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1 META POBOTH

Hocmigut  CTpyKTYpy, Koe(illieHT TepTd KOB3aHHA Ta
3HOCOCTIHKICTh YaBYHIB B 3aJISKHOCTI Bi/I XiMIYHOTO CKJIa[ly Ta MapaMeTpiB
PEXHUMY TepMITHOI 0OpOOKH.

2 AT AJIBHI BIJOMOCTI

2.1 IlepeBarm i HeO/1iKM YaBYHIiB

PisHOMaHITTS ¥ IIMpPOKE 3aCTOCYBAaHHS YaBYHIB, Y TOMY YHWCIi H Y
By3JIaxX TEpTs, OOYMOBIEHO HHU3KOIO iXHIX TlepeBar y IOpPiBHSIHHI 3i
CTAJISIMH.

Binbi HU3bKA TeMmepaTypa MJIaBleHHS i 3aKiHYCHHS! KpUCTai3alii
NIpY TOCTiHHIN Temmeparypi (yTBOPEHHS €BTEKTHUKH) 3a0€3MeUyIOTh Kpallli
TEKYYiCTh B CTaHI PiAWHU 1 3aIOBHIOBaHICTh ()OpMHU, TOOTO TapHi JMBapHi
BJIACTHUBOCTI IMX MaTepiaiiB. 3a iHIIMX PiBHUX yMOB (piBEHb JIET'YBaHHS,
eKCIUTyaTalliifHi BIACTUBOCTI ¥ iH.) JeTaii i3 4aByHIB AelIeBIIe, HDK 3i
CTaJIEH.

HasBHicTe rpadity B cipux 4YaByHax IOJIETIIIyE OOpOOIIOBaHICTH
pizaHHsAM (poOUTH CTPYXKY JiamMKor). ['padiTHi BuIiNeHHS B Ccipux
yaByHax IIBUJKO TacsiTh BiOpallii i pe30HaHCHI KONWBaHHS neTani abo
KOHCTPYKIIi, CIIPUAIOTH NOTJIMHAHHIO 3BYKY. Cipi YaByHHM Maslo 4y TJIMBi JO
JnedeKTiB moBepxHi (HaapizaM i T.1.).

3aBIsKM 3MallyBaJbHUM BIACTHBOCTSM TpadiTy, Oarato 4daByHIB
Ma€ TapHi aHTUPPUKIIHHI TOKa3HUKH.

bararo 6inux jeroBaHMX 4YaBYHIB MalOTh BUCOKY 3HOCOCTIHKICTh B
yMOBax aOpa3WBHOTO 3HOLIYBAaHHA U CyXOro TepTs. Y Cy4acHOMY
MaIlIMHOOYyBaHHI Ha YaCTKy JeTaliedl i3 4aByHY IOBOIHUTHCS OJM3BHKO
75% BiJ 3arajJIbHOI Macy BUJIUBKIB.

OjiHak, OUTBIIICTh YaBYHIB XapaKTePU3YIOTHCS MAIIO0 3/IaTHICTIO JI0
IacTHYHO1 Jedopmarii (IpakTUYHO HE MiJJIAl0ThCS KyBaHHIO). Yepes
MiBULICHY KPHUXKICTh IlepeBard OaraTboX YaBYHIB MOXYTb OyTu
pearni3oBaHi TOJIOBHUM YHHOM Yy THX JETANAX, SKi HE 3a3HAIOTh 3HAYHUX
PO3TATYBAIBHUX 1 YIaPHUX HABAHTAXKEHb.

bini yaByHuM moraHo mingarThCsS MEXaHidHIA 0OpoOLi.
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2.2 OcobauBocTi XiMiYHOT0 Ta CTPYKTYPHOI'O CTaHIB YaBYHIB

3a 3aranbHONPHUUHATHM PO3YMIHHSM JO 4YaBYHIB BiTHOCSTHCA
CIUTaBHM HAa OCHOBI 3aJ1i3a, sAKi MIicTATh Byriero Oiibie 2,14 % C. OmgHaxk,
HEOOXiMHO BIA3HAYMTH, MIO MOAIOHO TOMY, IO CEpea HeleroBaHMX ado
HU3BKOJICTOBAHUX CTalel, SKi MPOMHUCIOBO BHPOOJSIOTHCS, MPAKTHYHO
HEMa€e TakuX, y SKUX BMIcCT Byriemo Bume 1,3 % (ae Oepyun oo yBaru
HEYHCIICHHOTO Kjacy TpadiTH30BaHUX CTalied), Tak i B YaByHax, IIO
3m00ynH MIMPOKE TOMIMPEHHS, BMICT BYTJEIIO, 3a 3BWYaid, Buiie 2,5 %.
To0T0, TOCKUThH NIMPOKHIA Tialla30H BMICTY BYTJICIIO B HEJICTOBAHHUX CTAJIAX
1 YaByHaXx B OCHOBHOMY He «3aiisiHHiT». TiNBKM B AESIKUX MapKax,
HANMPUKJIAJ, Y KAPOMIIHUX aTOMiHieBHX 4aByHax (1m0 25 % Al) HmkHii
piBEHb KOHIIEHTpAIlii BYIJIeII0 MOXe CTaHOBUTH 1,6 %.

Jpyroro 0co0amBicTIO YaBYHIB (KPiM MiIBUIIEHOTO BMICTY BYTJICIIIO)
€ TPOTIKaHHSA B HUX MPH 3aKiHYCHHI KPUCTaNi3amii eBTeKTHYHOI peakilil
(mnst HeneroBaHWX 4YaBYHIB mNpH BMIcTi Byrjieuto Bume 2,14 % i
temneparypi 1147° C), y pe3ynbrari SKOi B CTPYKTYpi YTBOPIOETHCS
eBTekTUKa (eneOypur). OmHak 0arato JICTYHOUHX €JIEMEHTIB 3HIKYIOTh
piBEHb EBTEKTHYHOI KOHIIGHTpAIii BYIJEII0, 1 3a Ii€l0 O03HAKOIO
(yTBOpeHHSI €BTEKTWKH) IO YaByHIB MOXHa Oyno O BigHecTH W psA
BHUCOKOJIETOBaHHX iIHCTPYMEHTAJIBHUX CTallel, HapuKIad, ctaii tumy X12.
V Tol e yac, Ha BiZIMiHY Bijl OUTBIIOCTI YaBYHIB Il MaTepiajiv MiIIar0ThCsa
rapsyoMy aehopMyBaHHIO KyBaHHSM, a Jeski W mpokatkor. Tomy ix
BIJIHOCSTH JI0 CTaJIeH.

Crnin 3a3Ha4yuTH, IO TapgyoMy JeGOPMYBAHHIO IO CIEHiaIbHO
pPO3pOOIEHNX TEXHOJIOTIAX TMIiANAIOTBECA W JesKi BHOW YaBYHIB 3i
CIPUATINBOIO (POPMOIO TpadiTHUX BKIIOUYEHB.

TakuM YMHOM, JIOCHTH YiTKO MPOBECTH TPAHHMINIO MK YaBYHAMH i
CTAJIIMU CKJIamHO. | Bce-Taku, SIK MpaBWIIO, Ul YaBYHIB XapaKTEPHI:
BUCOKHMI BMICT BYIJICIIO, IO HPUBOIAMTH 10 YTBOPEHHS EBTEKTHKH,
BIJICYTHICTh 3MaTHOCTI J0 Tapsdoro nedOpMyBaHHs, 1 IiJBHIICHA, Yy
MOPIBHSIHHI 31 CTAISIMHU, TEKYJIiCTh B CTaHI PiJIMHU.

BaxnBoro 0coONMBICTIO YaBYHIB € Te, IO BYIJIEHb y HHX MOXE
nepeOyBaTH, SIK 1 B CTalfIX, Y CKJIaai KapOigie — Ouri 4aBYHHM, Tak 1y
BUIBHOMY cTaHi y Burisai rpadity — cipi waByHu. lle 3anexurts Bin
XapakTepy CTPYKTYpPHUX IEPETBOPEHb MpPU KpHCTadi3awii, TepMooOpoOIi i
XiMigHOTO CcKJIaxy. BapTo 3BepHyTH yBary, 1o Mpu ONHUCY CTPYKTYpPH cTajiei
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i1 TepMiHAMU «METajieBa MaTPHUILD» a00 «OCHOBA» MAIOTh Ha yBa3i TBEpIUit
PO3UYMH y BHTISAL (epuTy, ayCTEHITy, MapTEHCUTY ab0 CIHOJYyYEHHS IHX
¢a3. Y Toil ke yac MO BiIHOIICHHI A0 YaBYHIB 4acTO BUKOPHCTOBYETHCS
TEpMIH «IepiliTHAa MaTpUIl», Xo4a caM MO0 co0l MepiiT € CyMilIIIo
TBEpIOTO po3unHy ((epury) i kKapoimis.

2.3 CTpykTypHi nepeTBopeHHs i rpagirusauis

MoIuBi 1Ba BapiaHTH CTPYKTYPHUX NEPETBOPEHB Y YaByHAaX.

1. BignoBimHO 10 METacTabIBHOI JiarpamMul CTaHy 3al1i30—II€MEHTHUT
(puc. 2.1) mpum Kpucramizamii CIUIaBiB B I1HTEpBalli KOHIEHTpAI Bij
npoekiii Touku E 1mo mpoekiii Touku C, B HUX CHOYATKY BHIUISIFOTHCS
3epHa aycTeHity (ckiamy mo JiHii JE) 1 piiuHa, siKa 3aJIAIIAIAC, 3
KOHIIEHTPAIII€I0 BYTJIEIIO, IO BiAmoBigae toumli C, MpW TeMIeparypi Ha
piBHi miHii EF mepeTBOproeThCs B €BTEKTHKY — JIeAeOypUT — MeXaHIuHy
CyMilll TEMEHTHTYy U aycreHity. llpum momampmioMy OXOJOIKEHHI [0
KIMHAaTHOI TemmepaTypu 3 aycTeHity mo miHii ES depe3 3meHmeHHS
PO3YMHHOCTI BUIUISETHCS BTOPUHHUI leMeHTHT. Hikde Temnepatypu, mo
BiZmoBigae piBHIO PK, ayCTEHIT MEPETBOPIOETLCS B MEPIIT. TakuM YHHOM,
MiCIAsl TOBHOTO  OXOJIO/DKEHHS  CTPYKTypa CIUIaBiB B iHTepBai
KOHIIEHTpAIliil MK mpoekmisiMu TO40K £ 1 C CKIIAaeThCs 3 JIeAeOypury,
BTOPUHHOTO [IEMEHTHUTY U MEpIiTy.

CmiaBu B iHTEpBaJli KOHIIGHTpAIii Mk mpoekuismMu Todok C u F
KPHUCTATI3YIOTbCS 3 BHUIUICHHAM 3 PIAKOTO pO3IUIABY HEPBHHHOTO
nementury no JdiHii DC, na piBHi minii CF BinOyBaeTbcs €BTEKTHYHE
MIEPETBOPEHHS. 3 YTBOPEHHSM 3 PiJIMHHU, 10 3JUIIWIACS, JIeAeOypHUTY.
Hwuxude piBas CF Oyzne niemeHTHT i tenedypur, a Hibkde piBHA SK aycTeHiT
nene0ypuTy MepexoanuTh y nepiiT. UaByHH, SKi KPUCTANI3YIOThCS 32 €0
CXEeMOI, 31 30€peKEHHSM IIEMEHTHUTY IIiCsl MOBHOTO OXOJIOKEHHS,
HA3MBalOTh OLIMMHU (3a KOJIBOPOM 371amy).

2. OcraTo4yHa KpHCTaji3allisi YaByHIB MOXE, 3a IIEBHUX YMOB,
BiIOyBaTUCS 3 BUAUICHHSIM 3 PIIUHU HE LIEMEHTHUTY, a €JIEMEHTapHOrO
BYIJICII0 Yy BHUDJISAI TpadiTy, TOOTO YTBOPHUTBCS CYMIIl «ayCTEHIT +
rpagiT», 3aMiCTh €BTEKTHKH «ayCTEHIT + IEeMEHTHT.

BiamoBigHO g0 3aKOHIB TEPMOJWHAMIKM MEpeXiJy 3 OJHOTO
arperaTHoOro CTaHy B iHIIE, Y HAIIIOMY BUIIQJIKY 3 PIJKOIO CTaHy y TBEpJE,
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BUKIMKaHUN THM, IO TPH YMOBax, sIKi 3MIHHIHCS (Y IbOMY BHITAIKy
3HIDKEHHS TeMITepaTypy), HOBUI CTaH BUSBISIETHCS O1ITbIIE CTIHKAM, TOOTO
Ma€ MEHIIHH 3anac BiJIbHOI eHeprii.
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Pucynoxk 2.1 — liarpama Fe—C (cyuinbHi JniHil 321130 — IEMEHTHT,
IITPUXOBI 3aJ1i30 — TpadiT)

Binomo, mo rpadit Oinbin criiika ¢daza, yuM neMeHTUT. Lle 3HaunTh,
IO CyMIIll «ayCTeHiT + rpadiT» Mae MEHIIy BUIbHY €HEpPTil0, YUM CYMIlI
«beput + meMEeHTHT» ab0 «ayCTEHIT + LEMEHTHT». 3a 3BHYail Xapakrep
3MIHM BUIBHOI €Heprii (a3 Mmpu 3MiHI TEeMIIEpaTypu LIIOCTPYIOTH CXEMOIO
(puc. 2.1). Jlinii 3MiHM BibHOT eHeprii piAKOro po3IaBy W cymimri
«QyCTEHIT + LEMEHTHT» NpU 3MiHI TeMIepaTypH IEpeTHHAIOTHCS HpPH
temneparypi  1147° C. Hwkde 1iei TeMreparypud TMpPOTIKAE MPOILEC
KpHUCTaJTi3allii, BUIIE BiOYBAEThCS TUIABJICHHS YaBYHY.

OCKUTBKH CYMIII «ayCTeHIT + TpadiT» € TepMOAMHAMIYHO OUTBII
CTIHKOI0, YMM CYMIIll «ayCTEHIT + EMEHTHUTY», TO JiHisf, 0 XapaKTepUu3ye
BiJIbHY €HEpTil0 CyMIllli «ayCTeHIiT + TrpadiT», pO3TaOBYETHCS MPH BCIiX
TeMIeparypax HIDKYE JiHil, sIKa XapakTepH3ye BUIBHY €HEprilo cymilii
«aycTeHiT + neMeHTHT». ToMy JiHis BUIBHOI eHeprii «aycTeHiT + rpadit»
NepeTHe JIHiI0 BUIBHOI €Heprii pilMHHU MpH TeMIeparypi BUCOLIIH, YuM
1147° C, y upomy Bunaaky npu 1153° C. Ha niarpami Fe—-C (puc. 2.2)
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nminito piBHoBaru a3 (pimmHa — aycremit + rpadir) mpu 1153° C (E-F)
300paXxyrOTh IITPUXOBOIO.
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1147 1153 Temmepatypa
Pucynok 2.2 — Cxema 3MiHH BUTEHOT eHeprii (a3 B 3aIeKHOCTI Bif
TeMIIEpATypH

AHaJIOTiuHI MipKyBaHHS MOXJIMBI W BIIMOBIAHO JO MpoIECy
BUJiNeHHS Tpadity 3 aycteHiTy npu 738° C mo minii PI-K/ , abo mo minii
S"“E'B intepsani Temmeparyp 738° C — 1153° C. Cucremy 3amizo—rpadit
(miarpaMa 3i IITPUXOBUMH JIiHISIMH ) HA3UBalOTh CTa0IIHHOIO HA BiAMIHY Bij
MeTacTa0lIBHOT HiarpaMu 3a1i30—1[EMEHTHUT.

OTke, TpH KpUCTATi3allii 3 MOTJISAY TEPMOJUHAMIKU OLIbII
«BWTITHO» YTBOPEHHS CYMIIli aycTeHITy ¥ TpadiTy, a He ayCTeHITy H
nemeHTuTy. OIHAK Ha mNpakTHLi Oe3nocepenHe BHUALICHHS Tpadity 3
PiIVHY B HENIETOBAHMX YaBYHAX BiJIOYBA€THCS PIJKO.

CrpaBa B TOMy, II0 YTBOPEHHS IrpadiTy 3 piiuHH abo ayCTEHITy —
MIPOIIEC TOBUTFHUI, TOMY III0 po0OTa YTBOPEHHS 3apOJKy IpadiTy Belrka i
notpiOHa 3HauHa Audy3is aToMiB BYTIEIIO Ui YTBOPEHHsS KPHCTAIiB
rpadity. Takox HeoOXiJHWI 1 BiABiJ aToMiB 3aiiza BiJ (QpPOHTY HOTO
KpHUCTaJTi3allii.

HeoOxigHO BpaxoByBaTH, IO YTBOpeHHs rpadity 3 piauHA
BiZIOyBa€ThCSI MPHU OXOJIOPKEHHI y BY3bKOMY IHTEpBaJi TeMIeparyp Mix
JiHIAMU CTaOUTBHOT ¥ MeTacTabinbHOI Jiarpam, TOOTO B yMOBax Malloro
NEPEOXOJIO/KEHHS, 1[I0 MOXJIMBO MpH JAyXKE€ MaluX MIBUAKOCTIX
OXOJIOJPKEHHS.

KpiM Toro, sKmo mHOpIBHATH KPUCTaTiYHI CTPYKTYpH ayCTEHITy,
LHEMEHTUTY U TpadiTy, TO MOXHA 3BEpHYTHM YyBary, L0 CTPYKTypu
HEMEHTUTY ¥ aycTeHiTy Onm3bki, a rpadiTy 1 ayCTeHITy iCTOTHO
PO3PI3HSIOTHCA. | 11O CKITay ayCTEHIT 1 IEMEHTHUT OJIMXK4Ye OJIMH JI0 OHOTO,
YUM ayCTeHIT 1 rpadit (aycreHit mictutsb a0 2,14 % C, nementur 6,67 %
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C, arpadit 100 % C). Tomy yTBOpEHHS IIEMEHTHUTY 3 ayCTEHITY, a TAKOXK 1
3 piAVHA BiTOYBAETHCA JIETIIIE.

TakyuM 4MHOM, HE3BaXKalOYM Ha Te, MIO 3 MO3MLIH TEPMOIWHAMIKH
NpY KpUCTami3alii i HACTYTHOMY OXOJIOJKCHHI 3aJ1i30BYTJICIIEBUX CIIABiB
IMOBIpHIIlIE YTBOPEHHS CIpOTO YaBYHY, Ha TPAKTHIll, MPH HEKEPOBAHUX
[UKJIaX OXOJOJPKEHHS BWJIMBKIB, KIHETUYHI YMOBH (IMiBUIIEHI IIBHIKOCTI
OXOJIOJPKEHHS) 1 OJM3BKICTh CTPYKTYp 1 CKJIaAy ayCTEHITy 1 LEMEHTHUTY,
0OyMOBTIOIOTh ~ OJepKaHHA y BWIHBKaxX CTPYKTyp Oimoro abo
MOJIOBUHYACTOTO YaBYHY. B OCTaHHROMY 4YacTHWHa BYTJICIIO 3B’s3aHa B
kapOifax, a yacTuHa rnepedyBae y BiIbHOMY CTaHi.

Poni rpadity i xap0iziB, 3aleKHO Bil YMOB €KCILTyaTallil 4aByHY,
MOXYTh OYTH TIOJISIPHO MPOTWIEeKHI. B omHNX BUmamkax, kapOinu, Oyaydn
(ha3010 sKa 3MIIHIOE, CIIYTYIOTh CEPHO3HOI0 MEPELIKOI0I0 JUIs a0pa3uBHUX
3epeH. B iHmMX, Hampukiaa, mpu poOOTi AeTani 3 OLIOro 4aByHy B mMapi
«BTYJKa—Ball», KapOimW MOXYTh BHCTYNMATH SK aOpa3wB, IHTEHCHBHO
3HOLIYIOYH ITOBEPXHIO CIIOIYYEHOT IeTali.

VY Toli ke yac, 4epe3 yKpail HHU3bKY TBEpAICTh IpadiTy, micle, sKe
BiH 3aiiMa€ y MOBepXHEBOMY Iapi AeTaii, Ipy 3HOIIyBaHHI aOpa3uBOM 3
morysiny ouiHku cmiBBimHomeHHs H,/H, mo cyri € mnopoxkHeuero
(mikporioporo). Tomy rpadiTHi BKIIOYEHHS HE TUIBKM HE CIPHSIOTH
OMipHOCTI ~ abpa3UBHOMY  3HOUIYBaHHIO, ajl€ MOXYTb  BCTyNaTH
CBOEPIIHAMH KaTamizaTropaMmu iHTeHcHu(ikamii mporo mpomecy. OmHak B
yMOBax 3HOIIYBAaHHS IapH TEPTS «MeTall M0 METaly» NpH BiJCYTHOCTI
abpasuBy, TpadiT Ai€ K MaCTHJIO, CIIPHSIE 3HIKECHHIO KOe(illieHTa TepTs i
IHTEHCUBHOCTI 3HOILIYBaHHS.

V 3B’s3Ky 13 UM, 3aJISKHO BiJl IPU3HAYEHHS YaBYHHUX J€Talled IpU
iXHPOMY BHTOTOBJICHHI, MOXXYTh CTOSITM JBa ICTOTHO pi3HI MO 3MicTy
METO/IaM BUPILICHHS 3aBJIaHHS:

1) 3abe3meueHHs CTPYKTYpH, Y SIKid ByTJenb, II0 HE BBIMIIOB Yy
METaJeBy OCHOBY (MaTpHiio) IepedyBae TUTbKM y BUIILSIAI rpadity —
aHTH(QPUKIIKHI, JesKi GPUKIIAHI YaBYHHM, YaBYHH Ui JeTaled MallvH,
AKi He OepyTh y4acTb y mapax TepTs (KOpIyCHi JAeTajli, KpOHLITeHHH U
T.J.);

2) 3abe3rieyeHHst CTPYKTYPH, Y sIKiil BeCb, HE PO3UNHEHUI y MATPHIL
ByIJIelb, Oepe ydacTh B yTBOPEHHI KapOimiB — Ol 4aByHH, MpHU3HAYEHI,
Haifyacrtime, an1 poOOTM B yYMOBax pi3HHX BUAIB aOpa3sWBHOTO
3HOIITYBaHHS.

VY neskux BUINaaKax MoTpioHo 3a0e3MevnTH MOEJTHAHHS B CTPYKTYPI
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MIEBHHUX KITBKOCTEH rpadiTHUX BKITIOUEHB 1 KapOimiB (dacTrHa QPpUKITIHHIX
YaBYHIB Ta 1H.) SKi 3HAXOIATHCS B 3arabHIi METaIeBili MaTPHUILL.

Jns  BupimieHHSs [MX 3aBJaHb HEOOXiAHI 3HAaHHS OCHOB
MIPOTHO3YBaHHS i KEPYBAHHS CTPYKTYPHUM CTaHOM YaBYHIB.

2.4 Cnocodu oTpuMaHHs i KepyBaHHSI CTPYKTYPOIO Ta BJIACTHBOCTSIMH
4aByHIB 3 rpagirom
2.4.1 Tepmoo6pooka i MmomudikyBanHs

KpiMm  posrissHyroro  BUIE Tpolecy — YTBOpeHHS — rpadity
Oe3mocepelHbO TIPU  KPHCTaNi3allii, MOXJIMBUM IHIIUH crocid Horo
onepkaHHsS. Y 3B’S3KY 3 THUM, III0 IEMEHTUT HECTiiiKa CIOIyKa, TO BiH MPH
MIEBHIN TeMIepaTypi po3NaaaeThecs 3 YTBOPSHHIM ayCTeHITY i rpadity abo
¢beputy 1 rpadiry. as 3miicHEHHS IBOro Mpolecy MoTpiOHa audysis
BYTJICIIO J0 HEHTPiB KpucTamzamii rpadity i camomudysis 3amiza Bixg
MiCIlb, ¥ AKUX TpadiT Bumiasderbcsa. lIpm kiMHaTHIA Temmeparypi el
npolec MPaKTUYHO HE MPOTIKae, ane 3 MiJBUIIECHHIM TEeMIIepPaTypH pi3Ko
MPUCKOPIOETHCSI.

HaiiGinem  Haowno 3MmiHa  CTpyKTypum mpum  rpadirnsamii
MPOCTEXKYETHCS 38 IIMPOKOBIIOMOIO cxeMorto (puc. 2.3).

VY pesynbraTi HarpiBaHHs Oinoro 4aByHy Buie JniHii PSK mepmit
NIEPETBOPIOETHCS B AYCTEHIT; BUTPUMKA IPH LUX Temreparypax (> 738° C)
NPUBOIUTH 0 TpadiTrzanii HAAJIMIIKOBOTO LEMEHTHUTY, IO PO3UYMHHUBCA.
Sxuio mporec 3aKiHYMBCS IOBHICTIO, TO IIPH BHCOKIH TemriepaTypi
CTPYKTypa OyJe CKIIaJaThcs 3 ayCTeHITy U rpadiTy, a Mmicias 0XOJIOKSHHS
3 MepIiTy i rpadiry.

IMpu mepexoni wepe3 kpuTwuHy Touky (minHis PSK) aycrenit
MIEPETBOPIOETHCS B MEPIIT 1 BUTPUMKA NIPU TeMIIEpaTypax, OJIM3bKUX, aie
HIDKYE KPUTHYHOI TOUKH, MOXKE MPUBECTH 0 PO3MaLy LEMEHTUTY MEPIITY
(mapyra crazgis rpadiruzaii). [Ipu MOBHICTIO 3aBepIICHOMY IPOLECI BECh
HEMEHTHT  TEepNITYy  pPO3KIAJeThCs, YTBOPUTHCA  (eputo-rpadiTHa
CTPYKTYypa, a IIPH YaCTKOBOMY NEPETBOPEHH] 3aJIMIINTHCS HEPITIT.

TakuM 4MHOM, OCHOBHMMH (pakTOpam, IO BHU3HAYAIOTH KiJIBKICTbH
rpadity B HEJEroBaHOMY YaBYHI, € HIBHIKICTh OXOJIODKCHHS JETalli MpU
KpHCTanizalii, TeMieparypa i 4ac BATPUMKH IIpY TpadiTu3amii LeMeHTuTy.
OpHak KUIBKiCTh TpadiTy € TIABKU OJHUM 13 MapaMeTpiB CTPYKTYpH, KUK
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BIUIMBA€ Ha BIACTUBOCTI 4YaByHy. BaxkmmBum ¢akropom € Qopma
rpadgiTHUX BKIIOYeHb. Haibimem iMoBipHa QopMa BKIIOYCHB, SKi
YTBOPIOIOTHCSL TIPY KpHCTallizalii B HENEroBaHUX 1 He MOIM(iKOBaHUX
YaByHaX y BHUIVIAAI BUTSATHYTHX MPOXHUIOK a0 TEeNIOCTKIB —
mIacTUHYacTHd rpadit. OmHak Taki BKIIOYECHHS BIIICPalOTh  POIb
MIKpOTPIIIMH, TOCTPUX HAAPI3IB ycepeauwHi MeTaieBoi Marpuii. Tomy
MeXaHI4Hi BJIaCTUBOCTI 4aByHY, OCOOJMBO MPH HANPYTaX, IO PO3TATYIOTh,
3HAYHO TipIle, HiK CTalell TaKkoro > CKIady, SK 1 MaTpHIsi YaByHY.
BigHOocHe MOMOBXKEHHS CIpOr0 4YaBYHY i3 IUTACTHHYACTHUM TpadiToM He
nocsirae 1%. 3HauHO HIKYE, HIX Y cTaled 1 Mea MIIJHOCTI Ha PO3TATaHHS.
Ilpy upoMy KepyBaTH LMMH BJIACTUBOCTSMH YaBYHY IUIIXOM 3MiHU
BJIACTHBOCTEW MAaTpHUIll TEPMOOOPOOKOI0, MOAIOHO CTANsAM, MPAKTHYHO HE
MOJJIMBO, OCKUIBKH, Y KOXHOMY pasi, BHU3HayaJIbHUM (akTopoM
3aJIMIIA€ThCs TpilIKMHONOAIOHA hopma TuiacTuHYacToro rpagity. Pazom 3
TAM ICHY€ BEIIMKMHA TEpeNiK AeTajei, Uil SKUX pPiBeHb MeXaHIdHHX
BJIACTHBOCTEW CIpOro 4UYaByHY 13 IUIACTHHYACTHUM TpadiToM IIIIKOM
JOCTaTHIH.

Pucynok 2.3 — I'padik Bifmazy KOBKOTO YaBYHY
VY 3Ha4yHO MEHIIOI Mipi, HIXK IUIACTHHYACTHH TIpadiT MOCIa0NISIIOTh
METAaJIeBy MATPHIIO IUIACTIBYACTI (BEPMHUKYIISPHI) 00 KyJSCTI BKIFOYCHHS



12

rpaditry. Ilepmi 3 HuX XapakTepHi [UIsI KOBKOTO YaByHY, a KYJISCTI
BKJIFOUCHHS € CKJIaJJOBUMHU CTPYKTYpPH BUCOKOMIITHUX CTaJeil.

CTpyKTYpy KOBKOT'O YaBYHY OJEPKYIOTb Y BUIMBKAaX, BUTOTOBICHUX
3 Oimoro 4uaByHy, MiJAaHOTO Bigmamy 3 MeTow Tpadituzamii, y
BIJMOBIAHOCTI 31 cxemoro (puc. 2.3), y pe3ynpTaTi 4Oro HEMEHTHT
po3mamaeTbes, a rpadit, MmO yTBOpHBCA, 37400yBae (GOpMy IUIACTIBILB.
3aranpHu Yac BiAnary 10 MOBHOI rpadituzamii Moxke nocaratu 80 roauH.

Hocuts BaxknmmBo, mo0 A0 rpadituzamii yaByH OyB MOBHICTIO Yy
BUOLIEHOMY CTaHi. Y IPOTHIICKHOMY BHITJKy BUXIIHI MIIACTHHKY rpadity
i micns Biamany 30epiraloTbecs B HE3MiHHiHM roctpiid ¢popmi, 1o 00yMOBHUTH
3HW)KEHHS] MEXaHIYHUX BJIaCTHBOCTEH.

Jns mpuckopeHHs TpadiTmzamii mepen BiAmamoM OinwWii YaBYH
MiAIAI0Th 3arapTyBaHHIO Ha JPiOHO3EPHUCTY CTPYKTYpY, IO 30UIBIIYyE
KUIBKICTB IIEHTPIB KpUCTAI3allii rpadiTy.

Hns inTencudikamii nporecy rpadituzamii IUISIXOM TepMOOOPOOKH
KOBKHIA YaBYH TaKoK MOIUQiKyroTh Te, B, M Ta iH. enemMeHTaMu.

MexaHi4Hi ~ BJAaCTUBOCTI  KOBKOTO  YaBYHY  BH3HAYalOThCS
CTPYKTYpPOIO METaJeBOi OCHOBH, KIIBKICTIO ¥ CTyIIeHEM KOMIIAKTHOCTI
BKIItOUeHb rpadity. MeTareBa 0CHOBa KOBKOTO YaBYHY 3aJI€XKHO Bif THUITY
TepMOOOpPOOKH MOke OyTH (QEepUTHOIO, (EPUTO-TIEPIIITHOO 1 MEPIiTHOIO.
Haii6inbin BUCOKI MeXaHiuHI BJIAaCTHMBOCTI Ma€ KOBKHI YaBYH, 3 MATPHIICIO
3epHUCTOrO NepiiTy. HuM MoxHa 3aMiHATH JTUTY a00 KOBaHy CTajb. Y THUX
BUIAJKaX, KOJU TMOTpiOHA MiJBUIICHA IUIACTHYHICTh, 3aCTOCOBYIOThH
¢bepuTHHUN KOBKMI 4aByH. BiH Mae kpaily 31aTHICTh J0 AeMIlpipyBaHHS,
HiX CTanb, 1 MEHIIy YyTJIMBICTH JIO HAJpi3iB, 3aJIOBLIBHO MpAIOE TPH
HHU3BKHX TEMIIepaTypax.

BigHocHe mooBkeHHS KOBKUX (pepuTHUX 4aByHiB csirae 10-12 %, a
MifHicTh mpu oMy cTaHoBUTH 300-350 MIla. IIpu mepuiTHi ocHOBI
MinHicTh migBuinyerbes a0 600 Mlla, omHak BiTHOCHE ITOOBXKEHHS
3HIXKYEThCS 110 2 %.

Bucokomilauii 4YaByH, 10 XapaKTEPU3YEThCS KYJSACTOK abo
Onmu3pkor0 g0  Hei  GopMOI0  BKIIOYEHb  TpadiTy, OAEPKYIOTb
MoauQiKyBaHHIM piakoro yaByny npucaiakamu Mg, Ce, Y, Ca i geskux iH.
eneMeHTiB (y 4ucTOMy Buai abo B ckiaji criapiB). [Ipucanku MOXyTh
YBOAMTH B CTPYI0 YaBYHYy HOpW HOro posnuBaHHI a0o B KiBHI MpH
YaCTKOBOMY HOT'O 3alIOBHEHHI.

Kynsictuii rpadit y HaiiMeHIIii Mipi nmociaadlise MeTalieBy MaTpUIIIO,
10 IPUBOIUTH JI0 PI3KOTO IMiABUIICHHS MEXaHIYHUX BIIACTUBOCTEH YaBYHY
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3 MEePIITHOIO a00 OEHHITHOIO CTPYKTYPOIO, HAOIMKAIOUN TXHIO BIIACTUBICTD
JI0 BIACTHBOCTEH ByrieueBux craneil. [Ipm umcto depurHoi maTpuii
3a0e3MMeuyeThCs MIABUILIEHAN piBEeHb IUTACTUYHOCTI. Bigunoche
MOJJOBXXEHHSI BUCOKOMIITHUX 4aBYyHiB gocsirae 10—15%, a minnicTs — piBHA
BYIJICLIEBUX CTAJICH.

1li yaByHM 3aCTOCOBYIOTBCS ISl 3aMiHH CTAJIEBHX JINTHUX 1 KOBAaHUX
Jetajeid (KoJiHYacTi Bajlu JBUTYHIB, KOMIIPECOPIB i T.I.), & TAKOX JeTaleH
3 KOBKOTO 200 3BUYAIHOTO CipOro YaBYyHY.

2.4.2 BnjiuB JieryBaHHSs

[TpomM#uCIOBI YaBYHH € HE YHCTHMH 3aJTi30BYIIICLIEBUMH CIUIaBaMHU, a
MICTSITB, SIK 1 CTaJH, Pi3Hi JOMIIIKK — KpEMHIH, MapraHenp, Cipky, Gocdop,
aie me B OUTBIINX KUTBKOCTSAX. Y TPHUCYTHOCTI IHX 1 1HIIUX €JIEeMEHTIB
YMOBH TpadiTuzamii MOXKyTb iCTOTHO MiHSITHCS. BBeeHHs pi3HUX 00aBOK
JO YaByHy MOXE TPHUBECTH JO BHHUKHEHHS JIOJAaTKOBUX IICHTPIB
KpucTamizamii rpadity, mo crpus€ B psAl BHMAIKIB HOTO yTBOPEHHIO.
PobGora yrBOpeHHs 3apoaka rpadiTy Hpy HbOMY MOXe OYTH MEHIIe, HiX
HEMEHTUTY, 1 TOMY MOXIIMBO YTBOPEHHS KpHUCTamiB rpadiTy HIDKYe
temneparypu 1147° C.

IocriiiHi TOMIMIKY ¥ JIETYIOYi €1eMEHTH 10 Pi3HOMY BILTUBAIOTH HA
nporiecu  rpadituzamii: oaHi  cOpusioTh  rpadituzamii, iHmI < —
BiI0UTIOBAHHIO.

Opi€HTOBHO CTPYKTypH YaBYHY, 3aJIe)KHO BiJ BMICTY AOMIIIOK,
MO’KHA BU3HAYHTH 32 CTPYKTYPHHUMHU Aiarpamamu (puc. 2.4 1 2.5).

MOXIUBICTh Ofiep)KaHHS BUIBHOTO TpadiTy TpW  BiJCYTHOCTI
JIETYIOUMX €JIEMEHTIB 3aJIKUTh TOJOBHUM YHMHOM BiJl BMICTYy KPEMHIIO
(puc. 2.3). Jlyis #oro ojepskaHHs HEOOXigHO, MO0 CyMapHOIO BMICTY
BYTJICIIO i KpeMHito Oyito Oinbiie 4 %.

AJNFOMiHIH TaKOX CIIPHUSIE YTBOPEHHIO TpadiTy B YaBYHI.

TakuM YMHOM  3aCTOCOBYIOUM HaBeIEHI CIOcOOM, MOXKHA
BUPILITYBATH TEpPIy i3 IBOX, BUIIIE HA3BaHUX, 3aJla4 — OJICPKaHHS YaBYHIB
3 rpaditom. KepyBanHs KinbKicTio Tpadity i GopMOI0 MOXKHA!

- 3MIHIOIOYH KiJIBKICTb 1 TUII €JIEMEHTIB rpagiTH3aTOpPiB 1 ByIJewto;

- 3aCTOCOBYIOUM MOAN(DIKATOPH NPH IJIABJICHHI YaByHY;

- PETYJIIO0YH MBUJIKICTh OXOJIOJKEHHS BUJIMBKH;
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- YIPaBJISAIOYH MTapaMeTpaMHy Bignairy mpH rpadituzarii.

St %
| — 6ini waByHwm; |1 — cipi nepaitHi waByHwu; |11 — cipi ¢pepurHi yaByHH
Pucynok 2.4 — CtpykTypHa giarpaMa BIUIMBY CIIiBBITHOIICHHS KPEMHIIO 1
BYTJICIIO Ha CTPYKTYPY YaBYHY

S ol [ 1

&

&

Amosurul %
N

Kpemnii, %
Pucynok 2.5 — CTpyKTypHHIi CTaH YaByHY B 3aJIEXKHOCTI BiJ] BMIiCTY
KPEMHIIO 1 aTIOMiHif0
JlomaTKOBO, BJIACTHBOCTSIMM MATpPHUIl, y psAAl BHIAJIKIB, MOXHA
YIPaBIISATH 3arapTyBaHHSIM 1 BiITyCKOM.

2.5 CTpykTypa Ta BJIaCTHBOCTI 0iTMX 3HOCOCTIHiKHX YaBYHIB

binpmiicte 0iMMX 4YaBYHIB, $IKi 3aCTOCOBYIOTBCS ISl POOOTH B
yYMOBax pi3HUX BHUIIB a0Opa3UBHOIO 3HOLIYBaHHS, € BHCOKOJETOBAHUMH
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crutaBamu. HeoOXigHICTh JeryBaHHS 00yMOBIIEHa HACTYITHUM.

Bigomo, 110 OmipHICTh 3HONTYBaHHIO BH3HAYAETHCS BIACTUBOCTIMHU
JIBOX CKJIQJIOBHX CTPYKTYpH — (a3u, fka 3MilHIoe (y YaByHax, HaluacTime,
ne kap0Oimm) i MetaneBoi Marpumi. [lpm 1mpomMy HaiOinmpmmid pict
3HOCOCTIHKOCTI JOCSTA€EThCS, SKIO iXHA TBEPHICTh HAOMMKAeThCs abo
MepeBepIrye TBEpAiCTh abpaszuBy. MIKpOTBEpAICTh 3€peH KBapIiOBOTO
micKy — Halnomupenimoro adpasuy 6mm3bpko 13 I'Tla. Leit xe nokasHuk
JUIsT  KapOimy HEJIeroBaHOTO YaBYHY — LEMEHTHTY [OCSTa€ TiTbKH
9-10 I'Tla.

MikpoTBepAicTs MAPTEHCUTHOI MaTpHii epedyBae Ha piBHi 8 ['Tla —
9 I'Tla. OpHak y mporieci 3HOIIYBaHHS B pe3yJbTaTi MEXaHIYHOTO HAKIIEIy
TBEPAICTh MAapTEHCUTY, Ha BIAMiHY BiJl IEMEHTHUTY, MOXe 30LIbITyBaTHCS
no 11 I'Tla.

Y me Oinpmiit Mipi, B 0araTb0X yMOBaxX 3HOIIYBaHHSA, MOXKeE
3MilHIOBATHCHh TOBepXHS TepTsa (mo 12,0-12,5 I'Tla) axmo B cTpyKTypi
MIPUCYTHS BEIIMKA KiIBKICTh METACTA0IIBHOTO 3aMIIKOBOTO AyCTEHITy. Y
ILOMY BHUIAJIKy 3MIITHCHHSI BiI0YBA€ThHCS «IOJIBIHHOIO TATOKOY:

- 32 paXxyHOK YTBOpPEHHS B TIpOIleci 3HOIIYBaHHS 3 HECTabiTbHOTO
ayCTEeHITy HOBOi BUCOKOMIITHOT (pa3u — MapTeHCUTy Aedopmartii;

- y pe3ynbTaTi MEXaHIqHOTO HaKIIETy.

TakyuM YWHOM, MPHUCYTHICTH Y CTPYKTYpi KapOiAiB HEMEHTHUTHOTO
TUMy TIPU MapTEHCUTHIM abo aycreHiTHOI MeracTaOimbHIN MaTpuil
HalfyacTilie JapeMHa, OCKIJIbKH HOTrO TBEPIICTh HE MEPEBHIIYE TBEPAOCTI
OCHOBH Ha ITOBEPXHi TepT4. binblie Toro, yepe3 miIBUILIEHY KPUXKICT TXHS
y4acTh MOKE BiJlirpaBaTH HETATUBHY POJb, 3HIKYIOUH PiBEHb B’S3KOCTI Ta
TUTACTUYHOCTI YaByHy. Lli oOcTaBWHA € OJHIEIO 13 MPUYMH HEOOXITHOCTI
JIeTyBaHHS YaBYHIB €JIeMEHTaMHU, [0 YTBOPSATH OLIbII TBEP/i KapOigu, YiumM
[EMEHTHT.

KpiMm Toro, HeoOXimHO 3BepHYTH yBary Ha Te, HIO CTiHKIiCTh
ayCTEeHITy JO NEpIITHUX NEepPEeTBOPEHb Yy HEJIErOBaHOMY 4YaBYHI MpH
OXOJIOJKeHHI ayxe Hu3bka (C— momiOHI JiarpamMu 3cyHyTi BiiBo). Tomy
OJIepXaTu y BHJIMBKaX, OCOOJIMBO IiJIBUILEHOI TOBLIMHH, MAPTEHCUTHY, a
TUM O1JIbIIIe, aYCTEHITHY OCHOBY, IPAKTHYHO HE MOIIUBO.

OTxe, yaBYH HEOOXIJHO JIETyBaTH €JIEMEHTaMH, L0 HE TUIbKU
YTBOPATh KapOiaum miABUIIEHOI TBEPAOCTi, ane MiABHULIYIOTb CTiHKICTbH
AyCTEHITy JI0 pO3Maly IpU OXOJIOIKEHHI.
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2.5.1 BnjiuB JeryBaHHSl HAa CTPYKTYPY i BJAacTHBOCTI 0i/1MX YaByHiB

OCHOBHHMM JICTYIOUMM €JIEMEHTOM y OIMX YaByHaX € XpoM. 3aJIe)KHO BiX
HEOOXiHUX BIACTUBOCTEH 4aBYHY (3HOCOCTIHKICTh, Xapo- abo Kopo3iiiHa
CTiiKiCTB), WOTO BMICT MOXxe pocsratu 35%. bymyum depurnzaropowm,
XpOM 3BY)KY€ MeXi iCHyBaHHS aycTeHITHOI oOnacti Ha nmiarpami Fe—C—-Cr
(puc. 2.6), i 3MeHIIye pO3UMHHICT ByTiento B aycteHiti. [Ipu 30inbmenHi
BMICTy IBOTO €JEeMEeHTa 3HIDKYIOTbCS eBTEKTHYHA ¢ EBTEKTOIJHa
KOHIIEHTpAIIi] BYTJICIIIO.

Cr, - J
%
90 § 73

70nC,

Fe 7 k 5 7 9 71 C%
Pucynok 2.6 — [3orepmiunuii po3pi3 niarpamu Fe—C—Cr npu kiMHaTHIH
TeMmIeparypi

XpoMm yTBOpIOE crienianbHi Kapoigu tuny Me;C; (TpUroHajibHUN) i
Me3Cg (xyOiunmii).

[Jiamazon naHux mpo MiKpOTBEPAICTh X KapOifiB, AKi MPUBOAATHCS
B JiTeparypi gocuth mupokuid — Big 11 I'Tla o 24 I'Tla, yacrime B Mexax
13-16 I'Tla. 3HauHMii po30ir 3HaUYCHb 00YMOBIICHHI JJBOMA TPUIHHAMH.

[lo-nepmie, TpuroHanbHUil KapOin XpoMy Mae€  BUPAXKEHY
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aHI30TPOTIIIO — Pi3HI BIACTHBOCTI Y3[IOBXK OCi ¢ Ta OCeil a 1 6.

ILle 3yMoBIE€HO pI3HUMH THUOAMH 3B’S3KIB MIDK aroMamMu —
KOBAJICHTHOI y3/IOBK OCi ¢ 1 METaneBoi 1o ocsix a i 6.

[To-apyre, KimBKICTh 3alli3a, PO3UMHEHOTO B KapOigax Xpomy, sKe
3aMIHWJIO aTOMHM XpOMY, MOXKE ICTOTHO KOJIMBATUCS, 3aJIKHO BiA
3arajgbHOTO CHIBBITHOIIEHHA XpOMY W ByTJeIio B cmuiaBi. Tomy maHi mpo
BJIACTHUBOCTI TOTO CaMOro TUMY KapOimiB Mpu pi3HOMY BMICTI B HBOMY
3alTi3a MOXKYTh iICTOTHO BiPi3HATHUCS.

BaxnmBo 3BepHYTH yBary Ha Te, [0 IPUCYTHICTh XpOMY B CIIIaBi Ha
OCHOBI 3ajli3a IIe HE TOBOPUTH MPO T€, IO B CTPYKTypi TOBHUHEH
nepeOyBatu Kkap0Oix xpomy. HecknagHuii aHami3 TOPHU30HTAIBHOTO
(i3otepmiunoro) pospizy miarpamu Fe-C-Cr (puc. 2.6) mokasye, mio
YTBOPEHHSI TPUTOHAIBHOTO KapOily MOXKIUBO TiIBKH NPH TEPEBHUILICHHI
JESIKOT0 KpUTHUHOrO 3HaueHHs criBBigHomierns Cr/C. Ilpu BigHOMICHHI
KIJIBKOCTEH XpOMY/BYyIJICIt0 B cruiaBi Hmk4e 2,5 (puc. 2.6) yTBOPHUTHCS
TibkH Kap6ia nementutHoro tuny (Fe,Cr);C, y sKOMy 4YacTHHA aTOMIB
3amiza (no 18 % — 20 %) 3amimena aromamMu xpomy. Yum Oifbllie B 4aByHi
BYTJICII0, TUM BUIIE MOBHHEH OYTH BMICT XpOMY, MpPHU SKOMY TOBHICTIO
MOJKHA BUKJTFOYHTH YTBOPEHHS KapOiiB IEMEHTUTHOTO THITY.

OCOOUBICTIO IMTHX YaBYHHUX JIETalei y MOPIBHSIHHI 31 CTaeBUMHU
3aroTOBKaMH, BHWTOTOBJICHMMH 13 MpoKaTy a00 KOBaHHUX, € Te, IO
CTPYKTypa 4aByHY, c(popMOBaHa Mpu KpHcTami3allii BuiuBKa (Mopdororis,
XapakTep po3MojIily, po3Mipu KapOiliB) €, HaiyacTille, OCTaTOYHOI0. Bif
Hel 3aJexaTh CIIy>)KOOBI BIIACTHBOCTI jAeTaned. Y 1boMy 3B’S3Ky BapTo
3BEpHYTH yBary Ha HaCTyITHE.

Po3xomkeHHs B KpUCTalivyHiM OymOBI HMEMEHTHUTY W CIEIliaIbHUX
KapOi/iB, a TaKOX aHI30TPOIIs BJIACTUBOCTEH TPUTOHAIBLHOTO KapOimLy
00yMOBITIOIOTE 0COOHMBOCTI (DOPMYBaHHS CTPYKTYpPH YaBYHIB NpHU iXHIl
KpHUCTaJTi3allii.

[Tpu ocrarouHiii KpucTanizamii YaByHiB 3 YTBOPEHHIM KapOiiB TUITY
(Fe,Cr)sC (npubmmsnao 10 9 % Cr) yrBOpsThCA JeAeOypuTHI KOJOHII, Y
SAKHX MaTPUYHOI0 ()a30l0 € KPUXKHH LIEMEHTUT, a PO3Taly’KEHOI —
aycteHiT. lle HeraTMBHO MO3HAYAE€THCS HA MEXaHIYHMX BJIACTUBOCTSIX
YaBYHIB.

[Ipu kpucramizauii 3 yTBOPEHHSAM €BTEKTHKH, L0 BKIIOYaE KapOinu
tunty (Cr,Fe);C; marpudnoro (a3ol € ayCTeHIT, a pO3ralyXeHOK —
KapOi, TOOTO YTBOPHUTHCS CTPYKTYpa KOMITO3HIIIHHOTO Matepiaiy, y sSKii
Kpuxka (¢aza nepeOyBae B TMOPIBHSIHO B’SI3Kid OCHOBIi. 3aBISKU ILOMY
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MEXaHiYHI BIIACTUBOCTI YaBYHY ITOMITHO ITiIBUIITYIOTHCSI.

TakuM 9uHOM, iCHYy€ TpaHWYHE 3HAYCHHS CIIiBBIJHOIICHb XpOMYy U
BYIJICLI0O B YaByHaxX, BHINE SKOr0 B pe3ynbTaTi 3aMiHM KapOiniB
HEMEHTUTHOTO THUIy HA TPUTOHANBHUI KapOin, cHocTepiraerbces
MPAKTHYHO CTPHOKOTOAIOHE TOINIIIEHHS BIIACTUBOCTEH YaBYHIB.

Tomy OLIBIIICTB, 3aCTOCOBYBAaHUX HA MPAKTHUIIl OITMX 3HOCOCTIMKIX
YaBYHIB MICTATh HE MeHII 12 % Xpomy.

Kpim xpomy, 3 METOIO TIOJITIIEHHS CTPYKTYPH, IKa POPMYETHCS IIPH
KpHCcTaji3amii, MIBUIIECHHS TBEpAoCcTi KapOimHoi (a3m, a TakoX It
3a0e3MeYeHHs] MOYIJIMBOCTI KEPyBaTy BIACTUBOCTSIMHU METaJIeBOi MaTpHIIi,
JIO0 CKJIay YaBYHIB BBOJIATH 1HIII JICTYIOUl CIIEMEHTH.

binpmioro criopigHEHICTIO O BYTJEMIO W 3[aTHICTIO YTBOPIOBATH
KapOiM XapakTepu3yeThCsl BaHaldid. BiH CTBOPIOE BHCOKOCTIMKHIA
kyOiuanii kap6ig VC teepaictio mo 28 I'Tla. Y nementuTi Banamiii Mano
po3unHHUi. KinbkicTh BaHafif0 HEOOXigHA S TOBHOTO BHUKIFOYCHHS
neneOypuTy 31 CTPYKTYpH 3aJ€KUTh BiJi BMICTy BYTJEI0 B YaBYHI.
3okpema nipu 2 % — 2,4 % C ue gocsaraerses ipu 6 % —7 % V.

[lo3uTrBHOIO OCOONHMBICTIO TEPBHHHOI CTPYKTypH BaHAJI€BUX
YaBYHIB € MLUTKOJHCIIEPCHICTh KapOiMiB OKpyriiol abo BUTATHYTOI (hopmm,
MOPIBHSIHO PiBHOMIPHO PO3MOJIIEHNX B EBTEKTUYHUX KOJOHisX. [Ipm
BOMY JJISl KOJIOHIH XapaKTepHa KOMIIAaKTHa KyJisicTa ¢opma, Ha BiIMiHY
BiJl BUTSTHYTUX KOHYCOTOJIOHUX €BTEKTHYHHUX KOJIOHIH, MO (HOPMYIOTHCS
Ha ocHoBi kapOimy (Cr, Fe);Cs;. 3aBasku 1bOMYy BaHa/i€BI 4YaBYHH 3
AyCTEHITHOIO OCHOBOIO XapaKTEePHU3YIOThCS HE3BUYAHHO BHCOKOK IS
OiNMMX 4aByHIB IJIaCTHYHICTIO. BimqHOCHE MOIOBXEHHS MOXke jgocsaratu §%.
s obOcraBuHA, TOpSAA 3 BHCOKOI TBEPAICTIO KapOiniB, 00yMOBIIOE
MiJBUIIICHUH 1HTEpPeC 10 BaHaIieBUX 4aByHIB. OJHAK, 3 OISy Ha BUCOKY
BapTICTh BaHAJil0, TOBWHHI OyTH JOCHUTh BaroMi apryMeHTH, MpH
0o0TpyHTYBaHHI HEOOXiTHOCTI 3aCTOCYBaHHS YaBYHIB JIETOBAaHUX BaHAJIIEM.

3HAYHO JCIIEBIIMK 1 JOCTYIHINIMHA, HDK BaHaaid € TUTaH. BiH
yTBOpIO€ HaiOutbin TBepai kapOimu (mo 32 I'Tla) cepen kapOimiB, siki
MOXYTh YTBOPIOBAaTH METaJId B CTONAaX Ha OCHOBI 3aii3a. Aje Ha CbOT'OJHI,
Ha ’Kajb, HE ICHYe TEXHOJOTiH, siki O 3abe3meuyBanyu NMpH OTPUMAaHHI
YaByHY TepeXijl B HbOTO JIOCTaTHBOT KUTBKOCTI THTaHY.

Kpim xap6iniB, MOXKIIMBa IPUCYTHICTH Y YaByHaX kKapOoOopuiB, ane
B 3HAYHO MEHIIMX KUIBKOCTAX, HIK B Marepiaiax i HarjlaBJIeHHS.

B minomy B 0inuxX yaByHaX OJIEPXKYIOTh TaKHW e Hadip CTPYKTYp,
AK 1y cransx. MeraneBa MaTpHilsl MOXe 3MiHIOBATHCS BiJ| EepUTHOI, y
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BiIAJIGHOMY CTaHi, [0 MAapTeHCUTHOI a00 ayCTEeHITHOI  IMiCis
3arapryBaHHs. J[os  kepyBaHHS 1i  BIACTHBOCTSIMH  HaifgacTimie
BUKOPUCTOBYIOTh MapraHellb, pifillie HiKeJdb. BiIMIHHOIO PHCOI0 YaBYHIB
MO BiJTHOILICHHIO JIO CTaJiell € OiIbIl BUCOKHM BMICT pa3u, IO 3MIIHIOE,
Ko 110 50 % — 65 %.

Jdns poOOTHM TpH WiABUIICHUX TEMIIEpaTypax W B OKHCHOMY
CEPEIIOBHII[I 3aCTOCOBYIOTh KApPOCTilKi, KOPO3IMHOCTIMKI W KapOMillHi
yaByHU. /{0 CKITay IIUX 4aByHIB KPiM BEIMKOI KIJTBKOCTI XpOMY BBOIATHCH,
KpeMHill, agioMiHili, [0 YTBOPIOIOTH WIIbHY IUIBKY, SIKa ITACHBYE
MOBEPXHIO Ta OXOPOHS€ MeTal BiJ TMOJANBLUIOrO OKHCIIOBaHHS 1
3a0e3neuye KapoCTiHKICTb.

2.6 O0sacTi BUKOPHCTAHHS YaBYHIB

Jnst anTrpuUKLIiiHOTO YaByHY Ha IOYAaTKy MapKH BKa3yeThcs OyKBa
A (ACY, ABY, AKY).

AHTUQPHKIIIHI 4YaByHM 4YacTO BHKOPHCTOBYIOTH SIK 3aMiHHUKH
KOJTbOPOBUX MeTamiB y By3nax teptTsa. ['OCT 1585-85 mepenbauae mecsith
MapOoK YaBYHIB aHTU(PUKLIAHUX, IPU3HAYEHUX AJISI BUTOTOBJICHHS JINTHX
neraneil. OCHOBHUMH yMOBaMH 3aCTOCYBaHHS aHTU(PHUKIIHHOTO YaByHY Y
BY3JIaX TEPTS € SAKiCHE 3MaIlleHHS 1 301IBIIEH] 3a30pH MiXK BTYIKOIO 1 BAJIOM
Ha 15% — 30% y mopiBHSHHI 3 KOJILOPOBUMH CILTaBAMH.

OpukIiiiHi YaByHH MPH3HAYEHI, IEpII 3a BCE, JJISl BAKOPHCTAHHS B
My(]Tax 34eruieHHs 1 TalbMiBHUX NpUCTposx. Kpammmu dpukimiiHuMm
BJIACTUBOCTSIMU XapaKTEPH3YIOThCSI YaBYHU IIEPIITHOrO Kiacy, TOOTO 3
NEePIITO-TPadiTOBOI0 CTPYKTYPOK. 3a MPHUCYTHOCTI «BUTLHOTO» (HEepuTy B
CTPYKTYpi UaByHa, 3HWXKYETbCI KOEQIIieHT TepTss 1 3 SBIAETHCH
CXHJIBHICTh JIO CXOIUTIOBAHHS JeTalied, siki crpsbkeHi. Tomy ¢eputy B
CTPYKTYpi IOBUHHO OyTH He Oinbiie 10 %.

3 napyroro OOKy KUIBKICTh BIJIBHOI'O IIEMEHTUTY HE IOBHHHA
nepesuiyBatd 2%. IHakmie i3-3a pi3HMLI KOE(]IiUi€HTIB TEMJIOBOTO
PO3LIMPEHHS TEMEHTUTY 1 MEepIiTy MOXKJIMBO BHHHKHEHHS TJIMOOKHX
TepMidyHUX TpimuH. CyTTEBO JleryBaTh QPUKIIAHI YaBYHH 3 METOIO
MiABULICHHS TBEPIOCTI HE PEKOMEHIYETHCS, OCKIJIBKH 1I€ MOXKE NPUBECTU
JI0 IOHW)KEHHS KoeilieHTy TepTsl.

bini waByHM 3a XIMIYHUM CKJIaJOM OUIBII pI3HOMaHITHI, HIX
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rpadiTH30BaHi, 1 YaCTIII 32 BCce, € BUCOKOJICTOBAaHNMH.

Haiibimbm TTOTITHPEHI XPOMHCTI, XpPOMOMOJTIOACHOBI,
XpOMOMAapTaHIIeBi, XpOMOHIKEIEBi YaByHHU.
PiBenr neryBanHs xpomom 12% — 25%, imkomu mo 30%,

Moutioaerom 110 3%, mapraunem — 3% — 5%, nikenem g0 3%.

Pinmie B HEBENMKUX KITBKOCTAX JIETYIOTh TUTAHOM, MIII0, OOpPOM.

Oco0muBUM  KJIacOM € BaHAJi€Bi 4YaBYHHM, IIEPCIIEKTUBHICTD
BUKOPHCTAHHS, SIKUX CTPIMYETHCSI BUCOKOIO I[IHOIO.

OO6macTe BUKOPHCTAHHS OXOIUTIOE MPAKTHYHO BCi MOOYBHI Tamysi
MPOMHCIIOBOCTI, METAJIyprilo, EHEpreTHUKy, BHUPOOHUNITBO OyaiBEIbHUX
MatepianiB Ta iHmi. [le meram s ¢yrepyBaHHS OONamHAHHS IS
IpoOJIeHHsT MaTepiamiB, Tina (Kyii) s po3MenbHUX MimHIB. DyTepoBKn
PI3HUX MPHUCTPOIB IJIsl 3aBaHTAKEHHS PYAHW, BYTIJUIS, arjioMepaTiB Ta iH.
Banku ans xosomnoi 1 rapsdoi mpokatku. KoprycHi Ta poboui geraii
MiCKOBUX HacociB. JlomaTi 3MilTyBalbHUX MAaIIHH, SKi BHKOPHCTOBYIOTHCS
npu BHpPOOHUITBI OeTOHY, acdanbTy, neMeHTy. JlumroBambHI neTani,
3aXHMCHI BTYJIKH IyCTOTOYTBOPIOBauiB, TiNb3H, MYHIIITYKH, KEpHU
MIPECOBOI OCHACTKH JUII BUTOTOBIICHHS OyiBETbHUX MaTepiaiB.

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

1. IlepemiuTte mepeBarnm 4YaBYHIB BIJHOCHO CTajel Ta IHIINX
3HOCOCTIMKHX MaTepialiB.

2. ChopmysiroiiTe 0COOIMBOCTI XIMIYHOI'O Ta CTPYKTYPHOT'O CKJIAay
YaBYHIB.

3. OnuuiiTe  CTPYKTYpHI  NEPETBOPEHHS B  YaByHax  IIpH
KpHUCTaJTi3allii, 0X0J0/HKCHHI Ta HarpiBaHHI.

4. CkaxiTh, YMM BU3HAUAIOTBhCA TEpIIUi abo Jpyruil BapiaHTH
NEePEeTBOPEHB?

5. [oscHiTh, B YOMy MOJIATA€ PI3HHULS B TEXHOJOTIAX OTPUMAaHHS
KOBKOT'O Ta BUCOKOMIITHOTO YaBYHIB?

6. OxapakrepusyiiTe UYaBYHH pI3HUX BUAIB 10 OCHOBHHM
CTPYKTYPHHUM IpU3HAKaM.
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7. Ha3Bith cmocoOM yIpaBIiHHSA CTPYKTYpor OiMMX Ta cipux
YaBYHIB.

8. Ilepeniure OCHOBHI BUMOTH JI0 BIaCTUBOCTEH aHTU(DPUKLIHHUX Ta
(GpUKLIHAHUX YaBYHiB.

9. Ha3Bith oOmnacti 3acTocyBaHHS (PPUKIIHHAX Ta aHTHOPHUKIIHHUX
YaBYHIB.

10. Ilepeniure ~ BUMOTM 10  CTPYKTYypH  OpPUKLIHHMX  Ta
AHTU(PPUKIIHHAX YaBYHIB.

11. Ckaxits, siki 007acTi 3acTOCyBaHHs Oivx 4aByHIB Bu 3HaeTe?

12. Chopmymroiite crmocoOu OTpUMaHHS KOBKOTO YaBYHY.

4 MATEPIAJIU, IHCTPYMEHT, IPUJIA/IN,
OBJTATHAHHAA

. 3pa3k¥ i3 cipux Ta OiTMX 4aByHIB Ta i3 cTaii 45.

. Bepcrar ans monipyBaHHs 3pa3KiB.

. [lpunaau 11 BU3HAYCHHS TBEPIOCTI 32 PokBeiom ta bpinemiem.
. [lpunax muis Bu3HaveHHst MiKpoTBepAocTi Marepiamis [IMT-3.

. Ontnunnit Mikpockon NU-2.

. Komm’totep. Habip undposux gotorpadiii CTpyKTyp YaByHIB.

. [lpunax muis Bu3HaueHHst koedinieHTy TepTs koB3aHHI TMM32A.

~NoO ok~ WD

5 BKA3IBKH 3 TEXHIKHU BE3IIEKHA

[lpn BHKOHAaHHI POOOTH HE JIOMYCKAaTH MOYMIIMBOCTI HAHECCHHS
TpaBM IpPH BHIAJKOBOMY TaJiHHI 3pa3KiB YW HAHECCHHI MOIPSIMUH iX
TOCTPHMH KPOMKaMH.

6 MOPAJOK NPOBEJEHHSA JABOPATOPHOI
POBOTH

1. [Mixgrorysaru 2—3 3pa3ku 1Lt st MeTastorpadiyHOro aHamizy Ta
BU3HAYEHHSI MIKPOTBEPIOCTI IIOBEPXHI.



22

2. BusHauutu TBEpAICTh Ta MIKPOTBEPIICTD 3Pa3KiB.

3. 3 BUKOPHCTAHHIM MIiKPOCKOITY Ta IUISXOM aHAI3y KOMII IOTePHUX
300pakeHb 3pOOMTH OMUC CTPYKTYpU 4YaBYHiB. BusHauutu posmipu i,
OPIEHTOBHO, KUTBKICTh KapOiIiB.

4. BuBUMTH KOHCTPYKIIO TpWIALy Ui BU3HAYCHHS KOe(DillieHTy
TepTs KoB3aHHS TMM32A Ta METOAWKY BHITPOOYBAHb.

5. BuszHauuTu cuily TepTsS NpPU KOB3aHHI YaBYHHOTO Ta CTaJIbHOTO
3pa3kiB. Po3paxyBaTi koedilieHTH TepTs X MaTepiaiB.

7 3MICT 3BITY

1. HaiimeHyBaHHS i Me€Ta pOOOTH.

2. Kopotki TeopeTudHi BiZOMOCTI OCOOJMBOCTEH 4YaBYHIB Pi3HHX
BuaiB. CriocoOm OTpuMaHHA Ta KepyBaHHS CTpykTyporo. IlepeBarm i
Hemomniky. O0JacTi 3aCTOCYBaHHS.

3. XiMIYHMI CKJIaJ JOCITIKCHUX YaBYHIB.

4. Meroauka BUIIPOOYBaHb.

5. Tabmuns pe3ynbTaTiB TOCIIHKEHb.

6. AHani3 pe3yJbTaTiB.

7. BucHOBKH.
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