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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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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 F,; = mr (nn/30)?, which is parallel to the crank position and
rotates together with the crank in the same direction with the same frequency n. 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; — Ds)/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, (7n/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 n; much inferior in
frequency n, 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; Fy; = mr (1n/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 ny, 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 - Dg, 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,/Dg = 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 5.

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

— 3 ——
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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:

XPi=0; (1)
IMi = 0; ()
>Fqi=0; 3)
IMqi = 0. 4)

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 *sin a - F, (L/2)* sinat + h * cos o) = 0

This equation will be zero only if h =0 or a= 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 5, 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 1
Number of gears 3 0
Number of counterweights 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 OHJAIPICIHJIE KOJLJJAHBIJIATBIH HEHTPJIEH
TENKII JUTPMEHHIH KOHCTPYKHUACHI

Annoranusi. Kazaxcran pecnyOaMKachIHbIH ayMarblH/la OpHAJIACKaH Tay-KeH OHJIPICTEePiH SHEPTUsIHbI THIM/I
KOJIZIaHATHIH AWIPMEHHIH jKaHa THIITI TypiMEeH KamTamachi3 ety. Tay-keH eHIIpiCiHIe KOJJaHbLIaThIH KOHIBIPFbLIAp
apachlHIa TUIPMEH SHEPIHsIHbI KOl MalgaJaHaThlH KypangapasiH Oipiae »xarampl. Cosr ceOenTi SHeprUsHbI YHEM/II
naiijanany ©3eKTi MacelseNep/IiH OipiHe KaTabl.

[{eHTpaeHreH-THPALMOH/IbI TUIPMEH SPTYPJIi MUHEPAI/IbI IIMKI3aT KO31H yaTyFa apHanfaH JuipMeH. by tunri
JquipMenaep OypbhlHHAH OJrisli oHe )KYMBIC icTey OapbhIChIHIA JKAKChl HOTHXKENep KepceTTi. J(uipMeHHIH Heri3ri
epPEeKIIeNIr] AIEeKTPKYaThlH THIM/I Maiiianany GOJbIN caHaa/IbL.

XasburraHn jKyMbICTa KYJIMCTI MEXaHM3M Heri3i OOJIaTbIH LEHTPJCHI€H-THPALMOH/Ibl JHIPMEHHIH KOHCTPYK-
LUSICHI 3€PTTEIreH. bysl AuipMeHHIH aHbIK 0ipa3 apThIKLIBUIBIKTAPhl 0ap: KOHCTPYKUUSIHBIH OHAWIATYBI, KOFaphl
JIMHAMHKAJIBIK TYPAKTBUIBIFBI, JHEPTHsl KO31H €Ki ece a3 MmaiiaiaHybl )KoHe T.0.

En anram per toxipubenepai «Ilaitnaner ka3banapapl OaitbiTy FbUIbIMU-3€pTTEY HMHCTHTYTBIHBIH» MOJIHTO-
HBIHAA Xyprizinren. On Kazakcran Peciry0nrkachIHBIH MUHEPAIIBI PECYPCTapbIH OHACHTIH YITTHIK IICHTPIHE €HEell.
JIipMeHHIH >KYMBIC iCTey MPUHLUII 3€PTTENIN, HWIMHIPIL YHTAKTaFbIIl KaMepalapAblH Mapaieibli *Ka3bIKThIK
apKbUIbl KO3FAJIbIC JKacall, KaMepallapAblH CBIPTKbl JUaMeTpi OOMbIHIIA KPUBOLIMITIH Y3bIHABIFBIHA COWKEC
Ko3Fanazapl. L{eHTpeH Tenkim KyIITiH MOHI, CAIMAKChI3 AWHAMHUKAIBIK KYLITEp MEH MOMEHTTEp, COHBIMEH KaTtap
KYIITIK aHAJIA3 YKacaJFaH.

Harm:kesnepi. ¥ ChIHBUIBIT OTBIPFaH JAWIPMEH[I 3€PTTEY HOTHXKECIHIE OHIMIUIIKTIH YJIECTIK KepceTKilnibip
torHa eHimre 140 kr/xBt nemece 8 KBt kypaiiabl. OCbl KOPCETKIMITIH apKaCchIHIa 3€PTTEIIII OTBIPFAH THIPMEH IIap-
Jbl IMipMEHHEH 2 ece apThiK. by cysibana MexaHu3MAEp/IiH TEOPHSIIBbIK TeHAeCyi anbiHFaH. Eyeyii KOHCTPYKTHBTI
xericTikrep Gap: Oip KPUBOIIUNTI OUTIK, TICTI JOHIeNeKTepAl KOJIAHY[Abl Talal eTreili, apThlK OaiijlaHbIC KOK.
CoraH oOpail KOHCTPYKIMSCBHIHBIH J>KeHUeyiH Oaiikaiimbi3. COHbIMEH KaTap, JKOHEY JKYMbICTApBIHBIH IKOFaphI-
NaraHbIH Oaiikayra Oosa bl

FpuUIbIMU 03€KTiJIiri: LeHTpIIeHreH-TUPALIMOH/Ibl TUIPMEHHIH KOHCTPYKIMSCHIH 3€pTTell, AUIPMEHJIe OTETIH
NpOLIECTeP/Ii, SIFHM YHTAKTay, SHEPrOCHIHBIMIBLIBIKTBI, METAIUICBIABIMABLUIBIKTBI KOHE AMIPMEHHIH OHIMIUIITiH
OHTAIAJIBI TPOIIECTEP KAaTapblHA SHTI3Y.

IpaKkTUKAIBIK MaHBIABUIBIFBIH. DKCIEPUMEHTAIBI KOHE €CeNTey, COHbIMEH KaTap palMOHANIbI KOH-
CTPYKTHUBTI OHE TEXHOJOTHMSUIBIK MapameTpiiep HeriiHjae, TUIPMEHHIH METaICBIABIMABLIBIK KOPCETKII JKOFaphl
eMeC eKCHJIr CUMATTAJbIIN, TUIPMEHHIH ©3KYH/bUIBIFBIHBIH ap3aH OOJybIH allTyFa 00Jaibl, MbICAJIBI, IIAPJIBI AUIP-
MEHMEH CaJIBICTBIPFaH/ia 3 ecere, Ka3ipri TaHAa KOJIaHbUIBII JKaTKaH IIEHTPJICHIeH AUIPMEHIEPMEH CalIbICThIPFaH A
1,5 ecere TemeH. COHbIMEH KaTap IUIPMEH/l JKOHJAEYTe KapaMIbUIbIK JKYMBICTAPbl KHBIHIBIKCHI3 Xyprizineni. EH
HEri3ri KepceTKilili OOJIbIN — OYJI SHEPTHUsIHbI YTHIM/IbI aliaIaHy KOPCETKIllli 0aCThl POl aTKapaibl.

Tyiiin ce3aep: LEHTP/AEH TENKILI-TMPALUOH/IBI AUIPMEH, YCaKTay, MUHEPaJ/ibl IIUKI3aT, METAJICHIHbIM/IBUIBIK,
9HEPrOCHIABIMIIBUIBIK, KOHCTPYKLHUS, OHIM/ILTIK,yaTy, KPUBOLIHII.
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KOHCTPYKIIUSA IEHTPOBEXHO-TUPAIIMOHHOM MEJBLHUIIBI
IT'OPHOPYJHOI'O TIPOU3BOJICTBA

Annotanusi. OGecrieunTh TOpHOPYAHBIE NpeanpuaTus KasaxcraHa HOBBIM THUIIOM MEJBHHIIBI, UMEIOIIEH I10-
HIDKEHHOE MOTPEOJICHNE AJIEKTPOIHEPTUH. [ OpHOPYAHBIE MENBHHIBI SBIISIOTCS OCHOBHBIM IOTPEOUTENEM 3JIEKTPO-
SHEPTHH B TOPHOJOOBIBAIONIEM CEKTOpPE, B CBS3M C ATHUM 3a/1a4a IOHIKCHUSI SHEPTHU OYeHb akTyaibHa. LleHTpo-
OEXHO-TMpallMOHHbIE MENBHHUIBI TPEJHA3HAUYEHB! ISl HepeMoiia Pa3InYHOTO MHHEPATBHOTO CHIPbS. MeIbHUIIBI
MOJOOHOTO THIA M3BECTHBI Y)K€ JIOCTATOYHO JIaBHO M TOKa3ajld HEIUIOXHWE pe3yibTaThl B paboTe, OJHUM M3 OC-
HOBHBIX JIOCTOMHCTB 3THX MEJIBHMI[ SBISICTCSI MOHIDKCHHOE MOTPEOJICHNE IEKTPOSHEpruu. [Ipm mpakThieckux
UCTIBITAaHMAX JTaHHOHW CXEMBI OCHOBHBIM €€ HEJOCTATKOM OBLIO BBISBICHO BBICOKAs BEPOSTHOCTH IBHKECHUS BEIO-
MOTO KpPHUBOIIWIA TI0 HE3aINIAHUPOBAHHOMY (HE INTATHOMY) 3aKOHY IBIDKCHHUS, YTO HMPUBOAMT K IOJIOMKE MeEXa-
HHU3Ma. Jlaske Masiasi HeTOYHOCTh M3TOTOBJICHUSI MEXAaHU3Ma, JIO(GT MOTYT IMPUBECTH K OTCTABAHHIO BEAOMOTO KpH-
BOLIUIIA OT BEJYIET0, 0COOEHHO B 30HE OIM3KOM K KpalfHeMy HOJI0KEHHUIO.

B nanHOil paboTe uccieayercss KOHCTPYKIMS LIEHTPOOEKHO-TMPALMOHHON MENbHUIBI Ha 0a3e KyJIHUCHOTO
MexaHu3Ma. MenbHUIla UMeeT P MPEUMYIIECTB Nepe]] aHaJIOraMu: YIPOIIeHHEe KOHCTPYKIMU, BBICOKas TUHAMMU-
4ecKasl yCTOMUNBOCTbD, 3aTPAThl YHEPTUU YMEHBIIECHBI B 2 pa3a U T.A.

BrnepBrie npakTHueckue UCHBITAHUS MEIbHUI[ MPOBOAMINCH Ha noiurone HayuHo-uccienoBaTenbcKOro MH-
cTUTyTa OOOTameHusl IOJIE3HBIX MCKONaeMblXx HammoHaneHOTO LeHTpa mnepepabOTKM MUHEPaJbHBIX PECYpCOB
Pecrry6mmkn Kazaxcran. MicecinenoBan npuHIMI paboThl METBHHUIIBI, KOTOPBIH 3aKITI0OYAETCSI B INIOCKO-TIApaJUIEIIEHOM
MepeMEIIeHNN IITHHIPUYECKUX ITOMOJIBHBIX KaMep — TPYO B INIOCKOCTH IEPIEHIUKYIIPHON X OCH, IIPU KOTOPOM
KaX/Jast TOUKa IIOMOJIBHOI KaMepbl JBMKETCS TI0 OKPY’KHOCTH € PAaMyCcOM PAaBHBIM JJIMHE KPUBOLINIA I' MEXaHU3MA
MenbHHUIBI [5]. PaccunTansl HEHTpoOEKHAs CHila IPOTUBOBECOB, HEYPABHOBELICHHAs! AMHAMUYECKUE CHJIa U MOMEH-
Thl, IPOBEJICH CUJIOBOM aHAIM3.

PesyabTaThl: 13 moxasaTeneil MccieqOBaHUS BHUIHO, YTO HpeAsiaraéMble MENbHHUIBI HMEIOT IOoKa3aTeib
YZIeJNBbHON TPON3BOIUTENBEHOCTH paBHbId 140 kr/kBT uim 8 kBT Ha ToHHY npoaykuuu. [To sToMy nokazaresto npen-
JlaraeMble MeJTbHUILIBI IPEBOCXOAST HIapOBhIe MEIbHUIIBI B 2 pa3a [3]. B aToil cxeme mosmyueHa TeopeTudeckas ypas-
HOBEILLIEHHOCTb MeXaHu3Ma. MIMeloTCs CylecTBEHHbIE KOHCTPYKTUBHBIE JOCTUXKEHUS: UMEETCSl OJIUH KPHUBOILIUITHBII
BaJI, HET M30BITOYHOH CBSI3U, HE TpeOyeTcs NMPUMEHEHUs 3y04aThIX KOJIEC, YTO 3HAUYMUTEIBHO YIIPOCTHIIO KOHCTPYK-
nuto. MenbHuIa UMEET BEICOKYH0 PEMOHTOIPUTOHOCTb.

Hayuynasi HoBuM3Ha. HoBH3Ha NONYyYEHHBIX PE3yJBTATOB 3aKJIIOYACTCS B CO3JAaHWH KOHCTPYKIMH LEHTPO-
OEKHO-THPALlMOHHON MENBHUIBL, TP KOTOPBIX OOECIEeYMBACTCSl ONTHMAIBHBIM MPOIECC MOMOJIA, SHEPTOEeMKOCTb,
METaTIOEMKOCTb ¥ ITPOU3BOANTEIBHOCTD MEJIbHHIIBI.

IIpakTHyeckas 3HaYUMOCTh. Ha ocHOBE pacueToOB M 3KCIEPUMEHTAIBHBIX JaHHBIX, 4 TAK)KE B ONPEACICHUN
e palMOHANBHBIX KOHCTPYKTHBHBIX M TEXHOJIOTMUECKHX MapaMeTpOB. BBIABIEHO, YTO B HpoLECcCe OMBITHO-IPO-
MBIIIJIEHHOTO NEPUOJa MEIbHUIIBI Ha MOJUIoOHE ['0CyaapCTBEHHOrO HAY4YHO-TIPOU3BOJCTBEHHOTO OOBEIMHEHUS IIPO-
MBIIUTIEHHOHN SKonornn «Ka3mexaHoOp» (AJMaThl), BXOJSIIEr0 B cocTaB HalMoHaIbHOro NEHTpa 10 KOMILIEKCHOU
nepepaboTke MHUHEPAILHOTO Chipbsi PecnyOnuku KazaxcraH, 4To MenbHHUIA OTIMYAETCS HEBBICOKUM YPOBHEM Me-
TaJJIOEMKOCTH, UMEET HEBBICOKUI YPOBEHb CI0KHOCTU KOHCTPYKIIMH, TEM CaMbIM YMEHBIIAETCS CTOMMOCTh MEJb-
HHIBI 110 CPABHEHHIO C IIAapOBBIMU IIPUMEPHO B 3 pasa, [0 CPABHEHHUIO C CYIIECTBYIOIUMHU LEHTPOOSKHBIMHI MEJIb-
HUOamMu B 1,5 pasa. VMcnbITaHusl MENBHMIL] MTOKa3ajdl UX SKOHOMHYHOCTb B MOTPEOJIEHUM SHEPIUH, YTO SIBJISETCS
CaMbIM TJIaBHBIM ITOKa3aTeNIeM.

Ki1roueBble cjI0Ba: IEHTPOOEKHO-TUPALIMOHHAS MEIbHHUIA, U3MEIbYCHUE, MUHEPAIBHOE CBIPHE, METAIIIOEM-
KOCTb, 9HEPTOEMKOCTh, KOHCTPYKIHS, IIPOU3BOAUTEILHOCTD, IOMOJI, KPHBOILIHII.
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