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V]IK 622.73
BYKHUH C.JI. kx.T.H., TOKTOpaHT Kadeapbl oOoraiieHus MoJIe3HbIX HCKoMae-
mbix, CEPT'EEB I1.B. n.1.1H., npodeccop kadeapsl odoramieHus: MoJe3HbIX UC-
konaeMbix, BYKHMHA A.C. maructp kadenpsl oboramieHus mojae3HbIX HCKO-
naeMbix, [ BY3 «/loHenkuii HalqmOHaIbHbIM TEXHUYECKUN YHUBEPCUTET»

CPABHEHUE PE3YJbTATOB HIPOLHECCA M3MEJBYEHHUS B
BUBPAIIMOHHOU MEJIBHULOE C TAPMOHUYECKUM H
BUT'APMOHUNYECKHUM PEXKUMAMMU PABOTBI

B cmamve uznooicenv pezyromamoel 1a60pamopHuIX UCCIE008aHUL NPO-
yecca uU3MeNIbYeHUsE 8 2APMOHUYECKOM U OUapMOHUYECKOM Nojle KOJleOaHull
pabouezo opeana. Ycmanosnenvl npeumyuecmea uUcnoIb308aHus Ouapmonu-
yecKo20 percuma pabomol UOPAYUOHHOU MELHULDI.

Y cmammi euxnaoeno pezynomamu 1a00pamopHux 00CHiONCeHb npoyecy
NOOPIOHEHHS 8 2APMOHIUHOMY | OIeAPMOHIUHOMY MO KOAUBAHL POOOHO20 Op-
eany. Becmanoeneno nepesacu euxopucmanus 6ieapMOHIIHO2O pexcumy pooo-
mu 8iOpayitiHoco MIUHA.

This paper describes the results of laboratory studies of the grinding proc-
ess in the harmonic and biharmonic field fluctuations of the working body.
Installed the advantages of using biharmonic mode vibration mill.
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IIpo6siema u ee cBsI3b C HAYYHBIMHU U NMPAKTHYECKUMU 3aja4amu. B
MOCJIETHEE BPEMS TIPOMBITIUICHHOE MMPUMEHEHHUE TMOTy9Iar0T MEIBHHUIIBI C 00JTh-
el CKOPOCTHIO MPHIIOKEHUS Pa3pyIIUTEIbHBIX YCHIHM, 4eM y OapaOaHHBIX
MenbHUIl. K HUM OTHOCATCS BHOpAIlMOHHBIC, IIEHTPOOCKHBIC, CTPYHHBIE, TIa-
HETapHbIC U Apyrue udmenbuutenu [1-3]. Y aenbHas npou3BOIUTEIbHOCTD ATHX
MEJIbHUIL B HECKOJIBKO Pa3 BBIIIE, YEM Y BPAIIAIOIIUXCS IIIAPOBbIX.

MHOro4ucjaeHHbIC HCCIAEOBAHUS 1O TOHKOMY HW3MEIbYCHUIO IOJTBEP-
K0T BBIBOJI, YTO HambOoJee d3(PPEKTUBHBIM CPEACTBOM ISl TIOJYUYSHUS TIPO-
JyKTa KPYMHOCTHIO -50 MKM MpH MaKCUMAaJIbHOW KPYIMHOCTH MCXOJIHOTO TTUTAa-
Hus 2+10 MM ¥ OTHOCUTEIHLHO HEOOBIIION MTPOU3BOIUTEILHOCTH 0 KOHEYHO-
My npoaykry (mo 10 1/4) sBisercs BuOpanmonnas MenpHuna [4-9].

Cpenu pa3HOOOpa3HBIX THUIIOB BHOPAIMOHHBIX MEIBHHUII TIPEAMOYTHTEIh-
HOE PACIpOCTpPaHEHUE TMOIYYMUIIM WHEPIMOHHBIE TPyOJaThle TOPU3OHTAIBHBIC
MEJIbHUIIBI C TAPMOHUYECKUM PEKUMOM paboThl. OJHAKO ATOT TUIl MEJbHMII
MMEET CYIIECTBEHHBIN HEJIOCTATOK — HAJIMYMUE «3aCTOMHBIX» 30H H3-3a YE€ro
MIPOUCXOJUT CErperaius MoMOJIbHBIX TEJl U U3MelibuaeMoro marepuaia. B ko-
HEYHOM CUeTe, 3TO MPUBOJUT K CHIKCHHUIO YJIEITBHOW MPOW3BOJAUTEIBHOCTH
MEIBLHUIIBI.

Takum oOpa3oM, UcClIeIOBAaHUE HOBBIX CITOCOOOB M TEXHUUECKUX CPEJICTB,
MO3BOJISIOIIMX MHTEHCU(UIIMPOBATh MPOIIECC TOHKOTO BHOPAIMOHHOIO W3-
MEJIbYECHHUS, ABJISCTCS AKTYJIbHOW 3a/1a4eil.

AHanu3 uccjaenoBaHuii M nyoaukaumid. MHTeHCHbUKaIus mporecca
TOHKOTO U3MEJIbUCHHS MOXET UJITH 110 PSATY HAMPABICHUM, OJTHUM U3 KOTOPHIX
SBJISICTCSL peayii3aliis B KOHCTPYKIMSAX BUOPOMETBHUIl TOPU30HTAIIBHOTO THUIIA
JIBYXMEPHBIX U TPEXMEPHBIX CIOKHBIX KOJICOaHHM, BO30YKIAOIINX IMEPEMCH-
HYIO CKOPOCTbH JBMKeHUs Memonmx e [10]. DTo mo3BosseT «TypOyu3upo-
BaTh» JIBUKEHUE 3arpy3KH, BOBJIEYDb B MPOIECC MAJIOMIOABUKHOE SIIPO, CHU3UB
00bEM «3aCTOMHBIX» 30H, YTO COKPAIIACT YHEPro3aTpaThl HA MPOIECC U3MEITb-
YEHUSI W TOBBIIIACT YICIbHYIO MPOU3BOIUTEILHOCTh BUOpomenbHUIlLl. K Ta-
KOMY CIOCOOYy BO3MOKHOM MHTEHCU(PUKAIIMU Mpoliecca U3METbUYEHUs CIEAYEeT
OTHECTH HCIIOJb30BaHUE IMOJIMTapMOHHYECKHUX (YaCTHBIN Ciay4ail OMrapMOHU-
YeCKHX) 3aKOHOB KoyiebaHHi pabodero oprana (momojbHOro OapabaHa) BHO-
pomenbHuUIp [11].

Texnomornueckass 3(QPEKTUBHOCT, NPUMEHEHUS MMOJIUTAPMOHUYECKUX
PEKUMOB B KOHCTPYKIUSIX BUOPOMAIIIMH PAa3HOTO TEXHOJIOTUYECKOTO Ha3Haye-
HUSI TIOJTBEP’KJI€HA MHOTOYHCICHHBIMU MCCIICAOBAHUSAMU TaKUX H3BECTHBIX
yueHblx kak U.U. biiexman, 3.A. Arpanosckas, B.H. Ilorypaes, N.®. I'oHua-
peBud, [1.d. OBunnnukoB, b.1. Kprokos, C.JI. pidanckuii, .M. beixoBckui,
M.B. XBunrus, B.I1. ®panuyk, B.I1. HagyTsriii, JI.A. Baiicoepr, A.J. Yuutens,
B.W. 3acensckuit, I'.A. [lleBuenko, B.H. IIIMuranbckuii 1 Ipyrux, MocBsILeH-
HBIMMU B OCHOBHOM JIMHAMHUKE MaIllMH OIpeJeCeHHbIX KiaccoB. OJHAKO B
OOJIBIITMHCTBE CBOEM OHHM HE BBISIBJISIOT NMPEUMYIIECTB BUOPOMAIITUH KOHKPET-
HBIX KOHCTPYKTHUBHBIX CXEM.

150



JHouHTY pa3spaboTaHa KOHCTPYKIMSI TOPU30HTAIBHON WHEPIUOHHOMN
BUOPOMEIBHUIIEI HOBOT'O THUIIA, B KOTOPOUM MEIIOIINII OpraH COBEpIIacT Ourap-
MOHHYECKHE KOJICOAHUS B BEPTHKAJIBHOM IONEpEeYHOM ImtockocTu [12-14].
Oco0eHHOCTBIO JaHHOW MENBHUIIBI SIBIISICTCS TIPUMEHEHHUE JIBYX J1e0aTaHCHBIX
BUOPOBO30YAUTENECH, BpalllalOIMXCsl ¢ pa3HOW yriioBoi yactoToil. [IpoBenen-
HbIC JTUHAMHUYCCKUEC MCCIICIOBaHUsS BHOpOoMeIbHUIIB! [15] ycTaHOBHINM MHOTO-
oOpasue BapuaHTOB IO KOJeOaHU TTOMOJIBHOW KaMephl. HacTosimas cTaThs
SBIIETCS MPOJIOJDKEHHEM paboT, HAMpaBIEHHBIX HAa M3YYEHHE OCOOEHHOCTEH
BUOPOMENBHUIIEI HOBOTO THIIA.

ITocranoBka 3agaHuu. [{enbpr0 HACTOSIIMX HUCCIEAOBAHUM SIBIISIETCS BbI-
SBJICHWE TPEUMYIIECTB HU3MENbYCHUS B OMTapMOHMYECKOM BHOPOTOJE TIO
CPaBHEHHUIO C TPAJIUIIMOHHBIM TAPMOHUYECKHM.

N3no:xenne marepuasa u pe3yiabTaTroB. CyTh HCCIIEIOBAaHUN 3aKII04a-
Jachk B CpaBHEHUU HD(P(HEKTUBHOCTH HU3MENBUCHHUS MATEPHUAIIOB PA3TUYHOM
MPOYHOCTH B BHOPOMENBHHIIE HOBOTO TuMa. [Ipu 3TOM HMCMOIB30BaINCh ABa
BHUJa TIOMOJIA - CTEP>KHEBOM U MIapOBOM. J[JIsl yCTaHOBIIEHHS 3aKOHOMEPHOCTEU
npoiiecca U3MeIbYeHUSI MaTepUAIIOB pa3paboTaHa U U3rOTOBJICHA YKCIIEPUMEH-
TajJbHas YCTaHOBKa Ha 0a3e jabopaTopHOro oOpasiia MHEPIMOHHOW BUOPO-
MEJIBHUIIBI C OMTapMOHUYECKHM PEKHUMOM pPaboThl. B OCHOBY skcmepumeH-
TaJIbHOW YCTAHOBKH IOJIOYKCHA BUOpAIIMOHHAS MEJIbHUIIA HOBOTO THMa (puc. 1),
coaeprkaiias padounii oprad 1 (momoibHast Tpy0a) ¢ TeaaMH M3MEIbUYCHHS 2,
KOTOPBIN YCTAaHOBJICH MPU TOMOIIM OMOPHBIX BHOPOU3OIATOPOB 3 HA HEMO/I-
BIDKHOE OCHOBaHue 4. BuOpomenbHHUIIA CHAOXXEHA IIEHTPOOEKHBIMU BHOPO-
BO30yIuTEeISIMU 5 1e0aaHCHOTO TUIIA, KAXIbI U3 KOTOPHIX UMEET MPUBOTHOM
BaJl 6, COEIMHEHHBIN C aCHHXPOHHBIM 3JIeKTpoaBurareneM /. Ha Bamax 3akpe-
mieHbl gedanancel 8. CKOpOCTh BpaIlleHHs OJTHOTO M3 DJICKTPOABUTATENICH TIPH-
BOJIa BpaIlleHUsT BUOPOBO30OYAUTENS UMEET BO3MOKHOCTh PEBEPCUPOBAHUS Ha-
MIpaBJICHUS BPAILIEHUS] U PETYJUPOBAHUS YIJIOBOW YACTOTHI BpaAIllEHUS MPHU TO-
MOII MUKPOITPOLIECCOPHOTO YaCTOTHOTO MpeodpazoBarestst (MHBEPTOpa) Cepun
L300PIlus ¢pupmer HITACHI.
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Puc. 1. Koncmpykyus dueapmonuueckoi 8UOpomenbHULbl

[TyTeM perynmmpoBaHHsS YacTOThI M aMIUTATYABI KOJICOAHHMI COOTBETCT-
BYIOIIIUX TaPMOHHK, a TaK)Ke OCYIIECTBICHHEM peBepca OJIHOTO U3 JAJIEKTPO-
JBUTATENICH MOXHO YIIPaBJIATh B IIMPOKOM JIMAITa30HE CHIIOBUM BO3JICHCTBHEM
M3METbYAIONIUX TEJI Ha HM3MelbuaeMbld Marepuai. CIOKHOE JBUKCHUE TEI
M3METBYCHHUS COBMECTHO ¢ 00OpabaThIBaEMBIM MaTEPHAIIOM TT03BOJISCT CHU3HUTH
00BEM 3aCTONHHOI 30HBL.

B kadecTBe KpuUTEpHEB KadyecTBa M3MENIBbUCHHUS OOBIYHO NMPUHHUMAIOT TO-
HUHY TioMoJia (CpeJHMH pa3Mep YacTHI, paclpeleieHHe MX 10 pa3Mepam),
yIETbHYIO IMOBEPXHOCTh MaTepHasia, akTUBHOCTh MOPOITKOB. TOHWMHY TOMOJa
OIPEICIISIOT, IPUMEHSS cuToBOM (M1 yactuil kpymHee 40 MKkM), ceMMeHTa-
IHOHHBIA, MUKPOCKOMUYECKAN aHAIN3. Y ACIbHYIO IMOBEPXHOCTh OLICHUBAIOT,
HAIIpUMEpP, METOJO0M H3MEPCHHS Ta30ImpOHUIaeMOCTH (10 MaAeHHI0 CKOPOCTH
MOTOKA Ta3a WIM JaBIICHUS MPU MPOXOXKICHUU €ro Yepe3 CTaHIApPTHBINA II0-
POIIKOBBIM 00paselr), Mg 4Yero HeoOXOIUMO TMEePBOHAYAIBHO OCYIICCTBHUTH
KaJTMOPOBKY TO TOPOIIKAM C M3BECTHOW MOBEPXHOCTHIO. OMH M3 HAICKHBIX
Croco0OB - HU3KOTeMIIepaTypHasi copOIus ra3oB (a3ora W 1Ip.) ¢ TEIJIOBOM
necopOIIMei, onpeneneHue KOJIMUecTBa COpOMPOBAHHBIX Ta30B MPOBOJAT BO-
JTIOMETPUYECCKUM, TPAaBUMETPUYCCKUM U IPYTUMU METOJIaMH.

B paccmarpuBaeMoM citydae 3()(PEKTUBHOCTh M3MEIBUCHHS OICHUBAIACH
10 COJICP)KaHHUIO B M3MEIIbUYeHHOM MpoAyKTe Kiracca MmeHee 100 MkM mmyTem ero
npocenBanus Ha cute Ne0100 'OCT 6613-86, a Takke mokazaTeiaeM CTEIICHH
U3MeJIbUeHHUs |, KaKk HauOoJiee MOJIHO OIICHHWBAIOIIUM KaYeCTBEHHYIO CTOPOHY
nporecca. CTeneHh U3MENbUCHUST ONPEICIIAeTCs KaK OTHOIICHHE MaKCHMallb-
HBIX (CpeIHNX) pa3MepoB 3epeH JI0 U mocie apodiacHus [16]:

| = Dinax/Gmax, 1)

r7e Dmax 1 dmay — JMaMeTp MaKCUMAIBHOTO KyCcKa MaTepuaa J0 M MOCIe W3-
MEJIbYEHUS] COOTBETCTBEHHO.

JlaGopaTopHbie HCCeI0BaHUS MTPOBOAMIUCH C UCTIOIB30BAHUEM aHTPAIH-
ta [1O® ,Ilaxtepckas”, yras mapku K maxtel uMm. A.D.3aca1bKo U IpUPOJI-
Horo mena CraBssHOropckoro mecropoxiaenusi. Otéop npod kpynHoctsio 0-6
MM Bcex maTepuanoB npousBoauics B cooTBeTrcTBuu ¢ ['OCT 10742-71. I'pa-
HYJIOMETPHUECKHI COCTaB MaTepHalia COOTBETCTBYET YCPEAHEHHBIM JIaHHBIM
U1 JaHHOrO Kiacca (tabm. 1).
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Tabmuna 1
I panynomempuieckuii cocmas 00beKkmo8 ucciedo8anuil

Kunaccel kpynaocTH, MM:

Marepuain 0,5- |0,25- |0,10- |0,063

6 163 131 1105 155 (0110 0063 |-0

AHTpauur 95 (214 |30,6 [220 |10,2 |53 |20 1,0

VYrons mapku , K7 |5,1 16,0 |27,0 |16,3 |152 136 (3,8 3,0

[Tpuponusiii Men |2,1 8,3 19,7 (13,9 (14,2 |23,8 |13,0 |50

B kauecTBe m3menpuaromnieil cpeapl TPUMEHSUIUCh YYTYHHBIE IIaphl JgHa-
MeTpoM 0=20 MM | CTallbHBIC CTEP)KHU TOTO XKE JHUaMeTpa. 3aroJIHEHUE MeJTb-
HUIT MEJTIOIUMH TeslaMu cocTaBiisuio 50% B cimydae mapoBoro nmomoina u 40%
cTepikHeBoro, uro coriacHo [10] obOecnieunBaeT MakCUMAalbHYIO TMPOU3BOJIHU-
TENBHOCTh TIpOllecca W3MebUeHHs. Pa3oBas 3arpy3ka MeIbHHI] HCXOJHBIM
Marepuaniom coctanisiia 10 kr.

OnpITHl IPOBOAWINCH B CHEAYIOUIEH TocieaoBaTenbHOCTH. [locne Tmia-
TEJIBPHOTO YCPEIHCHHS TIOJIMOTOBJICHHAS HaBeCKa 3arpy’ajach B IOMOJIBHBIH
Oapaban pabouero oprana J1abopaTOpHON YCTAHOBKH BHOPAITMOHHOTO M3MEINb-
yeHus. [IpeaBaputensHO yCTaHABIMBAINCH HEOOXOAMMBIC YaCTOTHI M aMILIHU-
TyJbl TAPMOHHK KoJieOaHUil pabodero pexuma BuOpomenbHUlbl. [locne BbIxo-
Jla Ha YCTAaHOBUBILIMMHCA PEXUM KOJeOaHUN BKIIOUYANCA CEKyHIomep. Bpems
M3MEIIbYEHUSI BO BCEX SKCICPUMEHTaX MPUHUMAIOCh OIMHAKOBBIM. K3Menn-
YCHHBIA MPOJYKT COBMECTHO C TEJIaMH W3MEILUYCHHS IOCIIC OCTAaHOBKH MEJIhb-
HUIIBI YJIAJISUICS B TIPUEMHBIN OyHKEp, pUYeM MOCIIeIHUE OTACISUIMCh Ha CUTE
C SYEHKOM, MEHbIIIE JuamMeTpa mapoB. [lociae BBITOTHEHUS CUTOBOTO aHAJIM3A
M3MEIbYEHHOTO MPOAYKTa Ha CHTOBOM aHAIM3AaTOPE 3aIOJHSIUCH TaOIHUIIBI
CHUTOBOI'O aHaJIM3a, CTPOWINCH XapaKTEPUCTUKH KPYITHOCTH HMCXOJHOTO W W3-
MEJIBYCHHBIX TTPOIYKTOB, OMPEICISUIOCh COACpKAHUE B M3MEIBLYCHHOM TIPO-
nykre kinacca meHee 100 MKkM, paccuuThIBaiIach cTeneHb u3menbueHus i (1).

JIoCTOBEpHOCTh M HAACKHOCTH OMBITHBIX JAHHBIX OIICHUBAJINCH B COOT-
BETCTBUH C OOIICTIPUHITHIM CTaTUCTUUYEeCKMM ammaparoMm [17]. Ilpu stom mms
KaKJI0M aHAIM3UPYEMOM BBIOOPKH, BKJIIOUAIOINIEH 3...5 n3mMepeHu, onpeaess-
JUCh CpeTHEKBAAPATUICCKUE OIMMOKA U JOBEPUTEIbHBIC MHTEPBajbl. PaBHO-
TOYHOCTH MU3MEPEHUN MPOBEPSIIACh ¢ MOMOIIIBIO Kputepusi Koxpena, moctoBep-
HOCTh Pa3Huds B CPEAHHMX IMOKA3aTEJISIX CPABHUBACMBIX CEPHHl — KPUTEPHSI
CThIOJICHTA, aJICKBATHOCTh MaTEMAaTHUECKON MOJICIH OICHUBAJIACh KPUTCPHEM
®umrepa. IIpoBepka CTaTHCTUYCCKUX THIIOTE3 OCYIIECTBISIACH IPH JIOBEPH-
TenpHON BeposiTHOCTH 95 %.

Pesynbrarel vcciaenoBaHus IpeacTaBiieHbl Ha puc. 2—4 (pexum | — rapmo-
HUYEeCKUM, pexxuM || — OurapMoHUYeCKHiA).
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Puc. 2. Ilonynocapupmuueckue cymmapuvie xapaxmepucmuku KpYnHOCmMu uUc-
XOOH020 AHMPAYUMa u NPOOYKMO8 €20 UBMENbYUEHUsL: d — CIEPICHEBOL NOMOIL,
O — wapoesoi nomo
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Puc. 3. Ilonynocapugpmuueckue cymmaphvie Xapakmepucmuxku KpYRHOCMU UC-
X00H020 yens mapku K u npooykmos e2o usmenbuerus. a — CmepiCcHe8oll no-
MOJl, 6 — Wapoeoli NOMOJL.

TpyaHOCTh TIOCTpOCHMS M aHAIKM3a TpaduKOB B 0OJIACTH YACTHUI] MUKPOH-
HBIX Pa3MEPOB IPH OTHOCHUTEIBHO IIMMPOKOM JIHAINA30HE KPYITHOCTH YaCTHI]
Marepurajga 00yCIOBHUIN HEOOXOAMMOCTh IPUMEHEHHUS MOTYJIOTapH(PMUIECKIX
XapaKTePUCTUK KPYMHOCTH. WX MpeuMyIiecTBO MO CpPaBHEHHIO C OOBIYHOM
IKaJI0W COCTOWT B TOM, YTO PACCTOSHHSI MEXKIY COCCTHHMH 3HAYCHUSIMHU OT-
BEPCTHUI CUT Ha ocu abciuce B 00J1aCTH MaJIbIX 3€PEH YBEIIMUMBAIOTCS, a B 00-
Jact 0oJiee KPYIHBIX — COKpAIIArTCs. DTO TO3BOJSET 0oJiee TOYHO Ompejie-
JISITh BBIXOJ] TOHKUX KJIACCOB MPHU OOBIYHOM pa3mepe rpaduka.
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Puc. 4. Ilonynocapugmuueckue cymmapmvie Xxapakmepucmuku KpynHOCmu uc-
X00H020 Mena U NPOOYKMO8 €20 UBMENbUEeHUS: A — CIePHCHe80U NOMOJl, O—
waposou NoMol.

OO0paboTKa 1 aHATU3 TIOJYYEHHBIX JaHHbBIX, @ TAKXKE IOCTPOCHUE TIOTYJIO-
rapu(GMUYECKUX CYMMAapHBIX XapaKTEPUCTHK KPYITHOCTH OCYIIECTBISUTUCH MTPH
MIOMOIIIM CTATHCTUYECKOTO mporpammuoro moaysis SigmaPlot 9.0 [18].

[Tony4yeHHbIE pe3yJIbTaThl CBUACTEIBCTBYIOT O CYIIECTBCHHOM ITOBBIIIC-
HUH A((HEKTUBHOCTH TIPOIIECCa HM3METbUCHHSI B OUTapPMOHUYECKOM PEKUME
BCEX HCCIEIyeMbIX 00pa3IloB MaTepualioB. B ciydyae mpuUMEHEHUs MIapoOBOTO
IIOMOJIa CTETNICHbh U3MEJIbUCHHUS | M3MeHseTcs B npeenax oT 1,8 (Ha anTparure)
10 4,5 (Ha mpupoaHOM Melie) IpU CTEPIKHEBOM MOMOJIE U B Tipeaenax ot 4,6 10
6,3 (Ha Tex ke MaTepuaax) P MOMOJIC B TAPMOHUYECKOM PEIKUME.

BoiBoabl. Vcrnionp30BaHue OMTapMOHUYECKOTO PEKUMa BUOPOMEITBHUIIBI
MO3BOJISIET CYIIECTBEHHO YBEIMYUTHh CTEIICHb U3MENBUYCHUS UCCIIETYEMbIX Ma-
TEPUAJIOB KaK MpPU CTEPKHEBOM, TaK W IIApOBOM Iomosie. Tak, mpu CTepKHe-
BOM ITOMOJIE aHTPALUTA CTEIICHb N3MENIbYCHHSI B OMTapMOHIMYECKOM PEXHME B
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CpaBHEHHH C TAPMOHUYECKHM PEKHUMOM Bo3pacrtaeT B 3,2 pasa, yrist Mapku K
— B 3,4 pasa, npupoIHOTro Mena — B 2,5 pasa. Te ke TeHACHIIMU COXPaHSIOTCS U
MIPH IIIAPOBOM TIOMOJIE: CTETICHh M3MENIbUeHHUsI aHTpallMTa Bo3pacTaeT B 3 pasa,
yras mapku XK — B 3,6 paza, npupoanoro mena — B 3,2 pasa.

B 11€;10M MOKHO OTMETHTB, UTO MMPUMEHEHUE OUTAPMOHUYECKOTO PEXKIMA
W3MENIbYEHUST TIPH MPOYMUX PABHBIX YCIOBHUSIX IMO3BOJSET YBEIUYUThH CTCTICHD
U3MeNbYeHUsl MarepuaioB B 2,5+3,6 paza mo CpaBHEHHUIO C TPaJUIIMOHHBIM
TrapMOHUYCCKUM PEIKUMOM.

O noBbiteHn” 3(H(PEKTUBHOCTH U3MENBUCHUS MAaTEPUATIOB B CITydae MpH-
MEHEHHUs OMUTapMOHUYECKOTO PEXUMa CBHUIIETEIHCTBYET TaKKE PE3KOE YBEIH-
YeHHE COJIEP’KaHUs B U3METLYCHHOM MPOAYKTE Kilacca KpynmHOcThio MeHee 100
MKM. B ciydae cTepKHEBOro rmomojia aHTpalUTa COACpPKAHHE ATOrO Kiacca
Bo3pactaet ¢ 19,8 % npu rapmoHMYEcKOM pexxkume u3MenbueHus 10 63,8 %
npu ourapmMonndeckoM. [Ipu mapoBoM U3MEITbYCHUN aHTPAIMTA 3Ta BEIMIMHA
coctaBisier 29,8 % u 74,8 % coorBercTBeHHO. Te k€ 3aKOHOMEPHOCTH TIPO-
CJICKUBAIOTCS M PU U3MEILYCHUH IPYTUX MaTePUAJIOB.

Haun6Gombmas 3 peKTHBHOCTh N3MENIbUEHUSI B OUTAPMOHUYECKOM PEKUME
JOCTUTAIACh HA MPUPOIHOM Mele. [Ipu ero mapoBoM M3METbLYCHUH B BUOPO-
MEJILHUIIE ¢ OMTapMOHUYECKUM PEKUMOM cojiepkanue kiacca -100 mxm B u3-
MEJIBYEHHOM MpotyKTe nqocturaet 79,5 %. [lpu 5ToM Ha A0JI0 YaCTHI] KPYITHO-
CTBIO -63 MKM B 9TOM KJlacce mpuxoauTcs 6omee 66 %.

Takum 00pa3oM, TMPOBEICHHBIC CTCHIOBBIC HCCIICIOBAHUS IOJHOCTHIO
MOATBEPXKIAIOT HAJTMYHUE CYIICCTBEHHBIX TEXHOJOTHUYECKHUX MPEUMYIIECCTB H3-
MEJIbUYCHHS MaTeprajoB B OMTapMOHWYECKOM I10JIe KOJIeOaHUH 110 CPaBHEHHIO
C TPAIUIIMOHHBIM TAPMOHUYECKHUM. DTO BBIPAKAETCS B 3HAUUTEIHLHOM POCTE
CTETICHH HW3MEIIbUEHUs, a TaKXKe TOBBIINICHUH COJECP)KaHHS B W3MEIbYECHHOM
MPOYKTE TOHKUX YacCTHI] KpYIMHOCTHI0 MeHee 100 Mxm.
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