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Abstract. The paper considers problems concerning optimization of service life of a conveyor belt in terms of its
bulk material loading. To solve the problem of the optimization of conveyor belt life, correlation dependences between
the belt factors and parameters were studied; the obtained coefficients made it possible to select significant ones
resulting in considerable effect upon the belt life. It was defined that they include granulometric composition of bulk load,
its loading height, type of the applied loading devices, conveyor parameters, type and properties of the belt material, and
physical and chemical properties of the load. Statement of the problem of belt life optimization is in the determining
minimum of difference between squared velocity of a conveyor belt and projection of horizontal component of the load
velocity when it contacts a belt onto the belt motion plane. Cases of direct-flow loading and loading with the help of
special devices with straight and curved trough profiles have been analyzed. When belt is loaded with granular fractions,
its wear mechanisms are similar within both loading station and linear section at the expense of sliding distance while
load moving relative to a belt. It should be noted that within a loading station, load slides down the belt at the inclination
angle of a conveyor; within the linear section, it slides along the generator line of a side roller under gravity in the
process of load ascending and descending while passing the idlers. While calculating belt wear due to the effect of
granular fractions, we take the highest one of the two — within a loading point or within a linear section being equal to
maximum. Belt wear due to lumps coming from a loading device during operation time depends upon the amount of
lumps contained within the total volume of bulk load on a casual basis. The problem was solved numerically taking into
consideration the objective function, varied parameters, and their limitation. Regularities of changes in the belt service
life due to significant factors in terms of direct-flow loading and loading with special device have been obtained to
perform comparative analysis of different variants in terms of similar value of the objective function. The variants with
maximum belt life and minimum objective function have been selected. It has been defined that for short conveyors, in
terms of direct-flow loading, belt life decreases by 1.5-2.0 times comparing to the use of a loading device, and in terms
of long conveyors, it decreases by 5-6 times, if value of the objective function is 0.5-1.0 m?/s2.

Keywords: bulk cargo, belt, conveyor, wear, loading device, belt resource, target function.

Analysis of the operation of conveyors transporting bulk load has demonstrated
that the service life of a belt depends on numerous factors: operational conditions,
quality of the belts being used, structure of loading devices, physical and mechanical
properties of the load, uniformity of its supply, and climatic conditions. Determining
the reasons for conveyor belt wear [1-5] aimed at its further elimination is the basic
task while solving general problem of improving reliability and performability of belt
conveyors. Complexity of the task is in the fact that many factors among the
indicated ones are in weak correlation with the parameters of both belt and
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conveyor preventing from developing adequate mathematical model of the
optimization of conveyor belt service life. Paper [6] substantiates and solves the
problem of conveyor belt wear under the effect of bulk load in the probability form. In
this context, it has been adopted that a conveyor belt is the part (being nondivisible in
terms of operational conditions) which reliability indices depend on its structure, type,
size, parameters, and size of the load material. It has been determined that probability
of failure-free operation of the belt (up to its wear-out) 0.4-0.6 corresponds to its
service life within the range of 1.5-5 years depending on the conveyor length [7].
Results of the belt life optimization are represented in [8, 9] depending upon the load
pressure on the belt in a loading station as well as its abrasiveness. In this context,
important factors effecting considerably the belt life and its wear within the linear
section of a conveyor were not taken into consideration.

To solve the problem of the optimization of conveyor belt life, correlation
dependences between the belt factors and parameters were studied; the obtained
coefficients made it possible to select significant ones resulting in considerable effect
upon the belt life. It was defined that they include granulometric composition of bulk
load, its loading height, type of the applied loading devices, conveyor parameters, type
and properties of the belt material, and physical and chemical properties of the load.

The obtained results have allowed to formulate a problem of the optimization of
conveyor belt life in terms of its bulk loading: conveyor belt of B, width , 2L length
and V, velocity moves along the idlers; bulk material with diverse grain size
composition is loaded at loading velocity V|4 within the loading station, at distance K,
from the idler. Granular material is loaded onto a belt continuously while lumps are
loaded with the interval varying on a casual basis. Top cover of the belt is subject to
constant wear within its central part and side rollers; wear intensity due to the effect of
granular fractions within a loading station and conveyor flight is determined using
following expressions:

Ahjgag =1 - St,v; 1)

Ahyin = ljin - S, Wl /My, (2)

where 1, i, are linear intensity of belt wear within a loading station and on a conveyor
flight respectively; Sq, Sqin are route of load friction against the belt within a loading
station and on a linear section of a conveyor respectively; is coefficient taking into
consideration load pressure on a belt; Ii/l, = n is number of idlers within section I; being
subject to wear; and I, is spacing of idlers on a conveyor.

When belt is loaded with granular fractions, its wear mechanisms are similar within
both loading station and linear section at the expense of sliding distance while load
moving relative to a belt. It should be noted that within a loading station, load slides
down the belt at the inclination angle of a conveyor; within the linear section, it slides
along the generator line of a side roller under gravity in the process of load ascending
and descending while passing the idlers. Wear of a conveyor belt depends considerably



84  1SSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniyna Mexanika. 2019. Ne 147

upon kinetic energy of the falling load that is transformed into friction work within the
braking path

S, — Vp _Vlg)z ’ (3)
Or " 29 (f 4 cosp—sinp)

where V|8 is projection of the velocity of falling load-belt interaction onto the belt

motion plane; fy is coefficient of load friction on a belt; and B is angle of belt conveyor
inclination.

While calculating belt wear due to the effect of granular fractions, we take the
highest one of the two — within a loading point or within a linear section being equal to
Ahnay. Belt wear due to lumps coming from a loading device during operation time t,
depends upon the amount of lumps K; contained within the total volume of bulk load
on a casual basis. Lumps interact with a belt by means of granular load filling of Hq
height. A layer of granular fractions Hyq is loaded locally while maximum stresses are
found within the contact area stipulated by a lump size. Each lump interacts with a belt
within a loading station just once; in terms of linear section of a conveyor, the
interaction takes place on each idler while its falling after lump-idler interaction. Paper
[6] determines that conveyor belt wears out within a linear section of a conveyor owing
to the load movement on a belt; that movement is generated under the effect when a
belt with the load is pulled through the cross-section of idlers under the drive action. In
this case, value of belt wear is determined similarly (3) taking into consideration the
number of idlers and inclination angle of a conveyor

Sy — (Vb _Vlg)z L (4)
"7 2g1, (f4 cosp—sinp)’

where V,S is projection of the velocity of falling load-idle interaction onto the

conveyor motion plane; and L, I, are conveyor length and spacing of idlers
correspondingly.

We consider that load position on a belt experiences no changes after lump falling
within a loading station; thus, it is possible to take following expression for belt wear

Ah = Ah|d + Ah"n ,

where Ahyy, Ahyi, are linear wear of the conveyor top cover within a loading station and
linear section respectively.

Each lump-belt interaction is accompanied by the occurrence of a contact patch on
the belt surface; value of stresses within that patch is determined from expression [10]:

_ 4
G:ZP'” _cos @)’ (5)
T Hj

where Pj,=qm;Kqe are force of lump-belt interaction within a loading station or lump-
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idler interaction within a linear section; q is linear load of granular fraction; m; is lump
mass; Ky is coefficient of dynamic interaction with a belt or idler; ¢ is coefficient
considering decrease of the interaction force owing to the material filling [7]; H;is
height of granular fraction filling; and © is angle of stresses distribution within the area
of lump-filling contact; angle value was determined experimentally [10].

Value of angle ® was determined experimentally under laboratory conditions. It is
defined [4] that angle ® varies from 15° to 45° in terms of lumps interaction within a
loading station and from 2° to 10° on a conveyor flight while interacting with idlers.
Maximum values of contact patch nH?4tg’® are 0.151 m? within a loading station and
0.036 m* within a conveyor flight.

It is taken in [6] that lumps interaction within a loading station is distributed over
the central roller width according to the normal law; thus, after n belt rotations, its
surface will wear by value Ah = Ahyq+ Ahj;,. Conveyor belt life up to the wear-out of its
cover under the effect of bulk load will be as follows, taking into account Ah,,, and
Ah, [6]:

Sy

= : (6)
Np, - (Ahmax +Ah/n)t,

T

where 9§, is thickness of working cover of a conveyor belt; t, is time of the conveyor
on-load operation; and », = 3600 V,/(2L) is the number of belt rotations per hour.

Analysis of expressions (3), (4), and (6) has shown that the expression in terms of
the problem dealing with conveyor-belt life optimization may be selected in the
following form:

@=(V,-V,J)? > min. @)
There are following limitations in the problem of conveyor-belt life optimization:

qmin < QId < qmax;
0.1<f;<0.6; (8)
1.0<H<5.0,

Where Qmin, Jmax are minimum and maximum possible linear loads; f; is coefficient of
load friction on a belt; and H is loading height.

There are following varied parameters to be taken: H is loading height; I, is idlers
spacing muar; vy IS angle of attack; B is inclination angle of a conveyor; V; is feeder
velocity; D is diameter of a feeder drum; V, is belt velocity; m, is lump mass; ¢ is
angle of load separation from a feeder belt; and Qmin, Qmax are minimum and maximum
possible linear loads.

A problem concerning optimization of conveyor belt life was solved numerically
using equations (7), (8), and varied parameters. Two cases of belt conveyor loading
were considered: direct-flow and with the help of loading devices with straight and
curved troughs. In [11] represents a scheme of bulk load-conveyor belt interaction in
general terms; the scheme means that cargo is loaded onto a belt in terms of velocity V;
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and initial angle of bulk load attack ¢o. In this case, lumpy load moves along a
parabolic trajectory up to its interaction with a conveyor belt at angle of attack e. In
terms of horizontal conveyor (B = 0), angle of bulk load attack varies within the range
of

25-30° depending upon the loading height or parameters of a loading device and its
configuration. If inclination angle of a conveyor changes up t0 Bmax = 12-14°, then
angle of bulk load attack decreases; it may be represented in general terms as:

©=90—(yy +B), ©)

where vy, is angle of bulk load trajectory inclination relative to the horizontal.

When bulk load interacts with a conveyor belt, its wear is caused by considerable
effect of the projection of horizontal component of absolute velocity of contact with a
belt on the belt motion plane [6-8] (vertical component effects the stresses resulting in
the loss of strength of the conveyor elements). While optimizing conveyor belt life,
projection of the velocity of load-belt interaction onto the belt motion plane was
determined using expressions [11]:

— for direct-flow loading within a loading station and within a linear section

Vid =V [cosBcos(pg —y) —sin Bsin(pg - w) - gAtsinBl; (10)

— for a loading device with a trough

v = cosw,\/vo2 cos? vy, + (Vo sinyp, + gAt)2 , (11)

where Vs, V, are velocity of a feeder at the moment of load separation from a feeder
belt or from a trough respectively; B, o, yp are inclination angle of a conveyor, angle of
load separation from a feeder belt, and angle of belt attack with a load respectively; g is
acceleration of free fall; and At is time of load falling onto a belt.

To determine projections of velocities (10) and (11), velocity of load separation
from a feeder belt and trough should be determined depending upon the parameters of
loading devices and trough configuration. Paper [6] determines theoretically and
proves experimentally the angles and velocities of load separation from a feeder belt;
in terms of loading devices, certain experimental studies have been performed which
results are represented on Figurel where a is a straight trough profile and b is a curved
trough profile.

While selecting velocity for load to leave a feeder of loading device, it is
considered that it depends upon the trough configuration: it is uniformly variable in
terms of a straight trough; in terms of a curved trough, it is uniformly variable within a
straight-line section and decelerated within a curvilinear one due to loss of energy for
movement and friction forces (Fig. 1). Granular fractions of bulk loads reduce its
transportation velocity owing to the expense of energy losses for movement which is
taken into consideration by means of Chezy’s velocity factor. In terms of bulk load
consisting of separate portions of granular fractions and lumps being found within their
volume and distributed on a casual basis, lumps move within a loading device trough
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faster than granular fractions; however, at specific trough areas, they decelerate, and,
within the trough outlet, bulk load velocities become more equable 7.5 m/s may be
taken for a straight profile and 5.0 m/s may be adopted for a curved profile (Fig. 1).
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1 — for separate lumps; 2 — for granular fractions; 3 — for lumpy load

Figure 1 — Dependences of changes in load transportation velocity in a trough of a loading device

Figures 2 and 3 demonstrate dependences of values of the objective function upon
different varied parameters. It has been determined that diameter of a feeder drum has
practically no effect upon the objective function value (Fig. 3, a). If feeder velocity if
from 0.2 to 1.2 m/s for fixed angles of belt conveyor inclination (Fig. 3, b, curves 1, 2,
3, 4, and 5), then objective function is the minimum within the range of 0.6-0.8 m/s
and its value drops in terms of increasing feeder velocity and decreasing angle p. If
inclination angle is B =- 16°, the objective function tends to zero.
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a — upon the drum diameter; b — upon the velocity of belt motion (curves 1, 2, 3, 4, 5 for inclination
angles of a conveyor being —16°; 0°; 5°; 10°; 14° respectively)

Figure 2 — Dependence of the value of objective function upon the feeder parameters

Loading height is of dramatic impact upon the objective function value in terms of
fixed inclination angles of a conveyor (Fig. 2). Minimum values of the objective
function are possible, if loading height is from 0.5 up to 1.0 m within a loading station
and if drop height is from 0.2 to 0.3 m on the linear section of a conveyor in terms of
inclination angle of a conveyor being lower than zero (incline conveyors).
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Figure 3 — Dependence of the value of objective function upon the height of load drop
where curves 1, 2, 3, 4, 5 correspond to inclination angles of a conveyor being -16°; 0°; 5°; 10°; 14°

Thus, within a loading station, velocity of load sliding on a belt depends
considerably upon the inclination angle of a conveyor, feeder velocity, and loading
height; in terms of linear section, it depends on inclination angle of a conveyor, height
of lump drop on granular fractions filling, and forces of their interaction.

Service life of conveyor belts was determined according to formula (6) taking into
account (1)—(5) for following initial data: conveyor length from 200 to 600 m, belt
velocity is 2 m/s, inclination angle of a conveyor is from -16° up to 14°; cover
thickness is 0.005 m; and mass of lumps is from 40 to 80 kg. Figure 4,a, b
demonstrates regularities of changes in conveyor belt life depending upon the value of
objective function, inclination angle of a conveyor, and conveyor length.
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a — use of loading devices; b — direct-flow loading; 1, 2, 3, 4, 5 — conveyor length being 200; 300;
400; 500; 600 m correspondingly

Figure 4 — Regularities of changes in conveyor belt life depending upon
the value of objective function

Comparative analysis of the conveyor belt life as for direct-flow loading (Fig. 4, b)
and from the loading device trough (Fig. 4, a) was performed according to calculated
data in terms of the parameter (H, Ly, R, @0, o, B, Vo, D) set searching. We considered
that calculation variants, where belt life was maximum at minimum value of the
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objective function, were the best ones. It has been determined that use of loading
devices with straight or curved trough profile makes it possible to increase service life
of belts of short conveyors by 1.5-2 times and the ones of long conveyors — by 4-5
times (Fig. 4,b, objective function is equal to 2) comparing to the direct-flow loading
(Fig. 4,a). If inclination angle of a conveyor is up to 14°, inclination angle of the
loading device trough is up to 60°, height of load drop onto a belt is from 0.5 t0o 1.0 m
within a loading station and from 0.1 to 0.2 on a conveyor flight, and projection of load
velocity on the belt motion plane calculated according to analytical expressions (10)
and (11) involving regularities of Figure 1; then service life of belts for short conveyors
increases by 20-30 % while the one for long conveyors grows by 60—70 %.

Conclusions.

A complex multiparameter problem concerning optimization of conveyor belt life
in terms of loading its top cover with bulk load of different granulometric composition
has been solved. It has been defined that the belt service life depends on various
factors: load size, type of the involved loading devices, inclination angles of both
conveyor and trough as well as difference of squared belt velocity and projection of
horizontal component of the load onto the belt motion plane — objective function.
Optimal (maximum) belt service life is reached in terms of value of the objective
functions being close to 0.5-1.0 m?/s°.
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AHoTauig. Y Ui cTaTTi po3rnsHyTO NUTaHHS ONTUMI3aLlT pecypcy KOHBEEPHOI CTPIYKM MPY HABAHTAXEHHI HACUMHUM
BaHTaxeM. Cnoyatky Oynu BUKOHaHI AOCTIMKEHHS KOPENALINHOI 3aneXHOCTI MiX (hakTopamu i napameTpamn CTPIYKH,
33 3HAYEHHAM KoedqilieHTiB SKMX BigibpaHO 3HauyLyi, L0 BUKMWKAKOTb ICTOTHUIA BMMB Ha TEPMIH CRYXOWU CTPIuKM.
BcTaHoBneHo, WO 0 HUX BiZHOCATLCS rpaHyNIOMETPUYHWIA CKNaf HACUMHOTO BaHTaXy, BUCOTA MOr0 3aBaHTaXeHHs!, TUM
3aCTOCOBYBAHWX 3aBaHTaxyBanbHUX MPUCTPOIB, NAapaMeTpu KOHBEEPA, TWN i BMACTUBOCTI MaTepiany CTPiYKM i gisnko-
MeXaHi4Hi BacTMBOCTI BaHTaxy. [locTaHOBKa 3aBOaHHs ONTUMI3aLlil pecypcy CTPIYKM MONsrae y BU3HAYEHHI MiHIMYymMy
Pi3HULI MiX KBagpaTaMu LWBWUAKOCTI CTPIYKM KOHBEEPA | MPOEKLiE0 rOPM3OHTANBbHOI CKafoBOI WBMAKOCTI BaHTaXy npu
3ycTpidi 3i CTpiYKOW Ha nnowmHy Ti pyxy. Posrngganucs Bunagkyn NPSIMOTOYHOTO 3aBaHTaXeEHHs | yepes
3aBaHTaXyBanbHWA NPUCTPIN 3 NPAMONIHINHMM i KPUBOMiHINHUM Npodbinem xonoba. Mpn LbOMY MeXaHi3MW 3HOLLEHHS
CTPIYKM B MyHKTi 3aBAHTAXEHHS | Ha NiHINHIN YaCTUHI OAHAKOBI — 33 PaxXyHOK LUNSAXY TEPTSH NPpW PYCi BaHTaXy BiJHOCHO
CTpiukK. [puyoMy B MYHKTI 3aBaHTAXEHHS BAHTaX KOB3a€ BHU3 MO CTPIYLi Nig KyTOM Haxury KOHBeepa, a Ha NiHiiHii
YacTuHi — No TBIpHIK BiYHOro ponuka nig LiEt0 CUK TSXKIHHA NPU NiAMOMI Ta ONYCKaHHI BaHTaXy nig Yac MPOXOMKEHHS
POMMKOOMOPU. 3HOLIEHHS CTPIYKW B MYHKTI 3aBaHTAXEHHS | Ha NiHilHIA YacTWHi KOHBEEPA Bif APiIBHOLLIMATKOBOTO
BaHTaXy NpuiiMaBca HanbinbLUMM, AN BENWKUX LWMATKIB B3aEMOZiS 3i CTPIYKOW Yepe3 Miacunky ApiGHOWMATKOBKX
BaHTaXIiB — JIOKabHO, @ MaKCUMasbHi HaNPyXeHHS BUHMKaMM B 0BnacTi KOHTakTy, 06yMOBMIEHOrO (hOPMOK LUMATKA.
3aBOaHHs BMpILLYBANOCH 4MCenbHUM cnocoboM 3 ypaxyBaHHAM (DyHKLii MeTW, BapiloBaHWX napameTpiB Ta ix
obmexeHb. OTpUMaHO 3aKOHOMIPHOCTI 3MiHU PECYPCY CTPIUKM Bif 3HAYYLLMX YMHHMKIB MY NPSIMOTOMHOMY 3aBaHTaXEHHI
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Ta Yepes 3aBaHTaXyBarbHUIA NPUCTPIN, 3a LOMOMOrO SKKX Byro BUKOHAHO MOPIBHAMBHW aHani3 pisHUX BapiaHTiB npu
O[HAKOBWX 3HauYeHHsX yHKUil MeTu. Bigbupanucs BapiaHTi, Npu SkUX TepMiH CyxBu cTpiuku ByB MakcumanbHui, a
(PYHKLiS MeTW — MiHiMarnbHOW. BCTaHOBMEHO, WO [Ans KOPOTKMX KOHBEEPIB PECcYpC CTPIYKM MpW NPSMOTOYHOMY
3aBaHTaXeHHi 3HMKyeTbCa B 1,5-2,0 pa3u B NOPIBHSIHHI i3 3aCTOCYBaAHHSIM 3aBaHTaXyBarbHOr0 NPUCTPOLD, ANS [OBMUX B
56 pasiB npu 3HaueHHi dyHkuii metn 0,5-1,0 m2/c2,

Knto4oBi cnoBa: HacunHWA BaHTaxX, CTpiyka, KOHBEED, 3HOLIEHHS, 3aBaHTaXyBanbHUA NPUCTPIN, PECYPC CTPIYKM,
(yHKLiA MeTh.

AHHOTauusA. B HacToslleld cTaTbe PaccMOTPEHbl BOMPOCHI OMTUMM3aUMM pecypca KOHBEWEPHOW NeHTbl npu
HarpyXeHun HacbIMHbIM rpy3oM. [epBoHayanbHO ObinK BbINOMHEHb! UCCNEnOBaHUs KOPPENSLMOHHON 3aBUCUMOCTM
Mexay (aktopamm ¥ napameTpamu NeHTbl, MO 3HAYEHWMO KO3I(MULMEHTOB KOTOPbIX OTOBPaHbl 3HAYMMbIE,
BbI3bIBAKOLLME CYLLIECTBEHHOE BMMSHWE HA CPOK CNyXObl MNEHTbl. YCTAQHOBMEHO, YTO K HUM  OTHOCSTCH
rpaHynoMeTPUYECKMIA COCTaB HACLIMHOrO rpy3a, BbICOTA €ro 3arpysku, TWUM MPUMEHSEMbIX 3arpy304HbIX YCTPOWCTB,
napameTpbl KOHBenepa, TN M CBOMCTBA MaTepuana NeHTbl U (PU3MKO-MeXaHUYeckne CBOWCTBa rpysa. octaHoBka
3aa4m onNTUMMU3aLMK pecypca NEHTbI 3aKNYaeTcs B onpeaeieHn MUHUMYMa pasHOCTW MeXay KagpaTamu CKOpoCTy
NeHTbI KOHBENepa 1 NPOeKLMeN ropusoHTanNbHOM COCTABNSIOLLEN CKOPOCTY rpy3a Npu BCTPEYE C JIEHTOM Ha NMNOCKOCTb
€€ [BWxKeHns. PaccmaTtpuBanuch crnyvyau NpSMOTOYHON 3arpy3kn U Yepes 3arpy304HOEe YCTPOMCTBO C NPAMOSIMHENHBIM
W KPUBOMMHENHBIM Npodunem xenoba. Mpu 3TOM MexaHn3Mbl U3HOCA NEHTbI B MYHKTE 3arpy3kit U Ha NIMHENHO YacTy
OLVMHAKOBbIE — 3a CYET MyTU TPEHWUS NPU OBMKEHWM rpy3a OTHOCUTENBHO NEHTbI. [puyeM B MyHKTe 3arpysku rpys
CKOMb3MT BHM3 MO NIEHTE NOA YINOM HaKIOHa KOHBENEPA, a Ha IMHEMHOMN YacTu — no obpasytoLlern 6OKOBOro ponika nog
JENCTBUEM CUMbI TSKECTW MPW MOABEME W OMyCKaHWM rpy3a BO BPEMS MPOXOXKOEHUS PONMKOONOpbl. W3HOC NeHThI B
NYHKTE 3arpy3kn U Ha NIMHENHOW YacTy KOHBeepa OT MENKOKYCKOBOTO rpy3a NpuHUMancs HambonbLUmM, ANns KPYMHbIX
KyCKOB B3aMMOZJENCTBIE C NEHTON Yepe3 NOACHINKY MENKOKYCKOBBIX MPY30B — NOKamNbHO, @ MakCUMasbHbIe HanpshkeHNs
BO3HMKanM B 061aCTM KOHTaKTa, 0ByCnoBneHHOro hopMoil Kycka. 3agaya pellanack YMCNeHHbIM Crnocobom ¢ y4eTom
(bYHKLMW Lienw, BapbyUpyeMbIX NapaMeTpoB W UX OrpaHnyeHunin. MNonyyeHbl 3aKOHOMEPHOCTU M3MEHEHUS Pecypca NEHTLI
OT 3HAYMMbIX (haKTOPOB MPW MPSIMOTOYHOM 3arpy3ke M Yepe3 3arpy304HOE YCTPOWCTBO, C NMOMOLLBIO KOTOPbIX Obin
BbINOMHEH CPABHUTENbHbBIN aHanM3 pasnuyHbIX BapuMaHTOB MPU OAWMHAKOBbIX 3HaYeHWsX yHKUMM Lenu. OTbupanuch
BapuaHTbI, MPX KOTOPbIX CPOK CMyDbl NEHTbI bl MakcMManbHbIN, a yHKUMS Len — MUHUMANbHOW. YCTaHOBNEHO,
4TO ANSt KOPOTKMX KOHBEWEPOB PECYPC NMEHTLI NPK NPSIMOTOYHON 3arpy3ke cHuxaeTcs B 1,5-2,0 pasa no CpaBHEHWIO C
NPUMEHEHNEM 3arpy304HOO YCTPOUCTBA, ANs ANWHHBIX B 5—6 pa3 npu 3HaueHun dpyHkumm Lenm 0,5-1,0 m2/c2.

KntoyeBble cnoBa: HacbIMHOW rpy3, fieHTa, KOHBEWEp, U3HOC, 3arpy304HOE YCTPOMCTBO, PECYPC NEHTLI, PYHKLMS
uenu.
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