Has CTPYKTypa M MaKCHMaJbHbIe (hH3HKO-MexaHndeckue cporictBa ciuiaBa BK100OM mocne kommpeccu-
OHHOTO CrieKaHus oA AasieHueMm P — 2,5 MIla, nonydaroTcs npy OXJIaxJACHUU ¢ BaKyyMoM P — 1x10™
MI]a.

KarmoudeBble ciioBa: BakyyM, KOMIPECCHOHHOE CIIEKaHMe, MOMYJb BeiOyna, mopsl, ocTaToYHAS
MUKPOIIOPUCTOCTb.

Presented results of researches of influence of size of vacuum at cooling on a structure
and properties of alloy of VK100M after compression spikannya. Is it rotined that optimum structure
and maximal fiziko-mechanical properties of alloy of VK100M after compression spikannya force-feed
P — 2,5 MPa, turn out at cooling with the vacuum of P — 1x10™* MPa.

Keywords: vacuum, compression sintering, module of Vebyla, pores, remaining microporosity.
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HOBBIE KOHCTPYKIHMHU BBICOKOOHEPTETUYECKHUX
YCTPOMCTB JJISI TOHKOI'O U3MEJBYEHUS MTOPOIIIKOBBIX
MATEPHAJIOB

[Ipoananu3upoBaHbl OCHOBHBIE TEHICHIIMM B YCOBEPIICHCTBOBAHUU BBICOKOIHEPIETHMUECKUX MEIbHUIIL
JUTSL TOHKOT'O TIOMOJIa. BhIsieieHbl OCHOBHBIE BO3MOXKHBIC TIYTH PEIICHUs PO0OJIeM, CBSI3aHHBIX C HEJ0C-
TaTKaMH M3BECTHBIX BBICOKOIHEPTETHUYECKUX JIG3MHTErpaTtopoB. [IpoBeneH 0030p W aHAU3 MOCIECAHUX
HOBOBBEJICHHI B 001aCTH BRICOKOIHEPT€THYECKOT0 pa3Molia.

KiroueBble ¢j10Ba: BHICOKOIHEPTETUYECKOE U3MENbUECHUE, MENbHUIIA, MOPOIIKOBBIE MaTEpUalbl,
TOHKHH ITOMOI.

1. BBenenue

[lopouiku, Onau3KHME 32 XMMUYECKUM COCTaBOM, MOTYT HMMETh pPAa3IUYHbIC
CBOMCTBa, KOTOPBIE OMPEACISIIOTCS METOJIOM MOJIydeHUs mopouika. Takum oOpa-
30M, CTAHOBUTCS aKTyaJIbHOM 3aja4ya UCCIIEIOBAHUS METOJIOB U PEKUMOB IMOJy4e-
HUS TOPOIIKOB, & B YACTHOCTU KOHCTPYKIMOHHBIX OCOOEHHOCTEW ammapaToB Jis
MOJIyYeHHUs U 00pabOTKH MOPOIIKOB.

Haubonbiiee pacnpoctpanenue, Oiarogapsi CBOE€H MPOU3BOAUTEIILHOCTH U
SKOHOMHOCTHU B pecypcax, MOTyUYUSId MEXaHUYECKUE METOJbl MOTYyUYEHHS MOPOIL-

KOB 1 YCTPOﬁCTBa IJIsI MEXAaHUYCECKOI'O HOqueHHH HOpOHIKOB.
©I'.A. Barmok, A.A. Xomenko, I.A. Tonuapyk, 2013
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2. IlocTanoBKa 3a1aun

J171st mosTyyeHusi TOHKOTO TTOMoJIa HE00X0AUMO 00ECIIEYUTh MPOLIECC BHICOKO-
AHEPIreTUYECKOro pa3Mosia, pu KOTOPOM OOJIbIINe- 00bEMbI SHEPTUU TPATATCS Ha
U3MEIbYEHUE YaCTHI], YEM U JIOCTUTAETCSI KOHEUHBIA MaJblii pa3Mep 4acTHUll U He-
00JbII0# pa3dpoc B UX pa3mepe.

O6opyaoBaHue, UCMOIB3YEMOE /JI1 BBICOKOAHEPIe€TUYECKOI0 TOMOJIA, MOXKET
OBITH YCIIOBHO Pa3/ieJIeHO Ha HECKOJIBLKO OCHOBHBIX THIOB: 3TO OapabaHHBIE MIapo-
BbIC MEJIbHUIIbI, BUOPAIIMOHHBIE MEJIbHUIIbI, TUIAHETAPHBIEC 1IAPOBHIE MEILHUIIBI U
aTTPUTOPHI.

OCHOBHOM TEHJCHUHEN B TOHKOM MOMOJIE 3a MOCJIEAHEE BPEMS CTaIu MEJIb-
HUIIbI, UMEIOIINE BUOPAIIMOHHBIN TUIT U3MEIbUYCHUS.

MoryT BcTpeuaTbcsi pa3HOOOpa3Hble KOMOMHAIMY, MPU3BAHHBIE YCOBEPIICH-
CTBOBATh CYIIECTBYIOIINE KOHCTPYKIIMM U H30aBUTHCS OT HEJOCTATKOB CBOUX
MPOTOTHUIIOB.

JIJis1 OLIEHKU COBPEMEHHOI'0 YPOBHSI TEXHUKH B MOPOIIKOBOW METaJUIypruu, a
B YAaCTHOCTH, MOJYYEHHUU MOPOIUIKOB BBICOKOTO KauyeCcTBa, HEOOXOAMMO MPOBECTU
UCCIIEIOBAHUSI CYILIECTBYIONIUX allapaToB JJIsl MEXaHUUYECKOT0 U3MEIIbUCHHUSI.

3. O630p mocjieNHUX MYOJUKAIUIA ¥ aHAJIU3 CYHIECTBYIOIIUX H300peTe-
HU

B UTIM HAHY npeaioxeH BapuaHT BUOPAIIMOHHON MeTbHHIIBI [1].

OT KJaccMyeckoro BapuaHTa BUOPAIMOHHON MEJNbHUIIBI, OMUCAHHOTO, K
npumMepy, B [2, 3], oTiinyaeTcs HATMYKEM JBYX MOMOJIBHBIX KaMep, Pa3MeIleHHBIX
TOPU3OHTAIBHO, U JABYX KMHEMATHYECKUX Map, KaKJaas U3 KOTOPBIX BKIIOYAET B
ce0sl MOAIIMIHUK U BHEIIHEE KOJIbIO, )KECTKO CBSI3aHHOE IITAHTOM C MEepeIHUM
(dbnaHLleM OJTHOM M3 MOMOJIBHBIX Kamep, IpudeM 3aJHue (JaHIbl TOMOJbHBIX Ka-
Mep MPUCOEAUHEHBI K paMe C MOMOIIBIO YIIPYTOM MOJIBECKHU.

[TomoOHass KOHCTPYKIMS BHOPAIIMOHHON MEILHUIIBI CITIOCOOCTBYET MHTEHCH-
¢dukanuu pa3moJlia BCIEACTBUE YBEIUUYEHUSI KOJIMYECTBA YAAPHBIX B3aUMOJICHCT-
BUI MOMOJIBHBIX TEJl C YaCTUI[AMU U3MEIbUYaeMOro MaTepuania, YBEJIMUYCHHUIO TPo-
JTYKTUBHOCTH pa3MoJia 1 YMEHBIIEHUIO U3HOCA IIOMOJIBHBIX TEll.

Onnako mpH aHaIu3€e MPEIVIOKEHHON KOHCTPYKIIMH BBISBIISIIOTCS OMPECIICH-
HbIE HEIOCTAaTKH, HAMpUMeEpP, TPOMO3JIKOCTh KOHCTPYKLHH, MPOMOPIHUOHAIBHO
YBEIIMYUBAIONIASICA C YBEIMYEHUEM PA3MEPOB IKCIEHTPUKOB, HEOOXOIUMOCTH
3HAUYUTENIbHOTO YCUIICHUS pabOUYnX y3J10B.

CambIM CyIIIECTBEHHBIM HEJAOCTATKOM MPETI0KEHHON KOHCTPYKIIMU SIBJISICT-
Csl HEIOCTATOYHAs CTENEHb BUOPAIITMOHHOTO BO3/ICUCTBUS, O0YCIOBICHHAS MaJIbIM
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AKCUEHTPUCUTETOM BXOJSIIUX B KOHCTPYKIIUIO 3KCIICHTPUKOB.

ABTOpBI [4] mpemyoXWiauM BapuaHT BUOPAMOHHONW MEJIBHUIIBI, KOTOPBIN
MpeACTaBisieT coOOONW BEPTUKAIBLHO YCTAHOBJICHHBIM HUIMHIPUYECKUI KOPIYC C
MEJOIUMU TeJIaMU, KOTOPOMY COOOIIAI0TCSl KOJeOaHusl BIOJIb €ro OCH, BbI3BaH-
HbIE€ UHEPIIMOHHBIM WJIU IKCIIEHTPUKOBBIM BUOPOBO30OYIUTEIIEM.

MenbHUIIa YCTAHABIMBAETCS HA OCHOBAHHUU C IMMOMOILBIO YIIPYTUX 3JIEMEHTOB.

[IpenmyiiecTBamMy TaHHOM KOHCTPYKIMU SIBJISIETCS TO, YTO YACTUUYKHU pa3mMa-
JBIBAEMOT0 MaTE€pHUAIa U3MENBYAIOTCA, B OCHOBHOM, 3a CYET YJAapHOr0 B3aWMO-
JNEUCTBUSI Pa3MOJIBHBIX TEJI C MAaTEPUAIIOM NPU MHUHUMAIBHOM CTHPAIOLIEM BO3-
JNEUCTBUHU.

OIHAaKO KOHCTPYKILMSL UMEET ONPEACICHHBIE HEJOCTATKH, K IPUMEPY, TO, YTO
3a KXl UK KOJeOaHWN MaKCHMAJIbHBIM HMIYJIbC HArpy3Kd Ha Marepual
peanu3yeTcs TOJbKO €IUHOK/IBI.

DTO B HEKOTOPOM CTENEHUW YMEHBIIAET YPOBEHb JHEPrOHAIMPS)KEHHOCTH H
MHTEHCUBHOCTH U MPOAYKTUBHOCTH U3MEIIbUCHHUS.

Takke HEOCTATKOM JTaHHOW KOHCTPYKIIMU SIBIIETCSl AMHaAMU4ecKash HecOa-
JTAHCUPOBAHHOCTb.

ABTOpHI [5] mpemaraloT KOHCTPYKIIMIO BaJKOBOW BHOPAIMOHHON METbHH-
1bl, KOTOPAsi COAEPKUT MOANPYKMHEHHBIM HWJIWHAPUYECKUN KOPHYC C COOCHO
YCTAHOBJIEHHBIM B HEM C 3a30pOM KOHYCHBIM BAJIKOM C MHOT'03aXOJHOW BUHTOBOM
HAaBUBKOW C YKJIOHOM B CTOPOHY pa3rpy3Kd MaTe€pUalia, a TAKXKE 3arpy304YHbIN U
Pa3rpy304HBINA JIOTKHU, BUOPOBO3OYIUTEIIb.

[ITar MHOT03aXOAHOM BUHTOBOW HABUBKHU YBEIUYUBAECTCA B CTOPOHY 3arpy3KH
Marepuaa.

3a cueT BEpPTUKAJIBbHOIO pa3MEUICHUs HWIMHAPUUECKUX 000JI0YEK U CHHXPO-
HU3aIUU padoThl BUOPOBO3OYIUTENS U KOHYCHBIX BAJIKOB KOHCTPYKIIUS MTO3BOJISET
YBEIUYUTh MPOJYKTUBHOCTH paOOThl MEJIbHUIIBI U MOBBICUTH CTENEHb U3MEJbue-
HUS MaTepuana.

K HepocTaTkaM KOHCTPYKIHHM MOKHO OTHECTH HEAOCTATOYHOCTHh MHTEHCHB-
HOCTH pa3MoJja, MPOSBISIONLYIOCS BCIEACTBUE HEBO3MOKHOCTH HCHOJIb30BAHUSA
MOMOJIBHBIX TEJI.

ABTopamu [6] mpemyioskeHa KOHCTPYKITUS BHOPAIIMOHHOW MEIbHHIIBI, KOTO-
pasi COJICPKUT JBE MOJIPY>KUHEHHBIE TOMOJIBHBIE KAMEPHI C 3arpy304YHBIMU U Pa3-
IrPY30YHBIMU TOPJIOBUHAMH, PA3MEUICHHBIE 3KCIEHTPUYHO OTHOCHUTEIBHO LIEH-
TpaJbHOU CTOMKH, U Ae0aaHChl.

[Togo6HOE pa3meleHre MOMOJIBHBIX KaMep 00yCIIOBIEHO BO3MOKHOCTBIO CO-
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BEpUICHUS UMU YTIOBBIX KOJI€OaHUI OTHOCUTENIBHO LIEHTPATIbHOU CTOUKHU.

[TogoOHast KOHCTPYKIMS 3HAUUTEIILHO YBETUYMBAET HHTEHCUBHOCTh pa3MoJa
OTHOCHUTEIIBHO CBOMX MPOTOTHUIIOB 34 CUET YBEIMYECHUS YAAPHBIX B3aUMOICHCTBUI
MMOMOJIBHBIX TeNl ¢ 00OpadaThIBa€MbIM MaTEpHAIOM, OJHAKO OOJIaacT PsAIOM He-
JIOCTaTKOB, TaKUX KaK CIIOKHOCTb OOecCIeueHus 0alaHCUPOBKU KOHCTPYKIIMH, a
TaK)Ke€ HEeBO3MOXKHOCTb MCIIOJIb30BAHUS HEMIPEPHIBHONW 00pabOTKH M3METHYaeMOro
MaTepuana.

[Ipn ananu3e nmpeuMymecTB U HEJOCTATKOB MPEIOKEHHBIX KOHCTPYKIIMOH-
HBIX YCOBEPIICHCTBOBAHUU BBICOKOIHEPTETUUECKUX BUOPAIMOHHBIX MEJIbHUIL
CTaHOBUTCS OYEBUAHBIM TO, YTO MPH IOMBITKE YBEIWYECHUS WHTECHCUBHOCTU pPa3-
MOJIa KOHCTPYKTOPBI HE MOTYT MPEVIOKUTh TAKOM BAPUAHT KOHCTPYKIUH, ITPU KO-
TOPOM JOCTUTAETCs AJOCTaTOYHAs COaJTaHCUPOBAHHOCTh MEIBHHUIIBI, &, B CBOIO OYe-
penb, MpU AOCTHIKEHUH KOHCTPYKIIMOHHON COAJaHCHUPOBAHHOCTU MPAKTUYECKU
HEBO3MOKHO JIOCTUTHYTh MHTEHCU(DUKAIIUH Pa3MOJIa.

Takum 00pa3oM, KpoMe YCOBEPILIEHCTBOBAHUS HEMOCPEICTBEHHO KOHCTPYK-
UM BUOPAIMOHHBIX MEJBHUII, ITUPOKOE PACIPOCTPAHCHUE TOJIYYHIIM TMOMBITKH
YCOBEPIIEHCTBOBATH TEXHOJOTMYECKHUE PEKUMbBI pAOOTHI MEJIbHHUII,

ABTOpHI [7] mpennararoT CIACAYIONIYI0 KOHCTPYKIIMIO BHOPAIIMOHHOW Meb-
HUIIBI.

MenbHuUIIa BKIIOYAET B C€0S1 MOMOJIBHBIA KOHTEHHEP C TOMOJIBHBIMH TEJIaMH,
COCJIMHEHHBIN C KOPITYCOM, KOTOPBIM YCTAHOBJIEH C MOMOIIBIO YIIPYTHX 3JIEMEHTOB
Ha HETMOJBM)XHOM OCHOBE, U JiBa JicOaaHCHBIX BHOPONMPUBOAA, KAXIbIH U3 KOTO-
PBIX COAEPKUT MPUBOJHOW Bajl ¢ MHAMBHUIYAJIbHBIM IMPHUBOJAOM BpAIEHUS C BO3-
MOKHOCTBIO HE€3aBHCUMOTO M3MEHEHHS YTJIOBOM CKOPOCTHM M HAIpaBJICHUS Bpa-
IIIEHUs] TTPUBOJIHOTO Bajia, a TakXKe JAe0ajaHChl Ha MPUBOAHOM Bally, MpHUYEM HX
BHOPONPUBOALI YCTAHOBJICHBI B JUAMETPAIbHOU IJIOCKOCTH OTHOCHTEIHLHO OOKO-
BBIX CTEHOK ITOMOJILHOTO KOHTEHHEpA.

N3obpeTenne obOecredynBaeT yBEIMYCHHUE MPOIYKTUBHOCTH BHOPAIIMOHHOM
MEJIBHUIIBI 32 CYET T€HEePUPOBAHUS HEOJHOPOJIHOTO IMOJs TPACKTOPUN KOJIeOaHUM
MOMOJIbHOU TPYOBI.

OHAaKO KOHCTPYKIMS TAKXKE UMEET ONMPEICICHHBIE HEJIOCTATKH, BbIpAXKaro-
[IMeCs B CJIOKHOCTU CUHXPOHU3ALMH pabOThHI AeOanaHCOB.

ABtopsl [8] npeanararoT KOHCTPYKIHIO adalTHBHON BUOPAI[MOHHONW MEIIbHH-
IIbI, B KOTOPOM HCIIOJB3YIOTCS aBTOMAaTHYECKHE CPEACTBA KOPPEKTUPOBAHUS pado-
Yero pekuMa MeJIbHUIIBI.

[IpeumytecTBamMu TaHHOTO U300PETEHHUS SBISAETCS 00ECIIEUeHHE TTOCTOSHHO-
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r0 Pe30HAHCHOTO peXrMMa pabOThl MEIBHUIIBI U CTAOWIIM3AllUS BO BPEMEHH 3apa-
Hee 3aJJaHHBIX TEXHOJIOTUYECKU ONTUMAJbHBIX MapaMeTpoB BUOPAIIMOHHOIO MOJIs
JIBYXKOHTEUHEpHOU paboudeil kamephl, UTO B CBOIO Ouepeb 00eCreYuBaeT MUHHU-
MAaJIbHBIE YHEPro3aTpaThl U YBEIUYECHUE KAYECTBA pa3MOJa.

K nemocraTkam JaHHOW KOHUEMIMM CIEAyeT, OAHAKO, OTHECTH HEO0OXOIau-
MOCTb MCIIOJIb30BAHUS CIIEHUATIBHOIO JBUTATENs, U UCIIOIb30BAHUE OIEPEKAIOIIIe-
ro 3aKOHA PEryJIMPOBAHUS, TPU KOTOPOM MPOUCXOIUT PE3KOE PETYIUPOBAHUE.

[Tocnennee, Bupouem, pemaercs ucnons3oanuem [ [-perynaropos.

[Ipu ananu3e NpeuMyIIECTB U HEJAOCTATKOB YKa3aHHBIX M300PETEHUN MOMKHO
cAenaTh BBIBOJ, 4TO MOAU(DUKAIIMKU, TPOU3BEJACHHbIE HA YPOBHE MU3MEHEHUS pe-
KMMOB Pa3MoJia, a TAKKE M3YYCHHE XapaKTepa B3aMMOJECHCTBUM, MPOUCXOIAIINX
MpU pa3Mmolie, MpeACTaBlsIeTcss Oojee MePCHEKTUBHBIM HANPaBJIECHUEM, YEM HC-
KJIFOYUTEIIBHO
KOHCTPYKIIMOHHBIE N3MEHEHUS BBICOKOIHEPTETUUECKUX METIbHULL.

Takum oOpa3om, TJIaBHOW TEHJEHIIUEW B COBPEMEHHBIX MPOOax yCOBEPIICH-
CTBOBAaHMSI BHOPALIMOHHBIX MEJBHUIl PA3TUYHBIX TUIIOB HEOOXOAMMO MPU3HATH
MIOMBITKY MOBJIUATH HA XapaKTep B3aUMOJICVCTBUI U BOJHOBBIE MPOLIECCHI, IPOUC-

XOJISIIITME BO BpeMs pa3Moia.

BriBoabI
Ha ceromHsimiHuii N€Hb CYyIIECTBYET ABE OCHOBHBIC TEHICHIIMU B YCOBEp-
IIIEHCTBOBAHUHN BBICOKOAHEPIETUYECKUX MEJBHHI], B YAaCTHOCTH MEJbHHIl BHOpa-
IIMOHHOI'O THIIA.
OnHako aHaIMW3 MOCIEIHUX M300pETCHUH MOKAa3bIBAET, YTO €CIM Moauduka-
MM MPOUCXOAAT HE HA YPOBHE U3MEHEHUSI PEKUMOB pa3MoJia, U3MEHEHUE HCKITIO-
YUTEJIbHO KOHCTPYKIIMH HE TTO3BOJIAECT 3HAUUTEIbHO U3MEHUTh PEKUM Pa3MoJia.
[Ipr KOHCTPYUPOBAHUU MEJIIBHUIL CTOUT OMUPATHCS HE CTOJIBKO HA MHTCHCUB-
HOCTh pa3MoJia, CKOJIbKO Ha XapakKTep BO3JCHCTBUI, PACCUUTHIBATH BOJHOBBIC
mpoIecchl U 0ojiee JOCKOHAIBHO HM3y4daTh B3aUMOJCUCTBHS, IMPOUCXOJSIINE BO
BpeMsI IIpoliecca pa3modia.
[TepcrieKTUBHBIM HAIpPABICHUEM SBJIACTCS pealu3alus ONpeAcICHHBIX pe-
KMMOB BO3JICHCTBHUS TIOMOJIBHBIX TEJ WM JIPYTUX pabovux opraHoB Ha 0OpabdaThI-

BAEMBIN MaTepuall.
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HoBble KOHCTPYKIHH BBICOKOIHEPreTHYECKMX YCTPOWCTB ISl TOHKOT0 M3MeJbYeHUsl Mo-
pomkoBbix MatepuanoB /| IA. BAITIOK, A.A. XOMEHKO, /I.A. TOHYAPYK [/ Bicaux HTY
«XII». — 2013. — Ne 57 (1030). — (Cepis: Ximis, XiMiuHa TexHOMOris Ta ekonoris). — C. 154 — 159. —
bi6miorp.: 8 Ha3B.

[IpoanamnizoBaHO OCHOBHI TEHAEHILII B yJOCKOHAJICHHI BUCOKOCHEPT€TUUHUX MIIMHIB U1 TOHKOT'O
noMoiy. BujiiiieHo OCHOBHI MOXKIIMBI IIISXH PIllIeHHS MTPOOJIEM, MOB'I3aHUX 3 HENONIKAMH BiJOMUX BU-
COKOCHEPreTUYHMX Ae3iHTerpaTopis. IIpoBeneHo ormsa i aHami3 OCTaHHIX HOBOBBEACHb B 00J1aCTi BUCO-
KOCHEPreTHYHOr0 PO3MeENy.

Kuro4oBi cjioBa: BucokoeHepreTuyHe MoApiOHEHHs, MIUH, TIOPOLIKOBI MaTepiaiv, TOHKUN ITOMET.

Analysis of the main trends in the improvement of high-energy mills for fine grinding are pre-
sented. The basic possible solutions to problems associated with the disadvantages of the known high-
energy shredders. The review and the analysis of the latest innovations in the field of high-energy milling
are presented.

Keywords: high-energy growing, mill, powder-like materials, thin grade shallow.
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