ISSN 2224-5286 Cepusa xumuu u mexronozuu. Ne 2. 2018

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

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286
Volume 2, Number 428 (2018), 61 — 71

UDC 621.926
D.B Arinova', E.S Askarov', G.Popov’

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

E-mail: d_arinova@mail.ru., erlan54(@mail.ru

INVESTIGATION AND DESIGN TESTING OF THE
CENTRIFUGAL GYRATORY MILL OF A COULISSE TYPE

Abstract. Every year in the world it is milled billions of tons of mineral raw materials. The process of crushing
demands a huge amount of energy. The mining enterprises generally use mills of spherical type, the history of use of
such mills contains more than 200 years.

Now the situation has changed, the energy efficiency becomes the most important indicator of work of a mill as
energy rises in price, the status of environmental problems was considerably raised, the content of minerals in ore
decreases. The question of a to create of energy efficient mills becomes very relevant.

Centrifugal gyratory mills are intended for a grinding of various mineral raw materials. Mills of this kind
known already for a long time have also shown quite good results in work, lowered consumption the electric power
is one of the main advantages of these mills.

In this work, the design of a centrifugal gyratory mill on the basis of the rocker mechanism is investigated. The
mill has a number of advantages over analogs: simplification of a design, high dynamic stability, expenses of energy
are reduced twice, etc.

For the first time, practical tests of mills were carried out on the ground of Scientific research institute of
mineral processing of the National center for processing of mineral resources of the Republic of Kazakhstan. The
principle of work of a mill which consists in plainly - a parallel movement of cylindrical grinding cameras — pipes in
the plane of their perpendicular axis, at which each point of the grinding camera moves on a circle with a radius r of
the mechanism of a mill equal to length of a crank [4] is investigated. The centrifugal force of counterbalances,
unbalanced dynamic force and the moments are calculated, the power analysis is carried out.

Results: From indicators of a research it is visible that the offered mills have an indicator of specific
productivity of equal 140 kg/kW or 8 kW on production ton. The offered mills surpass spherical mills in this
indicator twice. In this scheme, theoretical steadiness of the mechanism is received. There are essential constructive
achievements: there is one crank shaft, there is no excess communication, application of cogwheels isn't required
that has considerably simplified a design.

The mill differs in the low level of metal consumption. For comparison we will tell that the spherical mill with
a productivity of 10 tons/hour weighs 30 tons, the weight of the offered mill with the same productivity will be at the
level of 8-10 tons. The mill has the low level of complexity of a design. Simplification of a design of a mill and
reduction of its metal consumption has allowed to reduce mill cost in comparison with spherical approximately by 3
times, in comparison with the existing centrifugal mills by 1.5 times. The mill has high maintainability.

Results of the presented work are perspective for introduction at the enterprises of the mining and concentrating
industry of Kazakhstan and can be used in is mountain - concentrating plants.

Scientific novelty. The novelty of the received results consists in the creation and the research of designs of
centrifugal - gyratory mill at which optimum process of a grinding, power consumption, metal consumption and
productivity of the mill is provided.

Practical importance is on the basis of calculations and experimental data and also in determination of its
rational design and technological data. It is revealed that in the process of the experimental-industrial period, the mill
on the ground of the State scientific production association of industrial ecology Kazmekhanobr (Almaty), which is a
part of the National center for complex processing of mineral raw materials of the Republic of Kazakhstan, differs in
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the low level of metal consumption, has the low level of complexity of a design, mill cost in comparison with
spherical approximately by 3 times, in comparison with the existing centrifugal mills by 1.5 times thereby decreases.
The mill has high maintainability. Tests of mills have shown their profitability in energy consumption that is the
most important indicator. And also an indicator of specific productivity of 140 kg/kW or 8 kW on production ton (in
the course of test different types of raw materials have been used).

Key words: centrifugal - gyratory mill, crushing of mineral resources, metal consumption, energy
consumption, a design, productivity.
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NCCJIENJOBAHUE U UCIIBITAHUE KOHCTPYKIINU
HEHTPOBE/KHO-I' MPAIITMOHHOW MEJIbHUIIBI
KYJIMCHOI'O THUITA

Annortamust. Kaxnaplii rox B Mupe TNepeMambIBacTCS MHJUTHMAPALI TOHH MHHEPAJIBHOTO CHIpbA. IIpomecc
H3MEIBUCHHS TPEeOYET OTPOMHOTO KOJHMYECTBA 3HEPTHH. Ha TOPHOPYIHBIX MPEANPHATHAX B OCHOBHOM HCIOJb3YIOT
MEJILHHIBI IMAPOBOTO THIA, HCTOPHS UCTIOIB30BAHM TAKUX MEIBHHUI] HACUMTHIBacT Oonee 200 ner.

B Hacrosmee BpeMsi CHTyaImsl M3MEHHIIACH, SHEPTo3()()EeKTHBHOCTH CTAHOBHUTCS BAKHCHIIMM ITOKA3aTEIEM
pabOTHI MENBHHUNBL, TAK KaK 3HEPTHWSA JOPOXKACT, 3HAUMTEIBHO IOBBICHIICA CTATyC JKOJOTHHYECKHX IPOOIIEM,
COJICpP/KaHHE TOJIE3HBIX WMCKONMACMBIX B pyJe yMeHbInaercs. Bompoc cosmanus 3HEpro3(Pp(EKTHBHBIX MEIHHUIL
CTAHOBHTCS OYUCHb AKTYAIbHBIM.

LlenTpoOe:KHO- THPAUMOHHBIC MEIHHHUIBI MPESIHAZHAYCHBI AT MEPEMOJIA PA3IIYHOTO MHHEPAIBLHOTO CHIPBSI.
MensHuIBI TOA00OHOTO THIIA H3BECTHBI YK€ TOCTATOYHO JABHO W MOKA3AIM HEIUTOXHE PE3YIbTAThl B padoTe, OMHUM
W3 OCHOBHBIX TOCTOMHCTB 3THX MEJIBHHUIL SIBJBICTCS TIOHMKEHHOE MOTPEOICHHE JICKTPOIHEPTHH.

B manno# pabote MCCACAYSTCH KOHCTPYKIHSA ICHTPOOCKHO- THPANHOHHOW MCITBHHIBI HA 043¢ KyJIHCHOTO
MEXaHu3Ma. MempHHIA HMMEeT PAA NPSHMYINSCTB MNEpPeA AHANOTAMH. VIPOIICHHE KOHCTPYKIUH, BBICOKAA
JUHAMHYCCKAS YCTOMMUBOCTD, 3aTPATHI SHEPTHH YMCHBIICHBI B 2 pa3a U T.1.

BrepBble MPAKTHYECKHE HCTBITAHUSA MEIBHHI[ MPOBOAWINCH HA MOMUroHe HaydyHO - HCCIEAOBATEIBCKOTO
HHCTUTYTA OOOTAIICHUS TOJIC3HBIX HCKOIAEMbIX HaImoHATPHOTO IICHTpa IMEpepaboOTKH MHHEPAIbHBIX PECYpPCOB
PecyOmukn  Kaszaxcran. HccnmemoBan mnpuHOWO pabOTHl MCJIBHHIBI, KOTOPBIH 3aKIFOYACTCH B IUIOCKO -
MAPAIIICTHHOM ITEPEMEIICHUH INMIHMHAPHUCCKUX MOMOJBHBIX KaMep — TPYO B IUIOCKOCTH NEPICHAMKYISIPHOH HX
OCH, IPH KOTOPOM KAKAASA TOYKA HMOMOJIBHOM KAMEPBI ABIKETCH IO OKPYIKHOCTH C PAAMYCOM DPABHBIM JJIHHE
KPHBOIIHIA I' MCXAHW3MAa MEIbHHIEI [5]. PaccumraHsl neHTpOOCKHAS CHIA MPOTHBOBCCOB, HCYPABHOBCIICHHAA
JUHAMHYECCKHE CHJIA H MOMEHTBI, MPOBEACH CHIIOBOH AHAHS.

W3 moxkazareneil HCCICIOBAHMA BHIHO, YTO MPEAJATACMbIC MEJIBHUIBI HMECIOT MOKA3ATENb YACIBHOM MPOH3-
BOJUTEILHOCTH paBHbIH 140 K1/KBT nim 8 KBT HA TOHHY HPOAYKUHH. 110 3TOMY IOKA3aTeNO MPEeAIaracMble MEJlb-
HHULBI TPEBOCXO/IT IAPOBbIE MENBHULBI B 2 pasza [3]. B 310l cxeMe moayueHa TEOPETHYECKAS YPABHOBEIICHHOCTD
MexaHm3Ma. MIMEIOTCSl CyINECTBEHHbIC KOHCTPYKTHBHBIC MOCTHIKCHHUS: MMECTCS OJWH KPHBOIIMITHBIN Bajl, HET
H30BITOYHOM CBS3H, HE TPEOYETCS MPUMEHEHHS 3y 04aThIX KOJIEC, UTO 3HAYUTEIFHO YIIPOCTIIIO KOHCTPY KIHO.

MenbHHIA OTIUYACTCA HEBBICOKMM YPOBHEM METAUIOCMKOCTH . I CPaBHEHHMA CKAKEM, 4YTO MIApOBad
MEJIPHUIA TPOM3BOAUTCILHOCTREO 10 TOHH/4ac Becut 30 TOHH, BEC MNPEANIAracMOM MEIBHHIIBI C TAKOH e
MPOM3BOAUTEIBHOCTREO Oyaer Ha ypoBHE 8-10 TOHH. MeIbHHIIA HWMEET HEBBICOKHH YPOBCHb CIOKHOCTH
KOHCTPYKIMH. YTPOIICHHE KOHCTPYKLUMH MEIBHUIBI H YMCHBIICHHE €€ METAIOEMKOCTH MO3BOIIIO YMCHBINHUTH
CTOMMOCTh MEIBHHIBI MO CPABHCHHIO C IIAPOBBIMH IPHMEPHO B 3 pasa, MO CPABHCHHIO C CYMICCTBYFOIIUMH
LEHTPOOESKHBIMH MEJIbHHIAMH B 1,5 pasa [4]. MenpHUIa HMEET BHICOKYIO PEMOHTOIPHTOAHOCTb.

Pesyaprars! mpeacTaBicHHOR padOTHI MEPCIIEKTHBHEI U1 BHEAPCHUS HA TMPEANPHATHIX TOPHOAOOBIBAIONICH 1
000TaTUTEIbHOW MpOMBIIIIICHHOCTH Ka3zaxctama M MOTYT OBITH WCIOJNB30BAHBI B TOPHO - OOOTATHUTEIBHBIX
KOMOHMHATAX 3apyOC/KHBIX CTPAH.

HoBu3Ha MONyYEHHBIX PE3yIbTaTOB 3aKIMOYACTCS B CO3JAHWU W MCCJICIOBAHUM KOHCTPYKIHH IEHTPOOSKHO —
THPANHOHHOM MEJBHHUIBI, HPH KOTOPHIX OOCCHECUMBACTCA ONTHMANBHBIN IPOLECC IIOMOJNA, 3HEPrOCMKOCTB,
METALIOEMKOCTD B MPOU3BOIUTCIBHOCTD METIBHHUIIBL.
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Ha ocHoBe pacyeToB U 3KCIIEPHMEHTATIBHBIX JAHHBIX, 4 TAKKE B OMPEACICHUH €€ PALIMOHATBHBIX KOHCTPYK-
THBHBIX M TEXHOJOTHYECKHX MApaMEeTpoB. BBIBICHO, YTO B MPOLECCE OMBITHO-NPOMBINUICHHOTO TIEPHOAA
MEJIFHHIBI HA TIOJMTOHE [ 0CYJapCTBEHHOTO HAYYHO- MPON3BOJCTBEHHOTO OOBECIMHCHHS TPOMBIIUICHHON SKOJOTHH
«KaszmexanoOp» (AmMarsel), BXOOMMICTO B COCTaB HAOHWOHANEHOTO IICHTPA MO KOMIUICKCHOH mepepadoTKe
MHHEPAJIbHOTO ChIphbs PecmyOmmkn Kazaxcran, 4To MENBHHIA OTIMYACTCS HEBBICOKHM YPOBHEM METAIIOEMKOCTH,
HMEET HEBBICOKHH YPOBEHb CIOKHOCTH KOHCTPYKLIMH, TEM CAMBIM YMCHBINIACTCA CTOMMOCTb MENBHHUIBI IO
CPaBHCHUIO C IMAPOBBIMH IPUMEPHO B 3 Pa3a, MO CPABHCHMIO C CYMICCTBYIOMINMHE IICHTPOOCKHBIMA MEIFHUIIAMH B
1,5 paza. MenpHHIIA HMEET BBICOKYH) PEMOHTONPUTOAHOCTh. VICIIBITAHMA MEIBHUL, MOKA3AIH HX SYKOHOMHYHOCTD B
TMOTPCOJICHAH 3HCPTHH, UTO SABJACTCSA CAMBIM TJIABHBIM MMOKA3ATCICM. A TAKKe MOKA3aTCIb VACTBHON MPOM3BOIH-
TeNbHOCTH paBHbIi 140 kr/kBr mnm 8 KBT HAa TOHHY HPOAYKIWH (B IPOIECCE HCIBITAHUS OBLIM HCIIOJIb30BAHbI
pa3HbIC BUABI CIPBA) [8].

KioueBbie c/10Ba: IeHTPOOCKHO-THPAIMOHHAS MCEIBHUIA, M3MEIBUCHHC MHHEPAIBHBIX PECYPCOB, METAILIOCM-
KOCTb, SHEPTOMOTPEOICHUE, KOHCTPY KIHSL, TIPOU3BOAUTEIFHOCTb.

OZHUM W3 TJaBHBIX TEXHOIOTHYCCKUX MPOLECCOB OOOTANICHHUS MOJC3HBIX HCKOMACMBIX SBISCTCS
mpouecc wu3MmenpueHus. M3MenpueHwe NPOHM3BOAAT HA MENBHHIEAX. JTO IPOLECC SBIACTCA OUYCHB
SHEPTOCMKHM.

Bo wmHOrmx cTpanax ¢ pasBUTOH TOPHOPYIHOU NPOMBIMIJICHHOCTBIO, BKmodas Kaszaxcras,
HU3MENBUCHUE PYIbl U JPYTUX MHHEPATBHBIX PECYPCOB SABIACTCS OJAHUM M3 TVIABHBIX SHEPTETHUECKHX
notpeburencd. PaHpne Ha 3TOT mokaszaTens OOpaIiand Majo BHUMAHUS, SHEPIHs Oblaa JCIICBAas, U €€
Obu10 MHOro. B Hacrosmee Bpems cHTyalus H3MCHHIACH, SHEPro3(PpQeKTUBHOCTh CTAHOBUTCS BaXK-
HEHIIMM noKasareaeM padoThl MEIbHHULIBI, TAK KaK SHEPTUS AOPOKACT, 3HAYUTEIBHO MOBBICHICI CTATYC
SKOJIOTHUECKUX MPodIeM, SHEPru0 HeoOxomuMo Oepeus n skonoMmuTh. Heobxoaumo paspabaTeiBath U
BHEAPATH B pabOTy MENBHHUIIE C HU3KUM NOTPeOICHUEM SHEpruu [2].

LleHTpoOE:KHO - THpPALMOHHBIC MENBHULBI NPEAHA3HAUCHBl Ui MEPEMOTA  Pa3IHIHOrO
MHUHEPATBHOTO ChIPbs. MENbHHIB MOJOOHOTO THIIA H3BECTHBI VK€ AOCTATOYHO AaBHO ( ¢ Hauama 70-X
rOZ0B MPOLLTOrO BEKA) , MOKA3aIM HEIUIOXUE PE3yAbTaThl B paboTe, OJHHUM H3 OCHOBHBIX JOCTOWHCTB
3TUX MEJIBHUL SBIACTCS TOHIKCHHOE TIOTPEOICHUE 3NCKTPOSHEPTHU.

[IpuHmun paboTEl TAakOM METBHHULEl 3aKIFOYACTCA B IUIOCKO- MApPaICIBHOM MEPEMCIICHHUN
LITHHAPHYICCKAX TOMONBHBIX KaMep — TPYO B IUIOCKOCTH NMEPIICHAUKYJSIPHOM HUX OCH, MPH KOTOPOM
KaXKJasl TOUKA MOMOJIBHOH KaMEpPhl ABHIKETCS IO OKPYKHOCTH C PAIHMYCOM PaBHBIM AJHHE KPUBOLIMIA T
MEXaHH3Ma MCJIbHHLIBL.

[Tnocko- mapamienpHOE NEPEMEINEHNE TOMOIBHOM KaMEPBI IMTO3BOJISET 3aCHIITHON BOPOHKE BCE BPEMs
HAXOJUTCS HABEPXY, 4 BBICBIMMHOMY MAaTpPyOKY HAXOZHUTCS BHU3Y, YTO CO3JAcT OONBIIOC yAOOCTBO 1A
3aCBINKH CHIPbS U BRITPY3KE FOTOBOTO IIPOAYKTA M3 TIOMOJIBHONW KaMepsl [4].

% 0,12xDT

Pucynok 1 - Cxema nipuHImIa padoThI HEHTPOOEKHO- THPAIIMOHHON MEJIbHUITBI, KPUBOIIIHII -1,
IIaTyH- BOJIIO -2, TIOMOJIbHAS KaMepa -3, IIOMOJIBHOE TeN0- 4, 3achIITHas BOPOHKA -3, BHICHIIHAS TpyOa-o.
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PaccmotpuM XapakTep ABIKEGHHMA OJHOTO LWIMHIPHYECKOTO TOMOJBHOTO Tenma 4 ¢ Maccod m H
puameTtpoM Dy B moMonbHOU kamepe —TpyOe 3 ¢ BHYTpEeHHUM auameTpoM Dt mpu BpalneHHH KpUBOIIUIA
1 paguycom r ¢ yactoroi n (pucyHok 1). [Ipu BpameHNH KPUBOLIMIIA HA TTOMOJIBHOE TEJIO 4 JCHCTBYET
[5.6]:

1. Cuna tsoxectd P=mg , HanpaBneHHas Bcerja BHU3.

2. llentpoGekHas cuia HANpaBICHHAS MAPAJUICIBPHO TMOJOXKEHHUIO KPHBOIIMIIA W BMECTE C
KPHUBOLIUIIOM BPAIIAIOMIAACS B TY K€ CTOPOHY € TAKOH K€ YaCTOTOM Nn.

*
T 2
Foy=m*r*( 30 )

ITox meficTBHMEM 3TOH CHUTBI TIOMOJIBHOE TEJIO HAYMHACT ABHUTATHCS IO BHYTPEHHEH IMOBEPXHOCTH
TpyObI- MOMOIBHOH Kameprl. JIBIKEHHE IPOUCXOANT 1O OKPYKHOCTH ¢ paguycoM Rg = (D1 — Dp)/2 B TV
JKE CTOPOHY , UTO U BPAIICHHE KPUBOIIHIIA.

Cuna F,; HampaBneHa 1Mo KacaTeabHON K OKPYKHOCTH JBIDKEHMS INOMOJBHOTO Tena. Ilpm stom
JBIJKCHHH BO3HHKACT BTOpas LEeHTpoOexkHas cuma Fy, , KoTopas HampaBieHa BAONB paguyca TpyObI-
HNOMOJIBHOHM KaMEPHI , €€ 3HAUCHHUE PABHO:

Fey =
n; — 9acTOTa BPAIICHHUS TOMOIBHOTO TENNA BHYTPH IIOMOJIBHON KaMepsl, ;<< n. Bparmennto noMosHOro
T€JIa BHYTPH KaMEPHI MPEISITCTBYET ChIphe. MOYKHO MPUHATSD , 9TO

n =3%n

Jta cuna Bce BPEeMs MPIKAMACT MOMOIBHOE TENO K CTCHKE TPYOBl MmoMonbHOU kamepbl. M3 aTHX
Paccy’>KACHUH BHIHO, YTO HA MOMOIBHOC TEJIO B OOIIEM Clydac ACHCTBYET TPHU CHIIBL, KOTOPBIC VUACT-
BYIOT B nicpemouie coipbst. Cuibl P u Fe; maBsar u ucctuparotr cripbe, a cuna Fe; pazousact chipbe.

Hna ycremHoW paboThl CHCTEMBI NMOMOJBHBIX TEI OYCHb BAKHO OOCCHCUUTh HX JBHIKCHHE C
MPKAMAHUEM K CTEHKaM TPYOBI, HO ¢ YYETOM TOTO, UTO N1<< N, YCIOBHE NOCTOSHHOTO MPKHUMAHUS 110-
MOJIBHBIX TET K CTCHKaM TPYOBl HE BCErJa BBINONHACTCSA, OCOOCHHO BO BpeMs HPOXOXKICHHS BEPXHEH
Toukd. B 3ToM chaywae creayer obecmeuuTh HEBO3MOXKHOCTH TMAJCHHS BEPXHETO MOMOJIBHOTO TENa K
LCHTPY TPYObI, YTO MIHOBEHHO COMBACT BECh PUTM JBHKCHUS MOMOJIBHBIX TSI, ITO MOXKHO OOCCIICUHUTD
noa0opoM reomeTpudeckux napametpoB — Dp, D, m unciom momonpHbIX Ten - N. M3 mpaktudaeckux
OMBITOB BHAHO, 4To ontuMaibHoe 3HaueHHe N = 4, mpu N = 3 u N = 5 3ddekTHBHOCTD ABIKCHHS
MOMOJBHBIX TEJ YXYAIIAeTcs. Takke U3 OMBITOB clIeAyeT BEIOHpaTh napameTpsl Dy u D, 3 cneayiomero
cootnomenus D,/Dy = 3,1 - 3.0.

Tax kax cwrel Fi; HanpaBneHsl B pa3HbIe CTOPOHBI , TO MX BEKTOPHAS CyMMa HEBEITHKA U €€ BIIHSHUC
Ha JUHAMHUYCCKYIO YCTOMYHMBOCTh MCIBHMIEI OVACT HE TAK 3aMETHA, HO 3TH LICHTPOOECIKHBIC CHIIBI HE
VPaBHOBCIICHB W OKa3elBAIOT BIMSAHHE HAa PaboTOCmOOHOCTH ycerpoiictBa. OmpeaenuiM — HX
npubmuzutenapHoe 3HaucHue. [lpumem cootnomenne D./Dy = 3,1. U3 pucyHka. 1 BHAHO, 9TO IpH 3TOM
cooTHOmEeHNH CWiIsl Feo; Tenm 1 m 4 HampaBieHBI B AMaMETPATBHO MPOTHBOIIOIOKHEIE CTOPOHBI, M OHH
camoyruutosxkarorcs. Cumbl Fo, Ten 2 u 3 manpasaesst nog yraom 60°. VX cyMMHpYIOMmas BEKTOPHAs
CHJIA paBHA:

P =2% ., % eos30° =173% .,

Cuna Feyc mpoxoaur yepe3 IeHTP MOMOIBHON KaMephl H BPALIACTCS ¢ HaCTOTOMU N .
Cymmupyromas cun Foj paBHa nx cymMMe, a Tak Kak BCE CUJIbI PABHBI M HAIIPABIICHBI B OJHY CTOPOHY:

— A%
boye =4% b,
Touka TPUIOKEHUsS 3TOM CHiIBI HaxoauTcs Ha paccrosHud [ = 0,12 D, oT ueHTpa NOMOIBHOM

KaMephl. DTa TOUKA BPALIACTCS ¢ YaCTOTOU 1y

ITpoBenem CHITOBOM aHANNA3 STOH CXEMBI C VIETOM MEPEMEIIEHHS B IOMOIBHBIX KaMEpPax MOMOIBHBIX
ten. KoHCTpyKTHBHEIE TapaMeTpbl MEIbHULBL: AuameTp Tpyosl Dt = 140 mm, anametp Oonsanku Dy = 45
MM, JIHHA KpuBommmna r = 15 mwm, wacrtoTa Bpameaus n = 500 MuH' , acrota n; =170 muH' , Macca
OonBaHKM m = 7 Kr, Macca kpusomwmmna m, = 20 Kr, Macca MOMOJIBHOH Kamepsl- TpyObl m= 10 kr,
KOJIMYCCTBO TPYO — 2 IUT.

— ) ——
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Ompeaemum 00y 0 HEHTPOOCKHY 0 CHITY Foio 1o popmye:
T*n
F.,=@8*m+2*m, +mK)*r*(?)2 =3600..H

DTy CHIly MOKHO YPAaBHOBECHTD ( YHHUTOKUTH) YCTAHOBKOH IIPOTHBOBECA.
LenTtpodesxusie cutsl F u Foy 01HOM O0BaHKH

x

T*n
— % g0 %
Fo=m*r*(

) =262,5.H

_D,-D, 0]14-0,045

Ry 5

=0,0475.. m - paguyc KauYCHHS IOMOJIBHOTO TEJIA

sk
F., =m*R, *(%)2 =10527.H

Heypasrosemennas cuna Feyc 0T BpameHus 00IBaHOK B TPy OE.

Frpe =173%F, =1821.H

HeypaBHOBEIICHHBIH MOMEHT OT IEPEMEIIEHHUS O0JIBAHOK B TPyOe
M, =0,12*D )*4*F, =17,6.Hm

% 3 pPacucTOB BHIAHO, YTO HCYPABHOBCIICHHAA AHHAMHYCCKHC CHJIA W MOMCHT HC BCJIHKH IIO
CPaBHCHHIO C OOIEH UCHTPOOCKHOW CHIIOH, HO HMX BIHSHHEC HEOOXOAMMO VUHTHIBATH IIPH
TMPOCKTUPOBAHUH MCIBHUIIBL. B 4acTHOCTH HEOOXOAMMO OOCCICUHTH TOCTATOUHYIO KECCTKOCTH Y3JI0B U
HX XOpOIIYyK CMAa3Ky A1 YMCHBLICHHA H3HOCA. B pacucTe HC YYTCHO BJIHAHHC CBIPbA, KOTOPOC
OKA3BIBACT YPABHOBCIIMBAIOMICE ICHCTBHUC, TaK KAK OCHOBHAS €TI0 MACcCa HAXOUTCS B IIOMOJIBHOH KaMepe
C HpOTI/IBOHOJ'IO)KHOfI CTOPOHBI OT MOMOJIBHBIX TCJI, HO MAacCa ChIPbA HAMHOI0 MCHBIIC MACCHI CTAJIbHBIX
TIIOMOJIBHBIX TCJI.

B HacTosmee BpeMs CymECTBYCT 0a30Bas KOHCTPYKUIHS MCIBHHIBL, PA0OTAOINAsS HA OMHCAHHOM
npuHUune [7].

Cxema 3TOM MENBHHIBI MMEET PAA CYMIECTBEHHBIX HEAOCTATKOB, MPEMATCTBYIOMIMX IMHPOKOMY
PaCTIpOCTPAHCHUIO MEITBHHUI[ MOJOOHOTO THMA (PHUCYHOK 2). 3TO DHHAMHYCCKAS HCYPABHOBCHICHHOCTH
MCJIBHHIIBI, 00JIpIIAI METANIOEMKOCTD KOHCTPYKIHUH, €€ CIOKHOCTb U CTOUMOCTb, HMCCTCA H30BITOYHAS
KHHCMATHYCCKAA CBA3b (KpI/IBOH.II/Il'[LI OAHOBPCMCHHO NMPHUBOIATCA BO BPALICHHC IHATYHOM H 3y6‘{aTBIMI/I
KOJIECAMH), YTO CO3JAeT MPOOJIEMbI mpH COOpKe W JKCIuTyaramuu. CXema 3TOH METBHUIIBI MOKA3aHa Ha
pucyHke. 2 [6].

J 6
Fo/2 Fe/2

Pucynok 2 — bazoBas cxema 11eHTpoGe:KHOM MeTLHUIIBI

— (5 ——
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Jna monHOW VPaBHOBCIICHHOCTH MEXaHH3Ma HEOOXOMUMO, YTOOBI BEKTOPHAs CyMMa BCEX
CTATUYCCKUX CHUII, IPHIOKCHHBIX K MexaHm3My (1), cyMMa KpyTAIIUX MOMEHTOB 3TUX CHUII (2), BEKTOpHAS
CyMMa BCEX JUHAMHUYCCKUX CHI (3) U CyMMa KPYTAIIUX MOMEHTOB OT 3THX CHI (4) paBHAIACH HYIIIO, TO
€CTh BHINOIHSIOCH YCIOBHE!

YPi =0 (1); ZMi = 0 (2); XFqi = 0 (3); Mqi = 0 “

B paccmotpennoii cxeme yeiosue (4) Beimonmsietess He Bceraa. Ilpu ocyimecteiacauu yenosus (3)
HEHTPOOEKHASL CHTa IOMOJIBHOU KaMepbl Fc 10mkHa ypaBHOBEIIHMBATHCS LIECHTPOOCKHBIMU CHIIAMH ABYX
MPOTHBOBECOB, CICA0BATEIBHO CHNA OJHOTO MpoTuBoBeca paBHa Fc/2 . [lomonbHag kamepa yCTaHOBICHA
Mo UEHTPY miaryHa 5 , miuHa kotoporo pasHa L ( Pucynox 2). LlenTp TspkecTH moMosapHON kamepst 1 B
JAHHOW CXEME BCErAa MNPUIOAHAT HA BEIMYUHY h OTHOCHTENBHO JIUHHMH INAaryHa 5. DTO JUKTYETCA
KOHCTPYKTHBHBIMH TPeOOBAHUAMH ANl CBOOOJHOTO MPOXOJAa MPOTHBOBECOB 6. Yciosue (4) nng aaHHOU
CXEMBI BHITLANT CIACAYIOMIM 00Pa3oM:

F
TC*L*sina—Fc *{%*sinaJrh*cosa}:O

JlarHOE ypaBHCHHE GYACT PABHO HYIIIO TOMBKO MpH yeaosuu h =0 wm o= 90" umm 270°.
Mpu o = 0.umu..180° mMceM HeypaBHOBCIICHHBI MOMEHT M — Fy, eh. Ilpnvem mms pacuera

cnenyromue ganaeie: Fp=500 H; L= 0,8 m ; h=0,1 m. Ha pucynke 3 noka3san rpadux dopmymer 5.

TaGmuria 1- [IpakTudeckue naHHBIE

YTJIBI BpallleHus,, Ipaj 0 30 60 90 120 150 180 240 270 300 360
1leHTpoOEKHBII MOMEHT -50 -43 -25 0 25 43 50 25 0 -25 -50

60

40

20

0 50 100 150 200 250 300 350 400

Centrifugal moment, Nm
o

-60

Angles of rotation, degrees

Prcynok 3 - I'paduk 3aBucuMoctr 1o opmyie 5

B [9,10] npeanoxkena caeayromas cxema (pPUCyHOK 4). Bplio M3roTOBICHO 2 OMBITHBIX 3K3EMILTIPA.

HpaKTI/I‘IeCKI/Ie UCHIBITAHUA MCJIBHUL] TPOBOAWINCH Ha IIOJIUTOHC Haquo- HUCCICAOBATCIBCKOTO
HUHCTUTYTaA O6OI‘aH.I€HI/IH TIOJC3HBIX HCKOIIACMbIX HaLII/IOHaJ'IbHOI‘O LCHTPa nepepa60TI<H MHHCPaJIbHBIX
pecypcoB PecnyOnuku Kazaxcran. XapakTepuCTHKHE MEIbHUI YKA3aHBI B TAOTUIIC 2.
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TaGmmria 2 — XapakTepUCTHKHA METTbHUITBI
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2 g & s | & 2 g
= | R = 5 2 =
< =) A
1 350 1000x900x800 22 2 45 140 500 320 20-30 20..70
3800 1600x1200x1000 22 4 70 220 450 3000 30-40 20..70

N3 s>tux moxazateseit BHAHO, YTO TMPEAJIaracMbleé MEJIBHHIBI HMEIOT IIOKa3aTelb yASTbHOH
MPOU3BOAUTENBHOCTH paBHBIA 140 kr/kBrt nnm 8 kBT Ha ToHHY mpoxykumu. [lo aTomy moka3zarenro
MIPeAJIaracMble METbHUIIB! IPEBOCXOAAT IIAPOBLIE MEIBHUIEI B 2 pa3a.

[~15

Pucynok 4 — Cxema nipeiaraeMoi IIeHTPOOEKHO- THPAITUOHHON MEBHUITBI

B nmanHOM cxeMeé NpPUMEHEH KyJIHCHBIM MexaHwu3M. /[Be MOMOmbHBIE Kamepsl | yCTaHOBIEHEI
CHMMETPHYHO Ha IMaTyHE — BOJWIE 5, KOTOPBIM IMAPHUPHO B3AaUMOACHCTBYET C KPUBOIIHIOM 4.
Kpupommn 4 mpuBoAuTCS BO BPAIICHHUC JBHUTATCICM 2 BOKPYT OCH 9 uepes peMmeHHyIO nepeaady 3. Ha
IIPOTHBOIIONOKHOM KOHIIE KpuBOIIWINAa 4 YCTaHOBIEH IPOTHBOBEC 6 W IIWIHHAPHYECKMH mamenm 12,
KOTOpPBIM uepe3 BcTaBku 13 BlamMomeWcTByer ¢ BHiakoil 14, ycraHoenenHoit Ha kymmce 8. Ha
MPOTHUBOIIOIOKHOM KOHLIC KYIHUCH § mMmeeTcs numuHapuacckui manery 15. Kyvmuca 8 Bpamacrcs Bokpyr
ocu 10. INamenr 15 B3aumoaeiicTByeT ¢ Bruiko# 16 yepe3 Berapky 17. Buaka 16 ycTraHOBICHA HA CTCPIKHE
11 xecTko COCATMHCHHOM ¢ MATYHOM — BOAMION 5 [7].

B or10i1 cxeme monyucHa TEopeTHUCCKAas YPABHOBCIICHHOCTh MEXAaHHU3Ma (IIOMOIBHBIC KaMEph
PaccMOTpPEHBI Kak Liensle Tea). IMerTes CyIecTBeHHbIC KOHCTPYKTHBHBIC JOCTHIKCHHS UMEETCS OJHH
KPHUBOIUMITHBIA Bal, HET HW30BITOUHOM CBA3M, HE TPEOYeTCS NPUMEHEHHS 3yOUaThiX KOJEC, HYTO
3HAYUTEIBHO YIPOCTHIIO KOHCTPYKIIHIO.

MenpHUIIAa OTIMYAETCSA HEBBICOKMM YPOBHEM METAUIOEMKOCTH. [l CpaBHEHHSA CKaKeM, HUTO
LIapOBasi MEJIbHULIA TTPOU3BOAUTETLHOCTHIO 10 ToHH/4ac BecuT 30 TOHH, BEC MPEAIAracMou MEIBHUIIBI C
TaKOH 7K€ POU3BOANUTEIBHOCThIO OyAeT Ha ypoBHE 8-10 TOHH.
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MenpHHIIA IMEET HEBBICOKUH YPOBEHD CIOKHOCTH KOHCTpyKInH. [Ipeamaraemas meapamma nveet |
SKCLCHTPHUKOBBIH Bal, 5 MOJIIMITHUKOB, 3y0UaThiX Konec HeT. Bec ymeHneineH B 1,5 paza.

VYipomeHne KOHCTPYKIIUH MEIbHHUIBI H YMEHBIICHUE €6 METAIIOEMKOCTH TIO3BOIHIO YMEHBIIHUTh
CTOMMOCTh METBHHIBI 10 CPaBHEHHIO C INAPOBBIMM NPUMEPHO B 3 pa3a, IO CpPaBHEHHIO C
CYLICCTBYIOIIMMU  LCHTPOOCKHBIMA ~ MEJBHHIAMH B 1,5 pasza. MenpHUIIA HMEET BBICOKYIO
pemoHTOnpUrogHocTh. OHa HE TPeOyeT JKECTKOH 3aliMThl NMOMOJBHBIX KaMep, NPH CHIBHOM H3HOCE
KaMepbl TPOCTO OBICTPO 3aMEHSIOTCS Ha HOBBIC. CTOMMOCTh NMOMOIBHBIX KaMep HE BBICOKAs, OHHU
H3TOTABIUBAOTCS U3 CTAHAAPTHBIX CTAIBHBIX TPYO MaJIoro JuaMeTpa.

W3 onbITOB NOTYUICHBI JAHHBIE, 9TO HA MPOU3BOAUTEILHOCTD MEJIBHHUITB OKA3bIBACT BIMSHHUE YaCTOTa
BpalICHUs Baja, 0OBEM MOMOJBHBIX KaMmep, AMHHA KPUBOLIMIA, VIOl HAKIOHA MOMOJbHBIX Kamep. Ha
JUCIIEPCHOCTE TOMYYacMOro IMPOAYKTA BIMACT YacTOTa BpAIICHHS Bala, JJIHHA IOMOIBHBIX KamMep,
TBEPAOCTh TOMOIBHBIX TEI M HX IIEPOXOBATOCTh, Macca TMOMOJBHBIX TEJ, Yroj HAaKJIOHA ITOMOJBHBIX
Kamep.

Jita ompenencHHsS TNPOW3BOAWTEIBPHOCTH MEJIBHHIBI OT HYacTOTHl BPAINEHHSA Bajga IPOBEIH
ucnbitadus. Ceipse - OapuT. Pe3ympTaTel HCIBITAHHS CBEACHEI B TAOIULY 3.

TaGmuria 3 — [Ipon3BOMTEILHOCTh MEILHUITBL OT YaCTOTHI BPAIIICHUS

Rotation frequency, min” 300 350 400 500
Productivity, kg/hour 130 150 190 350
400
y=/0,004%%-2,830x + 538
350
- 2=
8 R*=0,999
& 300
o
~ 250
£ 200
2
o 150
=
o 100
a
50
0]
0] 100 200 300 400 500 600
Rotation frequency, min-1

PI/IcyHOK 5-— Fpa(bm( 3aBUCUMOCTH IIPOU3BOJUTEIBHOCTH OT YaCcTOTHI BPpAaIlICHHA Bajla

Ha pucynke 5 moxazan rpaduk 3aBHCHMOCTH — 3 TOUYKH, MOIYYCHO VPAaBHCHHE PETPECCHH,
KBagpaTHycckas (QyHKINS 3aBUCHMOCTH MPOU3BOJUTEIBHOCTH OT YaCTOTHI BPALICHUS:

Y =0,0049% x> —2.8309% x + 538

Kosdduument aetepvunamm R =0,9999

W3 ucnblTaHnii HA AONTOBEYHOCTh CTANO BHIHO, YTO Hamboyee ClabbIMH MECTAMH MEJTbHHLIBI
SBISICTCSl BUJIKA M OCOOCHHO MAJCL M NMA3 B KOTOPBHIH OH BXOJHUT, KOTOPBIC MOABEPIKCHBI OBICTPOMY
H3HOCY. JTH 3JIEMEHTHl HCOOXOIMMO U3TOTABINBATE U3 BBICOKOIMPOUHEIX CTAICH H 00ECTICYUTE XOPOLIYIO
CMAasKy.
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HcnpiTanust MEMbHHL TIOKA3aIM WX OKOHOMHYHOCTD B TMOTPCOICHWM JHEPTHH, HO BBISBUJIN
HEJOCTATKH, OCHOBHOH M3 HUX HEAOCTATOYHYIO JOJTOBEYHOCTh OTACIBHBIX Y3J70B, HCOOXOAMMOCTH B
CHCTEME CMa3KHU.

Ha pucynkax 6, 7, 8§ mokazan cOOPOYHBIM HYEPTE)K HCHPABICHHOW MEIBHHIBL. B KOHCTpyKIMH
3HAUUTEIPHO YCHICH Y3€1 KYJHUCHI, YCTAHOBJICHBl ABTOHOMHBIE MACIEHKH, YCHJIEHAa paMa U T.A.
3HAYHTENIBHO YCHJICHA KYJIHCA B MECTE COMPSDKCHMS C BKIAJBIIIAMH YCTAHOBIICHBI 3aKATCHHBIC CTATBHEIC
IUTAaCTHUHBI C BBICOKOH TBEPAOCTHIO. B MOMOJBHBIE KaMephl 3aKIaIbIBACTCA 4 MOMOIBHBIX TENA, MPHIEM
OHH HMMCIOT PA3HYI0 UIMHY M HA KOHLE BBIMOJHECH JHAMETP MCHBLICTO pa3Mepa. IJTO YCKOPSET
BTATHBAHUE B 30HY [TOMOJIA KPYITHBIX KYCKOB CHIPBS.
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Pucynok 8 — [Tonepeunsiii paspe3 MeIbHUIIBI Nel

B nanmpHeiimmem aBTOpBI COOMPAIOTCS CO3JaTh MENBHHLY ©O€3 NPOTHBOBECA, YTO YBCIUYHT
sddexTrBHOCTE 000pyAoBanus [10].

BeiBoabI. TPEATIOKCHA OPHTHHANBHAS KOHCTPYKLHMS LICHTPOOCKHOW MEIBHHIBI HA OCHOBC
KYJHCHOTO MEXaHH3Ma, MPOBEICHBI HATYPHBIC UCTIBITAHKS ABYX 00pa3LOB, MOIYUCHA YACIbHBIA YPOBCHB
SHEPreTHUCCKHX 3aTpar § KBT HA TOHHY PY/bI, 9TO B JBA Pasa JYHLIC, YM Y [IAPOBBIX MCIBHHII.
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JI.B. Apunosa', E.C. Ackapos', T. ITorios’

' K.1. CotbaeB atsiHnarst Kasak yITTHIK 3epTTEy TEXHHKATBIK YHHBEPCHTETI,
"Crannmaprray, cepmq)p;KaTray JKOHC MAIIHHA JKacay TeXHOIOTHACH" Kadeapacer AmvaTsl, Ka3akcras;
Codus rexnaukansik yausepcureti, Codmsa, boxrapms.

KYJHUCTI THOTI HEHTPAEH TEKHOINI - THPAITMOH/bI
JUIPMEHHIH KOHCTPYKIIUACBIH 3EPTTEY KOHE CBIHAY

Annotammst. Kbl caiislH oeMae MIDIHAPATAFaH TOHHA INHKI3aT yary apKelisl eHaenexdi. bynm mpomecc
SHEPTHSHBI KON KAKeT eredi. Tay — KeH 6HACY OHIIPIC alaHJaphlHAa KeOiHece Iapibl THUNTHI JHIPMEHIEP
Kosmansriaapl. Omapasl naifaanany AerH Tapuxel 200 SKeIIIaM acTaM YaKbITThI KYPaii bl

Kaszipri Tanma Oy >kargait KypT e3repic anmabl, cededl 3HEPTHSHBIH YHEM/I MaiAadaHyhl JHIPMEHHIH KYMBbIC
icTey KAOBUTCTiHIH HETI3rl KepPCeTKImTEpiHiH Oipi OoapIm caHamaapl. OWTKCHI, SHCPTHA K631 KbIMOATTAIBL
JKOJIOTHANIBIK axyangap makma OoJiapl, COHBIMCH KATap pyAadarbl MAWAamel KazOamapasrH Menmmepi asahmsl. Cou
ceOCTi FHEPTUHBI YHEMACHTIH THIPMEH/I OHam Tady akTyanasl CypakTapasH Oipi O0JbIN TaObIIAb!.

LleHTpiCHICH - THPALMOHIBI AWIPMEH SPTYPJI MHHEPATABI INHKI3AT K63iH yaTyfa apHAIFaH JuipMeH. byn
TUNTI JUipMeHJep OYphIHHAH OCNTiIl KOHE JKYMBIC icTey OaphICHIHIA KAKCHI HOTHOXKEIEP KepcerTi. JmipMeHHIH
HET13r1 epeKNIeiri 3MeKTPKYaThIH THIM/II Naii1anany OOJbIIT CAHAIAIBL.

KaspomFaH >KyYMBICTa KYJHMCTI MEXAHH3M HETi3i OOJAaThIH LEHTPICHICH - THPAOHOHIBI JHIPMCHHIH
KOHCTPYKIMSACHI 3epTTEAreH. by auipMeHHIH aHBIK 0ipa3 apTHIKIIBUIBIKTAPBI 0ap: KOHCTPYKIWSIHBIH OHAWIATYHI,
JKOFapBhI JUHAMHKAIIBIK TYPAKTBUIBIFBL, JHEPTHS KO31H CKi €ce a3 MakJanaHy bl skoHe T.0.

En amram per toxipmbenepxi «lladimanmer kasOamapasl Oabiblty FBIIBIMH — 3€pTTEY HMHCTHTY THIHBIHY
MONMMroHbIHAA KyprisimeH. Onm Kaszakcran PecryOnmKachlHBIH MHHEPANAbl PECYPCTAPBIH OHIACHTIH YIITTHIK
OeHTpiHE cHemi. JIMipMEHHIH J>KYMBIC ICTEY NPHHIWIN 3EPTTCIIN, IMUIMHIAPIL YHTAKTAFBII KaMepalapabIH
MAPAIIICTBl Ka3bIKTHIK APKBUIBI KOBFAJBIC >KACaI, KaMEpaJapAblH CHIPTKBI AMAMETPI OOMBIHINA KPHBOIIHIITIH
Y3BIHABIFBIHA COHKEC Ko3famanbl. LIEHTpAGH TENKilm KYINTIH MOHI, CAIMAaKChI3 AWHAMHKANBIK KYIITED MEH
MOMEHTTEp, COHBIMEH KaTap KYINTIK AHATIH3 KACAIIFaH.

Y CBIHBLITBIN OTHIPFAH AUIPMEHII 3EPTTEY HOTIDKECIHAE OHIMAIMIKTIH YICSCTIK KOpceTKinmnoip ToHHA eHiMre 140
kr/kBt Hemece 8 KBt kypatiapl. OCkl KOPCETKIIITIH apPKAaChIHAA 3EPTTENIIN OTHIPFAH AUIPMEH IMAPJIBI JHIPMEHHEH 2
ece apTeIK. by cynbana MexaHH3MACPIIH TCOPHSUIBIK TEHACCY1 aibIHFaH. Eyeyn KOHCTPYKTHBTI JKETICTIKTEp Oap:
6ip xpuBOOIMIITI OIMTIK, TICTI IOHTEICKTEPAl KOJIAHY AbI TANIAI ETIICH I, APTHIK OAHIAHBIC XKOK.

Meramnn CHIHBIMIBLIBIK Aopekeci TeMeH. Mplcanra, eHiMaimiri 10 T/car 00IaThIH MIAPIIBI IHIPMEHHIH, CAIMAa¥Fbl
30 ToHHa OoJica, am YCHIHBUIBII OTHIPFAH AMIPMEH TN OCHIHAAH eHIMaimikre 8 — 10 TOHHA camvaka OOTambL
CoHpIMEH KaTap IICHTPJICHICH — THUPALMOHABI AWIPMEH KOHCTPYKUMACH OOMbIHIIA 1a aca kypzem eceM. OcCh
JKaFIaimapabl €CKEpe OTHIPHINT AWIPMEHHIH ©3KYHIBUIBIFBIHBIH ap3aH OONyBIH alTyFa OO0JaIbl, MbICAJbL, HIAPIIBI
JUIPMEHMCH CaJNbBICTBIPFAHAAQ 3 €Cere, Kasipri TaHAa KOJNJAHBUIBIN JKATKAH LICHTPJICHICH IUIPMCHICPMCEH
campicThIpranna 1,5 ecere TemeH. COHBIMEGH KaTtap OWIPMEHIl KOHACY, MKOHICYIC KAPAMABUIBIK >KYMBICTAPbI
KHBIHIBIKCHI3 KYPri3iieHdi.

JKacanpIHraH >XYMBICTAPABIH HOTIDKEICPI Tay — KCH OPBIHAAP MCEH Oaibity (abpmkamapbiHIa KEeHIHCH
KOJIIAHYBI BIKTUMAIL

HormxenepaiH FbUIBIME KAHANBIFBl IICHTPJICHICH — THPANMOHABI AWIPMEHHIH KOHCTPYKIMICBHIH 3CpPTTE,
JUIpMEHAC OTCTiH TMPOLECTEPIi, SFHH YHTAKTAy, OSHEPTOCHBIMBIMIBLIBIKTBL, MCETAJUICHIMBIMABUIBIKTEI HKOHC
JUIPMCHHIH OHIMILUTITIH OHTAHIBI MPOLCCTCP KATAPhIHA CHTIRY.

OKCHEPHMEHTANABl JKOHE CCENTEY, COHBIMCH KATap PALMOHANIABI KOHCTPYKTHBTI YXKOHE TEXHOJOTHIBIK
mapaMeTpCP HCTI3IHAC, AWIPMCHHIH MCETAJICHIABIMIBIIBIK KOPCCTKIMT >KOFApPHl €MEC CKCHIITI CHOATTAJIBIN,
JUipMEHHIH ©3KYHIBUIBIFBIHBIH ap3aH OOJYBIH aWTyFa OONA[bl, MBICAJBI, INAPIBI THIPMEHMEH CANBICTBIPFAHIA 3
ecere, Kasipri TaHIA KOJIAHBUIBIN >KATKAH LCHTPJICHICH AWIPMEHICPMCH CalbICTRIpraHza 1,5 ecere TeMeH.
CoHpIMEH KaTap AMIPMEHII YKOHICYTE KaPAMIBLIBIK *KYMbBICTAPBI KHBIHABIKCHI3 JKYpTiiieai. EH Heri3ri kepceTkim
60.1bII1 - OYJT SHEPTHSHBI YTHIMIBI MAHIATAHy KOPCETKIIII OACTHI PO aTKAPAIbL.

Tyiiin ce3mep: MUHEPANIBIK PECYPCTap, IHEPTHS TYTHIHY b, METAJICHIHBIMIBLIBIK LICHTPJICHICH - THPAIHOHIBI,
ycakray, JUipMEH, KOHCTPYKIHSCHI, OHIMILIK.




