H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 3, Number 429 (2018), 30 — 36

UDC 621.926
E. S. Askarov', D. B. Arinova', G. Popov?, K. Cvetkov’, A. A. Tastanbekova®

'K azakh National Research Technical University named after K. I. Satpayev,
Department of Standardization, Certification and Engineering Technology, Almaty, Kazakhstan,
“Sofya Technical university, Sofya, Bulgaria,

*Mining and Geological University «St. Ivan Rilski», Sofya, Bulgaria.

“D. Serikbayev East Kazakhstan state technical university, Ust-Kamenogorsk, Kazakhstan.
E-mail: d_arinova@mail.ru

DESIGN OF THE CENTRIFUGAL-GYRATORY MILL
OF MINING PRODUCTION

Abstract. To provide the mining enterprises of Kazakhstan with a new type of mill, which has a reduced power
consumption. Mining mills are the main consumers of electricity in the mining sector, so the task of reducing energy
is very important. Centrifugal-gyratory mills are designed for grinding various mineral raw materials. Mills of this
type have been known for a long time and have shown good results in the process, one of the main advantages of
these mills is the reduced consumption of electric energy. In operational tests of this scheme, its main drawback was
found to be a high probability of a driven crankshaft motion according to the unplanned law of motion, which leads
to a breakdown of the mechanism. Even a small inaccuracy in the manufacture of the mechanism, backlash can lead
to a gap of the driven crank with the leader, especially in the zone close to the extreme position.

In this paper, the design of the centrifugal-gyratory mill based on a rocking mechanism is studied. The mill has
several advantages over analogues: simplification of design, high dynamic stability, energy costs reduced by 2 times,
etc.

For the first time, operational testing of mills was carried out at the Scientific Research Institute of Mineral
Processing of the National Center for Processing Mineral Resources of the Republic of Kazakhstan. The working
principle of the mill is studied, which consists in a plane-parallel displacement of cylindrical grinding chambers -
tubes in a plane perpendicular to their axis, at which each point of the grinding chamber moves along a circle with a
radius equal to the length of the crank r of the mill mechanism [5]. The centrifugal force of the counterweights, the
unbalanced dynamic force and moments, the force analysis are calculated.

Results. It can be seen from the research results that the proposed mills have a specific capacity index of 140
kg/kW or 8 kW/ton of production. According to this indicator, the proposed mills exceed the ball mills by 2 times
[3]. In this scheme, the theoretical balance of the mechanism is obtained. There are significant design achievements:
there is one crankshaft, there is no excessive bonds, no need for gears, which greatly simplifies the design. The mill
has high maintainability.

Scientific novelty. The novelty of the results is the creation of centrifugal-gyratory mill constructions, which
provide the optimum grinding process, energy intensity, metal consumption and mill productivity.

Practical significance. Based on calculations and experimental data, as well as in determining its rational
design and technological parameters, it was revealed that in the process of the experimental-industrial period of the
mill at the polygon of the State Research and Production Association of Industrial Ecology "Kazmekhanobr"
(Almaty), which is part of the National Center for Complex Processing of Mineral Raw Materials of the Republic of
Kazakhstan, that the mill has a low level of metal consumption, it has a low level of complexity structure, thereby
reducing the cost of the mill compared with the ball ones approximately in 3 times, compared with existing centri-
fugal mills in 1.5 times. Tests of the mills showed their economy in energy consumption, which is the most important
indicator.

Keywords: centrifugal-gyratory mill, grinding, mineral raw materials, metal consumption, energy intensity,
design, productivity, milling, crank.
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Centrifugal mills have a high level of grinding of raw materials at relatively low energy costs.
Currently, existing centrifugal planetary mills are characterized by high complexity of construction and
high cost. The developed new design of the centrifugal-gyratory mill also has a high complexity of
construction and dynamic imbalance, which leads to rapid wear.

The author proposes a new design for the vibrator drive of such a mill, which is much simpler than
analogues, it is dynamically well balanced, as a result of which the mill has a low level of vibration and
low wear during operation. Low energy costs are explained by the use of centrifugal force of grinding
bodies oscillations when milling. Getting such a force requires a much lower energy consumption than the
use of the force of gravity used in ball mills or the compression forces of rolls in roller mills.

The principle of operation of such a mill consists in a plane-parallel displacement of cylindrical grin-
ding chambers - tubes in the plane perpendicular to their axis, in which each point of the grinding chamber
move-s along a circle with a radius equal to the length of the crank r of the mill mechanism (figure 1).
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Figure 1 — Motion scheme of one grinding body in the grinding chamber

The plane-parallel displacement of the grinding chamber allows the hopper to be kept at the top all
the time, and the discharge nozzle is at the bottom, which creates a great convenience for backfilling the
raw materials and unloading the finished product from the grinding chamber. Such movement of the
grinding chambers creates a sufficiently strong and vigorous mixing of the cylindrical grinding bodies in
the grinding chamber.

Let us consider the motion of a single cylindrical grinding body with mass m and diameter Dg in the
grinding chamber-tube with a diameter D, when the crank is rotated with radius r at a frequency » (figu-
re 1). When rotating the crank on the grinding body, the following applies: 1. The gravity P=mg, directed
always downwards. 2. Centrifugal force Fy = mr (nn/30)°, which is parallel to the crank position and
rotates together with the crank in the same direction with the same frequency ». Under the action of this
force, the grinding body begins to move along the inner surface of the grinding chamber-tube. The motion
occurs along a circle with R, = (D; — D5)/2 in the same direction as the rotation of the crank. The force Fy,
is directed along the tangent to the circumference of the motion of the grinding body. In this motion, the
second centrifugal force F,, appears, which is directed along the radius of the grinding chamber-tube, its
value is F,, = mR, (nn/30)°. This force always presses the grinding body against the wall of the grinding
chamber-tube. From these considerations, it is clear that the grinding body in the general case has three
forces. All these forces are involved in the grinding of raw materials entering the grinding chamber.
Forces P and F,, press the raw materials, and the force F,; breaks the raw material, we have a combined
effect on the product of the grinding.
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Let us consider the interaction of several identical grinding bodies in the grinding chamber (figure 2).
It can be seen from the figure that the force F; and the gravity P act on all the grinding bodies. The
grinding bodies occupy different positions in the tube of the grinding chamber, therefore only one body
can occupy such an arrangement when its force Fy; is directed to the circumference of the movement, and
only for this body, it is a completely moving force. In figure 2, this is the body 3. For the remaining
bodies, the force F; is partially moving, this body is 2, which does not have a moving value, the body 4,
the opposing motion, the body 1. In this case, it turns out that only one grinding body is fully driven, acts
as the engine of the entire system of grinding bodies. Some bodies help it in this action, some counteract.
Naturally, the rotation of the entire grinding body system occurs at a frequency #; much inferior in
frequency 7, because in this case there is an opposition to certain bodies. If the values of the rotation
frequencies do not coincide, all grinding bodies of the system are in the role of the engine of the entire
system in order. In this case, the forces in the system are equal: P = mg; F,; = mr (nn/30)*; F, = mRk
(mn,/30)*. Since the forces F, are aimed in different directions, their vector sum is small, and in practical
calculations, their influence on the equilibrium of the mill is not taken into account.

Figure 2 — Motion scheme of several grinding bodies in the grinding chamber

For the successful operation of the grinding body system, it is very important to ensure their
movement with pressure against the tube walls, but taking into account the fact that n;<< n, as well as the
resistance of the raw materials in the grinding chamber contributes to the decrease in the value of n;, the
condition of constant clamping of the bodies to the walls of the tube is not always satisfied, especially
during the passage of the upper point. In this case, it should be ensured that the upper grinding body
cannot fall to the center of the tube, which instantly will absorb the entire rhythm of movement of the
grinding bodies. This can be achieved by selecting geometric parameters - Ds, D, and the number of
grinding bodies - N. From practical experiments it is seen that the optimal value of N=4, with N=3 in the
grinding chamber, there is too much free space, with N=5, while ensuring that all grinding bodies are
pressed against the tube wall, too much space is also released in the center of the tube. It also follows from
the experiments to choose the parameters Ds and D, from the following ratio D./Ds=2.6 -2.7.

Currently, there is a basic design of the mill, working on this principle. The scheme of this mill has a
number of significant disadvantages that prevent the widespread use of mills of a similar type. These are a
dynamic imbalance of the mill, a large metal capacity of the structure, its complexity and cost. The
diagram of this mill is shown in figure 3. It consists of two identical cranks 1, connected by connecting
rod-driver 2, which together with the rack 3 constitute the parallelogram. The rod 2 has the grinding
chamber 4. Cranks 1 have counterweights 3.

To fully balance the mechanism, it is necessary that the vector sum of all the static forces applied to
the mechanism (1), the sum of the twisting moments of these forces (2), the vector sum of all the dynamic
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forces (3) and the sum of the torques of these forces (4) would be equal to zero, that is the condition would
be satisfied:

YPi=0; g
>Mi = 0; 2
YFqi=0; 3)
>Mqi =0. )

In the above scheme, condition (4) is not always satisfied. When the condition (3) is fulfilled, the
centrifugal force of the grinding chamber F is to be equalized by the centrifugal forces of the two
counterweights, hence the force of one counterweight is F,/2. The grinding chamber 4 is installed in the
center of the rod 2, the length of which is equal to L. The center of gravity of the grinding chamber 4 in
this circuit is always raised to the value h relative to the rod line. This is dictated by design requirements.
The condition (4) for this scheme is as follows:

(F/2)L*sina - F, (L/2)* sinaa +h * cosa) =0

This equation will be zero only if h =0 or o= 90° or 270°.

Dynamic unbalance of the mill contributes to the appearance of the strong vibration during operation,
which leads to its rapid destruction. It should also be noted that the considered scheme has an excessive
connection, which also leads to the appearance of vibration, complicates the manufacture of the mill and
its assembly. Cranks 1 are driven into rotation by means of a gear reducer, cranks rotate in one direction at
a time. The presence of two parallel kinematic chains determines the presence of an excessive bond.

Let us consider the principle of the drive of the new mill. The engine 1 (figure 4) rotates the shaft 3
through the reduction gear 2, the cranks 4 and 7 rotate with it. The crank 4 rotates the driver 5 together
with the grinding chambers 6. The crank 7, interacting with the groove 10 of the lever 9, causes the latter
to perform the oscillatory motion. Lever 9 works like a link. The other end of the lever 9 also oscillates
with the finger 12. The mechanism parameters are adjusted so that the axis of the finger 12 is always in
line with the vertical axis of the groove 13, which in this case can only move vertically relative to the
finger 12. Since the groove 13 is part of the driver 3, the driver 5, making a rotation along with the crank
4, all the time retains its parallelity with respect to the horizontal, that is, it performs a plane-parallel
motion. Grinding chambers 6 also move with them.

This scheme has no excessive bonds, is dynamically balanced, does not require the use of gear
wheels, is structurally simple.

Parameter Basic version Rocking mill
Number of bearings 10 5
Number of crankshafts 2 1
Number of gears 3 0
Number of counterweights 4 1
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Figure 4 — Scheme of the centrifugal-rocking mill

Technical characteristics of the centrifugal-gyratory mill: productivity 300 kg/hour of ore per hour.
Dimensions 1000x 900x800 mm, approximate weight 300 kg, drive power 2.2 kW, shaft speed 500 min™.
The initial pieces are 20-40 mm, the finished product is 40-70 um (main fraction). The new design of the
centrifugal mill is proposed, the specific output of which is 140 kg/kW or 8 kW/ton of product (different
types of raw materials were used during the test) [8]. This mill consumes three times less energy than
the ball mill. The weight of the proposed mill with a capacity of 10 tons per hour will be at the level of 7-
8 tons. The complexity of the structures can be said to be small since the proposed mill has 1 eccentric
shaft, 5 bearings, no gears. Weight is reduced by 2 times.

The results of the work are promising for introduction at the enterprises of mining and concentrating
industry of Kazakhstan and can be used in mining and processing enterprises of foreign countries.

It should be noted that there are no mills with such operating parameters, according to the open press
data. Data on Russia, South Africa, the United States, and Germany were analyzed.
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TAY-KEH OHIIPICITHAE KOJIAHBLIATGLIH OEHTPEH
TENKIII JUIPMEHHIH KOHCTPYKITASICHI

Annotamust. Kazaxcran peciryOIMKachIHBIH ayMarbIHAA OPHATACKAH TAy-KEH OHAIPICTEPIH IHEPTHIHBI THIMIL
KOJIAAHATHIH AMIPMEHHIH ’KaHA THIITI TYPIMCH KaMTaMachl3 €Ty. Tay-KeH eHIIPICIHAC KOIJAHBUIATEIH KOHABIPFHLIAD
apachlHAA JUIPMEH 3HEPTHHBI KO MAHJATaHATBIH KypanmapasH OipiHe »xatagel. Cox cebenTi SHEPTHSHBI YHEMII
malaataHy e3CKTi MOCCICTICPaiH OipiHe KaTaIbl.

LleHTpIeHreH-THPALTOHBI AUIPMEH SPTYPIL MUHEPAJIbI MIMKI3aT KO3IH yaTyFa apHaIFaH AuipMeH. by TunTi
JuipMeHAEp OypBIHHAH OCMrisI KOHE HKYMBIC iCTey OapbhICHIHIA JKAKCHI HOTIOKENEP KepcerTi. JnmipMeHHIH Herisri
€PEeKIICTIT] 3MEKTPKYaThIH THIMI Al 1anany OOJIbIIT CAaHAIAIBL.

JKazporaH KyMbICTA KYJIHCTI MEXaHH3M HETi3l OONATHIH LEHTPICHTCH-TUPANMOHABI THiPMCHHIH KOHCTPYK-
IUSICHl 3epTTenreH. by amipMeHHIH aHBIK 0ipa3 apTHIKIIBUIBIKTAPHI 0ap: KOHCTPYKUMSHBIH OHAWIATYBI, YKOFApBHI
JUHAMHKAIIBIK TYPAKTBUIBIFBL, SHEPTHS KO31H €Ki €Ce a3 MaHIaNaHy bl KOHE T.0.

EnH amram per Toxipubenepai «[lakimansr xaz0amapasl OalbITy FBUIBIMH-3€PTTEY HHCTUTYTHIHBIHY ITOIIHIO-
HerHAA XKyprizimren. On Kazakcran Pecmy OmHKaChIHBIH MHHCPATIIBl PECYPCTAPBIH OHACHTIH YITTHIK ICHTPIHE CHEL.
JImipMeHHIH KYMBIC iCTEY NMPHHIMINI 3SPTTENIN, IHIMHAPII YHTAKTAFBIII KaMEPAJapIblH MAPAIICTbIl Ka3bIKTHIK
apKbLIBI KO3FAJBIC JKacal, KaMEpaNapAbIH CHIPTKHl JHAMETPi OOMBIHIIA KPHWBOINWITIH Y3BIHABIFBIHA COMKEC
Ko3rananspl. LIeHTpAeH TenKim KYIITiH MOHI, CAJIMAKChI3 AMHAMHKAIBIK KYLITEP MCH MOMCHTTED, COHBIMCH KArap
KYIITiK AHAIIM3 YKACAJIFaH.

Hormkenepi. ¥CHIHBUIBIN OTBIPFAH AWIPMEHIL 3€PTTEY HOTIDKCCIHAC OHIMIUIKTIH YICCTIK KOPCETKIMiOip
toHHA 6HIMIe 140 kr/kBT Hemece 8 KBt Kypatiasl. OChl KOPCETKIIITIH apKACBIHAA 3€PTTEIIN OTHIPFAH THIPMEH MIap-
JbI THIPMEHHEH 2 ece apThIK. by cynbana MeXaHU3MACPAIH TEOPHSIIBIK TCHACCY] albIHFAH. Eey T KOHCTPYKTHBTI
JKeTicTikTep Oap: Oip KpHBOMMNTI OLTIK, TICTI AOHIENCKTEPAl KOIIAHYAbI TAjal CTICHAI, apThIK OAIIaHbBIC JKOK.
CoraH opali KOHCTPYKUWSCHIHBIH >KCHIIICYIH Oalkaiimbrs. COHBIMEH KaTap, >KOHACY >KYMBICTAPBIHBIH >KOFapbI-
JIAFaHBIH Oaiikayra 00Ia/IbL.

Fouibivn @3eKTifiri: IeHTPICHICH-THPAMOHIb! AHIPMEHHIH KOHCTPYKIIMACBHIH 3CPTTEI, AMIPMCHIEC OTETIH
MPOLCCTCPIi, AFHH YHTAKTAy, JSHCPTOCHBIMBIMABLIBIKTHL, MCTAJIICHIMBIMIBLTIBIKTEL JKOHC AHIPMCHHIH OHIMILTITiH
OHTAMJTBI MPOLCCTSP KATAPBIHA CHTIRY.

MpakTHRANBIK MAHBIABLLIBLFBIH. JKCICPUMCHTANABI KOHE CCENTEY, COHBIMEH KATap PAIMOHATABI KOH-
CTPYKTHBTI KOHE TEXHOJOTHSUIBIK MApaMeTpicp HETI3IHAE, OHIPMCHHIH METAICHIHBIMIBLIBIK KOPCETKIMI KOFaphl
€MEC CKCHAIrL CHIATTANbI, TUIPMECHHIH 63KYHIBUIBIFBIHBIH ap3aH OOJybIH alTyFa OO0JIAIbl, MBICAJbL, INAPIIBI AHIp-
MCHMCH CANBICTBIPFAHAA 3 eCere, Ka3ipri TAHAA KOIIAHBLIBI KATKAH HCHTPJICHTCH AHIPMCHACPMCH CAJIBICTRIPFAHIA
1,5 ecere TemeH. COHBIMEH KaTap AWIPMCHIL >KOHICYTE >KapaMIBUIBIK >KYMBICTAPbl KHBIHABIKCHI3 Xyprizineai. Ex
HET13r1 KOpCETKIMI OO0JIBI — Oy SHEPTUSHBI YTHIM/IBI MAIaTaHy KOPCETKIIII OaCThI PO aTKapazbl.

Tyiiin ce3aep: UEHTPACH TENKIMI-THPATHOHABI THIPMEH, YCAKTAY, MUHECPAIIbI IMHKI3AT, MECTAICHIBIM/IBLIBIK,
SHEPTOCHIHBIMIBLIBIK, KOHCTPY KUK, OHIMALTIK,yaTy, KPUBOIIIHIIL.
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KOHCTPYKIIMA HEHTPOBEXHO-TUPAIIMOHHOW MEJIbHUAIIBI
IrOPHOPYJHOI'O MIPOU3BOACTBA

Annotamust. O0ecrieunTh TOPHOPYAHBIC MpeanpuaTus Ka3zaxcraHa HOBBIM THIIOM MEIBHHIIBL, HMCIONICH TO-
HIDKCHHOE TTOTPEOJICHHUE 3JIEKTPO3IHEPTHH. [ OPHOPY AHBIC MEIBHHUIBI SBILTFOTCS OCHOBHBIM HOTPEOUTEIEM 3JIEKTPO-
SHEPTHH B TOPHOJOOBIBAIOMIEM CEKTOPE, B CBS3H C 3THM 33/1a4a HMOHIKCHHUS 3HCPTHU OYCHB aKTyasibHA. LIeHTpO-
OCKHO-THPANMOHHBIC METBHHUIBI IPESIHA3HAYCHB! I MEPEMOJIA PA3IMYHOTO MHHEPATBHOTO CHIPbsS. MEIbHHIIbI
MOJOOHOTO THIIA W3BECTHBI V)K€ TOCTATOYHO JABHO WM IOKA3AIH HEIUIOXHWE PE3yJibTaTrhl B paboTe, OTHUM H3 OC-
HOBHBIX JIOCTOMHCTB 3THX MEJIBHHI[ SBILICTCSI NMOHIGKCHHOC MOTPEOICHHE 3NIEKTPOIHEPTHH. [IpM MPakTHUECKUX
HCTIBITAHWAX JAHHOM CXEMBI OCHOBHBIM €€ HEAOCTATKOM OBUIO BBIIBICHO BBICOKAS BEPOATHOCTH JABIDKCHUS BEIIO-
MOTO KPHBOUIWIIA IO HE3AIUIAHMPOBAHHOMY (HE INTATHOMY) 3aKOHY JBIDKCHHS, YTO MPHUBOAMT K IMOJOMKE MEXa-
HU3MA. Jlaske Manasi HETOYHOCTh M3TOTOBJICHHSI MEXAHU3MA, JHO(T MOTYT IPHBECTH K OTCTABAHUIO BEIOMOTO KpH-
BOWIWMIA OT BEAYIICTO, OCOOCHHO B 30HE OTH3KOH K KPAHHEMY TOJIOKCHHIO.

B nanHO# pabore mccnmeayercs KOHCTPYKIMS IICHTPOOCKHO-THPALMOHHON MENBHHIBI HAa 0ase KyJIHMCHOTO
MexaHu3Ma. MEnbHUIIA HMEET P MPEUMYIICCTB TEpe] aHAJOTaMH: YIIPOIICHUE KOHCTPYKIHMH, BHICOKAS ITUHAMHU-
YeCKas yCTOHYMBOCTD, 3aTPAThl SHEPTHH YMCHBIICHHI B 2 pa3a U T.1.

BriepBric IpakTHYECKUE HCIBITAHMS MEJNBHHL MPOBOAMINCH HA MOJHMToHe HayuHo-HMCCIeI0BaTEIBCKOTO HH-
CTHTYTa OOOTAIICHUS IOJE3HBIX MCKONMAcMbIX HaImOHANPHOTO IIEHTpa MNepepabOTKH MHHEPAIBHBIX PECYpPCOB
Pecny0mmkn Kazaxcran. MccnenoBaH mpHHIEIT pabOThI MEIBHUIBI, KOTOPBIH 3aKIF0YACTCS B IIOCKO-TAPAIIICTHHOM
TIEPEMENICHUY [IUTMHAPUICCKIX MOMOJIBHBIX KAMEP — TPYO B IUIOCKOCTH IEPICHAUKYIIPHOH MX OCH, ITPH KOTOPOM
KaXKJas1 TOUKA TIOMOJIBHOI KaMephl JBIKETCS IO OKPYKHOCTH C PAINyCOM PABHBIM JJIMHE KPHBOIIMIIA I' MEXaHH3MA
MeTBHHUIEHI [5]. PaccumTansl neHTpoOCKHAA CHITa MPOTHBOBCCOB, HCYPABHOBCIICHHAS JHHAMHYCCKUC CHIIA H MOMCH-
ThIL, IPOBEACH CHIOBOM aHAINS.

Pesyabrarei: M3 mokasaTtencit McCICAOBAaHMSA BHIHO, YTO IIPENIATacMbIC MEIBHHIBI HMCIOT IMOKA3aTelIh
VACTBHON MPOU3BOAUTEIRHOCTH paBHbIH 140 kr/kBt mnm 8 KBT Ha TOHHY npoxykuuu. [1o 3TOMy HOKa3aTelro mpes-
JaracMble METbHHIBI MPEBOCXOAAT MIAPOBbIC MEIBHUIBI B 2 pasa [3]. B 310l cxeMe MOIy4YeHA TEOPETHICCKAA YPaB-
HOBCIICHHOCTh MEXaHU3MA. VIMEIOTCS CYIECTBCHHBIE KOHCTPYKTHBHBIC JOCTIKCHHS: HMEETCSA OJUH KPUBOIIHITHBIH
BaJ, HET W30BITOYHOHN CBSI3H, HE TpeOyeTCcd MPUMEHCHHUS 3yOUaThIX KOJEC, YTO 3HAYUTEIBHO YIPOCTHIIO KOHCTPYK-
0. MenbHUNA NMEET BBICOKYH0 PEMOHTOIPHTOTHOCTb.

Hayuynasi noBm3Ha. HOBHM3HA NOJYYEHHBIX PE3yJIBTATOB 3aKTIOYACTCS B CO3JAHWH KOHCTPYKIUMH LEHTPO-
OCKHO-THPANNOHHON METbHHUIBL, TPH KOTOPBHIX 0OECIEYHBACTCSI ONMTHMAIBHBIN IPOIIECC TOMOJA, YHEPrOEMKOCTb,
METAUIOEMKOCTh M ITPOM3BOAUTEIHHOCTS METbHHIIBL.

MpakTHveckast 3HAMAMOCTH. Ha OCHOBE pacueToB M 3KCIEPHMEHTANBHBIX JAHHBIX, a4 TAKKE B ONPEACICHUN
e pPanHOHANLHBIX KOHCTPYKTHBHBIX M TEXHOJOTHYECKHX IAPAMETPOB. BBIIBICHO, YTO B MPOLECCE OIBITHO-NPO-
MBIIIJICHHOTO TEPHOJA MEJILHUIBI HAa MOJUTOHE | 0CYAapCTBEHHOTO HAYYHO-TPOM3BOICTBEHHOTO OOBEIUHEHHUS TIPO-
MBIIIICHHOH 3K0ornn «KasmexanoOp» (AIMaThl), BXOAAMICTO B COCTAaB HaMOHATRHOTO LECHTPA MO KOMILICKCHOMH
nepepabOTKE MHHEPATHLHOTO ChIphs PecryOmmkn KazaxcraH, YTO MEIBHHIIA OTIMYACTCS HEBBICOKHM YPOBHEM Me-
TAJUIOEMKOCTH, UMCET HEBBICOKHH YPOBCHB CIOKHOCTH KOHCTPYKIMH, TEM CAMBIM YMECHBIIACTCS CTOMMOCTD MCIIh-
HUIBI 10 CPABHECHHIO C IMAPOBHIMU IMPUMEPHO B 3 Ppa3a, MO CPABHEHHIO C CYHICCTBYIOIIUMHE IEHTPOOCKHBIMH MEIIb-
HUOaMH B 1,5 paza. VcmpITaHusI MENBHHI[ MOKA3ATH UX 3KOHOMHYHOCTH B MOTPEOJCHHM 3HEPTHH, YTO SIBILICTCS
CaMbIM TJIABHBIM ITOKA3ATENIEM.

KimoueBbie ciioBa: neHTPOOSKHO-THPAIMOHHAS MEIbHUIIA, H3MEIbUCHUE, MUHEPATIbHOE CBHIPHE, METAIUIOEM-
KOCTb, SHEPTOEMKOCTb, KOHCTPYKIHSL, TIPOU3BOAUTEIFHOCTD, IIOMOJI, KPHBOIIIHIL.




