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MOBBINIEHUE CTOMKOCTH IITAMIIOBOI'O 1 METAJLJIOPE-
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AHHoTanus: VccnenoBaHo BIAMSHUS IMyJIbCUPYIOIIETO ra30BOr0 IMOTOKA HA TEIUIOCTOMKOCTh OIBITHBIX CTajei,
HCTIONB3YEMBIX [UIS U3TOTOBJICHHUS TSDKEIOHATPY)KEHHBIX HHCTPYMEHTOB IIPECCOBAHMS 1 BBIJABINBAHUS.

B 1nponecce pemMoHTa aBTOTpaHC-
IIOPTHBIX CPENCTB, APYTMX MalIUH U arpera-
TOB YacTO BO3HUKAET HEOOXOAMMOCTH IpH-
MEHEHHUSI TeX WIH HHBIX HHCTPYMEHTOB,
BKJIKOYAsl METAUIOPEKYLUIUNA M MCIOJIb3ye-
MBIH /17151 IJIACTUYECKOro (POPMOU3MEHEHUS,
B CBSI3U C YEM BO3HHUKAeT Mpodiema MOBbI-
IIEHUs1 CTOMKOCTH MOA0OHOTO MHCTPYMEHTA.

bBUIO OCYyIIECTBIEHO MCCIENOBAHUE
BO3MOYKHOCTH pEIIeHUs] MpOoOJIeMbl IOBBI-
LIEHUSI CTOMKOCTH IITaMIIOBOTO YU METAJLIO-
PEXKYIIEro HHCTPYMEHTA 3a CYET BO3JEUCT-
BHs JI03BYKOBOI'O HHU3KOYAaCTOTHOTO ITyJIb-
CUPYIOILIETO Ta30BOr0 IIOTOKA, I'E€HEpUpye-
MOTO JKCIIEPUMEHTAIILHON yCTaHOBKOM.

HccenenoBanue BIUSAHNUS UMITYJIbCHO-
ro BO3JIEUCTBUS T'a30BOr0 IMOTOKA HA TEIUIO-
CTOMKOCTb MHCTPYMEHTAJIbHBIX CTaJIEH IIPO-
BOJWJIOCH, B YAaCTHOCTH, Ha ONBITHBIX CTa-
JIX, UCHOJIB3YEMBIX U1 U3rOTOBIICHUS Ts-
JKEJIOHArPY>KEHHBIX MHCTPYMEHTOB IIPECCO-
BAHWS U BBIIABIMBAHUA, WCIBITHIBAIOIINUX
naBienue g0 2500 MlIla.

Cranu 3T0ro TUNa ynpo4HsIIOTCS NpU
OTIYCKE JHMCIEPCHOHHBIM TBEPACHUEM HC-
XOJHOM MAapTEHCUTHOU CTPYKTypbl. B pe-
3yJbTaTe OTIYCKa YBEIUYMBACTCS TBEP-
JOCThb U NIPOYHOCTDb TAKUX CTAJIEU IIPU U3THU-
0e, MOCKOJIbKY W3 MapTEeHCUTa BBIJIEISIOTCS
YacTHUIIBl YIPOUHsIOMUX (a3 (kapOumos), a
OCTaTOYHBIM ayCTEeHUT — (a3a ¢ HEBBICOKOI
TBEPAOCTBIO — IIPEBPAILAETCA B MAPTEHCHUT.
OTH mpouecchl MPEBPAIEHUN IOBBIMIAOT
IpeAel TEKy4eCTH IIPU CXKAaTUH, HO CHUXKA-
I0T BSI3KOCTb. OJTH CTaJd MOTYT OBITh HC-
IIOJIB30BAHbl JJII HU3TOTOBJICHUS PEXKYIIETO

MHCTPYMEHTa, paboTaolero Mnpu He-
OOJIBLIMX CKOpPOCTAX pe3aHus. B srom
cilydae JUIsli HUX Ba)KHBIM CBOWCTBOM SIB-
JSIeTCS TeMJIOCTOUKOCTb.

C nenplo uccienoBaHus BIUSHUS
NyJIbCUPYIOLIET0 Tra3oBOr0 IOTOKAa Ha
TEIIOCTOMKOCTh TMOMOOHBIX cTaneil 00-
pasupl U3 ctanu 8X4B2C2M® mnonsep-
raju TepMHYECKOM 00paboTKe IO CTaH-
JAPTHOMY PEKUMY U 3aKajlKe ¢ BO3JEH-
CTBHUEM JO3BYKOBBIM HHM3KOYAaCTOTHBIM
ra3oBbIM ITIOTOKOM B IPOLIECCE OXJIAXKIIE-
HudA. Pe3ynbTaTel MCCIeA0BaHUM IpUBe-
eHsl B Ta0. 1.

TemnocTolkocTs  CTalmu  mocie
npeaBapuTeNbHON 00pabOTKU OllEHUBA-
Jach MO M3MEHEHMIO TBEPAOCTH B IPO-
1[ecce BBIIAECPKKU IIpH Temneparypax 600
u 630 °C B TeyeHHE NBYX-IIECTH YaCOB.
ITosrydyeHHBIE pe3ynbTaThl MIPEACTABICHBI
B TaOII. 2.

W3 nmnpuBen€HHBIX pE3yIbTAaTOB
BHUJIHO, qTO TBEPIOCTH cTanu
8X4B2C2M® mnoasepruyToii 06paboTke
M0 CTaHAAPTHOMY pEXHUMY, MalaeT HIXKE
60 HRC yxe npu TemmnepaType Harpena
600 °C mpu 4eThIpEX Yacax BBIICPIKKH.

Ora Ke cTanb, IOJBEpPrHyTas
BO3JICHCTBUIO MYJIbCALIUNA Ta30BOTO MOTO-
Ka B MPOLIECCE 3aKAJIKH, COXPAHAET TBEP-
nocth Beimie 60 HRC mpu 6-tu wacoBoit
BBIIEPIKKE NI TOM )K€ TEMIIEpaTyphl Ha-
rpeBa M TOJHKO IMOBBIIIEHUE TEMIEPATY-
pel 10 630 °C mpUBOIUT K CHIKEHHIO
tBEpAoctH 10 58 HRC.
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Mexanuueckue ceoticmea cmanu 8X4B2C2M® npu 3axanxe ¢ 1050 °C

TapuLA 1

Mex. cBoiicTBa MocCie OTIyCKa
Pexum 006- 3akaouHas HRC mocne
pabotku Ne cpena 3aKaIIKH Ormyck HRC T KCU 2
- MIIa M]Tx/m
530 °C
1 MacJio 61-62 3 pazamo 1 63-64 4500 0,6
qacy
BOJA + UM- 530°C
2 nyJbCcHAs 00- 61-63 2pazamo 1 64-65 4500 0,6
paboTka qacy
TAB/IAILIA 2
TEIIOCTOHKOCTD CTAJIH 8X4B2C2M® ITOCIIE OBPABOTKH I10 CTAH/IAPTHOMY H OIIBITHOMY
PEKUMAM
T Teépnocts HRC nocnie HarpeBa 1o
Pesknu 06pa- cxoa 600 °C | 630 °C
TBEPIOCTH
00TKH Ne IIPU BBIIEPIKKE
cramm HRC
4 gaca 6 gacos 2 gaca 4 gaca
1 63-64 58 57 52 50
2 64-65 62-63 61-62 56-58 54-55

Takum o0pa3zom, Bo3AeHCTBUE IMYyJIb-
CUPYIOLIETO Ta30BOr0 MOTOKA IPH 3aKajKe
cramu Ttuna 8X4B2C2M® obecnieunBaeT
MOBBILIEHUE TBEPAOCTH M TEMJIOCTOMKOCTU
cTayy 0e3 CHI)KEHUS BSI3KOCTH.

M3HOCOCTOMKOCTH IITaMIIOBOTO WH-
CTPYMEHTa MOKET OBITh MOBBIIIIEHA MPU UC-
MOJIb30BAaHUN XUMHUKO-TEPMUYECKOU 00pa-
00TKM: a30TUpOBaHUs U OOpupoBaHus. A3o-
TUPOBAHUE LITAMIIOBOTO HMHCTPYMEHTa XO-
J0JHOTO Je(OPMUPOBAHUS, H3TOTOBJIEHHO-
ro U3 BTOPUYHOTBEPACIOLIMX CTajel, Mpo-
BOJUTCA IOCIIE€ 3aKaJIKM U OTIYCKa IO OIl-
TUMAJIbHBIM Il IaHHOM MapKu CTajlu pe-
xumam. Temreparypa a30THPOBaHUS HUXKE
TeMIlepaTypbl OTHycka W cocTtaBisieT 510-
540 °C, Bpems BhIIEpKKH — 4-6 9acoB Tpu
MOHHOM a30THPOBAHHH, MIPH ITOM TIIyOHMHA
a30TUPOBAHHOrO cyosi He npesbimaer 0,15
MM.

BopupoBaHue BBHICOKOYTIEPOAUCTHIX
CTaJIel OCYIIECTBISETCS DJIEKTPOJIN30M B
pacmiaBe O0ypel Na,B4O7 nipu 950 °C B Te-
YeHHE 3 4acoB.

[Ipu npoBeneHnH a30TUPOBAHUS WU
O6opupoBaHus TBEPAOCTh  MOBEPXHOCTHOTO

CJIOSI ITAMITOBBIX CTaJiel yBETMYNBACTCS
no H, 11000-12000 MIIa. Ynpo4Héu-

HBIM cJI0M B 00OMX Cllydasx XapakTepH-
3yeTCsl pe3KUM MEPEXOJOM TBEPIOCTH OT
MOBEPXHOCTU K cepaueBuHe. OCHOBHBIM
HE/IOCTaTKOM a30TUPOBaHUS U Oopupo-
BaHUs JUISl U3ACTUIN SBJISETCS XPYINKOCTh
TOHKOTO  ITOBEPXHOCTHO-YIPOYHEHHOIO
CJI05, TOJIIIMHA KOTOPOTO HE MPEBBIIIAET
0,1 MM, 4TO YCKOpSIET 3apOXKACHUE B HEM
TPELIMH NMPU HUKINYECKOM BO3/AEUCTBUU
KOHTAKTHBIX Harpy30K U JUHAMHUYECKHX
Harpy3oK B IIpoLecce dKCIUTyaTaluu. DTO
3HAYUTENIBHO CHMYKAET M3HOCOCTOMKOCTH
n3nenuid. [loaToMy TpaaunuoHHBIE CIIO-
coObl XMMMKO-TEPMHUECKOl 00paboTKu
HE IMOBBIIIAIOT CYIIECTBEHHO HW3HOCO-
CTOMKOCTh MHCTPYMEHTA.

C unenpl0 TOBBILIEHHMS] H3HOCO-
CTOMKOCTH HW3AENIHI 3a CUET yBEIUYECHUS
rIyOMHBI YIPOUHEHHOTO CJIOS M CIIIaKH-
BaHUs Nepexojia TBEPAOCTH OT MOBEPXHO-
CTH K CEpALEBUHE IIOCIE CTaHAAPTHOU
XHUMHUKO-TEPMUYECKON 00pabOTKH TPOBO-
IUJIach  TEPMOMMITYJIbCHasE  00paboTKa.
HccnenoBanusi NpoBOAMIMCH Ha 00pa3iax
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n3 ctau 8X4B2C2M®IOT nocne azotupo-
BaHUs M Ha OOPUPOBAHHBIX 00pa3Iax u3 CTa-
am 9X.
B Tabn. 3 npuBeneHsl 3HAaYCHUS
TBEPAOCTH MO TITyOHMHE YIIPOUYHEHHOTO CIOA.
Cranp  8X4B2C2MO®IOT  mnocie
TUPOBAHUS HarpeBajiach 10 TeMIepaTypsl

400 °C wm moxBeprajach BO3JCHCTBHUIO
MOTOKAa Ta3a, MyJIbCUPYIOIIETO C YacTo-
tor 400-600 't mpu ypoBHE 3BYKOBOTO
nmaBiaenus 130-150 ab B Teuenme 2-15
MHUHYT, TIOCJIE Yero MPOBOAMICS OTITYCK
npu Temreparype 180-200 °C B TeueHue
OJIHOIO Jaca.

TAbJIHIA 3

PE3YJIbTAThI H3MEPEHHH MHUKPOTBEPJOCTH B IIOBEPXHOCTHOM CJIOE CTAJIH

Muxkpotsépmocts H  , MIla Ha pacctosiHuu OT
Mare- #
pHa Bun o6paborku MTOBEPXHOCTH, MM
0 0,05 0,1 0,15 0,2 025 | 03
AzotupoBaHue 12000 | 7000 6800 | 6800 6800 6800 | 6800
A3zoTHpoBaHUeE C TO-
crenytomumm Harpe- | 12000 | 7000 6800 | 6800 6800 6800 | 6800
SXAB? BoM 110 400 °C
C2M® A3oTHpoBaHUE C TI0-
0T CJIeIYIOLUM Harpe-
BoM 10 400 °C m um- | 10000 | 8200 7800 | 7800 7800 7800 | 7800
MyJILCHOM 00paboT-
KOU IpH OXJaXKICHUU
Bopuposanue 11000 | 10800 | 3000 | 3000 3000 3000 | 3000
bopuposanue ¢ 1no-
9X CJIETYIOIIM Harpe-
BoM 110 950 °Cmum- | 11000 | 88000 | 6500 | 6000 5300 5300 | 5300
MyJIbCHOM 00paboT-
KOU IpU OXJIaXKJICHUU

ITpu »TOM TBEPAOCTH M IIIyOMHA
YOPOYHEHHOTO CJIOSl MPU OTIIYCKE HE W3-
MEHSUINCh, YMEHbINIAJach JUIIb BEIUYUHA
BHYTpeHHUX HanpspkeHuid. [locie 6opupo-
BaHUsA ctanu 9X mpoBoauics e€ Harpes 10
950 °C, 3ateM B mporiecce OXJIAKICHHS
CTallb TOJABEpPrajiaCh BO3JCHCTBUIO HM-
MyJBCHOTO TMOTOKA ra3a C BhINIE YyKa3aH-
HBIMH [TapaMeTpaMHu.

Kax BumHO u3 Tabm. 3, B pe3ynbTa-
T€ HMMITYJIIbCHON 00paboTKu TBEPIOCTH B
MTOBEPXHOCTHOM cJio€ 0o0Jiee paBHOMEPHO
WU3MEHSIETCS 0 TIIyOWHE CIIOsi, HECKOJIBKO
CHIDKASICh Ha TIOBEPXHOCTH, TIPH 3TOM TITy-
OWHA YIPOYHEHHOTO CIIOSI YBEITUYMBACTCS.
['myOnHa a30TMPOBAHHOTO CJIOS U3MEHSIET-
cs ¢ 0,07 mm g0 0,12 MM, a GopupoBaHHO-
ro — ¢ 0,05 no 0,2 mMm. bonee 3HaUMTEND-
HOE YBEJMYCHHE TIIYOWHBI YIPOUYHEHHOTO
ciost mpu OOpUPOBaHMHM OOBSICHAETCS 0O-

Jee JUINTEIbHOM HMMITYJIbCHBIM BO3JEHCT-
BHUEM IIPU MOBBIIIEHHBIX TEMIIEpaTypax.

Kak BUAHO W3 NpPUBENEHHBIX pe-
3yJIbTaTOB, UMITYJIbCHAsi 00paboTKa 1M03BO-
JseT MOJYy4YuTh OoJiee paBHOMEpPHOE pac-
npeneiaeHre TBEPAOCTH NPU HEKOTOPOM
CHW)KEHUHU €€ Ha TIOBEPXHOCTH U yBEIUYe-
HHUH B cepaueBnHe. KauecTBO ympodHEH-
HOTO CJI0SI KOHTPOJMPOBAJIOCH IO HAJIU-
YHIO TPEUIMH B OTIEYaTKaX MUKPOTBEPAO-
ctu. llocnme  craHmapTHOM ~ XHMMMKO-
TEPMHUYECKON 00pabOTKH y OTIEYaTKOB
MOSIBJISIFOTCS. TPELIUHBI, a TI0CIE JTONOJIHU-
TENbHOM TEPMOMMITYJILCHON 00paboTKH
TPELMHBl OTCYTCTBYIOT, YTO CBUAETEILCT-
ByeT 00 yMEHbILIEHUU XPYNKOCTU MOBEPX-
HOCTHO-YIIPOYHEHHOTO CJIO4.

[Ipy My abCHOM BO3AECHCTBUU Ha
a30THPOBAaHHYI0O M OOPHUPOBAaHHYIO, TPEJ-
BAPUTEIIBHO HArpeThle CTaau INPOTEKAET
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MUKpOIUIacTHUYecKas edopMmalnus, Mo3BO-
JSAOLIasi CYIIECTBEHHO YBEIWYHUTb CKO-
pPOCTh MpOTeKaHUsT JUPPY3UOHHBIX MPO-
LIECCOB, YTO M IPUBOJUT K Iepepacrnpese-
JIEHHUIO aTOMOB a30Ta U Oopa B IIOBEPXHO-
CTHOM ciioe. B o0oux cimy4asx yBennduBa-
eTcs U MHUKPOTBEPAOCTb CEpILEBUHBI Ma-
Tepuaja: Ipu a30TUPOBAHUU B CPEIHEM Ha
1000 MlIla, a mpu 6opupoBanuu — Ha 200
Mlla, yTo Takxe 0OYCIIOBIEHO YCKOpPEHH-
eM 1udQy3nOHHBIX MPOIECCOB, IPOTE-
KaIOIUX B OCHOBHOM MaTepuaie, Tak Kak
OpU 3TOM JIONOJHUTEIBHO BBIIEIAIOTCA
ynpouHstomue (aspl: kapougHast 1 Kapoo-
HutpusiHas B ctanu 8X4B2C2M®IOT, a B
cramn 9X — xkapOuaHas 1 GopHuIHAas.

Takum  oOpa3om, Bo3aeiicTBHE
NyJIbCallMid Ta30BOTO MOTOKAa OCOOCHHO
s dexTuBHO yckopsieT audQy3noHHbIE
IpoILecChl B CTAISIX, €CIM IPOBOIUTCA B
IIPOLIECCE OXJIAXKAECHUS C IIOBBIIICHHBIX
TEMIEPATyp, TO €CTh IPU BO3JIECHCTBUU Ha
OOpPUPOBAaHHYIO CTallb, IPEABAPUTEIHHO
Harpetyio 10 950 °C, mpu 3TOM JUIUTENb-
HOCTb BO3/IEHCTBHUS TAK)K€ BO3PACTAET, YTO
1 00ecreuynBaeT yBeJIUYEHUE IIIyOUHBI yII-
pOUHEHHOrO ciost U 0ojiee paBHOMEPHOE
WU3MEHEHHE TBEPJOCTH IO CEYCHUIO U3[e-
TSl

Taxxke OBLIIO TTPOBENECHO HCCIIENO-
BaHUE, B XOJI€ KOTOpPOro OLEHUBANACh
BO3MO>XHOCTb ITOJIO)KUTEIIBHOTO BIIMSHUS
MMITyJIBCHOTO BO3AECUCTBHS Ta30BOr0O IIO-
TOKa Ha TEIJIOCTOMKOCTh TOTOBOTIO OBICT-
POPEXYIIIETO UHCTPYMEHTA.

HcnbiTanus MpoBOJUIIUCE HA CBEP-
Jax 3aBOJACKOrO H3TOTOBIEHUS M3 Mare-
puana P6MS5S nuamerpom 6-9,5 mm.

['oTOBBIE MHCTPYMEHT U3 OBICTPO-
pexymel cramu P6MS umeer cTpykrypy,
NPE/CTaBIAIOIIYI0 COOOM CMech OTIy-
[IEHHOTO BBICOKOJIETUPOBAHHOTO MapTeH-
CUTa, MEPBUYHBIX U BTOPUYHBIX KapOUJOB
U HEKOTOPOro KOJMYECTBA OCTATOYHOTO
ayCTEHHMTAa, YTO OOECIIEYMBAET BBICOKYIO

HM3HOCOCTOMKOCTh M TEIUIOCTOMKOCTh CTa-
.

ITocne kpaTKOBpEMEHHOI'O Harpena
no temmeparypsl 350 °C, mpu KOTOpoOi
SKCIIEPUMEHTAJIBHO  BBISBICHO  MAaKCHU-
MaJIbHOE BIIUSTHUE UMITYJILCHON 00paboTKH
Ha TeIUIOCTOMKOCTh, CBEPJIA OMEIAINCH B
YCTAHOBKY M MOJABEprajuch B Ipolecce
OXJIAKJEHUS BO3ACHUCTBUIO IYJIbCUPYIO-
LIero BO3AYLIHOIO MOTOKa. B pesynbrare
JAaHHOM 00pabOTKU y1ai0Ch MOJYYUTh MH-
CTpYMEHTHI, oOjajaromMe B [JBa pasa
00JbIIEH CTOMKOCTBIO, YEM CBEpJIA TOM ke
HapTUH, HE MOJABEpPraBIIMECS HUMITYJIbCHO-
My Bo3zaelcTBuio. CTOHKOCTh ompenens-
Jack IO M3HOCY 3aJHEH MOBEPXHOCTU
IVIABHOM PEXyIledW KPOMKH HMHCTPYMEHTA.
CroiikocTh 00paOoTaHHBIX U HeoOpado-
TaHHBIX B YCTaHOBKE CBEPJ OLIEHUBAJIACh
32 O/INHAKOBBIE IPOMEXYTKH BPEMEHU IpU
OJIHUX W TeX K€ peXHMMax pe3aHus. D-
(eKT TMOBBIIIEHUSI TEIUIOCTOMKOCTH Tpo-
JIOJDKAIl COXPAHATBCA U IOCIE HEOIHO-
KpaTHOW NIEPETOYKH MHCTPYMEHTA.

Ilo Bcell BHIMMOCTH, TEPMOMM-
IyJbCHOE BO3JCHCTBHE IO3BOJISIET BBI-
3BaTh IPOLECCHl, COOTBETCTBYIOIIME Ha-
YaJbHBIM CTAJUSAM paclaja MapTEHCUTa —
BBIIEJICHUE M3 HET0 BBICOKOAUCIIEPCHBIX
KapOMJHBIX YacCTUL — JUCIEPCHOHHOE
TBepaeHue. Hannuue 3HaUUTEIBHOTO YHC-
Ja MEJKHMX KapOHMIHBIX YacTHIl C/IBUraeT
MpoLecC KOaryJisluuu KapOHUIoB, a Cieno-
BaTEJIbHO U pa3ylnpovyHeHue B 06aacts 0o-
Jee BbICOKHX Temmeparyp. Kpome Toro,
MO>KHO MPEAINOIOKUTh, YTO B XOJE OIHU-
CaHHOT'O BO3JIEHCTBUS Ha TepMOOOpadaThI-
BAE€MBIM PEXYIIUNA HHCTPYMEHT IIPOUCXO-
JTUT TIPOJIOJDKEHHE MapTEHCUTHOTO TIpe-
BpAIllEHNs OCTATOYHOI'O ayCTEHUTA.

Emé onnum ¢akropoM, MOrymum
ONPEACIATh IOBBIIIEHNE CTOMKOCTH Me-
TAJUIOPEKYIUINX HHCTPYMEHTOB, SBISETCS
MIPOLIECC pENIaKCAlMM OCTATOYHBIX MHKpPO-
HanpspKEHUW TOJT BO3JACHCTBUEM MYJIbCH-
PYIOILEro ra30BOro MoToKa.
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