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JKumomupcokuil 0epocasHuli mexHoaI02iyHUlL YHisepcumem

TEOPETUYHI ACIIEKTU BUKOPUCTAHHS BUCOKOIIBUJIKICHOI OBPOBKH
IJIOCKHUX MOBEPXOHb JETAJEN TOPIIEBUM JIE30BUM IHCTPYMEHTOM

(Ilpeocmasneno k.m.n. Bucoscoxum I".M.)

Pozensamymo  pempocnexmuenuil  ananiz  @opmysanHs UCOKOWSUOKICHOI 006pobKu  demaneil.
IIpugedeno pesynvmamu meopemuuHux OOCHIONHCEHb BUCOKOUWBUOKICHOT 0OPOOKU NIOCKUX NOBEPXOHb
Oemaneii mopyesum n1e306um incmpymenmom. Haeedeno psao nepegaz 6UcOKOWUOKICHO20 Di3aHHA &
NOpi6HAHHI 3 mMpaouyilinoro obpobkoro. Hadano psao ymoé 011 800CKOHANEHHA BUCOKOUIBUOKICHOZ20

@pesepysanns.
Kntrouosi cnosa: sucoxowsuokicna 0opooxa, ppesepysanis, niocKka n0GepxHs.

IMoctanoBka mnpodiaemu. B yMoBax cy4acHOrO pO3BHUTKY TEXHIKM, KOMIDIEKCHA MeXaHi3alis i
aBTOMATH3allisl BUPOOHUYMX IPOLECIB 1 BJOCKOHAJIECHHS METOJIB IMiJrOTOBKHM Ta YNPABIIHHS BHUPOOHUIITBOM
CTalOTh OJTHMMHU 3 F'OJIOBHUX 3aB/IaHb B MallIMHOOYAyBaHHI.

VY TexHOJOriYHUX Npolecax oOpoOKU MeTalliB pi3aHHsAM onepauii ¢ppe3epyBaHHS CTaHOBJIATH 10 35 % Bin
3arajbHOI KiJIbKOCTI, 3 SIKMX omeparii TopueBoro ¢gpesepyBanHs ckianatotb 25 %. Lli qani roBopsTh Npo Te, 10
omepaiii Qpe3epyBaHHS 3HAYHOI MIpOI0 BHM3HAUAIOTh BHUTPATH, IOB’S3aHI 3 BUTOTOBIICHHSM BEJIUKO]
HOMEHKJIATypU AcTaleil.

[IBUAKICTE pi3aHHS 3HAYHOIO MIpOIO BIIMBAE HA BCi XapaKTEPUCTHKH JAHOTO Ipomuecy. [IparHeHHs 1ocsarTH
HaAMBHINOI MIBHAKOCTI 00poOKH Tpu (pe3epyBaHHI BU3ZHAYAETHCA HECOOXIIHICTIO 3HIDKEHHS OCHOBHOTO 4acy. Y
MOENHAHHI 3 MOMKJIMBOCTSIMU IHTETPOBAHOTO MPOLECY IPHCKOPEHOro (POPMOYTBOPEHHS 1€ BiJKPWUBA€ HOBI
MOXIIMBOCTI Y CTBOPEHHI KOHKYPEHTOCIIPOMOXKHOI IIPOYKIIii.

TexHoMOTisI BUCOKOMBHIAKICHOI MeXaHigHOi 00poOku (B 3akopaoHHiH miteparypi High Speed Machining
a6o HSM) HamexuTh 10 HaHIPOTPECUBHIIINX METOMIB 0OpPOOKH AeTanell pisHUX KOH]irypaiiid. Bxkxe croromni
MPOMUCIIOBICTD Pi3HUX KpaiH CBITY JIOCHTh €(EKTUBHO BHKOPHCTOBYE BHCOKOIIBHUAKICHE (pe3epyBaHHS s
00poOku MeTaiiB 1 cruiaBiB. ToMy BHCOKOIIBHIKICHE ()pe3epyBaHHS € BKIMBUM €TAaoM JUIs TOAANBIIOTO
PO3BUTKY IIPOLIECIB Pi3aHHS.

AHaJi3 ocTaHHiX mocaimkenb i myoaikamiii. Ha mouatky 30-x pokiB Bimomuit mocmigauk C.Salomon
3aliMaBcsl HaCNiZIKaMH JIy’Ke BUCOKMX IIBUIKOCTE pi3aHHs, MPOBOASYM BUIMPOOYBAHHS 3 JUCKOBUMH NMUIAMH. Y
nmociimkenusax A.M. Cynuma, B.A. Illynos, A.}O. Anbariuesum, B.A. MoiiceeBum, A.l. IcaeBa, A.A. MaraiH,
E.B. Pwxoga, I1.I. Smepimina, A.I'. CycnoBa Ta iH. BUKOHaHUI aHaJi3 YHCICHHUX (PaKTOpIB, IO BIUIMBAIOTH HA
SKICHI TapaMeTpy MOBEPXHEBOTO IIapy JeTajei MpH BHCOKOIIBUAKICHIH 00poOmi pi3aHHAM. Y 3B’S3KY 3 UM
UL BHUPINICHHS psIy 3aBJaHb BHHAKAE€ HEOOXIMHICTH B aHANi3i TEOPETHYHHX 3aKOHOMipHOCTEH
BHCOKOIIBHIKICHOTO Pi3aHHS.

Merta pochimkennsi. [lonsirae B po3misial TEOPETHYHHMX AacCHEKTIB BHKOPHCTaHHS BUCOKOIIBHAKICHOT
0OpOoOKM IUIOCKMX TOBEPXOHb JeTaliedl TOPILEBUM JIE30BMM IHCTPYMEHTOM. Bu3Ha4MTH nepeBaru
BUCOKOUIBHKICHOTO (hpe3epyBaHHs, B ITOPIBHSIHO 3 TPaAWIIHHOI OOpOOKOI, Ta HAaBECTH PsJ YMOB JUJIs
BIIOCKOHAJICHHS] BUCOKOIIBH/IKICHOTO Pi3aHH:.

Buxsanennss ocHoBHoro marepiany. Ilpu cydyacHoMmy piBHI PO3BUTKY MallMHOOYAyBaHHS Bce Oinblia
yBara NMpUAUISETbCS SKOCTI 1 cobiBapTocTi mpoaykuii. [TosiBa BUCOKOMIBHIKICHOT JIe30B0oi 00poOKH J103BOJIMIA
MIJBUIIUTYA TPOJYKTHBHICT pi3aHHs B Kijbka pasiB. OgHaK il MOJAJIBIIOrO BJOCKOHAJEHHS IPOLECy
HEOOXiTHO MPHIUIATH OCOOIMBY yBary BUMOTaM JIO SKOCTi IMPOAYKIIi, IO BHUITycKaeThes. [IpoBiIHY poiib mpH
IBOMY BifIirpae 3a0e31medeHHs 3a1aH01 IKOCTI IIOBEPXHEBOTO APy .

3 yIOCKOHAJICHHSM BepCcTaToOyqyBaHHS 1 IOSBOI0 HOBHX IHCTPYMEHTAJIBHUX MaTepiajiiB 30iJblIyBaiacs
MIBUAKICTh pi3aHHSA. B naHMii yac 3 ycmixoMm 3acTOCOBYETHCS HOBHH BHA MeXaHi4HOI oOpoOku, a came —
BHCOKOIIBHJKICHA MexaHiuHa o0poOka (BIIMO). [JIns BIIMO crtBOpeHi chneniajibHi BHCOKOUIBHIKICHI
BEPCTATH, OCHAIIEHHA Ta IHCTpyMeHTH. OOpoOka 3 BHCOKMMH IIBHJIKOCTSIMH € TIPHHIIMIIOBO HOBOIO
TEXHOJIOTIET0, JJIS IKOi XapaKTepHi CBOi OCOONIMBOCTI, TaKi sIK HU3bKa CHJIA Pi3aHHsS, BUCOKI TEMIIEPATypH TOIIIO.
3acTocyBaHHS BHCOKOIIBHIKICHOI OOpoOKM B psAAal BHUMAAKax JO3BOJIIE BIIMOBUTHCS Bii BHUKOPHCTaHHS
¢inimHENX omepamiii: nwrigpysanHsA, madpinHia. Lupoke 3actocyBanHs BIIMO 3Haiimia y BHPOOHHIITBI
mrammoiB Ta mpec-¢popm. IIpore mpomecu, mo BigOyBatoThes mpu BIIIMO, me He AOCTaTHHO BHBYEHI.
3Hax0KEeHHS MPOIYKTUBHUX 1 €(EeKTHBHUX METOJIB 3a0e3MedeHHs SKOCTi MOBEPXHEBOTO MMIapy AeTajei MmpH
BHCOKOUIIBHKICHOMY TOPLIEBOMY (ppe3epyBaHHI pi3HHX METaNIIB 1 CIUIaBiB, IO J03BOJUTH OTPUMYBATH BHPOOH
13 331aHMMU BJIACTUBOCTSIMH [TOBEPXHEBOT'O IIapy.
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3 PO3BUTKOM TEXHIKH BCE OiJIBIN IMUPOKE 3aCTOCYBAHHS 3HAXOISATh MaTepiad, SKi BaXXKO OOpOOIATH 3a
ICHYIOUMMH TEeXHOJOTisiMHA. Hampukiaz, 3arapToBaHi cTajxi BHCOKOI TBEPAOCTI OOPOOIAIOTHCS HUTI)YBaHHAM,
IO NPHU3BOAWTH 1O OTPHMAHHS IIOBEPXHEBOTO INApy i3 3alIMIIKOBHMH HampyramMH pO3TATY 1 OAHOYAC
BinOyBaeThCs 3HAYHE 301IBIICHAS TEMIIEPATYPH B 30HI pi3aHHS.

3a0e3neueHHI0 SIKOCTI TIOBEPXHEBOTO INApy INPH BUCOKOIIBHIKICHIH 00poOIi pi3aHHAM NPHCBIYEHO
JIOCITIJPKEHHS 0araTboX 3apyOiKHUX 1 BITUM3HSIHMX aBTOpIB, Takux sik Tomac Ckonecek, FOpiit CBo6ona, [Tetpo
XodmanH Ta iH. [3, 4, 7]. SIKiCTh NOBEpXHEBOTO IIapy, a TAKOX HOTO YNPAaBJIiHHS OMHCAHO JOCIiTHUKAMHU:
AM. Cynuma, B.A. Illlynos, A.IO. AnbariueBuMm, B.A. MoiiceeBum [5, 6]. OaHak OTpUMAaTH MOBEPXHIO 3
3aJJaHUMH ITapaMeTpaMy MOBEPXHEBOTO LIApy Ba)KKO, OCKIIBKH BIJICYTHI METOM 3a0e3nedyeHHs Horo skocti. €
METOAMKH IJISI pO3PaxyHKy OKPEMHX IapaMeTpiB, TAKUX SIK MIOPCTKICTh, 3AJIUIIKOBI HATIPYTH, MIiKPOTBEPIICTb.
IIpoTe mpakTHYHO BCi BOHM BUBEIESHI IS TPAAHULIHIX METOMIB JIE30BOi MEXaHIYHOT 00OpOOKH i He BPaxOBYIOTh
BECh KOMIUIEKC BIIACTHBOCTEH, IO XapaKTepU3yIOTh CTaH MOBEPXHi AeTali B IiloMy. BucokomBuakicHa e30Ba
00poOKa pi3HMX MeTaliB 3 ypaxyBaHHSIM OCOOJNHMBOCTEH (OPMOYTBOPEHHS B YMOBax JIOKaJIbHOTO
TEPMOIUTACTUYHOTO 3CYBY BHMAara€ CTBOPEHHS BJIACHOTO TEXHIYHO OOIPYHTOBAHOTO cIiocoOy 3abe3medeHHsS
SKOCTi TIOBEpXHEBOTO MIAPy i3 3aJaHUMHU BEJIMYWHAMHE 3aJUIITKOBUX HANPYXKEHb, IMOPCTKOCTI, MIKPOTBEPIOCTI,
CTPYKTYPHO-()a30BOTO CKJIATy | HEOJHOPITHOCTI BIACTUBOCTEIH .

BucokouniBuaxicue (pesepyBaHHS MOXHA BIHECTH 10 HAHOUIBII BHKOPHCTOBYBAHUX METOMIB 0OpOOKH
Jgeraynieil. Bke CchOrofHi TNPOMUCIOBICT pI3HMX KpalH CBITY JOCHTh €(EKTHBHO BHKOPUCTOBYE
BUCOKOUIBHKICHE pi3aHHs Mpu WBUAKOCTAX pizanHs 500...1500 m/xs. i Bule.

Ha novartky 30-x pokis C.Salomon 3aiiMaBCst HacIiIKaMu Ay)Ke BUCOKHX MIBHIKOCTEH pizanHs (puc. 1) [8],
MPOBOJIYM BHUIPOOYBaHHS 3 AUCKOBMMHU mwiamu. Ilpamroroun 3i mBuakictio 15000 mM/xB., BiH AiAIIOB
BHCHOBKY, IO TeMIlepaTypa Ipu oOpoOmi pi3aHHSAM IOcATaE MaKCUMyMy 1 TPH TOJANbOIOMY IiABHIICHHI
MIBUAKOCTI DPi3aHHS 3HIKYETHCS 3HAYCHHS MEHIIEC 3a KPUTHYHE A 0OpoOiroBaHoro Marepiamy. Tomy
MPOTATOM TPUBAJIOTO Yacy KPUTHYHA OOJAacTh TeMIlepaTypu abo Tak 3BaHa ~HOJMHA CMEpPTI® po3risaanacs sk
XHUTKa yMKa Y BUCOKOIIBHIKICHOMY (ppe3epyBanHi. Ha maHuil yac He mijurarae CyMHIBY, IO I Teopis Oyia
HenpaBwIbHOIO. [Ipy migBHUIIEHH] MIBUAKOCTI Pi3aHHS OJHO3HAYHO MiJBHIIYETHCS TEMIIEpATypa, a pa3oM 3 Hero i
3HOC IHCTPYMEHTY.

[IpoTsirom mecsATHIITh 6araTo BYCHUX BUBYAIH 10 Teopito. Y 1947 poui ne 6y Kysuenos — 5000 m/xB., B
1958 poui — Kponenbepr — 7000 m/xB. i B 1972 — Apuar — 13000 m/xB. Bcei 1i npencTaBHUKH TPOBOIMIH
CKJIIHI BUIIPOOYBaHHS, B SKHUX IPOIyCKanu BHUPiO B310BXK iHCTpyMeHTy. [Ipu 1pomy KponenGepr BuCyHYB
TEOPilo, L0 LIBHAKICTH Pi3aHHS CHOYATKY 30UIBIIYETHCS, a MOTIM CHIIBHO 3HWXKYEThCS. APHAT 3’5CYBaB, IO
3HOC IHCTPYMEHTIB IIPH yJIBTPABUCOKUX IIBUAKOCTSX Pi3aHHs 3HAYHO ITiJBHIIYETHCS.

Ane numie Ha moyatky 1960 poky Bhanocst oTpuMaTH BHpINIaidbHI OCHOBHI 3HAHHS 3 NPOLECY pi3aHHSA i
MeXaHi3MaM Jii MPH BUCOKHUX MIBUIKOCTAX. TeXHIYHOMY iHCTHTYTOBI 3 BUPOOHHUYOT TEXHIKH 1 METaI0OpPi3albHIM
BepcTaTaM Mmicta JlapMIuTanT Baanocs, BAKOPUCTOBYIOYH MarHiTHI KyJIbKOIIIIINITHUKH, TPOHUKHYTH B 00J1aCTh
BucOkux mBHIKocter Ve = 4700 m/xB. Ilpm mpoMy BIepiie cTald BilOMi BEJNWYE3HI MepeBard JUIs
MPOMICIIOBOTO 3aCTOCYBaHHS. 3’SIBHJIACS MOXIIUBICTD 3MIMCHATH 3MECHIICHHS Yacy OOpOOKH MpH MOJIMIICHIH
touHocTi Ha 40 %. Hamami B mpoMy iHCTHTYTI OynHM OpraHi3oBaHI JOCHITHI TPOEKTH I KEePiBHUITBOM
npodecopa Hlynbia i po3pobiaeHo 6a30Bi JOKYMEHTH 1010 MPAKTUYHOI'O BUKOPUCTAHHS 1Ii€1 TEXHOJIOTI].

e na nmovyarky 80-X pOKiB ekcHepTH He Oa4niInM MaiOyTHBOTO wLi€l TexHoorii. [IpuunHoIO 1BOTO OYIIO TE,
10 BUXOJWJIM JIMIIE 3 TOrO, IO MOXJIMBOMY BHIpally 32 4acOM IMPOTHCTOSUIM BHCOKI TeMIlepaTypd B 30HI
pi3aHHS Ta JIy)XKe BEIMKHH 3HOC IHCTPYMEHTY, SIKU CTaBHMB IIiJ] CYMHIB €KOHOMIYHICTh I[bOro meroay. Ha
CHOTOJIHIIIHIN IeHb MM MOXEMO TOYHO CKa3aTH, 10 apryMeHTallis Oysia HelpaBUIIbHOIO.

TuM He MeHI, 1eil po3BUTOK TpuBaB NnpuOin3HO 60 pokiB, T0OOTO A0 Mouatky 90-X pOKiB MOKH He Oyiu
po3po0ieHi HEOOXiTHI MAIIMHHI CHCTEMH, IINMAHACNI, YIPaBIiHHA Ta IHCTPYMEHTH, MO0 KOPUCTYBad Mir
BUKOHYBAaTH NPaKTH4IHI pOOOTH 332 NPHUHHATHUMH L[IHAMH.

ChOTOHIIIHS TEH/ICHIIIS PO3BUTKY BUCOKOIIBHIKICHOTO ()pe3epyBaHHS OJHO3HAYHO PYXa€THCS B HANIPAMKY
BHUCOKHX INBHUAKOCTeH pizaHHA. CBITYCHHAM TOMY, TaKOX € HAHHOBIII pO3pOOKHM BEpCTaTiB Ha PHHKY.
BepcrarHi niHiT HOBITHBOT KOHCTPYKIIIT MpamorTh Ha mBUAKocTax Bix 10000 go 20000 06./XB. e MPaKTHIHO
CTaJI0 CTAHJAPTOM i TocAraeThes 0e3 Bennkux (piHaHCOBUX BHUTpAT.
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Puc. 1. 3anesicnicmv memnepamypu 6i0 weUOKOCHMI Pi3anHHs.:

1 — anrominiii, 2 — konvoposi memari, 3 — 6poHsa, 4 — 1uapHi yagyuu, 5 — cmaii,
incmpymenm: A — kap6io eonvppamy (980 °C), b — éonvghpamo-kobaremosi cnaasu (850 °C),
B — sonvghpamosi cmani (650 °C), I’ — eyeneyesa cmanw (450 °C);

I — e pexomenodyemucs 0bpobka

30inpLICHHS IIBHAKOCTI pi3aHHS BUIIE 32 SKCTPEMYM IPU3BOIMTH A0 3MEHIICHHS Temmeparypu. s
AIFOMIHIIO i IIBUAKOCTI pi3aHHS MOPiBHSIHO HeBHCOKi. OmHaK s OpoH3, cTajeil BOHM OyIIM HACTIIBKH BHCOKI,
II0 IX peaizamis, a TAaKOXK JTOCIIHKCHHS BUKIHKAIN CKIIaTHOIII .

JocmimKkeHHsT BHCOKOUTBUAKICHOTO (hpe3epyBaHHs JeTajei pisHoi koHpirypanii y ®PH Oymo posmouaro B
1984 p. 18-10 mpomucnoBuME QipMamMu. Y MpPOIECi JOCTIHKEHb TEXHOJOT1] BUCOKOMBUAKICHOTO (hpe3epyBaHHS
pO3TIISIIaUCs PeKUMHU OOpOOKM PI3HHMX MaTepialiB, BIUIUB IO CYTi HOBOi TEXHOJOTiI HA XapaKTEPHUCTHKU
BepcTaTa Ta HOro By3iiB. B pe3ynbTari BHpPOOJICHI pPEKOMEHIAlli 3 BHUCOKOIIBUIKICHOI OOpOOKH pi3HUX
marepiainis (puc. 2) [8].
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Puc. 2. 3acmocysanns sucokow8uoKkicHoi mexaniuHoi 00po6Ku 015 pi3HUX 6U0I8 Memaiié

Daxmopu, wo 6nIUAINMb HA NPOYeC BUCOKOWBUOKICHO20 (hpesepysants. CUITbHE TiIBUIICHHS MIBUIKOCTI
pi3aHHS MIPU3BOAMTE A0 3HAYHOTO 301IBIIEHHS TeMIepaTypH B 30Hi pizanHsA. KoedimieHT TepTs Mix
IHCTPYMEHTOM 1 JETaJUTI0 3MEHIY€EThHCS. 3aBIAKH IIbOMY 3MEHIITYETHCS TePTS M0 MepeAHiN TpaHi iIHCTPYMEHTY i
CIUTIOITYBAHHS CTPY)KKH. X1J{ Ta YTBOPEHHS CTPY/KKH 3MiHIOIOTBCS .

YTBOpPEHHS CTPYXKHU: 3MiHAa YTBOPEHHS CTPYXKH 1 XOAY CTPY)KKH HPHU3BOAWUTH O 3MEHIICHHS 3yCHIb
pi3aHH, 10 MO3UTHBHO MO3HAYAETHCS Ha TOYHOCTI PO3MIpIB 1 MOKpAIIEHiH SIKOCTI MOBEPXHi, a TAKOX J03BOJISE
00poONATH TOHKOCTiIHHI JAeTami abo BHUKOPHCTOBYBAaTH OULTBII TOHKI 1HCTPYMEHTH 3 BEJIHWKHM BHUCTYIIOM.
3MEHIIYETHCS MEXaHIYHEe HABAHTAXXEHHSI IHCTPYMEHTY.

Temneparypa B 30HI pi3aHHs: IHCTPYMEHT IIJIA€THCS BEIMKUM TEPMIYHMM HaBaHTakeHHsM. lle
BUPQXAETHCSI B MIJBHUIIEHOMY 3HOCI. TOMY BHCOKOMIBHMJKICHI IHCTPYMEHTH NOBHMHHI BHKOHYBAaTH OCOOJIHBI
BHUMOTH L1010 TEPMIYHOTO HaBaHTaKCHHSI.
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[limBuIIeHHs] MBUAKOCTI Pi3aHHA: 3 TiABUINEHHSM MIBHAKOCTI Pi3aHHA 1 OTKe 30UIBIIEHHSM MIBHIKOCTI
Mojadi JOCATAeThCA HACTYIHE: IIBUINEHHS 00CATY CTPY)KKH a00 BiONOBITHO 3MEHIIEHHS OCHOBHOTO dHacy.
3aBIAKM BUCOKOMY YHCITY 00EpTIiB IIMUHACIS 3MEHITYIOTHCS KOTMBAHHS IHCTPYMEHTY, IO TO3BOJISIE 0OPOOIIATH
YYTJIHBI IO KOTUBAHb JETai.

Hacnioku niosuwennsa weuokocmi pisanus

| ITigBUICHHS MBUIKOCTI Pi3aHHS |

| [TixBuIIeHHS TEMIEpPaTypH 30H pi3aHHA |

| 3MiHa YTBOPEHHS 1 X0y CTPYKKH |

v v v

O0pobka Incrpyment Jderanb
3MEHIIIeHHS 3yCHIIIS pi3aHHs. Bucoxka TepmidHa 3arpys3ka Hesnaune HarpiBaHHs neTaii
Binsig Tenna guepes CTPYKKY. Bucoxwuii 3H0C [TigBuiena po3MipHa TOYHICTH
3MEHIIEHHS OCHOBHOTO 4acy [MokpaieHa siKicTh HOBEPXHI

3MiHa MEXaHIYHHUX BIaCTHBOCTEH
Jeraii

Ha crporomHimHI [IeHP 3aCTOCYBaHHSA IIPOLECIB BHCOKOUIBHAKICHOTO pi3aHHSA SIK HaHBa KIMBIIINX
CKJIQJIOBHX BHCOKMX TE€XHOJIOTIH Ma€ CEHC JIMIIEC B TOMY BHUIIAIKY, KOJIHU BCS TEXHOJIOTIYHA CHCTEMa — BEPCTaT,
pi3ayibHUH  IHCTPYMEHT, IIPHCTOCYBaHHs, CHCTEMa JIarHOCTMKA — OpIi€HTOBaHAa HAa BUKOPHUCTAHHS
BUCOKOIIIBH/IKICHOT 0OPOOKH.

Y BuMOrax 10 BepcTaTiB Ul BHCOKOIIBHIKICHOT OOpOOKM 3’SBHIIMCS JesiKi IyHKTH, TOB’sA3aHi 3i
MIBUAKO/IEI0 MEXaHIYHUX CHCTEM 1 CHCTEM YIpaBlliHHs: yactota obOepranHs mmuaiens ao 30 000—40 000
00./XB., MOTYXXHICTh TOJIOBHOTO MPHUBOAY Oinbmie 20 kBT, mBuakicts mporpamoBanux mnoziad — Big 40 mo 60
M/XB., MIBUAKICTh INBUAKHX XOXiB — 10 92 WM/XB.,, OHCKpeTHICT — Bim 5 1m0 20 MKM; OChOBe
MPUCKOPEHHsI/ ynoBiTbHEeHHS >1 g, mBunkoxis YITY — Bix 1 mo 20 mc, mBuakicts ooMiny manux — 250 Koit/c (1
MC ), BHCOKA >KOPCTKICTh 1 TEPMOCTIHKICTh IIMHHAEISA, BEIUKHUH IOTEPEenHill HATAT i JOOpe OXOJIOMKCHHS
MANTUITHAKIB IITHHEIA, 00AyB IIIMUHAETS MOBITPSIM a00 piIMHHE OXOJOMIKEHHS, XKOPCTKA pama BepcTara 3i
3MATHICTIO TIOTJMHATH BiOpaIlii, KOMIICHCAIlisl pPi3HUX ITOXHOOK — TEeMIIepaTypHHUX, XOJOBOTO TBHHTA, —
MOJKJIMBICTh YCTAHOBKH OUTBII TOCKOHANUX 1 MepCIIeKTUBHUX cucteM UITY.

OueBuaHO, 10 BepcTat (0OPOOIIOYI IIEHTPH) 3 MPSIMOKYTHOK CHCTEMOKO KOOPIMHAT, JOMOBHCHI IS
00’eMHOT OOpOOKM [OJATKOBMMH KOOpIMHATaMH, HpPH 0OpoOIli Ha TakMX BHCOKHMX MOJa4yax, BOJOAIOYH
BEJIMKOIO 1HEpIIMHICTIO, HEe 3aBXIUM MOIIM O peani3yBaTH HOBY TEXHOJIOTIIO TNpH CKJIaIHIH KoHQirypauii
BUpoOy. ToMy 3 OCBOEHHSIM BHCOKOUIBHAKICHOTO pi3aHHS pI3KO 3picia 3alliKaBJeHICTh BepcTaTtaMu 3
napaneiabHOI0 KiHemaTukoro [ 1, 2].

CraHuHHM, HANPSIMHI, IIPUBOJIM BUCOKOUIBHIKICHUX BEPCTATIB MOBHHHI MAaTH BUCOKY CTATHYHY 1 JTUHAMIUHY
JKOPCTKICTh. 3MEHIIECHHS Bard pyXOMHX KOHCTPYKIIiH, 32 paXyHOK BUKOPHCTAHHS JIETKUX MaTepialliB i 3py4HOTO
pO3TalIyBaHHS HANpSIMHUX — JIMIIE JesSKi O3HAKM CyYaCHHUX BHCOKOIIBHIKICHHX (pE3epHHX BEpCTaTiB,
KOHCTPYKIIisl SKUX TOBHHHA OYTH ONTHMANBHOK. [IpoTe 31 30UIbIIECHASIM PO3MIpy TEPETHHY 3pPi3y MOCATAIOTHCS
TpaHUYHI 3HAYCHHS, M0 POOIATH eKCIUTyaTallifo HeOe3neuHow. JInHaMiKy MpHBOAa MOTPiOHO MOJIMITYBaTH 3a
JIOTIOMOTOI0 JIIHIHHOTO TPHBOJA 1 JIETKHX, aje Iy)Xe J>KOPCTKUX €JIEMEHTIB. |HCTpyMEHTHM NpH BHCOKHX
MIBUAKOCTSIX 0OPOOKH IMOBHHHI OyTH 30a1aHCOBaHI.

OnnuMm 3 BaximBux (aktopiB npu BIIIO € He TifbKM 3HW)KEHHS BEJIIMYMHHM KPYTHOTO MOMEHTY B 30HI
BHUCOKHUX IMBUIKOCTEH, ajie # Tepepo3noil Teruia B 30H1 pizaHHs. [Ipy HEBENWKHUX MEepeTUHAX 3pi3y B JaHOMY
Jiana3oHi MIBHIKOCTEW OCHOBHA Maca Teljla KOHIEHTPYETbCS B CTPYXKI, HE BCTUTAIOYM IEPEXOJIUTH B
3aroToBKy. ToMy BBakaeThCs, IO BHCOKOIUIBHJIKICHE TOpIeBe (ppe3epyBaHHA, ocoOmmBo B TexHojorisx BIIO,
0a3yeThcs Ha CKOPOYEHHI KITBKOCTI TeIJIa, 0 BUHUKAE MPH 00poOmi pi3aHHAM, SKe, 3a3BHYal, 1 € IPUINHOIO
3HOCY IHCTPYMEHTY.

BIIIMO Ha paHuii yac BiJirpa€ BaXJIWBY pOJb NMPH BUPOOHHULTBI B MAamIMHOOYIBHIN 1 MpuiagoOyiBHINA
rajy3sx, TOMy 10 1 BUKOpHUCTaHHs 3a0e3nedyye BUCOKY TOUYHICTH i AKiCTh OOpOOKH Ta 3HAYHO 3MEHIIYE yac Ha
BUTOTOBJICHHS JeTaned (BupoOiB). st BucoKomBHIKICHOT 0OpoOKM Hacammepesa IMOTpiOHE BHKOPHUCTaHHS
TUTBKH CHEMiaJbHUX BHCOKOIIBUIKICHUX THCTPYMEHTAJIbHHUX IINMHHICIIB, SIKi MOTPiOHI ISl BUCOKOI MIBUAKOCTI
obepranss. [Ipu poOOTI HA BENMUKUX POOOYMX IMMOJAYAX 1 BHCOKIM MIBUAKOCTI pi3aHHS HEOOXiTHO 3a0e3MCUUTH
CTIMKHIH mporiec pi3aHHs.

BucokomBuakicHa MexaHiuHa 00poOka Mae 6e3I1id TEXHIYHHUX TIepeBar, MOpiBHIHO 3 TPAIUIIIHHOIO, a caMe:
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— 3HWKeHHS cui pizaHHs Ha 30-35 %, mo 3MeHmye aedopmaliiro 00poOIOBaHOT HeTali i T03BOJISE
00poOIATH TOHKOCTIHHI IeTalli 10 BUCOKOi TOYHOCTI;

— 3MEHILICHHS TeMIIepaTypu 00poOItoBaHol aeTai;

— 30epexeHHsI TOYHOCTI 0OPOOKH MPOTSATOM TPUBAJIOTO Yacy B pe3yJIbTaTi 3HW)KEHHS HAIpY)KeHb y BepCTati
1 iIHCTpYMEHTI 3a paXyHOK 3MEHIIICHHS CHJI Pi3aHHS;

— 30ibLIeHHs oaYi B 4—8 pasis;

— 3pOCTaHHs MPOJTYKTUBHOCTI 3HIMAaHHs MeTaiy B 3—5 pasis;

— 3MEHILIEHHs BiOpawiil iIHCTpyMEeHTY 1 eTai;

— 3HIKEHHSI BapTOCTI IHCTPYMEHTA;

— BHCOKOIIBH/IKICHa 00po0Ka JI03BOJISIE O/IEPXKYBAaTH JTOCUTH BUCOKI 3HAYEHHS LIOPCTKOCTI MOBEPXHI (MpH
BHCOKOTOYHOMY HaJIaIITyBaHHI IHCTPYMEHTY MO>KJIMBE OTPHMaHHs 00poOieHoi moBepxHi 3 Ra < 0,5 Mxm);

— BIICYTHICTb IPOOJIEM CTPYKKOAPOOICHHS.

[NopiBHsIBHA XapaKTEPHCTHKA MapaMeTpiB TPAAUIIHHOTO i BUCOKOIIBUAKICHOTO (pe3epyBaHHS TOPIEBOIO
(pesoto (tadm. 1) [8].

Tabauys 1
Iopisusannsa napamempis (pesepysans
IToxasaux @11;22?5;1;:1}1{;3 BucokouiBuaxicue gppesepyBaHHs
YacTora o6epTaHHs, n XB.” 6000 15-40000
ITogaua f, M/xB. 0,2-0,8 1,5-5
I'muOuHa pizaHHs t, MM 1-5 0,02-0,5
Teepaicte HRC <36 <62
Cuiia pizaHHs BHCOKA HU3bKa
TemnoBingaua BHCOKa Maja

[Tpu ¢pesepyBaHHi BHCOKOIIBUJIKICHA 0OpOOKAa BHM3HAYAETHCS IIBUJIKICTIO pi3aHHs, siKa, B CBOKO 4epry,
3aJIeKUTh BiJl YaCTOTH OOepTaHHS IIMHMHICHSA Ta OiaMeTpa iHcTpyMeHTa. UnM OimpImmii miameTp ¢pesu, TUM
MeEHIIIa YacToTa 0O0epTaHHs IIMUHACTS MPH Til jKe MIBUIKOCTI Pi3aHHSA i HaBIaku, TOOTO ppe3epyBaHHSI MOXKHA
3poOUTH BHCOKOIIBHIKICHUM Ha YHIBEPCAIBHOMY METaJOpi3albHOMY OOJIaHaHHI MpH 30UTbIICHHI B IIEBHOMY
Ziarmas3oHi JiaMeTpa iHCTpyMEHTa.

Juist Toro, mo6 BUCOKOIIBHIKICHE (pe3epyBaHHs OyIi0 HAHOUTHII epeKTHBHAM, HEOOXITHO JOTPUMYBATHCS
psily YMOB, TOJIOBHUMH 3 SKHX €:

—BuOip Mapkm iHCTpyMeHTanmbHOro Matepiany (K10, K20 Ha ocHOBI kapbimy Bombppamy Ta iH.),
MEXaHIYHUX XapaKTePUCTUK 3Pi3aHOrO0 Iapy, CTaHy (ppe3epHOro Bepcrarta;

— BUOIp KOHCTPYKIIi TOPIEBOi (pe3n BIAMOBIMHO A0 BETHYMHH IMPHUITYCKY HAa OOpOOKY, JKOPCTKICTIO i
MOTYKHICTIO (ppe3epHOro Beperara (Oinbie 22 kBT);

— BUOIp Teomerpii TopueBoi (pe3u (IMepeaHBOTO i 3aTHBOTO KYTiB, KyTa HAaxXWIy TOJOBHOI pi3albHOI
KPOMKH, TOJIOBHOTO KyTa B IUIAHI Ta iH.) BIAMOBIIHO 10 MEXaHIYHHUX BIACTUBOCTEH 3pi3aHOro mIapy i yMOBaMH
(hpe3epyBaHHS;

— sIKICHE MeXaHiuHe KpIIJIeHHs pi3aJbHUX €JIEMEHTIB, [0 BUKIIOYa€ yTBOPEHHS HA IUIACTHHAX TPIIIMH Ta
iHmUX 1edeKTis;

— TOYHA yCTaHOBKA TOPIEBHUX (pe3 Ha BepcTari;

— MOJIepHIi3aIlisl (pe3epHUX BEPCTATIB 3 METOK 30UTBIICHHS 4YHcia OOEpTIB MIMUHAENS, MOTYXXHOCTI
€JIEKTPO/IBUI'YHA TOJIOBHOTO TIPHBO/LY, 301IBLICHHS XKOPCTKOCTI 1 BIOpOCTIHKOCTI BepcTara;

— NIPU3HAYEHHS PalliOHATBHUX PEXUMIB (hpe3epyBaHHS.

[Tpu BHCOKOIIBUAKICHOMY (hpe3epyBaHHI iCHYE JXOPCTKHI 3B’SI30K 3Hau€Hb LIBHJKICHOTO Jiana3oHy 3
BIIACTHUBOCTSAMH OOpOOIIOBAHOTO i IHCTPYMEHTAJIBHOTO MaTepially, TeXHOJIOTIYHHM CEepeIOBHIIEM Ta BUAOM
00poOKH, 1110 BUMarae Moriau0IeHOr0 BUBYSHHS (hi3WIHUX SBHIII, 110 Bi0OYBaIOTHCS B IPOIIEC] pi3aHHI.

TexHoorisi BUCOKOIIBHAKICHOTO (pe3epyBaHHsS € OAHIEI0 3 HAWOUIbII CydacHMX 1 e(eKTHBHMX aJbTEepHAaTHB
KJIaCHYHHUX METOJIB (Ppe3epyBaHHs, 110 3HAYHO BiJIPI3HSIETHCS SIKICTIO 1 IBUJIKICTIO OOPOOKH.

BucHoskn:

1. HaBeneHo po3riisizt peTpoCcieKTHBHOTO aHaIi3y (hOpMyBaHHs BHCOKOIIBHIKICHOT 0OpOOKH JeTasel.

2. HaBeneHO pe3ynbTaTH TEOPETHUYHHX JOCIIDKEHb BHCOKOIIBHIKICHOI OOpOOKM TOBEpXOHb JeTaiel
TOPILIEBUM JIE30BHM 1HCTPYMEHTOM.

3. TlopiBHSAHO 3 TpamuIiifHOIO 00POOKOIO, BUCOKOIIBUAKICHE (ppe3epyBaHHS 3abe3medye: 3HMKECHHS CHII
pi3aHHS; 3MEHIIEHHS TeMIepaTypu oOpo0IItoBaHOi AeTali; OTpUMaHHs MIOPCTKOCTI 00poOIIOBaHOT MMOBEPXHI 3a
SIKICTIO aHAJIOTIYHOT a0pa3uBHOI 00POOKH; 3HMKEHHS Yacy 00poOku Ha 40—70 % i BapTocTi Ha 20-50 %.

4. Bu3HaueHO OCHOBHI BUMOTH JI0 YCTaTKyBaHHA JJIS1 BUCOKOIIBUAKICHOT MeXaHIuHOT 0OpPOOKH.
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5. 3anponoHoBaHO psAA YMOB JUIS BIOCKOHAJIEHHS BUCOKOIIBUAKICHOTO (Ppe3epyBaHHS.
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Cupoin €.C. TeopeTndni acrekTH BUKOPHCTAHHS BUCOKOIIBHIKICHOT OOpOOKH IJIOCKMX TOBEPXOHBL JETae
TOPIIEBUM JIE30BHM IHCTPYMEHTOM

Cupoen E.C. Teoperuueckue acrekTsl HCIOIB30BAHNS BEICOKOCKOPOCTHOM 00pabOTKH IUTOCKHIX MOBEPXHOCTEH
JleTajiell TOPLUEBBIM JIE3BUMHBIM UHCTPYMEHTOM

Seroid E.S. Teopernueckre acleKThl HCIOIb30BAHUS BBICOKOCKOPOCTHOH 00pabOTKM MIIOCKHX MOBEPXHOCTEH
JieTaJieil TOPLEBBIM JIE3BUHHBIM HHCTPYMEHTOM

YK 321.914

TeopeTHueckne acleKTbl HMCIOJb30BAHHSI BBICOKOCKOPOCTHONH 00pa0OTKH IUIOCKHX IIOBEPXHOCTeM
AeTaJeii TopueBbIM Je3BUIHBIM HHcTpyMeHTOM / E.C. Cupoen

PaccMOTpeH peTpOCHEeKTHBHBIM aHaMW3 (OPMHPOBAHUS BBICOKOCKOPOCTHOW 0OpabOTKM  jmeTaieil.
[IpuBeneHs! pe3ybTaThl TEOPETHUSCKUX UCCIICAOBAaHUHA BEICOKOCKOPOCTHOM 00pabOTKH IIOCKUX IMTOBEPXHOCTEH
JeTaJIeil TOPIIEBBIM JIE3BUHHBIM HHCTPYMEHTOM. IIpHBEICH psifl MPEUMYILIECTB BEICOKOCKOPOCTHOTO PE3aHUSA 110
CpPaBHEHHIO C TpaaumuoHHOH oOpaborkoil. [IpemocraBmeH psa  ycluoBHH i COBEPIICHCTBOBAHHA
BBICOKOCKOPOCTHOTO (hpe3epoBaHusl.

KoaioueBble ci10Ba: BEICOKOCKOPOCTHast 00paboTka, ppesepoBanume, I0CKas IIOBEPXHOCTb.

YIAK 321.914

TeopeaneCKue ACIIEKTbhI HCIIO0JIb30BaHUA BbICOROCKOPOCTHOﬁ 06[)360TRI/[ IJIOCKHUX l'[OBerHOCTeﬁ
AeraJieiil TOPUEBbIM Je3BUiiHBIM HHcTpYMenToMm / E.S. Seroid

In the article deals with a retrospective analysis of the formation of high-speed machining of parts. The
results of theoretical investigations of high-speed machining of flat surfaces of the socket lezovym tool. Shows
some advantages of high-speed cutting compared with conventional treatment. Provided a number of conditions
to improve high-speed milling.

Keywords: high-speed machining, milling, flat surface.
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