCTh BIIOJIHE IpUEMJIIEMA.

Jis korkpeTHOTO THIa BB pannyc TpemnnooOpa3oBaHus ONPeeseTcsl BhIpaxe-
HUEM:

Ry = N (P/O ) - )

e o, — JOMYCTUMBIN TUHaMUYECKUI npeen npouyHoctu nopoxa, Mlla.

B npubnmkenuu 3a I0MyCTUMBIA AMHAMUYECKUA MPEEI IIPOYHOCTH MOPOA G,
MOXXHO IPUHAMATH CTATHYECKUH PEEI IPOYHOCTH NIOPOJ HA PACTSDKCHNUE G, YBEIIU-
aennblii Ha 10-30 % ((1,1-1,3)c, A) [21], HO 3TO TIpU YCIIOBUH, YTO CaM ZII/IHaMI/I‘-IeCKI/II/I
MIpeeN IPOYHOCTH OOIIbIIe CYMMBI CTaTHYECKUX Y TMHAMHUYECKUX HaIpsLKEHUH (Mac-
CHB YCTOWYMB).

[IpenenbHBIN pagnyc TPeIMHOOOPa30BAHUS AJIs1 PA3IIUNYHBIX YCIOBHIA MOXET OBITh
YCTaHOBJICH B COOTBETCTBHU C TEXHOJIOTHEH BelleHUs paboT. B 3ToM citydae nosBisieT-
Cs1 BOBMOXKHOCTD ITyTEM yKa3aHHBIX PacueTOB MOA00paTh B3PHIBYATOC BEIISCTBO U KOH-
CTPYKITHIO 3apsioB, 00€CTICUYNBAIONINE YCTAHOBICHHBIN PagWyC Pa3BUTUS TPEIIUH.
Bripaxenns (1), (2) npencrasisior coboit kputepuit onpeneneHus tuna BB st koH-
KpPETHBIX YCIIOBHI.

30HBI pa3pyIIAOIIETro BO3IECHCTBUS MEKIY CKBOKUHAMH ONPEACIISIOTCS B 3aBHCH-
MOCTH OT JIaBJICHUS 3a TpaHUIICii B3PHIBHOM MOJIOCTH U Mpeesia MPOYHOCTH MOPOJ Ha
pacTsHKEHHE U CKAaTHE B MACCUBE C yUeTOM K03(pHIIMeHTa CTPYKTYPHOTO OCIIa0ICHHUS.

JlaBieHre B ropHOM MacCHBE OT B3pbIBa IWJIMHIPUIECKOTO 3apsaza Ha paccTosHuM [13]

r 15
P,=P| |
i (Rj

r7e R — paccTostHUE OT B3phIBA 3apsijia, M.
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BbIUKCIINB BENWYHHY JABICHHS Yepe3 KaxIbli METp OT 3apsijia U CPaBHUBAs C Ha-
MPSDKEHUSME B MACCHBE, MOYXHO OTIPEIICITUTh TPUOIU3UTEIIEHOE PACCTOSIHUE, Ha KOTO-
POM TIPEKpATHTCS Pa3laBIUBAHME MACCHBA M HAYHETCS PACHPOCTPAHCHUE DHEPIUU
MPEUMYIICCTBEHHO 10 TPpCUINHAM.

BriHeceHune pe3ynapTaTtoB pacyera Ha IiaH OJIoKa, Kak TIOKa3aHo Ha puc. 6, a, TI03BO-
JSIET HADISHO OLCHWUTh MPUONMM3UTEIBHOE pa3pyliaroliee BO3ACHCTBHE OT KaXKIOTo
CKBRXMHHOTO 3aps/ia BRIEMOYHOTO OJIOKa M MoA0Opars Hamboliee palMOHAIBHOE Ha-
MIPaBJICHUEC UHUIIUUPOBAHUS. Y YUTHIBAS PACIIOJIOKEHUE TOPOJ (PHUC. 6), MOXKHO TPEJIIIO-
JIOKUTb, UYTO OCHOBHBIC TPCIIUHBI BBITAHYTEI BAOJIb KOHTAKTOB IIOPOJ pa3J’II/I‘IHOI‘/'I Kp€eIo-
ctu. [Toatomy 11e71eco00pa3HO TPEIIMHOBATOCTD IIOJICEKaThy BKpecT. [Ipu AToM ciienyeT
00paTuTh BHUMAaHKUE HA TO, YTO B TIEPBOM W TOCIIEIHEM PSJaX 30HBI pa3pylIaioIiero
BO3JICUCTBUS YBEIMYCHBI. JTO MOXET OJAarompHsATHO OTPa3sUThCSA Ha JAPOOSIIeM Jei-
CTBUH B3pPbIBA PH CO3J[AHUU CBOOOIHOM MIOBEPXHOCTH ITOCPEIUHE OIOKA. Y UUTHIBAS 13-
JIO)KEHHOE, HanOoJiee 1eTiecO00pa3HBIM IS IPEACTaBICHHBIX Ha pUC. 0, a, YCIIOBUH sIB-
JsieTCsl IPUMEHEeHHe BPYOOBOM CXEMbl MHUIMHAPOBAHUS: BPYOOBBIH PSJI IO TPETHEMY
Py, MHUITUHUPOBAHKE 3apsIIOB TIEPIICHINKY/ISIPHO U TIOCIIENOBATEIBHO (PHC. 6, 0).

Bl sty MGk, TP R L S X

lii . f CmaI T TR O RO T

= [ P np ) .
) = ‘:l 1 . it = —— s s | E
L He= L gk

Puc. 5. Cxema onpenenenus yaenbHoro pacxona BB Ha ocHOBaHUM MOJeny U3MEHEHUS KPEIOCTH ITOPOJ
TI0 BBICOTE yCTyIIaM
Fig. 5. The scheme of specific consumption of explosives determination based on the model of rock
strength variation along the height of a bench

BriBoabl. CTpyKTypa 3aadn pa3BUTHUs pecypcocOeperaromeil TeXHOI0T U paspy-
HICHUS TOPHBIX MAaCCHBOB OyPOB3PBIBHBIM CIIOCOOOM TPY MCIOIb30BAaHHN MYIIbCHOH-
HbIX BB MECTHOIrO U3roTOBIIEHUS IPEAIIONAraeT KOMILIEKCHOE U3YYEHHUE, C ONHOU CTO-
POHBI, IPOYHOCTHBIX XapaKTEPUCTHUK JIOKAJIbHOIO MAaCCUBA TOPHBIX MOPOX C LEJIBIO
YCTaHOBJIEHUsI PAallMOHAJIBHOTO pa3pyLIAIOIIEro BO3ACHCTBHS B HYXHOM MECTE, a C
JIpyroil — oIpeneaeHue IeTOHALMOHHBIX CBOMCTB DBB ¢ Lenpl0 yTOuHEHN BO3MOXK-
HOCTH CO3[IaHHsl OTPEAETICHHOTO JaBlIeHUs MpH B3pbiBe. [Ipn 3TOM MOXKHO TOOUTHCS
CYILIECTBEHHOI'O CHU>KEHHMS 3aTPaunBaeMbIX MaTEpHAIIbHBIX pecypcoB Ha BBP u noBbI-
CUTb Ka4€CTBO ITOATOTOBKU I'OPHOM MacChl K BBIEMKE.

B pesynbrare uccienoBanuii IeTOHAIMOHHBIX XapakTepuctuk BB npemioken rpado-
QHATUTUYECKUNA MOAXOM K OIPEACICHUIO B3aUMOCBS3U MEXKAY CKOPOCTBIO ACTOHALNU,
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IIOTHOCTHIO0 OBB 1 quamerpoM 3apsiaa, MO3BOJIAIOIIMI Ha HAYaJIbHOM 3TaIle MPOrHO3UPO-
BaTh CKOPOCTb JETOHALIMH 110 U3MEPSAEMON IUIOTHOCTH MU 3apsHKaHUM B3PBIBHOM MOIOCTH
M3BECTHOTO AuameTpa. [IpakTiyeckoe 3HaUeHNE YKa3aHHOTO MOIX0/1a 3aKIF0YaeTCs B BO3-
MOYXHOCTH KOPPEKTHUPOBKH CXEMBI B3pPBIBAHUS B 3aBUCUMOCTH OT IPEIIONAraeMbIX 3HEP-
TeTHYECKHUX XapaKTePUCTUK pabOThI KaKOTO 3apsi/ia BRIEMOYHOTO OJIOKA.

C
R T

—
—// +

T T e e e e e e e ey

25Mc —+ 42 mc

2 42 mc

Puc. 6. Mozens 61oka ¢ 30HaMH pa3pyILeHHs, ONpeIeIeHHBIMA Ha OCHOBAaHWH YCTAaHOBIICHHOW B3aw-
MOCBSI3U MEXJIY JI€TOHAIMOHHBIMU XapaKTepUCTUKaMH HUTpOHHUTA D-70 — a U cxeMa paloHaJIbHOTO
WHUIMMPOBAHUS 3aps0B HUTPOHUTA D-70 115 CMOJIEIMPOBAHHBIX YCIOBHI — 6
Fig. 6. Model of a block with the zones of destruction determined based on the fixed interrelation
between nitronite E-70 detonation characteristics — @, and the scheme of nitronite E-70 charges rational
initiation for the simulated conditions — 6

Pazpaborana pecypcocbeperaromast METOHKa onpeaeneHus napamerpos bBP na oc-
HOBE YTOUYHEHHBIX JaHHBIX O MPOYHOCTHBIX CBOWCTBAxX MOpOA U cBoicTBax OBB, mpu-
MEHEHHE KOTOPOH MO3BOJsieT Haubosee palnoHABHO HCIONB30BaTh SHEPTHUIO B3pHIBA
Ha pa3pylIeHre TOPHBIX MOpo. [lepcrekTiBa pa3BUTH METOIUKH 3aKITI0UAETCS B CPaB-
HEHHH JIETOHAI[MOHHBIX XapakTepucTHK DBB pasmiaHbIx coCTaBOB Ha TIpeIMET BBISIBIIE-
HUS 00IIMX 3aKOHOMEPHOCTEH 1 Ha MX YYeT IIPH OTIPECIICHUH IapaMeTPOB OypOB3PHIB-
HBIX paloT. DTOT pe3ynbTaT B OymylieM MOXKET OBITh MOJIyYEeH MyTeM HAKOIUJICHHUS
COOTBETCTBYIOLIETO 00beMa IKCIIEPUMEHTAIILHBIX U CTATUCTHYECKHUX JaHHBIX.

Hccneoosanusn evitnonneHbl 6 pamkax zocyoapcmeenHnozo 3aoanusn 007-00293-18-00,
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Drilling and blasting resource-saving technology development
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Abstract
Introduction. Under rock destruction with a blast there are too many uncertainties which prevent from
significantly increasing the effectiveness of drilling and blasting operations. Integrated study of the issue
to solve the given problem is suggested.
Research aim. Solving the complex of tasks on the development of the resource-saving technology of rock
massifs destruction with a drilling a blasting method with the use of locally produced emulsion explosives
(EE) includes two main directions: quick information acquisition on the strength and processing properties
of rocks by difficulty and energy intensity of production wells drilling,; determination of EE explosibility
and the possibility of their regulation depending on the diameter of wells and the density of explosives in
the charge column.
Methodology. The article presents approaches to the experimental determination of the relationship
between the density of explosives, the detonation velocity and charge diameter for emulsion explosives by
the example of nitronite, as well as to the clarification of in situ rock strength characteristics by the
measured characteristics of wells roller-bit drilling process.
Results. The structure of the task of rock massifs drilling and blasting destruction resource-saving
technology development under the use of locally produced emulsion explosives (EE) provides for the
integrated study of, on the one hand, local rock massif strength characteristics with the purpose of
establishing rational destructive effect in the desired point and, on the other hand, the determination of
detonation properties of EE with the purpose of specifying the possibility of creating the certain pressure
during the explosion. At that, it is possible to reach significant reduction of physical resources expenditures
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for drilling and blasting operations (DBO) and increase the quality of rock mass preparation for extraction.
Conclusions. The resource-saving methodology of DBO parameters determination has been developed
based on the specified data on rock strength and EE properties.

Key words: explosives; velocity of detonation; physical and mechanical properties of rocks; roller-bit
drilling; rock destruction.
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OueHKa NPOYHOCTHbLIX CBOWUCTB rPYHTOB,
YKpenmneHHbIX 3MyNbCUOHHbLIMU CBA3YOWMUMM
npu 06ecnbINMBaHNN KapbepHbIX aBTOZOPOT

Kowkapos B. E.%, Hesonun [. 2, Kowkapos E. B.2
1'YpanbCkuil rocyaapcTBEHHbIN FOPHBINA YHUBEPCUTET
(Poccws, r. Ekatepunbypr, yn. Kyitbbiwesa, 30)

2 YparbCKuiA rocyapCTBEHHbIA YHUBEPCUTET MyTel coobLyeHNs
(Poccws, . Ekatepunbypr, yn. Konmoroposa, 66)

3 HayyHo-uccnenoBaTenbCekuii LLIEHTP «AcanbTut»
(Poccws, r. Ekatepunbypr, yn. OnanuxuHckas, 21)

Peghepam
Ilpeomem uccnedosanus. B ceomexnonocuu cywecmsyem npobrema onepamueHoll CpagHUMEeNbHOL
OYeHKU NPOYHOCMU SPYHMA NPU YENeHANPAGIEHHOM USMEHEHUU €20 (QUIUKO-IMEXHUYEeCKUX CBOUCMS.
Ocobenno ocmpo sma npobrema cmoum npu RPUMEHeHUU MUHEPATbHBIX U OPLAHUYECKUX GSIHCYUUX OISt
VKpennieHusl, YnpouHeHusi 2PYHmMa Ui CesA3bl6aHUsl €20 ¢ MmeMu Uil UHbIMU YelsaMU, Hanpumep npu 3d-
Kpenienuu OmKocos, NblLIAWUX NOBEPXHOCHEl MEXHOLEHHbIX OMEAN08, X8OCMOXPAHUAUW U NpU
06eCnbLIUGANUL KAPLEPHBIX 00PO2.
Lenv uccneoosanus. dxcnepumenmol NO U3bICKAHUIO IDPHEKMUBHBIX MEXHONO2UL 00ECNbLIUGAHUS Kd-
PbEPHBIX A8MOOOPO2 U MEXHOLEHHBIX MACCUBO8 UMEIOM Yelblo 00ecneyunms npou3e00cmeo 00CHynHbl-
MU U HeeUYUMHBIMU KOMROHEHMAMU.
Memooonozua. B nacmosweil pabome npednodicen u anpobupoéan NPOCMou Memoo ONnpeoeseHus:
Pu3UKO-MEXHUYECKUX CBOUCNE SPYHINOE8 — NPOYHOCHU CYeNeHls NblIeBAMbIX Yacmuly U 065eMHOU 0onu
6000HACHIUjEHUSL — NOCIe UX 00pabomku nuvlieceszylowumu eeuwjecmeamu. Pexomendosan skcnpecc-
Memoo onpeoenenust UsMeHeHUs: PU3UKO-MEXHUHECKUX CEOUICME SPYHMA 8 Pe3yibmame 6030€lCmeus nolie-
CBAZVIOWUX Beuecms, NPedN0dNHCeHbL CXeMbl npecc-ghopm u 060py00sanus 0isk POBEOEHUs. UCHLIMAHUIL.
Pezynomameut. [loxkazana evicoxas ¢hpekmusHoCmb IMYIbCUOHNBIX HEPMECEAZYIOUUX NPU 00eCTbLIU-
BAHUU KAPbLEPHBIX ABMOOOPO2 U MEXHOLEHHLIX MACCUBOE 8 CPAGHEHUU C B000PACMEOPUMBIMU U KPU-
CMANI02UOPAMHBIMU CEA3YIOWUMU 8EULeCNBAMU.
Obnacme npumenenusn pe3yromamos. Texnonoz2uu 06ecnvliUGa sl OPLAHUYECKUMU HePmec8s3yIouu-
MU — IMYAbCUAMU U3 TAICETBIX HEPMAHBIX OCMAMKO8 — 0becneyusarom 6e30nacHoCms 20pHbIX pabom,
OXpawy Heop u OKpydicaioujell cpeovi.

Knroueswte cnoea: xapvepnvie asmooopozau, mexnozeniuvle Maccugyl; 06eCnbLIUGaHUE; NbLIECEI3)Y-
owue; TUSHOCYTbPOHAM,; YeMeHm,; OUMYMHbLE IMYAbCUU.

BBenenne. B reoTeXHOIOTHH CYIIECTBYET MPOOIeMa OTIepaTHBHON CPaBHUTEIIBHON
OIIEHKM TPOYHOCTH TPYHTA IIPH IEJICHANPABICHHOM W3MEHEHHH ero (U3HUKO-
TEXHUYECKUX CBOUCTB. OCOOCHHO OCTpO 3Ta mpoliieMa CTOUT TMpH NPUMEHEHHUU
MHUHEPAJIBHBIX U OPraHUYECKHUX BOKYIIUX A1 YKPEIUIEHUS, YIPOUHEHUS IPYHTa UIU
CBA3bIBAHUA €TI0 C TCMU WKW WHBIMHU LCIAMH, HAIPUMEP MNPHU 3aKPCIUICHUU OTKOCOB,
IbUIAIIINX HOBerHOCTeﬁ TEXHOTCHHBIX OTBAJIOB, XBOCTOXPAHUIINIIT U IIPpU o0ecCIbUIH-
BaHUM KapbepHBIX aopor [1-5].

B HacTosimiet pabore mpesioxkeH W anpoOUpoBaH Ha psifie TOPHO-METaJLTypriude-
CKUX O00BEKTOB METOJ (PU3UKO-MEXaHMUECKOW OIEHKU MPOYHOCTH TPYHTOB, PYIHBIX
MaTepHaJIOB U MEJIKO3EPHHUCTHIX TEXHOTEHHBIX 00pa30BaHuii (IIJIaMOB, 301, METaJLTyp-
TUYECKHUX IbIIEH) C UCTIONB30BaHNEM CIIOCO0A MPECCOBAHNSA IPU PA3IUYHBIX JABJICHH-
SIX C TTOCIIEMYIONTUM OIPEIeIICHHEM TIPOYHOCTHBIX XapaKTEPUCTHK OpukeToB. OcoOeH-
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HOCTh METOJIa 3aKIII0YaeTCs B TOM, YTO B OTJIMYUE OT CPEAHUX M OOJNIBIINX JaBICHUH
MIpeccoBaHusl, IPUMEHAEMBIX paHee [6], ncnoias3yrorcsa Mansle — a0 5,0-5,5 MIla, ko-
TOpBIE MOJENHUPYIOT yCIOBHS B3aUMOACHCTBUS BSXKYIMX C MUHEpPaJbHBIM MaTepHa-
JIOM TIPH MCIIOJIb30BaHUM MX B TEOTEXHOJIOTHSAX C MAJNBIMH Harpy3KaMu MPH CBSI3bIBA-
HHUM U YKPEIUICHUH TPYHTA WM TEXHOT€HHBIX 00pa3oBaHui. OTn4ne 3aKIr04aeTcs 1
B TOM, YTO UCIIOJIB3YyETCs Malas npecc-popma padbounm auamerpom 2,0-2.5 mm. JlaH-
HBI METOJI MO3BOJISIET OTIEPAaTHBHO HAa MECTE MPOM3BOACTBA pabOT WK NIPU KOHTPOJIE
KauecTBa 3aKPEIUIEHHBIX TPYHTOB M MBUIAIIUX MOBEPXHOCTEH OMpPENeNuTh CTENEHb
KOT€3MOHHOTO YIPOYHEHHUsSI TPYHTa W BBIOpaTh HanboJee MOMXOSIINE A JaHHBIX
00BEKTOB U YCJIOBUN NPUMEHEHUS BSDKYIUE MAaT€pPUaibl U UX JO3UPOBKH.

I'eonoruueckue CTPYKTYpHl, @ TAKXKE KapbePHbIE aBTOAOPOTH, CIIOKEHHBIE TOPOAOH
WJIN HAHOCaMH{ aHTPOIIOTEHHOTO TeHE3HCca, OTIMYAOTCA [0 CBOEMY COCTaBy (XUMHUe-
CKOMY, FpaHyJIOMETPUIECKOMY) H CBOHCTBaM ((pH3MKO-MeXaHNUEeCKUM, (PUIBTPAIOH-
HBIM, COPOLIMOHHBIM | JIp.) OT (POHOBBIX MOPOJ, X BMematonux [2—-5]. CoiicTBa mo-
BEPXHOCTH  OMNPENAEISIOTCS  MPEHMYIIECTBEHHO TEXHOTEHHBIMH  IPOIIECCAMHU.
TexHOTeHHBIE BO3ACHCTBHSA Ha TOPHBIE TOPOBI U MACCHUBBI 4AaCTO COIIPOBOXKIAFOTCS UX
npoOiieHreM U u3MensieHueM. [Ipu 3ToM 00pa3yroTcsi MENKOAUCIIEPCHBIC YacTUIIbI
pasHoil POPMBI, KOTOPBIE XapaKTEPU3YIOTCS YPE3BBIYAHHO OOJIBIION ITOLIAIbI0 U Ha-
PYLIEHHOH MOBEPXHOCTHIO. B nanHol paboTe paccMaTpuBaeTcsi BApUAHT CKICHBAHUS
9THX pa300IICHHBIX YaCTHII, U3MEHEHUS MX MOBEPXHOCTHBIX CBOMCTB U OLIEHKH (PH3HKO-
MEeXaHHYEeCKHX CBOWMCTB aJre3MOHHOT0 KOHTakTa Mpu 00paboTKe pa3nuyHBIMH, HC-
HOJIb3YEMBIMH B OTpaciy, CBA3YIOLIMMHU. B kauecTBe CBA3YIOIMX AN 1iesiei oOecbl-
JMBaHUSl TEXHOTEHHBIX MACCHBOB M KapbEpHBIX JOPOT 3a4acTylO0 HCIOIb3YIOTCS
OpraHUYECKHUE CBS3YIOLIUE B OMYIbIUPOBAaHHOM BHUae [7—15].

Hens padorsl. PazpaboTarsk 3 (hEeKTUBHBIN 3KCTIPECC-METO]] OLIEHKH MPOYHOCTHBIX
CBOMCTB TPYHTOB M TEXHOT'€HHBIX MaTepHasOB, YKPEIJICHHBIX OPTaHUYECKUMH U
HEOPraHW4YEeCKUMHU BSDKYILUMM, [0 MPOYHOCTH OpHKeTOB. IIpemnokurh MeTon ykpe-
IUICHHSI TPYHTOB TEXHOTE€HHBIX MAaCCHBOB M IBUIALIMX IIOBEPXHOCTEH, B TOM YHCIIE IKC-
IUTyaTUPYEMBIX KAapbEPHBIX aBTONOPOI, C IOMOIIBIO 3MYJIBIMPOBAHHBIX TAMKEIBIX
HeTaHeix octatkoB (THO). IlomyunTp 3aBUCHMOCTH NPOYHOCTH OpHKETOB H3
YKPETUICHHBIX TKESITBIMU HEQTSIHBIMU OCTAaTKaMH IPYHTOB, TO3BOJISIONIIE ONTHMHU3HU-
pOBaTh COCTaB MUHEPAIHLHON YacTH (IIEMEHTA) U OPTaHIMYECKOTO CBSI3YIOIIETO MaTepH-
ana, a TaKKe UX COOTHOILIEHHE AJIS IPAKTUIECKOr0 IPUMEHEHHS IPU 00€CIIbIIIMBAHUH
KapbepHBIX aBTOAOPOT.

MeTononorusi. B cBsi3u ¢ TEM UTO CBA3YIOIINE BELECTBA UCIONIB3YIOTCS IS YKpe-
TUICHHSI COCUHUTENBHBIX CIIOEB JTOPOKHBIX ONEXK[, 00CCTIBUIMBAHHS U 3aKpPEILUICHHS
TBUISIINX TMOBEPXHOCTEH, TUNIAHUPYETCS OTOMPaTh aHAIUTHYECKYIO MPOoOy Marepua-
JIOB, COCTABJISIOIIYI0 OOBEKT BO3EHCTBUS — IOBEPXHOCTh OTKOCA TEXHOTEHHOTO Mac-
CUBa, BEPXHHUN CJIOW JOPOKHOH OJEKIbI KaphePHOU aBTOJOPOTH, MPOOKI U3 00beMa
HAHOCOB TEPPUKOHOB M OPOIHBIX XBocToXpaHunuil. [Ipoda npocenBaercs u oovenu-
HSIETCS C Pa3IMYHBIM COAEP)KaHUEM IBIIECBSI3YIOMINX BEILECTB, OPUKETUPYETCS B CIie-
nuansHoOl npecc-popme (quamerpom d = 25,2 MM) TIpY HU3KOM JaBJICHUH TPECCOBa-
Hus (Menee 4,5 Mlla) u ucnsIThIBaeTCS Ha BOXOCTOHKOCTD M IIPU OAHOOCHOM CXKaTHH.
B pesynprare nccienoBaHus yCTaHaBINBACTCSl ONTUMAJIBHBIN TUII CBSI3YIOLIETO, a TaK-
e ero 1enecoo0pas3Hbli PacxoA MO KPUTEPHUSIM JOCTAaTOYHON KOTe3HOHHOH MPOYHO-
CTH TIPU CKJICMBAaHMWM YaCTHUL M YAOBJIETBOPHUTEIBHOW arMoc(epHOil CTOHKOCTH IO
OCTaToYHOMY 00BEMY TIOP.

B kadecTBe OpraHMYECKHX CBSA3YIOUIMX BEIIECTB HCIOIB30BAIU TAaKHE TAKEIbIe
He(TIHBIE OCTATKH, KaK ac(aibThl MPOnaHoBoil AeacanpTr3anuu TyapoHoB (AII),
MIPSMOTOHHBIC KpeKHHT-0CcTaTku (KO).

CyIHOCTh MeTO/a 3aKII0UaeTCs B ONPENEICHUN TPOYHOCTH NPH OAHOOCHOM CiKa-
TUHM 00pa3LoB MbUIEH cO CBsI3yIomuM. [1J1s mesei skcriepuMenTa OblI 0TOOpaHbI pas-
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HBIE TPYHTBI U TOHKOIMCIIEPCHBIE MaTepPHabl, 3aKJIabIBAEMbIE B OTBAJIbL, IPOCESHHbIC
yepe3 cuto Ne 0064 ¢ pasmepom stueiiku 0,064 Mm. B Xozae skcniepumeHTa ucciaeioBaHa
0lHa U3 (PU3UKO-MEXAHUYECKUX XapAKTEPUCTUK OPUKETOB — IPOYHOCTH HA OMHOOCHOE
cKartue P, B 3aBUCMMOCTH OT Pacxo/a CBA3YIOILIETO.

J11s1 BBISIBIEHUS 3aBUCIMOCTH IIPOYHOCTH OPHKETOB OT pacxojia BSHKYIIMX U OTIpe/ie-
JICHUsI ONITUMAJIBHBIX PACXOIHBIX HHTEPBAJIOB MIPOBOIIIN CEPHU IKCIIEPUMEHTOB I10 Ha-
pabOTKe U UCIIBITAHUIO Ha C)KaTue OPHKETOB, OMYUYEHHBIX B pecc-popme d = 25 MM.

HapaGotrky mnpousBomwim Ha THIpaBIMdecKoM Ipecce OMBITHOIO 3aBoja
«BYXHWH», ucnblTaHusl Ha IPOYHOCTh — HA aBTOMa-

THUYECKOM J1Ja00paTopHOM IIpecce AOPOXKHOM Jadopa- i
topuu «YpanlopHUW» (r. ExarepunOypr). [asie-
HUE T1peccoBaHusi cocrtasimsuio  4,5-5,5 Milla,
BBIJICPKKa P JaBJICHUH IpeccoBaHus — 5 ¢. bpuke-
ThI U3 TIpecc-HOPMBI U3BICKAIN MEXaHHUECKUM CIIO-
co0oM, AJIs MPENOTBPAILEHHs 3aKJIMHUBAHUS IIPecc-
¢dopma cMasbiBajgach HHIYCTPUAIBHBIM MACIOM. T 8

Ha puc. 1 npencrasnena ¢opma It U3rOTOBIIE-
HUsl 00pas3noB (OpUKETOB), MMEOMIAsl CIIEAYIOIIHe Y
reoMeTpudecKue pasmepsl: [ — BbICOTa LMIMHIPA,
H =70 Mm; /i, — BbICOTa BEPXHETO BKJIA/IBIINIA, /1, = 35 MM; y |
h, — BBICOTa HWKHETO BKJIajabla, /1, = 35 mM;
d — nuameTp mwmHApa, d = 25,2 MM;  — TOJIIKWHA
ATMHPA, 6 = 10 Mm; S — rtomnaae oopasiia, S =5 cm?.

Pe3ynbTarhl. BhImonHeHO TpU cepun 3KCIEPH-
MEHTOB. Pe3ynbraTbl SKCIIEpUMEHTOB HPEACTaBICHBI
Ha puc. 2. B kagecTBe pabovel MUXTHI HCITOIB30Ba-
JIM CMECh IOMEHHOTI'0 IIUIaMa, aCIIMPALMOHHON IBUIH
U pyaHoro koHueHrpara. COCTaB ILUXTHI, MacCOBast
noinst: 40 % noMeHHOro IIaMa €CTECTBEHHOM BlIaXK-
HocTH; 40 % — pynHoro koHueHTpara; 20 % — acnu-
PaLMOHHON MBUIH.

B nepBoii cepun B MIMXTY 3aJaHHOTO COCTaBa J0- P";%pléggg’“é;ﬁgg fg%ﬁiﬁ;&ﬁi&m
0aBIIsUIM MUHEpAIbHOE BSDKYILEEe — LEMEHT. Bo BTO-  Fig. 1. A briquetting form for dust
poii ceprr B aHAJOTMYHYIO MIMXTY JOOABJISUI Opra- samples with binders
HUYECKOE CBSAI3YIOIIEE (9KCTIEpUMEHTAIIBHYIO
smynbcuio 13 THO). B TpeTbeit cepun B IKXTY ¢ 3a)MKCUPOBAHHBIM PACX0JJOM MUHE-
PABHOTO BSDKYIIETO (MaccoBoi moneit 2,5 %) 1006aBisuiy pa3HOe KOJTHMYECTBO SMYIIHCHH.

Pe3ynprarel 3KCIIEPUMEHTOB TOKa3alid, YTO MPOYHOCTh OPHKETOB W3 IILIAMOBO-
PYOHOH KXTHI 0€3 CBA3YIOLIETO MOCIE CYIIKH B €CTECTBEHHBIX YCIOBUAX B TEUCHUE
IBYX CyTOK (48 1) xonebnercs ot 4 1o 5,5 MIla. OnHako MPOYHOCTH TAKUX OPUKETOB
Ha cOpaceiBaHHE (XPYIKOCTb) AOCTaTOYHO HH3KAa M cocTaBisieT 10 50 % u Oomnee
(mo BeIXOnY (hpakuuu Menee 10 mm). [Ipruem npu c:xaTuu OpUKETH 0€3 CBI3YIOIIETO
pa3pymIaloTcsa MIHOBEHHO U 10 MEJIKMX COCTAaBHBIX AJIEMEHTOB (IINXTHI), CBI3HOCTD U
IUTACTUYHOCTH TAKUX OPHKETOB OTCYTCTBYET.

ITpu noGaBnenun uemenra (puc. 2, kpugas 1) IPOYHOCTH OPUKETOB HA CHKATHE TI0-
Beimanacs 10 7,8-8,0 MIla. OcobeHHO 3aMETHBINH pOCT MPOYHOCTH HaOMIoAAICs MPH
HavabHOM nobaBienuu: 2 % — 6,6 MIla; 5 % — 7,45 Mlla. D10 MO3BOIMIO PEKOMEH-
J0BaTh 100aBIATH B 0a30BhIii cocTaB He Oosee 3 % LeMeHTa, TaK Kak 1Mo psiy IpU4uH
HEOOXOAMMO OBIJIO OTPaHUYHThH COAEP)KaHWE MUHEPATHHOTO BSDKYIIETO MHHUMAIBHO
BO3MOKHBIMH pacxozamu. B ciemyromux cepusx OnbITOB NPUHAT 3a()MKCUPOBAHHBIH
pacxon nemenTa 2,5 %.

h,

A
A\
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BpukeTsl Ha MHHEPAJIBLHOM BSKYIIEM Pa3pyIIaINCh JIOMKO (TPELIMHOBATO), IO Oe-
TOHHOMY TPUHIMITY pa3pylieHus. Berxom menoun mpu cOpachiBaHUH TaKXKE BBICOK
(6onee 10 %) 3a cueT JOMKOCTH KpaeB M packosia OpUKETOB MpH najgeHud. CBA3HOCTh
Oomee BBICOKAs, 4eM Y OPHKETOB 0€3 CBS3YIOIIETO.

ITpu n00aBICHUU OPraHUYECKOM CBA3KH (AMYJIbCHH 0€3 I[EMEHTa) B HCXOIHYIO
MIMXTY OPUKETHl MONydYaluch OoJiee TUIACTUYHBIMH, JIErde H3BJICKAINCh M3 Ipecc-
(opMBI (C MEHBILIEM YCHIIMEM BbIIABIUBaHUsI). [[pouHOCTh Ha cxarue (puc. 2, kpueas 2)
MMEET IKCTPEMYM IPHU MaJbIX pacxonaax 2—4 %, B TanbHENIIeM NajaeT HUKe TIepBOHA-
YaIbHOTO 3HAYCHUs. BPUKETHl CTAHOBATCS MATKUMH, TUIACTUYHBIMH W TPU COKATUU
cMmuHaTCs (6e3 pasBana). [Ipourocts cHmkaercs meHnee 2,0—1,5 MIla. bpukeTsr ¢
OOJIBIIIMM CcoNlepKaHneM dMYIbcHu (6onee 7 %) MI0X0 MOACHIXAIOT MPH €CTECTBEHHOM
BJIIXKHOCTH M TEMIIepaType Bo3ayXxa pabodero nomeuieHus 3a 2 cyt. [Ipounocts Opu-
KETOB M3 HIMUXTbI C OPraHUYC€CKHUM OMYJIbCUOHHBIM CBA3YIOHNIUM Ha YPOBHC 60ﬂee
5,0 MIla 3aduxcupoBana npu pacxomaax comee 2,0-4,0 % (maccosas fosst). [Tpu 3Tom
KOJIMYECTBO OPTaHWYECKOW CBSI3KM B OpWKeTe COCTaBIsIO mpumepHo 1,25-2.5 %
(maccoBas fonst). OfHAKO «3eNeHas’» MPOYHOCTh 3MYJIBCHOHHBIX OPHKETOB CyIlle-
CTBEHHO BBILIE B CPABHEHUH ¢ OpUKETaMU HA MUHEPATbHOM BSDKYILIEM.

IIpounocts Ha cxartue, MIla

1 1 1 1 1
0 2 4 6 8 10 12
Maccosas o, %

Puc. 2. 3aBUCMMOCTb MPOYHOCTH MPHU OJHOOCHOM
cKaThH OPHKETHPOBAHHBIX 00PA3IIOB MBLICH C pa3-
JINYHBIMH CBS3YIOLIMMH OT X Pacxoja:

1 — MuHepanbHOE BsDKyllee (LEMEHT W OCHTOHHT);
2 — opraHu4eckoe BspKymiee (IpodHIakTuIecKast dMyb-
cust); 3 — KOMIUIEKCHOE BSDKYILEE
Fig. 2. The dependence between the strength at
linear compression of briquetted samples of dust
with various binders and their consumption:

1 — mineral binder (cement and bentonite); 2 — organic
binder (prevention emulsion); 3 — complex binder

B Tpetbeii cepru OMBITOB B MIMXTY € 3a)UKCUPOBAHHBIM COJEPKaHUEM MUHEPATh-
HOTO BSDKYIIEro (meMeHTa) B KoimdecTse 2,5 % (MaccoBas A0ist) J0OaBISLTH OpTaHu-
YeCKOe IMYIBLCHOHHOE cBssytotiee 10 12 %. Taxxke 3apukcrpoBaH 3KCTPEMyYM, TTOBBI-
HIAFOIIUH MPOYHOCTH OpUKeTa MPH HEOOIBIINX PACXOAaX OPraHUIECKOTO CBA3YIOIIETO
(mo 3,5 %), 3aTeM NPOYHOCTH Ha CIKATHE MOHOTOHHO naaaet jo 3,1 Mlla u obecreun-
BaeTCs, MO-BUIUMOMY, KOMIJIEKCHOM CBS3KOH (IIEMEHT—AMYIbCHS), a Takke BaH-mep-
BaanbCOBCKUME CHIIAMHU MPUTSIKCHHUS YaCTHUI[ IIMXTHl B TOHKHX IUICHKAX BSKYIUX
MarepuasioB. B maHHOM cirydae mpueMIIeMbIM 10 IPOYHOCTH Ha CKATHE U XPYIKOCTh
(1o mpoyHOCTH Ha cOpachIBaHHE) MO)KHO OTMETUTH MHTEPBAI PACXOI0B OPTraHHIECKO-
IO AMYJIbCHOHHOTO CBSA3YHOIIEro 2—6 % (MaccoBas J10Jisl) ISl JAHHOTO THIIA IIUXTHI U
MPUHSITOTO Pacxoia MUHEPATIHFHOTO BSKYIIIETO.
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Pacxon MuHEpabHOM U OpraHUYECKON (3MYIIBCUOHHO ) CBSA3KH JOJDKEH HAXOUTh-
csl B IpeJieTiax:

— MHHEpanbHOe BsoKymiee (1emenT) 2—3 % (ue Oomee 5 %); cpeqHuil MPOEKTHBINA
pacxoym Ha ONBITHBIE HCIIBITAHAS MOXET OBITh 3a/aH B Konmdectse 3 % (MaccoBas
JIOJISA);

— opraHuveckoe cps3ytoiee (amynbeus Ha ocHoBe AL/, 55-60 %-Has mo opranu-
yeckoMy marepuaiy) — 3—7 % (MaccoBast 0Jis); CpEIHUN pacxoj, 00eCIeUNBAOIINI
IIPOYHOCTHBIC CBOMCTBa 6pI/IKeTOB " INIACTUYHOCTH MAacCChl, MOXKET OLITH IIPUHAT B KO-
mmaectBe 5 % (MaccoBast 1oiisl); Temreparypa pasmsrdenns ucxogHoro AITJl momkna
cocTaBiaTh He MeHee 42 °C no Kulll.

du3nyeckKue CBOMCTBA IMYJIbCUOHHBIX r[po(]m.ﬂa]cnmecxnx CPEACTB U3 THKEIbIX Heq)TﬁHbIX
OCTAaTKOB

Physical properties of emulsion preventive substances made of black oils

Bsizkocts mipu 20 °C VYcnoBHas OnHOpOAHOCTh | YCTOHYMBOCTB NpU
OMyIJIbCHOHHOE pH
CRSBVIONLEE ACTEODA TI0 BUCKO3UMETPY BSI3KOCTh II0 OCTATKy Ha xpaHeHuu*, %
yrom P P BY, rpan mpu 20 °C, ¢ | cure Ne 014, % (MaccoBast JOILst)
ATl 2,34 6 11,2 0,3 04
KO 2,29 8 12,0 0,5 0,7
BHZ 90/130 2,29 11 11,9 09 1,2

* Onpenensiercst o ocrarky Ha cure Ne 014 nocie xpanenus B reuenue 30 cyr.

IIpoekTHas IPOYHOCTh OPUKETOB HA MUHEPATHLHOM BSDKYIIIEM JOCTUTAETCS B yCTa-
HOBJICHHBIC Pa3pa0OTYMKAMU BPEMEHHBIC CPOKH, OJHAKO, KaK BUIHO W3 rpaduKoB
pHC. 2, IPOEKTHAS IPOYHOCTH OPUKETOB HA OPraHUYECKOM BSKYIIEM JOCTUTACTCS ObI-
cTpee. Bce mpencraBieHHble penentypsl 00NaAaloT JOCTATOYHOW MPOYHOCTHIO —
o 5 Mlla, uro yka3plBa€T Ha BO3MOXXHOCThH ONBITHO-NPOMBIILJIEHHOTO BHEAPEHUS
JMAHHBIX perentyp. [Ipu onTHUMambHBIX COOTHOIIEHUSX MPOYHOCTh Ha KOMILIEKCHOM
cBszytonieM gocruraercs A0 3aganabix 5 MIla. Cootnomenue (L + 2 % 1+ 7 % D),
rne I — mmxTa; 1] — nuement; 3 — SMyabCHUs, MOKHO CUUTATh ONTUMAILHBIM JJIS1 TIPO-
eKTUpoBaHus. JJI MOBBIIIEHUS IPOYHOCTH Ha C)KaTHE MOYKHO TakXKe JO0OaBIATh KHI-
koe ctexio (CB) B komnuectse 3 %.

B naGopaTopHBIX yCIOBHUSAX OBLIM NMPUTOTOBIEHBI 0OECIBIIMBAIOIINE IMYIHECHOH-
Hble cocTaBbl Ha ocHoBe THO, AII/I, KO 1 npoBenieH ux cOmoCTaBUTEIbHBIN aHATIN3 C
IopokHBIMU OuTyMHBIME dMynbcusiMu (TOCT 52128). B pesynbrare SKCiepuMEHTOB
MOJTY4EHBI SMYIILCHH JUTS ATTUTENbHOTO XpaHeHus (6onee 30 cyT) 1 X0JIOJHOTO HaHECe-
HUS Ha MTOBEPXHOCTH 00padaThIBaEMOr0 MOKPHITH caMoTekoM a0 +5 °C. Pe3ymnbrarsl
COTIOCTaBUTENFHOTO aHAJIM3a KAaTHOHHBIX TPSMBIX KOHIICHTPHUPOBAHHBIX AMYIIbCHH
MepBoro poja (KoHIeHTpalus csasyromero 60 %) npeacrapieHsl B Ta0IUIIE.

B pesynbrare mabopaToOpHBIX UCCIEAOBAHUI AMYILCHOHHBIX MPO(PHUIAKTHYECKIX
CPEACTB YCTAHOBJICHO, YTO, B OTIAMYHE OT OUTYMOB, SMyibcuH Ha ocHoBe AIl/] oGna-
JArOT OOJBILEH OAHOPOJHOCTHIO U YCTOWYMBOCTHIO TIPH TPAHCTIOPTUPOBAHUH U XpaHe-
HUH, OTIPEAETIIEMBIMH TI0 OCTaTKy Ha cute AuamerpoM 0,014 mm.

Bsi3k0CTh SMYITCHOHHBIX TTBUIECBSI3YIONINX HECYIIECTBEHHO OTIINIAETCS OT OUTYM-
HBIX IMYJIBCHH, IOCKOIBKY OHH IPUTOTOBIICHBI HA 000PYIOBaHHH, TTPEyCMOTPEHHOM
JUTSL TUCTIEPTUPOBaHUsl OMTYMOB, OJTHAKO BIIOJIHE JOCTATOYHA JUUIsl HAHECEHUS dMYIIb-
CHHU CaMOTEKOM — B mipeaenax 9—15 ¢ ucreuenus 50 mu smynscuu npu 20 °C.

Ha HavaneHOM 3Tare cMauuBaHus1, HEMOCPEJACTBEHHO MOCIIE MEPOIPUAITHI 110 00e-
CITBUIMBAHUIO TIPSMO MOHHOM AMYJIBCHEH MEepBOTO poja, TUCTIEPCHOHHAS cpera (Bo-
THBIA pacTBOP MOHOTEHHOTO 3Myibraropa u [IAB) cMaumBaeT 4acTWIBI MBUTH U 32
cueT paboThl 3MyNbraTopa Mmo3BOJsIET JOOUTHCS PAaBHOMEPHOTO PACHpPEACICHUS Ibl-
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JICCBS3YIOIIETO Ha TEOMETPUYECKON MOBEPXHOCTH, B MOPOBON CTPYKTYpE U B KaIlWJI-
JSIPHBIX Mopax cyOcTpara.

HpOI/ICXOI[I/IT pacnaa SMyJiIbCHUU C BBIACJICHHUEM CBA3ZYIOIIETO Ha IMOBEPXHOCTU 4Ha-
cTur nsUH. HaunHaaeTcst Bropoi sTan cMadMBaHUS ¥ CKIICMBAaHUS YaCTHII ITBUTH 32 CUET
ONTAMAIBHOTO XHUMHUYECKOTO COCTaBa CBSI3YIOIIETO C PAaBHBIM COOTHOIICHHUEM IIOJIH-
MUKITMYECKUX apOMAaTHUECKUX YIIIEBOIOPOIOB M CYMMBI CMOJI M ac(haibTeHOB.

CreneHn 3aKYIIOpUBAHUA MOP U MYCTOT IMbUICBATHIX YaCTUIl B XOAC€ SKCIICPUMECHTA
OTIpeesUIach M0 BOMOHACHIIICHUIO MPU CMAuyWBaHUM MBLICCBA3YIOIIUMHU C Pa3iny-
HBIM pacxonoM. CyIIHOCTh METO/Ia 3aKITI0YAETCs B ONPENEICHUN MTPUPAIIECHUS MacChl
OpWKETOB U3 CMECH ITbIIEH CO CBA3YIOIIMMH MOCIIE HACHIIICHUS UX BOIOI B YCIOBHAX
BaKkyyMa.

B cBsi3u ¢ TeM YTO KPUCTAIIOTHAPATHBIC CBSI3YIOIIUE, a TAKXKE BOJIOPACTBOPUMBIC
conu (B TOM 4YHCJIIE, JUTHOCYJIb(OHATHI) U3MEHSIOT CBOM CBOMCTBA OT BO3ICHCTBUS
BOJIbI, B SKCIICPUMEHTE I10 OIPE/CIICHNUIO BOIOHACKIIICHUS OHH HE HMCIIOJIb30BAJIHCh.
BaxHbIM CBOHCTBOM 00pa3yONIuXCs Ha MOBEPXHOCTH IBIJIEBATHIX YACTHUII IICHOK CBA-
3YIOIIETO SIBISETCS MX aTMOC(epHas CTOWKOCTh, B TOM YHCJIE CTOMKOCTh K aTMoc(ep-
HBIM OCaJIKaM.

B xozne skcniepuMenTa 00pasibl — OPUKEThI TMBUICBATHIX YACTHIl CO CBS3YHOIUMH,
IIPUTOTOBJICHHLIC 110 MCTOAY OIIPECACICHUA ITPOYHOCTU IIPU OAHOOCHOM CKaTuH, — B3BC-
MIUBAIOTCS Ha Bo3myxe. OOpa3Iipl MOMEIIAI0T B COCY ¢ BOmOM Temrieparypoit 20+2 °C.
YpoBeHB BOIBI HA 00pa3iiaMu JOKEH OBITh He MEHEee 3 CM.

Cocyn ¢ oOpa3namul yCTaHaBIHMBAIOT TTOJI CTEKIISTHHBIA KOJMAK BaKyyM-IpuoOopa,
TJIE CO3/IAI0T U MOJICPIKUBAIOT OCTarouHoe aapieHue, pasaoe 2000 [1a (15 MM pT. cT.),
B Teyenre 30 MUH, 3aTeM JaBIEHHE JOBOIAT 1O aTMOC(HEPHOTro B 00pa3ibl BHIACPKHU-
BaIOT B TOM XK€ cocyzie ¢ Bogoi mpu temmeparype 20+2 °C. [Tocie 3Toro oOpasiisl u3-
BJIEKAIOT U3 BOJBI, BEITHPAIOT MATKOW TKaHBIO WITH (DMIIBTPOBAIBHOI Oymaroii 1 B3Be-
mwBarT ¢ norpemHocthio 0,01 T Ha BO3AyXe U B BONEe. YBENWYEHHE Macchl oOpasia
COOTBETCTBYET KOJIMUYECTBY TOTTIONMICHHON 00pa3iioM BOJIEI.

Ha puc. 3 mpencrasiieHa 3aBUCHMOCTh BOJIOHACKHIIICHUS 00pa3ioB — OPUKETOB W3
CMECH TIBUICH — OT Pacxo/ia CBSI3YIOIIUX BEIICCTB.

Oo6bemHas nonst, %, BOIOHACKIIIEHHST 00pPa3lOB — OPUKETOB MBUICH CO CBA3YIOIIUM —
ompenesieTcs mo Gopmyie:

wom=m 0 O
m-m,

IJIe M, — Macca He HaChlILEHHOTO BONOM 00pasua, I; m, —Macca 00pasiia, BhIIEPKaHHOTO
B TeueHre 30 MUH B BOJIE U B3BEIIEHHOTO Ha BO3/yXe, I; 71, — Macca TOro e o0pasua,
B3BEILICHHOTO B BOJIE, I'; 11, — MAacca TOro e 00pasia, B3BEICHHOTO Ha BO3yXE, T.

ITpu nmpuMeHeHnH B KadeCTBE CBA3YIOLINX BEIIECTB OPraHUYECKHUX BSDKYIIUX, Ha-
IpUMep TAKEIBIX HEPTSIHBIX OCTAaTKOB WJIM OUTYMOB, 3a c4eT 00pa30BaHMsI BOJOHEpa-
CTBOPHUMBIX IUVIEHOK CBSA3YIOLIETO MEKY MBUIEBATBIMU YaCTHIIAMH, & TAK)KE B IOPOBOM
CTPYKTYpE MarepHajioB, COCTaBJISAIOMIMX MOBEPXHOCTh aBTOAOPOI, BOAOHACHIIIEHUE
CJIOSL YMEHBIIaeTCsl. DTO CIIOCOOCTBYET OoJiee BBICOKOW aTMOC(EpHON CTOHKOCTH I10-
KPBITUA. Crenenn BOJOHACBIIICHUA ITOBEPXHOCTHOI'O CJIOA HAIIPSIMYIO 3aBUCUT OT pac-
XOJla OPraHUYEeCKOTO IBIIECBA3YIOIIET0, 3a CUET YeTO MOXKHO PETyIHPOBaTh €ro Jpe-
HaKHbIEe cBocTBa. [lokasaHo, 4yTO Hammy4lero ruApo¢oOHU3UPYIOLIETo AeHCTBUS,
OIIPENIETIEHHOTO 110 CTENEHH BOIOHACHIIIEHUS, MOKHO JOCTUYB 32 CUET MPUMEHEHUS
SMYJIBECHOHHOTO MBUIECBSI3YIOIET0, MPUToTOBIeHHOTO U3 AT/,

TexHONOTHS 00CCIBUTMBAHUS dMYIILCHOHHBIMHA TPO(QUIAKTHIECKUMHU CPEJCTBAMH
3 THO otmnuyaercst oT pacnpoCTpaHEHHBIX METOAOB O0ECHBIIMBAHUS CIEAYIOIIUMU
MOKa3aTeISIMH:
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— IONTOBpeMEHHBIH (P HeKT;

— yJIy4IIeHHBIE JeTpeccOpHbIe CBONCTBA MOKPBITUS (0ojee HU3Kas TeMIeparypa
XpyNKOCTH — Himke MuHyC 25 °C);

— OTCYTCTBUE MOKapHOH OMAacHOCTH;

— BBICOKHE JKCIUTyaTallAOHHBIE CBOMCTBA TUICHOYHOTO TOKPBITHSI (3IACTUYHOCTD,
MPOYHOCTbH, COMPOTUBIICHUE BO3ICHCTBHUIO YIETPAPHOIETOBBIX JTyUeH);

— BO3MOXKHOCTh 00€CIIbUTUBaHMS 00padaThiBaeMOro Marepuaia 0ojiee BRICOKOW Ha-
YJanbpHOH BaxkHOCTH (9 % 1 Gonee);

— HAaHECCHUE METOJOM OpOILICHHS 0e3 HMCIONb30BaHUs CIOKHOTO (HPOPCYHOUHOTO
000opynoBaHUsI.

K HenmocraTkaM MOKHO OTHECTH:

— TNIMHUCTBIE ¥ TIEPEYBIIAXKHEHHBIC MaTepUAIIbl HEe TIOAXOAAT JJIsl JAHHOTO BUJa 00-
paboTku;

— MOJYJb YIPYTOCTH YKPEIJICHHBIX MaTepHANIOB OCTaeTCsl 0e3 M3MEHEeHHs U obec-
MIEYMBAETCS TOIBKO MPUHATON KOHCTPYKIHEH aBTOZOPOTH.

JonyckaeTcs IpUMEHSITh HEOOIBIIOE KOJINYECTBO BOABI JUIsl YBIAKHEHUS TPYHTA U
PaPKWKEHNS SMYIBCHH, YTO TIO3BOJIHT JIETUe €€ PACIpeIeNiTh U ePEeMEIUBaTh C Mo-
BEPXHOCTHBIMH CJIOSIMU Ha aBTonopore. He-
JIOITYCTUMO BBOJUTH dMYIILCHIO, B TOM YHC-
Jie Pa3KIKEHHYI0, B CyXOH Marepuai BBUIY
OMACHOCTH TIPEXKJICBPEMEHHOTO —pacmaja
(cBOpaunBaHMs) OUTYMHOM dMYILCUH Ha aK-
TUBHOU MOBEPXHOCTHU CYXOTO IPYHTA.

BeiBonawl. Paszpaboman >hGHEeKTHBHBIN
JKCIPECC-METOJ]  OLEHKH  TPOYHOCTHBIX
CBOWCTB TPYHTOB M TEXHOTECHHBIX MaTepHa-
JIOB, YKPETUICHHBIX OPTaHNYECKUMHU U HEOP-
TAaHWYECKUMH BSOKYIIIUMH, OCHOBAaHHBIA Ha
MPOYHOCTH M3TOTABIMBAEMBIX OPUKETOB U3
TPYHTOB, MBUICH, IIITAMOB U JIPYTUX TEXHO-
TCHHBIX MaTEePHUaNOB C AMYIbTHPOBAHHBIM 0
HEPTSIHBIM CBSI3YIOIINM.

Bononaceienue, %

N W

2 4
Pacxopn cBsizyromero, %

IIpeonooicen crocod yKpEIUICHHsI TPYyH-
TOB TEXHOTCHHBIX MACCUBOB H MBUISIIUX MO-
BEPXHOCTEH, B TOM 4YHCJE SKCILTyaTupye-
MBIX KapbepHBIX aBTOJOPOT, C IMOMOIIBIO

Puc. 3. 3aBHCHMOCTh BOJOHACBIIIECHHS 30JIBI-

yHOCa Ais AOPOXHBIX sMyibcuit OBK-2 u

smyascuit AITJl or pacxoma 3MyIbCHOHHOTIO
CBSI3YIOIIETO:

1 - 6urymHas smynscust ObK-2; 2 - smynscust AT

Fig. 3. Dependence between the consumption

of emulsion binder and water saturated fly ash

for road emulsions EBK-2 and APD emulsions:
1 - bitumen emulsion EBK-2; 2 - APD emulsion

OMYJIBTUPOBAHHBIX  TSKETBIX  HE(DTSIHBIX
OCTAaTKOB.

Ilonyuens: HOBBIE SKCIIEPHUMEHTAIBHBIC
3aBHCUMOCTH IIPOYHOCTU OPUKETOB U3 YKpe-
TUICHHBIX TPYHTOB C SMYJIBIHPOBAHHBIMHU TSKEIBIMH HE(QTSIHBIMU OCTATKAMH, MTO3BO-
JSIFOIME ONTHMHU3UPOBATH COCTAB MHHEPAJBbHOW YacTh (IIEMEHTa) U OPraHu4eCKOro
CBSI3YIOIIETO MaTepuana, a Tak)Ke UX COOTHOIICHHUE IS MPAKTHUECKOTO PUMECHEHHSI
npu 00eCIBUTUBAHUH KaphePHBIX aBTOJJOPOT M TEXHOTEHHBIX MACCUBOB.

Paspabomanvl TexHUYECKUE YCIOBHS HA TPOPUIAKTHISCKUE CPEACTBA U3 TSKEIBIX
HE(TIHBIX OCTATKOB JIJIsi OOCCIBUIMBAHUS KapPhEPHBIX JIOPOT U TEXHOTCHHBIX MaCCHU-
BOB, IPUMEHSIEMBIC B UCXOJTHOM U SMYJIbTUPOBAHHOM BHJIE:

Ipogunaxmuuecroe ceazyrowee IIC-1. Acgharom. Texnuueckue ycnosus. CTO
47678749-001-2015. Examepunbdype: HUIL] «Acparomumy, 2015;

Ipogunaxmuueckas smynocus I113. Texnuueckue ycnosus. CTO 47678749-002-
2016. Examepunobype: HUL] «Acgharnomumy, 2016.
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Strength characteristics evaluation of soils strengthened by emulsion binders
when dedusting opencast automobile roads
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Abstract
Subject of research. In geotechnology, there is a problem of rapid comparative evaluation of soil strength
when purposefully changing its physical and technical properties. This problem is especially acute when
using mineral and organic binders to strengthen and harden the soil or bind it for some reason, for
example, when fixing slopes, dusting surfaces of technogenic dumps and tailings storages, and when
dedusting opencast automobile roads.
Research aim. Experiments to find efficient technologies for opencast automobile roads and technogenic
massifs dedusting are aimed at providing production with affordable and abundant components.
Methodology. The present work proposes and tests a simple method for determining the physical and
engineering properties of soils, adhesion strength of dust particles and the volume fraction of water
saturation, after their treatment with dust-binding substances. Rapid method is proposed to determine
changes in physical and engineering properties of soil conditioned by the impact of dust binding substances;
the schemes of molding tools and equipment for testing are proposed.
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Results. Emulsion oil binders high efficiency at opencast automobile roads dedusting and technogenic
massifs has been shown in comparison with water-soluble and crystalline hydrate binders.

Results application area. Dedusting technologies with organic oil binders, emulsions from heavy oil
residues, ensure the safety of mining operations, subsoil and environmental protection.

Key words: opencast automobile roads; technogenic massif; dedusting; dust binders; lignosulfonate;
cement; bitumen emulsions.
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Abstract
Introduction. The earth’s crust of the Urals, having experienced the epoch of geosynclinal development
with active tectonic and volcano-magmatic processes in the pre-Paleozoic and Paleozoic time, in the
Mesozoic-Cenozoic time experienced the epoch of platform development, which in the period of
the recent tectonic activation resulted in the formation of the recent Uralian epiplatform orogen, which
generated in the western part of the Uralian Paleozoic orogen destroyed by the processes of denudation.
The recent Uralian orogen inherits the main features of the Paleozoic orogen structure. At the modern
stage within the boundaries and in the vicinity of the recent Ural mountain belt rare sensible earthquakes
with intensity from 3—4 to 5—6 on the MSK-64 scale are recorded, as well as rock bumps and natural-
technogenic earthquakes at mining enterprises exploiting mineral deposits by means of underground
mine workings.
Research aims to estimate the connection between the manifestations of recent seismicity and tectonics
of different age in the Ural region.
Research methodology involved the estimation of sensible earthquakes position relative to the
geological-tectonic structures of the contemporary, Paleozoic, and pre-Paleozoic age, as well as relative
to the elements of the earth s crust recent vertical movements field morphology.
Results. Conclusion has been made, that the earth’s crust of the middle Urals is characterized by the
greatest seismic activity in the area of the submeridional Ural mountain belt interference and the zone
of recent submersions of the earth’s surface with relatively increased velocities, having the north-
western direction corresponding to the direction of the pre-Riphean basement structures.
Results application area. The results of the given work can be of help in the course of seismic zoning of
the Ural territory, as well as when planning accommodation and when designing engineering facilities
within the Ural region.

Key words: recent orogen; mountain belt; sensible earthquakes; rock bumps; seismicity; pre-Riphean
basement; seismodomen, seismic zoning.

Introduction. The Urals earth’s crust, according to [1], experienced the Late-
Precambrian-Cambrian and Ordovician-Late-Paleozoic megacycles of geosynclinal
development, when tectonic and volcano-magmatic processes were active in the region,
having led to the generation of the Uralian orogen in the ending, in the Late Paleozoic
of the Paleozoic (in the Hercynian time). The final stage of the Hercynian orogeny and
the initial stage of the Uralian earth’s crust platform development (Triassic-Early-
Middle-Jurassic time) were characterized by the development of the rift grabens of
Chelyabinsk type accompanied with the effusions of volcanites of the basic, average,
and acid composition, petrochemically similar to volcanic trappean formation of the
Siberian platform [1, 2]. In Mesozoic-Cenozoic time the earth’s crust of the Ural region
experienced the period of relatively calm platform development characterized by slow
epeirogenic low-amplitude vertical crustal movements and the destruction of the
Uralian orogenic belt [1] originated in the Late Paleozoic time by the processes
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of denudation. In the period of the recent tectonic activation (for about the last 30 million
years) in the western part of the Paleozoic (Hercynian) Uralian orogenic belt appeared
the recent Uralian orogen which inherited, according to [1], the main features
of the Paleozoic (Hercynian) orogen. The amplitude of deformations (the recent uplifts) of the
earth’s crust within the boundaries of the Uralian orogenic belt and the adjacent
territories in the contemporary history is rated from 150—400 [3] to 500—700 m in the
Middle Urals [1]. According to [4], the period of the recent orogeny in the Urals is rated
as the one shorter, “than it has been generally believed, and it corresponds to the
Pliocene-Quaternary Period”, and the depth of denudation within the boundaries of the
contemporary Uralian orogen “are not the hundreds of meters from the middle
of the Mesozoic, but 1.5-2.0 km and more after the Eocene, at least, in the axial area of the
Urals”. Based on the foregoing, the average velocities of the Uralian crustal deformations
during the contemporary history can be estimated as hundredths-thousandths of a
millimeter per year. This degree of the Uralian crustal deformation velocities allows to
consider them as low ones [5]. The recent vertical movements of the Uralian earth’s
surface occur with higher velocities — up to several millimeters per year [6]. At that, at
the modern stage, the earth’ ssurface of the Uralsand the adjacent territories experiences
general submersion relative to the level measuring points on the sea shores with the
velocities from 1-4 to 6—10 mm per year (4 Map of Recent Vertical Crustal Movements
According to Geodetic Data at the Territory of the USSR (RVCM). Scale 1 : 5 000 000.
GUGK Publ., 1989. Edited by L. A. Kashin).

At the modern stage, tectonic activity of the Uralian earth’s crust is low, of platform
type. Sensible earthquakes with intensity from 3—4 to 5-6 on the MSK-64 scale are
nevertheless recorded in the region, described in [7] as “posthumous crustal quakes
being the aftereffects of the former colossal breaks”, occurring in the Paleozoic and
pre-Paleozoic time when the Ural earth’s crust experienced geosynclinal stages of
development.

The frequency of earthquakes in the Urals at the modern stage according to the data
in [10] is rated as follows:

a) earthquakes with intensity 6 on the MSK-64 scale — once in 100—120 years;

b) earthquakes with intensity 5—6 and magnitude 4.0—4.5 — once in 50—60 years;

c¢) earthquakes with intensity 4—5 and magnitude 3.0—4.0 — once in 30—40 years; rare
earthquakes of such intensity are not hazardous for engineering structures and human
life.

Research aims to estimate the spatial position of epicentral zones of the recent
sensible Uralian earthquakes relative to the Uralian tectonic structures of different age.

Research methodology involved the Uralian earthquakes sensible epicentral zones
position comparison relative to the Uralian tectonic structures, both pre-Paleozoic,
Paleozoic, and recent ones and the Uralian recent vertical crustal movements (RVCM)
velocities field morphology elements.

Results. The analysis fulfilled testifies to the fact that the epicenters of the rare
sensible earthquakes in the Urals are centered primarily within the boundaries of the
Middle Urals and the adjacent parts of the South and North Urals and form the Middle
Ural seismodomen [11]. The focuses of the earthquakes, according to [8, 9], are located
in the rocks of the pre-Riphean basement at the depth of 20-25 km. According the
schemes in [11], it can be concluded that the Middle Ural seismodomen is situated
within the interference area of the submeridian recent Uralian orogen and the regional
zone of the recent submersions of the earth’s surface with the velocities of 1-4 mm per
year possessing north-western direction along the approximate azimuth of 315°, which
corresponds to the zone of geodynamic influence of the north-western boundary of the
Russian Plate of the East European Platform (EEP). The same direction within
the boundaries of the region under consideration possess the structures of the pre-Riphean
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basement forming the azimutha unconformity with submeridional Paleozoic
geological-tectonic structures [4, 12]. The concurrence of the direction of the earth’s
surface recent submersion regional zone and the extent of the pre-Riphean basement
structures can testify to the fact that recent tectonic processes in ancient horizons
develop inheriting the structures of the “pre-Urals” cycle of development [1].

In the velocities field of the recent vertical crustal movements (RVCM), the region
of the Middle Ural seismodomen is characterized by relatively increased velocities of
the earth’s surface submersion from 4—6 to 8—10 mm per year amid the field of lower
submersion velocities of the earth’s surface from 1-2 to 3-4 mm per year in the
remaining part of the Urals and the adjacent parts of the East European Platform and
the West Siberian Plate [11]. The existence of the above-mentioned zones of recent
crustal submersions with relatively increased velocities can testify to the presence of
the zones of recent subhorizontal stretching underneath them within the deep horizons
of the earth’s crust of the Middle Urals. The schemes of similar setting are represented
in [13]. Crustal deformation as a result of the subhorizontal stretching within deep
horizons and the submersion of the earth’s surface accompanied by the processes of
subsoil degassing can be the reason for sensible earthquakes in the Middle Urals. The
research [14] reports the significant role of the process of subsoil degassing in natural
seismic phenomena.

Within the structures of the recent Uralian orogen the epicenters of the sensible
earthquakes are timed to the western and eastern periphery of its most uplifted part —
the axial zone (fig. 1) which corresponds to the area of the Riphean-Vendian Central-
Uralian uplift. At that, the major part of the Middle Ural seismodomen sensible
earthquakes epicenters is timed to the Middle Ural section of the submeridian Paleozoic
Main Uralian Deep Fault (MUDF) which divides the Riphean-Vendian Central-Uralian
uplift area situated west of it, composed of metamorphic rocks of the pre-Paleozoic age
and Tagil-Magnitogorsk trough situated east of it, composed of volcanogenic and
volcanogenic sedimentary rocks of the early and middle Paleozoic age (fig. 2). To the
axial zone of the Middle Ural section of MUDF and to the zone of its geodynamic
influence the epicenters of the following earthquakes are timed (citation from the south
to the north):

— earthquakes of the South Uralian (Zlatoust-Miass-Kyshtym) seismic knot in the
region of the cities of Miass and Zlatoust in 18361837, 1901, 2002; magnitude is rated
from 2.5 to 3.5 [8];

— earthquakes of Bilimbai seismic knot in the region of the cities of Pervouralsk and
Revda in 1914, 2005, 2015; magnitudes are rated from 3.5 to 4.5-5.0 of Bilimbai
earthquake on the 17th August, 1914, which has been the strongest earthquake in the
Urals [8];

— earthquakes in the region of Tagil seismic knot in 1788, 1832, 1841, 1919 in the
vicinity of Nizhny Tagil city; magnitude is rated from 3.0 to 4.0 [8];

— earthquakes in the region of Serebryanka seismic knot in the region of Kushva
town and in valley of the Serebryanka river in 1847, 1902; magnitude is rated from 3.5
to 4.5 [8];

— Katchkanar earthquake in 2010 in the region of Katchkanar town, magnitude of
which is rated as 4.7 [15];

— earthquake of 1970 in the region of Pavda settlement, magnitude of which is rated
as 4.0 [8].

The Middle Ural fault of MUDF can be an element of the axial zone and the zone of
geodynamic influence of Timan-Kokshetau trans-orogen structure of the pre-Riphean
basement [20] possessing the character of a linear uplift, to the axial zone of which
Timan and Middle Ural local Paleozoic uplifts are timed (fig. 2). There is a possibility
that in the Paleozoic Era shear crustal deformations could occur in the Middle Ural
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1 — the areas of developing sedimentary mantle of the Mesozoic-Cenozoic age within the
boundaries of EEP and West Siberian Platform; 2 — areas of developing Paleozoic deposits
of the platform mantle of the East European Platform; 3 — areas of outcrops of Paleozoic-
aged dislocated rocks of the Uralian-Siberian Paleozoic geosyncline to the earth’s surface;
4 — areas of developing dislocated rocks of Paleozoic and pre-Paleozoic age and the pre-
Riphean basement of the eastern part of EEP; 5 — axial zone of the Main Uralian Deep Fault;
6 — the borders of the assumed local uplifts of the surface of pre-Paleozoic rocks (ripples
outwards), Riphean aulacogens, and submontane troughs (ripples inwards); 7 — the axes of
the assumed trans-orogen zones of subhorizontal stretching (a) and contraction (6) in the
earth’s surface; 8 — the outlines of the area of recent submersions of the earth’s surface with
the relatively increased velocities from 4—6 to 8—10 mm per year (a) and the outlines of the
local zone of recent submersions of the earth’s surface with the velocities of 1-4 mm per year
(6); 9 — the epicenters of natural earthquakes by macroseismic descriptions in the materials
of archive documents with magnitude 2.0-2.,5 (@); 3.0-3.5 (6); from 4.0-4.5 to 5.0 (s);
10 — the epicenters of natural earthquakes according to the data from the seismic monitoring
stations with magnitude 2.0-2.5 (a); 3.0-3.5 (6); from 4.0-4.5 to 5.0 (8); 11 — the sites of
strong rock bumps and natural-technogenic earthquakes; /2 — seismological stations of the
Ural seismological network; /3 — the zone of assumed Paleozoic shearing deformations at
the Middle Ural section of MUDF
1 — obnacTu pa3BUTHA YeXja OTIOKEHHH ME30301CKO-KallHO30CKOTO BO3pacTa B Mpeie-
nax BEII u 3anmagno-Cubupckoii minThl; 2 — 0071aCTH Pa3BUTHS MAICO30HCKUX OTIOKEHUI
miatpopMeHHoro uexya Bocrouno-Esponelickoit mratdopmer; 3 — oOacTH BEIXONOB Ha
3EMHYIO [TOBEPXHOCTh JUCIOLMPOBAHHBIX MOPOJ MAJIE030MCKOro Bo3pacTta Ypano-Cubup-
CKOH ITaneo30MCKO TeOCHHKINHANN; 4 — OOJIaCTH Pa3BUTHUS AUCIOLHMPOBAHHBEIX IOPOX
[aJe030iCKOro M JOMANC030UCKOr0 BO3pacTa M JOpudenckoro GpyHaaMeHTa BOCTOYHOM
gactu BEII; 5 — oceBast 3oHa [1aBHOrO Ypanmbckoro NIyOMHHOTO pasioMa; 6 — TPaHUIIBI
MIPEANOaraeMblX JOKaJIbHBIX MOAHATHH MOBEPXHOCTH JIONAJICO30UCKUX OO (3yOUHKH
HapyKy KOHTYypa), pu(eHCKUX aBIaKOI€HOB M MPEITOPHBIX MPOrHOOB (3yOUMKH BHYTpPb
KOHTYpa); 7 — OCH IPEAINOIaraéMbIX TPAaHCOPOT€HHbIX 30H CyOrOpHU30HTAIBHOIO PACTSIKe-
HUA (@) 1 cxatus (6) B 3eMHOH Kope; § — KOHTYPHI 00IaCTH COBPEMEHHBIX MOTPYKCHUH
3€MHOW MOBEPXHOCTH C OTHOCHTEJIHO YBEIMYEHHBIMH CKOPOCTAMHU OT 4—6 10 810 MM
B rof (@) ¥ KOHTYPHI PETHOHAJBHOH 30HBI COBPEMCHHBIX MOTPYKEHHH 3eMHOU IOBEpX-
HOCTH €O CKOpOCTAMH 1—4 MM B rox (6); 9 — SNMLEHTPBI NPUPOAHBIX 3EMIICTPSICEHUH O
MaKpOCeHCMHYECKIM OIMCAHUSM B MaTepHaliax apXUBHBEIX JOKYMEHTOB C MarHHUTYHOH
cobbrtuii 2,0-2,5 (a); 3,0-3,5 (6); ot 4,0-4,5 10 5,0 (6); 10 — SNULEHTPBI NPHUPOTHBIX 3EM-
JIETPSCCHUH 110 NaHHBIM CTAHIUH CeHCMUYECKOT0 MOHUTOPHHTA C MarHUTYHOH cOOBITHII
2,0-2,5 (a); 3,0-3,5 (6); or 4,0-4.5 no 5,0 (6); 11 — MecTa CUIbHBIX TOPHBIX YAAPOB U IPH-
POIHO-TEXHOTCHHBIX 3eMIICTPSICEHHUIT; /2 — CeHCMOIOTHUECKHE CTAHIIMN YpalIbCKOH ceifc-
MOJIOTHYECKO#t ceTn; /3 — 30Ha MPEANoNaraeMpiX Majae030iCKUX CABUIOBBIX AedopManuii
Ha CpenneypanbckoM yuactke I VYI'Pa
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fault of MUDF [17]. It is possible that the above-mentioned deformations could be
caused by the interaction between the Russian Plate of EEP and the Uralian orogen
[10]. It can be assumed that these tectonic processes happened in the contemporary
history and continue at the modern stage but with considerably lower velocities causing
small rare sensible earthquakes.

In the region west of the Urals the epicenters of sensible earthquakes are timed to
Perm arch (high) of the East European Platform (EEP) basement, as well as to the
Middle Ural parts of the Late Paleozoic pre-Uralian trough and Paleozoic West Uralian
zone of orogeny and overthrusts (fig. 2).

The sensible earthquakes of Dobryanka seismic knot in 1837, 1845, 1852, 1867,
1908, 1911, 1931, 1956, and 1989 are timed to Perm arch (high) of EEP basement [8].
Magnitude are rated as 2.0-3.0, the intensity of shakes from 3.0 to 5.0 on the MSK-64
scale. Karst-depression nature of these earthquakes is not excluded [9].

To the Middle Uralian part of the Paleozoic pre-Uralian trough and to the West
Uralian zone of orogeny and overthrusts the following natural seismic events aretimed
(citation from the south to the north):

— earthquakes of 1879 and 1904 with the epicenters situated approximately within
20-30 km southwest of Ufa, quakes intensity about 3 on the MSK-64 scale, magnitude
is rated as 2.5 [8]; the nature of these earthquakes may be of karst-depression [9];

— earthquakes of 2004 in the region of Katav-Ivanovsk town; quakes intensity 3—4
on the MSK-64 scale, magnitude is rated as 2.1-2.8 [18];

— earthquake of 2003 within the boundaries of Sabarsky Uval, with the epicenter
situated approximately within 20 km north of Arti settlement, magnitude is rated as
2.0-2.5, quakes intensity 2.5 on the MSK-64 scale [18];

— earthquake of 2015 in the vicinity of the railway stations of Sabik and Sarga,
magnitude is rated as 4.0 (from 3.5 according to the data from the geophysical
observatory Arti of the Institute of Geophysics UB RAS to 4.7 according to the data
from the Institute of Mining UB RAS), quake intensity in the epicenter — 5 on the
MSK-64 scale [19];

— earthquake of 1798 1., an epicenter could presumably be situated in the vicinity of
Kyn settlement on the river Chusovaya, quakes intensity is rated as 4.5 on the MSK-64
scale [8];

— earthquakes of 1911 with epicenters in the vicinity of Tihaya village, Milkova
village on the river Kosva, magnitude 3.0, quakes intensity is rated as 5 [8]; karst-
depression nature of these events is possible;

— earthquake of 1993 with an epicenter in the vicinity of Berezniki town, magnitude
3.2, quake intensity 4, presumably of natural-technogenic nature [8].

Apart from the natural earthquakes, the Urals experiences sensible seismic events of
natural-technogenic character, namely, rock bumps in mines carrying out the exploitation
of mineral deposits using underground mine workings, and natural-technogenic
earthquakes occurring as aresult of geodynamic events in underground mine workings
(rockfalls, depressions, fractures) [20, 21]. Due to the relatively shallow depth of the
focuses of seismic events of natural-technogenic character (about dozens and hundreds
of meters), they are hazardous mainly for underground mining workings of a functioning
mining enterprise and its personnel, but not for the neighboring settlements. In this
regard they are similar to karst-depression earthquakes. In general, rare small Uralian
natural earthquakes are not hazardous for mine workings of mining enterprises.

Results application area. The results of the given work can be of help in the course
of seismic zoning of the Ura territory, as well as when planning accommodation and
when designing engineering facilities within the Ural region.

Conclusions. Geological-tectonic crustal and subsoil activity in the Urals at the
modern stage is low and of platform type. It manifests itself in rare and weak seismicity
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of the region, and low amplitude recent vertical crustal movements. Due to rare and
weak seismicity of the Urals, local sensitive earthquakes are not hazardous for
engineering structures and human life.

Uralian sensible earthquakes epicenters concentration area, the Middle Ural
seismodomen, is timed to the knot of intersection (interference) of submeridian recent
Uralian orogen and the local zone of recent submersions of the earth’s surface of the
north-western direction which can be the manifestation of a large zone of subhorizontal
crustal stretching within it deeper horizons.

The epicenters of sensible earthquakes of the Middle Ural seismodomen are timed
to the south-western and western periphery of the Middle Ural section of the Late
Vendian Central-Uralian uplift. In the area of the south-western periphery of this
structure they are timed to the zone of pre-Uralian trough and West-Uralian zone of
orogeny and overthrusts, and in the area of the eastern periphery — to the axial zone and
to the zone of geodynamic influence of the Middle Ural section of submeridian
Paleozoic Main Uralian Deep Fault.
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CeilicMOTeKTOHUKA YpaJa

I'yasie A. H.!
! UncrutyT reodusuku Ypansckoro otaenenns PAH, ExarepunOypr, Poccus.

Pegpepam
Beeoenue. 3emnas xopa Ypana, nepexcuswias 6 00naneo3olickoe u nanieo3olickoe 8pems 3N0XY 2e0CUH-
KAUHATLHO20 PA3GUMUS C AKIMUSHO NPOMEKAGUIUMU MEKMOHUYECKUMU U BVIKAHO-MASMAMUYECKUMU
npoyeccam, 8 Me3030UCKO-KaliHO30UCKOe 8peMs NepelCUia SNoxy niamg@opmMeHHO20 pa3eumus, 3asep-
wiuswe20cs 8 nepuood Hogellweli MeKMoHUYecKol akmusu3ayul Gopmuposanuem Hogeliuezo Ypanockoeo
INUNIAMPOPMEHHO20 OPO2EHA, B03HUKULE20 8 3ANAOHOU YACMU PASPYUEHHO20 Npoyeccami OeHyoayuu
Ypanwvcroeo naneosoiickozo copno-cknaduamoeo coopyaicenus. Hosetiwuil Ypanockuii opoeen nacnedyem
OCHOGHbIE Yepmbl CMPOEHUs. NANE030UICKO20 20PHO-CKAA0Yamozo coopyicenus. Ha cospemennom smane 6
npedenax u 8 OKpeCmHOCMAX HOGeliue20 Ypaibcko2o 20pHO20 NOACA OMMEHAIOMCsl peOKO NPOUCX00AUujUe
owyymumsle 3emaempsacenus cunoi om 3—4 0o 5—6 6annog no wkane MSK-64, a maxoswce 2opHuie yoapwi u
NPUPOOHO-MEXHO2EHHbIE 3eMAEeMPACEHUss HA 20PHOPYOHLIX NPEONPUAMUAX, Be0VUX Ompabomy
MecmopodicOeHUll NONE3HbIX UCKONAEMbIX NOO3EMHbIMU 20PHBIMU 8bIPAOOMKAMU.
Lenvro padomul sensiemcsa OYyeHKa Ce:A3U NPOAGNEHUN COBPEMEHHOL CEICMUYHOCIU U PA3HOBO3PACHOU
meKmoHuKu Ypanvckozo pezuona.
Memoouka uccnedosanus 3axuo4anach 6 OYeHKe NONOJICEHUS INUYEHMPOS OWYMUMBIX 3eMTemPACeHUl
OMHOCUMENLHO 2€0J1020-MEKMOHUYECKUX CMPYKMYyp HOGeliuieco, Naieo30ucko20 U 00naneo30ucKo2o
803pacma, a maxice OMHOCUMENLHO INEMEHMO8 MOPGHON02UU N0 COBPEMEHHBIX BEPMUKATLHBIX 08U-
JHCeHULl 3eMHOL KODb.
Pezynomamut. Coenano 3axaouenue, umo Hauboabulell celicMudeckoll akmueHOCMbIO XapaKmepusyemcs
semnas kopa Cpeoneco Ypara 6 obnacmu unmepgepenyuu cyoMepuOUOHAIbHO20 YPanbCKo2o 20pHO20
nosica u 30Hbl COBPEMEHHBIX NOZPYIHCEHULL 3eMHOU NOBEPXHOCHU C OMHOCUMENbHO YEETUYEHHIMU CKOPO-
cmaMmu, umeloujell cegepo-3anadnoe Hanpaegienue, cOOmeemcmeyiouee HanpagIeHuio CMpyKmyp 0opu-
ghetickozo ¢pynoamenma.
Obnacmo npumenenus pesynbmamos. Pezynvmamel 0annol pabomvi mo2ym 6bimb NOAE3HbI NPU Gbl-
nonxenuu pabom no celicMuieckomy paloHuposanulo meppumopuu Ypana, npu niaHupoeanuu pasme-
WjeHUs U npu NPOeKmMuposaHuy 8 npedeiax YpaibCkozo pecuoHa UHIICEHEPHBIX 00bEKMO8.

Knrwuegvle cnoea: nogetiuiuii opocen, copubvlll NOAC, OUWymumble 3eMAempACeHUs, 2OpHble YOapbl,; celic-
MUYHOCMb,; dopugheticKull hyHOAMeHm, CeticMOOOMEH, CelicMOPAOHUPOBAHUE.
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O nopo6uu 1 nepapxumn TEKTOHMYECKUX CTPYKTYP

®unaros B. B.1, BonotHoBa J1. A.2
' Bnagumupckuii rocyaapcTBeHHbIN YHUBEPCUTET
(Poccus, r. Bnagumup, yn. lopbkoro, 87)
2 YpanbCKuii rocy1apCTBeHHbIA FOpHbI YHUBEPCUTET
(Poceus, r. EkatepuHBypr, yn. Kyibbiwesa, 30)

Pechepam
Ipeomem u yenv paéomor. Ocoboe mecmo cpedu GOIBLULO2O PAZHOOOPA3USL CIMPYKIMYPHO-MEKMOHUYe-
CKUX 1eMEHMO8 3eMHOLl KOPbl NPUHAOLEHCUM PA3PLIGHBIM HAPYUIEHUSAM PA3TUYHBIX PAH208 U MUNOS.
OHu obpazyromces mozoa, K020a HANPAMCeHUs NPEGLLUAIOM Npedenbl NPOYHOCTU 2e0102UHeCKOL Cpeobl
Ha cocamue, pacmsgicenue uny cogue. [loomomy uzyuenue paspuléHvix HapyuleHUll KaK 6 2e0102UHECKOM,
MaK u 6 Gu3UYECKOM OMHOUEHUU HEBOIMONCHO 0e3 3HAHUS 3AKOHOMEPHOCMEN PA3PYUEHUs MEePObIX
mej nPUMEHUMENbHO K U3YUEHUIO 3AKOHOMEPHOCIEN 00PA308aAHUS MEKMOHUYECKUX CIPYKIMYP.
Memooonozusn. Ananumuueckuii 0630p u 0600w eHUe Pe3yIbMamos 0eQopmMuposanus 00pPa3yoe 20PHbIX
NOPOO, PA3UYHBIX OUHAMUYECKUX ABTEHUll (3eMIempsacenus, eopHble y0apsl U Op.), MEeKMOHUYECKUX
HapyuieHull pasiuiHblX PaHzos.
Pesynomamul. Baschetiueii 3aKOHOMEPHOCIbIO 00PA306aAHUS MEKMOHUYECKUX HAPYUWEHUI ABNAEMCA UX
n0000Ue HA PA3TUYHBIX MACUIMAOHBIX YPOBHAX U, KAK Cle0Cmaue, uepapxuiHocms. B kauecmese npu-
Mepa dmotl 3aKOHOMEPHOCMU PACCMOMPEHA OPMOSOHANbHAA CUCHEMA 2YOUHHBIX pasziomos Ypana.
Hokazano, umo enybunHble pasiomvl pA3IULHbIX paH208 GOPMUPYIOM GbIMAHYMbIE 8 MEPUOUOHATLHOM
Hanpasienuu 6I0KU NPAMOY20IbHOU QOPMbL, pasmMepbl KOMOPLIX 00PA3VIOM 2e0MEMPULECKYIO NPOcpec-
CUI0 ¢ noKazamenem, pagHblM O8YM.
Bu1600b1. 3akonomeprocmu meKmoHu4ecKol 0eIuMocm 2e0102U4eCKOU Cpedbl AGIAIOMC OCHOBAHUEM
OJ151 UX UCNONB30BAHUA NPU KAPMUPOBAHUU PASIOMHBIX CHIPYKIMYD PA3TUUHBIX PAH208 (0COOEHHO 8bICO-
KUX) 6 3aKpbIMbIX patioHax ¢ NOMOWbIO NIOUAOHBIX 6bICOKOMOYHBIX 2€0PUIUYECKUX USMEPEHU.

Knrwuesvie cnosa: mexmonuueckue cmpyxmypol; nododue; uepapxuuHocmy; ecmecmeennoe noie
HanpaxiceHull; eeogpuzuieckue noJs.

Beenenue. M3 6onpmioro xonmuectsa paboT, MOCBSILEHHBIX Mpo0iieMe ToI00us 1
UepapXuy TEKTOHUYECKUX CTPYKTYp CIEAyeT TPEKIEe BCEr0 BBIACIHTH CTaThIO
A. H. Kommoroposa «O norapuMudeckd HOPMAJIEHOM 3aKOHE pacIpeaesieHUs da-
CTHUIIl TIpH ApobaeHuu» [1]. B »Tol cTaThe BIIepBbIE TEOPETUICCKU ITOKA3aHO, YTO TIPH
paspyieHnu TBepabix e 3aBucuMocth N = (L), rae N — konudecTBo yacTwil, 0opasy-
IOLIMXCS TIPU pa3pyllieHnH; L — MpOU3BOJIBHBIN pa3Mep YacTUIIbI, SIBISETCS JIMHEHHOM
B Omorapudpmudeckoii cucteme koopaunar IgN, Igl. DTo cBuaeTenbCTBYET O TOM, 4TO
pa3pylIeHne TBepAbIX Tell MOAYNHIETCS 3aKOHY 10100Hs, a CIIeJ0BaTeNbHO, (hparMeH-
TH pa3apoOIEHHBIX OOBEKTOB JOHKHBI OOPa30BBIBATHE HEPAPXHUCCKHUE ITOCEIOBA-
TEJIBHOCTH.

MeToauka npoBedeHUsi Mccael0BaHui. TeopeTHueckue pe3ysabTaThl O 3aKOHO-
MEPHOCTH pa3pylleHHus TBEPABIX Tell OATBEPKIAIOTCSA JaHHBIMH, TOTYYSHHBIMU MIPH
M3yYEHHUH Pa3pbIBHBIX HapyIIeHUuH [2—12], U3 KOTOPBIX CIEIyeT, 4TO 3eMHas Kopa pac-
YJIEHEHa CHCTEMaMH OPTOTOHAJIBHBIX Pa3phIBOB M PA3JIOMOB Pa3IMYHBIX PAaHTOB Ha
0710KH, pa3Mepsl KOTOPBIX N3MEHSIOTCS] OT HECKOJIBKUX CAHTUMETPOB /10 JECSITKOB, CO-
TEH U ThICAY KUIOMETPOB. [Ipy n3yueHunu miaHeTapHOU TpEeUMHOBATOCTH [3] U cUCTEM
pasznomMoB BayTpenHelt A3un 1 conpeneNbHbIX TepPUTOpHil [6] ycTaHOBIEHO, UTO (Op-
MHUpPOBaHHE pa3IOMOB pa3HOIO paHra COBEPLIAIOCH IO €AWHOMY 3akoHy [13], uTo
MIPOIIECC pa3pyILIEHUS Majo 3aBUCUT OT BEIIECTBEHHOTO COCTaBa IOPOJ, YTO MOTUH-
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HEHHYIO pOJIb UTPAIOT M CTPYKTYpPHBIE 3JIEMEHTHI. Tak, HapuMmep, MpOCTUpaHUE IuIa-
HETAapHOH TPEUIMHOBATOCTH €IMHO U B IUTATOPMEHHBIX, H B CKJIAIYaThIX 00IACTSIX.

Pesynbprarsl u3ydeHns COOTHOIIEHUI MEXTy ATUHAMHE Pa3IOMOB Pa3IMIHBIX PaH-
TOB M PACCTOSIHUSAMH MEXIy HUMH, [UIMHAMH Pa3JIOMOB M UX YHUCJIOM I0KAa3ajo, YTO
paccTosiHIE MEXy pa3loMaMH U YUCIIOM OJIOKOB, HAa KOTOPBIE pa3AesieHa 3eMHast Kopa,
OIMCBIBACTCS THIIEPOOINYECKOH 3aBUCUMOCTBIO, T. €. JUHEHHOH B Omnorapupmuye-
ckom MacmuTabe [14]. Craructnueckuii ananu3 MUKpoaedopmanuii o0pas3oB paziany-
HBIX MTOPO/I MTOKa3aJ, YTO KapTHHA HX paclpeieseHHs KaK 0 COBOKYTHOCTH IIIOMIAI0K
B IIpeeNiax OHOTO 00pasiia, Tak M 10 MHOKECTBY 00pa3IioB OAHOU IMOPOABI ITOI00HA
[15]. KoppensaunonHnas 3aBHCUMOCTD MEXKAY KO (DUITHEHTOM EIUMOCTH Te0IoTHye-
CKOH cpenbl 1 K03()(HhUIIEeHTOM 3aTyXaHHsl TPELIMHOBATOCTH B 30HAX BIMSHUS TEKTO-
HUYECKUX HapyLIeHUH ABJsieTcs runepoonuaeckoi [16].

B [17] onricanbl pe3ynbTaThl MPSIMBIX U KOCBEHHBIX U3MEPEHHI OJIOKOB, Ha KOTOPBIE
JISIATCS Cpella B €CTECTBEHHBIX M MCKYCCTBEHHBIX IpoIleccax ee Ae(OpMHpPOBAHHUS:
PEoJIOTHUEeCKUi B3pBIB, H3MENIBYeHNE TOpda, IPOTpaBIMBaHKUE KBaplia, IpoOiIeHue mo-
POZ MOA3EMHBIMH B3pPhIBAMH, Pa3pbIXJI€HUE OPO] B3pbIBAMU B Kapbepax, H3MEPEHUE
HEOJHOPOAHOCTEN MOPOJT CEHCMUUECKUM METOAOM Mpu cTpoutenscTBe I'DC, onpene-
JeHrne OJIOKOB 3eMHON KOpBI, CEHCMOaKyCTHYECKOE 30HAMPOBAHUE TEOJIOTHUECKON
cpensl U Ap. AHalu3 pe3yinbTaToB 3THX HCCIEAO0BAaHHUM MOKa3aj, YTO Te0JIoTHYecKas
cpesa UMeeT HepapXUiecKylo CTPYKTYpY, UTO «B IPUPOJE CYLIECTBYET HEKOTOpas 00-
11asi IPUYUHA, BBI3BIBAIOIIAS MTOSIBJICHNE IPEUMYLIIECTBEHHBIX BEJIMUUH B pacrpesee-
HHUM OJIOKOB 110 pa3mepam. 11o oTHOIIEHHIO K 3TOM NpUYMHE CBOICTBA MaTeprala Uil
cnoco0 00pa3oBaHus OTAEIBHOCTEH UIPAIOT MOAYMHEHHYIO POJIb ... IIPOLIECC pacyiie-
HEHUS Cpellbl Ha OTACTBFHOCTH UMeeT o0muid xapakrepy [17, c. 50-52].

OTOT «OOIIMiA XapaKTep» eCTh MPOSIBICHUE 3aKOHA MOA00HS IpH AePOpMUPOBAHUH
TBEPABIX TEJ BOOOIIE UK B I€0JOIMYECKOM IIaHEe — B 00pa30BaHUM Pa3pbIBHBIX Ha-
pyILIECHHI 1 OJIOKOB, TPaHULIAMH KOTOPBIX CIIYXaT 3TH pa3pbIBHbIC HAPYLICHUS.

PaspriBHBIE HapyLieHUs1 00pa3yIoTCs Mo ACHCTBHEM HampsbkeHus. EctecTBeHHOE
TOJIC HATIPSKCHUN 36MHOMN KOPBI TIPEACTABISACT COOON CYyIEPIIO3UIIMIO OCTATOYHBIX Ha-
NPsDKEHUI W HaNpsDKEHUs!, 00YCIOBICHHOTO (PU3HYECKUMU TONISIMH 3€MIIH, TJIaBHBIM
00pa3oM ToJIeM CHIIBI TsKecTH. Ha 3aKOHOMEpHOCTH MPOCTPAaHCTBEHHO-BPEMEHHOTO
MU3MEHEHUs] €CTECTBEHHOTO ITOJIsI HAIPSKEHUH OKasbIBA€T BIMSHHUE B3aMMOICHCTBHUE
CJIaraloLINX KOPY CTPYKTYPHO-TEKTOHHUYECKUX HJIEMEHTOB — OJIOKOB.

OcrartouHble WIN NaJleOHANPSHKEHHS 00YCIOBIEHBI CBOWCTBOM TBEPIBIX TEJ HaKa-
TUIMBaTh B ce0e YIPYTyIo SHEPTUIO U COXPAHATH €€, T. €. HAXOAUTHCS B PABHOBECHH B
TEYEHHUE JITUTEIHLHOTO MPOMEXYTKa BPEMEHH NMPU OTCYTCTBUM HArpy30K Ha MOBEPX-
HOCTSIX, OTPaHUYMBAIOIIUX TeJIAa. DTH HAIPSHKEHUS] Ha3bIBAIOTCA CTPYKTypHBIMU [18].
CTpyKTypHO-TEKTOHUYECKHE 3JIEMEHTHI KOPBI CBSI3aHbI Mekay coOoi. biaronaps stum
CBSI35IM U BO3HUKAIOT CTPYKTYPHBIE HANPSDKECHUS KaK HECOOTBETCTBHE «MEXKIY (PHKCH-
POBaHHOM CTPYKTYpOM TeNa M ero TepMOANHAMUYECKUM cocTossHueEM» [ 18, c. 48]. [lo-
9TOMY CTPYKTYpHBIE HalpsDKEHUs BO3HHMKAIOT HAa JIOOOM HepapXU4ecKoM WM Mac-
mTa0HOM YPOBHE: M HA MUKPOCTPYKTYpPHOM, ¥ HA YPOBHE TNIAHETAPHBIX T€OJOTHYECKUX
00BEKTOB, T. €. CTPYKTypHBIE HAIPSDKEHMSI, KaK U OJIOKH KOPBI, 00pa3yIoT uepapxude-
CKHE CUCTEMBI.

HanpsxeHns, HICTOUHUKAMU KOTOPBIX CIIY>KaT CUJIOBBIE TIOJIST 3EMITH, MPOSABIISIOTCS
B Pa3sHOOOPA3HBIX XapaKTepUCTUKaX CeHCMUYecKHX siBeHui. 3yueHue 3emieTpsice-
HUU MOKA3BIBAET, YTO B IPOCTPAHCTBEHHON U SHEPreTUUECKON XapaKTEPUCTUKAX CEHC-
MHYECKOTO TIPOIIecca TOXKe HaOIomaeTCsl uepapXudHocTh [17]. Y3 3aBUCUMOCTH MEX-
Iy pazMepaMu o4ara 3eMJIETPICEHHs U €T0 SHEPTHEHl CIeAyeT, UTO MPOLIECC Pa3pyLICHUS
TOPHBIX MOPOA B ouare sBisiercs mofoOHbM [19]. [lanHble, mpuBeaeHHBIE HA pHC. 1,
CBUJIETENBCTBYIOT 00 HEPapXUIHOCTH COBPEMEHHBIX TOJICH HANPSKEHUN TSl TUHAMU -
YEeCKHX SIBJICHUH pa3IMYHOTO Macirada.
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PeanpHOCTP CylECTBOBaHUS MEPAPXUUYECKUX CHCTEM IOJEH Majeo- U COBPEMEH-
HBIX HaNpsOKEHUHM yCTaHOBJIEHA MHOTUMH HCCIIEOBATENIMU MPU U3YUYE€HUHU T€O0JIOTH-
YECKUX U Te0U3NIECKUX JAaHHBIX, aHAJN3€ PE3yAbTaTOB HEMIOCPEICTBEHHBIX H3MEpe-
HUH HaNpsDKCHUH, TPY BBIITOJIHEHUH (PU3MYECKOTO M MAaTEMaTHYECKOTO MOAETIMPOBAHMS
Pa3IUYHBIX JUHAMUYECKUX siBIeHUN [20-23]. dusnuyeckoil OCHOBOM HEPapXUUHOCTH
MOJIEN HANPSHKEHUH CITy’)KUT UEPApXUUECKOE CTPOEHHE reoI0rnueckon cpenpl. OTcro-
Jla clefyeT psii BaXKHBIX B METOINYECKOM OTHOIIEHHUH BBIBO/IOB!

— MacmTad pemaeMon CTpYKTypHO-TEKTOHUYECKO 3a71a4u JOIKEH OTBEYaTh PAHTy
€CTECTBEHHOI'0 10JIs1 HAIIPSDKEHMS;

— IVIaBHBbIE HampaBlieHUs (OCH) HANpsDKEHMS IOJIEH BBICIIErO M HU3ILETO PaHIOB
CBSI3aHBI MEXIy COOOH;

— cMeleHus (TOPU30HTAJIbHBIC, BEPTHUKAJIbHBIE, BOCXOAALIME, HUCXOIAIINE) IO
Pa3pBIBHBIM HApYUIEHUSIM Pa3jIMYHOTO PaHra MPOMCXOJAT MOA JIeHCTBHEM HaIlpshKe-
HUM COOTBETCTBYIOIIETO paHIa.
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Puc. 1. [loBropsieMoCTb # BbIIENEHUS YIIPYTOM SHEP-
ruu E U1l akyCTHYeCKUX CHTHAIOB Npu AedopMu-
poOBaHHH 00pasLOB IpaHUTa — [; IPH Pa3pyIICHUN
LeJIMKa — 2; IIPY TOPHBIX yAapax B TOPHBIX BBIPAOOT-
kax CYBPa — 3; nmpu 3emierpscennu B paiione Hy-
pexckoii 'DC — 4; [ — nynHa pa3pbIBHOTO HAPYIICHHS
(o Kykcenxo B. C. [12])
Fig. 1. Recurrence of n releases of E strain energy for
acoustic signals at the deformation of granite samples — /;
at pillar destruction — 2; at rock bumps in mine
workings of the North Ural Bauxite Mine — 3; during
the earthquake in the region of Nureksky HPS — 4;
| —the length of the disjunctive disturbance (according
to Kuksenko V. S. [12])

BrISBAATH MO HAIPSDKEHUH Pa3IMYHBIX PAHTOB MOYKHO JTUOO ITyTE€M OCPEIHEHUS
PE3YIBTAaTOB UX U3MEPEHHUS, INOO0 IMyTeM U3YUEeHUS XapaKTePUCTHUK ITHX IoJIeil MeTo-
JIlaMH C pa3IMIHOM BeTMUnHOM 0a3bl M3MepeHuil. Bropoii mojaxon n3ydeHus monei Ha-
NpsDKEHUH peanu3yeTcs MyTeM U3MEpeHHsl U aHajIu3a reopu3nyecKux nonei [25, 26],
KOTOPBIE NAIOT HHTETPATIbHYIO XapaKTEPUCTHKY 3HAYUTENBHBIX 00bEMOB 3eMHON KOPBHI.

Pe3ynbTarsl padoTsl. M3ydeHsl mogodue u HepapXuIHOCTh TEKTOHUUECKUX CTPYK-
Typ Ha pa3IMYHBIX MacIITaOHBIX YPOBHAX KakK JJIs Bcel YpallbCKOW CKIIa9aToi CUCTe-
MBI, TaK ¥ IIJIS OTACIBHEBIX ee pailoHoB [25-27].
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Ha puc. 2 nokaszan ¢)parMeHT CXeMbI OPTOTOHATLHON CUCTEMBI (MEPHIUOHATHLHON U
ITUPOTHOM) TTyOMHHBIX Pa3IoMOB 3eMHOM KOphI [Ipuypanss u 3anagHoro Ypaina, mo-

CKOJIEKY IMEHHO 9Ta CHCTeMa HanboJee oT-
YETIIMBO KAapTUPYETCs B TeOPHU3MUECKUX
MOJISIX — TPAaBUTAllMOHHOM U MarHUTHOM.
KpynuedmuMm rIyOMHHBIM Pa3ioMOM
(I'P) MepuanoHaIbHOM cCTEMBI Ypasa sB-
nsiercs ImaBHBIA YpanbCKkuil pa3ioM, Npu-
HATHIA aBTOpaMM 3a Hayallo paHroBOM je-
JIMMOCTHU 3eMHO# kopbl. D10 I'P mepBoro
panra (puc. 2, I). OTOT pa3yioM pazaemnsier
VYpanbckylo cknagyaryro obmacts (YCO)
Ha MHO- U 3BIF€OCHHKJIMHAIBHYIO 30HBI;
MHOTHE nuccuenoBarenu [21] oTokaecTBiIs-
I0T C Pa3jIoOMOM IpaHuLy Mexay ¢(yHna-
MEHTOM IUIaTGOpPMbI Ha 3amazie 1 rnepepado-
TaHHBIM ocHOBaHHEM Y CO 1 3eMHOI KOpBI B
LIeJIOM — Ha BocToke. K aTomy ke paHry or-
Hecer u ['P 3, koropslit otnenser Bomro-
Ypanbckyro aHTEKIM3Yy Ha 3amaje OT BOC-
TOYHOTrO CKJIIoOHa Pycckoll IMTBL U
MPHUMBIKAIOIIEeH K HeH MUOT€0CHHKITMHAIIb-
Hoi 30HBI Cpennero u lOxxHoro VYpaia.
Paccrossaue mexny I'P 1 u 3 cocrtaBusier
oxo110 300 km.
Takum obpaszom, mepuauonanbHbie [P
1 n 3, obpasyromue cucTeMy epBOTO paH-
ra, KOHTPOJIMPYIOT KPYITHEHIINE CTPYKTYp-
HO-TEKTOHUYECKHE 3JIEMEHTBhl CTPOEHUS
BepxHel yacTu 3eMHOH Kopbl. OOpa3oBas-
IINCh B BEPXHENPOTEPO30IICKOE Bpems,
OHH MPOJOJKIIH Pa3BUBATECS B MAIE030M-
CKoe H OoJiee 1mo3nHee BpeMsl.
MepunnonansHblii I'P 2 oTHeceH ko BTo-
pomy panry. Ero cTpykTypHoe 3HaueHHE
HanOojee OTYETIIMBO MposiBUiIock B [lpu-
ypainse. ['P 2 sBisiercs 3amagHol rpaHutieit
IIpenypanbckoro mporuba Ha CpemHeM u
CeBepHOM Ypasie U BOCTOYHOHM TpaHHLEH
nporuba Ha HOxHOM VYpame. PaccrosHue
Mexny I'P mepBoro u Broporo paHros ore-
HEHO (C 3amazia Ha BOCTOK) COOTBETCTBEHHO
B 125 u 175 kM, T. €. B CpeAHEM OKOJIO
150 kM, 4YTO BIBOE MEHBLIE CPEIHErO
paccrostHuA Mexxay I'P mepBoro panra.
CraOunpHON TO MEXpPa3JIOMHBIM pac-
CTOSIHMSIM sBIIsIeTCs U cuctema I'P mupor-
HOW OpueHTHPOBKH ¢ HoMepamu 11-25. o
CTPYKTYpO-00pa3yromiel poiy OHU KJIACCH-
¢unupytorca xkak Tpu panra: I'P mepsoro
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Puc. 2. ®dparMeHT cxeMbl OPTOrOHAIBHON CHCTe-
MBI TyOMHHBIX Pa37I0MOB U OJIOKOBOH JIETTMMOCTH
3eMHoH Kops! [Ipuypanbs u 3ananHoro Ypana:

1 — riryOMHHBIE Pa3JIOMBbI IEPBOTO PAaHra U UX HOMEPa;
2 — nTyOUHHBIE Pa37IOMBI BTOPOTO PaHTa ¥ HX HOMEpa;
3 - FJ'[y6I/IHHBIe Pa3iIoOMBbI TPETHETO paHra U UX HOME-

pa. Macuira6 cxemst 1: 10000000
Fig. 2. A fragment of the scheme of Cisurals
and the West Urals earth’s crust deep faults and
blocky divisibility orthogonal system:

1 — deep faults of the first rank and their numbers;
2 — deep faults of the second rank and their numbers;

3 — deep faults of the third rank and their numbers.
Scheme scale 1: 10000000

panra— 11, 15, 19, 23, paccTosHuS MEX Ay KOTOPBIMH B CPEIHEM PaBHBI OKOJIO 590 KM;
I'P Broporo panra — 13, 17, 21, 25, paccTosHMS MeXAy KOTOPBIMH DPaBHBI
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B cpenneM 303 km; ['P tpetwero panra— 12, 14, 16, 18, 20, 22, 24, koTopble AETSAT pac-
cTosiHUA Mexy ['P mepBoro u BTOporo paHroB MpUMEpHO MONOJIAaM; TaK YTO CpEIHEE
paccrosiHue Mexxay I'P Bcex panros onenuBaercs B 140 k.

U3 pesynsraroB pamkupoBanus ['P u aHamm3a MeXpa3noMHBIX HHTEPBAJIOB CICIY-
€T, UTO CpeJHee paccTosiHue Mexy I'P epBoro u BToporo paHros MEpUIAUOHAIBLHON
cuctemsl coctasnseT 300 u 150 km; mexny ['P mepBoro, BToporo u TpeTbero paHroB
mupoTHOU cucteMbl — 590, 303 u 140 kM. Takum o0pa3zom, B pacrpeaeneHun paccTo-
sSHUM Meky ['P pasiMuHBIX PaHTOB CYLIECTBYET 3aKOHOMEPHOCTb, 3aKJIIOYAIOIIASICS B
TOM, YTO BEJINYMHA PACCTOSHUS MEXIy HUMH [TOTYMHACTCS TEOMETPUUIECKOH Mporpec-
CHU C TOKazaresieM, OIu3KuM 1ByM, T. €. ['P u orpaHndeHHBIC MU OJIOKH 00pa3yroT
HEePapXUUYECKYIO IOCJIEA0BATEIHOCTh, IPUYNHON KOTOPOHM CIIy>KUT Hepapxus ecre-
CTBEHHOTO ITOJIS HanpspkeHui 3eMity, a ['P BrICOKHX paHTOB (hOpMHUPYIOTCS Ha CEPETH-
He paccTosHus Mexay [P 6omee BEICOKHMX paHTOB.

AHasu3 1 00cyxaeHue pe3yJbTaToB. boky 3¢eMHOI KOpPBI, OTpaHUYEHHBIE CUCTE-
mamu ['P, umerot B iiane Gpopmy MpsIMOYTrOIbHUKOB, BBITSIHYTBIX B MEPUIMOHAILHOM
HalpaBJICHUH: Pa3JIOMBI IIEPBOTO paHra oopasyloT 6;10ku pasmepoM 590 x 300 kM, BTO-
poro panra — 303 x 150 kM, Tperbero panra (ecinu Obl yaanoch BBIIBUTH [P 3Toro
panra) — BeposTHO, 140 x 70 kM, T. €. OJIOKM 3€MHOM KOPBI SIBJISIFOTCSI ITOIOOHBIMU,
BIIOKCHHBIMH JIPYT B JIpyTa.

JlaHHBIE 0 3aKOHOMEPHOCTSAX AETUMOCTH 3€MHON KOPBI YCTAHOBJIECHBI JIISI MHOTHX
paiioHoB. OTKIIOHEHHE OT PACCMOTPEHHOMW 3aKOHOMEPHOCTH OOYCIIOBICHO 0OBEKTHB-
HBEIMH U CYOBEKTUBHBIMU (pakTopaMu. K 0OBEKTHBHBIM (hakTOopaM cleAyeT OTHECTH
BEPOSITHOCTHYIO IIPUPOIY Pa3pyLlIeHHs TBEPAbIX Tl [1] n BIusHNEe MECTHBIX YCIOBUH
pazinomoobpa3oBanus. Hampumep, 610Ku 3eMHOM KOPBHI B TIpeesiax YKPanHCKOTO KPH-
CTAJUIMYECKOTO IUTA U30METPUUIHBIE, nMeromue Gopmy pomOoB [28]; Gioku B mpene-
nax YpajbCcKOW CKIIag4aTod CHCTEMBI B IIaHE MpsIMOyrojbHble. [IpuunHa B TOM, YTO
VYKpauHCKH HIMT U30METPUYEH B IJIaHE, a YpajbcKas CKiIaguaras CUCTEMa CHUIIBHO
BHITSHYTa B MEpUAMOHAJILHOM HampasieHuu. [Ipumepom pomOuueckoit Gpopmel Oi10-
KOB CIy>kuT buprunpauacko-ToMHuHCKas pyHas 30Ha, TeHE3UC M TEKTOHUYECKast cXe-
Ma KOTOPOH paccMOTpEeHHI B pabotax [26, 27].

BoiBoabl u 00/1acTh IpUMeHeHUsI pe3yabTaToB. CyObeKTUBHBIN (hakTop 3aKIIio-
YaeTcs B TOM, UTO ITOKa He pa3paboTaHO KPUTEPUEB, TO3BOJIAIONINX HAICKHO OIICHUTD
paHr pasznoma, a Io3TOMY ¥ HET STAJIOHOB, C KOTOPHIMH MOYXHO OBLUIO OBI COMIOCTABIISATh
pasyioMbl pa3HBIX paHroB. OCOOCHHO ATO KAacaeTcsl pa3IoMOB BBICOKUX PaHTOB. TeM He
MeHee 3TO 00CTOSITETHCTBO HE NIOABEPraeT COMHEHHIO MHOTOYHCIICHHBIE (DaKTHYIEeCKHe
JaHHBIE O TOM, YTO TEKTOHHYECKUE CTPYKTYPbI 36MHOM KOPBI IOLOOHBI U 00pa3yroT
HEepapXUUYECKUE CUCTEMBI. JTa 3aKOHOMEPHOCTh MTO3BOJIAET U3ydaTh UX JaKe IpH OT-
CYTCTBHMHU YE€TKUX KPUTEPHUEB OLIEHKH PAHTOB Pa3IOMOB. 3aKOHOMEPHOCTH TEKTOHHYE-
CKOH IENIMMOCTH I'€OJIOTHUECKOH Cpelbl SIBISIOTCS OCHOBAHUEM VIS MX HCIIOIb30Ba-
HUsSI IpU KapTUPOBAHUHU DPA3JIOMHBIX CTPYKTYP B 3aKpBITBIX pPaiOHAX C MOMOLIBIO
reopu3MUECKUX METOOB.
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Abstract
Research subject and aim. A special place among the wide variety of structural-tectonic elements of the
earth's crust belongs to disjunctive disturbances of various ranks and kinematic types. They are formed
when the stresses exceed the limits of the geological medium strength for compression, stretching or shear.
Therefore, the study of disjunctive disturbances, both in geological and in physical relations, is impossible
without knowing the laws governing the destruction of solids in relation to the study of the regularities in
the formation of tectonic structures.
Research methodology includes analytical review and generalization of rock samples deformation results,
various dynamic phenomena (earthquakes, rock impacts, etc.), and tectonic disturbances of various ranks.
Results. The most important regularity of tectonic disturbances formation is their similarity at different
scale levels and, as a consequence, hierarchy. The orthogonal system of deep faults of the Urals is
considered as an example of this pattern. It is proved that deep faults of different ranks form rectangular
blocks elongated in the meridional direction, the dimensions of which form a geometric progression with
an index equal to two.
Summary. The regularities of tectonic divisibility of the geological medium give reason to use them when
mapping fault structures of different ranks (especially high) in closed areas with the help of areal high-
precision geophysical measurements.

Key words: tectonic structures, similarity; hierarchy; natural field of tension, geophysical fields.
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PacueT paclumpuTtens npu KOMNNIEKCHOM crnocobe
CTPOMTENbCTBA MHOrOCTBOJbHbIX CKBaXMWH

Mameprarusage A. M.., LLimoHueBa E. E.2, [1xxa66apoBa I'. B.2, Abuwes A. I"2
T HAW «l'eoTexHomnorudeckie npobrembl HedhTH, rasa 1 XuMmn»
(AsepbaimxaH, r. baky, yn. Ounspsl Anvesoin, 227)

2 AsepGanakaHCKuUi rocyaapCTBEHHBIN YHUBEPCUTET HETU 1 NPOMbILLNEHHOCTY
(AsepbanmxaH, r. baky, npocn. Asaansir, 34)

Pegpepam
Bgeoenue. Cospemennas mexnonozus pacuiupenus cneyuanbHblx pacuupseMulx 00caouvlx mpyo neno-
CPeoCcmeeHHo Ha 3a60e HAKJIOHHBIX U 20PU3OHMANLHBIX CKEANICUH NO360IAEN COKPAULAMb 3ampaquede-
Mble cpeocmea U 8peMsi Ha Ux cmpoumenscmeo. B nacmosiwyee epems 3apesrka 60k06020 cmeona ocy-
wecmensiemcsi ¢ NnpeosapumenbHo YCHMAHOGIEHHbIX YEeMEHMHbIX MOcmoe unu naxepos. Cnyck
X8OCMOBUKA C NOCLEOYIOWUM €20 PACUUperHuem Ha 3ab0e 0acm HOGbLI MOIYOK 6 PA3GUMUL MEXHOL02UY
npPoBOOKU 6OKOBLIX OONOTHUMETLHBIX CIBOI08 8 HOBbIX U 0€30eliCMEVIOWUX CKEANCUHAX.
Llenv padomet. Ilosviuenue kxavecmea coopysiceHust OONOIHUMENbHBIX CIMBOI08 3d CHem YCOBEPUICH-
cmeosanusi cnocobo8 ux Cmpoumenrbcmed.
Memooonozusn. Ananusz cnoco606 cmpoumenbCmea MHOZOCMEOIbHbIX CKEANCUH U PA3PAOOMKA MEMOOU-
KU pacuema KOHCMPYKMUGHBIX NAPAMEmpo8 pacuupumens u pacuiupsieMvlix 06caonvix mpyo npu Kpe-
nieHuu 0onoIHUMenbHbix cmeonog. Ilpednrazaemes 3apes3ka OONOIHUMENILHO20 CMEOAA Oe3 NPUMeHeHUs.
YEMEHMHBIX MOCMOG UNU NAKEPOB, MEMOOOM «CEEPXY BHU3Y C UCNONb308AHUEM PACUUPIEMBIX X6OCMO-
BUKOB U YCMPOUCME 05 UX YeHmpupoganus npu pacwupenuu. Paspabomana memoouxa pacuema KoH-
CMPYKMUGHBIX NAPAMEMPO8 pacuiupumenst 0iisi CO30aHUsL NOTHOPA3MEPHO20 X80CMOBUKA NPU KpenJie-
HUU OONONHUMENbHBIX CIBOLOS.
Pezynemamut. B cmamve npedcmagiena KoHcmpyKyus KOMNIEKCHOU MHO20CHBOIbHOU 20PUOHMANb-
HOU CKGAJICUHDBL, GLINOIHEHHO NO MexXHoIo2uu MoHoOouamempa. Taxoce npedcmasiena MemoouKa pac-
uema 21eMeHmos pacuupumens, obecneuugarouje2o GopmMuposanue ROTHOPAMEPHO2O XB0CMOBUKA
npU UCNONB308AHUU PACUUUPACMBIX MPYO HA 3060€ CKEANICUHBL.
Bb1600b1. B cmambe npednodicen KOMRLEKCHbIT CHOCOO CMPOUmMeibCmea MHO20CIMBOIbHbIX CKEANCUH HA
OCHOBE MEeXHON02UU MOHOOUAMeMPA,; NPeOCMAsieHd MemoouKa paciema pasmepos KOHCMPYKMUBHbIX
NeMEHMO8 pacuupumens U pacuupsemvlx 06caonvix mpy6. dxonomuueckasn gpgexmusnocms npeo-
CMAasNenHol KOHCMPYKYUY CKEANCUHbL MOdcem Oblmb OOCMUSHYmMa 3a cuem mo2o, 4mo He@msHol
naacm 6ydem pazpabamvléamvcsi CmabdUuiIbHO 0020 C GbLCOKUM 0eOUMOM OJisl KAAHCOOU CKEANCUHDBL, NPO-
OYPEHHOLL N0 NPEONONCEHHOU KOMNIEKCHOU MEXHON02UM.

Knroueevte cnosa: 6oxosoii cmson; cnocob sapesku; pacuiupsemviii X60CMosuUK; pacuupument s
mpy6, YeHmpamop pacuupsemviil; MexHon02us MOHOOUAMempPad; KOMNIEKCHA MeXHONO2Us, dAeMeH-
mbl pacuiupumers.

BBez]e}me. Kax N3BECTHO, MHOT'OCTBOJIbHBIC CKBaXXWHBI MOT'YT UMETH CaMBIC pa3s-
HOOOpa3Hbie GopmbI TpodrTeii M ITTHH OOKOBBIX CTBOJIOB, UTO OMPEACIIIETCS KaK KO-
HOMUYECKOH, TaK U TEXHOJOTHUECKOM Ieecoo0pa3sHocThio [1].

Lens padoThl — NOBBICUTH KAa4ECTBO COOPYKEHUS JIOTIOJIHUTEIEHBIX CTBOJIOB 32
CYET YCOBEPIICHCTBOBAHHS CITOCOOOB UX CTPOUTEIILCTBA.

HpI/I CTPOUTCIILCTBE MHOT'OCTBOJIBHBIX CKBAXUH BO3HHUKACT HeJII:Iﬁ CIICKTP TCXHU-
geckux mpobiem. OmHa w3 mpodiieM — 3TO pa3neieHre CTBOJIOB MO HAa3HAYCHHUIO Ha
HarHeTaTeIbHbIC U OTOUpaIoNTie HETh.

[Ipobnema COCTOMT Kak B KpEIUIGHWH CTBOJIOB CIIEIUATBHBIMH YCTPOWCTBaMH,
CJIOKHBIMH TI0 KOHCTPYKIIMH ¥ YCTaHOBKE, Ha Pa3IMYHBIX ITyOWHAX MMEPEXOTHUKOB U
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Pa3BETBIICHUH, TaK U B CIIOKHOCTH OIPEJICIICHUS] MECT 3ape3KH OOKOBBIX OTBETBICHUI
13-32 TPOMO3AKOCTH METaJNIOKOHCTPYKIIHH.

Jannas npoOiema MOXXET OBITh pelieHa TOJIBKO Ha OCHOBE MPUMEHEHUS TEXHOJIO-
ruu MOoHOMMametpa. Ilpy mpaBMIIBHOM PacTONIOKEHUH OCHOBHOTO M HATHETATENBHBIX
CTBOJIOB B MHOTOCTBOJIbHON CKBa)KHHE 00CaIHBIC KOJOHHBI U3 TPYO, M3TOTOBICHHBIX
[0 TEXHOJIOT'MH MOHOAMAMETPA, OKA3AJIUCh €AUHCTBEHHO IPUEMIIEMBIMU IO TOU MpH-
YUHE, YTO KK/l CTBOJ MMEET CBOM MOCTOSHHBIN pa3Mep U HE MEPEXOIUT B CTBOJ
MeEHbIIIEro auamerpa [2, 3]. B aTom u 3akimodaercst CyTh MpeiaraeéMoro KOMILUIEKCHO-
r0 crmocoba CTPOUTETHLCTBA MHOTOCTBOJILHBIX CKBAKUH [4].
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Puc. 1. KoHcTpykuuss KOMIUIEKCHOH MHOro-
CTBOJIbHOW TOPU30HTAJILHOW CKBaXKHHBI:

1 — OCHOBHOI1 CTBOI; 2 — AOMOIHUTEIIBHEIA CTBOM
Fig. 1. The structure of an integrated multilateral
horizontal well:

I — main trunk; 2 — additional trunk

MeTtonoaorusi. [IpoaHanu3upoBaHbl COCOOBI CTPOUTEIHCTBA MHOTOCTBOJIBHBIX
CKBaXUH M pa3paboTaHa METOMKa pacdeTa KOHCTPYKTHBHBIX HapaMeTpOB pacIIupH-
TeJIsL ¥ PaclIMPSIeMbIX 00CaHBIX TPYO MPH KPETUICHUH JOTIOJIHUTENBHBIX CTBOJIOB.

KoMmiiekcHbIN c1oco0 CTpouTeJILCTBA 00KOBBLIX CTBOJIOB. Ha puc. 1 mpemcras-
JIEHa KOHCTPYKIHSI KOMIUIEKCHOM MHOTOCTBOJIBHOM FOPH30HTAIBHON CKBA)KUHBI, BBI-
MOJTHEHHOM 0 TEXHOJOTMH MOHonuameTpa. [lepBast CHU3y TOpU30HTAIBHAs MOHOKO-
JIOHHA SBJSIETCSI OCHOBHBIM CTBOJIOM W TIpeJHa3HayeHa Il HarHeTaHWsl BOABI B
HIDKENIKAIINH TIACT C UEeNbI0 TOAep KaHUs HE0OXOUMOTO TUIACTOBOTO JIABIICHHS.

Ha BepTukaJbHOM ydacTKe NEPBOM MOHOIMAMETPOBOM KOJIOHHBI Ha PacuyeTHOM
PacCTOSTHUM JUISL BXOAA B IIPOLYKTUBHBIN IJIACT IPOU3BOAMUTCS OECIIPENATCTBEHHAS 3a-
pe3ka OOKOBOTO CTBOJIA M CITyCKAeTCs BTOPAasi MOHOKOJIOHHA.

BokoBoIl TOpH30HTANBHBIIN CTBOJI 3TOH MOHOIMAMETPOBON KOJIOHHBI, IpeIHa3HAYEH-
HBIH 17151 0TOOpa HeTH, pa3001aoT Bo H30eKaHKe MIEPETOKa OT IIEPBOM HIKHEH MOHO-
JIMaMEeTPOBOM KOJIOHHBI ¢ TIOMOIIBIO MTAKEPOB HA yYacTKe 3ape3Ku OOKOBOTO CTBOJIA.

Bropasg mMoHOmmameTpoBas KOJOHHA LIEHTPUPYETCS BHYTPH IEPBOM MOHOAMA-
METPOBOU KOJIOHHBI C TIOMOIIBIO CIIENUANBHBIX LIEHTPATOPOB C YIPYTUMH IUIAHKAMHU.
LlenTpaTops! ycTaHOBIEHBI Ha PACYETHOM PACCTOSHUM JUIA MOAJAEPKAHUS LIEHTPUPO-
BaHMSA 0 BCEH JIMHE CpelHe MOHOAMAaMETPOBOM KOMOHHHI [1]. O0mwmii Bua neHTpa-
TOpa C yIPyTruMHU MJIaHKaMHU MpeJICTaBlIeH Ha pHcC. 2.
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LlenTparop npeaHa3HavyeH Ui MOAAEPKAHNSA LEHTPUPOBAHUSA MOHOIMAMETPOBON
KOJIOHHBI BHYTPH IMJIMHIPUYECKONH MOBEPXHOCTH (OyAb TO KOJIOHHA WK TpoOypeH-
HBIA CTBOJI) U UMEET KOHCTPYKTUBHBIE BOBMOXKHOCTH, MpeIHA3HAYEHHBIE I PACIIn-
PEHHSI 110 TEXHOIOTHH MOHOAHaMeTpa. OH MOKET OBITh HCITOIB30BaH KaK YCTPOHCTBO
JUTSL KpeTIeHHsI MOHOIMAMETPOBON KOJIOHHBI K CTEHKaM CKBR)KHUHBI WIIM KpPETUICHUS
BHYTPEHHEN MOHOAMAMETPOBOM KOJIOHHBI K HApY>KHOI MOHOAMAMETPOBOI KOJIOHHE.

B nentparope nmatpy0ok 4, cTONOpHBIE KoJblia 5, 6 ¥ KopIyc / ¢ IPOpPE3HBIMHU OK-
HaMH 2 BBITIOJIHEHBI U3 CIIEIIHANBHO PacIIUpAEeMOi CTalld, a yIpyTryue ONopHbIE MIIaHKH
3 M3rOTOBIICHBI U3 TIPYKUHHOU cTanu. [loaToMy mpu pacmmpeHun Bceld MOHOTHAMET-

POBOIl KOJIOHHBI LIEHTPATOP OyAeT pacIupATbCs U
4 OIHOBPEMEHHO COXPaHSTh CBOWCTBA W (PYHKIIHO-
HAJNBHYIO CIOCOOHOCTH AJISl IEHTPUPOBAHUS U Kpe-
5  IUIEHHS MOHOJMaMETPOBOM KOJIOHHBI KaKk K CTBOIY
CKBaXHHBI, TaK U K BHyTPEHHEH MMOBEPXHOCTH JIPY-
1 TOi MOHOIMAMETPOBOM KOJIOHHHBI.
Jns kaxxnol MOHOAMAaMETPOBOM KOJOHHBI Ha
2  YCTbE YCTaHABIMBAaeTCs crenuanbHas (OHTaHHAsS
apMaTypa, B KOTOpOM NpeaycMOTpeHa OTAeNbHas
3 CHCTeMa peryaupoBaHMA [TOJaYd BOABI HA HarHEeTa-
TeNbHBIE KOJIOHHBI W cucTeMa oTOopa HEPTH B
CTPOTOM COOTBETCTBHH C TPOAYKTHBHOCTBIO TLIa-
cra [5].
TexHomorus pacimpeHus 00CcaaHbIX TpyO Hemo-
CPEICTBEHHO Ha 3a00€ HAKIIOHHBIX CKBaKWH MIO3BO-
6  ngeT cokpamlaTh CpencTBa U BpeMs Ha MX CTPOH-
TenbCTBO [2]. CIyCK XBOCTOBHUKA C TTOCIIEIYIOITIM
€ro pacIIMpeHneM SIBISIETCS MPOPHIBOM B 00IacTH
CTPOUTEIBCTBA HAKJIOHHO-HAIPABICHHBIX CKBa-
JKUH, 0COOCHHO 3TO JaCT KOJOCCaIbHBIA A(eKT
IpY TIPOBOJIKE OOKOBBIX JOTOIHUTEIBHBIX CTBOJIOB
B HOBBIX U 0€3ICHCTBYIONTNX CKBAXKUHAX [6—8].
Puc. 2. enrparop ¢ ynpyriit ran Pacmmiputens mepemeniaeTcsi BHYTPH TPYOBI
KaMH I10 TEXHOJIOTMA MOHOAUAMETpa: o
1 —xopmyc; 2 —npopestble okHa; 3 —ynpy-  TI0J] BO3ACHCTBHEM THIPABINYECKOTO NABJICHUS U
FHE TUTAHICH 4;;?%?&; 3: 67 C100P- 1y OKEHHOT0 MEXAHHYECKOTO YCHITHS, HAIPAaB-
Fig. 2. The centralizer with elastic ~ JIGHHOTO BBepx uiu BHH3 [9—11]. [laBnenue co3na-
planks by thg. te:;hpol ogy of  ercs mocpeaCTBOM 3aKAYKH SKMAKOCTH B TIOZCOEIH-
1 — body; Zm—orsll(zvtsl;a I;le—egiastic planks; HEHHYI0O K KOHYCy BHYTPCHHIOIO KOJIOHHY, a
4 — branch pipe; 5, 6 — retaining rings MEXaHUYECKOE YCHIIME Pa3BUBACTCs IIyTEM HaTsra
W TIPOTANKUBAHHS STON KOJIOHHBI C KOHYCOM.

[locne cmycka XBOCTOBHKa HEOOXOAMMO MPOM3BECTH IBOWHOE PACIIMPEHHE IS
CO3JJaHHUs OTHOTO €TUHOTO JHaMeTpa Bcel KOJIOHHBI TAKMM 00pa3oM, YTOOBI 3HaYEHUE
€ro Hapy)KHOTO TUaMeTpa CTaJI0 PaBHBIM:

— 3HaUEHWIO HApPYXKHOTO JWaMeTpa pacTpyda Mpemblaymieii o0cagHON KOJIOHHBI,
BHYTPHU KOTOPOH MPOIIIET XBOCTOBUK;

— 3HaYEHUIO HapyKHOTO THaMeTpa Tejia Mpeablayeil 00caaHONi KOIOHHBL, BHYTPH
KOTOpO# IpoILIES XBOCTOBUK.

3Hast BHYTPEHHUI TUaMeTp pacTpyda npeAblAyIiei 00ca HOM KOJIOHHBI, HEOOXOIU-
MO TOYHO pacCUMTaTh AMAMETPHI 3JIEMEHTOB pacuuputend [12] ans ABoiHOTO paciim-
PEHHSI C YIETOM TOJIIIMHBI CTEHOK TPYO.

Pacuer 3n1emenToB pacmmpurensi. Ha puc. 3 mpencraBneHsl OpoAoOibHBIN U
MOTEePEeYHBI pa3pe3bl 00cagHONW KOJIOHHBI-XBOCTOBHKA, COCTOSIILEH M3 TPYO IOBYX
JINaMeTpPOB.
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Takum 00pa3oM, 3Has pa3Mepbl BEpXHel HepacIIupseMol KOJIOHHBI, MOYKHO OIpe-
JICJIUTH pa3Mepsl PaCHIMPAEMBIX TPYO U 2IEMEHTOB PACHIMPUTEIS.

Hapysxnblii quameTp pactpyda — D, pacr HAPYKHBIH IHAMETp Tena TpyOBl — D, .

Ucxons u3 ycnoBus paciupeHust TpyO momyduM (GopMysIbl U ONpeeieHns Ha-

H.T

py’&HOro D M BHYTPEHHErO IMaMeTpa

H.T T -
D, pacIHpseMoi TpyOBI-XBOCTOBHKA,
HaXOJSIIEHCsl B HEPACIIMPEHHOM COCTOS-
HUW 11 GOPMHUPOBAHHS HOBOTO pacTpyoda
pacImpseMoro XBOCTOBHUKA!

H.T — DH.paCT .
H.pacT :L 25_ 1, 40 4
H.T — DB.paCT
B.pact 1, 25_ 1, 40
OrmnpenenuM TOJIIMHY CTEHKH PaCIIIH-
psieMoii TpyObI A: Direna
A= DH.‘paCT - DB.i)aCT
2

[anee ompenenuM nuameTp Kopiyca
pacumpuTens 1o clieayroiei Gopmyre:

_ HT
Dpacm - DH,pac‘r - 2A7
OTKyﬂa paHHyC pacmeHTeHﬂ U JJIMHA Puc. 3. Cxema NIPOAOJBHOIO U IMOIIEPEUYHOIro

pa3pe3a oOCagHON KOJIOHHBI U PacIIUpPSEMOTO
€ro OKpPY>KHOCTH COOTBETCTBEHHO OynyT XBOCTOBHKA:

PpaBHBI: 1 —Teno TpyObI; 2 — pactpy0; 3 — paciumpsiemMast KOJIOHHa-
XBOCTOBHK
Fig. 3. The scheme of longitudinal and cross-
Rmm =X sectional drawing of a casing column and
2 expandable liner:
_ 1 — pipe’s body; 2 — flare fitting; 3 — expandable
LOKP»PaC'" - ZTERPaC'"' column-liner

KonnuecTBo oTBEepCTHii IOA IAPOBBIE TBEPAOCIUIABHBIE JIEMEHTHI PACILIUPUTEILS 71
U PACCTOSIHHSL MKy OTBEPCTUSIMH B KOpITyCce paciuupuressi | B nanbHeiinem OyayT
OTNPEAETATHCS UCXO U3 MPOYHOCTHBIX PACUETOB KOPIyCa PACHIMPUTENS.

Torga auaMeTp MIAPOBBIX TBEPAOCIUIABHBIX 3JIEMEHTOB OyAET OMpeneNsiThCs IO

hopmye:

[ —nl
D __ _OKp.pacit . 1
oy = (1)

[Ipu pacummpenuy XBOCTOBHKA IO TUaMeTpa pacTpyba mapuk OyaeT BBIXOAUTH U3
OTBEPCTHI HA OIHY BTOPYIO CBOETO AuameTpa. [lanee MOXKHO paccyuTaTh yOuHY Ka-
HaBKHU KOHYCa pacIIUpUTENs A paCIIMpeHHs [0 HanOONBIINK AUaMETp paciuupsie-
MO KOJIOHHBI-XBOCTOBHKA.

Hcxonst U3 yciaoBusl pacuiupeHus: TpyO M yCIOBUS MPOXOAUMOCTH UX B MPEIBIAY-
HIYIO KOJIOHHY TIOTy4uM (GOpMYJIbI IS oTIpeiesieHus Hapy>kHoro D" 1 BHyTpeHHe-

H.TEIa
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IO IMaMeTpa pacIuupseMoii TpyObI-xBocToBrka D' | HaXomsLIEHCs B HEPACUIMPEH-

HOM COCTOSIHUH, U151 (JOPMUPOBAHUS Teja TPYyObl pacCIInPIEMOro XBOCTOBHKA!

H.T _ DH.Tena .
H.TENa 1' 25 _ l 40 !
H.T DB.Tena

B.TENA = 1’25_1'40

OnpenenuM TONIINHY CTEHKH paciupseMoil Tpyost A:

H.TCJ1a B.TCJ1a

2

3Has quamMeTp mapa u3 popmyasl (1), MOKHO OpeNieNuTh TITyOHHY KaHABKH KOHYCa
paciupuTeNs A paclIupeHus Mol HAMMEHBIINN TUaMeTp pacIiupsieMoil KOJIOHHBI-
XBOCTOBHKA.

BoiBoabl. B crarbe mpeiokeH KOMIUIEKCHBIA CIOCOO CTPOUTENHCTBA MHOIO-
CTBOJIbHBIX CKBa)KMH Ha OCHOBE TEXHOJIOTHH MOHOJHAMETpa; MPeICTaBIeHa METOTUKA
pacdera pa3MepoB KOHCTPYKTUBHBIX DJIEMEHTOB PACHIMPHUTENSI U PACIIMPSEMBIX 00-
Ca/IHBIX TPYO.

BriBeneHHBIC OPMYITBI U IPENICTABIICHHBIN TIOPSJIOK pacueTa pa3MepoB KOHCTPYK-
THUBHBIX AJIEMEHTOB PACUIMPUTEINS U 00CaTHBIX TPYO MO3BOMIAT OCYLIECTBUTH MOJIEIH-
pOBaHHE KOHCTPYKIIUH KOHYCa-paCIIUPUTENS ISl JIFOOBIX YCIIOBUI IPOBOAKK HAKIIOH-
HBIX ¥ TOPU30HTAIBHBIX CKBaXXHH U OOKOBBIX CTBOJIOB U3 HUX.

OkoHOMHUYECKast 3PPEKTUBHOCTh MPEACTABIEHHON KOHCTPYKIIUHA CKBaYKHHBI MOXKET
OBITh JOCTUTHYTA 32 CUET TOTO, YTO HE(TIHOM MIacT OyeT pa3padaThIBaThCs CTA0UIIb-
HO JIOJITO C BBICOKUM JICOMTOM JIJISl K&XKAOH CKBaYKHHBI, TPOOYPEHHON MO MPEIOKEH-
HOH KOMIUIEKCHOW TEXHOJIOIUH.

A:D' -D
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Calculation of expander for complex method of multilateral wells construction

Alinazim M. Mamedtagizade', Elena E. Shmoncheva', Gullu V. Dzhabbarova', Abduakhit G. Abishev!
! Azerbaijan State Oil and Industry University, Baku, Azerbaijan.

Abstract
Introduction. The modern technology of expansion of special expandable casing pipes directly at the
bottom of inclined and horizontal wells allows to reduce the means and time spent for construction.
Nowadays side trunk tracking is carried out from the pre-installed cement bridges or packers. Descent of
the liner and its subsequent expansion at the bottom will give a new impetus to the development of the
technology of wiring additional lateral trunks in new and inactive wells.
Research aims to improve the quality of additional lateral trunks construction by means of improving
the methods of their construction.
Methodology includes the analysis of methods of constructing multilateral wells and the development of
the methodology of calculating expander and expandable casing pipes structural parameters when casing
additional lateral trunks. Additional lateral trunk tracking is suggested, without cement bridges and
packers use, but with the method “adown” with the use of expandable liners and special devices for
centering when expanding. The methodology has been developed calculating structural parameters of
expander to create full-sized liner when casing additional lateral trunks.
Results. The article presents the design of a complex multi-barrel horizontal well executed using the
monodiameter technology. A calculation is also made of the elements of the expander, which provides
the formation of a full-length liner by using expandable pipes at the bottom of the well.
Conclusions. The article present an integrated method of multilateral wells construction based on the
monodiameter technology; a method of calculating the dimensions of expander and expandable casing
pipes structural elements has been presented. The economic efficiency of the presented well design can be
achieved due to the fact that the oil reservoir will be developed stably for a long time with a high production
rate for each well drilled by the proposed integrated technology.

Key words: side trunks, method of tracking, expandable liner; expander, expandable centralizer,
monodiameter technology, integrated technology, expander elements.
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YnpaBneHue Ka4eCTBOM MUHEPanbHOro Cbipbsi HA OCHOBE
KOMMJIEKCHOM OLIEHKN KOHTPACTHOCTM PYA U pe3ynbTaToB
reomeTpusauun mectopoxgeHus (Ha npumepe OAO «Espas KIOK»)

Nantes 10. B.%, FlopgeeB B. Al
1'YpanbCckiil rocyaapcTBEHHbINM TOPHBIN YHUBEPCUTET
(Poccus, r. Ekatepunbypr, yn. Kyitbbiwesa, 30)

Peghepam
Axmyanvrhocms padomut. O60cH08aH 8b100p dPPEKMUBHOU MEXHOIOSUU YRPABLEHUS KAYECTNEOM MU-
HEPAIbHO20 ChIPbsl HA 20PHBIX Npeonpusmusx. B npedcmaesnennoii cmamove Ha 0CHO8e NPOBEOEHHO20
ananuza oelicmsyloujell Cucmembvl Ynpasienus Kauecmeom pyovl 1 yceeo2opcko2o mecmopoicoenus mu-
manomaznemumos 6 OAO «Eepaz KI'OK» nokazana megvicokasa 3¢hghexmusHocms ycpeoHUmenbHulx
Meponpuamuii 6 kapvepe u Ha gabpuke. Imo NPUEOOUM K HUSKUM NOKA3AMENAM 0002AMUMOCIU Cbi-
DA, a Makdice K CyujecmeeHHol HenoOmeepiHcOaeMocmy NIAHO8bIX U (PAKMUYECKUX XAPAKMEPUCTIUK
obocamumenvHo2o nepedena. I enesuc mecmopoxcoenus npedonpedensem e2o 2eoi02udecKoe cmpoe-
Hue, CMPYKMypy U MUHEPAN02UYEeCKUll COCMas.
Ienv pabomer cocmoum 6 yueme He2amuHO20 GUAHUSL NPUBEOEHHBIX (DAKMOPOE U — HA OCHOBE IMO20 —
8v100pe cnocoba ompabomKu MeCmopoHCOeHUsl, MEXHOA02UU PYOON0020MO8KU U 0bo2auenus 000bl8a-
emo20 cuipba. B cmamve npedcmagnenv pesyibmamul Ucciedo8anull hakmopos, onpedensiouux 6vioop
Cnoco608 pyoono02omosKu Ha 20pHOM NPeONPUSMULL
OcnosHble NON0HCEHUA MEMOOUKU BLINOTHEHHbIX HA T)Cce8020pCKOM MECOPONICOeHUY UCCTeA08aHUI
3akmovaromes 8 ciedyioujem. Bo-nepsvix, nokazamenb KOHMPACMHOCMU HA MECTOPOICOEHUU COCMA6-
nsiem ue 6onee 0,4. Taxkoe 3Hauenue ceudemenbcmeyem o HUIKOU 3Ppexmusnocmu pazoeaumenbHbix
Mmeponpuamuii. B yenom, pacuem nokasamens KOHMpACMHOCMU NO380A€N NOLYYUMb OYEHKY, NPedo-
npedensirowyio cnocob obocawjenus na O®@ u mexHono2u0 pyOonod02omosK Ha CMaduu 000bIYYU U nepe-
pabomku cvipvs. Bo-6mopbix, 2eomempusayus 3a1excu MUHEPATbHO2O0 CbIPbs HA MECMOPONCOCHUAX NO3-
6oAem onpedenums NPOCMPAHCMBEHHOe pasmeujenue pyoOHulX men 01 6onee dPhexmusHou ux
ompabomxku. Pesynbmamol 2eomempuzayuu npugooOsm K 6bliGIeHUI0 COPMOSbIX 3AKOHOMEPHOCMel
6 HEeOpax, UCNOAbL3YEMbIX NPU NIAAHUPOBAHUU 2OPHLIX pabom. B-mpembvux, c080KYynHOe UCnoNb306aHUe
noxazamens KOHMPACMHOCIU U PE3YIbINAMO8 2e0MeMPUIAYUU MECOPONCOEH U Onpedensiem 2opazoo
bonbyI0 3P PekmueHocms NIAHUPOSAHUS U NPOEKMUPOBAHUS CUCHEMbL PYOON0020MOSKY U 0002auje-
HUSL MUHEPAILHO20 CbIPbSL HA 20PHOM NPEONPUAMULL.
Bu160ooul. [Ipeonazaemas memoouxa modxcem CyujecmeentHo no8blCums 3QHexmusHocms ompabomxku
MeCmOpOoHCOeHUIl NONe3HbIX UCKONAEMbIX.

Knroueswte cnosa: xonmpacmuocmo, pyoonodzomoska; 2eomempusayus Mecmopodicoenus,; muma-
HOMAz2Hemumoswle pyobvl, 2e0UHGOPMAYUOHHAS OYEHKA, YNPABTeHUe KAYeCmEoM, MUHEPATbHOEe Cbipbe;

nokasameiu Kkaiecmaeda Colpbsi.

AKTyajabHOCTh padothl. [Ipu oborameHun pya ¢ HU3KUM COAEPKaHUEM LEHHBIX
KOMIIOHEHTOB B CXeMaX MEePBUYHOIN 00pabOTKH 11eJIeco00pa3HO UCIONb30BaTh MepeaeT
PYIOMOATOTOBKY KaK KOMILJIEKC onepauuii mo oopaboTke KyCKOBOW TOpPHOH MaccChl €
[CJIBIO MpEeBpaIICHUA €€ B OJJUH UM HECKOJIBKO TEXHOJIOTHUYECKUX TUITOB KOHAWIIMOH-
HOH pyaAb! A7 OCJIEAYIOIIEr0 000TaIleHUs WM HEMOCPEICTBEHHOI'O MCIIOIb30BaHMS
B KaQUeCTBE TOBAPHOI'O NMPOLYKTA.
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s perreHus mpoOIeMbl pa3ieieH!sl MUHEPAJIOB ¢ OJM3KUMH TEXHOIOTUIECKUMHU
CBOWCTBAMH TPUMEHSIOT: MOBBIIICHHE CEIEKTHBHOCTA O0OOTAaTHTEIBHOTO TPOLECCa;
cuHTe3 (IIOTAMOHHBIX PEAareHTOB HAIPAaBICHHOTO NEHCTBUS; CO3IaHHE BBICOKOA(-
(hexTUBHBIX (PJIOTOMAIINH JUIS BBIAEICHNUS KPYIIHBIX U TOHYAUIIINX YaCTUL]; CUCTEMBI C
MOBBIILICHHON UHAYKLIMEH.

Ilon pynonoAroToBkoil Ha COBPEMEHHOM 3Tale Pa3BUTHsI TOPHOI NPOMBIIUIEHHO-
CTH HEOOXOJMMO MOHUMATh KOMIUIEKC OIepalnii, OXBaThIBAIOIINN BCE TEXHOJIOTHYE-
CKHe€ TPOIECCHI MTOCJIE€ BCKPHITHS MECTOPOXKACHNUS, TIPOBEICHUS U KPETUICHHUS] TOPHBIX
BBIPAa0OTOK M O PAaCKpPbITHS MUHEPAIOB IIPU U3MEIBYEHHH B 00OTaTUTENHLHOM Iepe-
nene [1]. PynomoaroroBka odecrieunBaeT NodydeHne U3 TOPHOM MacChl TOBAPHOH Py/IbI
IUTSL IPSMOM XMMHUKO-METaJTypruuecKol nepepaboTKH MM KOHIUIUOHHOW PYIbI A
oboraleHus.
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Puc. 1. biok-cxema reoMeTpu3aluy XapaKTEPUCTUK 000TaTUMOCTH
Fig. 1. A geometrisation flowchart of dressability characteristics

Bce oneparu oCyIIecTBISIIOTCS CIIEAYIOMIUMHI METOAAMH:

— pacro3HaBaHUsl, K KAKOMY M3 TEXHOIOTHYECKHAX THIIOB U COPTOB PYZBI (MIIH ITyCTON
HIOPOJIBI) OTHOCUTCS JJAHHBIN N3BJICKaeMBIi U3 HeZlp 00beM MUHEPAJILHOTO BELIECTBA 110
HPHHATON HA OCHOBE T'€0JI0r0-TEXHOIOTHYECKOTO KapTUPOBAHUS KilacCH(DUKAIHY;

— ZIe3MHTerpanuu o0beMa MUHEpPAILHOIO BELIECTBA Ha KyCKH, pa3Mepbl KOTOPBIX
COOTBETCTBYIOT HC TOJILKO YCJIOBUAM UX TPAHCIIOPTHPOBAHUA OT MECTA I[O6I)I‘-II/I, HO 1
TpeOOBaHMSIM JTIOCTATOYHO MOJTHOTO PACKPBITHS MUHEPAJIbHBIX arperaron, U3 KOTOPHIX
COCTOHMT MOHOJIUTHASI TOPHAst MOPO/a, a TAaKXKe 0COOCHHOCTAM TEXHOJIOTHUH N3MeTbue-
HUS, IPUHITOM Ha 0o0oTraTUTENhHON (hadpuKe;

— pa3zmeseHus] KyCKOB WM UX MOPLMH HA OTAEIbHBIE NOTOKH, OTIMYAIOLIHEcs 1O
TEXHOJIOTUYECKHM CBOHCTBaAM;

— YCPEAHCHHN A Ka4C€CTBECHHBIX rokasarenen PYAHBIX ITOTOKOB BHYTPU TEXHOJIOTUYC-
CKHX THUIIOB Pyd U UX HIMXTOBKH B LEIAX (1)OpMI/IpOBaHI/I$[ IOTOKa WUJIK OTACIIBHBIX I1ap-
THH KOHAWUIIMOHHOHN PYIBI IS TIMTAHUS 000TaTUTENbHON (HaOpUKM W [UIS OTTPY3KH
HOTPEOUTEII0 B KAUECTBE TOBAPHOMN MPOTYKIIHH.
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B npakTrke npon3BoAcTBa TOPHO-TEOMETPUUYECKOTO aHAIN3a IHPOKO MPUMEHSET-
Csl OlIEHKa KOHTPACTHOCTH Ka4eCTBEHHBIX IOKa3aTesleld MECTOPOXKICHHS — IKCIpecc-
WHIEKC BBIOOpA TEXHOJIOTHH PYOTIOATOTOBKH M 00OTaIeHus 100bIBAEMOTO ChIPbS.

ITon KOHTPAaCTHOCTHIO PyAbl NOHMMAIOT CTENEHb Pa3IM4MUsl KyCKOB WM IOpUUN
PYIBI TIO CONIEP’KAaHUIO B HHUX IMOJE3HBIX KOMITOHEHTOB. KoHTpacTHOCTH — Hambosee
Ba)KHOE CBOMCTBO PY/bl, BIHAIOLICE HA €€ 000raTUMOCTb, 1 IIABHOE YCIOBUE BO3MOXK-
HOCTH ¥ 3P PEeKTUBHOCTH MPUMEHEHUS Pa3INYHBIX METOOB €€ O0OTalIeHuSI.

. 6
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Puc. 2. PacnipenenieHue cosepakanus xkeies3a B pyJHOI Macce:
a — MHTerpalibHasl KPUBasi pactpeaereHust; 6 — nuddepeHipanbias KpruBas pacipe/ieieHust
Fig. 2. Distribution of iron content in arock mass:
a — cumulative distribution curve; 6 — differential distribution curve

B o0mem cityyae KOHTpacTHOCTB PYABI — 3TO CTENIEHb HEPABHOMEPHOCTH pacipeae-
JICHUS! TIOJIE3HOTO KOMIIOHEHTA B PyAe B HEKOTOPOM o0beMe. Uem Oodbiiie 3TOT 00beM,
TEM MEHBIIIE KOHTpacTHOCTh. Hambomnbliass KOHTpacTHOCTh HaONomaeTcs B KycKax
PYIBI, COU3MEPUMBIX ¢ 00BEMOM PYIHBIX BKJIFOUCHHH, 2 HAUMEHBIIAs — B KPYITHBIX
MOpIUAX ApoOIeHo# U mepeMeltanHoil pynbl. KOHTpacTHOCTh pyIbl MOKHO H3y4aTh
KaK B yCIIOBUSIX €CTECTBEHHOT'O 3aJleraHus PyJHOTO TeJa, TaK U B Pa3INYHBIX 00b-
eMax WJIU MOPUHUAX OTOUTOH pyAbI BIUIOTH A0 €AMHUYHBIX KycKOB. TakuMm oOpa3om,
MOHATHE KOHTPACTHOCTH MPUMEHUMO JAJIsi OLEHKH 000TaTUMOCTH Pyl Ha JII0OOM
JTarne pyIonoJAroTOBKH U 000TallleH!s, HAYMHAS OT YCJIOBHH €CTECTBEHHOTO 3alie-
raHus ¥ 3aKaH4YMBasi €MMHUYHBIMU KyCKaMH CaMOI'0 MEJIKOTO IpO0IeHus, 1 ABIAET-
cs (paKTUUECKU TEOPETHUECKON OCHOBOMW Mpoliecca NpeABapUTEIbHOM KOHLEHTpa-
uuu pyn [2, 3].

Heanio padoTs! siBisieTcs: pa3paboTka ClIOCOOOB YIpaBJICHHs KA9€CTBOM PYIbl Ha
OCHOBE OIIEHKM KOHTPACTHOCTH IOKa3aresield MecTOPOKIeHHUs. KomrmuecTBeHHO KOH-
TPaCTHOCTh XapaKTepU3yeTCsl TOKa3aTreieM KOHTPACTHOCTH M, KOTOPBIH MPeICTaBIIsIeT
cO0OH CpeIHEeB3BEIIEHHOE OTHOCHTEIBHOE OTKJIOHEHHE COAEPKaHHUSA I0JE3HOIO
KOMIIOHEHTA B OTIEJIbHBIX KYCKaX, MOPLMAX WM HHTEPBajlaX OIpOOOBaHUS OT CpeaHe-
TO €r0 colepKaHusl B pyae (Ki1acce pysl):

1
M =_Z|qi_qo|m’
qo i=1

IIIe g, — CpellHee COEpKaHue MOJIEe3HOr0 KOMIIOHEHTA B pyJe (Kiacce pyabl); g, — TO
e, HO B OTIEJBbHBIX KyCKaX, MOPLUIX WIK HHTepBaIax opoOOBaHus, A0S KaXKIO0ro U3
KOTOPBIX OT 00ILIei Macchl HCCIeyeMoii MPoObl WK 00IIeH ATMHBI HHTEpBajia Opo0o-
BaHUs COCTABJIAET M1, ; N — YUCIIO KyCKOB, TIOPLMI{ MJI MHTEPBAJIOB OMPOOOBAHUS.
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[Mokazatens KoHTpacTHOCTH pyA m3MeHsiercs ot 0 1o 2. [1o 3HaYeHUIO OKa3aTeNs
KOHTPAaCTHOCTH pyAbl JAeNAT Ha HekoHTpacTHele (M < 0,4), cnabOKOHTpacTHEIE
(0,4 <M <0,8), cpennexontpactbie (0,8 <M < 1,2), BicokokoHTpacTHbIe (1,2 <M < 1,5),
ocoboxoHTpacTHbIe (M > 1,5). UeM BbIIIe IOKa3aTeh KOHTPACTHOCTH, TEM JIETUE H JTyqIle
oOoramaercs pyzna.

C reonorn4eckoil TOYKH 3peHHUs, KOHTPACTHOCTb OTPa)kKaeT MIPUPOAHYIO ITeTepOreH-
HOCTb PY[, T. €. U3MEHYUBOCTh OPYACHEHUS MO COJEPKAHMIO MOJIE3HBIX KOMIIOHEHTOB,
HEpaBHOMEPHOCTh MX paclpe/ielicHHs B PyJHOM Telie. YeM Hrke KOdpPUIUEHT pyao-
HOCHOCTH U BBbIlIE pa3yOOKuBaHKUE IPU J0ObIYE, TEM BBIIIE II0KA3aTEIH KOHTPACTHO-
CTH Ha Ka)XKJIOM 3Talle PyAOIOATOTOBKH H, CIEIOBATENbHO, TEM YCIELIHEE IPOTEKAIOT
IpoLecCHl peaBapuTeabHOM KoHeHTpauu. [loatomy s 6onee adhexruBHOTO 060-
rameHus Hanbosee OIaronpUATHBIMU 00bEKTaMHU SBJISIFOTCS MECTOPOXKACHUS, Ha KOTO-
PBIX Opy/ICHEHHE JIOKATU30BaHO B HEJPaXx, a pyIHbIE Tejla MPEACTABICHBI B BUJIE KU,
JIMH3, THE3] U 3aJIe)Kel MaCCHBHBIX PYII.

Tabauna 1. CTaTucTHYECKUH aHAIN3 JAHHBIX JeTaJIbHOI pa3Benku no kapsepam EBPA3 KI'OKa
Table 1. Statistical analysis of detailed survey at the open pits of EVRAZ KGOK

Kapbep DieMeHT Cpenuee |- CraunaprHoe Kosduuuent VYpaBHeHHE perpeccun
3HA4YCHUEC OTKJIOHCHUEC Koppesinuu
T'naBHBIN Fe 15,8 3,22 Fe/Ti 0,74 Ti = 0,0845Fe - 0,1578
)
ke ((11‘(‘)‘2{51 2 o ) | Fe(mg)| 629 4,34 Fe/ Fe (mg) 0,24 -
V (0,11-0,15 %) Ti 1,18 0,37 Ti/V 0,82 Ti =0,113V - 0,003
\% 0,13 0,05 Fe/V 0,71 V =0,0109Fe - 0,0419
CeBepHbIit Fe 14,2 3,34 Fe/Ti 0,69 Ti = 0,0743Fe - 0,1094
)
$? ((gdggﬁ gg % | Fe(mo)| 634 3,93 Fel Fe (mg) 0,35 -
V (0,1-0,14 %) Ti 0,99 0,36 Ti/V 0,92 V =0,1185Ti — 0,0083
\% 0,1 0,04 Fe/V 0,68 V = 0,0092Fe - 0,0264

IIpakTuka oboraimeHus pya IMO3BOJISET CAeaTh clenyone BoiBoabl. Korna moka-
3arenb KOHTpacTHOcTU He npesbimaeTr 0,4-0,5, oboramienne, Kak NpaBUiIo, HE AaeT
VIOBJIETBOPUTEJIBHBIX PE3yNbTaToB. Eciay mokasaresib KOHTPACTHOCTH HAXOAWUTCS B
npezenax ot 0,5 no 0,7, To npu Apyrux OJaroNpUsATHBIX yCIOBUSIX oOoraiieHue mpo-
TekaeT Oonee ycnemrHo. [Ipu mokazarene ot 0,7 1o 1,2 MOXKHO O)KHJATh XOPOIIIUE TEX-
HOJIOTWYECKHE pe3yabTarbl. Pynpl ¢ 60ojee BEICOKOH KOHTPACTHOCTBIO MOTYT OBITh OT-
HECeHbl 10 3TOMY MpPHU3HAKYy K JierkooOorarumbiM. Takum 00pa3oM, BbICOKas
KOHTPACTHOCTb Py MPUBOIUT K Oouibiiei 3(h(heKTUBHOCTH NPOLECCOB PYAONOATOTOB-
KU Ha TOPHBIX NIPEATNPUATHUSIX.

B 2017 r. UI'’T YpO PAH Obui1 BBINOJIHEH pacdeT MoKas3areseil KOHTPAaCTHOCTH IO
JaHHBIM JETaJbHOM pa3BeAKH TUTAHOMAarHETHUTOBBIX Pyl Ha l'yceBOropckom mecro-
poxxnenuu EBPA3 KI'OKa [4, 5].

KoadduureHT KOHTPacTHOCTH B LIETIOM T10 MECTOPOXKACHHIO 0Ka3ajcs MeHsble 0,4,
YTO CBU/ICTENIBLCTBYET O HU3KOH 3((EKTHUBHOCTHU PYIOIIOATOTOBKY B Kapbepe 1 Ha (ad-
puKe. B koHeYHOM HTOTE 3TO NPUBOAUT K HU3KOH (P (HEKTHBHOCTH 00OTaTUTEIEHOIO
nepenena, 4To Hapsily ¢ BIMSHUEM APYTHX MHHEPAJIOTMYECKHX M TEXHOIOTHYECKHX
(axTOpOB ompeeNsieT HEBBICOKOE KaYeCTBO TOTOBON MPOAYKIIHUH.

I'eometpuzanus I'yceBoropckoro mectopoxaenus Beimonnena MIJI YpO PAH na
OCHOBE JIaHHBIX JIETaJbHOM pa3BelKy, NpeAcTaBleHHBIX B (opmare Microsoft Access
MOTIEPEYHBIMH pa3pe3aMu 1o [1aBHOMY Kapbepy.

MeToanka reoMeTpU3aLMM [TI0Ka3aHa B BUE OJOK-CXEMBI Ha pHc. 1 1 3aKiIrodaer-
sl B CIEAYIOMIEM:
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— TpenBapuTeNbHAs TIOATOTOBKA JaHHBIX JIETaIbHOM pa3Benku B popmare, HE0OX0-
JUMOM J1j1s1 00paboTKH B pOorpaMMHBIX KoMIutekcax Demcom Surpac u Datamine; B
TabIMIAX COAEPIKUTCS CIeAyIomas nHpopManus: Ha3BaHUE CKBaXHHBL, €€ KOOPIHA-
TBI; OTMETKA YCThSl CKBKUHBI; HOMEP Te0JIOTUIECKOTO pa3pesa, K KOTOpOMY OHa IpH-
HAJIJICXKHT; IAHHBIC ONTPOOOBAHUS 10 ITYOMHE CKBaYKHHBI; TAHHBIC HHKITMHOMETPHH I10
CKBa)KHHE;

— OTCEYKa «yparaHHbIX» (II0 «IIPaBUIIy JBYX CUI'M») U OIIMOOYHBIX 3HAYEHUH B UC-
XOIHBIX JAHHBIX;

— NPUBEJCHNE UHTEPBAJIOB ONPOOOBAHMS K PABHBIM 3HAYCHHUSM;

— UMIIOPTUPOBAaHUE MCXOOHBIX JaHHBIX B Tabimuel [10 Surpac (assey — naHHbIe
omnpoOoBanus, collar — qaHHBIE 0 CKBaXXMHAX, SUIVEY — HHKITMHOMETPHS);

— co3zaHue reojornyeckoit 6as3sl nanubix B [10 Surpac, BelAETICHUE «KOMIIO3UTOBY
(omdpoBaHHBIE HHTEPBAJIBI IO CKBAKMHAM B BHIE CTpUHT-(aiina (*.str);

— MOCTpOEHHUE TpaUKOB N30JMHUHN U 30HANBHOCTHU pa3MeLIeHuUs moKa3aresei 000-
TaTUMOCTH PYZ;

— MOCTPOCHUE COBMECTHBIX PacIpeeeHu MoKa3aTeneil 000raTuMOCTH.

CratucTryecKkuil aHalu3 HCXOJHBIX JaHHBIX (pUC. 2) TO3BONMI BBIJEIHUTH Ha
kaprepax Kaukanapckoro ['OKa 30HBI ¢ TOBBIIIIEHHBIM U IIOHMKEHHBIM COIEPKAHUEM
xenesa [6-8].

Ta6auuna 2. Kputepuu 060raTHMOCTH THTAHOMATHETUTOBBIX pya ['yceBOoropckoro MecTopoxkaeHust
Table 2. Dressability criteria of Gusevogor skoye titanium magnetite or e deposit

Tun oboratumocTi IlokasaTenp BKpamIEHHOCTH, MM Copneprxanne Fe B MarHuTHbIX (Gpakuusx, %
JlerkooboraTuMmeie Bonee 1,0 Bonee 62,5
CpenneoboraTumbie 0,2-1,0 60,0-62,5
TpyanooboraTuMbie Memnee 0,2 52,0-60,0

3Hauenuss KOHIMIMOHHBIX conepxkanuii TiO, n V,0; KOPPENAIHOHHO CBA3aHBI C
KOH/IMIMOHHBIMHU COIEPKAHUAMU Fe g . yCTAHOBICHHBIMU MPAKTHKOKH PabOThI Ipe-
npusitus (Tadm. 1).

B cooTBeTcTBHM C MUHEpPAJIbHBIM COCTaBOM, TEKCTYPHBIMH U CTPYKTYPHBIMU OCO-
OEHHOCTSIMH BKpAIJICHHbIE THTAHOMAarHETHUTOBEIE PYIIBI MECTOPOXKACHUS ACISTCS HA TPU
TEXHOJIOTHYECKUX COPTa: HOPMaJIBbHOOOOTaTUMbIE (Colep KaHHe *Kejle3a B MAarHUTHON
(hpakiuu He MeHee 62,5 %); TpyaHOooOOraTUMEBIE (colepkanue xenesa 62,5-60,0 %) u
BEChbMa TPYZ[HOO6OFaTI/IMBIe — BCPJIUTHI U IMOJTHOCTBIO CCPIICHTUHU3NPOBAHHBIC OJIMBU-
HOBBIE IMPOKCEHUTHI, cofepxkamntue meree 60,0 % sxenesa.

HopmanpHOOOOTaTHMEIE PYNBI HE 3aTPOHYTHI CEPIICHTHHHU3AIMEH, UMEIOT TUITNY-
HYIO CUIUPOHHUTOBYIO CTPYKTYpY. [1o TexHONIOTHYeCKHM CBOWCTBaM OHU 00eCIeurBa-
10T TIOJIYYCHHE KOHIIEHTpara ¢ comepykanumeM skenesza 61-63 % (mpu u3MensdeHUN
80-85 % mo xpymHOCTH 0,074 MM).

TpynHOOOOTaTUMBIE HECEPIIEHTHHU3UPOBAHHBIC PYIIBI TI0 TEKCTYPHBIM KPUTEPHUSIM
COOTBETCTBYIOT AUCIEPCHO- U TOHKOBKPAIUIEHHOH pa3HOBUAHOCTSM. TpynHooOoraTu-
MBIC CCPIICHTUHU3SUPOBAHHLIC PASHOBUAHOCTU OTIIMYAIOTCA HAJIMYHUEM CEPIICHTUHA U
BTOPHYHOTO AWMCIIEPCHOTO MarHeTuTa. [Ipu pa3HBIX yCIOBHAX MO MPOM3BOTUTEIHHO-
CTH M KPYTTHOCTH U3MEJBICHUS U3 TPYAHOOOOTAaTHUMBIX PY/l OIYYar0T KOHIIEHTPATHI C
cojiepxkaHueM xenesa He 6onee 60 %.

BecbMma TpynHOOOOTaTHMBIE PYNIBI (BEPIIUTH PYAHBIC) XapaKTEpU3YIOTCS Hanboee
HU3KAMH TIOKa3aTesIMH OOOTaleHns. YCTaHOBIEHO, YTO pAacIpeneleHnus Coaep-
JKaHUsI KOMITOHEHTOB, TOCTPOEHHBIE 10 BCEM pYAHBIM TellaM, HE XapaKTepU3YIOT
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[ JlerkooGoratimbie [0 BKPAILUICHHOCTH Py/bl (IIOKa3aTellb BKPAILICHHOCTH > 1 MM)

CpenneoOoraTiMble IO BKPAIICHHOCTH PybI (Moka3aTtens BkpamieHHocTd 0,2—1,0 Mm)

_ TpynHooboraTHMbIE 110 BKPATICHHOCTH PY/IbI (TTOKa3aTe b BKparuieHHOCTH < 0,2 MM)

Puc. 3. 30HaNbHOCTh Pa3MELICHNS TATAHOMATHETUTOBBIX PY/I MO MOKA3aTEeIF0 BKPAIUICHHO-
ctu 3epeH Ha CeBepHOM Kaphepe (rop. +160 m)
Fig. 3. Zonation of titanium magnetite ore distribution according to the indicator of grains
impregnation at the North open pit (hor. +160 m)
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[ JlerkooGoraTiMsle 110 COZIEPIKAHHIO JKelle3a B MArHUTHBIX (pakuusx (> 62,5 %)
CpeareoboraTuMBIe 110 COZIePIKAHHUIO XKelle3a B MArHUTHBIX (pakuusx (60—62,5 %)

I TpynHOoOGOTaTHMBIE ITO COTEPIKAHMIO JKENe3a B MATHATHBIX (ppaximsix (52—60 %)

Puc. 4. 3oHanBHOCTH pa3MeNIeHNsT THTAHOMArHETHTOBBIX Py ITO0 COIEP KAHMIO JKeJle3a B Mar-
HUTHBIX ppakuusx Ha CeBepHOM Kapbepe (rop. +160 M)

Fig. 4. Zonation of titanium magnetite ore distribution according to the content of iron in
magnetite fractions at the North open pit (hor. +160 m)
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[ JlerkooGoratimbie

CpenneoboraTumble

I TpyarooGoraTiMbIe

Puc. 5. 30HaNBHOCTD pa3MELICHNS] TATAHOMArHETUTOBBIX Py MO MOKa3aTeto 000raTuMOCTH
Ha CeBepHOM Kapbepe (rop. +160 M) (COBMECTHOE pacrpe/ieieHue)
Fig. 5. Zonation of titanium magnetite ore distribution according to the indicator of dressa-
bility in Severny open pit (rop. +160 m) (joint distribution)
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pacripeieNieHns: COIepKaHui B OTIENBHBIX OJIOKaX PyAHBIX Tell. Tak, ABa pyAHBIX OJ0-
Ka Ha OJJHOM M TOM >K€ MECTOPOXKICHUH C PA3IUIHBIM CPEIHEOIOUHBIM CONEPKAHUEM
MMEIOT OJMHAKOBBIM 3aKOH paclpeleNieHHus, HO C pas3IddHbIMH IIapaMeTpaMu.
Ilpu acuMMeTpHUYHOM XapakTepe pacmpenelieHus CTaHIapT OTKJIOHEHHS U CpenHe-
0JI04HOE 3HAYCHUE TTOKa3aTeNell CBA3aHbl CTOXaCTHYECKON 3aBUCHUMOCTEIO.

I'eonornyeckas cimyx0a koMmOUHaTa pa3nensieT pyasl | yceBOropckoro MecTopoxie-
HHS B 3aBUCHUMOCTHU OT KPYITHOCTH BKPAIlJICHHBIX 3€PEH TUHTAHOMArHETUTA Ha CIEAYO-
IIHE€ TPYIIIBL: JIESTKOOOOTaTUMBIE — KPYITHO- (> 3 MM) U cpeHeBKparvieHHbIe (1-3 MM);
cpeaneoboraruMble — MenkoBkparieHHble (0,2—1 MM); TpyAHOOOOTraTUMbIE — TOHKO-
(0,074-0,2 mM) n tucnepcHoBKparuieHHsle (< 0,074 Mm).

B reonormueckoi 6a3e MaHHBIX MPENNPHUITHS TaKXKe COAEPKUTCS MH(DOpMAIus o
npobax co NUIUPOBOH cTpyKTypoil. LLnnupbl — MuHepaibHbIE CKOIUIEHHUS B MarMaruye-
CKHX MOpPOJax, OTIMYAIOIIHNECS OT OCTAJIBHOM Macchl MOPOJBI APYTUM KOJINYECTBEH-
HBIM COOTHOIIEHWEM COCTABHBIX YacTE€W WM MHOM cTpykrypoiu. lllnupamu crienyer
MpHU3HABATH MPOOBI C HETUMMUYHON KPYITHOCTHIO BKPAIUIEHHBIX 3€PEH — OT 5 CM.

Ha ocHoBe aHanu3a u 0000LICHUS JEHCTBYIOIINX KPUTEPUEB TEXHOJIOTHUECKOTO
ceIpbs ['yceBOropckoro MeCTopoXkAeHNs TUTAHOMarHeTUTOBBIX PYJl YCTAHOBJIEHBI OC-
HOBHBIE TTOKa3aTesId KPUTEPHEB 000TaTUMOCTH ISl JAJIbHEHIITNX TOPHO-TEOMETpHYe-
CKHX TIOCTpOeHHUH (Tabi. 2).

B nporecce reomerpuszanny noirydeHsl TpauKky 30HAIBHOCTH pa3MELIeHNs THTa-
HOMarHeTUTOBBIX PyA 110 MOKAa3aTeJl0 BKPAIJICHHOCTH 3€peH (pUc. 3) U COAep:KaHHIO
JKeJie3a B MarHUTHBIX (paknusax (puc. 4) Ha CeBepHOM Kapbepe ['yceBoropckoro me-
CTOPOXKJICHUSI.

TaGJmua 3. "p"HIll/lH NMOHMKECHHUSA OLCHKH THUITA 000raTHMOCTH B COBMECTHOM pacnpeaecjaeHuu
Table 3. The principle of decreasing the estimate of the type of dressability in joint distribution

CooTBeTCcTBUE KPUTEPHS TUITY 000TaTHMOCTH Pyl THI 060TrATHMOCTH B
Tumn oboratumocTy pya [0 HOKA3aTeNIo 1o conepxannio Fe COBMECTHOM
BKPAIUIEHHOCTH MAarHUTHBIX (PPAKIHSIX pacnpeIeICHNH
Jlerkoo6oratumsie (JIO) JIO JIO JIO
JIO CcO CcO
CcO JIO CO
Cpenneoboratumsie (CO) CO CO CO
CcO TO TO
TO CcO TO
Tpynuoo6orarumeie (TO) TO TO TO

Pemenne 3amaqn mocTpoeHHSI COBMECTHBIX paclpeiesieHrii oKazarenei oooraTu-
MOCTH BBITIOJTHEHO TpapudecKuM METOIOM IO CIETYIOIIEMY aJTOPUTMY:

— B3aMMHOE HaJIOXKeHHE Tpa()UKOB 30HAILHOCTH Pa3MEIICHUS Py 110 ITOKa3aTelto
BKPAIUICHHOCTH 3€PEH U COACPIKAHUIO XKelle3a B MAarHUTHBIX (Ppakiusix;

— MpU MOCTPOCHHH TpaduKa COBMECTHOTO DPACIHpPE/CIICHUS 000MX TOoKas3areien
MPUMEHSETCS TIPUHITUIT MTOCIICA0BATSILHOIO OHMKEHUS KpuTepus (Tadm. 3).

Ha puc. 5 mpencraBneH rpaduk 30HATFHOCTH pa3MEIICHUS THTAHOMArHETHTOBBIX
Py IO KOMIUIEKCHOMY TIOKa3aTelto oboratuMocty Ha CeBepHOM Kapbepe.

[lomydyennast 1Mo pe3ynpTraTaM TEOMETpPHU3aIlMi 30HAIBHOCTh KadeCTBEHHBIX
MoKa3aresiei py oTpaxaeT COPTOBOM COCTaB PyAHBIX Tell. [ Gosee CTporoi omeH-
KU COPTHOCTH PYH BBITIONHEH aHAJIU3 3HAYMMOCTH OTKJIOHEHHH CPEeIHECOPTOBBIX
IoKas3aTeJsei.
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C a1001 nenpio ucnonb3yercs kpurepuid CteronenTa [9-11]:

>

%, —%,|

nn,

1:r114rn2+2; 0,95

D n+n,’

rae X, X, — CpeHue 3HAYEHUS CTATUCTHYECKUX COBOKYIIHOCTEH; 71, 11, — 00OBEMBI CTa-
TUCTHUYECKHX COBOKYITHOCTEM.

Torma

b (n,—1)D, +(n,-1) D,

n+n,—-2

rae D, D, — tucrepcuy CTaTUCTUYECKUX COBOKYITHOCTEH.

Tabuuna 4. Pekomenayemblie c1oco0bl ynpasJieHust KauecTBoM pyas! (YKP)
Table 4. Recommended methods of ore quality management

O6bekTsr YKP

Wudpopmarmonnas 6asa,
METOJIBI €€ CO3aHMsI

VYnpasnsioniee Bo3acHcTBIE

pasacineHue

00beTMHEHNE

Pyna B Henpax

Ot6uras pyna Ha
CTa/INM TPAHCIIOP-
THUPOBAHHUS

JlpobGnenas pyna Ha
KOHBeliepax, B OyH-
Kepax

Pyna na cxiagax
HEKOHIUIIHMOHHBIX
pyAa

JlanHble 0 IpocTpaH-
CTBEHHOM pacIipeiene-
HHW TIOKa3aTelel Kade-
CTBA, MOJIyYCHHBIE ITyTEM
OnpOoOOBaHUS pa3BeI0U-
HBIX WJIN B3PBIBHBIX
ckBaxuH. [ eomornue-
CKHe U Teohu3nIecKue
METOIbI

JlanHbIe OnIpOOOBaHUS
PYABI B TPaHCIIOPTHBIX
EMKOCTSIX (KOBIIaX dKC-
KaBaTOPOB, aBTOCAMO-
cBajlax, BArOHETKAaX).
SnepHo-reoduznueckue,
MarHUTHBIE METO/IBI

JlanHbIe onpoOOBaHUS
MOTOKA PyAbl Ha KOHBEH-
epax. SAnepHo-
reo(pu3NIECKIe, Mar-
HHUTHBIE, poTOMeTpHYe-
CKHE METOBI

JlanHble onpoOoOBaHU
CKJIaJIOB HEKOHTHIIHOH-
HBIX pya. SnepHo-
reo(hU3nIECKIe,
MarHUTHBIE METO/IbI

[IpenBapurenbHas KOH-
LEHTpaLyst Ha CTaIUH
BBIEMKH, KOPPEKTHPOBKA
KOHTYPOB TO/ICUETHBIX
OJIOKOB; ONIEpaTUBHBII
TIOZICUET 3a1acoB

Hckmouenue nycroit
TIOPOJIBI M HEKOHIUIIHOH-
HOM pyJIbl U3 TIOCIEYIO-
el nepepaboTKu; pas-
JIeJICHUe Ha copTa JUis
TOCTIEIYIOIIETO YCpeaHe-
HUS WJIH JUTS Pa3/ielIbHOTO
oborameHus

Brigenenue ToBapHOTO
mpoaykTa 6e3 mepepadot-
k1 Ha OD nyTem nopuu-
OHHOM MJIM TTIOKYCKOBOM
COPTHPOBKHU (Cenaparun);
0TOpaKoBKa MyCTOH 1M0-
POJIBI 1 HEKOHIMUIIMOHHOI
PyZbI; KOHTPOJIb Ka4ecTBa
Y yIIPaBJICHHS IPOLECCOM
oboraIeHus

Brinenenue nopuuit
KOH/IUIIHOHHOM Py AbI

Crabunuzanus xa-
PaKTEPUCTHUK PYIIbI
[IPH BbIIa4e U3
OYKMCTHBIX OJIOKOB;
BbIJa4a Py/Ibl B
peXUMe yCpeaHe-
HUSI YIaCTKOB C
Pa3INYHBIMU MOKA-
3aTeNsAMH KauecTBa

Crabwusanus xa-
PaKTEpUCTHK rop-
HOU MaccChl ImyTeM
mTabeIbHOIO UIH
ICTAKaJIHOI0
yCpeaHEeH s

Ecnu HepaBeHCTBO BBINOJIHAETCSI, TO CPEIHUE X, X, 3HAYUMO OTIMYAIOTCS JAPYT OT
JpyTa, 4TO yKa3bIBaeT HA PA3]IUUMe CTATHCTUIECCKUX COBOKYITHOCTEH M Ha HEOOXOIH-
MOCTb IPUMEHECHHUS Pa3HBIX PEXKUMOB 000TaTUTEIIBHOTO Tiepesena [12].

BoiBoabl. Ha OCHOBE BBIMONHEHHBIX HMCCIICAOBAHUN PEKOMEHIOBAHBI CIOCOOBI
yIpaBJeHHS Ka4eCTBOM PyIbI Ha ['yceBoropckoM MectopokaeHuu (Tadm. 4).
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TakuMm 006pa3om, reHe3UCOM MPEIONPEACICHO IeOIOTHIECKOe CTPOSHHE, CTPYKTYpa
1 MHHEPAJIOTUYECKUI coCTaB MecTopoxieHus. COBOKYITHOCTh ATHUX (haKTOPOB BIUSET
Ha BbIOOp crmocoba oTpabOTKH MECTOPOXKASHHS, TEXHOJIOTUH PYIOIIOATOTOBKH B 000-
ramieHus 100bIBaeMOro ChIpbs. [Ipeanaraemple MEpOIPHATHS TIOMOTYT CYIIECTBEHHO
HOBBICHTB ((QEKTUBHOCTH OTPAOOTKH MECTOPOXKICHHH ITOJIE3HBIX NCKOTIAeMBIX.
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Mineral raw material quality management based on the integrated estimation of
ore contrast ratio and the results of deposit geometrisation (by the example of
EVRAZ KGOK)

Turii V. Laptev !, Viktor A. Gordeev'
! Ural State Mining University, Ekaterinburg, Russia.

Abstract

Research relevance. The article substantiates the choice of an effective technology of mineral raw quality
control at mining enterprises. In the present article, based on the analysis of ore quality management
current system at the Gusevogorskoye deposit of titanium magnetite ore in EVRAZ KGOK, low blending
effectiveness in the open pit and in the factory has been shown. It leads to low indicators of raw material
dressability, as well as to significant unjustifiability of planned and actual characteristics of processing.
Genesis of a deposit predetermines its geological system, structure and mineralogical composition.
Research aims to estimate negative impact of the mentioned factors and choose the method of mining, ore
dressing technology, and produced raw material processing. The article presents the results of investigations
into the factors, which determine the choice of ore dressing methods in a mining enterprise.

The essentials of methodology of research carried out at Gusevogorskoye deposit are the following.
Firstly, contrast ratio indicator at a deposit constitutes not more than 0.4. Such value testifies to low
effectiveness of separating measurers. In general, the calculation of contrast ratio indicator allows to
obtain the estimate which predetermines the method of processing at a dressing plant and the technology
of ore dressing at the stage of raw material extraction and processing. Secondly, mineral raw material
deposit geometrisation in the fields allows to determine spatial arrangement of ore bodies for more
effective mining. Geometrisation results lead to the exposure of ore grade regularities in the subsoil which
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are used at mine planning. Thirdly, combined use of contrast ratio indicator and deposit geometrisation
results determines much larger effectiveness of planning and designing of ore dressing system ads mineral
raw material processing at a mining enterprise.

Conclusions. The suggested methodology can significantly improve the effectiveness of mineral deposits
mining.

Key words: contrast ratio; ore dressing; deposit geometrisation; titanium magnetite ore; geographic
information estimate, quality management, mineral raw material, mineral raw material quality indicators.
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Mpo6nembl METOAONOrMN OLIEHKN CeNEeKTUBHOCTH
Ae3NHTerpauum pya

XonyHoB 3. A.!
1 KoHCYynbTaLMOHHO-aHanUTUYECKUA LEHTP «PocCUitckuin CTaHaapT»
(Poccws, . Ekatepunbypr, yn. Xoxpsikosa, 104)

Peghepam
Lenvto pabomet sensiemcs ananus npobiem uccied08anus 0esunmezpayuu pyo, 00YCi08IeHHbIX Heo0-
HO3HAYHOCMbIO ONPeOelleHUll UCRONb3YeMOl MEPMUHONOSUU. PACKPbIMUe, Oe3UuHme2payusl, Celekmue-
Hocmb u m. n. B xo0e ananuza 060cHosanvl panuyus NOHAMUL, XAPAKMePU3YIOWUX ceoticmea pyo u
npoyeccos desunmezpayuu, — «CMeneHb packPbIMusLy U «NOKA3amenb CeieKMmugHOCMU PA3PYUEHUs».
B omauuue om desunmezpayuu, cerekmusHoe paspyuleHue seisiemcsi OMmHOCUMENIbHbIM, NOCKOAbKY C8513a-
HO ¢ HANPAGIEHHbIM pA3pyuleHuem u3Opanuvlx cmpykmyp. B kauecmee maxux cmpykmyp moscno om-
Memumsb. ROGEPXHOCMU CPACMAHUSL MUHEPANO8, MUHEPALbHOU (ha3bl, KOMOPYIO U30UPAMENbHO He0OX0-
OUMO paspywums 01 «0C8000HCOeHUAY U3BIeKAeMblX MuHepanos u op. CerexmusHoe paspyuietue u
Oe3unmezpayus MoAcOeCmaeHHbl IUllb 8 YACMHOM CIyude, Ko20d pacKpblmue u3eiekaemblx MUHEpalos8
npu desunmepayuy OCywecmeaisiencs mo4Ho no NOGEPXHOCMU CPACMAHUSL (CELeKMUSHOCIb OMHOCU-
MeNbHO CPACMAaHUsL MUHEPAILo8).
Memooonozusa ucciedo8anuil 6xKII0YANA OYEHKY 02PAHUYEHUL PA3TUYHbIX MOOelell PACKpblmus pyo,
CBA3AHHBIX ¢ NPEOCMAGIeHUSIMY O OUHAPHOU CUCMEMe PACKPbIEAeMbIX MUHEPALO8, CVYAUHOM pa3py-
wieHuU, He 3a6UCsemM HU ON MeXaHUYeCKUx CGOUCMS, Hu om cmpykmypel pyosl. Moouguxayus mooe-
nell CéA3aHA ¢ NOABLEHUEM HOBbIX UHCMPYMEHMOS8 U NPOSPAMMHBIX NPOOYKMOG O/l AHAAU3A CINPYKMY-
Pbl U cocmasa, 8 YacmHOCHU KOMNbIOMEPHOU PEeHM2eHOBCKOU Mukpomomozpaguu. B mo sice epemst
NOSGAAIOUUECS] (HOBbIE KDUMEPUU CELEKIMUBHOCTIUY He CO0epIICam dNeMeHMOs, OMEeHalowux 3a cenek-
MUBHOCIb PA3PYULEHUS U MOAICOCCMBEHHbL KPUMEPUIO PACKPLIMUSL.
Oobnacmuio npumenenus pe3yibmMamos ucciedo8aHull AGIIONMCs NPOYECcyl PACKPLIMUS. MUHEPATLO8
npu usmenbyeHuu pyo, 0Jisi KOMOPLIX KOIULECMEEHHbII NOKA3AMeNb OYeHKU CeLeKMUSHOCU paspyule-
HUSL AGNACMCS BANICHBIM NAPAMEMPOM POPMUPOBAHUS CXeM PYOOROO2OMOBKU, MAK KAK OH CEA3AH C IP-
(exmusnocmblo sHepeonompebieHust u NOLIHOMOU U3GNEHUEHUsL HYHCHO20 KOMNOHEeHMA.

Knrouesnre cnosa: oe3unmezpayusi; ceiekmusHoe paspyuenue; packpovimue, pyoonoo2omosKa.

IHenabio paboThl ABIETCA aHAIN3 NPOOIIEM, 00YCIOBIEHHBIX HEOIHO3HAYHOCTBIO
MIPUMEHEHUST HEKOTOPBIX ONPEIEICHHUM, HCIIOIb3YEMBIX IIPH ONIMCAHUHU IIPOLECCOB PY-
JOIMOATOTOBKHU: PACKPBITHE, A€3UHTETPALUs, CEIEKTUBHOCTh, U 000CHOBaHNE HEOOXO-
JUMOCTH yCTpaHEHHS TEPMUHOJIOTMYECKUX HAPYIICHUH. AKTyaJIbHOCTb 3TOH mpobie-
MBI IPOJUKTOBAaHA PAa3BUTHEM LU(POBBIX T'€OTEXHOIOTUH, Uil KOTOPBIX HapylIeHUE
€[IMHCTBA OINPEAEJICHUN CTAHOBUTCS MPUYMHON Pa3IMYHON TPAKTOBKHU IIPE/CTaBIIsEC-
MBIX PE3YyJbTATOB, OTOXIECTBICHUS BBIBOJIOB, OTHOCSLIMXCA K Pa3HbIM SIBICHUIM
B TIPOIIECCAX PYIONOATOTOBKH. [IpuMEHEHNE HOBBIX MHCTPYMEHTAIbHBIX CPEICTB U
MPOrpaMMHBIX IPOAYKTOB I 00pabOTKH pE3yNbTaTOB OLIEHKH PACKPBITUS Py TPeOy-
eT OOJBILIET0 BHUMAHUSI K METPOJIOTMYECKOMY CONPOBOKACHUIO, IPU3BAHHOMY 00e-
CIIEYUTH COIIOCTABUMOCTb U BOCIPOU3BOJUMOCTb UCCIIEIOBAHUMN.

PaccmoTpuM crnienuduKy HEKOTOPBIX OLpenesieHui. Packpvliéaemocmsy MPEACTaB-
JeT co00i TEXHONOTHYECKUH TTapaMeTp, XapaKTepU3yOIINil CKIIOHHOCTh MUHEPAIOB
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K PacKpBITUIO IPHU pa3pyLIeHuN pyn. Jesunmezpayus (B MeaNbHOM BapuaHTe) O3Haua-
€T MOJIHOE PACKPBITHE MUHEPAJTIOB KaK CTPYKTYPHBIX SIUHHUIL (110 MEXMHHEPATbHBIM 1
ME)X3E€PHOBBIM TPaHHUIIAM CpacTaHus) 0e3 HapylIeHHs WX [eJOCTHOCTH. B Hambomee
obmeM Buze cmenenv packpvimusi (BCKPHITHS) TIPEICTABISAET COO0OH omuowenue na-
paAMempos, XapaKxmepusylouwux pAacKpvlimvle MUHEPATIbl 8 OYEeHUBAeMOM NPOOYKme
(macca, 06vem, Koauwecmeo 3epen u m. n.), K mojiCOecCmeeHHbIM XapaKmepucmukam
MUHepana 8 ucXoOHom npooykme (pyoe, npooe, knacce kpyntocmu u m. n.). OCHOBHBIC
npoOIeMBI paCKpPBITUS B OONBIIEH CTENIEHN CBS3aHbI ¢ QOPMUPOBaHHEM MOJIENH TIPE/I-
MeTa OICHKH, MOCKOJBbKY OOJBIIOE pa3HOOOpaszue CTPYKTYPHO-MHUHEPATOTHYCCKUX
XapaKTEPUCTUK PyA M YCIOBUH WX pa3pylICHHUS IMOPOIUIO MHOKECTBO MoZeNel pac-
kpeiTus. Eciiu B wacTu onpenenenus TepMuHa «packpbeitie» (liberation) cymectsyer
oTpeesICHHOE €INHCTBO B 00JIACTH €r0 MPUMEHEHUS, TO YHU(HUKALUS U CTaHAapTH3a-
[IMs1 METOJIOB TIOATOTOBKH OOBEKTa OIEHKH BBI3BIBAET MHOTO BOIIPOCOB [1-6].

MeTomosorusi ucciae0BaHuii OCHOBaHA HA aHAIHM3€ HEKOTOPBIX U3 CYIIECTBYIO-
mux Mozenel packpeitus. OOIM HEJOCTaTKOM MHOKECTBA MOJIENIel PacKphITHSA, HE
3aBUCSIIUM HU OT CTPYKTYPHI Py, HA OT MEXaHUYECKUX CBOWCTB CAMUX PAaCKpHIBae-
MBIX MUHEPAJIOB, SIBISETCS TO, YTO B UX OCHOBE JIEXKaT MpEACTaBICHUS O OMHAPHOM
CHCTEMe PAacKPBIBACMbIX KOMIIOHEHTOB U CIy4ailHOM paspyuienuu. [lpu Takux orpa-
HUYEHHSX TOKA3aTellb PACKPBITHS OLIEHHBAET HE CTOJBKO CKIOHHOCTBH PYIBI K OCBO-
OOXKJICHUIO MIUHEPAJIOB, CKOJIBKO Pe3yJIbTaT B3aUMOJICHCTBHUS HATPYIKAIOIIETO YCTPOU-
CTBa C OOBEKTOM paspymieHua. VIckaxkeHne YCIIOBHI BOCIPOHM3BOAMMOCTH U
COIIOCTABJICHHUS PE3yJbTaTOB Pa3pylISHUS B 3HAYUTENBHOIN CTENEHH CBA3aHO C Hapy-
HIeHUeM TpeOOBaHMH EJMHCTBA METPOJOTMYECKOTO oOecredeHHsl, 00yCIOBICHHBIX
NPUMEHEHUEM Pa3IMUHBIX HArPYKaIOIIUX YCTPOHCTB M Pa3HOTO IPaHyJIOMETPHUECKO-
r0 COCTaBa UCXOMHOTO MpoayKTa. Kpome Toro, Ui yrnpoIeHus: MoJiesIei ¥ UCTIONb30-
BaHUS MPOCTHIX MATEMATUIECKUX BHIPAKEHUH B HUX BBOIAT OTPAHUIUTEIHHBIE yCIIO-
BUs, CHIDKAIOIINE OOBEKTHBHOCTH pe3ynbTaroB. Hambomee pacmpocTpaHeHHBIMHU
OTPaHHYCHUSIMH SBIISFOTCS TPEATIONIOKEHHS O PABHOIPOYHOCTH MHUHEPAJIOB, aIlPOK-
CHMallisl MUHEPAJIOB 3epHAMH NPAaBMIIbHON (POPMBI OTMHAKOBOTO pa3Mepa, mpeHeope-
JKCHUE METPOPU3MUECKUMH XapaKTEPUCTUKAMH Py H AP.

B pabote [7] nmpennpuHATa MOMBITKA KOMITBIOTEPHOTO MOJICITHPOBAHUS PACKPBITHS
PYA B paMKax CTOXaCTHYECKOTO TMOAXO0a M CIIyIaifHOTO pa3pymieHus. [1oqo0HbIH mom-
XOJI IPUMEHHM JIJISl aHAIH3a OMMHUHEPAIFHBIX CUCTEM C TIPOCTON Mopdoorueii CTpyk-
Typsl. PacnpocTpanenne Mozmenu ¢ TaKUMH OTPaHMYCHUSIMH Ha MOJMMUHEpaJIbHBIE
CHCTEMBI C ITUPOKHUM CIIEKTPOM CTPYKTYPHBIX XapaKTEPUCTHK HE IO3BOJISIET OMYYUTh
NPaKTHYECKH 3HAYMMBIC Pe3yNIbTaThl 0e3 BBEIICHHS B MOJIENb ApaMETPOB, ONpeIes-
FOIUX packpeiTie. CTPyKTYpHBIE TapaMeTphl, (PN3NKO-MEXaHUIECKHE CBOWCTBA KOM-
MMOHEHTOB pa3pymiaeMON PYIbl, TPEIIMHOBATOCTH MUHEPATIOB, (PAKTOPHI HarpyxKe-
HUS — HETIOJTHBIN NIepeueHb (PaKTOPOB, BIMSIONINX HA PACKPBITHE TIPH Pa3pylIICHUH PYII.
AJICKBaTHOCTh KOMITBIOTEPHOTO MOJAEIMPOBAHMS PACKPBITHS CTAaHOBHTCS ele Oonee
npoOeMaTudHON TP TOTBITKE YYECTh 3aBUCHMOCTH CTPYKTYpBI HAIIPSHKEHHOTO CO-
CTOSIHUSI OT ITapaMEeTPOB HAIPYKEHUSI, KOTOPOE OTIPEIENICT B KOHEUHOM UTOTE THII pas-
PYIICHHS: TPAHCKPUCTAITUTHBIN WM HHTEPKPUCTAIITUTHBIN. YCIIO)KHEHHE MaTeMaTH-
YECKUX MOJIENIel Tpoliecca pacKpbITUS IPH MOMNBITKAX YIECTh H3MEHEHHUS CTPYKTYPHI
Y CBOWCTB MUHEPAJIOB B DJIEMEHTAX PACKPBITHS, BHOBb OOpa3yIOLIMXCA Ha KaKIOM
niare paspyulieHus,, OrpaHUYMBACT BO3MOXXHOCTH MPAaKTUYECKOTO WX IMPUMEHEHHSI.
Cepbe3Hoii mpo0dieMoii KOMITBIOTEPHOTO MOJICIIMPOBAHUS PACKPBITHS SIBISIETCS OTCYT-
CTBHE KOJMYECTBEHHBIX MMAapaMeTPOB MOP(HOTCHETHUECKUX U CTPYKTYPHBIX Xapakre-
PUCTHK pyI C DPa3IMYHBIM THIIOM CpPAcTaHWH MHUHEpaloB. YKa3zaHHBIE (aKTOPHI
MIPUBOMAT K HEOIPEEIIEHHOCTH pa3MepoB (ppakiuii, B KOTOPBIX W3HAYAIBHO MPEIO-
JaraeTcsl MpoBeICHUE OLIEHKU MOKa3aTellsl PACKPBITHA NP aHAIM3€E MPOLECCOB MU
o0opyaoBaHUs AJsl paspylieHrs. B cuily IIMPOKOTo CreKTpa meTporpapuuecKkux Xa-
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PaKTEpPUCTHK PyA HEBO3MOXKHO allpHoOpH 3a7aTh YHU(UIIMPOBAHHYIO I'paJalllio Kiac-
COB, B KOTOPBIX HEOOXOMMO MPOBOANUTE aHAINU3 PACKPBITUS. YKa3aHHBIE 00CTOSATENb-
CTBa MPHUBOIAT K CHIDKCHHIO BOCIIPOM3BOAWMOCTH W COIIOCTABJICHUS OILIEHOK
packpeITust. [IpakTHdeckn 3HaYUMBIA PE3yITBTAT MOAETHPOBAHHS TIPOIIecca paspylie-
HUS Py BO3MOXKEH JIAIIH [P yUeTe BceX (PAKTOPOB, OMPEAETSIONINX PACKPBITHE, 3HA-
YUTENBbHYI0 YacTh KOTOPHIX MOXKHO OIPEIETHTh IKCIIEPUMEHTAJIbHBIM MyTeMm [8].
TakuMm 00pa3zom, (hruznvIeckoe MOACIUPOBAHHE IPOLIECCOB PACKPHITHS HA OCHOBE MHO-
JKECTBA IKCIIEPUMEHTAIBHO OTIPENEIIEMBIX ITaPaMETPOB ABJISICTCS Hanbosee ajileKBar-
HBIM METOJIOM OIICHKH TOKa3aTelsi paCKpPBITUS MUHEPAJIOB, CTOJb HEOOXOAUMOTO TPH
MPOEKTUPOBAHUHM W CO3JAHUM TEXHOJIOTHH TepepadOTKh MHHEPATBHOTO CHIPHS.
B xoHTEKCTE ompeneneHus TEPMHUHA «PACKPBITHE» B IINTEPaType MOXXHO BCTPETHTH
nokasaTesnb (KO3(QQHUINEHT) CEIEKTUBHOCTH pa3pyLeHUs (M3MEIBYCHN).

Tak, B pabore II. E. Ocramenko (ciemyer OTMETHTh, YTO IO WHUIIMATUBE
I1. E. Ocranenko B Hauyane 1970-x rr. B HUW «YpanmexaHoOp» ObLIM Ha4aThl UCCIIC-
JTIOBaHUS CBOMCTB T'PaHUI] CPACTAHHS MATHETHUTA B )KEJIE3HBIX PyJaX; CCHUIKH Ha ITyOIIH-
Kalliu TI0 JaHHON TeMe IMpHBelNeHBI B paboTe [8]) OJHOBPEMEHHO C TPaAWIIHOHHBIM
ToKa3areneM packpbiTHs (BckpbiTHA) P, = n, /N, (n, — 9uCIO PacKpBITBHIX 3€pEH;
N — obmiee YKMCIIO 3€peH i-ro MUHEpPana) IPUBOAUTCA KOO()(QUIMEHT CENCKTUBHOCTH
usmenpuenus y = S, /S o (S, — BHOBb 00pa3oBaHHas IOBEPXHOCTH M0 IPAHMIIE Cpa-
CTaHUs MUHEpANOoB; S . — 00Ilas BHOBb 00Opa30BaHHAs IOBEPXHOCTH U3MEIFYEHHOTO
npojaykra, M*/r) [5]. ABrop [5] He ciydaiiHO BBOAMT pa3HbIe TIOHSITHS IS XapaKTepH-
CTHKH PYIBI M IS TIOKA3aTelsi M3MEJFIeHHUS — CTETIEHb PACKPBITHS U CEIEKTHBHOCTh
packperTust. [IpennoxeHHbIi moKa3aTelb \y OHO3HAYHO CBA3BIBAET CEIIEKTHBHOE pa3-
pYIIeHHE ¢ TapaMeTpaMy MOBEPXHOCTH cpacTaHus MuHepanoB. [IpenenbHble 3Have-
Hus nokazarens y = 1 (unu y = 0) 03Ha4aroT, YTO PaCKPBITUE MUHEPAJIOB IIPOU3OIILIO
(Mu He MPOM30IIJIO) MO HOBEPXHOCTH CpacTaHus, T. €. CEJIEKTUBHO (HECENEKTUBHO)
OTHOCHUTENILHO TIOBEPXHOCTH, PasfeNsAromel MuHepannl. [l ouenku S, aBTop npu-
MEHWI OPUTHHAIBHBIA CIIOCO0 CENeKTUBHOTO PACTBOPEHHS ONHOTO W3 MHHEPAJIOB
B MCCIIEyEMOM CpacTaHHH.

ITokazaTens CeNeKTUBHOCTH W3MEIBYCHHUS, CTPYKTYPHO MPABWIBHO OTPaXKAIOIIUN
MOJieNlb PAaCCMaTPUBAEMOr0 sBJIEHUs, NpescTaBieH B pabore [9]: Ky = (E, - E))/E,
(E,, — moBepXHOCTHAs SHEPTUs BCEX MUHEPAJIOB B HCXOIHBIX KYCKax; £ — IIOBEPXHOCT-
Has SHEepPrusl BCEX YacCTHI[ MOCTEe W3MENBUYEHUS — OCBOOOXIECHHAS IMMOBEPXHOCTHAS
SHeprus; £, — He0CBOOOXKICHHAs TOBEPXHOCTHAS YHEPIUsl KOHTAKTOB MEK1y MUHEPa-
JIAMH B CPOCTKaX). Y (PU3NYECKHU aZeKBATHON (OPMYIBI €CTh OIUH HETOCTATOK — OT-
CYTCTBYIOT METOJIbI U CPENICTBA SKCIEPUMEHTAIBHOTO ONPENEICHUS BXOIIINX B HEe
BEJIMYMH, YTO IIPEBpallacT JaHHOE BBHIPAKEHUE B TEOPETHUYECCKHI aHOHC, JIMIIEHHBIH
MPaKTHYECKOTo cMbicia. O4eBUIHO, B CHITY JJAHHOTO OOCTOSITENbCTBA YKA3aHHBIH 1MO-
Ka3aTresb Tak U He OBbLT H3MEPEH Ha MPOTSHKEHUH y>Ke HECKOJIBKHUX IECATKOB JIET.

MopaudunrpoBaHHBIE MOEIH PACKPHITHS, TOSBUBIINECS B TOCIIETHNE TO/IBI, B 3HA-
YUTENFHOW CTETICHH CBS3aHBI C MOSIBIEHUEM HOBBIX HMHCTPYMEHTOB W IPOTPAMMHBIX
CpPEACTB aHalU3a CTPYKTYPBI, COCTaBa Pyl U NPOAYKTOB UX paspymeHus. K ux uuciy
MOYKHO OTHECTH MOJIEJIb, OCHOBAaHHYIO Ha MOCTYJIaTaX O HECIy4allHOM pa3pylIeHUHU
PYZL ¥ Ha HOBBIX KOJMUYECTBEHHBIX CTPYKTYPHBIX HapaMeTpax, MOTyYSHHbIX METOI0M
KOMITBIOTEPHON peHTreHoBckoil Mukporomorpaduu [10]. IlocTpoerne TpexmepHOTrO
n3o00paxkeHus: 3D-CTPYKTYpHI B COYETAaHUM C TPagulHOHHBIMU 2D- u 1D-metomamu
aHaNM3a CTPYKTYP AeT BOZMOXXHOCTh TOJTYYHTH MOTHOE MPEACTABICHHE O TEOMETPUH
MOBEPXHOCTH CPAaCTaHMsI MHHEPAJIOB U OOBEKTUBHO OLIEHUTH PaclpeieieHNe PacKpbl-
THIX MUHEPAJIOB U CPOCTKOB IO KPYMHOCTH. Takoi MOAX0A MM03BOJISIET CHU3UTH HEBSA3-
KM pe3yJbTaTOB OLIEHKH CTPYKTYPHBIX XapaKTEPUCTUK Py, O0YCIOBICHHBIE CTEPEOIIO-
TUYCCKOW PEKOHCTPYKIMEH TIpH TIepeBOAE IapaMeTpoB OO0BEKTa W3 IUIOCKOM
B TpexMepHyto. TeMm He MeHee CTa0bIM 3BEHOM YKa3aHHOTO TIOIX0/1a OCTAETCS HTHOPH-



82 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 1. 2019 ISSN 0536-1028

pOBaHME CTaHJAPTH3ALUHU YCIOBHH pa3pyLIeHHUs, 00eCIIeUNBAIOIINX COMOCTaBUMOCTh
XapaKTEPUCTHK MPUIaraeéMbIX Harpy3oK.

B HenaBuux paborax [11, 12] mpencrapieHa «HOBask METOIUKA OIICHKH CEIICKTHB-
HOCTH TIPOIECCOB JpobneHusn». CChilasich Ha MPUMEHEHHE COBPEMEHHBIX METONIOB
TEXHOIIOTUYECKON MHHEPAJIOTHH, aBTOPHI BBIBOIAT «KPUTEPHH CEIEKTHBHOCTHY, TO-
3BOJISIIOLIMM, [0 UX MHEHHIO, OLIEHUBATh dPPEKTUBHOCTH TPOOUIBHOTO M U3MEIBIH-
TesnpHOrO 000pynoBaHusi. CeNeKTHBHOCTh ApOOJICHHs MpejiaraeTcsl OLEHHBATh I10
dopmyne L =7y, (N, /N,), Tae v, — BBIXOz i-ro Ki1acca B Jpobiaenom npoxaykre; N, — ko-
JMYECTBO CBOOOTHBIX 3€PEH MOJIE3HOT0 MUHEpasa B 3a[aHHOM KJIacCe KPYITHOCTH JAPO-
Onenoro npoxykra; N,; — KOMM4ecTBO CBOOOIHBIX 3€PEH MOJIE3HOIO MUHEPAIIA B 3a1aH-
HOM KJIacce KPYITHOCTH UCXOIHOTO Marepuana; i — kiracc KpymHocta. [IpocToit ananm3
MIOKAa3bIBAET, YTO «HOBBIH KPUTEPU» HE COACPKUT HUA OZHOTO 3JIEMEHTA, OTBEYArOILe-
TO 32 CEJIEKTUBHOCTH pa3pylieHus. lo0cTaTo4HO CPpaBHUTH MPEACTABICHHBIN B yKa3aH-
HBIX paboTax «KPUTEPHIi CEJIEKTUBHOCTHY C TPAIUIIMOHHBIM OTIpE/IeICHUEM MoKa3are-
TS pacKphITUS, YTOOBI yOemuThCs B OdYEBHAHOM: GopMylna sl «KpUTEpHUs
CeNIeKTUBHOCTH npodienus» B [11, 12] ToxxaecTenHa Gopmyne koddduimerTa cremne-
HU PacKpBITHS MUHEPAJIOB [ 1—6] Kak 1Mo BXOASIINM B Hee ImapaMeTpam, Tak U 1o MeTo-
JaM UX U3MEpeHus. YKa3aHHbIE METPOIOTHUYECKUE HETOYHOCTH MOXKHO ObUIO OBl CBSI-
3aTh C HENIPABUJIbHOU TPAKTOBKOM MOHATHS «CEJIIEKTUBHOCTD pa3pylueHus». Ha Hux He
cienoBasio Obl 00panaTh BHUMAaHHS, €CJIM Obl OHU HE MOSBIUTUCH C ONpPEeNICHHOM
MIEPUOINIHOCTHIO Ha CTPAHMIIAX aKaJIeMHUYEeCKNX M3JaHW{, B MaTepHajax MeXIyHa-
POAHBIX KOH(epeHIn U KOHrpeccoB. s Toro 4To0bl MaTeMaTHIeCKOe BEIPAKCHHE
OTpaXkaJlo CTENEHb CEJIEKTUBHOCTH, OHO JI0JDKHO, KAK MUHUMYM, COAEPKaTh IoKa3are-
JIM, XapaKTEePU3YIOIIUE CEJICKTUBHOCTh Pa3pyLICHHs], HAPUMEP CTEPEOMETPHUUECKUE
mapaMeTphl pyabl U MIPOAYKTOB pa3pyIICHHs, Kak B paboTe [S], Wik COOTHOIICHUE YHC-
J1a 3€peH PACKPHITBIX MHTEPKPUCTAIUIUTHO W TPAHCKPUCTAIIUTHO, KaK B pabote [7].
TepMuHOIOTHYECKas «ITyTaHUIA», BO3MOXKHO, CBSI3aHA C MMOBEPXHOCTHBIM TPEICTaB-
JeHreM O (PU3UYECKO CyTH SBJICHHUU CENEKTHBHOTO pa3pylICHUs W IEe3MHTErPaIiH.
Hezunmezpayus B 001LEM cllyyae O3HAYaeT «paclaj, pa3jIoKeHHEe LEeJIOro Ha COCTaB-
HBIE YacTh» (OTOXKAECTBICHHUE €€ C CEIEKTHBHBIM Pa3pyIIeHHEM BO3MOXKHO JIUILb IPH
OTIpe/IeTICHHBIX YCIIOBUAX). B mporeccax pyaonmoAroToBKH Je3WHTETPAlUI0 MOKHO
paccMaTpuBaTh KaK pe3ynbTar paciaja arlioMepUPOBAHHON CTPYKTYPBI, COCTOAIICH U3
CBSI3aHHBIX MEXIy c000i1 MHHEPAIIOB, U TIEPEBOJI €€ B COCTOSHIE, B KOTOPOM BCE BXO-
JITIAEe MUHEPAThl (PU3UYECKH OTHEICHBI APYT OT Apyra (pacKpwiTel). B oTmuume ot
TEpPMHUHA «pa3pyLIeHre» (B 00LeynoTpeOUTENEHOM CMBICIE) «I€3HHTErpaLlus Ipe-
CTaBisieT coOOH MONTHOE pasfiefieHre arsioMepara (KOHIIoMepara) Ha COCTAaBIISIFOIIUE
€r0 DIIEMEHTBI, TIPY 3TOM OTHOIICHHE MOBEPXHOCTH CPACTAHUSI SIEMEHTOB CTPYKTYPHI
K TIOBEPXHOCTH pa3pylIeHHs paBHO eIWHUIE. B 3TOM cMBICIe OIeHKa MoKasaTeneit
UCabHON Ae3NHTETPAIliU OKa3hIBaeTCA OECCMBICIEHHOM, IIOCKOIBKY JIE3HHTETPAIUs
00 ecTh MOJIHBIN pachaj CTPYKTYPHI Ha €€ COCTaBISIOIINE, THOO0 ee HEeT, U IpoLecc
HE 3aBEpILCH, JIMOO 3aBepILEH C pa3pyLICHHEM 3JIEMEHTOB, COCTABIISIIOIINX CTPYKTYPY
arnomepara (pyasl). s mpakTHYeCcKoil OLIEHKH CTENEeHH pa3pylIeHns MUHEPaIbHOTO
CBIPhSI Ha Pa3HBIX CTAJIUSX PYIOMOrOTOBKH MOXKHO PACCMaTPUBATH OTHOIIICHHUE YU CIIa
PacKpBITHIX (0CBOOOKIEHHBIX) CTPYKTYPHBIX 3JIEMEHTOB K 00IIeMy UX YHCTy (WIH K
OCTAaBIIIMMCS B HCXOJTHOU CTPYKType). Takoe ornpeneneHrne KOppecrmoHaUpyeT C ToKa-
3aTesieM pacKpbITUs MpH pa3pyeHnu pyd. OqHako He00X0IUMO TOHUMATh KaueCTBEH-
HOE pa3nyKe dTUX ONpeesIeHUH, TOCKOJIBKY B unuciuTesne (opMyibl OKa3arenis pac-
KPBITHS BKJIFOUEHBI BCE CBOOONHBIE ()parMEHTHI paCKPbIBAEMOTO MUHEpAJa, IIPH STOM
HE JIEJTaeTCsl HUKaKUX OIIeHOK, KaKUM 00pa30oM MPOH30IIIIO UX pa3pyIIeHHE: TI0 TPaHH-
1le cpacTtaHusi (MHTEPKPUCTAIUITMTHO) WITH 10 3€pHY MHUHEpasa (TPaHCKPUCTAIUIUTHO).
B obmem cnyyae npu u3MeNbUEHUN Py OAHOBPEMEHHO C «IE3HHTErPaLuein» mpouc-
XOIOUT pa3pylleHHE YK€ PACKPBITHIX CTPYKTYPHBIX €AWHUI (II0 UMEIOLUIMMCS B HHUX
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TpelrHaM, IpaHullaM 3epeH arperara u T. I.). [lonydeHHoe B pe3ynbTare 3THX Mpo-
[IECCOB YBEJIIMYECHHE TIOKA3aTeNsl pacKphITHA (32 CYET POCTa YKCiIa MePEen3MeTbIeHHBIX
PacCKpBITBIX T-IaCTI/III) HE MMCCT HUKAKOI0 OTHOHMICHHUSA K «KPUTCPUIO CCIICKTUBHOCTU
IpoOJIeHHs», TOCKOIBbKY HE CBA3aHO C CEJIEKTUBHBIM (MHTEPKPHCTAIIMTHBIM) Pa3py-
HIEHUEM OTHOCUTEIILHO IPaHULl CPAacTaHuUs.

BaxxHpIM 00CTOATENHCTBOM NPHU aHAJIN3E NE3MHTETPALMH SIBISETCS HEOOXOAU-
MOCTbH YUUTBIBATh MAcCIITA0 BBIACTSAEMBIX CTPYKTYP: arperar (MIOJUKPUCTAILT), 3epPHO
(MOHOKpHCTAJLT), MOJIEKyJIa, aTOM U T. 1. BHe yKa3aHHBIX OrpaHHYEHUN MOHATHE Jie-
3UHTErPalUy TEPSICT OIPEENIEHHOCTh, IOCKOJIBKY OTCYTCTBYET IIpeel paciaaa Le-
JIOTO Ha CTPYKTYpPHBIE COCTaBISIIOIIME. B mporeccax pyaomnoaroToBKH 10 yMoIda-
HUIO IPUHUMAETCS, YTO AC3UHTETPaLus TOPHOI MacChl OrpaHUYMBACTCS Pa3MepaMu
CTPYKTYPHBIX JIEMEHTOB, MOAJIEKAIINX KOHLUEHTPUPOBAHUIO: B HJeale 3TO 3epHa
WM arperarsl pa3IndHbBIX MOHOMHHEpANbHBIX (pakiuii. B MuHepaioruu mpuHATO
cUnTaTh MOP(OIOTHIECKONH eAWHHUIIEH CTPYKTYypbl MHHEpPaJbHOE 3€PHO, WHAWBHI,
a MopdooruuecKoi eqUHUIICH TEKCTYPBI — MUHEpAIbHBIN arperat. Pacnan (paspy-
HICHHE) MOJIMKPUCTAIIIMYECKUX MHHEPAJIOB Ha «MOHOKPHCTAJUIBD B CTPYKTYpE,
B KOTOPOH M3BJIEKAaeMblii MUHEPaJl HAXOAUTCSI BHYTPH MaTpUIbl MOJUKPUCTAIIIHYE-
CKOro arperara, MOKHO CUMTaTh JE€3MHTErpanuen JaHHOW cTpyKTyphl. [Ipumepom
I/II[C&JII)HOﬁ ACBUHTErpallil MOXKET CJIYXKUTH pachial CMEP3MMNXCA CBITYUYUX TEJI
(mecka, yis U T. 1.), B KOTOPBIX «CBsI3Ka» B (popme Jib/1a 1o AEUCTBHEM TEIlIa Mepexo-
IUT B UHOE (pa3oBoe cocTOsIHNE — BOAY, OCBOOOXK1asi TBEP/bIE TOPHBIC IOPOABI B UX
€CTECTBEHHOM COCTOSIHUHU. B 1aHHOM cilydae KpucTamndeckas cBs3Ka (Jex) pacma-
JaeTcsi Ha MOJIEKYJIBI BOJIbI (MaciuTad Je3uHTEerpaluy CBI3KH), 0CBOOOXKIas arjioMe-
pHpOBaHHBIE KOMIIOHEHTHI 0e3 pazpyuieHus. [loxoxue mporeccsl MOXXHO HaOJII0AaTh
B NIMHUCTLBIX MMOpOoAax, CoOACpKalluX B MAaTpHUIIC U3BJICKACMbIC MUHECPAJIBI. B mpomnec-
ce AE3MHTErpaluy Mo ACHCTBUEM BOABI TBEPAAs MaTpuUlla NIMHUCTHIX MOPOJ pac-
NaJaeTcsl Ha pa3IMyHble TUAPAThl ATIOMUHHUEBBIX U CIIOMCTBIX CHIIMKATOB, OCBOOOXK-
Jasi «CUEMEHTHPOBAaHHBIC» U3BIEKA€MbIE MUHEPAIBL.

CenexTHBHOE pa3pylIEHHE OTHOCUTCS K 0COOOMY THUITy pa3pyLICHHs, KOTOPOe He
00s13aTeIbHO acCOMUPOBATH C Ae3uHTerpanueid. CenekTHBHOE pa3pylIeHHe 10 Orpee-
JICHUIO SIBJIIETCSI OTHOCHUTEIBHBIM [8§], TTOCKOJIEKY OHO CBS3aHO C HAIIPABJICHHBIM pa3py-
IIEHUEM 33/1aHHBIX AJIEMEHTOB CTPYKTYPbI: IIOBEPXHOCTh CPACTAHHsI MUHEPAJIOB WX W3-
OpaHHass MUHepaJibHas (aza, KOTOPYIO HEOOXOOMMO PA3pyLIUTh ISl «OCBOOOKACHUS)
M3BJICKAEMBIX MUHEPAIIOB, U Ap. OTHOCUTENBEHOCTD CEIEKTUBHOTO MM N30UPaTEIbHOTO
paspyLIeHUs pyAbl MOXXHO IIPOMIIIOCTPUPOBATE CIAEAYIOIIUMH IPUMEPAMHU:

— pa3pylIeHue pyabl Ha COCTaBIIAIONINE MIHEPAJIbI B X €CTECTBEHHON KPYITHOCTH
BO3MOJKHO IIPU CTPYKTYpax, COCTOSIIUX U3 2—3 MUHEPAJIOB, IPOYHOCTh CBSI3U MEXKIY
KOTOPBIMH 3HaYUTENILHO HIDKE IIPOYHOCTH CAMHUX MUHEPAJIOB; MOJOOHOE pa3pyLIeHue —
penKoe sIBIICHHE W eIUHCTBEHHBIM CiIydai, KOorna yaesbHas MOBEPXHOCTh CPACTaHUS
MOKET COBIACTh C YAETbHOH MOBEPXHOCTHIO PACKPHITOrO MHUHEpaia (MaeanbHas U
TIOJTHAsT IE3UHTETpalus);

— paspylleHne BMEMIAIONINX MOPOJI C COXPAaHEHHEM IEJIOCTHOCTH H3BIIEKaEMOTO
MHHEpaja — CUTyaluy OoJiee yacThle; Kak IpaBUiIO, IPOSBISIIOTCS ISl KAMOMOP(HBIX
3epeH M3BJIEKAEMOTO MHHEpajda B PACKPHCTAUIM30BAHHON MOIMKPUCTAIITNYECKON
BMEIIAIONIEH MaTpuIle, Y KOTOPO MEX3EpHOBasi IPOUYHOCTH CBSI3U KPUCTAJIIIOB HIKE
MIPOYHOCTH TPAHUL] CPACTAHUS U MPOYHOCTH CAMOTO M3BJIEKAEMOI0 MUHEpAa; yIelb-
Has TMOBEPXHOCTh CPACTaHMA M3BJIEKAEMOTO MUHEpaja MOXET COBIAAATh C YIEIbHOMN
MMOBEPXHOCTHIO PACKPHITOTO MUHEpaJa;

— HaMEPEHHOE pa3pylLICHHE W3BJIEKaeMOI0 MHHEpaja, COAEPIKallero BHYTPU IIO0-
CTOPOHHHE MUHEPAJIBI; B 3TOM CIIy4ae PaCKphITHE HEM30EKHO CBI3aHO C pa3pyLICHUEM
CaMoro MUHEpaja, U 3a/a4ya CEJIEKTHMBHOIO pa3pyLIEHHs] — CBECTU K MUHUMYMY IIO-
BEPXHOCTh TPAHCKPUCTAIIIUTHOTO pa3pyIIeHUs «II0JIE3HOT0» MUHepaJa.
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ABTOp paboTHI [5], BBOJIS MOKa3aTelh «CEIEKTUBHOCTH U3MENNBICHUS, HE CITyYaiHO
OTOXKAECTBIISIET €r0 ¢ KOI(QPHUINEHTOM UHTEPKPUCTAIUTUTHOTO Pa3pyIICHUs, YKa3bIBast
Ha N30MpaTeNbHOCTH OTHOCHTENBHO TOBEPXHOCTH CPACTaHUS MUHEPAIIOB. YIIOTPEOIATh
TIOHSATHE «CEIEKTUBHOCTH» 0€3 OMHO3HAYHOTO YKa3aHHs 00JIACTH eT0 IPUMEHEHHS — 3a-
BE/IOMO BBOIUTH B 3a0ITy’KI€HUE WM JIEBAIILBUPOBATH caMo ompexaenenue. CkazaHHOe
OTHOCHUTCSI M K HCIIOJIb30BAaHUIO PA3IUYHBIX CIOBOCOYETAHUMN C MOHSATHEM «CEJICKTUB-
HBII» 0e3 ero ueTkoro omnpenenenus. Hampumep, yacto BcTpeyaeMoe CIOBOCOUYCTAHUE
«CEJIEKTUBHAs JC3UHTETPALIMSD) JINIIEHO CMBICIIA IIPA OTCYTCTBUM OIIPECIICHUS U yKa3a-
HUSI TTApaMeTPOB CEJIEKTUBHOCTH. CeNeKTUBHOE Pa3pyLICHUE U JE3UHTErPAIAIO0 MOXKHO
OTOXKIECCTBUT JIULIb B YACTHOM CITy4yae, HallpuMep, KOTIa pacKphITUE U3BIEKAEMBIX MU-
HEPAJIOB TMPU JIE3UHTETPAIIMU OCYIIECTBISIETCS] TOYHO 110 TOBEPXHOCTH CpacTaHus (ce-
JICKTUBHOCTh OTHOCHUTEIILHO TPAHUI] pasjiesia MUHEPAIOB). B pynonoAroToBke, 1elbo
KOTOpPOU SIBISIETCS KOHIICHTPUPOBAHUE PACKPBITHIX MHHEPAJIOB B COOTBETCTBYIOIIUE
MIPOAYKTHI, CEJIEKTUBHOE Pa3pyILIEHUE CBS3a-
HO C pa3lM4YUEM pa3fCiUTEIbHBIX XapaKTe-
puctuk MuHepanoB. Takum oOpa3zoM, roBo-
pUTH O  KpUTEpUAX  CEJICKTUBHOCTHU
paspymieHuss 0e3 UEeTKOro OINpeleeHus
IIPEAMETA OLICHKU — 3aHATHE CPOAHU CXOJIa-
cTuKe (TPEICTaBICHUIX, OCHOBBIBAIOIINX-
Cd Ha OTBICYEHHBIX PACCYKICHUSIX, HE
MIPOBEPSEMBIX OIBITOM).

O0nacThI0 MpUMeHEHHUS Pe3yJIbTaToB
UCCIIEIOBAaHUN SIBISIIOTCSA IPOLIECCHI pac-
KPBITHSI MUHEPAJIOB MPU U3METBICHUH DY,
JUIsl KOTOPBIX KOJIMYECTBEHHBIN MMOKA3aTelb
OLICHKU CEJICKTUBHOCTH pa3pyLlIEHUs CBSI3aH
¢ 3} }eKTUBHOCTBIO PHEPronoTpeOICHUS U
MOJIHOTON M3BJICUCHUS HY>KHOTO KOMITOHCH-
Puc. 1. 3epkanbHoe OTpa’keHHE MOBEPXHOCTH Ta. OIHAaKO Ha CErOIHs HET HH OJHOTO Hpu-
HapHBIX N3JI0MOB. /, T'— MHTEPKpUCTAJUINTHOE U MEpa 000CHOBaHHOTO pacucTa (I/I3MepeHI/I$I)
TPaHCKPUCTAJUIMTHOE PaspyIICHUEC MUHCPAJIOB KpUTEpHs OLICHKHU CEIICKTUBHOCTH pa3pyIe-
Fig. 1. Mirror reflection of a twin-
fracture surface. /, T — intercrystalline and Y- Du3nyecKn KOPPEKTHAS OLICHKA CENeK-

transcrystalline mineral destruction TUBHOCTHU pa3pylICHUA BO3MOXKHA JIMIIb IIPpU
OJTHO3HAYHOM WACHTU(UKAIUU COCTOSHHS
IIOBEPXHOCTU IPOAYKTOB pPa3pyLUCHUs, MO3BOJSIOIIECH ONPENEIUTh COOTHOLIECHUE
TPAHCKPUCTAJUTMTHON W MHTEPKPUCTAIUIUTHOW BHOBH OOpPa30BaHHOHN ITOBEPXHOCTH.
B Hacrosiee BpemMs 0TCyTCTBYIOT METPOJIOTHIECKH O€3yIIPEYHBIE METOIBI OIIEHKH TI0-
Ka3areys CENeKTHUBHOCTU Pa3pylISHUS s MPOMYKTOB IPOOJICHHUS M HM3MEIBYCHUS.
s oOpa3rioB mpaBUIBHONH (QOPMBI M3BECTHA METOIWKA OIEHKU CKIOHHOCTH PYI
K CEJICKTHBHOMY Pa3pyIIeHHIO [8], KoTopas OCHOBaHA Ha aHAJIN3€ MOBEPXHOCTEH pas-
pylieHns, 00pa30BaHHBIX MPH KOHTPOIUpyeMoi Aedopmannu pactsokeHus (puc. 1).
[lomyuaemast B 3TOM MeToAie MUKpOQpakTorpadus MoBEpXHOCTH MAPHOTO CKOJa TO-
3BOJISIET UACHTU(UIIMPOBATH BU Pa3pylICHNUS: TPAHCKPUCTAILUTUTHBIN (IO 3epHY MH-
Hepana 1) Win HHTEPKPUCTAIUTMTHBIN (TI0 TPaHUIIE CPacTaHUsI MUHEPAIOB / ).

CreneHb CeNIeKTUBHOCTH pa3pyleHHs 00pasiia pyas! OLIeHUBaIaCh METOAOM CTPYK-
TYpPHOT'O CTEPEOJIOTHYECKOTO aHAIN3a IIyTEM pacueTa IUIOIIAIN U YUCIA 3€PEH C HJIEH-
TH(UITUPOBAHHBIMH MTOBEPXHOCTSIMH CKOJIOB (B TaHHOM CITydae MarHeTUTa U BMEIIao-
mei Marpurel). OTHONIEHWE TUTOIAAM 3€peH MarHeTHTa, pa3pyIIeHHBIX
UHTEPKPUCTAJUIMTHO S, K TIOJIHOM IIOBEPXHOCTH Pa3pyILEHUsI MATHETUTA, BHIXOAAILETO
Ha IOBEPXHOCTb M3JI0Ma, MOXET CIYXUThb KPUTEPHUEM CEJICKTUBHOCTU PA3PyLICHUS
A7 1anHoro muepana K =S, /(S + S, tae S, — miomans MoOBEPXHOCTH 3€PEH MarHe-
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TUTA, pa3pyIIEHHBIX 10 00beMy 3epHa (TPaHCKPUCTAIUIUTHOE pa3pyuenue). C yueTom
M3BECTHBIX CTEPEOIOTHUECKUX COOTHOLICHUH, BEIpa)KEHHE MOKHO 3amucarh B Gpopme,
yno0noii ns sxcnpecc-ananusza K =N, /(N. + N,), toe N,, N, — uncino 3epen ¢ uHTEpKpH-
CTAJUTUTHBIM M TPAHCKPUCTAJUIUTHBIM H3JI0MOM. Paspymienue oOpasna nmpaBHIBHON
(GopMBI C HaZPE30M IIPU TPEXTOUEIHOM H3THOE SBISAETCS OJHUM M3 HEMHOTHX CIIOCO-
0OB MOyYEHUS] U BO3MOKHOCTH COIIOCTABJICHHS IaPHBIX TIOBEPXHOCTEH ISl OLICHKH
xapakrepa paspymenus. [Ipu 1poOneHny 1 U3MENBICHUH py/a TTOIBEPraeTcs CI0XK-
HBIM JieopManusaM, OOYCIIOBICHHBIM TpaHCopMaleld NPHIOKEHHBIX Harpy30k
B JeopMaluy CKaTHs, CABUra U pacTsbkeHus. OCHOBHAs CIOXKHOCTh OJHO3HAYHOM
OLICHKHU TOKa3aTess CeIeKTUBHOCTH O0YCIIOBIEHA TEM, UTO B pEe3y/IbTaTe pa3pylIeHHs
o0pasyeTrcsi MHO)KECTBO ()parMEHTOB C Pa3HbIM THIIOM MOBepXHOCTH. MnenTrduKkanus
NPUHAUIEKHOCTH TOBEPXHOCTH Pa3pyLICHUs] U OTHECEHHE €€ K KOHKPETHOMY THITY
NpeAcTaBIseT co00M 3a1ady, KOTOpasi IIOKa He MMEET MIPOCTOTO PELICHUs, IPUTOJHOTO
JUTSL ITUPOKOH TIPaKTUKH.

Taxum 06pa3om, OHOM U3 BAXKHBIX 33]1ad COBPEMEHHOU TEXHOJIOTUIECKON MUHEpa-
JIOTUH B PEIICHUH IPOOIIEM palliOHAIBHOM PYJONOTOTOBKY SIBIISIETCS CO3/1aHUE MOJIe-
JIel, CIIOCOOHBIX YUECTh U O0BEAMHUTD TPH IPYIITHI (PAKTOPOB: KOMITJIEKC XapaKTepu-
CTHK PYIbl (CTPYKTYPHBIX U (PU3UUECKUX), NMApaMETpPbl HArpy>KeHUss M TPeOOBaHHUsI
K KOHEYHOMY MPOAYKTY (Ka4eCTBO KOHIIEHTPATa, YHEPToNoTpediieHne, IpaHyIOMETPH-
YeCKUIl COCTaB U T. I.). YKa3aHHas KOHBEPreHIUS MpEAIoyaraeT MeTPOJIOTHYECKOe
CONPOBOX/ICHUE, 00ECIeUnBaoNIee €ANHCTBO TEPMHHOJIOTHH, €AWHCTBO METOJOB
OLICHKH TTOKa3aTesel, ONpeAeIomnX pa3pyIieHne Py U PacKphITHE MHHEPAJIOB.
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Abstract
Research aim is to analyze the problems of ores disintegration study conditioned by ambiguous definitions
of the terminology: liberation, disintegration, selectivity, etc. In the course of the analysis, the differences
in the concepts characterizing the properties of ores and disintegration processes are substantiated: "the
degree of liberation" and the "index of destruction selectivity”. Unlike disintegration, selective destruction
is relative, because it is associated with the directed destruction of selected structures. As such structures,
it is possible to note: the surfaces of the intergrowth of minerals, the mineral phase, which must be
selectively destroyed for the "liberation" of minerals to be extracted, etc. Selective destruction and
disintegration are identical only in the particular case when the liberation of minerals being recovered
during disintegration is carried out exactly along the intergrowth concerning the fusion of minerals.
The research methodology included the assessment of the limitations of various ore liberation models
associated with the concepts of a binary system of liberation minerals, accidental failure, independent of
either mechanical properties or ore structure. Modification of models is associated with the emergence
of new tools and software products for structure and composition analysis, in particular, computer X-ray
microtomography. At the same time, the emerging "new selectivity criteria” do not contain elements
responsible for the selectivity of destruction and are identical to the disclosure criterion.
The field of application of the research results are the processes of minerals liberation in the grinding of
ores, for which the destruction selectivity assessment quantitative measure is an important parameter in
the formation of ore dressing schemes, since it is related to the efficiency of energy consumption and the
desired components extraction completeness.

Key words: disintegration; selective destruction, liberation; ore dressing.
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Market capitalization of the largest enterprises
of Russian mineral resources sector in the conditions of a resource
export economic model
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Abstract
Research aim. The article is dedicated to the fundamental analysis of stocks of the largest enterprises
of Russian mineral resources sector. The interest to the given subject has been attracted due to high
market capitalization and, consequently, investment appeal of the given companies in the conditions
of a resource export economic model.
The subject of the research. Highly liquid stocks (blue chips) of eight resource companies served as the
subject of the research: PJSC ALROSA, PJSC Gazprom, PJSC MMC “Norilsk Nickel”, PJSC NOVATEK,
PJSC LUKOIL, PJSC “Surgutneftegas”, PJSC TATNEFT, and PJSC Rosneft Oil Company.
Research methodology. Fundamental analysis tools are the price multiples: “market capitalization / net
earnings”, “market capitalization / sales revenue”, “market capitalization / book value of net worth”.
Results. The analysis has shown that out of all the issuers under consideration only PJSC Gazprom can be
distinguished as the most sustainable company possessing optimal price multiples, in the other cases the balance
between market capitalization of the enterprises and financial results of their activity is to some extent lacking.
Almost all of eight Russian resource companies under consideration are overvalued by the market.
Results application area. The results of the research can be used by investors willing to invest money in
blue chips of Russian stock market.
Summary. The results of the fundamental analysis involve determinating speculative character of stocks
of almost all large enterprises of Russian mineral resources sector. It points to the riskiness of investing
in the given securities: any negative external information can lead to sharp stock prices decline and to
their issuers’ market capitalization decrease.

Key words: market capitalization; largest enterprises of a mineral resources sector; export-oriented
economic model; innovation model of economy; price multiple; blue chips.

Introduction. The analysis of modern social-economic situation in Russia testifies
to the redlization of a resource export model of national economy characterized by
obvious resource orientation of the country’s export.

Firstly, because of significant fluctuation of raw material prices [1], as well as other
macroeconomic factors impact [2—5], macroeconomic instability increases, financial
crises occur, and national companies’ investment appeal finally falls. It turns out that
under the realization of a “resource” model social-economic situation in the country
depends largely on world prices for natural resources (oil and gas first of all).

Secondly, the potential of a “resource” model is limited by the proved mineral
reserves which deplete in the course of time and in order to replenish them it requires
to carry out expensive works on new mineral deposits prospecting and exploration
[6-8]. Significant capital investments in “resource” sector reduce money flow in other
(including knowledge-based) economic sectors, and mineral production as a whole
leads to the reduction of national wealth of the country.
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Thirdly, the formation of bonds between the state and resource companies is common
with the “resource” economic model, which restrain competition and lead to the given
companies monopolism distorting investment processes in economy. High rate of
return of the “resource” sector attracts best material resources, labour force, and
financial resources, thereby impoverishing other sectors. Things are made worse by the
fact that capital surplus of the resource companies is utilized extremely irrationally
(exported) [9-12].

Because of the monopolistic position, share yield (exchange and dividend) of national
resource companies is on average higher than yield of many other financial instruments.
Being highly liquid stocks (blue chips), they are one of the main financial investments
along with bank deposits, government bonds, real estate, precious metals, etc.

The rating of the most valuable Russian public companies [13], formed by the rating
agency RIA Rating of a media group MIA Rossiya Segodnya, shows high market
capitalization of the largest companies of Russian mineral resource sector (table 1).
However the world’s practice shows a tendency towards the reduction of market
capitalization of resource companies as compared to high-tech companies which have
recently reached the first places in capitalization ratings [14].

Table 1. The largest companies of Russian mineral resour ces sector by capitalization [13]

Tabauna 1. Kpynseiinmme koMnannu MUHEpPaJIbHO-CHIPbEBOro KoMiiexkca Poccun
no kanurtajausanuu [13]

Capitalization, $ min (company’s position in the rating)
Company (branch) 2016 2017 2018
(at the end of (at the end of
(at the end of 2015) 2016) 2017)

PJSC Gazprom (oil and gas production and 44258 (1) 59932 (3) 53349 (2)
oil refining)
PJSC Rosneft Oil Company 37245 (2) 69907 (1) 53304 (3)
(oil and gas production and ail refining)
PJSC LUKOIL 27457 (4) 48076 (4) 48993 (4)
(oil and gas production and oil refining)
PJSC NOVATEK 24805 (5) 39220 (5) 35543 (5)
(oil and gas production and oil refining)
PJSC MMC “Norilsk Nickel” (non-ferrous 19918 (6) 26201 (6) 29511 (6)
metallurgy, mineral production)
PJSC “Surgutneftegas” 16745 (7) 18217 (7) 17191 (9)
(oil and gas production and oil refining)
PJSC TATNEFT 9548 (11) 15123 (11) 17959 (8)
(oil and gas production and oil refining)
PJSC ALROSA 5676 (18) 11732 (14) 9584 (18)
(mineral production)

Research aim. The article is dedicated to the fundamental analysis of stocks of the
largest enterprises of Russian mineral resources sector alowing to estimate
the reasonability of financial investments. The interest to the given subject has been
attracted due to high market capitalization and, consequently, investment appeal of the
given companies in the conditions of a resource export economic model.

The subject of the research. Highly liquid stocks (blue chips) of eight largest
companies, which represent Russian mineral resources sector, served as the subject of
the research: PJSC ALROSA, PJSC Gazprom, PJISC MMC “Norilsk Nickel”,
PJSC NOVATEK, PJSC LUKOIL, PJSC “Surgutneftegas”, PJSC TATNEFT, and PJSC
Rosneft Oil Company. The highest turnover is accounted for the given securities out of
50 most liquid Russian issuers traded on Moscow Exchange (MOEX), and according
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to them basic market indicators are calculated — share indices PTC (RTSIndex, dollars)
and MOEX (MICEXIndex, rubles).

Research tools. Fundamental analysis of stocks of 8 resource companies was based
on the use of three price multiples P/E, P/S, and P/BV.

P/E price multiple (market capitalization/ net earnings) in its sense is close to such
efficiency indicator as a simple pay-back period and, in general, indicates the number
ofyears required for the company to recover funds currently invested by the shareholders.
High P/E values, as a rule, are a negative factor and indicate the fact that the company’s
shares are overvalued (shares appreciation is faster than earnings growth).

P/S price multiple (market capitalization/ sales revenue) shows the relation between
market capitalization (market value of a company’s stock) and sales revenue. Long-
term experience of valuation testifies to the fact that in the majority of cases enterprise
value is higher than its annual revenue.

P/BV price multiple (market capitalization/ book value of net worth) accounts for
the difference between the stock market’s evaluation of the enterprise and the book
value of its own capital. Ideally, P and BV should be close, and consequently their
correlation should be P/BV = 1. In practice, such situation rarely occurs for two reasons:
company’s undervaluation (P/BV < 1) and overvaluation (P/BV > 1) by the market.

Table 2. P/E price multiple (2013-2017)
Ta6uuna 2. llenoBoii myasTumiukarop P/E (2013-2017 rr.)

Company 2013 2014 2015 2016 2017
PJSC ALROSA 8.25 —-27.60 12.80 5.35 8.68
PJSC Gazprom 2.89 20.00 4.09 3.84 4.83
PJSC MMC “Norilsk Nickel” 35.00 11.50 9.91 10.70 14.40
PJSC NOVATEK 11.00 35.30 24.10 18.10 16.10
PJSC LUKOIL 5.30 4.78 6.85 9.66 9.01
PJSC “Surgutneftegas” 3.87 1.00 5.50 4.39 4.06
PISC TATNEFT 6.01 512 7.28 8.99 12.40
PJSC Rosneft Oil Company 6.87 5.96 7.55 24.50 18.20
Mean 9.90 7.01 9.76 10.69 10.96
Median 6.44 5.54 7.42 9.33 10.71

Results. Table 2 presents P/E multiples for the stocks of the resources companies
under consideration for 2013-2017. As can be seen from the table, three companies
have maximum value of the indicator as of 2017: PJSC MMC “Norilsk Nickel” (14.4),
PJSC NOVATEK (16.1), and PJSC Rosneft Oil Company (18.2). It should be noted that
only PJSC Gazprom and PJSC “Surgutneftegas” have had relatively sustainable
indicated multiple over the last three years. In the course of time the growth of P/E is
observed across the enterprises as a whole (see median value, fig. 1), which is a negative
factor. Thus, stock market tends to overvalue the stocks of the resources companies.

Table 3 contains information on P/S multiplier for the analyzed enterprises-issuers.
Half of the companies under consideration has the specified indicator that is overstated
(its value is significantly higher than 1): PJSC TATNEFT (0.99-2.24), PJSC ALROSA
(1.56-2.48), PJSC MMC “Norilsk Nickel” (2.33-3.42), and PJSC NOVATEK
(3.68—4.47). In other words, their market value is higher than annual revenue more than
2, 3 and 4 times correspondingly. The following companies possess optimal
P/S indicator: PJSC Gazprom (0.53-0.63), PJSC LUKOIL (0.34-0.61),
and PJSC Rosneft Oil Company (0.38-0.86).

Fig. 2 reveals the dynamics of P/S price multiple in the group of resources enterprises
(see median value) within 5 years (2013-2017). As the diagram shows, the multiple
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under consideration grows on an annual basis (from 0.9 to 1.66), which, according to
the authors’ point of view, testifies to the fact that the companies’ stocks are overvalued
by the market.

As can be seen from the table 4, the highest P/BV multiples are observed of PJSC
MMC “Norilsk Nickel”, PJSC NOVATEK, PJSC ALROSA, and PJSC TATNEFT.
Thus, for instance, the specified indicator of PISC MMC “Norilsk Nickel” is being
abnormally high within 5 years and lies within the range of 2.77-9.07. Consequently,
market capitalization of the company significantly (more than 7 times) exceeds the
book value of its own capital. Such situation is possible due to two reasons at the same

12
10.71

10 r

P/E multiple
(o]

4 1 1 1 1 1 )
2012 2013 2014 2015 2016 2017 2018

Years

Fig.1. P/E price multiple dynamics.
Puc. 1. Jlunamuka 1ieHoBoro MyJbTuiuinkaropa P/E

time: stocks overvaluation and equity’s undervaluation. As concerns P/BV multiple of
the other enterprises under consideration, their stocks overvaluation by the market can
also be stated (the indicators are as a whole higher than 1). PJSC Gazprom (0.30-0.36)
and PJSC “Surgutneftegas” (0.29-0.49) have low value of the considered indicator,
which is explained by the high level of equity in companies’ assets (PJSC Gazprom
leverage ratio in 2017 — 0.67, PJSC “Surgutneftegas” — 0.85).

Table 3. P/S price multiple (2013-2017)
Ta6muua 3. IenoBoiit myasTumiukarop P/S (2013-2017 rr.)

Company 2013 2014 2015 2016 2017
PJSC ALROSA 1.56 224 1.84 2.25 248
PJSC Gazprom 0.63 0.57 0.53 0.60 0.53
PJSC MMC “Norilsk Nickel” 2.33 2.83 2.86 292 3.42
PJSC NOVATEK 4.06 3.68 3.78 4.47 4.32
PJSC LUKOIL 0.39 0.34 0.35 0.56 0.61
PJSC “Surgutneftegas” 0.77 0.63 155 133 1.08
PJSC TATNEFT 1.03 0.99 1.30 1.66 224
PJSC Rosneft Oil Company 0.57 0.38 0.52 0.86 0.67
Mean 1.42 1.46 1.59 1.83 192
Median 0.90 0.81 1.43 150 1.66

As well as the preceding price multipliers (P/E and P/S), P/BV shows growth during
20132017 (fig. 3).

Results application area. The results of the research can be used by investors
willing to invest money in blue chips of Russian stock market.
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Summary. According to the results of the analysis the following can be stated.

All the analyzed price multiples of a group of enterprises of a minera resources
sector included inthe number of blue chipsof Russian stock market grow retrospectively
during 5 years. The range of values of each multiple seems to be wide; the indicators
are unstable in general.
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Fig. 2. P/S price multiple dynamics
Puc. 2. JluHamMuKa eHOBOTO MyJIbTUILIHKaTOpa P/S

A range of companies-issuers have overstated P/E correlation (PJSC MMC “Norilsk
Nickel”, PJISC NOVATEK, and PJSC Rosneft Oil Company), P/S (PJSC TATNEFT,
PJISC ALROSA, PISC MMC “Norilsk Nickel”, and PJSC NOVATEK),
and P/BV (PJSC MMC “Norilsk Nickel”, PJSC NOVATEK, PJSC ALROSA,
and PJSC TATNEFT).

Table 4. P/BV price multiple (2013-2017)
Ta6auua 4. IenoBoii myabTuniaukatop P/BV (2013-2017 rr.)

Company 2013 2014 2015 2016 2017
PJSC ALROSA 1.62 342 274 279 257
PJSC Gazprom 0.36 0.35 0.35 0.33 0.30
PJSC MMC “Norilsk Nickel” 277 7.11 9.07 7.08 7.63
PJSC NOVATEK 3.29 340 4.24 3.66 325
PJSC LUKOIL 0.66 0.42 0.63 0.92 1.05
PJISC “Surgutneftegas” 0.49 0.29 0.34 0.39 0.35
PJSC TATNEFT 1.05 091 1.32 1.36 212
PJSC Rosneft Oil Company 2.26 1.90 1.03 141 123
Mean 1.56 2.23 247 224 231
Median 134 1.40 1.18 1.39 1.68

Out of all the issuers under consideration only PJSC Gazprom can be distinguished
as the most sustainable company possessing optimal P/E, P/S, and P/BV price multiples,
in the other cases the balance between market capitalization of the enterprises and
financial results of their activity is to some extent lacking.

Almost all of eight Russian resource companies under consideration are overvalued
by the market. High speculative character of the given companies’ stocks points to the
fact that any negative externa information (disadvantageous external background
information) can lead to sharp stock prices decline and, correspondingly, to their
issuers’ market capitalization decrease and stock indices fall in general.
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Conclusion. Despite the results of the fundamental analysis demonstrating
speculative character of stocks of almost al large enterprises of Russian minera
resources sector, they will continue attracting investors in the coming years. This is due
to the high rate of return of the resource companies and the absence of a better choice
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Fig. 3. P/BV price multiple dynamics
Puc. 3. JluramMuka neHOBOTO MyJbTHIDIHKaTopa P/BV

in the conditions of a resource export model of economy. Without appropriate measures
of regulatory economics of the country, innovative development model orientated towards
the formation of high-tech sectors of economy, human capital assets increase, and capable
of existing in corresponding institutional environment, will remain inaccessible.
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PpiHOYHAS KaNMTAJN3aNUA KPYNHEHIINX MpenpusiTHii
MHHEPaJIbHO-CHIPbEBOro KoMILIekca Poccun B yc10BUSIX IKCIIOPTHO-CHIPbEBOii
MO/ eJIH IKOHOMUKH

ToaxopsiTo B. H.l, Mouasiosa JI. A.!
! Vpanbckuii rocynapcTBeHHbIH rOpHbIN yHUBepcuTeT, ExatepunOypr, Poccus.

Pecgpepam
Llens pabomer. Cmamos nocesujena GyHOAMEHMANILHOMY AHANU3Y AKYUL KPYRHEUWUX npeonpusimuil
MUHEPATLHO-CbIPbego2o Komnaekca Poccuu. Humepec k 0anHOU meme 6bl36aH 6bICOKOU PLIHOYHOU Kd-
numanuzayuen u, COOmeemcmeeHHo, UHBECMUYUOHHOU NPUBLEKAMETbHOCTbIO OAHHBIX KOMIAHULL 8 YCILO-
BUSX IKCHOPMHO-CHIPLEBOL MOOENU IKOHOMUKU.
Oo6vexm uccnedosanusn. O0vbeKmMom Uccie008anUs BbICHYNUNU BbICOKOIUKBUOHBLE aKyull (2ony0ble huu-
xu) socomu cvipvesvix komnanuu: IIAO AK «AJIPOCA», ITAO «Iasnpomy, IIAO « MK «Hopunvckuii
Hukenvy, [IAO «HOBATOK», INAO «JIVKOUIIy, OAO «Cypeymuegpmeeasy, ITAO «Tamuedpmoy,
I1AO «HK «Pocreghmu».
Memooonozus uccnedosanus. Hucmpymenmamu QyHOAMEHMATbHO20 AHAIUZA ABULUCH YEHOBbIE MYilb-
MUNAUKAMOPbL «PLIHOYHAS KANUMANU3AYUS / YUCMAS NPUDBLILY, «PLIHOYHAS KANUMANu3ayus / 8blpyuKa
Om peanu3ayuuy, «PbiHOYHAA KANUMAaU3ayus / 6anancosas cmoumMoCcms YUCMbIX AKMUBOSY.
Pesynomamaul. [Iposedennvlii ananuz nokaszai, 4mo u3 6cex npeocmasieHHbIX IMUMEHMO8 8 Kayecmee
Hauboee cmabuIbHOU KOMRAHUY, UMEOWell ONMUMATbHbLE YEHOB8bIE MYTbMUNIUKAMOPYL, MOHCHO Bbl0e-
aums moavko TTAO «Iaznpomy, 6 OCMAanbHBIX JHce CYHAAX 6 MOU ULl UHOU CMeneHy Omcymemeyem coa-
JIAHCUPOBAHHOCHIL MEICOY PHIHOYHOL KAnumanuzayuel npeonpusmuil u QUHaAHCOSbIMU PE3YIbMAMAMU UX
Oesimenvrocmu. [Ipakmuyecku 6ce U3 pacCMOMpPEHHbIX BOCbMU Cbipbegbix Komnauuu Poccuu nepeoye-
HEeHblL PLIHKOM.
Oonacmo npumenenus pe3ybmamos. Pesyivmanvl UCcied08ans MO2ym Oblnb NPUMEHEHbL UHBECO-
Pamu, HeerarouwumMu 6KIA0LIEams OeHbeU 8 201yovle uuky hoHooso2o puinka Poccuu.
Bui60owi. Hmozeu ynoamenmansHozo ananusa 3aKuovaiomcs: 6 onpeoeieHuy CneKyiamueHo20 Xapax-
mepa aKyuil npaKmuyecKy 6cex KpYNHeUwux npeonpuamuii MUHEPaIbHO-Cbipbego2o Komniekca Poccuu.
Dmo 2060pum 0 pUCKOBAHHOCMU ILOJICEHUS, UHBECMUYUTL 8 OUHHbLE YeHHble GYMA2U: TH00as He2amUGHAs
GHeH s, UHOPMAayls CNOCOOHA NPUBECU K PESKOMY CHUNCEHUIO YeH HA aKyuu U YMEHbUEHUIO PLIHOY-
HOU KANUMAnu3ayuu ux SMUMeHmos.

Knrouesvte cnoga: pvinounas xanumanusayus,; Kpynuetiuwue npeonpusmus MUHEPAalbHO-CbIPbEB02O KOM-
naexca, dKCNOpmMHO-OPUEHMUPOSAHHAS MOOENb IKOHOMUKU, UHHOBAYUOHHAS MOOENb IKOHOMUKU, YEeHO-
601 MYTbMUNIUKAOP, 207Y0ble puKuy.
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3HayeHWe IKOHOMUKO-MaTeMaTU4ECKUX METOAOB
B U3bICKaHMN pe3epBOB POCTa U NPOrHO3UPOBaHMM
npousBoauTeNbHOCTU TpyAa (Ha npumepe waxt Kysdacca)

TpywwmHa . C.1
1 Kyabacckuii rocyaapCTBeHHbIN TEXHUYECKMA YHUBEPCUTET
(Poccus, r. KemepoBo, yn. BeceHHsisi, 28)

Pechepam
Beseoenue. [Ipouszeooumenvrocmos mpyoa seisemcs 00HUM U3 OCHOSHBIX (PAKMOPOE NOBbIUEHUS KOHKY-
penmocnocobrHocmu yenedobviearowux npeonpusmuil. Ha cecoOHswHuil 0elb N0 YPOSHIO NPOU3EO0U-
menvHOCU MPYyoa pabouezo no 000vlue Y2isi pOCCUlicKue npeonpusmus CyujeCmeesHo omcmarom om
CIIA, Ascmpanuu u opyeux yenedobwviearouux cmpat. Tpaduyuonuvie Memoobl AHAIU3a He NO360JII0M
onpeoenums KOAUYECMBEHHYIO OYEHKY 6IUAHUA (AKMOPO8 HA YPOGEeHb NPOU3BOOUMENbHOCU MPYOd
C YUemoM ux 63aumMocessu u ezaumoszagucumocmu. I103momy mema ucnoib308anHus IKOHOMUKO-MAame-
MaMuyecKux Memooos 8 NOUcKe pe3epeos u nymeti pocma npou3sooumensbHocmu mpyoa 8 y2oibHol
NPOMBIULEHHOCMU ABNAEMCS. AKMYAbHOL.
Leny pabomer. Paspabomams uHCmpymeHmapuil, no360AA0WuULL ¢ NOMOWbIO IKOHOMUKO-MAMEMAMU-
YecKux Memooosg Honee mouHo Onpedeisims OCHOGHbIE PAKMOPbI, KOTUYECMEEHHYIO OYEHKY UX BUAHU
HA YPOBeHb NPOU3B00UMENbHOCU Mpyod, GHYMPUNPOU3E0OCIBEHHbLE Pe3epEbl U ¢ 6Obel MOYHO-
CMbI0 NPOSHOZUPOBANb NPOUZBOOUENLHOCTD MPYOd PAOOYUX HA YeNe000bl8arowWux NPeonpusmusx.
Memoowt uccnedosanusn. SkoHOMUKO-Mamemamuieckie Memoobvl, 8 YaCMHOCMU U OUHAMUYECKOe MO-
0enUposaHe ¢ UCHONbI0BAHUEM MEMOO08 MHONCECMEEHHOU KOPPETAYULU.
Pesynomamul. Ha npumepe waxm nonozo2o nadenus Kysoacca evisignenst 0cHosHwie pakmopul, 61ustio-
wue Ha yposers npouzeooumenvHocmu mpyoa. Iloxazan mexanusm ucnonb306aHus peKypCusHsix Mooe-
Jetl O AHAU3A U ULICKAHUS Pe3eP808 POCMA NPOU3B00UMENbHOCIU MPYOd 8 Y2OIbHOU NPOMbIULTLEH-
nHocmu. OQ60cHo8aHa HEOOXOOUMOCHb UCNONLI0BAHUS OUHAMUYECKUX MHO2OMDAKMOPHBIX MOOeel.
Paspabomana memoouxa nocmpoenusi OUHAMUYECKOU MHO20QAKMOPHOU MOOeNU, YYUMbleaouas
YCMOUMUBOCHb OUHAMUKU KOIPDUYUEHMO8 pecpeccuu U 63aUMOCEi3b CPEOHUX 3HAYEHU OCHOBHbIX
Gaxmopos 6 MHO20PAKMOPHBIX MOOEAX, NOCMPOEHHBIX NO KAHCOOMY 200Y 34 PAO AHATUSUPYEMbIX Jiem
6 OUHaMuUKe.
Bu1600b1. Hcnonvsoganue IKOHOMUKO-MAMEMAMUYECKUX MEMOO08, 8 YACTHOCMU OUHAMUYECKO20 MHO-
20(haKmopHo20 MOOENUPOBANUSA, NO3E0SEM NOBLICUMb YPOBEHb NPOUIEOOUMENLHOCU MPYOaA HA Yele-
000b168aI0WUX NPEONPUAMUAX 34 cyem paspabomku Oonee dh@ekmusHbiX OpeaHU3AYUOHHO-MeXHUYe-
CKUX MEPORPUAMUL 8 0ONACMU MEXHONOSUU, MEXAHUIAYUU U OPSAHUZAYUU 2OPHO2O NPOU3800CMEd,
a makaice noGbiCUMb OOCHOBEPHOCMb PACYEMO8 NPU NIAHUPOBAHUY U NPOSHOZUPOBAHUL YDOBHS NPOU3-
600umenbHOCmuU mpyod.

Knroueevte cnosa: npoussooumensnocms mpyoa; sxonomuxo-mamemamuuecxie Menoobl; 0CHOE-
Hble (haKmopwl, 6HYMPUNPOU3600CMEEHHbIE PE3ePEbl;, MEMOOUKA NOCMPOCHUS. QOUHAMUYECKOU MHO20-
GaxmopHotl Modenu npou380OUMeTbHOCMU Mpyod, NPOSHO3UPOBAHLe.

BBenenue. [Ipon3BoanTEIEHOCTE TPYy/IA ABISETCS OMHUM M3 OCHOBHBIX (DAKTOPOB
HOBBIIICHNUS KOHKYPEHTOCIIOCOOHOCTH yINIeNOOBIBAIOIINX NpeanpusTuii. B Hacrtos-
1Iee BpeMsl 10 YPOBHIO MPOM3BOAUTENBHOCTH TpyAa padodero mo noObr4e ymis poc-
CHICKHE TPENNpPUATHS CYLIECTBEHHO OTCTalOT OT yrienoOsBatomux crpad — CLIA,
ABctpanuu u zp. TpaIuoHHBIE METOB! aHAJIN3a HE MO3BOJISIOT ONPEACTUTh KOIH-
YECTBEHHYIO OIICHKY BIHMSHUS (DaKTOPOB Ha YPOBEHb MPOW3BOJUTEIBHOCTH TPyIa
C Y4eTOM MX B3aUMOCBA3M W B3aMMO3aBHCHMOCTH. I[03TOMYy TeMa HcCIelOBaHHA,
MOCBSILEHHAs] MCIONB30BaHUI0 IKOHOMHKO-MAaTEMATUYECKHNX METONOB B M3BICKAHWUU
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PE3EPBOB U IIyTEH pOCTa MPOU3BOAUTENBHOCTH TPY/a B YTOJBbHONW MPOMBIIUIEHHOCTH,
SIBJISIETCA AKTYaJIbHOM.

ILenn padoThl — pa3paboTaTh HHCTPYMEHTAPHH, ITO3BOJISIOIINH C TOMOIIBIO SKOHO-
MHKO-MaTeMaTH4eCKUX METO0B 00JIee TOUHO ONPENesATh OCHOBHBIE (haKTOPHI, KOJIHU-
YECTBEHHYIO OLIEHKY MX BJIMSHHUS HAa yPOBEHb IPOU3BOIUTEIBHOCTH TPYyAd, BHYTPHU-
NPOU3BOACTBEHHBIE pe3epBRl M €  OONbLIeH TOYHOCTBIO IMPOTHO3MUPOBATH
POU3BOAUTENBHOCTh TPYAa padourX Ha yIiieT0OBIBAIOMINX MPEATPHATHSIX.

MeToanb! uccaeqoBaHusl. DKOHOMHUKO-MaTeMaTHUECKHE METOIbI U JUHAMUYECKOE
MOJIEJIMPOBAHUE C UCTIOIB30BAHNEM METO/IOB MHOXKECTBEHHON KOPPEIISIIHH.

Pesyabrartsl ucciaegopanus. B 2015 . nons ymisg B MUpOBOM NEPBUYHOM MOTpE-
Onenuu sHeprun cocraBisia 28 %, k 2040 1. oHa MOXXET COKPATUTHCSI U COCTABUTH
20-23 %, HO B aOCONIOTHOM BBIPOKEHHU CHIKEHHS O0BeMa MOTpeONeHus yIisl He
npennonaraercs [1]. Yronb ocTaHeTcst OTHUM U3 OCHOBHBIX SHEPTETHUECKUX PECYPCOB
MUPa, © POCCUHCKUH YTroJb, B TOM YHCIIE Ky3HEIKHUil, OyZeT MOIh30BaThCs CIIPOCOM Ha
MHPOBOM yTOJILHOM PBIHKE [2].

JluHamMuka 100bIYH YIJIS M TPOU3BOAUTEILHOCTH TPyaa padouero B Ky3oacce
3a 2007-2017 rr. (mo cioco6am 100614M)*
Dynamics of coal mining and labour productivity of aworker in Kuzbassfor 2007-2017
(accor ding to the methods of production)

TTokasaresb 2007 2009 2010 2012 2014 2015 2016 ;%;, %
JloObrua 001mast, MiIH T 181,7 | 181,3 | 185,4 | 201,5 | 211,4 | 215,7 | 226,5 124,7

Jlo6bI4a moA3eMHBIM CITO- 851 | 86,0 | 789 | 789 | 799 | 773 | 814 95,6
co0OM, MJITH T

JloOBI4a OTKPBITHIM CIIO- 96,7 953 | 106,5 | 122,6 | 131,5 | 138,4 | 1451 150,1
coOOM, MJTH T

CpeaHemecsiyHas mpou3- 1715 | 1858 | 197,2 | 206 | 241,9 | 263,1 | 2849 166,1
BOJUTENBHOCTh TPYZa
pabouero no no0wIUeE, T,
B TOM YHUCJIE:

Ha I1aXTax, T 129 | 1489 | 141 | 141,7 | 180,1 | 1924 | 222,7 172,6
Ha paspesax, T 239 243 | 283,1 | 292,6 | 308,5 | 334,2 | 3417 143,0

*Ucrounuk: Pocungpopmyromns, Kemeposocrar.

B Kyzbacce B mepcreKTHBe BO3MOXKHO YBEIMYCHUE MPOU3BOACTBEHHBIX MOIIHO-
CTEH U SKCIOPTHBIX MOCTABOK yIiis. [{Jisi COXpaHEHHS PBIHKOB COBITA YISl YrOJIbHBIM
KOMITaHUSIM HE0OX0AMMO pa3padarTbiBaTh 3QQEKTUBHBIE M HAYYHO O0OCHOBAaHHEIC
CTpaTeruy, HaIpaBJICHHBIC Ha MTOBBIICHUE KOHKYPEHTOCTIOCOOHOCTH 1 3(PPEKTHBHO-
CTH pabOTHI yIIIe00BIBalONNX Mpennpuatuii [3, 4]. UccnenoBanus moka3bpIBaloT, YTO
OJTHUM W3 OCHOBHBIX (DaKTOPOB IMOBBIIMICHHUS KOHKYPEHTOCITIOCOOHOCTH MPEIIIPUITHI
SIBIIETCSI OKA3aTeNb IPOU3BOAUTEILHOCTHU Tpyaa [5].

JluHamuKka 100BIYM M TIPOU3BOIUTEILHOCTH TPYyia padbouero mo noobiue yois B Kys-
Oacce oTpakeHa B Ta0IHIIE.

HecMmotpst Ha MUpOBBIE SKOHOMHUYECKHE KPU3UCHI U CAHKINH, 100b4a yriisa B Kys-
Oacce exxerogHo yBennuuBaercs. B 2017 . oHa coctaBuna 241,5 e 1, umu 132,5 %
otHOcHUTeNbHO ypoBHs 2007 1. (181,8 mMiH T). CpenHeMecssYHas MPOU3BOAUTEIBHOCTh
Tpyda pabouero mo A00bIYe Takke exeronHo pacteT: B 2016 . ee ypoBEeHb COCTaBHII
284,9 1, umm 166,1 % otHocutenbuo ypoBus 2007 1. (171,5 T), mo mmaxtam — 222,7 T, 110
paspezam — 341,7 1. HecMOTpst Ha TOCTUTHYTHIE ycIexu npeanpustas Kysbacca mo
YPOBHIO MTPOU3BOIUTENIFHOCTH TPy/ia B 3—4 pa3a OTCTAIOT OT BEAYIIUX YIIIEeN00BIBat0-



ISSN 0536-1028 «H36ecmust 8y306. Topuotii scypuany, Ne 1, 2019 97

IMX cTpaH mupa — ABctpanuu, ['epmanuu, CIIA [6]. Ha Bo3MokHBIE pe3epBbI pocTa
MPOM3BOAUTENHFHOCTH TpyAa Ha maxTtax Kysdacca yka3eIBalOT BEICOKHE, COOTBETCTBY-
IOIIHE MHUPOBBIM JOCTIKCHHUSIM, MTOKA3aTeNId CPETHEMECSYHON MPOU3BOAUTEILHOCTH
Tpyma padodero mo qooerae yrst 2016 1. Ha psne maxt: « Tanauackas — 3amamHas 2»
(907,6 T), «byroBckas» (761,2 1), «Koturckas» (715 1), «benoBckas» (693,6 T),
«Tanmuuckas — 3amagHas 1» (618,2 T), KOTOpbIe 3HAYUTEIHHO MPEBHIIIAIOT MOKa3aTe-
7 pa3pe3oB. JJIsl U3bICKaHUs BHYTPHUIIPOM3BOJACTBEHHBIX PE3EPBOB POCTa MPOU3BO-
JUTEIBHOCTH TPyAa He0OXOANMO Ha MPEANPHUATUSIX UCIIOIB30BaTh HE TOJIBKO TPaIUIIH-
OHHBIC METO/IBI aHAJIN3a, HO U SKOHOMUKO-MaTeMaTHICCKIE METOIbI.

Nzydenuto myTeit 1 METOJOB TOBBIIICHHUS IPOU3BOAUTEIHLHOCTH TPY/IA ITOCBAIICHBI
TpyAbl MHOTUX y4eHbIX [ 7—10]. laHHOE uccie1oBaHUE HAMPABICHO HA TIOUCK BHYTPU-
MPOM3BOACTBEHHBIX PE3EPBOB POCTA MPOU3BOAUTENHFHOCTH TPyAa B 00IaCTH TEXHUKH,
TEXHOJIOTUH, KOHIIEHTPALIMH TOPHBIX Pa0OT BO BpEMEHH M B IPOCTPAHCTBE, TEXHOJIOTH-
YeCcKOTO0 KOMIUIEKCa Ha IOBEPXHOCTH (Ha MprMepe MaxT moororo nanenus Kysbacca)
C TIOMOIIBI0 JKOHOMHKO-MAaTEMATHYECKUX METOMOB. VICIOIB30BaHUIO SKOHOMHUKO-
MaTeMaTHYeCKUX METOZ0B B SKOHOMHUKE MOCBSIICHBI TPYJAbl MHOTHX OTEUECTBEHHBIX U
3apyOeXHBIX yueHbIX [11-14].

MHoroneTHre UCcCIeJOBaHUS TAKKe TOATBEPKIAIOT HEOOXOAUMOCTh MPUMEHEHUS
9KOHOMHKO-MaTeMaTHIEeCKAX METOIOB MPH SKOHOMUYECKHX HCCIIeOBaHMAX [5] u mo-
3BOJISIIOT CJIEJIATh BBIBOJI O TOM, UTO Harbosee 3 eKTHBHOE H3bICKAHNE BHYTPHUITPOH3-
BOJICTBEHHBIX PE3€pBOB U pa3paboTka HanOosee d3PPEKTUBHBIX OpPraHN3alMOHHO-TEX-
HUYECKUX MEPOIPHUATHH MO0 POCTY MPOU3BOJUTEIHFHOCTH TPYAa BO3MOXKHEI JIUIIH IPU
y4deTe B3aUMOCBS3U H BBISIBJICHUH 3aKOHOMEPHOCTEH BIMSHUS OCHOBHBIX (PaKTOPOB Ha
YPOBEHb TPOU3BOIUTEIBHOCTH TpyAa Bo BpemeHH. [Ipu cobmionenun Bcex TpeOoBa-
HUM, TPEnbsIBISIEMBIX K IMOCTPOCHUIO MHOTO(GAKTOPHBIX MOJEJCH, B UCCIEIOBAHUM
MaTpuil Ko3(QPHUIHEHTOB MapHOW KOPPEIAIHA W3 MHOXKECTBa (hakKTOpOB (TOPHO-TEO-
JIOTUYECKHEe, KOHIIEHTPAIIUN TOPHBIX PabOT, TEXHOJIOTHIECKHE, MEXaHU3AIMH TTPOU3-
BOJICTBEHHBIX MTPOIECCOB, OTPAKAIOIINE PA00Ty TEXHOIOTHYECKOTO KOMILIEKCa Ha TI0-
BEPXHOCTH) AJISl YCIOBHUM 1axT mojororo naaeHus Kysbacca onpeneneHsl OCHOBHBIE,
BIMSIIONINE HA YPOBEHb POU3BOAUTEIBLHOCTH TpyAa pabodero mo Ao0bue 1 Harpy3Ky
Ha CpeTHEACHCTBYIOMNI OYNCTHON 3a00H.

DKOHOMHUKO-MAaTEMAaTHIECKYI0 MOJIENb MPOU3BOMUTENFHOCTH Tpyda (popMUPYIOT
CIIE/IyIOIME OCHOBHBIE (haKTOPHI: X| — IIyOuHa pa3paboTKu, M; X, — Harpy3Ka Ha pas3-
pabaTbIBaeMBbli IIACT, THIC T; X; — 00bEM NMPOBEAEHUS TOPHBIX BhIpaboTok Ha 1000 T
MEeCSYHOM 100bIuM; X, — NPOTAKEHHOCTh OCHOBHBIX IOJJIEPKMBAEMBIX BBIPAOOTOK Ha
1000 T cyTounoii no6srum, kM/1000 T cyT 100BI4HM; X, — Harpy3Ka Ha CPEAHENEHCTBYIO-
1M OYMCTHOH 3200, ThIC. T; X — TPYIOEMKOCTb pabOT Ha IOBEPXHOCTH, 4ei1./1000 T;
X, — ylenbHBbI BEC aKTUBHOH 4acTH OCHOBHBIX HPOMBIIIEHHO-TIPOU3BOACTBEHHBIX
¢donmoB, %.

W3 ropuo-reonorndeckux (pakTopoB B MOZAENb ObUT BKIOYEH JIMIIb (aKTop X, Tak
KaK KOA(QHUIMEHTH TApHOW KOPPEISIUHN HE TOKA3all TECHON B3aMMOCBS3H MEXIY
MIPOU3BOIUTENILHOCTBIO TPyJa U (PaKTOpaMU «MOIIHOCTh TUIACTa», «yToJl MaJACHUD) U
«BOIOOOMIIBHOCTDY.

OKOHOMHUKO-MaTeMaTH4eCKyI0 MOJIENb HArPy3KH Ha CpelHENeHCTBYIONMNA OYHCT-
HOii 32000 X, GopMupYIOT crefyromue OCHOBHBIE (haKTOPhl: X, — cpeaHeneHCTBYI0-
Tee 9MUCIo OYMCTHRIX 3a00eB Ha 1000 T cyToUHON AOOBIYN, 3a001/THIC. T CYT MOOBITH;
X, — CKOPOCTb IIOJABUTaHMS CPEIHENECHCTBYIOIIETO OYHMCTHOTO 3a00s, M/MECHI;
X, — IPOTSKEHHOCTh OCHOBHBIX HOIEPKUBAEMBIX BEIPAOOTOK HA OIMH OYMCTHOM 3a-
00M, KM/0YHCT. 3200; X, ) — MEXaHOBOOPYKEHHOCTb OYMCTHOTO 32005, ThIC. P./3a001.

B xone nccnenoBanus yCTaHOBJICHO, YTO JIMHEHHas opMa CBA3H MEXKIy CpelHe-
MECSYHON MPOM3BOJUTEIHLHOCTBIO TPY/la U OCHOBHBIMU (DaKTOpaMH SIBJISETCS HaU-
Oomee ymoOHOI W MOCTAaTOYHO NOCTOBEpHON (KOA((PHUITMEHTHI MapHON KOPpEISIInu
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HECYLIECTBEHHO OTJIMYAIOTCA OT THNEepOOINYecKol, napaboiniyecKoil U CTeIeHHOM
3aBUCUMOCTH).

DKOHOMHUKO-MAaTEMAaTHYECKHUE MOJECIH, ITOCTPOCHHEBIC 10 Bcel COBOKYIIHOCTHU Ha-
OJTFOZICHIH 3a MCCIIeIyEeMBIH TIEPUO, UMEIOT CIICTYIOITHI BUI:

Y=a,+a X +..+a,,X,+a.t, (1)

rje Y — nokasarenb IPOU3BOAMTENLHOCTH TPYJA; @, — CBOOOTHBIN YIE€H PErpeccum;
ai, ..., a, — Ko3XQQUINEHTHI perpeccuy; ¢ — (akTop BpeMEHH (B Clyyae MCCIIET0BAHUSA
WH()OPMAIIH 32 HECKOIBKO JIET).

Pesynprare! uccnemoBaHus MOKA3aIH, YTO JIJIS ONpeeSIeHIS TPUPOCTa (CHIYKEHHS)
MoKa3areJs MPOU3BOAUTEIBHOCTH TPY/A 32 CUET H3MEHEHUS KXKJI0T0 (paKTopa 3a BECh
aHAM3UPYEMBIH TIEPUO]T 1IEJIECO00Pa3HO UCIIONIB30BaTh METOJ] PEKYPCUBHOTO CTaTH-
ctudeckoro moaenuposanus [15]. Ha mpumepe uccieayeMoit rpynsl MaxT MOJIOT0Tro
MaJIcHUs] CUCTeMa PEKYPCUBHBIX 3aBHCHMOCTEH NMEET BU/I;

Z =F (X;, Xg, Xo, X)),

2)
Y =F (X, X,, Xg, Xy, X5, Xg, Xg).
[Tocre npeoOpa3oBaHMs MOMYYaSTCs CACAYIONIAsi PEKypCUBHAS MOJICITh:
Y =F (X, X;, X3, Xy, X5, Xg, Xg, Xy, X, X )- 3)

Koa¢¢unmeHTs! 3:1acTHYHOCTH MO3BOJISIIOT BBIABUTH PAHKUPOBAHHYIO MOCIIEI0BA-
TEJILHOCTh a0CONIOTHOTO BIMSHUS KaXI0TO (hakTopa Ha mporecc GOpMUPOBAHHUS IPO-
W3BOJIUTENBHOCTH TPY/IA, & TAKKE MIPUPOCT MPOU3BOJUTENEHOCTH TPY/IA 3a CUET U3Me-
HEHHS aHAJIM3UPYEMbIX (PAaKTOPOB 3a BECh NEPUOA HCCIENOBAaHUS. DTO IMO3BOJIUT
BBISIBUTH OTPHULIATENLHOE BIMSHNAE (PAKTOPOB, IPUUUHBI CHIDKCHHS IPOU3BOIUTEIHHO-
CTH TPYyZAa U ONPENENIUTh ONTUMAaIIbHbIE 3HaU€HHUsI OCHOBHBIX (PaKTOPOB.

Jns miaHupoBaHUS M MPOTHO3MPOBAHMS MPOW3BOJUTENBHOCTH TPyAa LIEIEecOOo-
Opa3HO HCMOJIb30BATh JAWHAMHYECCKHE MHOTO(pAKTOPHBIE MOJEIH, TOCTPOCHHBIE IO
KaX/IoMy Tofy 3a psiz jet [15, 16]. ns moctpoeHns MHOTO()aKTOPHBIX MOAETIEH mpo-
M3BOIUTENBHOCTH TPya pabodero mo qo0krde yriist Oblia HCIIOoIb30BaHa HH(opMaIus
3a AECATHICTHUH MEpUOA IO IIaxXTaM IIOJIOTOro HaJeHHs, UMEIOIIUM aHAJIOTHYHBIE
TOPHO-TE€OJIOTHYECKHE YCIOBUS, CUCTEMBI pa3padOTKH U YPOBEHb MEXaHU3alUU MPO-
W3BOJICTBEHHBIX TPOLIECCOB.

AHaJIN3 OCTPOCHHBIX JIMHAMHYECKIX MOJICIICH TI03BOJISIET CHIENIATh ONpe/IeIIeHHbIE
BBIBOJIbI. BO-TIepBBIX, aHAIN3 BEIMYMHBI KOAQ(MULIUEHTOB PErPecCUH Kaxa0ro (hakTo-
pa 3a aHaIM3UPYEMBbIH IEePHO MOKA3bIBAECT U3MEHEHHE €T0 BINSHUS B KOJHYECTBEH-
HOM BBIpa>KeHHUHU. BO-BTOPBIX, MOSIBIISIETCS BO3MOXKHOCTE ONIPEEIUTD HAIIPaBIEHHOCTD
BIMSAHUS (PAKTOPOB B AWHAMHUKE. B-TpeTbHX, ¢ OMOMIBIO pacueTa KO3(PQPHUINEHTOB
AIIACTHYHOCTH BO3MOXKHO YUECTh CHITY BIUSHHS (aKTOpPOB (B JaHHOM CITydae TOpHO-
TCOJIOTHYECKUX, KOHIIEHTPAIIMM TOPHBIX pabOT, MeXaHHW3allWU MPOU3BOJACTBEHHBIX
IPOLIECCOB, OTPAKAIOLIMX PabOTy TEXHOJIOTHYECKOI0 KOMIUIEKCA Ha IIOBEPXHOCTH) 110
Ka)XIOMY TOAY U ONPENEIUTh NPUPOCT (YMEHBIIEHHE) IPOU3BOAUTEIILHOCTH TPYyAa pa-
Oouero mo JoObIYE PU U3MEHEHUH aOCOIIOTHOTO 3Ha4YeHus Gakropa Ha 1 %. D10 mo-
3BOJISIET OOJIee TOYHO BBISIBUTH BHYTPUIIPOU3BOJICTBEHHBIE PE3EPBHI M ONTUMAJIbHEIC
3HAUEHHsI OCHOBHBIX (aKTOPOB, pa3padoTarh dP(PEKTHBHBIC OpPraHU3al[MOHHO-TEXHU-
YECKHE MEPONPHSTUS, HAIPaBIECHHbIE HA POCT IPOU3BOAUTEILHOCTH TPYAa U IOBBI-
menne 3QpPeKTHBHOCTH pabOTHI MIAXT MPH pa3paboTKe TUTAaHOB U CTPaTeTui (PyHKITHO-
HUPOBaHUS MPEANPHUITHI.
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Hcnonp3oBaHnne AMHaAMUYECKUX MOJIENEH JUIsl U3BICKaHUsI PE3EPBOB U IPOrHO3UPO-
BaHHA NPOU3BOAUTEIBLHOCTH TPYAa BO3MOXKHO JIUIIB PH COOIONEHUN OMIPEACTICHHBIX
ycnoBui. [lepBbIM U HEOOXOIUMBIM YCIOBUEM SIBIISIETCS ONpPEACICHUE 3aKOHOMEPHO-
cTi (popMHpPOBaHUS MPOU3BOAUTEIBHOCTH TPyAa B TEUEHHE UIMTEIBHOIO INEepHoia
BpPEMEHH, KOTOpasi MTO3BOJISIET CUUTATh ACHCTBUTENBHBIM IIPONODKCHUE 3TON 3aKOHO-
MmepHocTH B OynymieM. B Kysbacce, HecMOTpsi Ha n3MeHEHHE KOHBIOHKTYPBI MUPOBOTO
YTOJBHOTO PHIHKA, MHOTHE TOABI €KETOAHO HAOMOaeTCsl yCTOMYMBEIN POCT cpeTHeMe-
CSIYHOM MPOU3BOJUTENBHOCTHY Tpyaa padodero no noosrde yris. Tak, ¢ 1998 mo 2016 1.
MIPOU3BOIUTENHHOCTE Tpyaa pabodero yBenuumiack B 3,4 pasa (¢ 83,6 mo 284,9 T).
Taxk xak crpoc Ha yrois 10 2040 . Ha MUPOBOM PBIHKE OCTAaHETCS IPEKHUM, TO B Ky3-
Oacce B MepCIEKTHBE HE OXKMAACTCS CHWKEHHUS NOOBIYM, BO3MOXKHO M JanbHeiiee
YBEJIMUEHHE MPOU3BOJCTBEHHBIX MOIIHOCTEH. TeHaeHuus pocta MpOM3BOIUTENBHO-
CTH TpyJla JOJIKHA COXPAHUTHCS.

BropeiM ycrioBueM HaJIe)KHOTO M JIOCTOBEPHOTO NMPOTHO3UPOBAHUS SBISIETCS BBI-
0op meproja BpeMEHNU AJIs aHaJIM3a U OIpeseIeHIe 3aKOHOMEPHOCTE! B 0a30BOM Iie-
puone. HeoOxoauMo yunThIBaTh NEPUOA KOPEHHOTO U3MEHEHHs TEXHOJIIOTHH PaboT U
cocTosiHMS TeXHHUKH. [1o MHeHHIO MHOTHX uccienoBareneil [15—17], ananuzupyemslit
MEpUOA BPEMEHHU JOJKEH OBITH PaBeH IJIUTEIBHOCTH SKCTPAIOIUPYEMOro HepHoa.
IIpennaraercs CTpOUTh HE MEHee JEeCSTH IKOHOMHUKO-MaTeMaTHYecKHUX Mojeneil 1o
KaxoMy 06a3rcCHOMY rofly (B JHHAMUKE HE MEHEe, YeM 3a IECSTH JIeT). TpeTbuM yciio-
BUEM SIBIISIETCS JOCTaTOYHO IOJIHBIH y4eT MPOM3BOACTBEHHO-TEXHUUYECKUX U TOPHO-
TeOJIOTHUECKUX (PAKTOPOB, ONPENENSIOUIMX YPOBEHb NPOM3BOAUTENBHOCTH TPYXA.
YeTBepThIM peIIaolluM U HEOOXOAMMBIM YCIOBHEM MOJTYYEHHUS TOCTOBEPHOTO pe-
3yapTaTa NpU TMPOTHO3MPOBAHWU IPOM3BOAMUTENBHOCTH TpyAda SBISETCS INPOBEpKa
YCTOMYMBOCTH KaXKIOTO BPEMEHHOTO psifia K03()(HUIIMEHTOB PErpeccHH B IMMOCTPOCH-
HBIX MOJIETISIX 3a JIECSITh Oa30BBIX JIET.

B Tex ciydasx, Korma mpu HOCTPOSHHH CTAaTHCTHUECKUX MOAENEH MO KaXIOMY
TOy 3a Psi JIET 4acTh BPEMEHHBIX PAIOB KO3()(UIUEHTOB perpeccuy B IWHAMUKE
HMEET SIBHO BBIPAXKEHHYIO JINHEHHYIO T€HAEHLUIO, Apyras 4acTh — yCTOMUMBYIO He-
JMHEHHYIO TEHACHIHIO, a YaCTh BPEMEHHBIX KOA(Q(UIMEHTOB PErpeccHr HE HNMEeT
TEHACHLUH, peuIaraeM IPUMEHITH CIEAYIONTYI0 METOANKY MOCTPOCHHS AMHAMUYE-
CKOH MOZIETIM IIPOU3BOAUTEIBHOCTH TPYZA: Ul YaCTU BPEMEHHBIX PSI0B Kod(duiu-
€HTOB PErpecCuy, UMEIOLINX SIBHO BBIPAKECHHYIO JIMHEHHYIO TEHICHLUIO (IIpHU yCJIo-
BUHU OTCYTCTBUS MYJIBTHKOJUIMHEAPHOCTH MEXIY CPEIHUMH 3HAYCHHUSMHU (PakTOpOB),
napameTpsl IPOTHO3HOW MoaeIH — KO3()(UIIMEHTH Perpeccuy — MpeaiaraeM omnpere-
JSTh METOZIOM Pa3liokeHus] k03D (OUIIMEHTOB PETPecCHd Ha COCTABIISIOIINE B JIMHEH-
HOW 3aBHCHMOCTH, HO B ClIy4ae HAJIWYHS MYJIBTUKOJUIMHEAPHOCTH MEXIY CPEIHUMHU
3HaYeHUSIMU (PAaKTOPOB — METOJOM BBIPABHUBAS JNAHHBIX PsIOB KO3(D(DUIIMEHTOB pe-
TPECCHH TOJIBKO IO (haKTOpPy BPEMEHH.

[t BTOpO# 4acTH BpeMEHHBIX PAI0B KOG PHUINEHTOB PErpPeCCHH, KOTOPBIE UMEIOT
YCTOWYHMBYIO HENMHEHHYIO TEHIEHIIMIO, TTapaMeTphl IPOTHO3HON Monenu — koaddu-
IIUEHTHI PErPecCUuy — MpeJlaraeM ONpeAeNsTh METOJJOM BhIPAaBHUBAHHS MO (GakTopy
BpeMeHH (METO HaMMEHBIINX KBaAPaToB, METO IKCIIOHEHIIMAIBHOIO CIVIaXKUBAHMS).

B Tperhem citydae, korga BpeMeHHBIE psbl KO3 (PUINEHTOB perpeccuy He UMEIOT
TEHJCHLIUN U3MEHEHUS B AMHAMUKE, TapaMeTphl IPOrHO3HON MOJENHN CIENYET OIpe-
JENITh M0 CpeAHeapu(METHIECKIM 3HAYCHHUSIM BPEMEHHBIX PAAOB KO3 (GHUIMEHTOB
perpeccun moCTPOSHHBIX MOJIENIEH.

s onpeneneHus MpOrHO3HOTO 3HAYEHHUS YPOBHSI IPOM3BOAUTENBHOCTH TPya He-
00XOIMMO ONpeneNuTh TaKKe 3HaueHHs (aKTOpoB B IMPOTHO3HPYEMOM IIEPHOZE.
WX 3Ha4eHus1 MOryT OBITH B3STHI U3 IUIAHOB Pa3BUTHA TOPHBIX paboT, JaHHBIX MapK-
el aepckux pa3padboTok. [Ipy oTCyTCTBUHM YacTu JaHHBIX, UX 3HAYCHUSI MOYKHO OIpe-
JIETUTh Ha OCHOBE CIIOKHBILEHCS TEHIESHIIMN Pa3BUTHS TOPHBIX paboT. TeHaeHus pa3-
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BUTHA (PAKTOPOB MOXKET OBITH ONpe/esicHa ¢ MOMOILIBI0 X BBIPaBHUBAS MO (HaKTOPy
BPEMEHH METOJIOM HaMMEHBIINX KBaAparoB. B moiayyeHHyI0 NMHAMHYECKYIO MOJAEh
MOJICTABIISIIOT OXKUAaeMble 3HaYeHHUS (PaKTOpOB (IO TOAAM) U B pe3yJIbTaTe pacCUnThI-
BAlOT OXXKMJAE€Mble IPOTHO3HBIE 3HAYEHUS MPOM3BOAUTENBHOCTH TPYAA IO KaXIOMY
romy.

AnpoOupoBaHie JAHHOHM METOAMKH MOKa3al0 JOCTOBEPHOCTh €€ HCIIOIb30BaHUSL
[pu noncranoBke (pakTHIESCKOTO 3HAUCHUsI PAaKTOPOB MO UTOr'aM PabOTHI MIAXT 3a s JIET
B pa3pabOTaHHYIO paHee TMHAMUYECKYIO MOJICIb TIPOrHO3UPOBAHHS IIPOM3BOAUTEIILHOCTH
Tpy/a CpeHeKBaipaTniecKkas OmroKa (OTKIOHEHNE (PAaKTHYECKOTO 3HAYSHUSI OT MPOTHO-
3UPYEMOT0 YPOBHS IPOU3BOIUTENFHOCTH TPya) cocTaBmia ot 2,8 1o 3,9 %.

BobiBoabl. B nensix nosbimeHust 3¢p¢GEKTUBHOCTH MOUCKA BHYTPUIPOU3BOICTBEH-
HBIX PE3EPBOB POCTa MPOU3BOAUTENHLHOCTH TPyAa Ha yIeJ0OBIBAIOIIUX MPEATIPHATH-
X HeoOXomuMmo Oonee IUPOKO NMPUMEHSTh YKOHOMHKO-MaTeMaTH4eCKHE METO[bI,
B YaCTHOCTH JMHAMUYECKOe MHOTO(aKTOpHOE MOoAeTupoBanue. Vcnoap30BaHue pe-
JIaraeMoro MeTOAMYECKOTO MHCTPYMEHTapusl IIO3BOJIUT IOBBICUTH YPOBEHb IIPOU3BO-
JUTEIBHOCTH TPyZa Ha YIIEeAOOBIBAIOLINX NPENIPUATHAX 3a CUeT pa3paboTku Oonee
3 PEKTUBHBIX OPraHU3aLUOHHO-TEXHUYECKHX MEPONPHUITUH B 00JaCTH TEXHOIOTHH,
MEXaHMU3alUH U OPraHu3aliui TOPHOTO MPOU3BOJCTBA, & TAKXKE MOBBICHTH JTOCTOBEP-
HOCTh PAacyeToB IPH TUIAHHPOBAHUH U MPOTHO3ZHUPOBAHUH YPOBHS MPOU3BOIUTEIHHO-
CTH TpyZa.
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The significance of economic-mathematical methods in growth reserves
investigation and labour productivity forecast (by the example of Kuzbass mines)
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Abstract
Introduction. Labour productivity is one of basic factors improving competitiveness of coal producers.
Today, as far as labour productivity level of a worker is concerned, Russian enterprises significantly lag
behind the USA, Australia and other coal mining countries. Traditional analysis methods prevent from
determining quantitative estimate of the factors’impact on the level of labour productivity with the account
of their interrelation and interdependence. For this reason, the issue of economic-mathematical methods
application to search for the reserves and the ways for labour productivity growth in coal industry is
relevant.
Research aims to develop tools allowing to determine basic factors, quantitative estimate of their impact
on the level of labour productivity, and production reserves more precisely with the help of economic-
mathematical methods, and forecast labour productivity of workers at coal mining enterprises more
accurately.
Research methodology includes economic-mathematical methods, particularly dynamic simulation with
the methods of multiple correlation.
Results. By the example of Kuzbass small dip mines, basic factors have been distinguished which influence
the level of labour productiveness. The mechanism of using recursive models to analyze and investigate
labour productiveness growth reserves in coal industry has been shown. The need for dynamic multifactor
models application has been substantiated. The methodology of building dynamic multifactor model has
been worked out which takes into account regression coefficient dynamics stability and the interrelation
between average values of basic factors in multifactor models developed for each year over a range of
analyzed years in dynamics.
Summary. The use of economic-mathematical methods, particularly dynamic multifactor simulation,
allows to improve the level of labour productivity of coal producers by means of more efficient organizational
and technical measures development in the sphere of technology, mechanization, and mining organization,
as well as to increase the reliability of calculations when planning and forecasting labour productiveness
level.

Key words: labour productiveness; economic-mathematical methods; basic factors; production reserves;
methodology of developing dynamic multifactor model of labour productiveness; forecasting.
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WccnepoBaHue 3KOHOMUYECKOTO NoKasaTens 3aTpar
NPYU LUKNUYHO-NIOTOYHON TEXHOMOTUM
Ha pyAHbIX Kapbepax

CemeHkuH A. B.1, AHToHOB B. A.l
" MiHeTuTyT ropHoro aena Ypanbckoro otaenerus PAH
(Poccus, r. Ekatepunbypr, yn. Mamuna-Cubupsika, 58)

Pechepam
Beeoenue. /lannas cmamvs nocésaujeHa oyenKe mexHoI02UYecKUx napamempos u yciosuti mpaicnop-
MUPOBAHUS 20PHOTL MACCYL C 21YOOKO 3aNe2alouux 20pU30HmMo8 pyoH020 Kapbepd, Npu KOMopbixX HAU-
6onee s¢hpexmusHo npumeneHue MeHee 3ampPamHuol YukauyHo-nomounou mexronozuu (L{I1T) no cpas-
HEeHUI0 ¢ WUPOKO PACHPOCMPAHEHHbIM UCHONb308AHUEM IKCKABAMOPHO-ABMOMOOUILHO20 KOMNIEKCA
(OAK). Boibop cucmemsl yukauuHo-nOMOYHOU MEXHON02UU U COOMBEMCMEYIOWUX OISl ee NPUMEHEHUs
napamempoe npo8ooUmMcs no 3KOHOMUYECKOMY KPUMepuro OMHOCUMENbHO MEHbULUX 3ampam.
Llenv pabomeul. Bviasums 3akonomepHocmu usmMeHeHUs: MpaHCROPMHbIX 3aMpam npu pasHvlx 2OpHOMmex-
HoNocuueckux napamempax komniexcos LIIT u na smotii ocHoge oyeHums no IKOHOMUYECKOMY KPUMepuro
ux donycmumbvie UHMEPSALbL, NPU KOMOPBIX Hauboiee IPPeKmusHo npumMeHeHue IMux KOMIIEKCos.
Memooonozusn. [[na 6visignenus 3aKOHOMEPHOCHel U3MEHeHUs. MPAHCROPMHbIX 3ampam NnpoGeoeHbsl
pacuemsl ux KCNEPUMEHMATbHO-OUCKPEMHBIX 3HAYEHUll U nociedyloujee MOOeIuposanue cesasell 3a-
mpam c napamempamu NPUMeHAeMbIX KOMNIEKCO8 MeMOOOM HeTUHEUHOU DYHKYUOHANbHO-(AKMOPHOU
pezpeccuu. IKCNepUMEHMANbHO PACCYUMAHbL 3aMpamsl HA NPUMeEHeHUe KOMNLEKCO8 IKCKABAMOPHO-
aABMOMOOUNILHO20 MPAHCROPMUPOBAHUSL PYObl U BCKPIUHBIX 2OPHBIX NOPOO, A MAKICE YUKIUYHO-NO-
MOYHOU MEXHONIO2UU 8 KAPbEPAax C PA3HECEHHbIMU U Hepa3HeceHHbIMU bopmamu. 3ampamel paccuuma-
HbL C yuemom npusedenuss K 0OHOMY MOMEHNY 8PeMeHU U nepeeooa ux 6 OMHOCUMenbHble eOUHULbL.
Cpedu MHO2UX MEXHONOSUYECKUX NAPAMEeMPO8, GIUAIOWUX HA 3ampamul, blOpanvl 08a Hauboiee 3HA-
YUMBIX — NPOU3BOOCEEHHASL MOWHOCTND KOMNAEKCO8 NO 2OPHOU Macce U 8blcoma ee nodvema ¢ paboye-
20 eopuzonma. Ilapamempol 3a0asanuce coomgeemcmeayowumu 3uavenusmu 5, 10, 20, 30 man m/200 u
180, 280, 380, 480, 580, 680 m. Ha ocrose pacuemo co30amvl pecpecCuoHHble MOOelU, 0modpaXcaio-
wue ¢ 8bICOKOU 00CMOBEPHOCMbIO NO KOd(hPuyuennmy demepmunayuu 0,986—0,998, saxonomeprnocmu
UBMEHEHUs. 3ampam U 0COOEHHOCMU UX C83ell C MeXHOIO2UYeCKUMU napamempamu Komniexkcos. Ilpo-
8€0€HO CpasHeHUue MOOCIbHBIX 3AMPam npu NPUMeHeHUU PACCMAMPUBAEMBIX MPAHCHOPMHBIX KOMNLEK-
€08, U CO2NACHO NPUHAMOMY KpUMepuio 0aHa KOIUYeCmeeHHAs OYeHKa UX napamempos, npu KOmopuix
apexmugno npumerernue YuKAUIHO-NOMOUHOU MEXHONOSUU.
Pesynomameol. I[Ipumenenue yukauyHoO-nomoyHoOU MexXHoI0UuU 6 Kapvepax be3 pasnoca 60pmos npu
Mpancnopmuposanuu pyobl 20pHOMEXHOIOSUYECKUMY NAPAMEMPAMU KOMNIEKCO8 He O02PAHUieHo,
a npu mpaHcnopmupo8aHuU 6CKPLIUHBIX NOPOO — ocpanuyeno yacmuuno. Haubonee cywecmeentnvle
02PaHUYEHUs] MEXHONO2UYECKUX NAPAMEmpPo8 OOHAPYICeHbl 8 Kapbepax ¢ PA3HeCeHHbIMU OOpmMAaMu.
Omu oepanuuenus bipaxjceHvl MamemMamuiecku COOmeemcmeayiouumMu HepaseHcmaamu.
Bui6oowl. Ilonyuennvie pe3ynomamol MOJICHO UCHONb306AMb NPU ONpedeleHuu dPPekmueHocmu npu-
menenus komnnexcos LIIIT na pyonsix mecmoposicoenusx.

Kniwowuesvie cnosa: Kapvep, YUKIUYHO-NOMOYHASL MEXHON02Us, IKOHOMUYECKUL NoKaA3amensb
3ampam; Kpumepuil, peepeccus,; Mooeib.

Beenenue. OcBoeHrE MTYOOKO 3aJIETAIONIMX PYIHBIX MECTOPOXKIECHUH OTKPBITHIM
c1moco00M MPUBOIUT K POCTY TTyOHHBI KAphEPOB U, CIIEAOBATEIHLHO, K HEOOXOTUMOCTH
BbIOOpa Hanbomee 3 GeKTUBHOTO croco0a TPAaHCTIOPTUPOBAHUS OTOUTON TOPHOU Mac-
CBI C HIUKHUX TOPU30HTOB. BRIOOD BUIa TpaHCHIOPTA 3aBUCUT OT TOPHO-TEOIOTHIECKUX
YCIIOBUH W MapaMeTpoB pa3paboTku kKapbepa. Cpean HUX Haunbonee CyliecTBEHHOE
BIIMSIHUE OKA3bIBAIOT TEXHOJIIOTHYECKUE (PaKTOPhI — MPOU3BOJCTBEHHAS MOIITHOCTH Ka-
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phepa 1o TOPHOI Macce M BBICOTa ee moabeMa ¢ pabodero ropusonTa. [IpumeHenne
JUTSE 3TON [EeJTH HIMPOKO PaCIpOCTPAHEHHOTO SKCKaBaTOPHO-aBTOMOOWIBHOTO KOM-
iekca (DAK) cTaHOBUTCS S5KOHOMUYECKH HEBBITOJHBIM U MPOOJIEMAaTHYHBIM B Kapbe-
pax ¢ MOBBIIIEHHOM NMPOHU3BOAUTEIBHOCTHIO IO TOPHOI Macce U OOJBLION BBICOTOH ee
nojbeMa. MI3BeCTHOM aJbTepHAaTUBON B JAHHBIX YCIOBHSX SIBIISIETCS IPUMEHEHNE KOM-
TuieKca uKIngHo-motouHon TexHonoruu (LIIT), otnmugaromeiicss MeHbIIIMH 3aTpa-
TaMH W DKOJOTHMYECKOW Oe30macHOCThIO. [ OpHOTEXHONIOTHUYeCKHe YCIOBUS BBIOOpa
HIIT uccnenoBanuch MHOTMMH aBropami [ 1-14]. OgHako 3T UccaenOBaHUS HE IaI0T
MIPEJCTABICHUS O KOJMUYECTBEHHBIX CBI3AX U OTPAHUUYEHMSIX [TapaMeTPOB TPAHCIOPT-
HBIX KOMIUIEKCOB, IpH KOoTOpbIX puMeHeHue LIIIT cTaHoBUTCS SKOHOMHYECKH Ooriee
3¢ PEKTUBHBIM 110 CPABHEHUIO C IKCKABATOPHO-aBTOMOOMIILHBIM KOMILIEKCOM.

Henab paGoTbl — BHIABUTH 3aKOHOMEPHOCTH U3MEHEHMSI TPAHCIIOPTHBIX 3aTpaT Npu
Pa3HBIX TOPHOTEXHOIOrHUeckux napamerpax komrmiekcoB LIIT u Ha 3T0it 0OCHOBE OlLie-
HUTbH 110 IKOHOMHUYECKOMY KPHUTEPHIO UX JOIyCTUMBbIE HHTEPBabl, IPU KOTOPBIX HAU-
6osee 3¢ HEKTUBHO MPUMEHEHUE STHX KOMIUIEKCOB.

Metononorusi. C 11enbi0 ONpeneieHns OTMEYEHHBIX CBSI3€il U OrpaHMYEHHH, 110
JTUCKPETHBIM pacdeTaM SKOHOMHYECKOTO MOKa3aTessl yAeIbHBIX MPHUBEICHHBIX 3aTpar
3, ¥ 3,, HanpaBJIeHHbIX Ha mpumeneHne cootBetcTBeHHo LIIT u DAK, nccnenosans
METOJIOM HEJIMHEWHOH PErpeccuy 3aKOHOMEPHOCTH, 110 KOTOPBIM 3aTPaThl U3MEHSAIOTCS
B 3aBHCHMOCTH OT YIOMSIHYTBIX OCHOBHBIX TEXHOJIOTHYECKUX (hakTOpoB. BEIOOP KOM-
wiekca LT npoBoauTcs 1o KpUTEPHIO, BRIPAXKCHHOMY HEPaBEeHCTBOM 3 < 3, B3STBIM
3a OCHOBY B OIICHKE HCKOMBIX OIpaHU4YEHUH.

JluckpeTHble pacyeThl yieJdbHbIX NPHBEAEHHBIX 3aTpaT. Pacxonpl mpu mnpume-
Heanu DAK u xommutekca LIIT cocrost U3 crareil KamuTadbHBIX M 3KCIUTyaTallHOH-
HBIX 3aTpaT. B Ux cTpyKType KpoMe YCIOBHO MOCTOSIHHOM KOMIIOHEHTBI UMEOTCS CO-
CTaBIIAIOIINE, HEMOCPEACTBEHHO 3aBUCAIINE OT O00beMa TOAOBOW IOOBIYM PYIABI U
BBIEMKHU BCKpHIK Q, a Takke BBICOTHI MOIbeMa H ropHOM Macchl B Kapbepe. B pac-
YeTe 3aTpaT YUUTHIBAIUCH CIEAYIONINE TEXHOIOTHUYECKHE MPOLECCHl U COOTBETCTBYIO-
M€ 3KCIEPUMEHTAIbHbIE 3HAUYEeHUsI UX MapaMeTpoB. [0/10Bas MPOU3BOAUTENHHOCTh
KoMITTeKcoB () 3a1aBajiach JUCKPETHRIMU 3HaUeHUsIME: 5, 10, 20, 30 mutH T/To. BBICO-
Ta noabema H 3anaBanace u3 pana: 180, 280, 380, 480, 580, 680 m. B xommnekce LIITT
0oTOUTas TOpHAs Macca OT 32005 JI0 IIYHKTA ee IMeperpy3Ku Ha KOHBeHep IepeMeIaeTcs
B Kapbepax 0e3 pasHoca OOPTOB M C pa3HECEHHBIMH OOpTaMH aBTOCaMOCBajaMu Ha
BbIcOTY nmoabema 80 M. B untepBanie Q ot 5 10 20 MJIH T/T0J1 IPUMEHSIOTCS IKCKaBaTO-
PbI ¢ BMECTUMOCTBIO KOBIIIA 5 M ¥ aBTOCAMOCBAJIbI TPY30MObEMHOCTRIO 45 T, a TIPH
Q, paBrOM 30 MJIH T/TOJ, — S9KCKaBaTOPhI ¢ EMKOCTBIO KOBIIIA 12 M3 ¥ aBTOCaMOCBAJIbI
rpy3000EMHOCTHIO 90 T.

YkpynHeHHbIe pacueTsl 3aTpar npu npuMenennd DAK u komiekca LIIT ¢ ymoms-
HYTBIMH JUCKPETHBIMHU 3HaUEHUSIMHU TEXHOJIOTHYECKHX ITaPAMETPOB MPOBEIEHBI 110 CO-
OTBETCTBYIOIIUM HPKOHOMHUKO-MaTeMarudeckum moxaelism [11, 15] Ha pacdeTHsIi ro.
Onpenenenue 3¢ dexruBHOCTH npuMeHenus koMiuiekca LIIT Bo3MOkHO 10 3aTpaTam
Ha PACYETHBIA TOJ C YYETOM CpPOKa OKYIMaeMOCTH OONBIIMX KalmUTaJbHBIX 3aTpaT 3a
CYeT MEHBIIINX IKCILUTYaTallMOHHBIX 3aTpaT Ha Hero. OgHaKo 0oJiee KOPPEKTHBIM SIBIIS-
€TCs CPABHEHUE BAPUAHTOB M0 IPUBEICHHBIM CYMMapHBIM yACIbHBIM KalIUTAIbHBIM U
9KCIUTyaTallMOHHBIM 3aTparam [16, 17]. Ins aToro neicTBUTENbHBIC 3aTpaThl HA pac-
YeTHBIN T/l MPUBEIEHBI K OTHOMY MOMEHTY BpeMeHH. [Ipu nmpuBeaeHnH AeHCTBUTENb-
HBIE 3aTpaThl Ha PAaCYETHBIN T'OJl yMHOXEHBI Ha COOTBETCTBYIOIINI KodduiueHt Oy-
JYIIHX JIET.

Koaunment mpuBeneHns KanwTambHBIX 3aTPaT, YYUTHIBAIOIIUN yIOpOKaHUE
000pyIOBaHMsI B T€UEHHE BPEMEHHBIX MHTEPBAJIOB MHMIALUH, NIPUHAT paBHBIM 1,00.
KosdpduuuenT npuBeaeHus: 3KCIUTyaTallMOHHBIX 3aTpatr, COIIACHO JaHHBIM TOPHBIX
NPEeaNpuATHi, TPUHAT JUIA aBTOCAMOCBAJIOB Tpy30MoAbeMHOCThI0O 45 m 90 T
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paBabM 1,20 1 1,15 cooTBETCTBEHHO, a TS APOOMITBHOTO, KOHBEHEPHOTO M SKCKABaTOP-
Horo o0opynoBanus — 1,06. [IpuBeneHne OTHECEHO K MOCIEAHEMY TOAY NIEPUOAA ONTHU-
MH3aLUH, PABHOTO BOCBMH T'0JIaM, T. €. CpeIHEMY CPOKY CITY>KOBbI aBTOcaMocBaiioB [ 18].

W3-3a CIOXKHOCTH IIOJTYUYEHUS JAHHBIX, KOTOPBIE SBIISFOTCS KOMMEPYECKOU TalHON
MPEeINpUATHI, pacuyeThl BBHIIOJHEHHI B 1leHax Ha 1 suBaps 1998 roma. IlomyueHHsble
PE3yNBTaThl 3aTpaT MepeBeeHbl B OTHOCHTENbHbBIE eIUHUIBL. [laHHas mpomeaypa mo-
3BOJIIET CPAaBHHMBATh 3aTPaThl Pa3HOI'0 Ha3HAYEHUS U CYOUTb 00 MX M3MEHEHUSIX He
TOJIBKO B HACTOSIIEM, HO U B OyAyIIeM BPEMEHH C JOMYIICHUEM, YTO BCE 3aTPaThl 110
OTAEIBHBIM CTaThsIM PACXOAOB YBEIMYUBAIOTCS MPOIMOPLIUOHAIBEHO ¢ OTHUM K03 Pu-
[IUEHTOM YIOPOKaHUS.

3arparbl yCpeIHEHbl U OTHECEHBI K 3HAUYCHHIO YIETbHBIX KAalTUTAJIBHBIX 3aTpar, Ha-
IpaBieHHBIX Ha puMeHeHrne DAK mpu npou3BOAUTENBHOCTH KOMILIEKCOB 5 MIIH T/TOA
U BBICOTE NogbeMa ropHoi Maccsl 180 M, ycnoBHO cooTBeTcTBYrOIKM 100 %.

a 6

Buc p)i,"/% Buepy %
1000 - 1000
900 A 900 -
800 - 800
700 700 A
600 - 600 A
500 - 500 1
200 A 400 A
300 A 300 14
200 A 200 {¥
100 100

> RN 2s.
Ommtron ¥ % BN 18?)52 Q, M T/rox Voo 1)

Puc. 1. Pacmipenenenne OTHOCHTEIbHBIX PUBEICHHBIX YACIbHBIX TPAHCIIOPTHBIX 3aTPAT IPH IPHUMEHe-
Hun komiuiekca LITIT nuist moxbeMa ropHOH Macchl U3 Kapbepa ¢ pa3HEeCEHHBIMH OOPTaMHU:
@ — 10 pe3yabTaTaM AUCKPETHBIX PAaCYETOB; 6 — IO pe3yJbTraraM MOJIEIUPOBAHUS
Fig. 1. The distribution of relative reduced specific transportation expenses under the use of CFT complex
to deliver rock mass from the open pit with opencast edges:
a — by the results of discrete calculations; 6 — by the results of simulation

B pe3synbrare pacueToB, IpOBEIEHHBIX IPH OTMEUCHHBIX H3MEeHEeHUsIX Q u H, nomy-
YEHO 1O 24 3KCTIEpUMEHTAIbHBIX 3HAYEHUS 3aTPaT B KaKJOM U3 CICAYIOLINX YEThIpeX
WX BUJIOB: 33(pyﬂ)i, 33(BCK)I., 3u(6_p)i, 3H(C »)i» HAPABICHHBIX COOTBETCTBEHHO HA PUMCHEHHE
OAK 11t TpaHCTIOPTHUPOBAHHS PYIbl U BCKPBILIIHBIX TOPHBIX MOPOJ, a TakXke Ha
npuMeHeHue B kapbepax xkomruiekca LIIIT 6e3 pasaecenns 60pToB U ¢ pa3HECEHHBIMU
6opramu. Ha puc. 1, a, B kauecTBe WIUTIOCTPALIMK OITY4YEHHBIX PE3YJIBTaTOB, [I0OKA3aHO
JMCKPETHOE pactpeneneHue 3atpar 3, . CpefHeKBaApaTHIHbIC G, K OTHOCUTEIIbHBIC
MOTPEIIHOCTH PACcUETOB MOKa3aHkl B Tabnuie. L{npposoe cpaBHEHHE TUCKPETHBIX 3HA-
YeHUl 3aTpaT MO3BOJISIET OLIEHUBATH MX CBS3W JTUILIBL MPHOIMKEHHO. 1Sl BBISBICHUS
0oJ1ee TOYHBIX KOJTMYECTBEHHBIX 3aKOHOMEPHOCTEH U CBsI3€il MPOBEAEHO UX PEerpeccu-
OHHOE MOJIETTHPOBAHHE.

MogeanpoBaHne cBfi3eil NpuBeAeHHbIX 3aTpaT. MojieTupoBaHue CBsI3eH MpUBe-
JICHHBIX 3aTpaT, HAllpaBJICHHBIX Ha puMeHeHHe B Kapbepax DAK n xommekca LT,
C UX IPOU3BOIUTENBHOCTHIO Q M BBICOTOH MOABEMa TOPHOM Macchl H BBIIOTHEHO METO-
JIOM HeJIMHeHHOW (yHKInoHanbHO-(hakTopHOU perpeccuu [19, 20]. JoBeputenbHbIi
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MHTEpBaJl MAaTEMaTHUECKOTO BBIPAXKEHHUS MOJEIEH TOJDKEH COOTBETCTBOBATH CIydaid-
HOM MOTPEIIHOCTU G, DKCHEPUMEHTANLHBIX JUCKPETHBIX pacdeToB 3arpar. Ilosromy
¢ ydeToM Io pacnpenenenuro [lupcona Bapuanuii X AUCTIEPCUH MPOBEAEHA OLEHKA
C 3aJaHHOM [TOBEpUTENbHOW BepoATHOCTHIO 0,95 COOTBETCTBYIOIIMX HHTEPBAJIOB
JOIIyCTUMOTO K03(h(HUIMEHTa NeTePMUHALIMN UCKOMBIX Mozesiel. Pe3ynbraTel oleHOK
NpUBEIEHBI B Ta0IHLE.

OOmwmii B Mozenelt copMUpPOBaH MO TEOPETUIESCKUM MPEICTABICHUSIM O CTPYK-
Type YIEeNbHBIX MPUBEICHHBIX 3aTpaT U (JeHOMEHaM SKCIEPUMEHTAILHOTO pacipee-
JICHUs1 UX JUCKPETHBIX 3HAUCHU B MPOCTpaHcTBe apryMeHToB Q u H. 3arpars! Ha 3Kc-
KaBaTOPHO-aBTOMOOHIIBHBIN KOMILIEKC 3, . M3, . 110 MEepe POCTa rof0BOro oobema
BCKPBIIIN U JOOBIUM PyAbl YBEIMYMBAIOTCS B CBS3U C BIOKCHHUSMH Ha PHOOpETEHHUE
COOTBETCTBYIOIIMX TEXHOJOTHYECKUX CPEACTB, a TAK)KE YACTUYHO YMEHBIIAIOTCS I10
CTaThe pacxoJoB Ha ux copepkanue. [loaromy B HanpasneHnn Q OHM U3MEHSIOTCSI 11O
JBYM TPOTHBOIOIOKHBIM MOHOTOHHOCTSIM, 00pa3yloliuM MUHUMYM. B HampaBnennn
BBICOTHI MTOJIbeMa TOPHOM Macchl H 3aTpaThl yBEINIUBAIOTCS IPHONMKEHHO JIMHEHHO.
Juckpernsie 3HadeHns 3arpar Ha komruieke LIIIT Oe3 pasHecenms 60OpTOB Kapbepa
3. p,i PACTIPEICTICHBI MO BIMAHUEM TEX ke (hakTopoB, uTo u B komrurekce DAK, ¢ Toit
JHIIb PasHULEH, YTO UX MOHOTOHHOE U3MEHEHHUE 110 OCH H CyIIECTBEHHO HEJTMHEHHO.
Bripakast oTMeUeHHBIE H3MEHEHHUS 3aTPaT CTENIEHHBIMU (DYHKUIUSAMH, TPEACTaBUM MO-
nemu 3 3, pyn ¥ 3y(s,p) B CTICAYIOIIEM 000OIICHHOM BUJE:

3=A0"+ 40"+ AH" +B to,,

Ie G, — CPEIHCKBAAPATHIHAS IOrPEIIHOCTS.

B SKCIEPUMEHTAIBHOM paclpeieieHUN yAETbHBIX 3aTpaT Ha NMPUMEHEHHE KOM-
ruiekcoB LIIT ¢ pasHeceHHBIME OOpTamMu Kapbepa 3H(c )i HAOIIIOZIAIOTCST MOHOTOHHBIC
HeJMHelHbIe M3MCHEHHs, HalpaBJeHHbIe BAONL oced Q u H W mox yrmioM K HUM
(puc. 1, a). Beipaxas ux cTeIeHHBIMH (YHKITUSIMH, ITOJTydaeM oO0IIee MpeICTaBIeHNE
MOZEIH

3(Bek)’ ~a(pyn)

Buem = 40" + AH"™ + AQ"H" + B, to0,.

u(c p)

B npuBenenubIx Gopmynax kod3GGUIHEHTH A, B ONTUMH3UPOBAHBI METOJIOM Hau-
MEHBIINX KBaJPaTOB, a OKa3aTeH CTENICHH |1 — METOJOM PUOIIKEeHUH apadonuye-
CKOM BepIIMHEL B MOTemsix 3, , . 3, ¥ 3,6 ) ONTHMH3ALINS [IOKA3aTeIeH MPOBeIeHa
o merozmke MST (p,, p,), M3T (u,), a B Mmogenn 3, — no metomuke M5T-2 (p,, pg;
U L) [21]. B pesynbrare 4nuCIEHHBIX PACYETOB OTMEYEHHBIX KO (QUIUEHTOB U (QyHK-
IUOHAIILHBIX TAPaMETPOB MOTY4YEeHBI KOHKPETHBIE MaTEeMaTHYeCKHE BEIPAKEHHSI MOJIe-
neit. I'paduyeckuii Bun Mogenn 3, - nokasad Ha puc. 1, 6. I'paduk monemn 3,
aHaJIOTHICH BUITY 3 - Ax cpenHeKBanpaTHqHHe TNOrPEIIHOCTH G, U KO DHUITHEHTHI
JeTepMuHanun R? HpCI[CTaBJ'ICHLI B TaOnune. OHM MONanaroT B JOIyCTUMBIN MHTEp-
BaJI, YTO YKa3bIBa€T Ha JIOCTOBEPHOE pa3jeiCHUE B MOAEISIX JECTCPMUHUPOBAHHOU H
CilydaiiHOM KOMIOHEHTHI. OTKIIOHEHHSI Perpeccun OT SKCIEPUMEHTAIBHBIX 3HAYCHUH
noKazaTesis 3aTpaT o0nagaloT CBOMCTBAMH HOPMAJIBHOTO PACIpeesIeHHsI U TOMOCKe-
JAKCUYHOCTH. TakuMm 00pa3zoM, MOITydeHHbIE MOJIEITH OTOOPaKAIOT U3MEHEHUS YIIEIb-
HBIX TIPUBEICHHBIX 3aTpar Ha mpuMeHeHue komiuiekcoB DAK u IIIT anexBarHO 110-
IPEIIHOCTH UCXOIHBIX SKCIIEPUMEHTANIBHBIX OLICHOK, T. €. CTATUCTHYECKHU JOCTOBEPHBI,
Y B YKQ3aHHOM JIOBEpUTEIHHOM HHTEPBAJIC BHIPAXKAIOT HCKOMbIE 3aKOHOMEPHOCTH B HX
N3MEHEHUSIX.

AHaIu3 1 MHTEpPNpeTAlUs BbISIBJEHHBIX 3aKOHOMepHocTeii. Mcmons3ys mare-
MaTU4ECKUE BBIPAXKEHUS ITONyYSHHBIX MOJICJICH U WX rpadruecKue n300paKeHus, Jia-
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JIUM KaueCTBEHHYIO M KOJINYECTBEHHYI0 MHTEPIPETALIUIO BBIIBIEHHBIX 3aKOHOMEPHO-
CTed M XapaKTepHBIX OCOOEHHOCTEH W3MEHEHHS OTHOCHTEIBbHBIX TPHBEICHHBIX
VIAETBHBIX 3aTpaT, HalpaBJIeHHBIX Ha IpuMeHeHue B Kapbepax DAK u xommiekca LIIIT.

3arparst 3, 13, pyn HA DAK B cBsi3u ¢ pocToM 00bEeMa TOJI0BOI TPON3BOANUTENb-
HOCTH () KOMILIEKCOB CHavdalla CHUYKAIOTCA, a 3aTeM YBEIMYMBAIOTCS M3-3a PACXO/IOB Ha
coJiepXaHne U MPHOOPETEHHE MOTPY30-TPAHCIIOPTHBIX CPEJCTB MO CTENEHHBIM (YHK-
LUSIM C COOTBETCTBYIOIMMH okazarensamu 0,10 u 2,92. B untepane nameHenus Q ot
16 10 19 MiIH T/TOI OTMEUACTCS PAaBHOE BIMSIHUE 3TUX (PAKTOPOB, MPH KOTOPOM CyMMa
3arpar MUHUManbHa. C yBEeIMYEHHEM BBICOTHI MOIbeMa / BCKPBIIIHBIX TOPHBIX MTOPO/]
Y pyAbl B Kapbepe 3aTparhl, B MIPEBHIIICHUN HaJl yCIOBHO MOCTOSHHBIMA WX 3HAYECHUS-
Mu 630,4 u 648,46 % B NaHHBIX MOJIETSAX, TAK)KE YBEIIMUMBAIOTCS IMHEHHO C YIIIOBBIM
xkoa¢ppunuenrom 0,64 %/ M.

ITapaMeTpsbl JUCKPETHBIX U MO/ICJILHBIX PACYETOB
Parameters of discrete and simulation calculations

CpenHekBagpaTU4Has G,, % Virtepsan ionycri- Mounenu perpeccun

O6o3HaueHHe (OTHOCUTEBHAS) MOrpel- MOTo K05 hHICHTa CpeHexBapa- Koodduument

3aTpar HOCTb JUCKPETHBIX pacu€TOB ZeTepMUHALHH THYHasi [IOrpell- JIeTEPMUHALIAH

3aTpar HOCTb Gy, %

3s(scx) 4,20 (0,01) 0,997-0,999 47 0,998

3s(pyn) 4,45 (0,01) 0,997-0,999 4,6 0,998

3u©.p) 9,20 (0,03) 0,981-0,994 11,0 0,986

3ucep) 12,40 (0,03) 0,993-0,998 13,3 0,996

3arparsl 3 npu npumenennu LITIT B kapbepax 6e3 pazHoca OOPTOB NU3MEHSIIOTCS

1(6.p)
C POCTOM I'OIOBOM MpousBoauTeENbHOCTH Q ananoruuno 3arparam Ha DAK. ITpu aTom ux

MOCTIeIOBAaTEIbHOE CHIDKEHNE W yBEJMYEHHE MPOWCXOMUT IO CTETEHHBIM (DyHKIMSM
¢ mokazaremsimu 0,10 u 0,61 cooTBeTcTBeHHO. B pesynbrare o0pazyeTcs MEHUMYM 3aTpar
B untepBasie O ot 17 no 20 mun 1/roa. [lpu yBennuennu BeIcOTh H mogbemMa 0TOUTOM
TOPHOM Macchl B Kapbepe 3TH 3aTparthl, B IPEBHIILIEHUH HaJl YCIIOBHO TOCTOSHHBIM 3Ha4e-
HueMm 2863,6 %, yBeIMUMBAIOTCS 110 CTENICHHOW (DYHKIMH C IToKa3arenem 1,9.

HanGonbiee n3MeHEHHE 3aTPaT HPOUCXOUT B MOJEIH 3, B CITy9Yae MPUMCHCHHS
HIIT B kapbepax ¢ pasHECEHHBIMH OOpTaMH. B TIpeBBIIEHUN HA YCIOBHO TTOCTOSH-
HbIM 3HadueHueM 154,1 % 3arparel B pe3ynbTare pas3lenbHOIO IEHCTBUS apryMEHTOB
YMEHBIIAIOTCSI 00paTHO MPOMOPLHOHAIBFHO KBaApary roJ0BOH MPOU3BOAUTEILHOCTH
Q ¥ COOTBETCTBEHHO YBEIUUMBAIOTCSI MPONOPLMOHAIBHO KBAIPATy BBHICOTHI MOABEMA
H ropnoii moponsl. COBMECTHOE ACHCTBHUE ITUX ke apTyMEHTOB BBIpaKaeTCs aHaJO-
TUYHBIMH TPOTIOPIIHOHAITBHOCTSIMH, COIEPKAIIMMH CTETIEHHYIO (DYHKIIHIO C TTOKa3aTe-
nem 1,6. B pe3ynbrare BIusHASA OTMEUEeHHBIX QakTopoB 3arpatsl Ha LIIIT cymecTen-
HO YBEITMYHBAIOTCS IPH OTHOCUTEIFHO MaJIOH MPOU3BOUTEN HOCTH 5—10 MITH T/TOA M
0O0JIBIIION BBICOTE MOIbeMa TOPHBIX TTopof S80—-680 M.

OmnpenenuM COOTHOIIEHUS 3aTpaT U clelylollre U3 HUX OrpaHUYeHUs TapaMeTpoB
pa3paboTKu KapbepoB, MPH KOTOPHIX COMNIACHO MPUHATOMY OTHOCHUTEILHOMY KpHUTE-
puto 3¢ dexkTuBHO TpuMeHeHne koMruiekca LIITT. OTMeTnM, 9To HOTPEeIrHOCTE Pe3yilb-
TaTa, MOJYYEHHOTO IMPH JEJIEHUH 3aTPar, paCCUNTAHHBIX MO0 MOJENSM, OIPEIeIIIeTCs
CYMMOH MX OTHOCHTENBHBIX MorpermHocTeil. FimMes B Buay UX 3HaueHus B Tabnuie,
NPUXOAUM K 3aKIIOYCHHIO, YTO KPUTEpUH S(PPEKTUBHOCTH MPUMEHEHHUS! KOMILIEKCA
HIIT ouenuBaeTcss HEPABEHCTBOM B COOTBETCTBYIOIIIEM MHTEPBAJIE

3,/3, <1£0,04.
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Pesynbrar nenenus sarpar 3, /3, ) Ha TPaHCIOPTHPOBAHUE PY/IBI B Kapbepax
0e3 pazHoca O6OpTOB B 3amaHHON oOnactu aprymeHToB Q, H He mpeBbIIIaeT 3Haue-
Hust 0,88. D10 03HAYAET, UTO OrPAHUUCHUM MAPAMETPOB Pa3padOTKH KaphepoB Ha Y heK-
tuBHOe mpuMeHeHne [IIIT HeT. AHAMOTMYHO W3MEHSETCS COOTHOIICHWE 3aTpar
3u(6'p)/33(m) Ha TPaHCIIOPTUPOBAHKE TOPHBIX TIOPOJ BCKPHITIH (puc. 2, a). OHaKO 37eCh
B MHTEPBAJIAX MPOU3BOIUTEILHOCTH KOMIUIEKCOB OT 5 10 5,5 MIH T/TOI W BBICOTHI
MoJIbeMa FOPHOH Mopo/ sl MeHbIIe 220 M oTMedaeTcs 30Ha orpanndenuid Beroopa LIIIT,
B KOTOPOH 3TO OTHOIIeHUE u3MeHsercs ot 0,92 1o makcumyma 0,96. [1o onienke unTe-
rpansHON (yHkiuu Jlamnaca kputepuit addextuHoctu LIIT B 3TOM MHTEpBaje BbI-
TIOJTHSETCS JINIIH C TOBEPUTENbHON BeposiTHOCTHIO OoT 0,841 10 0,977. B mpocTpancTBe
MapaMeTpoB KOMIUIEKCOB 3Ta 00IacTh BBIENSETCS CIENyIOIINM HEpPaBEHCTBOM:
H<514,5-60,7Q.

a 4
Bu6p) /35 ey Buen 3o
OTH. €]I. 3oHa OTH. efl. - 3oHa 5
OTpaHUYCHUI ' OrpaHUYECHHUN
Bei6opa LIIT BbIOOpA L[
1,6 6
- 14
12 1o
o 10
o 08
o0 0’6
o 04
’ S
0,2 s 02 :
. 0
\%°q3> P S o d
D A9 b“o‘o A\ o 5 63 VY ,,}qb‘ b‘b‘o \ o 36 6
H, Y 0 Qumiron H, m i & (O%Q Q, MItH T/TOA

Puc. 2. MonenbHbIe CpaBHEHUSI OTHOCHTENIFHBIX MTPUBEICHHBIX YICIBHBIX 3aTpaT MPU IPUMEHEHHN KOM-
twiexcoB LIIT u DAK 11 TpaHCIOPTUPOBAHUS BCKPBIIIHBIX FOPHBIX IOPOJL:

a — B Kapbepax 0e3 pazHoca O0pPTOB; 6 — B Kapbepax ¢ pa3HOCOM OOPTOB; pacnpeeseHue BeposTHoCTU P s dexTrBHO-
ro npumenenus LIIT: 7 —(0,5-0,841); 2 —(0,841-0,977); 3 —(0,977-1)

Fig. 2. Simulative comparisons of relative reduced specific expenses under the use of CFT and EAC for

overburden rock transportation:

a — in open pits without opencast edges; 6 — in open pits with opencast edges; distribution of P probability of CFT

effective application: / — (0.5-0.841); 2 —(0.841-0.977); 3—(0.977-1)

Hawub6os1ee noHo 3oHa orpannuchuii 3¢dexkruBHocTy LIIIT oOHapykuBaeTCs B COOTHO-
IIEHUX 3aTPaT, HAIPABJICHHBIX HA TPAHCIIOPTUPOBAHUE BCKPBIIIHBIX TOPHBIX MTOPOI M PY/IbI
B Kapbepax ¢ pasHeceHHBIMH OopTamu. [ padymdeckn B Takoro pactpenenieans 3 - /3
MOKa3aH Ha pUC. 2, 6. AHAJIOTUYHO paclpenelieH0 W COOTHOIIEHHUE 3H(c 0 By
B Hux mMerotcst 30HBI, T/I€ 3TH OTHOIIEHUs Oojblie enuHUIBl. CTPEeNKoi Moka3aHo Ha-
TIPaBJICHUE MTPOCKIIMY N30JIMHKUY CO 3HaueHueM | Ha none aprymenToB Q, H. T1o monoxe-
HUIO MPOEKIMHU B HCIOJIB30BaHHON KoMIbtoTepHO# nporpamme « Tperast @CII-1» ompe-
JICJICHbI B JIOBEPUTEIILHOM HMHTEPBAJC CPEIHCKBAIPATHYHON IMOTPEITHOCTH BBICOTHI
ToAbeMa TOPHOH ITOPOIBI, OTPAHIYCHHS ITAPaMETPOB KOMIUIEKCOB B BHZIC HEPABEHCTB:

1(cp) * ~a(BeK)

2030,1

DB, 40  H,, <108513- s

0,516

H, <1141,6-

0,6

rae Q usmensiercst ot 5 10 17,5 MIIH T/TOA U COOTBETCTBEHHO OT 5 10 14,5 MiH T/T0f,.
BeposTHOCTD BBHITIOTHEHYSI IPUBEICHHBIX HEPABCHCTB Ha Pa3HOM BBICOTE H, B CBSI3H CO



ISSN 0536-1028 «H36ecmus 8y306. [opnwiii ocyprany, Ne 1, 2019 109

ClIydailHOH MX MOTpeUIHOCTBIO, ONpeAessieTcsl WHTerpanbHoi ¢yHkumer Jlammaca.
Ha puc. 2, 6 pacnonoxxenue JeTEPMUHUPOBAHHON YacTU orpaHudeHus /1 _1oKa3aHo
MYHKTHPOM. 31IECh XK€ BBIJICIICHBI 00IaCTH MapaMeTPOB Kapbepa, B KOTOPBIX PUMEHE-
Hue xomriekca L{TII adexktnBHO ¢ yKa3aHHOM BEpOSTHOCTHIO BBIIOIHEHUS YIIOMS-
HYTBIX OTpPaHUYEHUI IIPH OTKIOHEHHSIX BBICOTHI /{1 OT NETEpMUHUPOBAHHOMN 4acTH Ha
MHTEPBaJI OHOH, IBYX U 0oJiee CpeAHEKBaAPATUUHBIX MTOTPEIIHOCTEH.

BeiBoasl. B pesynsrare skcniepiMeHTaIbHO-AUCKPETHBIX PACYETOB U MPOBEIEHHO-
ro Ha UX OCHOBE HEMMHEHHOTo ()YHKIHOHAIbHO-(aKTOPHOTO PETPECCHOHHOTO MOAe-
JUPOBAHMUS M3MEHEHUH SKOHOMHMYECKOTO IMOKa3aTessl OTHOCUTEIbHBIX MPUBEICHHBIX
VIASTBHBIX 3aTpaT MpH MPUMEHEHUH B PYIHBIX Kapbepax komruiekcoB LIIT u DAK BbI-
SIBIIEHBI C BHICOKOW JTOCTOBEPHOCTHIO 10 KOdQdummenTy aerepmuHanuu 0,986—0,998
MaTeMaTH4YECKHUE BBIPAXKEHUS KOJIMYECTBEHHBIX 3aKOHOMEPHOCTEN B CBA34X C IapaMe-
TpaMH 3THX KOMIUIEKCOB. PaccunTaHHbIe Ha 3TOI OCHOBE COOTHOIIEHUS 3aTpar MO3BO-
UM OOHAPYKHUTh U OICHUTH TEXHOJOTMYECKHE YCIOBHs HamOosiee 3PPEeKTHBHOTO
npumenenus LIIT.

CpaBHeHHe 3aTpar [10 OTHOCUTEIBHOMY KPUTEPHIO [TOKA3bIBAET, UTO B Kapbepax 0e3
pasHoca 0opToB Haubosnee 3pPEKTUBHO, C JOBEPUTEIHHOI BEpOsTHOCTHIO BhiwIe 0,84,
npumeHenue LIIT Bo BceM nHTEpBaie MPON3BOAUTENBHOCTH IO TOPHON Macce U BBI-
cote ee nogbema. [Ipumenenne komruiekca L{IIT B kaprepax ¢ pasHeceHHBIMH OOpTa-
MU 3Q(PEKTUBHO B OrpaHUYCHHBIX MHTEPBATAX MX TEXHOJIOTHYECKHX MapameTpoB.
M3-3a ciydallHOM MOIPEMIHOCTH MOJEIBHOM OLICHKH YIOMSHYTOTO KPUTEpHS JIOIYy-
CTHUMBIE TPAHMIBI NMapaMeTPOB OMNPEACIAIOTCS JIMMIb C 3aJaHHOH JOCTOBEPHOCTEIO.
Hanpumep, BeiOpannoit noctoBeprocti P = 0,9 B mHTerpansHoii ¢yHkuuu Jlammaca
COOTBETCTBYET CIy4aiiHOE PaBOCTOPOHHEE OTKIOHEHUE CO 3HaUeHHEM OOJIbIle cpel-
HEKBaJ[paTHYHON NOrpenIHocTy kpurepus B 1,3 paza. B pesynbrare BEIUNTaHUS €70 U3
MOCTOSIHHOTO CJIaraeMoro B opMyiiax KpUTEpHUsS OMpPENesIeTcsl C JaHHOH JTOCTOBEP-
HOCTBIO TPAaHHUIA TAPAMETPOB KOMILIEKCOB B BUJIE CIEAYIOIINX HEPABEHCTB:

2008, 25 2030,1

Huo <11416- 540, H,, <108518- "=+ 35

0,6

IJIe TOMOBasi MPOHM3BOJAUTEIBLHOCTh KOMILICKCOB QQ MO TOpHOUM Macce H3MEHSeTCs
ot 5 10 17,5 MITH T/TOI ¥ COOTBETCTBEHHO OT 5 10 14,5 MiH T/TOS.

Cmambn evinoiHeHa 6 pamxax zocyoapcmeennozo 3aoanus 007-00293-18-00.
Tema Ne 0405-2018-0001.
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Research of the economic indicator of costs under the cyclic-flow technology
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Abstract
Introduction. The present article of dedicated to the estimation of technological parameters and conditions
of rock mass transportation from deep horizons of ore open pit where the use of more expensive cyclic-flow
technology (CFT) is the most efficient compared to the widespread use of excavating-automobile complex
(EAC). The choice of the system of cyclic-flow technology and corresponding parameters is made according
to an economic criterion towards lower costs.
Research aim is to discover the regularities in transport costs change under different mining-technological
parameters of CFT complexes and, based on this, by an economic criterion, estimate their permissible
intervals where the use of these complexes would be the most efficient.
Methodology. In order to discover regularities in transport costs change, the calculations of their
experimental and discrete values has been carried out together with the further simulation of costs
connections with the parameters of the complexes applied with the method of curvilinear functional-factor
regression. The costs of excavating-automobile complexes for ore and overburden rocks transportation
application have been experimentally calculated, together with the cyclic-flow technology in open pits with
opencast and not opencast edges. The costs have been calculated with the account of reduction to one
instant and their transfer to the relative units. Among the multitude of technological parameters influencing
the expenses, two most significant ones have been singled out — production rate of transport complexes by
rock weight and the height of its rise from the working horizon. Parameters were set by the corresponding
values 5, 10, 20, 30 million tons/year and 180, 280, 380, 480, 580, 680 m. Based on the experimental
calculations, the regression models have been created which, with high reliability by the coefficient of
determination 0.986-0.998, display regularities in costs change and the features of their connections with
technological parameters of complexes. The comparison of model costs has been carried out under the use
of the transport complexes under consideration and, according to the accepted criterion, quantitative
estimate of their parameters has been given where the use of the cyclic-flow technology is effective.
Results. The application of the cyclic-flow technology in open pits without opencast edges during ore
transportation is not limited by mining and technological parameters of complexes, whereas during
overburden rocks transportation it is partially limited. The most significant restrictions of technological
parameters are observed in open pits with opencast edges. These restrictions are expressed mathematically
by the corresponding inequalities.
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Conclusions. Obtained results can be used when determining the effectiveness of CFT complexes
application effectiveness in ore deposits.

Key words: open pit; cyclic-flow technology, economic cost indicator; criterion, regression; model.
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OnpepgeneHne 3HeProeMKOCTH NpoLiecca IKCKaBaLm
pabounm obopynoBaHMeM TMna npsimas nonara
KapbepHOro JKckaBaTopa

Komuccapos A. MN.%, MnotHukoB H. C.%, Nykawyk O. A.2, lletHeB K. 0.2
1 Ypanbckuit rocyAapCTBEHHbII FOPHbINA YHUBEPCUTET
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Pechepam
Leny uccnedosanun: anarusz Gopmuposanus sHep2O3AmMpam npu IKCKA8ayuu 20pHuix Nopood pabouum
000pydosanuem muna npAMas 10nama KapbepHo20 KCKABAMOPa u Onpedenenul IHeP2OeMKOCU NPo-
yecca HKCKABAYUU 8 KOHKPEMHbIX 20PHOMEXHUYECKUX YCAOBUAX IKCHIYAMAYUU.
Memoovt uccnedo8anusn: UMUMayUOHHOE MOOEIUPOBAHUE U BLIYUCTUMENbHLL IKCHEPUMEHT.
Pesynomamur pabomet. Ilokazano, umo npoyecc 3KcKasayuu paboyum o6opy008anuem muna npsamas
JIONAMA XApaKmepuszyemcs nOSbIUEHHOU IHEP2OEMKOCMbIO 88UV 3AMPAM IHEP2UU HA NOOBEM lleMeH-
mog pabouezo 060PyO008aHUA U 20PHOU MACCbl HA 8bICOMY Yycmyna (3a00s), a maxace npomueooeli-
CMBUA OBUNCYWUX CUI NPU PASTUNUYU HANPASTeHUll YCUunuti nodvema u nanopa. B pesynemame sviuucau-
MeNbHO20 IKCNEPUMEHMA, BbINOIHEHHO20 HA OCHOGE UMUMAYUOHHOU MOOenU npoyecca dKCKasayu,
onpedeneHvl hakmuueckue 3HaueHuss pabomvl 08UNCYWUX cuil (YCUIul nodvema u Hanopa) 6 npoyecce
ompabomxku 3a605. Ycmanoe1eHo, Ynmo sHep2o3ampantvl 3a8UCAM OM PACNONONHCEHUs KOBWA 6 paboyet
30He IKCKABAMOpa U BbIAGIEHbL YUACMKU paboUell 30Hbl ¢ NOBLIUEHHbIMU SHAYEHUAMU IHEP2O3ampan.
IIposeden oughepenyuposannbvlii pacuem sHepeo3ampam 6 3a6UCUMOCHU OM 8UOA BLINONHAEMbIX One-
payuil — dHep2o3ampam npu Konanuu (nonesnol pabomul), snep2o3ampam npu noobeme dNeMeHmOo8
pabouezo 060PyO008aHUS U 20PHOL MACCHI, A MAKICE IHEP203ampan, Gbl36AHHBIX NPOMUBOOEUCMEUeM
2NABHBIX MEXAHUIMO8. Boinoinena oyenka snepeoeMkocmu npoyecca SKCKA8Ayul 6 pasiuyHblx yuacm-
Kax paboueil 30HbL (Npu nepemMewyeHul Kosula no Ha4dabHol, cpeoHell U KOHeYHOU MpaeKmopusam).
Pexomendayuu no ucnons3osanuio pe3yibmamos. 1Ipednodcentvlii Memoo paciema 3Hepeo3ampam
npu SKCKABAYUU 20PHBIX NOPOO PABOYUM 000PYO0BAHUEM KAPLEPHOLO IKCKABAMOPA NO360IUM Onpede-
UMb IHEPeeMUUECKYI0 XapaKmepucmuKy 9KCKagamopa 05 KOHKPEMHbIX 20PHOMEXHUYECKUX YCA108Ul
IKCnIYyamayuu.
Bo1600bl. Yemanosnenue 3aKOHOMepHOCMEN (DOPMUPOBAHUSL FHEP2O3AMPAM HA IKCKABAYUIO 20PHBIX
HOPOO HA OCHOBE 8LIUUCIUMENLHO20 IKCHEPUMEHMA NO360IUN ONPEVETUMb IHEPLEMUYECKYI0 XapaKme-
PUCIUKY KAPbEPHO20 IKCKABAMOPA OJisl KOHKPEMHBIX YCI08ULl IKCHIYAMAYUU.

Knroueewie cnoesa: snepzoemrxocms npoyecca sxckasayuu; pabouee 060py0osanue mund npsamas
aonama; paboma ycunuii no0vema u Hanopa.

Beenenne. B HacTosmiee BpeMs B CBA3H € IPOUCXOIALIUMHI Ha OTKPBITBIX TOPHBIX
paboTax KauecTBEHHBIMU U3MEHEHHSIMH, CBSI3aHHBIMU KaK C BHEAPEHUEM HOBBIX TH-
MOB U MoJiesield 000pYI0BaHMUsI, B YaCTHOCTH KapbepHBIX DKCKaBaTOPOB, TaK U C He-
TaTUBHBIMA H3MEHEHUSMU TOPHO-TEOJIOTUYECKUX W TOPHOTEXHUYECKHUX YCIOBUU
pa3pabOTKH MECTOPOXKIEHNH TIOJIE3HBIX NCKOMMAEMBIX (CI0KHO-CTPYKTYPHOE 3ajiera-
HUE TOPOJI, MOBBINIEHNE JOIU CKAaJbHBIX U MONYCKaJbHBIX MOPOJ, YIIyOJeHUE Ka-
PBEPOB U T. A.), 0COOYI0 aKTyaJIbHOCTb IPHOOPETAIOT BOIIPOCHI, CBS3aHHBIEC C aHAJIU-
30M 3(QQEKTHBHOCTH NPHUMEHEHHS HOBOH TEXHUKM W CTENEHH peaTu3aluu
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TEXHUYECKUX M TEXHOJIIOTHYECKUX BO3MOXHOCTEH 000py0BaHMs B KOHKPETHBIX yC-
JMOBUSX dKcmutyaTanuu [ 1-9].

OreHKa KayecTBa DKCKAaBAIMOHHOTO O0OPYIOBaHMsS MPOU3BOAMTCS B HACTOSIIEE
BpeMsl TI0 TOKa3aTeNsiM TEXHUYCCKUX XapaKTepUCTUK ManuH. OJHAKO Takas OICHKA
UMEET 3HAYMMOCTh, B OCHOBHOM, MPH TEXHUKO-DKOHOMUYECCKOM aHAM3€ Pa3TUUHBIX
TUTIOB MaIlluH. B KOHKPETHBIX YCIOBUSX SKCILUTyaTalliy 3HAYCHUsS! OOJNBITUHCTBA STHUX

Ta6muna 1. Pe3yabTaThl BBIYHCIUTETLHOT0 dKciepumMenta (Hy = Hpacy)
Table 1. Computer experiment results (Hx = Hpacu)

Koopaunatst Cropocts VYceunue nogsema | MoMHOCTB Pabora ycu- CyMNVIapHHe
Touku K, Mm :;Ii:)e;:[?v[]/t u Hanopa, KH ycwnuii, kBT i, M/ oHep rl\(;[;‘;?a“l’
x | Y|l vl v Pl R r [P | A A A

Hauanvnas mpaexmopust (Xvo = 10 m)
10,00 0 094 | 0,82 528 | 495 | 494 | 408
11,15 2 089 | 0,74 589 | -500 | 526 | 372 | 1,17 | 0,90 2,07
12,30 4 081 | 0,61 642 | -516 | 522 | 316 | 1,21 | 0,79 2,00
13,45 6 0,69 | 0,40 759 | -501 | 522 | 201 | 1,20 | 0,60 1,80
14,60 8 057 | -0,10 936 | —495 | 536 49 | 1,22 | 0,29 151
1575 | 10 0,58 023 | 1152 | 520 | 671 | 121 | 1,39 | 0,20 1,59
16,90 | 12 0,69 050 | 1349 | 547 | 934 | 275 | 1,85 | 0,46 2,31
HUmozo | 8,04 | 3,24 11,28
Cpeonsis mpaexmopust (Xxo = 14 m)
14,00 0 087 | 0,61 801 | -195 | 696 | 119
15,15 2 082 | 0,48 838 | —196 | 685 94 | 1,59 | 0,25 1,84
16,30 4 0,76 | 0,30 876 | 183 | 662 56 | 1,55 | 0,17 1,72
17,45 6 0,70 | -0,10 921 | 142 | 642 13 | 1,50 | 0,08 1,58
18,60 8 0,66 0,13 978 -59 | 645 8 1,48 | 0,03 1,51
19,75 | 10 0,64 0,33 | 1040 78 | 661 26 | 1,50 | 0,04 154
20,90 | 12 0,59 0,50 | 1093 296 | 640 | 148 | 1,50 | 0,20 1,70
HUmozo | 9,12 | 0,77 9,89
Kouneunaa mpaexmopus (Xxo = 18 m)
18,00 0 0,79 | -0,39 | 1017 111 | 799 44
19,15 2 0,73 | -0,25 | 1055 148 | 774 38 | 181 | 0,10 191
20,30 4 0,68 | -0,09 | 1097 214 | 742 20 | 1,74 | 0,07 1,81
21,45 6 0,61 0,07 | 1147 320 | 702 24 | 166 | 0,05 1,71
22,60 8 0,53 0,23 | 1210 480 | 644 | 113 | 1,55 | 0,16 1,71
23,75 | 10 0,42 0,38 | 1292 709 | 546 | 269 | 1,37 | 0,44 1,81
2490 | 12 0,27 050 | 1416 | 1030 | 377 | 515 | 1,06 | 0,90 1,96
HUmozo | 9,19 | 1,72 10,91

nokasatesnei (MPOoIOKUTEFHOCTh PA00Yero IUKIIA, SHEPro3aTpaThl, MPOU3BOAUTEIb-
HOCTb U JIp.) H3MEHSIOTCS B ITUPOKOM JIMaNa30HE U 3HAYNUTEIILHO OTIUYAIOTCS OT pac-
YETHBIX BEJIMYUH, YTO 3aTPYAHSCT MOITYYCHUE JOCTOBEPHOMN U MOJHOM HH(OPMAIUH O
TEXHUYECKOM MOTCHIIMAJIe 000pyI0BaHus.

B kadecTBe OCHOBHOTO TIOKa3aTeNsi TEXHUUECKOTO YPOBHS TEXHOIOTHIECKOTO 000-
PYIOBaHUS IIe1eco00pa3HO BBIIEIATh PabOYyI0 XapaKTePUCTUKY, OMPEICIIIONIYIO
3HAYCHHsI OCHOBHBIX IMOKa3aTelicil B KOHKPETHBIX TOPHOTEXHUYESCKHUX YCIOBHSIX pPa3-
pabotku [10-13].
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Ienb uccaenoBaHus — aHAIN3 BIMSHUS TEXHOJOTHYECKUX [1APAMETPOB HA SHEPTO-
E€MKOCTb IIpOoIlecca SKCKaBallii TOPHBIX MTOPO/I.

3apauu, pemaeMele B padore:

— ompeneneHre GaKTUISCKUX 3HAUCHHUI SHEPro3arpar Mpy 3KCKABAIMU TOPHBIX MO-
POI 11l KOHKPETHBIX YCIOBHN PabOTHI,

— OLICHKAa BJIMAHUA TCXHOJOTMYCCKUX I1apaMETPOB (HH/IpI/IHa 3aXOAKH, BBICOTaA
ycTyna win 3a00s Ipu pa3paboTKe B30PBaHHBIX MTOPO U Jp.) HA BEJIUYUHY SHEPTO-
3arpar.

Ta6muna 2. Pe3yabTaThl BBIYUCIUTEILHOT0 dKciepuMenTa (Hy = Hi max)
Table 2. Computer experiment results (Hx = Hi max)

Koopaunatst C()Ko;;oc;r;[ Yeunue nogpema | MomHoOCTh Pabora ycu- 312}]1;4(1;@22}{21:“
Touku K, M :arf[o];a;:[M /e u Hanopa, kKH ycwiuii, kBt i, MJTx pM}j[)Kp ’
x | v | w v, | R[] R R ]P ] A]A A
Hauanenas mpaexmopust (Xeo = 10 m)
10,00 0 094 | -0,82 375 | 554 | 351 | 456
11,15 2 0,89 | -0,74 436 | -538 | 389 | 400 0,85 | 0,99 1,84
12,30 4 0,81 | -0,61 481 | -538 | 391 | 330 0,90 | 0,84 1,74
13,45 6 0,69 | -0,40 580 | -505 | 399 | 202 091 | 0,61 1,52
14,60 8 0,57 | -0,10 727 | 471 | 417 46 0,94 | 0,29 1,23
1575 | 10 0,58 0,23 911 | 461 | 530 | 108 1,09 | 0,18 1,27
16,90 | 12 0,69 0,50 | 1078 | -461 | 747 | 232 1,47 | 0,39 1,86
18,05 | 14 0,80 0,68 | 1172 | 414 | 933 | 280 1,93 | 0,59 2,52
19,20 | 16 0,84 0,78 | 1123 | -206 | 942 | 161 2,16 | 0,50 2,66
20,35 | 18 0,58 0,85 866 467 | 501 | 396 1,66 | 0,64 2,30
Hmoeo | 11,91 | 5,03 16,94
Cpeonsisi mpaexmopust (Xvo = 14 m)
14,00 0 0,87 | -0,61 636 | —275 | 552 167
15,15 2 082 | -0,48 670 | 261 | 547 125 | 1,27 | 0,34 1,61
16,30 4 0,76 | -0,30 702 | -236 | 531 72 | 1,24 | 0,23 1,47
17,45 6 0,70 | -0,10 739 | -186 | 516 18| 1,21 | 011 1,32
18,60 8 0,66 0,13 787 | -101 | 519 13| 1,19 | 0,04 1,23
19,75 | 10 0,64 0,33 842 27 | 535 91 1,21 | 0,03 1,24
20,90 | 12 0,59 0,50 890 217 | 521 109 | 1,22 | 0,24 1,36
22,05 | 14 0,44 0,63 939 506 | 414 317 | 1,08 | 0,49 1,57
23,20 | 16 0,15 0,72 | 1055 935 | 156 670 | 0,66 | 1,14 1,80
2435 | 18 | 0,21 0,78 | 1353 | 1530 | 288 | 1196 | 0,51 | 2,15 2,66
Hmoeo | 959 | 4,67 14,26

MeToabl MCCIe0BAHUS — UMUTALMOHHOE MOJAEIMPOBAHUE M BBIYHACIUTEIBHBIN
9KCTIIEPUMEHT.

AHanu3 npouecca dkckapanui. OcoO0eHHOCTBIO padovero npouecca SKCKaBauu
TOPHBIX MTOPOA PabounM 000pyIOBaHUEM THIIA MPSIMAast JIOTIaTa KapbEePHOTO SKCKABATO-
pa SIBJIAETCS CYLIECTBEHHBII POCT YHEPTOEMKOCTH IIpoLiecca, 00y CIOBIEHHBII YHEPro-
3aTpaTaMi Ha IOIbEM JIEMEHTOB pabodero 000pyaoBaHHs 1 TOPHON Macchl P Koma-
HUM Ha BBICOTY ycTyna (3a00s), a Takke MPOTUBOACHCTBHEM IVIABHBIX MEXaHHU3MOB
(oIBEMHOTO M HAMMOPHOTO) B MPOIECCE PKCKABAIIMM BBUY Pa3iNuus HApaBICHUIN
YCUJIMH NObEMA U Haropa.
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OHepro3arparbl IpU AKCKaBallMd TOPHBIX MOPOJ ONPEAEISIOTCS BEIHYHMHON CyM-
MapHOH paboThl YCHIIMH MOABEMAa U HaIllopa IPH COBMECTHOM paboTe IMaBHBIX HCIION-
HUTEIbHBIX MEXaHU3MOB NIObEMA M HAIOpa.

Texymee 3HaueHIe pabOTHI yCHIHs (ITOIbEMa MIIH HAIlOpa) COCTAaBUT

A =05(R +P_)AL,

rae P, u P, | — Texylye 3Ha4€Hus. MOIHOCTH YCHIIUS MOAbeMa (HAropa), pacCUMTaH-
HBIE 114 i-i 1 (i + 1) TOYeKk TpaeKTOpUM MepeMeIleHrs KOBIIa (BEPIIMHBI PeKyIeit
KPOMKH); At — IIATENHHOCT ITepEeMEITICHIS KOBIIa Ha oTpe3ke (i, i + 1).

A, M]Tx
A
10

A

Pa6ota ycumii mogsema

3arpaThl SHEPrUU Ha
oJybeM pabouero
000py10BaHHsI

Tlone3nas pa60Ta
//
/

Pabora ycunuii Haropa

AN
N\ N\

AN\

0 9 18  Howm

Puc. 1. ®opmMupoBaHHe 3HEPro3aTpar Ha 3KCKABALMIO TOPHBIX TTOPOJ IPU HEepeMEICHHH
KOBIIIA TI0 Cpe/IHEeH TPAeKTOPHU
Fig. 1. The formation of energy consumption during rock excavation under bucket
movement along the medium trajectory

Ha ocHOBE MMUTaLIMOHHON MOJIENN IPOLIECCa SKCKABALIMX ITPOBEIEH BEIYUCIUTEIb-
HBIH SKCTIEPUMEHT I10 PAacueTy SHEPro3arpaT Ha 3KCKABALMIO TOPHBIX MOPOJ I IKC-
kaBatopa OKI'-20A.

B Tabn. 1 u 2 npuBeneHbI pacueTHbIC 3HAYCHHS MOIIHOCTH M Pa0OThl YCUIU OB~
€Ma M Haropa, a TaKKe dHepro3arpar Ha HKCKaBallMI0 TOPHBIX TOPOJ IpU pa3paboTke
3a00¢eB BBICOTOM H = 12 M, COOTBETCTBYIOIICH pacdeTHOMY 3HAUCHHUIO BHICOTHI KOTIAHMS
BKCKaBaTopa, PAaBHOM BBICOTE OCU HAIIOPHOIO Balla, U MAKCUMAIIbHOM BBICOTON [, = 18 M
B MpoLiecce MEepeMEIleHNsI KOBIIA 10 3KBUAWCTAHTHBIM TPACKTOPHUSAM — HavalbHOH,
CpenHell ¥ KOHEYHOH, T. €. 10 TPaHuIIaM M B LIeHTpe paboueil 30HbI AKCKaBaTopa.

Kak crnexyeT u3 nmpuBeeHHBIX AaHHBIX, 3HAUEHUS SHEPro3aTpaT CyIIECTBEHHO U3-
MEHSIOTCS B 3aBUCHMOCTH OT PacIOJIOKEHHUs KOBIIa B paboueil 30He dKCcKaBaTopa.

Tak, npy nepeMeIeHUH KOBIIA 110 Ha4aJbHOMN TPaeKTOPUU CyMMapHbIE YHEProsa-
TPAaThl C POCTOM BBICOTHI KOIIAHUS BHAYAJIE YMEHBIIAIOTCS U JOCTUTAI0T MUHUMAJILHO-
IO 3Ha4YEHHs, a 3aTE€M BO3PACTAIOT O MAKCHMAJIbHOTO 3HaueHus. l3mMeHeHne saneprosa-
TpaT OINpeneNnsieTcs, ¢ OJHOH CTOPOHBI, YMEHBbIICHHEM pabOoThl YCHIUs Hamopa Ipu
MaJIbIX OTKJIOHEHHUAX PYKOSTH OT TOPH30HTAIBHOTO TMOJOKEHUS U, C APYTOi CTOPOHBI,
yYBEIMYEHUEM PaOOTHI ABMKYIIUX CHJI C POCTOM BBICOTHI KOTIAHHS BBULY ITPOTHBOZCH-
CTBHS IVIABHBIX MEXaHU3MOB.
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OHEeProeMKOCTh MpoLecca HKCKaBaUK IPU NEPEMEILEHUH KOBIIA BMECTUMOCTBIO
V =20 M* 110 HaYaJIbHOM TPACKTOPHU COCTABHT:
MIPHU PACYETHOM BBICOTE KONIAHMS

a,, =% = 0,564 M/ m*;

IPH MaKCUMaJIbHOM BBICOTE KOTIaHHS
a = 0,847 MJIx/m°
.max ' °

IIpu nepemerieHny KOBIIIA 110 CPETHEN TPAaeKTOPHUU CYMMapHbIE YHEPTr0o3aTpaThl U3-
MEHSIIOTCS] aHAJIOTUYHBIM 00pa30M 32 HCKIIIOUCHHEM KOIIaHUs IPH MaKCUMAaJIbHOH BbI-
core H__ = 18 m. Ilpu 5TOM JBHrarenh MEXaHH3Ma MOAbEMa PabOTAET B PEKUME
NPOTUBOBKIIIOUEHUS (yAEp)KaHHs KOBILA) M JIBUTATENb MEXaHW3Ma Hamopa padoTaeT
(akTHYECKH OJVH.

OHEepProeMKoCTh NMpolLecca IKCKaBalluy IIpy MEPEMEIIeHNH KOBIIa 110 CpeHel Tpa-
€KTOPUH COCTaBUT:

IIPH PacUYEeTHOM BHICOTE KOTIAHUS
— 3.
a,,, = 0,4945 MJTx/m*;
Ipu MaKCUMaJIbHOM BBICOTE KOITAHUS

e = 0, 713 MJTk/ M.

Ha puc. 1 npuBenena cxema hopMupoBaHUS YHEPro3aTpar Mpu NepeMeneHnH KOB-
11a MO0 CPeJIHEN TPAEKTOPHH.

[Ipn mepemerieHnn KOBIIA 10 KOHEYHOW TPAGKTOPHH CyMMAapHBIE SHEPro3arpaThl
BO3pACTalOT BBUJY CYIIECTBEHHOTO MPOTUBOJACHCTBUS INIABHBIX MEXaHU3MOB: CKOPOCTh
W yCUITHE TTOJbeMa HaMpaBJIeHBI K 9KCKaBaTopy, 8 CKOPOCTh M YCHJIHE Harmopa — Ha 3a00H.

B nesnom, BenmnurHa CyMMapHBIX 9HEpro3aTpar ONpeenseTcsl JHepro3arparaMy Ha
IPEOIONIEHUE CHIIBI CONIPOTUBIICHHS KONAHUIO A =W Ha MOIBEM DJIEMEHTOB PabOIEro
000pyI0BaHKs U TOPHOM Macchl 4, ,, @ TAKIKE IHEPro3aTpaTaMH, BbI3BAHHBIMH «IIPO-
TUBOJIEHCTBHEM» TJIABHBIX MEXaHHM3MOB (Pa3HOHANPABICHHOCTHIO BEKTOPOB CKOPO-
CTeH rmorbeMa 1 Haropa).

BouiBoasl. [Ipu BrieMKe TOPHBIX MTOPOJ KAPHEPHBIM IKCKABATOPOM C paboYrM 000-
pYZIOBaHMEM THIIA IPsMAs JIoTIaTa SHEPro3aTpaThl CyIIeCTBEHHO U3MEHSIOTCS B TIpeie-
nax pabodei 30HBI HIKCKaBaTopa, 4To 00yCIOBIMBAETCS, B OCHOBHOM, BIMSTHUEM MEXa-
HU3Ma pabodero o0OPyIOBaHUSA, COSAMHSIONIETO TTIaBHBIE MEXaHU3MBI C KOBIIIOM, Ha
npeoOpazoBaHKe MApaMeTPOB MEXaHUIECKON SHEPTUH IBUTATENCH TI1aBHBIX MEXaHU3-
MOB B HHEPTOCHIIOBBIEC MMAPAMETPHI, Peaiu3yeMble Ha PEXYIIEH KPOMKE KOBIIIA.

YcraHOBIEHHE 3aKOHOMEpPHOCTEH (OPMHUPOBaHMS JHEPro3arpar Ha HKCKaBallUIO
TOPHBIX MOPOJ Ha OCHOBE BBIUMCIHUTEIHHOTO JKCIEPUMEHTA IO3BOJIUT OIPENENINUTh
SHEPTeTHYECKYIO XapaKTePUCTHKY KapbePHOTO HKCKABATOPa JIsl KOHKPETHBIX YCIOBHN
OKCILTyaTaIiH.

Pexomenaauyuu mo Mcnosib30BaHUIO Pe3yJabTaTOB. Pe3ynbTaThl pacyeTOB MOTYT
OBITh KCIOJB30BAHBI MPH CHHTE3C PAIMOHAILHBIX KOHCTPYKTUBHBIX CXEM pabodero
000pynoBaHMs SKCKaBaToOPA.
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Estimating the energy intensity of the process of excavation using operating
equipment of a face-shovel type of a mining excavator
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Abstract

Research aims to analyze the formation of energy consumption during rock excavation using operating
equipment of a face-shovel type of a mining excavator and to estimate the energy intensity of the process
of excavation in specific mining-engineering conditions of operation.

Research methodology includes simulation modeling and computer experiment.

Research results. It has been shown that the process of excavation using operating equipment of a face-
shovel type is characterized by increased energy intensity because of the energy consumed to elevate the
elements of operating equipment and rock mass to the bench (face) height, as well as because of the driving
forces counteraction under various directions of lifting and thrusting actions. As a result of computer
experiment carried out based on the simulation model of excavation process, actual values of driving
forces operation (lifting and thrusting actions) have been determined in the process of stoping. It has been
stated that energy consumption depends on the position of a bucket in the operating zone of an excavator;
operating zone sections with increased values of energy consumption have been discovered. Differentiated
calculation of energy consumption depending on the type of operations performed has been carried
out — energy consumption at digging (output work), energy consumption when elevating the elements of



118 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 1. 2019 ISSN 0536-1028

operating equipment and rock mass, as well as energy consumption caused by the counteraction of the
main mechanisms. Estimation of excavation process energy intensity has been carried out in various
sections of an operating zone (bucket movement along the initial, medium, and final trajectories).
Recommendations for the use of the results. The suggested method of energy consumption calculation
during rock excavation using operating equipment of an open pit excavator will allow to determine energy
characteristics of an excavator for specific conditions of operation.

Conclusions. The determination of regularities in the formation of energy consumption for rock excavation
on the basis of computer experiment will allow to determine energy characteristics of an open pit excavator
for specific conditions of operation.

Key words: excavation process energy intensity; operating equipment of front shovel type; lifting and
thrusting actions.
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K 060cHOBaHMIO Moaenen HeKOTOpbIX annapaToB
oboratutenbHbIX habpuk Npu co3aaHMM cucTem
aBTOMAaTN4eCKOro perynupoBaHus

NeoHoB P. E.!
1'YpanbCkuil rocyaapcTBEHHbIN FOPHBIA YHUBEPCUTET
(Poccws, r. Ekatepunbypr, yn. Kyitbbiwesa, 30)

Peghepam
Llenv padomui. B nacmosaweii pabome Ha 0CHOGe MEOPEMULECKO20 UCCLE008AHUSA 3AKOHOMEPHOCMEN
ucmeyenusi HCUOKOCMU PACCMOMPEHA BO3MONCHOCHb NOLYYUMb MOOeLb 00beKMd, KOMOPYI0 MOICHO
ucnonvzoeamv npu cozoanuu u Hacmpoiike CAP u oyenumos owmubKy npubnuiceHHol 3ameHvl 06bekma
PecyIuposaHus UHEPYUOHHBIM 36E€HOM.
Memooonozuu uccnedosanuii. Hccnedosar kiacc o0vekmos, 8 KOmopulx 8blX0OHOU GeTUUUHOU CO30a-
saemoti CAP sensiemcsi yposens nylonwl, a 6X00HOU — pacxo0 nooasaemoll 6 annapam nyivnol. Paccmo-
mpena obwas 3a0a4a 0l ANNAPAMOs ¢ NepelueoM NYIbnbl U ANNAPAMOE C 6bINYCKOM Yepe3 omeep-
cmue. K makum annapamam ¢ nepeiusoM OMHOCSIMC 6Ce eMKOCMU CO CB80O0OHbIM CHOKOM:
@romoxamepul, OMCMOUHUKY, HEKOMOpble 8Udbl cenapamopos. K annapamam c¢ ebinyckom nyivnul ye-
pe3 omeepcmue MONCHO OMHECMU 2UOPOYUKILOHBL NPU PACCMOMPEHUU 8bIX00d NECKO8 U HEKOMOopble
6uobl cenapamopos. Modenu makux annapamos, NOLyYeHHble HA OCHOGE (PUUYECKUX 3AKOHOMEPHO-
cmetl, Mocym Haumu npumenenue u npu npoekmuposanuu Hosvix CAP. Ha ocnose ypasnenuti mamepu-
anvHo20 Oanarca NPOOYKMOE U 3aKOHO8 UCHedeHUs HCUOKOCIU NOTYYeHbl Oughpepenyuatvhvle ypasHe-
HUsL, onucvléarowue mexnonrocuieckue 0owvexmol. OYyeHeHa 603MONCHOCHIb UCCTIe008AHUsL RPUOTUINCEHHOT
MoOenu 00beKmMos UHEPYUOHHBIMU 36CHbIAMU.
Pesynomamut padomer. Hnmezpuposanuem ypagHenuil, ONUCHIBAIOWUX 00bEKMbL, NOLYYeHbl YPAGHEHUs.
mooenu. IIposeden ananuz mounocmu npubIUNCeHUs YpagHeHull unepyuoHnvim 36eHom. Coenan 6v18600
0 803MOJICHOCMU UCTIONB30BAHUS UHEPYUOHHBIX 36eHbEB OJisl ONUCAHUS PACCMOMPEHHBIX 00bEKmMos npu
CO30aHUU CUCMEM A8MOMAMUYECKO20 Pe2YIUPOBAHUSL YPOBHSL.

Knrueewtre cnosa: vooens; NnepexooHas Xapakmepucmura, c60000Hbll U8, OOHHOE OMEepCmue;
UHEPYUOHHOE 36€HO.

[Tpu co3manum cucreM aBromarnueckoro perynuposanus (CAP) Ha oborarurens-
HBIX pabpukax (OD) oxgHoll U3 3a1au ABIsIETCA MpeAcTaBaeHue annapaTtoB O B Buae
MaTreMaTH4eCcKux Moaenei [1-3].

Heo0x0oauMoCTh 3TOro BO3HHKAET MPU aHAIN3E KauecTBa M YCTOHYMBOCTH MPOEK-
THUPYEMBIX CHCTEM, TPU PACCMOTPEHUH MEPEXOTHBIX MPOIECCOB B IIEMOYKE MOCTIeI0Ba-
TEJILHBIX alapaToB, HAIPUMEpP CEKIMK (oTalnu, KOTopbie OOBIYHO COCTOST U3 TO-
CJICJIOBATENIHO COCAMHEHHBIX (IIOTOKaMep.

IlenecooOpa3HOCTh pa3pabOTKU MaTEMATHYECKUX MOAENICH 000TraTUTeNbHBIX IpOLec-
COB BBI3BaHa MPEXJIE BCErO T€M, YTO MOJIENH MO3BOJISIOT aHAM3UPOBATh BO3MOXXHOCTH
aBTOMAaTHYECKUX CHCTEM PEryIMpOBaHMS YK€ Ha CTaJIuM TipoekTupoBanus [4]. B mocien-
Hee BpeMsl HaMeTHJIach TEHICHIINS 0XBaTa MaTeMaTHIECKIM OTIMCaHNEM HE TOJIBKO OTeITb-
HBIX TIPOIIECCOB OOOTAIEHHS, HO U TPYII alapaTtoB TEXHOJIOTHIECKOH 1end [5].
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Heo0xoquMo OTMETHTh, YTO MAaTeMaTH4eCKOe OINMCAaHHE HEKOTOPBIX allllapaToB
o0oraTtuTenbHbIX (adpUK Ype3BBIYAMHO CIOXKHO, B HEM HCIOJIB3YIOTCS, HAIpUMEp,
muddepeHInaNbHbIE yPaBHEHHUS B YaCTHBIX POU3BOIHBIX [6—8] 1, HECMOTPS HA HECO-
MHEHHBII HAy4YHbII HHTEPEC, IS CO3AAHMS U HACTPOMKU aBTOMATUYECKUX CUCTEM pe-
TYJIMPOBaHUS TaKOe OMHCAHKUE MaJIO IPUTOHO.

ITpu HacTpolike U pacyeTe aBTOMAaTUYECKUX CHUCTEM PeryaupoBaHus Haubosee ya-
CTO MCIOJB3YIOT MPONOPLUOHANBHO-UHTErpaIbHO-AN((EpeHIINaIbHbIE PErYIITOPEI
(IINA-perynsatopsl). [Ipu pacuere n HacTpoiike Takux cucteM Od mokporo oboraie-
HUSI SMIIMPUYECKH PACCMATPHUBAIOT OOJNBLIMHCTBO araparoB Kak MHEPLIMOHHOE 3BEHO
MIEPBOTO TMOPSI/IKA, MHOTIIA TaKOE ke 3BeHO ¢ 3amaszabiBanueM [9—11]. [TomoOHoe pac-
CMOTpEHHE OCHOBAaHO Ha TOM, YTO TIepeXoHast XapaKTePUCTHKA TAKUX allllapaToB CXO-
’a ¢ XapaKTEPUCTUKON HHEPIIHOHHOTO 3BEHA.

Mexy TeM, O4EBUIHO, YTO 3TO HE BCETA MPAaBOMEPHO. SICHO, YTO €CIIN B EMKOCTh
CO CJIMBOM 4epe3 OTBEPCTUE B THE HA BXO MMOJATh OY€Hb OOJBIION HOTOK MYJBIBI, TO
YPOBEHB MYJBIBI HEOTPAHUYEHHO BO3PACTET, YTO HE COOTBETCTBYET XapaKTEPUCTHKE
WHEPLIMOHHOTO 3BEHA.

Omnpenenenue napaMmeTpoB 0OBEKTA MO IKCIIEPHMEHTATIHHBIM JJAHHBIM HEBO3MO)KHO
TaKXe ISl IPOCKTUPYEMbIX 0OBEKTOB. JTO SIBISIETCS OCHOBAHMEM ISl IOIY4EHHSI MO-
Jeny 00BbEKTa YIPaBICHHUS U3 TEOPETUIECKUX 3aKOHOMEPHOCTEH.

Heab padorsl. B HacTosiei paboTe Ha OCHOBE TEOPETHYECKOTO M3yUYEHUsI 3aKOHO-
MEPHOCTEH MCTEUECHHS KHUIKOCTH PACCMOTPEHa BO3MOXKHOCTD TTOYYEHHS MOAETU 00b-
€KTa, KOTOPYIO MOJKHO MCIIOJIB30BATh MPH co31aHuy U HacTpoiike CAP, a Takxke oreHka
OLIMOKH NPUOIMKEHHON 3aMEeHbI 0OBEKTa PETyYINPOBAaHN HHEPIIMOHHBIM 3BEHOM.

MeTtonosorust ucciaegopanmii. [lanee paccMoTpeH Kjacc 00bEKTOB, B KOTOPBIX
BBIXOAHOM BenMuuHOMU co3naBaeMoil CAP siBisieTcs ypoBeHb ITyNbIIbI, @ BXOJHOW — pac-
XOJ1 TIOZIaBa€MO}il B armnapar MyJbIIbl.

PaccmarpuBaercst oO1miast 3a71a4a JUIst almapaToB ¢ IIePEeIMBOM MYJIBIIBI U allapaToB
C BBIITyCKOM Yepe3 oTBepcTre. K Takum anmaparam ¢ mepeinBOM OTHOCSITCS] BCE €MKO-
CTH CO CBOOOAHBIM CTOKOM: (DIOTOKaMepbl, OTCTOMHUKH, HEKOTOPBIE BU/IbI CENapaTo-
poB. K anmapartam ¢ BBIITYCKOM MyJBIBI 9YEPE3 OTBEPCTHE MOXKHO OTHECTH THAPOLIH-
KJIOHBI TIPU PAacCCMOTPEHHUH BBIXOJIa MECKOB M TAK)K€ HEKOTOPBIE BUIBI CENapaTOpOB.
Mopenu Takux anmnaparoB, MOJTyYeHHbIE Ha OCHOBE (PM3UUECKHUX 3aKOHOMEPHOCTEH,
MOTYT HalTH MIPUMEHEHHUE U TIPU MPOeKTUpoBaHNH HOBBIX CAP.

Crnenyer OTMETHTh, YTO peajbHblE TEXHOIOTHYECKHE aliapaTbl 000raTUTEIbHBIX
(habpuk Goree CIOXKHBI, YEM PAacCMOTpPEHHBIE Jlanee Moaenu. Tak, B kamepax ¢uiora-
LMY IOMUMO ITyJIBIIBI UIMEETCS IEHHBIA NMPOAYKT, B THAPOLMKIOHAX TPOUCXOIUT Pa3-
JieJIeHHe TUTaHNUA Ha CJIMB M TIECKH, B MATrHUTHBIX CEMaparopax BBIIENSETCS U3 BXOJ-
HOTO MOTOKa MarHuTHasl ppaxius. B npexcraBieHHoit ganee pabore 3TH 0COOEHHOCTH
HE YYUTBIBAJIHNCH M PAacCCMaTPHUBAJICS OOOOIIEHHBIH MOTOK. DTO BBI3BAHO TEM, UTO, C
OJHOW CTOPOHBI, MPH CO3JaHUM CUCTEM aBTOMATHYECKOTO pETYJINPOBAHUS YacTO
YIPaBIsIEMON BEJIMYMHOM SIBJISETCS OCHOBHOM MOTOK IYNBIBI U, C APYTOi CTOPOHBI,
JIOJIS TIOJIE3HOTO KOMITOHEHTA (2 UMEHHO OH U BBLAEIISIETCS) [0 OTHOLICHHUIO K 001IIeMy
MOTOKY HEBEJIMKA U MPUHIUITNAIBHO HE MOBIHAET Ha BHIBOJIBI, TIOTYUYECHHBIE B JTaHHOMH
pabore.

IIpu co3manum Moaenu, KOTOPYIO MpPEroiaraeTcst UCTONb30BaTh I aHaiu3a U
pacueTa CUCTEM aBTOMAaTHUYECKOTO PETYIUPOBAHMS, K PACCMOTPEHUIO NMPHUHUMAOTCS
(hakTOpBI, KOTOPBIE ABISIOTCS OCHOBHBIMM ISl CO37aBaeMbIX cucteM. [lo 3Toi npu-
YUHE B JIaJbHEHIIEM H3JI0KEHUHM PAacCMOTPEH OCHOBHOM MOTOK IyJbIIbI, OCTYTA0-
1IEN B TEXHOJIOTMYECKUIN annapar, U BEIXOJIHOM MOTOK YEPE3 NEPENIUB WU YEPE3 TOH-
HOE OTBEpCTHE.

PaccMoTpuM TeXHOJIOTMYECKUH anmapar, B KOTOPbIM MOCTyIaeT myiblla ¢ pacxo-
aom Q, . Ilynbna BeITEKaeT U3 anmapara 4epe3 CBOOOMHBIN CIMBHOM HOPOTr (CTOK)
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¢ pacxozom Q_ . JIns Takoro anmnapara MOKHO 3aIlicaTh yPaBHEHHE MAaTEPUAILHOTO
Oananca 3a OECKOHEYHO MaJIbIi IPOMEXYTOK BPEMEHH dt:

Q, dt=dVv +Q, dt, (D

e dV — HaKOIUICHHE KUIKOCTH B allliapare 3a BpeMs dr.

ITycTh B JaHHBI MOMEHT YPOBEHb IYJbIIBI HAJl CTOKOM PaBEH /1, a MIIOIIAIb cede-
HUS Ha BBICOTE 4 paBHa S. BeiencTBue Manoctu df n3MEHEHUEM TUIOIaau S 3a BpeMs
dt MOXXKHO TIpeHeOpeyYh HE3aBUCUMO OT KOHCTPYKILMHU ammapara. [lpu 3Tux ycrnoBusx
UMEET MECTO

dv = Sih, 2

rae dh — npuparieHne ypoBHsl JKUAKOCTH HaJl CITUBHBIM TTOPOTOM.

PaccmarpuBaemMeble fganee anmaparsl SBISIOTCS anliapaTaMy cO CBOOOAHBIM CIIMBOM
JKUIKOCTH yepe3 mopor. Pacxos uctekaromiei >KUAKOCTH B 3TOM CIIydae 3aBUCHUT OT He-
CKOJIBKUX (DaKTOPOB: BS3KOCTH JKUJIKOCTH (B CIIydae IyJbIIbl — OT €€ IJIOTHOCTH), (hop-
MBI CJIINBHOI'O ITOPOTa, JUIMHBI CIMBHOIO nopora u np. IIpu rugpaBinyeckux pacuerax
BCE OTH COCTABIISIONINE YIUTHIBAIOT KO3 duimeHTamu. B paMkax HaCTOAIIETO UCCITe-
JIOBaHUS OCHOBHOM MHTEpPEC MPEACTaBISET 3aBUCMMOCTh 3TOTO PacxXoAa OT BBICOTHI
CTONI0A KHUIKOCTH HAJ CIMBHBIM IOPOTOM. B 3TOM ciydae 3aBUCHMOCTD MOXKHO TIpe[-
CTaBUTh KaK

QB]:IX = khalz’ (3)

e k = const.
Ucnonways (2) u (3), u3 (1) momyuaem

dh/di+(k/Sh2=Q_/S @)

O06o3nauuB k/(2S5) = m; Q, /(2S) = N; h'? = u n pasnenss nepeMeHHbIE, ypaBHEHHE
(4) MO)XHO TIPUBECTH K BUY

(udu) / (N — mu®) = d. (5)

O6o03HauuB a = (N/m)'3, unrerpupys [12] o6e wactu (5) u 3amensist u = h'2, OKOH-
9aTeNbHO MOJTydaeM

t_(lj (ijln a’+ah”?+h _( 1 )arct 2h'? +a
m)| \ 6a (a—h“2)2 324 )8 T2

1 yus
+| z5— |arctg| — |.
3"2am 6
Janee paccMOTpEH BBIMYCK MYJIBIIBI CAMOTEKOM Yepe3 CIMBHOE OTBEPCTHE B
emkocTH. Ilpu co3ganmu CAP ypoBHS B 3TOM CiIydae Takke Ieaecoodpa3Ho mo-
JTy9UTh MOJeNb 00bekTa ympaBieHus. Takwe anmaparel Ha O®D mpencraBiIeHBI
3ymn)amMu B CiIydae UX PacIONOKEHHS Ha OTMETKaX BBINIE alllapaToB MMOCIETY-

foleil TexHonmorndeckoi memu. K aToMy e BHAY OTHOCATCS HEKOTOPHIE MOJCITH
cenaparopos.

(6)
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N3BectHO [13], 9TO ¢ HEKOTOPHIMH JOMYIICHUSIMHI BBIXOIHOM pacxon B (1) B aTOM
ciydae

Q... = ho(2gh*?), (7)

rme u=0,6—-0,7 (maee B mpOBEPOUHBIX pacdeTax MpuHATo 3HadeHue 0,6); 0 — IIomags
CEUCHHS BBIITYCKHOTO OTBEPCTHS; g — YCKOPEHUE CBOOOHOTO MaICHHUSL.

IMocpencTBoM TpeoOpa30OBaHUl, aHAJOTMYHBIX MPHUBEICHHBIM paHee, MOIYYCHO
g depeHIuanbHOe YpaBHEHUE TIEPEXOJHON XapaKTePUCTUKH

2u(du/dt)+ku=Q, /S, (8)

e k, = po(2g)"2 /(28); u = h'2.
[Ipu 5TOM S — IUTOIIA/Ib TIOBEPXHOCTH aIlapara Ha BBICOTE /.
O6o3nauns Q, /(28) = N; k,/2 = k,; h'"> = u, ypaBHenue (8) npuBeaeM K BUILY

dt = (udt) / (N — k,u). (9)

Mogenb, nony4eHHas 10ciie HHTEIPUPOBAHMS YPAaBHEHUS C Pa3IeIISIOLIMMUCS I1e-
peMeHHbIMHE (9), ¢ y4eTOM HyJEBBIX Ha4aJbHBIX YCIOBHH UMEET B

t=—(2S/kh"* - (2Q, S/ k)log |h"* —Q, / k| +(2Q,.S/k)log(Q, / k), (10)
rae k= uw(2g'?).

Pe3yabrartsl padortsl. [loxyuensr ypasuenus (6), (10), Ha 0CHOBE KOTOPBIX MOTYT
OBITh PACCUNTAHBI EPEXOHBIC XaPAKTEPUCTUKH OOBEKTOB YIIPABICHHUS.

PacueTHbie mapaMeTpbl MOJICJIbHBIX IPUMEPOB
Calculation parameters of model patterns

ITapametp dnoTrokamepa OTCTONHUK

Pacxon mybisl Qux, M%c 0,033 2

Koadpurment ¢ [3] 0,42 0,42

Jnuna ciuBHOTO mopora |, M 0,5 56,55 (KONBLEBOH MOPOT MpH
JIMaMeTpe OTCTOMHHUKA 18 M)

TLio1a1b IOBEPXHOCTH KHAKOCTH S, M2 4 254,5

Koadppurent k = ol [3] 0,21 23,75

Koadpdurment m = k/(29) 0,0525 0,047

N = Qux/(29) 0,0041 0,196

a=(N/mvs 0,5396 0,43

OO0cy:xaeHue pe3yabTaToB. [Ipeacrasiser HHTEpEC OLIEHUTD, HACKOJIBKO MOTy4EH-
Hasi MOZIENIb MOKET OBITh 3aMEHEHA Ha NPaKTHKE HHEPLHOHHBIM 3BEHOM IIPU pacueTe
CAP. C 31001 enpio ObUTH peaqn30BaHbl 1Ba MOJACIBHBIX IpUMepa CO CIEAYIOIINMHE
YHCIICHHBIMU JIAHHBIMU (TabIuUIa).

Ha puc. 1 mpuBeneHs! nepexoaHble XapakKTepUCTHKH, IIOJIyYeHHBIE 110 (6) IpH HyIle-
BBIX HayaJIbHBIX yCinoBusX. [Ipeanonaranocs, 4To yCinoBHbIN HadaabHbIN PEXUM COOT-
BETCTBYET YCTaHOBMBIIEMYCS IIPOLIECCY, IPUHUMAEMOMY 3a HOJIb.

IlepexonHble XapaKTEpPUCTUKHU NP HYJIEBBIX HAYAIbHBIX YCIOBUSAX JCHCTBUTEIBHO
CXOXH C TIEPEXOAHBIMHU XapaKTEpUCTHKAMH HWHEPLHUOHHOTO 3BeHa. [ uMcieHHOH
OIIEHKH 3TOH CXOXKECTH MO NMEePEXOAHBIM XapaKTepUCTHKAM Haii/IeHbI IIOCTOSHHBIE Bpe-
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MEHHU B IPEANIONOKEHUH, YTO MIPHUBEACHHBIC I'PaQUKH COOTBETCTBYIOT HHEPIIMOHHBIM
3BeHbsAM. Onpezenss NOCTOSHHYI0 BpEMEHU B 3ToM ciiydae kak 0,632Y, rne ¥ — ycra-
HOBHBIIEECS 3HAYCHUE TEPEXOJHON XapaKTEPUCTUKH, TOTYYHUM JIJIsl JAHHBIX TaOJIHIIbI
urst prrotoxamepsl ¢,= 14 ¢, st orcroiiHuKa 7, = 20 c.

Ha puc. | myHKTHPHBIME JINHUSMU IPYUBEICHBI IEPEXOTHBIE XapaKTePUCTHKH HHEpP-
ITUOHHBIX 3B€HBEB C 3TUMH MTOCTOSIHHBIMH BpeMeH!. Kak BUTHO U3 pHUCYHKa, HECMOTPS
Ha JOCTAaTOYHO CIIOKHBIN BU BBIpaXXEHUS (6), 10 KOTOPOMY IIOJIyUeHA TEOpEeTHUYECKas
NepeXoHas XapaKTEPUCTHKA, C BBICOKOM TOUHOCTBIO OHA AEHCTBUTEIIBHO MOXKET OBITH
3aMEHEHa NepEXOAHOMN XapaKTepUCTUKOW HHEPIIMOHHOTO 3BEHA.
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Puc. 1. IlepexonHble XapaKTEPUCTHKU IIPHA CBOOOTHOM CTOKE:
a — 3aBUCHMOCTb YPOBHS IJIbITBI BO (DJIOTOMAIIIMHE OT BPEMEHH; O — 3aBUCUMOCTb YPOBHS ITyJlb-
bl B OTCTOMHUKE OT BpPEMEHU
Fig. 1. Transient characteristics at open drain:
a — dependence between the level of pulp in a flotation machine and the time; 6 — dependence
between the level of pulp in a settler for waste waters and the time

Jlis 3HaYCHMIA TapaMeTPOB, 3aJIaHHBIX B TA0JIMIIe, MAKCUMAIILHBIC OIIMOKN COCTa-
Buin: 1uist utorokamepbl MR = 0,009114; s orcroiianka MR = 0,004707. Cpenne-
KBaJIpaTHIHBIE OMTNOKYU cocTaBmin: st prrorokamepsl MSR = 0,000037; mist oTcTOM-
Huka MSR = 0,000012.

[Ipu BBITyCKE MYNBIBI Yepe3 CIMBHOE OTBEPCTHE TAKXKE MPOBEPEHa BO3MOKHOCTh
3aMEHBI MOJyYEHHOW JIOCTATOYHO CJIOKHOUM Mojenu (10) HHepIMOHHBIM 3BEHOM IPU
pacuete CAP. [l mpoBepku BBIOpaHbI CIEAYIONIUE 3HAUCHUS TapaMeTPOB: ILIONIa b
ceyenus Boeimycka ® = 0,00056 m2; koaddumment u = 0,6; miomas MOBEPXHOCTH all-
napara S = 0,25 m2; koapdunuent k = 0,0015.

Ha puc. 2 npuBeneHa nepexojHas xapakTepUCTHUKa arrmapara ¢ pa3rpy3koi depes
CIIMBHOE OTBEpCTHE. AHAIIN3 BO3MOXHOCTH 3aMEHBI ATON XapaKTePUCTUKH IIEPEXOJI-
HOW XapaKTepUCTHKON MHEPIIMOHHOTO 3BEHA MTOKA3bIBACT (CM. IIyHKTHPHYIO JTHHHIO HA
pucC. 2), UTO C JOCTATOYHOM JJisl MPaKTHUECKHX LieJed TOUHOCThIO Takas 3aMeHa BO3-
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MoxHa. [locTosiHHas! BpeMEHU HHEPIIMOHHOIO 3BEHA, PACCUNTAHHAS OOBIYHBIMHU METO-
Jamu, coctaBmiia = 110 c.

MaxkcumanbHas omunbka npudmmkenno mogenn MR = 0,01027. CpennexBanpa-
truHas omubka MSR = 0,000035.
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Puc. 2. Ilepexonnas XapakTepuCTHKA [IPU BBIITYCKE Yepe3 OTBEPCTHE:
3aBHUCUMOCTD YPOBHS IIYJIbIIBI B allllapaTe OT BPEMEHU
Fig. 2. Transient characteristics at output through the opening: dependence
between the level of pulp in a device and the time

BoiBoapl. [TonydeHbl aHATUTHYECKUE BhIpaXKEHUS Mozieu 00bekToB O®D ¢ BRIXOI-
HOH BEIMYNHOM — YPOBHEM HAJ| CIMBHBIM TIOPOTOM U HAJl CIIMBHBIM OTBepcTreM. O00-
CHOBaHa BO3MOXXHOCTb 3aMeHbI ipu pacuete CAP ypoBHS Mofenu anmapaToB cO CBO-
OOMHBIM CIMBOM M ammapaToB CO CTOKOM 4epe3 HacallKy HHEPIHOHHBIM 3BEHOM.
Bripaxenust (6), (10) MOXHO HCIIONB30BaTh MPU aHATN3e KayecTBa U pabOTOCIOCO0-
HocTH CAP ypoBHS IIpH UX MPOEKTUPOBAHUM.
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Justifying the models of some dressing mills devices when
creating automatic control systems
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Abstract
Research aim. Based on the theoretical research on the regularities in fluid efflux, the present work
considers the possibility of getting the model of an object, which can be used when creating and adjusting
automatic control system (ACS), and estimate error in approximating substitution of a controlled unit with
alag.
Research methodology. A class of objects has been investigated where a level of pulp is an output value of
the created ACS and the consumption of pulp delivered into the device is an input value. A general problem
has been considered for the devices with pulp overflow and for the devices with output through the opening.
All open-drain containers can be referred to such devices with overflow, namely: flotation cells, settlers for
waste waters, and some types of separators. Hydrocyclons and some types of separators can be referred to
the devices with pulp output through the opening when considering sand output. Models of such devices
obtained based on physical regularities can be applied when designing new ACS. Based on the equations
of products material balance and the laws of fluid efflux, differential equations have been deduced which
describe production facilities. The possibility of investigating approximating model of objects with lags
has been estimated.
Research results. By integrating the equations, which describe the objects, model equations have been
deduced. The analysis of accuracy of equations approximation with a lag has been carried out. A conclusion
has been made about the possibility of using lags when describing the considered objects when creating
the systems of automatic regulation of a level.

Key words: model; transient characteristic; open drain; bottom outlet; lag.
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JKcnepuMeHTanbHoe uccnepgosaHne aheKTUBHOCTU €CTECTBEHHOIO
NPOBETPUBAHUA Kapbepa Yepes TpyoonpoBoAbl

Waxpaw C. L, Kypuun I. C.1, CopokuH A. T2
1 Cubupckui heaeparbHblil yHUBEPCUTET
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2 KpaCHOSIpCKMA aBTOTPAHCMOPTHBIM TEXHUKYM
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Pechepam
Beeoenue. Ilpu ygeruvenuu enyounvl OMKpuImMbIX 20PHBIX pAbOm aKmMyaiuzupyemcs npooniema nogoi-
wenus 3¢phexmusHocmu nposempudaHus 21yO60Kux Kapvepos. Pewenue npobiemvr 603mM02cHO 3a cuem
UHMEHCUDUKAYUU 8eMPOBLIX CUIL, OCYUeCMEISIOUUX NPOBEMPUBAHUE KAPbEPHO20 NPOCHPAHCMEA.
Lens pabomer. Paspabomxka u nabopamopmule IKCNEPUMEHMALbHbLE UCNbIMAHUS MEXHUYECKO20 peuie-
HUsl, 06eCcneyusanuye2o NosblUeHUe UHMEHCUDUKAYUY eCMECMBEHH020 NPOBEMPUBAHUS KAPbEePO8, TUK-
BUOAYUIO 8 HUX 3ACMOUHBIX 30H U UCKIIOYEHUE «3AKOPAYUBAHUSLY NOMOKOG C8eCe20 U 3a2PA3ZHEHHO20
6030yXA, B03HUKAIOWE20 NPU NPAMOMOYHO-YUPKYIAYUOHHOU CXeMe npogempueanus, npucyujeti 2ny6o-
KUM Kapbepam.
Memooonozusn. Dxcnepumenm GbINOIHEH HA MaKenme Kapbepd, 8 KOMOopblil 6eHMUISIMOPOM HACHEMAlCs.
nomok 6030yxa. Msmepenue ckopocmu 8 KOHMPOLbHBIX MOUKAX OCYWECMBIAIOCH C NOMOUbIO TONACHI-
Hoeo anemomempa. Ilonyuennas kapmuna ckopocmeil NO360Jslem OyeHUums 3PhexmusHocms npose-
MPUBAHUSL KAPLEPHO2O NPOCMPAHCIEA NPU PA3TUYHBIX CROCOOAX HANPAGLEHUs 6 He20 BempOGblX
NOMOKO8.
Pesynomameut. I[Iposempusanue kapvbepa npediazaeMvim cnoco6om yepes mpyoy, 060py0osanHnyio Ha
VpOBHE OHEGHOU NOBEPXHOCU KOHQPY30POM, NO360JISAEM JUKEUOUPOBAMb 3ACMOLIHbLe 30Hbl U 0becne-
Yumeb YO061EMEOPUMENbHOE CAHUMAPHO-CUSUCHUYECKOe COCMOANUE AMMOChepbl 6cec0 KapbepHo2o
npocmpancmed.
Bu1600b1. Bredpenue pe3ynbmamos 3kcnepumenmos obecneuum npsamomoyHoe nposempuganue 2ry6o-
KUX Kapbepoes 3a cuem 6empoguix Cul, 6e3 Ucnonb308anus cpeocms UCKyCCmMEEHHO20 NPOBEMPUBAHUS.

Knroueeswte cnoea: ammocgepa rapvepos; nposempusanue xapbepos; ecmecmeeniviii 6030yxXo-
00MeH,; uHmeHcuuKayus, emposvie Cuibl, mpyoonposoo, KOHPY30p.

BBenenue. B Hacrosiiiee BpeMs B MUPE OTKPBITHIM criocoOoM no0siBaeTcs 95 %
CTPOUTENBHBIX TOPHBIX TOPoj, 0koJo 70 % pym, 90 % Oypsix u 20 % KaMEHHBIX YIIIEH.
ITo Mepe oTpaboOTKH 1 UCTOIICHHUS MEITKO3aJIETal0IUX 3a1acOB MTOJIE3HBIX HCKOTTAEMBIX
DIyOrHa TOOBIYM YBETUUMBACTCS. DKCILTyaTalusl IIyOOKHUX KapbepoB COMPOBOXKIACT-
csl MHTeHCU(UKaIMeil B3pBIBHBIX pa0OT BCIEICTBHE MOBBILIIEHUS KPEMOCTH 3ajierae-
MBIX TOPHBIX TIOPOJI, YBETHUEHHEM PACCTOSHUS TPAHCIIOPTUPOBAHHS TOPHOM MacChl Ha
noBepxHOCTh. C yrimyOIleHHEeM OTKPBITBIX Pa0OT CTEIEeHb W30JIALINN BBIPAOOTaHHOTO
NPOCTPAHCTBA OT OKPYXAaloILIed cpeasl BO3pacTaeT, a cocTaB arMocdepsl Kapbepa
yXyamacTcA, MOCKOJIbKY CHMKXACTCA NHTCHCUBHOCTE €CTCCTBCHHOI'O ITPOBECTPHUBAHUSA 1
YBEITMIHUBACTCS 00BEM «3aCTOHHOM» 30HBI. BeiemeTBre 3Toro mpu BEIPaOOTKE IMPOEKT-
HBIX pelIeHU OO0NbIII0e BHUMaHUE JOJDKHO OBITH YIENEHO PEUICHHIO 33134 COIUAb-
HOW HampaBJICHHOCTH — YIIyUYIICHHIO YCIOBHH Tpyda HEMOCPEICTBEHHO Ha PabOuMX
Mecrax [1, 2].
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[Ipobneme npoBeTprBaHKs KapbepOB CTANO0 YAEIAThCS BHUMaHue B 1950-1960-x rr.
OTOT mepHoj XapakTepu3yeTcsl TeM, YTO ITyOHHA DKCIUTyaTHPYEMBIX KapbepoB MpH-
ommsmnack K 100—150 M 1 psii yIeHBIX — CIICIIMAIMCTOB B 00JIACTH TOPHOM a3POJIOTHH:
H. 3. butkomo u B. C. Huxutun [3], II. B. bepecuneBnu, B. A. MuxaiimoB u
C. C. ®unaros [4], K. 3. YmakoB u B. A. Muxaiinos [5] u ap. — Opuluii K MHEHHUIO,
YTO Ha TaKUX DIyOMHAaX BETPOBBIX M TEIJIOBBIX CHJI, OCYILECTBISIOMINX POBETPHUBA-
HHUE KapbepoB, OyAeT HEAOCTaTOYHO Ui OpPraHU3alud BO3ILyXOOOMEHAa KaphepHOIo
MPOCTPAHCTBA C OKPYXKAIOIIEeH CPeoH, UTO CAeNIaeT BO3LyX padodeil 30HbI HEMPUTO/I-
HBIM JUTS JIBIXaHHS.

HIMEeHHO 3TOT NMEpUOA XapaKTepU3yeTcs HadyaloM aKTUBHOU pa3paboTKH CPENCTB
MCKYCCTBEHHOT'O IIPOBETPHBAHUS KapPbEPOB C MOMOIIHIO CAMOJIETHBIX U BEPTOJIETHBIX
TypOUH 1 BUHTOB [6], TEMIOBBIX YCTAaHOBOK, (DOPMHUPYIOIINX KOHBEKTUBHBIE CTPYH 32
CYEeT CXKUTaHUs JU3EJIbHOTO TOIUMBA [3], C TOMOIIIBIO ITOI3eMHBIX BBIPA0OOTOK WIIH TPY-
0OITPOBOIOB ¢ IPUHYAUTEIBHOH MMojaueii B HUX Bo3ayxa [7]. B Gojiee mo3mHue nmepuo-
Ibl ObUTM pa3pabOTaHbl TEXHUYECKUE PEIEHHS IO JMKBHIALMU BHYTPUKAPbEPHBIX
TEMIIEPaTYPHBIX HHBEPCUH IyTeM IIOAa4H 110 TpyOaM CBEXKEro BO3AyXa, HarPeBaeMOro
B KaHaJIaX [IOTPY>KEHHOTO B PEKy TeriooOMeHHuKa [§—10]; mo cHumkeHHIo 3ara3oBaH-
HOCTH IITyOOKHX KapbepoB C MOMOIIBI0 BEHTWIIIIUOHHOTO KOMIUIEKCA, BKITIOUAIOIIETO
BCACBIBAIONINI M HArHETAaTEIbHBIN BEHTHIIATOPHI, IPUCOCTUHEHHbIE K JBYXKaHAIBHO-
My ITHEBMAaTHYECKOMY BO3TyXOBO/Y, HFDKHSS ITOIBECHASI 9aCTh KOTOPOTO SIBIISIETCS MO-
OMIBHON ¥ TIPH HEOOXOMUMOCTH OBICTPO BBIBOAWTCS M3 OMACHBIX 30H [11]; Mo moBHI-
meHnto 3(pPEeKTUBHOCTH TBIIETIONABICHHS IPU BEJICHUH B3PBIBHBIX pabot [12, 13];
9TH pelIeHHs UMEIOT KaK JOCTOMHCTBA, TaK M HEJOCTAaTKU. JINKBUAALUsA BHyTpHKa-
PBHEPHBIX TEMIIEPATYPHBIX MHBEPCUH IIyTEM HarpeBa Bo3ayxa B TEIIOOOMEHHUKE, MO-
Tpy’KaeMoM B PEKY, TO3BOJISIET UCIIOIB30BATh ECTECTBEHHYIO TEIUIOTY BOAOEMA, OTHA-
KO MOXXeT ObITh NPUMEHEHa Ha OrPAaHUYEHHOM KOJIMYECTBE pa3padaTbIBaeMbIX
KapbepoB, KOTOPBIE PACIIONIOKEHBI B HEIIOCPEACTBEHHON O61M30CTH OT pek. Mcnonb3o-
BaHHE BEHTWISILIMOHHBIX KOMIUIEKCOB U TEIJIOBBIX YCTAHOBOK BCJICACTBUE 3HAYUTEIb-
HOTO 00BEMa MPOBETPUBAEMOIO MPOCTPAHCTBA, KOTOPOE MOXKET JOCTHraTh HECKOJb-
KUX JICCATKOB U JIaXK€ COTCH MJIH M’, COIPSDKEHO C BBICOKHM JHEPromnotpeblicHHeM,
MO3TOMY HUX HCIIOJIb30BaHME AJIS IPOBETPUBAHMS KAPHEPOB, 3a4ACTYIO B YCIOBHUIX BBI-
COKO# 3albUICHHOCTH, Helelaecoo0pasHo [14—16]. Ucnonb3oBaHue CPeACTB MbLICHO-
JTABJICHUS TP BEICHUH B3PHIBHBIX pa0OT CHIKAET BpeMsI HOPMAJTHU3aIllii CAHUTAPHOTO
coCTOsIHUS aTMOc(epbl Kapbepa, OAHAKO He pelaeT npo0ieMbl yBeIMUCHUS HHTCHCUB-
HOCTH NIPOBETPUBAHMS 3@ CUET €CTECTBEHHBIX BETPOBBIX U TEIUIOBBIX CHIL

[losTOMy MOHMCK TEXHHYECKHX DELICHUH, 00eCIeUMBAIOIINX HWHTEHCHU(PHUKALIUIO
MIPOBETPUBAHUS Kapbepa 3a CUET €CTECTBEHHBIX BETPOBBIX U TEIJIOBBIX CHJI, SIBISETCS
aKTyaJbHBIM.

Ilens HacTosmel paboThl — pa3zpaboTka U TabopaTOpHBIC IKCTICPUMEHTAIBHBIC HIC-
IBITAaHUSA TEXHUYECKOTO PELIeHNUs, 00eCIIeUHBAIOIIEr0 HOBBIIIEHNE HHTEHCHU(PUKALIUH
€CTECTBEHHOT'0 MPOBETPUBAHUS KapbepOB, JTUKBUIALMIO B HUX 3aCTOMHBIX 30H M UC-
KIIIOYEHHUE «3aKOPaYMBaHUA» MTOTOKOB CBEXKET0 M 3arpsA3HEHHOIO BO3/yXa, BOZHUKAIO-
IIETO MpH MPSIMOTOYHO-IMPKYIAIMOHHON CXeMe MPOBETPUBAHUSA, NMpHUCYIIEH ITy6o-
KHM Kapbepam.

MeTonos10rust NPoBeJeHUs] IKCIIEPHUMEHTOB. DKCIIEPUMEHT 110 IPOBETPUBAHUIO
MIPOBOJUIICS HA MaKeTe Kapbepa riryouHou 0,2 M, JUIMHOM 10 THEBHOW MOBEPXHOCTH B
HanpaBJIEHUU BETPOBOro notoka 0,5 M, IUPUHOH 110 JTHEBHOM MOBEPXHOCTHU B HAIIPAB-
JICHUH, IEPIIEHANKYIIPHOM HAIIPaBIEHUIO BETPOBOTrO MOTOKa, 0,6 M, C yIJlaMH HaKJIO-
Ha IMOIBETPEHHOTO U HaBETPEHHOTO O0PTOB 42° 11 38° COOTBETCTBEHHO, JUIMHOMN THUIIIA
B HampaBJIeHnH BeTpoBoro notoka 0,11 m.

BerpoBoii moTok co3gaBajcsl ¢ HOMOIIBIO MUHUATIOPHOTO OCEBOTO BEHTHIISITOPA
MomrHocTh0 2300 BT, pasmemennoro na paccrosauu 0,5-0,6 M or 6opra Kapwepa.
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CKOpOCTh CTPYH, CO3/IaBaeMON BEHTHIISITOPOM, Ha BXOJE B KaphepHOE IIPOCTPAHCTBO
HaxoJuiack B quanaszone 3,0-3,1 m/c. UsMepeHne CKOpOCTH OCYIIECTRIISLITA aHEMOME-
tpoMm DT-82, nuamazon usMepsiembix ckopocteit — ot 0,2 mo 30 m/c mpu Temneparype
ot —10 go +60 °C. domycTumasi morpemnocts anemomerpa +3,0 %.

Hamnpasienue BeTpoBOro nmoToka B KapbepHOE MPOCTPAHCTBO OCYIECTRISIIOCH Tpe-
Ml CIIOCOOaMHu:

— «TPaIUIIMOHHBIMY, KOTJ/Ia IIOTOK IPU OTPBIBE OT BEPXHEH KPOMKH O0OpTa MOCTy Al
B Kapbep B BUJIE CBOOOTHOH CTPYH;

— Yepe3 YCTAHOBJICHHBIM Ha BEPXHEH KPOMKE MOABETPEHHOro Oopra KoH(Y30p,
y KOTOPOTO OTHOIIEHHUE IIIOMIAJX BXOIHOTO OTBEPCTHS I K mIomany [, BBIXOJHOTO
OTBEPCTHUSA cocTaBisuo F\/F, = 3;

— yepe3 KoH(y30p, U3 KOTOPOTO TOTOK HANPABISUICS B TPyOy, PacIIONIOKEHHYIO Ha
MOJIBETPEHHOM 0OPTY Kaphepa.

O06beM Bo3/yxa, OCYIIECTBISIIOIIET0 IPOBETPUBAHNE Kapbepa MO «TPaTULIIOHHOW»
CXeMe, OTPEAETISIICS TI0 3aBHCUMOCTSIM:

Q. =0,124x"..,L;
b = 0,077x] L,

e oo HpﬂMOTO‘IHBIﬁ 00BeM BO3ayXa, OCYHICCTBIIAIOMICTO MMPOBETPUBAHNUEC KapbCpa,

oc
b, — 00BEM BO3/lyXa, OCYLIECTBIISIONIETO MPOBETPUBAHKUE Kaphepa B PELMPKYJISILMOH-
HOM 30HE; U, — CKOPOCTh BETPOBOIO IIOTOKA HA MIOBEPXHOCTH Kapbepa; L — pa3mep Ka-

pbepa Ha MOBEPXHOCTU B HANPaBJICHUH, IEPICHIUKYISIPHOM JBIKCHHIO BO3AYIIHOTO
TNOTOKa; X, — MPOJI0JIbHAS TIPOEKIIHS MOBETPEHHOTO OOpPTa Kaphepa Ha FOPH30HTab-
HYIO OCh [IPH IPSIMOTOYHOM TIPOBETPUBAHUK; X, — TOPHU3OHTAJILHAS IPOEKIHS OTPE3-
Ka, COeNUHSIIOMEro ToUKy () OTphIBa BETPOBOTO IOTOKA C BEpPXHEW KPOMKH OopTa
Toukoii C IpUMBIKaHHS HAaBETPEHHOro OOpTa K AHUIILY Kapbepa.

Cxema Kk pacuery oObeMa BO3[yXa, OCYLICCTBISIIOIIETO MPOBETPUBAHHUE Kaphepa
«TPaAMLIMOHHBIM» CIIOCOOOM, ITOKa3aHa Ha puc. 1.

KonmnuecTBo Bo3ayxa, OCYIIECTBIISIONIETO MPOBETPUBAHNE Kaphepa BTOPBIM U Tpe-
TBUM CHIOCO0aMHU, OTNIPEAETSIETCS 10 3aBUCUMOCTSIM:

Qo = Fins
Q.s = Fin,

IJI€ ¥, — CKOPOCTh OTOKA Ha BBIXOJE M3 KOH(Y30pa NpH IIPOBETPUBAHUH BTOPBIM CIIO-
coboMm; [y — NIoIab MONEPEYHOTO CEYEHHs TPYOBI; U3 — CKOPOCTb IIOTOKA HA BBIXOZIE
U3 TPyOBI IPH MIPOBETPUBAHUHU TPETHUM CIIOCOOOM.

JlanpHOG0MHOCTB CTPYH X Ha BBIXOJE U3 TPYOBb! OIpeAEsIach 0 3aBUCUMOCTH:

1,92.,

'k

x=D —2,09 , (1)

rae D — quamerp TpyObl; v, — CKOPOCTh CTPYH B €€ KOHEYHOM ceueHuH. J{iis pacuera
npunumaerca v, = 0,15-0,25 M/c — MUHUMAaIbHAS JOMYCTHMAs CKOPOCTh BO3AYLIHBIX
IIOTOKOB, OCYIIECTBIISIOMIUX IPOBETPUBAHKE TOPHBIX BEIPAOOTOK; ¥, — CKOPOCTH CTPYH
Ha BBIXOJIE U3 TPYOBHL.



130 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 1. 2019 ISSN 0536-1028

BriOpaHHbIe TOYKH U3MEPEHHSI CKOPOCTEH U CKOPOCTH BETPOBOTO TIOTOKA B HUX TO-
3BOJISIIOT OLIEHUTH HAJMYKE BETPOBOTO MOTOKA B Pa3IUYHBIX 30HAX KapbepHOTO IMPO-
CTpPaHCTBA.

KonnuecTBo Bo3ayxa, MOCTYNAOLIETO B Kaphep NP NPOBETPUBAHUN «TPATULINOH-
HBIM» CHOCOOOM IO BCEl IIMpPUHE Kapbepa B HANPaBICHUH, NEPICHIUKYIIIPHOM Be-
TpOBOMY TOTOKY cocTaBuiio 111,4 nm3/c. [Ipu mpuMeHEHHH BTOPOTO M TPETHETO CIIO-
c00OB B pacueT MPUHUMAJIOCh KOJIMYECTBO BO3AYyXa, MOCTYHAIOLIETO B Kaphep uepes
KoH(y30p, uto coctaBmio 7,1 u 5,1 qM3/c COOTBETCTBEHHO.

O0cy:xaeHue pe3yJbTaTOB IKCNepUMeHTOB. [loydeHHbIe TaHHBIE TTOKA3bIBAIOT,
YTO NPH NPOBETPUBAHUU Kapbepa «TPATULHOHHBIMY» CIIOCOO0M 00BEM €ro 3aCTONHOMN
30HBI 3aHUMaeT okosio 30 % o0bemMa KaphepHOIro MPOCTPAHCTBA, YTO B YCIOBUAX Pe-
ANBbHOTO Kaphepa MOXKET MPUBECTH K YXYALIEHUIO COCTOSHHS €ro arMocQepsl, U 3TO
NPU TOM, YTO O0BEM MOCTYMAIOMIETO B HETO BO3yXa MaKCHMaJIeH.
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Puc. 1. Cxema K pacueTy eCTeCTBEHHOI'O IIPOBETPUBAHUS Kapbepa:
h; i h, — mpenenpHas rmy6una kapsepa Ha |-m u |I-M dTamax oTpabOTKH COOTBETCTBEHHO
Fig. 1. Scheme to the calculation of open pit natural ventilation:
h, and h, — the ultimate depth of an open pit at the 1st and 2nd stages of mining

Pesynbrare! sKcIeprMEHTa IPOBETPUBAHMSI Kapbepa BTOPBIM CIIOCOOOM MOKa3bIBa-
IOT, YTO CKOPOCTB MPOXOJISIETO Yepe3 KOH(Y30p MOTOKa Bo3pacTraeT Oosnee yeM Ha 15 %,
a Ha BXOJle B KapbepHOE IMPOCTPAHCTBO CKOPOCTh OTPaHWYEHHON cTpyH B 4,5 pasza
BBIIIIE, Y€M CKOPOCTb CBOOOIHOMN CTPYH NP MPOBETPUBAHUM «TPATULHUOHHBIMY CIIO-
cobom. IIpu 3TOM BO3pacTaeT CKOPOCTb IOTOKA, NMPOBETPUBAIOILETO HABETPEHHBIH
0OPpT, 1 3TO B YCIOBUX, KOTA B Kapbep MoaaeTcst 00beM Bo3nyxa B 16 pa3 MeHbIINH,
YeM TpH MPOBETPUBAHUH «TPAAULUOHHBIM» CIIOco00M. OIHAKO P STOM COXpaHseT-
s 3acToiHas 30Ha, Takke 3aHUMaromas okojo 30 % obbeMa KapbepHOTO MPOCTPAH-
ctBa. [IpuunHa 3TOTO 3aKIIIOYAETCS B TOM, YTO OpaHHYESHHAs CTPYS ITOCJIE BBIXO/A U3
KOH(y30pa, KaKk ¥ IpU NPOBETPUBAHUU «TPAAULIHUOHHBIMY CIIOCOOOM, IPEBPAILACTCS
B CBOOOTHYIO CTPYIO C YIJIOM PAacKpHITUSA B Tipezenax 15°—18°, 4To HemocTaTouHO st
MPOBETPUBAHUS BCETO KAPHEPHOT'O MPOCTPAHCTBA.

Hawubonee 3¢hekTHBHBIM SBIISIETCSI POBETPUBAHUE TPETHUM CIIOCOOOM Yepe3 KOH-
¢by30p ¢ NIPUCOSAMHEHHOM K HeMy TpyOoil. B 3ToM ciiyuae B kapbepe OTCYTCTBYET 3a-
CTOMHAsI 30Ha M BCE €ro MPOCTPAHCTBO MPOBETpUBaeTCA 1Mo Hambonee dpexkTuBHOM
OpSAMOTOYHOM cxeMe. CTOMT OTMETHTD, YTO TaKOW pe3yNbTaT JOCTUraeTcs Mpu MEHb-
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mreii Ha 20 % CKOpPOCTH MOTOKA Ha BBIXOAE U3 TPYOBI, YeM P POBETPUBAHUH Kaphepa
BTOPBIM CIIOCOOOM — Yepe3 KoH(Y30p, a 00beM MOCTYMAIOIIETO B Kapbep BO31yXa MOo4-
TH B 22 pa3a HIXKE, YeM IPU TPOBETPUBAHUY «TPATUIIMOHHBIMY crioco0oM. CTollb 3Ha-
YUTENHHOE TaJIeHNe CKOPOCTH MOXKHO OOBSICHHTH adpONWHAMHYECKHM HECOBEPIICH-
CTBOM U BBICOKHM COIPOTHBIICHHEM Y3J1a KoH@yzop—mpyoa. Ilpn 3ToM 1anbHOOOHHOCTH
CTpyH, onpeaeneHHas no 3asucuMocti (1), cocrasisier 150 cm, yTO npeBBIIIAET AUA-
MeTp TpyOsl B 30 pa3, a niyOMHY KCIOJIb3YEMOro JJis MPOBEICHUS YKCIICPUMEHTOB
MakeTa Kapbepa B 7,5 pas.

Pe3ynbTaThl M BBIBO/IBI. DKCIIEPUMEHTHI, BBITIOJHEHHbBIE B TA00PaTOPHBIX YCIIOBHU-
X, TTOKA3bIBAIOT, YTO TIPY MPOBETPUBAHUH Kapbepa uepe3 TpyOy, 00OpyIOBaHHYIO Ha
YPOBHE JTHEBHOW MOBEPXHOCTH KOH(Y30pOM, B Kapbepe JIMKBHIUPYETCS 3aCTOWHAS
30Ha, W 3TO MPH TOM, YTO OOBEM MPOBETPHUBAIOLICTO Kapbhep Bo3dyxa Ooee deMm
B 20 pa3 HUKe, YeM ITPU TPOBETPUBAHUH «TPATUIIMOHHBIMY» CIIOCOOOM.

YBEUUUTH CKOPOCTB TIOTOKA Ha BBIXOJIE U3 TPYOBI M 00BEM BO3/IyXa, TOCTYIAIOIIe-
IO B KaphepHOE MPOCTPAHCTBO, BO3MOXKHO 32 CUYET a’POAMHAMUYECKOTO COBEPIICH-
CTBOBaHUS y31a KOHGhYy30p—mpyba, a UMEHHO YMEHBIIIEHUS yIiia TIOBOPOTa TPyObl Ha
BBIXOJIE M3 KOH(DY30pa M CHM)KEHHSI LIEPOXOBATOCTH BHYTPEHHHUX CTEHOK 3a CUET MX
W3TOTOBJICHHUS U3 YIVICIUIACTHKOB.

[TpoBeTprBaHue KapbepoB Yepe3 TPyObl, OCHAIIEHHBIC HA YPOBHE JHEBHOW MTOBEPX-
HOCTHU KOH(Y30paMH-BO31yX03a00pHUKAMHU, BO3MOXKHO HCIIONh30BaTh B paiiOHaX C He-
YCTOMYHBOI pO30ii BETPOB. YCTaHOBKA IO IIEPUMETPY BEpPXHEH KPOMKH O0pTa Kapbepa
JIOCTaTOYHOTO KOJIMYECTBA TPYyO ¢ KOoH(y30pamMu 00eCIeUHT JIMKBUIAITUIO 3aCTOMHBIX
30H ¥ NPOBETPUBAHHE BCETO KAapbEPHOIO MPOCTPAHCTBA MPSIMOTOYHBIMU CTPYSIMH.
I[Tpu 3TOM KOH(]Y30pBI U TPYOBI, KOTOPHIE OKaKYTCSI HA HABETPEHHOM OOPTY, HE CO3AaayT
OLIYTUMBIX IIOMEX BBIXOASAIIEMY U3 Kapbepa IIOTOKY BO31yXa.

C y4eToM Toro, 94TO JaTPHOOOWHOCTH CTPYH Ha BeIXoAe u3 TpyOs! B 30—40 pa3 mpe-
BBIIIAET €€ ANaMeTp, TIPH CPEeTHEH CKOPOCTH BETpa Ha MOBEPXHOCTH 2—4 M/C ISl TIpO-
BeTpUBaHUs KapbepoB riyonnoit 300400 M auamerp TpyO JOTKEH HAXOOUTHCS B AUa-
nazone 5-6 M. Ilpu sTomM mnmHa TpyO, AOcTaTtodHas A CTaOMIM3alMA B HUX
BO3/YIIHOTO IMOTOKA, COCTABIAET 5—6 TMaMeTpPOB M HaXOIUTCS B Juana3oHe 25-35 M,
4TO 00ECIeYnBaeT BO3MOKHOCTh MCIIOJIL30BAHUS TOJBKO BEPXHETO YCTyINa Kaphepa
JUTSI UX YCTAHOBKH W KPETUICHHSL.
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Experimental investigation into the effectiveness of open pit natural ventilation
through pipelines

Sergei G. Shakhrai', Georgii S. Kurchin!, Aleksandr G. Sorokin?
! Siberian Federal University, Krasnoyarsk, Russia.
2 Krasnoyarsk Motor Transport College, Krasnoyarsk, Russia.

Abstract
Introduction. With the increase in opencast mining depth the problem of improving the effectiveness of
deep open pits ventilation becomes more relevant. The solution to the problem is possible by intensifying
wind forces ventilating open pit space.
Research aim. Development and laboratory experimental trials of an engineering solution ensuring the
intensification of open pits natural ventilation, liquidation of stagnation zones, and the elimination
of “short-circuiting” of fresh and contaminated air flows, which occurs under straight-through and
circulating scheme of ventilation which is characteristic of deep open pits.
Methodology. The experiment was carried out at a model of an open pit, into which an air flow was
delivered. Velocity variation at control points was carried out with the help of a vane anemometer.
The obtained pattern of velocities allows to estimate the effectiveness of open pit space ventilation under
various methods of air flows delivery into it.
Results. Open pit ventilation according to the suggested method through a pipe, arranged at the level of
the daylight surface with an air duct reducer unit, allows to liquidate stagnation zones and ensure
satisfactory sanitary-hygienic air conditions of the whole open pit space.
Conclusions. The implementation of the experiment’s results will ensure straight-through ventilation
of deep open pits by means of wind forces without the use of artificial ventilation facilities.

Key words: open pit atmosphere; open pit ventilation; natural air exchange, intensification, wind forces;
pipeline; air duct reducer unit.

REFERENCES
1. Trubetskoi K. N., Krasnianskii G. L., Khronin V. V., et al. Designing open pits. Moscow: Vyssh. Shkola
Publishing; 2009. (In Russ.)
2. Konorev M. M., Nesterenko G. F. Investigation and prospects of creating the systems of ventilation and
dust and gas removal in deep open pits. Mining Journal. 2012; 1: 93-96. (In Russ.)
3. Bitkolov H. Z., Nikitin V. S. Open pits ventilation. Moscow: Gosgortekhizdat Publishing; 1963.
(In Russ.)
4. Beresnevich P. V., Mikhailov V. A., Filatov S. S., et al. Open pit aerology. Moscow: Nedra Publishing;
1990. (In Russ.)
5. Ushakov K. Z., Mikhailov V. A. Open pit aerology. Moscow: Nedra Publishing; 1985. (In Russ.)
6. Morin A. S. The technology of deep and super deep open pits ventilation: monograph. Moscow: Maks
Press Publishing; 2006. (In Russ.)
7. Kosarev N. P., Timukhin S. A., Popov Iu. V. Aderodynamics of ventilation processes and devices in deep
open pits. Ekaterinburg: UrSMU Publishing; 2009. (In Russ.)
8. Morin A. S., Korzukhin 1. V. Thermal treating of incoming air under the pipeline open pit ventilation.
News of the Higher Institutions. Mining Journal. 2017; 6: 60—72. (In Russ.)



ISSN 0536-1028 «H36ecmust 8y306. Topuotii scypuany, Ne 1, 2019 133

9. Borisov F. 1., Morin A. S. Calculation for air ducts with water heating for intensification of the natural
ventilation of pits. News of the Higher Institutions. Mining Journal. 2014; 1: 47-55. (In Russ.)

10. Morin A. S., Borisov F. I. Pipeline airing pit with the chimney effect. News of the Higher Institutions.
Mining Journal. 2013; 7: 29-33. (In Russ.)

11. Borisov F. 1., Morin A. S., Drozdova N. A., Borisov D. F. Ventilation complex with two-channel
pneumatic duct for opencast mining. News of the Higher Institutions. Mining Journal. 2016; 2: 27-38.
(In Russ.)

12. Zakirov Sh. Sh., Tursunova I. N. Improving the effectiveness of dust suppression and increasing the
energy conversion efficiency of explosives energy at bulk explosions in open pits. Mining News
of Uzbekistan. 2015; 4: 31-34. (In Russ.)

13. Zakirov Sh. Sh. Developing the method of reducing dust and gas emission at bulk explosions in open
pits. Explosion Technology. 2015; 114 (71): 202-210. (In Russ.)

14. Zorin A. V. Energy estimation of open pit natural air exchange intensification. Mining Journal. 2010;
11: 85-87. (In Russ.)

15. Shizhai Zhang. Experimental study on performance of contra-rotating axial flow fan. International
Journal of Coal Science & Technology. September 2015; 2(3): 232-236.

16. Shigiang Chen, Haigiao Wang, Yiqun Li, et al. Theoretical and numerical analysis of coal dust separated
by centrifugal force for working and heading faces. International Journal of Coal Science & Technology.
September 2014; 1(3): 338-345.

Received 17th July 2018
Information about authors:

Sergei G. Shakhrai — Candidate of Engineering Science, Associate Professor, associate professor of the
Department of Technosphere Safety in Mining and Metallurgical Production, Siberian Federal University.
E-mail: shahraiS6@mail.ru

Georgii S. Kurchin — Candidate of Engineering Science, Associate Professor, associate professor
of the Department of Mining Construction and Underground Excavation, Siberian Federal University.
E-mail: kurchings@mail.ru

Aleksandr G. Sorokin — Candidate of Engineering Science, Director of Krasnoyarsk Motor Transport
College. E-mail: gouspokatt@mail.ru

Ja nutupoBanus: Illaxpaii C. I, Kypuun I. C., Copoxun A. I. DkcriepuMeHTaNbHOE HCCIEA0BaHUE
3¢ HEKTUBHOCTH €CTECTBEHHOTO MPOBETPUBAHUA Kaphepa uepes Tpyoonposozs! // VzBectus By30B. [op-
HbI xypHai. 2019. Ne 1. C. 127-133.

For citation: Shakhrai S. G., Kurchin G. S., Sorokin A. G. Experimental investigation into the effectiveness
of open pit natural ventilation through pipelines. Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal =
News of the Higher Institutions. Mining Journal. 2019; 1: 127-133.



134 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 1. 2019 ISSN 0536-1028

YIK 622.4 DOI: 10.21440/0536-1028-2019-1-134-139

YnpaBneHue atMocepoit 3aMKHYTbIX NPOCTPAHCTB PYAHNKOB

MunuH U. B.L, 3aBopHuubiH B. B.2, MnotHukoB A. M.2, MuuuH B. B.2
1'YpanbCckil rocyaapcTBEHHbINM FOPHBINA YHUBEPCUTET
(Poccws, r. Ekatepunbypr, yn. Kyitbbiwesa, 30)
2 YI'MK-XonauHr
(Poccws, Ceepanosckas 0bn., r. BepxHsis Mbiwma, Ycnenckuid npocn., 1)

Pecpepam
Leny pabomur — cokpawjenue KOHYEHMPAYUU Y2APHO0 2A3A 8 2OPHLIX BLIPADOMKAX NYMeEM €20 O0HCU-
eanus. Ilpedmemom uccredosanus AGIAEMC PYOHUUHAS amMochepa u ee KauyeCmEeHHbll COCMAas.
Coenacro mpebosanuam PedepanvHvlx HOpM U NPAGUIL 8 0OIACTHU NPOMBLULTEHHOU De30nACHOCU NPU
6e0eHUl 2OPHBIX pabom 6 NOO3eMHbIX 8bIPADOMKAX, 20€ UCNONL3YIOMCA MAWUHBL C 08UAMENAMU BHY-
MpeHHe20 c2opanus, 00bem no0asaemozo 6 blpabomKU 030yXa O0NHCeH 00eCneyumy CHUMCeHUe 8peo-
HBIX npuMecell 8 ucxodaueli cmpye Hudxce npederbHO OONYCIMUMbBIX KOHYEHMPAyUull N0 cOOepICaHuo
6 8030yX€ MOHOOKCUOAQ Yenepood u OKCUO08 a30ma.
Memoouka uccnedosanus. Boinoninen aHanus ¢ UCNONb308aHUeM pA3pAbOMAHHO20 A8MOPaMU Cnocobd
pacuema nompebdHO20 KOAUUeCmaa 8030yxa OJisl MAWuH ¢ 0gueamenem sHympenuezo ceoparus (4BC)
C yUuemom MOWHOCIU U IKOIOSUUECKO20 KIACca O8ueamenell MAuuH, npeoiojicena mexHoi02us coKpauje-
HUsL ROMPEOHO20 KOMUUECm8a 8030YXa OISt PA3HCUNCEHUS BbIXIONHBIX 2A3068 npu pabome mauwiut ¢ J{BC
6 NOO3EMHBIX 20PHBIX 6bIPAOOMKAX NYyMeM NPUMEHeHUs Hazpesaloue2o Kabes, YCmano61eHHo20 8001b
mpancnopmubx nymeil, noo kpoenei evipabomxu, 015 dodxcueanus CO 6 copubix evipabomxax 0o CO,.
Pesynomamel. Pacuemamu nokaszano, Ymo npumeHerue OaHH020 Memood nO3604Unt CyWecmeeHHo CHU-
3UMb NOMPedHOCMb 8 ceedxceM 6030yxe pabomarowux 6 pyonuxe mawiun ¢ /[BC.
Bu1600vl. IIpumenenue npeonodceHH020 Memooa sA6asemcs 00NOIHEHUEM K paHee UCHONb308AHHbIM, 00-
HAKO OH UMeem CYWeCmEeHHOe NPeuMyWecmeo, CesA3aHHOe C MmeM, Ymo BbINOAHAEMC A OOMHCUSAHUE
ONACHbIX U A00BUMBIX NPOJYKMOE 00 MeHee ONACHbIX, UMO, 6 C80I0 04epedb, NO360JIAEN, He YEeTuiueas
BEHMUNAYUOHHbLE Pe3ePEbl, NOBLICUMb NPOUZEOOUMENLHOCIb PYOHUKOE NO 0O0beMam 000bIuU.
Oonacms npumenenusn pe3ynomamos. Onucvléaemas MEMoOUKa Modjcem Oblnb UCRONB308AHA HA PYO-
Hukax, 20e pabomaiom mawiunsl ¢ [{BC.

Knroueewte cnosa: 3aMKHYmOe NPOCMPAHCMEO; BeHMUNAYUS WAXM, paciem NompedHo20 Koaude-
cmea 6o30yxa, ompabomanmsie 2azvl MAWUH, 00JCULAHUE Y2aAPHO20 2a3a 8 PYOHUKe, YHpasieHue pyo-
HUYHOU ammocgepoll.

Beenenue. [Ipu pabote mamms ¢ aABurarensimMu BHyTpeHHero cropanus (IBC) 00b-
€M I10J]aBaeMOTr0 B BEIPaOOTKU BO3yXa JA0JKEH 00eCIeYnTh CHIKEHUE BPEIHBIX IPH-
Mecel B UCXOMAIIEH cTpye HIDKe IpefebHO AomycTuMbIxX KoHteHTparuit (ITJ1K), uro
YKa3bIBaeTCs B perllaMEeHTEe TeXHOJIOTHueckoro mpouecca «IIpoBerpuBanue moxzem-
HBIX pyaHuKoB AO «Yuamuuckuit 'OK» (2016 1.). CoctaB pygHU4YHOI aTMOc(eps! B
MecTax padOoThl MAIIMH AOJKEH ONpPEeIAThCSl HA MOHOOKCH YITIEPO/a U OKCHIBI a30-
Ta (y kabuHbl MammHKCTa). KOHIEHTpays BpEeAHBIX MPOIYKTOB, C YYETOM BBIXJIONA
MAIllMH B PyAHUYHON 30HE, HE IOJDKHA MPEBBIIATh BETUUNH, yKa3aHHBIX B Denepaib-
HBIX HopMax u npasuiax (OHull).

Joxuranue TOprOYMX ra3oB M3JaBHA MPUMEHSUIOCH B TOPHOM JIENie, XOPOLIO H3-
BECTHBI «BBUKHT'AHUS METaHa ¢ IMOMOIIBIO (akena. OTKPBITHIA OTOHb MIPUMEHSIICS 10
cepeaunbl 1960 IT. Bo Bcex WIaxTax W pyaHUKax. ['peromre kabenu BBIMTYCKAIOTCS
B PYZHHUYHOM B3pbIBO3aIIUTHOM (PB) ncnonHeHnn 1 akTHBHO UCTIONB3YIOTCS B PyAHU-
Kax ¢ BEYHOH MEp3JIOTOH, r1e oHH 000rpeBaroT TPpyOOIPOBOABI C BOAOH M MPOXOISIT
10 3a60€B.
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O dexkTHBHOCTh BO3BpAIICHUS K IPUMEHEHHIO OTKPHITOIO OTHS ISl IIAXT 00YyCIIOB-
JIeHa, B TOM YHCJIe, SKOJIOTO-3KOHOMUYECKHMH B COITUATBHBIMU HCCeI0BaHusAMH [1].

AKTyanabHocTh. [ToTpeGHOCTH B pa3paboTKe HOBBIX MOJXOAOB K YIPABICHUIO aT-
Mocdepoit MOJ3eMHBIX PYITHHUKOB BO3HHUKIIU B CBSI3U C TEM, YTO PYAHUKHU, CIPOEKTHUPO-
BaHHbBIE B TPOILIOM CTOJIETHH WM TOTJA K€ TIOCTPOEHHBIE, OCHAIICHBI MAJIOMOIIHBIMHU
IJIaBHBIMH BEHTHWISTOPHBIMH YCTaHOBKaMHU. MOITHOCTH 3THX YCTAaHOBOK HEOCTATOYHO
B YCIJIOBUSIX TIPUMEHEHHS COTCH MAIlIUH JIJIsl TPAHCIIOPTUPOBAHUS TOPHOM Macchl [2—4].
[MpeononeTs 3TO OrpaHUYEHHE BO3MOKHO CTPOUTEILCTBOM HOBBIX BEHTHIISITOPOB, O/1-
HAKO TOT/Ia BO3HUKAET MPOOJieMa YBEJIMYCHUS CEUCHUI TOPHBIX BBIPAOOTOK ISl IPO-
IMycKa OOJBIIETO KOJIMYECTBA BO3MyXa (YTOOBI COONFOCTH MaKCHMAaIbHBIE CKOPOCTH
BO3AYIIHBIX MOTOKOB). C JMaHHOW MpOOIEeMOil CTaNKHBAIOTCS MHOTHE TOPHBIE TIPEN-
MIPHUATHUS C TIOA3EMHOHN N00bIueit, Harpumep, 1t Y [ MK-XonguHra oHa akTyanbpHa s
YCIIOBUH CIIEAYIOIINX PYIHHUKOB (B CKOOKaX yKa3zaHa OTHOCHTENIbHAs CIIOKHOCTH BEH-
TUTSIITAOHHBIX CETEH):

— AO «Yuamuackuit 'OK» — Y3ensrunckuii nmogzemusiii pynauk (1,0), Yuamun-
CKHU MOJ3EMHBINA PyIHUK coBMeCTHO ¢ HoBo-Yuamuackum yaactkom (1,2), O3epHbIit
noa3eMHubIi pyaHuK (0,5), MononexHsIi moa3emMHbii pynHuk (1,6);

— Cubaiickuii puman AO «Yuamunackuii ['OK» — Cubaiickuii monzemMHbIi pyaHuk (1,8);

—3A0 «Ypynckuit 'OK» — Ypynckuil monzemuslil pyaHuk (2,7), CkanucThiid moj-
3eMHBIN pyIHUK (2,2);

— 00O «bamkupckas Meapy — KOOmneHbIi oa3eMHbIi pyaHukK (2,4);

— AO «CadnsHOBCKas Menb» — CadbsHOBCKHUI MO3eMHbIN pynHUK (1,6);

— AO «bypubaiickuii 'OK» — Oxta06prckuii moa3zemMublid pyaHuk (3,7);

— OAO «Cubupb-nonuMeTamib» — 3apedHblid moazeMHubii pyaauk (1,3), KapOonu-
XUHCKHI MOJ3eMHBINA pyaHUK (3,4);

— OAO borocnoBckoe pyoymnpaBiIeHne — moa3eMHbIi pyaauk (1,4).

AHanu3 MOKa3bIBaeT, YTO TPAAUIINOHHBIMI METOJIaMH — YBETMYEHUEM MOJJadH BO3-
JlyXa B PYIHUKH — IIpoOiieMa OyAeT pemaThes ASCITKH JIET, TaK KaKk MHOTHE PYIHUKA
TpeOYIOT PEKOHCTPYKIIMHU TIIABHBIX BEHTHIIATOPHBIX YCTAHOBOK [5, 6].

Hean padorsl. PazpaboTka TEXHONIOTHMH, 00ECIICUNBAOIICH COKpalleHne moTpeo-
HOTO KOJIMYECTBA BO3IyXa JJIsl Pa3KMKCHHUS BBIXJIOIHBIX T'a30B MpH paboTe MamlvuH
¢ JIBC B mom3eMHBIX BEIPaOOTKaX.

AHasu3 noTpedHOCTH B cBexkeM Bo3ayxe. KomnuecTBo cBexkero Bo3iyxa, noaana-
€MOTO0 B BEIpa0OTKH, Iie padorator MamuHbI ¢ JIBC, 1omKkHO 00eceunTs copepikanue
KHcaopoaa B Bo3ayxe He MeHee 20 % (1o o0bemy) [7, 8].

Pacuer BBIMOJHACTCS € Y4€TOM MOIHOCTH M SKOJOTHYECKOTO Kilacca JBUTATeNeH
MariH. CoritacHo aeictaytoniemy [OCTy P 52160-2003 «ABTOTpaHCIIOPTHEIE CPE/I-
CTBa, OCHAIIICHHBIE JIBUTATEISIMHA C BOCIDIAMEHEHHEM OT cxkarusi. HopMmbl 1 MeTombl
KOHTPOJISI TIPY OIIEHKE TEXHHYECKOTo COCTOsHUI», MammHbl ¢ JIBC, pabortaromiue
B IIAXTaxX, OTHOcATCA K kareropusam N,, N,, N, ¢ osxonormueckum knaccom 4 [9, 10].
Jnst nanneix mammH ¢ [IBC nipenenbHbIi YpOBEeHb BEIMYHH BHIOPOCOB YCTAHABIMBACTCS
B coorBercTBUH ¢ [IpaBrmamu EDOK OOH Ne96-02 (Tabnuma 8.2 EDK OOH Ne 96-02),
TabmuIa.

Pacuer mpoussenen Ha mpumepe camocBaia CAT AD30: momrHocts 305 kBrT;
obowem asurarenst 15,2 i (0,0152 m3); konudaecTBO 060POTOB ABUTATENSI B MHHYTY
pu MakcuMasbHON MontHOCTH — 1800. C yueToM TOro 4TO IBUTaTeNh YETHIPEXTAKT-
HEIH, 32 OUH 000pPOT BEIOPACKIBACTCS KOJIMICCTBO ra30B, paBHOE MTOJIOBHHE 00BeMa
npurarens [11, 12].

O0beM ucxoasux ra3os npu padore mammHuel ¢ JIBC Ha MakcuManbHON MOITHO-
CTH PacCUMTHIBAETCS IO BHIOPACKIBAEMOMY KOJIMUECTBY T'a30B, oTpaboranHbix B JIBC.
OrtpaboTanHbie Ta3sl coaepkar okcup yriepoaa CO. PermamenTupyeTcst BRIOPOC omac-
HBIX BEIECTB, MIPOIIEANTNX Yepe3 ABUTATEIb.
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PacueTHOE KONMMYECTBO BBIACISEMOrO MOHOOKCHJAA YINIEpOJa, B COOTBETCTBUHU
¢ «YKazaHHsMH O TIOPSIAKE U KOHTPOJIE 0E30IacHOTO BEJCHUSI TOPHBIX padOT B OMACHBIX
3oHax. [Ipukas I'ocroprexnamgzopa CCCP ot 16.05.1986 Ne 12y, BeraucisieTcs myTem
YMHO)KEHUSI HOMHHAJIFHOW MOIIHOCTH JBUTATelNs MAaIIMHBI Ha TpeAeThbHOe KOInde-
CTBO ra3a Ha | KBT MOIIHOCTH JIBUTATENS.

PacueTHblil 00bEM BBIAENSEMOr0O MOHOOKCH/A YIIEpoa OMpeAesseTcs myTeM Je-
JICHUSI PACCUUTAHHOTO KOJIMYECTBa Bo3ayxa Ha mioTHocTh CO. B mpomenmem vepes
JBC Bozayxe cogepxanne CO cocraBut o o0semy menee 0,1 %.

Cornacao @Hull I'P, conepkanme xucimopona B BO3AyXe JODKHO OBITH HE MEHee
20 % (mo obowvemy). C y4eToM TOTo 4TO B MOAABAEMOM M3 aTMOC(Ephl B LIAXTy BO3AyXE
cofiepKaHue Kuciopoaa paBHo no oowemy 20,95 % (I'OCT 4401-81), paccuntaHHbIit
OTHOCUTENBHBIN 00beM (%) BRIACTMBIINXCS TA30B JIOJDKEH COCTaBIATh He Ooee 0,95 %.

TakuMm 00pa3oM, Becb pacxoa OTpadOTaHHBIX ra30B JOJKEeH ObITh He Ooiee 0,95 %
1o 00bEMY OT BO3yXa, IOCTYMAIOIIET0 B BEIPAOOTKY ¢ PadOTAIOIIM CaMOCBAJIOM.

O6bemHbIi pacxon BeiOpaceiBaemoro raza CO uz JIBC, m3/c, TpeOyer s J0CTH-
sxxerns [1/IK pacxona Bo3ayxa, OCTYMArOIIEro B BRIPAOOTKY, HE MEHEe:

o - Q, 100 %
BC T maK co

rae Q,, - — pacxon orpaborannbix razos JIBC, M3/c; mokazarens ITIK CO = 0,0017 %
(mynkr 156 ©Hull I'P).

Hopma o6pa3oBanusi okcuaa yriepoaa npu padore IBC
Therate of carbon oxide formation during CIE operation

[Nonesnas momHocTe P, kBT Oxcup yrnepona CO, r/(xBt - u)
130 < P <560 35
75<P<130 50
37<P<75 5,0
18<P<37 55

ITo cpaBHEHHUIO C KOIIMYECTBOM BO3yXa, HEOOXOAMMBIM JUIS TOAACPKaHNS YPOBHS CO-
JepaHus Kucnopoaa He Hike 20 % uim 11 00eceueHuss MUHUMAaTbHOM CKOPOCTH [IBH-
JKEHMS BO3IyXa B BHIPAOOTKe, ISl pa30aBIICHNs] BBIXJIOMHBIX ra30B B TOPHBIX BEIPAOOTKAX
1o HopMm [1IK o CO tpebyercst Hanbomblee KOIMIECTBO CBEXEro Bo3ayxa. Hanbonbiee
KOJIMYECTBO Bo3myxa 1yt pasdasnenus CO tpedyercs ms camocBaiios [6, 13].

CHusKkeHUe IOTPeOHOCTH B CBekeM Bo3ayxe. [l CHIDKEHHS OTPEOHOCTH B CBe-
JKEM BO3[yXe NPUMEHSETCS METOJ, KOTJja UCTIOJIb3YeTCsl HarpeBalounii kabenp, mpo-
TSHYTBIH 0 KPOBJIEH TPaHCHOPTHOIO HAKIOHHOTO Che3la, MPeIHAa3HAYCHHBIN A
noxuranus CO (yrapusiii rasz) no CO, (yreKuciblii ra3). YrapHblii ra3 6osiee JIErKui,
YeM BO3IyX, I03TOMY HarpeBaroluii kKabeiab HaJ0 YCTaHOBUTH ITOJ KPOBIEH.

Hoxxuranue CO mpoxoIuT NO CIAEAYIOLEH peaKuu:

2CO + 0, — 2CO,,

—_ . (o] 4
AG, o, u30bIToK Temna, AG,,, = -257 x/lx; AS°,,, — pasHuna SHTpONHMH,
(] —_
AS°,5 = -86 JIx/K.
Peakiusi ropeHus ABIAETCs LEMHOMN, MPUYEM MHUIMATOPAMHU CITy’KaT HEOOMbIINE
KOJIMYECTBA BOJIOPOACOAEPIKAIIUX COSAMHEHHUH (Boa U JIp.)
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Takum o00pa3oM, NMpUMEHEHHE HArpeBaroIero Kadels, yCTaHOBIEHHOTO BJOJIb
TPAHCIOPTHBIX MyTEH Moz KpojieH BbIpaOoTku, obecneunt goxuranue CO no CO,.
Mo anamusy ITJIK, CO - 0,0017 % mo o6wemy, CO, — 0,5 % mo 06bemy, 10ImycKaeTcs
CHIDKEHHE MMOTPeOHOTO pacxona ceexero Bo3myxa B 0,5/0,0017 = 294 pa3za npu BEIOpO-
cax OT aBTOMOOWJIBHOHN TEXHHKH.

Oocy:xxaenue pe3yabraToB. [IpeoOpazoBaHue yrapHOro ra3a B MEHEE aKTUBHBINA U
CYIIIECTBECHHO O€30TIaCHBINA YITICKUCIIBIA Ta3 MO3BOJISET COXPAHUTD JKU3HB TOPHOPabo-
WX, WCIBITHIBAIONINX Ha ceOe aKTUBHOE BO3JCHCTBHE BBIXJIOMOB OT MamuH ¢ JIBC
B 3aMKHYTBIX IPOCTPAHCTBAX.

MarmHbI UAYT MO BBIPA0OTKaM CO CBEXEW CTpyel BO3ayXa OT CTBOJA J0 3a00s U
oOparHo. Bo3ayx ¢ conepanneM oTpaOOTaHHBIX I'a30B MOCTYMAET B 3a00H, T1e pabo-
TaloT ropHopaboune. Jloxuranue yrapHOro rasa /1o onaaanus B 3a00i CHIDKAeT omac-
HOCTH OTPAaBIICHUS, TIPX STOM KOHIIEHTpPAIMs YIIEKUCIIOTO Ta3a MpH MpUMEHEHUH Ha-
TpeBaloIIero Kadest B pa3bl MEHBIIIE ITPH TOM K€ PAcXO0JIe CBEXKEro Bo3ayxa. CHUKECHUE
pacxoyia CBEXEro BO3ayXa He IJIaHUPYETCs, a OMAaCHOCTh MPEObIBAHUS B 3aMKHYTHIX
MPOCTPAHCTBAX YMEHBIaeTCs cymecTBeHHO. Kpome Toro, mpumensist noxxkuraane CO
B py/IHUKE, MO)KHO CHHM3HTH MOTpeOIIeHNe Teria Ha 000TpeB BO3AyXa B 3UMHUI MIEPHO.

BouiBoasl. [IpuMeHeHrne TPEATTOKEHHOTO METO/IA ABJISICTCS JOMOTHEHHEM K paHee
HCIIOJIb30BAHHBIM, OJHAKO OH UMECT CYIICCTBEHHOC NMPEUMYIIECTBO, TAK KaK OOXUTa-
HUE OMACHBIX U SIIOBUTHIX MPOIYKTOB O MEHEE OMACHBIX TO3BOJISET, HE YBEITHUMBAs
BEHTHIIALIMOHHBIE PE3epPBbI, TIOBBICUTH MPOU3BOJUTEIHLHOCTh PYIHHUKOB IO 00beMaM
JOOBIYH.

[anee ciemyer BBINOJIHUTH MCCICIOBAHUS MPEAJIAracMoro MeToja B PYIHUYHBIX
YCIIOBUSIX, pa3paboTaTh KOHCTPYKTUBHBIE DJIEMEHTHI W YTOUYHUTH pealbHyio 3¢ hek-
TUBHOCTHh Me€TOJ[a, 000CHOBATh HOBBIA MOIXO] K TEXHUYECKOMY BBITOIHEHHIO MEPO-
MPHUATUAN U pacueTy HEOOXOIUMOTO KOJIMYECTBA BO3yXa ISl PYIHUKOB.
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Managing the atmosphere the enclosed spaces of mines

Ivan V. Minin!, Valerii V. Zavornitsyn?, Aleksandr M. Plotnikov?, Vadim V. Minin?
! Ural State Mining University, Ekaterinburg, Russia.
2UMMC-holding, Verkhnaya Pyshma city, Sverdlovsk region, Russia.

Abstract
Research aim is to reduce the concentration of CO in mine workings by afterburning. Mine atmosphere
and its qualitative composition is the subject of the research. According to the requirements of the Federal
norms and rules in the field of industrial safety in mining operations in underground mines where machines
with internal combustion engines work, the volume of air supplied to the working should ensure the
reduction of harmful impurities in the outgoing jet below the maximum permissible concentrations of
carbon monoxide and nitrogen oxides in the air.
Research methodology. This paper presents a method developed by the authors to calculate the required
amount of air for machines with internal combustion engines (ICE), taking into account the power and
environmental class of machine engines, and describes the technology for reducing the required amount of
air to dilute exhaust gases when ICE machines work in underground mine workings by using a heating
cable installed along the transport routes, under the roof of the mine working, for the afterburning of CO
in the mine workings to CO.,,.
Results. Calculations have shown that the use of the given method will significantly reduce the need for
fresh air necessary for ICE machines operating in a mine.
Summary. The use of the proposed method is an addition to the previous methods, however, it has
significant advantage due to the fact that it fulfills the afterburning of hazardous and poisonous products
which, in its turn, makes it possible to improve mines’productivity in production output without increasing
ventilation reserves.
The scope of this method is extensive and can be used in all mines where machines work with internal
combustion engines.

Key words: enclosed space; ventilation of mines; calculation of the required amount of air, exhaust gases
of machines; CO afterburning in a mine; mine atmosphere management.

REFERENCES
1. Baratov A. N. et al. (eds.) Fire and explosion hazard of matters and materials and their suppression
agents. Book 2. Moscow: Khimiia Publishing; 1990. (In Russ.)
2. Alymenko N. I., Minin V. V. Underground ventilation installations to normalize the ventilation of zones
hard to ventilate. In: Security problems during mineral deposits exploitation in the zones of industrial
agglomerations: Proceedings of an International Symposium. Moscow: Perm; 1995. (In Russ.)
3. Ushakov K. Z. (ed.) Aerology of mining enterprises. Moscow: Nedra Publishing; 1987. (In Russ.)
4. El-Nagdy K. A. Stability of multiple fans in mine ventilation networks. Int. J. Mining Eng.
2013; 23: 569-571.
5. Alymenko N. L. et al. (eds.) Ventillation installaitons and their application. Part 2. Ekaterinburg:
UB RAS Publishing; 2016. (In Russ.)
6. Test preparation study guide for underground fire boss certification. USA: Utah Labor Commission; 2014.
7. Nosyrev B. A., Belov S. V. Ventillation installaitons in shafts and metropolitain railways. Ekaterinburg:
UrSMU Publishing; 2000. (In Russ.)
8. Moger G. D., Murthy Ch. S. N., Udaya Kumar R. Y. Energy consumption of mine haulage drive system
in an underground coal mine — a case study. International Journal of Emerging Technology and Advanced
Engineering. 2013; 3: 271-277.
9. A Review of Primary Mine Ventilation System Optimization, Santiago, Chile, April 2014, by Institute
for Operations Research and the Management Sciences (INFORMS) in Interfaces: 163—175.
10. Approved code of practice, ventilation in underground mines and tunnels. New Zealend Governmant.
2015; February: 27.
11. Kosarev N. P., Dmitriev V. T., Dmitriev S. V. Rationale for inclusion schemes of mine turbomachines
at their parallel operation. News of the Higher Institutions. Mining Journal. 2012; 6: 58—62. (In Russ.)



ISSN 0536-1028 «H36ecmust 8y306. Topuotii scypuany, Ne 1, 2019 139

12. Alymenko N. L., Minin V. V. Ventillation installaitons and their application. Part 1. Ekaterinburg:

UB RAS Publishing, 1999. (In Russ.)
13. Virginia department of mines, minerals and energy division of mines first class mine foreman
certification study guide. Revised 2018, Richmond, VA, Virginia, USA; 17.

Received 31st October, 2018

Information about authors:

Ivan V. Minin — research scientist, Ural State Mining University. E-mail: minin.i@m.ursmu.ru

Valerii V. Zavornitsyn — Deputy Director of Mining production, UMMC-holding.
E-mail: v.zavornitsyn@ugmk.com

Aleksandr M. Plotnikov — Head of Mining Enterprises Development Department, UMMC-holding.
E-mail: am.plotnikov@ugmk.com

Vadim V. Minin — Candidate of Engineering Science, Head of Department of Control of the Mine
Atmosphere, UMMC-holding. E-mail: v.minin@ugmk.com

Jast uutupoBanusi: Munun U. B., 3aBopuunsin B. B., [TnotHukoB A. M., Munun B. B. Ynpasnenue
arMocepoil 3aMKHYTBIX TNPOCTPAaHCTB pyAHuKoB // W3Bectuss By3oB. l[opueii sxypHanm. 2019.
Ne 1. C. 134-139.

For citation: Minin 1. V., Zavornitsyn V. V., Plotnikov A. M., Minin V. V. Managing the atmosphere the
enclosed spaces of mines. Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal = News of the Higher
Institutions. Mining Journal. 2019; 1: 134-139.



UCTOPUA. \HOOPMALIUA. PELIEH3UA

V]IK 63.3(470.5) DOI: 10.21440/0536-1028-2019-1-140-146

®opmupoBaHue NpombIwneHHoro naHawadTa Ypana

KypnaeB E. A.!
' YIHCTUTYT UCTOpUM 1 apxeororun Ypanbckoro otaeneHns PAH
(Poccus, r. Ekatepunbypr, yn. Kosanesckoi, 16)

Pechepam

Hccreoyemcesa popmuposanue npomvluuieHHo2o r1anowapma Ha meppumopuu Ypaivckoeo pecuowa.
Cospemennvle UHOYCMPUANIbHbIE TAHOWAGmMbL Ypana — Haznsionoe ompaxceHue MHO208eK080U Oesi-
menvrocmu Poccuiicko2o 2ocy0apcmea no 3dceneHuro U OC80€HUI0 3Mo20 Kpasl. Tosienenue conesape-
HUA, qepnoﬂ u u@emnod memajiiypeuu, MauluHoCmpOeHusl, AMOMHOU U XUMUYECKOU npombliieHHocmu
NPOUCXOOUNO 6 ONPEOeeHHOU NOCIe008AMENbHOCHU NOO 8030€lCMEUeM PA3IUYHbIX QaKMopos: 2eo-
zpaqbulteCKux, MEexXHOoJI02UYeCKUX, IKOHOMUYECKUX U 2eONOJIUMUYECKUX. Feoepaqbuttec;cuﬁ n00x00 no360-
JIlem noOMeCmums 8 psod UCHOPUKO-KYIbIMYPHO20 HACTeOUs NPOMbIULIEHHOCU, HAPAJY € yice NPUSHAH-
HbIMU NAMAMHUKAMU, 6CI0 COB0KYNHOCHb Cd)OleupO@aHHOZO e ﬂaHdwa(j)mHo—meppum0puaﬂbH020
Komniekcda.

Knrwoueeswie cnosa: Vpan, npomviunennsiii nanowapm,; ucmopus 20pHo2o dena; uHOyCmpuaibHoe
Hacreoue, 2eHe3UC YPATLCKOU NPOMBIULIEHHOCTIU.

Kak w3BecTHO, CNOBO «iIaHAMAPT» MPUILIO K HaM M3 HEMELKOIo s3bIKa
(weMm. Landschaft, ot Land — 3emns u schaft — cypdukc, BeIpakaronuii B3aHMOCBSI3b).
OTOT TepMHH YNOTPeOIISUICS B OCHOBHOM B reorpadui, XapakTepusysl penbed u xapak-
Tep MECTHOCTHU, OMHOPOAHYIO MO MPOUCXOXKACHHUIO TEPPUTOPHIO C TIPUCYIIUMH i TIpH-
pOAHBIME pecypcaMu. B coBpeMeHHOH HayKe 3TO CJIOBO Bce 0oJiee aKTUBHO UCIIONB3YIOT
B KYJBTYpOJIOTUH M HCTOpUH. JlaHAmadThl, N3MEHEHHBIE XO3SMCTBEHHOHN IesTENbHO-
CTBIO YeJIOBEKa, TOJIPA3/ICISIIOT Ha KyJIbTYPHbIEC U PUPOAHO-aHTpONIoreHHble. bonbmmH-
CTBO COBPEMEHHBIX JaHIIA(TOB MOXXHO CUMTaTh aHTPOIIOTEHHBIMH, IOCKOJIBKY OHH B TOH
WM MHOW Mepe N3MEHEHBI YeJIOBEKOM. BrIpyOKa j1ecoB, OTBAJIbI ITyCTOH MOPOIIBI — TOIBKO
4acTb HanboJee 3aMETHBIX Pe0OPa30BaHUi PUPOIBI YEIIOBEKOM.

B mombiTke BBICTPOHUTH NpeACTaBlIeHUE 00 HHAYCTPUAIBLHON 3110Xe, ONMUPasCh Ha
OTIBIT KOMITJIEKCHBIX UCCIIEJOBAHHH CIIEIOB YeJIOBEUECKOTO BO3JICHCTBHUS HA OKpY>Kato-
HIyIO IEHCTBUTENLHOCTD, YCIIEX0B TOOMIUCH MIPEACTaBUTEH reorpaguyecKoi HayKH,
c(hopMyIHpOBaBIINE KOHIETINIO HHAYCTPHAILHOTO JTaHAIA]TA.

l'apMoHUYHOE coYeTaHUE YHUKAIBHBIX 110 CBOMCTBY MPOMBIILIEHHBIX (JOPM — CTPO-
UTETHHBIX COOPYKEHHI, 000pYyIOBaHUs, PECYpCHOM 0a3bl U TPAHCIIOPTHBIX My TEH, 00-
pasylomuX JOMHUHAHTY Ha MPHJIETaloIell TeppUTOPUH, IPUHATO HA3bIBATh UHIYCTPHU-
anpHeIM aHcamOneMm. Ha VYpane oOuienpu3HaHHBIM SBISIETCS WHAYCTPHAIBHBIHA
aHcaMOnb HiKHETaruisckoro MeTaurypruieckoro 3aBoja 1 BEICOKOropcKoro pyaHu-
Ka, CTaBLIMH OCHOBOW MTPOEKTOB MO My3ee(HKALUN My3es-3aBOJla U CO3JAHUI0 HHAY-
CTpUaJIbHOTO dKomnapka. [loHsTHEe aHcaMONs 3aJI0KEHO B OCHOBBI MEXIYHAPOJHOTO
HCTOPUKO-KYJBTYPHOTO 3aKOHOAATEIHCTBA, YTO MTOMYEPKUBACT MIPUKIATHYIO QYHKIHIO
noHsATHS. B TO 5ke BpeMst TepMUH «IaHAmadT», XapaKTepu3yoni 00beKT UccaeJ0Ba-
HUSI HAyKH 0 3emJie, ee reorpaduieckoil 000JI04YKe, 3HAYUTENEHO PACIIMPUI CBOE 3HA-
YeHHUE M CTaJ XapaKTepHU30BaTh 3eMHOE MPOCTPAHCTBO U BCE TPUCYIIUE eMy TPUPO-
HBIE ¥ aHTPOIIOTEHHBIC KOMITOHEHTHI.
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TepMuH «KynbTypHBIN JlaHAIIA(TY», 00pa3HO BBIPAXKAIOIINK CO3AaHHOE YEJIOBEKOM
BCEMHUPHOE TyXOBHOE MPOCTPAHCTBO, CTAJI MOMYJISIPEH U B TyMaHUTAPHBIX HCCIIEN0BA-
HUsIX. B HayuHyto mutepatypy TepmuH Obl1 BBeaeH JI. C. beprom u xapakrepuzoBai
TakoH JaHJmagT, B KOTOPOM YEJIOBEK U MMPOU3BEICHHS €T0 KYJIBTYPhl UTPAIOT BAXKHYIO
pois [1]. PazpaboTanHble B nanbHENUIIEM TPAKTOBKH YTOUHSIOT MOHATHE [2, 3]. B3rsin
Ha Pe3yJbTaThl BO3ACHCTBHUS HMHAYCTPUHU CTall OCHOBOW B ()OPMUPOBAHUHU TEOpETHYE-
CKOH KOHLIENIIMY UHAYCTPUAILHOTO JaH AP TOBEICHHS.

Teoperndeckoii OCHOBOWM KOHIENIHMH SABISIOTCA padoTel @. H. MunbkoBa U 0CHO-
BaHHAsl UM ILIKOJIa aHTPONOTeHHOTo NaHamadToBeneHus. KoHIenus aHTponoreHHbIX
nanamadToB @. H. MunbkoBa nofpasyMeBaeT 1Moj STUM MOHATHEM KaK 3aHOBO CO3JaH-
HBIE YEJIOBEKOM JIaHIa(Thl, TAK M BCE T€ MPUPOAHBIC KOMIUIEKCHI, TII€ MOJ] BIUSHUEM
4eJI0BeKa U3MEHWIICS JII000H 13 MX KOMIIOHEHTOB, B TOM YHCIJIE€ PACTUTEIbHBIA U JKU-
BOTHBIN MUp [4]. Y4eHbIil OMHUM U3 NEPBBIX MPEUIOKUI CTPYKTYpy aHTPOIOT€HHBIX
naHqagdToOB, KOTOpasi, IOMUMO CEJIbCKOXO3IHCTBEHHBIX, CaJ0BBIX, BKIIOYANA JIAH/-
maThl, CO31aHHBIE TP IOMOIIM TEXHUKH — KapbePHO-0TBANbHBIE, CEIUTEOHBIE [5].

Ilogxon k M3y4eHHIO MHyCTPHAIBHOIO HACIEIUsl B paMKax I€OKyJIbTypHOH napa-
IurMbl npenctasieH uccnenosanusmu 0. I Tiotionauka. M chopmynrpoBaHa KOH-
LENUIUs HHAYCTPUAIFHOTO JaHgmagTa, KOTopasi BKIIOYAeT He TOJIBLKO HEe0OpaTUMBIE U
CyIb0OHOCHBIC U3MEHEHHSI OPUTHHAIBHOTO IPUPOAHOTO 00JINKA 3eMIIH, HO M BECH OCSI-
3a€MbIIl MaccHB CIJI€IOB, OCTaTKOB IPOMBIIIJIEHHON AESITEIbHOCTH YelloBeKa. ABTOp
CUHUTAET, YTO Ha «TEPPUTOPHUSX, 3aHATHIX POMBIIIJICHHON 3aCTPOUKOH, (HOPMHUPYIOTCS
HACTOSIINE M MOJHOICHHBIE JAaHIMA(THl — MPOMBIIUICHHBIE, 3 HE TEOTEXHHYECKUE
CHCTEMBl U HE JaHAAPTHO-TEXHUUECKUE KOMIUIEKCH. DTO JaHAmagThl CaMOCTOs-
TEJILHOI'O TEXHOT€HHOTO BapuaHTa JanmmapTHOH cdepr» [6]. [lonarue uHIycTpU-
aNbHOTO JaHAmagdTa B 3TOM CMBICIIE COCTOUT U3 HEPa3pBIBHO CBA3aHHBIX Teorpaduye-
CKOM M KYJIBTYPHOI COCTaBIISIOIIUX.

OcnoBoii padotsl FO. I TroTIOHHHMKA ABJSIETCS MCCIEIOBAaHHE B3aMMOICHCTBHS
00BEKTOB MHIYCTPHUAIBHOW KYyJIBTYpbl W JaHAmadra. ABTOP BBIIENAET MHOXECTBO
pasHOBUAHOCTEH JaHAmadTa — NPUPOAHBIE M MallOM3MEHEHHBIE, aHTPOIIOTCHHBIC,
NPOMBILUIEHHBIE U YpOaHW3UPOBaHHBIE. ACIIEKTOM B3aUMOICHUCTBHS POMBILLICHHO-
CTH ¥ IPUPOIHOTO JaHAmadTa SBISETCS AEMYTaIMsl, XapaKTepU3YIoLIas pa3BUTHE U3~
MEHEHHOTO JaHgmagdTa B MCXOJHOE COCTOSHHE. XapaKTepPHBIM IJIsi MeTalTypruye-
CKHUX H yIeJ00BIBAIOIINX PErHOHOB TOPHONIPOMBIIIIICHHBIH penbed) paccMaTprBaeTCst
aBTOPOM KaK aHTPOINOTeHHBIN JaHAIAadT, a HanboJee MHOTOCIIOKHBIM C IO3ULUI HH-
IYCTPUANBbHON KyJIBTYPHI ABJISIETCS TOPOIACKOH TaHAmadTt. ABTOp AaeT NOAPOOHYIO Xa-
PaKTEPUCTHUKY PA3TUYHBIX IPOSIBIICHUI UHIYCTPHH B TOPOJCKOM JaHAIIa]Te U Xapak-
TEpU3yeT TOPOJl KaK OTAeNbHBIN JaH A THHIH (heHOMEH.

Bce mepeuncnenHble aBTOpPOM BapHalMU HHAYCTPHAIBHOTrO JaHAmagdTa MOTYT
OBITH MPOWJUTIOCTPUPOBAHBI HA IPHUMEPE MPOMBILIIECHHOTO PETHOHA, TAKOTO KaK Ypad,
Ha TEPPUTOPUH KOTOPOTO MPOMBIIIJICHHAS AEATENBHOCTh cPOpMHUpPOBaIa MHOTOCIIOXK-
HBII KyIBTYpHBIH U Teorpaduueckuii manamagT.

CoBpeMeHHbIe HHAYCTpHANIbHBIC TaHAMAPTH Ypaia — HalJIAHOE OTPaKECHUE MHO-
TOBEKOBOH JIESATENLHOCTH I10 3aCEJIEHUIO U OCBOEHHIO 3TOro Kpas. Crapeiiias oTpacib
MPOMBIIUIEHHOCTH — COJIEBAPCHUE — IOJIOXKHJIA HAyallo MaclITaOHOMY M3MEHEHHIO
npuponHoro jdanamadra [lepmckoro kpas. [lomyueHune conmu — BecbMa TPYAOEMKHI
npoliecc: IepBOHAYAILHO €€ BBIBAPUBAIIM M3 PACCOJIOB, JOOBIBAEMBIX C MTOMOIIBIO KO-
JIOALIEB ¥ IPUMUTHBHBIX paccoibHbIX TpyO. Haumnas ¢ XVI B. noOsr4a conu B [lepm-
ckoM kpae HeykioHHO pocia. K xoniy XVII B. 6onee 200 Bapaun y Conu Kamckoit
BBIBAPUBAJIH 10 7 MJTH Tyl0oB coiiu B roa. B 1913 1. noOwrya conu pocturia 21,6 MiH
nynoB. B 1918 1. coneBapennsie npeanpustus [Ipukamps OblIM HAIMOHATH3UPOBAHBI.
Haubonee kpymHBIM W3 HUX sBJsUICS YcThb-bBopoBckoil 3aBonm Omm3 Conmkamcka.
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B 1986 1. Ha ero 6a3ze ObLI OTKPBIT YHUKANbHBIA My3eil uctopuu «Conu Poccumy,
BKJIIOYAIOIIUH 3JaHNS M COOPYKECHUS IIPOMBIIIJICHHOTO IIUKJIA CONENO0BIYH.

Hauaio mouckoB pyzsl B Kpae ObLIO CBS3aHO C IESTEIbHOCTBIO PYJO3HATLIEB U Ma-
CTEPOBBIX JIOAEH BOTUMHBI CTPOraHOBBIX. DTO MpOU30ILI0 B KoHIE XVI — Havane
XVII BB. B pouiecce nepeMenieHus: J0ObIUU COJIM U IEN0BON akTUBHOCTH CTporaHo-
BbIx n3 ConbBbrueroacka B [lpuypanse. Hannume coOcTBEHHOTO MPOU3BOICTBA KeJle3a
OBUTIO HEOOXOAMMO TS U3TOTOBJICHUSI METAITIOEMKOTO COJIEBAPEHHOTO 000PYI0BaHUSI.
B 1620-e rr. ynomMuHaeTcsi Haqyasio pa3pabOTKU B 3TUX palloHaX MECTOPOXKICHUH 0o-
JIOTHOW pyZibl U BBIIUIABKA U3 Hee KpUUHOro xene3a [7]. 3BecTne o Haxoake MeTHON
pyzel nocTynwio B 1617 1. oT nepBOro M3BECTHOIO POCCHHMCKOTO pyao3Haria Skosa
JIuTBHHOBA.

I'eorpacdus mouckoB pyn u crpoutenberBa 3aBooB ¢ X VII B. u 10 40-x rr. XVIII
B. paclpocTpaHsiack, TNIaBHBIM 00pa3zoM, B paiionax Ceseproro u Cpeanero Ilpny-
pasbs. Pexu ObUTH OCHOBHBIMHU TPAHCIIOPTHBIMH apTEPHUSIMH JIETOM U 3UMoid. [TosTo-
My IIOYTH BCE IEPBbIC NOCTYIIHbIE MECTOPOXACHUSA PyJ U IOJE3HBIX UCKONAEMBbIX
OBUIM OTKPBITHl y HACEJIIEHHBIX MyHKTOB MJIM BIOJb TPAHCIOPTHHIX mMyTei. Pycckoe
HaceJeHHe 3aKpPEenmIoch Ha OCHOBHBIX PEYHBIX TPAHCIOPTHBIX apTEepPHUAX, TEKYIIHX
oT Ypansckoro xpedta B Cubups. [lepBoHauaabHO TOCENEHIIBI TOSBUINCH B Cpel-
HEM TE€UYEHUH TUX PEK, Ha Hanboee MOAXOAALINX AT MaIeHHOTO 3eMJIeIeNHs III0-
JOPOAHBIX 3eMJsX. B manpHeWIeM OHHM CTalHM PacCesAThCs BhIIIE, MPUOIMKASCh
K TOpaM ¢ BOCTOKa, OJHOBPEMEHHO 3HAKOMSICb U C PYOHBIMH OOraTcTBamM Kpas.
ITo BeIXOHmam pyasl B Oeperax ObLTM OOHAPYXKEHBI MEpBbIE MeCTOpOXKAeHUs. Hawu-
Oonbero ycnexa Bo Bropoi monosuHe XVII B. pyno3HaTibl TOCTHITU B PO3BICKE
HEMETAJUIMYECKUX MOJIE3HBIX UCKOMAEMBIX: COJIA, U3BECTH, KUPIIUYHOM [IUHEI, CTPO-
WUTEJIFHOTO KaMHS, HaXK/1aKa, CJIroab! [8].

B 1635 1. Henoganeky ot p. Kambl moctpomnu IIbickopekuii MeeriaBUiIbHbBIN 3a-
BoJ. Ha I'puropoBckom pymHuke BiiepBble B Poccun B TOpHBIX paboTax MPUMEHHIIH
maxtel. Ha 3aBoje momydusn pacrpoCTpaHEHHE CAKCOHCKUM METOJ IPOMBIIIIEHHOTO
YIIEKKEHUS «B Kydax», YTO MPHUBEJIO B AaJbHEHIIIEM K MacCOBOM BBIPYOKE ypaabCKUX
necoB. K xonry XVII B. Obuti HaliieHBI KPYITHBIE MECTOPOKICHUS KEJIE3HBIX U MeJl-
HBIX Py, Kpaii cTal 10CTaTOYHO MHOTOJIIOAHBIM, OTIPEACITHINCH MecTa QOPMHUPOBAHUS
IIPOMBIIIIJIEHHBIX PAOHOB.

C Hayanma MaccoBOTO CTPOMTENLCTBA MeTaTypruueckux Manydaxryp B XVIII B.
B 00JIMKE Kpasi IPOU3OIIIIN KPYThIE IEPEMEHBI. Ypall cTal ObICTPO HOKPBIBATHCS CETHIO
OGonpIMX M MajbixX 3aBONOB. IlepBrie BogoaeiicTByromue 3aBonsl — HeBbsiHckuii, Ka-
MEHCKUH, YKTycCKMi U AJlanaeBCKUIl — CTalli MPaKTHYECKOM IIKOJION B MOArOTOBKE
TOPHBIX MAacTEPOB U IUIABWIBINUKOB. HaunHaIOT CKIIaAbIBATHCS TUIIMYHBIE IS yPAJIb-
CKUX TOPOJIOB TOPHO3aBOACKUE JaHAMIA(THL: MPYIb, TNIOTHHBI, TOMMEHHBIE TEPPUTO-
PUU HUXKHETO I0CJIE IJIOTUHBI PyClla PEKH, XapaKTEepHBIN It Ypasa JOJUHHBIA pe-
nbed ¢ XoIMaMu, MOPOCHIMMU JiecoM. J{iIst HempepbhIBHOW pabOThI KaKJ0TO U3 3aBOIOB
BeJIaCh MHTEHCHUBHAs BHIPYOKa OKPECTHBIX JIECOB, pa3pabaTbIBaliCh PYJHUKH, TIPOBO-
JIAJICS] TIOUCK HOBBIX HCTOUHUKOB CBIPBSI.

B nepsrie roasr X VIII B. Oblu MpoBeeHBI MEPONPUATHS 110 BBEACHUIO [IEHTPAIIH-
30BaHHOTO YIIpaBJIEHUS PyAHBIMHU TIOMCKAaMH U co3faH PynokonHsiit nmpukas; B 1719 1.
BMECTO HETO TI0 eBpolieiickoMy 00pasiy Oblia yupexaeHa bepr-komierus u ornameHa
Bepr-npuBuierus, pazpeniaromas JJto0oMy KUTENI0 0e3 OrpaHMueHHI 3aHUMAThCS Po-
3pickamiu pyal. C nosiBneHueM Ha Ypane B. Tarumesa u B. 'ennuHa BBoauTCS cucteMa
OpraHM3alliy TpyZa B TOPHOM JieJie, COCTaBJIEHHE YepTexel MoA3eMHBIX pa3paboTok,
BHEJIPSIFOTCS HACOCHI, MPUMEHSIOTCS OypeHHne W OypOB3pHIBHBEIE Pa0OTHI MOPOXOM.
OTH HOBOBBEJEHHS 3aMETHO CKa3bIBAIOTCS HAa HWHTEHCHBHOCTH TOPHBIX pPaboT.
[MpumepHo ¢ 1740-x rT. HaunHaeTcst ocBoeHue dorarcTs KOxxHOTO Ypana.
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Mertannyprudeckue NpeAnpUATHs, HCIOIb30BaBIINE THIPOIHEPTHIO, MPOCYIIe-
creoBainu XVIII u XIX BB. Ilogsnenue B XIX B. mapoBbIX JBUraTelicd U MAIIMHHON
TEXHUKH U3MEHUIIO CTPYKTYpPY NpOou3BoACTBa. Teneps He ObIJIO HEOOXOOUMOCTH IIPH-
BA3BIBaTh IPOU3BOACTBEHHBIE MOIIIHOCTH K pyciy peku. C 3Toro BpeMeHH IpyAbl JIUIIb
HaIOMUHAIOT O OBIJIOM MPOMBIIIJICHHOM NPEAHA3HAYCHUU U CTAHOBATCS YKpalICHUEM
ropoaoB-3aBoAoB. /s MmanydakTypsl ObI0 HEOOXOAMMO HATUYHE PEKHU KaK UCTOYHHU-
Ka JIBMOKYILEH CHIIBI ¥ ITyTH cOBITA MPOAYKIHH, a JJIsl HHAYCTPHAIBHOTO HPEeAPUATHS
B )KHEHILINM yCIOBHEM CYIIECTBOBAHHS CTajla CETh JKEeJIE3HBIX AOPOT. TakuM obpaszom,
NPOMBILUIEHHBII EepeBOPOT Ha Ypase BKII0Yal B ceOs He TOJIBKO PacHpOCTpaHeHHUe
MaIIMHHOW TEXHUKH, HO WU TOJHYIO PEKOHCTPYKLHIO OpPraHM3alUU MPOU3BOACTBA.
Ero 3aBepuienne TpeGOBaIo HATUUMUS CETH KEJIE3HBIX TOPOT ATl 00eCTIeueH s ChIpheM
Y BBIBO3a MPOAYKLMH, Pa3BUTOTO MAIIMHOCTPOEHMS, MHIYCTPUAIBHBIX MPEINPUATHI
Kak HOTpeduTeNeil MacCOBBIX COPTOB METaIlIA.

CepbesHo n3MeHnIa 00K Kpas MPOMBILUIEHHAS! OOBIYa POCCHITHOTO 30J10Ta U
miatusel. [lepBoe ypanbsckoe 301010 0oO0Hapyxun Jleontuit [luranes na Llunoso-
Ucerckom pynnuke B 1744 1. [9]. Cnycrs rog kpecthsinuH Epodeit MapkoB Hamien
30JI0TOH caMOpOJOK Henajeko oT ExarepunOypra, rae BOOCIeACTBUM BO3HUK bepe-
30BCKHMI MPUUCK M Hayanach MPOMBIIUICHHAs A00bYa pyaHOro 30;0Ta B Poccum.
B 1814 . mactep bepesoBckoro npuncka JleB bpyCHHUIIBIH OTKPBUT B TOJIMHE PEKU
Bepe3oBkr 3010TOHOCHBIE TIECKH, a MO3Xe U300pesl MPOCTOH U SKOHOMHUYHBIN CIIO-
co0 mpoMBIBKH pocchImHOro 3010Ta. K 1823 1. Ha Ypaje HacuuTHIBaIOCh yXke Oojee
IBYXcoT nmpurckoB. C HayanoMm JOOBIYH 30510Ta U3 pocchineid Ypana Poccus o6ocHo-
Bajach B MEPOBOH 3IUTE 3070ToR00bIBatommx ctpad. Jons Poccun k xonny XIX B.
npocturana 22 % MupoBod H00bIYM 30510Ta B roA. [Tuk pocta 1o0bIYM 30510Ta MPUXO-
nutcs Ha 1892 1., korja o0bem no0kruu coctaBuna 12,3 1. Jlekperom CHK PCOCP ot
31 oktsa0psa 1921 1. BceM rpaxaaHaM M apTelisiM cTapaTesiell pa3pelnii BECTH MTOH-
CKH U m3BJIeueHue 3o0y0ta [10].

Ipu pazpadotke 3000ThIX pocchinield B 1819 1. na Cpeqaem Ypane ciaydaiiHo Obi1 0OHa-
PYXeH Jpyroii IparolieHHbIA MeTasll — IJIaTiHa. 3a HenoHble cTo JieT (¢ 1824 mo 1922 1)
Ha Ypaiie 66110 100bITO Ooee 250 T ruiarunbl. K Hauamy XX B. 10 95 % MupoBoro mpowus-
BOJICTBA IUIATHHBI JaBaJIM ypalbCKue NpUUCKH. VIHTeHCHBHAs pa3paboTKa poCchIneit apa-
TOLICHHBIX METAJIIOB MOZBEpIIIa AeOpMalIii Pyciia MHOTOYHUCICHHBIX PEK.

B cepennne XIX B. ppanmysckum yueHsiM AHpu OTheHoM Cent-Kiiep [eBunem
OBUI OTKPBIT CIOCOO MPOMBIIIUIEHHOTO POU3BOICTBA allOMUHMSA. HecMOTpst Ha TO 4TO
VYpan OblT y)ke 1aBHO OCBOEH M 00nanan OOJBbIIUMH 3aJieKaMH MIPUPOIHOTO CHIPHS,
37Iech elle He ObLIO TEXHOJIOTHYECKUX M SHEPreTHUYECKUX BOZMOKHOCTEH ISl TPOM3-
BOJCTBA 3TOro Merajuia. IlepBeHen ypajlbCKOM aJFOMUHUEBOM IPOMBIIUIEHHOCTU —
VYpanbckuii amOMHHUEBBIN 3aBoJ — 3apaboTtan B 1939 1. Bozne MecTopoxIeHHs OOKCH-
ToB B nocenke Kamenck (r. Kamenck-Ypanbckuit).

AJFOMUHHMEBast HHAYCTPHSI — KpyIHEHIas o 00beMy BBIITyCKa TPOAYKIUH U KOJIH-
YeCTBY 3aJ€iCTBOBAHHBIX B IPOU3BOJICTBE JroAei. [lomyyenne amoMiHNs OT T0OBIYH
OOKCHTOB J10 TOTOBOTO IIPOKaTa Ype3BbIUAafHO IHEPTOEMKO, YTO MPEAIoIaraeT pacmo-
JIO)KEHHE MPEANPUATHH, TPOU3BOISAIINX IEPBUYHBIN AIIOMUHHHN, BOJIM3H HCTOYHUKOB
3HEpruu u cbipbd. Ha Teppuropun Ypana npeanpustus allOMUHHEBOW OTpaciu pac-
nosoxkenbl B CepanoBckoit, Yensiounckoir, OpeHOyprckoii 00nacTsax u pecnyOiuke
Kommu [11].

IlepBble HUKENEBBIE MECTOPOXKACHUS OBIIM OTKPBITHI Ha Ypaie B Hadaie XX B.
Ha ceronus Y daneiickuii, Opckuii, CepoBckuii, PesxeBckoli U npyrue palioHbI B pas-
HBIX 00JacTsIX YpaJabcKkoro (eepaJbHOTO OKpPyTa CUMTAIOTCSl HUKeNeHOCHBIMU. Hau-
6onee kpynHbsIM Ha CpenHem Ypase sBisercs CepoBckoe MECTOPOXKJIEHHE, 3amachl
HUKEJI KOTOPOTO COCTABIISIIOT COTHHU ThICSAY TOHH. J[0 HEZaBHETO BPEMEHHU KpyIHEH-
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MM HHKEJIEBBIM IpeanpustueM Ypana Obu1 FOxxHO-Ypanbckuil HUKeneBbIl KOMOU-
Hat. TakuMm 00pa3oM, B JIOTIOJIHEHUE K JOOBIue kerne3a u Meau B XIX—XX BB. mosiBH-
JUCh HOBBIE OTpAacid IBETHOHW MeETaJUTyprud (30J0TOTUIaTHHOBAsS, aIIOMUHHEBas,
HUKeJIeBast), 00pa30BaIlCh HOBBIE I'Pago00pa3yloure NpeanpusIThs, paclupuiiach 1
YCIOKHMIIACH HHYPACTPYKTYypHAsI CETh.

OnHol U3 0COOCHHOCTEH Meproia MPOMBIILICHHOTo ocBoeHus Kpas B X VII-XVIII Ba.
OBUIO HCTIONIb30BaHME JiepeBa KaK OCHOBHOTO CTPOWUTENBHOTO Marepuayia st
3aBOJICKUX IIOCTPOEK, CIEACTBHUEM YETO CTAJIO IPAKTUYECKU IIOJIHOE OTCYTCTBHE B
HAaCTOAIIEE BpeMs MaMSATHUKOB TOPHO3ABOACKON apXUTEKTyphl Tex BekoB. B XIX B.
Havajga (GOPMHUPOBATHCS apXUTEKTYPHAs COCTABIIAIONIAS NHAYCTPHAIBHOTO JaHamad-
Ta Ypana.

Baxnelimue kak [y 5KOHOMHUKH, TaK U U JaHmadTa 00beKThl ObUIN HOCTPOSHBI
yke B XX B. OTO KpyITHENIINE METAJLUTyprideCKHE U MAIINHOCTPOUTENBHBIE KOMIUIEK-
CBI, CpeII KOTOPBIX Ypanmain3aBoja, MarHUTOrOpCKuil MeTalypruuecKkuii KOMOMHAT,
3aBonsl Hwknero Taruna, YensiOnncka. MaciuraObl npennpusTHs HE OTPaHUYUBAIOT-
s MpeaesIaMu 3aBOICKON IUTOIIAAKK: Hy/1aM 3aBO/a MOJYMHEHB] KaK MPHIIETalomue
K TOpOIly PUPOAHBIE OOBEKTHI — 03€pa, PEKH, 3aJIeKH MOJNE3HBIX UCKOMAeMBIX, TaK U
JKUJ1asl 3acTpoiiKa, TOpocKas HHPPaCTPYKTypa, CIIPOCKTUPOBAHHBIE C €ANHCTBEHHBIM
pacyeToM — BOCIOJIHUTH MOTPEOHOCTH MPOM3BOACTBEHHOTO KOMIUIEKca. B coBOKyI-
HOCTH C 0COOBIM MEHTAIUTETOM, 00pa30M JKU3HHU U MBICIH, COPMUPOBAHHAS JCCSTH-
JIETUSIMU KOJUIEKTUBHOTO TpyAa Cpefa >KU3HEAEATEIbHOCTH YEJIOBEKA LIEMEHTUPYET
KyJABTYpPHBIN IJIACT MHAYCTPUATIHHOTO O0IIeCTBa — HEMAaTepHUaIbHYIO YaCTh HHAYCTPH-
aJbHOTO JaHAmadTa.

WHTeHcHBHas WHAyCTpHalM3anus Ypajna B XX B. 0003Ha4dmia JOMHUHHPOBAHHE
IPOMBIIUIEHHOCTH HaJ NPUPOAOH U uesnoBekoM. OIHMM M3 CaMbIX BIEYATJIAIOIINX
IPUMEPOB TOMY MOXKET IO IIPABY CUMTAThCS rOpol AcOecCT, JKUIIble KBapTaJIbl KOTOPOIO
3aHUMAIOT IJI0IIAAb HEMHOTMM O0JIbIY10, yeM Kapbep. [Ipu nmpocMoTpe criy THUKOBBIX
CHUMKOB CO3/1a€TCs OLIYIIEHHE, YTO Kapbep MOCTENEHHO cheaaeT ropod. Kpome toro,
MPOM3BOACTBO acOecTa CUUTAETCS BO BCEM MHUPE BPEOHEHIINM KaK C TOUYKH 3PEHHS
9KOJIOTHH, TaK M C MO3ULMH BIUAHUS Ha 3J0pOBbE YeaoBeKa. [IpOMBINUIEHHBIN TaHA-
madT 3TOro Topoja BEIPa’KaeT HEMPOCTYI0 MCTOPUIO OTHOLICHHH YeJIOBEKa M MHAY-
CTpUH — OOEPHYBIIEr0Cs IPOTUB CaMOTO Y€JIOBEKa HHCTPYMEHTA OCBOCHUSI TIPUPOIBI.

TakuMm 00pazoM, COBpeMEHHbIE HHAYCTpUaIbHbIE TaHAmadTel Ypana GopMupoBa-
JIMCh B ONpe/ICIIEHHON MOCIIeI0BAaTEIbHOCTH 110]] BO3CHCTBUEM Pa3IUYHbIX (PaKTOPOB:
reorpauIecKux, TEXHOJOTHUECKUX, SKOHOMHUYECKHX, U TEOMOIUTHYEeCKHX. Bpems
OTKPBITHS 3AJIEIKEN KEJIE3HBIX Py, MEAU U APYTUX IOJE3HBIX UCKOIIAEMBIX, COCPENO-
TOYEHHBIX B rOpax U NPEAropbsixX, HAIPSIMYIO 3aBUCEJIO OT HANPABIEHUS U MOCIEA0BaA-
TETBHOCTH OCBOEHUS Kpas. MecTOpOK/IeH!s] ObUIH OTKPBITHI JIUIIb ITOCIIE TOTO, Kak
HaceJIeHHe MPUOIM3WIOCH K TPEATOPhIM, T1e uMenach pyaa. [IpomeinuienHas apxu-
TEKTypa Ypaja U300/IyeT IpuMepaMu COOPY>KEHHUH, KyJIbTYpHasl LIEHHOCTh KOTOPBIX
NOJTy4niIa BceoOlee Npu3HaHue. B coBOKymHOCTH ¢ 3aBOACKMMU TpyOamu, arperara-
MU, HUHQPACTPYKTYPHBIMU M TPAHCHIOPTHBIMH COOPYKEHUSIMH apXUTEKTYpa HopMUpPY-
€T AP0 MHAYCTPHAJIBHOTO Hacieaus 1 Janamadra Ypana.

BsauMocBsi3aHHbBIe MOHATHEM O JAaHAMIA(TE APXUTEKTYPHBIH, reorpaduvecku,
KyJBTYPHBIA, MEHTaIBHBIN 00pa3bl Ypana GOpMHUPYIOT LEJIOCTHYIO, BRIPa3UTEIbHYIO
KapTy MHAYCTPHAIBHOTrO Haciedus Kpas. MHOTOCIOXHBIA reorpa@uyecKiii moaxoxn
MO3BOJISIET IOMECTUTH B PSIi HCTOPUKO-KYJIBTYPHOTO HACJIEAHs MPOMBIIIIIEHHOCTH Ha-
pany ¢ y)Xe MPU3HAHHBIMHU MaMSITHUKAMH BCIO COBOKYHMHOCTH C()OPMHPOBAHHOTO €10
JTaHqapTHO-TEPPUTOPHATILHOTO KOMILIEKCA.
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Industrial landscape formation in the Urals

Evgenii A. Kurlaev'
! Institute of History and Archeology, Ural Branch of RAS, Ekaterinburg, Russia.

Abstract
The article studies the formation of an industrial landscape in the Ural region. The modern industrial
landscapes of the Urals are a graphic reflection of the centuries-old activity of the Russian state in the
settlement and development of this region. The appearance of salt mining, ferrous and non-ferrous
metallurgy, mechanical engineering, nuclear and chemical industries occurred in a certain sequence
under the influence of various factors: geographic, technological, economic, and geopolitical.
The geographical approach allows placing in the series of historical and cultural heritage of industry,
along with the already recognized monuments, the whole set of the landscape-territorial complex formed by it.

Key words: the Urals; industrial landscape; the history of mining; industrial heritage; genesis of the Urals
industry.
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Mamsatn Hukonas Mpuropbesuya Kaptasoro

Hukonait I'puropreBnu KapraBelii — mokTop
TEXHUYECKUX HayK, 3aCiTy’KEHHBIH JIeATeNb HayKu
U TexHuku PD, akaieMUK MeXIyHapOJIHON MHXKe-
HepHoi akanemun (21 pespans 1933 1. — 8 HOsOps
2018 r).

IToutn 30 ner Hukomnait I'puropreBuu Kapra-
BBI BO3IJIABIISLT Kadeapy CTAalMOHAPHBIX MAIlUH
Y KOMIIJIEKCOB ¥ TOPHOM MEXaHHKH M TPAHCIIOPTA,
SBJISUICSL IEKaHOM | OpHO-MeXaHNUeCKoro (aKyIib-
teta MITU-MITV.

OOuwii cTak ero megarornyeckod u HayqyHOH
pabotel B MIU-MITYVY — Gonee 50 ner. 3a stor
nepuon H. I'. KapraBslil ygyacTBoBas B MOJTOTOBKE
MHOTHX COTE€H MOJIOJBIX CIEIHAIMCTOB TOPHOIO
npOoQUI — HHKCHEPOB H MAaTUCTPOB, B TOM YHCIIC
YCHENHO 3aKOHYMBIIUX HEKOTOPBIE €BpOIEHCKHE
yHUBepcuTeThl. OH OKa3bIBajl BIWSHUE HAa TMENArOrMYeCcKyl0 MOJUTHUKY IOATOTOBKU
TOPHBIX WHXEHEPOB-MEXaHUKOB U 3JIEKTPOMEXAHNKOB, ABISAACH wieHoM Y MO 1o rop-
HOMY 00pa30BaHUIO, MpeacenaTeNieM yaeOHO-MEeTOINIECKO KOMUCCHH TI0 CIeIHallb-
HoCcTH «[OpHBIC MamMHBI 1 KoMITIeKchl». [lo mammmaruee H. I. KapraBoro B 1999 1.
ObUIa TOATOTOBJIEHA U OTKPHITA IIEPCIEKTHBHAS HH)XEHEPHAS CIIEHAIBHOCTH «Maru-
HBI U 000pyJI0BaHNE MPUPOIO0OYCTPONCTBA M 3alTUTHI OKPYXKAIOIIEH cpenbly. SBms-
SIChb PYKOBOAUTENEM HayuHO-enarorudeckoi mkoiasl MIU-MITY «l'opHast MmexaHu-
ka u TtpaHcnopt», mpod. H. I. KapraBeii momroroBun oxomo 100 xanammaroB
U JIOKTOPOB TEXHUYECKUX HayK.

IIpod. H. I. KapraBblii BHEC 3HAYMTENBHBIN TEOPETUICCKUI M MHKESHEPHBIN BKJIA]l
B pa3pabOTKy HAay4HBIX OCHOB CO3JaHHUS M COBEPIICHCTBOBAHMUS TEXHUKU JJISI BHIEMKH
YISl TIOA3EMHBIM CIIOCOOOM, BEICOKOA((QEKTUBHOTO 000pYAOBaHUS sl TepepabOTKU
Y KOMITJIEKCHOTO MCIOJIb30BAaHUS HEPYIHOTO CTPOUTENBHOTO ChIpbsi. B 1978 1. 1o pe-
nreHuro MocropucronkomMa Oblila OpraHu30BaHa OTpaciieBas HayqHO-HCCIIEI0BATENb-
ckas naboparopust epepabOTKH HEPYIHBIX CTPOUTEIBHBIX MaTepHaOB U KaMHEOOpa-
OOTKH, BBITIOJHSBIIAS JTTUTEIBHOE BpeMs 1oJ] pykoBozcTBoM mpod. H. I'. KapraBoro u
MPH €r0 Y4YacTUW Hay4Hble M BHEAPEHYECKHe pabOThl IS MPEANPUATHH MOCKBBI
U 0071acTH.

H. I'. KapraBsrit — aBTop 150 aBTOpCKHX CBUIETEILCTB U ITATCHTOB B OOJIACTH YIIIEIO-
ObIBarOIIEH TEXHUKH, CTAIIMOHAPHBIX MAIIMH U YCTAHOBOK, MAIlIMH X 000PYIOBaHUS AT
nepepaboTKH MUHEPAITBHOTO CHIPhS i KAMHEOOPaOOTKH, THEBMOKOHTEHHEPHOTO 1 KOH-
BeliepHOTrO Tpancmopra. [1o peynsraram HaydHbIX HccnenoBanuii mpod. H. I. Kaprassrit
ormybnmkoBai cebimre 180 pabot, B Tom uucie 8§ MOHOTpaduii, KHUT U YIeOHHUKOB.

IIpo¢. H. I'. KapraBsiii Take BBITONHSI HAyYHO-OPTaHU3aIMOHHYIO paboTy, OyIy-
uyy 4neHoM 3kcnepTHoro coseta BAK CCCP, npencenareneM u 4ieHOM psijia crerua-
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JIU3UPOBAHHBIX nuccepTauuoHHbIX coBeToB B MI I-MITY, UI'/l um. A. A. CkouuH-
ckoro, lwapomaimie u [p. OpraHu3alusAX, WICHOM HAy4YHO-TEXHUYECKOTO COBETa
MunTomsnepro CCCP u TeXHHYECKHX COBETOB B TOPHOM M CTPOUTENBHBIX OTPACIAX
NPOMBILIUIEHHOCTH, OPraHU3aTOPOM MEXAYHApOAHBIX CEMHHAPOB M KOH(EpEHUHH.
H. I'. KapraBblii akTUBHO COTpYIHHYAJ C yYEHBIMH YHUBEPCUTETOB U GpupMm ['epmanum,
[Monbum, Kutas, Benrpuu, FOrocnaBuu u ctpan OIkHEro 3apyOesKbsi.

B nocnennue ronsl Hukonait [puropresuu Kaprapsiii, Oymyun npodeccopoM-co-
BerHukoM MITY, aktuBHO 3aHuMaiicss HUP, B yacTHOCTH HcClieIOBaHUSIMU pa3pylie-
HUS TOPHBIX MTOPOJ] MEXaHUYECKUM CIIOCOOOM C UCIIOIB30BaHUEM BUOPAIIMOHHBIX BO3-
JNEHCTBUI Ha TOPHYIO IOPOAYy — NEpPCHEKTUBHBIM HAIlpaBI€HHEM MOBBIIICHUS
3¢ (HheKTHBHOCTH BBIEMOYHBIX M MIPOXOAYECKUX TOPHBIX MAIIMH JIJIS TOA3EMHBIX U OT-
KPBITBIX TOPHBIX paboT.

Peoakyus srcypuana «Mzeecmus 8y3086. 1 opHblll HcypHATLY
Peoaxyusa srcypnana «I'oproe obopyoosanue u aneKmpomexanuxay
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