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BBEJAEHUE

B MammHOCTpOeHHH CYHIECTBYET IIMPOKAasi HOMEHKJIATypa JAeTaiell MMEIOIUX
OTBEPCTUSA, K KAyeCTBY IIOBEPXHOCTHU KOTOPBIX MPEABSIBISIOTCS BBICOKHE
TpeboBanus. K Takum neransiM OTHOCSTCS TWJIb3bl, LWJIMHIPBL, BTYJIKH U T. .
KauecTBo 3THX ZeTaneld BO MHOTOM ONPENEIISIETCS COCTOSIHUEM HUX MTOBEPXHOCTHOTO
CJI0SI, HEMOCPEACTBEHHO YUYacTBYIOIIEro B paboTe U GopMUpyeMOro Ha (UHHUIIHBIX
omepalusax TEXHOJIOTMYECKOro mpolecca.

BaxHpIM HampaBJ€HUEM NOBBIIIEHUS KAYECTBEHHBIX XapaKTEPHUCTHK AETanei
MPUHATO CYUTATh HCIOJb30BaHUE (DU3MKO-MEXAaHUYECKUX CIOCOO0B 00paboTKH,
MO3BOJISIIOIIUX ~ CHOPMUPOBATh MOJUGPUIIUPOBAHHBIM TMOBEPXHOCTHBIA  CIION C
BBICOKMMU SKCILUTYaTallHOHHBIMU XapaKTEPUCTUKAMMU.

Omaum w3 3G EKTUBHBIX  CHOCOOOB  TOBBINMICHUSI~ KayecTBa |
AKCIUTYaTalMOHHBIX ~ CBOMCTB  MOBEPXHOCTEM  JI€TAJCH  _MAIIUH . SIBJISAECTCA
MOBEpXHOCTHOE  Tuiactuueckoe  aedopmupoBanue ~(LII). IloBepxHocTHOE
MJIacTUIeCcKoe e(hOopMUPOBAHIE MEHSIET MUKPOCTPYKTYPY M (DHU3UKO-MEXaHUUECKHE
CBOMCTBAa TOBEPXHOCTHOTO CJIOS MeTayia, (OPMUPYET OCTATOUYHBbIC HAMPSHKEHUS
CKaTUS W MHKpOpenbed TOBEPXHOCTH, TMOBBIIIAET YCTAIOCTHYIO TPOYHOCTD,
KOHTAKTHYIO BBIHOCIIMBOCTh U U3HOCOCTOMKOCTE JICTAJICH.,

Bonpmiold Bkiag B pa3pabOTKy TEOPETMUECKUX OCHOB YIPOYHEHUs JeTajei
mamuH merogamu [T/ Baecnu U. B, Kyapsasues, E. I'. Konosanos, /. /I. [1ammes,
0. I'. Ilpockypsakos, 1O. I'. laennep, 1. F. AnexceeB, B. M. Top6uio,
JI. A. XBopoctyxun, B. M. Cmensguckuiiy; M. M. JKacumos, II. . Amepuusiy,
A. II. Munakos, W. I1. ®unonos, XK. A. Mpouek, I'. ®@. [llarypoB u apyrue.

HaunbGonee »ddexTuBHBIMU oOKa3aiuch AuHamuueckue Metonasl  [III]I,
MO3BOJISIIOIIME TOJy4YaTh = YNMPOYHEHHYIO IOBEPXHOCTh JETajl€dl C BBICOKUMU
KauyeCTBCHHbIMU xapaktepuctukaMu. K muHammueckum mertonam I oTHOcsTCA
MMIYJIbCHO-CUJIQBOE BUOpOHAKaThIBAaHUE, EHTPOOCKHO-yAapHAas u
MTHEBMOIIEHTPOOEKHAs 00paboTKH, MMITYJIbCHO-YAApHOE YIIPOYHEHHE,
0e3abpa3uBHas yIbTpa3ByKoBas GpuHUIIHAS 00pabOTKa U ApyTHE.

Onnako wu3BecTHhle auHamuyeckue wmeroasl [T, ocymecTBusiembie
WHCTPYMEHTAMH | YHPYTOrOo THIIA, CIOXHBI B pealu3alii, TaK Kak TpeOyroT
CIIEUAIBHBIX “TEXHOJOTUUYECKUX MPUCTOCOOJIECHUN WU JIOMOJTHUTEIbHBIX BHEIIHUX
HMCTOYHUKOB QHEPTUH JJISI COOOIIEHUS 1ePOPMUPYIOIINM JIEMEHTaM KOJIe0aTeIbHbIX
JBIKEHUM. KpoMme TOTro, ykazaHHbIE METOJbl HE MO3BOJIAIOT d3()PEKTUBHO CHUXKATH
MUKPOHEPOBHOCTH TOBepxHOCTH ¢ Ra 6,3-1,6 mo 0,8-0,2 MkM u oOecrieuynBaTh
rnyouny ynpounerus 6oinee 0,2 MM.

IlepcniexktBHBIM HanpasieHuem pasutus 111/ sBisgeTcs mMeron mMarHuUTHO-
JTUHAMHYECKOT0 YIIPOUHEHUS, IPU KOTOPOM DHEPTHUsl MArHUTHOTO TOJISI THCTPYMEHTA
npeoOpasyeTcsi B KojebaTelbHble  JABUXKEHUS  AeOPMHUPYIONIUX  IIAPOB,
B3aMMOJICUCTBYIOIIMX C MOBEPXHOCTHIO JETalu. B CBs3M ¢ 3TUM pa3pabOTaHHBIM
Ccroco0 MarHUTHO-AMHAMUYECKOTO YIPOUYHEHUS BHYTPEHHEH IMJIMHAPUYECKOM
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ITOBEPXHOCTU JIeTajell 00ecrneunBaeT MHTEHCHUBHOE CHUXEHHUE MHUKPOHEPOBHOCTEM
noBepxHoctu ¢ Ra 6,3-1,6 no 0,8-0,2 MKM, MO3BOJIIET MOJYYUTh YHIPOYHEHHBIH
MOBEPXHOCTHBIM cioil Ha riayouny Oomee 0,25 MM, HMEIOMUNA BBICOKHE
DKCILTyaTallMOHHBIEC CBOMCTBA.

OBLIASA XAPAKTEPUCTHUKA PABOTHBI

CB3b ¢ KPYNIHBIMHM HAYYHBIMHU IIPOrpaMMamMu (IPOeKTAMU) U TEMAMHU.

Tema nuccepralluoHHON pabOThl COOTBETCTBYET MPUOPUTETHOMY HAMPABICHUIQ
byHIaMEHTAIbHBIX U MPUKIAJAHBIX HAay4YHbIX HcchenoBaHuil PecnyOnuku benapych
Ha 20112015 rr., yrBepxaeHHomy IlocranoBnenuem CoBera. MuUHHCTPOB
PecniyOnuku benapycs ot 19.04.2010 r. Ne 585 «Bblcoko3HEpLETHYCCKUE MPOLIECCHI
B TEXHOJOTMYECKON cpele W Ha rpaHulle paszaena ¢asz npu. ¢dopmMooOpa3oBaHUH,
YIPOUYHEHUH, 00pabOTKE U UCTIBITAHUU MaTepUaioB, GOPMUPOBAHUY TOKPHITHIN.

UccnenoBanusi 1Mo TemMe JHUCCEPTAMU MPOBOJUINCH B (paMKax Hay4dHO-
uccienoBarenbckoir pabotel I'b Ne 0616 «HOBBIE TEXHOJOTHM TOBBIIICHUS
MIPOU3BOJICTBEHHOI'O pECYypCa UHCTPYMEHTOB U Y3JI0B METAILUIOPEXKYIIIUX CTAHKOB JIJIsI
YCJIOBUM aBTOMaTU3UpPOBaHHOTO Tmpou3BosctBay (20052010 rr.) (momep rocC.
peructpaiuu  2006560) u HayuHo-uceieqoBarenbckoi paborer I'b No 1118
«IToBbIlIEHNE MapaMeTPOB KavyeCTBA. IMOBEPXHOCTHOTO CJIOS HMHCTPYMEHTOB,
TEXHOJIOTUYECKON OCHACTKHU, ACTAICH ' TEXHUYECKUX CHCTEM C ONTUMH3ALMUENd HX
KOHCTPYKTUBHBIX, TEXHOJOTUYUECKUX MU . OKCIUTyaTallMOHHBIX  XapaKTEPUCTUK
Bo3jeiicTBUeM Theromero paspsaa u o IIIJI» (2011-2015 rr.) (Homep roC.
peructpanuu 20111335), BeinonHseMbIX ‘Ha kadenpe «MeTtamiopexyiiue CTaHKU 1
MHCTPYMEHTBDY benopycecko-Poccuiickoro ynusepeurera.

Hear u 3amaum. ucciaenoBanuil. [Jenvio pabOTHl SBIAETCS TOBBIIIICHUE
3 PeKTUBHOCTH OT/1CI0YHO—YTIPOYHSIOIIICH 00paboTKH BHYTpEHHEH
UUJIUHAPUYECKOM TIOBEPXHOCTH JeTaled MallMH C HMCHOJIb30BAaHUEM MAarHUTHO-
JTMHAMUYECKOro packateiBanus (M/IP).

JIJ1st MOCTHKEHUS TIeJT HE0OXOAMMO OBLUIO PEIIUTh CIASAYIONINE 3a/1a4u:

— pa3paboTaTh BBICOKOMPOM3BOAUTEIBHBIN CIIOCOO MAarHUTHO-IMHAMHYECKOTO
packaTbIBaHU,~  OOECIEUMBAIONINI  cooOmeHne  KoneOaTeabHBIX  JABUKCHUN
nedopMHUpYIOLIMM [IapaM 3a CYET SHEPrMM MAarHUTHOTO TOJII MHCTPYMEHTA,
OCYUIECTBISIONMM UHTEHCUBHOE CHUKEHHME MUKPOHEPOBHOCTEW MOBEpXHOCTH ¢ Ra
6,3-1,6.10 0,8—0,2 MKM;

= pa3paboTaTh WHCTPYMEHT /Ui peanusanuu crocodba MJIP, Bxmrowaroniuit
MAarHUTHYIO CHCTEMY JUIsl COOOIICHUS paauaibHBIX KojeOaHui nedopMHUpYIOIUM
mapaMm. I[lodyuyuTh peKOMEHJIAalMH TO0 MPOCKTUPOBAHUID MATrHUTHOW CHCTEMBI
uHCTpyMeHTa. OnpenenuTbh CTOUKOCTh AehOPMUPYIONTUX IIIApOB UHCTPYMEHTA;

— OCYIIECTBUTh MaTEMaTHYECKOE MOJIETUPOBAHUE TMPOIECCa MAarHUTHO-
JTUHAMUYECKOTO PpPAaCKaThIBaHWS, YCTAaHOBUTh B3aMMOCBSI3b KHUHETOCTATUYECKUX
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XapaKTEPUCTHK JBIKECHHS JeopMupyromero mapa B MarHUTHOM TIOJi€ W
00ecreunTh MPOTHO3UPOBAHUE IEPOXOBATOCTH MOBEPXHOCTH;

— UCCJIEAOBaTh XAapAaKTEPUCTUKU IMOBEPXHOCTH, YNPOYHEHHONM MarHUTHO-
JTUHAMUYECKUM pacKaThbIBaHUEM (IIEPOXOBATOCTh, MHKPOTBEPAOCTh, TIIIyOMHA
YOPOYHEHUS, TOUHOCTh U U3HOCOCTONKOCTB);

— ONpENeNUTh  NEPCHEKTUBBI  HWCIOJB30BaHUSA  MpoLEcca  MarHUTHO-
JTUHAMUYECKOIO pacKaThIBaHUs. BHEIPUTh TEXHOJOTUYECKYIO ONEPAIUI0 MAarHUTHO-
JTUHAMUYECKOI0 YIIPOUHEHUSI U UHCTPYMEHT B IPOU3BOJICTBO.

Obvexm uccnredoarus — MPoIecC MarHUTHO-TUHAMUYECKOTO PACKaThIBAHUS.

Ilpeomem uccnedoéanuss — KadeCTBEHHBbIE XAPAKTEPUCTUKH YINPOUHEHHOU
MOBEPXHOCTH JICTAJIH.

Ilon10xeHus1, BLIHOCUMbIE HA 3ALIUTY.

1. Cnoco6  MarHUTHO-AMHAMUYECKOTO  pacKaTbIiBaHWs;  MTPH . KOTOPOM
YOPOYHEHUE TIOBEPXHOCTH JE€TaIM OCYIIECTBIAIOT Ae(POpPMUPYIOIAMH IIapamH,
nepeMeIaeMbIMU BJIOJIb ACTaIH, OTJIMYAIOIINICS TeM, YTO 1aphl MoJiydaroT padodyue
JNBIDKCHUST (BpallleHUE BOKPYT OCH JeTalu: M PpaguaibHbIC. KojieOaHus) OT
BpaIlla€MOro, MEPUOJUYECKH JICUCTBYIOIIETO.. MAarHUTHOIO, TOJISI HHCTPYMEHTA,
MO3BOJISIONIMN  00ECIIEYUTh HMMITYJIbCHO-YAPHYIO YIIPOUHSIONIYI0 00paboTKy C
oceBoit momauerr ot 20 mo 1000 wM/MUH, CHIDKCHHE MHUKPOHEPOBHOCTEH
MIOBEPXHOCTH 3aroToBku u3 ctanu 45 ¢ Ra 6,3—1,6 o 0,8-0,2 MKkM, ynpodHeHUE
NOBEPXHOCTHOTO €Jiosi Ha rayOuHy g0 600 MKM~“HM MOBBIINIEHHE W3HOCOCTOMKOCTU
OBEPXHOCTH B 2,1— 2,3 pa3a.

2. Teoperndeckn M 3KCIEPUMEHTAIBHO OIPEIESICHHbIE MapaMeTpbl MAarHUTHOMN
cUcTeMbl (nuameTp AehOPMUPYIOIINX * IIapOB, AHAMETp OOOWMBI MarHUTHOM
CHUCTEMBI, JUAMETP U BHICOTA UJIUHIPUIECKOTO MOCTOSHHOTO MarHuTa, KOJIMYECTBO
MOCTOSIHHBIX MArHUTOB W JA€POPMUPYIOIMIMX IIapOB) MAarHUTHO-AMHAMUYECKOTO
packaTHHUKA, TPEOOPA3yIOIIETO SHEPTUIO BpPAIIEHUS] MHCTPYMEHTA B KoJieOaTelIbHbIE
JBYDKEHUS Ne(hOPMUPYIOMUX [1apOB M O0ECMEUYMBAIOIIETO UX UMITYJIbCHO-YIapHOE
B3aUMOJIENCTBHUE C YIIPOUHAEMON OBEPXHOCTHIO 3aTOTOBKHU.

3. Maremartnueckas MO/IEJIb npouecca MAarHUTHO-JUHAMUYECKOTO
pacKaTbIBaHUsI, YUUTHIBAIOIIAS JABUKEHUE N€POPMUPYIONIUX IIAPOB BO BpPAIIAEMOM,
MEPUOANYECKU ~ ACHUCTBYIOIIEM MAarHATHOM TOJIE HMHCTPYMEHTA, IO3BOJIAIOLIAs
ONPENEIIUTh - TPACKTOPUID W XAPAKTEPUCTUKU  JBWKEHUS  LIEHTpAa  Macc
neopMUpyIOIIMX IAPOB B 3aBUCUMOCTH OT IMAapaMeTpPOB Mpollecca YINPOUHEHUS,
CWiIy, iynapa AedOpMHpYIONIEr0 IIapa O 3aroTOBKY M OCYILECTBIATH
IIPOTHO3UPOBAHUE BEJIMUHUHBI IEPOXOBATOCTH YIIPOUHSIEMOM TOBEPXHOCTH.

4. AHanuTU4YeCKUE€ 3aBUCHUMOCTH I OIPEHECIEHUS CHIIbI B3aUMOJIECHCTBUS
ne(hOpPMHUPYIOMIETO Mapa ¢ UCTOYHUKOM MArHUTHOTO TOJIS, YYUTHIBAIOIINE YTIIOBOE
pacrnoyioxkeHue AehOpMHUPYIONIETO Mapa MO0 OTHOMIEHUIO K UCTOYHUKY MarHUTHOTO
MOJIsl UHCTPYMEHTA, MO3BOJISIIOIINE YCTAHOBUTH B3aUMOCBSI3b MMAPAMETPOB JBUKCHUS
nehOpMHUPYIOIIETO MIapa ¢ XapaKTePUCTUKAMU MarHUTHOTO TI0JII UHCTPYMEHTA.
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5. Pe3ynbTaThl UCCHENOBAHUS BIUSHUS PEKUMOB MArHUTHO-JUHAMHYECKOIO
pacKaThIBaHHUSI Ha IIEPOXOBATOCTh MOBEPXHOCTH, MO3BOJMUBIIKME ONTUMHU3UPOBATH
mapamMeTpbl  yIpOUHSIONeH o0paboTkum Tpu  OOeCredyeHun  MHUHUMAIbHOU
IIEPOXOBATOCTU IOBEpPXHOCTH: n = 2450 mmu! — mma cramm 45 (180-200 HB),
n=3100 mun! — qna cramm 45 (4245 HRC); muamerp neGOpMHUPYIOMINX IIAPOB
packatauka D = 13 MM — st o6pabotku ctanu 45 (180-200 HB); Dmr = 8 MM —
st 00paboTku cramm 45 (42—45 HRC).

JIMYHBIA BKJIaJA cOUCKATEJIA.

CowuckareneM JUYHO MOJTYUYEHBI CIEAYIONINE PE3YIbTATHI:

—  pa3paboTaHbl HMHCTPYMEHT U  CNOcO0  MarHUTHO-AMHAMUYECKOIO
pacKaThIBaHUS, OTIMYAIONINECS OOCCIECYCHUEM IUHAMUYECKOTO J1e(OopMUpOBaHUS
MOBEPXHOCTU 3aroTOBKH JACPOPMUPYIONIMMHU IIapaMd Ha OCHOBE HCIIOJIB30BAHUS
HHEPrUU BPaLIAEMOT0, MEPUOANUYECKHU ACHCTBYIOIIETO MArHUTHOT'O MOJIS;

— CO3/]JaHa MaTeMaTU4ecKas MOJEb ABMXEHHUS AePOpMUPYIOIIUX MIAPOB MO
JNEUCTBUEM  BpaIlla€MOr0, TNEPUOJMYECKH JEUCTBYIOINEr0O MAarHUTHOTO  IMOJI,
oOecreunBaoIIasl TMOJYYCHHE aHATUTHYECKUX., 3aBUCUMOCTEH. IJIs1 OIMpeaesieHUs
cuibl  yaapa naeopMupyromero Immapa o feTaiab, CHJIbl B3aUMOJCHCTBUSA
nedopMUpyIOLIEro  Iapa C  HWCTOYHHKOM . MAarHATHOTO, TOJsi, BEJIMYUHBI
HIEPOXOBATOCTH MOBEPXHOCTHU MOCIIE MarHUTHO-TMHAMUYECKOTO PACKATHIBAHUS;

— ONpPEAENICHbl XapaKTEePUCTUKH YHPOUHEHHON TOBEPXHOCTH: IIEPOXOBATOCTb,
TOYHOCTh JAHAMETPALHOTO pa3Mepa, 'MUKPOTBEPAOCTh, TIyOMHA YIPOYHEHUS U
HU3HOCOCTOUKOCTb.

ITocranoBKa 1es1el U 3a7a4 UCCICIOBAHUN, aHAIU3 ITOJYYEHHBIX PE3YJIbTAaTOB
MPOBOJUIMCH COBMECTHO C Hay4YHbIM PYKOBOJHUTEIEM KaHJ. TE€XH. HAayK, JOII.
A. M. J[osraneBsiM.* B’ coBmecTHBIX pabotax ¢ A. M. JloBraieBsiM, CT.
npenogasaresieM J[..M: PokankoBeiM 1 accucteHTOM C. A. CyXOLKUM COUCKATEIh
MIPUHUMAJT HEMOCPEICTBEHHOS YIaCTHE Ha BCEX dTanax MIaHUPOBAHUS U MIPOBEACHUS
HCCIIeIOBaHUM, '00Pa0O0TKH -pE3yJIbTaTOB U MOATOTOBKU MyOnauKaruil. Pe3ynabTathl,
MOJTyYeHHBIE COABTOPAME.Pa0OT, B TUCCEPTAIIUU HE pACCMATPUBAIOTCSI.

Anpodanusi pe3yjabTaToB auccepranmuu. OCHOBHBIE TOJOXKEHHUS pPabOThI
JIOJIOKEHBI W OOCYXKJIEHBI Ha CIEIYIONIUX MEXIYHAPOJHBIX M PECIyOIUKaHCKUX
Hay4qHO-TEXHHYECKUX KoH(pepeHusax: «HoBble wmaTepuansl, 000pyJOBaHUE U
TEXHOJIOTUM . B TipoMbilizieHHOCTH» (2004, 2005, 2006, 2007, 2008, 2011),
«Marepuansi, obopynoBanue u pecypcocOeperarome texnonorun» (2004, 2005,
2006, 2007, 2008, 2009, 2010, 2012), «Pa3BuTHE NPUTrPAaHUYHBIX PETHOHOB
Besmapycu u Poccun Ha coBpeMeHHOM 3Tarme: npoOsieMbl U nepcnekTuBb (2006) B
Bbenopyccko-Poccuiickom YHUBEPCUTETE, «IHHOBalIMOHHBIE TE€XHOJIOTHH,
aBTOMATHU3ALIMS U MEXAaTPOHHMKA B MAIIMHO- U TpubopocTpoeHun» (Munck, 2012).

Ony0/IMKOBaAaHHOCTH Ppe3yJbTaTOB Auccepranuu. llo Teme aucceprauuu
omy0nrKoBaHbl 42 mieyaTHbie padoThI (8 aBTOPCKUX JIMCTOB), B TOM YHCJIE CTAaTEH B
pELEH3UPYEMBIX JKypHaiaX, BKIIOUEHHBIX B CIIMCOK HAYYHBIX M3JaHui PecryOnnku
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benapycps nnst omyOnuMkoBaHUs pe3ydbTaTOB MUCCEPTALMOHHBIX HCCIEIOBAaHUN — 6
(2,8 aBTOpPCKHMX JMCTa), MaT€pUajoB  MJIA  TE3UCOB  JIOKJIAJOB  HAYYHBIX
KoH(pepenumii — 23, nateHToB Pecriybnuku benapycs Ha n3obperenue — 13.

Crpykrypa n o0bem auccepranuu. /{uccepranmonHas pabora npeacraBieHa
Ha 128 crpaHMIIaX MAIIMHOMKMCHOTO TEKCTa, CONEpPKUT 4 Tabiuilbl, 53 pUCYHKa.
CocTouT 13 BBeJEHUS, OOIIEH XapaKTEpPUCTUKHU padOThI, MATH TJ1aB, 3aKIIOUEHUS U
npuioxkeHui. CIMCOK MCIOJb30BaHHBIX HCTOYHUKOB BKIIOYaeT 154 HanMmeHoBaHUS,
BKJIIOYAs CIHUCOK MyOJIMKAIMKM couckaresns — 45 HauMeHOBaHMIA.

OCHOBHOE COAEP XAHHUE

B nmepBoi riaBe NPEACTABICH AaHAIN3 CYLIECTBYIOIUMX ~ CTaTUYECKUX U
nuHamuyecknx MetonoB Il  mma  ynpoyHEeHUsT TIOBEPXHOCTH OTBEPCTHI.
VY cTaHOBJIEHO, YTO TMHAMUYECKUE METObI YIIPOUHSIOMICH 00pab0TKH, 00CCIeYNBAIOT
dbopmupoBaHre MHUKpopenbeda MOBEPXHOCTH W MOAUPUKAINIO, TTOBEPXHOCTHOTO
CJIOSI, YTO TIOBBINIAET YCTATOCTHYIO MPOYHOCTh, KOHTAKTHYIO BRIHOCIUBOCTD JE€TaIeH
U U3HOCOCTOMKOCTh TOBEPXHOCTU. BBISBICHDI | MPEUMYIIECTBA W HEIOCTATKH
CYIIECTBYIOIIUX METO/IOB.

Meton UMMIYJIbCHO-CUJIOBOTO BHOpPOOOKATHIBAHUS IO3BOJISIET  MOBBICUTH
MHUKpPOTBEPAOCTh TOBEPXHOCTH, CHHM3UTH €€ AIIepoXOoBaToCTh, CHOPMUPOBATH
peryimsapHeiii  penbed. OpmHako /OH  XapakTepuszyeTcs OOJbIIMMH  CHJIaMU
nedopMupoBaHus, TPEOYET BRICOKON TOYHOCTH UCXOTHOTO pa3Mepa U MpUeMIIeM st
YOPOYHSIOIIENH 00pabOTKH KECTKUX JIeTajei.

[THeBMOILIEHTpOOEKHAS U TMHEBMOUMITYJIbCHO-yAapHasi 0OpaOOTKH MO3BOJSIOT
MOJIYYUTh BBICOKHE JKCIUIyaTallMOHHBIE CBOMCTBA MOBEPXHOCTH JCTaJeld 3a CYET
MOBBIIMICHUS] MHUKPOTBEPIOCTH, CHIDKEHHSI IIIEPOXOBATOCTH U (HOPMHUPOBAHUS
MUKpopenbeda. /OmHako . MeToabpl  00ecneuuBarOT  [NIyOMHY  YINPOYHEHHS
MMOBEPXHOCTHOTO, Cinost geranmd no 0,1 mm. Kpome Toro, misg mx OCyIIECTBICHUA
JOTIOTHUTEABHO HEOOXOAUM BHEITHUN UCTOYHUK SHEPTHH — CKATHIA BO3IYX.

[lenTpoOexxHO-yJapHOE YIPOUYHEHHE OTBEPCTUH O0O0ECTeUnBACT CHUKEHUE
MUKPOHEPOBHOCTEH M YIIPOUHEHHUE MOBEPXHOCTH HA 3HAYUTEIBHYIO TIyOUHY, HO IS
ero peanuzanuu TpeOyeTcs BpalleHUE JeTalld U HaJIUu4he JOMOJHUTEIIBHOTO
BBICOKOCKOPOCTHOT'O MPUBOIa HUHCTPYMEHTA.

besabpaszuBHas yJIbTPa3ByKOBas buHUIITHAS o0paboTka (BY®O)
XapaKTepu3yeTcsi MHTCHCHUBHBIM CHUXEHHEM IIEPOXOBATOCTU MOBEpXHOCTU. Jljis
peanu3aluu  MeToja TpeOyeTcss  cheluaibHas  YCTaHOBKA,  BKJIIOYArOIIast
VJALTPa3BYKOBOM TE€HEpaTop U aKyCTHYECKyl0 TojoBKYy. Kpome Toro, meton
ocyuiecTBiaseTcss ¢ MainbiMH nogadamu (15-30 mm/MuH), TpeOyeT BpallleHus JeTalu
U HE T03BOJISIET 00ecneynTh riyOuny ynpounenus 6ozee 0,1 M.

B cBa3u ¢ aTEM, aKkTyanpbHOM 3ajadeil sABISETCS pa3paboTka cmocoba
OTJIEJIOYHO-YIIPOUHSIONIe 00paboTKHU, 00ECIeunBaOIEr0 HHTEHCUBHOE CHIXKEHHE
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MUKPOHEPOBHOCTEN moBepxHOocTH Jnetaned ¢ Ra 6,3-1,6 mo 0,8-0,2 MkM u
YIOPOYHEHHUE MOBEPXHOCTH Ha TiIyOuHy 10 0,6 MM, peasin3yemMoro Ha ClelraJbHOM
WM YHUBEPCATLHOM 000pYyAOBaHUU O€3 BpallleHUs AeTajH.

Bo BToOpoii r1aBe B COOTBETCTBUMM C IIOCTaBJICHHOW 3ajauell pa3paboTaH
CIoco0 MarHUTHO-AMHAMUYECKOTO pacKaThIBaHUS, IMO3BOJIIOIIMM OCYIECTBISATD
MHTCHCUBHOE CHI)KEHHE MUKPOHEPOBHOCTEH MOBEPXHOCTH 3a CUET NMPEoOpa30oBaHMUs
SHEPruM  MArHUTHOTO TOJS HHCTPyMEHTa B  KojeOaTelbHbIE  JBUKCHUS
neOpMUPYIOIINX IIAPOB, B3AMMO/ICHCTBYIOIIMX C IIOBEPXHOCTHIO JACTaI (PUCYHOK 1).

CornacHo npeioxkeHHOMY croco0y, negopMupyromue mapbl 1| U UCTOYHUKH
MarHUTHOTO MOJIsI 2 UHCTPYMEHTa BBOJAAT B OTBEpPCTUE 3 3aroToBKU 4. McTouHnKam
MarHMTHOTO TOJs 2 COOOIIAIOT BpalleHHe, a MHCTPYMEHTY — JBMIKEHHE OCEBOM
nonayn. Ilpu stom Ha nedopmupyromue mapbl | mepuoandeckd BO3JACHCTBYIOT
BpalllaéMbIM MAarHuTHbIM nosieM ¢ 4dactorod 160-840 I'w. Benuuuny mHIyKIuu
MCTOYHUKOB MAarHUTHOIO IOJII MHCTPYMEHTa NPUHUMAIOT, B ‘mpenenax 0,2-1,2 Ti.
BekTop MHAYKIUM MAarHATHOTO TIOJSL B HANpPaBJISIOT PaquaibHO. K YIPOUHSEMOM
noBepxHocTu. [lox AeiicTBHEM MarHMTHOTO MOJISE MHCTPYMEHTA  ACPOPMUPYIOIIHIE
mapbl | MoJly4arOT BpalIaTeIbHOE JBHXKEHUE, ‘BOKPYI OCH 3aroToBKHU 4 U
OPUKUMAIOTCS  IEHTPOOeKHOM  cuioiis Fy ' K ynpodHsSeMOoW TMOBEPXHOCTH.
OpnHoBpeMeHHO Ha AehOopMUPYIOUIUE IIaAPhl 1 NEPUOAUYECKU JEHCTBYET MarHUTHAS
cuna F,, oTpsiBaronas ux oT TOBEPXHOCTH 00pabaTbiBaeMOil 3arOTOBKH.

- SN
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Pucynok 1 — CxeMa croco6a MarHuTHO-AMHAMHYECKOI0 YIIPOYHEHHSA
MOBEPXHOCTH

BcenenctBue storo  aedopmupyromme mapsl | mpuoOpeTaroT  pagualbHbIe
Kose0aTeNbHbIE JABM)KCHUS B IJIOCKOCTH UX BpAILEHUS C aMIUIMTyAod 1-5 MM (B
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npeaciiax BCIIMYMHBI PAAUAIIBHOIO 3a30pa MCKAY IMOBCPXHOCTBIKO 3arOTOBKU 4 n
MarHUTHOM CHUCTEMOU PIHCTpYMeHTa) )41 OCYHICCTBIIAIOT JAUHAMHYCCKOC
IMOBEPXHOCTHOC IMIACTUYCCKOC ,Z[C(I)OpMI/IpOBaHI/Ie.

. s peann3anuu

gT%E cnocoba M/JIP pa3paborana

N | KOHCTPYKIIUSI MHOTOCEKIIHOH-
1 ‘ 1 HOTO pacKaTHHKa, COJEpKa-
IETO MArHUTHYIO CHCTEMY C

> 7‘ 6 PaBHOMEPHO PACIIOJIOKEHHBI-
-\ | - 2 MM MCTOMHUKAMH MArHUTIO-

7 [/ = - b 1o noms, HpeoOpazyolyIo
] ‘ — ~_3  DHEPruf0” BpalleHHs WHCTPY-
8 LA |J | A / o 2 MEeHTa, B  KolleDaTeibHbIe
‘ E ABUKEHUS JEGOPMUPYIOIINX

9 — IAPOB, _*, OCYIIECTBIISIONINX

UMITYJIBCHO-YIapHYIO
YOPOUHSIIONIYI0O  00paboTKy
(pucyHoK 2).

Pucynok 2 — KOHCTpyKIMSI MHOTOCEKIIMOHHOT O
MATHUTHO-IMHAMMYECKOI0 PACKATHUKA

NucTpyMeHT comepkut: kopryc.l; muckum 2,35 nedopmupyromue mapsl 4;
KOJIBIIEBYIO KaMepy 5; CEKIMH, BKIIOYAOIIME MAaTHUTHYIO CUCTEMY B BUJE O0OMMBI 6
C IWIMHAPUYECKUMHU TIOCTOSIHHBIMA MarHMTaMu 7 ¥ MarHUTONPOBOJHBIMU
BCcTaBKaMu 8. J[71s1 3aKperuieHus MHCTpYMEHTA B LIMUHAENIE CTaHKa MPEIyCMOTPEHBI
maiida 9, onpaska 10 u BunT 11.

KonuyecTBOo cekuuii MHCTPYMEHTa NMPUHUMAIOT PaBHBIM OTHOIICHHUIO JJIMHBI
oOpabaTbiBaeMOM _ (JI€Talu .. K  pPACCTOSHUIO  MEXJIYy CMEXHBIMH  psIaMU
nehOpMHUPYIOLIUX. . IIapOB. +ATO TO3BOISIET MHOTOKPATHO YMEHBIUUTH JJIUHY
pabouero xo/a WI0BBICHTH TIPOM3BOUTEIHHOCTD YIPOUYHSIONMIEH 00pabOTKH.

[ToslydyeHbl pexkOMEHAaUUU IO BBIOOPY MAapaMEeTpPOB MArHUTHOW CHCTEMBbI
MHCTPYMEHTA: JuameTpa AehopMUPYIOLIUX IIApOB; JUamMeTpa 00OMMBI MarHUTHOM
CUCTEMBI; BBICOTBI M JIMAMETpa UWIMHAPUYECKOIO IOCTOSIHHOTO MAarHuTa;
KOJIMYECTBA MOCTOSHHBIX MATHUTOB U 1€(POPMUPYIOUIUX IIAPOB.

B 1Tperbeil riaBe TIpeACTaBICHA MaTeMaTHYecKas MOJENb CO3JaHHOTO
npoiecca MarHUTHO-JUHAMUYECKOTO packaTbIBaHMUs, npu KOTOPOM
AedopMUpPYIOLIUE MIAPhI MOTYYa0T BpalllaTeIbHOE ABMKEHUE BOKPYT OCH OTBEPCTHS
JeTand U KoseOaTeNlbHble JBUKEHHSI B IUIOCKOCTH UX BpallleHUs MO JeHCTBHEM
NEPUOJNYECKOIO  BPAIlAEMOr0 MAarHUTHOTO TIOJIA, CO3/aBa€MOr0 MAarHUTHOM
cuctemoit (MC) unctpymenra. Ilpu stom aedopmupyronme mapbl NepUOIUYECKH
B3aMMOJICUCTBYIOT C YIPOUYHSEMOW IMOBEPXHOCTHIO AECTAIM W OCYLIECTBISIOT €€
JTUHAMUYECKOE YIIPOYHEHHE.



s
| o

| — MarHuTHas cUCTEMa UHCTPYMEHTA; 2 - UCTOYHUK
MarHuTHOTO MoJis; 3 - e OpMUPYIOIIUH 1Iap;
4 - oOpabaTeIBaeMas 1eTalb

Pucynok 3 — CxeMa IBHKEeHUS
Ae(popMUPYIOLIEro HIapa oT
MArHMTHOM CHCTEeMBI K 1eTaIH

| < MarHuTHas clcTeMa HHCTPYMEHTA,
2 — nedopmupyoIMii map, 3 —
obOpabaThiBacmast JAeTallb
Pucynok 4 — Cxema y1apHoOro
B3auMo/1eiicTBUA 1e(pOpMHPYIOLIEro
Iapa ¢ 1eTajabio

B cooTBeTcTBMM C pacue€THOW CXEMOH, MPEICTaBICHHON Ha pHUCYHKE 3,
noydeHa cuctemMa aud@EpeHINaTbHbIX YPaBHEHUN, OMHUCHIBAIONIUX JTHUHAMHKY
IBWOKEHUS  AeOpMHUPYIOLIUX  IMAPOB TMOJ] JEUCTBUEM MarHUTHOIO
MHCTPYMEHTA, MO3BOJISIOIAs OCYIIECTBISATh YNCICHHOE HHTETPUPOBAHUE:

ITOJIA

' 1 o p.cos(a)t+¢)o+w)_x
X==> o(r)-
m

\/(p~cos(a)t+g00 +M)—x)2 +(p - sin(at + @, —I—M)—y)2
n n

X
X +y

) 2.7 (k-1
' li p-sm(a)t+(p0+]§))—y
Y==3o(r)- )
m = \/(p.cos(wt+¢0+MU€_D)—X)2 + (p - sin(at + @, +2‘7['7(k_1))—)’)2
n

y

—f-mg-




I7I€ p — PacCTOSTHUE MEXAY F€OMETPUYECKHMMH IIEHTPAMH MarHUTHOM CUCTEMBI U
MCTOYHUKA MarHUTHOTO MOJIs1 MHCTPYMEHTA; m — Macca Ae(pOpMUPYIOIIETo mapa; o—
YIJ10Basi CKOPOCTb BpAlllEHUsI HCTOYHUKOB MarHUTHOTO TOJIS1 MHCTPYMEHTA; f — BpEeMs
IBYOKEHUST J1e(OPMUPYIOLErO I1apa; ¢, - HayalbHOE CMEIIEHWE MarHUTHOU
CUCTEMBI OTHOCUTENIbHO KOOpANHATHOW ocu OX; n - YMCIIO HCTOYHUKOB MAarHUTHOTO
0JIS1 C OJHOUMEHHBIMHU ITOJIFOCAMH.

JUig  omnpeneneHus: KHHETOCTATHUYECKUX XAPAKTEPUCTHK Je(OPMUPYIOLIETO
miapa B MOMEHT €ro CONPHKOCHOBEHHMS C YIPOUYHSAEMOW IOBEPXHOCTBIO JE€TaIH
(pucyHOK 4) oxy4YeHsl CAEAYIOIIHE 3aBUCUMOCTH:

u, =—k-v -(cos(a, +a,)+sin(a +a));
u,=—k-v, -(sin(q, +a,)+cos(a;+ a,));
o =p-0;

oy = arctg(tg% ;

Vi
arctg—"; x >0; y >0;
X K K v
K arctg—y; vy > 0; vyZO;
y Vx
r+arctg—; x <0 v
xK K 7r+arctg—y; vy <05
Vx
={27m +arct Ve x >0 <0; Vy
4 gx > Tk Ve p B =12r+arctg——; vy >0; vy<0;,
K Vx
V4 Vs
3, )CK—O, yK>O, 5, Vx—O, Vy > 0;
RY/4 RY/1
el =0 . —; v =0; vy, <0,
X X 0; yK<O, 5 X y

rae v, - HOPOEKIHS~ BEKTOpa CKOPOCTH JAeOpMUPYIONIETo Iapa 10 yAapa o

MOBEPXHOCT “~Jetanu Ha ock OX; v, - [pOeKIUs BEKTOpPa CKOPOCTH

nedopMUPYIOHIEro IIapa 0 yaapa O MOBEPXHOCTh aetanu Ha ocb OY; x,., y.
COOTBETCTBYIOIINE KOOPAMHATHI T€OMETPUUECKOTO IIEHTpa Ae(POPMUPYIONIETO Iapa
B KOHEYHBI MOMEHT (ha3bl JABIKEHUS AePOPMUPYIOLIETO Iapa OT MarHUTHOM

CUCTEMbl K IIOBCPXHOCTH  ACTAJIH; Uy - IOpoCKOuA  BCKTOpPa CKOpPOCTHU

1e)OPMUPYIOIIEro 1apa IoCle yaapa O MOBEPXHOCTh JeTamd Ha ock OX; u,

MPOEKIMs BEKTOpa CKOPOCTH JehOpMHUPYIOIIETO Iapa Mocie yaapa O MOBEPXHOCTh

nertanu Ha ocb OY; oy - yroin majaeHus JneopMmMupyroiiero Iapa; «, - yroi

oTpaxeHus: aedopMHUpyoero mapa; kK — Ko3(pQGUIUEHT BOCCTAHOBICHUS, () — YTOJI
9



MEXIy MOJOKUTENLHEIM HampabienueM ocd OX H  paguycoM-BEKTOPOM R,
0<@p<2r; f — yroix Mexay IOJIOXKUTEIbHBIM HampasicHueM ocu OX M BEKTOPOM
CKOpOCTH JehopMHUpPYIOIIEro 1mapa, 0< f< 27 .

MareMaTtnyeckoe MOJECTUPOBAHUE IMO3BOJIMIO YCTAaHOBUTH, YTO B IPOIECCE
YOPOUHSIOMEH 00paboTKH JePOpMUPYIOLIUE MIapbl ABMXKYTCS IO LUKIOHAE H
OCYIIECTBIISIOT YAapPHOE B3aMMOJICHCTBHE C MTOBEPXHOCTHIO JICTAJIH.

PacueTHbie W SKCIIEpUMEHTAJBLHBIC BEIUYMHBI YIJIOBOH CKOPOCTH BpaIlCHUS
ne(OpPMHUPYIONTUX IIAapOB, U3MEPEHHBIE C IOMOIIBIO CTPOOOCKONA, OTIMYAIOTCS B
npenenax 2—5 %, 4To MOJATBEPKIAET aJICKBATHOCTh pa3pabOTaHHON MaTeMaTHUYECKON
MOJICIIH.

B pabore monydeHa aHaTUTHUECKas 3aBUCHUMOCTBH I pacuera CHIIBI yaapa
nedopMHpYIOIIEro Iapa o JAeTallb,
nehOpMUPYIOIIETO MIapa ¢ BHYTPEHHEH TOBEPXHOCTHIO 3aFOTOBKHU:

YUUTBIBAKOIIAsA BpEMs B3aHMOI[eﬁCTBHﬂ

2m
Nmax - u _4 U ;
T TT ( T T)
max Zm
— U L ),
n T ( n n )

rae T; — BpeMs KacaTelbHOro ynapa; I, — BpeMs HOpMaJIbHOTO yJapa.

OmnpeneneHo BpeMsl B3aMMOACHCTBHUS ACPOPMHUPYIOIIETO IIapa C JAETajblo C
Y4eTOM BOTHYTOW MOBEPXHOCTH, KOCOTO YAApa U YIPYroljIacTUUecKoi gedopMaiiuu
MTOBEPXHOCTH AECTAJIH:

2
Sm s, = _ 26 Ry Ry
T.=2943 == | v °; V. = : ;
, (47j v 3= ") Ry Ry
2
2N 2F
P Sm )30 5 y, = )
T, —2,943(Ej v 3(1— )
I€ Y Jp .~ PAacueTHbIC MapaMETPbl YUHUTHIBAIOIIUE (POPMY KOHTAKTUPYIOLIUX

MOBEpXHOCTEeH; £ — MOAyJb yrnpyroctu neranu; u — kodddunuent Ilyaccona; Ry —
paanyc negopMupyrouero mapa; Ry — paadyc oTBEpCTHs ypouHeHHOU neranu; G —
MOJYJIb YIIPYTOCTH BTOPOTO pOJia IETAIH.

ITomy4yeHbl aHAaNTUTHYECKUE 3aBUCHMOCTH, KOTOPBIE MO3BOJSIOT ONPEACIUTH
CHTy B3aWMOJICUCTBUS JeOPMHUPYIOMIEro IIapa C MOCTOSIHHBIM ITUIMHAPUYECKAM
MAarHUTOM, BXOJSIIAM B MAarHUTHYK) CUCTEMY HHCTPYMEHTA, B 3aBUCHUMOCTH OT
XapaKTEPUCTUK HMCTOYHUKA MArHUTHOTO TMOJS U TOJIOKEHHUS J1e(opMUpyIOIero
mapa:
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F.(r,0,0)=- 3ty 'fﬂ”;; P [2c0s6-cos(8 — ) —sin O -sin(0 — ) ;

F.(r,0,a) _ 3t 'p’”14' P2 -sin(@ — ),
4mr

I1€ p, — MarHUTHas TOCTOsHHAsA, 4, = 4-m-107 TH/M; r — paccTOSHUE MEKIY

reOMETPUYECKUMHU LIEHTPAMH MOCTOSTHHOTO MarHuTa U 1e()OpMUPYIOLIETO Iapa; P,
Pm2? —MarHUTHbIE MOMEHTBHI IIOCTOSSHHOTO MarHuTa U JAe(opMHpyOIIEero mapa,
HaXOJAIIErocs B MarHUTHOM MoJje; 6 — yroja cMeleHus 1eopMUPYIOLIEro mapa
OTHOCUTEIBHO KoopAauHaTHOM ocu OX; « - yroi, ONpeneistOlnAiA MOJOKEHHUE
BEKTOPA D, .
[TapameTpsl py; ¥ P> ONPEAETAIOTCS COOTBETCTBYIOIIMMU 3aBUCUMOCTSIMU:

3cosfsinf

3cos’ -1V

h 3
4”3(2) (ut1)-H R,

pml_—; pm2_ /,l+2 )

a = arctg

rac B u h — Benuunna WHAYKIUHA MarHUTHOI'O ITOJIE. M BBICOTA ITOCTOSAHHOTO MarHuTa
COOTBCTCTBCHHO, H — HAIpsKCHHOCTb MAIHUTHOTO IIOJIA B TOYKC, OHpCI[eJIﬂeMOI)'I

PagMyCOM-BEKTOPOM 7 ; i — MAFHUTHAS IIPOHALAEMOCTh CPEIBL.

C uenbio ynpaBieHHs] KadecTBOM. (hOpMHUpyeMOi TOBEPXHOCTH IPU MarHUTHO-
JUHAMUYECKOM  pAacKATBIBaHUM .~ [OJy4YE€Ha  MaTEeMaTUYeCKas  3aBUCHUMOCTb
HIEPOXOBATOCTH MOBEPXHOCTU OT TIAPAMETPOB MPOLECCA YIIPOUHEHUS:

2 . e R
M —v )| Re — (S0 g Rk a5 g gy
=" “ 8-R 2 Sy R
Rz, = Rz (15— L e =

k'-HB

)

rae Rz, — WCXOJHAsA IIEPOXOBATOCTh IMOBEPXHOCTH AETANU, MKM; S, — OCEBas

nojaya HMHCTPYMEHTa, MM/00; k, — KOI(PPUIMEHT YUYUTHIBAIOUINI BEIUYUHY
negopManuy MHUKPOHEPOBHOCTEW, a, - MaKCHMallbHas BEJIWYMHA CMSTHS
MHUKPOHEPOBHOCTEH, k' — KOX(PQHUIMEHT, YUUTHIBAIOIIMN BUJ Marepuana, HB —

TBEPIOCTH 00pabaThIBAEMOI 3arOTOBKH.

Pa3paboran mporpaMMHBIM MPOJYKT C HCIOJb30BAaHUEM MaTEMaTHUECKOTO
NPHUKJIAHOTO  MPOTPAMMHOTO  OOCCIICUCHUs,  IMO3BOJISIONIMA  HA  CTajH
TEXHOJOTMYECKOH ITOJATOTOBKH TIPOM3BOJACTBA OCYIIECTBIATH IPOTHO3HPOBAHHE
IIEPOXOBATOCTH MOBEPXHOCTH MOCJIC MATHUTHO-TUHAMUYCCKOTO PACKAThIBAHUSI.
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PacxoxaeHre pacueTHbIX U OSKCIEPUMEHTAIbHBIX 3HAYEHUM MMapamMeTpoB
[IEPOXOBATOCTH YIIPOUHEHHON MOBEpXHOCTH cocTaBuio 8—10 %, uro moaTBepxkaaeT
aJIeKBaTHOCTh pPa3pabOTaHHON MaTeMaTH4YeCKOM MOJENHU TMpollecca MarHUTHO-
JTUHAMUYECKOTO PaCKaThIBAHUA.

YerBepTas IjaBa TOCBSIICHA MCCIICIOBAHUIO KAYECTBEHHBIX XapPAKTEPUCTUK
MMOBEPXHOCTHOTI'O CJIOS1 YIIPOYHEHHBIX JETaNCH.

OmnpeneneHbl ONTUMAIBHBIE YAaCTOTHI BPAIICHUS] HHCTPYMEHTA (PUCYHOK 5), IpH
KOTOPBIX OOECIEUYMBACTCS MUHUMAJILHOE 3HAYCHHE IIEPOXOBATOCTH YIPOYHEHHOM
noBepxHoctu Ra 0,6-0,8 mxm npu nogave uHCTpymMeHnTta S = 50 Mm/mMuH, Dy = 12 MMt
n = 2450 mun™! g cram 45 (180-200 HB); n = 2800 mun™! s cramm 45 (32-35 HRC);
n=3100 mun’!, s cranm 45 (42-45 HRC).

Ycranoiieno, uto MJIP moBepXHOCTHM OTBEPCTHS, [ HOAYUYEHHOTOQ “~1I0CIIE
YUCTOBOTO pPAacCTAaUMBAaHUS WM 3€HKEPOBAHMS, IMO3BOJSIET CHU3UTH ~ HUCXOJHYIO
mepoxoBarocTh B 6,1 paza (Ra ¢ 7,6 no 1,25 Mxm) — anst netasieit u3 cramu 45,(180-200 HB)
u B 44 paza (Ra c 7,6 no 1,7 mkm) — nns peraneu u3 craju 45 (42—45 HRC)

(pUCyHOK 6).
30 20
M;ﬁ; MRM
oo -
T2 10
Ra 15 NE K
/ 05
v O\\e Pé
a5 )
_ Rt
500 2000 2500 2000 muw™ 3500
[ ——
| — crams 45 (180200 HB); 2 — crams 45 1 — crans 45 (180200 HB), 2 — crans 45 (42—45 HRC)
(32—35 HRC); 3 — crannb 45 (42—45 HRC) Pucynox 6 — BiiMsiHue HCXOTHOH
PucyHoK 5 — 3aBHCHMOCTD IIEPOXOBATOCTH MOBEPXHOCTH JIeTAJH HA
1IEPOXOBATOCTH MOBEPXHOCTH OT IepoxoBaTocTh mocae M/IP
4aCTOTHI BpalleHHs] HHCTPYMEHTA (n = 2240 mun™', S= 50 Mm/MuH)

VYCcTaHOBACHO, YTO HAa MIEPOXOBATOCTh (HOPMHUPYEMON MOBEPXHOCTH BIIUSET
BEJMYMHA “TI0/1ayl MHCTpyMeHTa (pucyHok 7). Ilpu ynmpouyHEHHUH MOBEPXHOCTU C
UCXO/IHOW 1IepoxoBaToCThIO Ra 4,3—4,1 MKkM B 1nana3zoHe 1ojad uHCTpymeHTa ot 20
10 11000 mm/MuH obOecrieurBaeTCsl CHHXKEHHME IIEPOXOBATOCTH MOBEPXHOCTU Ra 1o
2,2—0,3 MKM.

OmnpeneneHbl ONTUMAIbHBIE AMAMETPHI Ae(POPMHUPYIOMIMX I[IAPOB PacKaTHHUKA
(pucynok 8): D1 = 13 mm — s cranu 45 (180-200 HB); Dt = 8 mm — niia cranu 45
(42—45 HRC).

12
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1 — 06paboTKa 0JTHOCEKIIMOHHBIM HHCTPYMEHTOM;

T—

1 — ctanb 45 (180—200 HB), Raucx = 4,1—4,4 Mxm™; 2
— ctanb 45 (42—45 HRC), Raucx = 4,1—4,8 MkM;
Pucynok 8 — BausiHue nuamerpa

2 — 00paboTKa ABYXCEKITMOHHBIM HHCTPYMEHTOM
Pucynox 7 — 3aBUCHUMOCTD

IEPOX0BATOCTH 00padOTaHHOM nedopMHpYIOLIEro mapa Ha
MOBEPXHOCTHU OT MOJAAYU MHCTPYMEHTA HIEPOX0BATOCTH MOCJI€ MATHUTHO-
(cTaunb 45 (180200 HB), n = 2240 mun’', AHHAMHYECKOI'0 pacKaTbIBaHUA
D= 12 M, Rayex = 3,0-3,3 M) (n = 2240 mun’!, S = 50 Mmm/MuR)

AHanmu3 pe3ysbTaTOB SKCIEPUMEHTAIBHBIX MCCIEIOBAHUN TTOKAa3ajl, YTO METO]]
MarHUTHO-TUHAMHAYECKOTO pacKaThIBAHUS MTO3BOJISIET BECTHU
BBICOKOITPOM3BOUTENLHYIO OTACIOYHO-YIPQUHSIONIYI) 00pabOTKy IMOBEPXHOCTEH
neraneit TBepaocThio 10 50-55 HRC (pucyHok 9).

20 20
MEM MKM
15 15
10 10 — ——
/ E / —
-—-"'A'__._—.-
Ka 05 e Ka a5
0 0
750 200 250  HB 300 30 40 50  mRr 60
HB—=— HRL —=—

Pucynok 9 — 3aBHCHMOCTH IIEPOXOBATOCTH NMOBEPXHOCTH J€TAJIH OT TBEPAOCTH
o0padaTbIBaeMOro MaTepuaJa
(cTanb 45; Raux = 4,4—4,1 mxm; n=2240 mun!; S=50 mm/mMun; Dm=12 Mm)
YCcTaHOBACHO, YTO MAarHUTHO-ITMHAMHUYECKOE pacKaThIBAHWE HE MEHSET
HCXOJHYIO-TOYHOCTh AMaMETpaIbHOro pazMepa aetaneit uz cranu 45 (180-200 HB),
NOJIYUCHHYIO TOCJ€ YUCTOBOTO pAaCTayMBaHUSA, YTO CBUIECTENBCTBYET 00 ymHpyrou
cXeMe B3aUMOJIEHCTBUA 1e(HOPMUPYIOLIETO MIapa ¢ YIPOUHIEMON MOBEPXHOCTHIO.
[lokazaHo, 4YTO MpPU MAarHUTHO-IMHAMHUYECKOM pAaCKaThIBAHUM HW3MEHEHUE
pa3Mepa AeTalld IPOUCXOIUT B Ipe/esiaX BbICOThI MUKPOHEPOBHOCTEW MOBEPXHOCTU
U cocTaBisieT s neraneid: u3z cranu 45 (180-200 HB) — 13—15 mxwMm, a u3 cranu 45
(42—45HRC) — 11-14 MKM, ipy UCXOTHOM IIEPOXOBATOCTH MOBEPXHOCTU Ra 3,2 MKMm.
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HcnpiTanus nmokasajiv, 4To ynpoyHeHue aetaned u3 cramu 45 (180-200 HB)
MAarHUTHO-JUHAMHYECKUM pacKaTbIBaHHUEM oOecreynBaer NOBBILIEHUE
M3HOCOCTOMKOCTH MOBEPXHOCTH B 2,3 paza, a neraneit u3 ctamu 45 (42-45 HRC) — B
2,1 pa3a B CpaBHEHUU C IOBEPXHOCTHIO, MOIYUYECHHOW I10CIIE PACTAYMBAHUSL.

[IpoBenieHHBIE PEHTIEHOCTPYKTYPHBIE HCCIIEIOBAHUSL MO3BOJIAINA YCTAHOBUTb,
YTO B MOBEPXHOCTHOM clioe jaetaned u3 cranmu 45 (42-44 HRC), npomenmmx
MarHUTHO-TMHAMUYECKOE YIPOUYHEeHHE, (OPMHUPYETCS HaHOpa3MepHas CyO3epeHHas
CTPYKTYpa, XapaKTEPU3YIOIIASCA CKOPPEIUPOBAHHBIM PACIIOIOKEHUEM JTUCIOKALNI
B BHJIC CTCHOK, OOpa3ymolIMX TpaHMIbl OJIOKOB, sueek W cybO3epeH. Ilpu sTom
YCTAaHOBJICHO YBEJIWYEHUE IUIOTHOCTU AUCIOKALNM B TIOBEPXHOCTHOM cioe Ha 14,5 %
Y HAUIMYME OCTATOYHBIX HANpsHKEHUM CkaTus BeanunHout go 158 MIla.

OnpeneneHo, YTO MAarHUTHO-JMHAMHYECKOE pACKATHIBAHWE OOECHEeYMBaET
YIIPOYHEHHE MTOBEPXHOCTHOTO ciios 1yt cranu 45 (180200 HB) na rnyouny no 600 Mxm
U YBEJIMYEHHE MUKPOTBEPJOCTU MOBEPXHOCTH HA 18-25 %03 miis cramu 45, (42—45 HRC)
Ha T1yOuHy 710 20 MKM U yBEJIMYEHUE MUKPOTBEPAOCTH MOBEpXHOCTH Ha 2631 %.

BreisiBieHo, 4To mepuoj; CTOMKOCTH JAeQOPMHUPYIOMIMX “IIApOB HHCTPYMEHTA
OIPENIENSAEMbIN TOMYCTUMOM BEIIMYUMHOU IIEPOXOBATOCTU UX MOBEPXHOCTHU, 3aBUCUT
OT TBEPAOCTH MaTepuasia YIPOUHIEMON AETAIM U COCTABIBIET IPU 00paboOTKe CTaau
45 (180-200 HB) — 8,1 4, ctanmu 45 (42—45 HRC) =35,2 4. [lebopmupyroiye mapsl
MHCTPYMEHTA, WIEPOXOBATOCTh KOTOPBIX JOCTUTIIa TPEAEIbHO JOMYyCTUMOTO
3HaueHuss Ra 0,4 MKM, MOJJEkaT 3aMEHE . WM BOCCTAHOBJIEHUIO W3BECTHBIMU
METOJJaMH, HAIPUMEP MOJIUPOBAHUEM.

B nsATOM riiaBe paccCMOTPEHBI MPOTrPECCUBHBIE KOHCTPYKIIMM MUHCTPYMEHTOB U
YCTPOMCTB JIJIsi YIIPOUHEHHUSI BHYTPEHHUX IUIMHIAPUYECKUX MMOBEPXHOCTEN JIeTaleH,
MO3BOJISIIOIIME  PACHIAPUTH ... O0JACTh  MCMOJIB30BaHMS  IpoIlecca  MAarHUTHO-
JTUHAMHYECKOTO (| YIIPOUHEHHUSL B YCIIOBUSX KPYMHOCEPUHHOTO U MacCOBOI'O THIIOB
MIPOU3BO/JICTBA.

Pa3paGoTano ycTpoWeTBO IJisi MAarHUTHO-IMHAMHYECKOTO YIMPOYHEHHS (TATEHT
Ne 15021 Pb ot 30.10.2011 1.), comepkaiiee peryJmpyemMyr0 MarHuTHYIO CUCTEMY,
MO3BOJISIFOIIYIO | “U3MEHSITh  XapaKTepUCTUKHA  MArHUTHOTO  BO3JCHCTBUS  Ha
nehopMUpylomde Imapbl W O0ECNEeUUTh UX HENPEepPhIBHOE WM  YJIapHOE
B3auMOJIeiicTBME C 00pabaThiBa€MOl MOBEPXHOCTBHIO JETANIH. OTO paclIUpseT
TEXHOJOTHYECKHE BO3MOXKHOCTU YCTPOWCTBA M OO0ECIEeYMBAET BO3MOXKHOCTH
HOMyYeHUS TJIaJIKONU WK penbedHON YIIPOUYHEHHOM MOBEPXHOCTH, HEOOXOIUMOM ISt
oOecrieueHrs BHICOKOM KOHTAKTHOW KECTKOCTH WJIM TOBBIIIEHUS U3HOCOCTOMKOCTU
Ha OCHOBE MOJYUYEHHUs MaCIOYIeP>KUBAIOIIETO pesbeda.

[IpennoxxeH UHCTPYMEHT i1 MarHUTHO-IUHAMHYECKOIO YIPOUYHEHHS (MaTEHT
No 10188 Pb ot 28.02.2008 r.), OTIMYaromuiics HaIUYMEM aBTOHOMHOIO IMPHBOJIA
neOpMUPYIOIIUX [IAPOB, BKIIOYAIOIIETO KOPITYC, IIMUH/IEb, MATHUTHYIO CUCTEMY
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c nehopMHpYyOIIMMU IIapaMd W HMCTOYHHK BpAIlEHUS MAarHUTHOM CHCTEMBI,
MO3BOJISIOIIMN OCYIIECTBIIATh OTIEIOYHO-YIPOUHSIONUIYI0 O0pabOTKy OTBEpCTU
LWIMHIPOB OOJIBIION JIUHBI.

[IpennokeH MarHUTHO-AMHAMUYECKUH PACKAaTHUK, OTIMYAIOUIUICS HalIUudueM
yCTpOICTBA ISl HaMarHUYMBAaHUSA TOBEPXHOCTU JAETalM, 00eCleYynBaIOUIHii
KOMOWHHPOBAaHHOE IHEPreTUYECKOE BO3/JCHCTBUE HAa 30HY OOpaOOTKM MarHUTHBIM
nosieM U nedopmupyromumu mapamu (mareHt Ne 15364 Pb ot 28.02.2012 r.).

C uenpio MHTEeHCHU(UKALUU Tpolecca NehOPMUPOBAHUA U JJISl YBEIUYCHUS
rJIyOWHBl YIOPOYHEHHS IOBEPXHOCTHOTO CJIOSI JETald NpeUIokKeHa IBYXpsaHas
KOHCTPYKIMSI MarHUTHO-IMHAMUYECKOI0 pacKaTHUKA, CoiepKallias JBa psaa Mapos,
YCTaHOBJIEHHBIX B KOJIBLIEBBIX KaMepax, B3aMMOJCHCTBYIOIIUX MEXIy co0ol Hu
OCYIIIECTBIISIONINX YIPOUYHSIONTYI0 00padboTky (mareHt Ne 15091 Pb ot 30.12:.2011 1.).

Pe3ynbrarhl BBINOSHEHHONW pabOThl BHEApPEHBbI B Hpou3BoAcTBO Ha YUIIII
«CtpotipeMaBTo» (r. MOTHJIEB) C TOJOBBIM IKOHOMHYECKUM 3P (HekToM B pazmepe
6,9 mutH p. (B ieHax 2011 r.) u Ha OAO «MUHCKHI 3aBOJ KOJECHBIX TsTradeii».

3AK/IIOYEHHUE

OcHOBHBIE HaYYHbIE Pe3YJIbTATHL TUCCEPTANNU

1. Paspaboran cioco0 MarHWUTHO-TMHAMHYECKOTO PAaCKAaThIBAHUS BHYTPECHHEH
UUJIUHIPUYECKOW  MOBEPXHOCTHU, . “TIpU ' KOTOPOM  YIOPOUYHEHUE MOBEPXHOCTH
OCYIIECTBISIOT  JACPOPMUPYIONIMMHU  IIAPAMU, CBOOOJHO YCTAaHOBJICHHBIMH B
KOJILLIEBOM KaMepe TmepeMellaeMoro” MHCTPYMEHTa, OTJIMYAIOIIUUCS TEeM, 4YTO
pabouee  ABWXKEHHE. . AehOPMUPYIOMIMM  IIapaM  COOOIIAIOT  BpalllaeMbIM,
MEePUOIUYECKH JEHCTBYIOIIUM | MArHUTHBIM TIOJIEM C UWHIYKIHMEH MCTOYHUKOB
MarHuTHOro noJist uactpymenta 0,2—1,2 Tn u yvacrorou Bo3aenctBus 160—-840 I,
YTO 00€CIICUNBAET NHTCHCUBHOE CHUKEHHUE MUKPOHEPOBHOCTEH MOBEPXHOCTH: B 6,1
paza (Ra'c 7,6 no 1,25 mkm) u B 8 pa3 (Rac 1,6 no 0,2 mxm) 1151 neraneit u3 crainu 45
(180-200 HB); B 4,4 pa3a (Rac 7,6 no 1,7 Mmxm) u B 6,4 paza (Ra ¢ 1,6 10 0,25 Mkm)
s getanent uz ctaiaum 45 (42—45 HRC) [1-A, 26-A, 28-A, 43-A].

2. us peanuzanuu  crnoco0a MarHUTHO-AMHAMHUYECKOTO PACKaTHIBAHUS
pa3paboTaHbl . KOHCTPYKIIMM HWHCTPYMEHTOB, HMEIOIIME KOJIBIIEBYI0 KaMmMepy Cco
CBOOOMTHO YCTAHOBJICHHBIMU J1€OPMUPYIOIIUMU IIApaMU, OTIIMYAIOITUECS HATMYUEM
MarHUTHOW CHCTEMbI Ha OCHOBE LWIMHAPUYECKUX, MIIACTUHYATHIX WIIU KOJBLEBBIX
noctossHHbIX MarHutoB (Nd-Fe-B, Sm-Co, depput crponmms), mo3Bosromie
mpeoOpa3oBaTh DHEPTUI0 MArHUTHOTO TMIOJSi HMHCTPYMEHTa B KoyieOaTeabHBIC
IBWKeHUs Jedopmupyromux 1mapoB. [lomydeHbl pekOMeHAalUuM 1O BBIOOPY
napamMeTpoB  JJIEMEHTOB  MAarHUTHOW  CUCTEMbl ~ MHCTPYMEHTa:  JHaMeTpa
neopMHUPYIOLIMX 1IApOB, AMAMETpa O0OMMBI MAarHUTHOW CHUCTEMBI, JIHAMETpa U
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BBICOTHl IUJIUHIPUYECKOTO TOCTOSIHHOTO MArHWTa, KOJIMYECTBA MMOCTOSHHBIX
MarHuToB H Je()OpPMHUPYIOIIMX I1apOB, OOECHNEUYMBAIOIIMX COKpalleHne o0beMa
MarHUTHOTO  MaTephajlia MarHUTHOM CHUCTEMbl, COKpallleHME BpEMEHU Ha
IPOCKTUPOBAHUE MArHUTHOW CHCTEMbI, TE€M CaMbiM CHUXasi Ce0eCTOMMOCTb
uHcTpyMeHTa [1-A, 15-A, 22-A, 43-A].

3. Pazpaborana  mareMaruyeckas  MOJieJlb  MArHUTHO-IIMHAMUYECKOTO
pacKaTbIBaHMsI, OMUCHIBAIONIAS ABUKEHUE JNehOPMHUPYIONIUX IIApOB, YUUTHIBAIOIIAS
BIUSIHUE Ha JaeQopMUPYIOIIHE IMaphl BpaIlaeMOro MEPUOJAMYECKH JIEHCTBYIONIETO
MAarHUTHOTO TMOJsi HWHCTPYMEHTA, I[I03BOJUBILIASA ONPENEIUTh TPACKTOPUIO H
XapaKTEPUCTUKHU JIBHXKEHMS LIEHTpa Macc Ae(OpMHUPYIOLUIUX IIAPOB. B 3aBUCUMOCTH
OT IIapaMEeTPOB MPOLECCa YIIPOUHEHHUS; TOJTYYUTh aHATTMTUYECKYIO 3aBUCUMOCTD IS
pacdyeTa cwibl ynapa aeGOpMHUpYIOIIETo Iapa O AeTallb [ YY4EeTOM YTOYHCHUS
BPEMEHU B3aUMOJICHCTBUS JEPOPMHUPYIOMIETO IIapa C BOTHYTOM MOBEPXHOCTHIO
3arOTOBKM B CIlyd4ae KOCOTO yjAapa; MPOTHO3HPOBATH BEIUYUHY< LIEPOXOBATOCTU
YOPOUYHEHHON mnoBepxHocTH. IlpencraBieHa aHasguTHUecKas . 3aBUCUMOCTb IS
OnpeaereHusl CUJbl MarHUTHOTO B3aMMOJCHCTBUS JeopMUpYIOIIEro Imiapa ¢
MCTOYHUKOM  MAarHUTHOTO  TMOJsi  HMHCTPYMEHTa,  YYUTBHIBAKOIIAs  yrJOBOE
pacnoJiokeHue AehOpMHUPYIOUIEro Mmapa’ HO OTHOUIEHUIO K UCTOYHUKY MarHUTHOTO
MOJISl MHCTPYMEHTA, MO3BOJIMBIIAS YCTAHOBUTH B3aMMOCBSI3b NApaMETPOB JIBHXKCHUS
ne(opMHPYIOIIHX TIAPOB € XapaKTEPUCTUKAMU MAarHUTHOTO TIOJIsI MHCTpyMEHTa [5-A, 6-A,
9-A, 29-A].

4. Ha ocHoBe aHanmu3a \pe3yibTaTOB 3KCIEPUMEHTAJIbHBIX HCCIIEIOBAHUI
YCTAHOBJIEHA B3aMMOCBA3b [1apaMETPOB KauecTBa OOpaOOTAHHOW MOBEPXHOCTH C
pEeXKMMaMU IIpoliecca MArHUTHO-AMHAMIYECKOTO pacKaThIBaHUs, YTO MO3BOJIUIIO:

— ONTUMHU3UPOBATH IMapaMETPhl YNMPOUHSIOIIEH 00pabOTKM MpU OOecreyeHUU
MUHHAMAJIBHOM IEPOXOBATOCTH HOBEpXHOCTH: n = 2450 Myn™! — g cramm 45 (180-200 HB),
n = 2800 mun — s cramu45 (32-35 HRC), n = 3100 Mun™ — ay1st crama 45 (42-45 HRC),
auaMeTp Ie(popPMUPYIOLINX MapoB packatHuka Dur = 13 MM — ans 06paboTku cTamu
45 (180-200 HB); Dur= 8 MM — st o6pabotku ctanu 45 (42—45 HRC);

— BBISIBUTH TE€XHOJOTMYECKHE BO3MOKHOCTH CIIOCO0a MAarHUTHO-IMHAMUYECKOTO
pacKaTbIBaHMS: CHIOCOO MO3BOJISIET BECTH BBHICOKOIPOU3BOJUTENIBHYIO YITPOUHSIONIYIO
00paboTKY "ITOBEpXHOCTH Jeranieil TBepaocThio 10 50-55 HRC; npu ynpouHeHuun
MOBEPXHOCTH JAeTajiel U3 ctainu 45 ¢ ucxoaHou mepoxoaroctbio Ra 4,3—4,1 MkM B
nuanazoHe momad umHcTpymeHta oT 20 mo 1000 MM/MHH JOCTUTAeTCsl CHIDKCHHE
MIEPOXOBATOCTA TOBEpPXHOCTH B mpenenax Ra 2,2-0,3 mxm; obecreunBaeTcs
MOBBIIIEHUE M3HOCOCTOMKOCTH TMOBEPXHOCTH JeTanu u3 ctanu 45 B 2,1-2.3 pa3a;
BBISIBJICHO YIPOYHEHHE MOBEPXHOCTHOTO ciios Aetaieit u3 cramu 45 (180-200 HB)
Ha r1youny A0 600 MKM U yBeIMYeHUE MUKPOTBEPAOCTH MoBepxHOCTH Ha 18-30 %
[1-A, 3-A, 4-A, 25-A, 27-A].
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5. Pa3zpaboTaHbl IpOrpecCUBHbIE KOHCTPYKIMU MHCTPYMEHTOB ISl MarHUTHO-
JMHAMHMYECKOIO YIPOUYHEHUS! MOBEPXHOCTEH JeTaynel, OTIMYAoLIMecss HaJlIundheM
pEeryJlupyeMOl  MAarHUTHOW  CHCTEMbI, ABTOHOMHOI'O MAarHUTHOIO  IPHUBOJA
Ae(pOPMUPYIOLIMX I1APOB, YCTPONCTBA HAaMarHWYMBaHUS I1OBEPXHOCTHOIO CJIOS
(deppoMarHuTHON JeTalv, TO3BOJISIONINE OCYIIECTBIATh A (HEKTUBHYIO OTACIOUHO —
YOPOUHSIONIYI0 00pabOTKYy MOBEPXHOCTU JIETANECH B YCIOBHSIX KPYMHOCEPUHHOTO U
MacCOBOT'0O TUIIOB MPOU3BOACTBA [2-A — 4-A, 31-A, 37-A, 39-A, 42-A].

PexoMeHaalIuM N0 NPAKTUYECKOMY MCIIOJIb30BAHUIO Pe3yJIbTATOB

Pe3ynbTaThl BBINMOTHEHHOW pabOTHI BHEApPEHBI B Tpou3BojicTBo Ha Y UTILI
«CrpoitpemaBto» (r. MoruneB) 1 Ha OAO «MUHCKUN 3aBOJi KOJICCHBIX TAradei»
IIPU OTJEIOYHO-YIIPOYHSIOIEH 00paboTKe MOBEPXHOCTH OTBEPCTHSI COOTBETCTBEHHO
«TpyOBl OCU» M «UMJIMHIPa», YTO MO3BOJIMIO HCKIIOUUTH, U3 TEXHOIOTHYECKOIrO
rpoiiecca onepanuio nuMdoBaHUS W TOMYyYUTh TOJT0BON, SKOHOMUYECKUN d(PdeKT B
pazmepe 6,9 miH p. (B uenax 2011 r.).

Pe3ynbraThl paboThl BHEAPEHBI B YUeOHbBIH HPOLIECC MPU OJTOTOBKE CTYJIEHTOB
benopyccko-Pocceniickoro  yHuBepcurera 1o - cneunanbHoctn  1-36 01 03
«TexHnonornueckoe 000pyA0BaHNE MAIIUHOCTPOUTEIBLHOTO IPOU3BOICTBAY.

JUis HazHayeHHs] TMPUIYCKa Ha - MEXaHWYECKYIO. 00pabOTKy JeTalu BakKHO
Yy4€CTbh, UTO MPU MArHUTHO-AUHAMUYECKOM PACKATBIBAHUM IMPOUCXOJUT U3MEHEHHE
pasMepa JeTand B Mpelenax BbICOTHl HMIEPOXOBATOCTH HCXOJHON IMOBEPXHOCTH U
cocTapisieT st aetaneit u3 craau 45 (180-200.HB) 13—15 MM, u3 cram 45 (42-45HRC)
11-14 MM (1Ipu UCXOTHOM IIEPOXOBATOCTH MOBEpXHOCTH Ra 3,2 MKkM).

[Ipn »sKcmyaTtauyuy | MarHUTHO-AMHAMUYECKUX PACKATHUKOB HEOOXOIMMO
YUHUTBIBATh NEPUOJ | CTOMKOCTH | nedopmupyromux mapos (12-60 'OCT 3722-81
X15 (62-66 HRC) u mepoxoBarocts chepuueckoil nmopepxHoct Ra 0,1 Mkm),
KOTOpPBIA 3aBUCUT OT ~EBEPAOCTH YIPOUYHSAEMOW JETalIM M, COOTBETCTBEHHO,
coctaBisier ipu oopadoTke ctanu 45 (180-200 HB) 8,1 4, cramu 45 (42-45 HRC)
5,2 4.

Pe3ynbTaThl . HccneqoBaHUN  PEKOMEHAYIOTCA K  HCIOJIb30BAHMIO  Ha
MAaIIMHOCTPOUTENbHBIX MNPEINPUATUAX I OTACIOYHO-YNPOUHSIOMEH 00paboTKu
OTBEPCTUN HAETaNell MAIllUH — T'UJIb3, UUJIUHAPOB, BTYJIOK U T. 1.
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P33KHOMD
Cgipana JI3miTpbiit MixaiinaBia
Trxnasmariunae 3a0ecnsiu’HHe AKACHI YHYTPaHAH UbLUIIHAPbIYHAN NAaBEePXHI
A3TAJIAY MArHITHA-ABIHAMIYHBIM PACKATBAHHEM

KirouaBbisi ¢JIOBBI: Mar"iTHa-abpiHaMivyHae packarBanae (M/IP), maBepxueBae
miacTeluHae  Ja3(papmMaBaHHE, MarHiTHasg CicTAMa, J3(apMyloubls  IIaphl,
yMarioyBaroyas anpaioyka, Iypraracis NaBepXHi, INIbIOIHS YMallaBaHHs, CTOMKACIb
3G apMyOUbIX I1apoy.

MbTa mnpanbl: MOaBbIIPHHE A(EKThIVHACHI  ajj3elladHa-yMaloyBarJail
anpanoyki YHyTpaHail UbUTIHAPBIYHANA MMaBEPXHI AITANISY MAIlIbIH| 3 (BBIKAPHICTAHHEM
MarHiTHa-JbIHAMIYHAra pacKaTBaHHS.

Metaapl fgacjenaBaHHS: Yy  Tpalbl  NPBIMSHAMNCA — TIAPITHIUHBIA 1
OKCIIEPHIMEHTANBHBIA ~ METaAbl  JlacieaBaHHSA.  [2apd3THIYHBIL . -Jaciie/JaBaHHI
OazipaBaiicss Ha 3aKOHAaX TIAPAThIUHANW MexaHiKi, JbIPEpIHIbIIILHATA 1
IHTATpajbHAra BBUIYIHHAY 1 3JEKTpaAblHaMIiKls+ TIXHAJIOT “MalllbIHAOyJaBaHHS 1
MaTIphIsIa3HAYCTBA.  DKCHEPhIMEHTAIBHBIS | AaCiielaBaHHl . aXBIIIAYISUTCS 3
BBIKAPBICTAHHEM  CyyacHail  BbIMsApajlbHall 1 _ panicTpylouaid  amaparyphl,
pacmpanaBaHblX yCTPOMCTBAY 1 1HCTpyMEHTay. AMPAaLoOYKy SKCIEepPhIMEHTATbHbBIX
JaA3€HBIX @KBIIIAYISUTT Tphl  JamaMo3e MaTdMaThblyHara amapara 1 MeTrajay
CTaTBICTHIKI.

ATpbIMaHbIA BBIHIKI . i iX HaBi3Ha. PacmpamnaBanpl croca® MarHiTHa-
JbIHAMIYHara packaTBaHHS 1 CIPAeKTaBAHbI IHCTPYMEHTHI JJISl SITO QXKBILITYICHHS.
Brikanana maTaMartbiyHae MaadisBaHHe npaincy MJIP, sikoe ma3Bosina ycTaHaBilb
y3aeMacyBs3b NapamMeTpay mpardCcy yMallaBaHHs 1 KIHECTaThIYHBIX XapaKTapbICTHIK
13¢GapMyloublX MApoy 1HCTpyMEHTa. Thrap3ThlyHa JaKa3aHa 1 SKCIEepbIMEHTaIbHA
nmamnBep/pkaHa. MardeIMacip  JblHAMIUYHAra VyMalaBaHHS  MaBEepXHI  JITajl
mdapMyrodbiMl  IIapaMi ~T1aj] y373€SIHHEM TMephisiIbIYHAara BSPYIHHS MarHiTHara
moJisi. ATpbIMaHbL 3aJIeKHACII IS BBI3HAUDHHS CUIBI MarHiTHara y3aemaa3esHHS
madapMyrodara mapa 1 KpbIHIIBI MarHiTHara nossi. [IpamanaBana Qopmyna s
pasiiky mypraracii Qapmipyemail TaBepXHiI Npbl  MarHiTHa-JIbIHAMIYHBIM
packarBaHHl.© Ha acHOBe T2apaThIUHBIX JdacieJaBaHHAY pachpalaBaHbl MeTaj
MarHiTHa-JblHAMIYHAra pPAacKaTBaHHS. YCTAHOYJIEHA y3aeMacyBsi3b LIypIaTaciii
yMamaBaHaii TaBEepXHI 1 mapaMeTpay mpalpcy YMalaBaHHS 1  BBISYJICHBI
palbISTHANBHBIA PIKBIMBI  yMallaBaHHsS. BbI3HauaHbl TAXHAJATIuHBIS MardbIMacii
npamacy M/JIP.

l'anina npbIMAHEHHsI: ajJ3eladyHa-ymanoyBaroyas anpamoyka MaBepxHi
aATYJIH I9TaJSy MalllbIH.
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PE3IOME
Csupena JImutpuii Muxaitiopuu
TexHosioruyeckoe odecnevyeHne KauecTsa BHyTPEeHHEN MUJIMHAPUYECKON
NMOBEPXHOCTH AeTajJeH MATHUTHO-AMHAMUYECKHUM PAaCKATbIBAHUEM

Kiro4deBble cjiOBa:  MarHUTHO-JMHaMu4eckoe  packarbiBaHue  (MJIP),
MOBEPXHOCTHOE  IUIaCTHYEeCKoe  JAeOpMUpOBAHHME,  MarHuTHas  CUCTEMA,
AepOopMUpPYIOLIUE HIapbl, YIPOUYHSIomas 00paboTKa, MEpOXOBaTOCTh MOBEPXHOCTH,
riyOrMHa yIPOYHEHUs1, CTOMKOCTh 1e()OPMHUPYIOIINX IIapPOB.

Heapr padorbl: 1OBBILIEHHE 3(PPEKTUBHOCTH  OTAEIOYHO-YNPOUHSIONIEH
0o0paOOTKM BHYTPEHHEH NWIMHAPUYECKOM TOBEPXHOCTH JE€Tallel MauinH = C
HCIIOJIb30BAaHUEM MAarHUTHO-TMHAMHYECKOIO PACKATHIBAHHUSL.

Metoabl mMcciaeqoBaHusi: B paboTe MNpPUMEHSUIMCh TEOpETHMUECKHE U
DKCIIEPUMEHTAJIbHBIE METOJbl  HcchefoBaHUsA. TeopeTHueckue. . UCCIeI0BaHUS
0asupoBaIMCh Ha 3aKOHaX TEOPETHUECKON MexaHukd, IuddepeHIHaTIbHOr0 U
MHTETPATILHOTO MCYUCICHUN U 3IEKTPOJUHAMUKH, TEXHOJOTUH MAIIMHOCTPOEHUS U
MaTepUaloOBeICHUs. DKCIEPUMEHTANbHbIE MCENEIOBAHUS | OCYIIECTBISIIUCh C
HCIOJIb30BAaHUEM COBPEMEHHOM U3MEPUTEIIBHON M PETUCTPUPYIOLIEH anmnaparypsl,
pa3pabOTaHHBIX YCTPOWCTB U MHCTPYMEHTOB. OOpabOTKy 3KCHEpUMEHTaTbHbBIX
JAHHBIX OCYILIECTBISJIM C TOMOHIBI0 MAaTeMaTHYECKOro amnmapara U METOJOB
CTaTUCTHKHU.

IMosryuyeHHble pe3yabTaThl M MX HOBHM3Ha. Pa3paboraH cnoco® MarHuUTHO-
JUHAMUYECKOTO pacKaThiBaHUS U ~CHPOEKTHUPOBAHBI HWHCTPYMEHTBl JJisl  €ro
OCYILECTBJICHUs. BBIDONHEHO MaTematuyeckoe mozenupoBaHue mpouecca M/IP,
KOTOpPOE MO3BOJIMJIO| YCTAHOBUTE B3aUMOCBSI3b MAPAMETPOB MPOLECCA YIIPOUHEHUS U
KMHETOCTAaTUYECKUX = XapaKTEPUCTUK JAePOPMUPYIOMIMX IIAPOB HHCTPYMEHTA.
Teopernyeckn “OKa3aHa. ‘M SKCHEPUMEHTAIIBHO NOATBEPXkKIAEHA BO3MOXHOCTb
JMHAMHYECKOT0 YIPOUYHECHYS MOBEPXHOCTH AETANIN Ae(POPMUPYIOLIUMH LIapaMu MO
NEUCTBUEM  NEPUOJMYECKOrO  BpallaeMoOro MarHuTHoro nons. [lomydeHsl
3aBUCUMOCTH ¢ HJSl ~ ONpEACNICHUS  CHUJIbI ~ MarHUTHOTO  B3aUMOJEHCTBHUSA
nehopMHUPYIOWIETO Iapa U UCTOYHUKA MarHUTHOro noJjs. [Ipennoxena popmyna s
pacyeTa HIepOX0BaTOCTH POPMUPYEMON MOBEPXHOCTU MTPU MAarHUTHO-IMHAMUYECKOM
packarblBAHUU. YCTAHOBJIEHA  B3aWMOCBSI3b  IIEPOXOBATOCTH  YIPOYHEHHOU
HOBEPXHOCTU U IapaMETPOB IpOLecCa YIPOUHEHHsI M BBISBIEHBI PALMOHAJIBHBIE
peXuMbl yrpouHeHHs. OnpeneneHbl TEXHOJOTMYECKHE BO3MOXXHOCTH IpoLEcca
MJIP.

O6sacTh MpPUMEHEHHUs: OTJCIOYHO-YIPOUHsIoNas 00paboTka MOBEPXHOCTH
OTBEPCTUS JETAICH MAIIIVH.
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SUMMARY
Svirepa Dmitry Mikhailovich
Technological quality improvement
of the inner cylindrical surface of workpieces by magnetic dynamic rolling

Key words: magnetic dynamic rolling (MDR), surface plastic deformation,
magnetic system, deforming balls, strengthening treatment, surface roughness, depth
of strengthening, deforming balls life.

Objective: enhancement of efficiency of finishing and strengthening treatment
of inner cylindrical surface machine elements by magnetic dynamic/rolling.

Methods of research: theoretical and experimental ‘methods are wused in
research work. Theoretical research is based on the laws of theoretical mechanics,
differential and integral calculus and electrodynamics,; mechanicalengineering and
material science. Experimental research is carried ‘out with the.use of modern
measuring and recording equipment, developed‘devices and tools. The experimental
data processing is made with the help of the mathematical.apparatus and statistical
methods.

Results obtained and their novelty: the method of magnetic dynamic rolling is
developed and tools for its realization are designed. Mathematical simulation of
MDR process is made, which allows determining interrelation of strengthening
parameters and the kinetostatics, features .of tool deforming balls. The possibility of
dynamic strengthening of the workpiece surface by deforming balls under the action
of periodic rotating magnetic field. is proved theoretically and is confirmed
experimentally. The dependences.for determining the force of magnetic interaction of
a deforming ball “with a magnetic field source are obtained. The formula for
calculation of roughness of the surface being formed by means of magnetic dynamic
rolling is_given.s The intertelation of roughness of the strengthened surface with
strengthening parameters-is determined, and rational strengthening schedules are
found. Technological capabilities of MDR process are determined.

Scope: finishing and strengthening treatment of the hole surface of machine
elements.
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