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I'pyna: 43

Hpeamer: CneurexHosorii
YPOK 106-107

Tema: PiBHOMIpHe HArpiBaHHA i 0X0JIOAKEHHS BIJIBHOIO CTePKHSA
Mera:
e (O3HalloMJIEHHS 3 OCHOBHUMU MOHATTSAMU: CHUJIa, HAIpyTa, Aedopmariis.
e BuBuuTH NOCAIAOBHICTH NIATOTOBYUX POOIT

e BuxoBaTu 3aIikaBJIeHICTh Ta KOMIIETEHTHICTh J0 00paHoi mpodecii.

[Tounnaroun BuB4yaT Temy EP3-3.1.4. YcyBanus nedekris, 110 BUHUKIU IpU
BUKOHAHHI PyYHOTO JYyTrOBOTO 3BapIOBaHHS, HATUTABJIICHHS Ta IMOBITPSHO-TYTOBOTO
pi3aHHsI, 3BEPTAEMO yBary Ha Te, IO JJIS YCHIITHOTO BUKOHAHHS 3aBAaHb 110
YCYBaHHIO JA¢(EKTiB, 10 BUHUKIIN MTPY BUKOHAHHI PYYHOTO JYTOBOTO 3BapIOBAHHS,
HaIJIaBJICHHS Ta MOBITPSIHO-AYTOBOI0 Pi3aHHS, HEOOX1THO CIIOYATKYy OBOJIOIITH
TEOpi€ro Ta J0Ope OpiEHTYBATUCS B (PI3MYHUX Ta XIMIYHUX BIACTUBOCTAX PI3HUX
METaJiB Ta CIUIaBiB.
Byab-MeTaJ npu HaAarpiBaHHi pO3IIHUPIOETHCS, 2 PH 0XO0JIOAKEeHUd BaHHI -
cTucKaeThest. [Ipu 3MiHI TeMriepaTypu 3MIHIOETBCSI CTPYKTYpa MeTay,
BiIOYBA€THCSI MEPErPYIyBAHHS aTOMIB 3 OJHOTO TUITY KPUCTAJIIYHOT PEIIITKU B
HIITH, 30UTBIIYEThCS a00 3MEHITyeThest 00csr. Hanpukiaz, oi1oBo 31aTHE
NEPEXOIUTH 3 OJTHOTO TUITY KPUCTAIIYHOI PEIIITKHU B 1HIIIH 31 3MIHOIO 00CATY
10 26%. 111 siBuIIa BUKJIMKAIOTh BUHUKHEHHS 3HAYHUX BHYTPIIIHIX HAIPYXKEHb, SKI
HEPIJIKO MPU3BOJIATH IO YTBOPEHHs TpiluH. Hampukiaa, SKIio 0J0BO TpUBAIUN Yac
3HAXOJUTHCS MPpHU TemrepaTypi 6:1u3bko -20 ° C, ToO BOHO MOYMHAE pYHHYBATHCS BiJ
MHMOBUIBHOTO PO3TPICKYBaHHS.
3MiHa TemMmepaTypH Tijia IPU3BOAMTH /10 NEePEeMIillIeHHIO YACTHHOK MeTauy. [Tpu
HAsIBHOCTI1 OIOPY 3MIIICHHS B YaCTIll BUHUKAE HAIIPY>KCHHUH CTaH (Hampyra).
BEJIMYMHA BHYTPIIIHIX HAMPYT YacTKU (puc. 1) B mpolieci HarpiBaHHS 3pOCTae 31
30UTBIICHHSIM OIOPY CYCITHIX XOJOJHUX YaCTHHOK. 31 3MIHOIO TeMIIepaTypH
BEJIMYMHA 3MIIIEHHS YaCTHHOK 3MIHIOEThCS. SIKIIO BC1 YaCTUHKHU B OJHAKOBIN Mipi
3a3HAIOTh 3MIIICHHS, BUKJIMKAaH]1 3MIHAMH TeMIIEpaTypu, TO BHYTPIITHS HAIpyra B
T HE BAHUKAIOTh. SIKIIIO 3MillIEeHHs HEPIBHOMIPHI, B T1JIi BHHUKA€ BHYTPIIIHS
Harnpyra. HepiBHOMIpHI 3MIIIIEHHS! YaCTUHOK Bi0YBaIOTHCS M1 I€I0
HeplBHOMlpHOFO HarpiBy a00 OXOJIOJKEHHS Tijla. BHYTPIILTHI HAPYTH B T
- i oe3nepepBHO 3MiHIOIOTHCS. L1 TuHaMiuHI TporecH
' I 3aracaroTh JIUIIE MPU MOBHOMY OXOJIOJKEHHI 70
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OXOJIOIKEHHS
3alIeMJICHHOTO CTEP)KHS: a - CXema
3allleMJIEHHS, 6 1 B - 3aJI€KHICTD
HaIpy>XKeHb BiJl TEMIIEPAaTypy HarpiBy

3 0X0J105KEHHSIM CTPUKHS HOro
AOB:KUHA 3MeHIyeThes. [licns
OXOJIOJKEHHS 10 BUXITHOIL
TEMIIEpaTypH, CTPHKEHb HaOyBae
MOYaTKOB1 po3Mipu. BHyTpimmH1
HaIIPyTH B CTPHOKHI TIPH OXOJIOKEHHI
HE BUHUKAIOThH Yepe3 BIFCYTHICTH OMOPY BUTLHOMY BKOPOYEHHS. TakKuM YHHOM,
PIBHOMIpHUI HATPiB 1 0XOJOKEHHS BUTBHOTO CTPYKHS BUKIIMKAIOTh 3MIHU PO3MIpiB
0e3 MOsIBY 3aJTUIIIKOBUX BHYTPINTHIX HAMPYKEHbB 1 3ATUIIKOBUX JeQopMallii.
Bunanoxk piBHOMIPpHOro HarpiBaHHM Ta 0XOJIOAKEHHS BiJIbHOT0 CTPUKHS MAa€
BeJIMKe 3HAYeHHS B 3BAPIOBAJILHOI NPaKTHLi. YuM piBHOMIPHIIIIE 0XOJIO0IKYEThCS
10 BCi¥i TOBKMHI BUKOHAHUH 1I0B, THM MEHIIE OYyTh 3QJIMIIIKOBI HATIPYTH 1
nedopmairii. ToMy 9acTo 1mo BCiii JOBXKHWHI 3BapIOBaILHOTO IIBA CTABIATH
JCKLTBKOX 3BapIOBAILHUKIB, MO0 JOTPHUMYBATUCS YMOB PIBHOMIPHOTO HarpiBy |
BCIX MIBIB y BUPOOI.
Iy 1bOTO K 3aCTOCOBYEThCS 1 monepeaHiii (nepes 3BaproBaHHsAM) a00 CyMyTHIi (B
MpoI1IeC 3BapIOBaHHs ) MIICPIB METAly BUPOOU, TOJJOBHUM YHMHOM MPH 3BAPIOBAHHI
TEHIITHUX METAIIB - YaByHY 1 BUCOKOMIITHUX CTaJICH.
Ha nouaTky HarpiBaHHsl B CTPMKHi BUHUKHYTh HalIPYTH, K1 MOTJIA O BUKIUKATH
NpykH1 Aedopmaitii. Aje Tak sIK CTIHKUA HE JIO3BOJIIIOTh CTPUKHS TTOJIOBKUTHCS, TO B
HBOMY OyIyTh 3aJTUIIIATUCS HATIPYTH CTUCHEHHS.



3 MiABUILEHHAM TEMIIEPATyPHU BOHU 3pOCTAIOTH 1 JOCIATalOTh MEX1 TEKYUOCT1 (TOUKa
B), Bukiukarouu B npoleci miABUIIEHHS TeMIIEpaTypHy BKe MIIACTUUHY JedopMairito
CTUCKY (OcaJKyBaHHs, 0OTUCHEHHsI) cTepkHsl (JiHis BD). IIpu BKOpoUeHH1 CTpUKHS
Horo aiameTp (mepeTHH) 30UTbIIYETHCS, a TIOBKUHA HE 3MIHIOETHCS.

IIpu oxoJiopKkeHHi cTepKHSA BiI0yBa€THCA PO3BAHTAKEHHS BiJl HANPYT (JT1HIA
DE) 1 BenuuunHa ix crae piBHOW HYIHO (Touka E). 3 iboro Momenty (ninisa EO) npu
MOJAJILIIOMY OXOJIOJKEHH]1 CTPUKEHb BTPATUTh KOHTAKT 3 OTIOPHUMU CTIHKAMH 1
OyJie BUIbHO CKOpouyBaTHCs 0€3 MOSIBY HOBUX BHYTPIIIHIX HANPpY>KeHb. Jlo KIHIIA
MOBHOT'O OXOJIOJXKEHHSI CTPMKEHb OTPUMAE 3IMIIKOBY Aedopmarito AL, sika
BU3HavaeTbed 3a popmynoro AL = al.T, 1. E. 3anuikoBe BKOpOUEHHS POIMOPLIIITHO
TEPMIYHOTO JIHIMHOTO KOe(DIIIEHTY a, TOBXKUHI cTepkHs L 1 Temnepartypi HarpiBy T.
3aIMIIKOBUX HANIPY’KeHb B CTPHKHI HEMAa€, TaK AK BiH MicJIA PiBHOMIPHOT0
HArpiBy (3 00MesKeHMM PO3MIMPEHHSIM) PIBHOMIPHO 0X0JIO0IKYBaBCH.

[Tpuknan 3 HarpiBaHHIM 1 OXOJIOPKCHHSIM CTEPXHS 3 CTUCHEHUM PO3IIHPECHHSIM
HOSICHIOE TIOSIBY JiehopMaltiii, CipsiIMOBaHHUX MOTNIEPEK IIIBa, IIPH 3BapPIOBaHHI
HE3aKPIMJICHUX JCTAJICH.

PoJIb HEPYyXOMHUX CTIHOK BUKOHYIOTH XOJIOHI YACTHHKH METAJY, 10 MEKYIOTh
3i IBOM. 3BaprOIOTHCS JIETaJli 3TUHAIOTHCS B OIK IIMPOKOT YACTUHH IIIBA.

IIpu HarpiBaHHi cTep:KHSI MPOLEC BUHUKHEHHS | HAPDOCTAHHS B HBOMY
TePMIYHUX HANIPYT i Aedopmairiii BinOyBaeThCsl TAK CaMo, fIK i B MONepeTHLOMY
Bunaaky. OqHak BUIbHOMY BKOPOUEHHS MEPENIKOKAE 3aIeMIICHHS CTPIKHSL.
BuHuKai0Th pO3TATYIOTh HAIPYTH; BOHU MOKYTh OyTH MeHIIIe a00 JOPIBHIOIOTh MEXI1
TEKY4YOCTI, 10 3aJICKUTh BiJl TEMIIEpATypy HATPIBY.

[Ipu gocsTHEHHI PO3TATYIOTh HANPY>KEHHSIMU MEX1 TEKYJYOCT1 BIIOYBAETHCS BUTSIKKA
MeTay 10 TOBXUHI CTPIKHA. /[0 MOMEHTY TOBHOT'O OXOJIOJIPKEHHS CTPUKEHB Oy/Ie
MaTH MOYaTKOB1 FT€OMETPUYHI PO3MIPH, a METAJI CTEPXKHS Oy/e BiTUyBaTH 3JIMIIKOBI
HAIPyTH, PIBHI MEX1 TEKYUYOCTI.

[Iporecamu, 110 BimOyBaIOThCS MPH HArpiBaHHI 1 OXOJIOKEHHI 3aIIeMJIEHHOTO
CTPYDKHS, TIOSICHIOIOTHCS HANIPYTH 1 eopMmariii, 1o JiF0Th IapaiesIbHO 3BapHOMY
IIBY.

S0 moBKMHA 3BAPHOTO 3'€JTHAHHS B KUIbKa pa3iB MepeBEpIIye MIHPUHY, TO
OITIPHICTH XOJIOJHOTO METajy MOJOBKEHHIO MTPH HArpiBaHHI 1 BKOPOUCHHS TpU
OXOJIO/PKECHHI JTy’Ke BEJINKA, IPUIOMY OLTBII 3HAYHA B TIO3/I0BKHBOMY HATPAMKY
3BapHOTO 3'€THAHHS, HIK B TIOTIepeuyHOMY. BHACIIITOK 1TbOTO B 3BapHUX 3'€THAHHSAX,
SK TIPaBUJIO, 3AJTUIIKOBI TTO3I0BKHI HAMPYKEHHS PO3TATAHHS PIBHI MEXK1 TEKY4OCT1
(nnd craneii), a 3aIMIIKOBE MO3/I0BKHE BKOPOUEHHSI MEHIIE ,. HIK TTOMEPEUHU.

Takum YMHOM, NPHU 3BAPIOBAHHI B HATPiBAJIBHOMY MeTaJli BAHUKAKTH
IUIACTUYHI MMO3/10B:KHI i monepeyHi Aedopmanii.

[Tpu 3BaproBaHHI METAIIB, 110 BOJIOAIIOTH BIIHOCHO HA3HKOIO IIACTUYHICTIO B
MOYaTKOBOMY CTaHi, 11 HANPYTH 1 Aedopmaliii MOKYTb NPU3BOAUTH A0 MOSIBU
TPIIIUH B 3BAPHUX 3'€IHAHHAX B Oy/Ib-SIKOMY HaIPSMKY.

[TonepeauTu pyiiHyBaHHs 3BapHUX BUPOOIB MMPU 3BAPIOBAHHI 1 IX €KCIUTyaTallii
MOXYTh TUIBKHU CIIEI[1aIbHO TIepea0aueHi 3aX0/IH. .

Bunno, 1o B paiioHi 1iBa Mmo3/10BKH1 HAPY>KEHHSI MalOTh 3HAK + (PO3TATYBaHHS), a 3
OOKIB 3'€IHAHHS JIIFOTh HAMIPYTH 31 3HAKOM - (CTUCKalOTh). BenuuuHa Hanpyr, 1o



PO3TATYIOTh pPiBHA MEX1 TEKYUYOCTI.

Hanpyru cTpykTypHHX nepeTBopeHb B MetaJi. [Ipu 3BaproBanH1 cTanei, 1o
rapTylOThCs YTBOPIOIOTHCS CTPYKTYPHI epeTBopeHHs. OCBIiTa MapTEHCUTY
CYNPOBOJIKYETHCS 30UIBILIEHHIM 00CATY, TaK SIK IIUIbHICTh MAPTEHCUTY HIKUYE
HIUIBHOCTI (hepuTy ado nepiity. ToMy Npu yTBOPEHHI B 3BapHOMY 3'€JTHAHHI AUISTHKA
3 MAPTEHCUTHOT CTPYKTYPOIO 110 AUITHKY MOKHA PO3TJISATH SIK HarpiBa€ThCs
CTaJIEBUM CTPUKEHB 3 MEPEIIKOI0I0 1O PO3LIUPEHHS.

3a paxyHoKk HArpiBy MeTaJjly /10 TeMIepaTypH MAPTEHCUTHOI' O epeTBOPEHHS 3
BHCOKOK HIBH/IKICTIO BHHHKAIOTh BeJIHKI HANPYTru. MapTeHCUTHE MEPETBOPEHHS
B PI3HUX CTAJIIX MOXe BinOyBaTucs rpu temmneparypax Big 120 go 700 ° C. VY pa3si
MapTEHCUTHOI'O NEPETBOPEHHSI MPU BUCOKIN TeMIEpaTypl HAPYTH CTUCHEHHS
OPU3BOASATH 10 3HAYHO1 TUNIACTUYHOT AeopMallii.
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]2 Buau negopmaniii npu 3BaproBanni. Jlepopmarrii
=) (:)"_,,.M“'_i MOXYTb OyTH TUMUACOBI 1 3aJIMIIKOBI, MICLIEBI 1 3arabHi,

5 | B IJIOLIMHI 1 11033 HEIO CKOCTUTH 3BaPHOTIO 3'€/IHAHHA.
[ f<=——>{ TEMYacOBMMH HA3UBAIOTH Aeopmanii, sKi
YTBOPIOIOTHCS B TIEBHUI MOMEHT Yacy IMpHU HarpiBaHHI
a00 0XOJIO/HKEHH1 B IIPOLIEC] 3BapIOBAHHS 1 MICIIsl 3BapPIOBAHHS 3HUKAIOTb.
Jledopmariii, 110 BUHUKAIOTH y BUPOO1 10 MOMEHTY TTOBHOT'O OXOJIOKCHHS METaly
710 HAaBKOJIMIITHBOT TEMIIEPATYPH, HA3UBAIOTHCSI 3ATHMIIIKOBUMH (KiHIIEBUMHU).
MicueBi nedopmairii BiTHOCATHCS O OKPEMHUX €JIEMEHTIB BUPOOHU 1 BUPAKAKOTHCS Y
BUTJISIII BUITYUiHIB, XJIOMYHOB, XBUJISICTOCTI 00 1HIITUX CIIOTBOPEHB B TJIOMIUHI
BupoOu. Jledpopmanii, npu sikux 3MiHIOIOTHCS PO3MipPH BChOI'0 BUPOOH,
BUKPHUBJISKTBHCA reOMEeTPUYHI 0Ci, HA3UBAKOTHCH 3araJibHUMU AedopManiamu.
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IMuranus Aasi camonepeBipKu:
1. o Take nedpopmanin?
2. o Take Meka TEKYy40CTi?
3. Illo Take KpUTHYHA TeMIlepaTypa?
4. 1Ilo Take TUMYACOBMIi omip?
5. $Iki ocHOBHI moHATTA?

JloMalHe 3aBIaHHS:
v OnpauoBaTu Matepiaj B HiAPYYHUKY M2 c.367-371

v' BHKOHATH KOPOTKHIi KOHCIIEKT
v JlaTH BianoBixi Ha 3anuTaHHsA

v' ®otorpadiio KOHCHEKTY HagicaaTH BUKIaaady mTanatko@ukr.net
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