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1 META POBOTH

Jocnignt CcTpyKTypy, BIAacTHBOCTI, 3AaTHICTh O 3MIIHEHHS Mij
Yyac 3HOUIYBaHHS Ta 3HOCOCTIHKICTH cTaneil Tumy X12 B 3aleXHOCTI Bix
TeMIIepaTypH rapTyBaHHS.

2 AT AJIBHI BIJOMOCTI

Cepen MmaTepiaiiB, SKi BHKOPUCTOBYIOTHCS B SIKOCTI 3HOCOCTIHKHUX Y
pi3HMX yMOBax 3HONIYBAaHHS, 3HAYHE MiCIe 3aiiMalOTh IHCTpYMEHTAaJbHI
CTai.

3ame)kHO BiA 3MaTHOCTI 30epiraT BHXIAHI BIACTHBOCTI TpH
MiIBUIIEHUX TEMIepaTypax Ili MaTepiaiy AisSThCs Ha:

- HETeILJIOCTIMKI CTai;

- HaIMBTEIUIOCTINKI CTaIl;

- TEIUIOCTIMKI cTami (3 kapOigHuM abo 3 iHTepMeTasiTHUM
3MIITHEHHSIM).

[lepma rpymna BKIOYaE BUCOKOBYTJICIICBI HEJICTOBaHI 3a€BTEKTOIIHI
craim Y10, Y12, Y13, eBrekroinny Y8 i OMu3bKy /10 Hei JOEBTEKTOINHY
ctayib Y7, a TakoX, psAJ HU3bKOJETOBaHMX CTaJeld MPU TaKoMy XK, abo
Oimpr BucokoMmy piBHI BMicTy Byriemio (9XC, XBI, XI'C, 140CM,
150CX3 i in.). KinpkicTs kapbiniB y mux cransx mocsrae 10 % — 12 %.
OCHOBHMM TUIIOM KapOifiB € LEMEHTHUT, Y IKOMY MOKe OyTH pO3UYMHEHA
HeoOMeKEeHa KUIbKICTh Maprasiio, o 18 % xpomy, mo 1,0 % # 0,6 %
BoJIb(ppamy ¥ mMomiOaeHy BianmoBigaHo. EneMenTn — tutaH, HioOIH, BaHaIIH
AKi MaloThb OUTBIIY 3[aTHICTH O YTBOPEHHS KapOimiB HE MOXYTh OyTH
NPUCYTHIMH Yy TIEeMEHTHTI. TOMYy B HETEIJIOCTIMKMX CTasIX BOHU MOXYTh
YTBOPIOBATH HEBEIHMKY KiJIBbKICTh BIaCHUX KapOifiB HaBITh HpPH MalUX
KOHIIEHTpALisIX.

VY pe3ynbTaTi MapTEHCHUTHOTO IIEPETBOPEHHS IPH 3arapTyBaHHI,
3aBJITKM BHCOKOMY BMICTY BYIJICIIO B IMX MaTepiayiaX, JOCATAEThCS
NPaKTUYHO MaKCUMaJbHO MOXJIMBHHA Uil CTajeld piBeHb TBEPAOCTI
60 HRC — 65 HRC. Opnak, BiamyckaHHS 0pW TeMIlepaTypax BHILE
200° C — 300° C BuknMKae Maibke MOBHHUH PO3Maj MapTEHCUTY W 3HAYHY
KOAryJisiio KapOiaiB, 10 MPUBOIUTE 0 MOMITHOTO 3HMIKEHHS MILHOCTI i
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TBepaocTi. Pi3ko magae Takok TBEPIICTh IUX CTAJNICH MPH HATrpiBaHHI BUIIE
150° C («rapstua» TBepaicTh) (puc. 2.1).
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1 — HeTeIuIoCTIMKI; 2 — HAMBTEIJIOCTIIKI; 3 — TEIIOCTIHKI
Pucynok 2.1 — TBepaicTh iHCTpYMEHTAILHUX CTaJIel PH HATpiBaHHI
(Tapsida TBEpIIiCTb)

Hns  crameit apyroi rpynu (HAmiBTEIUIOCTIMKUX) XapakTepHE
JieryBaHHsS OiNbIIOI0 KiNbKicTIO Xpomy (6 % — 18 %) mpu He3HauHOMY
BMicTi MoIiOneHy, Bomb(pamy, BaHafito (X6B®D, X12M, 9X18 i in.).
Bwmict Byremo B mexxax 0,9 % — 2,2 %. OcHoBHMH TN KapOifiB y ux
cramax (CrFe);C;. Ilpum BMICTI ByIJIel0 Ha HIDKHBOMY piBHI i
MiIBUIICHOMY BMICTi XpOMY B CTPYKTYypi CTalli MOXE IepeBakaTu
KyOiunuii kap6ig xpomy (CrFe),;3Cq. O0umBa Kap0iau po34YHHSIOTH Y co0i
BaHaNil, MomiOneH, Boibdppam. [Ipy [LOMY MiJBHUIYETHCS CTIMKICTh
KapOifliB MPOTH PO3YMHEHHSI B ayCTEHITi. 3arajbHa KiIbKICTh KapOiliB y
HaMIBTEIUIOCTIHKUX CcTalsix Moke pocsiratd 22 %. Ilpu BigmyckanHi
3arapToBaHOiI Ha MAapTEHCHUT CTaji, KapOiAW IbOTO THUILy YTBOPSATHCS NpU
OLNBII BUCOKMX Temmeparypax, uuM 1emeHTuT (400° C — 500° C) i meHIn
CXWIBbHI J0 KOaryysimii. 3aBIsKH LIbOMY HPOSBISETHCS IOMITHA POJIb
JIUCTIEPCIHHOTO TBEPHiHHA, IO B JEAKIH Mipi KOMIICHCYE 3HIDKEHHS
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CTYIIEHIO TBEPJOPO3YMHHOTO 3MIIHEHHS TPH IMiABUIIEHHI TeMIIepaTypH
BIZIITyCKY.

OCHOBHMMHU JICTYIOYMMH €JIE€MEHTaMH CTajeidl TpeThoi TpymnH
(mBUAKOpi3abHi) € Bonb(paM i MOTIOAEH MPU BUCOKOMY BMICTi BYTJIELIIO
(0,7 % — 1,5 %) (puc. 2.2). Kpim toro, i ctaii MOXyTh BKIto4aTH 10 10 %
KOOaNbTy i HE3HAa4YHY KUTBKICTH XpoMy, BaHasito, kpemHio (P18, P6MS,
P6MSKS, P8M3K6C Ta iH.). OcHOBHMI THN KapOifiB y IHMX CTalsiX —
kap6in Bomb(pamy ¥ momibneny tumy MgC. Cepenniil ckian kapOimiB
Bigmosigae gpopmyni FesW;C. Ll kap6iny po3unHSIOThCS B AyCTEHITI MPU
Oimpm  BUCOKMX Temmepatypax (1150°C — 1300°C), uymm xkapOGian
HamiBTEIUIOCTIMKUX cTajet M7Cs 1 MCs. YacTuHA €BTEKTUYHHUX KapOimiB
MC He pO3UHHSIOTHCS B AYCTEHITI aXK IO TEMITEpPaTyp PO3TOIUICHHS CTai,
mo edekTuBHO cTpuMye pict 3epHa. [lpu Bimmyckanni 500° C — 620° C
BUHUKae TpoMikHHMN KapOim M,C 3a paxyHOK B3aemojiii Bosibdpamy 3
Kap0OinaMu, 10 YTBOPWJIMCS TpH OiNbIl HU3BKOMY HarpiBaHHI — M3C u
My3Cs. e Buxunkae aucniepciviae TBepainas. [lpu 650° C — 700° C xap6ix
M,C nieperBoproeThest B kKap0in MgC. Uepe3 Many 31aTHICTh J0 KOAryJIsiiii
BTOpPWHHA TBEPIICTh 30epiracTbcst A0 OiBII BHCOKHX TEMIEpaTyp, YHM
nipu BUALUTeHH] KapOifiB My3Cei M7Cs.

XapakTepHOI PHUCOK CTaled 3 IHTEPMETATIIHUM 3MII[HCHHIM
(ueTBepTa Tpyna) € HU3bKHUN BMICT Byriemto (B ocHoBHomy 0,02-0,2 %)
IpY BUCOKOMY piBHi JieryBaHHs. OCHOBHUH MEXaHi3M iXHbOTO 3MillHEHHS
— JUCTIEpPCIMHUMA, KOTPUH TMOJNSATrae y BHUAICHHI B MPOIECi BHUCOKOTO
BiycKaHHA (CTapiHHs) BHUCOKOJIMCIIEPCHUX IHTEpMeTamiaHux (a3
(XiMiYHI CTIOIYKH METalliB, SIK IPaBUJIO, HE CTEXIOMETPHUIHOTO CKIIALY).

3aJe’KHO BiX CHCTEMH 1 PpiBHS JIeTyBaHHS TBEpAICTh cTaleil 3
IHTEPMEHTAIITHUM 3MillHeHHsIM Moxe cranoBuTH Big 30 HRC mo 70 HRC.
OCHOBHI JIeTyIOYi €JIEMEHTH cTajeit Bucokoi TBepaocti (65 HRC —
70 HRC) — kobaibT, Bostb(hpam, mostibaeH. Hampukiman, crani B11M7K23 i
B4M12K23. @a3zoBuii Ckiagq — HU3BKOBYIJCICBUH MapTCHCUT 3
HeBucokoro TBepaicTio 30 HRC — 40 HRC i intepmeranian. OCHOBHI THITH
inTepmeramigaux das: (Fe,Co)7(W,V)s, FesW,(FesMy). PosunnsiroTbes
BOHH B ayCTEHITi IIpH HarpiBaHHi 1o Temrnepatyp Bue 900° C.

CrilikicTh ~ ayCTEHITY TOpIBHSHO BHCOKa. [IpM  MIBHAKOMY
OXOJIOJDKEHHI ~ IHTEpMEeTaliAd HE BHUIUIIOTBCS, a IEPETBOPEHHS
OpOTIKalOTh  SIK  MapTeHCUTHi.  be3ByrieueBuil  mMapTeHCUT Y
MapTEHCUTOCTAPIIOUMX CTAJSIX HA3WBalOTh MAapTEHCHTOM 3aMIilllCHHS.
Teepaicts craii micist 3arapryBanns — o 40 HRC. Haiibinbima Bropunna
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TBEPJICT AOCITAETHCS B pe3ysbTaTi Biamyckanus npu 500° C — 550° C.
8 -
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Pucynok 2.2 — llIBuakopizanbHi cTaii (cMyra Ha Jiarpami BiimoBigae
cymapHomy Bmicty W + 1,5Mo = 12%...13%

lapsiua TBepaicTe Takux craneid mpu Temmeparypi 600° C moxe
cranoButu 900 HV, mpu 700° C — 580 HV, 3amicts 670 HV i 300 HV y
crtaii P18 BigmoBimHO.

i crami MoXHa BHKOPHCTOBYBATH JUIs MaTepialliB, sKi Ba)KKO
00po0oroThest. [Ipy pi3aHHI THTAHOBHX CILIABIB CTIMKICTh IHCTPYMEHTA 3
HuX B 30—40 paziB 1 8—10 paziB Oinbme unm 3i cram P18 i i3 TBepmoro
crutapy BK8 BigmosimHo. OpHak 00iacTh BUKOPUCTaHHS TaKWX CTalei
pizko oOMekeHa eIUTHICTIO i BUCOKOIO BAPTICTIO OCHOBHHX JIETYIOUHX
€JIEMEHTIB.

Binoma rpyma eKOHOMHO-JIETOBaHUX MapTEeHCUTOCTAPIIOUMX CTaNEH,
y SKHX KoOajbT, BOib(pam, MomiOaeH BiJICyTHI, abo mnepeOyBarmOTh Y
MEHIIiH KimbKocTi. BoHM MOXyTh OyTH JIeroBaHI HIKEJIEM, XpPOMOM,
TuTaHoM, amomidiem # iH. (H12M2J2THO, H8X6M61O). Ilpu mnpomy
yrBopsithest  dasu  (NiFe)sTi, (Ni,Fe,Cr),(Ni,Al) i iH. 3aiexHo Bin
CHIBBIJIHOIICHHS JIETYIOUMX €JIEMEHTIB OJIHI IHTEpMETaNiIi MOXYTh OyTH
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OCHOBHUMH, TOOTO TepeBakaTd B CTPYKTYypi, 1HII - JOJATKOBHMHU.
OpnHO3HAYHOI OIHKK BIUIUBY JIETYIOUMX €JIEMEHTIB Ha BJIACTHUBOCTI
MapTEHCUTOCTAPIIOUMX CTajJeld He icHye. 3alie)XHO Bif eTamy 3MilHEeHHS
(omeprkaHHSI MapTEHCUTY 3aMillleHHS 3arapTyBaHHSAM, CTapiHHs) TXHs POJib
MOe OyTH SIK IO3UTUBHA, TaK 1 HETaTUBHA.

Jlo HemomKiB €KOHOMHOJICTOBAaHMX MAapTEHCHUTOCTAPIIOUNX CTajiei
CHiJ BiJHECTH iX MOpiBHSAHO HU3BKI TBepAicth (o 50 HRC — 55 HRC) i
3HOCOCTIHMKICTb.

IlepeBaru: BHCOKAa TEXHOJOTIUHICTE TIPH OOPOOIIl  THUCKOM,
BIJICYTHICTh TPIIIMHOYTBOPEHHS NPU OXOJNOIKEHHI, Manmuii Koe(ilieHT
JeGopMaliitHoro 3MiIHEHHS MIPU BUCOKUX TEMIIepaTrypax H y XOJI0JHOMY
CTaHi, MOXIIMBICTb TPOBENCHHS 3MIIHIOIOY0i TepMOOOpPOOKH 3a OJHY
OTepalilo — CTapiHHs, Majla 3MIHIOBAaHICTh PO3MIPIB MPH TEpMOOOPOOIIi,
rapHa 3BaprOBaHICTb.

OO6macTi MOXJIHMBOTO BHKOPHCTAaHHS: JOBTOMIpHI 3MiHHI JeTaii
BepcTariB (0COONMBO CKJIAJHOTO IIEPETHHY), MAEsSIKi THIIH 4YepB’fKiB,
HIMAHAENIB,  1HCTPYMEHTH, IO  MNpPAalIOIOTh  [OpH  MiJBUIIEHUX
TeMIepaTrypax — ITaMIIH rapa4oro aedopmyBaHHs, npecHopMu A JIUTTS
AIIOMIHIEBHX CIIJIaBiB U iH.

Jlo MmarepiaiiB 3 IHTEPMETATIAHUM 3MIIHEHHSIM HAJICKUTh TaKOXK
YKCeIbHa TPylia ayCTCHITHUX JKapOMIIHUX cTajiel 1 crutaBiB. OCHOBHUMHU
JIETYIOUYMMH €JIEMEHTaMH B TAaKHX CTAJSIX € Hikelb 1 xpoM (X14H25MTIHO
i1 iH.). OCHOBOIO KaPOMIITHUX CIUIABIB € HIKeJb IIPU BMicTi xpomy 0 20 %
(X15H70BTHO). i MaTepiaiu 3MIIHSIIOTHCS B PE3yJIbTaTi JUCIEPCIHHOTO
TBEP/iHHA, SIKE BiOYBAa€ThCA B AyCTEHITI INPH TeMIlepaTrypax IOMITHO
6inpir Bucokux (670° C — 950° C), ynM B MapTEeHCUTOCTAPIIOUUX CTaJISX.
JucniepciiiHe TBEpIiHHS BUKITUKAETHCS allFOMiHIEM, TUTAHOM, MOJIIOJIEHOM,
BoJib(ppaMoM. AYCTEHITHI CTajgl W CIUIaBM 3HAYHO MOCTYIAKThCSI Y
tBepaocti (B ocHoBHomMy 30 HRC — 42 HRC) BumeposrinsHyTuM
MarepialaM TpH KiMHaTHUX Temmeparypax. OJHaK BOHHM IOMITHO
MIEPEBEPIIYIOTH iX 3a UM MMOKa3HUKOM Tpu Temrneparypax Bume 730° C.

Henoniku: migBumeHnit koedilieHT JiHIHHOTO PO3MIUPEHHS, IO
3HIKYE CTIHKICTb MPOTH TEPMIYHOT BTOMH, MEHIIIA TEIUIONPOBIAHICTE. [Ipu
BEJIMKOMY BMICTI HIKEINIO 3HIKEHA OMIPHICTh HATHUIIAHHIO 00pOOITIOBAHOTO
Mmarepiaiy.

Bapiantu 3actocyBaHHS: OCHALIEHHS U NPECYBaHHS MaTepiajiB i3
3HIKEHUM OTIOpoM JehopMyBaHHIO, (POPMHU JIJIsl JIUTTS CKJIa, IITAMITIB sIKi
MIPaITIOI0Th MpHU Temneparypax g0 900° C.
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TakuM YWHOM, ICHYBaHHSA BEIMKOI KIIBKOCTI CTaledl 1 CIUiaBiB
PI3HHUX CHCTEM JIETyBaHHSA, SIKi 3aCTOCOBYIOTBHCSI B SIKOCTI 3HOCOCTIMKHIX
MaTepiaiiB, 0OYMOBJICHO, HacaMmIiepes], IXHhOK HEOJHAKOBOIO 3JIaTHICTIO
110 30epekeHHs BIaCTUBOCTEN NPH MiABUILICHHI TEMIIEPATYPH.

Kpim TemmocTifikocTi 10 MarepiaiiB Ipen SBISETHCS BETUKHHA Psil
IHIIMX BHMOI, SKMM BOHH IIOBMHHI BIANOBIZATH SK Ha cTamil
BUTOTOBJICHHS, Tak ¥ y mpoueci excrutyatamii. [loBomkeHHS MaTepialiB
MpH  BHUTOTOBJICHHI W  TepMiuHIK  00poOIll  XapaKTepu3yeThbCs
TEXHOJIOTIYHIMH BIACTHBOCTSIMH:

- 00pOOIIOBaHICTh TUCKOM Yy TapsiuOMy i XOJIOJHOMY CTaHi;

- 00pOOIOBaHICTh Pi3aHHSIM;

- 3IATHICTH J10 NUTi(hyBaHHS,

- CTIMKICTh IPOTH 3HEBYTJICLIOBAHHS H OKUCIIOBAHHS,

- YyTIUBICTb J0 TIEPETPIBY;

- 37aTHICTH JI0 TapTyBaHHS;

- CXWJIBHICTB 110 AedopMaltiii i 3MiH JHIHHAX PO3MIpPIB y pe3ynbTaTi
TEPMOOOPOOKH.

Y mpomeci ekcruryartaiii piBeHb 3HOCOCTIHKOCTI poOOYHMX KpahoK i
MOBEpXOHb 0aratboX BHUIIB IHCTPYMEHTIB BH3HAYAETHCS TBEPIICTIO M
KUTBKICTIO (a3 3minmeHHs. OpHak ayxe yacto (iHomi Oimbine 50%)
IHCTPYMEHTH, JCTaJl IITAaMIIB i MPECOBOr0 OCHAIICHHS BUXOIATH 13 Jamy
HEe dYepe3 JOCATHEHHS TPaHUYHO IPHITYCTHMOTO 3HOCY, a B PE3yJbTaTi
KPUXKOTO BHKPHIIIYBaHHS ()parMeHTIB pobounx Kpaiiok, abo 00’eMHOro
pyWHYBaHHS.

TBepmicTh i B’SI3KICTh 3MIHIOIOTHCS HaYacTillle B TPOTHICKHOMY
HampsMKy. B’s3KicTh IHCTpyMEHTaNIBbHHX CTajled XapakTepusye B
OCHOBHOMY pOOOTY 3apO/UKCHHS TpINIMHK, a 4YacTka poOOTH, IO
BUTPAYaEThCsl HA 11 MOIIUPEHHS, HA BiJIMIHY BiJ KOHCTPYKIIHHUX CTaJleH,
Jy’Ke Maja.

[MnacTuyHicTh CcTaneld BUCOKOI TBEPIOCTI TAKOXK CHIBHO 3HIDKEHA.
BigHocHe TOAOBKEHHS W 3BY)KEHHS MPU PO3TATYBaHHI HE IMEPEBHUILYIOTH
2% 1 4% BinnosigHo. Lli piBHI TPOXW BUIII B CTAJSAX 3 iHTEPMETANIJHUM
3MILHEHHSM.

OCHOBHOIO  BJIACTHBICTIO, 1[0 BH3HAa4Ya€ CTIMKICTh Kpaiok
IHCTpyMEHTa NMpPOTH 3MUHAHHA, € MeXa IUIMHHOCTI MpH cTHCKaHHi. Llen
napameTp 3aJeXHTh BiJl THX ke (pakTOpiB L0 i TBEPAICTb — KOHLIEHTpALii
BYIJICII0O B MAapTeHCHUTI, KIIbKOCTI W JUCIEPCHOCTI KapOimiB W
IHTepMeTamiIiB 1 3MmicTy aycreHity. ToMy MeXa IUIMHHOCTI 3pocTae
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MIPOTIOPIIIITHO TBEPIOCTI.

MINHICTP HETCIUIOCTIMKUX CTaJed 3pocTae TIpH  30UTBIICHHI
tBepaocti 10 50 HRC — 54 HRC. INonanpine 3pocTaHHS TBEPAOCTI MOKE
MPHUBOJUTH JI0 ii 3HMKEHHs. Lle moB’si3aHe 3 TUM, IO MIIHICTh HA BiIMiHY
BiJl TBEpAOCTI 3aICKHUTHh HE TIIBKM BiJ BMICTY BYTJIEII0 B MapTEHCHTI
KUTBKOCTI ayCTeHITy, aje i BiJ BEIHMYWHHU 3€peH, CTaHy IXHIX T'PaHHIIb,
XapakTepy PO3MOALTY KapOimiB i piBHS 3aJIMINKOBUX Hampyr. YacTtkoBuit
po3ma MapTeHCHUTY TIPH BiAMyCcKy abo HarpiBaHHI, 0 3HMWKYE TBEPIICTh,
MOJK€ TABHUIYBATH MIITHICTh. BOHA ICTOTHO 3HIXYETHCS 31 301MBIICHHIM
pO3MIpiB  3€peH, pPOCTOM HEOJHOPIAHOCTI B PO3MOALI  KapOifiB.
Hanpuknazn, y cramax P12 i P18 30inbmenHs 3epHa Ha oauH Oanm abo
MTOCHUJICHHSI CMyTaCTOCTI B PO3IMOALNi KapOifiB Ha Oasl 3MEHIITye MIIHICTh Ha
200 MITa — 400 MI]a.

OTxe, TMOJIMIIEHHS OJHOro ab0 MEKITBKOX  BIIACTHUBOCTEH,
NPaKTHYHO HEMUHYYE CYNPOBOKYETHCS MOTIPIICHHAM iHIMMX. ToMy mpu
BUpIIICHH] 3aBJaHHS BUOOPY MaTepianiB ¥ iXHBOTO CTPYKTYPHOTO CTaHy
yacTo s 3a0e3neueHHs eKCIUTyaTamiiHoi HaaidHOCTI (BUKIIIOUCHHS
HernependadeHnX MOJIOMOK) 3MYIIEHO 3HIDKYIOTh PiBEHb 3HOCOCTIHKOCTI.

PazoMm 3 TuM, y psAni BUMagKiB TepMidHAa 00pOOKa HA CTPYKTYPY, IO
3a0e3nevuye MaKCUMaJIbHUAN [T JaHOTO MaTepialy piBeHb 3HOCOCTIMKOCTI,
crpuse WiABMINEHHIO HAAIMHOCTI B eKciutyararii. Take cropigHeHHS
3HOCOCTIMKOCTI 1 IiJIBHINIEHOT E€KCIUTyaTaliifHOI HAaJiHHOCTI JOCATAETHCS
IUIAXOM TEPMOOOPOOKM CTajel Ha CTPYKTYPY 3 BEJIUKOI KUIBKICTIO
3aJIMIIKOBOTO  aYCTEHITYy, 3JaTHOTO JO TEPEeTBOPEHHS B MapTEHCHUT
nedopMariii mix 4ac 3HOITYBaHHS.

PosrnssaeMo OinbIn JOKIAJHO HAIiBTEIUIOCTIHKI iHCTPYMEHTAIbHI
cTai, sIKi € MpeJMETOM BHBYCHHS B JaHil nabopaTopHiii podori. Lli crai
oJiepXKalli NIMPOKE TOIIUPEHHS HE TUIBKKM SK MaTepiaji IMITaMIIOBOTO
IHCTpyMeHTY st oOpoOkM MeTanmiB JeOpMyBaHHAM, ajie © IpH
BUT'OTOBJICHHI 0arathbox JieTajiel, 1o NpalioiTh B yMOBaxX aOpa3uBHOIO i
IHIIMX BUIiB 3HOITYBaHHSI.

3a CTPYKTYpHUMH O3HaKaMHd BOHH BIJHOCATBCA JO CIUIaBiB
neneOypuTHOro Kiacy. Y JUTOMY cTaHi KapOimu tumy M;Cs; y BUrisiai
TUDTBICTUX CTEPXKHIB (JCHIPUTIB) XapaKTepHOI CKENeToInoi0H0I OymoBH,
nepeOyBalOTh y CKJIAi €BTEKTUKH — Jenedyputy (puc. 2.3 a). Citka
EBTEKTHKHM OTOYY€ AUISHKH TBEPJIOTO PO3YMHY BUIBHHMX Bif KapOinis. 3i
30UIBIIEHHSIM BMICTY BYTJIEIIO, XPOMY M PO3Mipy JIMTOI 3arOTOBKH ILIONIA,
3aiiMaHa eBTEKTUKOIW, 1 po3Mipu KapOifiB 30UTbIIyIOThCsA. Taka
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HEOJTHOPIAHICTD CTPYKTYPH CHPUUHHSIE HU3bKUHA PIBEHB B’ I3KOIUIACTUIHUX
BJIACTHBOCTEeW jeraneidl. Tomy B JWTOMY CTaHi JeneOypuTHI craii
3aCTOCOBYIOTBCS PiIIKO.

3%

Pucynok 2.3 — Crpykrypa ctani X12 y nutomy ctani, x 500 (a), Ta
koBaHoi, x 100 (6)

OnHOpIAHICT CTPYKTYpH pi3KO 30UIBIIYETBCS B pe3yJbTari
nedopMmariii JTUTHX 3aroTOBOK KyBaHHsSM abo mpokarkoro mpu 10-15
KpaTHOMY CTyIeHi ykoBy (oOTucHeHHs). [Ipy 1ipoMy eBTEeKTHYHI KapOiau
JIpOOJIATHCS, 3100yBarOTh (opMy Ommkde a0 rmobysspHOi (puc. 2.3 6).
OnHak TOBHAa OHOPIAHICTE He nocsraerbes. CKym4eHHS KapOiniB
BUTATAIOThCS B HampsMKy aedopmamii y Burimsmi cmyr. KapOimHa
HEOJTHOPIHICTh CHJILHO BIUIMBA€ Ha MEXaHIYHI BIACTHBOCTI. SHIKYIOThCS
B’SI3KICTh, MIIHICTB, OMIp KOHTaKTHIH BTOMi. Posmoxmin kapOiniB
XapaKTepPU3yIOTh KapOimHIM Oamom. Hns nene0ypUTHIX
HAIIBTEIUIOCTIMKMX cTayiel ycraHoBiieHa 10-0anbHa mikama. ban 1 ykasye
Ha pIBHOMIpHUI po3nofin kap6inis. Bix 2 mo 4 6amy Bix cnabko 10 pi3ko
BHUpakeHoi cMmyractocTi. Bim 5 10 9 Gamy — Ha HasgBHICTH CiTKH KapOimiB
pizHoro crymeHst AedopmyBanHs. ban 10 xapakrepusye CTpyKTypy JTHTOI
crami. Ilpu pi3ko BHUpPaXKEHI CMYraCTOCTI BHHHMKAE aHI30TPOIis
MEXaHIYHUX BJIACTUBOCTEH (HacaMIiepe 1 MiITHOCTI i B SI3KOCTi ).

B zamexHocTi Big yMOB 3HOIIYBaHHS, CTaji LBOro Kiacy
BUKOPHUCTOBYIOTBHCS B IIUPOKOMY Jlialla30Hi CTPYKTYPHUX cTaHiB. J{s HUX
XapakTepHa BHUCOKa CTIHKICTh TIEPEOXOJIOKEHOTO AayCTeHITy, K Yy
NepiiTHIM, Tak 1 B OelHiTHIH oOnactsax. Hanpuknax, B mporeci
i3oTepmiuHOi BuTpuMKH ctani X12M npu 700° C (puc. 2.4) BujieHHS
kapOifiB 3 aycTeHiTy nmounHaeTses yepe3 230 ¢ — 250 c (4 xBununam). diis
NOPIBHSIHHA BiA3HAYMMO, IO IeW K€ MOKa3HUK AJISl 1HCTPYMEHTAaJBbHOI
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HerermtocTiiikoi crami 11X (puc. 2.5), cranoButs 1 ¢ — 2 ¢. Yac BUTpUMKH
JI0 TTOYaTKy OCWHITHHUX TepeTBOpeHb y ctaii X12M (puc. 2.4) Takox ayxe

3HayHUM —  Omu3pko 60 xB. ToMy  BHCOKOXpOMHCTI  crTaji
XapaKTePU3yIOThCS BUCOKOKO 3/IaTHICTIO JI0 rapTyBaHHSL.
300 !
|
HRC
-
700 ¢ 4 -
\\
. N
© 600
o
g 500
& A+K
§ 400
[~ P
300 (
N[
20%
200 50

2 4 81530602 4 81530602 4 8 153060
c XB. roj
Yac niepeTBOpeHHs
Pucynok 2.4 — Jliarpama i30TepMi4HOTO IIEpPETBOPEHHS ayCTEHITY CTali
X12M micns HarpiBanss mpu 1025° C

[pu 12% xpomy TtBepaicts mo 60 HRC moxke Oytu mocsrHyTa
3arapTyBaHHSIM B OJIMBI B MepeTHHax miameTpoM a0 250 mm. [lerami
HEBEJMKOTO TEPETHHY MOXYTh TrapTyBaTHCS Ha TOBITpi. Po3unHeHHS
kapOifliB, i B pe3ysibTaTi IBOTO KOHIEHTpAIlisi XpOMYy H BYIJIEHIO Y
TBEP/IOMY PO3YHHI ICTOTHO 3POCTAIOTh 31 30LIBIIEHHSM TEMIEpaTypu
3arapTyBaHHs. BHacmigok LBOro 3HAYHO 3HWXKYETHCS TeMIlepaTypa
MOYaTKy MapTEeHCHUTHOTO IepeTBOpeHHS M, 1 30UIbIIYEThCS KiJIBKICTh
3aJIMIIKOBOIO ayCTEHITY W 3MIHIOETBCS TBepAicTh. Hampuxiaa, mpu 3MiHi
TeMmreparypu 3arapryBaHHsi ctamun X12 yceoro Ha 3 °C — 4°C (B
inTepBaiti Temmepatyp 1045° C — 1120° C), TBepaicTh 3MIHIOETHCS HA OJTHY
omunuito HRC. Tpu HeoOXigHOCTI (3aJIe)KHO BiJi YMOB 3HOIIYBaHHS) Y
CTaJIsIX LIOTO KJacy MOXKHA OAEp)KaTH IUIAXOM 3arapTyBaHHs ao 100 %
3aJIMIITKOBOTO ayCTEHITY.
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900 HRC
800 fA”
00 P = : 2
P2 zzaainl 218
© 600 |-AA<9A 31
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% 500 N 36
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= v
£ 400 \%\\\ 42
& RN 49
300 ™ 50%
n'
RN 59
200 MM ~
A->M
100
79% 61
0 1 1

2 4 81530602 4 8 1530602 4 8 153060
C XB. roj
Yac nepeTBOpeHHs
Pucynok 2.5 — JliarpaMa i30TepMi4HOTO IEPETBOPEHHS ayCTEHITY CTall
11X. Temmnepatypa ayctenizauii 820° C.

CrocoBHO YMOB pobotu IITaMIIOBOTO IHCTpPYMEHTY
HAIIBTETUIOCTINKI CTali YMOBHO JIiJISITh HA CTaJIi:

- MiABMINEHOI 3HOCOCTIHKOCTI — 85X6HDT, X6BD, X12 ®1, X12M;

- BUCOKOI 3HO0cOCTiiKoCTI — X 12, X12BM, X1203M, X6D4M.

Bapro 3BepHyTH YyBary, 10 Ha BiIMiHY BiJl KOHCTPYKIIHUX CTaJei,
B YMOBHI{ TO3HAYI OUIBIIOCTI MapoOK iHCTPYMEHTAIBHUX CTaJeH, 3MICT
BYTJICIIO HE BiJIOOPaXKy€EThCSI.

[Ipyn npakTHYHO OJHAKOBOMY piBHI TBEPJOCTi, IO JIOCATAETHCS B
OUX CTalsiX, 3HOCOCTIMKICTh iX B yMOBaXx poOOTH IITaMIIOBOTO
IHCTpYMEHTa BiIpi3HAETHCS 0araTopazoBo U 3aJIe)KUTh B OCHOBHOMY BiJl
KiTbKocTi KapOifiB (puc. 2.6). OxnHak i3 301IbIICHHSM BMICTY KapOiliB
MOMITHO 3MEHILIYEThCS B’s3KicTb. Tomy ctami X12M i X12®1 ponineHO
3aCTOCOBYBATH JJIsl BUPYOHHX, 200 BUTSKHUX IITAMIIIB, IO MPAIIOIOTH 03
3HAYHUX JIMHAMIYHUX HABaHTa)XKeHb. BOHM MEHI MpHIATHI JUIs INTaMITiB
NpecyBaHHsl, IO MPALIOIOTh NPU BUCOKUX IMUTOMHUX HAaBaHTAKEHHAX, a0
BUCAQOYHUX IITaMIiB 1 HAKaTHUX IHCTPYMEHTiB, poboTa SKuX
CYIIPOBOJIKYETHCS YIAPHUMH HABAHTAXKEHHSIMH.
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KinpkicTe kapbigHOi hazu
Pucynok 2.6 — 3anexHicTh BIAHOCHOI 3HOCOCTIHKOCTI BiJl KiJTBKOCTI
KapOiiB

Bucoxka 3HO0COCTIHKiCTh cTanmu X12 Moxe Aocsratucs mpu poOoTi 3
MiHIMaJbHUMH JWHAMIYHUMH HAaBaHTOKEHHSAMU B INTaMIax IPOCTOi
(hopMH, TIpY HEBEJIMKHUX TEPETHHAX MyaHCOHIB (10 50 mMm). OOMexeHHs
00yMOBIIEHI B OCHOBHOMY Kap01IHOIO HEOHOPIIHICTIO.

TepmiuHa 00poOKka neTaneil mTaMIOBOTO iHCTPYMEHTY 31 cTranel
BOT0 KJacy JJisi poOOTH B YMOBaxX XOJIOJHOTO IITAMITYBaHHS BKIIIOYA€E
3arapTyBaHHs JJIsl OJICPXKAaHHS MapTEHCHTHOI CTPYKTYpH 3 HEBEJIHMKOIO
KUIBKICTIO 3aJIMIIKOBOTO aycTeHiTy. lIpum mpoMy nocsraeTbcsi NEpBHHHA
tBepaictb 61 HRC — 63 HRC. Temneparypa BiamyckaHHsS BUOUpA€THCS B
3aJIeKHOCT1 Biji PIBHS AMHAMIYHMX HaBaHTaXeHb B iHTepBam 150°C —
300° C.

Pinme, ams migBUIIEHHS TETIOCTIHKOCTI, POOIIATH 3arapTyBaHHS Ha
BTOPHHHY TBepicTh. TOOTO Ha TIOYATKY NPOBOASTH TEPMOOOPOOKY JeTai
BiJl MiABUIICHUX TEMIEpaTyp JUIS OJCepXKaHHSI BHCOKOIO BMICTY B
CTPYKTYpi 3aJMIIKOBOTO ayCTEHITy, a MOTIiM NPOBOAUTHCA 2—3-X KpaTHE
BigmyckaHHs Big temmepatyp 500° C —525° C.

Tepmiuna  0o0poOka 1  CTPYKTypHHH  CTaH  Jeraied i3
BUCOKOXPOMHUCTUX IHCTPYMEHTAJIbHUX CTajlel g poboTH B yMOBax
0e3ynapHoro aOpa3vBHOrO 3HOIIYBAHHS HMPUHLMIIOBO BiJPI3HSIOTHCS Bix

P
S’

-
a

OtHOCHTEe/IbHASA H3HOCOTOHKOCTH
(=]
o
\\

=
F=S

0.2
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TpamuIiHHUX  CcHoco0iB, SKi  BHKOPHCTOBYIOTBCA TIpH  3MiITHEHHI
TrapTyBaHHSIM Ha MAapTEHCUTHY CTPYKTYypy JeTaliell  IITaMIIOBOTO
IHCTpYMEHTY.

Hns 1mux ymMoB poOOTH ONTHMAIBHOIO € CTPYKTYpa 3 BEJIUKOO
KUTBKICTIO 3aJIMIITKOBOTO ayCTEHITY, IO Ma€ 3JaTHICTh 10 IIEPETBOPEHHS B
MapTEeHCUT y pe3ynbpTari OaraTtopa3oBoi jaedopmarlii TOBEpXHEBOTO MIapy
aObpa3suBHUMH 3EpHAMH.

3 KOHTPOJIbHI 3AIIUTAHHA AJIA
CAMOIIEPEBIPKH I KOHTPOJIIO
NIATOTOBJEHOCTI CTYAEHTIB 1O POBOTH

1. Ckaxith, 4YMM OOyMOBJCHa IIiJBUIICHA TEIJIOCTIHKICTh
HaMIBTETUIOCTIMKIX CTaJiel y MOPiBHIHHI 3 HETETUIOCTIHKAMHA?

2. llepeniare MexaHI3MH 3MII[HEHHS, $Ki TIEPEBAXHO 3ajisHI B
IHCTpYMEHTAJIbHUX CTaJIsX.

3. HasBiTb MIPUHLINAIIN JIeryBaHH: HIBUKOPi3aTbHUX i
MapTEHCUTOCTAPIIOYUX CTallEH.

4.  OnuimiTe B3a€MO3ANCKHICTh MEXaHIYHUX  BIACTUBOCTEH
IHCTpYMEHTaJIbHUX CTaJiel (TBepaicTh Ta iH.)?

5. [osicHiTh, YOMYy TBEpAICTh MPH KIMHATHHX TeMIIEpaTypax Yy
HETEIUIOCTIHKUX CTaJsIX JOocsArae OUIbII BHCOKMX 3HAY€Hb, YUM B
TETTOCTIAKUX ?

6. [lepemniure OCHOBHI MepeBaru MapTEHCUTOCTAPIFOUNX CTaJEH.

7. CxeMaTHYHO BiATBOPITh XapaKTep 3MiHM TBEPAOCTI CTajed TUILY
X12, 3arapToBaHUX Ha MapTEHCHTHY a00 ayCTEHITHY CTPYKTYPH 3aJIeKHO
BiJ] Temneparypu Binmycky B intepsaii 100° C —600° C.

8. CkaxiTb, K 3MIHUTBLCSI TEMIepaTypa rapTyBaHHS JeleOypUTHUX
craneii 3 12% xpomy npu 301IbIIEHH] B HUX KOHIIEHTpAIlii ByTJIeIo?

9. TosicHITh, YM MOXKHA 32 TOJITEPMIYHHUM PO3PI3OM Jiarpamu
piBHOBaxkHOoro crany Fe-C-Cr BU3HauMTH BMICT BYIJIEHIO H XpOMYy B
AyCTEHITi 3aJIe)KHO BiJl TeMIepaTypy HarpiBaHHs?

10. Ilepeniure XapakTepHi O3HAKU CTPYKTYPH JIMTHX JIeAeOyPUTHHX
CTaJICH.

11. Ha3BiTb O0COONMBICTH MapTEeHCUTY B MapTEHCHTOCTapPilOUUX
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CTaJIAX.

12. TMosicHITh, K 3MIHIOETHCS BMICT BYIJICIIO i XpOMY Y TBEPIOMY
PO3umHi cTajnei Thmy X12 npu 3HWKEHH] TeMIepaTypy rapTyBaHHs?

13. Po3kaxiTh, SKMM YHHOM MOXXHAa YHHKHYTH 3HEBYTJICHIOBaHHS
MOBEPXHEBOTO IIapy JeTalied TMpH HarpiBaHHI iX /O TemIeparyp
rapTyBaHHS B COJITHHX BaHHAaX a00 y KaMEpHHX Iedax?

14. CxaxiTp, y YOMY MOJIATA€ MEXaHi3M MiJBHUILECHHS TBEPAOCTI IpH
rapTyBaHHI Ha BTOPHHHY TBEpPAICTH?

15. TlosCHITH, K 3MIHATHCS JiHIIHI PO3MIpH JeTaji Mpu TrapTyBaHH]
ii Ha CTPYKTYPY 3 BEIHUKOIO KiJBbKICTIO 3JIMIIKOBOTO ayCTEHITY?

16. Ilepeniure OCHOBHI 00JIACTI 3aCTOCYBaHHS I1HCTPYMEHTAJbHHX
HAIBTETUIOCTIHKIX CTaJe.

4 MATEPIAJIA, IHCTPYMEHT, IPUJTAM,
OBJAJIHAHHA

. 3pasku 3i craneit X12 Ta X12D1 y pizHOMY CTPYKTYpHOMY CTaHi.
. Bepcrar ans momipyBaHHS 3pa3KiB.
. Ilpunan Ui BU3HAUEHHS TBEPJOCTI 3a mKajo Poksena.
. [puman nuis BU3HAUEHHS MiKpoTBepaocTi marepianis [IMT-3.
. [MocriitHiii MarHir.
. Ontnunnit mikpockon NU-2.
. Komr’rotep.
. JlabopartopHuii cTeHa i BUNPOOYBaHHS MarepialiB  Ha
3HOCOCTIHKICTb.
4.9. Habip uudpoBux ¢ororpadiit crpyktyp craneit tumy X12.

OO0~ W~

S BKA3IBKH 3 TEXHIKH BE3IIEKHA

IIpu BuKOHAHHI POOOTH HE JOMYCKATH MOXKJIMBOCTI HAaHECCHHS
TpaBM IpPHU BHIIAJKOBOMY MaJiHHI 3pa3KiB 4YM HAHECEHHI MOIPSMHH TX
TOCTPUMH KPOMKaMH.
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6 MOPSJOK MPOBEJIEHHS JABOPATOPHOI
POBOTH

1. IigrotyBat Ha 2-3 3pa3kax unIidu ans MertanorpadidHoro
aHai3y Ta BU3HAUYEHHS MIKPOTBEPIOCTI TOBEPXHI.

2.3a JIOMOMOTOI  TMOCTIHHOTO  MAarHiTy, IaM’ATal4d  Ipo
napaMarHiTHICTh AayCTEHITy, Ha sKiCHOMy piBHi (Oinblne, MeHIe)
PO3TalIyBaTH 3pa3Ky B MOPSAKY 3pOCTaHHS B HUX KUIBKOCTI 3aJIMIIKOBOTO
ayCTEHITYy.

3. Bu3zHauuTH TBEpAICTh Ta MIKPOTBEPIICTH 3pa3KiB.

4. 3Haouud PO Te, IO 3 IIJABHIICHHIM PIiBHS 3aJUIIKOBOIO
ayCTEHITy TBEpPIICTh 3arapToBaHOi CTami TMajae, OIIHUTH AKICTh
MOINIEPEHBOr0 MPOTHO3Y BIJHOCHO IMOPSAKY PO3TAIIyBaHHS 3pasKiB 3a
KUIBKICTIO ayCTEHITHOI CKJIaIOBOI B CTPYKTYPI.

5. 3a OOBIAKOBMMH IAaHWUMH, BHXOISYM 3 TBEPAOCTi, BU3HAYUTU
TeMIIepaTypy IapTyBaHHS 3pa3KiB y MeXax KOXHOI IpyNu CTajeH.

6.3 BHKOPHCTaHHSM  MIKPOCKONy Ta  IDIIXOM  aHami3y
KOMIT'IOTEpHUX 300pakeHb 3pOOHUTH ONUC CTPYKTYpU 3arapTOBaHUX
craneil. BusHaunTH po3MipH i, OpIEHTOBHO, KiJIBKICTh KapOidiB.

7.Buxonmsun i3 JaHUX ~[OpO  TEMIEparypy  rapTyBaHHS,
BUKOPUCTOBYIOYHM BIJIOMi 3aKOHOMIPHOCTI 3MiHM (ha30BOTO CTaHy B
3ajIeKHOCTI Bif Temmneparypu [1-4], BU3HAYMTH KUIBKICTh ayCTEHITy i
KapOiliB y cTpyKTypi craned. [lopiBHATH JiTEepaTypHi AaHi 3 pe3ylbTaTaMu
BJIACHOTO aHAJII3y.

8. BUBYUMTH KOHCTPYKIi0 7ab0OpaTopHOr0 CTEHAY Ta METOIHKY
BUIIPOOYBaHb Ha 3HOCOCTIHKICTH B yMOBaxX aOpa3WBHOTO 3HOIITYBaHHS.
[MpoBectu BunpoOyBanHs 1—2 3pa3KiB Ha OIip 3HOIITYBAaHHIO.

9. BuzHauuTH MiKpOTBEPAICTh MIOBEPXHI TEPTSL.

10. 3naiitu cepenHboapudMeTnuHi AaHi. Pesynpratu 3aHecTH B
Tabimuiro 6.1.

Tabmus 6.1 — Temmeparypa TapTyBaHHS Ta BIIACTUBOCTI

IHCTPYMEHTAIBHUX CTaJICH
Temme MikpoTBepaiCTb, Kinbkictsb King- | 4.
Tsep e . Bignoc-

Ne |patypa| . Hso I'Tla aycreHity, % | KiCTh
apal raprve | MCTR - : canGi |12 3H0Co"
P TapTyB | ppe N et 10 el PO o riftkicts
3Ka| aHHA, 3HOIIYBaH | 3HOIY |3HOINY | 3HOIIIYBaH | AlB, e

°C Hl BaHHA |BaHHA | HA, % %
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7 3MICT 3BITY

1. HaiimenyBanHS i MeTa poOOTH.

2. Kopotki TEOPEeTHYHI B1IOMOCTI po KTacu}ikariro
IHCTpyMeHTanbHUX  crayneil. [lpuHOMnM  JeryBaHHS Ta  OCHOBHI
xapaktepuctuku. [lepesaru i Hegomiku. O0NACTI 3aCTOCYBAHHSL.

3. XiMIuHHHA CKIIa1 JOCTIHKEHUX CTaJeH.

4. Metonuka BUIPOOYBaHb.

5. Tabmuns pe3ynbTaTiB JOCIIHKCHb.

6. I'padiku 3ameKHOCTI BIACTHBOCTEH B TeMIIepaTypu TrapTyBaHHSI.
Hdns xoxknoi crami Ha rpadikaX TO3HAYUTH IHTEpBal TeMIEpaTyp
3arapTyBaHHA ONTUMAalbHHUX JUIS  JeTajeld  INTamIliB  XOJIOJHOTO
NITAMIYBaHHA ¥ JeTayieil, 10 TpaIiolTh B yMOBaxX abOpa3sWBHOTO
3HOIITYBaHHSI.

7. AHami3 pe3yabTarisB.

8. BucHoBku.
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