MIHICTEPCTBO OCBITH I HAYKH YKPAITHHU
3anopi3bKkuii HANIOHAJBLHUN TeXHiYHUN yHiBepcHuTeT

METOJANYHI BKA3IBKH
JI0 IPOBEACHHS MpakTHIHOI poOooT Nel
«Po3paxyHOK 3BaprOBaHOCTi METANIB»
3 MUCHUILUTIHYU «Teopis MpoIeciB 3BapIOBaHHSD JUIS CTY/ICHTIB
cnenianbHocTi 131 «[Ipukianna MexaHika» ycix ()opM HABYAHHS

2017
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MeroanuHi BKa3iBKH [0 MPOBENEHHA MpakTUYHOI poboTm Nel
«Po3paxyHOK 3BaprOBaHOCTI METaJiB» 3 JUCHHIUIIHM «Teopis mpoiiecis
3BaprOBaHHS» JUIS CcTyneHTiB crnenianbHocTi 131 «[Ipukinagna mexaHika»
ycix ¢opm Hapwanus / Yki.. O.€. Kanycrsu, P.A. KyaukoBcekuit. —
Sanopixxs: SHTY, 2017 — 22 c.

VYianaui: O.€. KamycrsH, crapin. BUKaiad

P.A. KynukoBCbKUI, KaHII. TEXH. HayK, IOLIEHT
Pentenzent: M.IO. Ocinos, kaHJ. TeXH. HAYK, JOICHT
Penaxtop: I.I1. ABepuenko
Bignosigansuuii 3a umyck: O.€. Kanyctsia

3aTBEpIKEHO
Ha 3aciganni kapenpu OT3B
IIporokon Ne 8 Bix 1.06.2016

PexomenoBaHo 10 BUIaHHS
HMK IO
ITporoxon Ne 10 Bix 21.06.2016
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1 META POBOTH

[MpunbaT MpakTU4HI TPUHOMH PO3PaXYHKY 3BapIOBAHOCTI METAIB.

2 3ATAJIBHI BIJOMOCTI

2.1 IToHsATTA 3BAPIOBAHICTH METAJIIB

3BaproBaHHs OOYMOBJIIOE HEOOXIJHICTh 3a0e3MeuuTH HaJiiHEe
3'eqHaHHS TpUHANMHI ABOX jeranell. Mexka CIUIaBJICHHS JBOX TaKUX
JeTajieii TIOBUHHA OyTH JIOCHTH MIIIHOK, [0 BHUKIIOYAE BiIPUB
HATJIaBJICHOTO MeTajy BiJl OCHOBHOTO, a TaKOX YTBOPEHHS Taps4yux i
XOJIOMHUX  TPIlIMH, TMOp, 3HAYHMX BHYTPIIIHIX HANpPYKEHb, SIK
Oe3mocepeIHbO MICIIsl 3BAPIOBAHHS, TaK 1 MPW HACTYMHUX HArpiBaHHSX Iif
3arapTyBaHHS a00 MPH iHIIUX BUAAX TEPMIYHOI 00pOOKH .

Takum 4MHOM, 3BapIOBaHICTb JIyXe CKIaJHE MOHSTTS, 3aJIeKHE Bij
BEIMKOro 4ucia (PAaKToOpiB, IO BKIIOYAIOTH SK CKJIAJ 1 BJIACTHBOCTI
Jeranei, siKi miIsraloTh 3BaplOBaHHIO, TaK 1 crioco0y 3BaploBaHHS, HOTO
PEXHUMIB Ta MOAAIBIIOT TEPMIYHOT 0OPOOKH.

3BapioBaHICTh - KOMIUIEKCHA XapakTepUCTHKa MeTaly, Mo
XapakTepu3ye HOro peakmito Ha (GI3UKO-XIMIYHHH BIUTUB TIpOLECY
3BapIOBaHHS 1 3JIaTHICTh YTBOPIOBATH 3BapHE 3'€IHAHHS, IO BiJIOBIIAE
3aJJaHUM eKCIUTyaTaliiHuM BUMOTaM.

3a 'OCT 2601-84 moHATTS 3BaprOBaHICTh (OPMYIIOETHCS B TaKHii
cnoci0: 3BaproBaHICTh - BJACTUBICTh YTBOPIOBAaTH 3'€IHAHHA, IO
BIJIMIOBi1a€ BUMOTaM, IO MPeJ SIBJISIOTHCS 10 3BapEHO1 KOHCTPYKIIii.

[MuTanHIO 3BaprOBaHOCTI MaTepialiB 3a BCI POKM ICHYBaHHS
3BapIOBAIGHOI HAayKH MPHIULIIACS BelMKa yBara. ICHYIOTh JecATKH
HAI[IOHAJIbHUX HOPMATUBHHUX JOKYMEHTIB Ta MDKHAPOIHUX CTAaHIApPTIB, B
AKUX 3po0ieHa cmpoba periaMeHTYBaTH TEPMiH  <«3BapIOBaHICTh»
MaTepiadmiB. Y ToH Ke dYac TmyOmiKamii OCTaHHIX pOKiB TUTbKH
MiATBEP/UKYIOTh, IO BHBYUCHHS 3BapIOBAHOCTI 3QJIMIIAETHCS OJHHM 3
HAMOLIBII BaXJMBUX 1 TMEPHIOYEProBHX 3aBIaHb CBITOBOI'O pIBHS.
[TocTynoBo TepMiH «3'eTHAHHS» BUTICHSE TEPMiH <«3BapioBaHHM». Ha Ham
TMIOTJIsIT, 3MiHA B TEPMIHOJIOTIi Ma€e KOHIIETITYaJIbHUI XapakTep, 110 MMOJISATae
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B Oimbll 3arajJbHOMY PO3YMiHHI CaMHX YMOB OTPHUMaHHS HEpO3'€MHHX
3'eAHaHb 3 OyHIb-SIKMX MaTepiaiiB. besmocepenHbo 3BapHHN HIOB MOXeE
yTBOPIOBATHUCS 1 0€3 cTafii rraBJIeHHs] MaTepianry, a TaKoX HEe MaTH YiTKO
BHUPaKEHUX PO3MIPIB i O3HAK.

Sxmo po3risgaTH  CydacHi  Marepiand, 3 SIKHX ~ BHIUIMBAE
BUTOTOBJIATH 3BapHi KOHCTPYKIii, TO 0araTo XTO 3 HHX BHUXOISIYH 3
ICHYIOUHMX YSBIICHb PO 3BAPIOBAHICTh BITHOCATHCS JI0 Ba)KKO 3BAPIOBAHUX
abo B3araji 10 He3BaproBaHuX. [Ipore, oTpuMaHHs HEpO3'€MHUX 3'€JHAHB
TakuX aOCOJIOTHO TEHIITHHX MaTepiajiB, SK Kepamika, CKJIO, BUCOKOMIITHI
CTaJli 1 CIUIaBW, YaBYHH, KOMIIO3UTH, MOHOKPHUCTAJIM, ChOTOIHI €
peanbHicTiO. Haspima HeoOXigHICTh B HOBOMY TIyMadeHHI TepMiHY
3BaproBaHoOCTi (3'€JHAHE) MaTepiaiB.

OueBUHO, MO0 TEPMIHM <3BAPIOBAHICTE» 1 «3'€JHAHE» TIOBHHHI
BPaxOBYBaTH KOMIUIEKC BIiJOMOCTEH MpoO 3'€qHYIOThCS (XIMIYHME cKiaf i
CTPYKTYpHI CTaHH); BIUIMB TIepeabauyBaHol TEXHOJOTIl Ha 3BapeHHi
(3'emnanmit)  maTepiay,  CTPYKTYPHHi,  TEpMOHANpPYKEHUH  CTaH,
BHHUKHEHHS JIe(DEKTiB, BIACTHBOCTEH; BIUTUB 30BHIIIHBOTO CEPEIOBUINA Ha
3BapeHuil (3'eHaHMIT) MaTepian MpH eKcIutyatailii B BUpoOi (3MiHa B yaci
CTPYKTYpPH 1 BJIACTUBOCTEH, BUKJIMKAHUX HASBHICTIO 3BAPHOIO 3'€THAHHS B
BUPOOI).

[lpakTnyHO y BCiX BiZOMHX, B TOMY YHCII MIXHAPOAHUX 1
HAI[IOHATBHUX CTaHAapTaxX, y BU3HAUYEHHSX 3BAPIOBAHOCTI 3rajyeThCs, IO
HEOOXIJTHI «BIAMOBIMHUI TEXHOJOTIYHUN TPOLEC», IEBHUIM mpoIec 1
MeBHA TEXHOJIOTIS», <«IIiAJA€ThCS 3BapIOBAHHIO OYAb-SKUM CIIOCOOOM» i
«0e3 crelianbHUX 3axofiB» (B pa3i JOCKOHANOI 3BaprOBAaHOCTI), <«IIpH
BCTaHOBJICHIH TEXHOJIOTI{», IPH «BiANOBIAHOIO MPOLEAYPOIO 3BAPIOBAHHS,
TOOTO BIUIMB TEXHOJIOTIi SK TaKOi Ha 3BapIOBAHICTh 3raJye€ThCs, MPOTE
peKOMeHIallil HocsATh YMOBHUE a00 dinocodchkuii xapakrep.

VY Bcix BUMagKax B TOMY YH iHIIOMY BHJIi BU3HAUYEHHS 3BapIOBAaHOCTI
BKJIFOUYA€E O0JIIK TAKUX MOHSATh, SIK «BJIACHE SKICTh 3BAPIOBAIBLHUX JeTajeH 1
KOHCTPYKIIii, $IKi BOHH YTBOPIOIOTH», a00 <3BapHi IIBH IOBHHHI
3aJIOBOJIBHSITA BIJIMOBIJIHUM BHMOTaM 3a BJIACTUBOCTSMH 1 BIUTUBY Ha
KOHCTPYKI[if0», a00 «OTpUMaHHS 3'€HAHHs, BJIACTUBOCTI  SIKOTO
JO3BOJISIIOTh  TIOBHICTIO BHUKOPUCTOBYBAaTH Matepiai», abo <3BapeHe
3'eJHaHHS TIOBHHHO Bi/NOBIAaTH BUMOTaM, OOYMOBJICHUM KOHCTPYKILEKO i
SKCIUTyaTalli€el0 BHPOOIB», TOOTO B IMX MOHATTAX MPOIISIAETHCS
Cy0'€KTUBHICTb OI[IHKH BJIACTHBOCTEH 3'€IHAHB, IKi OyAyTh OTPUMAaHi.

Ha ocHOBI 0araTopi4yHOTO CBITOBOI'O JOCBiy BHKOPHCTaHHS
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3BapIOBaHHA MO)KHAa BUCYHYTH HACTYIIHI TIOJIOKEHHS, BpaxyBaHHS SKHX
HEeOoOXi/IHE IPU YTOUHEHHI MOHATTS 3BapIOBaHOCTI!

- 3BAPIOBAHICTH (3'€/IHAHE) € BIACTHBICTIO MaTepiay;

- 3BApIOBAHICTh (3'€JHaHE) B 3BUYHOMY PO3YMIHHI 3MIHIOETHCS B
3aJIeXHOCTI BiJl TEXHOJIOT11, 3aCTOCOBAHOI sl JAHOTO BUY KOHCTPYKIIiH;

- 3BapIOBaHMI Martepial MOXE IepeXOAUTH B HE3BapIOBaHUH 3i
3MIHOIO TEXHOJIOTIH, 1 HABIIAKU,

- TEXHOJIOTYHI MPOILECH 3'€IHAHHS Ul PI3HUX arperatHuX CTaHiB
¢dbopMmyBaHHS IMmBa pi3HI SK 32 CBOIM (I3UYHUM NPHUHIUIIOM, TaK i
TEIIOBOMY (CHJIOBOMY) BILIMBY Ha 3BaprOBaHHi (CIONy4a€eThCs) MaTepial;

- TEIUTOBHH 1 CUJIOBUI BILTMB HA LIOB i 30Hy TEPMIYHOTO BIUIUBY IS
PI3HMX TEXHOJOTIYHMX TMPOLECIB HaJalOTh PI3HY CTYHiHb BIUIMBY Ha
CTPYKTYpHi, (i3MKO-XiMiuHi, MeXaHi4yHi Ta IiHII QYHKIiOHATBHI
BJIACTUBOCTI MaTepialiB,

- TEIUIOBI Ta CWJIOBI [ii BIUIMBAlOTh HA BEIMYMHY, XapakTep
MpoTikaHHSA 1 QiKCOBaHY BEMTMYMHY MOTOYHHX 1 3aJMIIKOBUX HAIPY)KEHb, a
TakoK jgedopmaliiii B 3BapHOMY (3'€IHYIOTBCS) Martepiani 1 3'€qHaHHI B
IJIOMY;

- TEXHOJIOTIYHUH MpoIec i CymyTHiH HOMYy TEIUIOBHH 1 CHIIOBHIA
BIUIMB Ha MaTepiall, a TAKOX HamlpyXeHo-AehopMOBaHUI CTaH BU3HAYAIOTh
piBeHb aerpanaiii marepiaidy. OcTaHHill OIIHIOETHCS MO BiIHOIIEHHIO J0
BUXITHOro Matepiaqy a0o BHMOraMm TIOKa3HHUKiB, IO JOMYCKalOTh
(hyHKITIOHAIBHI BJIACTMBOCTH 1 SIKOCTI SIK B IPOIIECI BUTOTOBJICHHS, TaK 1
eKCIITyaTalii KOHCTPYKIIii.

Bucynyri  monoKeHHST  JIO3BOJNISIIOTH  3aIPONOHYBAaTH  HOBE
(dopMyITIOBaHHS 3BaproBaHOCTi (3'€qHAaHE) MarepiamiB. 3BaprOBaHICTh
(3'enHaHe) BIACTHBICTH MaTepialy yTBOPIOBATH HEPO3'€MHE 3'€HAHHS 3
HEOOXiIHOI SIKICTIO 1 piBHeM (i3UKO-MeXaHIYHUX 1 (QYHKIIOHAIBHUX
BJIACTUBOCTEH 3'€HAHHA SIK B MpOIeci KWOro OTPUMaHHS, TaKk i MpH
eKcIutyartailii BupoOy. 3BaprOBaHICTh BU3HAYAETHCS CTYIIEHEM Jerpajarrii
BJIACTUBOCTEH 3'€ZIHAHHS B IJIOMY 1 pO3paxOBYEThCA SK IHTErpaJbHHNA
MOKa3HHUK. YTPaBIIiHHS 3BapIOBAHICTIO MOXKE 3AiHCHIOBAaTHCS Ha OCHOBI
BapifOBaHHs CTYIIEHS Jlerpajaiii.

OcHOBHI KpHUTepii 3BaplOBaHOCTI HACTYIIHI:

- OKHCJIIOBaHICTh METaJly MPHU HAIUIABJICHHI, 0 3aJ&KUTh BiJ HOro
XIMIYHOT aKTHUBHOCTI;

- OIIPHICTh YTBOPEHHIO rapsYrX TPILIMH NPH MOBTOPHUX HArpiBax;

- OIIPHICTh YTBOPEHHIO XOJOAHMX TPIIUH 1 CHOBUIBHEHOTO
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pyWHYBaHHS;

- 4yTJIMBICTh METaNly A0 TEIUIOBOrO BIUIMBY B TPOIIECi 3BapIOBaHHS,
AKa  XapaKTEepPU3YeThCSl HOro CXWIBHICTIO A0 3pOCTaHHA 3€pHa,
CTPYKTYpHHMHU 1 (a30BUMH 3MiHAMH B IIBi i 30HI TEPMIUYHOrO BILIMBY,
3MIHOKO MIIIHOCTI 1 IJIACTUYHUX BIIACTUBOCTEH;

- YyTJIIMBICTH /10 YTBOPEHHS I10P;

- BIJMIOBIHICTH BIIACTUBOCTEH HAIJIaBJICHOT'O MeTary
SKCIUTyaTalliiHUM BUMOTaM: MIITHOCTI, IUIACTUYHOCTI, 3HOCOCTIHKOCTI,
KaPOCTIMKOCTI 1 )KapOMIIIHOCT1, KOPO3iHHOI CTIHKOCTI Ta iH.

I'OCT 13585-68 BuzHauae METOIM HAIJIABIICHHS BaJIIKOBOI MPOOH i
OMIPHICTh YTBOPEHHIO XOJIOJHUX 1 TapsiYMX TPIIIUH BiJIOBIAHO.

Po3pizHsoTh ¢i3nuHy 1 TeXHOJOTiYHY 3BaproBaHicTh. [lix dizuunii
3BapIOBAHICTIO PO3YMIIOTH 3/aTHICTH METalliB YTBOPIOBATH B pPe3yJbTarTi
3BapioBaHHsg (OyIb-IKUM CIIOCOOOM) MOHOMITHI 3'€HAHHA 3 XIMIYHUM
3B'SI3KOM.

di3znyHa 3BaprOBaHICTh BU3HAYAETHCS XapaKTEPOM B3a€MOBIIHOCHH
MPUKOPJOHHHX PSIIB ATOMIB Ha MeXi MOALTY. SIKII0 KPUCTAIIUHI PELIiTKA
OJIHOTHIIHI 1 TapaMeTpH iX OMU3bKi, TO 1€ 00YMOBIIOE OTPHUMAaHHS BUCOKHX
MeXaHIYHUX BJIaCTHBOCTEH Ha MEKaX PO3ALTY IIMX METAIiB.

CyyacHMH CTaH HayKd Mpo TPUPOILY 3BapIOBANBHUX IMPOIECIB
JIO3BOJISIE CTBEP/KYBATH, IO BCI MeTajad 1 CIUTaBH, IO BOJIOMIIOTH
(GI3MYHOI0  3BApIOBAHICTIO MOXYTh YTBOPIOBATH 3BapHi  3'€IHaHHS
3aJIOBUTLHOI SKOCTi, OJJHAK CYKYITHICTh BJIACTUBOCTCH, 1110 BHU3HAYAIOTh
MOXIIUBICTh (HI3WYHOI 3BapIOBAHOCTI: OUQY3is B PIiAKOMY 1 TBEPAOMY
CTaHaX; YTBOPEHHS PIAKMX 1 TBEPIUX PO3UMHIB, CIIbHA KpHCTaTi3alis
PO3IUIABICHUX OCHOBHOIO 1 MPHUCAIHOrO MeTanty, TOOTO BCix (pakropis, B
pe3ynbTaTi COPHUSATIMBOTO TMOEAHAHHS SIKUX, MOXYTh YTBOPIOBATHUCS
CTIOJTYKH.

CyKynHICTh BJIaCTHBOCTEH OCHOBHOTO MeTaly, LI0 BH3HAYAIOTh
YyTIUBICTh O TEPMIYHOTO LMKy HAIUIaBJICHHS i 3IaTHICTh NPU 0OpaHOi
TEXHOJIOT1l 3BaplOBaHHA YTBOPIOBaTH CIUIABOM 3 BJIACTUBOCTSMH, IO
3aJI0BOJILHSIFOTh BHMOTaM HAJIMHOCTI KOHCTPYKIIl TpH eKcIuTyaTarii,
HA3UBAIOTh TEXHOIOTTYHOIO 3BAPIOBAHICTIO.

MOHOITHICTB 3BapHOIro 3'e IHaHHS pu HaTIaBJICHHI
3a0e3MeUy€eThCs YTBOPCHHSIM MDKATOMHHUX 1 MDKMOJICKYJIIPHUX 3B'SI3KIB
MDK YaCTHHKaMH, IO 3'€AHYIOTHCS. Ha TIOBEPXHi iX KOHTaKkTy. B pe3ynprati
YTBOPIOKOTHCS CIIOJIYKHU 3 MIITHUMH XIMIYHUMU 3B'SI3KAMHU.

Ilpu 3BaproBaHHi B TIpoleci 3IHCHEHHS XIMIYHMX 3B'SI3KiB
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MaTepiaiy, IO 3BapIOIOTHCA MiJJAIOThC MEXaHiYHOMY, (ismuHOMy abo
XIMIYHOMY BIUIHBY.

3BaproOBaHICTh - TEXHOIOTIYHA BIACTHBICTh MaTepiaiiB (MeTasiB abo
iX cIUIaBiB), M0 OOYMOBJIFOE 3/IaTHICTb YTBOPIOBATH B TMPOIIECi
HaIUIaBJICHHsSI  3'€IHAHHS, SKI  BiJNOBialOTh  KOHCTPYKTHBHHM 1
eKCIITyaTaliiHuM BHUMOTaM, BU3HAYAIOTHCS BJIACTUBOCTSIMH
BHKOPUCTOBYBAaHUX MaTepialiB.

Iopsim 3 BIACTUBOCTSIMH OCHOBHOTO MeETajy TEXHOJIOTiYHA
3BapIOBAHICTh 3aJICKUTh TAKOXK:

- BiJ] CKJIa/ly HAIUIaBHOTO MeTaiy,

- 3aCTOCOBAHOI0 METOJY 1 PSKUMIB HAIUIABIICHHS;

- BUKOPUCTOBAaHHX (PITIOCIB, MOKPUTTIB 200 3aXMCHUX Ta3iB;

- KOHCTPYKIi1 3BapHOTO By3Jia 1 yMOB €KCIUTyaTalii BUpOOy.

3ane)XHO BiJ MapKd OCHOBHOTO MeTaly 1 yMOB eKCIUTyaTallii
KOHCTPYKIIil 3MIHIOETBCS 1 CyKYNHICTh ITOKAa3HHKIB, IO BH3HAYAIOThH
MOHSATTS 3BaploBaHOCTi. Tak mix 700poIo 3BaprOBaHICTIO HU3BKOBYTJICIEBOT
cTaji, MpU3HauYeHOol /I BUTOTOBJIEHHS KOHCTPYKIiH, IO MPalIolOTh MPH
CTaTUYHUX HABAHTAKEHHSX, PO3YMIIOTh MOXIUBICTH MNPH 3BUYAIHIN
TEXHOJIOT1] OTpUMATH 3BapHE 3'€JIHAHHS, PIBHOMIIHICTIO 3 OCHOBHUM
MeTasioM, Oe3 TpilMH B MeTali ImBa 1 0€3 3HWKEHHS IUTACTUYHOCTI B
KOJIOLIOBHiH 30H1. MeTasn mBa i KOJIOOBHOI 30HW MOBHUHEH OYTH CTIMKUM
OpOTH TepexoAy B KpPUXKHH CTaH TP TeMIepaTypi eKcIuTyaTamii
KOHCTPYKI[i 1 BETUYMHOIO HANpYKeHb, IO 3aJISKUTH Bil GOpMHU By3Ja.
Tax, min 7oO6poro 3BaplOBaHICTIO CTalli PO3yMilOTh MOKJIMBICTh OTPUMAHHS
3BapHHX 3'€IHAHBb 0e3 TPIIIUH i 3HWKEHHS TUIACTHYHOCTI SIK B METaJli 1IBa,
Tak 1 B KOJOUIOBHOH 30Hi. 3 PpO3BUTKOM TEXHIKM OJHOYACHO 3
YCKIIaJIHEHHSAM YMOB pOOOTH KOHCTPYKIIilf, 3aCTOCYBAaHHSIM BHCOKOMIITHMX
KOHCTPYKI[IMHMX MaTepiajiB 1 TPEsBICHHSAM ITIBUIICHUX BHMOT JIO
Mpare3IaTHOCTI BUPOOY 30LIBIIYETHCS 1 YMCIO TTOKa3HUKIB, 110 BXOAThH B
MOHSTTS 3BapIOBAHOCTI.

Y 3arajgpbHOMY BHIQJKy 3BaprOBaHICTh MaTepialy € KOMILIEKC
BJIACTUBICTEH 1 BOHA THUM BHIIE, YAM IPOCTIIIe TEXHOJIOTis 3BapIOBAHHS
a00 HaIUTaBJieHHS, 4YMM OuIbllla KUIBKICTh CIOCOOIB 3BaplOBaHHS 1
MapaMeTpiB PeKHUMIB, 10 3a0e3MeUyIOTh 3aJlaHi BUMOTH JI0 BJIIACTUBOCTEH
3'elHaHHS, YAM IIMpPIIE HOMEHKJIATypa BHPOOiB, ANl SKHX MOXe OyTH
BUKOPUCTAHO B3HOCOCTiliKe HaruaBieHHS. Sk 1 Oynp-iKa KOMILJIEKCHA
BJIACTHMBICTh, 3BapIOBAHICTh BU3HAYAETHCA CKIAJIOM 1  (DI3HYHUMMU
BJIACTUBOCTSIMU MaTepiaiy.
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Jlo ¢axropis, ski HaWUCWIBHIIIC BIUIMBAIOTh HA 3BAPIOBAHICTH CJIiJ
BiZTHECTH:

- XiMIUHHU# CKJIaJ] MaTtepiany, sSIKMi BH3HaYa€ HOro TeMIepaTypHHM
iHTepBanm  Kpucramizanii, Qas3oBuil ckmax, ¢a3oBi 1 CTPYKTypHi
MEPETBOPEHHS Ha €Talli HarpiBaHHS Ta OXOJIOKCHHS,

- termoi3WYHiI BIACTUBOCTI, SKI BH3HAYaOTh OOJIACTh i CTYIiHb
3aBEPIICHOCT] TMPOIECY CTPYKTYPHHMX TMEPETBOPEHb B MaTepiaiax i
BILJIMBOM 3BapIOBAILHOTO IIHKITY,

- MEXaHIYHI BJIACTHBOCTI, SKi BHU3HAYAIOTh 3JATHICTh MaTepiany
cripuiiMatu Oe3 pylHYBaHHsS MeXaHi4Hi Jii (Hampyru), 10 BUHHKAIOThH 3a
pPaxyHOK HEPIBHOMIPDHOCTI HAarpiBaHHS Ta OXOJIOJDKEHHS, OPCTKOCTI
KOHCTPYKIIii Ta IHIIMX YAHHUKIB;

- crnemianpHi  (PI3UKO-MEXaHIUHI BJIACTUBOCTI, SKi BU3HAYAIOTh
AKTHBHICTh XIMIYHUX peaKiild, 10 MPOTIKAIOTh y 3BapIOBAIbHOI BaHHI i
30H1 TEPMIYHOT'O BIUIHBY.

IIpu po3pobui TexHOoJOrii 3BaprOBaHHS KOHKPETHOI KOHCTPYKIIil
HEOOXiIHO BPaxOBYBaTH SIK BJIACTUBOCTI MaTrepiamy, Tak i Ti 3MiHH, fIKi
MOXYTh CIIOCTEpiraTucsi TMpH HaljaBlIeHHI B MaTepialli 3BapHOTO
3'eqHaHHs. Y CBOK 4Yepry, Ii 3MiHM BH3HAYAIOTHCS TEXHOJOTTYHUMHU
mapaMerpaMu 00paHOro CrocoOy 3BaproBaHHsS (KOHIIEHTpAIlE€0 JpKeperna
HArpiBy, IIBHKICTIO HAIUIABJIEHHS Ta iH.); CKJIQJOM 1 TEMIIepaTyporo
HABKOJMIIHBOTO  CEPEAOBMINA,  CKJIaJIOM  BHKOPHCTOBAaHHUX  IIPH
HaTUIaBJICHH] JIONATKOBUX MartepiamiB - (QIIOCIB, NPUCATHOTO APOTY,
3aXMCHUX Ta3iB 1 XapakTepoOM IiArOTOBKH JeTajiecil TMiJ HaruIaBlICHHS;
HASBHICTIO 3aJIMIIKOBUX HANPY>KEHb, KOHIICHTPATOPIB 1 T.J.; MIPOCTOPOBUM
CTaHOBHIIEM HAaIJIaBJIIOBaHO! moBepxHi. OcoOIMBO Ba)KIMBO BPaxoBYBaTH
nepenideHi TeXHOJOrUYHI YMHHUKU B 3B'A3KYy 3 THM, IO 3BapIOBAJIbHHNA
MPOIEC MA€E CYTTEBI OCOOJIMBOCTI, SIKIi OOYMOBIIIOIOTH CHJIBHIIINN BILTHB
nepepaxoBaHuX (AKTOpiB Ha BJIACTHBOCTi, HDK Yy pa3i BUKOPHCTaHHS
THIINX TEXHOJIOTIYHUX MTPOIIECIB.
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2.2 Oco0aMBOCTI HATIABIIOBAJBLHUX MPOLECIB, 1[0 BIVIMBAKTH HA
3BapIOBaHICTh MeTAJIB

Oco0arBOCT1 TEPMIUYHOTO BILUIUBY:

- HepiBHOMIpHE  HarpiBaHHs  (TpaJi€eHT  Temrepatypu  IpH
HAaIUTaBJICHHI B 3aJIOKHOCTI Bil CIMOCOOY 3MIHIOETHCSA BiJl COTE€H 10O
JCKUTBKOX THUCSY TPayciB Ha MUTIMETp);

- BUCOKI TeMIlepaTypH HarpiBy B 30HI il /Kepena TerJa, IO
JOCSTalOTh TEMIIEPaTypH BUIIapOBYBaHHS MaTepiany,

- BEJIMKA HIBUJIKICTh HArpiBy 1 0XONOpKeHHs (Bi ACCATKIB IO THCSAY
rpaayciB y cekyuay) Jms GimbImocti crnocobiB HarUlaBIEHHS IIBHAKOCTI
HarpiBy i OXOJIO/KEHHS MeTaly B IIBi 1 30HI TEPMIYHOTO BIUIMBY BHIIIE,
HDK ITpY HAWOUTBII YKOPCTKOMY IIUKITI TEPMIUHOi 00pOOKH - rapTyBaHHI.

MeranypriiiHi 0COOTUBOCTI:

- BIIHOCHO Majia Maca MeTaiy, IO PO3IUIABIAETHCA (BiT MEKITBKOX
KLTOTpaMiB MPH €IEKTPOILLIAKOBOMY 3BapIOBaHHI JI0 TPaMiB);

- BEJIMKa TIOBEPXHS PO3IUIABICHOr0 MeTajly 1O BIAHOIIEHHIO JI0 HOro
ob'emy (0,5-100) 1 / mM; e BH3HAYa€ ICTOTHHUH BIUTHB peakiliif, ski
BiOYBarOTHCSl Ha TIOBEPXHi 3BaplOBajibHOI BaHHW Ha 3MiHY BIaCTHBOCTEH
MeTally B YChOMY 00’ €M1 HaIlJIaBJICHHS;

- aKTHBHICTh ~ XIMIYHHUX 1 (I3UYHUX  TMpPOIECiB  B3aEMOIIii
PO3IUIABICHOTO METalTy 3 HAaBKOJHILIHIM CEPEOBHIIEM i 3BapIOBATBHUMH
MaTepiajJamu, OOyMOBJIEHA B 3HAYHIN Mipi BUCOKOIO TEMIIEPATYPOIO.

Ocob6arBOCTI MeXaHI4HOT Aii:

- BUHUKHEHHSI Y 3BapHUX 3'€THAHHSAX HaNpPy>KeHb, IO AOCATAIOTh Y
0araTboX BHIAJKaX MEXi TeKy4OCTi;

- BIUIMB Ha 3'€qHAaHHS 3aJMIIKOBHX HANpyXeHb, L0 ICHYBalM B
3BapIOBaHOl KOHCTPYKIIii paHile.

Maifke BeCh KOMITJIEKC PO3MIISTHYTHX OCOOJMBOCTEH BIUIMBAE Y BCiX
BUIA/IKaX 3BapIOBaHHS MaTepialliB, MpOTe HAHOUIbII Ba>KIWBUM, 3 TOYKH
30py KIHIEBHX BJIACTHBOCTEH, €. 3MiHa XIMIYHOI'O CKJIajy CTPYKTYpH i
BJIACTUBOCTEH MaTepially B 30HI 3'€lHAHHS, pIiBEeHb HaNpPYyXeHb 1
nedopmalriid, 1Mo iCHYIOTh a00 BUHHMKAIOTh B MPOIIECI HAIUIABJICHHS B 30HI
3'eqHanns. [lpw 1bOMy BCi 30HM 3BapHOrO 3'€JIHAHHS IMOBUHHI MaTH
CTIHKICTh MPOTH MEPEXOy B KPUXKUH CTaH.

Sxmo >k MoBa Hae MpoO 3BapIOBaHICTh JIETOBAHUX CTalled, sKi
MPAaIIOIOTh B YMOBaX KOHTAaKTy 3 aOpa3sUBHHM CEpElOBUILEM, TO MOPSA 3
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BHMOT'aMH, MepeTiueHnMH BHILE, He0OXiIHO, 100 30Ha CIIaBJICHHS Maia O
TaKOX 1 BUCOKY 3JIaTHICTB JI0 OTNIOPY 3HOIIyBaHHS. JIuie npu 3abe3neueHH1
BCIX TepepaxoBaHUX BHMOT, MIPY 3BapIOBaHHI 32 3BUYaHOIO TEXHOJIOTIEIO,
Taka craib Oyjae Matu Jo0py 3BaproBaHiCTh. YUM CKIAIHINIE YMOBHU
pobGoTu 3BapHOI Jeraini, TUM OUIBIIE YHCIO BJIACTUBOCTEH Mae
BpaxoBYBaTHCS MPH BU3HAYCHHI 3BapIOBAHOCTI.

PizHuIs Mk MeTanmaMH, 10 MarOTh XOpPOIIY i MOTaHy 3BapIOBaHICTh,
MoJIsira€ B TOMY, LIO JUIs 3'€IHAHHS OCTaHHIX HeoOXimHa OUTbII CKIIajHA
TEXHOJIOTiS HATUIABJICHHS:

- TIONepenHii migirpis;

- 0OMeXKEHHS IOrOHHOT eHepTii 3BapIloBaHHS,

- HacTyImHa TepMo0oOpoOKa, OOIUIIOBAHHS KPOMOK 1 T.I1.

TakuMm 4YMHOM, PI3HHLS MDK MeTalaMH, II0 MaroTh XOPOIIY YH
MoraHy 3BaplOBaHICTh, TONATa€ B TOMY, IO OCTaHHI A OTPHUMAaHHS
3BapHUX 3'€JHAHb 3 KOMILUICKCOM BJIACTUBOCTEH, SIKi BiJIIOBIAAIOThH
BUMOTraM eKCITyaTalii, TOBMHHI 3BapioBaTH 3a OLTbII CKJIaTHOIO
TEXHOJIOTI€10, HANpHUKIAA, 3 TMOMEpeAHIMH 1 CyNyTHIM MiAirpiBoM, 3
00OB'SI3KOBOK0 HACTYITHOK TEPMOOOPOOKOIO BUPOOIB , B JICIKMX BUIAKAX 3
MOMEPeIHIM ~ HAIUIABJCHHAM  KpaoK 1  TepMOOOpOOKOK  mepen
3BapIOBaHHSM.

2.3 MeToau olliHKM MapaMeTpiB 3BaplOBaHOCTI

OI1iHKy 3BaprOBAHOCTI, SIK MPaBHJIO, POOJIATH HE 3a aOCONIOTHUMHU
BEeJIMUYMHAMHM, a B TIOPIBHSAHHI 3 BJIACTUBOCTSIMH MatepiajiB, IO
3aCTOCOBYBAJIMCS paHilie abo0 3 BIJIACTUBOCTAMU OCHOBHOTO METaly.
PesynbraTu BUnpoOyBaHHS Ha 3BAPIOBAHICTh BU3HAIOTHCS 3aJI0BUILHUMHU B
TOMY BHIMAaJKy, SKIIO BOHH BiJlIOBial0OTh HOPMAaTHBaM, BCTAHOBJICHUM
TEXHOJIOTTYHUMH YMOBaMH Ha AaHWH BUJ MPOIYKIIii.

3 ormagy Ha Te, WO 3BapIOBaHICTh BH3HAYa€Thcs OaraTbma
MOKa3HUKAMH, HE BJJA€THCSI CTBOPUTH €AWHY METOIMKY BUIIPOOYBaHHS, KA
J03BOJISIE  OMHO3HAYHO  OMHCAaTH II0 KOMIUIEKCHY  TEXHOJOTTYHY
XapakTepucTUKy. ToMy Ui OIIHKH 3BaplOBaHOCTI 3aCTOCOBYIOTH Pl
BUIIPOOYBaHb. Bubip METO/IiB BUTMPOOYBaHHS 00yMOBJIEHUH
MPHU3HAYEHHSIM KOHCTPYKIIil i BIACTUBOCTSIMA OCHOBHOTO MeETay.

[lin BOAMBOM HaIUTaBIEHHS BiAOYBA€TbCS 3MiHAa CTPYKTYpH i
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BJIACTUBOCTEH METalliB 1IBA 1 KOJOUIOBHOI 30HU B MOPIBHIHHI 3 OCHOBHUM
MerasioMm. [lpu 3BaproBaHHI y Mpolleci KpuCTalizaiii Merany IBa Iif
BIUIMBOM HAMpyr, MI0 PO3TATYIOTh BUHUKAE MOXIIMBICTh YTBOPEHHS
KPUCTAII3AMIMHUX TPIIMH, M0 € OJHHM 3 HAWBAKIIMBIIIUX IMOKA3HUKIB
3BapIOBaHOCTi. Y MeTalli IIBa MOXYTh 3'SIBUTHCS 1 XOJOAHI TPIlIMHM.
BuHuKHEHHs iX MpH 3BapIOBaHHI HU3BKOBYIJICHEBUX 1 HU3BKOJIETOBAHUX
cTajielf CriocTepiracThes BiTHOCHO PiAKO.

[Tix BIIMBOM 3aCTOCOBYBaHOI'O TIPW 3BapIOBaHHI JyKepesa TEIIOTH B
KOJIOLIOBHI 30HI 3MIHIOETHCS CTPYKTypa OCHOBHOTO METally, IO MOXKeE
MPHUBECTH [0 YTBOPEHHS KOJOMIOBHUX XONOAHWUX TpimmH. CTilKicTh
MeTalxy KOJOMIOBHOI 30HM TPOTH YTBOPEHHS TPIIMH € APYTHM
MOKAa3HUKOM 3BapIOBaHOCTi. 3pa3Kd, IO 3aCTOCOBYIOTBCS B I[bOMY
BHITAJIKy, CIIY>KaTh 1 JUIsl BUSBIICHHS XOJOMAHUX TPIIIMH B MeTam mmBa. [1ix
BIUIMBOM HAIUIABJICHHS B METajl 3BapHOro 3'€JIHaHHS BiAOyBarOTHCS
MPOIECH, SKI MOXYTh TPU3BECTH JIO 3HIDKEHHS CTIHKOCTI WOTO MPOTH
[IEPEXOAY B KPUXKHII CTaH.

3a3BUuall MeTall HalJIaBJIeHHS 338 XIMIYHHM CKJIaJOM i CTPYKTYpOIO
3HaYHO BiApi3HAETbCA Bil OCHOBHOro Metanmy. [lomiTHI 3MiHHK
BiIOYBaIOTHCS TAKOXK 1 B MeTaji KOJOMIOBHOT 30HU. L{e Moxe mpuBecTu 110
iCTOTHOI BIAMIHHOCTI MIIJHOCTI Ta IHIIMX CIHEIIaJbHUX XapaKTePHCTHK
MeTajxy IIBa i KOJIOIIOBHOI 30HW BiJl BIACTUBOCTEW OCHOBHOTO MeETaly.
ToMy B KOMIUIGKC BH3HAa4YCHHS 3BapIOBAaHOCTI BXOAWTH TMepeBipka
MeXaHIYHMX BJIACTHBOCTEH MeTally IIBa i 3BApHOro 3'€IHAHHS MpPU PIZHUX
TeMIeparypax.

[Tpwu orinIi crasnel Ha 3BapIOBAHICTh BPAXOBYIOTh HACTYITHE

Byrnens 30iblnye TBEpAICTh 1 3MEHIIYE TUIACTHYHICTD, IPU3BOIUTH
1o rapryBanss 3TB i 10 mosiBu TpiluH, 10 30UTBIIEHHS KUTBKOCTI Ta30BUX
Mip B TPOILIECi OKUCIIEHHS MPU 3BapIOBaHHi.

Mapranens - npu Bmicti 10 1 % He moripirye 3BaproBaHicTh 1 He
YTPYAHIOE 3BaploBaHHi. B skocTi 1o0poro po3KHcIiOBada BiH CHIPHSE
3MEHILIEHHIO BMICTy KHCHIO B crtani. OgHak mpu BMicTi Outeiie 2,5 %
3BapIOBaHICTh MOTIPIIYETHCS, TaK K MIIBUILYETbCS TBEPAICTh CTaii,
3'ABISIIOTHCS TapPTiBHI CTPYKTYPH, MOXKYTh OYTH TPILlIMHH.

Kpemmiit - 1o 1 % BBOAMTBCA SIK PO3KHCIIOBAY 1 HE BIUIMBA€E Ha
3BaplOBaHicTh. AJie Tpu BMICTi KpemHio Oimbmr 2,5 % 3BaproBaHiCTh
MOTIPIIYETHCS, TAaK SK YTBOPIOIOTHCS TYTOIUIABKI OKCHIM, IIO BEAYTH 0O
MOSIBY 1IJITAKOBHUX BKJIFOUYCHB, MIJIBUIIYIOTHCS MIIHICTh 1 TBEPIICTh, @ Pa3oM
3 UM 1 KPUXKICTb.
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Xpom - 1o 0,6 % nHe BinOMBaeTbcs Ha 3BaproBaHOCTi. [Ipu BMicTi
xpomy Oinpmie 1 % 3BaproBaHiCTh MOTIPHIYETHCS 1 OCOOIMBO MpH
MiJBUIICHH] BMICTY BYTJICIIIO.

Hikenp - B 3BM4YaliHuX ByrieneBux craisx Hikemto a0 0,3 %, a B
BHCOKoOJerytounx - g0 28 %. Hikenb, pa3oM 3 MIIHICTIO, MiIBUIINYE 1
TUTACTUYHICTE METally 3BapHOTrO 3'€HaHHS 1 He TOTIpIIye, a HaBiTh
MOKPAIIy€ 3BapIOBAHICTb.

Moni6nen - B cransax Big 0,5 mo 3 % icTOTHO 30LIbIIIYE MIIHICTD 1
yoapHy B'S3KiCTh CTajM, aje TMOTipIIye 3BaplOBaHICTh, IMiIBUIIYE
CXWJIBHICTB JI0 YTBOPEHHS TPIILIMH Y IIBi 1 MepexiHili 30Hi.

Minp - 3micr ii B cransx 10 1 % nokparilye 3BaproBaHICTh, MiBUIILYE
iX MIOHICTh, TJIACTUYHI BIACTHUBOCTi, YIapHY B'I3KICTb 1 KOpO3ilHY
CTIHKICTb.

Po3paxyHKOBO-CTATUCTUYHUI METOJ| OIIHKM CTIHKOCTI CILIaBiB
MPOTH YTBOPEHHS TPIIMH 3aCHOBAaH HAa BUKOPHCTaHHI MapaMeTpHYHUX
PIBHSHB, CKJIAJICHUX 3a JIOMOMOTOI0 perpeciiiHoro anamizy. Lli piBHSHHS
MOB'SI3YIOTh BUXIiJHI MapamMeTpy 3 BXIAHUMHU (XIMIUYHHMIA CKJIaj CTai,
TOBIIMHA KOHCTPYKIT 1 T.1.) 03 aHamizy (i3UYHUX 1 XIMIYHUX MPOLECIB,
oo BimOyBalOThCA B MeTajax IpW 3BapioBaHHi. MeToJ 3acTOCOBYEMO
TUIBKU JIJISL TUX CIUIABIB, SIKI BXOJSTh B KOHIICHTpPAI[IMHI MEXKi BHBUCHHX
KOMIIO3HMIIii, XO4a JIaHi PIBHSHHS BUPAXKAIOTh 3AJIEKHOCTI, EKCTPAIOJISIIIS
SIKUX JIaCTh, B Pa3l BUXOAY 3a MEXKI BUBUYCHHUX KOMIIO3HUIIIH, 3 BEIIUKOIO
YacTKOI0 WMOBIPHOCTI BipHHHM pe3ynbraT pgociilkeHHs. Tak camo
BUKOPUCTOBYIOUHM L€ METOJ, HEMOXIMBO BpaxyBaTH aHOMadii o
JOMIIIIKaX, IO HE BXOAATh Y BUKOPUCTOBYBaHI MapaMeTpuyHi PiBHIHHS, a
TaK caMO aHOMaJii 3a TEXHOJIOTIYHUMH MapaMeTpaMu 3BapIOBaHHSA, SIKi
BHXOJISITh 32 JOCHTIKeHI Mexki. ToMy 1ieil MeTol peKOMEHIYEThCS TUTBKH
JU1s1 HaOMMKEHUX eKCIIpec-OL[iHOK.

OCHOBHMMU TIapaMeTpaMH OLIHKK CXWJIBHOCTI CTajiei 10 YTBOPEHHS
xomomHux  TpimmH €  ekBiBamenT Byriemioo (Cep) 1 mapamerp
TpiminoytBopenHs PCM. B ocHOBy mareMaTW4HOro MiIXOmy A0 OIMHUCY
XIMIYHOTO €KBIBaJCHTa BYIJICIHIO OYJIO TOKIAJICHO MPHITYIIECHHS, IO
3BapIOBaHICTh MOXKHA BH3HAYMTH 3a MOKA3HUKOM, SKWH BHU3HAYAE, SIKUHA
HEOOXITHUH MiHIMAJIBHUN KPUTHYHUN Yac OXOJIOJDKEHHS, 100 B Merai
mBa yrBopuiocs 100 % maprencuTy. UMM MeHIIE MiATOTOBYOTO Hacy
HeoOxiaHo s yrBopeHHs 100 %-oi MapTeHCHTHOI CTPYKTYpH (TOOTO YuM
BUIIE KPUTHYHA HIBUJKICTH OXOJOKCHHS), THM Kpalle 3BaproBaHICTh i
BUIIE OMip YTBOPEHHIO XOJNOMHUX TpimuH. Lle cBiguuTh mpo Te, 1o
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MiJIrOTOBY1 MPOIIECH, TMOB'sI3aHI 3 YTBOPEHHSIM XOJOJHUX TPIIlMH, MAalOTh
nudy3HUi Xapakrep, i 6e3mocepeHbO TOB'A3aHi 3 MEePepO3MOALTIOM BOAHIO
B MeTani mBa. Y pasi manoro iHkyoOatiiiHoro nepioay (1-10 c) yrBopeHHs
MapTEeHCUTY BOJCHb MBHUJAKO (IKCYETbCS B MeETaii IBa, OAHAK HOro
JIOKaJIbHA KOHIICHTpAIisl BUSBJISETHCS HENOCTATHHOKO IS IHII[IFOBAHHS
YTBOPEHHS XOIOTHHUX TPIlllUH.

VY pasi TpuBasioro iHKyOalilfHOro Mepiofy YTBOPEHHsSI MapTEHCUTY
(1000-2000 ¢) uwacy BHSABISETHCS IIIKOM JOCTATHBO JUIS OKPHUXUYBAHHS
MeETally, IO 3BaPIOETHCS B PE3y/IbTATI Jil BOJIHIO.

IMpu manomy iHKyOaliiiHOMy Tepioai, ajie HAacTYMHOI TpUBaJii
BUTPUMIII MOXIIMBO TIOCTYIOBHI IEpEpO3MOALT BOAHIO, IO 1 BHUKIHKAE
edexT yrnoBinpHEHOr0 pyiHHYBaHHS.

IcTroTHEe pO3XOMKEHHST B PEKOMEHIALISX PI3HUX JDKepen  Uis
BH3HAUCHHS €KBIBAJICHTA BYIJICIIO CBIJUUTH TPO CKIATHICTH MPOOJIEMU
3BapIOBAaHOCTI ~MeETaliB 1 CIJIaBiB, OCOONMBO TMpU  HamJaBleHHI
BHCOKOJIETOBaHMX 3HOCOCTIHKMX MarepiaiiB, ski iHomi mictsate W, Al, Ti,
ND - ta in. KoMIioHeHTH HEe BpaxOBYIOThCSl B HABEACHHUX BUILE MPUKIAJIAX,
ajie MOXKYTb ICTOTHO BIJIMBATH Ha 3BapPIOBAHICTb.

[Ipu Oy/Ib-IKOMY miaxoal bite} OLIIHKH 3BapIOBAHOCTI
CKJIQJIHOJIETOBAHMUX CTajel, IKUMU € BCl BUCOKO3HOCOCTOMKI HAIlJIABOYHI
CIUIaBH, BIUTMBY BYTJICHIO BiABOJMTHCS MepeBakaioya pojib, 110 HAOYHO
umocTpyeThest Tabmwuieo 2.1 mpornoHoBaHol B poboTi [7]. ABTopu aHamizy
Cy4acHHMX YsBJICHb IPO 3BapIOBAHICTh MPOMOHYIOTh PO3AUIMTH CIUIABH MO
BIJHOILIGHHIO /10 3JaTHOCTI YTBOpIoBaTH Oe3nedekTHi 3'eHAHHS, Ha
YOTHpPH KaTeropii - Xxopoma, 3aJ0BibHa, OOMeXeHa 1 Torana
3BapIOBaHICTh, TOJOBHOIO O3HAKOI SIKWX, € BMICT BYTJIELIO i CyMapHa
KUIBKICTB JIETYIOUMX €IEMEHTIB B HalJIaBJIeHHI.

VY zaranpHOMY IJIaHi HE3BapIOBaHMX MaTepialiB HeMae, MpoTe, YUM
ripiie 3BaprOBaHICTh, THUM CKJIQJHIIIE TEXHOJOTIS HAIUIABJICHHS, THUM
OUIBIYy KUIBKICTH 3aXOAIB HEOOXiJHO 3aCTOCOBYBATH JUIS OTPUMAaHHS
SIKICHOT'O 3BapHOTO 3'€THAHHSI.

Tabmunsa 2.1 - XapakrepucTuka 3BapIOBaHOCTI HAIUIABIHOBAJIBHUX

CIIaBiB

Cyma eNIeMEHTIB 3BapioBaHiCTh P BMICTI Byrielo,%
(Mn+Si+Ni+4Mo+Cr) | xoporna [3an0BinbHa  |obMexeHa norana
Ho 1 <0,25 |0,25..0,30 |0,30...0,45 >0,45
1.3 <0,20 ]0,20...0,30  |0,30...0,40 >0,40
Ionax 3 <0,18 |0,18..028 |0,28...0,38 >0,38
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3 PO3PAXYHOK

3.1 Po3paxyHKOBO-CTATHCTUYHUN METO/ OI[iHKH CTIHKOCTI CIIaBiB mpoTH
yrBopenHs I'T

PexoMenmoBani mapaMeTpuyHi piBHSIHHS
1 Mns Beix cranei

_C(S+P+S/25+0,0INi)*10°
3Mn+Cr + Mo+V

HCS

Juis craneii ¢ 6, < 700 MITa HCS< 4 — He cxuiibHa
s craneii ¢ 6, > 700 MITa HCS < 2 — He cxuibHa
2 JIns Nb-mikponeroBanux cranei

UCS* =230C +190S+ 75P +45Nb- 12,3S - 5,4Mn- 1

UCS < 10 — criiika;
UCS > 30 — cxuibHa
3 Jlerosaui ctai

V,» =19- 42C- 411S- 3,35 +5,6Mn+6,7Mo[ e / pmun]

V,p > 6 — criiika;
Vp < 1.8 —cxunbHa
4 Cr-Ni — aycreHiTHi crami

Cr, _ Cr+1,37M0o+15S +2Nb+3Ti
Ni, Ni+0,31Mn+22C +14,2N +Cu

> 1,5 npu P+S = 0,02-0,035 — criiika;
< 1,5 npu P+S > 0,02 — cxunbHa
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3.2 Po3paxyHKOBO-CTATHCTUYHUN METO/ OI[iHKH CTIHKOCTI CILIaBiB mpoTn
yreopenHs XT

VY MmovaTkoBUI MEpioJ PO3BHUTKY 3BApIOBATBHOI TEXHIKH BCl
MaTepiaJm 1 CIUTaBM B 3aJIeKHOCTI Bi iX 3AaTHOCTI YTBOPIOBaTH
3BapHi 3'€IHaHHS HEOOXITHOI 1 JOCTAaTHBOI SKOCTI, MOJUISUIA Ha Ti,
0 BOJIOAIIOTH  XOPOIIOK, 3aJOBUIBHOIO 1  HE3a/J0BUIBHOIO
3BaPIOBAHICTIO!

Mn+ S %

C,=C+
4
Mixnaponanwuii incTutyT 3BaproBanus (MIC) [1] oriHIO€ CXMIIBHICTH
HU3BKOJICTOBAaHMX CTajeil 70 yTBOPEHHs XOJOAHUX TpIIMH 32
eKBIBAJCHTOM  BYIJICIIO,  SKH  BU3HAYAETBCS 33  HACTYIIHUM
CHIBBIJJHOIIICHHSIM:

Mn Cr+Mo+V Ni+Cu
+ +

C,; =CH+
OKB
6 5 15
YyrmnuBicte 10 yrBOpeHHs rapsumx TpimmH (hot  cracing
susceptibility) 3a smonchkUMU maHuME [2] PeKOMEHAYETHCS OLIHIOBATH 3a
HACTYITHUM 3Ha4CHHSM C€KBIBaJICHTa BYTJICIIO:

C C+m+§ g —NH_CU,%
6 24 3 15

3a IHIIUMH A7 HU3bKOJIETOBAaHUX BUCOKOMIITHUX CTaJIed 3 HU3bKUM
BMmicToMm C, pu 3BaproBaHHi 3 IOTOHHOTO NOTYXHicTIO 17 k/x/cMm:

C,H:C+g+Mn+Cr+NI+CO+MO+X+SB+[H]+ K,d %
’ 20 15 10 60 40000
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ne [H] - BMicT Bouio B Merani msa B cm° / 100 rp;

Ko - xoedirieHT %opcTKOCT 3'eAHaHHS KT / (MMZ'XB);

0 - TOBIIMHA METaIy, MM.

[pu C,, > 0,286 MoxMBe YTBOPEHHS XOJIOIHUX TPIMINH

VY BITYM3HSHOMY AOBIMHHKY [3], a TakoX B OINISAOBiH poOOTI 3
aHai3y Cy4aCHHMX YSBJICHb IPO 3BApIOBAaHICTh [4] eKBIBaJICHT BYIJICIIO
PEKOMEHIy€ThCSl BU3HAYATH 32 (hOPMYJIOH0:

C C+m+§ & g-}-m l%
6 24 10 3 4 14

-3a 'OCT 27772-88 nist mpokaty, Ipu3HauYeHoro Assi OyiBenbsHIX
KOHCTPYKIIiH

Mn § N Cr V Cu P
Cpp =CH—F—F—+—F+—+—+—
6 24 40 5 14 13 2

- HOpMaTUBHUMH AoKkyMeHTamMu BAT «l"a3npom»

Cr+Mo+3Q (V +Ti+Nb) Ni+CU

n
C.,.=C+—+ + +15* B
B 6 4 15

- o API 5L st Tpy6 kiacy PSL2

CSKB:C+Mn+g+NI+Cr+Cu+MO \ +5%B
20 30 60 20 20 15 10

- 3anporioHoBaHui bputancekoro acomiatiero (BWRA)

Mn Cr+Mo+V Ni
20 10 15

Cos =C+

- JuTsl TPYOHMX cTalieit kaTeropii minHocTi X 70
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C3KB:C+§+Mn+Mo
5
Mn Cr Ni+Cu Mo V
Cpp=CH—F—F+——+—+—
6 20 40 50 10

- 17151 OeCTiepIMTOBHX CTaseH

Mn+Cu S N| Cr Mo V

Cowp =C+
16 25 60 20 40 15

CyuacHi 3HaHHS TPO TMPUPOJY 3BApIOBaJIBHUX MPOIECIB T03BONISIOTH
CTBEpKYBaTH, 110 BCi OAHOPiIAHI METAJIM 1 CIJIABH MOXYTh YTBOPIOBATH
3BapHi 3'eqHaHHS 3a]10BUIBHOI sikocTi ipu C, < 0,45%.

pu Ce, < 0,45 - 3BaproBaHiCTh XOPOIIIA JUIS JICTOBAHUX CTAJICH.

Ipu Cew < 0,49 - 3BaproBaHiCTh XOpOIIa JUIs HU3BKOBYTJICI[EBUX
CTaJIeH.

Ipu Ce > 0,45 mo 0,5 - 3BaproBaHIiCTh 3a/JI0BUIBHA 1 MOTPIOCH
MiIrpis.

IMpu Ce > 0,5 1o 0,6 - 3BaproBaHicTh 00MeXeHa, TOTPIOHI MiAIrpiB i
Binan, abo HopMaJTi3alris.

Ipu Cei, > 0,6 10 0,8 - 3BaproBaHicTh MOraHa.

[Toka3HHKOM, 1110 BKa3y€e HA OKpUXUYYBAHHS CTaJH Yepe3 CTPYKTYpHi
MEPEeTBOPEHHS, € TBEPAICTh 30HM TEPMIUHOrO BIUIMBY. [yl 3BUYalHUX
HENlerOoBaHWX 1 HU3BKOJIETOBAHMX CTajied TBEPIICTb 30HU TEPMIUHOIO
BBy moBuHHa Oyt He Bume HV350. MoxiuBy MakcHMalbHY
BEIMYMHY TBEPAOCTI BU3HAYAIOTh PO3PAXyHKOBHM HUISIXOM Ha OCHOBI
XIMIYHOTO CKJIay CTaJu:

V. ., =90+1050C +47S +75Mn+30Ni +31Cr .

PiBHsIHHS XIMi4HOT eKBIBaJICHTa BYTJICIIO Ma€ BU [3]:

CF, =C+o0* S+t Mt * i+ Cr + ¥ Mo+—_.CL,%

6,0 12 18 2,3 91
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Ouinka 3arapToBaHocti Metany 3TB po3paxoByeThcs 3a piBHHHSAM:
In(Dt,,) = A*CE,, +B

ne A, B - xoucrantn (A = 11,26; B = - 3,51), ingekc «M»
BITHOCUTKCS JI0 MAPTEHCHUTY,

Aty - XpUTHYHUMI Yac OXOJO/UKeHHS Bin Temmeparypu Bin 800 mo
500° C,c.

ITpu CEw Big 0,2 1o 0,45% cranu MaioTh rapHy 3BaprOBaHICTh; MPH
CEwn = 0,46-0,576 % - 3anoBinbny; npu CEy = 0,577-0,782 % - oomexeny
i mpu CEy =0,783-1,0% - morany 3BaproBanicTio [9].

SAxI0 nmornepeaHs OIliHKa 3BapIOBAHOCTI BKa3ye Ha CXMIIBHICTh CTal
JI0 YTBOPEHHSI XOJIOJHUX TPIIIMH, HAYaCTIIlIe 3aCTOCOBYIOTh MONEPEIHIH
migirpis  3BaproBanoro BupoOy. Temmeparypy t, °C, mnomepeaHboro
MiJIrpiBy po3paxoByOTh 3a (HOPMYJIIO0

T =350,/C,, 0,25,

0

ne Cos - 3arajbHHUN €KBIBAJICHT BYIVICIIO, SIKUN 3aJIOKUTH Bij
TOBIL[HH CBApUBAEMOW KOHCTPYKIIii, MM:

C,y =Cyy,(1+0,0050)

4 MOPAAOK NPOBEAEHHSA POBOTH

1. Buknagau Bujae BapiaHT PO3PaxyHKOBOTO 3aBAAHHS, Y3TOIXKYE
MaTtepian gerani (tabm. 4.1).

2. Tlo Bume BUKIAACHI METOAMIN 3IIHCHIOETBCS PO3PAXyHOK
3BapIOBaHOCTI Ta TEMIIEPATYPH MO EPEAHBOTO MiIrpiBy.
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Tabmuus 4.1

Ne Mertan
1. 1012
2. 10X2M
3. 12X2H4A
4, 12XH
5. 14X2I'MP
6. 14X2H3MA
7. 14XTH
8. 15r
9. 15H2M
10. 15X
11. 18X2H4AMA
12. 18XT
13. 18XT'T
14. P18
15. 120X1201
16. 200X20r10B1d
17. 250X15M3
18. 300X20I'10B1d
19. 300X20I"10d5
20. o8rc
21. 30XTC
22. | K
23. '21X15T
24. 1X13
25. X28
26. 1X18HOT
27. X25H20
28. 10X18H10TIO
29. P6M5
30. 20X
31. 140X12D
32. 20X13
33. 11013
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3 Orpumani B pesynbrati pospaxyHky CEy i In(Aty) 3Bomumo B

Tabim. 4.2
Tabnuus 4.2 - Oniaka 3BaproBaHoCTi cTanel
| Mapka crai | CEn, % | IN(Aty) | Atu, | 3BapIOBaHICTh |

4. TloOymyBaTu rpadiuHi 3aJeXHOCTI XIMIYHOTO eKBiBaJIeHTa
BYIJICLIO Bif Jorapupma KpuTHYHOro uyacy oxomomkeHHs 100%
MapTEHCHUTY 10 TPyMax 3BaplOBaHOCTI.

5 3MICT 3BITY

1. Ximiunuii cknag, Macc. % 3TigHO BapiaHTy pPO3PaxXyHKOBOTO
3aBlaHHA 3 BKa3aHHSAM Taly3i HOro MOXIUBOIO BHKOPHCTAaHHS Ta
KOHCTPYKIIi1, IeTalieil, 0 BUTOTOBJISIOTHCS 3 I[LOI'0 MaTepiay.

2. Po3paxyHOK 3BaplOBaHOCTI Ta TEMIIEPaTypH MigirpiBy.

3. AHami3 OTpUMaHUX pPe3yJbTaTiB.

4 BucHOBKH 110 POOOTi.
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