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AHAJIITUYHI JOCIIUKEHHA METOAIB IT'APAYOI'O AE®@OPMYBAHHA METAJIIB

IIBeus Jrogmuaa BacuiaiBHa, K.T.H., JOLEHT
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BinHMIbKHI HalliOHATBHUI arpapHUil YHIBEPCHTET
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Tapaua obpobka memanie MUCKOM Mae pa0 NOZUMUBHUX SAKOCMeEl: CKIA008I YACTMUHU Memday
PO3NOOINISIOMBCSL PIBHOMIPHIWE, HIdC 00 00POOKU, 3MEHULYIOMbCS PO3MIPDU 3€PeH, Wo Npu3eooums 00
NONINWEHHST MeXAHIYHUX elacmugocmell;, Meman cmae winoHiwum. Memanu, ob6pobieHi muckom, mae
80710KHUCTY 0)008).

Ipoyec eapsauoi 0bpobxku — ye 00un 3 Munie npoyecié opmysanHs memany i 6iH NPOMIKAE Npu
meMnepamypax, euwux memnepamypu pexpucmanizayii. Ilpu eapsauii Odeghopmayii maroowc 6i00y8aecmuvcsl
3MIYHEHHs Memaiy (2apsAauuli Haxnen), ane 6iH YIIKOM 3HIMaemvcs 6 npoyeci pexpucmanizayii. Ilpu witl
NIACMUYHICMb MEmAy euwya, a onip oegpopmayii npubausno 6 10 pazie menwiutl, Hidc npu XonooHit deghopmayii.

Binvwicmv memanie maioms memnepamypy pekpucmanizayii sKa cmauosums Noaosuny abo 0OHy
mpemio memnepamypu niaeienHs memany. Tomy MoocHa ckazamu, w0 KOAU Meman € NIACMUYHO
Odepopmosanuii suwe memnepamypu pekpucmanizayii, aie Hudxcue MoyKu 2OpiHHA ye i € 2apayuil npoyec
OeopmysanHs. memarny.

Ipyscua, a nomim naacmuuna deopmayis BUHUKAOMb NI0 8NJIUBOM HA MAMepPIian 3068HIUHIX CUTL.
Obpobka memanig MUCKOM MONCIUBA 3a80aKU ix niaacmuunocmi. O3nakow npysxcHoi degopmayii € it
360pOmMHiCcMb, MOOMO 3HUKHEHHs RICAA 3HAMMA Hasawmadicenns. Disuuna cymov npysicHoi Oegopmayii
NOSICHIOEMbCA HE3HAYHUM BIOHOCHUM 3MIWEHHAM amomie y KpUCMANYHIU Tpamyi, AKi Nicis 3HAMms
HABAHMANCEHHS NOBEPMAIOMbCS HA NOoNepedHi micys. Memor 06poOKU MUCKOM € MAKCUMATIbHE HAOIUNCEHHS
dopmu ma posmipie 3acomosku 00 opmu U posmipie Odemani. Ilpymku Kpyernoco, Keaopamwozo,
ueCmuKymno2o npoginie, gaconni npo@ini, mpyou, aucmu, opim, KOSAHKU, WMAMNOBAHI Oemaiti ma iHuli
ompumyromes 06pobroro muckom. bausvxo 90% cmaneii i 50% xonvopoeux memania i cniagie nid0aOMsvCsl
00pobYT MUCKOM.

Icnytoms maki memoo eapayoi 0O6pobKu maki, AK: 2apAYa NPOKAMKA, 2apaye KY8aHHsA, 2apsue
WIMAMNYBAHHS, 2apAde GONOUIHHA.

Knrouoei cnoea: capsaua npokamka, eapsive Ky6arHsl, 2apsiue Wmamny6anHs, 2apsue 60J104IHHs, 0eqpopMyBaHHS.

Puc. 7. Jlim. 11

1. IlocTanoBKa podeMu

OOpoOKka THCKOM I'PYHTYETHCSI Ha 3JaTHOCTI MeTaly MiJJaBaTHCs IUIACTUYHIN Aedopmarii, ToOTO
3MIHIOBaTH CBOIO (DOPMY Ta PO3MIpH TIiJT Ti€I0 30BHILIHIX cHI O€3 pyHHYBaHHS.

Xononne nedopMyBaHHS BiIOYBAa€ThCS TPH TEMIIEparypax, HIDKYAX BiJI TEMIIEPATYpHOIO TIOPOTY
pexpuctamizamii. XonoxHe aedOpMyBaHHS CYNPOBOMKYETHCS BHIOBKCHHSM 3€peH, 30UIbLICHHSIM T'YCTHHH
nedeKTiB, IO MiIBHIILYE MIIHICTb Ta TBEPIICTh METAITY i 3MEHIIIy€e HOro IUIACTUYHICTH (sBUILE Hakieny). [Tin yac
XOJIOJTHOTO JIe(hOPMYBaHHS OTPUMYIOTh TOUHICTh PO3MIPIB, SIKICTh ITOBEPXHI, TAKOXK MIITHICTh METAITY TIiJIBUIILYEThCSL.

lapsiue nedopmyBanHs BiZOyBaeTbcs IpH TeMIIEpaTypax, BHUIIMX BiJl TEeMIIEpaTypH IOPOTY
pekpucTamizamii. ¥ [pOMy BHUMNAAKy y MeTali OJHOYACHO 31 3MII[HEHHSIM BiZOyBaeThCsl 3HEMILIHEHHS
(pexpucTaiizaiiist). BHacIiIOK I[bOI0 MeXaHiuHI BJACTHBOCTI METay IICIsA rapsad4oi 0OpoOKH 3MIHIOIOThHCS
He3HayHo. [apsye JedopMyBaHHS —JIOMUIBHO 3aCTOCOBYBAaTH JJIsi  OOpOOKM  MAJIOIUIACTHYHHX 1
Ba)XK0JIe()OPMOBAHUX CILJIABIB, & TAKOXK 3JUTKIB.

2. AHAJIi3 oCTaHHIX TOCTizKeHb Ta MyOJikanii
[IpokaTyBaHHS (BaIBIFOBAHHS) — II€ BHJI OOPOOKH, TIPU SIKOMY 3arOTOBKAa OOTHUCKYETHCS 00SPTOBUMH
BaJKaMW TIpOKaTHOTO crTaHy. llo3moBxkHE mnpokaTyBaHHs (puc. 1. a): 3aroToBKa INEPEMIIy€eThCS
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NEPIEHIUKYISPHO A0 OCEH BAJIKiB, SIKi 00EpTalOTHCS B MPOTHISKHUX Hampsimax. o 90% ycworo mpokary
BUTOTOBJISIFOTH  MTO3IOBXKHIM TPOKAaTyBaHHSAM (JIMCTH, CTpiukH, MNOpyTkH). llomepedne mpokaTyBaHHS
(puc. 1. 6): Banku, MmO 00EPTAIOTHCS HABKOJIO MapajelbHUX OCeil B OTHOMY HampsAMi, 00epTarOTh 3aTrOTOBKY,
saKa 1eOpPMYEThCSl IPU MIPUMYCOBOMY IepeMillieHH] B30BX BaJikiB. [lomepeyHe rBUHTOBE NMpPOKAaTyBaHHS
(puc. 1. B): 3ailicHIOETHCA IPH OOEPTaHHI B OJJHOMY HalpsIMi BaJIKiB, PO3MIIlIEHHX ITiJi KyTOM OJHH 0 OJHOTO.
Take po3ralryBaHHS BaJIKiB 3a0e31edye MMOsiBy OCHOBOTO 3yCHIUIS, 3aBISIKH SIKOMY 3arOTOBKA MTEPEMIiLTye€ThCS
B3IIOBK oceif Bankis [1-11].

Puc. 1. OcnogHni 6udu npoKamyeanHs: a — HO3006XHCHE, O — HOnepeyne, 8 — 26UHM08e

3miHa MirHOCTI (a) Ta TuacTHYHOCTI (0) medopMOBaHOI MaJOBYTIIENEBOI CTalli IPH HarpiBaHHI
HaBeJleHa Ha puc. 2.

5, %, v, %
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[
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i
i
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0 A L I : 0 L L 1 :
200 400 600 200 400 600 7, °C
a o
Puc. 2. 3mina miynocmi (a) ma nnacmuunocmi (6) depopmosanoi manogyzneuesoi cmani npu
Hacpieanni

3MiHa CTPYKTypH MatrepiajiiB mpu 0O0poOIli THCKOM 3epHa MOAPIOHIOIOTHCS Ta BUTATYIOTHCS B
HAMPSAMKY TIACTUYHOTO 1eOPMYBaHHS METally TIPU 3pOCTaHHI CTyneHs nedopmaitii. BomokHucTa cTpykTypa
YTBOPIOETHCS TIPHU 3HAYHIN ieopmaltii Matepiany. CTpykrypa MaTepiaiy Jio i micis aedopmariii HaBeJeHa Ha
puc. 3.

a o
Puc. 3. Cmpykmypa mamepiany 0o (a) i nicna (6) oepopmauii
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IcHyroTh pi3Hi eTamu TpoBeAeHHs raps4oi oOpoOku Meramy. CroyaTky MeTan HarpiBaroTh [0
TEeMIIepaTypu HOro pekpucTaiizauii, micis 4oro (ikCyloTh NPOMIXKHY Ta MaKCUMAaJIbHY TeMIIEpaTypy, 00
OTpPHMATH METAJ, IO CKIAMAETHCSA 3 MAKCHMAIBHOI KiIBKOCTI ApiOHUX 3epeH [1, 2].

KinneBa temmepaTypa HiATPUMYETbCS TPOXH BHILE TEMIEpaTypu pekpucramizanii. I nmedopmaris,
CTBOpEHAa Ha OCTaHHbOMY €Tali, € BIJHOCHO BEJIHMKOIO, LI00 WIATPUMYBaTH pPO3Mip ApiOHMX
pEKpHCTaTI30BaHUX 3EPCH.

3. Mera gocaigKeHb

IcHyroTh Taki mMeron rapsuoi oOpoOKM MeTajiB Taki, SIK: rapsia MpPOKaTKa, rapsye MITaMITyBaHHS,
rapsue KyBaHHS, rapsiae BoJIodiHHSA. MeToro maHoi poOOTH € aHalli3 METO/IB rapsIoro oOpoOiTKy MeTaliB,
BU3HAYEHHsI iX MepeBar Ta HeJOJIIKH y TIOPIBHAHHI 3 XOJIOAHUM 00pOOITKOM MeTalliB.

4. BukJjax 0CHOBHOTO MaTepiairy

I'apsya npokaTtka — 1e mporec AeopMyBaHHS METaly THCKOM, ITiJI 4ac SKOTO METall HarpiBa€ThCs
BUIIIE TEMIIEPaTypH PEKpUCTaii3alii, a TOTIM MPOMYCKAEThCS Yepe3 Mapy BajblliB, SIKi MPOKOUYYIOTHCS B
MPOTUJICKHOMY HAIPSMKY, aj€ 3 OJHAKOBOIO INBHIKICTIO, 00 HOTO CIUTIOIIUTH, MOJOBXKUTH, 3MCHIIUTH
TIONTY TOMIEPEYHOTO Mepepi3y i OTpUMAaTH PiIBHOMIPHY TOBIIHHY (pHC.4).

[HIIMMU c10BaMu, MU MOXKEMO CKa3aTH, 10
rapsda IMpoKaTKa — I Mpolec, y SKOMY MeTal
MmiggaeTeCs  TUIACTHYHIA — gedopmamii — BuIme
TEMIIEpaTypy peKpHUCTaizamii mix dYac ormepaiii
00poOKu abo mpokatku [3].

Moro 3a3Bhuail  BMKOPHMCTOBYIOTH  JUIA
BUTOTOBJICHHSI METaJeBUX IUIACTMH 1 JmcTiB. Ha
CBOTOJIHI Y CBITI TapsuOl0 MPOKATKOK OTPUMYIOThH
omsbko 80% 3araJbHOTO 00CATY METaJONpPOKATYy.
AJDKe 1Ie BUMara€ MEHIIHNX 3yCWIIb, a OT)KE, 1 MEHIIE
enexrpoeneprii.  [lpm  rapsgekaTHOMy — Tporieci
OTPUMYIOTh HEpiBHI, HaW4acTillle CcepeiHa JIHCTa

a ]

Puc. 4. Banku npoxamnux cmania:

a — 071 NPOKAMYBAHHA TUCMIG; O — 011
HPOKAMYSAHHA COPMOB020 memany; 1 — eanxu;
2 —3azomoeka; 3 — zomoeuil 1ucm; 4 — piguax
07151 NPOKAMYBAHHA KEAOPAMHO20 RPOQinio;
5 — pisuax ona npoxamyeannsa kpyznozo npoginio

«TIPOBAIOETBCS», TaK SK HAIpyra Ha 3arOTOBKY
PO3MOIINAETHECS HepiBHOMIpHO. TOMy rapsiay poKaTKy
BHUKOPHCTOBYIOTH TaM Jie TIOBEpXHI a00 30BHIIIHIN
BUIYISIT HE BINIrpaloTh BENWKOI pomi  (Hecyui
KOHCTPYKIIi1, BaYKHe MaIliHOOy 1yBaHHs) [3-5].

[Ipouec rapsgoro mramiyBaHHS — Iie mporec (OpMyBaHHS MeTaly, MiJl 4ac SKOTO MeTal
HarpiBaeThCs BUIIE TEMIIEPATYPU pEeKpHCTali3alliil, CTa€ TNIACTUYHUM 1 HOTO 3aIMBAIOTh Y IITAMITH 0aKaHOTO
MOMEPEYHOTO Mepepizy, IO OTpUMaTH MOTPiOHY dopmy (puc 5.).
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Puc. 5. Onepauii wumamnysannsa: a — cxema
WIMAMRYEAHHA 320MO6KU bonma; 6 — cxema
Ppobomu 3zunansnozo wmamna; 1 — 3azomoexa;
2 — pyxoma wacmuna mampuyi; 3 — NyaHCOH;

4 — Hepyxoma yacmuna mampuuyi; 5 — mampuys;
6 — 2omoeuii 6upio.

banspxko 25% MeTameBHX 3aroToBOK, IO
BUTOTOBJISIIOTBECS.  HAa  MiJNpUEMCTBAX  YKpaiHw,
MiJIal0ThCs IITaMIlyBaHHIO. | oTpumani netani 3a
JTIOTIOMOTOK) TaKOTO METOJY 3a3BHYail CKIAJar0Th
Bim 50 mo 70% Bim 3araidbHOi KOHCTPYKITii
MeXaHI3MiB, IHCTPYMEHTIB Ta TOOYTOBUX MPEIMETIB
[5, 6].

Y 1mporo wmeromy Oarato TmepeBar, OCh
HAIpUKIIaZ OCHOBHI 3 HHX: OTPMMAaHHS BEJIMKOI
KUTBKOCTI  IJICHTUYHUX  KOHQIrypalii, BHCOKa
MPOJYKTUBHICTh, MBUAKICTH MPOIECY, MOXIIUBICTh
BHUITYCKY CKJIQAHMX 32 (OpMOI0  JeTalieH,
E€KOHOMIYHICTh OIEepaliid, I0 MPU3BOIUTH JO
3HIDKEHHSI BUTPAT MaTepialy Ta 3MEHIICHHs OpaKy.

lapsiue kyBaHHA — Le AyK€ BaKIMBUH Hpouec MeTaJooOpoOKH, KM Mae BeJMKE KOMepLiiHe
3HAYEHHS, OCKUIbKM BIH BHKOPHCTOBYETHCSI B 0araThbOX Tajy3sX IPOMHCIOBOCTI JJISi BHPOOHHIITBA
pi3HOMaHITHHX POIYKTiB. (puc. 6.) [6].
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BupoOuuumii mpouec 00poOKM MeTally THCKOM, SIKHi mependavae (opMyBaHHS MeETalny 3a
JIOTIOMOTOFO JIOKaJTi30BaHUX CHJI CTHCHEHHS, SIKUH BKJIIOUAE HAarpiBaHHA, JeOpMyBaHHS Ta HaJaHHA GopMu
Metaiy. Po3pi3HIIOTE pydHe Ta MalllMHHE KyBaHHS, JI€ JIOKATi30BaHi CHIIH TTOJJAF0THCS 32 IOTIOMOTOI0 PYYHOTO
MOJIOTKa 200 MOJIOTKOBOT MallIMHU Ta KyOukiB [6-8].

3a JOMOMOTO0 KyBaHHS 3a3BUYail OTPUMYIOTH 3aTOTOBKHM JJIsl MOJANBIIOT MEXaHIYHOT 0OpoOKH, iX
Ha3WBAIOTh KOBAHMMH ITOKOBKaMH 200 POCTO MOKOBKAMH.

KyBanHS € €qMHIM MOXKIIMBHM CITIOCOOOM BHUTOTOBJIEHHS BAYKKHX MOKOBOK (110 250 T 1 OliIbIIIe) THITY BaJIiB
TigporeHeparopiB, TypOiHHUX THUCKIB, KOJIHYACTHX BaliB CYTHOBHX JBHIYHIB, BAJIKiB MPOKATHUX CTaHiB i1 T.1I.
[TokoBKM MEHIIIOT MAcH (IECATKH 1 COTHI KiJIOTpaMiB) MO>KHA BUTOTOBIISITH 1 KyBaHHSIM, 1 LITaMITyBaHHsIM [7].

I"apsde Boto4iHHSA — 11 IPOIIEC IUTACTUYHOTO (POPMYBAHHS METAIY, i/l Yac SKOTO METaJl HPOTATYIOTh
yepe3 MaTpuiLo abo Hablp MaTPHLb /LISl AOCSTHEHHs 3MCHILEHHS JllaMeTpy Matepiaiy. (puc.7).

- o .
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A

%

Puc. 7. Cxema eonouinna opomy:1 — 3azomoexa;
2 — ginvepa; 3 — 2omosuii eupio

Puc. 6. I'apsaue Kyeanns

TexHOIOTIYHMIA TPOIIEC 3AIMCHIOITh Ha CHEMiaJbHUX CTAHKAaX 1 3aJIS)KHO BiJl TUITY BUILISIOTH TaKi:
i3 TPAMONIHIHHUM pPyXOM MeTaly, IO TPOCTATAEThCSA (PEUKOBUH, JNAHITIOTOBUN); 3 HaMOTYBaHHSIM
00po0ITIOBAIEHOTO MeTanly Ha Oapadan (6apabanuumii) [9-10].
BinnoBigHoro M0 1BOTrO IEH MpoLEeC XapaKTepU3YEThCs MapaMeTpaMH: KOe]illieHTOM BUTSDKKH H
cTyrneHeM aedopmarii.
Jloro BHKOPHCTOBYIOTH IpPH BHPOOHHMUTBI NPYTHKIB a60 APOTIB IS JOCSTaHHSA OYIb-SKOTO
MOTIEPEYHOTO Mepepizy.
[llomo no mepeBar MbOro METOAY TO iX MOYKHA BUIUIMTH JCKUIbKA: 3HAYHE ITiJIBUIICHHS TOYHOCTI
KIHIIEBOTO TPOQiITF0, MOXKJIMBICTh IHTEHCHUBHOI (h)OPMO3MIHH 32 paXyHOK 30UTBIICHHS KUTHKOCTI IPOXOIIB i
TaKOX 3HIKEHHS IMOBIPHOCTI YTBOPEHHS TPIllIHH.
ITepeBaru npouecy rapsiuoi oopooxu [10-11]:
— Tapsiua 0OpoOKa IMiIXOAUTH JJIT MaCOBOT'O BUPOOHHUIITRA,
— ®opmy 1 po3Mip MeTally MOXKHA JISTKO 3MIHHUTH;
— OCKiJIBKH TeMIlepaTypa Marepiajly BHIIEe TEMIIepaTypHu peKpucTatizailii, Oyab-gka podoTa Moxke
OyTH BUKOHaHa 3 METaJIOM 0e3 OyIb-sIKOTrO CTpecy 3arapTyBaHHS;

— OCKiJbKM Matepial 3HaXOAWUThCS MPU BHUCOKIM TeMIiepaTypi, BIH Ma€ BHIIY IJIACTHYHICTb, IO
O3Hauae, 10 HeMae OOMEKEeHb Ha rapsdy 00poOKy MeTaly;

— 3aBusku rapsyiil oOpoOwi MeTanu MaroTh IpiOHY 3€pHUCTY CTPYKTYpPY, 32 PaxyHOK YOro
MOJINIITYIOTHCS. MEXaHIYHI BIACTHBOCTI.

— TlopucricTs 3HaYHO 3MEHIIYETHCSL.

— JSIK1o HeMae MOMHJIOK, Tapsiya po0oTa He BIUIMHE Ha MIilHICTh, TBEPAICTh, KOPO3IHHICTD TOILIO.

— Ilpu BuCcOKili TemIiepaTypi 3MEHIIYETHCS Hampyra 3CyBy, TOMY Jis HeoOXinHOI medopmarrii

notpiOHa HabaraTo MeHIIa CUIa.

— OCKIJIbKH MeTaJ 3HaXOAUTHCS B TUIACTHYHOMY CTaHi, MOKe OyTH JTIOCATHYTa O1IbIna Jieopmaltis.

— lle Mosxe mOKpaIMTH MeXaHi4Hi, (I3MYHI Ta XIMIUHI BJIaCTUBOCTI.

— e mBHAKO, EKOHOMIYHO Ta HAIIINHO.

Henoniku rapsiuoi po6orn [10-11]:

— Ilponecu okucneHHs MPU3BOASATH 0 MOTraHOT OOPOOKHM MOBEPXHI.

UYepes npoliecy OKUCIEHHS BTpaTa BYTJIELIO 1HOAI MPU3BOAMTE /10 3HWKECHHS MiLIHOCTI.
— OO0cnyroByBaHHs Ta BAKOPHCTaHHS YCTAHOBOK ISl TapsA40i 00OpoOKHU CKIIaJHE.
[otpiOHi opori arperaTH, Taki Sk ra3oBa iy ado iHIYKIIHHUI HarpiBay.
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— TounicTs po3MipiB BaXXKO JOCSATTH Yepe3 TEIJIOBE POIIUPEHHS METAIy.
— BiH nigxoauTh He IS BCIX BHIIB METAIIB.

5. BucHoBKH

Lle onuH 13 Ba)KIIMBUX METOMAIB OOPOOKH METay THCKOM, SIKAW AoroMarae oOpoOHii MpOMICIOBOCTI
BHPOOJISITH PI3HOMAaHITHY TpoayKiifo. [Iporec rapsdoi o0poOku MeTamy BKIOYae AedopMariro MeTay mpu
NIeBHIH BHCOKiil TeMIiepaTypi (BuILle TOYKH peKpucTaiizaiii Metany). [1ix yac mporo npouecy pekpucranizaris
BiOyBa€ThHCs OTHOYACHO 3 AedopMalliero MeTary.

SIButie, o BimOyBaeTHCS MPHU TOCUTH BHUCOKiHM TeMIlepaTypi, Ha3MBA€ThCA PEKPUCTAITI3AIi€l0, BOHA
MIPUCKOPIOE PICT 3€PEH Y CTPYKTYPi METaly, B pe3yIbTaTi YOro MeTaj CKIaAaeThes 3 AOCOMOTHO HOBHX 3€PEH.

TemmnepaTypa rapsa4oi o0OpoOKH MeTaly 3aJeKUTh BijI TEeMIepaTypy peKpUCTaii3alii, HampuKiIa, A
BYTJIETIeBOi cTaii moTpiOHa Temmeparypa Oinmbire 1000 rpamgycis 3a Llenapciem. YTBOpEeHHS HOBOT 3€pHUCTOL
CTPYKTYPH (32 paXyHOK pEKpPHUCTaIi3allii) IIBUAKO YCYBa€e CIIOTBOPEHY 3€PHUCTY CTPYKTYPY Ta nedopmariiine
3MIIIHCHHS, SIKe BUHUKA€E BHACIIIOK JedopMalii MeTaiy mij yac rapssuoi 00poOKu.

MeTan po3KpHUIIUTHCS, SKIIO MPOIEC BUKOHYETHCS MPH TEMIIEPATYpi MIaBlIeHHS a00 OIU3bKO 10 Hed.
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ANALYTICAL RESEARCH METHODS OF HOT DEFORMATION OF METALS

Hot processing of metals by pressure has a number of positive qualities: the constituent parts of the
metal are distributed more evenly than before processing; grain sizes decrease, which leads to improved
mechanical properties; the metal becomes denser. Pressure-treated metals have a fibrous structure.

The hot working process is one of the types of metal forming processes and it takes place at
temperatures higher than the recrystallization temperature. During hot deformation, the metal is also
strengthened (hot defamation), but it is completely removed in the process of recrystallization. With it, the
plasticity of the metal is higher, and the resistance to deformation is approximately 10 times lower than during
cold deformation.

Most metals have a recrystallization temperature that is half or one-third of the melting temperature
of the metal. Therefore, we can say that when the metal is plastically deformed above the recrystallization
temperature, but below the burning point, this is a hot process of metal deformation.

Elastic and then plastic deformation occur under the influence of external forces on the material.
Pressure treatment of metals is possible due to their plasticity. A sign of elastic deformation is its reversibility,
that is, its disappearance after removal of the load. The physical essence of elastic deformation is explained
by the slight relative displacement of atoms in the crystal lattice, which return to their previous positions after
the load is removed.

There are such methods of hot processing as: hot rolling, hot forging, hot stamping, hot drawing.

Key words: hot rolling, hot forging, hot stamping, hot drawing, deformation.

Fig. 7. Ref. 11.
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