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Abstract. Rate of the world economy growth is inextricably associated with development of energy industry. Accord-
ing to the International Energy Agency, world energy consumption will soon increase by one third; its deficit will be covered,
among other things, by intensive development of nuclear power engineering. Today, nuclear-power industry is the only
stably developing industry, which successfully competes with traditional sources of energy, such as oil, gas, coal, etc.
Today, there are 15 nuclear power-generating units in Ukraine with a total capacity of more than 15 million kW presenting
almost half of the country’s total electricity. Ukraine is provided with sufficient reserves of raw materials and is among the
top ten world producers of uranium. Ukraine began produce uranium ore in 1946 in the Zheltorechensky and Pervomaisky
deposits; since 1951, all works were performed by the ore-mining complex No. 9 (now, it is the state enterprise “Eastern
Mining and Processing Plant” in the city of Zhovti Vody). The “VostGOK” state company is the only enterprise, which
extracts and processes uranium ores and produces natural uranium concentrate in full harmony with the world standards.
Uranium ore is extracted by underground method; ore is drawn and fed from the panels by heavy mining vibratory feeders.
In this paper, the authors consider dynamics of sectional vibratory feeders with rubber elastic couplings, and describe
method for determining the feeder parameters and dependence between the feeder’s intrinsic oscillation frequency and
stiffness parameters of the drive section and platform length as well as ratio of oscillating masses in the feeder and plat-
form. Use of vibratory feeders (including sectional ones) and schemes for the ore vibrating drawing, feeding and loading
in underground conditions allowed to mechanize one of the most time-consuming and dangerous processes of uranium
ore mining and to solve the following problems: to improve effectiveness of the lumpy rock mass drawing and loading by
2.5-3 times; to increase intensity of mining operations and reduce life of the excavation blocks and horizons; to reduce
labor intensity and cut cost of the process of ore drawing and loading; to improve uniformity of the rock-mass outflowing
from the discharge opening and to reduce by 3-5 times frequency of the large-lump material freezing (use of sectional
feeders reduces number of freezes by 25-60 times); to increase size of commercial lump panels; practically to exclude
traumas during the process of ore drawing and loading (usually, it presents 30-60% of all traumas caused by the under-
ground operations); to mechanize process of ore drawing and loading, and to create conditions for implementation of low-
waste cyclic-and-continuous mining technology.

Keywords: vibratory sectional feeder, feeder dynamics, uranium ore, frequency characteristics of vibratory feeders

1 Introduction
Rate of the world economy growth is inextricably associated with development of
energy industry. According to the International Energy Agency, world energy con-
sumption will soon increase by one third; its deficit will be covered, among other
things, by intensive development of nuclear power engineering. Today, nuclear-power
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industry is the only stably developing industry, which successfully competes with tra-
ditional sources of energy, such as oil, gas, coal, etc. Today, there are 15 nuclear power-
generating units in Ukraine with a total capacity of more than 15 million kW presenting
almost half of the country’s total electricity. Ukraine is provided with sufficient re-
serves of raw materials and is among the top ten world producers of uranium. Ukraine
began produce uranium ore in 1946 in the Zhovtorichenske and Pershotravenske de-
posits; since 1951, all works were performed by the ore-mining complex #9 (now, it is
the state enterprise “Eastern Mining and Processing Plant” in the city of Zhovti Vody).
The state company “Estern Mining and Processing Plant” is the only enterprise, which
extracts and processes uranium ores and produces natural uranium concentrate in full
harmony with the world standards. Uranium ore is extracted by underground method;
ore is drawn and fed from the panels by heavy mining vibratory feeders.

Today, underground method is used in all low-grade deposits and for mining at
great depths in difficult mining, geological and technical conditions. At the same time,
these complications decrease rate of development of underground ore mining and re-
quire significant improvement for mining equipment and technologies.

One of the most important technological processes in ore-deposit underground min-
ing is drawing of broken rock from the working excavation zone and loading it into
transport facilities. This process’s share in total labor costs is up to 60 % and is associ-
ated with high level of injury of miners (up to 30-60 % of total underground mining
operations).

The authors’ scientific studies and their experience in designing and commissioning
heavy vibratory-type machines show that the problem of highly effective and safety
ore drawing and loading from the extraction blocks can be successfully solved by using
vibratory feeders and complexes, which intensively effect the drawn material, reduce
energy consumption and number of material freezes and ensure intensification and con-
centration of mining operations. Other technologies are also available, however, the
vibratory drawing is still relevant today [1].

Vibratory drawing fully meets all modern challenges as it allows operating with
rock-mass lumps with size of up to 1.2-1.4 m, ensuring technical productivity of 1500-
2000 t/hr and producing not less than 1.2-1.5 million tons.

The overall decrease of mining operation rate and complications associated with
deep horizons required intensification and concentration of mining operations in blocks
and deposits, use of highly effective development systems with mass ore breakage by
blasthole explosive charges, and transition to cyclic-and-continuous and continuous
underground mining technologies. At the same time, the most critical constrain in this
case was freezing of lumpy rocks.

In order to eliminate this negative effect and to intensify the process as a whole, an
original scheme was studied and designed for the vibratory partitioned feeders, which
allows to expand zone of vibration impact on the drawn material and, instead of dis-
charge opening, to use discharge slot, which is significantly greater than maximum size
of the drawn lumpy material. A new method of sectioning is used in design of small-
sized vibratory feeders PVM-1,0/2,3, vibratory partitioned feeders PVS-1,4/7,0, and in
vibratory partitioned mining complexes KVGS-1 (Fig. 1, Fig. 2).
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Use of vibratory partitioned
feeders and complexes instead of
conventional ones allowed to reduce
volume of tunneling operations, cut
ore loss in the bottoms of the blocks
and improve productivity and relia-
bility of the process due to the much ™~ ‘

I?SS number of fre.e.zes (by 25-6,0 Figure 1 — Vibratory feeder of the VPR-4m type with
times) with no additional expendi- the rubber elastic suspesion (BRM type)
ture of energy.

Uranium ore drawing with the
help of vibratory feeders allows to
expand zone of impact on the drawn
rock mass, increase active cross-sec-
tion of the stream and reduce risk of
arch formation and, accordingly,
number of freezes. Intensity of vi-
bratory feeder action on the material
in extraction zone is determined by
the depth of penetration, which is
about 0.4 m and can vary depending
on operating conditions and method  Figure 2 — Vibratory feeder of the VPR-4m type for
of breaking. the ore drawing and feeding from the panel to the

In order to make penetration wagons
deeper, it is necessary to increase
significantly length of vibratory feeder, drive power, metal consumption and costs of
assembling and disassembling. Besides, it should be mentioned that with increasing
depth, static loads on the feeder and its elastic system also increase and can reach
50 tons or more [3].

Problems of uranium ore drawing and feeding are described in [2-4], where designs
of vibratory feeders and some specific features of their operation are considered.
Though, problem of partitioned feeder dynamics is still unsolved.

Objective of the work: to develop method for calculating dynamic characteristics
of partitioned vibratory feeders and to determine dependence of intrinsic vibration fre-
quencies on the stiffness of elastic couplings in the drive element and drive section,
length of platform and ratio of vibrating rock mass in the section.

2 Method
2.1 Partitioned vibratory feeders

Structurally, they are simple: drive section is made on the basis of a well-known
feeder and is equipped with a platform buried under a straight column of broken rock
mass, which periodically receives oscillatory energy from the drive section under con-
dition that it is released from the mass of the drawn material. Platform of partitioned
feeder is turned on automatically and expands zone of vibration action on the column
of broken rock mass, hence, eliminating processes of arch formation.
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In Figure 3, general dynamic scheme
of partitioned feeder is shown. Front
drive section 1 (it is based on, for exam-
ple, VPR-4m) forms a transport stream
and is equipped with own independent
drive 2. Depending on use environment,
drive section 1 can be deepened to a cer-
tain depth under the column of broken
rock mass. The second section 3 (herein-
after the platform) is located directly in
the broken-down rock mass and does not o )

. . — elastic drive element C1; 6— gap
have any drive. Platform 3 is turned on Figure 3 — Dynamic scheme of vibratory parti-
by restoring forces of elastic supports 4 tioned feeder
in the drive section 1, oscillating work
member of which engages with the platform through the elastic drive element 5. At
normal load, this drive section subsides on the elastic supports 4, disengages with the
platform 3 and forms, between the platform and drive element Cj, a gap o, whose size
is greater than or equal to the magnitude of oscillation amplitude of the drive section.

Rate of the drive elastic element compression and, consequently, rate of vibration
transfer to the platform is inversely proportional to the amount of material on the work
member in the drive section.

Certain differences in the kinematics of partitioned feeders, especially in kinemat-
ics and execution of their platform, predetermine a large variety of schemes for the ore
drawing and loading in underground conditions, their dependence on the mining sys-
tems applied, thickness of ore bodies, needed completeness of excavation and geolog-
ical and technical conditions of mining. Due to this, three types of partitioned feeders
are proposed. Each of these types is characterized by method of platform supporting
and type of the platform oscillations, and on the basis of these characteristics, strength
and rigidity of the platform, its load-carrying capacity are determined. Depending on
productivity and load-carrying capacity, partitioned feeders are conventionally divided
into three types: light, medium and heavy.

Light-type feeders are designed for drawing and loading rock mass with size of up
to 0.4 m when mining thin and vein deposits with ore shrinkage. Length of the platform
1s between 1 m to 2 m. The platform is a plate, whose front end is rest on oscillating
work member of the driving section with the help of elastic element of the drive, and
rear end of the platform is connected by hinge to the wall of tunnel or bunker. Angle
of the platform inclination can be between 15° and 45° depending on specific location
of the feeder. During operation, the feeder platform makes two types of oscillations:
bending and angular relative to the hinge.

Medium-type feeders are designed for drawing ore directly from the box holes in
the excavation blocks. These feeders should withstand significant pressure caused by
column of broken-down rock mass and dynamic loads caused by blasting operations,
which are needed for forming cutting slot, eliminating material freezing and crushing
oversize rocks. Platform of such feeders is a plate with length of 2-4 m of the same or

1 — drive section; 2 — vibration exciter; 3 — plat-
form; 4 — elastic supports of the drive section; 5
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variable stiffness, and it should be rested directly on the ore bench or longitudinal ter-
race at an angle of 20°-40°.

Medium-type feeders are used for mining thick and very thick ore deposits when
oversize lumps presents more than 5 %. Principle of the platform operation assumes
that broken rock mass moves on its inclined surface under the action of gravitational
forces due to reduced effective coefficients of friction and adhesion of ore to the plat-
form surface under the action of vibration transferred to the platform from the oscillat-
ing work member through the elastic element. Platform of medium-type partitioned
feeder produces bending oscillations.

Heavy-type feeders are designed for operating in the conditions of blockage when
ore can be crushed by the borehole explosive charges, for example, at lateral drawing
of ore. In this case, mining operations require that the feeder should move together with
front of ore-face operations and, hence, at multiple explosions of borehole charges.
Length of the platform can be between 2 m and 4 m depending on step of the ore-face
operation. In order to ensure more reliable drawing and loading operations, platform is
rested on elastic couplings. Angle of the platform installation is 5°-15° to the horizon.

2.2 Dynamics of partitioned feeders

In terms of dynamics, the considered schemes of three types of partitioned feeders
are multi-mass systems oscillating under the action of harmonic driving forces.

Calculations are based on the following assumptions: work member moves parallel
to the plane; work member and platform are rigid bodies; dissipative forces are not
taken into account; only vertical components of the oscillation amplitude are consid-
ered.

Let’s consider light-type feeders.

Let’s assume that X is direction of work member oscillation, ¢ is angular oscilla-
tions of the platform, w is deflection of the platform.

The expressions of the kinetic and potential energies in the selected generalized
coordinates for the light-type feeders have the form:

2 .2 I b 2
B =T IO Db (] (aa_vtvj dxdy;
0

2 2

2 _ _ 2
Ep:q;( +q()( 2w ol) .

2 2 2. A2 2. \?
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In deriving the differential equations of motion of the considered dynamic system,
we use the Ostrogradsky-Hamilton principle, which for conservative systems has the
form:

(D

S = Ldt. 2)

where L is the Lagrange function, L = E}-E,,.
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Then, composing on the basis of (1) the functional (2) and applying the Euler
method, we obtain a system of differential equations describing the motion of a light-
weight partitioned feeder

mX +(C, +C,)X - C,pl —C,w(x,y,t)= Psinat;

J¢+C.pl* —CIX +C Iw(x,y,t)=0; (3)
2

DAw(x,y,t)+m, % +C w(x,»,t)+C,pl —C, X =0.

In equations (1), (3) J = m*/3 — moment of inertia of the platform relative to the
hinge; m; is oscillating mass of the platform; /, b is length and width of the platform;

Ed’

12(1- )
cylindrical stiffness of the platform; m; is mass of the work member in the drive sec-

tion; C) is stiffness of elastic supports in the drive section; C, is stiffness of elastic

supports of the platform; P = mg is load on the platform; E, u is modulus of elasticity
2 2

and Poisson’s ratio for the platform material; A = Pl + 57 is the Laplace differential
X y

1, ho 1s the density and thickness of the material of the platform; D = is

operator; o 1s frequency of oscillations.

Forced oscillations of a partitioned feeder are determined from the solution of the
inhomogeneous system of equations (3).

Solving of the frequency equations for all 3 types of feeders makes it possible to
determine dependence of intrinsic frequency f of the partitioned feeder on the stiffness
of drive elastic element C}, stiffness of elastic couplings of the drive section C,, length
of the platform /, and ratio of oscillating mass m,/m; in the sections (Fig. 4).

Rubber elements of elastic suspension in the platform and drive section were cal-
culated by the method described in [5].

3 Conclusions

1. A new method was developed for calculat-
ing dynamic characteristics for the partitioned vi-
bratory feeder and determining dependence of in-

trinsic oscillation frequency on parameters of the %
drive section, platform length and ratio of oscillat- 40 -
ing masses.

2. Vibratory machines and complexes created 304

by the team of scientists and designers success-
fully operate in the mining enterprises of Ukrain-
ian uranium industry, including PJSC “Northern 10 ; ; ;

204

.. . c /m
Mining and Processing Plant” (Kryvyi Rih), PJSC . bz 3 mim
« ; T 15 . . 1 — light type; 2 — medium type; 3 —
ArcelorMittal Kryvyi Rih”, Krivyy Rih Iron Ore heavy type

Plant, production association “Uralzoloto”, Pol-
tava Ore-Dressing and Processing Enterprise,
mining enterprises of uranium industry in the Rus-
sian Federation, Kazakhstan, Kyrgyzstan and

Figure 4 — Dependence between the
partitioned feeder’s intrinsic fre-
quency fand ratio of oscillating mass
in sections m1/m;
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Uzbekistan. Volume of the rock-mass vibratory drawing in the state enterprise “Estern
Mining and Processing Plant” is about 100 %. Current annual manufacture is 20-25
vibratory feeders for different purposes.
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AHoTauifi. Temnn 3poCcTaHHs CBITOBOI €KOHOMIKW HEPO3PUBHO MOB'A3aHi 3 PO3BUTKOM EHEPreTUYHOI ranyasi. 3a oui-
HKO MiXXHapOAHOrO eHepreTUYHOro areHTCTBa CBITOBE EHEPrOCNOXMBAHHS HANBMMKYMM YacOM 3pOCTE Ha TPETUHY; Mo-
KpuTTS AediunTy Byae 34iNcHIOBATICS B TOMY YKCHI | 32 paXyHOK PO3BUTKY aTOMHOI eHepreTukn. Ha CbOrogHiLLHin AeHb
aTOMHa NPOMUCHOBICTb € E€AMHOK rany3sio, Lo CTabinbHO PO3BMBAETLCA Ta YCMILHO KOHKYPYE 3 TpaguuinHUMu
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[pKepenamu eHeprii, TakuMK, Sk HagpTa, ras, Byrinns ta iH. Ha cborogHilHii AeHb B YKpaiHi B ekcnnyaTtawii 3HaxoauTbest
15 aTOMHWX eHeprobIokKiB i3 3aranbHOK NOTYXHICTIO NOHaA 15 MIH. KBT, L0 CTaHOBUTL Maixe NONoBMHY BCbOro obcary
eneKkTpoeHeprii kpaiHu. YkpaiHa 3abe3neveHa oCcTaTHiMK 3anacamm CUPOBMHM | BXOAWTL B AECSTKY CBITOBMX BUPOBHMKIB
ypaHy. BunobyTok ypaHoBoi pyam B YkpaiHi po3noyascs B 1946 poui Ha XoBTopideHCbkomy i MepBoMaicbkoMy poLoBuLLi;
3 1951 poky Bci po6oTm BrkoHYBaB kombiHaT Ne 9 (B gaHuit yac [lepxasHe nignpuemMcTso «CxigHui ripHnyo-3baravyBa-
NbHUA kKoMGiHaT», M. XKoeTi Boau). A «Cxial 3K» € eauHuM nignpuemcTBom, ske 3AicHI0e BuoBbyToK ypaHoBMX pya, iX
nepepobKy i BUPOOHNULTBO KOHLEHTPATY NPUPOAHOTO ypaHy, KM BiANOBIAAE BUMOram CBITOBMX CTaHAapTiB. BuaobyTok
YPaHOBMX PyZ 3AIMCHIOETLCS NiA3EMHUM CNOCOBOM; BUNYCK i JOCTaBKa pyau 3 6MokiB — 3a JOMOMOrOH0 BaXKUX MPHUYMX
BiGpaLiiHMX X1BWUNbHKKIB. B po60Ti po3rnsaaeTbcs AMHaMika CEKLOHOBAHUX BiOPOXMBUNBHIKIB 3 FyMOBUMM MPYXHUMM
3B'AI3kaMyt; BUKNAZAETbCS METOZ, BU3HAYEHHS napaMeTpiB XUBUbHUKA i BUSHAYEHHS 3aEXHOCTI Oro BNacHOI 4acToTy
KONMBaHb Bif XapaKTEPUCTUK XXOPCTKOCTI NapaMeTpiB NPUBOAHOT CEKLT, AOBXMHM NAaTopMu | CRiBBIAHOLIEHHS MaC Xu-
BUIbHUKA | NNATopMu, LLO KONMBAKOTLCA. 3aCTOCYBaHHS BibpaLiiHUX XWUBUNbHUKIB (B TOMY YMCAI | CEKLNHMX) | CXEM
BibpaLiiHOro BUMyCKy, 4OCTaBKM | HABAHTAXEHHS PyAu B NIA3EMHUX yMOBaX A03BONMNO MeXaHisyBaTh OAMH 3 HanbinbLu
TPYBOMICTKMX | Hebe3neyHnx npouecis BUAOBYTKY YpaHOBOI PyAM i BUPILIMTI NPK LIbOMY HACTYMHI 3aBAaHHS: 36inbLmnTy
NPOAYKTUBHICTb BUMYCKY | HABAHTaXEHHS KPYMHOKYCKOBOI ripCcbKoi Mack B 2,5-3 paau; 36inbLUMTK iHTEHCUBHICTL Bignpa-
LIOBAHHS! i SMEHLLWTY TEPMIH eKCriyaTaLlii 04MCHMX BNIOKIB | FOPU3OHTIB; 3MEHLLNTY TPYOOMICTKICTb | 3HU3MTM COBIBapTICTL
npoLecy BUMYCKY Ta HAaBaHTAXEHHS Pyau; NABULLMTM PIBHOMIPHICTb BUTIKaHHS ripCbKOI Mack 3 BUNYCKHUX OTBOPIB i 3HU-
3uTh B 3-5 pasiB YacToTy 3aBUCaHb KPYMHOKYCKOBOrO MaTepiasy; 3aCTOCYBaHHSAM CEKLiOHOBAHWX XWUBUIBHUKIB KibKiCTb
3aBMCaHb 3HKYETLCS B 25-60 pasiB; 30inbwKUTY PO3MIP KOHAMLINHOTO BUIMKOBOTO LUMATKA; MPaKTUYHO BUKITOYUTY BUMa-
OKW TpaBMaTWU3My Ha NpoLeC BUMYCKY i HaBaHTaxeHHs, Lo 3anmatoTe 30-60 % Big ycix BUNagKiB Ha Nig3eMHUX poboTax;
MeXaHi3yBaTi NPOLLEC BUMYCKY i HABaHTAXEHHS | CTBOPUTW YMOBW AN1St 30IACHEHHS MarioBigXo4HO! LMKMIYHO-MOTOYHOI
TEXHONOrii BUOOBYTKY.

KntoyoBi cnoBa: BibpaLliiHnin CeKLiOHOBaHWIA KUBUIbHK, AMHAMIKa XMBUbHUKIB, YpaHOBa pyaa, YacTOTHI Xapak-
TEPUCTVKM BiOPOXMBUITBHIKIB

AHHOTauuMA. TeMnbl pocTa MUPOBOM SKOHOMUKW HEPA3PbIBHO CBA3aHbI C PA3BUTUEM SHEPreTMYecKon oTpacu. o
oueHke MexayHapoaHOro SHEPreTUYECKOro areHTCTBa MPOBOE dHEPronoTpedbnexne B bnmkailee BpeMS BbIpacTeT Ha
TPETb; NOKPbITUE AeduumTa ByaeT OCyLLECTBNATLCA B TOM YWCTE U 3a CHET pasBMTUS aTOMHOM 3HepreTuku. Ha cero-
BHSWHAA A€Hb aTOMHAs NPOMBILLMEHHOCTb SBMSETCS €AMHCTBEHHOM CTabUNbHO pa3BMBALOLLENCS OTPACHbIO, YCMELLHO
KOHKYpUPYIOLLLEH C TPaAWLMOHHBIMU UCTOYHUKAMM SHEPTUM, TaKUMK, Kak HedTb, ras, yronb 1 ap. Ha CerogHsLIHMA feHb
B YKpauHe B aKCnnyaTauun Haxoautces 15 aToMHbIX 3HeprobnokoB ¢ obLueit MoLHOCTLIo 6onee 15 MiH. kBT, yTo cocTas-
NSEeT NOYTM NONOBMHY BCEro 0O6bEMa 3NEeKTPOSHEPTUM CTPaHbI. YkpanHa obecneyeHa A0CTaTOYHbIMI 3anacamm Chipbs U
BXOWT B AECATKY MMPOBbIX Mpou3soguTenen ypaHa. [Jobeiua ypaHoBoW pyasl B YkpanHe Hauyanach B 1946 rogy Ha Ken-
TOpeyeHckoM u [epBomaiickom mecTopoxaeHun; ¢ 1951 roga Bce paboTbl BbINOMHsAN koMbuHaT Ne 9 (B HacTosee
Bpemsi [ocyaapcTBeHHoe npeanpusate «BoCcTouHbIN ropHo-06oraTUTenbHbIn KoMOuHaT», r. XKéntble Boawl). M «BocT-
OK» ABNSieTCS eANHCTBEHHbIM NPeanpUATIEM, KOTOPOE OCYLLECTBASET A00bIYY ypaHOBbLIX PyA, UX nepepaboTky 1 npo-
W3BOACTBO KOHLIEHTPaTa NPUPOAHOro ypaHa, KOTOpbli COOTBETCTBYET TpeboBaHMsAM MUPOBLIX cTaH4apToB. [Jobbiva ypa-
HOBbIX PyA OCYLLECTBASETCS NOA3EMHbIM COCOBOM; BbIMyCK W JOCTaBKa pyabl C 610KOB — C MOMOLLBIO TSKENbIX FOPHBIX
BMOpaLMOHHbIX nuTaTteneir. B paboTe paccmaTpuBaeTcs AMHaMiKa CEKLMOHMPOBAHHBIX BUOponuTaTenen ¢ pe3nHoBbIMM
yrpyrimm CBA3sIMUK; U3naraeTcs MeToz onpesenieHns napameTpoB NUTaTens v onpegenieHne 3aBucuMoCTy ero cobCTBeH-
HOM YacTOTbl KoriebaHWi OT XECTKOCTHbIX NapamMmeTpOB NPUBOAHOM CEKLWMW, ANWHBI NNATOPMbI 1 COOTHOLLEHNS koneb-
MNIoWMXea Macc nutatens u nnatgopmbl. MNpuMeHeHne BUOPALMOHHbIX NUTATENEN (B TOM YNACTE W CEKLMOHHBIX) 1 CXEM
BMOPALMOHHOMO BbINycka, AOCTaBKW M MOrpy3ku pyabl B MOA3EMHbIX YCIOBUSX NO3BOMMIIO MEXaHW3WMPOBATb OAWH U3
Hanbonee TPYAOEMKMX M OMacHbIX NPOLECCOB A0ObIYM YPaHOBOM pyabl 1 PeLnTb NpU 3TOM CrieaytoLume 3agaqv: yBenu-
YWTb NPON3BOAUTENBHOCTL BbIMyCKa W MOTPY3KX KPYNMHOKYCKOBOW FOPHOI Macchl B 2,5-3 pasa; yBEnu4MTb UHTEHCUBHOCTb
0TPaboTKN 1 YMEHBLUNTL CPOK JKCMIyaTaLmuy O4UCTHbIX BIIOKOB 1 FOPU3OHTOB; YMEHBLLUMTL TPYAOEMKOCTb U CHU3NTL Ce-
BecToMmocTb npoLecca Bbinycka 1 NOrpy3ku PyAbl; NOBbICUTL PABHOMEPHOCTb MCTEYEHNS FTOPHOM MACChl U3 BbIMYCKHbIX
OTBEPCTUI W CHW3UTb B 3-5 pa3 4acToTy 3aBUCAHWI KPYMHOKYCKOBOTO Matepuana; NpUMEHEHNEM CEKLIMOHMPOBAHHbIX
nuTaTenen KONMYECTBO 3aBUCaHUIA CHUKAETCA B 25-60 pas; yBenuunTb pasmep KOHAMLMOHHOTO BbIEMOYHOIO KycKa; npak-
TUYECKM UCKITIOUMTb CRyYan TpaBMaTiaMa Ha npoLece Bbinycka 1 norpy3sku, saHumatowme 30-60 % oT Bcex cryyaes Ha
noa3eMHbIX paboTax; MexaHM3MpoBaTh MPOLLECC BbiNycka 1 NOrPy3ku 1 co3aaThb YCMNOBUS AN OCYLLECTBIEHNS ManooT-
XOZHON LMKIUYHO-NIOTOYHON TEXHOMOTMM J0DbIMM.
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