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AHAJIM3 METOJIOB OBPABOTKH JETAJIEM CBOBOJHBIM ABPAZUBOM

Ananuz coepemenHvlx pabom no 0moeroYHO-3a4UCMHOL 00pabomke ce0000HbIM Abpa3u-
60M NOKA3bIGAEM, YMO 8 HACMOAUjee 8peMsi 0OCHMAMOYHO NOIHO UCCIEO08AHBI MEMOObI,
OCHOBAHHbIE HA UCHONLIOBAHUU YEHMPODEHCHVIX U BUOPAYUOHHBIX CUTL, A MAKAHCE UX CO-
6MecmHoe gausHUe, K020a YeHmpoobedicHvle CUlbl pacnpedeneHvl no 0b6vemy pabouell Ka-
Mepbl HepasHoOMepHO. B cesazu ¢ smum nepcnexmugnvl pabomsl, Hanpasientvie Ha NO-
BbLULEHUE NPOU3B0OUMETILHOCTU 8UOPOAOPA3USHOU 00PAOOMKU HEe3AKPENIeHHbIX 0ema-
Jletl HanoMNHCeHueM Ha GUOPAYUOHHBIE CUTbL NOJSL KBAZUNOCIOSHHBIX YEHMPOOEIHCHBIX CUT
npu obecneyenuy 3a0aHHO20 KA4ecmaa 0opabomaHHbIX U30eIuil.

Knrouesvle cnosa: subpoununoenvhas obpabomka demaneil, MazHUMHO-AOPA3USHAS 0O-
pabomka, YIbmpazeyKosvie KOaeOaHus, YyeHmpooerCHo-niaHemapHvle MAauuHbl, NecKo-
cmpytinas 0opabomra, 2armoeOYHbLIL MEMOO.

bypnakoe B.l. Ananiz memooie oopooku oemaneii ginbHum adpazueom. Ananiz cyuac-
HUX pobim no 030001108A1bHO-3a4UCHOT 00pOOYI GLTbHUM AOPA3UBOM NOKA3ZVE, WO 8 Od-
HULL 4ac 00CMAamHb0 NOBHO OOCTIONCEHT MemMOoOU, 3ACHOBAHI HA BUKOPUCMANHI 8IOYEHI-
POBUX T GIOPAYILIHUX CUL, A MAKONC IX CYMICHULL 6NUS, KOIU GIOYEHMPOSL CUU PO3NOOi-
Jeni 3a 06'emom poboyoi kamepu HepisHOMIpHO. V 36'3KY 3 yuM nepcnekmusHi pobomu,
Hanpaeneni Ha NiOBUUIEHHS NPOOYKMUBHOCMI 8i0poabpasusHoi 0OpoOKU He3aKPInIeHux
Odemaneil HAKAAOEHHAM HA GIOPAYIHI CUlU NOSL K8AZINOCMIUHUX GIOYEHMPOSUX CUL NPU
3abesneuenti 3a0anoi akocmi 06podIeHUx UPooIs.

Knrouosi cnosa: sibpownindenvha 0bpobka demanetl, MacHimHo-abpaszuena obpodKa,
VALMPA38YKOGI KOTUBAHHS, GIOYEHMPOBO-NIAHEMAPH] MAUUHY, NICKOCMPYMUHHA 00pO6-
Ka, 2anmysaibHuil Memoo.

V.I. Burlakov. Analysis of methods of parts treatment by means of a free abrasive.
During the economic recovery of the country, special attention should be paid to the
technical re-equipment of all the branches of national economy. In particular, it is
recommended to pay special attention to the development and introduction of equipment
for fundamentally new technological processes. The main task in the field of mechanical
engineering is increasing the productivity, economy, reliability and durability of the parts
produced, labor input and labor costs reducing, integrated automation and
mechanization of labor-consuming manual processes. At present, the level of technical
perfection of metalworking and stamping production has reached a new qualitative level.
There exist highly productive automatic lathes and stamps with automatic feeding of
metal tape as well as semi-automatic machines with numerical control. Therefore, the
labor consumption in manufacturing small parts has sharply decreased. However, further
progress in the metalworking and stamping industry is significantly hampered by the lack
of highly productive cleaning methods, especially for complex shape parts and small
masses up to 40 g. So, for example, after cutting off the rings on the lathe turret, the labor
of removing the burrs located on the edge of the cutoff is 300-350%, and removing the
burrs after stamping is 400-450% of the labor consumption in manufacturing these parts.
The complexity of cleaning these parts results from their intricate shape and small size
that prevent them from being properly processed in vibration-abrasive machines or tum-
bling drums, while ultrasonic methods can’t be used either because of their relatively
large mass. From the analysis of various scientific sources, it can be seen that turbulent-
abrasive treatment is mainly used for rigid parts of simple design, vibration-abrasive
processing with large oscillation amplitudes is more expedient for parts of complex con-
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figuration with grooves and holes, including the parts of low rigidity. The creation of vi-
bro-abrasive machines with large oscillation amplitudes (10-20 mm), even with small
volumes of the working chamber (up to 1 liter) is associated with a great structural diffi-
culty, as well as with the solution of questions regarding vibration and noise insulation.
Thus, the cleaning of the parts of small stiffness with a mass of 25-40 grams up to this
time remains nonmechanized and manual.

Keywords: oscillation-spindle treatment of parts, magnetically-abrasive treatment, ultra-
sonic vibrations, centrifugal-planetary machines, gritblasting, rattle method.

IHocTanoBka mpoOiaembl. Ha coBpeMeHHOM 3Tare pa3BUTHS MAIIMHOCTPOEHHUS OCTPOMl Mpo-
OneMoii BCTaeT moadop MpOrpeccuBHOTO MeTozia 00paboTKY JieTaell MallliH Ha OCHOBE aHajn3a Cy-
HIECTBYIOIIUX CIIOCOOOB U COSIMHEHUSI B HOBOM CIIOco0e BCeX MPEMMYIECTB M MCKOPEHEHHsI HeZoC-
TaTKOB CYIIECTBYIOIIMX. Pa3pabaThiBaeMblii CIIOCOO JOJKEH IMOBBICUTH MPOU3BOIUTEIBLHOCTh (hH-
HUIIHOW 00pabOTKU U YIYyUYIINTh KauecTBO 00pabOTaHHOM MOBEPXHOCTH.

AHaJIU3 MOCJEIHUX HcCIeoBaHui U nyoaukanuii. Tak kak mpoOiema BbIOOpa MeToAa 00-
pabOTKHU UTpaeT Cephe3HYI0 POJIb B JAIbHEHIIIEM Pa3BUTHH OIEPALUi JOBOJIKH, TO €H MOCBSIICHO OIl-
pelleliecHHOe BHUMaHKe. DTy 3aJlaqy MbITAINCh U MBITAIOTCS PEHIUTh OOJIbINOE KOIUYECTBO HCCIIEN0-
Bareneil. Becomblil Bkaja B penienue 3toi mpodiemsr BHecnu: A.I1. Ynamkus [ 1], MOCBITHBIIMN Psij
pabot u3Hocy aeraneil oOpabareiBaromux MammH, B.B. Benynkesnd [2], paboraBimmii B 00J1acTd Mo-
BbIIeHUs 3QdekTuBHOCTH 00padoTku, A.Il. baduues [3, 4], ocHOBaBIIMH 1TKOTY BUOpOAOpa3uBHOMN
obpabotku, ['.B. Cepra [5], 3aHuMaBIIMiiCST TIOBBIICHHEM TPOU3BOAUTENHHOCTH abpa3uBHOM 00pa-
6otku, B.A. T'opoxoB [6], pabOTBI KOTOPOTO MOCBAIICHBI TEXHOJIOTHH 00padOTKH MeTaiioB, B.3. 3Be-
POBIIMKOB [7, 8], MOCBATUBIINI psiji paOb0OT MOJIETUPOBAHUIO JIBHIKEHUSI pabodell 3arpy3Kkd B KOHTEH-
Hepax U JUHAMHUKE IeHTpoOeKHON 00paboTke neranei, FO0.M. Bbapon [9], paspabaTbiBaroiiuii TEXHO-
noruto abpa3uBHOM 00pabOTKK B MarHUTHOM moje, B. Munpik [10], mOCBATHBINUE psij pabOT MHTEH-
cU(UKaIMK BUOPAIIMOHHOHN OT/IEI0YHO-3a4MCTHOR 00pabOTKe U ApyTrHe.

Henwb crarbu. [Tokaszats Hanbonee 3hpekTUBHBIN MeTOA 00pabOTKK AeTanell MallluH Ha OCHO-
BE aHAJIM3a CYIIECTBYIOIINX, YBEIUYHUB POU3BOAUTENHFHOCTh 00pAO0OTKH U MOBBICHB KauecTBO 00pa-
00TaHHOH TIOBEPXHOCTH, HCIONB3Yysl KaK MOXKHO OOJbIIE CYHIECTBYIOIIMX JTOCTOMHCTB M JIOOUTHCS
YMEHBIICHHS KOJIMYECTBA HEJIOCTATKOB aHAIM3UPYEMBIX CIIOCOO0B 00pabOTKH.

N3no:xxenune ocHOBHOTO MaTepuaa. Ha coBpeMeHHOM dTare pa3BUTHSI MAIIMHOCTPOSHUS Y K-
pauHbI ipobiieMa GUHHUITHON 00pabOTKU JieTaliell He pellleHa B MOJTHOM 00beMe. DTO CBSA3aHO C TeM,
YTO HJIET MPOIECcC MOCTOSTHHOTO YCOBEPIICHCTBOBAHMSI OCHOBHBIX ONEpaliuii MeXaHn4eckoi oopabor-
KM, a 3a4UCTHBIC ONEepallii POBOAAT 0€3 YCOBEPIICHCTBOBAHUSI COBCEM JINOO YIENSIOT TOMY OY€Hb
Mayio BHUMaHuA. [1oaToMy pa3zpaboTKe BEICOKOPOU3BOANTENBHBIX METOIOB OT/ACIOYHBIX OIepaui 1
MOBBIIICHNIO KAYeCTBa MIOBEPXHOCTH JIETaIEH TOJKHO YIENAThCS OOoblliee BHUMAHHE.

Bonpime mepcrnekTHBBI B 001aCTH JTIOBOJOYHBIX OINEpalyid B cpelie MEIKOAUCIepcHOro abpa-
3MBHOT'O MaTepraia OTKPbUIO UCIONb30BaHIE KHHETHIECKOW DHEPTUH CKATOTO BO3IyXa.

Hcnonezyemast AnUTENbHOE BpeMsi THEBMOCTPYIHAS JOBOJKA MTO3BOJISIET OCYIIECTBUTH MPOIIECC
Ha MPOCTOM 000pYI0BaHUH, OJJHAKO TIPU 3TOM HE YAEISAETCS BHUMaHHE DKOIOTMIECKOH YHCTOTE.

[Ipencrapisyi HEKOTOPBIN MPAKTHUECKUI MHTEPEC TaITOBOYHBINA METO] 00pabOTKH, HO JTaHHBIN
METO/I HE OIpaB/iaji HaJeXK [ OTHOCUTENFHO BBICOKOH MPON3BOIUTEIBHOCTH.

CyiecTByeT 00MbIIOe pa3HOOOpa3ue ClOCO00B M YCTAaHOBOK JUIS peaiu3alii BHOpoadpas3uB-
HOW 00paboTku [1], uTo 00yCIOBIUBAET HEOOXOMUMOCThL OoJiee MOAPOOHO MPOAHATN3UPOBATh ITOT
croco0 JT0BOAKH JeTaneit [2].

HecMotpst Ha BO3MOXHOCTH 0OpabOTKH TPyMHOAOCTYIHBIX MecCT [3] M HEXECTKUX JeTajeH,
HIHPOKYIO YHUBEPCATLHOCTD IpoIlecca Hapsay C BHICOKOW MPOM3BOIUTEIBHOCTHIO W KAYECTBOM 00pa-
0OTKH, TaKHe YCTAaHOBKH HE HAIIUIA IHPOKOTO MPUMEHEHHS B MPOMBIIIICHHOCTH M3-32 HEBBICOKOM
HaJIOKHOCTH KHHEMATHKH U HU3KOH CTOMKOCTH pa0O4MX y3JIOB.

B ynmoMsHYyTOM HampaBJICHHHM paccMaTpUBAIOTCS Pa3paboOTKH, OTpaKkalollue Co3JaHue HO-
BbIX (popMm pabounx kamep. VX KOHCTPYKTHBHBIE OCOOCHHOCTH NPENyCMATPUBAIOT YIpPaBICHHE
HUPKYISAIHOHHBIMH MTOTOKAMH M IIOTHOCTBIO paboueii cpensl, 6onee 3¢ (hekTUBHOE UCTIOIB30Ba-
HUe BUOpAIMOHHOTO Bo3JeicTBHs. Ha moBeneHne u mapaMeTpbl HUPKYJISIHA 00padaThiBatoniei
Cpelbl CyIIeCTBEHHOE BIHMSHNE OKa3bIBAIOT PEKUM BHOPALIMOHHOTO BO3JEHCTBUS (aMILTUTyAa A U
yacTora [ KoneOaHWii), a TAaKKe TaKHMe BEIUYMHBI, KAK PacCTOSHUE OT UCTOYHHKA KoieOaHWi
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(crenkun pabouelt kamephl), pa3MepHbIC MapaMeTpbl MUPKYISIPHOTO ciost (JuimHa u mupuHa). C
Y4E€TOM H3JI0KEHHOTO BBITIOJNIHEH OOJBIION KOMIUIEKC TEOPETUUYECKUX M DKCIIEPUMEHTANBHBIX HC-
cleoBaHUM, pa3paboTaHbl HOBBIE KOHCTPYKTHBHBIE CXEMBbl Pa0OYMX OPTaHOB BHOPAIIMOHHBIX
CTaHKOB M MaIuH [4].

K Hacrosiemy BpeMeHH TPEII0KEHO HECKOIBKO CXeM CTaHKOB JJisi BHOPOIIEHTPOOSIKHOM 00-
paborku. [To KHHEMaTHYECKOMY MPU3HAKY OHH MOJIPA3IENSIOTCS Ha CISTYIONIHE TOATPYIIITbL:

— CTaHKH C IJIOCKOCTHOM BHOpaIiell M MpOoCThIM BpalicHUEeM padodeil KaMephl;

— CTaHKH ¢ 00BbeMHOW BUOpaIKeil 1 IPOCTHIM BpalleHHeM pabodeil KaMephbl;

— CTaHKH C IJIOCKOCTHOM BHOpaIiell ¥ yriioBbIMHU KOJIeOaHUsIMU pabouell KaMephl;

— CTaHKH C IJIOCKOCTHOM BHOpaIiell ¥ miiaHeTapHbIM JIBIKEHHEM paboueil KaMephl,

— CTaHKH C TUIOCKOCTHOM WJIHM YTJIOBOW BUOpalmel, ABMXKYIIEHCS 10 CIOXHOW IPOCTPAHCT-
BEHHOH TPAEKTOPUU;

— CTaHKH C IUIOCKOCTHOH BHOpamueil U CIOKHBIM BpalaTrelibHbIM JIBI)KEHHEM pabodel kame-
PBI OTHOCHTEIBHO JIBYX WM TPeX COOCTBEHHBIX OCEH;

— CTaHKH ¢ 00BbEeMHOH YTIIOBOI BHOpaIuei;

— CTaHKH C BUOPHUPYIOIINM aKTHBATOPOM, BCTPOSHHBIM BO BPAIAIONIYIOCS Pa0OvyI0 eMKOCTb.

3aKOHOMEpHBIM IIATOM B Pa3BUTHH BUOPAIMOHHOW OOpaOOTKH cTana BUOpAIMOHHAS IINMHH-
nenbHas 00paborka neraneit. Ho BRICOKHMIT ypOBEHbB IllymMa B mpolecce padoThl, HEBO3MOXHOCTh 00-
paboTKN HEeKECTKHX JieTaleH, a TaKk)Ke HEeBBICOKAasi CTOMKOCTh PabovYrX OpraHoB, HU3Kas YHHBEPCAIb-
HOCTb M OTPHIIATENIFHOE BIIMSAHUE Ha 37I0POBBE PabOUero SBISIOTCS HEJOCTATKAMU JAHHOTO BHJIA 00-
paboTKu.

OmHMM W3 CPaBHHMTEIBHO HOBBIX METOJIOB SIBJISICTCSA MarHMTHO-aOpasuBHas oOpabotka [5, 6,
11]. B xauectBe 0OpabaThIBaroIIero MaTepraia MPUMEHSIOTCS ClieHallbHble a0pa3uBHBIE MTOPOIIKH,
BKITIOYAIOIIHE B ce0st cMech aOpa3uBHOTO MOPOIIKA, COCTOSIIET0 M3 MOHOKOPYH/IA € 3ePHUCTOCTHIO 110
@®EITA F100 (mo 'OCT P 52381-2005 3epuo — 150-125 mukpon) u 5%, 10%, 15% anmasnoro mate-
puana [5]. Ilom melicTBHEM CHJI MarHUTHOTO IIOJIS, CO3JaBAaeMBbIM CIICIIMAIIBHBIMH YCTPOHCTBAMH,
(heppOMarHUTHBIC YaCTHUIIbI MPKUMAIOTCS K 00pabaThiBacMOi MOBEPXHOCTH JI€Talld, KOTOPO CO00-
IIAI0T OTHOCUTEIbHOE pabodee IBUKCHUE, IIPU 3TOM MPOUCXOAUT 00paboTKa.

Bce Oonbliee mpruMeHEHHE HAXOJUT MCIIONB30BAHNE B KAYeCTBE HHCTPYMEHTa abpa3uBOB, BbI-
MOJTHEHHBIX U3 UCKYCCTBEHHBIX aJIMAa30B.

TexHoMorusi, OCHOBaHHAsI Ha WCIOJIb30BAHUM KaBUTAIMOHHBIX MPOIIECCOB, BOZHUKAIOIINX O]
JIeCTBHEM YIbTPa3ByKa B KUJIKOCTH MPH MOBBIIICHHOM JIaBJICHUH, ¢ 10OaBliecHHeM abpa3uBHBIX Yac-
THUI] — yIBTpPa3ByKoBas abpa3uBHas 00paboTKa, TaKkke XOpOIIo u3ydeHa uccienosarensmu [7, 12, 13].
OCHOBHOE MPEUMYIIECTBO METOJAa — COXPaHEHHE pa3MepoB U (POPMBI aeraneii — 0OBSCHIETCS BBICO-
KO M30MpaTeNbHOCTBIO Tpoliecca. Pa3pylieHnto moasepraeTcsi OCHOBaHUE 3ayCeHIla, a He MOBEpX-
HOCTbH JICTaJIH, CJIC/IbI 9PO3UH OTCYTCTBYIOT. DTO 00YCIOBICHO HATMYMEM KOHIICHTPALUU HANIPSIKEHU T
B O0JIACTH 3ayCEHIIa, YTO MPUBOJUT K BO3HHUKHOBEHHUIO B BBINICYKA3aHHOW O0JIACTH MHUKPOTPEUIMH U
JPYTUX TIOBEPXHOCTHBIX JIeheKTOB, 00JIeryaromumx oTaeiIeHne 3aycenna [2].

B meHTpoOeKHO-TUTaHeTapHBIX MallMHAX KOHTEWHEpHl MBMXKYTCS IUIAHETApHO: BPAIIAOTCS
BOKPYT OCE M OTHOCHUTENBHO IIeHTpajbHOU ocH [8]. HTeHCHBHOCTH 00pabOTKM AeTanell B TaKuXx
YCTaHOBKaX OYCHb BHICOKA. BpeMs 3a4nCTKH, B 3aBUCHMOCTH OT BEJIMYMHBI 3ayCEHI[A, HE IMPEBbIIIa-
et 40-50 MmunyT. PaboTh! psina uccnemorateneii [9, 10, 12, 14] mo3BoJsA0OT Ha3HAYATh ONTHMAaJIbHBIC
PEKUMBI 00pa0OTKHU JieTalieil HA OCHOBaHWMH BBISBICHHBIX OCHOBHBIX 3aKOHOMEPHOCTEH Ipoliecca U
pe3ynbTaToOB DKCIEpUMEHTOB. [Iporiecc 3pdekTHBeH I CPABHUTENBHO JIETKUX JCTaICH.

AHanmu3 coBpeMEHHBIX padoT M0 OTACIOYHO-3a4UCTHOW 00paboTKe CBOOOTHBIM a0pa3uBOM IO-
Ka3bIBAaeT, YTO B HACTOAIICE BPEMs JOCTATOYHO IMOJIHO HMCCIIECIOBAHBI METOJBI, OCHOBAHHBIC Ha HC-
MOJb30BAHUM IICHTPOOSIKHBIX M BHOPAIMOHHBIX CHJI, & TAK)KE€ WX COBMECTHOE BIMSHHUE, KOTJa IeH-
TpOOEKHBIE CHIIBI paclpelelieHbl 10 00beMy padoueii kamepbl HepaBHOMEpHO. B cBs3u ¢ 3TuM mep-
CIIEKTUBHBI pabOThI, HANpaBJICHHBIE Ha MOBBINICHUE MPOU3BOIUTEIBHOCTH BHOpoabpa3uBHOW 00pa-
OOTKM He3aKpEIJICHHBIX JeTalleil HaJlo)KeHNEM Ha BUOpAIIMOHHBIEC CHIIBI MTOJISl KBa3UITOCTOSTHHBIX 11CH-
TPOOEKHBIX CHII IPpU oOecIIeueHIH 3aJaHHOT0 KauecTBa oOpaboTaHHbIX u3aenuid. Kak ciemyer u3 00-
30pa CYyIIECTBYIOIIUX CIIOCOOOB BHOpalMOHHONW 00paboTkH, 3(P(HEKTUBHOCTh Pa3jIMyYHbIX CIOCOOOB
HeoarMHaKoBa (TalJj1.), a MOBBIIICHUE MPOU3BOIUTEILHOCTH M KauecTBa 0OpabOTKU 00eCreyrBacTCs
KHHEMAaTHUKOW Tporiecca, BEIOOpoM pabodeli cpebl, pexxuMaMu 00paboTKH.
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Tabnumna
Merozsl 00paboTKH JieTanell CBOOOAHBIMU METKO3EPHUCTBIMU abpa3uBaMu™
TexHonornyeckue
XapaKTEepUCTUKH METOJI0B BO3MOXXHOCTH
00paboTKH
3}
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Ne = 5 o) )
Meroabl 00paboTKH o) A 2 =) =) ] o o
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0 g Q o o 5 15 ¥ o S =
] < M I} 19} 2] jes)
= st = Q 2 o s =
o = da} da) g >
5 > g e
@) = =
1 [Meron nmpokadku + - + + - - +
2 |Typ0Ooabpa3uBHbIi + 0 + - - -
3 |Marauto-abpa3zuBHbIH| + - - + + - - -
4  |BuOpommuHIeTbHBIH 0 + 0 0 - + - 0
5 |YabTpa3BykoBoOi + + 0 - - - + +
6 |MmMmnennepHsbIit - + 0 + - + - -
HT JKHO-
7 Lentpobde 0 i 4 0 N 0 N ] ]
TUTaHETaAPHBIH

*TIpuMeuaHue: B TaOJIHIIE O] 3HAKOM «+» MOJpPa3yMeBaeTcsi BRICOKOE 3HAUCHHUE, TT0/I 3HAKOM
«-» — HA3KOE 3HauCHUE, 3HaK «0» 03HAYAET Cpe/iHee 3HAUCHUE PACCMATPHUBAEMbIX XapaKTEPUCTHK.

Hcxons w3 aHanusa pa3jiMyHBIX METOAOB aOpa3WBHOH 00paOOTKU nerajield, a MMEHHO,
BUOPAIIMOHHBI M IIEHTPOOCSIKHBIMH, MOXHO CIEIaTh BBIBOJ, YTO OOBEAWHSISA MEPCUUCICHHBIC
CHOCO6LI, MOXKHO ):[O6I/ITBC$I IMMOBBINICHUA Ka4YCCTBa IMOBEPXHOCTU JleTaJIeﬁ U NMPOU3BOAUTECIIBHO-
CTH UX 00pabOTKH.

Bompocam uccnenoBanus xapakrepa B3auMOACHCTBHS CBOOOJHO-IBHIKYIIUXCST aOpa3uBHBIX 3€-
peH ¢ oOpabaTbiBaeMol MOBEPXHOCTHIO MOCBSIIEH Lebli psifl padoT. OHU OCHOBBIBAIOTCS U HEpas-
PBIBHO CBsA3aHBI C BBIABJICHHBIMU OCHOBHBIMU 3aKOHOMEPHOCTAMMU, HaGJ’HO)IaeMLIMI/I Ipu HI.]'H/I(bOBaHI/II/I
KECTKO 3aKperICHHBIMHA a0pa3uBHBIMH HHCTPYMEHTAMH.

YcTaHOBIICHO, YTO XapakTep B3aMMOJCHCTBUS aOpa3WBHOTO 3€pHA 3aBUCHUT OT COOTHOIICHHS
TITyOMHBI BHEAPEHHUS a0pa3uBHOTO 3epHa B METAJUI K PaJInyCy NpH BeplIrHe. B 3aBHCHMOCTH OT BeIH-
YHHBI 3TOTO COOTHOILICHHS MPOUCXOJUT MHKpPOPE3aHHE, TIACTUYSCKOE HITH YIpyroe aedopMHpOBa-
Hue Meramia. B pabore LY. fAmepunpina orMedaercs, 4to oOpa3oBaHue NUTH()OBAHHON MOBEPXHO-
CTH IIPOUCXOIUT B PC3YyJIbTAaTC HAHCCCHUA aGpaSI/IBHLIMI/I 3€pHaMU MHOI'OYMCJICHHBIX IapalyH Ha I10-
BEPXHOCTH Jjeraneil. [Ipu 3ToM npoduinb moimydaeMoil MOBEPXHOCTH BO MHOT'OM OMPEIENSIETCsl COBO-
KYITHBIM PEXYIIUM KOHTYpPOM, 00pa30BaHHBIM YCIIOBHBIM COBMEIICHUEM BCEX PsIIOB aOpa3MBHBIX 3€-
PEH, NPOXOIAIIUX 10 JAHHOMY Y4aCTKY ITIOBEPXHOCTH.

OTcyTcTBHE )KECTKOW KMHEMATHYECKOH CBSI3W MEXKIY JCTANBI0 U HE3aKpeIUICHHBIM a0pa3uBOM
HAKJIaJpIBACT CBOW OTIEUATOK Ha Tpoiiecc 00paboTKu. XapakTep B3auMOJICHCTBUS aOpa3UBHBIX 3epeH
C MOBEPXHOCTHIO JIeTany (MUKpOpE3aHHue, HCTHPAHKUE WM YIPOYHEHUE 0e3 cheMa MeTaiia) 3aBUCUT
OT COOTHOIIICHHS HOPMAJILHOW COCTABIISIONICH CHIIBI BO3JICHCTBUS 3€pHA HA IMOBEPXHOCTH JCTAIN K
MPOJIOJIFHOM COCTaBJISIFOIIEH, HA KOTOPBIE B OOJBIIEH CTEIEHH BIUSET XapaKkTep JBHKEHHsI CBOOOI-
HOr0 a0pa3MBHOIO MHCTPYMEHTA.

Ha ocHoBaHuM 3TOr0, a TaKke ¢ y4eTOM JIOCTOMHCTB M HEIOCTATKOB YCTAHOBOK, ONMHCAaHHBIX
BBIIIIC, HEOOXOUMO O0BEIUHUTH 1Ba MeTo/a (DUHUIIHOW 00paOOTKH W TMONYYHTh HOBBIH BHI — BUO-
POLIEHTPOOEKHBII, B OCHOBY KOTOPOTO IOJIOXKEH MPOIECC MHUKPOPE3aHUs, OCYIIECTBISIEMBIH PEXY-
IIMMH BBICTYIIaMHU a0pa3uBHBIX 3€PEH, KOTOPBI 00ecleunBaeT CyIeCTBEHHOE MOBBIIICHUE TIPOU3BO-
JTUTEIBHOCTH M KauecTBa 00pabOTaHHOM MOBEPXHOCTH.
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