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1 META POBOTH

BuBunTH MexaHiYHI BIaCTHBOCTI TBEPAUX CIUIABIB IPHU KiIMHATHUX i
MiIBULICHUX TeMIlepaTypax 1 JOCHAWTH iX 3HOCOCTIHKICTH MpHU
abpa3WBHOMY 3HOINIYBaHHI B TIOPIBHSAHHI 3 paHillle BUBYECHUMHU
IHCTPYMEHTaIbHUMH CTAIISIMH.

2 AT AJIBHI BIJOMOCTI

Teepni crutaBu — 1€ KOMITO3UILIHHI MaTepiaii 0COOJUBOTO Kiacy,
SIKi MalOTh BUCOKY TBEPJICTh, 3HOCOCTIMKICTh 1 MIIHICTb, 1[0 30€piratoThecs
mpu TOpPiBHAHO BHcOkuX Ttemreparypax (600°C — 800° C). Koportko
MOXKHA BHU3HAYUTH iX SK KOMIIO3UTH 3 TYTOIUIABKOTO 3’€JTHAHHS, SIK
MPaBUJIO, KapOiy 1, HOPIBHSIHO <JICTKOILJIABKOTO» METAJTy 3B’ 3yBaHHS.

2.1 IcTopisi cTBOpeHHS TBEPAUX CIJIABIB i IX 0CHOBHI BJIaCTUBOCTI

Po3BHUTOK 1 BIOCKOHAJIGHHS TEXHOJOTIYHHMX TIPOIECIB y 0OaraThox
rajy3six IMpOMHCIOBOCTI HEPO3PUBHO OB’ sI3aHi 13 3aCTOCYBaHHSAM TBEPIUX
CIUTaBiB, 10 CHPHUSAE CYTTEBOMY IJIBHIIECHHIO EKCIUTyaTalliiHUX
XapaKTePUCTUK IHCTPYMEHTY 1 MPOYKTUBHOCTI Ipalli.

CyuacHi TBep/i CIUIaBU OTPUMYIOTh 3 KapOiJliB TyromjaaBKUX METaJliB
(> 50% 3a oOcsiroM) i MeTaNiB 3aJIi3HOT TPYNH CIIKaHHSIM B MPHCYTHOCTI
piakoi ¢asu. OCHOBOIO CIIEUEHHX TBEPAMX CIUIABIB € TYroIlIaBKi 1 TBepui
MeTanonoioHi pedoBrHU. Da3m BIPOBAPKEHHS, X04a BOHH MICTATH IO
50% — 60% HeMeTanmiuHUX aTOMiB, MAalOTh SICKPABO BHPa)KEHI MeTaleBi
BJIACTUBOCTI: OJMINATh, TPOBOJATH CIEKTPUYHUN CTPYM, iX €JIEKTPOOIIp
najae 3 MIBUIIEHHAM Temieparypu. Kap6imm wmeramis IV-VI rpyn
MEPIOAMYHOT CUCTEMH €JIEMEHTIB, IO BIAHOCATHCS 110 (a3 BIPOBAKEHHS,
MaroTh BHCOKI TeMIlepaTypy IUIaBJICHHS, JIOCUTh TBEpIi, iX Moxyni FOHra
BeNMKi, a Koe}illieHTH TepMiYHOrO pO3MHUpeHHs Mam. Bonu
XapaKTepU3YyIOThCS IMIABUIICHOI0 KPUXKICTIO 1 HU3BKUMH 3HA4YE€HHSIMHU
MIIIHOCTI 1 IJTACTUYHOCTI.
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JobaBka 10 MUX CIIOIYK METay TPYIH 3aTi3a JO3BOJSE MPAKTHIHO
30eperT 0araTo iX BIIACTHBOCTEH Ta iICTOTHO 3HU3UTH KPHUXKICTH [3].

Tak, cieyeni TBepai crutaBu WC-Co i WC-TiC-Co maroTh TBEpIiCTh
86 HRA — 92 HRA, Bucokuii omnip 3HOUIYBaHHIO MpPU TEPTi O METAIH i
HemeTanu, Moayis npyxkHocti 500 I'Tla — 700 I'Tla, mexxa mirHOCTI Ha
ctuck 4000 MITa — 6000 MIla, mexka minHocti npu Buruai 1000 MIla —
2500 MIla. Y xiMiYHOMY BiJHOIICHHI TBEpAi CIJIABH TOCUTH CTiKi IPOTH
BIUIMBY KHCJIOT 1 JIyTiB, JeSKi MapKd TPAaKTUYHO HE OKHUCIIOIOTHCS Ha
noBiTpi 70 600° C — 800° C. 11i BIacTUBOCTI i BU3HAYAIOTh IIUPOKI 00J1aCTi
3aCTOCYBaHHSI TBepAWX cruiaBiB. OCHOBHE iX NMPHU3HAYEHHS BUKIAJCHO B
I'OCT 3882-74.

Ilosiga TBepaux cmiaBiB y 1909 p. mor’s3aHa 3 BUMOTraMH
METaI000pOOHOT MTPOMHUCIOBOCTI i OOpOOKM HOBHX MapoK CTaied i
crutaBiB. Ha modatky 3’sBHITHCS, Tak 3BaHI, CTENITH — CIUIaBH Ha OCHOBI
koOanbTy (> 50%), xpomy (~ 30%) 3 mobaBkamMu BOJIb(PpPaMy i BYTJIEIIHO,
onepxyBaHi JUTTsAM. [loTiM 3’sBUIMCS TUTI KapOigw Boibhpamy uis
HaBaprOBaHHS Ha OypOBHUU IHCTPYMEHT i SIK 3HOCOCTIiliKe MOKpUTTs. [leprri
JUTI KapOimm Oynu 3nmeOinbiioro mnopuctumu. Himenbkuit  daxisern
I'. Jloman HamaraBcsl IOJIMIIATH iX BJIACTUBOCTI 32 paXyHOK MOAPiOHEHHs
B TOHKHI TOPOIIOK, MPECYBaHHS 1 HArpiBy BiA(OPMOBAHHX 3arOTOBOK
(BOIMIOK) Maiike 10 TeMIepaTypH IUIaBICHHS. 3 X BUPOOiB, BATOTOBICHUX
Jlomanom y 1914 p. METOAOM MOPOIIKOBOI METaNyprii, MOYNHAETHCS
PO3BUTOK CIIEYEHUX TBEPJUX CIUIABIB.

[lomanpmioMmy  pO3BHUTKY  TBEpJAMX  CIUIABIB  CIOPHUSUIA 1B
NPOTPECHBHUX HAMNPSMHU B TEXHIlli: TOSBA HOBOTO METOJY BHTOTOBIICHHS
BUPOOIB 3 TYrOIUIaBKMX METAIIB — MOPOIIKOBOI MeTanyprii i po3poOka
Croco0iB OTPUMAHHS JIOCUTH TBEPIAUX «METAIOMOAIOHNX» PEYOBUH —
KapO1/1iB. MeTo 1 MOPOIIKOBOT METATYPrii 3aJIUIIAETHCS €MHO MOXKIUBUM,
KOJIM TOTPIOHO CTBOPUTH CIUIABH, IO CKJIAJNAIOTHCA 3 KOMIIOHEHTIB, SKi
3HAYHO PO3PI3HAIOTHCS 33 TEMIEPATYPOIO IIJIaBICHHS.

2.2 Knacugikanisi cy4acHHX TBepAHX CILIaBiB

CyuacHi criedeHi TBepi CIUIaBH MOXKHA KiacH(piKyBaTh 3a CKIaJ[0M
Ha YOTUPHU OCHOBHI rpyMH:
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- ctutaBu WC-CO (esiki MapKH CIUTaBiB i€l TPYIH MICTSTh HEBEIUKI
nMo0aBKY IHIIMX KapOiiB — BaHA/IiI0, HI00110, TAHTATY, XPOMY);

- crwutau WC-TIC-Co;

- crutaeu WC-TiC-TaC(NbC)-Co;

- 6e3Bonbdpamoni (BBTC) tepai crumasu TiC(TiN)-Ni-Mo.

Cmnay WC-CO HaiiOuabpIn MiIHI 3 BiIOMHX CIIEYCHHX TBEPIUX
CIUIaBiB, aJleé HEJOCTaTHHO TBepAi 1 3HococTiiki. [IpommcnoBi mapku
CIUIABIB 1€l TPpyNH PO3PI3HAIOTHCS 32 BMICTOM KobanbTy 3% — 25% (BK3—
BK25). 3a posmipom 3epHa ¢asu kapbimy BcepeauHi TPYyNH CIUIaBiB
NOJUIAIOTECS Ha ocobauBoapiOHo3epHuCTI (OM), npibHO3epHucTi (M),
cepeaHbo3epHUCTI, rpybo3epHucTi (B), ocodmuBokpynHozepaucti (K, KC,
C). Tak, € BK6-OM, BK6-M, BK6, BK6-B, BK6-KC, BK6-C. 3anexHo Big
BMICTy KOOanbTy CIUTaBU Wi€l TPYNH MOXXHA YMOBHO PO3JIIMTH Ha TPH
niarpymu: manokobanstosi (3% — 8% Co), cepenubokobansToBi (10% —
15% Co), Brcokoko06ansToBi (20% — 25% Co).

CmnaBu mepmioi MiArpynu, SK HAaWOUTBIN TBEPAL 1 HEMOCTATHBO
MiI[HI, 3aCTOCOBYIOTBCSI TOJIOBHUM YHHOM JUIE 0OpOOKH pi3aHHSAM 4YaBYHY,
HEMETAIYHUX MaTepiaiiB, ASSKUX BHIIB CTallel 1 jKapOMIIHUX CIUIaBiB,
JUIL  OCHANICHHS  BOJOYWJIBHOTO  IHCTPYMEHTY, JESKHX TipCBKUX
IHCTpYMEHTIB sl OypiHHS M’SIKHMX TMOpiA, 3yOKiB BpyOOBHUX MaIlVH,
KOPOHOK 00€pTaIbHOTO OYpiHHSL.

CrutaBu Jpyroi MiArpynu 3acTOCOBYIOTH B yYMOBaX HOMIpHOTO
YIApHOTO HAaBaHTA)KEHHS, TOJOBHUM YHHOM TPH YOPHOBOMY TOYiHHI
YaBYHIB BUCOKOT TBEPAOCTI 1 dapOMIIHUX CIUIaBIB, pU HepdhopaTopHOMY
OypiHHI MIIIHUX TOPiJ, YaCTKOBO /ISl OCHALICHHS IHCTPYMEHTY 110 00po0ITi
METaJliB BUCAJIKOIO 1 IITAMITyBaHHSM, JUIS OCHAIICHHS 1HCprM€HTlB npu
00po01i pizanHsaM ctaneil. Lli cruiaBu BHUTIIHO BiJIpi3HSIOTHCS Bij| CILUIABIB
WC-Co cBo€ro BIACTHBICTIO B 3HAYHO OUIBIIOMY CTYIIEHI ONMUpPATHCS MPH
BUCOKiH TemmepaTypi (Uepe3 BENWKY IIBUAKICTh pi3aHHS) YTBOPEHHIO
«IyHKW» Ha TIepeAHid MOBEpXHI pi3lUd MiJ BIUIMBOM Oe3mepepBHO
KOB3aI0401 110 Hill «3JIMBHOI» CTalIleBOi CTPYXKH, IIO 1 3a0e3Mevye BEIHKY
CTIMKICTH pi3us BiJg 3HOIIyBaHHS, B mopiBHsAHHI 31 crutaBamu WC-Co.
PazoM 3 TuM 1i CruiaBM MEHI MilfHi, ajie OUIBII TBEpP/i i OKaTMHOCTIHKI,
Hik cmaBu WC-Co. TemnepaTypa 3HEMIITHEHHS ITUX CIUIaBIB 1CTOTHO
Buiue, Hix y WC-Co.

CrutaBu TpeThoi MiArpymnu, sIK HaOLIbII MIIHI 1 «IIaCTHYHI», ane
HEJOCTaTHhO TBepi (0araTo KoOalbTy) 3aCTOCOBYIOTH JJISi OCHAIICHHS
HITAMIIOBOTO  IHCTPYMEHTY, IO TMpamioe B  yMOBax  yJapHOIO
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Pucynoxk 2.2 — 3anexHicTh MeXi MilTHOCTI nipu kpy4eHHi cruiaBiB WC-Co
BiJl BMiCTy KOOQIBTY

3a BMicTOM KapOimy THTaHy i yMOB ekciutyarariii, criaBu WC-TiC-
Co0 yMOBHO MOXXHA PO3AIIMTH HA TPH MiATPYIIH:

- MmanotutanoBi crasu (5% — 10% TiC, TSK10), HaiOinbi MirHi i
MEHII TBEPJli, BAKOPHCTOBYIOTHCS TIPH 0OPOOIIi Pi3aHHSAM CTalli y BaXKKUX
YMOBax 3 yAapoM (YOPHOBE TOUYIHHSA, CTPYTaHHS);

- cepeanerutanosi cmiasu (10% — 20% TiC, T15K6), 3acTocoByOTh
Yy MEHIIl BA)KKHX YMOBaX eKCILTyaTallii;
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- OararoruraHoBi cmiaBu (25% — 60% TiC, T30K4, T60K6)
XapaKTepU3yIOThCI  BHCOKOIO  TBEPHICTIO 1 HH3BKOK  MIIHICTIO,
3aCTOCOBYIOTBCS MPU 3HATTI CTPYKKH MaJIMX MEPETHHIB i mpH poOoTi Oe3
yIapiB MPH BEJIMKHUX IIBUAKOCTSX pi3aHHS (YMCTOBE TOUiHHSA). 301IbIICHHS
BMiCTy KapOiy TUTaHy B IUX cCIDIaBax (K0OambT — CONSt) MPHU3BOIUTH IO
T IBUIIEHHS 3HOCOCTIMKOCTI CIIaBy i OTHOYACHO A0 MaiHHS MIITHOCTI.

CrmaBu rpymn WC-TiC-TaC(NbC)-Co 3acTOCOBYIOTHCS TOJTOBHHM
YUHOM I 00pOOKH pizaHHAM. [[pOMICIIOBI CIIJIaBH i€l TPy MICTATh, SIK
npasuio, 5% — 15% TiC, 2% — 20% TaC(NbC), 5% — 15% Co, inme WC.
YMOBHO iX Ha3WMBalOTh «yHIBepCaJbHUMW», TaK SIK y OaraThboX BHIIaIKax
IHCTPYMEHT 3 HHX 3aCTOCOBYIOTH, SIK Uil OOpOOKH cTalli, TaKk i 4aByHY
3aBISKU iX BIACTUBOCTAM. [0 MIIIHOCTI BOHM HAaOMMKAIOTHCSA 10 CIUIABIB
WC-Co, a mo tBepmocti 10 WC-TiC-Co [5].

Yerepra rpyma crmuaBiB TiC (TiN)-Ni-Mo pospoGisimacst  sik
3aMIHHHK CIUTaBiB MEPIIOi 1 Apyroi rpyn. BoHH MarOTh BUCOKY TBEPAICTD i
3HOCOCTIWKICTP MPH Pi3aHHI CTaJieH, ajle BHACTIIOK IMiJBUIIEHOT KPUXKOCTI
3aCTOCOBYIOTHCS TOJIOBHMM YHHOM TPU YHCTOBUX 1 HAMiBUUCTOBHX
omeparisx (0e3ymapaux). Jlo 1mi€l * Tpynu MoKHA BITHECTH 1 CIDIaBH Ha
OCHOBI KapOiny THTaHy 31 3B’SI3KOI0 i3 3ami3a (CTaii), KUTBKICTH SKOI
osm3bpko 50% (00.), 1 32 BIACTHBOCTAMM (3HOCOCTIHKOCTI 1 TBEPHIOCTi) €
MPOMDKHUMH MiX HIBUIKOPI3QIHUMH CTISIMU 1 CIICUEHHUMHU TBEPIUMH
cwtaBamu. [To3HavaroThest 3a KopaoHoM Bouu sik Ferro-TiC, a y Hac —
¢epoTikap. 3aCTOCOBYIOTH X TOJIOBHUM YMHOM JIJIsl OCHAIIICHHS IITAMIIIB 1
BUTOTOBJICHHSI PI3HUX 3HOCOCTIMKHMX JeTtanei. CrutaBu 1iei rpymnu
MiJIal0ThCA TePMivHI 00poOIi Ayt 30UIBIIEHHS TBEPJOCTI 1 3aBISKH
CBOIM CKJIaJiaM JiemeBin, Hixk credeni tBepai cruiaBu WC-Co i WC-TiC-
Co.

CrutaBn mepmioi Tpynu mo3HadaroThes OykBamu BK 3 momatkom
nudpu, MO BKa3ye MPOIEHTHUHA BMICT KoOambTy. pyra rpyna cruiaBiB
no3Havyaetbcs OykBamm TK. Ludpa, HactymHa 3a OykBoro T o3Havae
npuOMU3HUIA BMICT B cIUiaBi KapOiny TuTaHy, a nudpa micins Oykeu K —
BMicT koOanbTy (T15K6). Y mo3HaueHHs TpeTboi Ipynu BXOAATH TPHU
oykBu — TTK, mo3navyenns ananoriudo cmasiB TK, ane mudpa micna TT
03Hayae cymy kapOifiB TUTaHy i TaHTany (Hi00ir0). Hamra npomuciioBicth
BUIIYCKa€ TIABKM JIBi Mapku Oe3BONb()PaMOBHX TBEPAUX CIUIABIB, SKi
nosnavaroteest TH-20 (TiC-Ni-Mo) i KHT-16 (Ti(C, N)-Ni-Mo), B sikux
UQpU O3HAYAIOTh MPHUOIM3HUE BMICT Hikemo i Monibaeny. JlokmanHuii
nepesik Mapok, mo umnyckaiaucs B CPCP, naseneno B8 'OCT 3882-74 i
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I'OCT 26530-85. oknamauii mepeiik MapoK CIUIaBiB, IO BUITYCKAIOTHCS
OCHOBHUMH (pipMaMu yChOTO CBiTY, IIOPIYHO MyOIiKyeThes [2].

2.2.1 Knacugikauis mapok TBepaux cmiasis 3a 1SO

Po3BuTOK BHPOOHHWIITBA TBEPAMX CIDIABIB 1 MOAAIBIIE 301TBIICHHS
yuclia iX Mapok, a TaKoXX Pi3HOMAHITHICTh B iX TO3HAYEHHSX, 3MYCHIIO
MixHaponny opranizamito 31 cranmaptusanii  (ISO)  Buctynmutu 3
MPOMO3UIIIE€I0 TPO BBEJCHHS €IMHOTO MO3HAYEHHS MapoK CIUIaBiB, IO
3aCTOCOBYIOTHCSI TIpH 00pOOIIi pi3aHHSAM. byllo 3ampOIIOHOBaHO PO3IIIATH
BCI CIIJIaBH Ha TPYIH B 3aJIE)KHOCTI BiI MaTepialy, 110 00poOIroeThCs sIKi, B
CBOIO YepTy, AUIATHCA Ha MIATPYNH B 3aJE€KHOCTI BiJf KOHKPETHHX YMOB
BUKOPHUCTAHHS.

CmnaBu anst oOpoOKM pi3aHHAM MaTepiajiB, M0 NAIOTh 3IUBHY
CTPYXKY (CTajib, CTAJIEBE JIUTTS, KOBKUI YaBYH), IO3HAYAIOTHCS JTITEPOrO P
(cuHifi Komip), IUI1 MaTepianliB, IO JAOTh IPOOJEHY CTPYXKKY (cipuid
YaBYyH, KOJLOPOBI METalM 1 X CIUIaBH, HEMETaleBi MaTepianu), OykBowo K
(xoutip YepBOHHUI) 1 TaK 3BaHI «yHIBEpCaJIbHI» CILIaBU, TOOTO MPUIATHI JIsI
00poOKH sIK 4aByHy, Tak i ctaii, OykBoto M (koBTHi Komip). [liarpymm
CIUIaBiB BCEPEAMHI KOXHOI 3 TaKUX TpYyH, SKi MPU3HAYAIOTHCS JUIS
BHU3HAUCHUX YMOB €KCILIyaTallii, MO3HAYalTh JBO3HAYHOK IHU(POIO, SIKY
JOJIAF0Th 10 TIo3HaueHHs (OyKBHM) OCHOBHOI rpynw, Hanpukian, P01, M20,
K30. 3pocranHs 1mudp BKazye Ha MiABUINEHHS MIIHOCTI 1 3HIDKEHHS
TBEPJOCTi, 3HOCOCTIMKOCTI 1 MIBUIKOCTEH pi3aHHS Ui CIIaBiB BCEpenuHi
JIAHOT MiArPYIIH.

VY cBorO Yepry miarpyna Moxe CKJIaJaTHCs 3 JeKiUIbKOX Mapok. Tak,
migrpyna P01, 3Baxatoum Ha 3HAYHY KiIbKICTh MAapoOK CIDIaBiB,
NPU3HAYCHUX JJISI YUCTOBOI OOpPOOKM 3 MMM TEPETHHOM 3pi3y MpH
BHUCOKHUX IIBUAKOCTSX pi3aHHsl, migpo3aiiserscs va P01,2; P01,3; P0O1,4.

B nanmit wac wimacudikamiero cmmasiB no SO mmupoko
KOPUCTYIOTbCS y BCiX KpaiHax Uil  XapaKTepUCTHKH oOsacTel
3aCTOCYBaHHS Pi3HMX MapOK CILIABIB.
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2.2.2 Knacudikanis cnuiapiB 3a 00J1acTAMHU 3aCTOCYBaHHSA

1. PizHuii pixyunii iHCTpyMeHT (pi3Li, CBepAsia, po3rOpTKH, Qpe3u
3eHKepH 1 1H.) (~ 66% Bif 3arajJbHOTO BHITYCKY).
2. BypoBwuii iHCTpyMeHT (pi3i, MapoIKy, 3yokH i iH.) (puc. 2.3).

a — ByrinbHI OypoBi i Byrienesi; 6 — OypoBi A MilTHUX HOPiT
Pucynok 2.3 — TBepnocruiaBHi pisui a1t 00epTaibHOro OypiHHS
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I'ipHonoOyBHa 1 OyniBenbHa iHAYCTpisf. (~ 27% Bix 3araabHOTO
BUITYCKY).

3. CroennpusHaueHHs (nepeBooOpoOKa, KOHCTPYKLIHHI neTadi,
00poOka MeTtaiiB THCKOM) (5% — 7%):

- 3HOCOCTIWKHI MTAMITOBH 1 KOHCTPYKIIWHUHN IHCTPYMEHT (BOJIOKH,
MAaTpHIli, TyaHCOHHU, KOHCTPYKITIHHI IeTali, elIeKTPOa-IHCTPYMEHT Ta iH.);

- BUCOKOTEMIIEpaTypHi, KOPO3iHHO- Ta OKaJIMHOCTIHKi BUPOOH;

- BUpOOHM 000POHHOT MTPOMHCIIOBOCTI (0OETOJTOBKH, MTOSICKU Ta 1H.);

- HaIUTAaBOYHI CIUIABH 1 iH.

2.3 CTpykTypa, ocHOBHI ¢izuuHi i MexaHiYHi BJ1acTUBOCTI TBepaAMX CILIABIB

Cepen  MeTaloKepaMiuHUX TBEPAWX CIUIABIB  BEIHMKY TPYIy
CKII/Ial0Th CIUIaBM Ha OCHOBI MOHOKapOimy Bomb(pamy i1 kobambty. Lli
CIUIaBH, MOAIOHO 10 IHIIMX BHJIB METAJOKEPAMIiYHHUX TBEPIUX CIUIABIB,
OTPUMYIOTH CIiKaHHSAM (a He IUiaBneHHsM). OQHaK BiZHOCHO BHUCOKI
TEMIIEpaTypH Ta iCHYBaHHS PiIKOi (a3u MpH CIiKaHHI JAIOTh MOXKIUBICTh
PO3TISAAATH CTaH YTBOPEHHS CILIABIB SK PiBHOBAXKHHUN a00 HAOMMKEHUHN 10
HBOT'O B CHCTEMI 3 TPhOX KOMITOHEHTIB — BOJIb()paMm, ByrJjeilb, KOOAIBT, IS
SKUX XapaKTepHi Pi3Hi cTpyKTypH (puc. 2.4).

[lutoma Bara CIUIaBiB aJUTHBHO CKJIAIAE€ThCS 3 MHTOMHX BariB
KapOimy Bosib(ppaMy i K0OambTy. [IpakTHYHO NUTOMA Bara TPOXH HIDKYE
pPO3paxyHKOBOi, TaK SK peajbHI CIUIABU MAalOTh JIEAKY 3JIUIIKOBY
HOPUCTICTh. 3HWKEHHS IMHUTOMOI Barm MOXKe OyTH BHKIMKAHO TaKOXK
BKITFOUEHHSIMH rpadiTy ab0 CTOPOHHIMU TOMIIIIKaMH.

Jlnsg cIutaBiB TMPaKTHYHO 3aCTOCOBYBaHMX ckiamiB (mo 30% Co)
TETUIONPOBITHICTh Maj0 3MIiHIOETHCS B 3aJIEKHOCTI BiJl BMICTy KOOAJIBTY i
konuBaeThess B Mexax 0,14 xan/cm-c-tpam — 0,21 kan/cm-c-rpax. Jns
MOPIBHSHHSA 3 IHIIMMU MaTepialaMy CJTiJT 3a3HAYUTH, 1110 TEILIONPOBIIHICTh
crutaBie WC-Co B 2-3 pa3u Bullle, HIX y IMIBUAKOPI3aibHOI cTajii (Tadi.
2.1).

EnekTponpoBiiHICTh CIUTaBIB Majo 3MIHIOETHCS B 3aJIEXKHOCTI Bij
BMICTy KOOaJbTy. 3HAUEHHS IMUTOMOI'O €JIEKTPOONOpPY I ciuiaBiB 3 3% —
15% Co naBeneni B Tabm. 2.1.

KoediieHnT niHiiiHOro po3MIMpeHHs] iICTOTHO 3aJEeKHUTh BiJl BMICTY
KOOaJIbTy B CIUIaBax 1 3pocTae Maike B JiBa pas3u IpH 3MiHi Horo Bix 3% 1o
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30%. Ilpu mopiBHAHHI 3 KoedimieHTaMH PO3IMIMPEHHS IHIINX METATIB i
CIUIaBIB MOXKHa BiJ3HAYUTH, IO KOe(illi€eHT IIHIHHOTO PO3IIMPEHHS

a — cTabinpHa noagiiiHa eBrektuka WC + vy, HaBKonuinHe nojieapu ¢asu vy, x400;

0 — crabinpHa notpiiina eBrektnka WC + y + C, x100; B — crabiiibHa MOTpiliHa €BTEKTHUKA
WC + v + C, x1500; r — cTabinpHa notpiitHa eBrektka WC + y + 1, x1500; 1 — crabineHa
MoJIBiliHa eBTeKTHKa Y + M1, mo po3minieHa Mix noxieapamu ¢asu y, X1500;

e — MeTacTalinpHa NoTpiiiHa eBTekThka ¥ + M + C, X1500
Pucynok 2.4 — CTpykTypH eBTeKTHYHUX yTBOpeHb B cuctemi W-C-Co.
Tpasienns nyxaHuM po3urHoMm KzFe(CN)s.

3rifHO 3 ICHYIOYMMH EKCHEpUMCHTAILHIMU JIaHUMH, TBEPJICThH
cruaBiB WC-Co 3MiHIOETBCS B 3aJIEKHOCTI BiJI BMICTY B HUX KOOANbTy, a
came, IiIBUILEHHS BMICTYy HOTO BeJie 10 3HIKEHHs TBepaocti. Ha puc. 2.5
rpa¢idHO TpeAcTaBieHa 3alexkHIicTh TBepaocti no Bikepcy cruasis WC-
Co Bijx 3MICTY B HUX KOOalbTy HpH KIMHATHIHA TemmepaTypi. Bigomo, 1o
Ha TBEPJICTh CIUIABY OJHOTO i TOTO XK CKIIJy BILTUBAE PO3MIp 3epeH (azu
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KapOimy, 3 IX YKpYITHEHHSIM TBEPAICTb Maaa€e. [HOAlI Ha TBEPAICTh BILIMBAE i
TEXHOJIOTISI BUTOTOBJICHHS CIIaBy. ToMYy HalOIIbI MPaBHILHUM IIISXOM
Oyze oOJiK BIUIMBY 3a3HaYeHUX (PAKTOPIB 1 BCTAHOBICHHS MEX MOKIUBHX
KOJINBaHb TBEPAOCTI JUIsl IAHOTO CKIIAdy.

Tabmurs 2.1 — ®izuuni Bnactuocti cmiasiB WC-Co

Cxian,
0 .| Koedimi- | ITuTomuii
A e i e B
f?cr;; KaJ'I/CM'Cina ;:)I;ﬁ;lggg MKO(;I;F’CM KaJ/T paj npp;
WC| Co i ust, x10° | mpur 100° C 1000° C
97 | 3 |15,1-15,2 - 19,8 0,044 0,08-0,085
95, 3,4
5 4,5(15,0-15,1 41 - - -
94| 6 [14,8-15,0 3,6 - - -
4,6 20,6 0,042 0,08-0,085
92| 8 - - 20,7 0,040 0,08-0,085
91| 9 [14,5-14,7 - 23,4 - -
90 |10 (14,3-14,5 — — — -
89 |11 (14,0-14,3 3,8 18 - -
88 |12 - 4,8 17,7 0,042 0,08-0,085
87 |13 (14,0-14,2 — — — -
85|15(13,8-14,0 6 18,8 0,041 -
80|20 (13,1-13,3 4,7 21,0 - -
6,2 — — -
75125 (12,8-13,0 6,7 - - -
70 (30 (12,3-12,5 — 23,4 — -
50 | 50 — — — — —
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&5

-
g g 6 244
Co, %
cepeaHiit po3mip kapOigaux 3epeH 1 — 1,64 mxm; 2 — 3,2 MmxMm; 3 — 4,95 MM
Pucynok 2.5 — 3anexsicts TBepaocTi cruasiB WC-Co Big Bmicty CO

Hy

-

76

12

473 673 &73 16737,
1 - 6% (npibHo3epuucTHi); 2 — 6% (KpynHO3epHUCTHI); 3 — 8% (KpyMHO3epHUCTHIT);
4 — 15% (xpynHO3epHUCTHH); 5 — 2%; 6 — 8%; 7 — 15% Co; 8 — crans P18; 9 — crams Y10
Pucynok 2.6 — 3anexuicts TBepocTi cruiaie WC-Co Bij remneparypu
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5 a J /]
gfz— S
28_ i i

4 1 e 1 1 1 1 |
273 473 673 873 273 473 673 873 273 473 673 873
T.K
a—6% Co; 6 — 15% Co; 6 — Co (HenehopMoBaHUii)
Pucynok 2.7 — 3anexHicts TBepAocTi cruiaBiB WC-Co 1 ancToro ko6ambTy
BiJl TEMIIepaTypH

3 KOHTPOJIbHI 3AIIUTAHHA AJA
CAMOIIEPEBIPKH I KOHTPOJIIO
NIATOTOBJEHOCTI CTYAEHTIB 10 POBOTH

1. Ha3sBiTe kimacu@ikamiro TBEpIUX CIUIABIB HA OCHOBI KapOifiB (110
MICTATh BOJIb(paM Ta 0e3B0JIb(PpamMoBi).

2. HameniTh XiMiuHUI CKIIaJ TBEPAWX CIUIABIB HA OCHOBI KapOifiB
(1o mictaThk Bomb(hpam Ta 6e3BOIbPPaMOBi).

3. OxapaktepusyiiTe CTPYKTypy TBEpAMX BOJb(QPAMOBHX Ta
0e3B0JIb(hpaMOBHX CILJIABIB HA OCHOBI KapOiIiB.

4. Tlepemiute MeXaHiYHI BJIACTHBOCTI TBEPIUX CILIABIB Ha OCHOBI
KapOiaiB (110 MicTATh Bosb(pam Ta 6€3BOIBGPAMOBI).

5. CkaxiTb, BiJI SKHX YMHHHUKIB 3aJIeXKITh OMIPHICTH 3HOIIYBAHHIO
TBEPAUX CIUIaBiB Ha OCHOBI KapOimiB (mo MICTITh Bolbdpam Ta
0e3Bonb(hpamoBi).

6. Ilepenmiure o0ONacTi palioHaTBLHOTO BUKOPHCTaHHS TBEPIUX
BOJIb(ppaMOBHX Ta O€3BOJIL(PAMOBUX CILIABIB HA OCHOBI KapOiIiB.
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4 MATEPIAJIA, IHCTPYMEHT, IPUJTAIMA,
OBJAJIHAHHA

3pasku 3i cruiasis tumy BK i TK.

AOpa3uBHI Macu Ha OCHOBI KOPYHY, €IEKTPOKOPYHAY, IAMOTY.
[Ipuman st BuMipy TBepaocTi mo Bikepcey.

ONTHYIHAN MIKPOCKOTL.

Crenn anst BUnpoOyBaHb Ha 3HOLTYBaHHS.

arwbdE

S BKA3IBKH 3 TEXHIKH BE3IIEKHA

Ilpn BuKOHaHHI POOOTH HE JOMYCKATH MOYMIJIMBOCTI HAHECCHHS
TpaBM TPH BUITAJKOBOMY TMaiiHHI 3pa3KiB 4YM HaHECEHHI MOAPANHH iX
TOCTPUMHU KPOMKAMH.

6 MOPSJJOK MPOBEJIEHHS JABOPATOPHOI
POBOTH

1. BuzHauwtu TBepaicTh 3paskiB (HV).

2. BU3HAaYUTH 3HOCOCTIMKICTH CIUIaBiB TPH 3HOIIYBaHHI Pi3HUMHU
abpa3uBaMHu.

3. [NoOymyBaTH 3a/Ie)HOCTI 3HOCOCTIMKOCTI BiJi CKJaay B CILIaBax
KOOAJIBTYy.

4. Onwucatd i TOSCHUTH MOOYJOBaH]1 3aKOHOMIPHOCTI.

7 3MICT 3BITY

1. HailimenyBanHs i MmeTa poOOTH.
2. KopoTki TeopeTHuHi BiOMOCTI NpoO Kiacu@ikalilo TBEpAUX
cruiaBiB. O0nacTi 3aCTOCYBaHHS.
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3. XiMIYHHHA CKJIaJ JOCIIDKEHNX CIUIABIB.

4. Meroauka BUTIPOOYBaHb.

5. Ta0muus «OcHOBHI BJIaCTUBOCTI CILIABIBY.

6. I'padiku 3amexHOCTI 3HOCOCTIMKOCTI BiJl CKJIaay B CIUIaBax
KOOaJbTY.

7. AHami3 pe3yabTarTiB.

8. BucHoBKH 110 poOOTI.
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