®Dizuko-TexHiynuii paxkyabTer
Kadeapa pakeTHO-KOCMIYHUX Ta IHHOBANIMHUX TEXHOJIOTIH

Mamuyp C.I., Hocosa T.B., ®exocos O.B.

CIIVIABM 3 OCOBJIUBUMU BJACTUBOCTAMU

JHinpo
2024



3MICT
BCTVYII
1 OCHOBHI KJJACHU®IKAIIII CTAJIEA
2 KOPO3IMHOCTIMKI CTAJII TA CILJIABA
2.1 3araJuanHi BizomMocTi
2.2 KoposiiiHocTilKi cTaJji
3 JKAPOCTIMKI CTAJII TA CILIABA
3.1 ZKapocriiiki craJi
3.2 Kapocriiiki cruiaBu
4 KAPOMILHI MATEPIAJIN
4.1 3arajbHi M0JI0:KeHHS TAa BU3HAYEHHSI

4.2 OCHOBHI rpylu »KapoMillHMX MaTepiaJiiB

4.3 7KapomiuHi cruiaBu Ha OCHOBI HiKe/I10, TATaAHY Ta Ko0aabTy 31

4.3.1 KapomiuHi cIJIaBH HA OCHOBI HiKeJII0
4.3.2 7KapominHi CILIaBU HA OCHOBiI TUTaHy

4.3.3 7KapomiuHi CIVIaBH HA OCHOBi KO0AJIbTY

4.4 7KapomilHi CIUIaBH HA OCHOBI TYIOIVIABKUX METAJIIB

4.4.1 3arajbHi N0JI0KEeHHSA

4.4.2 Boasdpam i iloro cniiaBu

4.4.3 MoJi0aeH i iioro cmjiaBu

5 MATHITHI MATEPIAJIN

5.1 3arajbHi M0JI0KeHHA Ta KJIacu@ikauis

5.2 Marnitom'siki maTepianau

5.3 MarnirorBepai marepiajan

6 CIIJTABU HA OCHOBI IHTEPMETAJIIIB

6.1 3arajabHi monoxkeHHs1, Kiacuikaiis Ta ranysi Bukopucranas 71

6.2 CruiaBu Ha OCHOBI AJTIOMIHIIB THTAHY

6.3 CmiaBM HA OCHOBI AJIOMIiHIAIB HIKEJIIO

6.4 O0JacTi BUKOPUCTAHHS CILIABIB HA OCHOBI iHTEepMeTaJIiAiB

7 CIVIABU 3 EOEKTOM NAMATI ®OPMU

8 PIAKO3EMEJIBHI METAJIU TA CILJIABH HA IX OCHOBI 89

8.1 3arajabHi M0J10:KeHHS, METOAH OTPMMAHHA Ta iX BJACTHBOCTI 89

8.2 Ooaacri Bukopucranusa P3M Ta ix cnouayk

6

8
10
10
10
22
22
24
26
26
28

31
42
47
49
49
51
53
59
59
61
68
71

76
81

83

86

96



9 BJIATOPOJHI METAJIM TA CIIJIABH HA IX OCHOBI
9.1 3arajbHi noJio:keHHs Ta BiaacTuBocti 100

9.2 OOJsacTi BUKOPUCTAHHSA 0J1arOPOJIHHUX METAJIB Ta CILIABIB
10 JJOPOTI'OLIIHHI METAJIY TA CIIJTABH HA IX OCHOBI
10.1 Cpi6uo Ta iioro cmiaBu

10.2 3os0T0 Ta if0T0 CILUIABU

IMuranus

Jlitreparypa

100

110
113
113
128
153



BCTYII

Ha cporogni mMeraim Ta CIJIaBU €  HAWMNOIIMPEHIIMM  Ta
HallyHIBepCaIbHIIIKMM KJ1acoM MartepianiB. OCHOBHE MicCIle cepe]] HUX 3aiiMaroTh
CIUIaBM HA OCHOBI 3aJli3a - CTajl Ta YaBYHH, CIUIAaBU HA OCHOBI KOJbOPOBHUX
METaJliB, CIJIaBM Ha OCHOBI OJArOpOAHMX Ta PiIKO3EMEIbHUX METANIB, a TAKOXK
CHeliabHI CTalll Ta CIIJIaBH.

CreniasibHi cTalll Ta CIJIaBU 3aiiMaloTh y 3arajJbHOMY 00'eéMi BUPOOHUIITBA
MeTaJIeBuX MatepiaiiB 011 25%. 3 HUX BUTOTOBJISIOTH HAMOUIBIIT BiAMOBIAAIBHI
JieTal Ta BUpOOH JIJIsl pi3HUX rainy3ed MamuHoOyayBaHHs Ta OyniBHUITBA. CTani
PI3HATHCSI BJIACTUBOCTSIMM, TEXHOJIOTIED BUPOOHUIITBA Ta 00poOkoro. Tomy
3HAHHS IPUHIUIIB, 1110 3HAXOATHCS B OCHOBI PO3POOKH OKPEMHUX T'PYII CTAJIEH 1
CIUIaBIB Ta PEXUMIB X 0OpOOKU JT03BOJISIIOTh CTBOPIOBATH OUTBINI €PEKTUBHI Ta
€KOHOMHOJIETOBAaHI MaTepiald 3 BUCOKUMHU KOHCTPYKUINHUMHU BJIACTHBOCTSIMH,
K1 320€31eUy0Th HEOOX1/IHY HaJA1iHICTh Ta JIOBFOBIYHICTH BUPOOIB.

binpmiicte MeTamyHUX MarepiaiaiB  XapaKTepU3yeTbCsl KPHUCTATIYHUM
CTaHOM, CTPYKTypa AKuX chopMOBaHa y pe3ysibTaTi 0OMEKEHOro uncia ¢ha3oBux
nepeTBopeHb. Lle 103Bosie po3risaaTu 3aKOHOMIPHOCTI (hOPMYBaHHS CTPYKTYPH
1 BJIACTUBOCTEH 3 €IMHMUX MO3UIIIN B CIJIaBax Oy/b-SKOTO CKiIaay. BcTaHOBICHHS
B3a€EMO3B'3KY CKJIaJ-CTPYKTYpa-BJIACTUBOCTI JO3BOJISI€ HE TIJIBKH MOJIMIIUTH
SKICTh BJK€ ICHYIOUMX MaTepialiB, a il CTBOPIOBATH HOBI 13 3a3/1aJI€Ti1b 3aJaHUMU
BJIACTHBOCTSIMHU.

Cepen MeraneBUX MarepiajiiB OJAaropoJHiI Ta PIAKO3EMENIbHI METalu Ta
CIUIaBM Ha iX OCHOBI 3aiiMalOTh 0COOJIMBE MicCIle. YHIKaIbHI (i3UKO-XIMIYHI
BJIACTUBOCTI pOOJATH iX WIKABUMHU JJii TEOPETHMUYHUX PO3PAXYHKIB Ta
JOCTIPKeHHS, ¥ HAJA3BUYANHO BXKIMBUMH JJIS MTPOMHUCIOBOTO BUKOPHUCTAHHS.
[Totpeba B HuUX mocTiiiHO 3pocTtac. OCHOBHUMH CIIOKUBa4aMu OJIArOpOHUX
METaJIiB Ta CIUIaBiB Ha TX OCHOBI € TalTy31 MpUIago0y TyBaHH:, XiMii Ta HaTOXIMII.
Ha nmomro mmx ramyseit Bumagae Outbin, HiK 80% CBITOBOrO CHOKMBAHHS
0JIaropoJIHUX METaJiB Ta cIuiaBiB. OJIHAK MOXJIMBOCTI OJIArOPOJIHUX METAIIIB Ta

CIUIaBiB Ha iX OCHOBI BUYEpIIaH1 HE OBHICTIO.

Bunaiinennss epekTUBHUX Taly3ed iX BUKOPHUCTAHHS OCHOBAHE HAa HAWOUIbII



MOBHOMY BUBYEHHI BIIACTUBOCTEH YHCTUX METAJIB, iX CILIaBiB Ta CIOIYK.
OcHOBHE 3aBJaHHS KypCcy - BHKJIAJCHHS IPUHLMUIIB JIETYBaHHSA 1
HAYKOBHX OCHOB CTBOPEHHS PI3HHUX TpYIl CTajiei Ta CIUIaBIB 3 LIIOCTPALII€I0
UX 3aKOHOMIPHOCTEHN Ha MPUKIIAll KOHKPETHUX METAJIIB, X CIIOJIYK Ta MapOK
CTaJICH.

Po3rnsiHyTi  3arajqbHi  NUMTaHHA  TEOpii JIETYBaHHS, OCHOBHI TpPyIU
CHeliaIbHUX CTajield, >KapOMIIHUX CIUIaBIB, a TaKOXX CTajJi Ta CIUIaBH 3

0coOMMBUMH (D13MUHUMH BJIACTUBOCTSAMH 1 CIUIaBH 3 e€PeKTOM nam'siti hopmu.



1 OCHOBH KJIACU®DIKAIII CTAJIEN

Ha croroani HeMae eqrHO1 Kitacudikallii creniaibHuX cTtajie. IcHye 6arato
03HaK, 3a SIKUMH KJIacU(]iKyIOTh CTalll, ajie 1 BOHM HE MOXKYTh OyTH OJTHO3HAYHUMU
JUTST BEJMKOT KUTBKOCTI Mapok crajieil. PosrmsHemo kmacudikailiro crtajieid 1o
HaWOUTBIIT 3aTalIbHUX O3HAKaX.

1. o ximMiyHOMYy ckJIaAy cTadl ¥ CIUITaBU YOPHUX METajiB yMOBHO
MIIPO3IIISIOTH Ha BYTJICIEB] (HEeJIerOBaHi CTalli), HU3bKOJIETOBaHI1 CTalll, JIETOBaHI
CTaJli, BUCOKOJIETOBaHI1 CTalll Ta CIIJIaBM HA OCHOBI 3aJi3a.

Byrnenesi ctai He MICTSTh CIICHIAIbHO BBEJICHUX JIETYIOUUX €JIEMEHTIB. Ix
KUIBKICTh OBUHHA OYTH B MEXaX, PErJIaMeHTOBAHUX JIJIS IOMIIIOK BiAMOBITHUMU
JlepkaBHMMH CTaHIAPTaAMU.

VY HHU3BKOJIETOBAaHUX CTAJISIX CyMapHa KIUIbKICTh JIETYIOUHUX €JIEMEHTIB
noBuHHa Oytu He Ounbme 2,5%, y neroBanux — Big 2,5 go 10%, y
BHUCOKOJIEroBaHUX — Ou1bIIe 10% mpu BMICTI B HUX 3aii3a He MeHIue 45%.

CnnaBu Ha OCHOBI 3aj1i3a MICTSITh HE MeHIIe 45% 3aii3a, ajie Horo 4acTka
Oisib1Ie, HIk Oy/b-SKOTO 1HIIOTO JIETYIOYOTO €JIEMEHTA.

VY 3anexHOCTI BiJl HABHOCTI THX a00 1HIIMX JIETYIOUUX €JIEMEHTIB CTal
HA3WBAIOTh MAPTAHIIEBUCTUMU, KPEMHICTUMHU, XPOMUCTUMH, HIKEIIEBUMH, a TAKOXK
XPOMOHIKEJIEBUMH, XPOMOMAPIraHIIEBUCTUMHU, XPOMOKPEMHICTUMHU 1 T.1.

2. 3a npu3HaYeHHAM CTall MIAPO3AUIAIOTH HA  KOHCTPYKUINHI,
1HCTPYMEHTAJIBHI 1 CTall 3 0COOMMBUMU (DI3UYHUMU BIACTUBOCTIIMHU.

KoHcTpyKuiiiHOI0  HA3MBA€THCS  CTallb, IO 3aCTOCOBYETHCS  JJIsS
BUTOTOBJIGHHA PI3HUX JeTaJied MalluH, MEXaHI3MIiB 1 KOHCTPYKIH Yy
MalMHOOyAyBaHHI ¥ OyJIIBHUIITBI, 1 Ta, 1[0 Ma€ BU3HAUYCHI MeXaHI4yH1, (Pi3uuHI,
XIMI4H1 BJIaCTUBOCTI.

KoHcTpykiiiiHi cTan nigpo3auiaioTh Ha MaIIMHOOYI1BHI, Oy IIBENbHI1, CTaJIl
Ta CIJIaBH 3 OCOOJIMBUMH BJIACTUBOCTSIMHU — TEIIOMIIIHI, )KapOMIIIHI, )KapOCTiHKi,
KOPO31MHOCTIHKI.

IHCTpPYMeHTAJIBbHOI0 HA3UBAETHCS CTAJIb, IO 3aCTOCOBYETHLCS TSI OOPOOKH
MaTepiajliB pi3aHHSIM ab0 THUCKOM 1 II0 Ma€ BHUCOKY TBEPJICTh, MIIHICTD,

3HOCOCTIHKICTh MOPYY 3 IHIIMMHU BJIACTUBOCTSMH.

[HCTpyMeHTanbHI  CTalli  MAPO3AUIAIOTh HAa CTall Uil PLKYYOro



IHCTPYMEHTY, IITAMIIOBI CTaJIl i CTaJIl JIJI1 BUMIPIOBAJIBHOTO 1HCTPYMEHTY.

VYcepenuni 3a3HaveHoi kiacu@ikaiii iICHYIOTh OUIbII BY3bKI IMIAPO3JILIN
CTaJIei, K 32 MPU3HAYCHHSIM, TaK 1 32 BIIACTUBOCTSIMH.

3. Knacudikauisi crajieii 3a cTpyKTypoIO B 3Ha4Hiil Mipi yMOBHA.

3a CTPYKTYypOIO CTajll y pIBHOBAKHOMY CTaHI MOUISIOTH HAa JJOCBTEKTOIIHI,
€BTEKTOIIHI 1 3a€BTEKTOIIHI.

Jlerytodi en1eMEeHTH 3MIHIOIOTh BMICT BYTJICIIO B €BTEKTOI/Il CTOCOBHO HOTO
MOJIOKEHHS Y BYyTJIEleBiid cTami. Tomy, B 3aJI€KHOCTI BiJ] CIIOTYUYEHHS JIETYIOUMX
€JIEMEHTIB, IOJOKEHHA EBTEKTOINHOI TOYKH MOXE OyTH PI3HHM IpPU PI3HOMY
BMICTI BYTJICIIIO.

[HI110}0 YMOBHOIO CTPYKTYPHOIO 03HAKOI0, O SIKIH KJIACU(DIKYIOTh CTalll, €
OCHOBHA CTPYKTYpa, 1110 OTpUMaHa Mpyu HOpMati3ailli, TOOTO MPU OXOJIOKEHHI Ha
MOBITP1 3pa3KiB HEBEJIUKUX MEPETUHIB MICJIsI BUCOKOTEMIIEPATYPHOTO HArpiBaHHS
(6inpie 900°C). IIpu mpOMy, B 3aI€XKHOCTI Bifl CTPYKTYpH CTaji MiAPO3ALISIOTH
Ha NEePJIITHI, OCIHITHI, MAPTEHCUTHI, JIeIeOypPUTHI, (PEPUTHI Ta AyCTEHITHI.

[lepmiTHi 1 OEWHITHI CTajli YacTilieé BChOro OyBalOTh BYTJICHEBUMH M
HU3bKOJICTOBAHUMH, MApPTEHCUTHI — JIETOBAHUMH ¥ BHCOKOJETOBAaHUMH, a
dbepuTHI Ta ayCTEHITHI — BHCOKOJIETOBAaHUMH. AJie 1€l 3B'A30K: CTPYKTypa -
JIETYIOUMUA €JI€eMEHT, HEOJHO3HAUYHUN. MOXXyTh OyTH 3MillIaHl CTPYKTYpHI KJIacH
— (epuTo-nepaiTHUH, (hEPUTO-MAPTEHCUTHUMN, ayCTEHITO-PEPUTHHI, ayCTEHITO-
MapTeHCUTHUI. Taka kiacugikallisi 3aCTOCOBYEThCS MPU HASIBHOCTI HE MEHIIE
10% depury.

Jlo crnemiaabHUX CTaJNIe BITHOCSTHCS CTaJll BYTJICIEBI Ta JIETOBAHI, SIKUM B
pe3ynbTaTi CreuiaibHOi OOpOOKH (XIMIYHOI, XIMIKO-TEPMIYHOI, AehopMaliiHoi,
JIa3€pHOI, MJIa3MOBO1) HAJAIOTHCSI 0COOJIMBI BJIACTUBOCTI.

Jlo cmemalbHUX CTaje Ta CIUIaBIB BIAHOCSTH: KOPO3IMHOCTINKI,
JKapOCTIiMKi, >KapoOMiIlHI, CTajli Ta CIUIaBH 3 OCOOJMBHMH  (PiI3MUHHMHU
BJIACTUBOCTSAMU  (MarHiTHI ~ Martepiaau,  paaiamiiiHO-CTIMKI  Marepiaju,
1HCTPYMEHTAJIbHI KapOMIILIHI CYIIEPCIUIABH).

Jlo cnemianbHUX CIJIABIB BIJHOCSTH KApOCTIMKI Ta »apOMILHI CIUIaBH Ha
OCHOBI HIKEJIIO Ta XpOMY, CIIJIaBA Ha OCHOBI 1HTEPMETAIIIIB, CIIJIAaBU 3 TIaM'STTIO
dbopmu, cynepcruiaBy, TBEp/Il KepaMiuHi IHCTPYMEHTAIbHI CTIJIaBH.

2 KOPO3IMHOCTIHMKI CTAJII TA CIUIABH



2.1 3arauanHi BitomocTi

Kopo3ieto HazuBaeTbes pydHYyBaHHS METAITIB Ta CIJIaBIB BHACTIIOK XIMITHOT
abo eNeKTpOXiIMIYHOi B3aeMOJli iX 13 HABKOJHINHIM cepeloBUlIeM. Y
BIJIMOBITHOCTI 3 1M PO3PI3HSAIOTH JBa THOM KOpO3ili — XIMIYHYy Ta
CICKTPOXIMIUHY.

VY 3amexHOCTI BiJ BJIACTUBOCTEM CEpENOBMINA Ta YMOB B3a€MOJIL
PO3PI3HAIOTH HACTYITHI BUJIM KOPO3ii: Ta30By, aTMOCGhEpHY, MiABOAHY, MiI3EMHY,
KOHTaKTHY, OIOKOpO31I0 Ta 1H.; Y 3aJIEXKHOCTI BIJ] XapakTepy pyHHYyBaHHS —
pPIBHOMIPHY, TOYKOBY, IITTHHIOBY, IIUIMHOBY, MDKKpPUCTaJi4Hy, HOOBY,
BUOIPKOBY.

Kopo3iiina cTiiikicTh — 3/1aTHICTh MaTepiady YHHUTH OMIp KOPO3iiHIM ii
CepeZIOBUIIA — MOKE BU3HAYATHUCS SKICHO Ta KUJIBKICHO: 3MIHOIO MacH 3pa3KiB;
00'eMOM BOJIHIO, III0 BUJAUIMBCS (YU KHUCHIO, SIKMM TOTJIMHYBCS); 3MEHIICHHSIM
TOBUIMHU 3pa3KiB; 3MIHOIO MOKAa3HUKIB (PI3UYHUX YU MEXAHIYHHUX BIACTHUBOCTEM;
HIUTBHICTIO TOKY KOpO3ii; TJIMOMHOIO CTPYKTYpPHHMX 3MiH; 4YacoM JO0 IOSIBU
KOPO31HHOTO pyHHYBaHHS.

Ax kpuTepiil KOpO31MHOT CTIMKOCTI YacTO BUKOPUCTOBYIOTH IIBHJIKICThH
KOpO3ii, siKa BUpaxaeTbcs raMOuHHMM Kr (MM/pik) a6o macoBum Km (r/m?)
MOKa3HUKaMH, fK1 3B's3aH1 criBBiAHOMIEHHIM Kr=8,76*Kw/n, ne g — uiinbpHICTh
meTany (r/m?).

Jlns OIiHKM 3arajibHOi KOPO31MHOI CTIMKOCTI YacTO BHUKOPHUCTOBYIOTH

n'aTubanbHy WKy abo AecITUOANbHY IIKaly, ki pekoMeHayotbes JCTY.

2.2 KoposiiiHocTiiiKi cTaJi

KoposiifHOoCTiiiki ~ cTajmi  eKCIUTyaTyloTh  IMEpPEeBaXHO B yMOBax
eJIEKTPOXIMIYHOI KOpo3ii. Kopo3iHHOCTIHKMMH CTaNsIMU TPaJMLIIHO HA3UBAIOTh
CTali, $IKI MalThb BHCOKY KOpPO3iiiHy CTIHKICTh y BOJIOTid aTmocdepi Ta

c1aboarpecCMBHUX BOAHUX PO3UHHAX.

KoposiifHOCTiiiKiI cTajni BUKOPUCTOBYIOTH JJIi BUTOTOBICHHS JeTasiei

MalllMH Ta 06J'I3.ILH8.HH}I 1 3BAPHUX KOHCTPYKTHBHUX eJICMCHTiB, K1 MpamnrorTh B



PI3HUX arpecUBHUX CEpeloBHUIlaX (Bojiora atMoc(depa, MOpchbKa BOJa, KUCIOTH,
PO3YMHHM COJIEeH, JTY>KH1 pO3UMHH, PO3IUIABH METAJIIB Ta 1H.).

OCHOBHUH JIETYIOUMI €JIeMEHT KOPO3IMHOCTIMKUX cTalied — Xpom. Y
CKJaJi cTajel, 0 BUKOPUCTOBYIOTHCS HAa CHOTOJIHI, BMICT XpOMY, K MPaBUIIO,
3HaxXoAuThCcs B Mexkax Bim 11 mo 30%. Hikens B crmaBax i3 3a1i30M IiIBHUIILYE
KOPO31MHY CTIHKICTh B PO3YMHAX XIMIYHMX PEUOBHH, 110 CJIA00 OKUCIIIOIOTHCS Ud
HE OKHCIIIOIOTBCSA, a TaKOoX CTa0UII3ye ayCTEHITHY CTPYKTYpy Ta J03BOJISIE
CTBOPHUTH ayCTEHITHI XpPOMOHIKEJIEB1 CTajl 3 BUCOKOIO KOPO31iHOIO CTilKiCTIO. J{J1st
OJICp’KaHHS ~ HEOOXIJIHOI ~ CTPYKTYpH, BJIaCTUBOCTEM Ta  3a0e3medyeHHs
MaKCHUMAaJIbHOI CTIMKOCTI KOPO31MHOCTIMKI CTali JIETYIOTh (DepUTOYTBOPIOIOUUMHU
CIEMEHTaMH — KPEMHIEM, aJIIOMIHIEM, MOJIOJEHOM, BOJb(pPaMOM, HiOOIEM,
TUTAHOM, BaHAJIEM Ta AayCTCHITOYTBOPIOIOUMMHU €JIEMEHTAMU — HIKEJIEM,
MaprasiieMm, kodaabToMm, M. HalOuIbIn po3MoBCIOIKEeH] B TEXHII Ta Ti, IO
BUBYAIOTHCSl B JaHUM Yac, KOPO3IMHOCTIMKI CTajll ayCTEHITHOIO, ayCTEHITO-
(GbepuTHOrO Ta ayCTEHITO-MapTEHCUTHOIO KJAcCiB, MalOThb B CBOi OCHOBI Pi3HI
koMOiHartii cucteM Fe-Cr-Ni, Fe-Cr-Ni-Mn 13 107aTKOBUM JIETyBaHHSAM PI3HUMHU
enemeHTamu. Ilpy  omHowacHOMY  BBeA€HHI  (DEpUTOYTBOPIOIOUMX  Ta
ayCTEHITOYTBOPIOIOYUX €JIEMEHTIB, Yy CTajsiX MOXYTh CIOCTEpIraTUCh Pi3HI
CTPYKTYpHi Ta (a30B1 CITIBBITHOIIEHHS.

IcuytoTh pi3Hi knacudikaiii KOpo31MHOCTIMKUX (HEepkKaBIFOYUX) CTajlel Ta
cruiaBiB. B 3aJIe:KHOCTI BiJl XIMIYHOTO CKJIaTy CTalIl Ta CIUIaBH MOALISIOTH Ha KJ1ach
0  OCHOBHOMY  CKJIQJIOBOMY  €JIEMEHTY: XPOMHCTI,  XPOMOHIKEJIEBI,
XPOMOMAapPTaHIIeB1, XPOMOHIKEIbMOIII0IeHOB] Ta 1H. HallO1IbI11 pO3MOBCIOHKEHHUI
PO3MOILI IO CTPYKTYPHUM O3HAKaM. Y 3aJ€KHOCTI BiJl CTPYKTYpHU CTajl AUISITh Ha
Kjiacu: (epuTHUM, MApPTEHCUTHUM, ayCTEHITHUH, (QEepUTO-MapPTECHCUTHHIH,
ayCTEHITO-MapTeHCUTHUH, aycTeHITo-peputHuii. B okpemuii kiac, ik mpaBuio,
BUJIIJISIFOTh KOPO31MHOCTINKI CIJIaBU HAa OCHOBI HIKENO (HIKETh-XpOM, HiKEJhb-
MOTIOICH).

Posnmogin craneil Ha Kiacu 3a CTPYKTYpPHUMM O3HAaKaMH yMOBHUH, 1
MIPOBOJIUTHCS B 3JIGKHOCTI BiJl OCHOBHOI CTPYKTYpH, sSKa OTPHMaHa TIpH
OXOJIO/DKCHHI CTajeil Ha IMOBITPI MICJIS BUCOKOTEMITepaTypHOTo HarpiBy. Ckian
KOpO3iMHOCTIiKuX craneil pernamentyerbess ['OCT 5632-72, a mexaHiuHi
BiactuBocTi BianoBimHuMu ['OCTamu Ha miBpabpukatu, Hampukiaa, ['OCT
7350-77 (toBctuit smct), I'OCT 5582-75 (tonkuii suct), 'OCT 5949-75



(copToBuii MpoKar) Ta iH.

3a KopAoHOM KiIacu]ikalliifHi cTaHIapTH Ha KOPO31MHOCTINKI CTalll MalOTh
HactynHi no3HaueHHs: B CILIA — AJSJ, y Beaukoopuranii — B.S.970, y ®panii
— A.F.N.O.R., B Himeyunni — DIN 17007, B IlIBenii — SIS, y Benrpii — MSZ.
B Snownii cnemiankHOro cTaHAapTy Ha KOPO31MHOCTINKI CTajl HeMae; XIMIYHUMA
CKJajJ crTajell OoOyMOBIIOETbCS B  CTaHAApTax Ha  BIANOBIAHUN  BHI
METaJIONPOAYKITi.

Jns mpuaaHHA KOPO3iMHOT CTIMKOCTI B CTallb BBOJASATH He MeHmie 12%
XpoMy. ¥ 3aJI€KHOCTI BiJ] CITIBBITHOILIEHHS BYTJICLIO T4 XPOMY CTaJll MOKYTh MaTH
deputny (08XI18T, 12X17, 15X25T, 15X28), ¢pepuro-maprencutny (08X13,
12X13) ta maptercutny (20X13, 30X13, 40X13) ctpykTypy (pucyHok 2.1).

enaety—
PHMTHI
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Pucynok 2.1 - CtpykrypHi knacu crajueil B cucteMi Fe-Cr-C Ta mosnoxeHHs Ha
JiarpaMi MPOMUCIOBUX XPOMHUCTUX CTaJIeh
MapreHcuTHi Ta MapTeHCUTO-(pepUTHI CTaldl MalOTh TApHY KOPO3iHHY
CTIMKICTb B aTMOC(EpHUX YMOBAX, y ciaboarpeCuBHUX CepeoBUINaX (B ClIaOKUX
pO34YMHAX COJeH, KHUCIOT) Ta BHCOKI MEXaHIYHI BJIACTUBOCTI. MexaHivHi
BJIACTUBOCTI MAPTEHCUTHUX Ta MAPTEHCUTO-(PEPUTHUX KOPO3IMHOCTIMKUX CTaIeH

HaBeaeHl B Tadmmmi 2.1.



Crasti BAKOPUCTOBYIOTH JIJIs1 BUPOOI1B, SIK1 MPAIIOIOTH HAa 3HOC, SIK Pl3aIbHUN
IHCTpYMEHT (a camMe — HOXi), Uil MPYXXKHUX €JIEMEHTIB Ta KOHCTPYKIH B
XapyoBi Ta XIMiUHIM mnpoMucioBocTi. Ili crTami BHKOPUCTOBYIOTH IMICIIA
3arapTyBaHHS Ta BIAMYCKy Ha 3aJaHy TBEPIICTh. 3aBISKH Majiii KPUTHIHINA
mBUAKOCTI 3araptyBanHs, ctam 30X13, 40X13 3arapToByOThCS HA MApTCHCHUT

IIPU OXOJIOJIPKEHH1 Ha TTOBITP1 (PUCYHOK 2.2).

Tabauysa 2.1 - Cknao ma mexauiuni 61acmu8ocmi MapmeHCUmHuux ma

mMapmencumo-pepumnux KoOpo3itiHOCMIUKUx cmaeu

Mapxka | BMiCT BYIJIeLIo, Pesum TepMmiunOi 00po6KH, °C M2 | 5| Y
cram® %o 3arapTyBaHHs BIJIITYCK MIla %
CTaJli MAPTEHCUTHOTO KJ1acy
40X13 0,36-0,45 1050 600 1140 | 910 | 13 | 32
30X13 0,26-0,35 1000 640 960 | 715| 16 | 52
CTaJll MapTEHCUTO-(EPUTHOTO KIIacy
20X13 0,16-0,25 1020 600 850 |650| 12 | 50
12X13 0,09-0,15 1030 380 740 1590 | 20 | 66
08X13 0,08 1000 380 510 |340| 28 | 75

*Bwmict xpomy — 12-14%

3arapTyBaHHsi BUPOOIB 13 LUX CTalled MPOBOAATH Bij Temmeparyp 950-
1020°C, ToMy 11O TiIBKM BHUINE LUX TEMIIEPATyp HPOXOAUTH MOBHE PO3UUHEHHS
kap61a1iB Cr23Ce. Ilicig 3arapTyBaHHs CTajl BIAMYCKAlOTh HA HEOOX1AHY TBEPAICTb.
[Ticns 3arapryBanns ctainb 40X 13 mae Bepaicte HRC 56-58, micnd Binnycky npu
200-300°C I IRC 50, micns Bigmycky mpu 600°C 1 IRC 32-34,

Uwuwm OinpInie B CTall BYIJICIIO, TUM OUTBINE BUIIISETHCS KapOiliB XpOMY 1
TUM CWIBHIIE 3HUXKYETHCS KOpPO3iHA CTIHKICTE. Y 3B'SI3Ky 3 ILHM

BUKOPUCTOBYIOThH CTall 3 IEPEMIHHUM BMICTOM BYTJICLIO Ta XPOMY: UMM BHUIIE B



CTajIl BMICT BYIJICI[IO, TUM O1JIbIIIE MOTPIOHO XpOMY JIsl 3a0e3nedueHHsT He0OX11HO1
KOpo3iiiHOi cTifikocTi. B cram 08X13 a’y mepeTBOpeHHs IpU HarpiBaHH1
MIPOXOJUTH TUTBKH YaCTKOBO, Yepe3 1€ BOHA CXMJIbHA JI0 HEMTOBHOTO 3arapTyBaHHS,
a CTPpyKTypa CTaji TICJs IIBHAKOTO OXOJIOMKCHHS CKJIANaeThes 3 (Gepury Ta
HEBEJIMKOi KIJTBKOCTI HHU3BKOBYTJICIIEBOTO MApPTEHCUTY, SKHA TPU BIAMYCKY

posmnanaerhes Ha (pepuTo-KapOiIHy CYMIIIL.
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Pucynox 2.2 - Jliarpama 130T€pMI4HOTO PO3May MEePEOXO0JIO0HKEHOTO ayCTEHITY
ctani 40X13: 1 - 3arapTyBaHHS B 0J1110; 2 - OXOJIOJKEHHS Ha MOBITPI;

3 - OXOJIOMKEHHS B eyl

Crami 12X13 Ta 08X13 matoTe OULIbII BUCOKI MJIACTUYHI Ta TEXHOJOTIYHI
BJIACTUBOCTI; 1X BHMKOPUCTOBYIOTH JUIsI 3BapHUX BHPOOIB, SKI MPALIOIOTH B
c1ab0arpeCuBHUX CEPEIOBUIIIAX.

®epurtHi craui. 1{i cTan BUKOPUCTOBYIOTH ITPU BUTOTOBJIEHHT BUPOOIB ISt
noOyTOBUX MPUOOPIB, B XapUOBiii, JETKii MPOMHUCIOBOCTI Ta JIJIsl TETIOOOMIHHOTO
o0alHaHHS B €HEPrOMalIMHOOY IyBaHHi.

@depuTHI XPOMHUCTI CTalll MAlOTh BUCOKY KOpPO3iMHY CTIMKICTh B a30THIN
KHCIJIOTI, BOJHUX pO3YMHAX amiaky, B amMiauHiid CeNiTpi, CyMilll a30THOI,

dbochopHoi Ta (PTOPUCTOBOIHEBOI KHUCIOT, a TAKOX B IHIIUX arpeCUBHUX
CepeIOBUIIAX.



KoposiitHa cTilikicTh cTaneil (epuTHOTO KIacy MiABHUINY€ETbCA 31
30UIBIICHHSIM BMICTY B HUX XpOMY, 3MEHIICHHSIM BMICTY BYTJICIIO Ta a30Ty. 3a
KOPJIOHOM pO3pO0JIeHi cTalll, Kl OJIep>Kalid Ha3By cynepdepuris, MicTaTh 1828%
xpomy Ta 2-4% moniOaeHy, 13 HU3BKUM CyYMapHHUM BMICTOM BYTJICIIO Ta a30Ty
(0,025-0,035%). B cTanax ¢epuTHOTO KIacy Mpu BUCOKOTEMIIEPATypHOMY Harpisi
MOXJIMBE YTBOPEHHS ayCTEHITY, KIJIBKICTh SIKOTO 3aJICKHUTh BiJl BMICTY BYTJICITIO.
Tineku nipu koHueHTpatii Byriemoo 0,03% B CTpyKTypi cTalll CIIOCTEPIraeThes
yucto eputHa cTpykTypa. HalOinpima KUTBKICTh ayCTEHITY YTBOPIOETHCS TIPH
temrepatypax 1000- 1100°C, npu miABUILIEHH] TEMIIEPATypH KUIbKICTh ayCTEHITY
3HUKY€EThCSA. Y TBOPEHHSI yCTEHITY B CTAJIAX LIbOTO TUITY HEOaXkaHe, TOMY L0 IpU
OXOJIOJIPKEHH1 MPOXOAUTh MapTEHCUTHE NIEPETBOPEHHS, a 1€ M1ABUILYE TBEPHICTb,
3HMIKY€E TUIACTUYHICTD CTaJlel, BUKJIMKAE CXUIBHICTh 10 MIKKPUCTAIIYHOI KOPO31i
(MKK). [lns 3ano0iranHs bOTO SIBUINA 3MEHIITYIOTh BMICT BYIJICIIO YU BBOJSITH
TUTaH, HI00iH, w™Momioaen (cram O08X18T, 015X18M2B), sKi CHpUSAIOTH
oJlepKaHHIO OAHO(A3HOT CTPYKTYpH, a YTBOPEHHS KapOiAiB TUTaHy Ta HIOO01IO
3HM)KY€E CXUJIBHICTD JIO POCTY 3€pHA Ta MOKpAaIly€e KOPO31iHY CTIMKICTb.

Tepmiuna oOpoOka (epuTHUX cTajgel 3aJeKUTh BiJ KOHKPETHUX YMOB
BUPOOHMIITBA Ta eKCIUTyaTalii. J{ist Toro mo0 yHUKHYTH KPUXKOCTI1, BUIJICHHS TI-
da3u ta cxunbHOCcTi 10 MKK, 3acTocoByroTh Bijman nmpu remmnepaTtypi 560- 800°C
4y 3arapTyBaHHs 3 HarpiBoM B inTepBaii 870-950°C Bmpomosx 1 roguuu 3
OXOJIOKEHHSAM B BOJII.

XpomucTi ctaii (epuTHOrO KJIacy MOKHA 3 YCIIXOM BUKOPUCTOBYBATHU MpU
poGOTI B arpecUBHUX CepeNoBHINax B inTepBaii Temmeparyp 100-350°C.

Henonikamu XpoMUCTUX cTajieilt GepUTHOTO KIIACY €: CXUIBHICTD JI0 POCTY
3epHa MPU HATPiBi; KPUXKICTh BHACTIOK BUAUICHHS T-(pa3u; MOPIBHSIHO HEBUCOKI
XapaKTEPUCTUKU MIIHOCTI Ta >KapOMILHOCTI; TpPYyAHOILII B 3a0e3MeueHHI
3BapIOBAHOCTI Ta KOPO31MHOI CTINKOCTI 3BAPHUX IIIBIB.

AycTeHiTHI XpoMoOHiKeseBi craji. BBeeHHs B cTanb HiKeNIO 3HAYHO
PO3IIHPIOE Y-00J1aCcTh, 3HWKYE TEMIIEPATypy MapTEHCUTHOTO MIEPETBOPEHHS 1 TPU
KOHIIeHTpallii 8% Hikemto ctanb 3 18% xpomy Ta 0,1% Byriemio crae cTajuito
ayCTEHITHOTO Kjacy. MapTeHcHuTHaA Touka MH IpHU OXOJIOJDKEHHI Ui [IUX CTajen
3HAXOJMUTHCS JIEMIO0 HUKYE KIMHATHOI TeMIlepaTypd, a MapTEHCUTHA TOYKA MpHU
nepopmamii Mpa Bumie. Ilomoxenns Mu craneit tumy 18-8 BU3HAYaeThCS

CITIBBITHOIIIEHHSIM XPOMY, BYTJICIIIO, HIKEJIIO Ta JOMIIIOK B CTaJll Ta 3MIHIOETHCS B



mpokux Mexax Big 0 1o (-180)... (-190)°C.

OCHOBHOIO TEPEBArol0 CTajlei ayCTEHITHOTO KJIacy € iX BHCOKI CITy>KOOBI
XapaKTepUCTUKH (MILHICTh, IUIACTHYHICTh, KOpO3iiHA CTIHKICTh y OUIBIIOCTI
poOOYMX  CEpeIOBHWIN) Ta TapHAa TEXHOJIOTIYHICTh. TOMy  ayCTeHITHI
KOPO31MHOCTIMKI CTami 3HAWIIIM IIHPOKE 3aCTOCYBaHHS SK KOHCTPYKIIHUIA
Matepiall B pI3HUX Tally3sX MalIMHOOY TyBaHHS.

B XpoMoOHIKeIeBUX ayCTEHITHUX CTaJAX MPOMHUCIOBUX IUIABOK MOXKJIMBI
HacTyIHi (pa3oBi nepeTBOpeHHs: 1) yTBOpEeHHs KapOiqHUX, KapOOHITpUIHUX (a3
Ta c-pa3u npu HarpiBax B iHTepBail 650-850°C; 2) po3umHeHHs mux (a3 npu
HarpiBi 10 Outeln Bucokux temmeparyp (1100-1200°C); 3) yrBopenHst S-deputy
IpU BUCOKOTEMIIEpaTypHUX HarpiBax; 4) yTBOPEHHS a- Ta S-MapTEeHCUTHUX (a3
MIPU OXOJIO/IPKEHHI Ta TIACTUYHIN Aedopmaiii.

Buninenns kapOoHITpUIHUX (a3 3MIMCHIOETHCS MEPEBAXKHO IO MEKax
3€peH, 1110 3HWXKYE MIacTU4HICTh cTane Ta ix onip MKK. [Ipu yrBopenHi c- ¢asu
CTall PI3KO CTalOTh KPUXKUMH. [IpUCYTHICTB B CTpPYKTypl cTam S-heputy
HETaTUBHO BIUIMBA€ Ha 11 TEXHOJOTIYHICTh, OCOOJMBO MpHU Tapsdiid 0O0poOIl
TuckoM. ToMy B cTansx, siKi MiAAAl0ThCs OOpPOOINl THUCKOM, MPHU IiJIBUILECHUX
TeMIIepaTypax KUIbKICTh S-hepuTy CTPOro JIMITY€ETHCA.

MeToto TepMI4YHOTO0 0OOpPOOKH € OTpUMAaHHS ayCTEHITHOI CTPYKTYpPH, 3HATTS
BHYTpIIIHIX Hanpyr, ycyBaHHA cxuiabHOCTI A0 MKK, sika BuHuKae npu
3BaprOBaHHI, TapsA4idi oOpoOIll THUCKOM YW I1HIIMX TEXHOJOTIYHUX OTepallisX.
Tepmiuna o00poOka BKiIOYae A0 cebe 3arapTyBaHHA 0e€3 moIIMOpPGhHOIo
MePETBOPEHHS UM CTaOLII3yFOUMi BiJIITAIL.

XpoMomMapraHueBoOHiKeJIeBi Ta XpoMoMapranuesi crajai. Mapraseus, sk
1 HIKEJb, € AyCTEHITOYTBOPIOIOYMM €JEMEHTOM, OJIHAK, BiH 3/1MCHIOE€ MEHIII
CWIbHUI BIUTMB Ha CTAOLTI3aIlll0 ayCTEHITY. AYCTEHITHY CTPYKTYypy B XpPOMO-
MapraHieBuX CTAJIIX MOKHA OTPUMATHU TIJIBLKH MPU BMICTI MapraHifto oiabiie 15%
Ta Tpu BMIcTi Xpomy MeHme 15%. [lpu 1HMMX CHIBBIAHOMIEHHAX JETYIOUUX
€JIEMEHTIB CTPYKTYpa CTajel ctae 1Bo¢a3Ho0 (ayCTeHIT+HPEpUT Uu MapTEHCUT Ta
c-¢aza). Tomy mpu 3amMiH1 HIKETIO MapraHieM HeoOXiJHO 3HUKYBATH BMICT XPOMY
YW 3aMIHATHA HIKEJb 9aCTKOBO, 200 JOJATKOBO JIETYBATH CTal TaKUM CHUIBHUM
ayCTEHITOYTBOPIOIOUMM  €JIEMEHTOM, SK  a30T. Kopo3siiiHa  CTIHKICTh

XpPOMOMAPTaHIIEBUX Ta XPOMOMApraHIEBOHIKEIEBUX CTallel B 0ararbox



arpeCMBHHUX CEpeIOBUIIAX JOCTaTHbO BUCOKA, OJHAK B CEPEIOBHUIIAX BHUCOKOI
arpecUBHOCTI (HAmpUKIAJ, Aa30THA KHUCIOTa, CEpPEAOBHINA 3 TaJOrCHAMH,
cyibdaramu, CyibdigaMu) MapraHelb 31MCHIOE HETaTUBHUN BIUIMB Ha OIIP
kopo3ii. ToMy KOpO3i1MHOCTIIKI XpoMapraHieBi ctaji Tpeba BHKOPHCTOBYBATH
TUIBKH TICJS PETEIbHUX BUMPOOYyBaHb Ha KOPO3IMHY CTIWKICTH B POOOYOMY
cepenoBuil. TepMiuHa 0OpoOKa WX CTAJIEW 3aKIIOYAETHCS B 3arapTyBaHHI BIJ
1000-1100°C 3 wmeroro 3a0e3meueHHs AyCTEHITHOI CTPYKTYpH, 3HATTA
MOMEPETHHOTO HArapTyBaHHA Ta yCYHEeHHs cxulibHOCTI 10 MKK.

XpoMoMapraHieBli Ta XpOMOMapraHIEBOHIKENEBl CTajli BUKOPUCTOBYIOTh
K 3aMIHHUKH XPOMOHIKEJIEBUX CTaJIel B CEpPEeIOBUIIAX CEPEIHbOI arpeCUBHOCTI,
iX BUKOPUCTOBYIOTh B IIMPOKHMX JianazoHax Temneparyp. Ckiaj Ta MeXaHIuHI
BJIACTUBOCTI JACSKUX (PEPUTHUX Ta ayCTCHITHUX CTajel HaBeAeH1 B Ta0auIl 2.2

AycTteHiTO-GepuTHI Ta aycTeHITO-MapTeHCUTHI cTaJi. [lepeBara cranei
i€l Tpynu — TMiABUIIEHA MeXa TEKYyYOCTI B TOPIBHSHHI 3 ayCTEHITHUMHU
0JIHO(a3HUMU CTaJSIMU, BIACYTHICTh CXHJIBHOCTI JI0 POCTY 3€peH IpH 30epiraHHi
nB0o(a3HOI CTPYKTYpPH, MEHIIMH BMICT TOCTPOAEC(HINUTHOIO HIKEII0 Ta TapHa
3BaprOBaHiCTh, MeHINa cxuiibHICTh 10 MKK. Ckrnaz, pexxumu TepMidHOi 00poOKH
Ta BJIACTUBOCTI JESIKUX ayCTEHITO-(GEepUTHUX CTajeil mpuBeneHi B TaOiuil 2.3.
AyCTeHITO-(pEepUTHI CTall 3HAXOASITh IIMPOKE 3aCTOCYBaHHS B PIZHUX Taly3six
Cy4YacCHO1 TEXHIKH, OCOOJIMBO B XIMIYHOMY MAalllMHOOYyBaHHI, CyJTHOOYlyBaHHI,
aBiariii.

[IpuHIunoBa BiAMiHA cTaliel ayCTEHITO-(QEpPUTHOTO KJIACy CKIIAJIAa€ThCA 3
TOTO, IO 3aBASKH OUIbII BUCOKOMY BMICTY B HUX XpPOMY ayCTEHIT CTa€ OUIbIII
CTIMKUM MO BIJHOUIEHHIO JI0 MapTEHCUTHOTO IEPETBOPEHHs, XOua MOBHICTIO
BUKJIFOUUTH MOJIMBICTH YTBOPEHHS MAapTEHCUTY B LHUX CTalsAX HE 3aBXKIU

BIIA€THCS.



Tabauysa 2.2 - Cknao ma Mexauiuni 61acmusocmi hepumuux ma aycmeHimHux KoOpo3iuHoCmIiuKux cmanetl

Mapxa crai BMiCT OCHOBHHX JIETYIOUHX CIEMEHTIB, % | P SKIM TepMidHOi 00pOOKH 0,2 5 Y
C Cr Ni 1HIII Mi[Ia %
cTasi (PepUTHOTO KJacy
12X17 <0,12 16-18 - - Hopmamizaris 800°C 520 | 360 30 | 74
08X18T1 <0,08 16-19 - (0.6-1)Ti HopMmautizartis 850°C 510 | 340 36 | 78
15X25T <0,15 | 24-27 - (0.5-0.9)Ti Biamnan 750-780°C 540 - 40 | 70
CTaJl ayCTEHITHOTO KJIacy
12X18H9 <0,12 17-19 8-10 - 3araptyBanHs 1000°C 540 | 260 40 60
10X17H13M3T | <0,10 16-18 12-14 (0.5-0,7)Ti 3araptyBanHs 1050- 580 | 280 40 | 60
1080°C
10X141'14H4T <0,1 13-15 | 2,84,5 | (0.5-0,6)Ti 3araptyBaHHs 1050°C 620 | 280 45 60
(13-15)Mn
10X14ATI'15 <0,1 13-15 (14-16)Mn 3araptyBanHs 1000°C 750 | 300 45 55
(0.15-0.25)N
06XH28M/IT <0,06 | 22-25 26-29 (0.5-0.9)Ti 3araptyBaHHs 1050- 650 | 280 45 55
(2.5-3.0)Mo 1080°C

(2.5-3.5)Cu




Tabauysa 2.3 - Cknad ma mexauiuui 61acmusocmi ayCcmeHimo-gepumuux ma aycmeHimo-mapmeHCumuux Kopo3ititHoCmitikux
cmasneu

Mapka crami BwmicT ocHOBHUX elleMeHTIB, % Pexxum TepMiuHOi OB oy 5 Y
P c | o | N1 | irmi 06pOGKH MIla %
ayCTEeHITO-(PEpUTHI CTaIl
08X22H6T <0,08 21-23 5,3-6,3 (0,5-0,65)T1  |rapryBanus 1050°C 419 38 W45
nedopmartist 35% 680 1350] 1200 8
08X21HO6M2T <0,08 20-22 5,5-6,5 (1,8-2,5Mo  [raptyBanHs 1050°C 720 440 50 |55
(0,2-0,4)Ti
08X18T'8H2T <0,08 17-19 (0,2-0,5)Ti raptyBanHas 1000°C 470 29 45
1,8-2,8 880
(7,9-9,0)Mn
ayCTEHITO-MapTEHCUTHI CTall
07X16H6 0,05-0,09 | 15,5-17,5 | 5,0-8,0 raptyBanHs 1000°C. 1100 | 900 20 |67

OO6poOKa X0JI00M -
70°C, 2 roauHu.
Biamyck 350°C

09X 15H91O <0,09 14-16 7,0-9,4 (07-1,3)Al raptyBaHHs 1000°C 1250 | 1000 | 20 |56
O6pobKa X0JI070M -
70°C, 2 roauHu.
Crapinas  450°C, 1
rOIMHA.




Tabauysa 2.3 - Cknad ma mexauiuui 61acmusocmi ayCcmeHimo-gepumuux ma aycmeHimo-mapmeHCumuux Kopo3ititHoCmitikux
cmasneu

08X17H5M3 0,06-0,1 16-17,5 4,5-5,5 (3-3.5)Mo 1200 | 850 20 |50
nopMmaiisanig 950°C. | 1300 | 1200 5
OG6poOKa X0JI0IOM -
70°C, 2 roguHM.
Crapinas  450°C, 1
ro/IMHA.

Jledopmartis 70%.




AycTeHiTo-QpepuTHI cTail CKIaAHl MO XIMIYHOMY CKJaay Ta MOXYTh MaTu
B CTPYKTYp1 Pi3HI CIIBBIIHOIICHHS ayCcTeHITHOI Ta depuTHOi Ba3. Temmeparypy
3arapTyBaHHS TaKUX CTajeld BAOUPAIOTh B 3aJI€KHOCTI BiJ] CKIIaAy Ta MPU3HAYCHHS
neTam: BoHa, sK mpaBwmwio, ckiaagae 900-1100°C. Cram, sxi nmpu3HA4YeHI AJIA
3BapHUX JETaNel, MJaI0Th BIAMYCKY JUIsl 3HATTS HAIPYT.

AycTeHiTO-MapTeHCHTHI cTaJi. Benrka nmorpeba HOBUX raiy3ei cydacHOi
TEXHIKH B KOPO3IMHOCTIMKUX CTaJsAX MIABUIIEHOI MIITHOCTI Ta TEXHOJOTIYHOCTI
IpUBEIIM JI0 PO3pOOJICHHS CcTajed ayCTeHITO-MapTEHCUTHOTO (MepexiTHOTO)
kinacy. CTpykTypa UMX CTajedl Ticias 3arapTyBaHHS MpeAcTaBisie co0o0io
HeCTIMkui  (MeTacTaOUIbHMI)  ayCTEeHIT, SKUM MOXKE MepeTepIUIoBaTH
MapTEHCUTHE y”ay IEPETBOPEHHSI B pe3yJibTaTi 0OPOOKH X0JIOAOM UM IJIACTUYHOI
nedopmarii HIKIe M.

BractuBOoCTI BHM3HAYaKOTHCS CHIBBIAHOMIECHHSM KUIBKOCTI ayCTEHITY Ta
MapTEHCHUTY B CTPYKTYPI.

B aycTeHITO-MapTeHCUTHHUX CTAJISIX MOKE YTBOPIOBATUCH JESKA KUIbKICTh
5- (deputy, HOro MpUCYTHICTH B CTPYKTYpl OOMEKYETHCS Yepe3 MOKIUBICTb
MOKPUXUYEHHS MapTeHcuTy mpu temrepartypax 400-500°C. Inga mporo B crani
BBOJISITh TakKi €JIEMEHTH, SIK aJIFOMIHIM, Mib, TUTaH. B 1IbOMYy BUIIQJKy B CTAJISIX
MOXJIMBE BHAUIECHHS 1HTepMeTaniaHoi (a3 NiAl, ska korepentHa 3 OLIK-
matpurieto, Ta NiTi un Ni(Al, Ti), sxi takox MawTh OLIK crpykrypy, mpu
BBEJICHHI MiJli YTBOPIOIOTHCS KOMIUICKCH, TyXe 30aradeni Miamo. OntuMaibHe
CITIBBIJTHOIIICHHS MIITHOCTI Ta TUTACTHYHOCTI 3a0e3medye JeryBaHHsS MOJ10eHOM
Ta ATFOMIHIEM.

KoposiitHa cTifikicTb cTalIel pi3HUX KJIaciB HaBeAeHa B Ta0ymi 2.4. AHai3
Tabauii 2.4 CBIAYMTH, 10 MAKCUMAJbHOK  KOPO3IHHOK  CTIMKICTIO

XapaKTEPU3YyIOTHCS CTall ayCTEHITHOTO Ta ayCTEHITO-(DePUTHOTO KJIaCiB.



Tabnuys 2.4 - Kopositina cmitikicms cmaineti pisHux Kidacie

Mapka Kopo3iiina crifikicTs ctanei (6an) nmpu 20°C B cepeioBUIIIaX:
crani 1% 10% 1% | 20% | Mmopcbka 10%
HNOs | HNOs | 2S04 | HCl | soma | O7° P 10,
K- Ta
HeJIeroBaHi cTaji
Cr3 10 10 10 10 8 -
0912C 10 10 10 10 8 -
KOPO31MHOCTIHNKI CTali MapTEHCUTO-(DEPUTHOTO KIIacy
08X13 3 <5 { 10 4 7 8
12X13 3 <5 8 10 4 7 8
KOPO31MHOCTIIKI cTaji (PepuTHOrO Kiacy
12X17 <3 4 7 10 4
08X18T1 <3 4 7 10 4
15X25T <2 <4 6 10 2 6
KOPO31MHOCTIHKI CTajll ayCTEHITHOTO KJIacy
12X18H10T 3 3 4 8 3 3 3
10X17H13M3T 3 3 3 7 2 2
06XH28MIT - - 1 6 1 2
KOPO31HHOCTIHKI CTajl ayCTeHITO-(hePUTHOTO KIIacy
08X22HST <3 2 3 9 - 3 3
08X21HO6M2T 3 3 2 8 3 2 2




3 dKAPOCTIMKI CTAJII TA CILIABHU

3.1 Kapocriiiki craui

binpuricTe MaTepiamiB 1 CIUIaBIB MPU BUCOKUX TeMIIEpaTypax y TOMy abo
IHIIOMY CTyNE€Hl BCTYHalOTh Yy PEaKiil0 3 HaBKOJMUIIHIM Ta30BUM abo
naponoIiOHUM CepeIOBUIIEM, Y PE3YIIbTaTl YOT0 BiI0OYyBAETHCS ra30Ba KOPO3is.

[{i mpomecw 3anexarh BiJ HACTYIMHUX YHMHHHUKIB: TEMIEpaTypH 1 CKIamy
ra3oBOTO CEpPEeIOBUIIA, CKIAAy METAIy.

CHpoMOXXHICTh M€Taly YHHHUTH OIIp OKHUCIIOBAHHIO B Ta30BOMY
CEpElOBUILII IPH BHUCOKHX TEMIEpaTypax Ha3UBAETHCS KAPOCTIMKICTIO abo
OKaJIMHOCTIUKICTIO.

3 MiABHILEHHSM TEMIEPaTypy IIBUAKICTH OKHUCITIOBAHHS METAIly 3pPOCTaE,
ajle 1O Mipl YTBOPEHHs TIIOBEPXHEBUX IUIIBOK TMPOIEC KOpo3ii Moxe
cnoBUTbHUTHCS. 1106 OKMCHA TUTIBKA Maja 3aXMCHI BIACTUBOCTI, BOHA NMTOBHHHA
OyTH CYLIIBHOIO, IO MOKIIMBO 32 YMOBH, AKILIO 00'€M MeTaly, BUTPau€HOro Ha ii
CTBOpPEHHsI, Oy/e MeHIIe 00'eMy OKHCIY, sIKUid yTBOpUBCS. OMHAK, SIKIIO IUTIBKA
KpUXKa, TO JIETKO YTBOPIOIOTHCS TpilMHU. OcoOIMBO OaraTo TPIlIMH BUHUKAE,
SKIIO MUTOMUNA O0'€M OKHCIy 3HAYHO IEPEBUIIYE MUTOMHI 00'€éM OCHOBHOTO
MeTainy.

VY Bonbdpama i MomiOaeHa MUTOMHUN 00'€éM OKHCIY IEpPEBHIINYE 00'eM
MeTainy OulblIe, HIX y TpU pa3v, TOMYy OKHUCHI IUIIBKU LIMX METAJIB HaBITh MpU
Jy’K€ HEBEJMKINA iX TOBIIMHI PO3TPICKYIOThCS W BiAIIAPOBYIOTHCS Bl METaly,
BIJIKpUBAIOYM JIOCTYIl KHUCHIO J0 #oro moBepxHi. Lli Meranum IHTEHCHBHO
OKHUCIIOIOThCS ipu TemriepaTypi Buie 500°C.

Metanu: 3am130, MiJlb, XpOM, QTFOMIHIN 1 PSAJ] IHITUX TaI0Th 3aXUCHI OKHCHI
IUTIBKK 3 BIJHOCHO HEBEIUKHUM O0'€MOM 1 TOMY PICT IUTIBKM y IIUX METaliB, B
OCHOBHOMY, BU3HAYAE€THCS MIBUAKICTIO IU(]y31i METaly Ta KUCHIO Yepe3 IUIIBKY.
lonnnit panmiyc kucHio (1,32 A) 3HauHO OLIbINE 10HHUX pajalyCiB MeTamly,
CTOBILEHHS T'a30BHX IUTIBOK IpU ra3oBiil KOpO3ii, B OCHOBHOMY, B1JOYyBa€ThCs
BHACIIOK MU(Dy3ii 10HIB METaTy 10 MEXi Oy METaj-Ta3, Je 1 MPOTIKA€E peaKIlis
OKHCITIOBaHHs. ["apHi 3aXMCHI IUTIBKH JJAaIOTh KPEMHIM, allfOMiHIM, XpOM, TTOTaH1 —
3aJ1130. BIiiB TemmnepaTypu Ha )KapOCTIMKICTh 3a113a MOKa3aHo Ha pUCYHKY 3.1.

ToMy, A/ MiABUINEHHS KApOCTIMKOCTI 3aji30 JIETyIOTh KpPEMHIEM,

anmoMiHieM, xpomoM. Halikparmii pe3ynbTaTH [a€ JEeryBaHHS 3alli3a XPOMOM.



BB XxpoMy Ha JKapoCTIMKICTH 3aji3a MOKa3aHUW Ha pUCYHKY 3.2. Jus
MOJIIIICHHS KapOCTIHKOCTI CTajl JOJATKOBO JIETYIOTh ATIOMIHIEM 1 KpeMHIEM
(menme 4%). Yum Oinpie xpomy (KpEeMHIiIO, aliOMiHIIO) B CTali, TUM BHIIE ii
YKapOCTINKICTh. BIUIMB XpoMy, HIKEIIO Ta KPEMHIIO Ha KapOCTIHMKICTh CTaJleH

MOKa3aHUW Ha pUCYHKY 3.3.
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Pucynok 3.2 - BB Xpomy Ha >KapoCTIMKICTh 3aj1i3a
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TeMIrepaTypa sunpobysaras, °C
1 - syeneyesa cmanv, 2 - 5% Cr; 3-13% Cr; 4-17% Cr; 5-25% Cr; 6 - 30%
Cr, 7-18% Cr+1% Si; 8 - 18% Cr+40% Ni+1% Si; 9 - 25% Cr+20% Ni+1%
Si; 10 25% Cr+20% Ni+2,5% Si; 11 - 30% Cr, 12 - nixpom 80-20

Pucynoxk 3.3 - Briuus xpomy (@), HiKemo Ta KpeMH1to (0) Ha )KapOCTIHKICTh

BTRaTa

crajneu

Crami, leroBaHi XpOMOM 1 KpEMHI1€M, HA3UBAIOTh CJILXPOMaMHU, XPOMOM 1
AIFOMIHIEM — XpPOMAaJISIMU, XpPOMOM-KPEMHI€M-ATIOMIHIEM —
CHJIbXPOMAJISIMH.
Crami 40X9C2 1 10X13CHO npuaaTHi it BAPOOHUIITBA KJ1allaH1B IBUTYHIB
BHYTPIIIHBOI'O 3rOpsiHHS Ta MmuHOro ycratkyBaHHs. Crans 08X17T ¢epurnoro
KJIaCy BUKOPUCTOBYIOTH JJISI BUTOTOBJICHHS TerIooOMiHHUKIB, 36X18H25C2

aYCTeHiTHOFO KJacCy npuaaTtHa JJI1 BUTOTOBJICHHA COINIOBHUX anapaTiB.

3.2 JKapocrTiiiki cniiaBu

JKapocTiiiKicTh TPOMHCIOBUX aIIOMIHIEBHX CIUIABIB, 32 BUHATKOM CILIaBiB
3 MarHieM — AMr3, AMr6, npakTHUYHO Taka ) BHUCOKA, sIK 1 YUCTOTO aJTIOMIHIIO,
TOMY III0 XIMi4Ha CIOPIJHEHICTh 10 KUCHIO alOMIHIIO OUIbINA, HIXK MiJl, IIUHKY,
KPEMHII0, MapraHiiio, 0 BXOJATh y Il CIIJIaBU. AJIIOMIHI€BI CIUIaBu TUIy AMT,
IO MICTSTh MarHiii, HOCTyNarOThCS YUCTOMY aJIFOMIHIIO, TOMY 110 B HUX Martii
YTBOPIOE Ha 30BHIIIHIA MOBEPXHI MyXKUH IIap OKCHUJLy MarHiio.

XKapocTiiikicTb MarHi0 BAA€THCA MIJBULIUTH JeryBaHHsIM. Hesenmki



nobasku Oepuiito  (0,02...0,5%) mnominmmyroTh KapOCTIMKICTE 1 yCYBarOTh
camo3aiiMaHHA MPU TEXHOJOTTYHOMY 00po6seHHi. CiiaBu MarHito 3 MapraHiiem,
[IMHKOM, aJTFOMIHIEM O1IBII KapOCTINKI, HI’)K MarHiiu.

JKapocTiiikicTh MPOMHUCIOBUX CIUIABIB HA OCHOBI MiJll — JIaTyHeH 1 OpoH3
— BHILE XKAPOCTIMKOCTI uncToi miai. Jleryiodi exeMeHTH B MiJHUX CIUIaBax —
aIOMIHIM, LWHK, OJIOBO, XpOM, MapraHeilb, Oepwiid MaiTh OUIBIIY XIMIYHY
CTHOPIAHEHICTD 10 KUCHIO, HIXK MiJib, 1 TPH OCTaTHIH X KITBKOCT1 yTBOPIOIOTH MPHU
HarpiBaHHi BJacHI OKCHJIM, SKI MArOTh Kpallll 3aXUCHI BIACTUBOCTI, HI’)K OKCH/I
Cu,0. CrimaBu Mifi 3 OepuitieM, alOMIHIEM, MapraHIeM BiIPI3HSIIOTHCS BUCOKOIO
YKAPOCTINUKICTIO; 1M JEIIO0 MOCTYIMATHCA CIUIABU 3 LIMHKOM, OJIOBOM, KPEMHIEM.

TuTaHoB1 CIJIaBH IIOTJIMHAIOTH KMCEHb OLIBIIT aKTUBHO, HDXK HMOJUIHUN
TUTaH, TOMY 3aXHUCHI OKCHJIM Ha IOr0 TOBEPXHI HE YTBOPIOIOTHCS, 1 )KapOCTINKICTD
TUTaHy TIPH JIETYBaHH1 HE MOJIMIIYETHCS Hi JIJIS a-CIUIaBiB, Hi aJis (a+P)-crasis.
[TiABUIINTH KAPOCTIMKICTh TUTAHY BJIAETHCS JIUILIE 3aCTOCYBAHHAM >KapOCTIMKHUX
MOKPUTTIB.

Husbka kKapoCTIMKICTh TYTOIUIABKUX MeETaliB (MoJiOAeHy, BoJb(pamy,
TaHTaly, HI00110) CTBOPIOE BEJMKI TPYJHOII MPU BUKOPUCTAHHI iX Yy SKOCTI
KApPOMILIHMX MaTepialiiB. 3aCTOCYBaHHS BaKyyMy 1 3aXMCHUX CEPEIOBHIL MpU
TEXHOJIOTTYHOMY OOpOOJIEHHI Ta €KCIUTyaTallii TyrolIaBKUX MaTepiaiaiB BUKIIUKAE
B JICSIKMX BUIIAJKAX BEJIUKI TeXHIYHI TpyaHoIl. O0'eMHE JIeTyBaHHS TyTOIJIaBKUX
MaTtepialliB He MMPUBOIUTH JI0 IIIBUIICHHS )KapPOCTIHKOCT1, X04a JJIsI T BUIICHHS
YKAPOMIIIHOCTI BOHO MOK€ OyTH €()EKTUBHHUM.

4 'KAPOMIIHI MATEPIAJIA

4.1 3araJjbHi MOJIOKEHHS TAa BU3SHAYCHHSA

KapominHicTIO Ha3UMBAaE€THCS CIPOMOXKHICTH MaTepialdy TpUBAIMM dac
YUHUTH ommip AehOpMyBaHHIO 1 pyHHAaIlIl PU MIIBUIIEHUX TeMIEpaTypax.

KapowmitHicTs BaKIMBa TPy BUOOP1 MaTepiary, KoM poOodi TeMIepaTypu
neranerd nepeuinyroTb 0,3Tr.  barato nerameid cy4yaCHHX NapOCHIIOBHUX
YCTaHOBOK, METANypriiHUX Te4Yeil, paKeTHOro0 YCTaTKyBaHHs, JIBUTYHIB
BHYTPIIIHBOI'O 3rOPsiHA, Ta30BUX TYypOiH 1 IHIIMX MAIIMH HArpiBalOThCS 0
BHUCOKMX TEeMIepaTyp 1 HeCyThb BeJIMKI HaBaHTaxeHHs. [Ipu Bucokux
TEMIEpaTypax MPUCKOPIOIOTbCA AU(Dy3iiiHI MPOIECH, 3MIHIOETHCS BHXITHA

MIKPOCTPYKTYpa 1 MEXaHI4H1 BJACTUBOCTI MaTepiay.



HarpiB mnocnabisie MiXkaTOMHI 3B'S3KM, MPU BHCOKUX TeMIIepaTypax
3MEHIIIYIOTHCSI MOYJI TIPYKHOCT1, TAMYACOBUH OITip, MEKa TEKYYOCTI, TBEPIICTb.
YuMm HWKYE TeMIiepaTypa TIUIABJICHHS TIu1 OCHOBU CIUIaBy, THM HUXYE
BUSIBJISIIOTHCA MOTO MPUITYCTUMI poOOY1 TeMIepaTypHu.

[Ipu TpuBasioMy HaBaHTa)KEHHI MPU BUCOKHUX TEMIIEpaTypax MOJIOBKEHHS
MaTepialy BU3HAYA€ThCsA NUPY31MHUMU TpolecaMu. J[Jisi UMX YMOB XapaKTepHi
MIPOIIECH TTOB3YUYOCTI ¥ pesaKcallii HarmpyTH.

IloB3yuicTh sBJsIE COOOI0 MOBIIFHE HAPOCTAHHS IUIACTHYHOI Aedopmarii
M1]] BIUTMBOM HaIpyT, MEHIIIUX MEX1 TeKy4docTi. KpruBa moB3ydoCTi CKIIAa€eThCs 3
TPHOX JIISHOK, KOXKHA 3 SIKMX BIJIIMOBia€ BU3HAUCHIM cTajii moB3ydocTi. [lepima
CTaJisl TaKk 3BaHOI HECTAJIOT MOB3YYOCTI BIAPIZHSIETHCS MOCTYIOBUM 3TacaHHIM
HIBUAKOCTI Jedopmaliii 10 BU3HAYEHOTO MOCTIHHOTO po3mipy. [pyra cramis
CTaJI01 MOB3yYOCTI XapaKTEPU3YEThCS MOCTIMHOW MBHUAKICTIO aedopmariii. Ha
TpeTiil crajli MBUAKICTH AedopMallii HapocTae A0 MOMEHTY pyHHarii. Tpers
CTaJIisl MOB3y4YOCTI, SIK MIPaBUJIO, HETPUBAJIA 1 JJIs IeTaliell HEeMPUITyCTUMA, TOMY
10 B IbOMY BUIIQJIKy HEMUHYYA IIBUJIKA pyiHaIlis (pucyHok 4.1).

BigHocHUIl pO3BUTOK KOXKHOI CTaiil 3ajeXuTh BIJl HANpyru Ta
temrepatypu. Ilpu Tiil camiil Hampy31 MiABUILEHHS TeMIIEpaTypy BUIIPOOYBaHHS

CKOPOYY€E TPUBAJICTh APYTOi CTAIl 1 IPUCKOPIOE pyHHAIIIIO.



AHQJIOTIYHO BIUIMBAE TIJBUIICHHS HANpPyTW MPU HE3MIHHINA TeMmIieparypi
EKCIIEpUMEHTY. BIITuB TeMrepaTypu Ha BUTIISAL KPUBUX MTOB3YYOCTI MOKa3aHO Ha
pucynky 4.2. Mexa TEKydoCTi, BH3HA4€Ha TIPU KOPOTKOTEPMIHOBHUX
BUNPOOYBaHHIX, HE MOke OyTH KpuUTepieM kapoMinHocTi. Kpurtepismu

YKapOMIIIHOCTI € MEKa IMOB3y40CTI M Meka TPUBAJIO1 MIITHOCTI.

¢ d
6=const, t=const.

T
Pucynok 4.1 - Kpua noB3yuocTi: [ — necmana cmaois, 11 — cmana cmaois; 111
— cmadis pyunayii
{ ¢

WG=canst taronst

a 0

Pucynox 4.2 - 3anexHICTh TOB3y4OCTI BiJl TEMIIEpATypy Ta HATIPYTH

Me:xew mNOB3y4OCTi HA3MBAETHCS Hampyra, MiJl JAI€l0 SKOT maTepial
neopMyeTbcsi Ha BHU3HAYEHUW pO3MIp 3a BH3HAUCHMM Yac MpU 3aaHii
TeMIIepaTypi.

Y no3HaueHHI MeX1 TMOB3Y4OCTI BKa3ylOThb TeMIIEpaTypy, pO3Mip
nedopmMarrii i gyac, 3a IKUH BOHa BUHUKAE.

Hanpuknan, em.” = 100MIla o3Ha4ae, 1o mig aiero Hanpyru 100 Mlla 3a

100000 rox. mpu Ttemmeparypi 550°C B wMmarepiami 3'SBUTHCS IIACTHYHA

nedopwmartist 1%.



Me:xero TpUBAJIOl MIITHOCTI Ha3UBAIOTh HAIIPYTY, SIKa BUKJIMKAE PyHHAIIIIO
MaTepiaixy mpH 3a7aHiil TeMneparypi 3a BU3HAa4eHH yac.

VY mo3HayeHHI MeXi TPUBAIOi MIITHOCTI BKa3yIOTh TEMIEpaTypy W 9ac 10
py#Harii.

Hanpuxknan: = 100MIla o03Ha4ae, o 1pu Temmeparypi 550°C
Mmatepian BurpuMae airo Hanpyru 100 MIla mpotsrom 10000 roa. Mexa TpuBaioi
MIIHOCTI XapaKTepU3ye pO3rapTyBaHHS Martepialy B TMPOIECi TPHUBAIOTO
HABAHTAKEHHS MPU BUCOKUX TEMIIEpaTypax.

binbiiicTs jxapoMilHUX MaTepiaiiB MOJIKpUCTaIiyHl. B Takux marepianax
nedopMaiiisi TOB3y4OCTI PO3BUBAETHCS 3aB/ASIKM 3€PHOTPAHUYHOMY KOB3aHHIO 1
T y31HOMY IEPEHOCY, a TAKOXK HUISIXOM NEPEMIIICHHS AUCIOKalli y 3epHax.

Jlnst  3a0e3neyeHHss KapOMILHOCTI MOTPIOHO OOMEXHUTH PYXJIMUBICTH
JTUCIIOKAIlM 1 croBUTbHUTU u(y3ito. Lle mocsraeTbest MiABUIIEHHSM MIITHOCTI
MDKaTOMHUX 3B'SI3KIB, CTBOPEHHSM MEPEIIKOJ JJI TEPEMIIICHHs TUCIOKAIli y
CEpeJIMHI 3€PEH 1 Ha iX MeXkaxX, 30LTbIIEHHSIM PO3MIPIB 3€pEH.

OCHOBHMI NUISX MiJBUIIECHHS >KapOMIIHOCTI: CTBOPEHHS B MaTepianax
rpyOO3€pHHUCTOI CTPYKTYpPH 3 OJHOPIAHUM PO3MOJALIOM APIOHUX YACTOK
3MIIHIOIYHX (ha3 y CEpeinHI 3E€PEH 1 Ha iX Mexkax.

JlonaTkoBUMHU  3aXOJaMd  MIABUIICHHS  JKapOMIIHOCTI  CIIYXKaTb:
TepMOMEXaHiuHa 00poOKa, 30UIBIICHHS] MI)KATOMHOTI'O 3B'SI3KY B CTaJIsIX 3aBJSIKU

JIETYBAaHHIO, CTBOPEHHS aHI30TPOIHOI CTPYKTYPH.

4.2 OCHOBHI rpynu »KapoMillHMX MaTepiaJiiB

Kapowmiiai MaTepianu miIpo3AUIsiIOTh HA YOTUPU OCHOBHI IPYIIU:

1. IlepmiTHi, MapTEHCUTHI Ta  AyCTEHITHI  >KapoOMiIHI  cTajl
BUKOPUCTOBYIOTbCS mpu  Temrepatypax 450...700°C. 3a wmacmrabamu
3aCTOCYBaHHS 11l CTaJ 3aiiMatoTh rojoBHe Mictie. Hmwkue 450°C 1inkoM npuiatHi
3BHYaiiH1 KOHCTPYKIIHHI CTaJIL.

2. JKapowmiliHi CIijIaBU Ha OCHOBI JIIOMIHII0, MarHito, TUTAHY JIETIIe CTajeH,
OJlHAK BOHM MEHII >KapOMILHI 1 BHUKOPUCTOBYIOTHCS TMPU HACTYIHHUX
temrneparypax: criaaBu amomidito — 10 300...350°C, crutaBu MarHiro — J10
300...350°C, crimaBu tutany 10 500...600°C.



3. CriaBu Ha OCHOBI1 HIKeNIO OLIbII KapomilHi, Hik cTtani. CriaBu Ha
OCHOBI HIKEJII0 3aCTOCOBYIOTH ITpH Temneparypax 700...1000°C.

4. TyromnaBki MeTajH 1 X ciiaBu, kepamika Ha ocHOB1 SiC, Si3Ny, rpadit
— 1€ MaTepialii BUCOKOT )KapOMIITHOCTI, 3aCTOCOBYIOThCS MIPU TEMIIEPATYP1 BUILIE
1000°C.

[TepniTHI cTay mMpu3HaYeHI JJI TPUBAJIOl €KCIUTyaTallii Ipu TeMIiepaTrypax
450...580°C 1 BUKOPUCTOBYIOTHCS B KOTJIOOYAyBaHH1. Lle HU3bKOBYTIIEIEB] CTAaIl,
sxi micTate: 0,08...0,15% C Ta 2...3% neryrounx enementiB (Mo, Cr). Tumosi
Mapku: 12XM®, 25X2M 1@ npunaTHi A1 BUTOTOBJICHHS TpyO MapoHarpiBavis,
MapOIPOBO/IIB.

MapTeHcuTHI cTanl Tpu3HaydeHl Il BHUPOOIB, IO TMPalOOTh MpHU
temneparypax 450...600°C. Bixg mnepmiTHUX cTajeld BOHHM BIAPI3HAIOTHCA
MIJIBUIICHOIO CTIMKICTIO 0 OKUCIICHHS B aTMoc(epl mapy Ta TornoyHux rasis. [1o
YKapOMIITHOCTI BOHM HeHabaraTo Kparil, Hi NepiiTHI cTaii. Po3pi3HSOTH 1Bi
rpynu MapTeHCUTHUX CTaJeil:

1. Crani, mo mictats 10...12% xpomy, 0.10...0.15% Byrerto it MmonioeH,
BaHaJ1l, HI001, BoJbppam, 3aCTOCOBYIOTbCS B MapoBUX TypOiHAX, s
BUTOTOBJICHHS JHUCKIB, JIOMATOK, OaHJaXiB. BUKOPUCTOBYIOTHCS B TEPMIUYHO
oOpoOneHOMY CTaHi: 3arapTyBaHHA (HopMmamizaiis) Bin Temmeparypu 950-
1100°C, Bucokwuii Biamyck npu temmnepatypi 600-740°C.

2. Crami, mo Mictate 5..10% xpomy, 2...3% kpemuio 1 0.4% Byrieiro,
TOOTO CLIBXPOMH, BUKOPHCTOBYIOTH JUIsl BUTOTOBJICHHS KJlalaHiB JIBUTYHIB
BHYTPIIIHBOI'O 3rOPSHHS 1 KPIMWJIBHUX JeTaneil MoTtopiB, mapka: 40X10C2M.
JKapoMimHICTh CHIIBXPOMIB J03BOJISIE 3aCTOCOBYBATH iX IMPH TeMIepaTypax He
Bume 600...650°C. Hemomk CHIBXpPOMIB: MOraHa 3BaproBaHIiCTh. ONTHMalibHI
BJIACTHBOCTI CLILXPOMHM MaIOTh MICIs1 00pOOKH Ha COPOIT.

AYCTeHITHI CTaJli: Il CTajl MO >KapOMILIHOCTI MEePEeBEPUIYIOTh MEPIITHI ¢
MapTEeHCUTHI CTajli 1 BUKOPHUCTOBYIOThCS mpu Temieparypax Bumie 600°C.
OCHOBHI JIETYI0Y1 €JIEMEHTH ayCTEHITHUX cTaliel XpoM 1 Hikeb. Ctani miel rpynu
3aCTOCOBYIOTH fK >KapOMIIHI B TeruioeHepreTuii. Jleryrwodi eneMeHTH, Mo
JIOMATKOBO BBOJATH B CTaiil: MONiOJEH, HIOOIM, TUTaH, altOMiHIA, BOJb(pam.
Mapku: 12X18H10T — ognodaszna cramp, 10X11H20T3P — cramp 3
iaTepmeTtamiaauM 3mirHeHHIM (NizAl). Cram 3 iHTEpMETaIITHUM 3MIITHEHHSIM

HANOUTBII JKapOMILHI. [X 3MIIHIOIOTh TapTYBAaHHAM 1 CTAPIHHSAM.



PoGoui Temmeparypu aycTeHITHUX crajeid pocsaraiots 700-750°C.
AYCTEHITHI CTaJll € TUIACTUYHUMU, TaPHO 3BAPIOIOTHCS.

3a cnocoOOM 3MIITHEHHS ayCTEHITHI KapOMIIIHI CTalll JIJIATh Ha HACTYIIHI
rpymu: a) ogHodas3Hi cTajl, Mo He 3MIITHIOIOTHCS TEPMIYHOI0 00pOOKOI0; 0) cTal
3 KapO1AHUM 3MIITHEHHSIM; B) CTaJll 3 IHTEPMETaJI1THUM 3MIITHCHHSIM.

Crami IepIIoi rpynu BUKOPUCTOBYIOTH (08X15H24B4TP,
09X14H19B2FBP) y 3araproBanomy ctani (raptyBanss Big 1000-1600°C y Bomi
abo Ha moitpi). Lli cTani BUKOPUCTOBYIOTH JIJIsl BUTOTOBJICHHS TPYyOOIPOBOIIB
CUJIOBUX YCTAaHOBOK BUCOKOTO THUCKY, K1 MparioroTh npu 600-700°C.

AyCTEeHITHI >KapoMILHI CcTajdl 3 KapOiIHMM Ta I1HTEpPMETaNlITHUM
3MII[HEHHSM, K MpaBWio, MiAAalTh raptyBanHio 3 1050-1200°C y Boai, macii
a00 Ha MOBITP1 3 HACTYNMHUM cTapiHHsIM npu 600-850°C.

Crami 3  IHTepMETAJIAHUM  3MII[HEHHSM  BUKOPUCTOBYIOTH  JIJISI
BUTOTOBJICHHS Kamep 3TOPSHHS, JHMCKIB 1 JIOMATOK TYypOiH, a TaKOX 3BApHUX
KOHCTPYKIIiH, 1110 IPaIiol0Th rpu Temmneparypax g0 700°C.

Kapowmimai criaBu Ha 3anmi3oHikeneBiid ocHoBi (Hampukian, XH35BT,
XH35BTHO # iHmi) 104aTKOBO JIETOBaHI XPOMOM, THUTaHOM, BOJIb(paMoM,
antoMiHieM, 00poM. BoHUM 3MIITHIOIOTHCS SIK 1 ayCTEHITHI CTajl 3a JIOMOMOTOIO
raptyBanHg Ta ctapinHs. CruiaB XH35BTHO BUKOPUCTOBYIOTH [1J1s1 BUTOTOBJICHHS
TypOIHHHX JIONATOK 1 JUCKIB, KIJIE[b COTUIOBOTO anapaTy W IHIIUX JAeTaleH, 1110
MPaLOOTh Npu TemMieparypax o 750°C.

4.3 KapominHi cIuiaBu Ha OCHOBI HIKeJII0, TUTAHY Ta KOOAJIBTY

4.3.1 7KapoMilHi CIUIaBM HA OCHOBI HIKeJII0

B nmanwmii yac craBu Ha HIKENEBIM OCHOBI BHUKOPHCTOBYIOTh B SIKOCTI
YKApPOMIITHUX MaTepiajiB, K1 MpU3HA4YEH1 Il poOOTH Mpu Temmneparypax Big 700
10 1100°C. Ix BUKOpPHUCTOBYIOTH B Ta30BUX TypOiHAX JBUTYHIB JiTaKiB, KOpaOIIiB,
CHepreTUYHUX YCTaHOBOK, IMPH BHUTOTOBICHHI JeTaleldl pPaKeTHO- KOCMIYHOi
TEXHIKH, B HaQTOXIMIYHOMY OOnaaHaHHI. Tak, B aBlallifHOMY ra3oTypOIHHOMY
nBuryHi Oibine 70% Macu CKIIafaroTh dKapOMIIIHI CIIJIaBU Ha HIKEJIEBIN Ta 3aJ1i30-
HIKEJIeBI OCHOBax - II€ JIMCKH, COIUIOBI Ta poOodYl JIOMAaTKH TypOiH, KaMepu
3rOpsiHHS Ta T.M. Pi3KO 3pOCiI0 BUKOPUCTAHHS LIMX CIUIaBIB MPU BUTOTOBJIEHHI

CTaIllOHAPHUX Ta30BUX TYpOiH, TOMY IO IIJBHUIICHHS POOOYHX TEMIIEpaTyp



JT03BOJISIE 3HAYHO MOKPAIIUTH 1X TEXHIKO-€KOHOMIYH1 TOKA3HUKHU.

B Hai0OLIBIIT BAXKKUX YMOBAX 3HAXOASTHCS JIOMATKH TYPOiH, M0 MPAaIIOI0Th
npu Temmnepatypax 850-1050°C. Bonu mianaioTbcs 3HAYHUM PO3TATYIOUUM
HampyraM BHACHIJOK IIEHTPOODKHMX HABaHTaXKEHb, I1i HANpPYrd BUKIUKAIOTH
MoB3yuicTh AeTaneil. [IIBuaKiCHUIN ra30BHi MOTIK BUCOKOI arpeCUBHOCTI 1 PEKUM
poOOTH BH3HAYAIOTh BUHUKHEHHS TIEPEMIHHUX MEXaHIYHUX Ta TEPMIYHUX
HABaHTAKEHb, K BUKJIMKAIOTh BHUCOKOTEMIIEPATypHE Ta TEPMIUHE CTOMIICHHS,
aKTUBHUH PO3BHUTOK IMPOLECIB ra3oBoi Koposii Ta eposii. ComioBi JOmaTku
MpaioTh npu Temieparypax a0 1150°C it HeBenMKUX Hanpyrax, a IUCKU - IpH
temriepatypax 600-800°C 1 OUTbIIT BUCOKMX poO0ounX HaBaHTaxeHHsX (10 500-600
MIla), ToMy >kapoMiIlHI CIUIaBH, SIKi BUKOPUCTOBYIOThH JJISi IIUX TPYIl JETaJeH,
3HAYHO BIAPI3HSIOTHCS 3a CKJIAJOM Ta BIACTUBOCTAMM.

CyyacHi HIKeJIeBl apOMILHI CIUIABH HPALIOIOTh, SIK MMPAaBUJIO, HA MEXI1
CBOIX TEMIEPAaTypHUX MOXJIMBOCTEH, TOMYy IO poOOdYl TeMIEepaTypu 4YacTo
nocsratots 0,8-0,85 TeMnepaTypu comiycy.

Tomy, HaliBaXJIMBIIlIE 3HAYCHHS Yy MIJABUIICHHI TEMIIEPaTYpHOTO PiBHSA
Cy4YacHUX >KapOMIIIHUX CIUIaBiB, iX HAJIAHOCTI Ta JIOBFOBIYHOCTI HAaJla€ThCs
OCBOEHHIO HOBMX TE€XHOJIOTTYHUX MPOLECIB, TAKUX K HANPABJICHA KpUCTATI3aIlis,
BUPOIIYBAaHHS JeTajlell B MOHOKPUCTATIYHOMY CTaHi, BAKOPUCTAHHI CIIAaBiB, IO
3MIITHEH]1 TUCTIEPCHUMH YaCTKaMU OKCH/IIB, BUKOPUCTAHHI CILJIaBiB, III0 apMOBaHI1
TYTOIJIAaBKHUMH TPOBOJIOKAMH.

CyuacHi >KapoMIlIHI CIUIaBM Ha HIKEJEBi OCHOBI € NyXe€ CKJIaJHUMH 32
XIMIYHUM CKJIQZIOM: B HUX BXOJATH 10 7-9 OCHOBHHMX JICTYIOUHX €JICMCHTIB Ta
BEJIMKa KUIBKICTh JIOMIIIOK, BMICT SIKMX CJIiJ KOHTPOJIFOBATH B CILJIaBIi.

Hikenb yTBOpIOE TBEpAl po3unHU 3 OaraThMa eJIeMEHTaMH, III0 00YMOBITIOE
3HAYHI MOXKJIMBOCTI JJOCSITHEHHSI BUCOKOI KapOMIITHOCTI CTUIaBiB Ha IOTO OCHOBI.

TemnepaTypHa 3aJexHICTh AESKUX €JIEeMEHTIB HaBeJIeHa HA PUCYHKY 4.3.
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Pucynok 4.3 - TemneparypHa 3aJI€KHICTh PO3YMHHOCTI JIETYIOUHUX €JIEMEHTIB B

Hikeni (3a M.B. [IpuganueBum)

[Tpu 1000°C koOanbT, 3211130, Mapralelb Ta MiJib YTBOPIOIOTh HEOOMEKEH1
TBEPJll PO3UMHH, a TaKi TYroIulaBkKli MeTajid, SK BoJb(pam, mMoibJeH, TaHTall,
H1001#1, BaHa11ii - 0OMEXeH1 TBEP/ll PO3UMHU 3 PI3HUMHU 00JACTIMU TOMOTEHHOCTI.
Pozuunnicte mpu 1000°C Takux eneMeHTIB, SK TUTaH Ta AlIOMIHINA CKJajae,
BignmosigHo, 10% Ta 7%.

BaxxnuBo BIA3HAUWUTH, WIO PO3ZYMHHICTH JIETYIOUMX €JIEMEHTIB B
0araToKOMIIOHEHTHUX CIIJIaBaX Ha OCHOBI HIKEIIO MOKE ICTOTHO PI3HUTHUCS YOIK
3MEHIIICHHSI BiJl 3Ha4Y€Hb, OTPUMAHUX MPU BUBUCHHI OIHAPHUX CIUIABIB HIKEJb-
JIETYIOUni eneMeHT. bararo 3 jneryrounx eJIeMeHTiB, 110 PO3YMHEHI B HiKell a0o
HIXpOMI, € €()eKTUBHUMH 3MILIHIOBAYaMH ¥ MIJBUILYIOTH OIIp MOB3y4YOCT] CIIaBIB
Ha OCHOBI HIKEJIIO.

He3Baxaroum Ha CKIAQHICTh XIMIYHOIO CKJIQQy *apOMILHUX HIKEJIEBHX
CIUTaBiB MOXHa c(opMyNrOBaTH  HACTYMHI  OCHOBHI  TPHUHIUIH,  SIKI
BUKOPUCTOBYIOTHCS MPH X CTBOPEHHI:

1. KapomilHi criiaBH SIBJISIFOTH COO0I0 OCHOBHUM (MaTpUUHUI) y-TBEpAUN
pPO3UMH Ha XPOMOHIKEJIeBI OCHOBI, JIeTOBaHUN KOOAJbTOM Ta TYTOIJIABKUMHU
eJIeMEeHTaMU-3MIIHIOBa4amMu (Mouti0O/ieH, Bonbhpam, HI001i), MpUIOMy HAOLITBIIT
¢()eKTUBHUI BIUIMB Ha >KAPOMIIHICTh 3IHCHIOE caMe KOMIUICKCHE BBEICHHS
JIETYIOYUX €JIEMEHTIB. BMICT 1MX JIETYIOUMX €JIEMEHTIB B CIUIaB1 3aJI€KUTh BiJl
HOro npu3HaYeHHs Ta eKOHOMIYHOI TOLIBHOCTI.

2. B cnnaBax 000B'SI3KOBO MPHUCYTHIN TUTaH, HI001 Ta amOMiHIN (CyMapHO



10 8-10%), siki, B OCHOBHOMY, 3a0€3Me4yIOTh YTBOPEHHS TOJIOBHOI 3MIITHIOIOYOI
da3u nux crasis - y'-dasmu.

3. IlpucyTHi B cIIJlaBaxX XpoOM Ta aJTrOMiHIN 3a0€3MeYyI0Th OMip OKUCICHHIO
i ra3oBiil KOpo3ii BHACIIJOK YTBOPEHHS 3aXMCHUX IUIIBOK, OaraTmx OKCHIaMHU
Cr203Ta Al20:s.

4. Byrnemp MICTUTBCS B CIIJIaBaX y HEBEIUKIN KIIBKOCTI (K mpasuiio, 0,08-
0,12%), yTBOpIOtOuM KapOiau Ta KapOOHITpUAH. [CTOTHUI BILTUB 3/11HCHIOE TAKOXK
00p, sikuit BBOAUTHCS B cruiaBy y KiibkocTi 0,005-0,015% i1 yrBOproe 6opuau TUity
MeB2. Kinetuka BunauieHHs Ta Mopdoiioris KapOiaiB Ta OOpUIIB IpuU
KpUCTai3alii, TepMIYHOMY OOpOOJEeHHI W B MpoLEc EeKCIUTyaTalii TakoX B
3HAYHOMY CTYII€HI BU3HAYa€ KapOMIIHICTh CIUIaBIB Ha HIKEJIEBI OCHOBI.

5. BaxuBe 3HaYCHHS B HIKEJIEBUX CIIJIaBaX MAIOTh JIETKOTUTABKI JOMIIIIKH:
CBHUHEI[b, KaJMIH, 30J10TO, CipKa, CypMa, BMICT SIKHX CJIiJT OOMEXYyBaTH, TOMY IO
BOHM 3HIDKYIOTh iX KapOMIIHI Ta TEXHOJIOTIYHI BJIACTUBOCTI. 3MEHUICHHS
KUTBKOCT1 JIOMIIIIOK MOMJIMBE 3aBISKH BHUKOPHUCTAHHIO YHCTHX ITUXTOBHX
MaTrepiaiaiB, BBEJIEHHIO PIJKO3EMEIIbHUX METaliB Ta o0poOIll pO3IiaBiB
CHelIAIbHUMHU  IIJJaKaM{, BUKOPHUCTAHHSAM PI3HUX METOJIB  CICIiaIbHOI
MeTaayprii.

TakuM YUHOM, XAPOMILHICTh, >KAPOCTIMKICTh M 1HINI XapaKTEPUCTUKHU
CIUIaBIB Ha HIKEJIEBIM OCHOBI TMOB'S3aHI 3 ONTHUMI3alll€l0 iX CKJIagy II0
CIIBBITHOIIICHHIO JICTYIOUHUX €JIEMEHTIB, 10 BXOMIATH JO CKJIATy MaTPUIHOTO Y-
TBEPJOr0 PO3YMHY Ta 3MILHIOKYI 1HTepMeTaiaHl, kapOiaHi 1 Oopuani dasu, a
TaKOX 3 PIBHEM BMICTY LIKIJJIMBUX JIETKOIIJIABKUX JOMIIIOK.

Bubip cknamy cmiaBy ciiji TpOBOJAUTH 3 BpaxyBaHHSIM #oro po0odvoi
TEeMIEPaTypH, HAPYyTH, aTPECUBHOCTI CEPEIOBUIIIA, PECYPCY Ta PEXKUMY POOOTH.

B cmnaBu, ski mpu3HaudeHi s poOOTH MpU TMOPIBHAHO HEBHCOKHX
temmnepatypax (750-850°C) TpuBanuit yac, BBOAATH MiJBUILEHY KIJTBKICTh XpOMY
(mo 16-18%), momnibaeny Ta Boasdpamy (10 10-12 % cymapHo), TuTaHy, Hi00110
ta amtoMiHiio (8-10% cymapho). lle mae MOXKIHBICT, OTPUMATH BEIIUKY KIJTBKICTh
3MILHIOYOI y'-(pa3u, BUCOKY JIETOBAHICTh Ta KapOMIILIHICTh MATPHIII.

Jns BucokoremmnepatypHoi (975-1050°C) pob0TH BaXKJIMBUM € TTOJIOKECHHS
TEeMIlepaTypu COJiAycy ciuiaBy. ToMy B cruiaBax oOMEXYIOTbh BMICT Xpomy (6-
10%), wmomioaeny (3-4%) Tta TuTaHy. BBemeHHs A0JAaTKOBO KOOAmbTy Ta

BOJTb(pamy JIEIIO MiIBHUIIYE TEMIIEPATYPY COMITYCY, IO € KOPUCHUM.



[Ipu poGoTi B cepenoBHINAX MiABHINEHOI arpecHMBHOCTI (HANpPUKIAT,
CEpeoOBHUIIAX, IO MICTATh CUTb, CTIOJYKHA BaHAII0 1 T. iH.) HAWBaXIMBIIIUM
CJIEMEHTOM, SIKuH 3a0e31euye KOpo3iiHY CTIHKICTh, BBAXKAETHCS XPOM.

OuiHKy poJii pI3HUX €JIEMEHTIB Ha OMip rapsyiii Koposii MOXHa JaTH

OpIEHTOBHO, 3 PO3PaXyHKY €KBIBaJIEHTa XpoMmy 3a ¢opmysioro Pentia
Cree=Cr+3,8(Al-5)+2W-12,5C-1,4(Mo-1). 4.1)

bararo pgocnmigHUKIB BKa3ylOTh Ha MMO3UTUBHUN BB P3M  Ha
KAPOCTIMKICTh HIKEJIEBUX CIUIABIB, MOB'A3YIOUM LM BIUIMB 3 YCKIAIHEHHSIM
YTBOPEHHsI OKCUCYNb(iAIB. ITpiil 1 radHiii moKpamyrTh aAre3ir0 OKAIHHHU 0
MeTally, iX MIKpoJ1I0OaBKH TaKOK BUKOPUCTOBYIOTh B Cy4aCHHX CILJIaBaX.

Hikenesi >kapoMiIHi CIUIaBH € CKJIQJHUMH OaraTOKOMIIOHCHTHUMHU Ta
Oararoa3HUMHU CUCTEMaMH, B SIKMX ]I JI€0 BUCOKUX TEMIIEpaTyp Ta HaIpyru
0e3mepepBHO MPOTIKAIOTH (PA30B1 Ta CTPYKTYPHI NEPETBOPEHHS, TOOTO 111 CIUIABU
€ 3 (IBUKO-XIMIYHMX MO3ULIA JAUHAMIYHUMH cUCTeMaMu. Po3risiHeMo OuIbIi
JOKJIa/THO BJIACTUBOCTI (a3, 0 YTBOPIOIOTH HIKEJIEB] CIUIaBU. y-¢asa CIuiaBiB Ha
HiKeJeBiil 0ocHOBI siBisie coOoro 'K TBepanii po3unH TaKWX €JIEMEHTIB, SIK XpOM,
Mo16eH, BoJibdpam (pucyHok 4.4). Jlo obnacti ayCcTEeHITY MPUMHUKAIOTh PI3HI
IHTEpMETaITITH1 CIIOJTYKH, K1 4acTo Ha3UBAIOTh TOTOJIOTTYHO

uribHOynakoBanumu gazamu (TLY -dazamn).

Bunutenna mux (a3 3 HIKEJIEBOrO0 ayCTEHITY PI3KO MOKPUXUYE CIUIABH,
3HUKYE 1X JKapOMILHICTh Ta CTAOUIBHICTh. I[meHTHdIKaIlls 1HTepMETaIIHUX
3'€IHaHb, M0 BHUAUISIOTBCA 3 AayCTEHITY >KApOMIIHMX HIKEJIEBUX CILIABIB,
nokasajna, mo 1e c-aszu, dha3u Jlaseca, 11-pasu i iH. Bouu € npomixkauMu dazamu
B 0araTOKOMIOHEHTHHX CHCTeMax 1 iX MOXXHAa BBaXaTH CBOEPITHUMU
CJICKTPOHHUMH 3'€ THAaHHSMH, TOMY 110 B OCHOBHOMY iX CTPYKTypa BU3HAYAETHCS

CJICKTPOHHOIO KOHIICHTPAIlI€0, TOOTO CIiBBITHOIICHHSM ¢/a.
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Pucynok 4.4 - ®a3oBi giarpamu, o UTIOCTPYIOTh 00J1aCTl ICHYBaHHS Y-
IPaHELIEHTPOBAHOTO TBepAOro po3unHy B noTpiitHux Ni-Co-Cr (a), Ni-Al-Ti (0)
i yerBepHux Ni-Co-Cr-Mo (B), Ni-Co-Cr-W (T) crtaBax. HikeneBuii KyT B

YeTBEPHUX crucTeMax noBepHyTuit 1o yntadis (U. Cimc)

B nux (azax onHi e1eMEeHTH MPOSIBISIOTh €JIEKTPOMO3UTHUBHI BIACTUBOCTI
(HanpukIan, XpoMm, MoJIOJEH, Boidb(dpaM), a 1HIII - €IEeKTPOHETraTUBHI (HIKElb,
K0OaNbT, 3a11130); TAOBUH CKJIaJ] c-(ha3 MOXKHA MPEICTABUTH HACTYITHUM YUHOM:
(Cr, Mo)x(N1, Co)y.

Kinetuka BumineHHs c-(a3 3aJeKdATh BIJ TEMIEpaTypu 130TEPMIYHOI
BUTPUMKH U MOke OyTH mpezcTaBieHa y Burisai C-oOpasnoi kpuBoi. [lyxe
CUJILHO CXWIBHICTD CcIuIaBy a0 BuAuieHHs TIIY-da3 3amexuts Bif iX cKiiaay, Bij
CHIBBIIHOLIEHHS PI3HUX JIETYIOUUX €JIEMEHTIB B CIUIABI.

Cnonykun tunmy AsB 3 I'LIK rparkoro, siki Ha3uBarOThCs y'-pazamu,
3a0e3MeuyloTh OCHOBHE 3MIITHEHHS CIUIaBIB 3 BHCOKHM BMICTOM Hikemo. Ha
CXEMAaTHYHOMY 130T€PMIYHOMY PO3THHI MOTPIMHOI CUCTEMU HIKEIIO M aTFOMIHIIO
3 IHIIMMU eJIeMEeHTaMU (pUCYHOK 4.5) moka3zaHa CTYMHiHb MOXJIMBOTO 3aMIIIEHHS
M ydacTi pi3HUX JIETYIOUMX €JIEMEHTIB B yTBOpeHH1 y'-¢azu. KobanbT 3amimiye
HIKeJIb, YTBOPIOIOUH TOPU30HTAIBHY 00J1aCTh; TUTAH, HI0011, BaHaI11 3aMIIIYIOTh

B OCHOBHOMY MO3UIIIi aJIOMiHI1I0; MONIOJEH, 31130 i XpOM, BIPOT1IHO, MOXKYTh



3aMINTyBaTU K aTOMU aJIOMIHIIO, TaK 1 HIKEJIO.

y'-(haza sBIIsg€ COO0I0 KOTEPEHTHY 3 y-MaTPHUIICIO IHTEPMETAJIIHY CIOJIYKY,
0 Ma€ HAACTPYKTypy Tuiry CusAu 3 JaabHIM TOPSIKOM Maike 10 TeMITepaTypu
miaBiaeHHs (1385°C nmns NizAl). B ctpykrypi 1mi€i $a3u iCHYIOTb TpU THUIU
nedeKTiB yMakoBKU: Ne(heKTU HAACTPYKTYypH, nedeKTH aHTH(a3HUX TpaHUIlb U
ckiamHi aedexTr. ['0JIOBHUMHU MPUYMHAMHU BHCOKOTO 3MII[HEHHS CIUIaBiB MPHU

YTBOPEHHI y'-(a3u BBAXKAIOThCS KOTepeHTHA JedopmMaltis 1 HasBHICTb 3MIITHEHHS

HacCTOK.
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Pucynox 4.5 - Obnacti TBepaoro po3unny Ha ocHoBI (a3u NizAl mpu 1100°C

JUIs pi3HEX Jeryrouux enxemeHTiB (P.Jlexep)

BaxiuBo BIAMITHTH, IO 3 IMABUIIEHHIM Temiiepatypu 10 900°C MilHICTh
y'-¢a3u 30utbmyeThes. Li pa3u yTBOpIOIOTHCSA TUTBKM B CILIaBax, siKi 30araveHi
HIKeJIeM, PUYOMY X BUILICHHS MPOXOIUTH IIPU MaJliil 3MiH1 po3MipHOTO (hakTopa
- HEBIJTMOBIIHICTh MMapaMeTPiB rpaTok y- 1 y'-¢a3 e nepesutrye 1%. [Ipu npbomy
MaKCHMAaJIbHE 3HAYCHHS JOBTOBIYHOCTI CIIOCTEPIra€ThCs IPH HEBIAMOBITHOCTI
rpaTok y- 1 y'-¢da3 B mexxax 0,02 am (pucyHok 4.6).

[le cTBOprOE mMEepeayMOBH MJiE TOMOTEHHOTO 3apOJKEHHS BHJUICHb 3
HU3BKOIO MOBEpXHEBOIO eHeprieto. 11 ha3u MaroTh qyke BUCOKY CTaOlIbHICTh MPU
IIBUIIIEHUX TEMIIEpaTypax BIPOJIOBK TPHBAIOTO Yacy.

KorepentHicth y- 1 y'-¢a3 BCTaHOBIIOETHCS IUIAXOM TETPArOHAIIBHUX
BUKPUBIIEHb KPUCTAJIYHUX TPATOK.

dopma vacTok y-¢asu 3aJeKUTh BiJ BEIUYMHU HEBIAMOBITHOCTI IPATOK:



YacTKU MaloTh chepuuny (opmy rpu HeBianoBigHOCTI rpaTok 0-0,2%, kyOiuHy

npu HeBianosigHocTi 0,5-1% Ta miactuHyacty - 6uibiie 1,25 % (pucynok 4.7).
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Pucynox 4.6 - BriiuB HEBiJIMOBITHOCTI TPATOK y- 1 y'-¢a3 Ha Omip MOB3y4OCTI
npu 700°C ta c=145 MIla crnasiB cuctemu Ni-Cr-Al (P. lexep, k.

Muxanusun)

S

Ha pucynky 4.7 nokazano ¢opMy y'-(a3u B cruiaBax Ha OCHOBI HIKEJIIO.
3MIIHEHHSI JKapOMIIIHUX CIUIaBIB TIPU BUIUIEHHI y'-ha3u TMOSICHIOETHCS
YTBOPECHHSIM  aHTU(A3HUX TPaHWIb, SKE IMEPENIKOKAE  TPOXOKEHHIO
TUCcIoKaliil. BBakaeTbCsd TakoX, M0 ii MOPIBHIHO BHUCOKA IUIACTUYHICTH

NEPLIIKOIKA€ IMMOKPHUXUCHHIO CILIaBIB.



Pucynox 4.7 - Mopdosoris y'-¢a3u B crijiaBax Ha HIKEJIEB1i OCHOBI:

a - cgpepuuna, x10000; 6 - kyoiuna, x6000; 6 - sumsenymi yuacmxu, x10000;
2 - ckoazynvosari uacmku, x10000

301TbIIEHHST JKaPOMIITHOCTI CIIABIB JOCSTAETHCS 3aBASKHA 30UTBIIICHHIO
0o0'emHOi nom y'-pa3u B CTpyKTypi ¥ onTumizamii cmiBBigHomeHHs Al:Ti B
cruaBax. Tak, sxapoMitHicTh HikeneBux cruiaBiB npu 800°C: ¢1090<250 MIla (nmpu
AL:Ti<l); ¢100=280 MIIa (ripu Al:T1% 1); c190=3 80 MlIla (mpu AL:Ti>1).

O6'emna nmons i mMopdosoris y'-ha3u BH3HAYAIOTH MEXaHI3M B3aEMOJIIT
JCIIOKAIIH 3 yacTkaMu. SIKIo po3Mip y'-4acTKU MaJIMii, TO JUCIOKaIlii Oy Iy Th ii
nepepizaty, SIKII0 YacTKU JOCUTh BEJIMKI, TO JUCIOKalii OyayTh OOXOOUTH iX
IUISTXOM MEPETIOB3aHHS Ta yTBOPCHHSI ME€TENb.

SAxmii came MexaHi3M TOB3y4OCTi Oyae peami3oBaHUN Y KOHKPETHOMY
BUMAJIKY, 3aJICKUTh Bl BEIUYUHU 00'eMHOT 1011 y'-(ha3u, MBUIKOCTI Aedopmartii
W TeMmIepaTypu, a TaKOX BiJl CTPYKTYpPHO-EHEPTeTUYHUX MapaMeTpiB, TAKUX SIK
eHeprisi aHTu(da3HOl TpaHUIll, MINHICTH y- 1 y'-¢da3, BeJIUYMHA PO3MIPHOI
HEBIIMOBITHOCTI MK HUMU. [limBummTu 00'eMHy 10110 y'-(ha3u MOXKHA MUISTXOM
MIJBUIIICHHS BMICTY B CIUIaBl Yy'-yTBOPIOIOUHX €JIEMEHTIB: aJIOMIHIIO, TUTaHY,
HIKEJII0, TaHTaIy a0 IIJISTXOM 3MEHIIEHHS PO3YMHHOCTI LIMX €JIEMEHTIB B y-(a3i
3a paXyHOK 301JIbLICHHS BMICTY XpoMYy, KOOAJIbTy Ta 3aji3a.

OpHak, mpy BUCOKOMY BMICTI B CIUIaBl TUTaHy, HIO0110 Ta TaHTaTy y'- aza

Moske mieperBoproBaTucs B daszu tumy NisTi (*-daza), NisNb a6o NisTa. i da3u



MalOTh I'€KCArOHAJbHY NIUIBHOYNAKOBAHY TPATKy Ta iX BUIUIEHHS HETaTHBHO
BIUIMBAE HA TPUBAJY MIIHICTh 1 TUTACTUYHICTH CIIJIaBiB.

Pi3anMu nocnmigHukaMud Oysio TOKa3aHO, LI0 HaWOLIbll  edeKTHUBHE
3MIIHCHHS JIOCATA€ThCS MPH BUIUICHHI B ciiaBax He MeHine 30-40% y'-dasw,
MIPUYOMY CEpEe/IHS BiJICTaHb MK YaCTKaMHU MMOBUHHA CKJIagaTu ~50 HM.

[TomiTHY posib y (OpMyBaHHI CTPYKTYpHU Ta BJIACTUBOCTEH CIUIaBIB Ha
HiKeJIeBiil OCHOBI BiairpaioTh kapOiaHi ¢pazu tuy MeC, Me23Cs, MesC.

[Tepunni kap6inu tumy MeC yTBOPIOIOTBCS TIPHU KpHUCTai3alli y BUTIISAL
KpYIHUX, BUIbBHUM YHHOM PO3TaIlIOBAaHUX YACTOK KyO14HOi a00 MIKeJIeTOno110H01
Mopdodorii. IcHye nepeBakHU OPSIOK YTBOPEHHSI LIMX KapOiiB, OB'I3aHMIA 31
smeHIeHHsM ix criiikocti: TiC, TaC, NbC, VC. MomnibneH 1 BoibppamM MOXKYTb
JaCTKOBO 3aMIIIaTH METaJId B IUX KapOijaax, yreoproun ¢asu tumy (Ti, Mo, W)C,
(Ti, Nb, Mo, W)C.

[lepBuHHI KapOiou, a TakOX OKCHJHI, HITPUIHI Ta KapOOHITPUIIHI
BKJIFOUCHHS € TOTCHIIMHUMH KOHIIEHTPATOpaMU HANpYyTd IS 3apOKCHHS
TPIIIHH.

Kap6imu tuny Me23Cs oTpumytoTs mipu Temmeparypax 750-950°C micns
TepMiyHOi 0OpoOkM abo B Tmpoleci ekcrulyatanii. BoHu mnepeBaxHO
PO3TAIIOBYIOTHCS IO MEXax 3epeH, aje 1HOMI CIOCTEPIraroThCs B3JIOBXK JIiHII
NBIMHHUKIB M Ha nedekrax ynakoBku. [Ipu HasBHOCTI B ciuiaBi MomiOJeHy Ta
BOJIb(pamy 11 kapOiau BianoBigatoTh ckiany Cr2i(Mo, W)2Ce.

Kap6imu tuny MecC BUIIISAIOTHCS MpU OUTBII BUCOKMX TEMIIepaTypax -
850-1000°C. Bonu yacrilie 3yCcTpiuarOThCA B CIJIaBaX 3 MIJBUIICHUM BMiCTOM
TYTOIUIABKUX METAJIIB, BUILISIOTHCS, TOJIOBHUM YHHOM, TI0 MEXaX 3epeH CYMICHO
3 kap6imamu Me23Ce it MatoTh popmy Ty (Ni, Co)2W4C, (N1, Co)3.5(W, Cr)2.5C i
inmi. Ix cknman Mosxe 3minioBaTucs Big MesC 1o MeisC.

Kap6igni ¢azu tunmy Me23Cs Ta MesC 1o rpaHuIsiM 3epeH YTBOPIOIOTHCS B
KOJI1 IJIACTUYHOI y'-(a3u, 1110 NEepelKkoHKae MOKPUXUEHHIO CIJIaBIB W MiABUIILYE
OITip 36pHOTPAHUYHOMY KOB3aHHIO.

bopuau - TBepmi TyromnaBki wactku Tumy MesB, (Hampukian,
(Mo031Ti10.13Cro.44)3B2) crocTepiraroTbCsi TUTBKM O TPAHUIISIM 3€PEH 1 MOXYTh
3pOCTaTy BiJl TPaHUIIl BCEPEIUHY 3epHA. Po3TamoByrounch B MICHSX 3'€THAHHS
I'PAaTOK P13HOTO OPIEHTYBAHHS, 301IBIITYIOTh OIip AedopMaliii HOB3YUYOCTI.

B ocrtanHiif yac 3amponOHOBaH1 HOBI JIMBApHI CIJIAaBU 3 HU3BKUM BMICTOM



Byrieno (0,002%C) # migsumenum (mo 0,1-0,2%) BmicTom Oopy, Tak 3BaHi
cruiaBu BC, siki MaloTh rapHy piIKOTEKy4iCTh M HU3BbKHI piBeHb mopuctocTi. L1
CIUIaBU Ipu3HadeHi aiisg podotu npu temmneparypax 800-950°C. B ix cTpykTypi
Maiike BiJICyTHI kKapOiau Tuiy MeC, aine € nepBUHHI OOpUIH, K1 OUTBII CTa0UTbHI
[P BUCOKMX TEMIIEPATYpPax M HE CHOPUAIOTh YTBOPEHHIO NOKpuxuyrounux TIHIY -
dbas.

HikeneBi  cmaBu, sIKI  BUKOPHUCTOBYIOTBCS B NPOMHCIOBOCTI,
H1IPO3AUIAIOTh HA JUBApHI CIUIABU Ta CIUIaBH, MO AedopMytoTbes. [IpuHiunu
JIETYBaHHsS Ta 3MIIIHEHHS WX CIUIaBIB OJHAKOBI, ajie¢ MPU CTBOPEHHI CIUIABIB,
neopMyroTbCcsi, HEOOXiTHO 3a0€3MeYuTH M JOCTaTHIO  TEXHOJIOTIYHY
IJIACTUYHICTh ITPU 00pOOI1Il TUCKOM, Y TOMY uKciii ipu Temmeparypax 700- 800°C,
a JMBapHi CIUIaBM TIOBMHHI MaTH 3aJ0BUIbHI  JIMBapHI  BIACTUBOCTI
(pPIIKOTEKYYICTh, MOPHUCTICTh). Y 3B'SI3KYy 3 MM B JIMBAPHUX CILJIaBax
JOMYCKAEThCS OLIbII BUCOKHA BMICT BYIJIEIIO, OOpy Ta BUMAraeTrbCcs OUIbII
CYBOPHI KOHTPOJIb MO KIJIBKOCTI JIETKOIJIABKUX JOMIIIOK.

JluBapHi cIUIaBU, SIKUM NPUTAMAHHUM BHUCOKHUM OIip MOB3Y4YOCTI Ta SIKI
MalTh OUTbII 00'eMHY M0N0 y'-ha3u ¥ J00aBKU TYTOIUIABKUX E€JIEMEHTIB,
BUKOPHUCTOBYIOTh JJISi BUCOKOHABAHTA)KEHUX Ta BUCOKOTEMIIEpATYpHUX JeTalieit
TypOlH, Hampukian, maad Jjonatok. g Oubll KpyHmHUX Ta CKJIAJHUX 3a
reOMEeTpi€l0 AeTaynieid TypOiH, sIKI HEMOXJIMBO BUTOTOBUTH BIJUIMBKOIO Ha
NOTPiIOHUN pO3MIp, HEOOXITHO O0OpOOJIIOBATH KOBKOIO a0 MPOKATyBaHHSM,
HAIPUKJIAd, TUCKH, BUKOPUCTOBYIOTh 1e(OPMOBaHI CIUIABU 3 MEHIIUM BMICTOM
y'-hazu 1 wmeHmorw MinHicTio. CrtaBu, 1m0 JaeQopMyrOThCs, 3aBXIU
BUKOPUCTOBYIOTb MPH OUTBII HU3BKUX TEMIIEpaTypax, HixkK JIUTI.

3 poCTOM TeMIIepaTypH eKCILTyaTallii 3Ha4eHHsI MIXK3€PEHHOTO pPyHHYBaHHS
YKapPOMIIHUX CIUIaBiB 3pocTae. BUkopucTaHH CIJIaBiB, OTPUMAHUX HAPABICHOIO
KpUCTaTI3alli€10, T03BOJISIE P13KO 3MEHIIIUTH POJIb MEX 3€pPEH Yy pyHHYBaHHI, TOMY
IO TICJS HaMpaBlE€HOI KpUCTAi3amii TpaHWIll 3€peH pO3TAaIIOBYIOTHCS, B
OCHOBHOMY, TMapajeilbHO [0 NPHUKIAJEHOTO0 3YCWJUIA, a TpaHulli, U0
NepPHeHANKYJIIpHI  HanpsMKy nedopwmariii, BiacytHi. Ille Oinpmr  BuCOKI
XapaKTEPUCTUKH 5KAPOMIIIHOCTI MOKA3yIOTh CIUIABH, K1 MalOTh MOHOKPUCTAIIIYHY
CTPYKTYpY, TOOTO, KOJIU JIeTallb BUPOIIYETHCA 3 OJHOTO IIEHTPY KpHUCTasi3allli
(3aTpaBKM) W HE Ma€ BEIMKOKYTOBUX TpaHulb 3epeH. Cmin mam'staT, IO

MOHOKpHUCTAJIIYHA CTPYKTypa CKJIQJHOJIETOBAHMX >KapOMILIHUX CIUJIaBiB He



BIJIMTOBIJIa€ YSABICHHSAM PO MOHOKPHCTAJIM YUCTUX METAJIB, IO MAalOTh OJHY
KPUCTAIIYHY TpaTKy. B >kapOMIlHUX CIUIaBaX, 3aKpHCTali30BaHUX 3 OJHOTO
IIEHTPY, CIOCTepiraroThbes pizHi da3u: y-asza, kapoiam, y'-gaza ta, BIAMNOBIIHO,
MiK(a3Hi rpanuiii. OgHaK B HUX BIJICYTHI I'PaHUIll 3€pEH, 10 CUJIBHO IiBUIIYE

KAPOMIIHICTH (PUCYHOK 4.8).
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Pucynox 4.8 - Kpusi nos3ydocri ripu 980°C ta ¢=206 MIla criaBy Ha HikeneBiit
OCHOBI TTiciig 3BU4aiiHoi (1), HapaBiieHo1 (2) Ta MOHOKPUCTANIBHOI (3)

TexHoorii kpuctamizamii (M. Mak-Jlin, ®. [Ily6epr)

Otpumanns cmiasy HK ab6o 3 MOHOKPHCTAIIYHOIO CTPYKTYPOIO
CKJIQJIAETHCS 3 TPOBEICHHSI KOHTPOJIHOBAHOI KpUCTAJII3AIlil 3 PIAKOTO CTaHy, KOJIU
MOBEPXHS PO3ALIY MK PO3IUIABOM Ta TBEPJIOIO (a300 MIATPUMYETHCS MIOCKOIO
Ta MEPHEHANKYJSIPHOIO 10 Oa)kKaHOTrO HaMpsMKY Kpucrtamizamii. Lle MoxinBo
OTPUMATH, KOJIU M0 YCbOMY MEPETUHY AETalll TETUIOBHI MOTIK PO3MOBCIOIKYETHCS
napajiesIbHO HapPSIMKY POCTY.

Takum 4MHOM, Ha CHOTOJTHI BUKOPUCTOBYIOTH KAPOMIIIHI CIIJIaBU, OTPUMaH1
PIBHOBICHOIO  KpHUCTAJI3Alll€l0,  HANpaBJICHOK  KpHUCTATI3alll€l0 Ta 3
MOHOKPHUCTAJIBHOIO CTPYKTYPOIO.

BigzHauumo, 110 OCTaHHI JiIBa TEXHOJOTIYHUX MPOLECH 3HAYHO
MiJBUIIYIOTh BAPTICTh JEeTajei; iX BUKOPUCTOBYIOTh TUIBKM B OCOOJMBO
BIJIITOBITHUX BUMAIKaX.

B TexHiuHiM miTepaTypi NpeacTaBieHA BEIMKA KUIBKICTh MKapOMILIHUX
HIKEJIEBUX CILJIaBiB, [0 CBIIYUTH MPO X IHTEHCUBHY pO3poOKY. B 3amexHOCTI Bij
KOHKPETHUX yMOB €KCIUTyartaiii Jjerajgedl HeoOxiaHo audepeHiiiiioBaHo
M1IXOUTH 10 BUOOPY TAKUX CIUJIABIB.

Tepmiuaa 06poOKa KapOMIITHUX CIUIABIB HA HIKEJIEB1M OCHOBI CKJIA/IA€THCS
3 rapTyBaHHS (1HOA1 MOABIHHOrO rapTyBaHHA B1J] PI3HUX TEMIIEPATyp) Ta CTAPIHHA,
sKe MPOBOJASTH B OJIHY a00 /1Bl CTaJlli: HU3BKO- Ta BUCOKOTEMIIEpATypHi. MeToro

TaKol CKJIQJHOI TepMiuyHOI OOpOOKHM € 3a0e3rnedeHHsT HaHO1IbII ONTHMAJIBHOTO



CIIOJTYYCHHSI KUJIBKOCT1 1 Mop(doJiorii 3MilHIOIOUMX (a3 B cIjiaBax 1, BiJMOBIIHO,

CHPUATINBE CHIOIYUYCHHS XapaKTEPUCTHK KAPOMIITHOCTI 1 TUTACTUYHOCTI.

4.3.2 7KapoMiuHi cIuiaBy HA OCHOBI TUTAHY

OpHi€ero 3 HaWBKIIMBIIIKX TIEpeBar TATAHOBUX CILIABIB € 1X KAPOMIIHICTD,
sKa B yMOBaX MPaKTUYHOTO BUKOPHUCTAHHS 3 HAJJIMIIIKOM KOMIICHCYE PI3HUITIO B
uiieHOCTI. [lepeBara THTAaHOBUX CIJIaBiB, 30KpEMa, HaJ[ AIFOMIHIEBUMU OCOOJIUBO
Pi3KO MpOsBISAETHCA NpH Temneparypax suiie 300°C.

TuTaHOBI CIUIaBH 3a MUTOMOIO MIIHICTIO (MIIHICTIO MO BIJHOUIEHHIO 0
HIUTBHOCTI) IEPEBUIITYIOTh OUIBIIICTh HEPKABIIOUUX Ta TEIUIOCTIMKKUX CTajei npu
temneparypax 10 400°C-500°C. Skiio BpaxyBaTH JO TOTO 3K, 110 B OUIBIIOCTI
BUIIA]IKIB B pEAJIbHUX KOHCTPYKIISIX HE BAAE€THCS TOBHICTIO BAKOPUCTATH MILIHICTD
cTayieil yepe3 HeoOX1HICTh 30epeKeHHS )KOPCTKOCTI 200 MEeBHOI aepoIMHAMIYHOT
dbopmu BUpoOiB (Hanpukia, npodiiab JONATKA KOMIIPECOpa), TO BUSBUTHCS, 110
IPH 3aMiHI CTATBHUX JETaJIe THTAHOBUMHU MOKHA OTPUMATHU 3HAUYHY €KOHOMIIO
1o Maci.

[Ile mopiBHAHO HEJABHO OCHOBHUM KPHUTEPIEM MPHU pO3pOoOILIl HKapOMILIHUX
CIUTaBiB OyJjla BEJMYMHA KOPOTKOYACOBOI Ta TPUBAJIOI MIIHOCTI MPHU TEBHIN
temriepatypi. Ha nanuii yac mMoxkHa cpopmyIioBaTé UMK KOMILJIEKC BUMOT J0
JKapOMIIIHMX TUTAHOBHUX CIUIABIB, 30KpeMa, JUIs JAeTalek aBlalliiHuX ABUTYHIB.

B 3anexxHoCTI Bl yMOB pOOOTH 3BEpTa€eThCsl yBara Ha Ty ab0 1HIIY

BHU3HaA4YarO4vy BJ'IaCTI/IBiCTB, BEJIMYMHA SIKOI IOBUHHA 6yTI/I MaKCUMAJbHOIO:

1. Bucoka kopoTkouacoBa Ta TpUBaja MILHICTh B YChOMY IHTEpBal
pobounx Temmeparyp. MiHIMalbHI BUMOTH: MeXka MIIHOCTI TMPU KIMHATHIN
temriepatypi 100"I1a; kopotkodacosa i 100-roguana MitHicTh Tipu 400°C - 75 Tla.
MakcumaibHI BUMOTH: MeKa MIITHOCTI TTpH KiMHaTHIN Temneparypi 120”1a, 100-
roauHHa MitHICTh ipu 500°C - 65 Ila.

2. 3a10BUIBHI IJIACTUYHI BJIACTUBOCTI TIPU KIMHATHIN TeMmepaTypi:
BinHOCHe mogoBxkeHHsT 10%, momepeune 3ByxkeHHs 30%, ymapHa B'SI3KICTh
3MTa*m. Ili BUMOrM HWXYI IS JeTalled, IO HE MiAJAI0ThCS IUHAMIYHHM

HarpysKam.



3. Tepmiuna crabinpHicTh. CrylaB MOBMHEH 30epiraTv IUIACTHUYHI
BJIACTMBOCTI MICIsl TPUBAIOI i BUCOKHX TEMIIEpaTyp Ta Hampyru. MiHiMambH1
BUMOTH: CIUIaB HE MOBUHEH MOKpUX4yBaTtUCh micias 100-roaiMHHOrO HarpiBy npu
Oynp-sikiit Temneparypi B iHTepBa 20-500°C.

4. Bucoxkuii omip BTOMJICHHIO TP KIMHATHIH Ta BUCOKUX TeMIIEpaTypax.
Meska BUTPHUBAJIOCTI 3pa3KiB MpU KIMHATHIN TeMIiepaTypl He TIOBUHHA CKJIaaTh
mentre 45% wmexi mirHocti, a ipu 400° C - He menmre 50% Mexi MIITHOCTI TIpU
BIIMOBIHIN TeMmeparypi.

5. Bucokuii omip moB3y4ocTi. MiHIMalIbHI BUMOTH: TIPH TeMIeparypi
400°C 1 nampysi 50 Ila 3amumkoBa nedopmaris 3a 100 roguH HE NOBUHHA
nepesuinyBati 0,2%. MakcuManbHUMHA BUMOTAMM MOYHA BBa)XKaTH TaKy CaMmy
Mexy mipu temrnepatypi 500°C 3a 100 rogun. Ls xapakTtepuctuka 0coOJHMBO
BaXJIMBA JUIsl IeTaJIeH, 1110 MiIJal0ThCS B IpoLeci poOOTH 3HAUHUM PO3TATYIOUUM
HaIpyraM, HapUKIIaJ, TUCKA KOMIIPECOPIB.

JKapomiiHi BIACTUBOCTI TUTAHOBUX CIUIaBIB 3a0€3MEUyIOTHCS JBOMA
HUISIXaMHU:

1) GaraTOKOMIIOHEHTHHUM JIETYBaHHSIM TBEPAMX PO3YHUHIB (TBEPAO-
PO3YMHHUN MEXaH13M 3MILIHEHHS );

2) ¢opMyBaHHSIM  BHUCOKOJMCIIEPCHHUX  BHUAUIEHb  IHTEPMETANIAIB
(mucriepciiHUN MeXaH13M 3MIIHEHHS ).

OCHOBOIO XKapOMIIIHMX TUTAHOBUX CILJIAaBIB € a-TUTaH, TOMY 110 1u]y3iitHi
NpoLEeCH, SIKI BH3HAYalOTh TPUBAJIY MILNHICTh Ta OMIp [OB3YYOCTi, B
HIUIbHOYNAKOBAHIM T'€KCaroHajbHIA CTPYKTYpl MPOTIKAIOTh MOBUIBHIIIE, HIK B
MeHI TibHOynakoBaHii P-¢asi 3 OLIK rparkor. V 3B's3ky 3 UM piBeHb
XapaKTEPUCTHK >KAPOMIITHOCTI TUTAHOBUX CIUIABIB BH3HAYAE BIUIMB JIETYIOUUX
€JIEMEHTIB Ha TeMIEpaTypy MoJiMOpGHOTO MEPETBOPEHHS, a HE HA TEMIIEpaTypy
IJIaBJA€HHS TUTaHy. JKapoMilHICTh THUTAaHy TOBMHHI HAWOUIbII CHJIBHO
MJBUIIYBATH a-CTA0OLII3aTOPHU, SIKI YTBOPIOIOTh 3 TUTAHOM PO3UYMHU 3aMIIEHHS
(Al, Ga, In). Enementu BHpoBa/uKeHHs, sKi cTabLm3yioTh a-dgaszy (O, N),
HEMPUIATHI SIK JIETYIOUl €JIEMEHTH, TOMY IO CHJIbHE PO3YMHHE 3MIITHCHHS
PYWHYETHCSI TIPU TMOPIBHIHO HU3BKUX TemrmepaTypax. Jlo Toro k KHMCeHb Ta a30T
CHJIBHO TIOKPUXUYYIOTh TUTAHOBI CTJIABH.

Heilitpanbai  3minHOBaui  (OJIOBO Ta  ITUPKOHIM)  BIJHOCATH  JI0

MEPCIICKTUBHUX JICTYHOUHUX €JIEMEHTIB B )KapOMiI_[HI/IX TUTAHOBUX CIlJIaBax, TOMY



10 BOHM B 3HAYHIM Mipi MIJBHUIIYIOTh MIITHOCTHI BJIACTUBOCTI, MOMITHO HE
3HIDKYIOUM TEMIIEpaTypy MoIiMOp(HOro nepeTBOpeHHs.

Enementn, mo crabumizyiote P-asy, 3HmKyIOTH Temmeparypy
OIIMOP(HOTO EPETBOPEHHS, 0 TOTO K JIJIsl OUIBIIOCTI 3 HUX XapaKTepHI BUCOK1
koediuienTy audysii B P-tutani. Tomy A0 neryBaHHs >KapOMILIHUX CIUIaBiB P-
cTabimizaTopaMH BIAHOCATHCS 00epekHO. BMICT 1UX €JeMEHTIB MOBUHEH OYyTH
HEBEJIMKHUM JIJI TOTO, 00 CUJILHO HE 3HUXKYBajach TeMIiepaTypa mnojiiMophHOro
NIEPETBOPEHHSI. JleryBanus KAPOMIITHUX TUTAaHOBUX CIUTaBiB
€BTEKTOII0yTBOPIOIOUMMH  P-crabinizaTopamMu HENpUAATHE, TOMY MLIO IpHU
TPUBAJIM eKCIUTyaTalli NpU TMOPIBHAHO HEBUCOKUX TEMIIEpAaTypax BOHH
BUKJIMKAIOTh €BTEKTOIAHMM po3nan P-dasu, mo npus3BOIuTh 10 KPUXKOCTI
CILIaBIB.

BuKItOYEeHHSIM € KpeMHId, SKUH YTBOPIOE 3 TUTAHOM CHJIILMIUA IO
eBTEKTOIIHIN peakiii. EBTEKTOIIHE MepeTBOPEHHS B CIIJIaBaX TUTAHY 3 KPEMHIEM
MPOXOJUTH MIPU BUCOKIM TemnepaTypi (mpubdimzno 860°C) 3 BEIMKOIO MBUAKICTIO
Tak, 1m0 He ¢ikcyeTbcs HecTabuibHa P-dasza, sika Moke posmanatucs mpu
TeMIlepaTypax eKCIUTyaTallii, BUKJIMKAIOYM KPUXKICTh CIUIaBIB SIK 1€
CIIOCTEPITa€ETHCS B CIUIaBaX 3 3aj130M, MApPTaHIIEM, XPOMOM.

VY 3B'SI3Kky 3 BHIIECKa3aHUM, OCHOBHUMH JIETYIOUUMHU €JIEMEHTaMHU
JKapOMIIIHUX THUTAaHOBUX CIUJIaBIB € allOMiHIM (Tadiil Ta 1HOIM HE MOXKHA
pO3IIIAIaTH SK JIETYIOUl €JIEMEHTH 4epe3 iX JeIIUTHICTH), OJO0BO, IMPKOHIM,
KpEMHIi, MOJi0/ieH, HI001i Ta B MEHIIOMY CTyIEH1 BOJb(dpam, KM CKIIATHO
BBOJIMTH Y BINIUBKY Y€pe3 HOro TYTOIIaBKICTb.

Xoya adrOMiHIM BUKIMKAE ciIabKe PO3YMHHE 3MIIHEHHS MpPU KIMHATHIM
TEeMIIepaTypi, BIH MMJBHUINYE TEMIEPATypu MOJIMOPGHOTO TMEPETBOPEHHS Ta
peKpucTanizailii, ICTOTHO 30UIbIIy€ CHJIM 3B'A3KY B a-TBEPAOMY PO3YMHI, IO
NOCWIIIOE KOBAJEHTHY CKJIaJ0BYy WM TOMY HIJABUILY€E >KapOMIIHI BIACTUBOCTI
TUTany. J{o TOro * anatoMiHIM pO3UMHSAETHCS B a-TUTAHI Y BEIUMKHUX KIJIBKOCTSX,
TOMY Majuil Koe(dIimieHT 3MIIHEHHS TUTaHy MpH po3urHeHH1 1% amoMiHio
MO’KHa KOMITEHCYBATH O1JIbIII CUJIBHUM JIETyBaHHSAM. Pa30M 3 TUM BMICT aJIFOMIHIIO
HE TIOBMHEH OyTH BEJIMKUM 4Yepe3 MPOIECH 3MIIIHCHHS B a-(asi, sSKi MPU3BOISATH
10 BuAUIeHHS iHTepMeTaniny Ti3Al (a-¢asi), mpu THM MEHIIUX KOHIICHTPAIIisX
QJFOMIHII0, YUM HIDKYA TeMIepaTypa.

®daza a2 SHUIXXYE IJIACTUYHICTh TATAHOBUX CILIABIB OCOOJMBO CHJIBHO, SAKIIO



BOHA BUJUISIETbCS 1O TpaHUIAX a-3epeH. KorepeHTHi BHIUIEHHS a, Ha
JTUCIIOKAIlISAX, HABMAKW, MaJo BIUIMBAIOTh HA TUIACTUYHICTD, BUKIMKAIOYN CUIIbHE
HiABUIICHHA onopy moB3ydocTi. [Toasiiini cimaBu Ti-Al mepexonars B KpUXKHiA
CTaH B iIHTepBai KoHIeHTpawii §8-9% Al

[Ipu Temneparypax, HaOIMXKEHUX O KIMHATHOI, OJIOBO 3MIIIHIOE TUTaH B
MEHIIIOMY CTYIICHI, HDK aJIFOMIHIH, ajie MoII0HO JI0 HhOTO OJIOBO JEIIO 301IbIIYE
MOJYJIb MPY>KHOCTI, MIJABUILYE TEMIIEPATypy PEKpUCTaNi3allli Ta MOCUIIIOE CUITU
3B'SI3KYy Ta YHOBUIbHIOE AU(]Y3iifHI MpoLecH THUM CaMUM IiABHUILYIOUYH
TEXHOJIOTIYHY TIJIaCTUYHICTh CILIABIB.

[{upkoH1{ MiABUILYE *KAPOMILHI BJIACTUBOCTI TUTAHOBUX CILJIABIB TOMY,
1o, 3a0e3Meuylourd PO3UYMHHE 3MIIHEHHS TUTaHy (Xoua W HEBEJIWKE), BIH HE
3HIKYE CWIM 3B's3Ky. Pa3oM 3 TUM UHMPKOHINM 301IblIye PO3YUHHICTH P-
cTabumizaTopiB y a-¢asi, 1Mo CTBOPIOE MOMKJIMBICTH JOJATKOBOTO PO3YUHHOTO
3MIIHEHHS KapOMIIHUX a-cIiaBiB. [[03uTHBHMI BIUTMB MOJ1I0/IeHY Ta BOJb(Ppamy
Ha JKapOMILHICTh TUTAHY MOB'SI3aHUM 3 BEJIMKUM I1apaMETPOM HEBIAMOBIIHOCTI
MOJYJIIB 3CYBY Ta MaJIOIO JU(Dy31iHOIO PyXJIMBICTIO IIUX €JIEMEHTIB.

KpewmHiii yTBOpro€ CHITIIIUIU, CKIIQJl SIKUX 3aJI€KUTh BiJ CKJIaIy CIUIABY 1
pexumiB TepmiuHoi 00poOku: Ti5Si3 B crutaBax TiSi; (Ti, Zr)sSi3 B crutaBax Ti- Al-
Zr-Mo-Si; (Ti, Zr)s5(Si, Sn)s B crmaBax Ti-Al-Zr-Sn-Si. Cuninuaun KpeMHIIO He
3MIIACHIOIOTH MOMITHOTO 3MIITHIOIOUOTO BILJIUBY.

KpewmHiii miaBuIye skapoMiIHICTh TICEBI0-a-CILJIaBIB, SKIIO HOTO BMICT HE
NEepPeBUIIYE MEXI PO3YMHHOCTI. Marouu BeTUKHA TapaMmeTp pO3MIPHOI
HEBIJIMOBITHOCTI 3 TUTaHOM (TIpuOIU3HO 21%), BIH BUKIIMKAE CHIIBHE PO3YHMHHE
sMmiriHeHHsI. OKpiM 1IbOTO, Yepe3 BUCOKY CHEpril0 B3aeMOJii 3 AMCIIOKAIISIMU
aTOMH KPEMHII0O CHJIBHO OJIOKYIOTh  JIUCJTIOKAIlli, TMEpelIKOKAIYNA  iX
nIepeCcyBaHHIO.

B psani poOiT BUHANIEHO MO3UTHBHUM BIUIMB KHUCHIO Ha KAPOMIIHICTh
TUTAHOBUX CIUIaBiB. OJHaK A0 JIETyBaHHS TUTAHOBUX CIUIABIB €JIEMEHTaMU
BIIPOBA/DKCHHS BIIHOCATBHCSA 0O0CpekHO. J[oMIIKM BIpoBaKEHHS (0COOIMBO
KHCEHb Ta a30T) MOTIPIIYIOTh TEXHOJOTIYHICTh, MJIACTUYHICTh, 3BAPIOBAHICTD,
MIJBUIIYIOTh YYTJIUBICTh THUTAHOBUX CIUIABIB JI0 KOHIIEHTPATOPIB HAINpyr Ta
CXHWJIBHICTb JIO XOJIOAHOJIAMKOCTI, IO MOTIPIIYE iX TEPMIUHY CTaO1IbHICTb.

[Topsin 3 Takumu 1OOpE BIAOMUMU MOKa3HUKAMU KapOMIITHOCTI, SIK TpHUBasia

MIIHICTh Ta OMIp TMOB3Y4YOCTi, TEpPMI4HAa CTaOUIBHICTh € BAXIUBOIO



XapaKTePUCTUKOIO  KapOMIIHUX  TUTAaHOBUX  cruiaBiB. Ilig  TepmiuHOIO
CTaOUTBHICTIO PO3YMIIOTHh 3JaTHICTh CIUIaBiB 30epiraT BUCOKI TUIACTHYHI
BJIACTMBOCTI MICJIsI TPUBAJIOL A1l MiABUILEHUX TeMrepatyp. i OiHKY TepMIYHOT
CTa01IbHOCTI CIUIABIB 3pa3Ku BUTPUMYIOTH (I11]1 3arpy3K0r0 a00 0e3 Hel) BIPOI0BK
nepHoro dvacy (100 a6o 1000 romuH) mpu pi3HUX TemIlepaTypax, a MOTIM
OXOJIO/DKYIOTh J0 KIMHATHOI TeMIepaTypd Ta BHU3HAYAIOTh iX MEXaHIYHI
BIACTUBOCTI. [1iciisa BUTpUMKH TIPH JOCUTH BUCOKUX TEMITEpaTypax CIUIaB BTpadae
HU3BKOTEMIIEPATYPHY IJIACTUYHICTH Yepe3 MEPETBOPEHHS, 110 B HUX MPOTIKAIOTh,
yacTillle ychoro, yepe3 posmnan P- Ta a-dpa3 1 TOMy 3HIKYIOTH TEPMIUHY
CTaOUIbHICTb.

[Ipyn BHUBYEHHI BIUIUBY JIETYIOUMX €JIEMEHTIB Ha TEPMIUHY CTaOLIBHICTDH
TUTAHOBUX CIUIaBiB BBEICHO TIOHSTTS EKBIBAJICHTA JICTYIOUMX CJIIEMEHTIB TIO
ITIOMIHIIO, KWW Ha3BaHWM CTPYKTYpHUM. IIpu DOCHiIPKEHHI XapaKTepUCTUK
»)kapoMminHocTi cmiaBiB cucteM Ti-Al-Sn ta Ti-Al-Zr BuHaliaeHo, 110 MOABIHHI
crutaBu cucremu Ti-Al mpu temmeparypax 500-550°C BTpayaroTh TEpMIUHY
CTaOUIbHICTh TPH KOHLEHTpalii npubmuszno 9% Al. OnoBo Ta UMPKOHIN
3MIILYIOTh I}0 KOHIEHTPALIIIO 10 MEHILIOT0 BMICTY allfoMiHI0, Tpruuomy Aist 1% Al
ekBiBajieHTHa 3% Sn ta 6% Zr. B mux nociimpkeHHSIX BCTAHOBJICHO, 110 BILIMB
KHCHIO Ha TEPMIUHY CTaOUIbHICTh Y JECATh Pa3iB MEPEBUIILYE 110 aTIOMIHIIO.

Brpara tepmiuHOi cTabLIBHOCTI MOB'SI3aHA 3 MPOIIECAMU BIOPSIKYBAaHHS,
[0 MPOTIKAIOTh MPU MIABUIICHUX TeMIlepaTypax B a-(ha3l Ta MPU3BOIATH, B
KIHIIEBOMY BUNAJAKYy, JIO BHUIUICHHS TMOKPUXUylOuoi ar-pasu. 3rimHo 3
BIIMOBITHUMH JllarpaMaMH CTaHIB BUJIIJICHHS ap-()a3d MOBUHHO MPOXOJIUTH MPHU
3HaueHHAX [ALJCKB mMeHmux Hix 9%, ane nume npu koHueHtpauisx [ALJCKB,
Ou1bIINX 9%, MOKPUXUYIOUUA BIUIUB ar-(a3u CTa€ MPAKTUYHO HEOE3MEUHUM.

JKapoMimHIiCTh TICEeBI0-a-CIUIABIB BU3HAYAETHCA HE TUIBKH 1X XIMIYHUM
CKJIQZIOM, a TaKOX 1CTOTHO 3aJICKUTh BiJ 1X TOHKOI CTPYKTYPH; YUM CTaOlIbHIIIA
CyOCTpyKTypa MpH IHIIUX PIBHUX YMOBaX, THUM BHIIA >KapOMIIHICTh. Tak,
30KpeMa, (OpMyBaHHS TOJITOHI30BAHOT CYOCTPYKTYpHU CHpPHSE T1IBUIIEHHIO
YKAPOMIITHOCTI.

Xoya 3HauHa KUIBKICTH a-¢a3um (Ti3Al) B miceBmo-a-criaBax He
JIOMYCKAEThCS  4Yepe3 BTpATy TEPMIYHOI CTAOUIBLHOCTI 1 TEXHOJOTI4YHOI
MJIACTUYHOCTI, CIJIaBU Ha OCHOBI iHTepMeTaniay Ti3Al nmpencraBistoTh 3HAYHUN

1HTEpeC SK BHCOKOXApOMIIHI HaJUIeTKI THUTAHOBI CIUIaBU, SKI CKJIAJal0Th



KOHKYPEHI[II0 JKapOMIIIHUM HikeJneBUM cruiaBaM. OpHak, 1€ BXe Marepiaiu

1HIIOTO KJIACY - CIUIaB1B HA OCHOBI IHTEPMETAJIIIB.

4.3.3 7KapoMiuHi cIuIaBu HA OCHOBI KOOAJIBTY

JKapoMminHi crutaBU Ha OCHOBI  KOOalbTy MarTh OUIBII  HHU3bKI
XapaKTePUCTHKHU >KaPOMIIIHOCTI B MOPIBHAHHI 31 CIJIaBaMHd Ha OCHOBI HIKEITIO.
PiBeHb kapOMILHOCTI KOOAJIBTOBUX CIUIABIB MOB'SI3aHUH 31 3MILHEHHSM TBEPJIOTO
PO3YMHY IIPH JIETYBaHHI Ta 3 BUJIJIEHHSAM 3MIIHIOIOUHX (a3.

KoGanbTOB1 criiaBu BHACHIIOK CrieU(iKA MeXaHI3My 3MIITHEHHSI MICTSTh
MIJBUIIEHY KIJTBKICTh BYTJICIIO, SIK paBuiio, Bia 0,25% mo 1%C.

[lepeBaroro cruiaBiB Ha OCHOBI KOOAJIbTY € iX rapHa KOpO3iiiHa CTIMKICTh
IIpU TABUILIEHUX TeMIepaTypax, HAMPUKIAA B MPOIYyKTaX 3rOPSHHS MajnuBa, 10
MICTUTB CIPKY, BOHU XapaKTePU3YIOThCS BUCOKOIO CTAOUIBHICTIO CTPYKTYPH MPHU
TPUBAJIMX CTPOKAX CIY>KOU M1l HABAHTAXEHHSM Ta, OTXKE, MAIOTh OLTBII MOJIOTUM
X1J KPUBHUX 3aJICKHOCTI MIITHOCTHHUX BJIACTUBOCTEH BiJ TEMIIEpaTypu Ta dYacy
BUTPUMKH; KOOAIBTOBI CIIJIaBU MAIOTh OLJIBII BUCOKY TETUIOMPOBIIHICTD 1 MEHILIUN
KOE(DILIEHT TEPMIYHOIO PO3IIMPEHHS, HIXK HIKEJIEBl >KapOMILHI CIUIaBU. Tomy
KOOaJIbTOBI CIIaBH OB MiXOATh JIJI1 BATOTOBJICHHS JACTalCH, 110 MpU3HAYeHI
JUIsL TpUBaJioi poOOTH B KOPO3IMHOMY CEpeloBHINll, B YMOBaX TEPMIYHOIO
BTOMJICHHSI Ta MPHY MOPIBHSHO KPYIMHUX pO3Mipax (HampHKIiIaa, COTUIOBI Ta poOoui
JIOTIATKU MILHUX T'a30BUX TYypOIH).

JlocTymHICTh PI3HUX METalIB B pI3HUX KpaiHaX HEOJHAKOBa, TOMY
BUKOPWCTAHHS >KapOMIITHUX CIJIaBiB HA OCHOBI KOOAIBTY O1IbIIT PO3MOBCIOIKECHE
y 3apyOixkHUX KpaiHax, ocoonuBo B CIIIA, wix B Pocii. Hanpuknaa, 8 CIIA
BUKOPUCTOBYIOTH CIUIaB, 1o aedopmyerbes, S-816 (0,340,42% C, 19-21% Cir,
3,5-5,5% Mo, 3,5-5,0% W, 20% N1, 4,0-5,0% Nb), sikuit mae 0510~ 108MIla, cmioo™
70MIla. Y BUNAAKy BUKOPUCTAHHS I[LOTO CIUIABY Y JUBAPHOMY BapiaHTi, Y HbOMY
nemnio 30ubmryoTh BMIicT Byriemo (1o 0,44% C) 1 mogatkoBO BBOASTH O0p (10
0,1% B). tpuBana MiHICTb 0¢ = 210MIla , 0sv¢, = 150MIla , a TIpU TEMIIEpaTypi
980°C 0.,= 100MIla , 0..= 55MIla .

B ko0anpTOBHX cITaBax MOXYTh yTBOpIOBaTHCA HacTymHi (asu:

aycreniTHa y-matpuus 3 ['TIK cTpykryporo, kapOiau, Oopuau, kapOo-HITpUAN U



THIY-da3u (tomonoriyHo IIIbHOYyMakoBani ¢asu (¢, 1, ¢da3u JlaBeca).
[aTepMmeTanigHa y'-hasza B HUX HEe BUALTIETCS. [Ipy peTelbHOMY KOHTPOJTI CKITaay
ytBopenHst TIIY-da3, ski 3mMiCHIOIOTh HETATUBHUIA BIUIMB HAa YKApOMIIHICTh 1
MJIACTUYHICTh, MOJKHA YHUKHYTH, a, K HACTIJOK, dKapOMiIHI KOOaJIhTOBI CIIaBU
OyIoyTh CKJIAMaTUCSA 3 Y-TBEPAOro PO3UMHY Ta 3MIIHIOIOUMX KapOITHUX Ta
KapOOHITpUIHUX (a3.

KobanbT yTBOproe Oe3nepepBHI PO3UMHM 3 HIKEJIEeM, 3alli30M Ta
omaropoganmu metaiamu (Pt, Ir, Pd, Rh) i oOmexeHi po3unHM 3 MIUPOKOIO
obJsacTio romoreHHocti 3 Mapranuem (70% art.), tyromiaBkumu metainamu (Cr, W,
Mo, V, Ta), a takox Ti, Al, Nb, Zr.

Bucoky po3unHHICTh MatoTh Takox 0op (10 1% mpu 1000°C) Ta Byriemp
(0,3-0,4% npu 1100°C).

brnaropoani MeTanu A0pOro KOMITYIOTh Ta € Ae(PIIUTHUMU; MapTraHelb Ta
3aJ1130 HEraTWBHO BIUIMBAIOTh Ha JKapOMILHICTh Ta apOCTIMKICTh CIUIABIB Ha
OCHOBI KOOajbTy, TOMY JIETYBaHHS ITMMH €JIEMCHTAMH HE BHKOPHUCTOBYETHCSI.
OCHOBHMM 3 eJIeMeHTIB, sikui ctabdimizye ['TIK cTpykTypy B criaBax KoOalbTy, €
HiKeJb. BMICT HIKeIO B )KapOMIITHUX KOOAIbTOBUX CILJIaBaX, sIK IPaBUJIO, CKJIa1a€e
10-30%. BaxxinuBe 3HaYeHHS B IIUX CIUIaBaX Ma€ XpOM, SIKUN 3a0e31euye BUCOKY
KOPO3iiiHy CTIHKICTh Ta TO3UTUBHO BILUIMBAE HA 1X KapOMIIHICTb. BMicT xpoMy B
CIuIaBax, 10 aeopMyroThCs, SIK MpaBuio, ckiamae 18-20%, a B TUTHUX CIIaBax
23-28%, 1110 3HaYHO BUIIE, HIXK JOMYCKA€EThCS B CILJIaBaX Ha HiKEJEBiil OCHOBI.
Kpim toro, B crutaBu BBOJATH 10 10% Bosbhpamy abo MoiibaeHy Ta Bosibppamy
(cymapHo), a TakoX H1001i, TUTaH, BaHaiil. Mo1i6eH Ta BoJib(Ppam € 0THOYACHO
3MIITHIOBaYaMH TBEPAOTO PO3YHMHY Ta YACTKOBO BXOJSThH /10 CKJIaay KapOiaHHX
¢as3, a H1001i1, TUTaH, BaHa1il B OCHOBHOMY MPHUCYTHI B KapOigax. B kobanbToBHX

CIUTaBax, SIK MPaBUIIO, YTBOPIOOTHCS KapOiau tumy MeC, MesC, Me7C3, Me23Ce.

4.4 KapominHi cIJIaBH HA OCHOBI TYTOIIABKHUX METAJIIB

4.4.1 3arajpHi MOJOKEHHSA

TyromnnaBki MeTanu BKIOYAIOTh, SIK IPABUIIO, METAIIH, Y AKHX TeMIlepaTypa
iasneHHs nepesuirye 1700°C. HaitOinbine 3acTocyBaHHs oepKajiu MeTanud VA

APy — BaHaiH, HI001M, TaHTas 1 MeTanu VIA miarpynu — Xxpom, MoJii0JIeH,



BoJb(pam. TyromimaBki MeTaau MarOTh MIITHI MID)KaTOMHI 3B'SI3KHU 1 BIPI3HIIOTHCS
BUCOKMMH TEMIIEpaTypaMH IUTABJICHHS, MaJUM TEIUIOBUM PO3IMIUPEHHSM,
HEBEJIMKOIO TETJIONPOBIAHICTIO, MIBUIIICHOIO KOPCTKICTIO.

OpHak npu BUCOKHMX TEMIIEpaTypax yCcl HAaWBaKIIUBIIII TYTOIJIaBKI METaIH
(32 BUHSATKOM XpOMY) HIBUJIKO OKUCITIOIOThCS. HU3bKa %apOoCTIAKICTh — BEIUMKUN
HEJIOJIIK TYTOIJIABKUX METAJIIB.

3a CyKyHHICTIO TEXHOJOTIYHUX BJIACTHBOCTEH TYTOIUTaBKI MeTaimd 1 ix
CIUIaBU BIJTHOCSITH JI0 MaTepialiB, [0 BaXKKO 0OpOOIIIOIOTHCS. Yl BUIU rapsdol
00OpoOKH yTpYyAHEH1 BEIMKUM OMOPOM ILIACTUYHOMY Jie(OpMyBaHHIO, HU3bKOIO
TEXHOJIOTIYHOIO TUIACTUYHICTIO B pAIl METaliB 1 CIUIaBiB, HEOE3MEKOI0
3a0pyIHEeHHS JoMilKaMu BripoBapkeHHs. [1lo0 yHukHyTH 3a0pyAHEHHS, HarpiB 1
O0OpOOKHM 3aroTOBOK MPOBOAATh Yy 3aXUCHUX CepeAOoBHINAaX ab0o y BakyyMi 1
3aCTOCOBYIOTH JJIS ITUX I[1JIEH crieliaabHe, OUTbII CKIaHe i 10poTe, HiK 3BUYaliHe
yCTaTKyBaHHS.

TyromiaBki MeTajal aKTUBHO B3a€EMOJIIOTH 13 JOMIIIKAMU BIPOBAKCHHS:
KHCHEM, a30TOM, BYTJICIIEM 1 BOJTHEM, 1110 AKTUBHO iX OKPUXUYYIOTb.

MexaHi4Hl BJIaCTUBOCTI TYrOIUIABKUX METAJIB 3aJiekaTh BiJ CHOCOOY
BUPOOHMIITBA Ta BMICTY JOMIIIOK. [liIBUIIEHHS MIACTUYHOCTI BOJb(dpamy,
MOTIOJIeHy M XpOMYy € aKkTyaldbHOIO 3ajadero. JoOaBkM TUTaHy ¥ IIMPKOHIIO, a
TaKOX PIJIKO3EMEIbHUX METalTIB BUKOPUCTOBYIOTHCS SIK OCHOBHA Mipa
I1JIBUIIICHHS TJITACTUYHOCTI TYTOIUIABKUX CILJIABiB.

CnnaBu Ha OCHOBI TYTOIUIABKHMX METaJiB MiAPO3AUISIIOTh HA Bl TPYIIU:
CIUJIaBHU 13 CTPYKTYPOIO TBEPAOTO PO3UMHY 1 3arapTOBaHI Ta CTAPi0Yl CIIJIABHU.

CrnaBu Ha OCHOBI BaHAJII0 ¥ XpoMmy HaiimeHI sxkapowmiiHi. [Ipore mpu
temrepatypax 800-1000°C crutaBu BaHaAiI0 TEPEBEPIIYIOTh 3aIi3HI 1 HIKENEBI
CIUTaBH, a CIJIaBM HA OCHOBI XpOMY, 3aBISKH KapOCTIHKOCTI, 3aCTOCOBYIOTH JIO
temneparyp 1000-1100°C.

CmuiaBu Ha ocHOBI Hi001t0 mpane3aati g0 1300°C, a nmpu KOpOTKOUYaCHIH
poOOTI BUTpUMYIOTH Temmeparypu mo 1500°C. Ix ocHoBHa BiacTHBiCTH —
HEBEJIMKA MIITHHICTb.

CnnaBu Ha ocHOBI MomiOaeHy mpane3aati 10 1300-1400°C, Ha ocHOBI
tantary — g0 2000°C, a Ha ocHOBi BoJb(ppamy — mo 2000-2200°C. Ilpu
temmneparypax 10 1900-2000°C 6araTo crijiaBiB Ha OCHOB1 TYT'OIUIABKMX METaJliB

OuTpII  JkapoMilHi, HDK Bodbppam. Bume Ttemnepatypu 2000-2500°C



HeJIETOBaHUM BOJIb(PpaM € HaHKapOMIIHIIIUM METaJIOM.

4.4.2 Boab@dpam i iioro cniiaBu

Bonbdpam — HaiOIbII MIITHUHN 1 TYTOTUIABKUM METaJl, KKl CBOIO BUCOKY
MIIHICT, J00pe 30epirae 1 NpU BHCOKUX TemmepaTypax (pucyHok 4.10).
MexaHiyHl BJIaCTUBOCTI BOJb(ppaMy 3ajiexkaTh B CHOCOOYy OJep)KaHHS Ta
00poOKH i HasIBHOCTI JoMiIIOK. KOBKuMI BoJIb(hpaM yTBOPIOEThCA ONEPETHBO 11T
BEJIMKUM THUCKOM TOPOIIKY BIJHOBJIEHOTO MeTany. BiH BigHOCHO 100pe
HiJJa€ThCsl KyBaHHIO, MPOKAaTyBaHHIO ¥ BoJIOWiHHIO. Bonbdpam Mmae kyOiuHy
00'eMHOIIEHTPOBAHY T'paTKy; Temreparypa miaieHHs oro 6u1st 3360°C. [Tutoma
Bara — 19,35 r/cm®, Hmxue 900°C Bomb(ppaM He OKUCIIOCTHCS Ha MOBIiTpi. Y
3BUYANHUX YMOBAX BiH JyX€ CTIHKUM.

Bucoka tyromnaBkicTe BoJibppamy oOyMOBHIIA 3aCTOCYBaHHS HOTO st
HUTOK po3zxkapeHHs. CTIMKICTh BOJb()PAMOBUX HUTOK CTA€ BHCOKOIO TOJi, KOJIU
CICKTPUYHUNA OIp IO BCIA JOBXHWHI HUTKH Maibke oOJHaKoBuUM. HasBHICTBH
MPOIIAPKIB JAOMIMIOK 1 MDKKPUCTaJIYHUX MOPOXKHUH MO MeXaxX 3epeH poOUTh
MeTaj HEOJHOPIAHHMM, Y MICISX CKYMYEHHs JOMIIIOK 1 MOPOKHHUH OIIp PI3KO
301IBIIY€THCS, 110 TPUBOIUTH JI0 JIOKATBHOTO PO3IrPiBY 1 IEPEIIaCHOTO

NEPErOpsIHHA HUTOK.
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Pucynox 4.10 - TemrniepaTypHa 3aJIeKHICTh MIITHOCTI BOJIb(pamy

CrilikicTh BOJB()PaMOBHUX HUTOK 3aJICXKUTH 1 Bi XapakTepy cTpykTypu. [Ipu



eKCIUTyaTalii MojiegpuyHa CTPYKTypa MEHII CHOPUATIMBA, HDK CTPYKTypa 3
JIOBTMMH, BUTATHYTUMU Y3[I0OBX HUTKU KpucTanamu. HaliBuiiy cTiiikicTh y poOoTi
MOKa3yI0Th MOHOKPUCTAIIYHI HUTKH.

OpepxaHHST JOBIUX KPUCTAIIYHUX HHUTOK Ha MPaKTUIl JOCATAETHCS
[UISIXOM PETYJIIOBAaHHS KUTBKOCTI JIOMIIIOK (OKHUCY TOPII0) y METalll, 3aBASKH YOMY
CTBOPIOIOTHCSI TaKOXX YMOBH peKpucTanizauii AepopMOBaHOIO BOJOYIHHIM
MeTally, KOJU 3€pHa 3pOCTar0Th, TOJIOBHUM YHWHOM, Yy HampsAMKY aedopmarii

(y3moBx HUTKH). [CHYIOTH ciocOOU O/iep>KaHHS 1 MOHOKPUCTAIIYHUX HUTOK.

Bonbsppam, Takoxk sSK 1 MOJIOAEH, BUKOPUCTOBYETHCS JUIsl HArpiBHHUKIB
nabopaTtopHUX enekTponeyed, mo mnpamoTs npu 1200°C 1 Bumie. 3HadHa
KUIBKICTh HOTO BUKOPUCTOBYETHCS TAKOXK Y XIMIUHIA MPOMHUCIOBOCTI. OCHOBHOIO
001aCcTIO BUKOPUCTAHHS BOJIb(paMy € BUPOOHUIITBO JIETOBAaHUX CTaJIel 1 TBEpIUX
criaBiB. Bonbegpam, siK BIZOMO, € OJJHUM 3 OCHOBHHUX JIETYIOUUX €JIEMEHTIB B
IHCTPYMEHTAJIbHUX, 30KpEMa MBUAKOPIKYUHX CTAJAX.

CtpykTypa 1 BJIaCTHUBOCTI IIUX CIUIaBIB 3MIHIOIOTHCS B 3aJICKHOCTI Bij
BMICTY KOOanbTy M KapOiJliB TUTaHy B CIUIaBl. Y CIUIaBax 13 BUCOKMM BMICTOM
kap6iiB TuTany (T30K4 1 T60K6) cTpykTypa miciis CriikaHHs CKJIaIa€ThCs TITbKA
31 cknaaaux kapOiaiB (Ti, W)C 1 moTpiiiHOTO KOOAIhTOBOTO MPOIIAPKY, TOMY IO
KapOiu BoJb(paMy IpH CHIKaHHI IJIKOM PO3UYHUHSIIOTHCS B KapOigax TUTaHY 1
K00anbTy. Po3unHHICTh BOJIB(paMy B KapOiAl TUTaHy BiAMOBIIHO A0 JOCIIKEHb
A. C. Ymancekoro ayxe Bucoka. IIpu Bucokux temmepatypax (61 90%)
BOJIb)paM MOKE PO3UYMHUTHUCS B KapOial TUTaHy. PO3YMHHICTH K€ THUTaHy B
kap6111 WC HezHauHa.

MeTtanokepamiuHi CIJIaBU TUIY MOOIAUT MalOTh HAMBUIILY TEIUIOCTIMKICTh
(mo 1000°C), BOHM MEPEeBEPIIYIOTh Y 1IbOMY BiJIHOIIEHHI BCl 1HIII CIUIaBH, SKi
3aCTOCOBYIOTBHCS JIJIsl pi3aJIbHUX 1HCTPYMEHTIB. [lepeBaroro 1ux CruiaBiB € TAaKOXK 1
Ta 00CTaBWHA, IO 3HIKCHHSI TBEPAOCTI MPU PO3IrpiBl BiJl TEPTA 1O BUCOKHUX
TEeMIEpaTyp HE € HEOOOPOTHHUM IPOLIECOM, SIK 1€ CIIOCTEPITragocs B 3arapTOBaHUX
IHCTPYMEHTAJIbHUX CTAJSIX MpH BiAMYcKy. [Ipy 0X0m015KeHHI TBEP/II CIJIaBU 3HOBY
BIIHOBJIFOIOTH CBOIO TBEPAICTh 1 BOHA BUSIBJISIETHCS TAKOO K SIK 1 10 HarpiBaHHS.
3aBIsAKU 3aMiHI MIBUAKOPI3AIBHUX CTaJe MeTalOKepaMiYHUMU CIJIaBaMU THUITY
noO1TUT MPOLYKTUBHICTH METAJIOPI3AIbHUX BEPCTATIB 301IbIINIACS PUOIN3HO B

JIECSITh pa3iB, a NIBUAKICTh P13aHHA MIJBUIINIACH B IECATKH Pa3iB.



4.4.3 MoJ1ioaeH i Horo crjiaBm

MonibneH Ta crijiaBu Ha HOTO OCHOBI NMPEACTABISAIOTh 3HAYHUM 1HTEpEC IS
aBlalllifHOI Ta pakeTHOI TeXHIKU. OCTaHHIM YaCcOM 3aCTOCYBaHHS MOJIIOIEHY 1 HOTOo
CIUIaBiB SIK KOHCTPYKI[IHHOTO MaTepialy JJsi BUTOTOBJICHHS PI3HUX HaMpPyKCHUX

JeTaJeH, 10 MPAIIOI0Th IPH BUCOKUX TEMITEpaTypax, CHIIBHO 30LTBIITUIOCK.

MomnibaeH — ayske MIITHUM 1 TYTOTUIaBKUN MeTall, TiaBuThes mpu 2620°C.
Bin Mae npu migBUIIEHUX TEMIIEpaTypax OUTbIIT BUCOKY TBEPICTh 1 MIIHICTh, HIXK
H1001#1 1 XpOM, MOCTYNAETHCS TUIBKH BOJIb(pamy il IpuAito, aje OCTaHHI 1Ba MAlOTh
npuOJIM3HO B 2 pa3u Ouibll nutoMy Bary. Ilutoma Bara mombaeny — 10,35*10
Kr/M. Huctuii MoJiO/IeH MIIaCTUYHUM 1 KOBKUM MeTal, I0IycKae 00poOKy TUCKOM
y TrapsdyoMy ¥ XOJOJHOMY CTaHi. 3MIIHEHHS MOJiOAeHy mpHu naedopmartii
3aJIeKUTh, B OCHOBHOMY, BIJl Temreparypu U po3mipy nedopmaritii. MirHicTb
00poOJEHOr0 THUCKOM MOMIOJIEHY 3alle)KUTh BIJI PO3MIPY 3€pHA, CTyNEHs
nedopmMaiiii 1 TepMiuHOi 00pOOKH. Y BIAMAJICHOMY CTaHl MIIHICTh MOJIOACHY
ckaagae 800-1000 MIla npu mogomxenHi 10-20%. MomniOaeH, 3a0pyaHeHui
JOMIIIKaMHU, Jyke TBepaud mertan. [lpu 3BudYaiiHiil TemmepaTypi ModibaeH
CTIiKMI Ha TOBITpPi, npu HarpiBadHi Bumie 700°C MIBUIKO OKHUCISETHCS, IO €
ICTOTHUM HOT0 HEIOJIKOM. Y YUCTOMY KHCHI MOJiIOJeH ropuTh Bxe npu 500-
600°C. Mae rapHy XiMIYHY CTIMKICTh B COJISIHIM, MJIABUKOBIH 1 PO3BEJICHIM a30THII
kucnorax. CrutaBu MoJiOA€HY 3 TaHTAIOM MOXYTh BHUKOPHUCTOBYBATHCS JIHS
3aMIHU TUIATHHHU.

OcCHOBHUMU HEAOJIIKaMH MOJTIO/IEHY Ta CIUIaBIB HA HOTO OCHOBI € HEBEJIMKA
OKaJIMHOCTIMKICTh, BUCOKA KPUXKICTh 3BapHMUX IIBiB, Maja IJIACTUYHICTh MpHU
HU3BKHUX TeMIieparypax. B 3aeHoCT1 BiJl BMICTY JIOMIIIOK, TEXHOJIOT1T 00pOoOKH,
CTaHy MOBEpPXHI 3pa3KiB Ta YMOB BUIIPOOYBaHb TEMIIEpaTypa XOJOJHOIAMKOCTI
MoumibOsieny konmBaeTbest Bim -196°C mo 480°C. B nutomy HE pO3KHCICHOMY
MOJTIO/IeH1 TEXHIYHOT YUCTOTH TEMIIEpATypa X0JI0JHOJIaMKOCTI ckiamae 50-150°C.
BBenenns B momioaeH 1 ioro cmiasu 0,0001-0,0002%B; 0,2-0,3%Al1; 0.01-
0.5%(Ce+La); 0.03-0.1%Ni1 Ta 0,8-2,0%Ta npusBojie 10 3HUKEHHS TEMIIEpaTypu
XOJIOTHOJIAMKOCTI.

VY uncromy BHI MOMIOJEH 3aCTOCOBY€ETHCS K HArpiBau B €JEKTpOIeyax,

NpU3HAYEHUX NI OJiep>KaHHs BUCOKUX Temriiepatyp (mo 1600°C). MoniGaeHosi



HarpiBaul NoTpeOyIOTh CTBOPEHHS 3axUCHOI aTMocdepu 3 BOAHIO abo mapiB
cnupTy. BiH Takok MIUPOKO 3aCTOCOBYETHCS y PaAiOTEXHIlll, PEeHTI€HOTEXHIII],
JUTSL JeTaNe eNeKTPOBAKyYMHOI amaparypH, y BUIPSIMUTEISAX CTPyMy 1 T.J.
3HayHa KUTBKICTh MOJIOACHY 3aCTOCOBYEThHCS SIK JIETYIOYa JOMIIIIKA 10 CKIaTHUX
YOPHHUX 1 KOJBOPOBHUX CIUIABIB, 13 METOIO MIJBUILEHHS 1X TBEPJOCTI, MIIIHOCTI,
B'SI3KOCTI 1 JkapoMirtHOCTi. JleryBaHHsS MOJIOACHY CHJIBHO  ITIBHUIILYE
porapToByBaHicTh ctajeil. KapOinu MomniGaeHy Bipi3HAIOTHCS 1YK€ BHCOKOIO
TBEPAICTIO 1 MOXKYTh 3aCTOCOBYBATHUCS MPY BUTOTOBJICHHI TBEPJUX CILIABIB.
MomniGneH y yucToMy BHJII MAa€ 3HAYHUU OMIP MOB3YYOCTI MPU BUCOKHX
temriepatypax. OJHaK, yepe3 HU3bKHM OIlip Ta30Biid KOpo3ii MOMOEH HE MOXKE
3aCTOCOBYBaTUCA  0€3  3axuUCTy  SK  Marepiaj, MNpU3HAYEHUH A
BHUCOKOTeMIiepatypHoi ciyx0u (Buiie 700°C). JleryBanHsi MONiOACHY pI3HUMU
€JIEMEHTaMHM JI03BOJISIE 3HAYHO 3MIHIOBATH HE TUIbKK HOTO TBEPIICTh, MILHICTD 1
B'SI3KICTh, ajie 1 B 3HAYHIM Mipi BUPINTYBaTH MUTAHHS CTBOPEHHS €()EKTUBHOTO
3aXMCTy WOro BIJ Tra3oBOi KOPO3il (IUISIXOM MIABUIICHHS >KapOMIIIHOCTI M
»)apocTikocTi). Halt611b111 epeKTHBHO 3MiIHIOIOTH BIIACTUBOCTI MOJTIOJIEHY 1 HOTO
CIUIaBiB I00aBKU OOpy, Oepulito, IUPKOHIIO, BaHA/I110, TaHTATYy, XpoMy Ta iH. L1
n00aBKM HAaBITh Y HEBEIUKHUX KIUIBKOCTSAX IMIJIBUILYIOTh TBEPAICTh, MILHICTH 1
YKApPOMIIIHI BJIACTHBOCTI, ajie¢ TUIACTUYHI BJIACTHUBOCTI 3HIDKYIOTHCS. XapakTep
3MIHU BJIACTUBOCTEH MIIHOCTI ¥ MJIACTUYHOCTI 3aJICKUTh B1J] CTYTICHS JIETYBaHHS
MoumiOneny. Jlo6aBku TUTaHy 1 BoJb(paMy B HE3HAUHIM Mipi BIUIMBAIOTH Ha
BJIACTUBOCTI MOJi0AeHy. [Ipu criaBieHH1 a0o crikaHHI MOJIOACHY 3 BaHAJIEM,
BOJIb()paMOM, HIOOI€M, TaHTAJIOM, THUTAHOM 1 XPOMOM YTBOPIOIOTHCS TBEP/Il
PO3YMHU 3 HEOOMEKEHOI PO3UMHHICTIO. Bop, KpeMHiM, IUPKOHIH, altOMIHIM,
BYTJICIIb 1 1H. YTBOPIOIOTH 13 MOJIOJIEHOM CHCTEMH 3 JYy>KE€ MaJIUMH 00JacTIMU
OOMEKEHUX TBEPJIUX PO3YMHIB, 13 HASIBHICTIO MPOMDKHUX 3'€HAHb 1 €BTEKTHK.
bynoBa 1 cTpykTypa MoJiOJIeHOBUX CIUJIaBIB BUBYEHA 1€ HEIOCTaTHRO. Jleryroui
€JIEMEHTH 30LIbIITYI0Th KOPOTKOYACOBY MII[HICTh MOJIIOI€HY Y OUTBIIOMY CTYIICHI,
HIXK O171bIITa HEBIMOBIAHICTH B pO3MIipi aTOMIB MOJTIO/IEHY Ta PO3YHMHEHOTO METATY
(pucyHok 4.11). CuiibHO MABUIIYIOTH KOPOTKO YaCOBY MIITHICTh MOJIOACHY MpH
BIIHOCHO HM3bKHX Temreparypax (<900°C) Hikenb, KOOaNbT, 3ali30, MEHII
IHTEHCUBHO LIUPKOHIM, XpOM, THTaH, Hi001i, ci1abo 3MILHIOITh — BaHaIIH,
amoMiHii, Bodbdpam. Ilpum Oiapmn Bucokux Temmeparypax (1200-2000°c)

HalOUTbII CHUJIBHY 3MILHIOIOYY [0 3I1HCHIOE Boib(paM Yy BEIHKHUX



KOHIICHTpAITiSIX.

TpuBamy MinHICTh MOMIOACHY HANHOUTBIN €(QEKTUBHO MiJIBUIIYIOThH
eneMeHTd 1YA miarpynu (uupkoHii, TUTaH, raduiif), VA miarpynu (H100ii,
BaHa/I1i1) nepioauunoi Taonwuil J1.1. Menneneesa. [lo3utuBHMI BIUTMB BOIb(paMy
Ha TPUBAIY MIIHICTh MOJIIOJCHY MPOSBISETHCS JUIIE TIPU JOCTATHHO BHUCOKHX
TeMIepaTypax 1 BU3HaYa€ThCsl HE TTapaMeTPOM HEBIATOBITHOCTI PO3MIpIB aTOMIB,

a cUJIaMU MDXKaTOMHOTO 3B'SI3KY.
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Pucynoxk 4.11 - Bruus jieryrounx €JIeMeHTIB Ha KOPOTKOYaCOBY MIIIHICTh
mounioaeny npu 870°C (pekpucranizoBanuit matepian). LHudpu y gyxkax -

napameTp HeBIAMOBIAHOCTI po3MipiB aTomiB (B. Yanr)

JleryBanHs MOJNIOACHY HEBEIUKUMHU KUIBKOCTSIMH ITUPKOHIIO, THUTaHY,
raHI0 TPU3BOJE A0 3HAYHOTO 3MILIHEHHS SIK PU KIMHATHIM, TaK 1 IPU BUCOKHUX
TEeMIepaTypax He Yepe3 pO3UNHHMIA €PEKT, a B pe3yJIbTaTi yTBOPEHHS JUCTIEPCHUX
¢da3 BIpoBaKeHHS. MaKkCHUMyM 3MIIHEHHS CIOCTEPITAETHCS MPU HEBEIUKOMY
BMICTI IIUX €JIEMEHTIB, KOJM BOHHM TOBHICTIO 3B'si3aHi B (pa3u BIPOBAKEHHS.
Po3unHEeHHS WX €JIEMEHTIB B MAaTpPHII CIUIaBYy NPHBOJIC IO 3HMKCHHS TPUBAJIOl
MILIHOCTI MPU BUCOKUX TeMmriiepaTtypax. Tak, 30kpema, craBu cucreMu Mo-Ti
MaroTh HalKpaii BiractTuBocTi nmpu BBenenHi 0,5% Ti (pucyHnok 4.12). 3minHeHHs
Moi0OsieHy, OOyMOBJICHE PpO3YMHHUM MEXaHI3MOM, OOMEXKEHE CHIHBHUM
NIJBUILLIEHHSM TEMIEPaTypH XOJIOJIHOJIAMKOCTI IPH JIETyBaHHI Ta MOTIPIICHHIM
TEXHOJIOTIYHO1 IJIACTUYHOCTI MOJIIOJIeHY, 1 0€3 TOTO HeI0CTaTHhO BUCOKOI. ToMy
OUTBIIICTD JIETYIOUMX €JIEMEHTIB MOKHAa BBOJUTH B MOJIIOJEH B HEBEITUKUX
KUIBKOCTSIX, SIK TpaBuio, He Oumeine 1-1,5% (mo maci) B cymi. Bukimtouenns
CKJIaJal0Th BOJIb(pam, TAHTAJl Ta PEHIi.

Benukuili iHTEpec MNpeACTaBiIsAIOTh CIUIABU MOJIONEHY 3 HEBEJIUKUMU



nobaBkamMu THTaHy 1 1upkoHito (mo 1%). Ha pucynky 4.13 HaBemeHo
130TepMIUHUN mepeTuH naiarpamu cta”y cuctemu Mo-Ti-Zr npu 900°C. B miii
cucteMi € obOmupHa 00J1acTh po3unHIB Ha OocHOB1 P-Ti, skuif npu HaOMMKEHH1

CKJIaAy JI0 CTOPOHH Mo-Zr po3IIapoOBYETHCS HA JIBa TBEPAUX P-po3umHU pi3HOI
KOHIIEHTpaIlii



P, Ta p,. Lli po3unnan yTBOPIOIOTH 3 S-(hazoro (Zr-Mo,) tpudaszny (P;+S) ta

nsodasny (P,+S) piBHOBaru.
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Pucynox 4.12 - Brumis Thutany Ha yacoBuii omip po3puBy npu 24 (1) ra 870°C (2)
1 100-rox mitnicTs nipu 870°C (3) 1 1090°C (4) npyTkiB 31 cruiaBiB Mo-Ti micins

BiAnany s 3HATTs Hanpyru (M. Cemuniien)

[Ipu TOMy BMICTI TUTaHy Ta IUPKOHIIO, SKUI MPENCTaBIA€ MPAKTUYHUN
IHTEpEC, CTPYKTypa CIUIaBIB Ha OCHOBI MOJIO/IEHY Yy BIJIMOBITHOCTI JI0 Jlarpamu
cTaHy noBuWHHA OyTu ofHO(a3zHo0. OMHAK B MIACHOCTI Il €JIEMEHTH PearyroTh 3
BYTIJICLIEM, SIKAW 3aBXKIU MPUCYTHIN B MOJIOAEH] K JOMIIIKA 1 YTBOPIOE KapOiau
tuny TiC ta ZrC, okpim Mo2C. B psial BunajkiB Byrienpb CleniaabHO BBOASTH SIK
jgeryrounii  enemeHT. JlucmepcHi BumiieHHs KapOigiB  MeC  edexkTuBHO
MIJBUINYIOTh KapOMIIHICTh MobaeHy. Po3unmHHICTE KapOimiB MoOMOACHY,
TUTaHy 1 LMPKOHIIO B TBEPAOMY pO3UYMHI 3MEHIIYETHCA 31 3HUKCHHSIM
TEeMIIepaTypy U TOMY CIUJIaBH, JIETOBaHI THTAHOM, LIUPKOHIEM 1 BYTJIELIEM, ICTOTHO
3MIIHIOIOThCS. TIPU TEPMIivHIN 0O0poOIll, siIka CKJIQJa€ThCs 3 TapTyBaHHSA Ta
CTapiHHS.

Kap6inm Mo2C 3pilicHIOE IIKIIJIMBUH BIUIMB HA MEXaHIYHI BJIACTHBOCTI
MombseHy Ta Horo crasiB. Lleit kapOif po3TalIoOBYETHCS MO MEXKax 3epeH
MOJIIOICHOBOTO TBEPJOTO PO3YHMHY, IO BUKIMKAE 3HIDKEHHS TIACTUYHOCTI HE

TIIBKU MPU KIMHATHIH, a i ipu Bucokux temneparypax. Kap6iau TiC, ZrC, (Ti,



Zr)C BUIAUIAIOTBCA Yy OUIBII CHPHUATIUBIN (HOpMI 1 HE BUKIHUKAIOTH IMOIIOHOTO
MTOKPUXYCHHS.
XKapominHi MaTepianyu Ha OCHOBI MOJIOACHY MOXKHA PO3UIUTH HA YOTUPH
rpynu (Tadmuns 4.1):
1) mpakTHUYHO YUCTUN MOJIOICH;
2) HU3BKOJIETOBaHI MaJIO BYTJICIIEBI CIIABH;
3) HH3BKOJIETOBaHI BUCOKO BYTJICIIEBI CILJIABU;
4) BHCOKOJIETOBaHI CILIaBH.
Ha pucynky 4.13 npexacrasieni BiTuu3HsaHI ciuiaBu [IMS, [IM6. 1IM-2A,
BM-1, TCM4 3 tunosum BmicTtoMm ByrJeio 0,004-0,05%C (mo maci), a Takox
criaBu [IM10 ta TCM-7 31 3HHKEHUM BMICTOM BYTJICITIO.
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Pucynox 4.13 - Tpusana 100-ronuHHa MIIHICTH MOJIIOICHOBUX CIJIaBIB

Opnak, yepes Yy TJIUBICTb MOJIIOACHOBUX CIJIaBIB npu
BHUCOKOTEMITEpaTypHIN CITy»01 /10 ra30BO1 KOPO3ii, 00J1aCTh 3aCTOCYBaHHS 1X TTOKHU
oOMexyeThes. HezBaxkarouu Ha Te, 110 I1i CTTaBH OTPEOYIOTh 3aXUCTY Bij Ta30BO1
KOpO3ii IpH BUCOKUX TEMIIEpaTypax, BOHU MOXKYTh 3aHATH TOJIOBHE MICIIE cepe
YKAPOMIIIHUX CIUIaBIB, MPU3HAYEHUX JJIsI BUCOKOTEMIIEPATYPHOI CIY>KOM (BHILE
900-1000°C).



Ta6muig 4.1 - XiMiuHUHN CKJIaJl 1 MEXaH14H1 BJIACTUBOCTI CIJIaBIB HA OCHOBI MOJII0/IeHY B Ie()OPMOBAHOMY CTaHi

Cmias Jlerytoui enemenTH, % (1o Maci) Bun MexaHi14H1 BJaCTUBOCTI Npu Temmepatypi, °C
Ti /Zr C [H1m HaHiB(ba6- 20 1200 1400
pUKATY cs, MITa | 5,% | cg, MIIa | 5,% | cg, Mlla
MUYBII, - - 0,02-0,06 - Jluct 640-700 - -

M1 200 100
TCM3 - - - (0,03-0,1)N1 Jluct 930 4 - - -
TCM4 - 0,15 | 0,02-0,04 | (0,05-0,1)Ni [IpyToxk 770 13 - - -

0,25
TCM7 - - <0,005 | 0.35Ta; 0.01Fe - - - - - -
[IM10 - - 0,001 0.06Al; 0.002B - - - 100* - 50*
0,008
[IM5 - 0,4-0,6 | 0,04-0,07 - [IpyTok 775 11,5 500 16 350
[IM6 - 0,1-0,2 | <0,004 0.002B [IpyTok 800 45 350 12 100
[IM-2A 0,07-0,3 8:(1)2 <0,004 - [IpyToxk 200 20 290 13 100
BM-1 Jo 0,4 822 <0,01 - Jluct 200 10 340 14 -
BM-3* 0,8-1,3 | 0,3-0,6 | 0,25-0,50 (1-1.8)Nb [TpyTok 830 0 535 9 -
[IMB30 0,01-0,05 - - (26-33)W [IpyToxk 600 - 375 - 320
0.05A1; 0.002B
MBS0 - - - 50W; 0.05A [TpyTox - - 700 - 600
0.002B
MP47BII - - - 47Re MIPYTOK 1780 - - - -

Pexpucranizamiiouii ctan




S MAI'HITHI MATEPIAJIN

5.1 3arajabHi nosoxkeHHs Ta kiaacudikauia

Timo, 1m0 TEepeMIlaeTbcsl B MarHiTHOMY IO, HaMarHI4yeThCs.
InTencuBHicTh HamarniuyBaHHs (I) 3pocTae 13 301IBIIEHHSIM HAMNpPY>KEHOCTI

marHiTHoro nojs (H):

I=k*H, (5.1)
ne: | — IHTEeHCUBHICTh HAMarHI4yBaHHS;
H — Hamnpy’XeHiCTb MarHiTHOTO IOJISL.
Koedimient MPOIOPIIIHOCTI k* HAa3UBAETHCS MATHITHOIO

CIPUHHATIMUBICTIO. Y 3alleXKHOCTI BiJg 3HaKa (+, -) BEJIMYMHM MArHITHOI
CIPUMHATIMBOCTI PO3PI3HAIOTH TPU KJIACH MAarHITHUX TLI:

1) mapamarmetuxu (x*<0) Big 10 1o 107,

2) nmiamarmetuku (x*>0) Bixg 1072 1o 107,

3) depomarneruku k*>>1

JIyist mepIuMX ABOX KJIACiB MarHiTHa COPUHHATIMBICTS qyxe Mana (104-107) i
TiIBKK B MEPEXiAHUX METANIB BOHA JOCATAC IOCUTh BEMMKUX 3HadeHb (1073-107%),
1 (pepoOMarHeTHKiB: 3aili3a, Hikeno, koOanbTy Ta P3M (rajoniHiro) MarHiTHa
CIPUHHATIMBICTS Ma€ Iy’Ke BEIMKE 3HAYEHHs K*»10°,

Binomo, 1m0 enekTpudHuil 3apss, KU pyXa€eThCs, BUKIMKA€ BUHUKHECHHS
MarHiTHoro moJjisg. [loBHUH MarHiTHMI MOMEHT BUIBHOTO aToMa JOPiIBHIOE
reOMETPUYHIN CyMi OpOITAIbHUX 1 CIIIHOBUX MOMEHTIB YCIX 30BHIIIIHIX €JIEKTPOHIB.
VY atomiB 13 He100yAOBaHUMH O00JIOHKAMH CITIHOBI MOMEHTH HE CKOMIICHCOBAHI 1
BOHU MalOTh BUBHAYCHUI MarHiTHUM MOMEHT.

Ao y BiICYTHOCTI MArHITHOTO TIOJS MAar”HiTHI MOMEHTH B3a€EMHO
KOMITCHCYIOTh OJIMH OJIHOTO, TO TIiJ] BIJTUBOM 30BHINIHHOTO MarHiTHOTO TOJIS
BUHUKAE JOJATKOBUI CyMapHUI MarHiTHUA MOMEHT ychoro Tija. Ha pucynky
5.1 cxemMaTM4YHO MOKAa3aHO OpPIEHTAIlI0 MAarHiTHUX MOMEHTIB aTOMIB PI3HUX
MaTepianis.

VY MertaniB B KPUCTAJIYHOMY CTaHl JO 3a3HAYEHOTO PYXY EJEKTPOHIB Y
BUIPHUX aTOMIB JOOAaBISETHCS PyX YCYCHUIBHEHUX €JeKTpOHiB. BHacmimok

OpOITATHPHOTO PYXy EJIEeKTPOHIB TiJ BIUIMBOM 30BHINIHBOTO TIOJS BUHUKAE



JOJJATKOBUH MOMEHT, WO 3aBXXIW CIPSIMOBAHWNA TPOTH 30BHINIHBOTO TOJIA
(miamarniTHa ckiagoBa). CIiHOBI Mar"HiTHI MOMEHTH aTOMIB OPIEHTYIOTHCS TIO
HanpsMKy MAar”iTHOrO TOJS 1 TUM CaMHUM MiJICHIIOIOTH ioro (mapaMartiTHa
CKJIaZl0Ba). 30BHIIIHE MarHiTHE MOJI€ 3MIHIOE XapaKTep PyXy BUIBHUX €JEKTPOHIB 1
BI/IMOBITHO 70 KBAHTOBOI TeOpii, KpiM JiaMarHiTHOI CKJIaJ0BOi, YTBOPIOETHCS 1

rapaMarHiTHa CKJIaJ0Ba, 110 y 3 pa3u OUIbIIE MEePIIOoi.
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Pucynok 5.1 - Cxema opieHTalii MarHiTHUX MOMEHTIB aTOMIB P13HUX
MaTepiaiiB

TakuM 4MHOM, Yy OJHUX METaJliB CyMma JlaMarHiTHUX CKJIaJ0BUX 10HHOTO
CKJaay TpaTKd 1 EJNEeKTPOHHOTO Ta3y IEPEeBUIIY€E MapaMarHiTHY CKJIaJOBY
€JICKTPOHHOTO T'a3y 1 BOHM JliaMarHiTHi (MiJib, IIMHK, OJIOBO, BICMYT 1 1H.). Y IHIIIHUX
K€ METaJliB NepeBakae NapaMarHiTHUM e(eKT eJeKTPOHHOro Ta3y 1 BOHH
napamariTHi (HaTpid, Kanbliid, MarHid, amomiHid 1 1H.). OcoOJuBO CHIIBHO
napamMarHeTU3M BUPAKECHUN Y TIEPEX1THUX METATIB, [0 MAIOTh BJIACHUN MarHiTHUN

MOMEHT B 10HI30BaHOMY CTaHi (MOIi0/1eH, BoiIb(hpam, TUTaH, IJIaTHHA).

Jlesiki 3 mepexigHuX MeTanmiB (3ai30, KOOajabT, HIKEIh 1 1H.) MAarOTh

HAJ3BUYAHHO BEJIIMKWWA TO3UTUBHUN KOE(QIIEHT MAarHiTHOI CIPUUHATIMBOCTI



(>>10° i BOHM BMALIAIOTHECS B OCOOIMBY Ipymy — (epomarneTuku. Bowu
HAMarHiuyyroThCs Jy>K€ IHTEHCHBHO 1 HACUYEHHS B HHUX JIOCSTAETHCA B IyXKe
ca0KuX ToJAX (JIecATKH epcTed). Y TOM yac sSK IS HaMarHidyBaHHS
IIapaMarHeTHKIB 10 HACHYEHHs MOTpibHa Harpyra nojs nopsaky 10 epcren.
Jlerke HamarHiuvyBaHHs ()epOMArHEeTHKIB 00YMOBIICHE THM, 110 Y3A0BXK OIS
OpIEHTYIOTbCA HE OKpeMi MarHiTHI MOMEHTH aTOMiB, a iX Tpynu (JIOMEHH).
Ycepenuni KOXKHOTO JOMEHa TMPU BIJICYTHOCTI 30BHINIHBOTO TOJS MAarHiTHI
MOMEHTH aTOMIB PO3TAIlIOBAHI MapajielIbHO OJUH OJHOMY B HAIIPSIMKY HAMJIETIOTO
HaMarHi4yBaHHS KPHUCTANlIB, 1 TOMY KOXXHHUM JOMEH CaMOBLIBLHO (CIIOHTaHHO)
HaMarHi4yeTbcs A0 HaCM4YEeHHs. Mex1 TOMEH1B He 301ratoThCsl 3 MEKaMH KPUCTaIIB
260 OIIOKIB 1 pO3MIpH iX MOKYTH CUIIBHO 3MiHIOBaTHCS (104107 M). Mix oxpemumu
noMeHamu icHye map mnopsaaky 107-10% M (momeHHa criHka), y SKOMY
MOPYIIYETHCS PIBHOODKHICTH B Opi€HTAIlli. Y BIACYTHOCTI 30BHIIIHBOTO IOJIS
BEKTOPU HAMArHIYE€HOCTI OKPEMHUX JOMEHIB CIPSMOBaHI B pPI3HI CTOPOHU 1 BOHU
B3a€MHO KOMIIEHCYIOTh OJJUH OJHOTO, TOMY KpPHUCTaJ y IIJIOMY HEeHaMarHideHui. Y
JESIKUX PEYOBHH OLIbII BUTIJHUM CTAaHOM € aHTHUIApaJIeNbHE YIOPSJIKYBaHHS
MarHiTHUX aToMiB y JOMeHaX. Y IbOMY BHUIMAJKYy JOMEH CKIIQJa€eThCs 3 JBOX
MIArPaToOK 13 MPOTUIIEKHOKO OPIEHTAIIE0 MArHITHUX MOMEHTIB aTOMiB. SIKIO
MarHiTHI MOMEHTH JBOX IMIJIPATOK CKOMIIEHCOBaHI, TO TakKl TUIa HAa3UBAaIOTh
aHTH(epOMATrHeTUKAMH, 1, SKII0O BOHM HE CKOMIIEHCOBAaHI, TO BUHHUKAaE

PE3yIbTYIOUMI MarHITHUNM MOMEHT 1 Taki Tijla HA3UBalOTh (pepUMArHeTUKAMM.

5.2 MarnitoM'siKi MaTepiajaun

MarniToM'siki  MaTepiaii  XapaKTEpU3YIOThCS  BHCOKOI  MAarHiTHOIO
IPOHUKJIUBICTIO, MaJO0 KOEPLUUTUBHOIO CHJIOI, MAJIUMU MarHiTHUMHU BTpaTaMu
npu nepeMarHiuyBaHHi. BOHM IIMPOKO BHUKOPUCTOBYIOTHCS SIK CEPICYHUKHU
TpaHcopMaTopiB, JpocCediB, SKOpIB 1 CTaTOpPiB E€IEKTPUYHHUX MAIIIWH,

€JICKTPOMArHiTiB.

MarniTom'siki MaTepiain Mo 3aCTOCYBaHHIO PO3IUISIOTh HA HU3bKOYACTOTHI

W BHCOKOYACTOTHI 3 PIi3KO BIAMIHHUMHU OJWH BiJi OJIHOTO €JICKTPUYHUMU



napameTpamH.

BucokodyacToTHi MaTepiaid MalOTh OUIbIII BUCOKMM MTUTOMUMN €JIEKTPUUHUM
OIIip 1 YaCTO € HaMiBIPOBITHUKAMHU.

I[. Huzbko4acToTHI MarHiToM'siki MaTepiaiy y CBOIO Yepry HiApO3AUISIIOTh
Ha TPH TPYIIN:

1. Marepianu 3 BUCOKOI 1HIYKIII€I0 HACUUCHHS.

2. Marepiaiu 3 BUCOKOK MarHiTHOIO MPOHUKIUBICTIO.

3. Marepianu 3 0COOTUBUMH MAarHITHUMH BJIACTUBOCTSIMH.

Jlo mepioi rpynu BiIHOCUTHCA TEXHIYHO YHUCTE 3a1130 (HU3BKOBYTJICIEBA
eJeKTpOoTexHIYHa cTalb), mo MictuTh 0.04% C ta 0.6% IHIKMX AOMIIIOK, Mae
BHUCOKY MAarHiTHy NPOHUKJIUBICTb, Mally KOCPUUTHUBHY CUITYy. 3aBISKHU BEJIMKIN
MarHiTHIH 1HAYKIT (Bs<2.15 Tn), mamiii xoepuutuBHid cuii (Hce<100A/m),
JIOCTaTHHO BHMCOKI MArHIiTHIA MPOHUKIMBOCTI (Tmax<79 MI'H/M) Ta rapHiii
TEXHOJIOTTYHOCTI 1i BUKOPUCTOBYIOTh B €JIEKTPOTEXHII JJii MarHiTHUX MOMIIB 13
Hanpysxenictio Big 10% 1o 5*10* A/m.

MarsiTHi BJIaCTHBOCTI HEJIETOBAHOI E€JICKTPOTEXHIYHOI CTayi HaBeJEHI B
tabmumi S5.1. Ilepma mudpa B Mapii craini BKadye Ha CHoci®0 BUTOTOBJICHHS:
rapsiuekarana ctaib (1), xonoaHokarana 13orponHa (2). Jpyra nuudpa 0 Bkasye Ha

HU3BKHUI BMICT KpeMHito (<0,03%).

Tabauysa 5.1 - Maenimui énacmusocmi Hene208aHOI eneKmpoOmexHiuHOl

MOHKOAUCMOB0L cmai

B(Txn) npu

Cranb Hc, A/m mi.\, MI'H/M H=30KkA /M
10895; 20895 95 3,8 2,05
10864; 20864 64 5,6 2,05
10848;20848 48 6.0 2,05

Tpers uumdpa Bu3HAYaE OCHOBHY BIACTHUBICTb, SIKy TapaHTy€ 3aBOj-
BUPOOHUK, a came: Iudpa 8 o3Hauae koepruuTuBHY crity Hc, a 11 3HaueHHs B (A/M)
BKa3yloTh JBlI octaHHi 1uppu. HeneroBany crTanb BHKOPHUCTOBYIOTH B

CIEKTPOTEXHIYHINA TpoMuUCIOBOCTI. OHAK, HU3bKUN TUTOMUN €JIEKTPUYHHUIA OITip



(r<0,1 MmxOM*M) 301TbIIIY€ TEIUIOBI BTpATH IIPU MepeMarHiyyBaHHi, a 11e 0OMexye
il BUKOPUCTAHHS MPUCTPOSIMU 3 MOCTIHHUM MarHiTHUM TOJIEM.

MarHiTonpoBou eIeKTPUUYHUX MAIIIUH 1 arapaTiB 3MIHHOTO cTpymy (10 400
['11) BUTOTOBJISIFOTH 13 TOHKOJMCTOBOI KPEMEHHUCTOI CTajll 3 BMICTOM KPEMHIIO BiJl
1% no 4%. JlomaBaHHS KPEMHIIO IPUBOJUTH O 3MIHU MAarHiTHHUX 1 €JICKTPUIHUX
BJIACTHBOCTEH:  30UIBLIYEThCS  MarHiTHa  NPOHHUKJIHMBICTb,  3MEHIIYETHCS
KOEPLIUTUBHA CHUJIAa 1 3HAYHO 3OLIBIIYETHCS EIEKTPUYHHUI OMip B MOPIBHAHHI 3

HU3BKOBYTJICIIEBOIO CTALTIO (Tabmuts 5.2).

Tabnuys 5.2 - Maenimui énacmueocmi 1e208aHOI e1eKmMpoOmexHiuHol

MOHKOJIUCMOB0T cMAJll

B(Tn) npu H(kA/m) He meHIie
Cranp | ToBmuHa 11cTa, MM P1,550 BT/kr
rapsiueKkaTaHa 130TpoIHa
1311 0,50 6.1 1,48 1,95
1411 0,50 4,4 1,46 1,94
1511 0,50 3,5 1,46 1,90
XOJIOTHOKATaHa 130TPOIHA
2011 0,65 9,0 1,60 2,02
2111 0,65 10,0 1,58 2,0
27211 0,65 7,0 1,56 1,96
2311 0,65 5,8 1,52 1,96
2411 0,50 3,6 1,49 1,96
XOJIOTHOKAaTaHa aHI130TPOITHA

3411 0,50 2,45 1,75 -
3416 0,28 0,89 1,9 -

[Tepmra mudpa B Mapili BU3HAYA€ BHJI MPOKATY Ta CTPYKTYPY: TapsducKaTaHa
13oTporHa (1), XomomHOKaTaHa 130TpomnHa (2) Ta XOJIOJAHOKAaTaHa aHI30TPOIHA 3
KkpucrajorpadigHoro TekcTyporo HanpsaMky [100] (3). Apyra mudpa B Mapiii Bkazye
BMICT KpeMHito y BifgcoTkax: 0 - BmicT <0,4%, 1 - (0,4- 0,8)%, 2 - 61nb11e 0,8-1,8%,



3 - Ooueme 1,8-2,8%, 4 - Outbmie 2,8-3,8%, 5 - 6unbme 3,8-4,8%. Tpersa mudpa
BH3HAUYa€ BTPATH HA TICTEPE3UC Ta TEIUIOBI BTPATH IpU MEBHOMY 3Ha4YeHHI B Ta f.
Hanpuknan, nmuromi Brpatu npu B=1,5 Tn ta =50 'y (P1,550). YeTtBepTa mudpa
THUM O1JIbIIIa, YUM MEHIIN MUTOMI BTpatu P1,5/50. AHami3 qanux tabdnui 5.2 CBIIYUTH
PO BIUIMB TEXHOJIOT1i BUTOTOBJIEHHS CTajedl Ha iX Mar”iTHI BJIACTUBOCTI: MpHU
OJIHAKOBIM TOBIIMHI HAWOLIBIIT TUTOMI BTpaTH Ma€ rapsyekaTaHa 130TpOITHA CTalb.
[Tutomi BTpaTH 31 301IbIIEHHSM BMICTY KPEMHIIO 3MeHIIyIOThcs Bix 10 mo 3,6
BT1/kr. 3MeHIIIEHHs TOBIIMHYU JIMCTa TaAKOXX MPU3BOAMUTH JI0 3MEHIICHHS MUTOMHUX
BTpaT. [licis TeXHOIOT1YHUX omnepariii, ki HeOOX1H1 JIJIT BUTOTOBIICHHS JieTajei
MarHiTONpPOBOIIB, MAarHiTHI  BJACTHUBOCTI  CTajied IMOTIPIIYIOThCA, TOOTO
30UTBIITY€ThCSI KOEPIIUTUBHA CHIIA, @ OTKE, BTpaTH Ha ricTepesuc. J1Jist BiIHOBICHHS
MarHiTHUX BJIACTHBOCTEH BUKOPUCTOBYIOTH BIJIMAJ MIPU TEMIIEpaTypi HIDK4YE Ac3 B
CEPEIIOBUIITI, IKE 3aXUIIAE BiJ] OKUCIICHHS Ta HaBYTJICI[IOBAHHS.

EnexTpoTexHiyHy CTajb IO 3aCTOCYBaHHIO MOJAUISAIOTH HA JBI TPYIU:
nuHaMHY 1 TpaHcdopmaTtopHy. [ auHaMo- 1 eJIeKTPOMOTOPOOYyBaHHS
3aCTOCOBYIOTh MEHII JIETOBaHy cTallb, 1o Mictuth 0.5-2.3% KpemHio.
TpancpopmaropHa cranb BiIPI3HIETHCS OB BUCOKUM BMICTOM Si=3,5-4,5%.

Jlo0aBKM JIErylOUMX €JEMEHTIB, KpiM KOOajabTy, 3HWXKYIOTh I1HAYKIIIIO
Hacu4eHHs 3ami3a. [[pakTuune 3acToCyBaHHS 3HAUILIH cIiiaBy 3 35-50% ko0anbTy.
JIns miABUINCHHS TUIACTHYHOCTI M MOMIMNIIEHHS OOpOOKH B XOJOJHOMY CTaHI B
CIIaB JOOABJISAIOTH XpOM a00 BaHAIM.

Cmnag 13 ko6ansToM (K50D2) mae MakcuMalibHE 3HAUYCHHSI HAMArHIY€HOCTI
(marniTHa 1HOYKIIs ckianae »23 kl'c, s Fe-15 xI'c).

Jlo matepianiB npyroi rpynu BigHocsThcs criaBu Fe-Ni (mepmaroif) 1 Fe-
AT (anbcudep). CruiaBu HE MICTSITh IOPOTHX JIETYIOUMX €JIEMEHTIB 1 MAtOTh TapHI1
MAarHiTH1 1 €JIEKTPUYHI BIACTUBOCTI.

CmtaBu  XapaKkTEepU3YIOThCS BHCOKOIO TBEPJICTIO M KPUXKICTIO, BaXKKO
00poOmIoI0ThCS. ANlbcU(epu 3aCTOCOBYIOTh Yy BHUIl TOHKOCTIHHHUX (PACOHHMX
BUJIMBOK, 1X BUKOPUCTOBYIOTh TaKOX ISl OJEPXKAHHS TOHKHX TIOPOIIKIB TpHU
BHUT'OTOBJICHHI MarHiTOI1€JICKTPHKIB.

Y npoMHCIIOBOCTI HaWO1IBIT MIMPOKO MOIIMPEH] 3aT130HIKENeBl CTUIaBH, SKi
100pe 0OPOOITIOIOTHCS PI3aHHSM 1 IITAMITYBaHHSIM.

JI1st ToInIIeHHs eJICKTPOMArHiTHUX 1 TeXHOJIOTYHUX BiacTuBocTei Fe- Ni

CIUTaBH JIOJATKOBO JICTYIOTh MOJIIOCHOM, XpPOMOM, M1JIJTFO, KDEMHIEM, MapTaHIIEM.



[{i crutaBu BUTOTOBISIOTH 13 HAMYMCTIIIMX 3aji3a Ta HIKEN0, sIKI OJEpPKYHOTh
IIUIIXOM BaKyyMHOTO TeperuiaBieHHs. [lepmanoi XapaKTepu3yrThCs KpaluMu
MarHiTHUMH BJIACTUBOCTSIMH, HI’K TEXHIUHE 3aJ1130 Ta €JIEKTPOTEXHIYHI CTaJIl.

[TepMmarioi 3a CKJ1aJ10M MOJUIAIOTH Ha 2 TPYIU: HU3bKOHIKEIEB1 3 BMICTOM 35-
65% N1, BucokonikeneBi — 75-80% Ni.

CnnaBu mepuioi rpynu 3aCTOCOBYIOTh JJI CEPACYHHUKIB ManorabapuTHUX
TpaHchOpPMAaTOPiB, APOCETIB, pelie i IeTaneii MarHiTHUX JIAHITIOT1B, 110 TPAIOI0Th
B 001acTi MiABHINEHUX IHAYKIIH. Jlpyry rpymy CruiaBiB BUKOPUCTOBYIOTH ISt
MarHiTHUX €KpaHiB, CEpJICYHUKIB MasioradaputHux tpanchopmaropis. Li crnaBu
BUTOTOBIIAIOTh Y BUJ1 XOJIOJHOKATaHUX JIMUCTIB 1 CTpiuok ToBImHOWO 0.0015-2.5
MM, TapsueKaTaHUX JIMCTIB TOBIIMHOKO 3-22 MM 1 MPYTKiB TOBIUHOIO 8-100 MM.

Mapxku Fe-Ni crmasis: S50H, 45H, SOXHC, 79HM, 80HXC, 76HX]I.

Tepmiuna 00poOka mepManoiB CKJIAAAE€THCS 3 IMOBUIBHOTO HAarpiBy 110
temmneparypu 1100-1150°C B cepenoBuii, K€ 3axXyIlae MaTepiaa BiJl OKUCICHHS
(BakyyMi, BOJIHI), BUTPUMII MpU I TemrepaTypi 3-6 Toj. B 3aJ€KHOCTI BiJ
pO3MIpy Ta Baru cajku, MoBLIbHOTO oxosiojkeHHs a0 600°C (100°C/rox) Ta
MOJAJIBIIOr0 IMBHUAKOTO oxonomkeHHs a0 200°C (MBHAKICT OXOJOKCHHS
400°C/ron). MarsuitHi BnactuBocTi Fe-Ni cIutaBiB CHIIBHO 3aj1€KaTh Bl IIBUIKOCTI
OXOJIO/pKeHHS Tipu Bianam. B crumasi 3 75% N nipu noBIJIbHOMY OXOJIOJKEHH1 TTPU
temriepatypax Hikue 600°C B110yBa€eThCSl BHOPSIKYBaHHS TBEPIOTO PO3UUHY, IO

MIPU3BOJIUTH J10 3HUKEHHS MarHiTHOT IPOHUKIIUBOCTI.



3ai30HIKEIEBl CIUIABH IIUPOKO BUKOPHUCTOBYIOTHCS B OOYMCIIIOBAJIbHIN
TEXHIIIl Ta MPUCTPOSIX ABTOMAaTUYHOTO KEPyBaHHsA. BiAMIHHOIO 0COOJIMBICTIO TAKUX
MaTepiaiiB € BUCOKA 3aJTUIIKOBA 1HIYKIIisl, TOOTO MPSIMOKYTHICTb METIIi TICTEPE3UCY
(pucyHoK 5.2).

[cHyIOTH 1Ba crmoOcoOM OJep)KaHHS MaTepiany 3 IPSIMOKYTHOIO METIICHO
riCTepe3ncy: CTBOPEHHS  KpucTajorpadigyHoi 1 MarHiTHOI  aHI30TPOIIi.
Kpucranorpadiuna aHi30TpOIis JOCIATAETHCS 32 JOTIOMOTOI0 XOJIOAHOI MPOKATKH,
B TOM Yac sIK MarHiTHY aH130TPOIiI0 OTPUMYIOTh LIUISIXOM OXOJIOKEHHS MaTepialy
y MAar”iTHOMY IIOJi BiJ TeMIlepaTyp MapaMarHiTHOro cTaHy (TepMOMAarHiTHa

00poOKa).
8
4

+
X

Pucynok 5.2 - Iletns ricrepesucy crnaBy 65HIT go (1) ta micnas (2) 00poOku B

MarHiTHOMY IOJI1
Kpucranorpagiuny aHi30TpOMit0 MOKHA CTBOPUTH B Oy/b-IKOMY MaTepialii,

3IaTHOMY TUTACTUYHO Ae(OpPMYBATHUCS, MarHITHY aHI30TPOIII0 MOXKHA OJIepKaTh
TITBKH Y ISAKUX CIUIaBiB, a y yncTux metaiiB (Fe, N1, Co) BoHa He ciocTepiraeTbesl.

[lepeBara meTomy TEpMOMArHiTHOI OOpOOKM CKIIAIA€ThCA 3 TOTO, IO
NPSMOKYTHY METIIO FCTePE3UCy MOKHA OTPUMATH Y CTPIUlll Oy1b-sIKOT TOBIIUHU
Ta OyIb-SIKOTO HAIMPSMKY, a HE TITLKH B HANIPSMKY NIpokaTky . Hanmpukan, y criasi
SOHIT npaAMOKYTHICTb METJII JIOCATAETbCS CTBOPEHHSM KpHCTanorpadiuyHol
aHizoTporii, a y mapok 65HIT ta 34HKMII nuisixom 06poOku B MarHiTHOMY IIOJTI.
Uepe3 BenWKy BapTiCTh TOHKHX CTPIYKOBUX CEPACYHHUKIB Ta HEMOXIJIUBICTh
IUIIXOM MPOKaTy OTPUMAaTH CTPIUYKY TOBIIMHOIO MeHiie 0,5 MKM po3poOiieHi
METOAM OTPUMAaHHsA Iy’ke TOHKMX IuIiBoK (10°-10%cM) muaxoM HammieHHS B

BaKyyMi Ha IiJIJI0)KKY HEMarHiTHOrO MeTaiy.



Jlo martepianiB 3 0COOJMBUMH MarHiTHUMH BIACTUBOCTSIMHU BIJTHOCSITh:

1) CnmaBu 3 BenmwkuM KoedirieHToM Mar"itoctpukmii. [li crmaBu
3aCTOCOBYIOTh [UIS CEpACUYHUKIB - TEPETBOPIOBAUIB MArHITHUX KOJUBaHb B
yIBTPA3BYKOBI ISl TIPUCTPOIB-€XOJIOTIB, 3BYKO3AMUCYIOYMX TOJIIBOK, YCTaHOBOK
JUIsT O0poOKM TBEepAMX MarepiaiiB. 3 4YUCTUX (epOMarHeTHKiB HaWOUIbILY
MarHiTOCTPUKIIiIO Ma€ Ni, 0 IUPOKO BUKOPUCTOBYETHCS Y BUTJISAII TOHKOTO JINCTA
(0,1 mm). HemonikoMm Ni € Benuki eneKTpUUHI BTPATH.

Bucoky Mar"iTOCTpHKINIO MarOTh CIUIaBU HA OCHOBI 3aili3a, IO MICTATh
13%Al1, 50%Co, 54%Pt.

2) TepMOMarHiTHi CILJIaBU.

[HTEeHCUBHICTh HAMAarHiuyBaHHS 3MIHIOETHCS 3 TIABUIIICHHSIM TEMIIEPATypH,
JUTSl TOTO 11100 KOMIIEHCYBATH MMOMUJIKY NPUJIaAiB, 00yMOBIIEHI 3MIHOKO MarHITHOTO
NOTOKY a00 BHUKJIMKaHI 3MIHOIO TeMIIEpaTypd, Y MAarHITHUN JAHUIOT BBOASTH
IyHTA. MarHiTHI BIIaCTUBOCTI MaTepially IIyHTa MOBUHHI TyXKe P13KO 3MIHIOBATUCS
py 3MiHI KJIIMaTUYHUX TeMmmeparyp. MarnitTHa 1HAYKIs (pepoOMarHeTHKIB JTyxKe
CWJIBHO 3MIHIOETbCS 1003y ToUku Kropi, ToMy maTepial IIyHTa OBUHEH MaTH
temriepatypy Touku Kropi nobmmusy poOoumx Ttemneparyp. Llum ymoBam
3anoBosibHSE cruiaB Fe+30%Ni, mo BTpayae (epoMarHiTHI BJIACTHBOCTI MpHU
temrepatypi 100°C. Jonatkose BBeneHnHs Cr 3HmKye Temneparypy Touku Kropi 1
OPUBOAUTH JO OUIBII PI3KOT TEMIIEpaTypHOi 3aJeKHOCTI 1HTEHCHUBHOCTI
HaMarHi4yBaHHS.

Haiibinbiie 3actocyBanHsi 3HaxoasaTh cmuiaBu H38X14 (kommencarop) i
H33101 (repmanoii), BUKOPUCTOBYIOTbCS TakoX cmjaBu cucreMu Ni-Cu
(kapMaon).

Bucoko4acToTHI MAarHiTOM'sIKi MaTepiajau BKIKYAKTh:

1. MarnitoaienekTpuku. [Ipr po6oTi MarHiTHUX MartepiajaiB Ha BUCOKUX
4acTOTaX 3pOCTAOTh BTPATH Ha TICTEPE3UC 1 0COOJIUBO CUIIBHO €JIEKTPUYHI BTPATH.

OpauH 13 croco0iB 3MEHIIEHHS €JIEKTPUYHUX BTPAT MPHU BEJIUKUX YACTOTaX
— S3HIDKCHHS TOBIIUHU JIMCTIB JO JEKUIBKOX MikpoH. OJHaK, IHPOKOTrO
MOIIMPEHHs IIel Ccrocid He onaepkaB dYepe3 CKIAIHICTh 1 BHCOKY BapTICTh
TEXHOJIOT1i BUPOOHUIITBA TOHKUX JIUCTIB.

B yMoBax wmacoBoro BUPOOHHUIITBA 3aCTOCOBYEThCS OUIBII MPOCTa
TEXHOJIOT1Sl BUTOTOBJIEHHS MArHITOJICIEKTPUKIB, IO MPEICTaBISAIOTh COOO0I0

CHpecoBaHi CyMilli Ayxe ApiOHOro (hepuTHOTO MopoIKy (anbcudep, kapOoHLIbHE



3aJ1130, TIEpMaJIoi) 3 130JIF0F0UYUM MaTepiayioM (OakeaiToBa cMoJa, MOJICTUPOIT). Y
MarHiTOAIeNIEKTPUKAaX KOXKHA YacTKa MAarHiTHOrO TOPOIIKY, PO3MIpH  SKOi
npUOIU3HO JAEKIIbKA MIKPOH 1 MEHIIIE, OTOYEHA A1eIEKTPUIHOIO0 0OOJIOHKOIO 1 TOMY
BUHMKAIOYl  BUXpPOBI  CTpyMH  Majl.  MAarHiToIieNeKTpUKA  IIHPOKO
BUKOPHUCTOBYIOTHCS B TEXHIIIl 3B'SI3KY, 30KpeMa, y TeaedoHii.

2. ®epuTH. [HITUM ICTOTHUM YUHHHUKOM, IO JIO3BOJISIE PI3KO CKOPOTUTHU
CJIEKTPUYHI  BTpAaTH, € TMIJBUIICHHS MUTOMOTO E€JIEKTPOOMOpY CaMOro
depomarneTuky. Bucokuil enexkTpuuHUN OmMip MalTh MaTrepiaiid, Ha3BaHi
(epuramu.

®deputu ABISIOTH COO0I0 MarHiTHI Martepiajiy, 10 OJIEPXKYIOTh 3 OKHCIIB
METOJ/IOM TOPOIIKOBOI MeTanyprii. BoHn MaroTh I1iHHI BiactuBocTi. Jlo HUX, Y
Nepily 4Yepry, BapTO BIJHECTU CYMIIIEHHS B OJHOMY Marepiaii BJIaCTUBOCTEU
(depomarneruka 1 gienekrpuka. [luromuii omip y Aesikux (peputiB Ay’e BUCOKHI 1
nocsrac 102 Om*cem (y meraniB — 10 Om*cM), 10 103BOJISAE BUKOPUCTOBYBATH
iX y NPUCTPOsIX, L0 Mpaliol0Th B 00JIACTI BHUCOKHMX 1 HAJBHCOKHUX YAaCTOT.
TexHonoris BUpoOHHUIITBA (EPUTIB MPOCTa 1 MOKE OyTH JIETKO aBTOMAaTHU30BaHA,
TOMYy COOIBapTIiCTh (PEPUTHUX CEPACUYHHUKIB 3HAYHO HIDKYE CKIQJAIbHUX
METAaJIeBUX CEPJICUHUKIB.

deputu ABIAIOTH COO0I0 TOMABINHI OKHCIM MeTaniB. OcoOJMBO BeIUKE
3HAYEHHS MalOTh (PEPUTH, 110 BUPAKAIOTHCA XIMIYHOIO opmyror: Me*Fe,0s;, ne
Me — nBoBasieHTHMI 10H (3aji3a, HIKEI0, KOOAIbTy, MarHito, MUHKY 1 T.1.). L1
beputn MaroTh KyOluHy rpatky Tumy mmiHen (MgO*Al,O,) 1 ToMmy Ha3uBarOThCSA

mmiHesigaMu. 3acTOCOBYIOTh (DEPUTHU 1HIIIOTO THUITY:
MeO*6Fe,0; (rekcadeputn) abo 3Me,O3*5Fe,0; (rpanatn).

B nanwmii yac Ha pagiodyacToTax BUKOPUCTOBYIOTH MapraHelb-LIMHKOBI 1
HIKeJIb-UMHKOBI Gpeputu. J{J11 HaABUCOKUX YACTOT BUKOPUCTOBYIOTH Ni-Zn (peputu
(HII-400, HII-600) 3 ommopom 10°-10° Om*cm.

5.3 MaruirorBepai MaTepiaau
MarniToTBep/ii MaTrepiajal BUKOPUCTOBYIOTh /I BUTOTOBJICHHS MOCTIMHHUX

MarfiTiB, B fAKHX Yy 3a30pi HEOOXIIHO OJep>KaTH HaWOUIbIIy TOTY>KHICTh

MarHiTHOI'O IIOTOKY.



CrutaBu MOCTIMHUX MarHiTiB KIacU(IKyIOTh 3a TEXHOJOT1€EK0 BUPOOHMIITBA:
CIUIaBH, 110 1e(POPMYIOTHCS, JIUTI, CIICUCHI CIUIaBH 1 IPECMAarHiTH.

Jlo MarHiTHUX CIIaBiB, 10 AedopmyroTbes, BinHocsaThes ctani EX3, EXS5KS,
EX9K15M2. Jlitrepa E no3nauae MaruitoTBepay ctaib. ¥Yci craii Mictath 1% C ta
3aCTOCOBYIOTHCS [IJI1 BUTOTOBJICHHS HEBIAMOBIMATLHUX MAarHITIB MacoOBOTO
BUpoOHMIITBA. [0 1€l rpynu BIAHOCATHCS TAKOX CIUIABH, 110 MPAKTUYHO HE
MICTATH Byrielsb: e cuctemu Fe-Co-Mo (komomns), Qi-Ni-Co (kyHiko), Fe-V-Co
(Bikasoit). Ili crutaBu MaroTh BHCOKY IUIACTUYHICTH 1 3 HUX JIETKO OJEpPKATH
HamiBpabpukaT y BHUJI JPOTY, CTpiukd W cmyru. Lli criaBu 3acTOCOBYIOTH MJist
aKTUBHOI YaCTUHU POTOPIB TICTEPE3UCHUX [IBUTYHIB, CTPIYOK 1 JPOTIB IS
MarHiTHOTO 3aIllCy, MarHiTiB CKJIaaHO1 (POPMHU 1 TOHKUX CTPLIOK. BuCOKI MarHiTH1
BJIACTUBOCTI IIUX CIUIABIB MOXKYTh OYTH OTPHUMaHI IBOMa CIIOCOOaMHU:

1. 3araptyBanHs 3 ogHO(a3HOI 00JACTI Y-pO3UMHY, a MOTIM BIAMYCK MPHU
600°C. Ilpu BiamycKy 3 ayCTEHITY BUAUISIOTHCS JUCTIEPCHI YaCTKH (PepOMarHiTHOI
a-¢dasu, Kl po3TalloBaHl B HEMarHiTHIA MaTpHIII.

2. Xonmongna pedopmaiist (6unbme 90%) 3araproBaHoro cruiaBy. I[licms
rapTyBaHHS CIUJIaB Ma€ CTPYKTYpY Y-(ha3u, sKa B pe3yJIbTaTi X0J01HO1 nedopmarii
nepeTBoproeThesl Ha a-gaszy. Ilig dac crapiHHs a-(da3a 3HOBY YaCTKOBO
MEePETBOPIOETHCS Ha Y-(ha3y. OTpuMaHa reTeporeHHa CTPYKTypa 3a0e31edye BUCOKI

MAarHdiTHI BJIACTUBOCTI.

JIuti cnutaBu. J{o i€l rpynu BiTHOCSTHCS HAWOIBIIT MOMTUPEH] CIUIaBHU IS
MOCTIMHMX MarHiTiB Ha ocHOBI cuctemu Fe-Ni-Al: 15-25 % Ni 1 8-15 % Al 13
JTIOJIATKOBUM BBEJIEHHSAM KOOAJIbTY, MiJli 1 1H. KOMIIOHEHTIB.

butem 80% KUIBKOCTI MOCTIHHUX MAarHiTIB BUTOTOBJISIOTH 13 CIUIABIB JAaHOIL
cuctemu. L1 crutaBu KpuxKi 1 3aCTOCOBYIOTHCS JIMILIE B TUTOMY CTaHI.

Cneveni cmuaBu. JIpiOHI MarHiTH BHUTOTOBJISIOTH METOJIOM CITIKAHHS.
BukopuCcTOBYIOTH TIOPOIIIKY 3aJ1i3a, HIKEII0, TFOMIHIO 1 1HIII JIETYIOUl €IEMEHTH.
PerenpHO mepemilliaHi MOPOLIKM MPECYIOTh BIAMOBIAHO A0 (opmMu BHUpPOOY 1
cnikatoTh npu Temneparypax Buie 1300°C B armocdepi BoaHIO, a00 BHUCOKOTO
BaKyyMy JIJisl 3a1100IraHHs] OKMCIIIOBAaHHsI. MarHiTH 31 ClIeYeHUX MaTepiaaiB MaroTh
nepeBard B IMOPIBHSHHI 3 JUTUMHU: BOHU HE yTBOPIOIOTH YCAJIOYHUX DPAKOBUH,
MalOTh BHUCOKY MIIIHICTb, 3a0€3MeUy0Th OUTBII TOYHI PO3MIPH, @ TaKOX Kparry

SKICTh TIOBEPXHI.



Haiibinb1 mupoke 3actocyBaHHs ojaepkanu 0apieBi dheputu (BaO*6Fe20;).
3acTOCOBYIOTH KOOAJIBTOBI i CBUHIIEB] (PEPUTH.

HoBi marnitHi matepiasm — 3'eqHands P3M i3 koOambToMm, 3aii3oM,
xpomoMm. Hampuknaa: Sm(CoCu)s. MarHiTu 3 LMX CIUIaBIB 4acTilllieé 3a BCe

BUTOTOBIIAIOTH MPECYBAHHSIM MOJPIOHEHOTO CIJIaBY B MArHITHOMY IIOJII.



6 CIIJIABU HA OCHOBI IHTEPMETAJIIAIB
6.1 3araabHi noJI0OKeHHs, KJIacu(IKaLiA Ta rajay3i BUKOPUCTAHHA

[HTepmeTaniqu BkKe AaBHO BUKOPHUCTOBYIOTH [UIsl PI3HMX mpu3HadeHb. JloOpe
BiJIOME BHWIKOPHCTAHHSI QJTIOMIHIJIIB Ta CHIIIUAIB B SIKOCTI 3aXMCHHUX IOKPUTTIB TIpU
raps4iit nedopmariii Ta TepMiuHIM 00pOOIN XIMIYHO aKTUBHHMX MeTajiB. [HTepmeTaiau
CKJIaJ]al0Th OCHOBY CIUIaBIB-HAKONMMYYBaydiB BOJHIO, SIKI JIETKO MOTJIMHAIOTH BEJUKY
KUIBKICTh BOJHIO TPH TEMIIepaTrypax, OJU3bKHX JO0 KIMHATHOI, Ta BIAJAlOTh HOTO IpH
HEBHCOKOMY HAarpiBl IpH 3HMKEHHI TUCKY. [HTepmeTaniau, 30kpeMa, SmCos, Sm2Co17,
Fe1sNdB BUKOpPUCTOBYIOTH SIK MAarHiTOKOPCTKI Marepiaid 3 BUCOKMMH MarHITHUMU
xapaktepuctukamu. Psn intepmeraniniB (Nb3Sn, Nb3Al, Nb3Ge ta iH1I11) BIZHOCITH 10
JIOCUThH MEPCIIEKTUBHUX HAAMPOBITHUX MaTepialiB.

[HTEepMETANiIN € MEePCIeKTUBHUMU KOHCTPYKIIHHUMU MaTepianamu. Hampukian,
amominimu - tutany (TiAl, TizAl) 1 mikemo (NiAl, NizAl) € KoHCTpyKIiHHUMHU
Marepiajiamu, 1[0 YCHIITHO BUKOPUCTOBYIOTHCSl B aBlallliHIN TEXHIIl 3aBISKH iX Maiil
HIUTBHOCTI, BUCOKIH JKapOCTIMKOCTI Ta KapOMIITHOCT1, TAPHUM JIMBAPHUM BIIACTUBOCTSIM.

OxkpeMuii KJac CIUIaBIB CKJIQJar0Th Marepianu 3 edpekroM mam'ati gopmu. Ha
MPUKIIAJl HIKSIAy THTaHy OyJjla BHHAMJIGHA 3JIaTHICTh JEIKHX METAJICBUX MaTrepialliB
3amaM'sTOBYBaTH CBOIO (opMy, sika mepeayBajia aedopmailii Ta BiTHOBIIOBATH 11 MICIIS
MIEBHOTO TEIIJIOBOTO BILIHBY.

[HTEpMETATITHUMK  CTIOTYKaMH a00 1HTepMETalliIaMd  Ha3WBalOTh 3'€IHAHHS
MeTajJiB MK CcO00I0, MPUYOMY, JO KOMIIOHEHTIB IHTEPMETANiIiB BIJHOCITh TAKOX M
KOBAJIGHTHI KPEeMHIN Ta repmaniil. 3arainpHa Kiacudikaiis IHTepMETalIiAiB BKIIOYAE 10
cebe ganpToHiAM, 6eproniau Ta ¢ha3u Kypuaxosa. Ilin nansToHigamMu po3yMitoTh a3 Ha
OCHOBI IHTEpPMETAJII/IIB TOCTIHHOTO (ITEBHOT0) XIMIYHOTO CKJIaly, IKUM Ha KPUBUX CKJIa-
BJIACTUBICTH BINOBIAE CUHTYJISIpHA, 0coOmBa Touka C (pUCYHOK 6.1), MOJI0KEHHS SIKOT
HE 3aJICKUTH BIJl TEMIIEPATYPH BUMIPIOBAaHHS BJIACTUBOCTEH.

beprominu - pa3u Ha OCHOBI IHTEpPMETANI B IEPEMIHHOTO XIMIYHOTO CKJIAdy, JJIs

SAKUX Ha KPUBHX CKJ'Ia)I-BJ'IaCTI/IBiCTB CHHTIYJIIpHA TOYKa BiﬂcyTHSI.



Ha miarpamax ckiag-BiaacTUBICTh OepToNIIHUX (a3 MOXKYTh CIIOCTEPIraTUC MAaKCUMYMH
a00 MIHIMyMH BJIACTUBOCTEH, ajié BOHM HE MAalOTh CHUHTYJSIPHOTO XapakTepy Ta ix
MOJIO’KEHHS 3aJIEKUTh BiJI TeMIlepaTypH Ta THUCKy. bepTomiau mpeacTaBisiioTh COOOIO
CIIOJIYKH Yy cTaHl aucoriaiii (pucyHok 6.1, 6) abo TBepai po3YMHU HAa OCHOBI MHUMHUX

1HTepMeTali B (PUCYHOK 6.1, B).
t
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Pucynox 6.1 - Cxemu 3aneXHOCTEH MIITHOCTHUX BIACTHBOCTEH CIUIABIB BiJ CKIIAMY JUIS
CUCTEM 3 JalbTOHIJIOM (a), 6epromiaom (0, B) Ta HaacTpykrypamu H.C. Kypnakosa (T)
ITlin ¢azamu KypHakoBa po3ymitoTh Oe€3lepepBHI TBEPJlI PO3YUHU MIXK
nanpToHinamMu U Oepromigamu. Pazu KypHakoBa mokM Ie HE BUKOPUCTOBYIOTH Hi K
KOHCTPYKLIHHI, H1 K GyHKIIOHAJIbHI MaTepiau.
CamocTiinuii  knac iHTepMmetaniaiB - cnoiayku H.C. KypnakoBa. Cnonyku

KypHakoBa yTBOpPIOIOTBCSI B pPeE3yJbTaTi BIOPSJIKYBaHHS aTOMIB HEBIOPSIKOBAHUX



TBEPJAUX PO3UYMHIB MPHU 3HIKEHH1 TeMIiepaTypu (pucyHok 6.1). Brepie Taki ¢ga3zu Oynu
BuHaiineni H.C. KypnakoBum B cmmaBax cuctemu Cu-Au (CusAu, CuAu). Cnomyku
KypHnakoBa MarOTh TOCUThH BUCOKI IIJIACTUYHI BJIACTUBOCTI. TakuM YMHOM CIIiJ] BIAPI3HATH
«pazu KypnakoBa» Ta «cnonayku KypHakoBay.

Ha nanwuit yac BusiBieHo ta onucado Oubmie 1500 iHTEpMETamiIHUX CIOIYK, SKi
yTBOPIOIOTh 0JIn3bk0 200 pI3HUX THUMIB KPUCTAIIYHUX CTPYKTYp. O NEpCreKTUBHUX
KOHCTPYKLIWHUX MaTepiaiiB BIIHOCATh HACTYITHI THIIHM 1IHTEPMETaJIiB:

1) da3zu tunmy AsB 3 kyOiunowo kpuctamiyHoto rpatkoio (NizAl, NiszSi, NisFe,

NizsMn, Zr3Al);

2) da3u Tuny AsB 3 rexcaronansHoro rparkoro (Ti3Al, Ti3Sn);

3) amominiau tunmy MsAl (AsB) 31 cTpykTypoto, 110 BIAPI3HSAETHCS Bl MEPIIAX

nBox (FesAl, Nb3Al);

4) amominiau tuny MAT1; (NbAls, NiAls, TaAls, TiAls, ZrAls);

5) ¢a3u tumy AB (TiAl, CuAu, NA1, Co”, Co/r, NeBe, FeAl, IeCo, TiNi);

6) mnotpiitHi amoMmiHian: Al TixMey, ne Me - Co, Cr, Cu, Fe, Mn, Ni;

7) mortpitini ¢asu JlaBeca (TiCr,5S1o.5, TaicAl, TaNeAl, NbNiAl);

8) cumuuau (MoSi,, NbSiy, NI3Si, TiSi,, TisS13, Mg,Si, CoSiy).

Ha pucynky 6.2 npeacraBieHl e1eMeHTapH1 KOMIPKH iHTepMeTaniiiB Tuny AsB ta
AB.

BucokoremneparypHni  iHTEpMETalliIHI  CIUIaBM TOBHHHI MaTU  HACTYIIHI
BJIACTMBOCTI: BHCOKI MIITHOCTHI Ta >KapOMIIIHOCTHI IMUTOMI XapaKTEPHUCTUKH, TOCTATHIM
Omip BTOMJIEHHIO, IPUIHATHI IUIACTUYHICT Ta TEXHOJOTTYHICTh, BACOKUH OIip KOPO31i Ta
OKHCJICHHIO.

HaiiGinpmn mpakTUYHUN 1HTEpEC MaroTh AMIOMIHIIM Ta CIUIaBM Ha iX OCHOBI 3a
HACTyTHUMU IPUYNHAMH:

a) aJIFOMIHIIM Ta CIUIaBM Ha X OCHOBI MarOTh BUCOKI MIITHOCTHI BJIACTUBOCTI MpPH
pobounx Temrmeparypax, 110 BJIACTUBI HIKEJIEBUM CIUIaBaM, Ta BUIIE HUX (MIPU MEHIIIN
1[bHOCT1). OCOOIMBY yBary BHUKJIMKAIOTh IHTEPMETATIIAM 3 BHCOKOIO TEMIIEPATypOIO
miaBiaeHHs: Nb3Al (1960°C), MoSi2 (2030°C), mo mnpuszHaueHi s poOOTH Mpu
temrepatypax Buiie 1200°C. Crpiuku 31 cmmaBy Nb3Al, 1110 MIBUIKO 3aKpHCTai30BaHi,
MarTh TUMYacoBui omip po3puBy 900 Mlla npu 1300°C it 700 MIIa npu 1400°C. ¥V
3B'S3KY 3 [IUM BBAXAIOTh, 110 KapOMII[HI MaTepiaau Ha IHTepMETasiIH1i OCHOBI 3aIIOBHSITh
MporajvHy B TEMIIepaTypax eKCIUTyarallii, SKa CIOCTEpITAEThCS MK HIKEIECBUMU

crutaamu (~1100°C) Ta kepamikoro (>1300°C). MexoBy TemmepaTypy eKCILTyaTarii



1HTepMeTai B OLiHIOKTH piBHOKO 0,5-0,7 T (mepeaxuo 0,5Tru);
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Pucynok 6.2 - EneMeHnTapHi KOMIpKd iHTepMeTaniaiB Tuny AsB (a, 6) Ta AB (B,

T') 3 KpUCTaIuHOIO cTpykTypoto L12(a), D019 (6), L1o(B) Ta B2 (T)

0) amoMiHIA ICTOTHO 3HIWKYE NIUIBHICTh CIUIaBIB. Tak, 30KpeMa, HIUIHHICTh
inTepmetaniny TiAl y 2,5 pasu MeHIIa, HK Y %KapoCTIMKUX HiKeleBUX cIuiaBiB. Husbka
IIUTHHICTh AJIOMIHIIIB CIPUSE TMIJBUIIEHHIO MUTOMHUX XapaKTePUCTUK MIIHOCTI Ta
apOMIITHOCTI. B ocTaHHIi Yac aKTUBHO BUBYAETHCS Ta BUKOPUCTOBYETHCS OJIUH 3 CAMHX

JIETKUX iHTEpMETANiniB - Mg2Si (1inbHicTs sikoro 1,94 r/em?);

B) B TMOPIBHSHHI 3 IHIIUMHM MarepiajJjaMu aJfOMiHITA MalTh BHCOKHI OIip
okucieHHto. OHUM 3 Kpanux matepiamB € inTepmetania FesAl. Bucoky skapocTiiikicTh
MalOTh CUJIIIUIN;

I') aJIIOMIHIA BITHOCUTHCS J0 TMOPIBHSHO HEIOPOTrHX, HEACPIUUTHUX JIETYHOUHX
€JIEMCHTIB;

Buxopucrannas iHTEpMETaliiB Ta CIUIaBIB Ha 1X OCHOBI SK KOHCTPYKIIMHHX
MaTepialiiB rajlbMy€e€ThCs 32 HACTYITHUMU TPUYUHAMMU:

1. BmacTuBa iHTEpMETAII]aM KPUXKICThb, 0COOJIMBO, IIPU KIMHATHINA TeMIIepaTypi;

2. HEAOCTATHIN y NESKUX BUMAJKaX OMip OKUCIEHHIO;

3. HemocTaTHS HAJINHICTP METOMIB MPOCKTYBAHHS 1 TMepen0adeHHs TPUBAIOCTI
eKCIUTyaTallii BUpoOiB 3 IHTEpMETaIiB;

4. BIACYTHICTb OCTAYAJILHUKIB SIKICHOT MPOAYKIIT 3 IHTEpMETAI/I1B;



5. BHCOKa BapTiCTh BUPOOIB.

Crmocobu MIiABUIIEHHS IUTACTHYHOCTI I1HTEPMETANIIIB 3alydaloTh JO ceoe:
MIKpOJIETYBaHHS, JIETyBaHHS, (JOPMyBaHHS ONTUMAIBHOI MIKPOCTPYKTYpPH, ITiBUIICHHS
YUCTOTH BUXIJTHUX MaTepialiB.

Binomo, mo BBeaenns 0,02-0,1% B B amtominig Hikenro NisAl i mpakTUuHO B yci
CIUTaBM Ha MOro OCHOBI MIJBUIIYE iX TIJIACTUYHICTb. XPOM IO3UTHUBHO BIUIMBAE Ha
MEXaHIuHl BJIACTUBOCTI Maike yCiX IHTepMETalifiB, HI001i - MOKpAIy€e BIACTUBOCTI
AIIOMIHITy TUTaHY.

B nanuit yac akTUBHO BUKOPUCTOBYIOTH 3MIIHEHHS 1HTEPMETAII/IIB TUCTIEPCHUMU
yacTkamu. [0 momiOoaux cmraBiB BigHOCATHCA: NiAl - NbNiAl, NiAl - TaNiAl, NiAl -
Ni2AITi, NiAl - Ni2AlTa. [ucnepcHe 3MIITHEHHS, IO peai3yeThCsd METOoAaMU
MOPOILIKOBOT MeETaNyprii, 3a0e3nedyroTh OKCHIMU. [0 Takux CIUlaBiB BIJHOCSTHCS
inTepmetamiau FeAl, Fe2Al, NiAl, NisAl, Ti3Al, oo 3minaeHi okcugamu (Al203, Y203),
kap6inamu (HfC), 6opunamu (TiB2).

J1J1st MOKpanieHHs: MEXaHIYHUX BIACTUBOCTEH HEOOX1THO OTPUMYBATH IMEBHUM THIT 1
napamMeTpu  MIKpOCTpyKTypu. HeoOxigHO  mparHyTd  OTpUMaTH  SKHAHOUIbII
OpiOHO3EPHUCTY CTPYKTYpY. 3 NOAPIOHEHHSM 3€pHa NIABUIIYIOTHCA IUJIACTHYHI Ta
MIITHOCTHI XapaKTEPUCTHUKH, YCKIIATHIOEThCS 3€PHOTPAaHUYHE PYHHYBaHHS, CTBOPIOIOTHCS
YMOBU HaAruiacTuyHoi aedopmariii. JIpiOHO3epHUCTY CTPYKTYpY OTPUMYIOTH IpHU
KpUCTami3aiii Npyu BETUKHUX IMIBUIKOCTAX OXOJIOKEHHS, BUOOPOM ONTUMAIBHUX YMOB
TEPMOMEXAHIYHOTO OOpOOKH, METOJAaMH TOPOIIKOBOI MeTamyprii. [lpu HammBuakii
KpucTamnizaiii popMyeThCsl HAHOKpUCTAJIIYHA CTPYKTYPa, 1110 MPU3BOJAUTH J0 MIABUILEHHS
MJIACTUYHOCTI, OMOPY PO3TPICKYBAHHIO Ta B'SI3KOCTI pyilHYBaHHS.

J1o HOBHX MEPCNEKTUBHUX HAMPAMKIB TEXHOJIOT1T BUPOOHUIITBA 1HTEPMETAII/IIB
BIIHOCUTBHCS OTPUMAHHS MOHOKPUCTAJIIYHUX MaTepiaiB.

HaiiGinpmi  ycmixu JIOCATHYTI y  po3poOill KOHCTPYKIIMHUX JKapOMIITHUX
IHTepMETANIIIHUX MaTepiaidiB Ui aIlOMIHIIB TUTaHy 1 HIKEIO, a B Taly3i

HKIIOHAJILHUX MaTeplayiiB KTOM I1aM'dT1 MM - I HIKEJIIHY TUTaHy.
OHAa. aTepiaiiB 3 epekToM mmam'saTi o 1Ke a

6.2 CniiaBu HA OCHOBI AJIIOMIHIIIB TUTAHY

3 mpoMiXKHUX (a3, 10 YTBOPIOIOTHCS B cucTeMi Ti-Al, HalO1IbIITUN MpaKTUYHUN

iHTepec npeactapisaoTh amoMiHiau Ti3Al ta TiAl [atepmeranin TisAl (ar-daza) siBisie



co00I0 HAACTPYKTYpy Ha OCHOBI a-(a3u, B SKIH aTOMH THUTAHy Ta AQIIOMIHIIO
po3TamoBaHi BropsinkoBaHo. [lmactuunicTs iHTepMmeramigy TisAl mama. Ictothe
MIJBUINCHHS TIJIACTUYHOCTI 3a0€3MeUyeThCs IIIIXOM CTBOPEHHS JPiOHO3EPHHUCTOI
CTPYKTYpH 3a paxyHOK TEPMOMEXaHIYHOro OOpoOKH ab0 METOJIB IOPOIIKOBOI
Metanyprii. B o6macti kpuxkxoro pyinyBanss (mpu 400°C) BimHOCHE MOIOBKCHHS
iaTepmeraniny Ti3Al 3 api6auM 3epHOM gocsarae 3,2%, a mMpu NMEpexo/ii 0 B'SI3KOTO
pyiayBarH: (600-650°C) BigHOCHE MO0BKEHHS 3pocTae 3 15% mo 45%. [arepmeranin
TisAl npu maniii mBuakocti gedopmanii (5*10* ¢!) Bussnse npu 1000°C o3nakm
HaamtacTuaHocTi (5«120%). Mexaniuni BractuBocT! anmoMiHiay Ti3Al MoxyTe Oyt
MOKpAIlleH] JIETYBaHHSAM radHieM, MOJiOACHOM, HIOOIEM, TaHTAJIOM, BaHAIIEM,
BOJIb()paMOM, LIUPKOHIEM Ta JNESAKUMH IHIIUMH enemeHTamu. Haiikpaii pesynbratu
3a0e3neuyroThes JieryBaHHsIM anmoMiHiny Ti3Al Hi001em, Tak, o cuctema Ti3Al - Nb e
0a30BoI0 TIpU Po3podIIi criiaBiB Ha Moro ocHoBI. Jlo cuctemu Ti3Al - Nb BigHOCATBCS
3apyOiXKHI CIUIaBU: MpOMUCIOBU ciiaB anbda-2 (Ti-14%Al1-21%Nb Bar.) Ta cymnep-
anbda-2 (Ti- 15%A1-20%Nb-3%V-2%Mo Bar.).



CmutaB anbga-2 micins Bianany rnpu temrneparypi 1200°C ta crapiHHs npu
temrepatypi 760°C Brnpoaosxk 8 roaus mae ripu 20°C cg=665 Mlla, 5=2,1%. Crias
cymnep-anba-2 micias raptyBanns npu tremmneparypi 1060°C ta crapinus npu

temriepatypi 650° BnpoaoBxk 2 rogun mae cg=1400 MlIIa, 5=0,1%.

Tabnuys 6.1 - Mexaniuni énacmueocmi cniasie na ocnogi inmepmemanioy TizAl

Tepmiuna 06pobka BrnacTtuBocti crutasy, °C
CmiaB (cTpyKTypa) 20 650 MIlIa
ctg, Mlla 5, % ctg, MIla | 5, %
130
TizAl Biman 220.600 0 430.460 2.3 | (800
)
. npiOHO3EepHUCTA
TizAl CTpyKTYpa 538 0,3 - - -
Bignan
anbha-2 o o
1200°C+760°C, 8 2.1 - - -
(24-11) 665 ’
TOoJ
+P)-
24-15 (a.7+P) 800 5.6 i - |-
rapTyBaHHSI
rapTyBaHHSI
cynep- :
1060°C+crapinug 1400 0.1 - - -
anbda -2 ’
650°C, 2 rox
rapTyBaHHSI
cynep- :
1060°C+crapinug 1050 1.5 - - -
anbda -2 ’
850°C, 2 rog
cynep- _
atbiha -2 OiMoabHa 1000 6.9 - - -
380
00y spHa 1050 2,53 820.880 -] (650
BTU-1 )
IpiOHE 3epHO 1100 - - - -
BEJIUKE 3€PHO 1020.1050 1.1,5 830.860 - -
* B myKKax - TemrepaTypa BunpoOyBanus, °C

Cmnas cynep-anbda-2 micns raptyBanHs npu temmepatypi 1060°C Tta crapinas



npu temrnepatrypi 850°C Bapoaos:x 2 rogu mae cg=1050 MIIa, 5=1,5%.

Jlo 1poro X TUMy ciuiaBiB Ha OcHOBI Ti13Al HanexuTh BiTuyn3HIHMM cruiaB BTU-
1 (Ti-14,5%A1-22%Nb-1,57r-0,25S1 Bar.). Cmmas BTU-1 3 npiOHO3EpHUCTOIO
CTPYKTYPOIO CXMJIBHHM 710 HAATIACTHYHOCTI MIPH TeMIeparypax, onmuspkux 10 1000°C
(5=600%, e=10"c™).

Iarepmeranin ~ TiAl  mMae  BHOpsiAKOBaHYy — TETpParoHaJIbHOBUKPHUBIICHY
IPaHELIEHTPOBAHY CTPYKTYpY, B sikik ruiouuHu {100}, 3amoBHEHI aTOMaMH TUTaHY,
NepenyoThCs 3 IUIOIIMHAMH, SIKI 3alHATI aToMaMu amoMiHio. [lmacTuuHicTh
iHTepmetamay TiAl npu Temneparypax Huwxkde 700°C He3HauHa, 1m0 0OYMOBJIEHO
OCOOJMBOCTSIMU MO0 JAMCIOKALiiiHOI OynoBU. B 3aneXHOCTI BIJl YHCTOTH Ta
MIKPOCTPYKTYPH MEXaHIuHI BIACTUBOCTI iHTepMeTamiay TiAl KoaMBalOThCS B JOCUTH
IUPOKKUX MEXax, i MpU KIMHATHIN Temneparypi ckiaagaroTs cg=350-580 Mlla, 5=0,5-
1,5%, priai=3,8 r/cM. B 3a11€XHOCTI Biji TEXHOJIOT1H OTPUMAHHS 3arOTOBOK, PEKUMIB
rapsioi gegopmallii i HACTYITHOI TEPMIYHOI OOPOOKM MOKHA OTPUMAaTH 3 OCHOBHUX
TUIHU CTPYKTYp 1HTepMeTaniny TiAl: mnactuHyacTy (JiamenbHY), pEKpUCTai30BaHy Ta
3MilIaHy (AYIJIEKCHY).

[InacTuHYacTa CTPyKTypa: MOBHICTIO 3/IBINHMKOBaHI IJIACTUHU Y-(pa3u, IO
MeXaM SIKHX PO3TalllOBaHI TOHKI MPOIIAPKU ar-(ha3u. B 3a1eKXHOCTI BiJl MIBUAKOCTEH
KpHUCTai3ailii Ta 0XOJOKEHHS TOBIIMHA Y-TUTACTHH Ta - MPOIIAPKIB MOXKE 3HAYHO
3MIHIOBATUCS (B1J JCKUIBKOX MIKPOMETPIB JI0 ACCATUX JOJEH MIKPOMETPY).

MexaHiuHi BIacTUBOCTI 1HTepMeTaniay TiAl 3 mIacTMHYACTOI CTPYKTYpPOIO
HeBenuki: cg=350-400 MIla, 5=0,5%, a™ = 480MIla .

PexpucranizoBana cTpykTypa npeacTaBieHa 3epHaMu y-(a3u Ta BUAUICHHSIMHU
a2-azu, siki chopMOBaHI B pe3ynbTaTi JUHAMIYHOT a00 CTaTUYHOI pEeKpUCTaTi3allii.
Taka cTpykTypa 3a0e3neuye OUIbII BUCOKHMNA KOMILJIEKC MEXAHIYHUX BIIACTUBOCTEH:
c==580 MIla, 5=0,8%, a™=310MIla .

JlymiekcHa CcTpykTypa (3MilllaHa) CKJIAIaeThes 3 00JacTel, skl MpeIcTaBlieHl
PEKpUCTATI30BaHUMU 3€pHAMH Ta 00JACTIMHM IUIACTUHYACTOI Oy10BU. Taka CTpyKTypa
Mae HalKpalyid KOMIIEKC MeXaHIuHuX BiacTuBocTei: cg=550 MIla, 5=1,5%, ct™ =
380MIla .

HpibHoszepuuctuii  intepMmeraniy  TiAl  mposiBasie  CXHIBHICTH — JI0
HaAIIacTUYHOCTI: npu Temneparypi 800°C Ta mBuakocti gedopmanii 8,3*10" ¢!

MJIaCTUYHICTD ckiamae 225%. CrinaBu Ha OcHOBI iIHTepMeTamiay TiAl, ski MicTsaTh 47-



48%art. Al, maroTh Halikpailly maacTu4HicTh. [InactuunicTs amominigy TiAl moxHa

MIIBUIIMTH JIETYBaHHIM HacTymHUMHU KommnoHeHTamu: Be, Cr, Nb, Mo, Ni, Si, Sn, Mn,

V, W, Ag, Ga. [ligBumieHHsl TIaCTUYHOCTI MOXe OyTH IMOB'SI3aHO 31 3MEHIICHHSIM

BHECKY KOBAJICHTHOTO Ta 30LJILIIICHHSM JI0JIi MeTasieBoro 3B's3Ky. JleryBanus TiAl Nb,

Si, Ta,

W  npu3BOAUTH 10 MIiABUIIEHHS KapOCTIHKOCTI.

Onip mnoOB3yYOCTi

(>kapoMminHicTb) 301IbIIYy€eThes npu jgeryBanHi B, C, Cr, Nb, Ta, W.

Tabnuys 6.2 - Ximiunuii ckiao ma MexauiyHii 61acmuéocmi Cnidsie Ha

ocrosi inmepmemanioy TiAl (Ilonvkin 1.C.)

YMOBHI [TO3HAYEHHS Ta Texnounoris MexaH14Hi BIaCTHUBOCTI IPU TEMIIEPATypl,
XIMIYHHUH CKJIa[ OTPUMAHHS. °C
cruaBiB, %oar. Tun 20 760
(B DyKKax) MIKpPOCTPYKTYpu™ ~OIT | 5, AOJT |5, %o
MiITa | MIla | % | Mp1a | Mlda
1 2 3 4 5 6 7 8
48-1 K+T 406 | 390 | 1.4 | 470 | 320 | 10.8
(T1-48A1-0.3C) HynnekcHa
48-2-2 JIHTII+T
(T1-48A1-2Cr-2Nb) HynnekcHa 413 331 | 2.3 | 430 | 310
I[I+T dynnekcHa
I+T 480 | 3.5 403 | 40
Maiixe namenbHa
597 | 510 | 2.9 ] ] )
ABB JI+T 520 | 425 | 1.0 | 460 | 350 | 2.5
(T1-47A1-2W-0.5S1) HynnekcHa




ITponorxeHHs Tad. 6.2

1 2 3 4 5 6 7 8
47X 1 JIHTII+T 482 | 402 | 1.5 | 458 | 344
(Ti-47A1-2Mn-2Ne- JlamernbHa
0.8TiB2)
2048 JIHTII+T 575 | 442 | 1.5 | 580 | 382 | 12.4
(Ti-46Al-xCr-y(Ta, JlamenbHa
Nb))
Crnas 7 [+T 717 | 648 | 1.6 | 692 | 517
(Ti-46A1-5Nb-1W) | Maiike naMenbHa

* K - xoBka, [1- npecyBanus, JI - nurts, T - repmooOpobnenuit, I'II1 - rigpo- i30TepMmiuHa)

00poOKa (mpecyBaHHs)

Jlo Haiikpamux cruiaBiB Ha ocHOBI TiAl BigHOCSTH criiaB 48-2-2 (Ti- 48%Al-
2%Cr-2%Nb). Lleii crimaB Mae rapHe MOeAHAHHS TIACTUYHOCTI Ta TEXHOJIOTTYHOCTI,
BHCOKI XapaKTEPUCTUKHU KAPOMIIIHOCTI, KOPO3IHHOT CTIMKOCTI.

JlymnekcHa cTpykTypa 3abesneuye npu Temmeparypi 20°C: cg=413 Mlla,
5=2,3%; mpu Temnepatypi 760°C: cg=470 Mlla, 5=10,8%.

JlamenpHa cTpykTypa 3a0esmeuye npu temmeparypi 20°C: cg=597 Mlla,
5=2,9%.

3aBOsIKM  HM3BKIA  IIUIBHOCTI Ta  JOCUTh  BHCOKHM  MIIIHOCTHUM
xapakTepuctukaM iHTepmetam TiAl Ta cruiaBu Ha HOTO OCHOBI IMEPEBEPIIYIOTH
ICHYIOYl JKapOMIIlHI CIUIaBM Ha OCHOBI THUTaHy, 3ajli3a, HIKEIO 3a ITUTOMHUMH
3HAUYCHHSAMH MOJAYJIB TPYXKHOCTI Ta IIOKa3HUKIB >KApOMIIIHOCTI B 1HTEpBai

temneparyp a0 850-900°C.

Tabauysa 6.3 - Bnaue muny cmpykmypu inmepmemanioy TiAl na mexaniuni énacmugocmi
(bonoapes b.1., €nacin /[.B., Moromxoe A.B. ma inwi)

MexaH14H1 BJIACTUBOCTI

Tun crpykrypu cTs, MIla 5, % ~Z, MIla
JlamenpHa 350...400 0,5 480
PexpucramnizoBana 580 0,8 310
JymiiekcHa 550 1,5 380




6.3 Ci1aBM Ha OCHOBI AJIOMIiHIZIB HiKeJI0

3 amOMIHIIB HIKETI0 HAWOUIBIIMI 1HTEpeC SK KapoMIIHI MaTepiaiu
npeactaBisitoTe  iHTepMeTanmiam NizAl ta NiAl, sgki MamOTh JOCHTh BHCOKI
XapaKTEPUCTUKHU KAPOMIIIHOCTI Ta KapOCTIUKOCTI.

Amominiz Hikenmro NizAl ckinagae ocHOBY (a3u 6epTosigHoro tuny — y'- dhasmu.
®da3u NizAl - HaacTpyKTypa 3 KyOI4HOIO IpaTkow. B erneMeHTapHii Komipii Takoi
IPaTKU aTOMU aJIFOMIH1I0 3aiMalOTh BEPIIMHU Ky0a, a aTOMU HIKEJIO - [ICHTPU TpaHeH.
[Ipm kiMHATHIM Temmeparypli Mexa MIIHOCTI (cg) JMTOro amoMiHiny NizAl
crexiomerpuyHoro ckiany (13,3% Al) ckinamae 190215 Mlla i BigHOCHE MOJIOBKEHHS
(5) nopiBHiOE ~1%. 301/IbIIEHHST BMICTY altoMiHiI0 10 14% TpU3BOAUTE 10 AESKOTO
nigsuiieHHs cg=270-350 MIla i 5=1,2-1,7% nurtoro iHTepMeraiiay. Mexa TEKy4oCTi
iHTepmetaniny NiBAl, skuil oTpuMaHuUi MeTOJAAaMH TOPOIIKOBOI METayprii,
KOJUBa€eThCs B Mexkax Bij ~100 MIla mo ~900 MIla mipu 3MiH1 BeTUYUHU 3€pHA Bij
d=1000 mxM n0 d=3 mxm. BigHocHe moAoBkeHHA NpH 1boMy ckiaaae 1-2,5%. Ha
BIJIMIHY BiJl METaJIIB Ta CILJIABIB Cop,2 Y'-pa3u (NizAl) 3 miABUIIIEHHAM TeMIIEpaTypH 10
MIEBHOI BEJIMYMHH HE 3MEHIITYETHCSA, a 3pOoCcTae. AHOMaIbHA TeMITepaTypHa 3aJIeKHICTh
MIIHOCTHUX BIacTUBOCTEH iHTepMeTamniay NisAl mos's3ana 3 0cOOJIMBUM MEXaH13MOM
PYXy JAUCIIOKAIIIM.

Momnokpuctanu NizAl MarTh BHCOKY IIJIaCTHYHICTh, Y TOM dYac, K
nomikpuctanu NisAl Biapi3HsAtoThCs KpuxkicTio. Kpuxkicts nmomikpuctams NizAl €
HACJIIJIKOM CJIa0KOCTI MEX 3€peH Ta YCKJIQJHEHHS 31MCHEHHS KOB3aHHS MO MeXax
3epeH.

[InactuuHicTs Ta MIMHICTE 1HTEpMeTamixy NisAl MoXHA MIJBUIIUTH
MOAPIOHEHHAM 3€pHA Ta MIJABUIICHHSIM YUCTOTH BUXIAHUX MaTepiamiB. HalOinbia
e(eKTUBHUM CIIOCOOOM MIABHUILEHHS KOMIUIEKCY HOTO BIIACTUBOCTEN € JIETryBaHHS.

HusbkotemneparypHy miaactuuHicTh Ni3Al HaliO11b111 €eKTUBHO MIABUILYIOThH
HEeBEJIMKI 100aBKu 00py (0,05-0,1% art.), sKuii cerperye Ha Mexax 3epeH Ta JIKBIIYy€
MIX3epeHHe pyiHyBaHHs. IHtepmeranigy NisAl 6e3 mobaBku Oopy Mae BIAHOCHE
roioBxkeHHA 5« 1%, a BimHOCHE TTotoBkeHHs ciutaBiB N1C- 23-24%A1-0,1%B nocsrae
35-50% mpu kimHaTHIN Temmepatypi. CrutaB 3 0,1%B mokHa migmaBatu XOJOIHIN
mpokatii 31 cryneHeM nedopmaritii 90% 6e3 mpomixkHuxX BignaiiB. EdexTuBHICTH

BIUTMBY OOpY Ha IJIACTUYHICTH 3aJICKUTH BiJl criBBiAHOIIEHH Ni/Al: Hanpukiazn, npu



BBeneHHi 0,1%ar. B y crinas 3 24% Al S«35%, a Ta ) no6aBka 6opy y crmias 3 26%
Al He 3MiHIOE TIIIACTUYHOCTI CIUIaBY.

[lo 3pocTraHHIO IHTEHCUBHOCTI 3MII[HEHHSI JIETYIOYl €JIEMEHTH MOJKHA
pPO3TalllyBaTH Y HACTYITHUM PAJI; XPOM, BaHA1H, TUTAaH, MOI10AeH, BoJIbhpaM, HI001H,
TaHTaJ, IUPKOHIN, TaHIH.

EnemMeHnTn THM crIIBbHIIIE 3MIITHIOIOTH Ni3Al, unMm mami Big Hikelnro (BIiBO Ta
HIDKYE) BOHU PO3TAIIOBYIOThCS B IepioaudHii cuctemi J1.I. Menneneena.

[aTepmeranigue 3'eqnanHs Ni3Al Moxxe OyTH OCHOBOIO CTBOPEHHS JIMBAPHHX
KApOMILHUX CIUIaBIB 3 pobounMmu Temmepatypamu a0 1250°C, sxi BiAPI3HIIOTHCA
BHCOKOIO TEPMIYHOIO CTaOIIBHICTIO Ta HU3bKOIO HIUIBbHICTIO. BITYM3HSHI CIUIaBU Ha
ocHoBl NizAl - BKHA-1B 1 BKHA-4VY BigHOCATBCS 0 KOMIUIEKCHOJIETOBAHUX.
XKapowmimnicts cruiay BKHA-1B npu temnepatypax 1100-1300°C Buia, HiX Yy
KpaluX >KapOMIITHUX HIKEJIEBUX CILUIABIB.

[aTepmeranin NiAl BITHOCUTBCS 10 JAIBTOHIAIB 3 BIOPSIKOBAHOK KyOIYHOIO
00'€eMHOIIEHTPOBAHOIO KPUCTANIYHOIO TrpaTkoio. Temmeparypa miaBieHHs NiAl
cknagae 1638°C, TeopeTHdHa NIIBHICTS - 6,02 r/cM?.

[nrepmeranmiy NiAl Oinbm kpuxkui, HbK NiBAL Kpuxkicte NiAl - ioro
MIPUPOIHA BIACTHBICTh, HAUPETEIHHIIITMM OYUIIICHHSIM HE BIA€THCS MTEPEBECTH HOTO B
IJJACTUYHUM CTaH.

[To3uTuBHUI BIUIMB Ha IJIACTUYHICTH 3IACHIOIOTH MikpoJjeryBaHHs NiAl
nob6askamu Y, Ga, Cr, Mo, Cu, neryBanns Fe ta Co, BUKOPUCTaHHS BUCOKO YHCTHUX
BUXIJHUX MaTepianiB. MilIHOCTHI XapakTepucTUku NiAl miaBUIyIOTh TUTaH, HI001H,
taHTal, MiJb. CrutaBu Ha ocHOBI NiAl OiabIn skapoMilfHi, Hik Ha ocHOBI NizAl, ane

MEHIII TUIACTHUYHI.



Tabauys 6.4 - Mexaniuni enacmusocmi antominioie Hikeno ma cniaesie na ix ocnosi (B.I1. Bynmywxin, E.H. Kabaon, Xopmon,

I'petins)
Cmas, % ar. Cran (TepmiuHa 00poOKa) MexaHi14H1 BJIaCTUBOCTI Npu Temiepatypi, °C
20 760

cTp, MIIa | o2, MIIa | 5,% |ctg, MIIa| "o2, MIIa | 5, %

NizAl Jlutmit 200 ]88 1 - - -

Ni3Al+B (24% Al+0.2%B) Biaman y Bakyywmi, 1050°C, 1 ron 1300 240 53 650* 450 9,2

Ni-20Al-10Fe-0.2B Biaman y Bakyywmi, 1050°C, 1 ron 1260 370 54 600* 530 6

Ni- 19Al- 10Fe-0.5Mn-0.5 Ti- Biaman 1000°C, 30 xB 1360 475 69 520* 506 13

0.2B
Ni- 19Al- 10Fe-0.5Mn-0.5 Ti- Biaman 1000°C, 30 xB 1450 700 45 540* 530 17
0.2B-0.5C

BKHA-1B (BIAM) Jlutuit 635 - 9 - - -
Bignan 1200°C, 5 ron 900 450 35 750%* 550** 20%*
Monokpucrtan <111> 1365 - 15 TT5** 625%* 38**

I" apsiue npecyBaHHs 1510 - 36 - - -

NiAl JIntuii, romorenizaris 980°C, 105 0 90 i 25

48 ron

* MexaH14H1 BUTIpOoOyBaHHs MPOBeAcHI B BakyyMi mipu 850°C;

** 1e % came Ha moBiTpi mpu 900°C




6.4 OO0J1acTi BUKOPUCTAHHA CILIABIB HA OCHOBI IHTepMeTAaJIiAiB

OO6acTi BUKOPUCTAHHS 1HTEPMETANIIIB 1 CIUIaBIB HA iX OCHOBI HaJ3BHUYAMHO
HIMPOKI Yepe3 BEJIUKY PI3HOMAaHITHICTB 1X BiIacTuBocTel. Jlo IIMX MaTepiajiB HalexKaThb
CIUIaBH 3 OCOOMMBUMHU (PI3UYHUMH Ta XIMIYHMMH BJIacTUBOCTSAMHU. KapomilHi
QJTFOMIHI/IM Ta CIJIaBU Ha X OCHOBI IPECTABISAIOTH 3HAUHUHN 1HTEPEC s aBialliifHO1 Ta
AepPOKOCMIYHOI TEXHIKM BHACIIJOK BHCOKOi CTaOlIbHOCTI, JKapOMIIIHOCTI Ta
*KapocTiiikocti. Tak, 30KkpeMa, cIUlaBU Ha OCHOBI amtoMmiHigy Ttutany (TizAl)
BUKOPHUCTOBYIOTH ISl BUTOTOBJICHHSI YUIUIBHEHb cOmen (OpCakHOi KaMepu JIBUTYHA
(aBlalIHOI0), CTUIPHUKOBHX KOHCTPYKIIM HaJI3BYKOBUX JITaKiB, a TAaKOX I1HIIMX
JeTaJeu.

CmnaBu Ha ocHoBI TiAl BBaXarOTh NEPCIEKTUBHUMH MaTepiajlaMd  JUIs
BUT'OTOBJIEHHSI OIOpP TPYyOONPOBO/IB, YIIUIBHIOBAUIB KOXKYXY, CTaTOPy KOMIIPECOPY,
MOBITPSHUX (DUIBTPIB KAMEPU HU3BKOTO THCKY, AETAJIEH COILIA, JOMATOK KOMIIPECOPY,
Koprycy TypOiHM aBiamiiHux JBUTyHIB. CrutaBu Ha ocHOBI TiAl MoxyTh OyTH
BUKOPUCTaHI [UJI1 BUTOTOBJICHHSA €JIEMEHTIB OOUIMBKM KOCMIYHUX amapariB Ta
CJIEMEHTIB TEIJIO3aXMCHUX CHUCTEM HaJ3BYKOBUX JiTakiB. I[HTepmeranig TiAl
nependavyaeThCsl BAKOPUCTOBYBATHU /ISl BUTOTOBJICHHS! BUXJIONHUX KJIallaHiB, JeTanen
TypOOKOMITPECOPIB Ta 1HIIMX €JIEMEHTIB JBUTYHIB aBTOMOOLIIB 3aMICTh >KAPOMIITHUX
HEP)KaBIIOUMX CTaJIEH Ta HIKEJIEBUX CILJIABIB.

CmiiaBy Ha OCHOBI AJTIOMIHIAIB HIKEIIO MOXYTh OyTH BHUKOPUCTaHI B SKOCTI
KOHCTPYKIIIMHUX JIMBApHUX MaTepiajiB IS BHUTOTOBJICHHS JeTajiell MaIlluH, 0
NpalolTh TPUBAIMM Yac MpH MIABUIIEHUX TEMIEpaTrypax B OKUCIIOBaJIbHHUX
CepeNoBHINAX, MPUUOMY, AJsl 3a0e3MedYeHHs] iX Mpale3laTHOCTI y IMX YMOBax He
BUMAaraeTbCs CIEUIAIbHOTO 3aXUCTy. BUKOpUCTAaHHSA LMX CIUIABIB Y MPOMHUCIOBOCTI
J03BOJIUTh ICTOTHO MIABUIIMTH TEPMIH CIYKOM Ta eKcIUTyaTallliHy HaJliHICTb
JieTaneit, 3MeHIuTH ix Bary. Hosi crimaBu Ha ocHoB1 Ni3Al mpusHadeHi 1y1st poOOTH TIpH
MIIBUIIIEHUX TEMIIEpaTypax B CEPEIOBUII aKTUBHUX Tra3iB Ta piAuH. 3 HHUX, 30KpeMa,
MOKYTb BUTOTOBJISITHCS] TIOPIIHI, BEHTHI1, POTOPU B MaIIMHOOYyBaHH1, HarpiBaJbHI
TpyOu.

[HTepMeTanigHi CHOAYKM Ta CIUIABM Ha iX OCHOBI € TNEepCIEeKTUBHUMU
KOHCTPYKIIIHHUMHU MaTepiajiaMu Jijisi poOOTH ITPH BUCOKUX TeMIlepaTypax. BBaxkaerbcs,
10 BUKOPUCTAHHS IHTEPMETAIIYHUX CHOJIYK MOXXE BIJKPUTH HOBY €py y CTBOPEHHI

JIBUTYHIB JIJI1 aepOKOCMIYHOI TEXHIKH 1 PO3BUTKY 1HILUX TaTy3ed TPOMHUCIOBOCTI.



CmnaBu 3 edexToM mam'ati GOpMHU BUKOPUCTOBYIOTh y THX BHUMAAKaX, KOJIU
KOHCTPYKITiF0 a00 €JIIeMEHT CKJIagHo, abo 30BCIM HEMOXJIMBO BHUTOTOBHTH
CTaHIapTHUMH criocobamu. Hampukiiazn, ycTaHOBKa 3alliNoK y 3'€THAHHS, O SKOTO
HEMa€ IMiJIX0y 3 BHYTPIIIHbOI CTOPOHHU. Y 1bOMY BHIAJKYy 3alllIlIKy 3 JBOMa
rOJIOBKAMHM OXOJIOJKYIOTh JI0 TeMIlepaTypu HMXKYe Mk 1 3aMUKaro4yy TOJIIBKY
nedopMalii€ro MepeTBOPIOIOTh Y LUWIIIHAP, SKUH JOPIBHIOE MO JIaMETPY CTPUKHIO
saminku. CTpuKeHb BCTaBISIOTH B OTBIP 3'€AHAHHS 3aIINKK 1 TICIS HArpiBYy [0
TeMITepaTyp BUIIE AxKIHEIb CTPHKHS TIEPETBOPIOETHCS 3HOBY Y 3aMHKAIOUy TOJIOBKY.

CiuiaBu TUITY «HITUHO BUKOPUCTOBYIOTH ISl BATOTOBJICHHS My (DT 3'€THAHHS 1
YIIUIBHEHb TPYOOIPOBO/IIB Y CKIAAHO JOCTYITHUX /I MOHTaXY MICIISIX, 30KpeMa, IIpH
BUTOTOBJICHHI aBialliifHOI TexHIKW. Taki MydTu a1 30UIBIICHHSA iX jJgiamerpa
neopMyIOTh Y PIAKOMY a30TI ¥ Yy OXOJOMKEHOMY BUIJIS/II BUIBHO HACaJKYIOTh Ha
Miciie cTuky. Ilicma HarpiBy 0 KIMHATHOiI TemmepaTypu MydTa BiJJHOBIIOE CBOIO
dbopmy 1 3a0e3mneuye HIJIbHE Ta MIIHE 3'€IHAHHS TPYO.

JIJisi KOCMIYHOT TEXHIKU BEJIMKUN 1HTEpEC MPECTaBISIOTh MPHUCTPOI BEIUKOL
JOBXHHH, IO CAaMOPO3rOpTaloThbCs, TUMY aHTeH. BupoOy HanmawTh dopmy, ska
BUMAaraeTbCs MpU eKCIUTyaTalli, OTiM HOro 3ropTarTh (1eopMyroTh) IpH KIMHATHIM
TeMIepatypi, mo0 MoXHa OyJO TpPaHCHOPTYBaTH Yy KOMIAKTHOMY Buranl. Ilicis
JI0OCTaBKY Ha MICIIE MPU3HAYCHHS 3TOPHYTUI BUPIO BIITPIBAETHCS BHACHIIOK MIITPIBY
Ha COHIII ¥ mpuiiMae Hopmy, 110 BUMATa€ThCS.

Kpim Bkazanux, OyJ0 3ampoOrNOHOBAHO OaraTo pi3HUX I1HIIUX oOJacTei
BUKOpUCTaHHA crmaBiB 3 E3®: O0lonoriydi IMIUIAHTAaHTH, HOBI MaTepiajid B
CTOMATOJIOT1i, IPYKUHU PI3HOTO MPU3HAYEHHS, TEIJIOB1 JBUTYHH, MAHIMYJISTOPH 1 1H.
be3s cywmuiBy, ob6nacti BukKopucTaHHs cruiaBiB 3 E3® Oynyts Oe3nepepBHO
PO3IIKMPIOBATHUCS.

7 CIUVIABU 3 EOEKTOM INAM'ATI ®OPMU

Edexr 3anam'aroByBanHs ¢opmu (E3®) nposiBiseTbcs y TOMy, IO MIiCIHs
HaJaHHS 3pa3Ky MeBHOI (GOpMH MpU MIABUIICHIN Temmeparypi WOMy HaJlalOTh HOBY
dbopMy 3a JOMOMOTOI0 IIACTUYHOI Aedopmarliii mpu OB HU3BKIM TeMmeparypi, a
TicTisl HAarpiBy BUXinHA popma 3paska (jerani) BiTHOBIOEThCsS. OCHOBOIO MUX €(DEeKTiB
€ 3BOpPOTHI jaedopmalliiHi Mporecu, ki OOyMOBIIEHI PyXOM MEX, IO KOB3alOTh
(KOrepeHTHUX, HAMiBKOTEPEHTHHUX, IBIMHUKOBHUX), MK KpHUCTajlaMu IPU 3CYBHOMY

nepeTBopeHHi. [Ipu koB3aro4oMy pyci Mexi aTOMiB 3MILLYIOTHCS MO BIJHOLICHHIO JI0



CBOiX CYCI/IIB Ha BiJICTaHb, MEHIIIy 3a MDKaTOMHY. [Ipu Takomy pyci HEMae MOTOKY
BaKaHCIH 1 1HIINX TOYKOBUX JIe(DEKTiB, a EHEPrisl aKTUBAllli 3HAYHO MEHIIIA 32 CHEPT1I0
camoaudys3ii.

OpnHuM 3 MexaHi3MiB BITHOBJICHHS (opmu 3pa3ka micis aedopmarlii (HalO1IbII
BRXJIMBHUM MEXaHI3MOM) € TOW, KM TMOB'I3aHUN 3 TEPMOIPYKHUM MapTEHCUTHUM

NepPEeTBOPEHHAM (PUCYHOK 7.1, pucyHok 7.2).
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Pucynok 7.1 - 3MiHa KIJIbKOCTI TEPMOIPYKHOI'O MapTEHCUTY MPHU OXOJIOHKEeHH] () Ta
HarpiBi (): My ma My - memnepamypu nouamky ma KiHys npsimo20 MapmeHCUmHo2o
nepemeopenns; Ay ma Ag - memnepamypu nouamy ma KiHysi 360pOMHO20

MAPMEHCUNIHO20 NepemMeEeOpPEeHHA

[Ipu rapTyBaHHI MOHOKPHUCTAJ  MEPETEPIUIIOE  MpsIME  MapTEHCUTHE
nepeTBOpeHHs (pucyHok 7.3). s moBepHEHHsS BUXIAHOI (opMu 3pa3Ky (meTaul)
HeoOXi/IHe BUKOHAHHSA HACTYIHHX yYMOB: a - MAapTEHCUTHE MEPETBOPEHHS MOBHHHO
OyTu kpucrtangorpadiyHO 3BOPOTHUM; O - MAPTEHCUTHE NIEPETBOPEHHS MOBUHHO OYyTH
TEPMIYHO 3BOPOTHHM; B - ycl jaedopMalliiiHi Tpolecu TOBUHHI OyTH MEXaHIYHO

3BOPOTHUMH.




Pucynox 7.2 - Cxema, mo UTroCTpye 3B's130K Aedopmariii 3 Hanpyroro (a) Ta

3aJIeXHICTh BiTHOBMOBaHO1 nedopmarttii EF Big remnepatypu npu Harpisi (0)

CxemaTHuHe ySBICHHS MPOIIECIB, 10 MPU3BOIITH 10 €(heKTy 3amam'iTOBYBaHHS
bopmu:

a) MOHOKpHCTAJ BUX1AHOI pa3u MEeBHOI TeOMETPUYHOI (hopMu mpu TeMIiepaTypi
Buile Mu;

0) OaraToopl€HTaUIMHUNA MApTEHCUT, SKUM YTBOPUBCA TMpPU TapTyBaHHI
MOHOKPHUCTAIy B pPE3yJbTaTi MPsIMOTO MAapTEHCUTHOTO TepeTBOpeHHs. Uepes pizHY
OpIEHTAIlII0 MAPTEHCUTHUX TUTACTHH MaKPOCKOIIYHOI 3MiHU ()OPMHU HE 3/11HCHIOETHCS;

B) MpU TeMIepaTypi HIk4e Mg NOpsIMOr0O MapTEHCUTHOTO TEPETBOPEHHS
MOHOKpPHCTaITy Ae(pOpMaLi€l0 € HaJal0Th HOBY (hOpMY, IPUUOMY, [IPU 3HATTI Harpy3Ku
HE 3/I1ICHIOETHCS BIIUYTHOI 3MIHU (hopMHU 1e(DOPMOBAHOTO MOHOKPHUCTATY;

I') HarpiB MOHOKpHUCTay BUX1AHOI (hopMH BUlle MH IPU3BOJIUTH 10 3BOPOTHOTO
MapTEHCUTHOTO TIEPETBOPEHHS, MPHU SKOMY aTOMY MPOXOSATh NIJISXH, 3BOPOTHI THM,
Kl BOHU TIPOXOJIMIM TPU MPSMOMY MapTEHCUTHOMY TepeTBOpeHHI. B pesymbraTi
MOHOKPHCTAJI MOBEPTAETHCS A0 BUXITHOI (POPMHU.

CmnaBu 3 E3® - HiTiHOMN - Ha ocHOBI iHTepMeTamniay NiTi. Hitinon BigHOCHTBCS
710 yucia Halkpamux matepianiB 3 E3®, makcumanbHa kpuctagorpadiyHo 3BOPOTHA
nedopmarrisi po3TsIryBaHHS i HOTO ckiamae 78%. Iatepmeramin NiTi jeryroth

3aJ1130M, MIJTFO, HIOO1€EM.
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a - MoHoxkpucman suxi/[noi ¢hasu, 6 - bacamoopicHMayitiHuL MapmeHcum,
8, 2 - MOHOKpUCman mapmencumy; I - mapmencummue nepemeopeHHs npu
eapmyeanti, 2 - deghopmayis nio 0i€ro Hanpyeu 6 pe3yibmami 360pOMHOL

nepeopienmayii ma pocmy no3umMueHoO OPIEHMOBAHUX NIACMUH MAPMEHCUNY
npu memnepamypax Hudxcue Mk, 3 - suamms nanpyeu, 4 - 360pomue

MapmeHcumHe nepemeopertsl, sike npu3eo0ums 00 8i0HOBNEeHHS BUXIOHOT

gopmu
Pucynok 7.3 - CxemaTu4He ysBIECHHS MpoIeciB, NoB'13anux 3 E3®:

V¥ nanwmii yac BuHaiineHo 6araro marepiamiB 3 E3®: knacuuni Ni-Ti, motpiiini
criaBu Ni-Ti-Me; crmaBu Ni-Al-Fe-Pd; crmuiaBu Ha ocHOBI Mifi, 30J10Ta, cpiOsna.
HaiiGinp1ie npakTruHe 3Ha4€HHS MaroTh crutaBu Ha ocHOBI NiTi ta Cu.

CmnaBu Ni-Ti BUKOPUCTOBYIOTH [IJIi BUTOTOBJICHHS 3'€IHYIOUMX MYy(pT Ta
YVIIUTbHEHb TPYOONPOBOAIB Y BaXXKOAOCTYINHUX JJII MOHTAXY MICISIX, 30KpeMa, Mpu
BUT'OTOBJICHHI aBl1allIfHOT TEXHIKHU.

Cmiau 3 E3® BUKOPUCTOBYIOTH SIK KOCMIYHI aHTCHHM BEJIUKOI JTIOBXKUHH, SIKI
pPO3ropTarOTHCS  CaMOCTIMHO, Ol0JIOTiYHI  IMIUTAaHTaTH, B  CTOMATOJOTI, s
BUTOTOBJICHHS MIPY>KUH, TEIJIOBUX ABUTYHIB, MaHIMYJISTOPIB.

8 PIZIKO3EMEJIbBHI METAJIU TA CIIVIABU HA IX OCHOBI

8.1 3araabHi M0JI0KeHHS, METOAU OTPUMAHHSA Ta IX BJIACTUBOCTI

PinkozemennHi metanu (P3M) BimHocsthes go IIIA miarpynu mepioaudHOi
cuctemu J[.I. MenneneeBa ta matoTh atomMHi Homepa Big 57 ngo 71 (La-Lu). Jo P3M
3T1JIHO 3 peKOMEHAAIissMi MiKHapOAHOTO CO03Yy MO 3arajbHii Ta MPUKIAAHIN XiMii
BIIHOCSATBHCS TAKOXK CKaH/IIH Ta iTpiii. P3M enemeHTamMu Ha3uBarOTh TaKOXK JIAHTAHOIIH,

TOOTO MOMIOHI 10 JaHTaHy, XO4a JIaHTaH € d-eJeMEeHTOM, TakoX fK 1 1Tpiil. Mix



CKaHJIEM Ta JIAHTAHOIAaMU O1IbIIIE PI3HMIIb, HIK CXOXKOCTI.

B niteparypi npuitasaTo po3auiatu P3M Ha n1Bi miarpynu: uepieBy Ta iTpieBy. B
1epieBy miarpymy Bxonsath: 1epiii (Ce), mpazeoaum (Pr), neonum (Nd), mpomeriit (Pm),
camapiit (Sm), espomiii (Eu) Ta ragomniniit (Gd); B itpieBy — Tep0iii (Tb), nucnpo3siii
(Dy), ronemiit (Ho), ep6iit (Er), Tymiit (Tm), itep6iit (Yb), mroreriit (Lu). Inoai La
(ytanTan) BiAHOCATH 10 1epieBoi (Ce) miarpynu, a ragoiinii (Gd) - no itpieBoi. ITpiii,
K TPaBWJIO, BIAHOCSTH JO ITPIEBOI MIATPYHH. [HOMI eneMeHTH 1epieBOi i 1Tpi€BOl
HiATPYT HA3UBAIOTH «IETKUMMY» 1 «BAXKUMI» P1IKO3EMETbHUMH METATaMHU.

P3M nocuth mIMpPOKO PO3MOBCIOKEHI Y MPUPO/Il, B 3eMHINA KOpP1 iX MICTUTHCA
outst 0,016%. PigkozeMenbHUX METaliB y TPU pa3u OuIbIe, HDK IUHKY, Y M'STh pa3
Ounbie, HDK KoOanbTy, y 10 pa3 Ounbiie, HiK cBUHIO, y 100 pa3 Ounblie, HIX
Mou1i0JIeHy, BoJIb(ppaMy Ta OJaropoIHUX METANIB.

HaiiO1npm po3noBCcrokeHUMH € Lepid Ta iTpid. P3M 3 mapHuMHM aToMHUMU
HOMEpaMM PO3IMOBCIOJDKEHI dYacTimie, iX KUIbKICTh ckiamae 88,5% Bim 3araibHOL
KinbKocTi. [TopiBHSIHO Majio pO3MOBCIOIKEH]I eIEMEHTH 1TpieBoi miarpymnu. Ha ix goio
Bunazaae Tinbku 14,5% Bix 3aranpHoi Baru cymu P3M.

P3M 3ycTpivaerbca B Oararbox MiHepasiax, yucio sikux gocsrae 100. P3M
YTBOPIOIOTHCSI TP MOJILJII ypaHy Ta miyToHito. P3M € nmoOGIYHUMEU MPOIyKTaMu Mpu
BHJIUICHHI TaKUX IPOMMCIIOBO BaXXJIMBUX METANIB, SK ypaH, TOpik, HI001¥M, TaHTa,
TUTaH.

Ha pucynky 8.1 HaBeneHa cxema orpuManHs P3M.

[Tpu nepepobii pyau P3M, sik mpaBuiio, CrovaTtKy BUIIISIOTHCS y BUIJISL
OKHUCHIB a00 1HIIMX CHOJyK. TeXHOJOriYHI Mpouecu NepepoOKd pyAu BKIHOYAIOTh
HACTYIIHI OIeparii:

1) po3kiaj MIaBUKOBOIO KHCIIOTOIO;

2) pO3KIaJ CipYaHOI0 KUCIIOTOIO;

3) cmasnenns 3 ayramu (NaOH, KOH);

4) XJOpyBaHHS.

OTpumaHi B pe3yJibTaTi TakKoi MEpPepoOKHd XJIOpUAH, (HTOPHUIIMA, OKUCIH Ta
cynbdarty ciykaTh BUXIJIHUM MaTrepiajioM IS MOAANIBIIOL MepepoOKH Ta OTPUMAHHS
iHauBITyasbHIX P3M.

Posnonin ta ounictka P3M - ckianna mpoOiema.
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Pucynok 8.1 - Texnonoriuna cxema orpumanss P3M

B npouecci ounctku ta orpumanHs P3M (puc. 8.1) TBepamili mopomiok 3
PIIKO3EMENIBHOTO OKHUCIY 3MIIIYEThCs 3 (QTopuaom riapary amoniro NHaNF2 #
HarpiBaetbcs 10 150°C Bmnpomoxk 8 roauH, a motiM g0 350°C st oTpUMaHHS
piakozemenbHoro ¢ropuny P3MFs, skuif moTiM meperuiaBisieTbesl y BaKyymi JUIs
OTpUMaHHS IIIbHOT Macu. DTOPHU BIAHOBIIOIOTH KaJbIIEM B TUII 3 TaHTAIy Ta
orpuMytoTh P3M it ¢propun kanbiito. [Ipu HarpiBaHHi i€l cyMilni BULE TEMIEPATYpPH
TIJIABJICHHS MeTally 1 GTOPUIY OTPUMYIOTh «CUPHUI» MeTall, skuit MicTUTh 10 10% Bar.
KaJIBIIfO.

[Ticnst orpumannst P3M ix ouniiytoTh TJIaBKOKO y BaKyyMi a00 AUCTHUIIAIIIETO.

InaBka y BakyyMi. [" o1oBHa MeTa IbOTO METOAY - BUJAIICHHS KaJbIlito, PTopy
(y Burnsal ¢dropuais P3M) Ta iHIIMX JETIOYUX TOMILIOK, SIKI 3HAXOASATHCA B METAJIl.
[Ipu enexTpoHHO-TIpOMEHEBIM BakyymHil 1uiaBiii P3M 3milicHioeThes iX edekTuBHA
OUYHMCTKA BiJ IOMIIIOK, OJJHAK, BTpaTa CaMHX METaJliB Yepe3 BUIIAPIOBAHHS B BaKyyMi
nocsrae npu upoMy 15-20%.

Juctuiasauia. OcobiuBo epekTUBHUM MeToJIoM O4uCTKH P3M € muctumsiis.



JlucTunALis - HArpiB 10 BUCOKMX Temmeparyp npu P=10"'® mm.pr.ct. Temneparypu
TUCTWISIIIT ToMi0HI a0o Jemo BHII 3a TeMIlepaTypu BumapyBaHHsA. Ha mporec
OUCTUIISIT  3A1MCHIOIOTh BIUIMB TMPYXHICTh Tapy, IIBUAKICTH BHUIIAPyBaHH,
TeMmrepaTypa Ta TeIJioTa BUIAPIOBaHHS, HASBHICTh TPaJI€HTy TEMIIEpaTyp Ta CTaH
MTOBEPXHI.

Jlo HaitO11bI1 €heKTUBHUX METO/I1B OUMCTKH P3M MOXHa BiIHECTH HACTYITHE:

1) nmyroBuii meperuiaB B OYMILEHOMY aproHi ado reii;

2) eneKTPOHHO-TPOMEHEBHI MeperiaB Ta 30HHE padiHyBaHHS,

3) JOUCTHUIIALIS;

4) MeTon eNeKTPONEePEeHOCY Y TBEPAOMY CTaH1 (eJIEKTPOIi3).

JIo OCHOBHHX JOMIIIOK, IO 3HaxXoATbcss B P3M TeXHIYHOI YHCTOTH
BiiHOCATRCA: 1) 1HIM P3M, 1o 3anumumnucs micis npoiecy posauierss (10 0,10,3%);
2) Kanbliiil 1 Maryii, a 1HO1 JiTik Ta nuHK (10 1%); 3) kuceHs, GTOp, a30T Ta BOACHB;
4) TaHTaJI, MUPKOHIN, MiJb Ta 31130, 110 MOTPAIIAIOTH 10 P3M 3 TUTIIiB, BaHH Ta 1HIIO1
anaparypu.

[Ticns mucTwmsmii KiTbKicTh gowmimok B P3M pi3ko 3meHmiyerscs 10 99,4-
99,99%, TBepaicTh 3HMKYEThCS. Hanpuknazn, TBepaicts Y 1o auctuisiii 100 HB, micns
- 40 HB; TBepaicte Sc no muctuisanii 100 HB, micns - 50 HB; tBepaicts Nd 1o
muctuisii S0 HB, micns - 25 HB; tBepaicte Gd no muctmmsii 70 HB, micns - 55 HB.

Enexkrponna koudirypamis P3M. Jlns P3M xapakrepHi o0co6iuBi
BJIACTUBOCTI: HAJIPOBIIHICTh, (PEepOMarHeTU3M, MPHUPOAHA paaioakTUBHICTH (Pm),
BHCOKHUI MepeTHH 3axBaTy TemioBux HelTpoHiB (Gd, Eu, Sm). ®i3u4H1 BIaCTUBOCTI
P3M noB's13aHi 3 iX €JIEKTPOHHOIO CTPYKTYpoto. [Ipu 301b1IEHH] MOPSAIKOBOIO HOMEPA
eleMeHTa, eiaekTpoHHi obonmonkm K, L, M, a Takox mimpiBHI S, p, d-000JOHKH
3aMOBHIOIOTHCS Y HOPMaJIbHIN MOCTITIOBHOCTI. AJi€ TOTIM MOCITII0BHICTh TOPYIITYEThHCS:
3aMicTh TiapiBHS 4f 3aMTOBHIOIOTHCS S5S Ta Sp, MOTIM 6s MipiBHI. TiBKH MOYWHAIOYUH 3
Ce 3mailicHIO€THCA 3amt0oBHEHHS 4f opOiTaneit.

[Ipu 30ymKeHH] aToMy JIAaHTAHOILy (HampUKIIa, MPU XIMIYHIA B3a€EMOZI1) OJUH
3 f enexTpoHiB (iHOAL - 2) mepexoauTh y d cran. B pesynbrati f-d nepexony BUHUKae
enekTponHa KoH(irypamis 5d'6s?, sxka Bu3Ha4ae XiMiuHi BIaCTHBOCTI IAHTAHOIMIB Ta 1X
CXO0XKICTh. LlM OSICHIOETBCS TAKOXK 1 T€, 1110 HAHOUJIBLI CTiMKa CTYIIHb OKUCICHHS YCIX
JIAHTAHOI 1B JIOPIBHIOE 13, aje MOXUIMBO il +2 Ta +4.

ATOMHMI Ta ioHHME paaiycu. Y JTaHTaHOIMIB, sIKI MalOTh Mail’ke OJIHAKOBI

KOH(Irypalii BaJEHTHUX €JEKTPOHIB, PI3HUI Yy BIACTHBOCTAX BHU3HAYAETHCSA



po3MipHUM (pakTOpoM, TOOTO, CITIBBIIHOLICHHIMH OpPOITAIbHUX, aTOMHUX Ta 10HHUX
pamdiycis.

OpOiTanbHU ATOMHHK pajiyc ro JOPIBHIOE BIJICTaHI BiJl IIEHTPY spa aToma J0
MaKCUMyMy €JIGKTPOHHOI IIUIPHOCTI 30BHINIHBOI €JIEKTPOHHOI opOitami. Ilpu
301JIBIIICHH] YK CIia JICKTPOHIB Ha Oy Ib-SKOMY MiPiBHI Yepe3 KYJIOHIBCbKE MPUTSITaHHS
000JI0HKAa CTUCKAETHCS 1 OpOITAIBHUI pajilyc 3MeHITyeThes. [Ipy BUHMKHEHHI HOBOI
000JIOHKH OpOITAIbHUHN pajilyC 10 301TBIIYETHCSI CTPUOKOM, a MOTIM MpH 301TbIICHH] Z
(mopsimkoBOro HOMepa) OOOJIOHKA 3HOBY CTATYEThCA OO0 sapa. Y JIAHTAHOIMIB
3aMoOBHIOEThCS THuOOkui migpiBeHb 4f 1 B pany Big Ce g0 Lu ro 3MeHmIyerbes
MOHOTOHHO. 3 MOHOTOHHOI 3aJIEKHOCTI BUITQJAIOTh TaI0JIHIN Ta JIOTEIIH, SIKI MalOTh
MEHIII PajilyCH.

ATOMHI pajilyCy TaT OTPUMYIOTh €KCIIEPUMEHTAIBHO 3 MI>KaTOMHUX BIJICTaHEH B
CTPYKTypaxX MPOCTUX PEUOBHH, II€¢ BEIMYHMHA, sIKA TIOPIBHIOE IMOJOBUHI HAWKOPOTIIIOI
MDKaTOMHOI BiZICTaHi. B 3aimexHOCT1 Bl TUITY 3B'I3Ky B IPOCTINA PEYOBHHI OTPUMYIOThH
ab0 MeTalieBl Ty, a00 KOBAJCHTHI pajilyCH TI'x. 3HAUYCHHS aTOMHHX Ta OpOITAIbHHUX
padiyciB T'yy Ta To HE CIIBMAJAIOTh Yepe3 Te, 10 B pealbHIl PEYOBHHI Ma€ MICIE
NEepeKpuUTTs opOiTaneil. ATOMHI paJilyCu y JIJAHTAHOIJ[IB MOHOTOHHO 3MEHIIYIOThCS BiJl
Ce o Lu, y eBpomis (Eu) 1 itTep6ist (Yb) MOHOTOHHICTh OPYUIYETHCA: Y HUX Pajlycu
3HAYHO OLIBIII, HIK BUXOJUTD 3 TIOCIIIOBHOCTI (PUCYHOK 8.2).

BrnactuBocTi naHTaHOIAIB TpW 30LIBIIEHHI aTOMHOTO HoOMepa Z TaKOX
3MIHIOIOTBCSI HEMOHOTOHHO (aTOMHUW pajiyc, TUTOMHM 00'€eM, IIUIBHICTD,
TeMIlepaTypa IUIABJICHHA Ta KHUIIIHHS). Y BIANOBIAHOCTI 31 3MIHOIO BJIACTMBOCTEU
(pucyHok 8.3 ) JaHTaHOIM MOAUIAIOTH Ha JB1 MIATPYNH: JETKy (Lepi€BY, BiJl JIAHTAHY

JI0 €BPOTIII0) Ta BAXKKY (1ITPI€BY, BiJl TAIOMIHIIO JIO JTIOTEIIIO).
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Pucynok 8.2 - Atomui paziycu I'yy (1) Ta ionHi pagiycu Iy (2) nanTanoigis (Ln*"),

iTpiro Ta ckanmiro (M**, KU.=6)

Hes3Bakaroun Ha JesKi MOPYIICHHS MOHOTOHHOCTI, OCHOBHA 3aKOHOMIPHICTh Y
3MiHI 1o, a1, Ty 3aKJIIOYAETHCA B X 3MEHIIEHHI 31 301IbIIeHHSIM Z. 1[5 3aKOHOMIPHICTh

Ha3uBa€ThCA ((J'IaHTaHO'l'I[HI/IM CTHUCKAaHHAM).

T C
1600} 1
++
1400+
1200+
10001 d, 2/em’
2 {10
800
18
16
° 14
............... i
La PrPmEuTbHo Tm LuScY
Co Nd Sm Gd Dy Er Yb

Pucynok 8.3 - Temneparypa miuasnents (1) Ta niiibHICTS (2) JIaHTAHOIIB, 1TPItO Ta

CKaH/III0

MarnitHi BaactuBocti. JIaHTaHOIIM MalOTh YHIKaJIbHI Mar"iTHI BJaCTHUBOCTI,

oOymonneHi 4f enektponamu. Yci jmantaHoigu, okpim Lu, a Takox La 1 Y maroth



HECIapeHi eJIEKTPOHH Ta € MapaMarHiTHUMHU. 110 MarHiTHUM BIACTUBOCTSIM JIAHTAHOIIU
MOXKHA TIOAUIMTH Ha JB1 rpynu: Jjerki ciadbomarHitHi (Big Ce g0 Eu) 1 Baxki
cunpbHoMarHiTHI (Bim Gd mo Yb) (pucynox 8.4). Jleski Bakki JIaHTAHOIAW B
temnepaTypHoMy iHTepBaii Mix Toukor Kropi (0i, K - T¢) Ta Toukoro Heens (0,, K -
Tn) yTBOpIOIOTH CKJIa/HI aHTU(EPOMArHiTHI CTpyKTypH; npu Temmepatypi T<T¢ (0;)
aHTu(QepoMarHiTHUN cTaH mepexoauTh B (epomarHiTHUM, a nipu T>Tw (0,) BUHUKaE
napamaraetu3M. Hanpuknan, ragominii mae T. Kropi 290K, Buiie 11i€i TemnepaTypu BiH
napamMarHiTHHH.

MiK naHTaHOIZaMH YTBOPIOIOTHCA TBEP/l PO3UMHU 3aMIIIEHHS B MIUPOKHUX
1HTepBaiax KoHUeHTpawiil. Lle 703BoJIsie CTBOPIOBATH PI3HOMAHITHI MarHiTHi CIJIaBH, Y
ToMy uucii ¢ HemarHitTHumu Me-Sc, Y, Lu. 3 ¢epomarnitnumu Me-Fe, Ni, Co
JAHTAHOIM YTBOPIOIOTH 1HTEPMETAJIIHI CIOJYKH, SKI BUKOPUCTOBYIOTHCS B SIKOCTI
MaTtepialiiB [l BUTOTOBJICHHS MOCTIMHUX MarHiTiB 3 BUCOKOIO €HEPri€l0, HAIPUKIA:
SmCos, Nd2Fe14B, Pri7Fers.sBsCuis. Jleski intepmeraniau (TbFe2) matoTh mysxe BeTuKy
MarHiTOCTPUKIIIO - aHI30TPOIHE IMOJOBXKEHHS NpH HamarHiuyBaHHi. llomoB:keHHs
Moke nocsrat BeanuuHu 1073, To6T0 1 MM Ha 1 METpP JOBXKHUHHU.

Ile sBUIE BUKOPUCTOBYIOTh I@PU BUTOTOBJIEHHI PI3SHOMAHITHUX MPHIIAJIB:

MarHiTOCTPUKI[INHUX JaTYMKIB, TEPETBOPIOBAYIB, PE30OHATOPIB, YJIBTPA3BYKOBUX

IIPUCTPOIB.
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Pucynox 8.4 - ExciepuMeHTaNbH1 Ta po3paxoBaHi 3HaUeHHS €()eKTUBHUX

MarHiTHUX MOoMeHTiB Ln*" mpu 300K

Anepui BaacTusocti. [Ipupoani TaHTaHOIM CKIIATAIOTHCS 3 BEITUKOI KITBKOCTI
13otomiB. Timpku Pr, Tb, Ho, Tm maroTh mo ogHoMy cTalimpHOMY i130Tomy. Jleski
13otoru La, Ce, Nd, Sm, Lu pagioakTiBHI, MatOTh BEJIUKI NIEPI0IM HAIIIBPO3MAAy - BiJ
1*#10!" go 5*10' poxis.

binbiiicTh TaHTAHOIIB MalOTh BUCOKI 3HAUEHHS MEPETHHY 3aXBaTy TEIJIOBUX
HENUTPOHIB, 0COONMBO BEMKI BOHM y camapig (Sm) - 6500%102* cm?, espomis (Eu) -
4500*1072* cm?, raponinis (Gd) - 44000*1072* cm?.

[Ipu moaim ypaHy B aTOMHUX PEAKTOPAaX JErKl JAHTAHOIAM Ta 1TPiil CKIagatoTh
outst 22% ycix MPOAYKTIB MOMLTY. BUIbHIICTh 130TOMIB, 10 YTBOPIOIOTHCS, MAIOTh
HaJ3BUYAHO BUCOKI NEPETHHHM 3aXBaTy TEILIOBHX HelTpoHis: y'*Sn - 66000 i y'¥’Gd
- 6utbiie 150000 6apH. [{ux 130TOMIB YTBOPIOETHCS, BiANOBIAHO, 1.3 Ta 0.5% Bix cymu
yCIX yJIaMKOBHX €JIEMEHTIB, BOHU € HAWOUIbII HEOE3NMEUHUMU SJICPHUMH «SAaMU».
HakonuveHHs iX Ta HIINX yJIaMKOBUX €JIEMEHTIB MPU3BOIUTH IO 3aTacaHHA SICPHUX
peaKIiii, ToMy siepHe NaIuBo Tpeda HAIPABIATH Ha IepepoOKy, Koau > U moBHICTIO
e He BUTpAauCHU (HE BUTOPIB).

Hoaimopdizm (anoTpomnis). JJantanoinu maroTe nogiMopdHi Mmoaudikarii. s
HUX XapaKTepHE SIBUIIE MOJITUIII. BIIbIIICTh TJAHTAHOI/IB, @ TAKOX CKAHMAIM Ta 1Tpii
MaroTh IIIbHOYNaKOBaHY JBOILIAPOBY FeKCaroHaJbHy KpucTainiuny cTpykrypy (I'TIY),
La, Nd, Pr - oTtuproxmiapoBy, Sm - JeB'SITHIIIAPOBY, 110 JO3BOJISIE MPECTABUTH HOTO
rpaTky sK TeKcaroHaibHy, abo sk pomboeapuuny. Ce 1 Yb maroTe KyOiuHy
nibHoynakoBany ctpykrypy tumy ['TIK, Eu - OLK rpatky. BucokoremmnepaTypHi
Moaudikamii, sk mnpaBwio, MaioTh OLIK rpatku. binbmiicte MeTangiB  MaroTh
rekcaroHanbHi, ['IHK Tta OLK rparku, TOMY JIaHTaHOIZM MOXYTh IIMPOKO
BUKOPHUCTOBYBATHUCS SIK JeTryrodl 100aBKu. JIaHTaHOINM BHCOKOTO CTYNEHS OYUCTKHU
MJIACTUYHI, JIETKO IMiIJIa0ThCsl KyBaHHIO, TBEPIICTH iX 301bIryeThes Bix La go Lu.

JlanTaHOi X BIPI3HIIOTHCS BUCOKOIO XIMIYHOIO aKTUBHICTIO: PO3KJIaat0Th BOIY
3 BUIUICHHSM BOJIHIO, JIETKO PO3YUHSIOTHCS y KHCIOTaX, OKpiM (GochopHOi Ta

HH&BHKOBOI, JIYI'M Ha HUX HC BIUIMBAIOTh.



8.2 Oouacrti Bukopucranusa P3M Ta ix cnoJuayk

[IpakTiune Bukopuctanus P3M po3nouanocs y npyriit mosnoBuHi XIX cTopivus.
Crnonykn P3M BUKOpHUCTOBYBaJM y BHPOOHHUITBI TIa30KpaneIbHUX KOBIAYKIB JJIS
OCBITJIIOBAJIbHUX Ta30BUX Ta KEPOCHHOBHUX JIIXTapiB. TpuBaJMi yac KOBIAYKU Ta
KpeMeHi ISl 3aalbHIYOK 3aJIMIIAIMCh Maike €1UHOI0 cheporo BUkopucTanus P3M.
HIBuakuii mporpec y ik 006JacTi 3M1HCHUBCA Y APYTii moa0BUHI XX CTOPIvUs Y 3B'SI3KY
3 PO3BUTKOM aB1aKOCMIYHO1, €JIEKTPOHHOT, Ha()TOXIMIUHOI, ATOMHOI Ta 1HIIUX ranxy3en
npoMuciioBocTi. Oco0nauBo mBUAKO pocTe BukopuctanHs P3M (mo 20% Ha pik),
OUIBIIICTD 3 SIKUX MA€ YHIKaJIbHI BIACTHUBOCTI.

3aranbae Bukopuctanus P3M y cBiTi 10 2000 poky ckiano npuOian3Ho 58 Tuc.
TOHH Ha pIK.

Crtpykrypa Bukopuctanus P3M nHactymnHa:

Karamnizatopu (kpekinr HadTH) - 39%;
Meranypris - 20%;
CkJ10 Ta KepaMika - 35%;
Jlazepu, MarHitu, rpaHatu, JIOMiHODOPH - 6%.

Ilo Baprocti Ha mepumomy wmicii JitomiHopopu (30%), TomMy IO AJIA HUX
BUKOPUCTOBYIOTHCS 1HAUBIyallbHI PIAKO3EMENbHI eIeMeHTI 0co0arBoi ynctoTH (P3E
OCY). B mMertanyprii BUKOPUCTOBYIOThCS JemieBi cymii yierkux P3E 3 mpupognum
BMICTOM €JIEMEHTIB, iX CyMapHa BapTICTh CKianae 01y 6% BiJ 3araabHOT BAPTOCTI.

Metanyprisi. Bukopucranus P3E B mMeramyprii ocHOBaHE€ Ha BHCOKIM iX
CHOPITHEHOCTI O HEMETaliB, BHACIIAOK YOr0 BOHM BUKOPUCTOBYIOTHCA B SIKOCTI
PO3KHUCITIOBAYIB Ta AecyibhypHu3aTopiB crajieid. B posmiaBieHy craib iX BBOJSTH Y
BUIJISAJII MIIIIMETalTy a0o CIUIaBiB THIY «cimimn» (2 kr Ha 1 ToHHy ctauni). Crionyku P3E
3 HEMeTaJlaMU [IEPEeXOIATh B IIUIAK, 32 PaXYHOK LIbOTO 31MCHIOETHCSI OUMCTKA PO3ILIABY
Ta MOKpAILlEHHS! MeXaHIYHUX BiacTuBocTell ctani. P3E yTBOpIOIOTH Tak0X TYyroriaBki
criontyku 3 dochopom, iHTepMeTanian — 31 Pb, Sn, Bi (T;>1000°C), mo mo3Bossie
MPOBOAUTU OYUCTKY Mial Ta 1i cruiaBiB Biag Iux ejeMeHTiB. P3M  mmpoko
BUKOPHCTOBYIOTHCS SIK JIETYI0U1 JOOABKH, HAMPUKIIA, IS OTPUMAHHS BUCOKOMIITHOTO
yaByHy. /lo6aBku P3M edexTuBHI A OTpUMaHHS BUCOKOMIITHMX HHU3bKOJETOBAHUX
cTaJieH, 17151 aBTOMOO1/1e0y 1yBaHHsI 1 TpPyOONPOBO/IiB BEJUKOTO JIlaMeTpa.

B xonwopoBiii Meranyprii P3M HailOinbll MKUPOKO BUKOPHUCTOBYIOTHCS IS



JIETYBaHHS MAarHi€BUX CIUIaBIB 3 METOK IMIJBUIIEHHS MIIHOCTI, IIJIACTUYHOCTI,
CTIMKOCTI IPOTH OKUCIEHHS. P3M BUKOPHUCTOBYIOTH JUIsl JIETyBaHHS CILJIaB1B AJIFOMIHIIO
Ta TUTAHYy 3 METOI0 OTPUMAHHS ONTUMAIBHOI CTPYKTYPH Ta BIACTUBOCTEH.
Karagaizaropu. Cnonyku P3E, monepen ycroro, OKCuau, BXOIATh 10 CKJIaay
KaTayli3aTopiB pI3HOMAHITHOTO Mpu3HaueHHs. Haiibi1b111e po3rmoBCIOKEHHS OTPUMAITH
KaTai3aTopu I Kpekinry HadTu. Po3po06iieH1 Ta BUKOPUCTOBYIOThCS KaTali3aTOPH Yy
BUTJISII MAPHKIB 3 OKCHUTY JTFOMIHIIO 3 TOKPUTTSIM 3 OKCHY IIEPIF0, JJIs TOTATFOBAHHS

TOKCUYHHX €JIEMEHTIB, BUXJIOMTHUX T'a31B, IBUTYHIB BHYTPIIIHHOTO 3TOPSHHS.

CkJ10 Ta kepamika. B onTuyHIi TPOMHUCIOBOCTI IIMPOKO BUKOPUCTOBYIOTHCA
1HauBIAYyanbH1 BUcOKo4yucTl okcunu P3E miist 3nebGapBienHs i nmodapOyBaHHS CKia,
HaJaHHsA 1M 3JaTHOCTI MpOMyCKaTH a00 TMOIVIMHATH Pi3HE BUIPOMIHIOBAHHS
(indpavepBoHe, yabTpadi0ieTOBE Ta HIIE), IMIBUIYBATH iX TEPMOCTIAKICTS.

Jlns papOyBanHs ckia 100aBisa0Th okcuau P3E - Bij mecatux moliel BiJCOTKA
70 JEKUTBKOX BIACOTKIB. 3a0apBiIeHHS CKJIAa BIAINOBIJA€ 3a0apBICHHIO THX a00 1HIIMX
10H1B aHTaHoiN1B. Hanmpukiaa, HeoauMoBe CKII0 Mae (iojeToBe 3a0apBiIeHHS, epOieBe
- Omipo-pokeBe, mpazeoAuMoBe - Oumigo-3enene, cymim CeO2*TiO2 - Hamae ckiy
BUITIHKH BiJ CBITJIO-)KOBTOTO JI0 moMmapandeBoro. Ckio 3 okcuynamu P3E Mae BHCOKY
MPO30PICTh,  MIABUINEHY  TEPMOCTIMKICTH Ta  CTaOUIBHICTh, CTIMKICTH  JO
pekpucranizauii, ayxe uucti Koibopu. [lodapOoBaHe CKIO BUKOPUCTOBYETHCS B
ONTHUYHOMY NMpUIaA00y1yBaHHI Ta BUPOOHUIITBI PEIMETIB IIUPOKOTO CIOKUBAHHS.

P3E BUKOpUCTOBYIOTH [JIsl OTPUMAHHS BUCOKOSIKICHOI Kepamiku. OKCUJ 1Tpito
(Y203) mupoko BUKOPUCTOBYETHCS I OTPUMAaHHS CTaOUTI30BaHOI KepaMiKi Ha OCHOBI
JTIOKCUy IUPKOHIIO, SIKHM BUTpuMye Temreparypy no 2200°C. XpomiTu JaHTaHY
(LaCrO3) 1 itpito (YCrOs) neroBani KaJbI[ieM, CTPOHIIIEM, MAarHi€EM MarOTh BHUCOKY
BOTHETPUBKICTh Ta TEPMOCTIWKICTh. Kepamika 3 HHX BHUKOPUCTOBYETHCS IS
BUTOTOBJICHHSI  €JIEMEHTIB-HArpiBaviB €JIEKTPUYHMX T[eued, fAKI MpalioTh B
OKHUCITIOBaJIbHIN aTMocdepi 1 ipu Temrepatypi 10 1600-1900°C.

Enexrponika. B enekTpoHilli BAKOPUCTOBYIOTh BEJTUKY KUTBKICTh MaTepialiiB, B
sakux P3E € a0 0OCHOBHUMH KOMIIOHEHTaMHU a00 JIETYIOUUMU J100aBKaMHU, 32 PaXyHOK
AKUX MaTepiaj OTpUMY€ He0OX1IH1 enekTpodizuyHi BaacTuBocTi. Hanpukian, Turanar
Oapito, IETOBaHUH JJAHTAHOM, BUKOPHUCTOBYETHCS JISI KEPAMIYHMX BHCOKOYACTOTHHX
KOHJICHCATOPIB, BUPOOHUIITBO SIKUX CKiaaae mpubmauszno 1 mupa. mryk. Kepamika Ha
ocHoBi BaTiO3, neroBanoro jgaHntanom, itpieM ta iHmumMu P3M, BUKOPUCTOBY€ETHCS IS

BUTOTOBJICHHS JaTYUKIB TEMIIEPATYpH, B €IEMEHTAX PaJI1I0EIEKTPOHHOI anapaTtypH JJis



iX TepMOCTaTyBaHHS.

Cnonyku P3E 31 cTpyKkTypolo rpaHaTy BHUKOPUCTOBYIOTH JUISI BUTOTOBJICHHS
MIIHUX TBEPAOTUIPHUX KEpaMIYHHMX T€HEpaTopiB Ta ISl rOBemipHUX BHpPoOiB. Fe-Y
rpaHaT BUKOPUCTOBYIOTh JUIsl BACOKOSIKICHMX MarHiTHUX FOJIOBOK BlZI€OKaMep.

Jominogopu. Bimomi cotni mominogopis, ski mictare P3E. Ix moxna
PO3AUTATH Ha JBI TPYIH: JIIOMIHOGOPH TSI JIAMIIT Ta JIFOMiHOGOPH TSl TeTIeOavueHHSI,
eKpaHiB ocruiorpadiB, paJioJOKaIHHUX TPHIAAIB Ta MPUJIaIiB HIYHOTO OauYeHHS.

Marnitai marepianu. /11 MOCTIMHUX MAarHiTIB 3 BHCOKOI EHEPIi€ro
HalOUIbII e(PEeKTUBHUMU € 1HTepMeTaniaHi cnoiayku Jjerkux P3E. Ile marHiTHi
matepiant SmCos (MIKpOJBHUIYHHM, IWHaMiku, reHeparopu HBY, marnerponm).
MarniTHa eHepris Takux MmarepiaiiB, sk Nd2Fe14B abo Pri7Feis.sBsCuisy aekinpka
pa3iB MepeBHUIIy€ MArHITHY €HEPTii0 KpallluX CIJIaBIB HA OCHOBI 3aii3a. Marepianu
[IUX TPYN BUKOPUCTOBYIOTH JIJIS cemapallii ciaboMarHiTHUX py. (1IbMEHIT - PyTHII).
INppugu P3E, oco0amBO 1HTEpMETANOiM, MEPCIEKTUBHI K aKyMYJSTOPU BOJHIO.
Bonu nornuHaroTh Ha OAMHUILIIO Macu OUIbIIE BOJIHIO, HIXK 1HIUBIAyanbH1 P3E, BoHU
JeHIeBUIl Ta J03BOJISIIOTH CTBOPIOBATH MaTeplaid, SKI MNpaliolTh B PI3HUX
1HTepBajIax TeMIepaTyp.

SAnepuna rexnika. P3E BUKOPUCTOBYIOTH B sIIEPHINA TEXHIL AJ11 BATOTOBICHHS
MaTrepiaiaiB CTPHXKHIB, IO PEryjiol0Th, 3aXMCHUX MnpucTpoiB. HaiOinbm
nepcrekTuBHUM € eBporiid (Eu). Marepian ais cTpuxHIB sBisiE COO0I0 KEpPMET, B
axkomy aucnepcHa daza Eu203 (mo 38%) posmoaiieHa B MeTaliyHId MaTpHIl
HEPKaBIIOYO1 CTajl Ta 1HIIMX CIUIaBiB. Jleski 130TOMNM, SIK1 yTBOPWIUCS B SAJIEPHOMY
PEaKTopi, 3HAXOJATh BMKOPUCTAHHS B MEIMIMHI, Hampukiaam: '*'Pm (mpomeriit)
BUKOPUCTOBYETHCS B OaTaperkax Jisl 170
CTHUMYJISITOPIB CepIls, CIYXOBUX amaparax; Tm - A MOPTaTUBHUX MEIUYHHUX Ta

TEXHIYHUX «PEHTTE€HIBCHKUX) arapaTiB.



9 BJATI'OPOJIHI METAJIA TA CIIVIABH HA IX OCHOBI
9.1 3araJjbHi HOJIOKEeHHH Ta BJIACTHBOCTI

Jlo GnmaropogHuX MeETaliB BIIHOCATHCA METAM IJIaTUHOBOI rpymu: Ru (pyreniit), Rh
(pomiit), Pd (mananiit), Os (ocmiil), Ir (ipuaiit), Pt (mnatuna). Bonu po3ramosani y VIII
rpyni nepioguanoi cuctemu JI.I. MenzaeneeBa, € MepexilHUIMHU MeTajlaMH Ta MaloTh
HACTyIHY CTPYKTYPY BaJICHTHUX 00OJOHOK:

Ru Rh Pd Os Ir Pt
4d75s! 4d85s! 4d- 5d%6s> 5d76s> 5d%6s!

®Di3nKo-XiMivHI BJACTHBOCTI MeTAJIIB INIATHHOBOI rpynu. MeTanu 1aaTUHOBOI ITpyIn

MalTh KpHUCTAIOrpadiuHy CTPYKTYpY 3 HaWOLIbII MIIJILHOK aTOMHOI YIAKOBKOIO
(ku=12) - rexkcaroHajbHy IIUIbHOyNakoBaHy Tuny Mg(A3) a0o TrpaHELEHTPOBAHY
KyO1uny tumy Cu (A1).

Ru Rh Pd Os Ir Pt
Iy 'K 'K [y 'K 'K

[1naTuHOB1 MeTanu He € moJiMOpGHUMU. [10 MIITEHOCTI IX MOXKHA PO3IIITUTH Ha JIETKI Ta

Baxki. J[o jerkux BigHocsaThes Ru, Rh, Pd (p~22 r/cm?®). KinbkicTh cTabinbHMX Ta
PaJ10aKTUBHUX 130TOIB KOXKHOTO 3 METAIIB IJIATUHOBOI rpynu He nepepuinye 20. Men

ycboro ctabuibHuX 130T0omiB Yy Rh (1) Ta Ir (2). Yci iHmi 130TONM y HUX pailOaKTUBHI.

Tabnuys 9.1 - Ocnosni gizuuni xapaxmepucmuku 0J1a20pOOHUX MEMAli8

Bnactusicts Ru Os Rh Ir Pd Pt
1 2 3 4 5 6 7
Temnepatypa miaBieHHs 1y, °C 2523 | 3300 | 2233 | 2716 | 1825 | 2042
Temneparypa kuminns 77, °C 4350 | 5300 | 3900 | 4850 | 3150 | 4100
wineHicTs y , 10° kr/M° 12,45 | 22,61 | 12,41 | 22,65 | 12,02 | 21,45
Termnoemkicts C,, Jx/MoIb * rpaj 0,2 - 0,3 04 0,9 1,5




[TponorxenHs 1ad. 9.1

1 2 3 4 5 6 7

TennonposiaaicTs X, BT/(M*rpan) - - - - - _

TemnepaTyponposianicts a*10%, m*/c 1010 | 23,5 | 1080 | 406 | 52,6 | 29,8

[TuToMuii enexTpoorip p*10%, Om *M 2,3 - - - 2,5 | 10,6

TensioBi BiaacTuBocTi. [InMaTHHOBI MeTanu - NepexiiHI METajad, XapaKTepU3yIOThCS
BHCOKOIO MIIIHICTIO MI>KATOMHOTO 3B'SI3KY, IO 00YMOBIIIO€ BUCOKI TapaMETPH TEIJIOBUX
BiactuBocted. Temneparypa miasieHHs (Trur) OLIBIIOCTI METadiB IJIATUHOBOI TPYNHU
3Ha4HO BuIa 3a 1 500°C:

Me Ru Rh Pd Os Ir Pt
Trn 2310 1960 1552 3050 2443 1768

BunapyBaHHs MeTalliB BIAIIpa€ ICTOTHY pOJib MPU EKCIUTyaTalli HarpiTUxX

BUPOOIB B YMOBAX HU3BKOI'O TUCKY Ta3iB. [IIBUJIKICTh BUIIAPYBAaHHSA YACTUX METAJIB
MJIATUHOBOI TPYNH y TIIMOOKOMY BaKyyMi 3pOCTa€ 31 30UIbIIEHHAM CTYTICHS HArpiBy
(pucynok 9.1). Bunapysanns nanazito (Pd) Ha 9 nopsiikiB Bullie BUapyBaHHS OCMIIO
(Os). He3Baxkaroun Ha BUCOKI TeMriepaTypu IiaBieHHs, Rh ta Ru BumapoByroTbcs
mBuamIe, Hik Pt ta Ir.

TennoeMKICT, METANB € OJHIEI0 3 HAWBAKIMBIIINX BJIACTUBOCTCH, SKI
XapaKTEPU3YIOTh SIK €IEKTPOHHY, TaK 1 JOHOHHY MIJICUCTEMH METAJIIB.

[Ipu TtemmepaTypax, OJHM3BKMX JO KIMHATHOI, TEIJIOEMHICTh METalliB
IJIATUHOBOI TPYIIH Ma€ TaKUM e TOPAIOK, 5K 1 JIJIS IHIIMX TYyTOIUTAaBKUX METaiB:

Me Ru Rh Pd Os Ir Pt
Cpo°C, xan/r*rpag | 0,0550 | 0,0589 | 0,0583 | 0,0309 | 0,0307 | 0,316

3 IiABUIIIEHHSM TEMIIEPATyPH CIIOCTEPITAETHCS 30UTBIIIEHHS TETTIOEMHOCTI, 110
€ HacligKoM 30UIbIICHHA 00'€eMy MeTaay Ta TOB'SI3aHOTO 3 LHUM 30UIbIIEHHS

MTOTEHITIAJIBHOT €Heprii Mi>KaTOMHHUX CHII.
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Pucynox 9.1 - TemneparypHa 3a1eKHICTh TUCKY MapiB (a) Ta TEOPETUUHOIT ITBUIKOCTI

BUIAPOBYBAHHS y BakyyMi (0) TUIATHHOBHUX METaJIiB

TenmnonpoBiAHICT, MeTamiB OOyMOBJIEHA TIEPEHOCOM TEIJIOBOI E€Heprii
€JIEKTPOHAMHU TPOBIAHOCTI Ta MPY>KHUMU KOJMBAHHSIMH TpaTKU. TemionpoBiaHICTh
K 1 TEMJIOEMHICTD MO-PI3HOMY 3aJI€KaTh Bl TEMIEPATYPH B PI3HUX TEMIEPATYPHUX
1HTepBajgax. 3 MIABUIICHHSIM TEMIIEpaTypy TEIJIOMPOBIIHICTh Y BCIX TJIATHHOBUX
METaJiB 3HIKYETHCS, 3a BUHATKOM IUTaTHHHU (PUCYHOK 9.2). TermmompoBiTHICTH
TUTATUHM 31 301UIBIIICHHSIM TeMIIepaTypH 3pocTae. Taka rmoBeaiHKa TEIUIONPOBIAHOCTI
YUCTO1 IJIATUHHU € aHOMaJIbHO0. [TogiOHUM YnHOM Belie cebe i TeIUIoNnpOBIIHICTh

raJiairo.
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Pucynok 9.2 - TemnepaTypHa 3alexXHiCTh KOe(Dilli€eHTa TEIJIONPOBITHOCTI
IUIATUHOBUX METAJIiB

EnexTpuyni BiaacTuBocTi. [11aTuHOBI MeTanu MatOTh HU3bKI 3HAYEHHS
MUTOMOTO €JIEKTPOOIOPY. 3 MiBUILICHHIM TEMIIEPATYPU MUTOMUN €IIEKTPOOIIIP
MJIATHHOBUX METAJIIB 3pOCTae (pUCYHOK 9.3).
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Pucynok 9.3 - TemneparypHa 3aj1€KHICTh IUTOMOTO €JIEKTPOOTIOpY
IJTATHHOBUX METAJIiB

[Tutomuit e1eKTPOOMIp 3aJIEKUTDH BT YUCTOTH METaTy. JJOCKOHATICTH
TEXHOJIOT1{ IUTABKH, BUKOPUCTAHHS BUCOKOTO BaKyyMY, CJICKTPOHHO- IIPOMEHEBOTO
Ta TIa3MOBOTO HArpiBy HAJAIOTh MOKJIMBICTH ITiIBUIIUTH YACTOTY TEXHITHUX

IUTATUHOBUX METAIB METANYPriiiHUM CIIOCOOOM, i, OTKE, SMEHIIUTH BEIMYUHY iX



MIATOMOTO eJIeKTpoornopy. Jleryrwodi 7o00aBKH y pi3HOMY CTYII€HI 301IbIITYIOTh

MUTOMHH €JIEKTPOOTIP YUCTOTO MeTany (pUCYHOK 9.4).
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Pucynok 9.4 - BrimuB jierytounx €JIeMeHTIB Ha BeJIMYUHY ITUTOMOTO €JIEKTPOOIIOpY

raaTuHa (a), pyTeHito (0), manasio (B)

HaanpogiaHi BiaacTuBocTi. SBuie HaampoBigHOCTI, Biakpute y 1911 porri
OnHecoMm, MOJSITae y TOMY, IO MPU HU3BKUX TEMIIepaTypax €JIeKTPOOIip MeTaly
3HHMKae. TemmepaTypa, HIKYe SKOI 3IIMCHIOETBCA 1€ SBHUIIE, HA3UBAETHCS
TEeMIIepaTypolo nepexoay y Haamposiaauil crad (Tk). HagnpoBigHIiCTh - 1€ siBUIIE
npUTaMaHHE TIIBKA METAIIYHOMY CTaHy PEYOBHHH. Temreparypa Mepexony Y
HAJNPOBIIHUNM CTaH 3aJIeKUTh BIJ I1HAWUBIAYyaIbHOI TPUPOIN HAANPOBITHUKA.
[Ipupona Ta MexaHi3M HaJAMPOBIAHOTO CTaHYy OCTATOYHO HE 3'sicoBaHl. BBakaeThbcs,
0 HAAMNPOBIJIHUNA CTaH € OCOOJMBUM TEPMOAMHAMIYHMUM CTaHOM pEYOBUHH, a
HAJMIPOBITHUM TIepexiJ] aHaloriyHui (¢a3oBUM TepexojiaM JpYyroro pojuy.
HannpoBinHuii cTaH pyHHY€ETHCS, SIKIIIO TEMIIEpATypa HAAIIPOBITHUKA CTA€ BUIIIOIO 32
KPUTUYHY TEMIIEPATYPY, a TAKOK IMPHU HAKJIAJIaHHI JIOCUTh CUIILHOTO MarHiTHOTO TOJIS
ab0 TpH TPOIyCKaHHI 4Yepe3 HAAMPOBITHUK BEIUKOTO CTPyMy. YCi Ii KpUTHYHI
XapaKTepUCTUKU HAIIPOBITHUKIB B3aEMO3B'sI3aH1 Ta 3aJIeKaTh BiJ €JIEKTPOHHOI Ta
KpUCTaJIIYHOiI Oy/lOBM METalliB Ta CIUIaBIB, a TAKOX CHOCOOIB iX OTpMMaHHS Ta
TepMOMEXaHiuHO1T 00poOku. HanmpoBigHicTe € crnenudiyHO  O0COOIUBICTIO
METaJIIYHOTO TUITy MI>KaTOMHOTO 3B's3Ky. IcHye Touka 30py, mo npu OK yci ictunH1
HAWYUCTIIIT  METajduM TOBWHHI OyTH HAANPOBIIHMKAMU. MeTranu CTaloTh
HAJNpPOBIIHUKAMU y TOMY BHUIIQJKy, SIKIIO CyMapHa (POHOHHA Ta KYyJOHIBChKa
B3a€EMO/Iis MK €JICKTPOHAMU 3aJ0B1IbHA, TOOTO MEpeBaxkae eIeKTPOHHO- (POHOHHE

nputaradis. ['apHi TpOBITHUKKA MalOTh CJIa0Ky €JIEeKTPOHHO-(OHOHHY B3a€MOJIIO,



TOMY B HUX Ba)XKO BMHAWTH HAJIPOBIIHICTh. HaBNpoTH, yCi HaAMPOBIAHUKH, SKi
MaloTh BUCOKY Tk, MOBUHHI OYTH BIAHOCHO IMOTAHUMHU MTPOBITHUKAMHU.

MeTtanu IaTHHOBOI TPYIH € MOPIBHSAHO TAPHUMU MPOBITHUKAME, TOMY BOHH
MaloTh HU3bKY TEMIIEpaTypy Mepexo/1y B HAAMPOBIIHUNA CTaH.

TeMmreparypu mnepexoay y HaampoBiIHUM cTaH s pyTeHito (Ru) - 0,49K,
poaito (Rh) - 0,002K, ipunito (Ir) - 0,14K, ocmito (Os) - 0,655K.

Hannposinnicts manaxito (Pd) Ta mmatuau (Pt) o 0,1K He Bunaiinena. OnHax,
B CIIaBax MNanajilo Ta miaTuHU 3 P3M HaanpoBigHICTH BUHAWJeHa, MPUYOMY B
cIUTaBax majajiro Tk BHIE, HIXK B ciiaBax Ha ocHOBI Ir, Rh, Pt. B cnaBax Pd 3 Y Ta
La nagmposigHicts He Buma 0,32K.

EMIipu4HO BCTaHOBJICHO MEBHUH 3B'SI30K MI>K HA/IMPOBITHUMH BJIACTUBOCTIAMHU
Ta KPUCTAIIYHOI CTPYKTYpOIO HAIANPOBIAHUKIB. HaampoBiHICTE € TUM OLIbII
BIPOT1/IHOIO, HIXK CHUMETpIsl KpHCTaIIYHOI I'parku. HalO1npm BHCOKI HaampoOBiIHI
XapaKTEPUCTUKHU MAIOTh CIIOIYKH 31 CTPYKTyporo Tumy Cr3Si.

HaiiGinpmr  BUCOKY TeMmmeparypy IMepexoay 3 HaIANpPOBIIHUX CIOJIYK
IJIATHHOBUX MeTalliB MatoTh criostyku NbsPt (9.2-10.9K) 31 ctpykryporo tumy Cr3Si.

MexaHiuHi BIaCTUBOCTI METAJIIB TJIATUHOBO1 IPYIU HaBeeH1 B Ta0muI 9.2.

3 miABUIIEHHSAM TeMIiepaTypu MoayJib npyxHocTi (E, MIla), TBepaicts (HV),
MeXa MINHOCTI (Cp) 3HWXKYIOThCS. JleryBaHHS TIJBHIIYE TBEPIICTh METAJIB
IJIATUHOBOI IPYIIN.

Haii6i1p111010  KOpO31MHOI0 CTIMKICTIO Cepell METajiB IJIaTHHOBOI TPYIMH
BIJIPI3HSIOTHCA BaXKK1 IJIATUHOBI MeTaiu - Ir ta Pt. [Tamaniii 3a cBOiMU KOPO31MHUMHU
BJIACTUBOCTSAMHU OJIM3BKHI 10 TPYNH 3aii3a Ta 1HIIMX HEOJIaropoJHUX MeETaliB. Yci
MeTajM TJIATUHOBOI TPYIH, OKPIM TUIATUHU, TIOPIBHSIHO MIBUAKO OKHUCIIOIOTHCS Ha
noBiTpl. TUTbKYM MJIaATHHA TPAKTUYHO HE OKUCIIOETHCA HA TOBITPI MpU OYIb-SIKUX

TeMIeparypax.



Tabnuys 9.2 - Mexaniuni é1acmusocmi Memaiie niamuHoB8oi epynu

BnactuBicth Ru Rh Pd Os Ir Pt
TBepaicts o Bikepcy, Mlla 2600 1300 | 500 |3000-6800 | 2000 | 480
5000
Mesxa minaocTi, MIla 500 420 200 - 500 140
ITomomxxeHus, 5, % 3 9 25-35 - 6 30-50
Monayns npyxuocTi, E, MIla | 48500 | 38640 | 12360 | 57000 | 53830 | 17320
Tabauysa 9.3 - Hxicna oyinka Kopo3itiHoi cmiukocmi 61a20p0OHUX MemaJlie

Cepenosuiiie T,°C| Ru | Rh | Pd | Os | Ir | Pt

1 2 3 4 5 6 7 8

18 A | A A A| A A

Cip4ana KucinoTa KoHIieHTpopana | 100 | A | A | b Al A|A
250 | A | A B b A b
Hancipuana kucnora 18 A | A — | — | A | —
0,1 H. a30THa KUCJIOTA 18 A A A — | A | A
I H. a30THA KHCIO0TA 18 A A b — | A | A
2 H. a30THA KUCJIOTa 18 A A B b A | A
18 A | A I B A | A

70%-a a30THA KUCJIOTA 00 | A | A T T A A
A30THa KMCJIOTA, 110 JUMHUTD 18 A A I I A A
18 A| A|Ab | A | A | A

36%-a consiHa KUCIIOTa 00 | A A 5 B A 5
[{apcrka BosKa 18 A A r I A I
Kun | Ab | Ab | T r A r

docdopHa kuciaoTa 100 | A | A | b r | A A
40%-a m1aBUKOBa KMCIIOTA 18 A A A A | A | A
XJIOpHA KUCITOTa 18 A A
10| | | B | | B

bpomMucToBoIHEBA KHCIOTA (P = 18 A b r A | A b
1700 xr/m*) 100 | A | B | T IB| A | T
lonucroBonHeBa Kuciora (p = 18 A | A r b A | A
1750 xr/m?) 100 | A | A | T B | A|T




IIpooosocenns mabn. 9.3

OpraniuHi KUCJIOTH 18 A | A A A| A| A
100 | — | — — | — | — | —
Po3unn HCN B mpHCYTHOCTI KUCHIO
drop 18 — | — — | — | — | B
100 | — | — — | — | —
XJ10p Cyxui 18 A | A B A | A b
1 2 3 4 5 6 7 8
XJI0p BOJIOTHH, XJIOPHA BOAA 18 A | A I B | A b
Nox 18 | A | B B B | A | A
[on (pO34MH B CITHPTI) 18 b b b — | A | A
bpoM pinkuil cyxuit 18 A | A I r A B
bpoM pikuil BOJIOTHIA 18 A | A I b | A B
bpomua Boma 18 b — b b — | A
Po3unn NaClO 18 r b B r A A
100 r b r r b A
Pozunn FeCl; 18 A | A B B | A | —
100 | A | A r r A | —
Po3unn CuSO4 100 | A | A A A | A A
CipkoBOJECHb BOJIOTHIA 18 A | A A A | A | A
CipuncTuii HaTpid B IPUCYTHOCTI 18
KHCHIO
PTyTh 18 | — | — — | — | — | —
AMiakK B pO34MHI 18 A | A A A | A A
[nxuit HaTp B po3unHi 18 | A | A A A| A | A
[nkuit HaTp posnnaBaeHnit — | B | B b B | b b
[lepokcua HATPirO PO3ILIABICHUIMA — B b I B B I
Byrnekucnuii HaTpiit b b b r A A
PO3IUIaBIEHU I
A30THOKUCIUNA HATPIH A | A B r A A
PO3IJIaBICHU I




IIpoooeocenns mabauyi 9.3

CipyaHoKucaui HATPIK b B B b A b
PO3IUIaBICHU I
OuroBa KUCIOTa JIbOJSIHA 100 | A | A — Al A | A

[Tpumitka: A — Kopo3ist He criocTepiraerbes; b — cmabo mignaeTses kopo3sii; B —

HIIa€Thes KOpo3ii; [ — mBHAKO KOPOayeE.

Tabauya 9.4 - Mexaniuni xapaxmepucmuku O1a20po/[Hux memanie mexHiyHoOi Yucmomu

y 8i0naieHomy cmami

Merann HB ¢ s, Mlla c o2, MIla 5, % V., %
Ru 200-300 500-600 350-400 3-10 2-3
Rh 100-130 400-560 70-100 8-15 20-25
Pd 38-46 180-200 50-70 25-35 80-85
Os 300-400 - - - 0
Ir 170-220 400-500 90-120 6-10 10-15
Pt 39-42 120-160 60-80 40-50 95-100

Tabnuysa 9.5 - JJonycmumi memnepamypu excnayamayii (10'-10% 200) nramunosux

memanis, cnaasie i mamepianie npu Hanpyeax 0,1-10 Mlla

Marepian T, °C
1 2
Henerosani metanu
Pd (99,90 - 99,98) 1300-1450
Pt (99,90 - 99,98) 1300-1600
Rh (99,90 - 99,97) 1700-1900
Ir (99,90 - 99,97) 2000-2200

M1JBUILEHUX TeMIepaTypax

CmiaBu 1 MaTepiaiay Ha OCHOBI TJIATHHU JIJ1s1 POOOTH MPHU MTOMIPHUX Ta

[1n3n4; IInPn3n5-4; IIalln25
[Pallnl5-5; InllnPaPy25-10-1,5; IInPalln13n120-10-0,1-0,1
[1aPn7; IInPnl10; ITnPnal5; I1nPa20

1100-1350
1250-1450

1300-1600
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1 2
Jlucnepcuo3miraeni 1,0-1,5 00. % giokcHa0M MUPKOHIFO:
[Ln; I1InPaS; IInPna7; IInPnl0; IInlIn25; [In3n4; 111317,5; 1300-1600
[11Pn315-4
[1n-I1nPn(7-10); Ia-ITaPa7-10);
[Ln-(TTnl IaPa135-13-1,0)-11; 1300-1600

(ITnPaPy13-0,1)-(IInl1xPa135-13-1,0)-(IInl1xPy13-0,1);
Cnoicri: [InPaPy3m113-0,1-0,1; TInPal0-IInl{p-I1nPx10;
[ Ln-11nL{p-11;

[1n-ITnPa10Lp-TL; Th-TInlInllp-I1n u ap. BapiaHTH CIIOTyYECHHS 1300-1600

CILJIaBIB 3 IUCTIEPCITHUM 3MILIHEHHSIM J1OKCUIOM ILIUPKOHIIO

CraBu 1 MaTepiaiv Ha OCHOBI IJIATUHU 711 POOOTH MPH MIJBULIEHUX 1

BUCOKHMX TEMIIEpATYypax

[1nPn30; [TnPa40; InPaS50; InPali30-3; [InPaPy35-0,1 1600-1750
CroicTi:

(ITnPa130-3)-(ITnPaPy35-0,1); 1700-1800
[1nPnl190-10; TInPaPy95-5 1800-1850

MeTtanu, crijiaBy 1 Matepiaid Ha OCHOBI IUIATHHU 1 POAIIO

3 MOKPUTTSAM 3 AIOKCUY ITUPKOHII0, TOBIIMHOIO 0,3-2,0 MM 1400-1850

BiacTuBOCTI TIaTMHOBHUX METaliB Ta CIUIaBIB HA 1X OCHOBI JY)K€ YYTJIHBI 0
MPUCYTHOCTI B 00'eMi UM Ha TX MOBEPXH1 TOMIIIIKOBUX €JIEMEHTIB Ta CTOPOHHIX BKJIIOYCHbD,
SKI TpU HArpiBi MOXYTh B3a€EMOJISATH 3 MATPHUICI0 3 YTBOPEHHSM JIETKOIIJIABKHX

CKJIAJIOBUX 1 MPU3BOJUTH O KPUXKOTO PyHHYBaHHS.

9.2 O0JacTi BUKOPUCTAaHHA 0JIATOPOJHUX METAJIB Ta CILIABiB

bnaropoani MeTanu BHUKOPUCTOBYIOTH Y PI3HUX Tally3iX TEXHIKH: XIMIYHE
amaparoOylyBaHHS, KaTami3, Ha(TOXIMIYHUN CHUHTE3, BUPOOHUIITBO CKJIOBOJIOKHA,

eJIEKTPOTEXHIKA, OYMCTKA MOBITPS BiJ 3a0pyAHEHHS, TAJIMBHI €JI€MEHTH.



CiaBu s npuwianodyayBaHHsa. B npunagoOynyBaHHI IJIaTHHOBI
METaJl Ta CIUIABU BHKOPUCTOBYIOTH B SIKOCTI EJICKTPUYHUX KOHTAKTIB Ta
CJIEKTPUYHOTO OMOpPY BHCOKOi HAAIMHOCTI, BUCOKOYYTJIMBUX CTaOUIBHUX
TEPMOMETPIB OMOPY Ta Tepmorap. 3i CIUIaBIB MJIATUHOBOI IPYNH BUTOTOBJISIOTH
TEH30JaTYMKHU Ta MPYXKHI €JIEMEHTH, IMOCTIMHI MarHiTH Ta 3HOCOCTIMKI MaTepiaiu
JUTSL OCeH TIPUITAJIIB Ta MMip'1B aBTOMATHYHUX PYUOK.

Jlnig mpumaaiB Ta MPUCTPOIB, K1 MPALIOIOTH B arPECUBHUX YMOBAX, B IKOCTI
MaTepiaiaiB pO3PUBHUX KOHTAKTIB Ta KOHTAKTIB, 1110 KOB3al0Th, BUKOPUCTOBYIOTh
JUTI Ta METaJOKEepaMiyHl CIUIaBU IUIATUHU Ta Malajiio 3 OJaropogHUMH Ta
HeOaropoaauMu MetanaMmu. CIIIaBH MaIaiiio Ta IJIaTHHU 3HAYHO JIOBTOBIYHIIIIL,
HE TYCKHIIOTb, HE€ 3HMKYIOTh CBOi CIIy»KOOBI XapaKT€pUCTUKH B IMPUCYTHOCTI
CHOJIYK, II0 MICTATh CIPKY, MalOTh MEHIIY €pO31I0 B IMOPIBHSAHHI 31 CPIOHUMU
cruiaBaMu. BoOHUM BiJpi3HSIOTHCS BUCOKMMH Ta CTAaOUIBHUMHM MEXaHIYHUMHU Ta
CJICKTPUYHUMH XaPAKTEPUCTUKAMH, a TaKOX IIJBUILIEHOI0 3HOCOCTIHUKICTIO.
[Topsin 3 4rcTO GIATOPOAHUMU CIUIAaBAMU BUKOPUCTOBYIOTH CILIAaBU IJIATHHU Ta
najajaio 3 He0JaropoJHUMH, 30KpEMa, 3 MEPEXITHUMHU TYTOIJIaBKUMHU METATAMH.
JleryBaHHs manafiio Ta MJaTUHU TYTOIUIABKUMHU METAJIAMH MIJIBUILYE iX CTIMKICTD
0 epo3li Ta B3HOCOCTIMKICTh. HaWOUIbII MEPCHEKTUBHOIO CHCTEMOIO IS
MOTEHIIIOMETPUYHUX CIIaBiB € cucrema Pd-W - cmmas I1aB-20 (Pd+20% W).
[TpoMHCIIOBICTIO OCBOEHO BHUITYCK JIPOTIB, IIACTUH Ta (Hoibru 31 cruiary [1nB-20,
KU BHUKOPUCTOBYIOTH I OOMOTKOBOIO MPOBOIY, KajJiOpOBaHHMX OIOPIB,
JaMenel Ta KOHTaKTiB eJIeKTPOBUMIPIOBANILHOI amapaTypH, 110 KOB3alOTh.

Buxopucranns peoxopaiB 31 cmnaBy [InB-20 B enmexkTpoHHUX
ABTOMATUYHHUX CAMOIIUIIYYUX, PETYIIOI0UMX Ta MOKa3yHUHX MpuiIaaax, sKi
BUKOPUCTOBYIOTHCS B YCIX JTAOOpATOPIsiX, 3HAYHO ITiIBUIIMIIO SIK JOBTOBIYHICTB,
Tak 1 HaAIMHICT, POOOTH TMpPUJIAAIB B arpecCUBHUX CEpelOBUIIAX XIMIYHOIO
BUPOOHUIITBA.

VYci pamioTexHiYHI Ta €NEKTPOHHI mpuiaau (mpuiiMavi, MOCUITIOBAYI,
TEJIEBI30PH 1 T. 1H.) MaIOTh Y CBOIX CXeMaX JEKIJIbKa JECITKIB PE3UCTOPIB Pi3HOTO
omopy. Bukopucrtanas cmiaBy [IaB-20 103Bonauio CTBOPUTH TIEpEeMiHHI
pe3ucTopu OUIbII BUCOKOTO Kiacy, 30UIBIIMTH pecypc, 3HAYHO MiABUUIUTH
HAJIHHICTD iX pOoOOTH.

Ha BHpOOHUIITBO €JIEKTPUYHMX KOHTAKTIB Ta IHIIMX JeTajei



CJICKTPOBUMIPIOBAJIBHOI amapaTypu BTpadaeThbCs BeJWKa KUIbKICTh JEePIIUTHUX
OmaropogHuX MeTamiB. TOMy IHTEHCHUBHO IMPOBOISTHCS POOOTH MO CTBOPEHHIO
OiMeTaniYHUX MaTepiaiiB Ta MaTepiajiB 3 MOKPUTTIM 3 OJaropoHUX MeTamiB. Sk
e(eKTUBHUN 3aMIHHMK 30JI0Ta Ta Cpi0jsia IS BUTOTOBJICHHS KOHTAKTIB
BUKOPHUCTOBYIOTH Majaii.

CnuiaBu i1 Tepmonap. Jljis TOYHOro BUMIPY TeMIiepaTyp MpOLECiB, 110
IPOXOJSTH HA MOBITP1 Ta B OKUCITIOBaJIBHIIM aTMOCc(epi, IIUPOKO BUKOPUCTOBYIOTh
TepMomapu Ta TEepMOMETpU omopy 3  Ojaropomnux  MeramiB. Jlo
TEPMOEJIEKTPOAHUX MaTepiaiiB Npe ABISETbCS Pl CIEHU(PIUHUX BUMOT: BUCOKA
TEeMIEepaTypa IJIaBJICHHS, BUCOKA TEXHOJIOTTUHICTD, 1110 3a0e3euy€e MOKIUBICTh
OTpHUMaHHS TOHKOI IPOBOJIOKH, JOCTATHBO BUCOKa TepmMo-EJIC, sAKa 3pocTae npu
30UTPLIEHH] TEMIIEpaTypH, CTaOUIbHICTh (PI3UKO-XIMIYHMX BJIACTHBOCTEH Y
HIMPOKOMY Jiarna3oHi TeMneparyp, GpizuuHa Ta XiMidYHa OJJHOPITHICTb.

Tpanumiitno BUKOpUCTOBYIOTH Pt-Rh TepMomapu, mpocTi B TEXHOJOTII
BUTOTOBJICHHS Ta CTaOUIbHI 3a CBOIMHU TEPMOEJIECKTPUUYHHMHU TapaMeTpaMu.
Tepmomapu Pt-Rh 3maThHi cTiliKO TpalfoBaTh TPHUBAJIMI Yac 110 TEMIIEpaTyp
1800°C. IlnatmHa € nedimUTHUM Ta JOPOTHM elleMeHTOM. 3amicTh Pt-Rh
TepMomap 3ampoIioHOBaH1 cIjlaBU Ha ocHOBI manafito (Pd). Tepmomapwu, 1o
MiCcTATh Pd BUKOPHUCTOBYIOTH, B OCHOBHOMY, JJi1 BuMipy Temmepatyp ao 1200-
1300°C. B nopiBusiaHi 3 Pt-Rh Tepmonapamu, BoHH € OUIbII YyTJIMBUMH, alie
MEHIII )KapOCTINKUMH Ta CTa0lTbHUMU.

Hus Bumipy Ttemmepatyp «2000-2500'°C B  OKHUCIIOBaJIBHOMY Ta
HEUTpaJIbHOMY CEpeloBHUILIl TepcrnekTuBHUM € ipunid (Ir) Tta #oro criaBu.
BuxopucroBytots Tepmomnapu ipuito (Ir-60%Rh), mexxa Bumipy temmnepatyp sSKoi
«2340°C. butem uwyTuBuMHU B opiBHsAHHI 3 Ir-Rh Tepmonapoto € Ir- 50%Rh - Ir-
10%Ru. s poGoTH B 3axucHii aTMocdepi (y BakyyMi abo reii) peKoMeHI0BaHa
tepmornapa W-Ir (o «2300°C).

[IIupokO BHKOPUCTOBYIOTH IIJIATHHOBI TEPMOMETPH  OIOpPY: BOHH
BHCOKOUYTJIMBI, TOYHI Ta yyThuBi (10 - 260°C).

B npunanoOyayBaHHI MIMPOKO BUKOPUCTOBYIOTH NPYXHI €JIEMEHTH, SKi
BUTOTOBJIAIOTh 3 MPOBOJIOKM Ta CMYT MIKpDOHHUX NEpPEeTHHIB 31 cruiaBy Pt-Ag
(IInCp-20).

Cepen MarHITHHX MaTepialliB MPoBigHE Miciie 3aiiMae craB Pt-Co, 3 sikoro



BUTOTOBJIIFOTh MArHiTH 3 MaKCHMalbHOIO MarHiTHOW eHepriero. CmiaB Pt-Co
IUTACTUYHHUM,  MiAAaeThess  OyOp-sIKUM ~ BHJAM  MEXaHI4HOi  0OpoOKH,
BUTOTOBIIAETbCS Yy BUIJISAI MarHiTiB ckiagHoi ¢opmu. CriaB Ma€ BHCOKY
MIIHICTB, B'SI3KICTh, KOPO31MHY CTIHKICTb.

CnnaBu s karajgizatopiB. IlnatmHa Ta mnanagii 3 ycmixom
BUKOPHCTOBYIOTh B SIKOCTI KaTalli3aTOPiB PI3HUX XIMIYHUX peakiiid, 30Kpema, B
SAKOCTI MeMOpaHHHMX KaTami3aTopiB, SKI JIO3BOJISIIOTH KEepyBaTH XIMIYHUMH
peakitissmu. [1anasiii BUKOPHCTOBYIOTH B SIKOCTI AladyparM Jijisi OYMCTKH BOJTHIO JJIsI
SAJEPHOI Ta PaIIOEIEKTPOHHOI MPOMUCIOBOCTI. [l IIbOTO BHKOPUCTOBYIOTH
crutaBu Pd-Ag.

Koncrpykuiiini marepiaau mas  ximii. Bennka KUlbKICTh MeTalliB
IUIATUHOBOI TPYNH  BUTPAYAETHCA  XIMIYHOKO IPOMUCIOBICTIO B SIKOCTI
KOHCTPYKIIIHHUX MaTepialliB: B PI3HUX BUpPOOAX Ta amaparax Jyisl aHATITHYHOI
XiMii, B KOHCTPYKIISIX CHEIliadIbHUX COCY/IB ISl IEPETOHKHU KHUCIIOT, OTPUMaHHS
CKJIOBOJIOKHA, ONTHUYHOrO CKJia, HAMIBIPOBIJHUKOBUX CIOJIYK Ta JIA3ePHUX
KpPHUCTaIIB.

«blonoriuna»  o0JacTh  BUKOPUCTaHHS  IUIATHHOBUX  METalIB -

aHTUITYXJIMHHA JIis1 HOBOTO KJIacy MpernapariB Ha OCHOBI IJIATUHOBUX METAJIiB.



10 JOPOT'OLIIHHI METAJIU TA CIIJIABU HA iX OCHOBI

10.1 CpidJo Ta iforo ciiaBu

CpioJio B npuposui. lleit kpacuBuii MeTan BiIOMUMN JIFOISIM 3 HaWIaBHIMINAX
yaciB. BupoGawm 3i cpibina, mio 3Haiaeni B LlenTpanbHiit A3ii, 615b1e 6 THCSY POKIB.
31 crutaBy 30510Ta 1 cpibiia (enexkTpyMy) Oyiir BUTOTOBIICHI MEpIIi y CBiTI MOHETH. |
BIIPOJIOBXK JEKUIBKOX TUCAYOIITH CPp10JI0, TOPSIT 13 30JI0TOM 1 MIJITIO, OYJI0 OJTHUM
3 OCHOBHMX MOHETHUX MatepiajiiB. 3 KOJIbOPOM cpiOiia moB's3aHa 1 HOTO JIATUHChKA
Ha3Ba Argentum, 1110 TOXOIUTH BiJ TPELbKOT argos - OUTHii, OMCKyYHil.

Cpi0710 - piIKICHUI €JEMEHT, y 3eMHII KOpl MOro maibke y TUCAYY pasiB
MEHIIIE, HI’K Mi/JIl - YChOTO JIUIIE 01151 CTOTUCSYHOI 1071 BIACOTKA (CepeHIi BMICT
B 3eMHili Kopi cknagae 7¥10%% mac.; B Mopcbkiit Boxi mictuthes 3¥10%% Ag, B
Mopcbkux pocnuHax 0,025 mr Ha 100 kT cyxoi macu.) BijjoMo % BOHO 3/1aBHa TOMY,
0 3YCTPIYAETHCS y TPHUPOJI Y BHUIISAI CaMOPOJAKIB, 1HOAI JyXE€ BEIIHUKHUX.
Oco6auBo Oarati cpibioM pojoBuilia Oyiu po3TamioBaHi B [{eHTpanbHiit €Bpori -
Pynani ropu, I'apu, ropu boremii 1 Cakcownii. 31 cpibia, mo go0yBangocs mooiausy
micta loaximcrans (Huni SxumiB B Yexii), Oynu BigdeKkaHEeHI MITLHOHU MOHET.
BoHnu criouatky Tak 1 HA3UBAIUCS - «10aXIMCTaJIEPH»; TTOTIM IIsl Ha3Ba CKOPOTHUIIACS
no «rtaynepa» (B Pocii 11 MOHETM Ha3WMBaJIM MO TMEPII YacTUHI CJIOBA -
«epimxkamu»). Tamepm Oynu B 00iry mo  Bcid  €Bpomi, Oynau
HalpO3MOBCIOKEHIIIO BEIUKOIO CPIOHOI0 MOHETOIO B icTopii. Bix Tanepa minia
1 Ha3Ba nomapa. Himenbki cpiOHI pyHUKHM OyJiM HACTUIbKHM OaraTi, 10 3 MeTaiy,
mo 100yBaBcs, pOOMIM BEIMYE3HI Ba3W, CTOJIOBI CEPBI3M HA COTHI MEPCOH, Ha
KOXKHUH 3 IKUX BUTpayaid TOHU cpioia.

Jlerenyia mpunucye BIAKPUTTS CPIOHUX PYAHMKIB y 968 poli immepaTopy
Otrony I Bemukomy (912-973), 3acHoBHUKY «CBsimeHHOT Pumchbkoi immepii
repMaHcbkoi Hamii». 3a vac HaBuaHHsA y HimeuuuHl L0 JereHay IOYyB
M.B.JlomoHOCOB 1 BUKJIaB 11 y 0J1HI# 31 CBOiX mpailb. OTTOH BIANPABUB CBOTO €repsI
Pamens y nic nns noBni AuKuxX TBapuH. Ha ransBuni nicy Pamerns npus'sa3aB KOHsS
no nepea. OuikyrouM XaszsiHa, KIHb PO3PUB KOMUTAMH 3€MJIIO 1 BUOWB BIATUIA
BaXKK1 Ta CBITJI1 KaMeHi. Komu iX mokasanu imnepaTopy, ToM 3po3yMiB, 1110 11€ Oarata
cpiOHa pyJa, 1 Haka3aB MOOYyJQyBaTH Ha IIbOMY MICLI PYAHHKH. A TOpYy Ha3BajIH
PamenncOeprom... 3a cBimonTBamMM HIMEUbKOro Jikaps 1 Meramypra ['eopra

Arpukonu (1494-1555) ponoButiie po3poOItoBaId 1 3a HOTro KUTTSA, TOOTO uepes



IIICTh BIKIB, aje Maixe yci cpiOHi camopoaku Oynu BuHaiaeHi y 14-16 ct. Cpi6Hi
pojoBuINa aisy i 3a )kuTTsd M.B. JlomonocoBa. HuH1 BOHU B 3HaYHOMY CTYyTIEHI
BHUCHAKEHI.

[Ticyst BIAKpUTTS Ta 3aBOIOBaHHS AMEPHUKH 0arato caMOpoJiKiB cpibiia Oyyu
BUHaiAeH1 Ha TepuTopii cydacHux [lepy, Unii, Mekcuku, bomigii. Tak, B Uwnmi OyB
BUHAWJICHUI CaMOPOJIOK y BUTJISAI TIacTHHU Macor 1420 xr. barato enemeHTiB
MaloTh «reorpadivyi» Ha3BU, ApreHTHHA X - €JMHA KpaiHa, 1110 Ha3BaHa IO BXKe
BiIoMOMY ejieMeHTy. OCTaHHI K 3 CAMUX KPYITHUX CAMOPOJIKiB cpi0ia HalIeH1 BiKe
B 20 ct. B Kanani (mpoinmist Outapio). OiMH 3 HUX, Ha3BaHUN «CPIOHUMN TpoTyap»,
MaB J10BkuHY 30 M 1 yxomauB y rinuOuHy 3emii Ha 18 m. Komu 3 HbOro Oyio
BUILIABJIEHO YHUCTE CPi0JI0, iioro O0yso 20 ToHH!

CamopoakoBe cpibJio 3HaXOATh P1IKO, OCHOBHA YaCTHHA Ccpi0jia B MPUPOL
30cepe/KeHa B MiHepaiax, sSIKuX BioMo OiibIle, HiXK 50; B HUX ¢pi0JI0 3B'I3aHO 3
CIPKOIO, CEJICHOM, TeTypoM abo rajoreHaMu. OCHOBHUI CpIOHUIN MiHEpas apreHiT
AgS. llle Outble cpibiia po3CisIHO cepel] PI3HUX TIPHUYUX MOPia, TOOTO OCHOBHA
yacTMHa cpil0ia, MO0 BHUAOOYBAETHCS B CBITI, OTPUMYETHCS B PE3YJbTATI
KOMILJIEKCHOI epepOOKH MOTIMETANIYHUX PYJ, 110 MICTATh CBUHELIb, Mi1/lb, IUHK.

CamopojakoBe cpibno - npupoguuii cruiaB Ag 3 Au, Cu, Fe, Bi, Sb, Pt ta
irmm. H{ineHicTs camopoaroro cpidna cknagae 10,1-11,1 r/cm?, BoHO, sik IpaBuIIo,
MicTHTh 95-98,5% mac. Ag.

®iznyni BaacTuBocTi cpidaa. Cpibio sABisge cOO0I0 CyMilll JBOX CTIMKUX
130ToniB 3 MacoBuMu yuciaamu 107 ta 109. Takox oTpumani 26 pagioaKTUBHHUX
130TOMIB CcpibiIa.

Cpib1o po3TamoByeThes y marpymi IB nepiogudanoi cuctemu enemeHTiB J1.1.
MenneneeBa ta mae I'LIK rparky. [lutoma Temioemkicth cpibiia mpu KiMHATHIN
temrneparypl ckiagae 235 Jx/kr*K Ta 3 miaABUIIEHHSM TeMrepaTypu 3pOCTaE.
TeMmmneparypa 1uaBiaeHHs cpi0ia 3ajJeXuTh Bl CKIaay Ta TUCKY HaBKOJUIIHBOTO
cepeoBHILa, OCOOIUBO BiJl TUCKY KHCHIO, 31 30UIBIIEHHSM SIKOTO BOHa 3HAYHO
3HIDKYEThCSA. Temmeparypa IUiaBlieHHs cpibna mpu P, = 0,02MIla JOPIBHIOE
npubimzHo 960°C. TemmnepaTypa miaBieHHs cpiOna npu P, = 14,7MIla TOPIBHIOE
npubauzHo 736°C.

Koedimient miniliHoro posmupenHs cpibna a konusactbes Big 18,7*10° mo

19,1*10° K™ B inTepsani Bix 0-100°C. IIpu HM3bKUX TeMIIEpaTypax a ckiazgae 1%*10°



K!, nmpu migeumennx remmneparypax a spocrae Big 20,5%10° K (mpu 227°C) no
30,8*¥10° K! (mpm 927°C). Cpibmo HaiOIAbII — €IEKTPOIPOBIAHUN Ta
terutonpoBinHui  Metan. [lpu 20°C ¥oro enexTponpoBigHicTh Ha 8%, a
TEIJIONPOBITHICTH Ha 6% BHUIlA, HIX y Mijl. ExexTponpoBiHiCcT cpibiia 3a1eKUTh
BiJl YUCTOTHU METAITy Ta TEXHOJOTrIi Horo BUroTosyieHHs. [lpu nepexo/ii 3 TBEpAOTO
CTaHy y PIAKUN CHOCTEPIraeThCsl Pi3KUH CTPUOOK enekTpoomnopy. JloMimku, sk
paBuIIo, MIABUILYIOTh MTUTOMHUM enekTpoortrip cpidia (As, Bi, Pb, Sb).

Mexaniuni BiaactuBocti cpidaa. Cpi0no - M'sSKuil Ta MIACTUYHUIN MeTad,
JIETKO TiAJa€Tbcsi 00poOIll THCKOM. B 3ajekHOCTI Bii YMCTOTH MEXaHIdYHI
BJIACTUBOCTI BijnaneHoro cpiona mpu 20°C KoJIMBAIOTHCA y HACTYMHUX MEXKaX:
cg=140-180 MIla, HB=245-250 MIla. Y nutoro cpidna rpu 20°C cg=106 Mlla. 3
IiBUIIEHHSM TeMmepaTypu TBepaicth (HB) Ta mexxa MiltHOCTI (CTg) 3HMXKYIOTHCS.
B ymoBax xosoaHoi aedopmamii yucte cpidIo, a TaKOXK MHOro CIUIaBH
XapaKTEPU3yIOTHCA MTOMITHUM Je(POpMallIifHUM 3MIIIHEHHSAM, SKE 301IbIIYETHCS 3
poctom paedopmarii. IlnacTuuHicTh cpibiia € BUCOKOK HABITh NMPU HETATUBHUX
temrneparypax. B obnacti temnepatyp 680- 800°C cnoctepiraeTbcsi HalO1IbIIA
IUTACTHYHICTh  cpibna.  [apsyenpecoBani  3pa3ku  cpibia  TPOSIBISIIOTH
HaAIUIACTUYHICTb.

Cpi6710 Mae HU3BKY KAPOMIIHICTH Ta omip moB3ydocTi. Ha pucynky 10.1
HaBeJIeHa Jliarpama pyiHyBaHHS cpiOia, 1o moOyaoBaHa MpU BUNIPOOYBaHHSAX Ha
PO3TATHEHHS 1 MOB3YyUICTh; JI€: CTy- HOMIHAJIIbHA HAIpyra Npu PO3TATHEHH1 a0o
noB3ydocTi, E - moxyne FOHra, 1o Biamnosiznae temmneparypi BUIpoOyBaHHS.

[Ipn HU3BKIA TemmepaTypli CIOCTEpiraeTbcsi B's3Ke pyHHYBaHHs cpidia,
Buie 200°C (0,38 Trmr), B yMOBaX MOB3YYOCT] 3 BUCOKOIO MIBUAKICTIO MPOXOINUTh
BHYTPIIIHBOKPUCTATIIYHE  pyHHYBaHHS, a TPHA HU3BKIA  IBUAKOCTI -
MDKKpUCTaIITHE pyWHyBaHHs. KpuBi mnoB3ydocTi cpibna uyuctororo 99,99%

HaBezieH1 Ha pucyHKy 10.2 mpu ¢=9,0 MlIla u t=150°C.
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Pucynox 10.2 - Kpugi noB3y4ocTi cpibna y BuximHomy (1) Ta 3miniHeHOMY (2)
CTaHax

BunpoOyBaHHs NpOBOIMIM B yMOBaX OJTHOBICHOTO PO3TSATHEHHS Y BaKyyMi 1
Ha noBiTpi. [IoB3yuicTh cpibiia CynpoBOIKY€ETHCS BUHUKHEHHSIM Y HBOMY ITyCTOT 1
Mop, SIKi HAKOMUIYIOTHCS TI0 TPAHULISAX 3EPEH.

CrpykTtypa cpibia y BiANaJeHOMY CTaHl Ma€ 3epHa po3mipoM 40-60 MkM 3
HE3HaYHUM YHCIIOM JUCIIOKAIliil B HUX. BennurHa 3epHa 3/11iCHIOE CYyTTEBHI BIUIHB
Ha MeXaHiuHl BiacTHBOCTI cpibna. KoposiiiHa cTiiikicth cpibia € Bucokoro. Ilin
JI€10 XOJIOAHOT COJISTHOT KMCJIOTH Ha CPi0JTi yTBOPIOETHCS 3aXMCHA TITIBKA 3 XJIOPUTY

cpibiia, sika pyHHYETbCS Tapsayol0 COJSIHOIO KHUCIOTOK, MPU I[bOMY IIBUIKICTD



Kopo3ii cpibna pi3ko 3poctae. KoHIleHTpoBaHa cipyaHa Ta a30THA KHCIIOTH
PO3UMHAIOTH Cpi0NO, aje MiA JI€I0 «IAapCchbkoi BOJAKM» Ha WOTr0 MOBEPXHi
YTBOPIOETHCS 3aXHMCHa IUTIBKAa 3 XxJopunay cpidna. Cpibno € CTiikuM y
JTUCTUIIbOBAHIHN, MPUPOAHIN Ta MUTHINA BOJ1, B €TUJIOBOMY Ta METUJIOBOMY CIUPTI
Oy1b-sIKOT KOHIICHTpAIIi.

B ymoBax xomnomHoi nedopmamii ymcte cpibio, a TakoX IHOro cCruiaBu
XapaKTepPU3yIOTHCS TOMITHUM JAe(pOopMaIliifHUM 3MIITHEHHSAM, SIKE 30UTBIIY€ETHCS 3
pocTtoMm paedopmalii, ajie 3MEHIIYETbCS MPH TEPEXOJl BiJg YHCTOro cpidna 1o
CIUIaBIB THM IOMITHIIIE, YUM BHUIIIE CTYMiHb JeryBanHs (pucyHnok 10.3). Tak, qis
gucToro cpibina koedimieHT neopMaliiiftHoro 3MIIHEHHS cKiIaaae 1,8, nis crmaBy
CpH-0,1 (mo6aBku 0,005% Be, 0,1% Ni, 0.15%Cu) Bin ckmamae 1,36, a pis
metanokepamiku CH30 (30% Ni) 1,18.

Benuuuna 3epHa 371HCHIOE CYTTE€BHM BIUIMB HA MEXaHIYHI BIACTUBOCTI
cpibna. Ha pucynkax 10.4 ta 10.5 mokazaHuil BIUIMB TeMIEpaTypud Ha MEXY
TEKY4OCTi Ta BIIHOCHE TIOJIOBXKEHHS cpi0ia yuctoToro 99,97% 3 BeMMYuHOIO

3epHa 0,017; 0,041 0,25.
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Pucynox 10.3 - Kpusi BunipoOyBaHb Ha PO3TATHEHHS Cpibiia Ta MOTo CIJIaBiB MpHU

mBuakocTi nedopmanii, ¢: 1-0,005;2-3;3-15;4-50

3 puc. 10.4 ta 10.5 BUXOaUTh, 110 PO3MIp 3€pHA BIUIUBAE HA MEXY TEKYUOCTI

npu6sm3HO 710 577°C, a 0COOIMBO MOMITHO - PU HUZBKUX



TEMIIEpaTypax; BIIHOCHE MOIOBXKEHHS KPYITHO3EPHUCTOTO Cpibia HUKYE B yCHOMY
TEMIIEpPATypPHOMY IHTEpBai, HIXk cpibia 3 BenuunHoio 3epHa 0,017 mMm.
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Pucynox 10.4 - 3anexHicTh MEX1 TEKYUYOCTI Ct BiJl TEMIIEpaTypu BUIIPOOYBaHb

cpibia 3 BUXITHOO BeIUYHHOO 3epHa: [ - 0,017; 2 - 0,04, 3 -
0,25

;%
60
40

20 -
0

~2708 =13 127 327 327 7272

Pucynox 10.5 - 3anexHicTb BIAHOCHOTO MOAOBXKEHHS 5 BiJl TEMIIEpaTypu

BUNPOOYBaHHS cpi0ia

Crin BigMITUTH, 110 AeOPMOBAHICTH Cpi0a 3 APIOHUM 36PHOM TaKOXK

BHUIIIA, HIXK cpi0ia 3 KpymHUM 3epHOM (pucyHok 10.6).
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Pucynok 10.6 - [liarpama po3taryBaHHs cpibiia 3 BeauuuHoro 3epHa 0,25 MM nipu

Temmeparypax, °C: [ - (-253); 2 - (-197); 3 - (-78); 4 - (-68); 5 - 26; 6 - 200; 7 -
400; 8 - 600

o

YacoBuii omip cpibia He 3aJeXUTh Bl BEIMYMHHM 3€pHA. BueHumu
BCTAHOBJICHO, 1110 BUIIE KPUTUYHOTO 3HAYEHHS, pIBHOTO 50 MKM, BeJIMYMHA 3€pHA
PAKTUYHO HE 31MCHIOE BIUIMBY HAa MEXY TEKYYOCTI, aje 31 3MEHIICHHSIM 3epHa
MeXa TEKy4OCTI cpibiia CUIIBbHO 3pOocTae. BIIMB JOMIIIOK MPOSIBISETHCA Y TOMY,
110 TeMIIepaTypHa 3aJekKHICTh MEX1 TEKY4OCTl cpibia unuctotoro 99,9% 3cynyrta
yOIK MIiJBUILEHUX TEMIEpaTyp, a WOro BeTWYMHA BUIA, HIXK Cpibjia YUCTOTOIO
99.,98%.

[Mnactuuna nedopmartis cpibia  CynpoOBOKYETHCS — HAKOIMMYEHHSAM
IUCIOKAIii 1 yTBOPEHHSIM  TOYKOBMX  JedektiB. B pesynbrari
HU3BKOTEMIIEpaTypHOIO BiAnany aedopmoBaHoro cpidia mpu -173°C BopoioBxk 2
roJIuH 3HIMaeThess OUTs 20% MpUPOCTY MUTOMOTO €JIEKTPOOTIOPY, BUKIUKAHOTO
nedopmaitiero. BimHOBIEHHS €IEKTPOOTIOPY MOSICHIOETHCS 3HUKHEHHSIM HAHOUIBIII
JIETKO PYXJMBUX TOYKOBHUX JAC(PEKTIB - MKBY3€IbHUX aToMIB. B mporieci Biamamy
HIUTBHICTh TUCIIOKAIlIN 3HIKYEThCS B 1,5-2 pa3u B 3aJ1€KHOCTI BiJl TEMIEPATYpPH.

Temneparypa moudaTKy  peKpucTamizamii  3pa3KiB 3  OJHAKOBOIO
JUCIIOKAIITHOIO CTPYKTYpOIO Ta CTYNEHEM YHCTOTH TMOB'S3aHa 31 IIBHIAKICTIO
MPOTIKAHHS TMPOIIECIB, MO0 MPOXOAATH 10 PEKpUCTATi3aIii: TEePEepO3NOIiIIOM
JUCIIOKAIIIH 1 3HIKEHHSM iX miabHOCTI. Cpi0J10, 110 Ma€ HU3bKY €HEPTito AePEKTIB
YIAKOBKH, JIOCUTh CTIAKE JI0 MEePepo3MOALTY AUCIOKAIINA MpH BIAMAl 1 3HUKEHHS
ix mutbHOCTI. Temneparypa moyaTrky peKpucTatizaiii MOHOKPUCTAIIYHOTO cpidia,

3a maaumu C.C. [N'opemnika, cxmanae 0,36 1i o (~345°C). BrimuB nieryro4nx eJIeMeHTIB



Ha TPUPICT TEMIIEpaTypH peKpHcTaiizalii HaBeJeHu Ha pucyHKy 10.7.
Oco6muBICTh cpi0ia CKIAAAETHCS Y TOMY, IO BOHO € E€IWHUM YHUCTUM
MeTa’ioM (3a BUKIIOYEHHAM 1TepOit0), B sikoMmy Ticis ipokatku ipu 20°C

YTBOPIOETHCS TEKCTYpa a-JIaTyHI.
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Pucynox 10.7 - BruiuB sieryBaHHsI Ha IPUPICT TEMIIEpaTypy peKpUCTaIi3amii

cpibna Atp

Buxopucranns cpidaa. Bracimigok BUCOKOT KOpPO31MHOI CTIMKOCTI Yy
OUIBIIOCTI arpeCHMBHUX CEPEJOBHUIN Ta TEXHOJOMIYHOCTI CpIONO  IIUPOKO
BUKOPUCTOBYIOTh B OOJIaAHAHHI /I BUPOOHHUIITBA PI3HUX XIMIYHHMX Ta Xap4OBHUX
IPOJYKTIB.

Cpib0 He 371ICHIOE KaTATITHYHOTO BIUIMBY HA TMapu PALY PEUOBHH 1 €
HaWOLIBII MPUJATHUM MPU BUPOOHUIITBI OIITOBOTO aHTIAPUJTY 1 OI[TOBOT KUCJIOTH.
YacTo BUKOpUCTAHHA Cpi0sia BUKIMKAHE HEOOXIJHICTIO OTPUMAHHS JIyKE€ YHUCTUX

PEYOBHH, HE 3a0pyTHEHHX MPOIyKTaMU KOPO31i HeOIaropoIHUX METATIB.

Cpibs0 BHKOPHUCTOBYIOTH sl (DYTEPOBKH IMaiikol0 abo TBepAoQa3zHUM
3BapIOBAHHSIM CTAJbHUX 1 MIJIHUX PE3€pBYapiB, B KOHCTPYKIIISX SAKUX 301rat0ThCs
MIIHICTh OCHOBHOTO METaly 1 KOpo3iiiHa CTiHKicTh cpibya. CpiGaoM MOKPUBAIOTH

TaKOXX BXIJHI Ta BUBIJIHI MaTpPyOKH, B SKOCTI TPyOONPOBOAIB BUKOPHCTOBYIOTh



MJJaKOBaHI 3 cepeauHu cpibiioMm TpyOku. TOBIIMHA 3aXHCHOTO TOKPUTTS, SK
npaBuiio, ckianae 0,5-1 mm. [HOA1 BUKOPUCTOBYIOTH 1 CYIIIIbHI CP10H1 KOHCTPYKIIIi:
3MIEBHKOBI KOHJICHCATOpH, IUCTWJIALINHI Hacaaku. B Oaratbox BHIaakax
e(eKTUBHO BHUKOPHCTOBYEThCS ApiOHO3epHUCTE cpibio 3 mobaskoro 0,1-0,2%
HIKEJTIO, SIKE Ma€ OUIBII BUCOKY TPUBAITY MILHICTh, HI’K YUCTE CPiOIIO.

Taxox cpibs10 BUKOPUCTOBYIOTH JJIsl MOKPUTTS PEAaKTOPIB MPU OpOMYBaHHI,
XJIOpYBaHHI Ta (PTOpYyBaHHI OpraHigyHUX croyK. CpiGiI0M MOKPUBAIOTH ITi/IB1THI Ta
BUBI/IHI TATPYOKH, TOBIIMHA 3aXMCHOTO APy SKHX, K MpaBuio, ckianae 0,5-1,0
MM. Cpi0i0 BHKOPHUCTOBYIOTH JIJISl 3aMO01KHUKIB MEMOpaH, MPU3HAUYCHUX MJIs
CKMJIaHHS THUCKY B pe3epByapax, sKi BUKOPHUCTOBYIOThCA HJisi 30epiraHHs
arpecUBHOI pIIMHU. ['paHUYHO JOMyCTHUMa TeMIepaTypa eKcIulyaTallii BUpoOiB 3
guctoro cpidna 150°C. KonpeHcatopu Ta 3MIEBUKM BHKOPUCTOBYIOTH
BUPOOHHUIITBI aHUTIHY.

Cpi670 BUKOPUCTOBYIOTH JUIsl TOKPUTTS PEAKTOPiB Mpu OpOMyBaHHI,
XJIOpDYBaHHI Ta (TOpYyBaHHI OpPraHIYHUX CHOJYK, Yy BUPOOHUIITBI JIEByaHOBOI
KucJIOoTH. CTalbHI €EMKOCTI Ta TpPyOONPOBOAM, OKPHUTI CP10JIOM, BUKOPUCTOBYIOTh
y BUPOOHHUUTBI JUMOHHOI KHCJIOTH, a OXOJIOJKYIOUl 3Mi€BUKHU 31 cpibna 900-o1
npoOu - y BUPOOHUIITBI JTUMOHHOTO COKY Ta (PPYKTOBUX CHPOIIB. Y TOKPHUTHUX
CpiOJIOM peakTopax OTPUMYIOTh JYXKE YHUCTY MYpaIlIUHY KHUCIOTY Ta TIAPOKCHI
kanito. [Ipu oTpumaHHI akpojeiHy 3 OITOBOrO ajibJACTiTy Ta (OopMaNbICTILy
BUKOPHUCTOBYIOTh KaMepH, (yTepoBaHi cpiOjIoM; KOHJEHCATOPU Ta 3amoOKHI
MeMOpaHHu 31 cpibiia BAKOPUCTOBYIOTh JJI1 BUPOOHHUIITBA Ty’€E YUCTOTO OLTOBOIO
aHriipuay.  BumaptoBaui,  BKpUTI  CpiOJIOM,  BHKOPHUCTOBYIOTH IS
nepeKpucTatizaili ¢papMareBTUYHIUX MpernapaTiB 31 COUPTOBUX PO3YUHIB 1 1HOI
TUTsI 30€piraHHs qy’Ke YUCTOTO XJIOPUIY HATPIIO.

Katonu 31 cpibsia BUKOPUCTOBYIOTH JJIsi €JIEKTPOIITUYHOTO OTPUMAaHHS
dropy 13 cymiii (1:1) dropucroro kanito (KF) ta dropuctoro Boguio (HF).

[ToxpuTi cpiOIOM €MKOCTI BUKOPHUCTOBYIOTH JIsi BUPOOHMIITBA XJIOPHUIIB
KUPHUX KHUCJIOT TPHU iX B3aemMonii 3 TPUXJIOPUCTHM (ochopoM. 3MIEBUKHU
OXOJIOJKEHHS 31 cpi0ia BUKOPUCTOBYIOTH JJISI OTPUMAHHS YUCTOTO XJIOpodopmy
st papManeBTHUHMX 1Ied. Dropua anioOMiHIIO OTPUMYIOTH 3 TIAPOKCHUILY
QJIIOMIHIIO 1 PTOPUCTOTO BOAHIO B TOKPUTUX CP1OJIOM peakTopax.

[Toxputi cpibI0OM aBTOKJIABH BUKOPUCTOBYIOTH JIJIsI T1IpOTeHI3allli HITPHUIIIB



B ankimamiau mifg ThckoM Bumie 450 MIla. Migni ueHTpudyru 31 cpiOHUM
raJIbBAaHONOKPUTTSAM BUKOPHUCTOBYIOTH JJISI BUIIJICHHS KPUCTATIYHOTO BITaMiHY 3
PO34YHMHY, IO MICTUTH COJISTHY KUCJIOTY.

B KOHTpOJBHIM BUMIpIOBaNIBHINA amapaTypl BOJOOYHMCHHUX YCTaHOBOK IS
peryJIfoBaHHS TojAadl XJIOPY BHUKOPHUCTOBYIOTH YHCTE cpibio abo cpidno 925-oi
pobu. CpiOHI TpyOKH BUKOPUCTOBYIOThH B KOHICHCATOpax it oTpuMaHHs 70%-01
¢GTOpOBOHEBOI KHUCIOTH 3 MapiB (TOPUCTOTO BOJAHIO, KM YTBOPIOETHCS IPH
dbTopyBaHHI YpaHOBUX CITOIYK.

Cpioni npunoi. CpiGHi mpunoi Ta Npumoi, o MiCTATh Cpi0JI0, BITHOCITHCS
10 JIETKOIJIaBKUX Ta cepeaHboriaBkux. Came cpiOHI HpUIOi - L€ HPHUIoi, 110
MictiaTh 35% Ag. [lo npu3HaYeHHIO NPUINOi PO3AUIIOTh Ha YHIBEpPCAbHI,
CreliaJibHI Ta BaKyyMHI.

Cpib510 yTBOpIOE JIETKOIUIaBKI €BTEKTHKHM 3 OJOBOM Ta CBHHLEM,
CEpEIHBOIIaBKY €BTEKTHKY 3 MIJI0, O€3nepepBHUN psAJ TBEPAUX PO3UYUHIB - 3
najagieM, JOCUTh LIMPOKY OOJacTb TBEPAUX PO3UYMHIB 3 KaaMIEM, IIMHKOM,
MaprasieM Ta oJIOBOM. Lle 103BOIMIO PO3pOOMTH 3HAUHY KUIBKICTH CPIOHHX
MPUIOIB Ta MPHUIIOIB, IO MICTATH CpidJIO, 3 MIMPOKUM J1alIA30HOM TEMIIEpaTyp
IJIaBJICHHS I TAalKW OJHOPIAHUX Ta PI3HOPIIHMX METalliB, PI3HUX CTaJIeH,
CymnepcIiaBiB, KepaMikd. B MOpIBHSHHI 3 MIAHUMH Ta HIKEJIIEBUMH TMPHUIIOSIMU
OCHOBHA TIepeBara CpiOHMX MPHIIOIB IMOJSTaE B MOKIIMBOCTI MPOBEJACHHS Mailku
MIpY 3HAYHO OUTbII HHU3BKHX TEMIIEpaTypax, 110 B 0ararbOx BHUMAAKaxX JO3BOJISIE
YHUKHYTH TOKPUXYEHHS MeTaliB, SKi cnarorTb. CpiOHI NpUMNOi YTBOPIOIOTH
KOPO3IWHOCTIHKI, TUIACTHYHI CMai, 3 BUCOKUM OMOPOM YJIAapHUM Harpy3kam Ta
BiOpaIlii, a TakoXX 3 BHUCOKOIO EJIEKTPONpPOBiAHICTIO. ToMmy cpiOHI mpumoi Ie
TpUBaIMil yac OyAyTh BiJIrpaBaTH IMOMITHY POJIb B TEXHIIl 3'€JHAHHS MaTepiajiB
NAKKOIO. BukopucToBy10TH JIETKOTIIIaBK1 IpUIO1 95%Sn+5%Ag
95.5%Sn+3.5%Ag+1%Cd Tta iHmn a8 nadku kepamikd. Ilpumoi Ha OCHOBI
kaaMmito: 95%Cd+5%Ag, 91%Cd+5%Ag+2%Zn+2%Ni.

Marepianu 1Js1 eJeKTPUYHUX KOHTAKTIB. [Ipu3HaueHHs €NeKTpUYHUX
KOHTaKTIB - 3aMHUKaTH Ta PO3MUKATH EJCKTpUYHE Tojie. B 3amexHoCTi BiA
KOHCTPYKIIii Ta YMOB €KCIUTyaTallii KOHTAKTH MOAUISIIOTh HAa HEPYXOMI, PO3PUBHI Ta
KOHTAKTH, 1[0 KOB3aIOTh.

Cpibmo Ta maTepiaid Ha HOro OCHOBI BUKOPHUCTOBYIOTh, B OCHOBHOMY, B



SAKOCTI MaTepiajiB AJi1 PO3PUBHUX KOHTAKTIB Ta KOHTAKTIB, 10 KOB3AIOTh.

CmiaBu, MO MICTATh Cpi0JI0, BUKOPHCTOBYIOTH [IJIi MaJIOHATPYKEHUX
koHTakTiB: Ag-MeO, Ag-Pd-Mg: Cplln20Mr0,3; Ag-Li,0, Ag-Cu,O, Ag-MgO,
Ag-CaO, Ag-ZnO, Ag-CdO.

Takok BUKOPUCTOBYIOTh KOHTAKTHI MapH:

Ag-C - (Ag-3%C)+HAg-65%W);

Ag-C+Cu ta Ag-C+Ag-W.

MeToau niaBuIeHHsI MilTHOCTI cpidaa. [Topsa 3 TUIIOBUMU ISl METaJliB
(b13MYHUMH BIACTUBOCTSIMU, TAKUMHU SIK €JIEKTPOIPOBIIHICTD, TETUIOMPOBIAHICTh Ta
B1IOMBHA 37IaTHICTh, CP10JI0 MA€E MIITHOCTHI BJIACTUBOCTI, SIKI BU3HAYAIOTHCS HOTO
CTPYKTyporo. /[lnsi migBHINEHHS MIINHOCTI cpibdna ICHYIOTh HACTYIIHI METOIU
3MIIHCHHS:

1) 3a paxyHOK JHCTIOKAIlIN;

2) 3a paxyHOK MEX 3€pEH;

3) mnpu yTBOpPEHHI TBEPAUX PO3UHHIB;

4) 3a paxyHoOK (ha30BUX NEPETBOPEHB;

5) 3MIIHEHHS YaCTKaMu;

6) 3MIIHEHHS TPU apMYyBaHHI BOJIOKHAMU;

7) 3MIIHEHHS TIPU CTBOPEHHI TEKCTYPH.

[Ipu BUKOpHCTaHHI TEPIIMX M'SSITH METOIIB 3MIIHEHHS JOCSTAE€ThCS
O0e3nocepelHbO  3aBIASKA ~ YCKJIAJHEHHIO TPOCYBaHHS  TUCIIOKAaIiid,  SKe
31MCHIOETHCS BHACHIAOK MIJBUILEHHS iX LIIJIBHOCTI, HANpUKJIaA, B pe3yJbTati
XoJloHO1 fedopmariii. 3MIIHEHHS 32 PaXyHOK MEX 3€peH B MOJIKpUCTalax
MOSICHIOETHCA YCKIIaTHEHHSM TIepeCyBaHHs IUCIIOKaIlii B 00J1acTi MEX 3epeH. BoHO
TUM OiJbIlIe, YUM MEHII CEepelHl pOo3Mipu 3epHA. 3MIIHEHHS TMPU yTBOPEHHI
TBEPJIUX PO3UMHIB 3IINCHIOETHCA BHACIIJIOK JOJIATKOBOTO OINOPY KOB3aHHIO B
KPUCTAIIUHIN IpaTIll 3epeH uepes JIOKa130BaHy MOsBY LIEHTPIB BUKPUBIIEHD 1 3MIHU
MPY>KHUX BIACTHBOCTEH MOOJM3Y TOMIIIKOBUX aTOMIB, SIKi 3HaXOISTHCS B TPaTIll
Metany. Da3oBi MEPETBOPEHHS, HAMPUKIIAJ, YTBOPEHHS MAapTEHCUTY, MOXYTh
MPUBECTH 10 BUKPUBJICHHS TPATKH 1 3MIITHEHHS. Y TBOPEHHS HOBHX T'PAHHMYHUX
NOBEPXOHb BHACIIZAOK MEPECYBAHHS IUCIOKAIINA y BIOPSAIKOBAHI rpaTili BUMarae
BUTpAT €HEprii il 3a paxyHOK LIbOIO TaKOX 301IbIIYETHCS MILHICTh. 3MIIHEHHS

YaCTKaMH OCHOBAaHE Ha B3a€MOJIIi JMCIIOKAIli, IO KOB3al0Th, 3 BUIUICHHSMH 1



JAUCTIEPCHUMH YaCTKaMHU, SIK1 JUIOTh SIK MEPETIOHH ISl IPOCYBAHHS TUCIOKALIIM.

3MIIIHEHHS 4Yepe3 CTBOPCHHsI TEKCTYPH OCHOBAHE Ha OPI€HTYBAaHHI 3€peH
MOJIKPUCTATy TAKMM YHMHOM, 11100 MEeBH1 KpucTanorpadiuyHi HampsIMKH B HUX OyJIH
napayiesibHI HanpsIMKy HaIpy>KeHHS, 10 MOTpeOye i TIacTHYHOI Aedopmarrii
OUIBLINX HAMIPYT TEKY4OCTI. 3 TOTOMOT0I0 apMYyBaHHS BUCOKOMIIIHUMHU BOJIOKHAMH
MOXHa e(QEeKTHBHO TOCWINTH ciabKy MeraniuHy wmatpuiro. lle mocuieHHs
OCHOBaHE He IMepelaBaHHI 3yCUIUIS BiJl MATPUIl Ha BOJIOKHA Yepe3 3CYBHI HAMPYTH
10 MixdaszHoi moBepxHi. JuciaokamiifHi peakiii BiAIrpaoTh IpyU HOMY HiAJIETITy
pOIIb.

3MillHEHHs1 3a PaxyHOK AMCJOKauiil. Y BiamajgeHOMYy CTaHl IIUTBHICTH
nuciokauii B Metanax cknagae 10'°-10? em2; xonoxuoro nedopmanicro i MokHA

36umemuTH o 10'6-10'% cm™.

3MIIHEHHS, SK€ OpU LbOMY 3A1HCHIOETHCA,
MPOMOPIIiHE KBAaJAPaTHOMY KOPEHIO BlJ 3arajibHOi UIIUIBHOCTI JUCIIOKAIH.
3aBIsKM BUCOKIM IUIACTUYHOCTI Cpi00 MOKHA JedopMyBaTH Ha XOJIOAHY 0Oe3
NPOMDKHUX BIJNANIB, HAMPUKIAJ, MPOKATKOI Ta BOJIOYIHHAM, 3 OO0KMMaHHSIM
Bute 90%. YacoBuii omnip yucToro cpidia miaBUILYeThCs TpH iboMy Bif 150 MIla
no 400 Mlla, a TBepmicte mo Bikepcy Bigx 30 HV nmo HV>100. BigHOCHE
MOJIOBKEHHS, HaBMaku, 3HWXKYeTbes Big 50% mo 5%. Ilepemara miagBUIIEHHS
MIITHOCT1 XOJIOJTHOIO Je(popMalli€ro CKIIaIaeThCs TEPI 32 BCE Yy TOMY, IO 1HIII
¢13u4HI  BIACTUBOCTI MPU I[bOMY 3MIHIOIOThCS ciiabo. Tak, HampuKkiIan,
€JIEKTPONPOBIIHICTh HE3HAYHO 3HWKYEThCA (<5%) BHACHIZOK PO3CISTHHSA
€JIEKTPOHIB MPOBIIHOCTI Ha JAe(eKTaX IpaTKH, KUIBKICTh SKMX 3pOCTa€ Mij 4ac
X0JIOHOT Aedhopmartii.

Jlyist 6araThoX rajgy3eil BUKOPUCTAHHS € HEBUT1IHOIO HHM3bKa TeMIeparypa
pekpucTamizaiii cpibia, ska B 3aJEKHOCTI B CTYNEHS YUCTOTH MOXKe OyTH
Hk4yoro 100°C. YV BHCOKOUMCTHX cOpTax cpibia Iie¢ MOXKe MNPU3BOIUTH 0
pPEKpUCTATI3alIMHIX SBHII BXKE B PE3yJIbTaTl HATPiBY IIPH XOJIOAHIHN AedopMmaiii.

3MillHEHHS 32 PAXYHOK I'PaHUIlb 3epeH. [ paHulll 3epeH B MOJIKPUCTANL €
nepernoHaMu JUisl MPOCYBaHHS AMCIOKauid. J{uciokalii HaKOMUYYIOThCS Tepea
TPAaHUISIMU 3€pPEH, B PE3yJbTari 4oro jaedopmarlisi yCKIaaHIOEThCs. KpiM Toro,
TPaHUIN 3€pEH MOXYTh JISATH SK JKEpesia TUCIOKAINA 1 COPHUSITH TUM CaMHM iX
PO3MHOKEHHIO TIiJ] 4Yac XOJoAHOi jAedopmaiii. BrmB rpanuis 3epeH Ha

nedopMaliiiiHi TPOIECH TPOSBISETbCS B ICHYBaHHI 3aJIEKHOCTI MEXaHIYHUX



BJIACTUBOCTEH Bl BeananHM 3epHa (pucyHok 10.8 ta 10.9).
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Pucynox 10.8 - 3anexxHicTh BEJIMYMHU 3€pHA CpibJia MICIs peKpUCTali3alli Bijl

CTYTEeHsI MONEePEeaHBOI X0JIOHOT edopmartii
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Pucynok 10.9 - 3anexHicTh MeX1 TEKYUYOCTI Ct cpi0iia BiJl po3Mipy 3epHa
BenuuuHy 3epHa MOMIKPUCTANIIYHOTO Cpidjla MOKHA MOPIBHSHO JIETKO

3MIHIOBATH 3a JIOTIOMOTOIO BIJINMOBITHOT TEPMIYHOI 0OpOOKH.

3MillHeHHSI TIPU YTBOPEHHI TBepAUX PO34HMHIB. B pe3ynbrari yTBOpeHHS
CIUIaBIB, 110 € TBEPJAUMHU PO3YMHAMU 3aMIIEHHS a00 BIPOBAHKEHHS, 3MIHIOETHCS
iX IucnokauiiHa cTpykrypa. biibin Toro, 311HCHIOETHCS B3a€MO/IISI MK aTOMaMu
JIETYIOYUX €JIEMEHTIB 1 AUCIIOKAIIIMH, SIKa MOXKE CYTTEBO BIUIMBATH HAa MEXaHI4YHI
BJIACTUBOCTI TBEPAMX PO3UHHIB.

3MiHa XapakTepy IJIaCTUYHOI JaedopMallii 1 THM CaMUM MIITHOCTI TBEPOTO
pPO3UMHY IiJ] BILUIUBOM aTOMIB JIETYIOUMX €JIEMEHTIB 3A1MCHIOETbCA 3a JIBOMaA

MEXaHI3MaMU:

a) 3aKpIIUICHHS JUCIOKAIM B pe3ysIbTaTi IePepo3noaiTy aTOMIB JIETYIOUHUX



€JIEMEHTIB y 1X OTOYEHHI;

0) mepenIkoaa A MPOCYBaHHS JUCIIOKAIlH BHACIIOK MTPUCYTHOCTI aTOMIB
JIETYIOUUX €JIEeMEHTIB.

OOuaBa MexaHI3MHM  YCKIAIHIOIOTH IIACTUYHY  jAedopmalliio, sKa
BHPAKAEThCS TEPI 3a BCE y IMiBHINEHHI MeXi TEKY4OCTi i 4acoBOro omopy. Ix
MOKHa TOSICHUTH €(PEKTOM B3a€EMOJIi MK TUCIOKALIAMUA 1 aTOMaMH JIETYIOUUX
eneMeHTiB. HalOinpmmii BIUIMB 3A1MCHIOIOTH TMPH LBOMY TMPYXKHI B3a€MOJI1
BHACIIJIOK BUKPHUBJICHHSI KPUCTaN4HOI TpaTtku. KpiM Toro, Ha mnepemillleHHs
JUCIIOKAI} 311MCHIOIOTh BIUIMB XIMIiUHI 1 €JIEKTPUYHI B3a€EMO/IIT , sIKI OOyMOBJICHI
BaJICHTHICTIO PO3YMHEHUX aTOMiB. [IiIBUIIIEHHST MEX1 TEKYy4OCTI IPHU J0OABJICHHI
1% at. neryro4doro ejaeMeHTa 0yJie TUM CHIIBHIIITUM, YUM O1IbIIE BIAPI3HIETHCS 1IEH
€JIEeMEHT aTOMHUM paJlycOM YM BaJEHTHICTIO BIJ MaTepianxy mMaTpuii. TBepaicTh
cpibJia TakoK MOKHA €(PEKTUBHO MIABUIIUTH 3 JOIIOMOTOIO JIETYI0UMX J100aBok. Ha
pucynky 10.10 HaBenmena 3ayiexkHicTh TBepaocTi no Bikepcy HV cpibna Bifg
KOHIIEHTpAIIil JIETYIOYUX €JIEMEHTIB Y MOJABIHHUX CHCTEMaX.

CmnaBu Ag-Cu 3 BmictoM Mimi Big 3 g0 50% (mo maci) MIKUPOKO
BUKOPUCTOBYIOTH MEpII 32 BCE B KOHTAKTHIA TEXHILi, NpPUYOMY, HalOUIbLIE

3Ha4YeHHs Mae cruiaB Ag-3%Cu, BiIOMHI i HA3BOIO «TBEPIE CPiOIO».
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Pucynox 10.10 - 3anexuicts TBepaocti HV cpibrna Bij KOHIIEHTpAIIii JIETYIOYHX
€JIEMEHTIB B CILIaBi
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Ha pucynky 10.11 naBeneni 3nauenHst Teepaocti HV Big ctynens

X0JI0HO1 Aedopmartii nesakux crasiB Ag-Cu.
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Pucynok 10.11 - 3anexnicts TBepaocti HV cmnasiB Ag-Cu Big ctyneHs
xosioHo1 Aedopmartii €, %: 1 - Ag; 2 - Ag-3%Cu, 3 - Ag-5%Cu,
4-Ag-10%Cu; 5 - Ag-20%Cu

3 nmomomoror 100aBOK IHIIUX EJIEMEHTIB JO0 IMX CIJIaBiB MOYKHA TMpHU
OJIHAKOBOMY BMICTI cpi0jia OTpUMAaTH BUCOKI 3HAYEHHS TBEPAOCTI 1 MIIIHOCTI. Tak,
Hanpukian, crab 90% (o maci) Ag, 5% (o maci) Cu 3 1o6aBKaMu IIMHKY, 0JI0Ba
1 iH71r0 Mae pubm3Ho Ha 20% O1IBIIT BUCOKI 3HAYCHHS TBEPIOCTI 1 MIITHOCTI, HIXK

BinmoBinHui moABiMHUN crmaB Ag-10%Cu. lleit cmiaB roJIOBHUM YWHOM

BHUKOPHUCTOBYIOTH AJIsI BUT'OTOBJICHHA I-OBeJ'IipHI/IX IIpuKpac.



10.2 30.10TO TA ¥iOT0 CILIABU

30s10T0 B mpupoai. BMicT 30510Ta B 3¢MHIi KOp1 32 JaHUMU PI3HUX JKEPEI
cknagae Bix 1 1o 6*107%, To6T0 npubnusno y 20 pasis MeHie, Hixk cpibma iy 200
pa3iB MeHIIIe, HiX pTyTi. BMICT 30510Ta y MOpSIX 1 OKeaHaX OI[IHIOETHCS BETMYNHOIO
Oomuspko 10'° TOHH, MPHMOMM3HO CTINBKKM X - B piUYHMX i MiA3EMHHMX BOJAXx.
[linpaxoBaHo, 110 pika AMyp y pik BUHOCUTH Oiisl 8,5 TOH 30J710Ta. Y JIOJCHKUX
Bosiocax Mictuthes 10 430%10°%, y 3y6ax - 20%¥10°%, y Myckynax pu0 3Ha4HO
meHiue - 0,12407%.

B npupoai 3070T0, TOJJOBHUM YMHOM, 3HAXOAUTHCS Y CAMOPOJKOBOMY BH/II 1
sBJIsie COO0I0 MiHEpal, 110 € TBEPAUM PO3UYUHOM Cpibiia y 30J10Ti, IKUI MICTUThH J10
43% cpibna 3 moMilIKaMH 3aji3a, CBUHINIO, HE YacTO - BICMYTY, PTYTi, IUIATHHH,
MapraHilo, CypMu 1 IHIIUX eleMeHTIB. He dYacTo 3ycTpivyaroTbes pi3HOBUIU
caMopoJHOro 3ojoTa: kymnpoayput (Ouist 20% Cu), Bicmyrtayput (4% Bi),
nporeprut (8,2 - 11,6% Pd), pomut (11,6% Rh), ipumicre 30moto (30% Ir 3
nomimkamu Pt, Ag, Fe), mnatunicre 3omo0to (10,5% Pt+lr), amaneramun AuHgo,
Au2Hg, AusHg 1 XiMi4H1 CIIONTYKH - CEJICHIIN 1 TeTYPIiIu.

Jlo martepiamiB, IO MICTITh 30JI0TO, BITHOCSATHCS: CaMOPOJKOBE 30JI0TO,
€JIEKTPYM, MIJUCTE 30J10TO, TEIYPUT 30JI0TA - KOPHEPUT, KAITABEPUT, CUJIbBIHIT 1 1H.
Po3pi3HsII0TH KOPIHHI POJIOBUINA, J€ 30J0TO 3HAXOAUTHCS y BUIJISII BKIIOUYEHDb B
pyIHi Tina, po3cunu. OCTaHHI YTBOPIOIOTHCS B PE3YIbTAaTI PYHMHYBAHHS KOPIHHUX
POJIOBHUII, BUHOCY 30JI0TA Pa30M 3 MOPOJOI0 MPUPOJTHUMH BOJAMU 1 BIAKIAJACHHS
H0T0 B JOJIMHAX PIK Ta CTPYMKIB.

CamopoikaMu MPUKWHATO HA3WBATH MPUPOJHI KYCKA METaJiB Macoro Ois 5-
12r 1 po3mipoMm y mnomnepeuHuky Oinpiie 4-5 M. HaiikpymnHimi camMOpoaKu
OTPUMYIOThH IMEHA 1 30€pIraloThCsl B My3€sX.

3a po3MipaMu CaMOpPOJKOBE 30JI0TO MOAUIIIOTH Ha ToHKoaucmepcHe (1-5

MKM), iusieBugHe (5-50 Mxm), npione (0,05-2 Mm) 1 kpymHe (OUTBIIE 2 MM).

Yactku Macoro Oinbie ST BIAHOCATH 10 caMOpoKiB. YacTo caMOpOIKOBE 30JI0TO
KOHIIGHTPYETHCS B TIAPOTEPMATILHUX poaoBUIax. HalG1abImmii caMopo 10K 30710Ta
B Pocii Baroto 36kr 0yB BuHaiinenuil y 1842 poui Ha Ypani B Oaceitni piku Miacc
mactepoBuM Hukudopom CrOTKIHUM.

30JI0TOHOCH1 POIOBHIIIA TOAUISAIOTH HAa KOP1HHI Ta po3cumHl. KopiHHI SIBISIOTH



co00I0 KWJIM, CUCTEMH >KHJI, TOKJIAJAW 1 30HU MPOKUIIKOBO- BKPAILJICHUX PYA
JOBKMHOIO BiJl JECATKIB 0 TUCSY MeTpiB. Po3cumHi pomosuiia ¢popMyBaiuch B
mporieci pyWHYBaHHS Tip, 3a PaXyHOK BHHOCY YacTOK 30JI0Ta BOJaMHU PIYOK.
OcoOnmuBuii  TUN  pOAOBHIN - MeTaMopdoBaHi PO3CUNHM  (30JIOTOHOCHI
KOHTJI0oMepaTH). Jlo bOTO TUITY BIHOCHUTHCS M HAMKPYIHIIIE POJIOBHIIE B CBITI
“BirBarepcpann”’ B IIAP (B IliBaenniii adpukanchkiil pecmyOmimi) 3 3amacamu
30J10Ta B JACKIJIbKa JECATKIB TUCSY TOHH MPHU KOHILEHTpauii Aparmerany 11,2 T Ha
TOHHY PY/IH.

30JI0TO € OJHHM 3 NEPIIMX METaTiB, BIJOMHUX JIFOAWUHI TOPSA 3 MIIIIO,
3ai30M Ta cpibiaoM. B geskux kpaiHax MiJlb Ta 3130 BUHAMIILIK paHiIle, HIX
30J10T0. TOMy JesKi TJIeMEeHa Ha3UBaJIU 30JI0TO «YEPBOHOIO MiJIJII0» a00 «KOBTUM
3a130M». Y JaBHUHY 30J0TO BUKOPHCTOBYBAJIM JJii BUTOTOBJIEHHS 30poi Ta
IPEIMETIB JOMAITHHOTO0 BUKOPUCTAHHS MOPS 3 MIJIIO, i TUIBKK OKpEeMI IIPEeIMETH
BUTOTOBJISLIU 3 3aJ1i3a.

VY npeBHbOMY €TUMNTI 321130 HA IEBHOMY €Talll HIHWJIOCS BUIIE 30J10Ta.

BaacruBocti 30/10Ta. ATOMHUN HOMEp 30J0Ta - 79, atomHa maca - 197,
aromuuii 00'em - 10,2 cm’/monb. IIpupoAaHe 30I0TO MOHOI30TOIHE Ta B
HOPMAaJILHUX YMOBaX 1HEPTHO JI0 OUTHIIOCTI OPTraHIYHUX Ta HEOPTAHIYHUX PEYOBHH.

®Dizuko-ximMiyHi BjaacTuBocTi 30s10Ta. 30m0T0 Mae I'TIK rparky ta He
MEePETEPILTIOE AJTOTPONIYHKX NepeTBOpeHb. [locTiiiHa rpatku a ckinanae 4,07855 A
npu 25°C, mo Bignosimae 3HadeHHIO 4,0724 A mpu 20°C. Ilpu 0°C a=4,07 A.
Enepris kpucraniunoi rpatku gopisaioe 345%10° ]Ik, miniManbHa MiXaToMHA
Bigctanb npu 20°C nopiBHioe 2,884 A. IlinpHICTH 305I0Ta NpU KIMHATHIN
TemnepaTypi npubnusao 19,3 r/cm®. Temneparypa masnennas 3o0ta 1064°C, npu
KiMHATHi#! TeMneparypi KoedilieHT TepMidHOro posmmpenns a~14,43*1()® rpan.™!
Ta MaJIo0 3MIHIOETHCS 3 TIIBUIIECHHSAM TeMIiepaTypu. TemionpoBiiHICTh 30710Ta X
npu 20°C ckianae 0,734 xan/(cm*cex*°C) Ta Majgo 3MIHIOETHCS 3 T1ABUIICHHSIM
TtemriepaTypu. TernoeMkicTs Cp Mnpu KIMHATHIN TeMIiepaTypi CKiaaae npruoIn3Ho
100 kan/(monp*°C). 3 migBuieHHsaM Temneparypu Cp 3o070Ta 3pocTae. JJoMImKu:
Fe, Mn, Si, Mg, Ag, Cu, Pd, Al, B, Ti - miaBUIIYIOTh TEIJIOEMKICTh 30JIOTA.
[MTuromuii enexrpoorip Pau mpu kiMuatHi# Temneparypi cknagae 2,25 MkOm*cwm. 3
i BUIIICHHSAM TEMIIEPATYPH Pay 3pocTac. [Ipu Temneparypi miasneHnHs P TBepaoro

30j10Ta  JopiBHIOE  mpuOmm3zHo 13,68 wMxkOwm*cm. Ilpu  posmiaBneHH1



criocTepiraeTbes cTpubok Pauy 2,28 pasu. Yci sneryrodi 100aBKH MPU3BOAATE 10
3poctanHsi Pau. Enextpoomip 3050Ta, BiAMaJieHOro Ha TMOBITPi, 3pOCTaE 3
MiBUIICHHAM TEMIIEPATYpPH, a BIAMAIECHOTO Y BaKyyMi - 3HUKYETHCSI.

Pentrenorpadiuyni BUMIpHM MIIJIBHOCTI Yy TMpU KIMHATHIM Temmeparypi
nokasayu 3HadeHHs 19,299 r/cm’.

Brims THCKY Ha LIUIBHICTB 30JI0Ta MOKa3aHUi Ha pucyHky 10.12.
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Pucynox 10.12 - BriiiuB TUCKY Ha HIUIBHICTH 30J10Ta

Benuki po3XomKeHHs ICHYIOTh y BH3HA4YEHHI TeMIlepaTypu IUTaBICHHS
3o510T1a - Big 1062,7°C no 1067,4°C. Ak npaBuio, TeMiiepaTypy IIaBICHHS 30J10Ta
BBaxaroTh piBHOIO 1063-1064°C. BigHOCHO TeMIiepaTypH KUIIIHHS 30JI0Ta TAKOXK €
po3xokeHHs. B3arani BBakaeThes, 1110 BoHa ckiangae 2808°C.

MexaHiuHi BJacTHBOCTI 30/10Ta. J[J11 YMCTOro 30J10Ta XapakTepHI HU3bKI
3HaueHHs cg=130-133 MIla Ta Bucoki 3HaueHHs 5=50%.

3MiITHEHHST B MPOIIeC] MIacTUYHOI AedopMmallii ayke HE3HauHE BHACHIIOK
CXHJIBHOCTI 30J10Ta 10 PeKpHUcTam3alii B mpoieci aeopmMyBaHHs. 3 M1IBULIIEHHSIM
TEeMIIepaTypH i cp (Mexa MiITHOCT1) ¥ E (MOyib IPY>KHOCTI) 30710Ta 3HUKYIOTHCSI.
Jleryroui 1o0aBKH MiABUITYIOTh MEXY MIITHOCTI (Cg) 30y10Ta (pucyHok 10.13).

10 BiacoTkiB cpibia MiABHUILYIOTh MEXY MilHOCTI 30J01a 31 130 MIla no
170 MIIa, 10 BigcoTtkiB ko0aibTa - 31 130 MIla no 500 MIla, 10 BiCOTKIB HIKEIIIO
- 31 130 MIla o 430 MI1a.

JIst yucTOoro 30JI0Ta XapakTEepHA HU3bKa TeMIepaTrypa peKpucTaizailii.
3071010 yncToTor0 99,999 31 cTynenem nedopmariiii 99,99% pexpucrtanizyeThes BKe
Mpy KIMHATHIA TemriepaTypi. Jleryioul eleMeHTH BIUIMBAIOTh HA TEMIEPaTypy

peKpHcTai3allii 30710Ta, 0co00IMBO €(heKTUBHO BIUTMBAIOThH N00aBku Bi, Al, Si, Sb,



Ni. He 3aiiicaioroTs BrummBy - Cu, Ag, Pd.
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Pucynox 10.13 - BiuiuB neryrouux eJIeMeHTiB Ha MEXKY MIIIHOCTI 30J10Ta

SAnepui BaacTuBocTi 30s0Ta. Bigomi 22 pagioakTUBHUX 130TOMH 30JI0Ta

(tabmuug 10.1), a1 MOKYTh OyTH OTpUMaHi OOMOapTyBaHHSAM HEUTPOHAMH,
197
MPOTOHAMH, a-4aCTKaMH, Y-TIPOMEHSIMH MimeHerd 31 CTIMKOI'o 13otomy Au

MIPUPOJIHOTO 30JI0TA.

Tabnuys 10.1 - [3omonu 3010ma

I3oTon | Ilepion HamiBpo3nany | Bua BumpomiHeHHSs [TpoaykT po3naay
1 2 3 4
183-184 A1 276 c K-3 -
185Au 420 ¢ K-3 185p¢




IIpooosocenns mabauyi 10.1

1 2 3 4
186 Au 720 ¢ K-3 Pt
187 Au 900 ¢ K-3 Pt
188 Au 600 c a,p’, K3 1841y, 183pt
139Au 2520 ¢ y APt
190Ay 2700 ¢ K-3 190p¢
PlAy 3ron K-3 oA
92Au 4,1 ron K-3, p* 192p¢
193A, 39¢ "Pt
9%4Au 18 ron K-3 Pt
9%4Aq 39 ron K-3 “Pt
BSAu 3lc K-3,y 195pt

185 mi6 K-3 195p¢
196 Ay 13 ron P APt

5,55 mib K-3 Pt
97Au 7.4 c 197p¢
5AY 2,69 1i6 o 198y
99 Ay 3,15 ni6 P “Pt
2007y 2880 ¢ p °Pt
20Ay 1560 ¢ P 20Tpg
WAy 25¢ . 202py
2B Ay 55¢ P
20 Ay 25 ¢ - i

CTaGinbHIM i30TOIOM 30J10Ta € TLIBKH OJHMH 3 MacoBUM uucioM 197. Moro
AJIpO CKIIaaeThes 3 79 mpoToHiB 1 118 HEUTPOHIB 1 79 eneKTpOoHIB Ha OPOITI.

Haii611b111 BaXKITUBOIO SEPHOIO PEAKIIIEI0 PUPOTHOTO 30JI0TA MPU HU3BKIN
EHeprii € 3aXBaT I1aJIaF04Y0r0 €JICKTPOHA 3 BUIIPOMIHEHHSM y-TIpoMeHiB. [1pu ripomy
YTBOPIOCTHCA pamgioaktuBHui i30oton 'Au mo peakuii 7 Au (n, y) 'SAu
EdexTuBHa mmioma MimeHl mpu I SAEpHIA peakilii Mae BEIUKUN PO3KUI
BEJIMYMHHU B 3aJICKHOCTI B1JI €HEPrii eJIEKTPOHA, 110 TPUETHYETHCS.

Haii6inp1 BaXJIMBUMH 3 TOYKU 30py BUKOPHUCTAHHS B HAyIll Ta TEXHII €
pamioakTuBHi i30Tomu 3051012 8Au i ?Au. I3oton " Au Mmoxe 6yt oTprManuii B
pe3yabTaTl HAaCTYIHUX PEAKIIi:

197Au(a, p)198Au; Pt(pn)lgSAu; 198Hg(n, p)198Au



[Ipu ompomiHeHHI yTBOPHOEThCA TakoX 10 20% IO aKTUBHOCTI 199 198 199
PamioaKTHBHOIO 130TOIy Au 1o BTOpUHHIM peakuii Au(n, y) Au. I3oton '"Au mae
nepiof HamiBpo3naay 2,69 nid 1 po3nagaeTscs Ha TpU IpynHu P-4acTok i y-KBaHTIB 3
pisanmu  eHeprismu, meB: p;=1,381, y;=1,087; p»=0,957, y»=0,677; P3=0,290,
y3=0,412.

IcHye Takoxx MeToj 30arayeHHs paJlOaKTUBHUX aTOMIB 30JI0Ta, 30KpeMa, B
pe3yNbTaTi ONMPOMIHEHHS HEHUTPOHAMH CIPKYBAaTHUCTOrO 30i0Ta 3 pryTTIo. [licis
BIITOHKH PTYTI OTPUMYIOTH 30J0TO, OLJbII aKTHBHE B TMOPIBHAHHI 3 30JI0TOM B
OTIPOMIHEHOMY CHOJTy4YCHHI.

PanioakTuBHI 130TONHM 30J10Ta 3HANILIN IIMPOKE BUKOPUCTAHHS B MEULIMHI 1151
JIarHOCTUKH Ta Teparii pi3HUX 3aXBOPIOBaHb, Y TOMY YHCII1, 37TOSIKICHUX MTyXJIUH.

Kopo3sis 30/10Ta Ta iioro crmuiaBiB. Kopo3siiiHa CTIMKICTh 30J10Ta MpPH BIUIUBI
PI3HUX KOPO3IMHHX CEepeloBUI € Iyke BUCOKO. OmHAaK, MpH TEBHUX YMOBax
CIIOCTEPIraeThCsl KOPO3is 30J10Ta B JIEAKUX KUCJIOTaX, Jyrax, po3MjaBiIeHUX COJSIX, a
TaKOXX B CEepeloBHILI raynoreHiB. Hampuxman, cipuaHa Kuciora Hpu OyJb-sKHX
KOHIICHTpAIliSIX HE BIUIMBAE HA 30JI0TO MpHU Temreparypax Hiwkuye 250°C. Ane npu
MIJBUILIEHHI TeMIepaTypu Koposis crtae nomiTHow. CeneHoBa kuciota (H2SeOs)
po3'izae 30J10TO MPU BUCOKIM KOHIIEHTpALIi Ta MiABUILEHINA TeMIiepaTypl.

30710TO MIBUAKO PYHHYETBCS B pPO3UMHAX «LAPCHKOI BOAKW», ajieé IpHU
B1JICYTHOCTI CHJIBHUX OKHCJIFOBa4iB KHUIIAYa (PTOPUCTOBOIHEBA KUCIOTA HE 3/I1MCHIOE
BILJIUBY Ha 30JI0TO.

30J10TO € CTIMKUM y pO3UMHAX OUIBIIOCTI JYT MPHU OYyIb-SIKUX KOHLEHTPALsAX 1
TeMmnepaTrypax. 30JI0TO JIETKO PO3UYMHAETHCS y pi3HUX piakux metanax: Na, K, Sn, Bi,
Ga, Ta, Pb. He Bukiukarouu moripiieHHs KOPO31WHOT CTIMKOCTI MpHU KIMHATHIN
TEeMIlepaTypi, 30JI0TO MOXKHA JIETYBaTH JIOCUTh BEJIMKOI0 KUIBKICTIO cpibia abo
HeOJaropoHOTO METaly.

Brnuius Jieryrouux 100aBOK i JOMIIIOK HA BJACTHBOCTI CILUIABIB 30J10TA

Metaau. Hikeab. 30710TO 1 HIKEIh MaIOTh HEOOMEXEHY PO3YHMHHICTD Y PIJIKOMY,
a MPY BUCOKUX TEMITepaTypax i B TBEPAOMY CTaHax. TBep/ii pO3YMHU CIUIABIB CUCTEMH
30JI0TO-HIKEJIb MalOTh TPaHEIICHTPOBAHY KpUCTaIiuHy rpaTky. CIijiaBu 3070TO-HIKEb
MICTATh MiAb y KuibKOoCcTi 15 Ta 20% mno maci craBy (ar. gons 37-46%), npu
temnepatypi 950°C na aiarpami Al-Ni-Cu € MiHIMYM, IKUH 00YMOBJICHHM TEPETUHOM
JIHIN JIKBIIYC 1 COMIAYC.

[Ipn oxomomxenHi criaBiB Hwkue 820°C mpoxoge po3maa TOMOTEHHOTO



TBEPJIOTO PO3YMHY Ha CYMIIl TBEPAMX PO3UYMHIB HA OCHOB1 30JI0Ta 1 HIKENIO.
JleryBaHHsI 30J10Ta HIKEIEM, a TaKOX SIK 1 HIKETIO 30J0TOM, CYIPOBOKYETHCS
MiBUIICHHAM TBEPAOCTI METaIy, SIKWH JEeTy0Th. Hikenb rapHO pO3UMHSAETHCS B Mif,
a B cpiOJi BiH MPaKTUYHO HE PO3UYMHAETHCS. Hikeab BXOAUTH 10 CKJIAJy MEHII
0JIaropoIHOTO, HIXK 3 TMajiaieM, OLJIOTO 30JI0Ta CUCTEMH 30J10TO-Mijb- HIKEIb-IIUHK.
Jlns HajmaHHS CIIaBy O1I0OT0 KOJIBOPY JOCTAaTHBbO BMICTY B ciiaBi Bij 10 mo 14%Ni.
Maxkcumym 017100 KOJBOPY JocsiraeThes npu 17% Hikeno, ToMy HOro 10AaioTh 10
CIUTaBiB 30J10Ta 585 mpobwu 171t OTpUMaHHSI OUTBII JACTIEBOT0 HEOIArOpoTHOTO 01710T0
30J10Ta.

Uepes pizHE BIJHOIIECHHS JIETYIOUMX METANB CIUIaBY JO HIKEII0, BUHUKAIOThH
3HAYHI TPYIHOII IpH OOpOOIll IMX CIUIABIB, SKI YCYBalOThCA J00aBKaMU IHIIHUX
MeTaJjiB, HaPUKJIAI, IIUHKY.

B3zarani, He6naropoane Oijie 30JI0TO Ma€ HACTYIHI HEJIOTIKHU:

1) TBepIiCTh 1 MIIHICTH CIJIaBIB HACTUIBKU BEJHUKI, 110 iX 00poOKa BUKIIUKAE
3HA4H1 TPYAHOIII;

2) mpu BiAMali CIUIaB JIETKO OKUCIIOETHCA 1 TOMY IMOBHHEH IMOKPUBATHCH,
HaIpUKJIad, OOpPHOIO KUCIOTOMO;

Hananiii. 3010710 1 NaNaa1ii MarOTh HEOOMEXEHY PO3UYMHHICTb SIK B PIAKOMY, TaK
1 B TBEPJOMY CTaHaX.

Bwmict 16% Pd nocrathiii nist Toro, mo6 crijiaB 30J0Ta MaB MPUEMHUN O171Hi
KoJip. bine 301010 3 mo0aBkaMM Tanalil0 MEPEBUINYE 3a BJIACTUBOCTAMH CIUIABU
30J10Ta 3 HiKeJeM 1 € 0TI OJaropogHuM. bine 30510TO Ha OCHOBI Mayiait0 € OUIbIII
JOPOTHM, HIXK 30JI0TO Ha OCHOBI HIKENIO, aje Mae psij nepeBar: Mae OuIbIl BUCOKY
TJIACTUYHICTD, OLTUH KOMip OUIBIT CTIMKUN TP HATPiBi.

KobGanbT. Ha BigmiHy Bij 3ai1i3a 1 HIKENII0O MEXEBa PO3UYMHHICTH KOOAJIBTY B
30J10T1 HEBENMKA 1 ckiazae juiie 23,5% mpu eBTeKTHUHIN TemmepaTypi 996°C, cuiibHO
3HmKyounch 10 <0,2% nmnpu TemmepaTypi, sKa HaOJIMKAeTbCcsl A0 KIMHATHOI.
MakcuMasibHa PO3YMHHICTH 30JI0Ta B KOOanbTi jgocsirae 2,5%, NMpU €BTEKTUYHIN
TeMriepatypi BoHa ckianae 1,9%, npu 400°C - 1,1%.

Husbka pO3YMHHICTH BKa3y€ Ha MOXJIIUBICTh BHUKOPUCTaHHS KOOAJIbTY IS
3MIITHEHHS 30J10Ta. 3 I[1€10 METOIO HOTO BBOASTH /10 CKJIATY 30JI0TUX €JIEKTPOTITIB JJIs
OTPUMAaHHS TBEPJIUX IMMOKPUTTIB.

Inagiii. Broiepme BigomocTi mpo jaiarpamy cTtaHy cucTeMd Au-In MicTSThCsS B

po6oti O. Kyb6ameBcbkoro. Bin BkazyBaB Ha yTBOpeHHs I'siTu cronyk: Aulnz, Auln,



Aurlns, Ausln, Ausln. Ilotim 3'sBuiHcCst laHi TIpO ICHYBaHHS cHojiyku Ausln, sika
YTBOPIOETHCS B pe3yibTaTi neputekTuyHoi peakiii mpu 400°C. MexoBa pO3UYUHHICTb
1H/IIT0 B 30JI0T1 B TBEPAOMY CTaHi ckiamae 9%.

EBrektrunuii craB  Au-In BUKOPHCTOBYIOTH B AKOCTI MPHUIIOKD A
HU3BKOTEMIIEPATYPHOI MMaliKU €JIEMEHTIB €JIEKTPOHHOTO 00JaHAHHS.

Hunk. Po34ynHHICTS IMHKY B METajlaX MOTPIMHOI CUCTEMU CKJIA/Ia€: B 30JI0TI 10
4%, B cpibai 1o 20%, B mimi 10 40%. Yucte 3010TO yTBOPIOE BXKE 3 5% Zn KPUXKY
CHONYKY AusZn, sika HE yTBOPIOETHCS B IOTPIHOMY CIIJIaBl Uepe3 PO3UMHHICTD [IUHKY
B Miji. /Jlo6aBka JEKITBKOX JMECATHX BIJICOTKA ITMHKY B po3iuiaB cucteMu Au-Ag-Cu
nepe1 pO3IMBKOIO 3/IIHCHIOE PO3KHUCIIOIYY IO 1 MIABUIILYE PIIMHOTEKYYICTh CILIABY.
3aBasku 100aBKaM IMHKY JI0 CIUIaBiB 30JI0Ta YEPBOHOTO KOJIBOPY, OCTaHHI HA0YBaIOTh
’KOBTOTO KOJIbODY.

V¥ cnaBiB 3010ta 333 mpoOu neBHa J00aBKa LUUHKY 3HAYHO IIJIBHILYE iX
CTIHKICTB MPOTH CIPKH 1 CIPUUCTUX CHOJYK.

[{uHk Mae BedMKe 3HAYEHHS MPU BUTOTOBJIEHHI mpuroiB. HeBemuki qo0aBku
[IMHKY 3HaYHO 3BYKYIOTh 00JIaCTh TUIABJICHHSI TOTPIMHOTO CIJIaBy. BBeIeHHS IMHKY B
cruiaBu OutorOo 30510Ta cucTeMU Au-Cu-Ni poOUTh 1X OLIBII TEXHOJIOTTYHUMH, 3HHKYE
TEeMITepaTypy TUTABJICHHSI, 3SMEHIITY€ TBEPAICTb.

Kaamiii. 301010 po3unHsie B cobi B TBepaomy ctaHi 10 20% kammiro, cpibio -
Buiie 30%, MiJIb - MPaKTUYHO HE PO3YMHSIE KaaMii. 3aBsKku J0OaBKaM KaJMIiI0 CIUIaBU
Au-Ag 3eneHoro Koiapopy HaOyBarOTh OUIBII IHTEHCHBHY OKpacky. Kammiii e
OlnbIe, HIXK IMUHK, 3HWXKYE O0JacTh IUIaBJIEHHSA MOTpPiliHOT cuctemu. CymicHe
BBEJICHHS LIMHKY 1 KaM10 OUIbII ICTOTHO 3HUKYE TEMITEPATypy IJIABJIEHHS NOTPIAHOT
CUCTEMHU, HIK MPHU BBEICHHI X OKPEMO.

mHK 1 KaaMii - BaXKJIMBIII TPUCAT0YHI MaTepiaJIH JUIsl BATOTOBIICHHS IPUIIOIB
0JIarOpoTHMX METAIIB.

Cniz BIIMITUTH, 110 NPY BBEICHHI B CIIaBH 30J10Ta O11bine 4%7Zn 1 20%Cd npu
BIIKpUTIM TUJIaBII 1 PO3JMBLI Ha MOBITPl, BOHU YTBOPIOIOTH OKHUCIH, SIKI MILHOIO
TUTIBKOIO MOKPUBAIOTH BIUTMBKY 1 pH HedopMarltii mpu3BOIATh 10 MU(EPHOTO 370MY.

Amiominii. IlmacTuuHICTE 1 CXWIBHICTE OO0 IMOTHbMSIHIHHS CIUIABIB 30J10Ta
30UTBIITYE€THCS YePEe3 MPUCYTHICTH B CIIJIaB1 HE3HAYHOT KIJIBKOCTI almoMiHito. OHaK, siK
TUTBKM KUIBKICTh QJIOMIHIIO TEPEBUIILY€E PO3YMHHICTH Horo B cpibmi 1 wmiji,
YTBOPIOETHCS (hi0eTOBA KpUXKa criofiyka AusAl - “ameTucToBe 3070T0”. AJOMIHIN

J1€ SIK JIETYIOUUH €J1eMEHT (PO3UMHSAETHCS B CILIABI), 1 IK PO3KUCIIIOBAY (OUMIIY€E METAT



BiJ1 Ta3iB 1 3akuCi Mif1). OCKUIBKY B Pe3yJIbTaTi PO3KUCIICHHS B PO3ILJIaBl 3aIUIIAETHCS
okuc amomiHito Al20O3, moBepxHsa Mmetany mnoripuryeThest Bxke npu 0,01%Al, a mpu
0,05%Al1 mpokar mae 3HauyHi nedeKkTH ToBepxHi. ['paHMYHO TOMYCTUMHI BMICT
amoMiHilo B criaBi 31CpM583-80 nopiBHioe 0,005% mo maci, 1o BiJNOBIIA€E
MaKCUMaJIbHOMY (haKTUIYHOMY BMICTY aIIOMIHIIO B METaJll IIEHTPaTi30BaHOi TOCTABKHU.

Ou0Bo. Jlie Ha MEXaHIYHI BIACTHBOCTI y TOMY  HAIpPSMKY, 110 ¥ adtoMiHii, i
TeX TMOTIpIIye SAKICTh MOBEpXHI MeTany. BcTaHoBineHa Mmexa BMICTYy B CIUIaBax -
0,005% mo Mmaci.

CrnaBu Au-Ag-Cu MOXYTh PO3UHMHHUTH B cO01 0€3 MOMITHOI 1Ikoau 10 4% oJioBa.
Kpuxxkicth crjiaBiB 30J10Ta yepe3 3a0pyJHEHHS iX OJIOB'STHUMHU MPUIIOSMUA BUHUKAE
BHACJIIIOK MMPHUCYTHOCTI B IIPHUIIOT CBUHIIIO, @ HE 0JI0BA. SIKIIO KUJIBKICTh 0JIOBA B CILIaBI
nepeBulrye 4%, TO yTBOPIOETHCSI OKKUC 0JI0Ba, IKUW IPHU TBEP/IHHI PO3TAIIOBYETHCS
10 MEXax 3€peH 1 pOOUTH CIJIaB KPUXKHUM.

CBuHenb. Jlexinpka AecATUX JOJIeH BIJCOTKA CBUHIIO JOCUTH JJIs TOTO, II00
yTBOpUJIAcs Kpuxka crosiyka Au2Pb. BoHna po3ramoByeThcs o Mekax 3epeH 1, Tak siK
crnoyiyka 1iaBuThes nipu 418°C, To criaB He mignaeTbes 00pooii Tuckom. CBUHEIb
MO3K€E MOTPANUTH B CILJIAB 31 CBUHIIEBUCTUX MPHUIIOIB a00 3 MIAKIAJOK MPU BUKOJIOTI
penbedy.

3amizo. Yepe3 BUCOKY TeMIiepaTypy IJIABJICHHS 1 JIETKE OKHCIICHHS 3alli3HI Ta
CTaJbHI YaCTKW, MO0 TOTPANWIM B CIUIaB 30JI0TA, MPUCYTHI B HBbOMY Yy BHUIJISII
CTOPOHHIX BKJIIOYEHb. [[i BKIIIOUEHHS HE 3IACHIOIOTH SIKOTO-HEOYIlb BIUIMBY Ha
BJIACTUBOCTI CIUIaBYy IMpH OOpoOIll MOro TUCKOM, ajie 3HAYHO MOTIPIIYIOTH 00POOKY
MeTajy pi3aHHIM 1 IpU JOBOJIOYHUX ONEPALISX.

3rimzno 3 I'OCTom 6585-72, BMICT 3aji3a B 30JJOTHX CIDIaBaX, IO
BUKOPHCTOBYIOTHCS B FOBEJIIPHIN TIPOMHUCIIOBOCTI, HE MOBUHEH TiepeBuiiryBatu 0,18%.

Hemeranu. KpemHiii, Mun'sik, CBUHellb, BICMYT YTBOPIOIOTH 3 30JI0TOM KPHUXKI
IHTEpMETAIIUHI CTIOIYKH, SIKI BUAUISIIOTCS Y BUTJISAI €BTEKTUKHU 1O Mexax 3epeH. Lli
TBEPJ1 BUIIJICHHS HACTUIBKM 3HIKYIOTh TUIACTUYHICTH CIUIABY, IO BXKE JEKIIBKOX
COTHX B1JICOTKA JOCTATHHO JISl TOTO, II00 CIUIaB CTaB XOJIOTHOJIAMKHM.

Kpemniii. Bin Moxe moTpanuTé B po3IUiaB 3 MaTepially THUTJIA, 110 MICTHTh
KBapil. 3 30JI0TOM KPEMHIi YTBOPIOE €BTEKTHKY, sIKa TJIABUTHCA MPHU TeMIIepaTypl
370°C. I1pu uboMy 00poOKa CIUIaBy B IIIJIOMY CTaBUTHCS IIiJ] 3arpo3y.

Cypma. 30JI0TO CTBOPIOE 3 CYpMOIO TUIBKH OJIHY XIMIYHY CIOJIYKy AuSb2

(55,26% Sb), sika yTBOpIO€ThCS MO MEepUTeKTHUHIN peakuii npu 460°C 1 BcTymae B



€BTEKTHYHY peakiito 3 30510ToM npu 380°C. B eBrekTHili mictuthes 25% Sb.

[TpucyTHICTH HEBEJNMKOi KUIBKOCTI CypMH 1 BICMyTy B CIUIaBax 30JI0Ta, IIO
BUKOPHUCTOBYETHCS JJI1 BUTOTOBIICHHS IOBETIPHUX BUPOOiB, 3rigH0 3 OCToMm 6825-
72, ne noBuHHO nepesunryBatu 0,005%.

Cipka. [loTpamise B crijiaBu 30J10Ta MPH TUTABIN 1 BN M1 IAPOM JIEPEBHOTO
BYT1JUISI, IO MICTUTH CIpKY, 3a0pPYTHEHOTO CIpUYMCTUMH CIOJyKaMH MICBKOTO rasy, a
TaKOX IPH Mailll BUPOOIB B TincoBux (opmax. 3aluIIKKA CipyaHOi KUCIOTHU MICIs
TpaBJCHHS TIPHU BiANadi 1 MaIll, PO3KIATAIOTHCS, IO MPUBOIUTH 0 3a0pyIHEHHS
CIUTaBY CIPKOIO.

3 30JI0TOM CipKa HE BCTYINA€ y B3a€EMOJIII0, OJIHAK BOHA AaKTHBHO pearye 3
JETYIOUUMH MeTajdaMH - CpibJioM Ta MiAJ0, 3 HIKEeJIeM Ta MeTaJlaMH IUIaTHHOBOI
rpynu. Kpuxki criosryku Ni3S2 yTBOPIOIOTE 3 HIKEJIEM €BTEKTHUKY, SIKa TUIABUTHCS TIPH
temnepatypi 645°C, u i1 yTBOpEHHS K01 J0cTaTHRO BChoro 0,05% cipku.

[Io6 He Aoy CTUTH MOTaJaHHs B CIIaB O1710T0 30J10Ta CIPKU B TIPOLIEC TIaBKH ii
MIPOBOJIATH HE B IPa(piTOBUX TUTJISIX, & B KOPYHJIOBUX.

B cmnasi 31CpM 583-80 BmicT cipku HeoOx1aHO ooMexuTu 0,005% o maci.

®ocdop. BuxopuctoByeTbess y BUTISAAI PochoprcToi Mial sl PO3KUCICHHS
MeTajy MpH IJIaBLl CIJIaBIB 30510Ta. K 1 KpeMHii, pocdop po3unHsSETbCS TUIBKU B
MiJIi, MPaKTUIHO HE PO3UYMHSAETHCS Hi B 30J10Ti, HI B ¢cpi0ai. He pearye 3 30motom. 3
JIETYIOUUMH KOMITIOHEHTaMHU, (hochop yTBoproe Kpuxki croiayku: Ag2P, CusP, NisP, ski
YTBOPIOIOTH JIETKOTUIaBK1 eBTekTHkU 3 Ag, Cu, Ni.

®ocdop i€ AK PO3KHUCIIOBAY, IMIJIBUINYE IUIACTUYHICTh CIUIABIB 30JI0TA.
Hannumikosuit ¢pocdop, 110 po3TanioByeThCsi O Mexax 3epeH y BUrisial hocdigHoi
€BTEKTHKH, MPU3BOJIC JO0 PYyHHYBaHHS METaly MPU HArpiBl BUIIE TeMIlepaTypu il
TJIaBJICHHS (HAMPUKIIAJ, TIPU HArpiBi Mif Maiky 10 Temmepatyp npudimsHo §00°C). B
crutaBi 3nCpM 583-80 mipu BmicTi docdhopy 1o 0,03% mo maci 30epiraeThcsi rapHa
MOBEPXHS IMPOKaTy, ajie TI0 TPAHUIISIM 3€PCH 3'SBISIOTHCS BUIIJICHHS CBTCKTHUKH. Y
3B'SI3KY 3 LIMM PEKOMEHIYeThcsl oOMexuTH B ciiaBl 3nCpM 583-80 macoBy mosnto
docdopy 0,01%.

[Ipn pmocmimkeHHI Ha KpacHojaMkicTe cmiaBiB  31CpM 750 mpobu
[IEHTPaTI30BaHOI MOCTAaBKH BCTAHOBJIEHO, IO CXUJIBHICTH 10 PO3TPICKYBAaHHS TPH
HarpiBi IposIBISOTh HamiBpaOpukatu, mo MicTath Oinbine 0,001%P 1 axi maroTh
BEJIMUMHY 3epHa, O1biTy 3a 0,03 MMm.

30s10T0 B Hayni Ta TexHili. THCSYOMITTAMU 30JI0TO BUKOPUCTOBYBAIH IS



BUPOOHUIITBA IOBEJIPHMX BHUPOOIB Ta MOHET, a BHUKOPHCTAHHS 30JI0Ta IS
3y0OmpOTE3yBaHHS BiJIOME II€ JAPEBHIM €rUOTSHAM. 30J0Ty (OJIbry, a TOTIM 1
raJIbBAaHOMOKPUTTSL 30J0TOM IIHPOKO BHKOPUCTOBYBAIM JMJIsI 30JOTIHHS KYIIOJIB
IepKOoBHUX XpamiB. Tiapku ocTaHHl 25-30 pOKIB MOXHA BigHECTH 10 NEepioay
TEXHIYHOTO BUKOPUCTAHHS 30JI0TA.

30J710TO Ma€ YHIKJIbHUM KOMILJIEKC BIACTUBOCTEH, IO M CTAJIO MPUYUHOIO HOTO
IIMPOKOTO BUKOPUCTAHHS Y HAWBaXIMBIIINX CYYaCHHUX TaTy3SX TEXHIKHU: EJIeKTPOHIII],
TEXHIIl 3B'13KYy, KOCMIUHIN Ta aBiamiitHii TeXHiIi, XiMii.

[ToKpUTTS 30JI0TOM € OJTHUM 3 HAWCTAPIIINX METO/IIB HaJaHHS JEKOPATUBHOTO
BUTJISIY IOBENIPHUM BHpOOaM, CKyJIbNTypaM Ta apXITeKTypHUM cropyaaMm. J[o
HalJIPEeBHIIIMX CIIOCOOIB BIIHOCATHCS JTUCTOBUM, SIKUM 3aKJIFOYAETHCS B HAKJICIOBaHH1
TOHKHUX 30JIOTUX MEJIIOCTOK 3a JIONMOMOTOI0 CIELIabHOTO J1aKy, # BOTHEBUM, SIKUM
3aKJII0YAETHCS B HATP1B1 HAHECEHOT Ha MHY a00 JaTyHHY OCHOBY 30JI0TOI aMaJIblaMHU.
B pesynbrari HarpiBy pryth (Hg) cyOmiMyeThCsi, a 3070TO MIITHO 3YIILITIOETHCA 3
0ocHOBOIO. [1IupoKo BUKOPUCTOBYIOTH /ISl OTPUMAHHS TOBCTUX MOKPUTTIB TAJIbBAaHIUHY
MJIACTUHY, HAMTMJIIOBAHHS Y BaKyyMi, KaTOJTHE PO3MIIIIOBAHHS.

EnexTpoHika Ta MOB's3aHl 3 HEIO Tally3l MAIIMHOOYJyBaHHA € OCHOBHUMU
KOPHCTYyBa4aMH 30JI0Ta B TEXHiIli. 30JI0TO MHUPOKO BUKOPUCTOBYIOTh IJIs 3'€THAHHS
IHTErpajlbHUX CXEM 3BapIOBaHHSM THUCKOM a00 YJIbTPa3BYKOBUM 3BapIOBAHHSM, B
SKOCT1 TOHKHUX JIPOTOBHUX MPOBIIHUKIB, JIs TAWKK €JIEMEHTIB TpaH3ucTopiB. [yis psay
JIeTaJiell Ta BY3/iB 3 METOIO 3MEHIICHHS BUTPAT 30JI0Ta BUKOPUCTOBYIOThH MaIajiH,
MTOKPUTTSI 0JIOBOM, CIUTABAMHM 0JIOBA 31 CBUHIIEM Ta cTuiaBoM 65%Sn+35%Ni 3 30510TUM
MiaIapoM. 3MEHIIEHHSI pO3MIpIB €JIEeKTPOHHUX BY3J11B, BUCOKI BUMOIH JO YHCTOTHU
MeTagy W MaKCHMaJbHOI €KOHOMIi 30JI0Ta TPHUBEIM JO 3HAYHOTO OOHOBJICHHS
oOnaHaHHS Ta TEXHOJIOTII Ha METATYPTIMHUX MIAIPUEMCTBAX MO OTPUMAHHIO 30JI0TA.
[IIupoko BHUKOPUCTOBYIOTH IUTABKY Ta PO3JIMB 30J0TUX CIUIaBIB y Bakyymi. B
MIKPOEJIEKTPOHII[l IIMPOKO BHKOPUCTOBYIOTH MAaCTH Ha OCHOBI 30JI0Ta 3 PI3HUM
€JIEKTPOOIIOPOM.

KonrakTHi mMaTepiaim Ha ocHOBi 30J10Ta. Bucoki enekTpuyHi KOpo3iiHI
BJIACTUBOCTI 30JI0Ta Ta HWOTO CIUJIaBIB OOYMOBWIJIM IMUPOKE iX BUKOPUCTAHHS IS
KOHTaKTIB cJ1a00TOKOBOI ammapatypu. Cpibiio, TulaTuHa Ta X CIUTaBU TPU BUKOPUCTAHH1
B SIKOCT1 KOHTAaKTIB, [0 KOMYTYIOTh MIKPOTOKH MPU MIKpOHANpyrax, JEMOHCTPYIOTh
HabaraTo ripui pesyiabTaTtd. Cpibyio MBUIKO TYCKHIE B aTMocdepi, sika 3a0pyIHEeHa

CIpKOBOJHEM. 30JIOTO BUIBHE BiJ IWX HEAOTIKIB 1 KOHTAaKTH 3 HOTO CIUIaBIiB



3a0€3IeUyI0Th BUCOKY HaJIIMHICTh Ta TPUBAJIUM CTPOK CITYKOH.

B siIKOCT1 KOHTAKTHUX CIIJIaBiB BUKOPUCTOBYIOTH cIijlaBu Au 3 Re, Au 3 Pd ta Pt,
Au 3 Ag Ta Pd: Aut+3%Re, Au+30%Pd+10%Pt. Kpamii BractuBocTi Mae cruiaB Au 3
Re (tabmuis 10.2).

Jlo6aBku Ag ta Pd mokpaiiyroTh MeXaHi4H1 BJACTUBOCTI CIUIaBiB. BimomuM €
crutaB Aut+25%Ag+6%Pt. CrimaB mae nyke BHUCOKY CTIMKICTh MPOTH KOPO3ii Ta
noyriMepu3artii, ¥ 3abe3nedye 3HaUYHY JOBTOBIUHICTh KOHTAKTiB. [[00aBku mamaiito
301IBIIYIOTH CTIHKICTh CIUIABIB JI0 Jii CIPYUCTUX CIIONYK.

Tabnuus 10.2 - Bracmusocmi KOHMAKmMHUX Cniasie

Marepian P20, TepmoE/IC, a Crpina MeXa TIPYKHOCTI
Onm*mm?/m 0-100 NPOTUHY NIPU | TPU BUTHHI,
MmMB/°C BUTHHI, MM MlIlIa
JIn 99.99% 0.022 0.016 2.0 230
Aut+3%Re 0.023 0.3 1.7 3880
Au+30%Pd+10%Pt 0.036 25.5 2.7 610

IIpunoi Ha ocHOBI 30s10Ta. [IpUI0i HAa OCHOBI 30J10Ta MAIOTh PSJ Iy>KE LIHHUX
BJIACTUBOCTEH, 1 JIUIIIE BUCOKA I[IHA HA 30JI0TO OOMEXY€E MaciTabu iX MPOMHUCIOBOTO
BUKOPUCTaHHA. 3 PO3POOKOI0 HOBUX KOHCTPYKIIIHHUX MaTepialiB NIl BUPOOHUIITBA
€JICKTPOHHOBAKYYMHUX TPUJIAJIB, SAECPHUX €HEPTeTHUYHUX YCTaHOBOK, JIITAKOBUX Ta
PAaKeTHUX PEAKTUBHUX JIBUTYHIB, KOCMIYHOi amapaTypu oOOJacTh BUKOPUCTaHHS
30JI0TUX MPHUIIOIB CTaIa PO3IMIUPSITHUCS.

B ykazaHux o0nacTsX TE€XHIKM HE BHUHHMKA€ HIIKMX MpoOJeM y BiJHOILIEHHI
KOJILOPY 1 BMICTY 30JI0Ta B MPUIIOi - (JaKTOPIB, 1110 MAIOTh BU3HAYAIbHE 3HAUCHHS JIJIs1
IOBEJTIPHUX 30JI0THX MpUIoiB. HaltOo1ibIl BaXXIIMBUMU XapaKTEPUCTUKAMHU TPUTIOIB €:
CIIPOMOXHICTh 3MOUYYBAaTH >KAPOMIIHI CTaJl 1 CIUIaBH, MIIHICTh 1 ApPOMIIIHICTh
MastHUX 3'€JHaHb, KOPO31iHA CTIHKICTh 1 TEXHOJIOTIYHICTb.

EnexkTpoHHa MPOMHUCIIOBICTh € TOJOBHUM KOpHCTyBadeM mpumoiB Au-Cu mis
naiky JeTaneid Ta BY3JIB XBHJIEBOJIB, €IEKTPOHHHUX TPYOOK Ta JIaMIl, pajapHOTO
oOnagHaHHS Ta BaKyyMHHMX NpwuiaafiiB. HaitOinpir 4acTo BUKOPUCTOBYIOTH CILIABH
Aut+20%Cu. BukopuctoByroTh TakoX mpumnoi Au-Ni  eBTEeKTHUYHOro abo
HABKOJIOEBTEKTHUYHOTO ckiany. L1 mpumnoi yTBOproIOTh OLIBII MILIHI, HI>XK IpUIoi Au-
Cu, mBH, CTIMKI MPOTH TTOB3YUYOCTI.

[Tpunoi Jlu-Cu nobpe 3MOuyrO0Th HaMpi3HOMAHITHIII METajiH, BKIIOYAIOUYU



MiJlb, 3aJ1i30, HiKeJb, KOOAJIBT, MONIO/IEH, TaHTal, HI001H, BoabdpaMm 1 iX CIUIaBH.
[HImIMM BaxIMBUM (HaKTOPOM, 110 3a0e3Mevye NPUIMOsiIM BUKOPUCTAHHS B €JIEKTPOHHIM
TEXHIIIl, € TIOMIpHA XIMIYHA B3a€MOJIisl 3 METAJIAMH, SIKi CTAIOI0Th, 3aBISIKA YOMY HE
MOPYIIYETHCA TOYHICTH PO3MIPIB IIBIB 1 HE BIAOYBAETHCA OCIAOJCHHS IMasHOTO
3'ennanng. Huzpkuil Tuck napy npumnoiB Au-Cu He BUKIMKA€E HISSKMX MpoOJieM Mpu
namil BaKyyMHOITIJIbHUX IIIBIB.

[Matiky npunosimu Au-Cu HIIMpOKO BUKOPUCTOBYIOTh Y BUPOOHHUIITBI OLIBIIOCTI
BY3JIIB MarHETPOHIB 3 BEJMKHUM BUXOJIOM €HEprii Jisi 3'€MHAHHSA ACTAICH 3 M,
HIKEJI0, MOJTIOJIeHy, JaTyHi, MOHeNIb-MeTaly, 1 ciiaBy Ni-Co- Fe. Po3pobnenuit psin
MIPUIIOIB JJI1 CXOJIMHKOBOI MalKy TaKKX BY3JIIB HA OCHOBI MOABIWHUX crutaBiB Au-Cu.
VY 11poMy BUIAIKy BUKOPUCTOBYIOTh TaKl CIUIABH 3 PI3HUM CITIBBIIHOIICHHSIM 30J10Ta 1
MIJIl B CIUIaBl, @ TAKOX IPHUIIOI 3 HEBEJIMKUM BMICTOM cpibia abo iHaio. 3ami3o B
KUIBKOCTI 10 1% noparots B ciaB Au- 20%Cu a1 3an001raHHs CTpyKTYpHUX 3MIH,
[0 TMOB'SA3aH1 3 BIOPSAKYBAHHSAM 1 IO CYMPOBOKYIOTHCSA 3MiHAMU 00'eMy. [HMiH,
SAKUW Ma€ HU3bKUU THUCK TMapy, CUIBHO 3HIKYE TEMIIEpaTypy JIKBIAyCy MPUIOIB Au-
Cu, 1 TOMy H10T0 BUKOPUCTOBYIOTH B PsiJii KOMIIO3HITIH.

B psani BunaakiB sl mailkd getaneil 1 By3iiB B €EKTPOHHINA MPOMUCIOBOCTI
BUKOPHCTOBYIOTH MPHUITOT Au-Ni eBTEKTHYHOTO a00 HABKOJIO - €BTEKTUYHOTO CKJIAIY.
[li mpumoi yTBOpIOIOTH OinbIN MilHI, HiX npunoi Au-Cu mBH, MmO CTIHKI 10
MOB3y4OCTi. binpmiicte moaBiMHUX mpumnoiB Au-Ni mictuth 81,5-82% Au, iHme -
HiKeNb. TeMriepaTypa COJIIyCy LUX NPUIOIB BIAMOBIAAE TeMIEpaTypi JIKBIAYCY.
JoGaBku xpoMy 10 npurnoiB Au-Ni 30UIbIIYIOTh iX CTIHKICTh 10 OKHUCIIEHHS, aje
HEraTUBHO BIUIMBAIOTh HA 3MOYYyeMIcTh psigy metamB. [Ipunoi Au+22%Ni+6%Cr
IIUPOKO BUKOPUCTOBYIOTh B aBlalliiiHIM Ta pakeTHIA TEXHIill, Je NP IBISIOTHCSI
BHCOKI BHMOTH JI0 MIIIHOCTHUX BJIACTUBOCTEW MAasHUX 3'€IHaHb TPH IIBUIECHUX
TeMIlepaTypax.

CmtaB Au-Ni BUKOPUCTOBYIOTH JJIsl Mailku TPyOOIPOBOAY IMOJayl MajiuBa J0
JBUTYHA MICSYHOT KaOiHU «ATIOJUIO». Y TaHOMY BUIMAJKy BUKOPHUCTAHHS MTPUTIO0 Au-
Ni oOymoOBiI€HE HOro CTIMKICTIO A0 J1i MEPEeKHCy a30Ty - OKHUCIIOBa4Ya PaKETHOTO
nanuBa. lleli mpumiii BUKOPUCTOBYIOTh TAKOX JJIA MAWKK 1HKOHENIO MpU 300piri
JIBUTYHIB TIEPINOi CXOJIMHKH aMepHKaHChKOi pakeTn «CaTypH-5». binbin memeBum
€KBIBAJICHTOM MOJBiiHOTO mpunow Au- Ni € crias, mo MictuTh 68%Au, 22%Cu,
8,9%Ni1, 1,0%Cr, 1,0%B. Cknaa 1 TemnepaTypu IUTaBICHHS Py IPUIIOIB HA OCHOBI

30Ji0Ta HaBeaeHo B Ta0ium 10.3.



[Naiiky mpuIosiMi Ha OCHOBI 30J10Ta IIMPOKO BUKOPHCTOBYIOTH MPU MOHTAXI
HAIBIPOBIIHUKOBUX IHTErpalbHUX cxeM. JlIsd TOKpalleHHS TeIIOBiIBOAY
HAIIBIPOBIIHUKOBUX TMPWJIAIIB IX MOHTYIOTh Ha MeTalleBii OCHOBL. Tomy 110
HaITIBIIPOBITHUKOBI MaTepiajid MalOTh MPOBIAHICTh MEBHOTO TUITY (n- 200 p-THUITY), TO

i TpuIoi MOBMHHI MaTH MIPOBITHICTH TOTO K THITY.

Tabnuys 10.3 - Cxna/l i memnepamypa niasienHs npunoie Ha OCHOBI 3010Mmda

Cxman, % tL, °C ts, °C
Au Cu [H1I11 enemMeHTH
94 6 - 965 970
81.5 15.5 3 Ni - 910
80 20 . 910 910
75 25 - 910 914
80 19 1.0 Fe 905 910
70 - 30Ag 1030 1040
60 20 20Ag - 845
82.5 - 17.5Ni 950 950
68 22 8.9Ni; 1.0Cr; 0.1B 960 980
72 - 22Ni; 6Cr 975 1038
65 - 35Ni 950 1070
92 - 8Pd 1180 1230
75 - 25Pd 1375 1400
70 - 22Ni; 8Pd - 1045

B sixocT1 npumnoiB, 110 MarTh MPOBIAHICTh P-TUITY, BUKOPUCTOBYIOThH CIUIABU
30710Ta, JeroBani eixemeHTamu III rpymm, 30xkpema, Au-Ga, Au-B, Au-In. B sikocti
MPUMOIB, M0 MAalOTh MPOBITHICTH N-TUITY, BUKOPHUCTOBYIOTH CIUJIaBU 30JI0Ta, SIKI
MICTSATh €JIEMEHTU V TPYNU: CypMy 1 MUII'SK. BUKOpUCTOBYIOTh TaKOX MPHUIIOT, 110
MaroTh BJIACHY MPOBIIHICTb, SIK1 SBJISIIOTH COOOIO JIETKOILJIAaBKI €BTEKTUKHU. B TabmuIi

10.4 HaBezeHi ckiaja Ta TeMIiepaTypa IUIaBJICHHS MPUIIOIB Ha OCHOBI 30JI0Ta.

Tabauysa 10.4 - Temnepamypa nnagnents 1e2KONIABKUX NPUNOiI8 HA OCHOBI 30]10ma
MIPUTIOT Au, % Trn, °C

Jeryroda g00aBkKa,
%




Au-In 73 27 451
Au-Si 94 6 370
Au-Ge 88 12 356
Au-Sn 80 20 280

Caix BIAMITHTH, IO Il MPUMOI AyXe KPUXKi, 30KpemMa, Ipumoi Au-Si MOXKYTh
pPO3TPICKYyBaTUCA HaBITh MpU BUMIpi TBepAOCTi. OJHAK MOro MIACTUYHICTH PI3KO
IiABULLY€ThCs Mmicist BUTpUMKH pu 200°C BIpoaoBxkK AeKIIbKOX XBUIUH. [Ipu ibomy
3IMCHIOETHCS BUJIUIGHHS KPEMHIIO 3 TBEPAOrO PO3YMHY 1 OLIMH KOJIp MPUIIO0
3MIHIOETHCS Ha KOBTHI. TakuM YMHOM IOBOAUTE ceOe 1 eBTekTHKa Au-Ge.

[Ipunoi 3 BIACHOIO MPOBIAHICTIO AAlOTh TAPHUN E€IEKTPUYHHA KOHTAKT MIX
HaIIBOPOBIIHUKAMHU, a iX HH3bKAa TeMmIeparypa IUIaBJICHHS 3a0e3neuye
TEXHOJIOT1YHICTb MPOIIECY MaNKH.

IIpoBinnukoBi MaTepiaan. 30J0TO y BUIJISI MOKPUTTIB HA CKJIl, KepaMilli,
KBapIli IMMPOKO BUKOPHUCTOBYIOTHh B CJIEKTPOHHUX MPUCTPOSIX, HAMIBIPOBITHUKOBUX

eJIeMEeHTax, MIKpocXemax JUlsl IepelaBaHHsl €IEKTPUYHOTO TOKY.

Tabnuys 10.5 - Mexarniuni enacmusocmi 3010ma ma 0esiKux 1020 cniasie

Marepiayin/BaacTUBOCTI Au AutGa Au+tIn
ctg, Mlla 286 824 637
5,% 0,6 3,1 1,2

ToHKl 3070TI TUNBKA YCIIIIHO BUKOPUCTOBYIOTh IS TE€peJaBaHHS
CICKTPUYHOTO CTPYMY 3aBISIKH BHCOKIH EJIEKTPOIPOBIIHOCTI Ta KOPO3iMHIN
cTiiikocTi. YacTo B SIKOCTI MPOBIJHUKIB BUKOPUCTOBYIOTH MIKPOAPIT d=10-60 MKM.
JI1st MiKpOJpOoTy Oa)kaHO OKPIM €JIEKTPUYHUX BIACTUBOCTEH, MaTH 1€ ¥ MiABUIIEHI

MEXaHI4H1 BJIaCTUBOCTI, K1 3a0e3euyroThes criaBamu Au 3 Ga, In.



Ha pucynky 10.14 HaBeneHuil BIUIMB JIETYIOUMX €JIEMEHTIB Ha €JIEKTPOOTIp
3o0j10Ta (p). HaitGinpmmii npupicT p BUKIMKAE qo0aBKa BaHail0, TUTaHY, HI001t0 1
tanTany. HesHaunuil BIUMB 3aiiicHIOE cpibio, Mige 1 mananaii. BroouB THcky Ha

BEJIMYMHY P 30JI0Ta BUPAKAETHCSI HACTYITHUM YMHOM (Tadmuis 10.6).

BiSb/  rps/
% 2
s 4
o
3
o™ 2

%/(ar} %lar.)
Pucynok 10.14 - BB jeryrodux 100aBOK Ha €JIEKTpoortip (p) 30J10Ta
Tabnuys 10.6 - Bnius mucky Ha 8eIuduHy eieKmpoonopy p 3010mad

P, krc/cm? RyRo P, kre/em? "p'Ro
10000 0971 60000 0.855
20000 0.944 70000 0.840
30000 0.919 80000 0.829
40000 0.896 90000 0.821
50000 0.874 100000 0.816




3pa3ki 3 YUCTOTO 30JI0Ta YacTO MOKAa3ylOTh AHOMAJIBHUN XapakTep 3MiHH
BJIACTUBOCTEH TIpM HU3BKIM TemmepaTypi. Tak, Ha KpuBiH, IO XapaKTepU3ye
3aJIEXKHICTh €JIEKTpoornopy Binm Ttemmeparypu (pucyHok 10.15), wacrime ycboro
crioctepiraetbess  MiHiMyM 1ipu 3,2K.  Bimomi Takox aHOMaiii MOBEIIHKH
terutonposigHocTi X 1 Bemmuuuu tepMo-C€J[C. i aBuia, sk mpaBuiio, MPUIHCYIOTh
BIUIUBY CJIIB JOMIIIOK JESIKUX MEPEeX1IHUX MeTalliB, 0COOJMBO, 3aji3a, XpoMmy 1

MapraHifto.

™l

A, kan/(ca*c*°C)
- M A Do o

WIDI030T, K-
1 - nicns 6i/[nany; 2 - nicaa xono/{noi lechopmauii

Pucynox 10.15 - 3anexHicTh TEMIOMPOBITHOCTI X 30JI0Ta Bl TEMIIEPATYPH

CnnaBu s BUMIipy Temmeparypu. [[ns Bumipy TemmepaTyp B TEXHILl
BUKOPUCTOBYIOTh TepMmomapu Ta TepmoMerpu omnopy. CmnaBu Au-Pd wacro
BUKOPUCTOBYIOTH B SIKOCTI TEPMOCJIEMEHTY B JIedkuX Tumax tepmomnap. Bemmka EJIC
po3BuBaetbcsi B mapi Aut40%Pd - Pt+10%Ir (Rh). Lo Ttepmomapy mokHa
BUKOPUCTOBYBATH Ha MOBITP1 npu Temneparypi 1o 1000°C. Bigomi critaBu miaTuHeE b
I 11I. Imatunaens I - Au+35%Pd - 83%Pd+14%Pt+3%Au; mnatuaens 11 - Aut+35%Pd
- 55%Pd+31%Pt+14%Au.

Tepmonapu miuaTHHETb PEKOMEHAYETHCSI BUKOPUCTOBYBATH MpPHU TeMIepaTypi
900-1300°C, BoHM 3a0€3Me4ylOTh TPUBAIUN CTPOK CIY)KOM Ha TOBITpI abo B
OKHUCIIOBANIbHIN aTMocdepi. TepMonapu miaThHeNlb MOKHAa BUKOPUCTOBYBATH TaKOXK
B CE€pEJIOBUIILII BOJIHIO.

IOBeaipni cnuaBu. Ha cborogHi st BUPOOHMIITBA IOBEIIPHUX BUPOOIB
BUKOPHUCTOBYIOTH ciuiaBu Au-Ag-Cu, siki MOXyTh MicTuTu A00aBku Zn, Ni, Co, Pd.

CTiHKICTh TPOTH KOPO3ii IIMX CIJIaBIB BHU3HAYAE€THCA BMICTOM 30JI0Ta B HUX Ta



criBBigHOomeHHIM Ag/Cu. CriBBIIHOIIEHHS cpiOiia Ta MiAl BHU3HAYa€ KOJBOPOBI
BIJITIHKY CIUTaBiB 30JI0TO-CPiOJIO-MiIbh 1 IX MEXaHIYHI BJIaCTHUBOCTI.

Bmict GrnaropogHux MeTaniB B IOBENIPHUX BUPOOaxX B MeEKax JOIMYCTUMHX
BIIXWICHb TapaHTyeThCcsl KieimMoMm. Ha pucyHky kieiima BKkasyeTbes mpoOa abo
KUIBKICTh 0J1aropoHOTO METaly, IpUIOoMYy IIpo0a BiIoOpakae BMICT JIMIIIE OCHOBHOIO
OslaropoaHoro MeTany B cruiaBl. Hanmpukinaza: mpo6a 750 - o3Hauae, 1110 30J10Ta B CIUIaB1
75%, Bmict Ag Ta Pd pisue; nmpoba 583 - 58,3% Au; mpoba 958 - 95,8% Au. La
CHUCTeMa Ha3MBaeTbcsa MeTpuuHOlo. L cuctema BBegena B CPCP y 1927 pomi Ta
MpUITHATA OUIBIIICTIO KpaiH CBITY. 3a M€K0 CUCTEMOIO BMICT 0J1aropoHOTO METally B
CIUTaBl BU3HAYAETHCS YUCIOM yacTuH 1o maci B 1000 gactuHax.

Ha npaktuii HaitO11b111 pO3MOBCIOIKEHI TPY CUCTEMH IIPO0: METpUYHA, KapaTHa
(CILIA, BenukoOpuraHis), 30JO0THUKOBa (ICTOpUYHA). 3HAYEHHS NOpOO B pIZHUX
CHCTEMaX HaBeJCHI HUXKYE.

B inmmx kpainax: CIIA, BenukoOpuranii, IlIBeiimapii npuiinsTta kapaTHa
CUCTEMA, 3a sIKOI0 yucTe 30510To (rmpoba 1000) BigmoBigae 24 MUTOMUM OJUHUIISM -
kaparaM. [lo3HaueHHs po0 30JI0THUX CIUIABIB B PI3HUX CUCTEMAX € PI3HUM: METPUYHA
cuctema - 958, 750, 583; kapatHa cuctema - 23, 18, 14. OxpeMo BiJl BKa3aHUX CILJIaB1B
IIMPOKO BHUKOPUCTOBYIOTH IIJIaKOBaHI BHpPOOM, BOHM JElIeBl Ta mMOmysspHi. B
3araJbHOMY 00'eMi FOBETIPHOTO BUPOOHUIITBA BOHU 3aiiMatoTh 20%. [[i1s riakyBaHHS
HeOJIaropoJHUX METaNIB MIUPOKO BUKOPUCTOBYIOTH 10-12-14-18 kapatni crutasu (10
Kkapart - 41,6% Au).

30JI0THUKOBa CHUCTEMa TPOOM OCHOBaHAa Ha BHUKOPUCTAaHHI POCIACHKOI
METPUYHOI MIpU MacH (Baru) — 3010MmMHuKa, Skuii Mictutb 96 noneit. Yucre 301010
BiAMOBITae 96-i 30JJ0THUKOBIH TTPOOI.

Y xomumuaboMy CPCP oCHOBHYy Macy OBENIpHHX BUPOOIB BUTOTOBIISUIA 3i
crutaBiB 750, 583 Ta 375 mpo0O. 3a KOpJIOHOM HIUPOKO BHUKOpUCTOBYBanu 18- ta 14-
KapatHi ciuiaBi. HU3bKOMPOOHI CIUIaBU y PI3HUX KpaiHaX MOXYTh MICTUTH Pi3HY
KiTbKicTh 3010Ta. Y CIHIA camum HU3bKonpoOHUM € 10- kapatHuii crias (41,6% Au).
Ha bmmxaromy Cxozi Ta B €Bpomi IJisi BUTOTOBJICHHS OOPYYOK BHUKOPHCTOBYIOTH
crutaBu npo6u 333. V pi3HHUX KpaiHax ICHYIOTh Pi3HI JONMYCKM Ha BMICT 30JI0Ta B
IOBeMipHUX cIiaBax. Tak, B kpaiHax CHJl gomyckaerbest BIIXWICHHS BIJT

HOMIHAJIBHOTO BMicTy £3 npoou, y OPI" -



BIIXWJIEHHS yOIK MEHIIIOTO BMICTY 30JI0Ta HE MOBUHHO TEPEBUINYBaTH 5 Mpod, B

[IBelitiapii HE JOMYCKAETHCS BMICT 30JI0Ta HUKYE HOMIHAITY.

Tabauysa 10.7 - 3nauenus npob 6 pizHux cucmemax

Merpuuna | Kaparna | 3onoTHukoBa
1000 24 96
958 23 92
875 21 84
750 18 72
583 14 56
375 9 36

Cromarosoriuni cniiaBu. J[Ji1 BUTOTOBIEHHSI KOPOHOK Ta 3yOHUX IPOTE3IB Y
JaHUN Yac BUKOPUCTOBYIOTh BEJIMKY KUIBKICTh CIUIABIB KOJBOPOBOIO Ta OLI0ro
30J10Ta, 110 MICTUTh 55-90% 3010Ta. B AKOCTI Jleryrounx 100aBOK BUKOPUCTOBYIOTh
Cpi0J10, MiJ1b, HIKEIIb, TUTATUHY, TTaTaAii, TUHK. CIIiBBIHOIIICHHS JIETYIOUHX €JICMCHTIB
BH3HAUYa€ MEXaHIYHI BJIACTHUBOCTI, KOJIIp CIUIaBIB 1 3JIaTHICTh 10 JAMCHEPCIHHOIO
TBEpiHHA Npu cTapiHHl. CKiaj CIUlaBy BU3HAUYAE PEXKUM TEPMOOOPOOKH, MPU AKOMY
JOCSTAI0ThCSl ONTUMAalbHI MexaHiyHi BiaactuBocTi. CmiaB Au-Ag-Cu-Pd-Zn 3 10%
(at.) Pd nmocsirae makcumasibHOI MiItHOCTI micis ctapinas npu 450°C Bnpoaosxk 15
XBWJIMH. 30UIBIICHHS BMICTY Hanajito 10 25% ar. cynmpoBOKYETHCS 3pOCTOM MEXi
MILIHOCTI Tichsl crapiHHsA. JloO0aBKM TIaTHMHM TaKOX CYHNPOBOJKYIOTHCS 3HAYHUM
30UTBLIEHHSIM TBEPAOCTI 1 MILIHOCTI cruiaBiB (Tabmuus 10.16).

100

20 i——
0 200 400 T.°C

Pucynox 10.16 - Mexaniuni BinactuBocTi criaBy Au-Ag-Cu-Pd-Zn nicns crapinss: /
- medxca miynocmi (cg); 2 - 8i/[HocHe nodoeoicenHs (8)




Tabnuys 10.8 - Bnaus [lobaeok niamunu Ha MeXaHiuHi 61ACMUBOCHE BUCOKONPOOHUX

CNnaaesie 3010ma

A —,0C

ARk

Cknan, % e HB*, B¥, CToz*, g**,
Au|Pt|Ag| Cu | Zn kre/Mm? | Kre/Mm? | Kre/mm? A
751 - 110 15 - 875-850 137/220 54/80 36/77 4
7213 | 8 | 16 | 1.0 | 815-860 | 155240 | 60/85 40/83 5
70 |5 |12 | 124 | 06 | 938-870 | 156/233 | 65/89 46/85 13
6510 12| 13 | - | 980900 | 1657250 | 71/99 52/97 1

* - y YHCeNBHUKY - y BiNIAJICHOMY CTaHi, Y 3HAMEHHUKY - y 31CTapeHOMY CTaHi; ** -y

3iCTapeHOMY CTaHi.

Po3pobnena Benwka KUIBKICTh CTOMATOJIOTIYHUX 30JIOTUX CIUIABIB, SIKi
NOJUISIOTh Ha JIMBApHi, CIUIaBH, IO JepOpMYIOThCs, Ta Hpumoi. JIuBapHi cruiaBu
BUKOPHUCTOBYIOTh YaCTIIIE, HIK CIUIaBU, 110 AEPOPMYIOTHCS.

VY naHuil yac JMBapHI CIUIaBU 3aBASKH BHUCOKOMY PIBHIO TEXHIKH JUTTS 32
BUIUIABJICHUMUA  MOJEISIMM  BHKOPHUCTOBYIOTH  YacTillle, HDK CIUIaBH, LIO
nedopmyrothest. [likaBo BIAMITUTH, IO PO3BUTOK TEXHOJOTII MPEU31MHOTO JUTTS
30JI0TUX CIUIaBIB 3000B'SI3aHUM CTOMATOJIOTAM, iX JIOCBil OyB MOTIM TEPEHHSTHIA
IOBEJTIPAMU.

J1. Eiik 3 koneramu nmpoaHaii3yBaB CKJIaJ] CTOMATOJIOTIYHUX JIMBAPHUX CIUIABIB
Ta CIUIaBiB, 10 Ae()OPMYIOTHCS, 1 BUBHAYMB YOTHPU XAPAKTEPHUX TUIHU JIMBAPHUX

criaBiB (Tabsuist 10.9).

Tabauya 10.9 - Tunu 1usaprux cmomamono2iuHux Cniagie Ha OCHO8L 3010ma

Tun Au Ag Cu Pd Pt /n
CILIaBY

I 86.1 8.6 4.2 0.7 0.2 0.2

II 78.5 11.5 7.5 1.1 1.0 0.4

111 76.0 9.8 9.7 1.8 2.1 0.6

1A% 69.3 11.1 12.4 3.1 3.1 1.0

B cnaBax [ Tumy nmpakTUYHO HE MICTUTBHCA TUIATUHU Ta nananito. B cruaBax 11
TUITY BMICT MaJiaJi0 OUTBININHI, HIXK TJIaTUHU, a y criaBax Il Tuny HaBmaku, rmiaTuHu

OinbIIe, HK nanagiro. B crmaBax IV Tumy MicTUThCS HaHO1IbIIA KIJTBKICTD TIJIATHHU



Ta nanaairo. BMicT mifl, MaTHHU Ta Tajgadilo 3pocTae BijJl CIUIaBiB | TUIy A0 CruiaBiB
IV Ttuny. Bigomo, mo BMICT Mimi 3IiHCHIOE BEIWKHI BIUIMB Ha €(EKTHUBHICTH
aucnepciiHoro TBepAiHHS. Tomy cmmaBu IV Tumy € HalTBepIimmMMu cepen
PO3TIITHY THX.

3a MeXaHIYHUMH BJIACTUBOCTSIMU JIMBAPHI CTOMATOJIOT1YH1 CIIJIaBU MOAUISIOTh

Ha M'sIK1, CepeIHbOI TBEPJIOCTI, TBEP/Il Ta 0cobmBO TBepAl (Tabmuist 10.10).

Tabauys 10.10 - Mexaniuni enacmusocmi 1u8apHux CMOMAmol02i4HUX CNiaeie

Twurm craBy HB*, krc/Mmm? §***, % ts, °C
I 40-75 18 927
II 70-100 12 899
111 90-140 12 899
v 13-200%* 1 Q2 %%%* 871

* - micnst rapTyBaHHS;
** - micins rapTyBaHHS Ta CTapiHHs; ***
- IICJISI TapTyBaHHS;

d*E - micnst rapTyBaHHS Ta CTApIHHSA

3 anamizy tabnumi 10.10 BuxoauTh, Mo cruiaBu | TUIy MarOTh HAWHIKIY
TBEPHICTh Cepell PO3MJISHYTUX. BOHM MalwTh HU3BKY TBEPIICTb, BHUCOKY
MJIACTUYHICTh, JIerKo naegopmyroThes. CrutaBu Il Tumy MarTh Aemio OUTBILY
TBEPIICTh 1 MEXY MPOMOPLIMHOCTI, HDXK cryiaBu [ Tumy. BoHM Takoxk Jierko
nehOpMYIOTECS 1 BUKOPUCTOBYIOThCS TIpH cepeaHix HanpyskeHHsx. CruiaBu 111 tumy
CXWJIbHI JI0 JUCHEPCIHHOTO TBEPAIHHS MPHU OXOJOKEHH1 BiamuBku. [Ipu 1mpomy
MOMITHO 3MIHIOIOTBCS X TBEPAICTH 1 MIACTUUHICTh. HaliO1b11 TBEpIMMU CIUIaBaMU,
0 3MILHIOIOTHCS TEPMIYHOIO 00poOkoto, € cmiaBu [V rpynu. Li cnnaBu
BUKOPHUCTOBYIOThH JIJI1 OTPUMAHHSI BIJIJTMBOK 3HAYHOT'O PO3MIpY.

OxkpiM CIIIaBiB KOJIBOPOBOTO 30JI0Ta B CTOMATOJIOTIi BUKOPUCTOBYIOTHCS U
JUBApHI CIUIaBU O1JI0T0 30JI0Ta, SKI MOAUISIOTH HA JBa THUITH: TBEPAl 1 0COOIHUBO
TBepal criaBu. Y Tabnuii 10.11 HaBegeHuN XIMIYHUM CKJIaJ CTOMATOJIOTIYHUX

CIUIaBiB O1JIOTO 30JI0TA.

Tabnuys 10.11 - Ximiunuii cknall cmomamono2ivnux cniagis 0ino2o 3010ma
Tun cinaBy Bwmict enemenris, %




Au Ag Cu Pd Pt Zn

TBepauii 65-70 7-12 | 6-10 | 10-12 | 4 (makc.) 1-2

Oco6mmBo TBepaAUi* 60-65 10-15| 9-12 | 6-10 4-8 1-2
Oco06suBo TBepAMIA™** 28-30 25-30 | 20-25 | 15-20 3-7 0,5-1,5

MexaHi14H1 BJIaCTUBOCTI CTOMATOJIOTIYHUX CIUIABIB 3 O1JI0TO 30J10Ta HaBEAECHI

y Tabmumi 10.12.

Tabnuys 10.12 - Mexaniuni 61acmugocmi CMoMamolo2iuHux Cniaeis 3 0inlo2co

3010ma
Tun criiasy HB, I1a CTs, [1a CTrg 2 5, %
1050-1150 350-400 170-210 9-18
Teepauii 1200-1700 420-530 200-320 2-12
Oco0nuBo 1300-1800 460-530 280-320 9-15
TBEPAUI 2250-2600 770-840 530-580 1-3
Oco6IHUBO 1600-1800 580-610 350-390 9-12
Thepui 2200-2800 810-910 460-700 2.3

Haiicepiio3Himioro mpo6aeMoro 1Jisi CTOMATOJIOTIYHUX CILJIaBIB € KOPO3is, siKa
MOB'sI3aHA 3 CErperaiiclo KOMIIOHEHTIB CIJIaBiB. PO3MO/I1J1 KOMIIOHEHTIB B CILJIaBaXx 3
KPYITHO3EPHUCTOIO Ta JPIOHO3EPHUCTOIO CTPYKTYPOIO BU3HAYAETHCS 3 JOTIOMOTOIO
CJICKTPOHHOTO MIKPO30HAY. J[7s crimaBiB, [0 HE MICTATh IUIATHHU, BCTAHOBJICHE
aBullle 30aradyeHHs JEHJPUTIB 1 00'eMiB 3epeH cpiOjoM 1 majiajaieMm, a
MDKJICHIPUTHUX O00JacTel 1 rpaHullb 3e€peH - Mmigao. B cmnmaBax, 1mo MiICTSTh
MJIATUHY, OCTaHHS CerperyBajga pa3oMm 31 cpiOJioM 1 MIJII0 B MPOTHICKHICTh
nanamiro. JlaHi mpo BENWKY TOMOTEHHICTh 30JI0TUX CILIaBIB 3 JPIOHO3EPHUCTOIO
CTPYKTYPOIO HE MiATBEPIKEHI.

CtoMaToJIoTiuHl CIulaBd, 10 AeGOPMYIOTHCS MaloTh ACHIO OUIbII BHUCOKI
MEXaHIYHI  BJIACTUBOCTI 1 IJIACTUYHICTh, HIXK  JIMBapHI  CIUIaBH,  ajie
BUKOPUCTOBYIOThCS MEHIIIE 3a JIMBapHi. [1o XIMIYHOMY CKIaay iX MOKHA PO3IUIUTH
Ha CIUJIaBU, 110 HE MICTATH a00 MICTATh HEBEIHMKY KUIBKICTh HIKEIO 1 CIUIABH IIIO
MicTATh 2% Hikemo. XIMIYHUN CKJIaJ MUX CIUIaBIB HaBEJACHUH HIDKYE (TaOmHIld

10.13).



Tabnuysa 10.13 - Ximiunutl ckrall cmomamono2ivHux cniasie Ha 0CHO8I 30710Mmd, Wo

oedopmyromuvcs
Tun crutaBy Au Ag Cu Pd Pt | Zn | Ni
I 58,4 9,4 130 | 55 [129| 0,1 | 0,7
I 65,0 13,2 145 | 25 | 25]04 |19

Tako sk TUBapHi CIJIaBH, CIUIABH, IO 1e()OPMYIOTHCS, 3MILTHIOIOTHCS
ctapiHHsaM. LlikaBUM € MOPIBHSAHHS XIMIYHUX CKJIAJ(iB JIMBAPHUX CILJIaBIB Ta

CIUIaBIB, 1110 AedopMytoThes (Tadbmmis 10.14 ).

Tabnuys 10.14 - Iopieuanmusa XiMiuHux cK1aoie TU8APHUX CNIABGIE MAd CNILAGIE,

oeghopmyromucs

Turm crutaBy Au Ag Cu Pd Pt Zn Ni
JluBapHUH 72.2 9.8 9.4 1.9 5.8 0.5 0.3
77.1 10.2 8.5 1.7 1.6 0.5 0.0
Cnnas, 1110 64.6 8.5 9.7 3.6 13.1 02 0.0
nedopMyeTbes 61.1 10.9 13.6 4.7 9.0 02 12
[[puMiTKa: y YMCENbHUKY - CEpEAH] 3HAUEHHS BMICTY eJ1eMeHTIB 3a 1928 pik; ¥V

3HAMEHHUKY - CEpE/IHI 3HAUYEHHS BMICTY €JI€MEHTIB 3a 1968 pik;

3 anamzy Tabmumi 10.14 BuxoauTh, IIO0 Cy4yacHI JIMBApHI CTOMATOJIOT1YHI
CIUIaBH MICTATH OIJbIIE 30J10Ta, MEHIIIE IJIATUHH 1 HE MICTATh Hikelro. HaBmakw,
CydacHI CTOMATOJIOTIYHI CIUIaBH, MO Je(POPMYIOTHCA, BIAPIZHSIIOTHCS MEHIIUM
BMICTOM 30JI0Ta. B HMX TakoX MICTHUTBCS MEHIIIEC IJIATUHH, OUIBIIE MIJI1, HajJaglro 1
HIKEJTIO.

CyuyacHUM PO3BUTKOM CTapOi TEXHOJIOT1I € po3po0Ka CIIJIaBiB ISl BIIATIOBAHHS
B Kepamiky. [[ns 1mporo HeEoOXigHI MaTepialidi 3 MEXaHIYHUMU Ta (I3UIHUMHU
BJIACTMBOCTSMH, OJIM3BKMMH JI0 BIATOBITHUX BIIACTHBOCTEH KepaMmiku. HeoOxigHO
TaKOX TapHE 3UCTUICHHS KEpaMiKH 3 MeTajieBUMU ciutaBaMu. KoedirienTu THIAHOTO
PO3LIMPEHHS CIUIABIB MOBUHHI OyTH OUIBIIMMHU, HIXK Y KEpaMiku. Y 1IbOMY BHUIIAJIKY
IpY BIAJTIOBaHHI B KEpaMiKy BUHUKAIOTh HE3HAUHI CTHCKAIOUl HAPYTH Ta BiICYTHI
po3Tsaryroui  Hampyru. [lpy TakoMy CHOJNy4eHHI CIUIaB HEUYYTJIIMBUH /10
TEMITEpaTypHUX BILIUBIB.

Jlessiki CcTOMATOJIOT1YHI BHUPOOM BHACTIOK 1X CKJIQAHOCTI HE BHAETHCSA



BUTOTOBUTH 3a OJWH MPUHOM, TOMY Tpebda BUKOPUCTOBYBATH MalKy OKPEMHUX
netanedt. Jlas KOXKHOT TpynM CIUIaBiB ICHYe MIHIMyM JBa THUIH MPHUIOIB,
TeMITepaTypa Mmaku skui BiapizHseThes Ha S0-100°C. BMICT JOpOTOIIHHUAX METaJIiB
1, BIIMIOB1THO, KOJIIP MIPHUIIOIO I1AOMPAIOTh Y BIJIMOBIIHOCTI 0 KOJIBOPY CIUIABY, SIKHI
CHarolTh. Temrneparypy IUIaBICHHS 3HUKYIOTh J00ABKaMU OJIOBA, IIMHKY 1 KaJIMIO.
[Ipumoi aysg malKu 30JI0TUX CTOMATOJIOTIYHHUX CIUIaBiB MICTATH 30JI0TO, Cpi0IIo,
Minb, 2-3% omoBa, 2-4% 1UHKY. [X BIacTMBOCTI 3ajekaTh BiJ CITiBBiTHOIICHHS
OCHOBHHMX KOMITOHEHTIB (30J10Ta, cpibJia, Miji) B CIUIABI.

Jlist madiku O170T0 30J10Ta B CKJIAJ MPHUIIOIB 3aMICTh MiJil BBOJSATH HIKEIb.
TemnepaTypy mailku MOKHA BapirOBaTh BMICTOM Mijii 1 cpibina. [Tpumnoi 3 BMicToM
cpibura Kpare po3TiKarThCS IO METaly, 10 Mas0Th, HiXK IMIPUIIOT 3 BACOKUM BMICTOM
Miji. OnHaK, A4Sl TOUKOBOT MAaWKU MEPEBAXKHIIIE MPUIOL 3 BEIMKUM BMICTOM MI/II.
Meska MIIHOCTI TMPUIIO TOBUHHA MPUOJIU3HO CIIBIAJATA 3 MEXKEH MIIHOCTI
MeTay, 0 NastoTh. TBEPAICTh 1 MIIIHICTh 3pOCTAIOTh 31 3SMEHIIICHHSIM BMICTY 30JI0Ta
B npumnoi. ToMy maiiky MIBiB, SKI MiJJAIOTbCSI 3HAYHUM HAMpyTram, MPOBOISTH

IIPUIIOAMMU 3 BiI[HOCHO HHU3bKUM BMICTOM 30JI0TA.



IIMTAHHA

[TosicHiTh, Ha SIKi IB1 OCHOBHI I'PYMH MOAUIAIOTH BC1 Cy4acHi MaTepialu.
Ha3BiTh MeTaM Ta CIUIaBH, K1 BIAHOCSATH 10 YOPHUX METAJIiB.
[osicHiTh, UM 00YMOBJICHA HIMPOKA MOIIUPEHICTH CTaJCH.

[TosicHITB, SIK1 METaJIU BIIHOCATH 10 KOJILOPOBUX METaJIiB.

U

BupoOHUIITBO SIKOTO KOJILOPOBOTO METaly Oy/ie IHTEHCUBHO PO3BUBATUCS B

HalommxuomMy MaitbyTHpoMYy? [10sICHITB, 3 UMM 1€ TTOB'A3aHO.

6. Ha3BiTh Np1opUTETHI HANPSIMKHU PO3BUTKY BUPOOHHULITBA MaTepialiB y XXI
CTOpIYYi.

7. Ha3BiTh HOBI NEPCIEKTUBHI JKepesia eHeprii.

8. Ha3zBiTh Matepianu, HeOOX1JIHI JIJIsl PO3BUTKY HOBHUX JKEPEI €HEPTii.

9. TIlepepaxyiiTe HallOUIbII TOITUPEH] HEMETAJIEB] MaTEpIaJIH.

10. Sk xnacu@iKyrOTh METAJIEB] CIUIABH MO CIIOCOOY OTPUMaHHS BUPOOIB 13 HUX?

11.ITepeniviTh, Ha K1 TPYIHU TAPO3AUISIOTH CTAJl 1 CIUIAaBU YOPHUX METAJIIB 110
XIMIYHOMY CKJIAJTy.

12.5lka cymapHa 9acTKa JISTYIOUHX €JIEMEHTIB B CIIJIJaBaX Ha OCHOBI 3aji3a Ta
CTaJIAAX:

a) HU3bKOJIETOBaHUX; 0) JIerOBaHUX; B) BUCOKOJIETOBaHUX.

13. TlepeniuiTh, Ha SIKI TPYIHU MIIAPO3AUISIOTH CTaJ 32 MPU3HAYCHHSIM.

14. TlosicHITB, sIKI CTaJl HA3UBAIOTh KOHCTPYKIIIHHUMU.

15. TlosicHITS, sIKI CTaji HA3UBAIOTh IHCTPYMEHTAIbHUMH.

16. IlosicHITB, y pe3ysbTarTi 400 BiI0YBAETHCS Ta30Ba KOPO3isl.

17. JlaiiTe BU3HAYEHHS KapOCTIMKOCTI 200 OKATMHOCTINKOCTI.

18. IlosicHITh, HA IO BIJIMBAE CIIBBIAHOUICHHS 00'eMy MeTally Ta 00'€eMy OKUCITY.

19.Ha3BiTh eJIEMEHTH, K1 JAIOTh 3aXKMCHI OKUCHI IUIIBKU 3 BIIHOCHO HEBEIUKUM
00'eMOM.

20.Ha3BiTh eieMeHTH, SIKi MalOTh FapHi 3aXKMCHI MIIBKU 1 €IEMEHTH, SIKI MAIOTh
MOraH1 3aXUCHI TUTIBKH.

21.Ha3BiTh €1eMEHTH, SKUMHU JICTYIOTh 3aJ1130 ISl I IBUIIIEHHS HOTO
KAPOCTIMNKOCTI.

22 HaBeniTh NpUKIIATU MapOK JKAPOCTIMKUX CTaJICH.

23. Ha3zBiTh BUpOOH, SIKI BATOTOBJISIOTH 13 )KapOCTIMKUX CTaJIeH.



24 T1osicHITh, YOMY aNIOMIHI€EB] CIIaBU TUITY AMT MOCTYNAIOTHCA YUCTOMY
AJTFOMIHIIO TI0 KapOCTIMKOCTI.

25.11osicHITh, YOMY KapOCTIMKICTh TPOMHUCIIOBUX CIUIaBIB HA OCHOBI MiI1 BHIIIE
YKapOCTIMKOCT1 YUCTOT Mifi.

26. Ha3BiTh MijHI CIIIaBH, K1 BIAPI3HIIOTHCS BUCOKOIO 5KapOCTIHKICTIO.

27. TlosicHITH, SIK MOKHA M1IBUILUTH KapOCTIHKICTh TUTAHY.

28. JlaWiTe BU3HAUYCHHS >KapOMIITHOCTI.

29. TlosCHICTh BOXKJIMBICTB KAPOMIIIHOCTI MPU BUOOPI METAIYy.

30. /[laiiTe BU3HA4YE€HHS MOB3y4OCTI.

31. TlepeniuiTh AUIAHKH, 13 AKUX CKJIAIA€ThCA KPUBA MOB3Yy4OCTI.

32. TlosicHITB, BiJ] YOTO 3aJI€KUTh PO3BUTOK KOXKHOI CTaJl1i HA KPUBIi MOB3Y4YOCTI.

33. Ha3BiTh KpUTEpii >KapOMIITHOCTI.

34. JlaiiTe BU3HAYEHHS MEXI1 ITOB3Yy4YOCTI.

35. TloscHIiTh, 10 03HAYAE HACTYIHE MO3HAYEHHS: ¢>>° 1/100000-100 MI]a.

36. [aiiTe BU3HAUYECHHS MEXI1 TPUBAJIOT MIITHOCTI.

37. TosicHiTk, 10 0O3HaYa€ HACTYIHE no3HadeHHs: ¢>°° 10000 100 MI]a.

38.I1osiCcHITD, 3aBASKM YOMY PO3BUBAETHCS MOB3YUIiCTh Y TOJIKPUCTATIYHUX
Martepiaax.

39.1losicHITh, K1 111 BXKUBAIOTH JJ1s1 3a0€3MEeYEHHS )KapOMIIIHOCTI B
MOJIIKPUCTAIIYHUX MaTepialiax.

40. IlepeniuiTh OCHOBHI I'PYIH KapOMIIHUX MaTEPiaiB.

41. Ha3ssiTh MaTepianm, sKi 3aCTOCOBYIOTH IIpH Temieparypi suiue 1000°C.

42. OnuiuiTe rpynu, Ha sK1 JUISTh MAPTEHCUTHI CTaJIL.

43. Ha3BiTb OCHOBHI JIETYIOY1 €JIEMEHTH ayCTEHITHUX CTaJICH.

44. Ha3BiTb Jeryroui e1eMeHTH, 10 AOJATKOBO BBOASTH B AyCTEHITHI CTaJl.

45. Ha3BiTb rpynu, Ha sIKi JUISTh ayCTEHITHI KapOMIIHI CTai.

46. HaeniTh NpUKIIaau MapOK ayCTEHITHUX >KAPOMIIHUX CTaJICH.

47 IlepeniviTh JIETYIOYi €IEMEHTH, IKMMHU JICTYIOTh KapOMIIIHI HIKEJIEeBl CIUJIaBH,
BKQXIThb BMICT XpOMY.

48. JlaliTe BUSHAYCHHS CyIEpCIIaBaM.

49. OnuiiTe TeMIiepaTypHI BIACTUBOCTI CYyNepCIIaBiB HA OCHOBI TUTAHY.

50 CdopmytoiTe MOHSATTS KOPO3isi.

51. Has3Bitb BUIU KOPO3ii.



52. CdopmyimroiiTe MOHATTS KOPO3iiHA CTIHKICTb.

53. BkaxiTh KpuUTEpiit KOPO31MHOI CTIHKOCTI.

54. CdopmyroiiTe MOHATTSA KOPO3IMHOCTINKI CTall.

55. Ha3BiTh OCHOBHHH JIETYIOUHI €JI€MEHT KOPO31IMHOCTINKUX CTAJICH.

56.Ha3BiTh neryioui ¢epuToyTBOPIOIOYl €IEMEHTH, SKUMH JIETYIOTh
KOPO31WHOCTIHKI cTaji A1 OfepKaHHS HEOOX1THOTO KOMILIEKCY BIACTUBOCTEH.

57.Ha3BiTh Jeryrodi ayCTEeHITOYTBOPIOIOY1 €JIEMEHTH, IKUMU JIETYIOTh
KOPO31MHOCTINKI CTa I oJep KaHHs HEOOX1JHOTO KOMIUIEKCY BJIACTUBOCTEH.

58.BKaxiTh, K KIacU(PIKYIOTh KOPO31MHOCTINKI CTalll Ta CIUIaBU B 3aJI€KHOCTI BiJl
XIMIYHOTO CKJIamy.

59.BkaxiTh, K KIacU(PIKYIOTh KOPO31IMHOCTINKI CTalll Ta CIUIaBU B 3aJI€KHOCTI BiJl
CTPYKTYPH.

60.BkaxiTh, K1 TO3HAYCHHS MalOTh KJIacudiKaIllifHl CTaHIapTH Ha
KOPO31MHOCTIHMKI CTai 32 KOPJOHOM.

61.HaBeniTh npukinaam KOpo31MHOCTIMKMX MAapOK CTaJEeH, 110 MAIOTh (EPUTHY

CTPYKTYDY.
62.HapeniTh npukiaau KOpo3iHHOCTINKUX MAapOK CTAJICH, 1[0 MaIOTh (hPEPUTO-

MapTEHCUTHY CTPYKTYpY.
63.HaBeniTh npukiIaaM KOpo31MHOCTIMKUX MApPOK CTAJIEH, IO MalOTh MAPTEHCUTHY

CTPYKTYpY.

64.Ha3BiTh ranxy3i BUKOPUCTaHHS MAPTECHCUTHUX Ta MAPTEHCUTO-(PEPUTHUX
KOPO31MHOCTIMKUX CTaJeH.

65.0nu1ITh 3B'A30K KOPO31iHOT CTIMKOCTI Ta BMICTY BYTJIEIIO B KOPO3IMHOCTIMKHUX
CTaJIsX.

66. Ha3BiTh ramysi BUKOpUCTaHHS (HEPUTHUX KOPO3IMHOCTIMKUX CTaJICH.

67.0nuIITh 3B'A130K KOPO31iHOT CTIMKOCTI cTasiel (PepUTHOTO KIIacy Ta BMICTY B
HUX XpOMY, BYTJIEITIO Ta a30Ty.

68. CdopmyitoiiTe MOHATTS CynepepuTiB.

69.HapeniTe mpukiaaa TEPMIYHOI OOpPOOKHM KOPO3IMHOCTIMKUX cTaneil (hepuTHOTro
KJ1acy.

70. Ha3BiTh HEIOMIKK XPOMHUCTUX KOPO3IMHOCTIMKUX cTaliel (PepUTHOTO KIacy.

71. Ha3BiTh OCHOBHI IepeBaru KOPo3iMHOCTIMKHUX CTaJlel ayCTEHITHOTO KJacy.

72.0numnite  ¢Ga3oBl  MEPETBOPEHHS B AYCTEHITHUX  XPOMOHIKEIEBUX



KOPO31MHOCTINKUX CTaJsIX MPOMHUCIOBHX TJIABOK.

73.0numniTh, SK BIUIMBA€ MPUCYTHICTH 3 ¢eEpUTy B CTPYKTypl ayCTEHITHOI
KOPO31MHOCTINKOI cTaJll Ha TEXHOJIOTIYHICTb.

74 Ha3BiTh MeTy TepMidHOT 0OPOOKH KOPO31MHOCTIHKOI ayCTEHITHOT CTal.

75.11osicHITh, B SKOMY BHUMAAKy MOXHA OTPUMATH AayCTEHITHY CTPYKTypy B
XPOMOMApPTaHIIEBUX CTAJISX.

76.0nU1I1Th KOpO3iiHy CTIHKICTb XPOMOMAapTraHIIeBUX Ta
XPOMOMAapraHLEBOHIKEIEBUX CTaEH B arpeCUBHUX CEPEAOBULIAX.

77.HaBeniTh NpUKIag MapoK PEPUTHHUX Ta ayCTEHITHUX KOPO31IMHOCTIMKUX CTaJIEH.

78.0nuiIiTh TEPMIYHY 00poOKy XpOMOMapraHlEBOHIKEIEBUX Ta
XPOMOMAPTaHIIEBUX AYCTEHITHUX CTaJICH.

79.0nuiiTh  TepeBard  ayCTEeHITO-(QEepUTHUX Ta  ayCTEHITO-MAPTEHCUTHUX
KOPO31MHOCTINKHUX CTajeH.

80. Ha3BiTh ramysi 3aCTOCyBaHHS ayCTEHITO-(DEPUTHUX KOPO3IMHOCTIMKUX CTaJIEH.

81. Ha3BiTh NpUHITUIIOBY BIJIMiHY CTaJIel ayCTEHITO-()EPUTHOIO KiIacy.

82.0mnuiiiTh yMOBH, B 3aJI€KHOCTI BiJl IKUX BUOUPAETHCS TepMidHa 0OpoOKa J1st
KOPO31HHOCTINKUX CTaJIel ayCTEHITO-PEPUTHOTO KI1acy.

83. OnuiiTh CTPYKTYpPYy ayCTEHITO-MAPTEHCUTHUX CTaJIe MICIIs 3arapTyBaHHS.

84.HaBeniTh NpuKIagd MapoK ayCTEHITO-(QEPUTHUX 1 ayCTEHITO-MAPTEHCUTHUX
KOPO31MHOCTINKHUX CTajIeH.

85.Ha3BiTh mpuuuHy, 4epe3 SKy B ayCTEHITO-MapTEHCHUTHHX KOPO3IMHOCTIMKHX
CTaJISIX 0OMEXKYETHCS KUIBKICTh 3--(bepuTy.

86.0nu1iTh, K1 €JIEMEHTH BBOJSATh B ayCTEHITO-MAPTEHCUTHI CTajl JUIsl 3HUKEHHS
KUTBKOCTI 3-hepury.

87.0numiTh, JETyBaHHS  AKUMH  €JIeMEHTaMu  3ale3leuye  ONTHUMallbHe
CHIBBIAHOLIEHHS MILHOCTI Ta MJIACTUYHOCTI B AyCTEHITO-MAPTEHCUTHUX CTaJISX.

88. Ha3BiTh HAMOUTBII PO3MOBCIOAXKEH] TYTOIJIaBK1 METaJIH.

89. OmnuuiiTh OCHOBHI BIIACTUBOCTI TyTOIJIABKMX METAIIB.

90.I1epeniviTh TOMIIIKH BIPOBAIKEHHS, sIKI aKTUBHO MOKPUXUYIOTh TYTOILIaBKI
METAaJIH.

91. IlosiCHITB, SIK MIAPO3AUIAIOTH TYTOTUIABKI METaJIH.

92.Ha3zBith Temrepatypy, 0 SKOi 30epiracThCs mpare3JaTHICTh CIUTaBiB Ha OCHOBI

H100110 TP TOBrOCTPOKOBIN Ta KOPOTKOUYACHIH pOOOTI.



93 BkaxiTh TeMIiepaTypH, 0 SKUX Mpare31aTHi CIJIaBU Ha OCHOBI MOJIIOACHY,
TaHTaJIy Ta BOJIb(PpaMy BiATOBITHO.
94 OnuuriTe OCHOBHI BIACTUBOCTI BOJIb(Ppamy.
95 Ha3BiTh BIacTUBICTh BOJIb(PpaMy, sika 00yMOBHUIIA HOTO 3aCTOCYBaHHS IS
HUTOK POKAPEHHS.
96 IlepeniviTh NPUYMHHU, YEPE3 AKI TPAIUIAETHCS NIEpEeTIaCHE IEPETOPAHHS HUTOK
PO3KAPEHHS.
97 Ha3BiTh rany3i BUKOPUCTaHHS BOJIb(Ppamy.
98 CdopmynrolTe MOHSITTS TEMIOCTIHKICTS.
99 IlepeniuiTh JIETyr04i €IEMEHTH, 5Kl MABUIIYIOTh TEIIOCTIHKICTh P13aJIBHOTO
1HCTPYMEHTY.
100 TIlepeniuiTh KapOimOyTBOPIOIOY] €IEMEHTH, K1 CKIIAJJal0Th OCHOBY TBEPIUX
CILJIaBIB.
101. Ha3Bith cionyuH1 J0OaBKH, SIKI 3aCTOCOBYIOTbH JIJIsl TBEPAUX CILJIABIB.
102 Ha3BiTh BUAM TBEPIUX CIUIABIB.
103. IlosACHITH, 3aBJIIKM YOMY JIUTI TBEP/Il CIUIABH MAIOTh BUCOKY TBEPJICTh Ta
CTIHKICTh MPOTH 3HOCY.
104. TlosicHITh NIPUYMHY BUCOKOI TBEPJOCTI METAIIOKEPAMIYHUX TBEPJIUX CIUIABIB.
105. Ha3BiTh HEJOJIKK METAIOKEPAMIYHUX TBEPIUX CIUIABIB.
106. IlosicHITB, IK pO3NOAUISIIOTH HA MAPKHU CIIJIAaBU TUITY TOO1TUT.
107. Onuiite CTPYKTYpY BOJIb(PpaMOKOOaTHTOBUX TBEPUX CILIABIB.
108. IlosicHITh, YOMY BOJIB(PAMOTUTAHOKOOAIBTOBI CIJIABH XapaKTEPU3YIOThCS
BHCOKOIO TBEP/IICTIO Ta BUCOKOIO KPUXKICTIO.
109. TlosicHITh, SIK BIUIMBAE BMICT KOOAIBTY Ta KapOiAiB TUTAHY HA BIACTUBOCTI
BOJIb(PPAMOTHTAaHOKOOATHTOBUX CILJIABIB.
110. Ha3BiTh nepeBaru CIuiaBiB TUITY HOOIUT, KPIM BUCOKOT TETIOCTIMKOCTI.
111. TlosicHiTb, Bif 4OTO 3aJ€KUTh 3MIITHCHHS MOTIOAeHY Npu aedopmaitii.
112. IlepeniuiTh OCHOBHI BIACTUBOCTI MOJTIO/IEHY .
113. Ha3BiTh HEOJIKN MOJIOACHY.
114. Ha3BiTb rany3i BAKOPUCTaHHS MOJIIOJEHY.
115. TlosicHITh MeTy JIeTyBaHHS MOJIO/IEHY.
116. Ha3BiTbh eneMeHTH, sIKI HalO1IbII €PEKTUBHO 3MIHIOIOThH BIACTHUBOCTI

MOJIGAEHY 1 OT0 CIUIaBiB.



117.

Ha3BiTh Jierytoui e1eMeHTH, PU CIUIABJICHHI AKUX 13 MOJI1OIeHOM

YTBOPIOIOTHCS TBEPA1 PO3UMHHU 3 HEOOMEKEHOIO PO3YHHHICTIO.

118. Ha3BiTh jJeryroui eneMeHTH, IIPH CIIaBJICHHI AKHX 13 MOMiOeHOM
YTBOPIOIOTHCS CUCTEMH 3 IyKE MAITUMH 00JIACTSIMU TBEPIUX PO3UMHIB, 13
HAsIBHICTIO TPOMDKHUX 3'€/JTHAHb Ta €BTEKTHK.

119. TlosicHITh NPUYHHY, Yepe3 SIKy OOMEKYEThCSI 00JIaCTh 3aCTOCYBaHHS
MOJTIO/IEHOBUX CILIABIB.

120. Ha3BiTh kparii cijiaBu 3 €eKToM 3anam'iTOByBaHHs ()OPMU HA OCHOBI
iHTepmetaniay NiTi i 001acTi iX BUKOPUCTaHHS.

121. Hazite miarpyny tadauii JI.I. Menaeneesa it atomui Homepu P3M. Ha3BiTh
niarpynu P3M it nepepaxyiite P33, 1110 BITHOCATHCS 10 KOXKHOI 3 HUX.

122. Onuiite po3noBcroxeHicTs P3M B ipupol HOPIBHSHO 3 1HIIUMHU
eJIEeMEHTaMHU.

123. TlepepaxyiiTe TEXHOJOTIYHI MpoOIECH TIepepoOku pyau P3M.

124. TlosicHiTh cxeMy oTpuMaHHs 1 ouncTku P3M Ta naiite XapakTepucTuky
OKpeMHUX IpoI1ieciB (TUIaBKa y BaKyyMi, TUCTUIIALLIS).

125. Jomimxku B P3M, BriuB AUCTUIALIT HA KITBKICTH TOMIIIOK B P3M 1

TBEPICTb.

126. OxapakTtepu3yiiTe MarHitTHi BiactuBocti P3M: mapamarHiTHi,
anTudepomartiti, pepomaruitai. MaruitHi crasu P3M.

127. Onumite siaepHi BaacTuBocTi P3M.

128. Onuuite nonimop@izm nanranoiais (P3M).

129. Oxapaxrtepuzyiite Bukopuctanis P3M B 4opHiil 1 KOTBOPOBINA METaTyprii.

130. OGnacti Bukopuctands P3M B nmpomucnoBocTi. [10SCHITH CTPYyKTYpY
criokuBanHs P3M.

131. Oxapakrtepusyiite Bukopuctanas P3M B sikocTi KaTtaiizaTopiB, CKJia Ta
KEepaMiKH.

132. OxapakTtepusyiite Bukopuctanus P3M enekTpoHiili, B IKOCT1 JIIOMIHO(DOPIB.

133. Onumrite Bukopuctans P3M B sIKOCTI MarHiTHUX MatepiaiiB, B AEpHIN
TEXHIIll Ta MEAUITIHI.

134. TlepepaxyiiTe 61aropoiHi METaIM Ta BKaXITh marpymy Tadmui .1.

135.

MeHneneeBa, 10 SIKOi BITHOCATHCS OJIarOpoIHI METAJIH.

OnuIiTh KPUCTATIYHY CTPYKTYp OJaropogHUX METasiB, MoaiMopdism,



136.

137.

138.

139.
140.

141.

142.

143.

144.
145.

146.
147.
148.

149.
150.
151.
152.
153.

HIIIBHICTD 1 130TOMHUM CK1aa OJaropogHUX METaiB.

OnumIiTh TETUIOBI BIACTUBOCTI METAJIB IJIATHHOBOI TPy (TeMIiepaTypa
TUTaBJICHHS, IIBUJIKICTh BUIIAPOBYBAHHS, TEIUIOEMHICTbD, TEIUIONPOBITHICTH,
MIUTOMUM €JICKTPOOITIP) 1 X 3MiHA 3 MIABUIIICHHAM TeMIIepaTypH.

OnuuriTh MEXaHI4HI BIIACTUBOCTI METaJIB MJIaTUHOBOI rpynH. [1oscHITH
BIUIUB 3MiHU TEMIIEpATypH Ta MEXaHIYHI BJIACTUBOCTI.

[TosicHITH sIBHIIIE HAATIPOBIAHOCTI 1 OMUIIITH HAAMPOBIAHI BIaCTUBOCTI
METaJiB MJIATHHOBOI TPYIIH.

OnumriTe KOPO3iitHI BJACTUBOCTI METaNIB TUIATUHOBOI TPYIIH.

Ha3BiTh 0CHOBHI 00;1aCTI BUKOPUCTaHHS OJIArOPOTHUX METaJIiB.
OxapakTepusyiite criaBu Juis npuiago0yayBanss. Onumits crias [11B-20.
OxapakTepusyiTe CIjiaBu 0JaropogHUX METAIIB JIJIsl TEpMOIIap 1
TEPMOMETPIB OTOPY.

OnuiriTh CruTaBy 0J1aropoJHUX METATIB JUIS MarHiTiB 3 MAaKCUMAJIbHOIO
MarHiTHOIO eHepriero. OxapakTepu3ynTe CIUIaBH IS KaTalli3aTopiB.
OxapakTepu3yiTe KOHCTPYKIIIMHI MaTepiaau A XiMii 3 0JaropoIHUX
MeTaiiB. OnuuIiTe «01070TTYHY» 00J1aCTh BUKOPUCTAHHS MJIATUHOBUX
METaJliB.

OxapakTepu3yiTe po3MmoBCIOIKEHICTh 30JI0Ta B 3¢MHIM KOpi 1 1HIITNX cepax.
OxapakTepusyite Pi3uKo-xiMiuH1 BIACTUBOCTI 30J10Ta (TUI TPATKH,
TeMIiepaTypa IIaBjIeHHSs, MUIbHICTh, KOS(IIIIEHT TEPMIYHOTO PO3IIMPEHHS,
MUTOMHI €JIEKTPOOMIp, TEIMJIOEMKICTB) 1 BIUIUB TEMIIEPATypH Ha 3MIHY
BJIACTUBOCTEN Au.

OnunriTh BUKOPUCTAHHS 30J10Ta B HAYIII 1 TEXHII (3arajibHi BiJOMOCT1).
OxapakTepusyuTte siepHi 1 KOpo3iitH1 BIaCTUBOCTI Au.

OxapakTepu3yiTe MexaHiuH1 BIaCTUBOCTI Au (0g, 5), BIUIMB TEMIEPATYPH 1
JISTYIOUMX €JIEMEHTIB Ha MEXaH14H1 BIACTUBOCTI Au.

OnuuriTh BAKOPUCTAHHS AU 1 OT0 CIUIaBiB B €JIEKTPOHILII.
OxapakTepusyiTe MaTepiaau Ha OCHOBI Au JJIsl €IEKTPUYHUX KOHTAKTIB.
OxapakTepu3yiTe MaTepiajau Ha OCHOBI AU ISl IPUTIOTB.
OxapakTepu3yiTe MPOBITHUKOBI MaTepiaay Ha OCHOBI Au.

OxapakTepu3yiTe CIijIaBU Ha OCHOBI 30JI0Ta JIJII BUMIPIOBAHHS

TEeMIIepaTypHu.



154.
155.
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159.
160.
161.
162.
163.
164.
165.

OxapakTepu3yiTe I0BEJIpHI 1 CTOMATOJIOTI4HI CIIJIaBU Ha OCHOB1 Au.
OnuIiTh PO3MOBCIOKEHICTH Cpibiia B IPUPO/IL.

OxapakTepusyite Ppi3uyH1 BIACTUBOCTI cpibia (Temmneparypa riaBJIeHHs,
MATOMA TETUIOEMKICTh, KOS(IIIEHT JIIHIHHOTO PO3IITUPEHHS,
eJIEKTPOTIPOBIAHICTD 1 TETUIONPOBIIHICT), BIUTUB TEMIEPATypH 1 TOMIIIOK Ha
BJIACTUBOCTI Ccpibia.

OnuuIiTh KPUCTANIUHY CTPYKTYpPY CcpiOiia Ta HOTo 130TOMHUM CKJIa.
OxapakTepu3yiTe MexaHiuH1 BIACTUBOCTI cpibia (cTg, 8, HB), Bruius
TEMIIepaTypH 1 JETyBaHHS HA BJIIACTUBOCTI CpioJIa.

OxapakTepusyite CTpyKTypy 1 KOpO3iiHY CTIHKICTh CpiOia.
OxapakTepusyiite 00JacTi BUKOPUCTAaHHA cpi0iia (3araiabHl BIIOMOCTI).
OxapakTepusyiiTe MaTrepiain Ha OCHOBI cpibJia JJist PHUTIOTB.
OxapakTepusyiTe MaTepiail Ha OCHOBI cpibJia /i €EKTPUYHUX KOHTAKTIB.
OxapakTepu3yiTe IOBETIPHI 1 CTOMATOJIOTIYHI CIUIABH Ha OCHOBI Au.
OxapakTepusyiTe MaTepiaiu Ha OCHOBI Au JyIsl IPUIIOIB.

OxapakTepu3yiTe IOBEIIPHI 1 CTOMATOJIOTIYHI CIUIABH Ha OCHOBI Au.



