INPOI'PAMMA

BCTYIMUTEJBLHOI'O UCIIBITAHUS IO
CNELUAJLHON TUCHMUITJIMHE
«XUMHWYECKHUE TEXHOJIOT MU, HAYKH O MATEPUAJIAX,
METAJUTYPTUSI»

Hayunsie cienquaibHOCTH:

2.6.1. METAJVIOBEAEHUE U TEPMUYECKAS
OBPABOTKA METAJIJIOB U CIIVTABOB

2.6.2. METAJIJTYPTUSA YEPHBIX, IBETHBIX "
PEAKHUX METAJIJIOB

2.6.4. OBPABOTKA METAJIVIOB JABJIEHUEM

[IporpamMmma BCTYNMUTETHLHOTO HCIBITAHUS IO CHEIHAIBHON JTHUCHIUILINHE,
COOTBETCTBYIOIIAasi HAay4YHBbIM CIenuanbHOCTSIM 2.6.1. MetamnoBeneHue
TepMudecKas o0paboTka METAJIOB W CIUIaBOB, 2.6.2. MeTamnyprus 4YepHBIX,
[BETHBIX M PEIKUX METAIoB, 2.6.4. OOpaboTka METa/UIOB JaBJICHUEM, TPYIIIIbI
HAy4YHBIX CHelHalIbHOCTEN 2.6. XUMHUYECKHE TEXHOJIOTHH, HAYKH O MaTepHuaax,
METayuTyprus, paspaboTaHa Ha OCHOBaHMM (elepalibHBIX TOCYAapCTBEHHBIX
oOpa3oBaTeIbHBIX CTAaHAAPTOB BBHICIIETO 00pa30BaHMS YPOBHEW MarucTpaTypsl U
CTeIHAIUTETA.

METOINYECKHUE YKA3AHUA
K IPOI'PAMME BCTYIIMTEJIBHOI'O UCIIBITAHUA 110
CHENUAJIBHOM IUCHUIIJIMHE «XUMHWYECKUE
TEXHOJIOI'MHU, HAYKHN O MATEPUAJIAX, METAJLJTYPI' U5D»

OCHOBHOW MENBI0 BCTYNMUTEILHOTO WCHBITAHWS B AaCHHPAHTYPY TIO
CHCIUANBHON JWCIHUIUIMHE SBIISICTCS BBIABJICHUE KOMIICTCHIIMA B Pa3IMYHBIX
00J1aCcTIX, TAKUX KaK:

- IOHUMAaHUE METOLOIOTNUECKUX OCHOB JUCIUAIIINHEI,

- 3HaHWE OOIIUX 3aKOHOMEPHOCTEH AJICKTPOHHOTO M aTOMHOTO CTPOSHUS
METAJUIOB U CILIABOB;

- 3HAHWE MEXAHU3MOB U KUHETUKH (PA30BBIX U CTPYKTYPHBIX MPEBPAIICHHIMI
B METAJJIaX U CIJIaBax B TBEPJOM COCTOSHHH,

- 3HaHHUE YTJIEPOJUCTHIX, CIICIUATBHBIX CTaJeH M CIUIAaBOB, TUTaHA, MEJIH,
aJIOMHUHUS U UX CIUIABOB;

- 3HaHHE MEXAHUYECKUX CBOMCTB METAJIJIOB;

- 3HAaHUE HEMETAUTMICCKUX MaTEPUAJIOB.

- 3HAHUE OCHOB (PU3MKO-XMMHUYECKOTO aHaIHM3a IMUPOMETAJUTYPTHYSCKHUX
IIPOIIECCOB;

- 3HaHUE XapakTepa  B3aMMOCBS3EH, CTPOCHUS U busuko-
XUMHYECKUX CBOMCTB BEIIECTB;



- 3HAHUE OCHOBHBIX 3aKOHOMEPHOCTEW MPOLECCOB BbIIIECIAYNBAHUS,
CIIOCOOOB 3KCIEPUMEHTAIILHOTO OINPEAEICHUS IPUPO/bI JIUMUATUPYIOIIEH CTaauu
U MHTEHCU(UKAIIUU TIPOIIECCa;

- 3HAaHUE METOAOB COpOUMM M DKCTPaKUWH, OCHOB TEOPHUH U
TEXHOJIOTUU ITUX MPOLIECCOB;

- 3HAaHUE METOJIOB OCAXKJICHUS METAJJIOB U3 PACTBOPOB,;

- 3HAaHUE TIOHATHI 3JIEKTPOMETAILTYPIHH U 3IEKTPOXUMUMU;

- 3HaHHE MPOLECCOB NMPOU3BOICTBA ME/IA, HUKEJS, [IMHKA U CBUHIIA;

- 3HAHUE TPUHUUINHAIBHBIX B3aMMOCBS3€M TEXHOJOTHMUYECKUX IPOILIECCOB
U DKCILTyaTUPyEeMOTro 000pYy10BaHUS;

- 3HaHUE BAKHEUIIINX (U3NKO-XUMUYECKUX 3aKOHOMEPHOCTEN
TEXHOJIOTHYECKHX ITPOLIECCOB;

- 3HAHUE COBPEMEHHOI'O COCTOSHHAS JSKOHOMUKH W €€ JHHAMHUKHU
(oOecrieueHHOCTh CBIPBEM, OOJIACTH TPUMEHEHHS, OOBEMBI TPOU3BOJCTBA U
NOTpeOIIeHUSs, IIEHBI, IEPCIICKTHBHI), & TAK)KE UCTOYHUKH ITON HH(DOPMAIUH;

- 3HAHUE COCTOSIHUE M TIEPCHEKTUBBI Pa3BUTHS ChIPbEBOW  0asbl
METaJUTy prudecKor MPOMBIIUIEHHOCTH;

- 3HaHUE MPOMU3BOJICTBA IEPBUYHOTO METAILIA,;

- 3HaHUE MOJTrOTOBKH CHIPBS K IJIABKE,;

- 3HaHUE MPOU3BOJICTBA YYyTr'yHA B JOMEHHBIX I1€YaX;

- 3HaHUE BHEJOMEHHOIO ITOJYyYEHUE NEPBUYHOTO METAILNIA,;

- 3HAaHWE KPUCTAJUIM3ALUs U PA3JIUBKHU CTaJH;

- 3HaHUE OCOOCHHOCTE MPOM3BOJACTBA CTAIM B  Pa3IMYHBIX
CTaJeINJIaBUWIbHBIX arperarax;

- 3HAHUE DBJIEKTPOCTAICIJIABUIBHOTO IPOU3BOJICTBA;

- 3HAaHUE TEOPHUH U MPAKTHKU BHETIEUYHON 00pabOTKU CTalH;

- 3HaHUE MPOU3BOJICTBA (PEPPOCIIIaBOB;

- 3HaHUE O00OpYAOBaHUS METAILUTYPTrUYECKUX MEUeH;

- 3HAaHUE TEOpPUHU 00PaOOTKHU METAJIOB JIaBJICHUEM;

- 3HAaHUE TEOPHUU MPOJAOJbHON MPOKATKU Ha IIaJKON OOUKe;

- 3HAaHUE TEOPHUH MPOLECCOB MIPOU3BOJICTBA CBAPHBIX TPYO;

- 3HAaHUE TEOPHUH BOJIOUEHMS, PECCOBAHUS, KOBKH, IIITAMITIOBKHY;

- 3HaHHWE TEXHOJIOTMM MPOM3BOJICTBA MPOAYKIMU METOAaMH OOpabOTKH
METAJIJIOB JaBJICHUEM,;

- 3HAaHUE TEXHOJIOTUU IPOKATHOTO IPOU3BOCTBA;

- 3HAHHE TEXHOJIOTUHU IIPOU3BOJICTBA CBAPHBIX TPYO;

- 3HAaHUE TEXHOJIOTHH BOJIOYHJIBHOI'O MPOU3BOJICTBA,;

- 3HAaHUE TEXHOJIOTHH PECCOBAHMS;

- 3HAHHE TEXHOJIOTUU KOBKH;

- 3HAaHUE TEXHOJOTUH OOBEMHOM IITAMIIOBKH;

- 3HAHHE  TEOPUU " TE€XHOJIOTUH NMPOU3BOACTBA YYryHa, CTallu,
MIPOKAaTa, LBETHBIX METAJUIOB;

- 3HaHUE METOAOB CHUCTEMHOTO M KpPUTHYECKOIO aHaln3a, METOJIMK
pa3pabOTKu CTpaTerud JEHCTBUM N7l BBISBICHUS M pEHICHHUS MNPOOJIEMHbBIX
CUTYyalU;



- 3HaHUE OCHOBHBIX 3TaloB >KU3HEHHOIO IIMKIIA, pa3pabOTKU U pealn3aluu
MPOEKTa, METO/IbI Pa3pabOTKH U YTIPABICHUS TPOCKTAMU;

- 3HaHUE METOJOB 3aLIUTHI OKPY>KAIOIIEH Cpebl, TEXHOJIOTHI MepepadoTKu
OTXOJIOB, OCHOBHBIE HAIIPABJIEHUS PECYPCOCOEPEKEHMS;

- 3HaHUE COBPEMEHHBIX U MEPCIEKTUBHBIX YPOBHEH TpeOOBaHUMN K KaYeCTBY
NPOAYKLIHH;

- 3HAHUE OTEYECTBEHHBIX M MEXAYHApOJHBIX HOPMATHBHBIX 0a3 B 4acTu
TpeOOBaHUI K METAIONPOAYKLMH, HAYUYHYIO ITPOOJIEMATUKY, METOJOB U CPEACTB
IUTAHMPOBAHNS U IIPOBEICHUS HAYYHBIX HCCIICTOBaHHI.

PA3JIEJIbI, PACCMATPUBAEMBIE B XO/E
BCTYIIMTEJIBHOI'O UCIIBITAHUSA

PA3JAEJI 1. METAJUIOBEAEHUE U TEPMHUYECKAS
OBPABOTKA METAJIJIOB 1 CIIJTABOB

1. TEOPETUYECKHUE OCHOBbI METAJIVIOBEJIEHUSA

1.1 CrtpoeHue MeTALJI0B U CILIABOB

OcCHOBHBIC THUIBI CBS3M aTOMOB B TBEpABIX Tejax. MeTamuindeckas CBS3b.
DJIEKTPOHHOE CTPOCHUE U (PUBHUECKHE CBOMCTBA METAILIOB.

TBepapie pacTBOPHI 3aMEIICHUS, BHEAPECHUS U BBIYUTAHUS. Y IOPSIIOUECHHbBIC
TBEpJbIE PACTBOPBI. DJIEKTPOHHBIE coenuHeHus, ¢aszbl JlaBeca, c-¢asbl, (aszbl
BHE/IPCHUSI.

[IpaBuno ¢a3. JlmarpamMMbl COCTOSIHUS JBOWHBIX W TPOWHBIX CHCTEM C
HETMPEPBIBHBIM psaaoOM TBEPJIBIX pPacTBOpOB, c ABTEKTUYECKUMU,
MEPUTEKTUYECKUMU W MOHOTEKTUYECKMMHU PABHOBECHUSIMU, C KOHTPYIHTHO U
WHKOHTPYPHTHO TUIABSIIIUMUCA TPOMEXYTOUHBIMU (azamu, ¢ MoauMophuzMom
KOMITOHEHTOB. TepMOJMHAMHUYECKUIN aHaIu3 AuarpaMM COCTOSIHUSI. OTKIOHEHHUS
OT paBHOBECHUS MPU KPUCTAIUIU3ALUU CIUIABOB B CUCTEMAaX Pa3HOTO THUIIA.

1.2 Kpucraaiaorpadus u 1edeKTbl KPUCTAJINIECKOTO CTPOEHUS

OCHOBHBIC THIMBl KPUCTAUIMYECKUX PEIICTOK. DJIEMEHTAPHBIE SYEHKHU.
NHpexkcel HampaBJeHUW H  IUIOCKOCTEM B KPUCTALUIMYECKOW  PEILIETKE.
AHM30TpONUS CBOMCTB KPUCTAJIIOB.

Tuner  1edeKTOB KPUCTAUIMYECKOTO CTPOCHHS. TodeuHble Ne(EeKTHI.
Hucnokaruu. Jledextsr ynakoBku. Bektop broprepca. [moTHOCTh mucioKariuid.
CkonbXeHUE U TMEpenoi3aHue JUCIOKAUMUi. 3apokIACHUE U Pa3MHOXKEHUE
JICIIOKAIUH, MCTOYHUK ®panka-Pupa. Cuna [Taitepnca-Habappo.
B3aumopeiictBue auciokanuii Mexay co0oil M ¢ IPUMECHBIMH aTOMaMH.
Atmocdepnl Korpemna, Cuyka, Cy3yku. JlucnokalimoHHbIE CETKU U MaJIOYTJIOBbIE
rpaHuibl. BBICOKOYINIOBBIE TIpaHulbl. Murpauus TpaHHI] UM 3€PHOTPAHUYHOE
IIPOCKaIb3bIBaHUE. JIBOMHUKU.

1.3 Kpucranau3amusi MeTaJIOB U CIJIABOB
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CrpyKTypa U CBOWCTBA JKUJIKHX METaNIOB. |'OMOr€HHOE M TIeTEepOreHHOE
3apOXKIAEHUE KPHUCTAUIOB, KPUTHYECKMU pasMmep 3aponpima. Jluarpammsl
COCTOSIHMSI IBOMHBIX M TPOMHBIX CHUCTeM. KpucTamnn3anusi TBeppIX pacTBOPOB U
IPOMEXYTOUHBIX (a3. OBTeKTHYecKas Kpucramwiusauusa. lleputexTuueckoe
npeBpaileHue. BiMgHHE CKOPOCTHM KpUCTAUIM3alMM Ha CTPOEHUE CIUIaBOB.
CtpoeHue METaNIMYECKOro CiuTKa. MOIUPUIUPOBAHUE CTPYKTYPHl JHUTHIX
crutaBoB. OOpazoBanme  MeTacTaOWiIbHBIX (a3 mpu  KpHUCTAIUIM3AINU.
be3nuddys3nonnas  kpucrasmszanus.  Meramnyeckue — crekna.  MeTogsl
MOJIy4Y€HUS] MOHOKPHUCTAJUIOB U3 pacIljlaBa.

1.4 da3oBble M CTPYKTYPHBbIE NPeBPalllecHUs] B MeTAJLIaX U CILUIaBaxX B

TBEPAOM COCTOSTHMU

Mexanu3Mbl Murpanuu atoMoB. 3akoHbl duka. Koaddunment auddysun.
CTpyKTypHO 4YyBCTBUTENbHBIE Mporuecchl aupPysuu. Auddy3us Bo BHEMIHHX
CUJIOBBIX MOJISIX.

Knaccudukanus @a3zoBbIX ©  CTPYKTYpHBIX mpeBpanieHuil. da3oBbie
npeBpamieust | u Il poma. T'OMOreHHBII ¥ TeTEPOTCHHBIM MEXaHU3MBbI
3apoxaeHus. CTpoeHHE M MEXaHW3M [JBUKEHHS MOBEPXHOCTEW paszzaena @as.
CnpuroBoe (0e3auddy3nonnoe) u HopmaiabHoe (AubdPy3uoHHOE) MpeBpaICHUs.
TepMoauHaMUyecKMii W KpUCTaUIOrpaUuecKuil  aHalu3  CIIBUTOBOTO
(MapTEHCUTHOIO) MpeBpalleHus. MeXaHu3M M KHHETHKa CIBUTOBBIX H
HOPMAJIBHBIX NPEBpPALICHUI. DBTEKTOUIHOE NpEeBpalieHne. MexaHu3M U KUHETHKA
IBTEKTOMJHOrO mpeBpameHus. IleputexkromaHoe mnpeBpamieHue. [{uarpammsl
(a30BbIX IpeBpaIICHUN (TEPMOKUHETHUECKHUE, U30TEPMUYECKUE U IIP.).

VYnopsinouenue TBepaoro pactBopa. JanpHuil W OMMKHMI  TIOPSIIOK.
M3MeHeHne CBOMCTB CIIaBOB IMpH  ymopsinodeHud. OOpa3oBaHME M pacraj
MetacTabmwibHbIX  (a3.  Pacmajm  mepechlllleHHOTO  TBEPAOrO  pacTBOpA.
CnuHonanbHbld pacnaa. TepMmoauHamuka oOpa3oBaHUsI MPOMEKYTOUHBIX (Das.
CTpyKkTypHblE HM3MEHEHUs NpH cTapeHu (kiactepbl, 30HbI [ 'uHbe-IIpecTona,
MPOMEXKYTOUHbIE MeTacTaOuibHble  (Pa3pl, MOAYJUPOBAHHBIE CTPYKTYpHI).
KorepeHTHble, YaCTUYHO KOT€PEHTHbIE U HEKOTepEHTHbIE BblJeIeHUS. DOopMbl
BblJIeJICHUM. HenpepoIBHBIN U NPEPBIBUCTHIN pacna.

1.5 Tepmunueckasi 00padoTka

Knaccudukanus BumIoB TepMudeckoit 00paboTKH.

I'omorenn3annoHHbIN OTKUT.  JlOpEKpUCTAININ3ALIMOHHBIN 51
peKpUCTAIM3AMOHHBIN  oTKUrd.  Otaeix.  Ilomuronumsanus.  IlepBuuHas,
coOupaTenbHas U BTOPUYHAS PEKpUCTAIM3aIMsa. MexaHu3M U KMHETHKA OT/IbIXa,
MOJMUTOHU3ALMA M PEKPUCTAIIM3AIMU, BIUSHUE HAa HHUX MOPEANIeCTBYIOLIEH
iacTUYecko nedopmanuu, mpuMeced, TeMneparypbl U MPOAOIKUTEIbHOCTH
omkura. I[lapameTpsl NOJUTOHM30BAHHOM W PEKPUCTAIUIM30BAHHOW CTPYKTYP.
Kputnueckas  crenenb  nedopmanuu.  [IuarpamMmbl  peKpHUCTAIUIM3ALUU.
3aKOHOMEPHOCTH M MPUPOJA U3MEHEHUS MEXaHUYECKUX M (PU3NYECKUX CBOMCTB
IIPU OTXKUTE TOC)e XONoAHOW aegopmanuu. Tekctypa aedopmanuu, NEPBUYHOM,
coOMpaTebHOW M BTOPUYHOM PEKPUCTAIIM3ALMM, MEXaHU3M €€ 00pa30BaHusl.

4



AHH30TPONMS CBOMCTB TEKCTYPOBAHHBIX METAILJIOB.

OTXUr 111 YMEHBIIEHUsI OCTaTOYHBIX HaNpsDKEHUH. MexaHu3M CHMXKEHUS
OCTaTOYHBIX HAIIPSHKEHUU NPU HATPEBaX.

@a30Bble M CTPYKTYpHBIE NPEBPALICHUS IPU HArpeBe. AyCTEHUTHU3ALUS.
CTpyKTypHas HaCJIEICTBEHHOCTb.

@a30Bble U CTPYKTYPHBIE NPEBPALICHUS IIPU OXJAXIACHUH. Jlnarpammebl
MU30TEPMHUYECKOTO MPEBPAILIECHNUS U TEPMOKHUHETUYECKHAE TUATPAMMBI.

[lepnutHoe mnpeBpaiieHue. OTXKUTH — TMEPEKPUCTAIUIM3AMOHHBIM,
HOpMAaJIM3alus, W30TEPMUYECKUN, MaTEHTUpOBaHUE, CHEPOUTU3UPYIOIIHM,
rpa@UTU3UPYIOIIHA.

3akanka Oe3 moiauMMOp¢HOro mnpeBpaileHus. M3MeHeHue CTPyKTypel U
CBOMCTB IIPU 3aKaJIKe.

3akanka ¢ [OOIMMOP(HBIM  TpeBpamieHueM. MUKpOCTpyKTypa U
CyOCTpyKTypa MAapTEHCUTA. YIPOUYHEHWE M HM3MEHEHHE IUIACTUYHOCTH NIpH
3aKaJKe Ha MapTeHCHT. KpHTHueckas CKOPOCTh OXJIAXKIACHUsA IIPU 3aKajKe.
3aKaJIMBaeMOCTh U MTPOKAIINBAEMOCTb.

beitnutHOe npeBpaienue. Ctpoenue OeitnuTa. M3oTepMuyeckas 3akanka.

Crapenue. [Ipupona ynpouyHeHHs Ipu CTapeHUH. BiausHUE TeMIiepaTypsl U
IPOJOJKATEILHOCTH CTapEeHHUs]T HAa MEXaHWYEeCKMe U (PU3NYECKUE CBOMCTBA
cruiaBoB. llepecrapuBanme, cryneHdaroe crapeHue. BimsHue TtemmepaTrypsl
HarpeBa Ioj 3aKajlKy U CKOPOCTH OXJIaXACHUS Ha (pOpMHpOBaHUE CTPYKTYpPbI U
CBOMCTB CIUIaBOB IIPY CTApEHHUH.

OTtnyck. MI3MeHeHne MUKPOCTPYKTYpbI, CYOCTPYKTYphI U (pa30BOro cocTaBa
npu otirycke. O6parumast 1 HeoOpaTUMasi OTITYCKHAsI XPYTKOCTb.

1.6 Tepmomexannueckasi 00padorka. XUMHKO-TEPpMHUYECKAA
o0padoTka

Tepmomexannueckas  o0paboTka.  CTpyKTypHbIE  U3MEHEHUS  IpH
nacTuyeckor naedopmaruu. JluHamuueckas MOJUTOHU3ALMS W JUHAMHUYECKas
pekpucTamnsainusa. Bo3Bpar u pekpucTaiim3anus nocie ropsueit nepopmanuu.

BricokoremnepaTypHass ¥ HHM3KOTEMIIEpaTypHas TEepMOMEXaHHYeCKas
oOpaboTtka. TepmomexaHnudeckass 00pabOTKa  JAUCIEPCHOHHO-TBEPCIOIINX
CIUIaBOB.

XUMHKO-TepMUYECKast 00paboTka. DIIeMEHTapHbIE TPOIECCHl MPU XUMHUKO-
TepMudeckoil o0pabotke. Ctpykrypa aud@y3HMOHHBIX CIIOEB M €€ CBSI3b C
JIHarpaMMOM COCTOSTHUS.

A3oTHupoBaHmue, [IEMEHTaIIUS, HUTPOIIEMECHTAIIHS, ATUTUPOBAHUE,
XPOMHUPOBAHUE, OopupoBaHue, cylbhunupoBanue, CUJIMITUPOBAHUE.
TepmoBogopoaHas o6padboTka.

1.7 TexHoJsorusi TepMmuyeckoii 00padoTKU

CoBpemenHoe 000OpyAOBaHWE ISl 3aKalKW, OTXKWTA, OTIYCKa, XUMHUKO-
TEPMHUYECKOHN M IPYTHX BUIOB TEPMHUUECKON 00pabOTKH CTaJiel U CIIJIaBOB.

ArperaTbel HETPEPHIBHOTO OTXKHra M 3aKajlKd. ABTOMAaTH3allks TOJIHOTO
[IUKJIa TEPMUYECKON 00paOOTKH.



CriocoObl TOCTM)KEHUSI BBICOKHX CKOpPOCTEH HarpeBa M OXJIAXKICHUS
U3JICUIA TIPU TepMHUUYECKO 00paboTke. BHyTpenHue HanpsokeHus U aepopmarius
W3NIeTUH Tpu TepMHuueckor oOpaboTke. HarpeB mpum Tepmudeckoit oOpaboTke
W3JIeTIUH B 3aIMTHBIX CpeAax U BaKyyMe.

JledexTsl Tepmuueckoid 00paboTku. ["a3oHachllieHWe W €ro BIUSHUE Ha
CTPYKTYpPY U CBOMCTBa CIIaBOB. MeTo 161 00pbOBI C MOBOJKAMH U KOPOOJIEHUEM.

1.8 Vnpyras u nnacrudeckas fepopmanus. Pazpymenune

Huarpammsl 1e(OpMUPOBAHUS MOHO- M TOJUKPHUCTAIUIOB, MHOTO(a3HbIX
CIUIaBOB. MeXaHU3Mbl yIpyrou U miactudeckoil nepopmanuu. lepopmanroHHoe
YIPOYHEHUE, BIMSHUE HA HEro TeMIlepaTypbl U ckopocTu nedopmanuu. Teopus
npenena Tekydectd. O¢dekr baymmurepa. YnpouHeHue npu 00pa3oBaHUU
TBEP/AbIX PACTBOPOB M INPU BBIACICHUU HU30BITOUYHBIX (a3 (KOTEpeHTHBIX U
HEKOT'E€PEHTHBIX ).

Bimsaue pazmepa 3epHa Ha MEXaHWYECKHE CBOMCTBA. CBEPXIUIACTUYHOCT.
Heymnpyrocts.

Xpynkoe u© BA3koe paspymieHue. Cxembl  3apOXKIACHUS — TPEUIUH.
PacnpocTpaneHne TpemmH INpU XPYyNKOM M BsS3KOM paspyuieHuu. [Ipupona
xnaaHosioMkocTH. [Topor xmagHonomkoctu. CTpoeHne U3JI10MOB.

[Ton3ydecTs. MexaHu3MBbl U CTaAUU MOJI3y4eCTH. Pertakcanus HanpsKeHU.
KparkoBpeMeHHass ¥ JIMTENbHAs INPOYHOCTb. BiusHHME cocTaBa U CTPYKTYpBI
CILJIABOB HA I10JI3YYECTb.

YcranoctHas npodHOCTh. JluarpaMmbl yCTIOCTH. MeEXaHu3M YCTalOCTH.
@axTOophl, BIUAKOLIME HA YCTAJOCTHYK MNPOYHOCTb. KOHTaKkTHas yCTaloCTh.
N3HoC.

1.9 Meroabl uHCCIeI0BAHUS M KOHTPOJS CTPYKTYpPbl H CBOWMCTB
METAJJIOB

Mertoapl HU3ydeHUsT MUKPOCTPYKTYyphl. CBeTOBass MUKpOCKomus. Meroasl
KOJIMYECTBEHHOW MeTayuiorpa@uu. DJIEKTpOHHAass MUKPOCKOINHUA (METOJ PEIUIHK,
nudpakiMOHHAasg  MUKpOCKomus  (oabr,  CKaHUpymolas  MHUKPOCKOIHS,
MUKpoaudpakuus). PeHTreHOCTPYKTYpHBI M 3JEKTpOHOrpadruecKoi aHaIu3.
MUKpOPEHTIeHOCHIEKTPAIbHBIN  aHanu3. JIokanpHBIM aHanuM3 cocraBa IO
DIIEKTPOHHBIM CIIEKTPaM.

Metonpt u3MepeHuss (QUIMYECKUX CBOWCTB (TEPMUYECKUN  aHAJM3,
KUIOPDUMETpHUs, AWIATOMETPHs, H3MEpPEHHUE IUIOTHOCTH, PE3UCTOMETPHS,
MarHUTHBIA aHAJIK3 U Jp.). MeToabl onpeesieHUs] KOPPO3UOHHBIX CBOMCTB.

MexaHnueckue CBOWCTBA METAJJIOB M CIJIAaBOB. MeETOIBI MX W3MEpPEHHS.
Cratnyeckue W JMHAMUYECKHE UCHbITaHUSA. lcnopiTaHusT Ha TOJI3y4ecCTb,
JUIUTEJIBHYIO IIPOYHOCTD U PEJIAKCALMIO HAIPSHKEHUI. Y CTAIOCTHBIE UCIIBITaHUS.

1.10 IIpompbllieHHBbIE CIJIABBI (OCHOBBI JIETHPOBAHUS M TEPMHUYECKOM
00padoTKH, CBOMCTBA, 00JIACTH PUMEHEHMS)

Cranu. Knaccudukamnuss cralid 1O CTPYKType, COCTaBy, Ha3HAYEHUIO.
KOHCTpYKIIMOHHBIE CTallM, UX OCHOBHBIE MOJKIACCHL. MIHCTpyMEHTaIbHbIE CTaNH,
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UX OCHOBHbIE MOAKJIAcChl. KOHCTpYKIMOHHBIE CTadlM U CIUIABBI C OCOOBIMHU
CBOMCTBaMHU (KOPPO3MOHHO-CTOMKHUE, KAPOCTOMKHE, KapoNpoUHbIe). UyryHbI U UX
Knaccudukanus. MoaupuimpoBaHue 4yTryHOB.

CmaBel ¢ 0COOBIMH  (PU3WYECKMMH CBOMCTBAMHU: BBICOKMM U HU3KHUM
AIEKTPOCONPOTUBIEHUEM, MAarHUTHO-TBEPAbIE W MAarHUTHO-MSTKHE CTald U
CIUIaBbl, CIUIaBBI C OCOOBIMH YNPYTUMH U  TEIUIOBBIMH  CBOWCTBaMHU.
CeepxmnpoBojsmiue criaBbl. CriiaBsl ¢ 3¢pGeKToM 3aIOMUHAHUS (POPMBI.

Amop¢Hnsbie crinaBbl. HaHOCTPYKTYpHBIE MaTepUabl.

ANOMMHMI M ero cruaBbl. TWUTaH U €ro ciulaBel. Meap M ee CIUIaBBbl.
Marnuii u ero ciuiasbsl. bepusumii u ero crasbl. CIIIaBbl Ha OCHOBE TYTOIUIABKUX
METaJIOB.

1.11 IopomkoBble 1 KOMIIO3HIMOHHbIE MATEPHAJIbI

OmnpeneneHrne KOMIO3UMIMOHHBIX MarepuanoB. Knaccupukanuss u MeToasl
IIPOU3BOJICTBA KOMIIO3UIIMOHHBIX MaTepuanoB. IIponeccsl 00pa3zoBaHus NpOYHOU
CBA3M MEXKIy KOMIIOHEHTamMu (aare3us, 1ud@ysus, pexkpucramumszanus,
MEXaHUYeCKas CBS3b). DBOJIOKHUCTBIE  KOMIIO3HUIIMOHHBIC  MaTEpHaibl  C
METAUIMYECKOW M HEMETAJUIMYECKOW MaTpuuen. JMCIEPCHOHHO YIPOYHEHHBIE U
MHOTOCJIOMHBIE KOMITO3UIIMOHHBIE MaTEPUAIIBI.

duznyeckre Mpouecchl Npu TBEPAO(PAZHOM U KUAKOPA3ZHOM CIEKAHHH.
OcobGenHoctu (Ha30BO-CTPYKTYPHBIX MPEBpAIIEHUN B MOPOIIKOBBIX MaTepHasiax.
KoHCTpyKIIMOHHBIE, HHCTPYMEHTaJbHbIC, AHTU(PPUKIIMOHHBIC, (PPUKIHOHHBIE,
BBICOKO IIOPUCTBIE, IIEKTPOTEXHUYECKHE TOPOLIKOBBIE MAaTEPHUAIIBI.

1.12 Koppo3us 4 3al{uTa MATEPUATIOB

Knaccudukanus KOppo3HOHHBIX TPOIIECCOB: IO MEXaHWU3MY Ipoliecca,
YCIOBUSIM TMPOTEKAHUS M XapaKTEPy pas3pylleHUus. XUMHUYECKas KOppO3Hs.
['azoBast u ropsyas kopposus. [lokazarenn koppo3uu. 3amura METALIOB U
CIUIABOB OT Ta30BOM KOPpO3uU. Teopuum KApOCTOMKOrO  JIETMPOBAHUS.
TepmoaudPy3snoHHOe  HACBIIEHUWE, METAIMYECKHUE UM  HEMETAJUIMYECKUE
MOKPBITHS, 3aIIUTHBIE aTMOC(EPbl. XUMUYECKast KOPPO3US B KUAKUX CPeaXx.

DJIEKTPOXMMHYECKAss KOPPO3HMsI METAUIOB M CIUIABOB. JIEKTPOJHBIE
MOTEHUHAJIBl. AHOJHBIE W KaTrofgHble Iporecchl. Koppo3noHHBIE INpoLEcChl €
KUCJIOPOJIHOW U BOJOPOAHOM aenosspusanuen. [laccuBaTtopsl U aemaccuBaTOpBbI.
Baxxneiimme BHUIBI DJIEKTPOXHUMHYECKOW KOppO3uu: arMmocdepHasi, TMoa3eMHasl,
MOPCKasl, B )KUAKHUX pacIjiaBax, IieieBas, ToUeuHasi, MeKKpUCTAILUTUTHAS.

PEKOMEH/IA TEJILHBI BUBJAOTPA®UYECKNI CTACOK
K PA3JIEJTY 1

OcHoBHas JIuTEpaTypAa:
1. Topbarenko, B.II. MarepuanoBenenue: Y4YeOHUK ISl TEXHOJOTHUYECKUX U
MEXaHUUYECKHUX CIIeIMAIbHOCTEHN BhICIINX y4eOHBIX 3aBenenuii / B.I1. ['opbaTenko,
T.B. HoBocenoBa. — HeBunHombicck: Dnp/lupext, 2018.- 324 c.:
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2. bonbmako, BiM. OO6opynoBanue TepMHUECKHX II€XOB, TEXHOJIOTUHU
TEPMUYECKON ©W KOMOMHUPOBAHHOW o00paboTkm MeTtamionpoaykuuu / BiH.
bonpmakos, U.E. [JomkenkoB, A.B. 3aiiues.- lnenponerposck: «PMA JInenp-
VAL», 2010. - 619 c.

3. HoBukoB, U.U. Teopuss tepmudeckoii oOpabOTKM METAIOB. YUYCOHHK ISt
BVY3o0s / .1. HoBukos. - MockBa: Meramryprus, 1992. - 271 c.

4. Apzamacos, b.H. Matepuanosenenue: YueOnuk mis BY3os./ b.H. Apzamacos,
B.1. Makaposa, I'.I'.' Myxun u ap./Ilox oOmel pemakumeit Ap3amacoa b.H.,
Myxuna I'.I'. — 3-¢ u3xa., nepepad. u mon. — MockBa: U3g-so MI'TY um. H.O.
baymana, 2001.- 648 c.

5. Tompmmreiin, M.U. Cneumanbheie cramu. YuyeOHMK mis By3oB / M.U.
[Nonpamireiin, C.B. I'paues, FO.I'. Bekcaep. — MockBa: Metamtyprus, 1999.- 408
C.

6. Komnaues, b.A. MetamoBeaeHue u TepMudeckas 00paboTKa BETHBIX METAJIOB
1 CIIaBOB: YUYeOHMK JJIs BY30B. - 4-¢ u3a., nepepad u gom. / b.A. Komaues, B.A.
JIuanoB, B.. Enarun. - Mocksa: MUCHC, 2005. - 432 c.

7. Koppo3usi 1 3amuta MaTepuajioB OT KOPpo3uu [DNeKTpoHHBIN pecypc] / B.A.
Ammmos, JI. A. PsbuueBa, B. B. Jsaauues, C. I'. Mentok, A. B. Jlaauues. -
Cumpeponons : OO0 «AntukBa», 2019. - 1 ¢aitn. - Cucrem. TpeOOBaHUS:
Acrobat Reader. http://ed.donntu.org/books/19/cd9315.pdf.

8. 3onorapesckuii, B.C. Mexanndeckne CBONCTBA METAUIOB. YUeOHHK JIJIs BY30B /
B.C.3onotapesckuii. — M.: MUCHC, 1999. — 398 c.

JlonoTHUTEILHAS JJUTEpPaTypa
1. Top6arenko, B.II. CnenuanpHbie cTanv U cruiaBbl: yueOHoe mocodue / B.II.
['op6arenko. — lonenk: JJOHHTY, 2016. — 141 c. (3neKTpOHHBIN pecypc).
2. l'opbarenko, B.I1. MetamnoBenenue: yueonoe nocoodue / B.II. ['opGarenko. -
Horenk: JOHHTY, 2016. — 180 c. (31eKTpOHHBINA pecypc).

3. CurkeBny, M.B. TexHonoruss tepMuyeckoid o0OpabOTKH [DIEKTPOHHBII
pecypc]: yue6.nocodue / M.B.CutkeBuu. — MuHck: benopycckuii HallMOHAJIbHBIN
yauBepcuret, 2015. - 1 ¢aitn. - Cucrem. TtpeboBanus: Acrobat Reader.

http://ed.donntu.org/books/cd9288.pdf.

4. Comuues, HO.II. Marepuanosenenue / FO.II. Conuuen, E.W. Ilpsixun, O.
BolitkyH. — Mocksa: MUCuC, 1999. — 600 c.

5. HoBuxog, .. MeTannoBeaeHue, repmMuyueckas o0padoTka u peHTrenorpadus /
N.N. Hosuxkos, I'.b. Ctporanos, A.l. HoBukos. — MockBa: MUCuC, 1994. - 479
C.

6. JIusmun, b.I'. ®usnueckue cBoricTBa MetasioB U cmiaBoB / b.I'. JIusmmir, B.C.
Kpanomun, S.JI. JTluneuxuii. — MockBa: Metamnyprus, 1980. — 320 c.

7. HoukoB, N.U., Pozun K.M. Kpucramiorpadhus u nedektsl KpuCTAIITUNISCKON
pemetku. Yueonuk / .M. HoBukos, K.M. Po3us. - MockBa: Metamtyprus, 1990.
- 335c.

8. Jlaxtun, KO.M. Marepuanosenenue: YueOHuk ais By30B / FO.M. Jlaxtun, B.I1.
JleonTheBa.- 3-e u3a. - MockBa: Mamunoctpoenue, 1990.- 528 c.

9. banosn, b.M. Hanomarepuansl. Knaccudukammsi, ocOOEHHOCTH CBOMCTB,
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http://ed.donntu.org/books/19/cd9315.pdf
http://ed.donntu.org/books/cd9288.pdf

MPUMEHEHUE M TEXHOJOTUM MOoJydeHHs. YueOHoe nmocoodue / b.M. banosH, A.T.
Konmako, M.M. AnbiMoB, A.M. KporoB. — MockBa: MexayHapoaHbIN
YHUBEPCUTET MPUPObI, oOmecTBa U yenoBeka «/lyOHa». ®Pumman «Yrpemay,
2007.- 125 c.

10. JluBmmun, b.I'. Mertamnorpadusa / B.I'. JluBmmu. - MockBa: Mertamtyprus.-
1990. — 336 c.

11. ®wumunmos, M.A. Metononoruss BbIOOpa METALIMYECKUX CIUIABOB H
YIOPOYHSIOIIUX TEXHOJIOTUN B MAIIMHOCTPOCHUHU [ DIIEKTPOHHBIN pecypc]: yuebHoe
nocooue / M.A. ®umunmnos, B.P. bapa3, M.A. I'epBacbeB, M.M. Pozenbaym -2-¢
u3n., ucn. — ExarepunOypr: U3n-Bo VYpan. yu-ta, 2013.— 1 ¢aiin. - Cucrem.
tpeboBanus: Acrobat Reader. http://ed.donntu.org/books/cd9306.pdf.

12.  3enun, b.C. CoBpeMeHHBIE TEXHOJIOTMM MOBEPXHOCTHOTO YIMPOYHEHUS U
HAHECCHUS TMOKPBITUN. [DIEKTPOHHBIN pecypc] : yueOHoe mocobue misi By30B /
b.C. 3enun, A.. Cnocman; ®I'BOYBIIO «Hau. uccnen. Tomck. monut. yH-T». —
2-¢ w31, — 3 MO. - Tomck: U3a-Bo ToMckoro momuTexaudeckoro yH-Ta, 2012, - 1
darin. — Cucrem. TpeOOBaHUS: Acrobat Reader.
http://ed.donntu.org/books/cd7481.pdf.

13. TlomoBa, JI.M. BBeneaue B HaAHOTEXHOJIOTHIO: Y4YeOHOE MoOcoOwme.
[DmekTponnsiii pecypc] / CIIOI'TYPIIL, CII6., 2013. - 1 ¢aiin. - Cucrem.
tpeboBanus: Acrobat Reader. http://ed.donntu.org/books/19/cd9297.pdf.

14.  HockoB, ®. M. TexHomorus u oOOpyJOBaHHE TEPMHUECKOM M XHUMHKO-
TepMUYeCKOil 00paboTku. Teopuss W TEXHOJIOTHS TEPMUYECKON 00pabOTKU
METaJJIOB M CIUIaBOB [DJIEKTPOHHBIM pecypc]: ydebd. mocobue / ®.M.Hockos,
JLN.Ksermuc, M.B.HockoB.—Kpacnosipck: Cub.denep.yu-1,2018.— 1 dain. -
Cuctem. TpeboBanus: Acrobat Reader. http://ed.donntu.org/books/cd9303.pdf.

15. bamnun, FO.A. Texnonorus tepmudeckoit oopadotku. / FO.A. bamnun, b.K.
Ymaxkos, A.I'. Cekeli. — Mockpa: Metammyprus, 1986. — 424 c.



http://ed.donntu.org/books/cd9306.pdf
http://ed.donntu.org/books/cd7481.pdf
http://ed.donntu.org/books/19/cd9297.pdf
http://ed.donntu.org/books/cd9303.pdf

PA3JIEJI 2. METAJLUTYPIUSI UEPHBIX IIBETHBIX U
PEAKUX METAJIVIOB

2. TEOPETUYECKHUE OCHOBBI METAJLIYPI'M

2.1. DU3UKO-XUMHYECKHE OCHOBbI METAJLJIYPrU4eCKUX MPOLEeCcCOB

Crpoenue BemiectBa. OCHOBBI TE€OpHHM TBepAoro tena. Kpucramnmyeckas
CTPYKTypa MPOCTHIX U CIOKHBIX OKUCHBIX (ha3.

TepmonnHamuueckass cuUcTeMa W TEPMOAMHAMHUYECKUE  IapaMETpHI.
TepMonHAMHUYECKOE paBHOBECHE. 3aKOHBI TEPMOJIMHAMHUKH.
TepMoanHaMuuecKue MOTEHIMAIBI (BHYTPEHHSISI YHEPTHUSI, SHTAJBIINS, SHTPOIUS,
U300apHO - HM3O0TEPMHUYECKHMM U H30XOPHO-U30TEPMHUYECKUN  IMOTEHIMAN).
TepMmoanHaMuka CILTIaBOB. UneanbHbie 51 peabHbIE pacTBOPBIL.
TepmoauHaMuyeckass akTUBHOCTH (BBIOOpP CTaHJAPTHOTO COCTOSIHUS, METObI
omnpejeneHus, npumeHeHue). Pacuersl paBHOBecuss B pactBopax. DazoBble
nepexoabl. Jluarpammbl (ha3oBOro paBHOBECHUSI JIBYXKOMITIOHEHTHBIX CHCTEM.
PacTBOpEI razoB B MeTasuiax.

Kunetuka  meramnyprudeckux — peakiuii.  OOmass — XapakTepucTUKa
FETEPOT€HHBIX  METAJUIyprudeckux  peakiui. OnpeneneHue  BaKHEUIHMX
KUHETUYECKUX  XapaKTEPUCTUK: IIOpsAJKAa PEaKUWH, OSHEPrUh aKTUBAlUH,
MIPEIAKCIIOHCHIMAIBHOTO  MHOXUTENA. [IpU3HAaKM JIMMUTUPYIOLIUX  CTAAHM.
[Tonsitue karanuza. TepMoauHaMHUKa HEOOPATUMBIX MTPOIIECCOB.

2.2. Teopusi TUPOMETAJLIYPrUYECKHX MPOIECCOB.

CTtpoeHue u CBOWCTBA JKHUJAKHAX METAUIOB. JKHAKOE COCTOSIHHE Kak
IPOMEKYTOUHOE MEXKIY TBEPABIM M ra3000pa3HbIM. TepMoAMHAMHMKA MPOLECCOB
TUTaBJICHUS M KPUCTAILITU3ALIMH.

CrpoeHne XUIKHX LUIAKOB. T€OpuUM CTPOEHHs MIIAKOB. XMMHUYECKHE M
¢uznyeckue cBoiicTBa 1mIakoB. OCHOBHOCTb U CIIOCOOBI €€ BhipakeHus. [lonsTue
emMKocTei nutakoB. CriocoObl pacueTa akTUBHOCTH B IUIAKOBBIX CHCTEMaX.

TBepnodaszusie nporteccel. O0IIEe MOHATHE O TBEPIO(DA3HBIX MpoIleccax H
UX POJIM B METAJUTYPrUYECKUX TEXHOJOrusX. ToueuHble nedeKTbl TBEPIBIX Tell.
Mexanu3mM W TepMOAMHAMUKa 0Opa3oBaHUS TOYEUYHBIX nedekToB. TBepibie
pacTBOPBI METAIIOB U OKCUIOB, U30MOP(HBIE TPUMECH.

Huddy3us B TBepAbIX  Tenax.  lemmeparypHas  3aBHCHUMOCTH
kodpdumentos  nuddysun. TepmodasHble XUMUYECKHE  PEAKIMH, HUX
kinaccudukanusa. Kunerrka nmpoueccoB B TBEpBIX Telax.

Peakunuu B TBepAbIX Tenax NpHU B3aMMOJEUCTBUM C BHEIIHEW Cpenoil.
TBepaoe Tea0 B KOHTAKTE C KUJIKOCTHIO WU Ta30M.

OO6miast Teopusi OKHUCIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIMl B TBEPIOM
TeJe.

OcHoBbl Teopuu crnekanusa. (OCHOBHBIE MEXaHU3MbI TBEPIO(PA3HOTO
cnekanusi. OcobeHHoCcTH KUAKO(a3HOro crekaHus. MexaHu3M pPacTBOPEHUS —
ocaxaenus, nuddy3us B xxuakon dasze.
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OcHOBBI TIPOLIECCOB BOCCTaHOBJIEHHS. CTpPyKTypa U CBOWCTBAa OKCHUIOB
YEpHBIX, LBETHBIX M PEIKUX METaIoB. TepMOJMHAMHKAa BOCCTaHOBJICHUS
okcua0B. OCOOEHHOCTH BOCCTAaHOBIIEHHS MOHOOKCHIOM YTJEPOJa, BOJOPOAOM M
TBEpABIM yIyiepoaoM. Peakmus rasudukanuy yriepola W €€ BIUSHHAC Ha
BOCCTAaHOBUTENbHBIE TpoIecchl. OCOOEHHOCTH BOCCTAaHOBIEHHUS JJIEMEHTOB U3
CJIOKHBIX COCJUHEHHII U pacTBOpoB. MexaHW3M M KHUHETHUKAa MPOIECCOB
BOCCTaHOBJICHUS. JIuMuTHpytomas cragusi nporecca. Buemmusas nuddys3us raza.
Ancopomus. uddysus raza B mopax kycka. Juddysus raza gyepes cioit mpoaykra
BOCCTaHOBJICHUS. BiusiHue pa3nuuHbiX (PakTOpoB Ha CKOPOCTh BOCCTAHOBIICHUS.

HayrnepoxuBanue snemeHnToB. Jluarpammel coctostHuss Me-C. AKTUBHOCTB
yriiepoja B HayIJIepoKEeHHOM MeTaiuie. CTaauu HayTJIEpOKUBaHMUS.

[Tponecchl B3aMMOJEHCTBUS B CUCTEMAX «METAILI-IUIAK». BA3KOCTh KUIKUX
METayuioB M CIiaBoB. [uddy3noHHas MOABUKHOCTH KOMIIOHEHTOB B IKHJKHUX
METaJUIaX M CIUIaBax. BHEWHWI W BHYTpEHHUU MaccornepeHoc. dusznueckue
cBoMcTBa MIIAKOB. CriocoObl OIIEHKM OKHCJICHHOCTM M OCHOBHOCTU IIUIAKOB.
DNEeKTPONPOBOJHOCTh JKHAKUX METAUIOB U NUIaKOB. (OCHOBBI KHHETHUKHU
OKHUCJHTENbHBIX TpoueccoB. Okucinenue yriepoaa. OxucieHue cyiabPuAOB H
B3aMMOJICHCTBUE W OKCHAOB. PacciauBaHue B KUIAKUX CYJIb(OUIHO-OKCHUIHBIX
cucremax. PacTBopuMOCTh MeTauioB M cyidbuaoB B mnuiakax. KuHernka
JUMKBAllUM HECMEITUBarouxcs (as.

OcHOBBI TIPOLIECCOB HCHapeHUsi W KoHaeHcanuu. O4YhCTKa METaljIoB
pextudukanueii. KpucrammsanuoHabie METOAbl OYUCTKH MeTaioB. CTpoeHue
COJIEH C MPOMEKYTOUYHBIM THIIOM CBS3H.

OU3NKO-XUMUYECKUE CBOMCTBAa pacIUiaBleHHbIX coyieil. OObeMHbIe
CBOMCTBA, BS3KOCTb, TOBEPXHOCTHBIE SIBICHUSI, JJIEKTPOIMPOBOJHOCTh M TEPEHOC
MOHOB. XapaKTEepPUCTUKH 3TUX CBOWCTB, METOJIbI ONPENEIICHUs], TEMIIEPATypHbIEC U
KOHIICHTPAIMOHHBIE 3aBUCUMOCTH, UX TPAKTOBKA.

TepmonnHaMuuecKkue CBOMCTBA pacIUIaBICHHBIX cousiei. [lapunanbHbie n
UHTETpaJbHbIE  TEPMOJMHAMHYECKHE  XAPAKTEPUCTUKU.  AKTUBHOCTH U
KO(PPUIIMEHT aKTUBHOCTH, N30BITOUHBIC (DYHKITUU.

BzanmopencTBue pacIuiaBiIeHHBIX COJIEM C METAJUIAMU U ra3zamMu. PactBopu-
MOCTb METAJIJIOB B COJISIX, METOJIbI U3y4YE€HUs, IPUPOJia pacTBOpoB. CBOMCTBA CHUC-
TEM MeTajul-cojb. TepMoAMHAMUKAa paBHOBECHUSI METaJI-cojib. BiusHue paz0Oas-
JICHUS METAJUTMYECKONW WM COJIEBOM (ha3 Ha B3aMMHYIO PACTBOPHUMOCTH U TMPOTE-
KaHHe OOMEHHBIX peakinii. PacCTBOpMMOCTh Ta30B B PACIUIABJICHHBIX COJISIX, MPHU-
poJia 3TUX PacTBOPOB.

2.3. Teopusi ruipoMeTATYPrudecKuX MNpoueccoB.

TepMoaUHaAMUKA MPOCTOTO PACTBOPEHUSI HMOHHBIX KPUCTAJIOB B BOJE.
CBolicTBa BOJIbI KaK PACTBOPUTEIS; B3AMMOJEHCTBUE HOHOB C MOJIEKYJIAMHU BOJIBI.
DHeprus KpUCTAJUIMYECKON PEIeTKU, TEIJIOTa paCTBOPEHUSI M TEIIoTa ruapara-
UM MOHOB B 3aBUCUMOCTH OT 3apsijia U pa3Mepa HOHOB.

OueHka TEpMOJAMHAMMYECKOM BEPOSITHOCTH MPOTEKaHUS  IPOLECCOB
BhIIIIEIaUMBaHus. MeToabl pacuera M3MEHEHUs CBOOOMHOW sHepruu ['mbbOca u
KOHCTAHTbhl PABHOBECHUSl JJIsl PpPEaKIMid PacTBOPEHUS META/IOB, OKCHJIOB,
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CyJb(UI0B, peakivii ¢ oOpa3oBaHUEeM TBEpAOH (a3bl.

Kunerrka u MexaHu3m mpoiieccoB BbllenaunBanus. CTaauu BhIEIauynBa-
Husa. O6nactu mpoTekanus mpoiecca. O0o0marIIee BeIpaKEHUE 1T CKOPOCTH
B3aMMO/ICUCTBUS B CUCTEME ""TBEPOE - )KUJIKOCTH".

OOmiasi  XapakTepuCTHKa IMPOIECCOB HMOHHOTO oOMeHa. (OCHOBHbIC
XapakTepuctTuku copOeHToB. MoHOOOMeHHOe paBHOBecue. M30TepMbl MOHHOIO
oOMena. KuaeTrnka u MexaHu3M HOHHOTO OOMEHa.

OO61ast xapakTepUCTHKA MPOLIECCOB KCTPAKIIUU, MPUMEPHI UX HCIOJIb30Ba-
HUsA. OCHOBHBIE THUIIBI OPraHUYECKUX OKCTPAreHTOB U  pa30aBUTENEH.
KonuyecTBeHHBIE  XApAaKTEPUCTUKU  OKCTPAKIMHU. THUIBI  3KCTPaKIMOHHBIX
MIPOIIECCOB.

Knaccudukanus metonoB ocaxnenus. @akTopel, BIUSIONME HA PACTBOPH-
MOCTb TPYAHOPACTBOPUMBIX COEAUHEHUN.

O06nacTu MPpUMEHEHUS KPUCTAITM3AIMU B TUIPOMETAILTYPIHH.

MexanusMm 00pa3oBaHMs 3apoAbIIEH KpUCTALIM3ALMKU. ['OMOreHHOEe U
reTEpOTeHHOE 3apojiblllieo0pa3zoBanue MexaHusMm pocta KpuctaioB. KuneTtuka,
CTaJuu TpoIlecca, YpaBHEHUE CKOPOCTHU MaccoBou kpuctauinsanuu. [loBegenue
MpUMeECei MpU OCAKICHUH U KPUCTATITU3AIINH.

[TonsiThe O BBIACIEHUHM METAUIOB LEMEHTanuen. TepMoanHaMukKa,
KMHETUKA U MEXaHU3M IieMeHTaluu. [1000uHbIe Tpo1iecChl MpH [IEMEHTAIIUH.

TepmoanHaMuka  mpouecca  OCaXAEHUS  METAUIOB  ra3aMu-BOC-
ctaHOBUTENISIMU. KuHETHKa M MEXaHU3M BOCCTAaHOBJIEHUS HMOHOB METAJJIOB
BOJIOPOJIOM JI0 3JIEMEHTApHOU (POPMBI, 10 COSTUHECHHUIN HU3IICH BaJCHTHOCTH.

2.4. Teopus 3JIeKTPOMETAJIYPru4ecKUX NMPoIeccoB

DJIEKTPOJABMKYIIIME CHUJIbI M JJICKTPOJHBIC TOTEHIMAIbl. BO3HMKHOBEHHE
CKauKa TMOTEHIMAJIOB U JBOMHOTO AJIEKTPUYECKOTO CJIOS Ha TPaHUIE «METasll-
ANEKTpONUTY.  Teopuss  CTpOEHUST  JBOMHOTO  DJIGKTPUYECKOTO  CIIOS.
DNIeKTPOKAMWIISIPHBIE sIBJICHUS. [ allbBaHUUECKUE JJIEMEHTHI. TepMoauHaMHKa
ralbBaHM4EeCKOro  ajemeHTa.  Kiaccudukamus  3JEKTPOAOB.  DJIEKTPOAbI
CpaBHEHMS. DJICKTPOJHbIC MOTEHIIMAJBI, Psii HapsbKeHu MetaioB. KuHernka
ANEKTPOAHBIX  TporieccoB. I[lonsipusanivsi  3JEKTPOJOB, OCHOBHBIE  BHJIbBI
MOJISIPU3ALIN Y. DIIEKTPOXUMHUYECKAsI OIS pU3aIusl. Konnentpanuonsas
noJsipuzanus. PazoBas MoJsIpU3aIys.

Onexktponu3. KarTogHble M aHOJHBIE TMPOIIECCH; OCHOBHBIC 3aKOHBI
AJIEKTPOJIN3a. XapaKTePUCTUKHU djekTposn3a: (COBMECTHBIM pa3psa HOHOB
(TepMoMHaAMUYECKass M KUHETUYECKas OIICHKA).

Oco0eHHOCTH PICKTPOXMMHUHN pacIIaBlIeHHBIX cpea. PacTBopumocTs B pac-
MIJIABJICHHBIX COJIIX METAJUIOB U T'a30B. TepMoJAMHAMMKA TrajJbBaHUYECKUX DJIEMEH-
TOB B pacCIUIaBJICHHBIX COJIsX. KMHETHKA 3JEKTPOAHBIX MPOIECCOB B paciljiaBax.
KaTtonHplii BBIXO/ MO TOKY U MOTEpU MeTaJia. MexaHu3M norepu Metaiia. Beixon
110 TOKY TP COBMECTHOM pa3psijie MOHOB Ha KaTojie. AHOIHBIN (D PEKT, CYIIHOCTh
Y ME€XaHU3M BO3HUKHOBEHUS.
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2.5. OCHOBBI TEOPUH METAJUTYPIrU4eCKOH TEIIOTEXHUKH.

2.5.1. Texuuueckasi TepMOJIAMHAMMKA.

[lepBblil 1 BTOPOM 3aKOHBI TEPMOJMHAMUKHU. TepMoanHamMuKa padodero
Tena. TepmMoAMHAMHMKA OTKPBITBIX CHCTEM. TE€pMOJMHAMHKA TEMIOCUIOBBIX
YCTaHOBOK.

2.5.2. MexaHMKa KUIKOCTEH U ra3os.

Cratuka ¥ [OMHaMUKa WACATbHOM KUAKOCTU. JluHamuKa peanbHOU
KUIKOCTH. Pexxnmbl nBuxeHud. YpaBHeHuss HaBee — CtTokca u bepHyim u ux
UCIIOJIb30BAaHUE [IJISl pacyeTa HAMOpPHBIX TPyOONpPOBOJOB M CHUCTEM 3BaKyalluu
MPOYKTOB CrOpaHusi. DIEMEHThl TEOPUU MOTPAHUYHOTO CiosA. TypOyJIeHTHOCTh
MPUCTEHOYHAsI U CBOOO THAS.

CrpyitHoe naBuxkeHue ra3oB. CBOOOAHBIC, YACTHUYHO OTPAHUYEHHBIC U
orpaHu4eHHble CTpyu. CTpyH M30TEPMUUYECKHUE U HEU3OTEPMUUECKHUE. DIEMEHTHI
teopun (axena. Iloms ckopocred, Temmneparyppl W KOHLEHTpauud B
HEU30TEPMUYECKUX CTPYSAX, COIMYTCTBYIOIIME MPOLIECCY BBITOPAHUSA TOPHOUYUX
KOMITOHEHTOB. ['a3oMHamMuKa IUIOTHOTO M B3BEIMIEHHOro cioeB. OcoOeHHOCTH
JBIDKCHUSI Ta30B; 0O0IIas MOCTaHOBKA 3aJayd; pacueT IMOoJed CKOpoCTell u
JTABJICHUU B CJIOE.

2.5.3. OcHOBBI TEOpUM MOA00US M MOJEJIMPOBAHHE METAJLTYPrUuYecKuX
neyeu

MHuoxuTenu npeodpa3oBaHUs U CBSI3b MEXY HUMH IS TIOTOKA peaTbHOM
XKuakocTu. ['mapoanHamMmudeckoe U TerioBoe nojaooue. Kpurepun u cBsizb MEXIy
HuMu. OCHOBHas Teopema Tono0us. ABTOMOJAENBHOCTh. MojaenupoBaHue
JIBUKEHHS Ta30B B [1€YaAX.

2.5.4. TenJio- u maccooOMeH.

CraumoHapHble M HECTalMOHAPHBIE MPOLECChl TermiooOMeHa. OCHOBHBIE
muddepeHranbable  YpaBHEHHMsI MEepeHoca Termla M macchl. MonekyspHas
TeIIoNnpoBoAHOCTH U nuddy3ust. TpoiiHas ananorus. KpaeBbie yciIoBus.

KonBekTuBHBIA Temio- U MaccooOMeH. BBIHY>KIeHHass U ecCTeCTBEHHas
KOHBEKIIUS. OCHOBHbIE YPABHEHUS KOHBEKTHBHOTO TEILJIO- U MACCOMEPEHOCA IS
BBIHYKJIEHHOTO U CBOOOJHOIO JBM>XKEeHUs. Vcronb3oBaHue Teopuu MmojgoOust ajis
MCCIIEOBAHUS IPOLIECCOB KOHBEKTUBHOTO TEIJIO- U MACCOIIEPEHOCA.

IIepenaua Teria TEIUIONPOBOIHOCTBIO B TBEPABIX TeJax.
Jubdepennuansuoe ypaBHEHHE TETUTONMPOBOJHOCTH U IMOCTAHOBKA 00IIeH 3a1a9n
TEIUIONPOBOJAHOCTHU. TEemIONpOBOAHOCTh MPU CTAMOHAPHOM M HECTALMOHAPHOM
pexume. TeopeTnueckne OCHOBBI HarpeBa MeTajuia.

PammarmonHeiii  TeruiooOMEH M €ro  3HA4YeHHWe A paboTHI
METaJUTyprUuecKnX Teder. PanuanuoHHBIN TErmmooOMeH B JAHATEPMHYECKON U
NOTJIOIIAoNIe (M3Myyaroliei) cpeire M ero pacder. Y4eT CeJIeKTUBHOCTU
paaualMOHHBIX CBOMCTB TeJl, yYaCTBYIOIIUX B TEIIIOOOMEHE.

2.5.5. Harpes, 1j1aBjieHue M 3aTBep/ieBaHUE MeTaJLia.

[Iponecchl, mpoTekarolmve Npu HarpeBe Metamia. HarpeB Ttepmuuecku
TOHKMX M TEpPMHUYECKA MACCUBHBIX Tel. PacyeTsl HarpeBa meTasuia.

duznueckass KapTUHa U OCOOCHHOCTH TEIIoOOOMEHa IMpU MNPOTEKAHUU
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MPOLIECCOB TUIABJICHMS] M 3aTBEpEBaHUsA MeTaia. 3aTBEpJEBaHUE pacilyiaBa Ha
TEIUIOOTBOAIICH TOBEpXHOCTH. (OCOOEHHOCTH TEIJIOBOW pPabOThl yCTaHOBOK
HENPEPBHIBHOM pa3uBKH cTaiu. [1naBienrne mpu MrHOBEHHOM YJaJICHUU PAacIljiaBa.

Harpes u ruiaBnenue Tea B paciuiase.

2.5.6. 'uapoaguHaMuKa KUIKOH BaHHBI.

I'unponnnamuka GapOoTaxHOro ciiosi. B3aumoneiicTBME Ha MOBEPXHOCTH
pasnena ¢as. JIBuxeHue Karenb U my3bslpeil B 0apO0TaXKHOM CII0€.

lazoBass ctpys B okuakoi BanHe. Ilomaua raza wuyepes Qypmy,
PaCIOJIOAKEHHYIO TIOJT YPOBHEM >KUJIKOCTH.

2.5.7 T'openue.

OO6miast xapakTepuCTHUKa BHJIOB TOIUIMBA, NMPUMEHSEMBIX B METaJLTyprHUU.
OOwast xapakTepuCcTUKa IMPOLECcCOB TopeHus. ['opeHrne razoo0pa3HOro TOIIUBA.
['opeHne OTHENbHBIX COCTaBISAIOLIMX TIa3000pa3HOro ToruMBa. KuHermueckoe
ropenue. JluddysnonHoe ropenue. I'opeHue Kuakoro Tomivpa. PacnbuinBaHue.
Bocmiamenenne. ['openune kamu. ['openne tBepaoro tornusa. Jleryuue. I openne
yriepoaa. TpeboBaHusa K yrisiM, UAYIIUM Ha KOKcoBaHue. TemyioBasi paboTa u
KOHCTPYKIIMSI KOKCOBBIX Oarapeil. XapaKTEepHCTUKH CYIIMMOTO MaTepuaia u
CYILIMJIbHBIX areHTOB.

3 TEXHOJIOTUA ITPOU3BOJCTBA YEPHBIX METAJIJIOB

3.1. IIpou3BOACTBO NEPBUYHOTO METALIIA

3.1.1. [loaroroBKa chIpbs K MJIaBKe

Knaccudukanus sxene3opyIHbIXx MaTepuanoB. MecTopoKIeHus Pyl YEPHBIX
MeTaiuioB. @mtockl. TorumBo. TEXHOTEHHOE ChIPhE

Cxema TOATOTOBKM JKEIE30PYAHBIX MaTepuaioB K IaBke. OTinuus B
NOATOTOBKE OeAHBIX M OoraThix pyAd. JpoOneHue m m3menbuenue. OOorameHue
pya. I'poxouenue. Ilokazatenu oboramenus. [IpenenbHas cTeneHb 0OOTralleHHUS.
DHepro3aTparbl Ha JpoOJieHHE, TpoxoueHwe U oboramieHue. BwiOpockl B
OKPYKAIOILYI0 Cpeay IpH IpoOJeHUH, TPOXOUEHUH U 00OTallleHUH.

OKycCKOBaHHME KEJNEe30pyAHBIX MaTepuanoB. ATJIOMEpALMs KEJIE3HbIX PYA.
DU3MKO-XMMUYECKHE OCHOBBI arjioMepainuu. YJIajJleHHe BOAbl U KOHJICHCAIMS
Biaru. PasynokeHue kapOOHATOB U ruapaToB. TBepaodaszHble XUMHUUYECKHE
peakiuu. IlnaBineHue mMXTHI WM KpUCTaUIM3alMs paciuiaBa. DopmupoBaHue
ariioMmepara. ['opeHue TormBa. ['a3oMHaMuKa arJiOMEpallMOHHOrO IIpoliecca.
TermooOMeH B ciioe W TemUioBble OanaHchl Tiporiecca. lloBeaeHWe MOMyTHBIX
3JIEMEHTOB. TeXHOJIOTHs arjJoMepalioHHOro Mpou3BoACcTBa. PecypcocbOepexenue.
PenuknuHr MaTepUAIOB. Meramutypruyeckue CBOMCTBA ariaoMepara.
DHeprozaTparhl Ha MPOU3BOJICTBO arjiomepara. BoIOpOCH B OKpyKaroIIyIo Cpery B
arJIOMEpallMOHHOM MPOU3BOACTBE. DKOHOMHUKA IIPOIIECCA.

[Tonyuenune »kene30pydHbIX OKaThlme. (DHU3NKO-XUMUYECKHE MPOLECCHI
npy GOPMUPOBAHUU CHIPHIX OKATHINIEH W UX YIpouHeHUU. [loBeeHue nomyTHIX
AJIIeMEHTOB. TexHoJorus MPOM3BOJACTBA  OKaThilied. PecypcocOepexenue.
Meramtypruyeckue CBOMCTBAa OKaThbIlIed. OHepro3arpatbl U  BBIOPOCHI B
OKPY’KAIOLLYI0 Cpey MPU MPOU3BOACTBE OKATHILICH. DKOHOMHUKA IIPOLiecca.
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KoHcTpykiusi arperatoB Ajisi OKYyCKOBaHUSL JKEJIE€30PYAHBIX MAaTEpHANIOB.
KokcoBanme yrieit m ¢opmupoBanne kokca. KadecTBo kokca. BwiOpocel B
OKPYXaUILyI0 Cpely MpU MPOU3BOJICTBE KOKCA.

3.1.2. IIpou3BOACTBO YYr'yHA B JOMEHHBIX Me4yax

JlomenHast neusb. OCHOBHBIE TIpo1iecchl. Harpes u pa3iokeHue MUXTHI.

[Ipoueccel BOCCTaHOBJICHMS B JOMEHHBIX Me4ax. [epMOJIMHAMHKA
BOCCTAHOBJICHUSI kenie3a. (OCOOEHHOCTHM BOCCTAaHOBJIEHUS MapraHiia, KpEeMHUs,
docdopa, BaHanus, Xpoma, TUTaHa, cBUHIA. [loBeneHUE JIErKOBOCCTAHOBUMBIX
sanemeHToB. lloBeaeHume nMHKAa W IIeno4yed B JoMeHHOM mneun.  KuHernka
BOCCTAHOBJICHUSI B JOMEHHBIX II€4aX M BJIUSHUE PA3IUYHBIX (HAKTOPOB Ha
CKOpOCTh BOCCTaHOBiEeHHUs. [lokazarenu pa3BuTus INpolLecca BOCCTAHOBIICHUS B
JIOMEHHBIX TIeYax.

HayrnepoxxuBanue sxene3a u QopmupoBaHue 4yryHa. KauecTBo dyyryHa.
[IlnakooOpa3oBanue B JOMEHHbIX Teuyax. CBoiicTBa nuiaka. BiusiHue miakoBoOro
peKrMa Ha XOJ JOMEHHOM IIaBKHU.

[ToBeneHne cepbl B JOMEHHBIX Ie4ax. T[epMOAMHAMUKA W KHWHETHKA
npoiieccoB aecynbdypanuu. BHegomennas 06paboTka 4yryHa.

l'openne TommuBa y ¢ypM AOMEHHON medyu. BepxHsAsT M HUXKHSAS CTYNEHHU
TerooomMeHa. TenoBbie OaaHChl MIaBKU.

JIBM>KEHHE Ta3a U MaTEpUAIIOB B TOMEHHOM neun. DOpMUPOBAHKE Ta3a U €TO
nBuxkeHne B cioe. Ilopo3HocTe cnost. PacnpenerneHue MmMXThl HA KOJIOLIHUKE
neud. JIBrkeHue pacruiaBoB. 3MeHeHue HaBlieHUs Ta3a 10 BBICOTE JOMEHHOU
ne4yu ¥ 3PQPEeKTUBHOCTD MOBBIIICHUS TaBJICHUS B paboueM MPOCTPAHCTBE MEUH.

PecypcocOepexxenrie n MeTo/ibl MHTEHCU(pUKauu Tpoiiecca. HarpeB ayThs.
Kucrnopon B nomenHoit muaBke. KomOunupoBanHoe nyThe. BayBanue
MbUIEYTOJIBHOTO TOIUIMBA. ['OpeHHMEe BOCCTAHOBUTENBHBIX Ta3oB. Mcmoiab3oBaHue
JIOMEHHBIX TI€YeW JJisi YTUIW3alMM TEXHOTCHHBIX MaTEepHaloB. DKOHOMHKA
JIOMEHHOM TLJIABKH.

Konctpykuuss aomensbix mneued. Ilpopuns meun. dyTepoBKa U KOXKYX.
Cuctema oxnaxaenus. UyryHHas W 1UIakoBas JETKU. BozayiHble (QypMbl.
3aceimHOM ammapar. OOopyloBaHHE TOMEHHBIX IexoB. Ilomadya MarepuanoB K
JIOMEHHOM Teur. Y CTpOoICTBa JJ1s YOOPKH UyTryHa U Iutaka. PaznuBoyHas MaiivHa.
OuucTka TOMEHHOTO Ta3a. Y CTPOMCTBO U PEXKUM PadOTHI BO3AyXOHArpeBaTEIIs.

VYrpaBiienre TOMEHHOW TIaBKOW. DKCILTyaTalusl TOMEHHOU nieuu. Benenue
JOMEHHOM TIUIaBKM € IIOMOIIBKD  KOMIBIOTEPHBIX MOJEJNEH  Ipoluecca.
DHeprosaTpathl ¥ BEIOPOCH B OKPY>KAIOIIYIO CPEY.

3.1.3. BHeoMeHHOe NoJIy4YeHue NePBUYHOr0 MeTalja.

TBepnodaszusie mporeccsl MPOU3BOACTBA MEepBUUHOTO MeTawia. CheIpbE U
ToruBO. DU3NKO-XUMHYECKHUE OCOOCHHOCTH Tipoiiecca. CTeneHb MeTaT3alluu.
[TupodopHocTs U MeToAbl €€ noaaBieHus. KauecTBO MeTauIM30BaHHOTO ChIPHA.
Arperatbl i1 TBepA0(a3HOro MOITYUYEHHUs MEPBUYHOTO MeTajuia. DHepro3arparsl
U BBIOPOCHI B OKPY>KAIOIIYIO Cpey. DKOHOMHUKA ITPOU3BO/ICTBA.

Kunkodaszubie IIPOLIECCHI. DUZNKO-XUMUYECKHE 0COOEHHOCTH
xuakodazubix npoueccoB. Ceipb€ u TormBo. KaduecTBo mpoaykuuu. Arperarsl
JUTSL 5KMJIKO(a3HOTO BOCCTAHOBJICHMS. DHEPro3aTpaThl U BHIOPOCHI B OKPY>KAIOIILYIO
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cpeny. OcobeHHOCTH T1epepabOTKH KOMIUIEKCHBIX pPyJ W TEXHOTE€HHBIX
MaTepUaioB MPU BHEJIOMEHHOM MOJIyYEHUN METAIJIOB U CILJIABOB.

3.2. Mertasyprus crajau

3.2.1. Ounmenue ot mpumeceil. Kpucrammmsamus u pa3auBKa CTajw.
OxuciieHne NpUMECEe CTalelIaBUIIbHOM BaHHBL. TepMOAMHAMUKA OKHUCICHHS
yriepoaa. KoHuenTpanus yriaepoia U KUCIOpOAa B CTAaIbHOM BaHHE B IPOLECCE
miaBku. Kunetuka oxucnenus yriaepoga. OKHCIEHHE YIVIepoAa Ha Pa3iIMdHBIX
MeX(pa3HbIX TpaHULAX.

TepMmoauHaMyKa OKHCIEHUS KpEMHMS, MapraHma u xpoma. Kuneruka
COBMECTHOTO OKHUCIECHHs. PU3NKO-XUMUYECKHUE OCHOBBI OKHCIeHUs Qochopa u
yAAJIEHHE cepbl. BiusHue cocraBa IIjaka M TEMIIEpaTypbl MeTaula Ha
ko3¢ uueHT pacnpenenenus Gochopa u cepbl MEXKAY METAIIIOM U IIJIAKOM.

Packucnenne CTaJIN. TepMmonHaMuka PaCKHUCIICHUS CTaJIH.
PackucnurenbHass COCOOHOCTh OTIENBHBIX PACKUCIUTENCH. AHaIN3 H30TEPM
packucieHus. 3aBUCHMOCTb  AKTHUBHOCTH  KHCJIOpOAa OT  KOHIIEHTpaluu
packucinutens. PackucieHue KOMIUIEKCHBIMH — packuciautensimu. Kunetuka
3apOXKJICHHUS] HEMETAJUIMYECKUX BKIIIOYEHHH, MX KOAryJsiUusl M KOAJUCUEHCHS.
AccUMUIANAS BKIIFOYEHUH NUIAKOBBIM PACILIIABOM.

VY aneHve HEMETANIMYECKUX BKIIIOUEHHA M3 MeTaia. Poib MUIOTHOCTH |
pa3Mepa BKJIIOUYEHUH, posib MeX(pa3HOrO HATSDKEHUS Ha TPaHMIE C METAJJIOM,
BIUSHUE TEIUIOBOM KOHBEKIMM M JIBWJKEHHsS MeTalla TOJX JCHCTBHEM
BBIACIISIFOLINXCS Ta30B.

OctaTtouHble (3K30T€HHbIE M HJIOTEHHBIEC) BKIIIOUEHUS, HE ylalsieMble U3
MeTajljla BKJIIOYEHHUs (KpPUCTaUIM3ALMOHHBIE M TMOCIEKPUCTAILIM3ALUOHHBIE), UX
npupojia, BIMSHHE Ha CBOWCTBAa METajia, CIOCOObI YMEHBIIEHUS COJEp KaHHe
KPUCTAJUTU3AI[MOHHBIX u MOCJIEKPUCTAITN3ALUOHHBIX BKJIFOUEHHIA.
Huddy3nonHoe (IKCTPAKIMOHHOE) pacKkuciaeHue. PackuciaeHue yriepoaoMm.
BropuuHoe OKHUCIEHHE CTadu U MeTolbl OOpbObl C 3TUM siBaeHUEeM. CBOMCTBa
OCHOBHBIX PACKUCIIUTEIEH.

3.2.2.I'a3pl B cTaJIM U MeTOABI 00PLOBI C HUMU.

Bonopon B cranu, ero BIMsHUE Ha CBOMCTBA CTalld, MOPOKH, BHI3bIBAEMBIC
MPUCYTCTBHEM BOJOpPOJA B CTAJIM M €r0 BBIICIECHUEM M3 PacTBOpa B OTIEIbHYIO
¢dazy. PactBopumMOCTh BOJOpONa B JK€le€3€ M CTald, BIMSHHE TEMIIEpaTyphl,
AJUTOTPONIMYECKUX IPEBPAILCHU M XUMHUYECKOTO COCTaBa Ha PACTBOPUMOCTH
Bojopozaa. IloBenenune Bogopona B mpoliecce BBILIABKU cTanu. Ponb (opmbl
CYILIECTBOBAHMS BOJOPOJA B IUIAKaX, MacconepeHoc ero B muiakax. lllmaxoBbrii
pexum. [IpakTika 60pb0OBI ¢ BOJOPOJIOM B CTAJIH.

A3OT B cTanu, BIUSHUE a30Ta HA CIy>KEOHbIE CBOMCTBA HU3KOYTJIEPOAUCTHIX
CTaJIEH, CTAPEHUE CTAIU U a30Ta, a30T KAK JETUPYIOLIUN JJIEMEHT U 3aMEHUTEINb
JIOPOTOCTOSIIIMX KOMIIOHEHTOB CTajied. PacTBOpMMOCTB a30Ta B JKele3e U €ro
CIUIaBaX, BJIMSHUE TEMIIEpaTypbl M COCTaBa CIUIaBa. TemmeparypHbIe YCIOBHUSA
(dopMupoBaHus U quccouranuu HUTpUaoB. KuHeTtnka MaccooOMeHa a30Ta MexXay
ra3oBoil (ha3oif M METaJJIOM, TOPMO3AIIEE 3BEHO MPOLIECCA B PA3HBIX YCIOBUAX
B3aMMOJICUCTBUS JKHJIKMX MeETauloB M Tra3oB. [loBeneHuwe aszora B BaHHAX
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CTAJICIUIABWIBHBIX ~arperatoB (KUCIOPOAHBIX KOHBEpPTEpax, MapTEHOBCKUX,

JBYXBaHHBIX M JyroBbIx nedax). [lepexon azoTa B JKMIKHII METAI B 30HE IYT.

OO0e3yriepokuBaHWe BaHHBI W €ro BIMSHHE Ha TMoOBeAeHUe azora. [lyTtH

oOecrieueHusT HU3KUX COJEPKaHUM a30Ta B CTAIM. 3amMTHAS (IPOTUB a30Ta) POIh

nepeaeNbHbIX IIAKOB. 3allUTHBIE CPEbl OT HOBTOPHOTO NEPEXOAA a30Ta B CTAJIb.
3.2.3.Kpucrajiu3anus u pa3jMBKa CTAJIN.

['oMOreHHO€ M reTeporeHHoe 3apOoKICHHE KPUCTALIOB. MexaHus3m pocra
KpucTayuioB. BnusHue temnoorBona. JenaputHeiii  poct.  Koaddunumenr
pacnpenenenus IPUMECH MEeXTy TBEpIOH U xkujkol (asamu. KoHLeHTpannoHHOE
nepeoxyaxaenue. Kpucramumsanus B UHTepBaie temmeparyp. JByxdas3nas 30Ha.
BnusiHue ycnoBuil TeruiooOMeHa Ha mMpuHy AByX¢a3zHoM 30HBL [lepexox ot
JEHAPUTHON KPUCTAIUIM3ALUHN K OOBEMHOM.

[loBenenne Meramnuueckod cTpyu 1npu  pasnuBke. OcobGeHHOCTH
TUAPOJMHAMUKM MeTajula B H3JOKHHMIAX B IPOLECCE KPUCTAJUIM3ALMH.
PuU3NYECKrE METOAbI BO3ICMCTBUS HA MPOLIECC 3aTBEPACBAHUS CTAIIH.

BuyTpeHnHue u BHemHHE Ae(EKThl CIUTKA CIOKOWMHOW CTalH, yNpaBIICHHUE
pacIpeneseHueM CErperaroB, Tra30B, HEMETAUIMYECKUX BKIKOYEHHW, IYTH
MTOBBIIEHUS IUNIOTHOCTHU CIIUTKA.

CoBpeMeHHbIE TEHACHIIMM B 00JIaCTU TMOBBIMIEHHUS BbIXOAA TOAHOTO OT
CTaIbHOTO caUTKa. CIUTOK «ITOIYCIIOKOMHOW CTAJIN.

Ocobennoctu popmupoBanus CIUTKOB, OTIUTEIX HA MHJI3. TTopoku MUThIX
3arOTOBOK, MX NPHYMHBI M MEpbl OTPAaHUYECHHUS Pa3BUTHUS OTHAEJIBHBIX BHUOB
IIOPOKOB. TeruioBble MOTOKHA OT 3aTBEPAEBAIOLIETO METALIa K KPUCTAJUIM3ATOPY.
TenoBast paboTa 30HBI BTOPUYHOTO OXJIAXKICHUS.

Oco0EHHOCTH TEXHOJIOTHH BBITUIABKU cTayu aiis pasnuBku Ha MHII3. Tlytu
NOBBILICHUS KAYE€CTBA HEMPEPHIBHO JIUTHIX CIISI00B U 3aTOTOBOK.

3.2.4.0co6eHHOCTH NPOU3BOJACTBA CTAJIU B Pa3IMYHbIX
CTAJICIVIABWIBHBIX arperarax.

TeopeTndeckre OCHOBBI U ITPAKTHKA KUCIOPOAHO-KOHBEPTEPHOIO MpoLecca.

HNcreuenne ra3oBod CTpyHm M3 comla. MeXaHU3M UM OCHOBHBIE
3aKOHOMEPHOCTH B3aMMOJCHCTBUS Ta30BOM CTPYU C JKUAKOM METAJUIMYECKOU
BaHHOU. TeopeTHYecKkre OCHOBBI NEPEMEIIMBAHUS CTAJICIJIABUIBHOW BaHHBI MpU
IIPOJTYBKE €€ CBEPXY.

PeakunonHas 30Ha KOHBEpPTOpa, €€ TEMIEpPaTypHBIM pexxum, oOpazoBaHUE
Oyporo JApIMa, OKHCJIHMTEIbHBIE MIPOLECCHl B PEAKIUOHHOW 30HE, pPOJIb
pPEaKIMOHHON 30HBI B  Ipolleccax IUIaKooOpa3oBaHMs, TEIMIOOOMEH B
PEaKIMOHHOM 30HE.

KuneTnka pacTBOpeHHs TBEpPIBIX METAUIOB B JKHIKMX pacIulaBax.
TepMoauHaMuKa W KMHETUKA OKUCJIEHHUS 3JEMEHTOB METAJUIMYECKON BAaHHBI MPU
KHCJIOPOJHO-KOHBEPTEPHBIX MTPOLIECCAX.

Oxucnenune yraepoaa. OkxuciaeHHe HUIAKOOOPa3yHOIMX KOMIIOHEHTOB
BaHHBI.

IToBenenue cepsl IpyU KUCIOPOIHO-KOHBEPTEPHOM ITPOLIECCE.

Oco0eHHOCTH KOHBEPTEPHOTO Ipolecca C MPOAYBKOW KHCIOPOAOM 4Yepes
nHo. KomOunupoBanHas mnpoayBka. IlpoOnemsl mnepepaboTku ckpama B
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KoHBepTOpax. CriocoObl CHUKEHUSI JOJIU YyTyHa.

[lepcneKTHBBI KHCIIOPOJHO-KOHBEPTEPHOTO IIpoLIECca.

AprosHo-kuciopoasas nponayBka. llomydeHue HepkaBeronmMx crajled B
KOHBEPTOPAX.

Mapku cTanau BBIIUIABISIEMBIX B KHUCIOPOJAHBIX KOHBEPTOPAX.

KadecTBO KHCIOPOJHO-KOHBEPTEPHOM CTAJIM B CPABHEHUH C MapTEHOBCKOM
U 2nekTpocranplo. lIlyTm panpHEHmero COBEPIIEHCTBOBAHMS —KHCIOPOIHO-
KOHBEPTEPHOTO MPOLIECCa U MOBBIIIEHNE KaYeCTBa CTAJIM.

HoBble HampaBieHUsT B KOHCTPYMPOBAHMM KOHBEPTEpPA U KHUCIOPOIHO-
KOHBEPTEPHBIX 1E€XOB. TexHHKa O€30MacHOCTH NpH padoTe B KUCIOPOJHO-
KOHBEPTEPHBIX LEXAX.

Teopus 1 TEXHOJIOTUS MTOAOBBIX MPOLECCOB IIPOU3BOJICTBA CTAJIH.

TennoBass pa®oTa IUIAaBUJIBHOTO MPOCTPAHCTBA COBPEMEHHBIX II€UEH,
UCIIOJIB3YIOUIMX KHCIOPOJ JJisi CHKMIFaHWd TOIUIMBA M MPOJYBKH BaHHBIL
OcobeHHocTu TemooOMEHa B TMedax, padoTarolmux NpU NPOJYBKE MeTallia
kuciopooM. CirykObl HaBapKH UM HAOMBKH BaHHBIX MOJIOBBIX CTaJEIJIaBUIbHBIX
MIEYEH.

OxkuciieHre yriepojaa B arperatax nojgoBoro tumna. IIpupoga m KuHeTHKa
OKHCJIEHHS YIJIepoJa MpU CKpall - MpoLecce.

[loBenenue kpemHusi, mapranua U Qocdopa mnpu pasHbIX BapUaHTaX
IIOJIOBOTO IpolLiecca.

Cepa B mmXTe MOJOBBIX CTaJeIIaBUJIbHBIX arperaTtoB. Jlecynbdyparius
yyryHoB. [loBenenue cepsl B npouecce miaBku. [lecynbdypanus ctaiyu BHE Neun
3a CYET MPUMEHEHUS CUHTETHUECKUX IIIJIAKOB U CUJIbHBIX J1€CYIb(ypaTopoB.

MuKkponpuMecHd LBETHBIX METaUIOB, MX 3HAYEHUE JUIs KadyecTBa CTaJu.
[Tone3Hble MUKPOIIPUMECH B CTAJIM: MUKPOJIETUPOBAHUE, MOAU(PUIIMPOBAHHE.

CpaBHEHHE TEXHMKO-3KOHOMUYECKHX IOKa3aTenel paboThl MapTEHOBCKHUX
neveil. KauecTBo cTanu, BBIIUIABISIEMON B MAapTEHOBCKUX M JBYXBAaHHBIX MEYaXx.
ABTOMaTH3alUsl  yIpaBi€HUS MAPTEHOBCKMMHM T€4aMUd U JABYXBAaHHBIMHU
arperaTamu.

[IpuMeHeHre MOPOIIKOOOpa3HBIX MarepuanoB. TexHuka O0e30MacHOCTH
npou pabore B MapTeHOBCKMX I1exaX. CoOBpeMEHHbIE TEHACHIIMU B
KOHCTPYUPOBAHUU MAapPTEHOBCKUX U JIByXBAHHBIX MEUECH.

DHepro3arpartbl U BHIOPOCH! B OKPYKAIOIIYIO CPELy.

3.2.5. DaekTpocTajenJiaBuibHOE MPOU3BOJACTBO.

CoBpeMeHHOE COCTOSIHHE 17} MEPCIEKTHUBBI pa3BUTHSA
IIEKTPOCTAJIEIUIABUIIBHOTO IPOU3BO/ICTBA.

CoBpeMeHHBIE METO/IbI pacyeTa MpH IJIABKE B TYTOBBIX JJIEKTpoNeyax.

OcHoBHBIE yCJIOBUS 00e3yTIepoKNBaAHUA. O06e3yrnepoKuBaHue
BBICOKOXPOMHUCTBIX M  BBICOKOMAapraHLIOBUCTBIX pacmiaBoB. OcoOeHHOCTH
HOJyYEHUsl CJIA0OHU3KOYIJIEPOJUCTBIX CTaJed B JYrOBOM I€YM BHENEUYHBIMU
METOJaMH.

Du3MKO-XUMUYECKHE 0COOEHHOCTH Ipouecca aedocopanuu.

[IponyBka MeTaia MOpoIIKaMu.

CoBpeMEHHbBIE METOABl NPOBEJACHHUSI BOCCTAHOBHUTEIBHOTO IEpHOAa B
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OCHOBHON meun. ONnTUMalNbHBIA pEXHUM packucieHuss. (OCHOBHBIE IIyTH
COKpAILIEHHUsI BOCCTAHOBHUTENIBHOTO MEepHoia. BhIIaBKa CTanu B 3JIEKTPOAYTOBBIX
nevyax ¢ KHCIION (hyTepOBKOM.

OU3NKO-XMMUYECKHE OCHOBBI BAaKyyMHON IUIaBKU: pPAaCKUCIUTENbHAS
CIOCOOHOCTh yTjiepojia, MOBEACHHE HEMETaNIMYECKUX BKIIOUEHHUH, Jaerasaius,
B3aMMOJICUCTBHE MeTallIa C PyTEPOBKOM, PACKUCIICHUE, HCTIAPEHUE.

OtkpeiTas n BakyymHass uHaykunonHas miaska (UIT u BUII). [loBenenue
orueyropoB mnpu MWII u BUII. Texnomorus miaBku. WHTEHCHbUKAIIUS
TexHoiornyeckoro mnpouecca npu U1 u BUII.

Bakyymusbiit nyrosoit neperuia (B/II1). Biusiaue snexkrpudeckoro pexxuma
Ha TMporecchl paduHupoBanus. CTpoeHUE S>KUIKOW BaHHBI W JIMHAMHUKa €€
u3meHeHus. Ctpykrypa merasuia ripu B/ u mytu ynpaBieHus e€ GpopMUpoBaHUS.
OcHoBHbIe nedexTsl cauTkoB B/ v myTH ux mpenynpexacHus..

OnektpounakoBeii  meperiaB  (OILII). CocrtaB nwtakoB mnpu  OIIIIIL
Mexanu3m padhMHUPOBaHUS METAJIa OT HEMETAITMYECKUX BKIIFOUCHUH.

[Ina3menHas miaBka v ia3MeHHo-ayrooit neperuias (I1I1). Ocobennoctu
rOpeHusl IUIa3MEHHOW Iyru. B3ammopaencTBue MeTamia C ra3amMud B YCIOBHSIX
IJJa3MEHHOM Nyru. JlermpoBanne Meraiia azotom. [limaBka cTanu B IUTa3MEHHOU
MEeYU C KEPAMUYECKUM THUTJIEM.

OnekTpoHHo-nydyeBoil  meperiaB  (DJIII). TemmeparypHbIil  pexuM.
Ocob6ennoctu dopmupoBanus ciautka npu IJIII. Texnwmka Oe3zomacHOCTH TIPU
paboTe B DIEKTPOCTAJCIUIABWIBHBIX IeXax. Meponpustus 1o OXpaHe
OKpYy’Karolen mnpuponbl. TEeXHUKO-3KOHOMHYECKHUE II0KAa3aTeld MEepEerIaBHbIX
IIPOLIECCOB.

DHepro3arpartbl U BHIOPOCH! B OKPYKAIOIIYIO CPELLY.

3.2.6. Teopusi M NpaKTHKA BHENEYHOH 00padOTKHU CTAJIH.

HepaBHOoMepHOCTh MeTasuIa B KOBILIE IO cOCTaBy U Temmeparype. CrnocoOsl
FOMOT€HU3allUd  MeTajla:  NpOJyBKAa  aproHOM U 3JEKTPOMAarHUTHOE
nepememnBanue. Jlerazauuss M yAalieHWE BKJIIOYEHUH MpU TOMOI'€HU3aLUU.
KaBurannonnast npoayBka.

Hecynbdyparus cTtaau B KOBIIE: 00pab0TKa CUHTETUYECKUMU IIJIAKAMU U
npoayBka mnopoukamu. CynbhuaHas €MKOCTh IIAKOB. MexaHu3M MpoLEecCOoB
necylbypanuu Mnpy NpoayBKe MOPOIIKOOOpa3HbIMU MaTepHallaMU. YTpaBlieHUE
npoiieccamu  aecyibdyparuu. Bapuwantel Oe3okucnutenbHol nedocdoparuu
CTaJu.

Packucnenne u nerazamus ctanu B Bakyyme. CiocoObl BaKyyMHUPOBaHUS U
ux cpaBHUTENbHAs 3P(HEKTUBHOCTh. BakyymHoe o6e3yriepoxuBanue. BrusHue
BAKYYMUPOBAHUS Ha KAYECTBO cTald. [IoHATHE «UUCTAs CTAIb.

[Ipobnema HETIPEPBIBHBIX MPOIIECCOB MIPOU3BOJICTBA CTaJIH.
TexHoIOrnyeckue MpEenMyIlecTBa HENPEPBIBHBIX IPOLIECCOB B CPAaBHEHUU C
nepuoauyeckumu. Hawnbosiee onpoOOBaHHBIE W MEPCIEKTUBHbIE BapUaHThI
HEIPEPHIBHOTO CTAJICIJIaBUIILHOTO Tpoiiecca. KoMOMHUpOBaHHE HENPEPHIBHOTO
CTaJEIUIaBUWJIBHOTO TPOLECCa C HENPEphIBHOM MpOKaTKou. llepcrekTuBbl
HETMPEPBIBHBIX CTAJIEIUIABUIIBHBIX MPOLIECCOB.
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3.3. ABTOMaTH3MpPOBAaHHOEe YyNpaBjieHHe MNpoueccaM MPOU3BOACTBA.
Xapakrepuctuka mporeccoB mnpousBojactBa ctamm  ([ITIC) kak o0OBekToB
aBTOMAaTU3allMM: NEPUOJUYHOCTh M HENPEPBIBHOCTH;, BXOJHBIE (U3MEpsAEMBbIE,
yIPaBISIONINE, BO3MYIIAIONINE) U BEIXOAHBIE (PEKUMHBIC) IEPEMEHHbIE (PaKTOPHI,
npeabsIBIsieMble K HUM TpeOoBaHHUS. ['paHHYHBIC YCIOBUS W OTrpaHUYCHUS.
[TapameTpbl ONTUMHU3ALNN U IPEABABISIEMbIE K HUM TPEOOBaHUS.

MaremaTndeckass MOAENb, 3a1a4M 3TAlbl MATEMATUYECKOTO MOACITUPOBAHUS
IIIIC. MeTtoabl MMOCTPOCHUS MaTeMaTUUYECKUX MoOJeJIen [II1C
(9KCTIEepUMEHTANbHBIN, 1€TEPMUHUPOBAHHBIN MOAXO0, cTOXacTuueckue). Boioop u
orceuBanue ¢akropa I[IIIC (oOocHoBaHWE BUIA YpaBHEHHM, NOMyIIEHUE MPH
BKJIFOUEHUU OTHUX YPaBHEHMH B COCTaB MaTEMaTHYECKOIO  OMHCAHMS).
CrartucTnyeckue, JIWHAMHYECKHE, CTOXAaCTUYECKHE M aJalTHBHBIE MOJEIH.
Nnentudukamus  mareMmarundeckux  moaenei  IIIC A OIpEeHcJeHUe
K03((PUIIMEHTOB ypaBHEHUH O SKCIIEPUMEHTAIIbHBIM JaHHbIM. KpuTepuu oneHKu
TOYHOCTH MaTEMATUYECKUX MOJEIEN.

Mertoasl nomydeHus:i padoueid nanpopmaru o IIIC. JlokanbHble CUCTEMBI
aBTOMATHYECKOTO  KOHTpoiss W perynupoBanus  napamerpo  IIIIC.
ABTOMaTHYECKas CUCTEMa yIpaBJeHusl TeXHOoJoruyeckum npoueccom (ACYTII).

ACYTII BbllUIaBKM, pa3idMBKHM M BHENEYHOM OOpabOTKM  CTalH
(cTpyKTypHBIE CXEMBI, (DYHKIIHOHUPOBAHUE, 3P(HEKTUBHOCTH ).

3.4.I1pousBoacTBo (heppocniaBos

CoBpeMEHHOE COCTOSIHME U TIePCHEKTUBBI Pa3BUTHSL  (PeppocCriiaBHON
MIPOMBITIIUIEHHOCTH KJIacCU(DUKAIUs TTPOIIECCOB MOMyUYeHUs (PeppoCIiaBoOB.

Kap6oTtepmuueckue IIPOLIECCHI. PU3UKO-XUMUYECKUE OCHOBBI
BOCCTaHOBJICHUSI OKUCIIOB yriieposia. Boccranosienue kpemuus. Poias MoHOOKHCH
KpeMHHUS H KapOuma KpeMHus. BoccraHoBIeHHME MapraHila W3 OKHCIOB U
cumukaTtoB. Pomb kapOwmoB wmapranmna. BoccraHoBieHWe Xpoma W APYTHX
AJIEMEHTOB MX OKHCJIOB XPOMOBOM PY/IBI.

TexHONOTHS  TIONYYCHHS  MPOMEXKYTOYHBIX  KPEMHHEBBIX  CIUIABOB.
[Ipon3BOACTBO  OCOOOHHM3KOYTJICPOJUCTHIX  CIUTABOB  CHIIMKOTEPMHYECCKUM
METOJIOM.

MeTannorepMudeckue TIPOIIECCHI, (UBUKO-XUMHYECKUE OCHOBBI
MeTauioTepMun. Metoauka pacuéra MHMXThI U COCTABJICHHS TEIUIOBOTO OanaHca
METaJUIOTEPMHUYECKOTO TpoIecca.

BakyymHO-TepMudeckue  mporecchl,  (HU3UKO-XUMHUYECKHE  OCHOBHI.
BakyymHnast miaBka u 00paboTka Kuakux (GeppocIiyiaBoB MO BAKYYMOM.

A30TUpPOBaHHBIC dbeppocriaBsl. DU3NKO-XUMUYECKUE OCHOBBI
B3aMMOJICUCTBHUS a30Ta C BEIYIIMMH dJIeMEHTaMu (HEeppoCIIaBOB B TBEPAOM U
KUJIKOM COCTOSIHUU.

DHepro3aTpartbl Ha MPOU3BOACTBO  (eppOCIIaBOB U BBHIOPOCHI B
OKPYXKAIOIIYIO Cpeay.
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4 METAJUIYPTUYECKUE IIEYN

4.1. O6opynoBanme nevei.

YcrpolictBa i CKUTAHHWS Ta3000pa3Horo TomumBa. [openku  6e3
NPEABAPUTEILHOTO  CMEUICHHS, C  YJIY4YIIEHHbIM  CMEIIEHUEM U  C
npeIBapUTENbHBIM CMeleHHeM. Paguaiontblie TpyOBl.

VYerpolicTBa A CKMTaHUs SKHJKOTO TOIUIMBA, (OPCYHKM HHU3KOIO H
BBICOKOTO J1aBJieHUs. ['a30Ma3yTHbIE TOPENIKHU.

VYcrpoiicTBa i yTUIM3AlMU TEIJla OTXOIAIIMX Ta3oB. PereHepaTuBHbIC
TEIJIOOOMEHHUKH. YCTPOWCTBO, TEIJIOBass padoTa M pacueT pereHepaTHUBHBIX
TEIUI0OOMEHHUKOB. Bunpl Hacamok. PereHeparopbl MapTEHOBCKHUX —IEYEi.
Kaynepbl.  PexynepaTuBHblE  TEIJIOOOMEHHUKH.  TemieparypHoe — moJie
pekyrnepaTopoB. PekynepaTtopbl METaUIMYECKHME M KEpaMUYECKHE: TEIUIOBas
paboTra, mpeuMyllecTBa U HeAoCTaTku. Pacuer pekymnepatopoB. TemnocuiaoBbie
ycTpoicTBa. KoTiabl — yTunu3atopsl 1 TypOMHHBIE YCTaHOBKH.

HcnapuTtenbHOE OXJIaKIEHUE TOMEHHBIX, MAPTEHOBCKUX M HAarpeBaTeNIbHbIX
neueil. OxyaxaeHne KOHBEPTEPHBIX Ta30B.

4.2.3ammTa BO31YLIHOTO U BOJHOI0 OacceiiHOB OT BPeAHBIX BHIOPOCOB.

Teopernyeckne OCHOBbI W OOLIAsA XapaKTEPUCTUKA Ta300YHUCTHBIX
ycTpoiicTB. Cyxasi MexaHU4YecKasi OYMCTKa ra3oB; OYKMCTKa ra3oB (QuibTparuei;
MOKpasi OYMCTKA ra30B; JIEKTPUYECKAsI OUMCTKA Ta30B. OYMCTKA ra30B JIOMEHHOTO
Y CTAJICIIaBUJIBHOTO ITPOU3BOCTBA.

Ounctka ra3oB nevyer IBETHON METaJLTypPIruu.

bopsba c BbIOpocamMu BpenHBIX BeEIIECTB B BoJoeMbl. (cCBeTJIEHHE,
XUMUYECKas 00padoTKa U OXJIaXKIeHHEe 00OPOTHON BOJIBI.

4.3. OrHeynopHble MATEPHAJIBI.

TpeOoBaHUs K OTHEYNOPHBIM MaTepuajiaM, IPUMEHSIEMbIM B Ile4ax YepHOU
U uBeTHOM Mertamutypruv. ®dusmyeckne U pabouume CBOWCTBA OTHEYNOPHOIO
MaTepuana, UCIHOJb3yEeMbIX B METALUTyprudyeckux mnevax. [lepcnexkTuBHbIE BUIbI
OTHEYTNOPHBIX MAaTE€PUAJIOB: BOJIOKHUCTHIE MaTEPUATIbI.

4.4, Tleuyu 4yepHOH MeTALIYPrUMm.

4.4.1. TonauBHbBIE MEYH.

['unponuHamuika W TEMIIOOOMEH B IUJIOTHOM MOJBWXKHOM croe. [loss
CKOpPOCTE€H B IIAXTHBIX TI€YaX TMPU Pa3IUYHBIX CIOco0ax BBOJA JYyThs:
bypMEeHHOM, TIEJIEBOM W  IEHTPAILHOM.  YCIIOBUSA, 00€CIEeUHBAIOIINE
ONTHUMAJIBHOE ra30paACIPEAECICHHAE B IAXTHBIX I€YaX.

TennoBas pabora HarpeBaTeNbHBIX Ieueil. OCOOCHHOCTH TeIIooOMEeHa B
paboueM TMPOCTPAHCTBE IUIAMEHHBIX Tedeil. CXembl JBIKCHHS MeTaia u
MPOAYKTOB CropaHusi. TeroBOH U TeMIepaTypHbId PEXKUMbI pabOThI TeyeH.
CriocoObl OTOIUJIEHUS M TPAHCIIOPTUPOBKU MeTaslia. IMIyibCHOE OTOIJIEHUE.

Harpearenbnbie konoaubl. TenmoBo U TemnepaTypHbid pexumbl. Harpes
XOJIOHHOTO M TOopsyero mnocaaa. HarpeB CIWTKOB € KUAKOM CEpIALIEBUHON;
UCIIOJIb30BAaHUE TyThsl 0OorameHHoro kuciaopoaoM. lllnakoynanenue u cToiikocTh
NnoAuHbl. PereHepaTtWBHbIE  HArpeBaTelbHbIE  KOJOJLBL,  PEKyNEpaTUBHbBIC
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HarpeBaTesIbHbIe KOJIOALBI C OTOIUJIEHHEM U3 IIEHTpa MOJHWHBI U C BEpXHEH
ropenkoid. OcoOeHHOCTH TerIooOMEHa B  HArpeBaTeNbHBIX  KOJOALAX H
MaTEMaTUYECKOE ONKMCAHNE HArpeEBa CIUTKOB.

Tonkatenbubie neun. KOHCTPYKIMU M pexUMBI pabOTHl MPOTUBOTOUYHBIX
IIEYEH.

[leun ¢ mararoumm nogoM (Oamkamu). KoHcTpykumu, pexuMbl pabOTHI,
0COOCHHOCTH HarpeBa MeTajia, MaTeMaTHIeCKOE OMMCAHNE HAarpeBa MeTalla.

[Teun c xonblieBbIM MOA0M. KOHCTpyKIIMH, TEIJIOBOM U TeMIEpaTypHBIH
PEeXKUMBI, 0COOCHHOCTH TEIUI0O0OMEHA M HarpeBa MeTaia.

[leun g cKOpocTHOro HarpeBa MeTamia. @OU3WYECKHE OCHOBBI
CKOPOCTHOTO HarpeBa MeTajula, UMITYJIbCHBIM HarpeB. CEKIMOHHBIE TIEYH U NEYH
KOHBEKTHUBHOTO (YJapHOI'0) Harpesa.

[leun myia TeMHOM TepMUYecKOod OOpPaOOTKM TopsYeKaTaHOro IPOKaTa;
CaJI0YHBIE M1E€YH; M€Y C IEMHBIM KOHBEHEPOM U POJIMKOBBIM MOAO0M. OCOOEHHOCTH
TeI1I000MeHa U HarpeBa MeTalia.

4.4.2. Tleun ¢ TenJioreHepaumei 3a c4eT XUMHYECKOH IHEPIUHU KHIKOI0
YyryHa.

TernoTexHuKa cTanemaBUIbHBIX MPOLECCOB.

TeruoBoii Oamanc pado4yero MPOCTPAHCTBA CTAJCIJIABUJIBHOTO arperara.
[IpenBapuTeNbHBIN HATPEB CKpara v €ro 3HauyeHue. BinsHue TEIUIOBBIX MOTEPh HA
TEMIIEpaTypy BaHHBl B JIONPOLYBOYHBIA IEPHOJA. MareMaTH4ecKoe OIHMCaHNE
HarpeBa MeTajljla 0 X0y KOHBEPTOPHO! IUIABKHU.

4.5. TIleuyu uBeTHOM MeTAJLIypPrUH.

4.5.1. ToniinBHBIE NIEYH.

[ITaxTHBIE I€YN IS IUIABKA OKUCIICHHBIX HUKEJEBBIX pya. [llaxTHbeie neun
JUIsL CBUHUOBOW TIU1aBKU. KOHCTpyKIMSI M OCOOCHHOCTHM TEIUIOBOM pPaOOTHI.
OtpaxaTenpHple Ne4d Ui IUIAaBKA Ha mTeH. KoHCTpykuuu, TemnoBou u
TEMIIEPAaTypHbI  pEeXUM  IJaBKUM. AHOAHBIE U  BailepOapcoBble  IEYU.
KoHCTpyKIuy, TENIOBOM U TEMIIEPATYPHBIA PEKUM.

TpyOuarbie  Bpamarouuecs  neyd.  KOHCTpyKIuH,  TEIUIOBOM U
TEMIIEPAaTYPHBIN PEKUM.

Harpearenbnbie neun. KOHCTpyKIIMHA, TEMJIOBOM U TEMIIEPATYPHBIN PEXKUM.

4.5.2. Tleun ¢ moOJIHOW WJM YACTUYHON TemJjoreHepauueil 3a cuer
XHUMHYECKOH JHEPIHHU ChIPbEBbIX MaTEPHAJIOB.

OO6m1ast xapakTepuCTUKA MPOIECCOB, MPOTEKAIOIINX MPU 00KUTE CYIb()HUIOB
B KHUIIAIIEM clioe. ['a30qnHaMuYecKkuii peskuM paboThl reueid. TemrepaTypHbIi U
TEIJIOBOM PEXUMBI 00XKHMTa CyIb(QUIHBIX MaTtepuaaoB. Bpems mnpeObiBaHus
maTepuana B kunsmem cioe. Ileun mist oOxkura cyiabGUAHBIX MaTepuaioB B
kursimeMm cioe. Ileun gist 00kWra LIMHKOBBIX, MEAHBIX W MOJIMOAEHOBBIX
KOHLIEHTpaToB. OCOOEHHOCTH KOHCTPYKIMU U TemioBoM paboTel. KoHBepTepsl
3aBOJOB ILIBETHOM MeTaurypruu. KOHCTpyKUIMM, TEIJIOBOM W TeMIepaTypHbIN
pexuM padoThl. [leun 1 aBTOreHHOW IUTABKU MEIHBIX KOHILIEHTPATOB Ha IITEHH
1 4epHOBYIO Menb. [lmaBka B skuakoi BaHHe. [leur A.B. BaHrokoBa g miaBku
PYA ¥ KOHLIIEHTPATOB.
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4.6.11eyu MAIIMHOCTPOUTEILHBIX 32BO/IOB.

TennoBas paboTa W KOHCTPYKIIMM TOIUIMBHBIX IUIABUJIBHBIX —TeYel
MaIlIMHOCTPOUTEIBHBIX 3aBOJIOB.

HarpeBarenbHbie Teun Ky3HEUHBIX II€XOB. [leud ¢ MOJHBIM COKUTaHUEM
ToruMBa. [ledn u1si MAIOOKHUCIUTENBHOTO HArpeBa METaLIA.

Tepmuyeckue Teud  MAIIMHOCTPOMUTENBHBIX  3aBOJOB. lleunm s
TEPMUYECKON 00pabOTKU TSKEIBIX U KPYyMHOrabapuTHBIX u3fenuid. [leun nms
TEPMUYECKON 00pabOTKM aBTOTPAKTOPHBIX Jeranedl. Tepmuueckue meuu
CHEIUATbHOTO HA3HAYCHHUSI.

Cymmna. YCTaHOBKM Ui CYIIKM CBHIMYyYWX MarepuaioB. bapabaHHbie
cymmia. Cymmia sl CyIIKA B THEBMOIIOTOKE U B KUIISIIIIEM CJIO€.

YcraHoBku Mg Cymikud u3genuil. Cylindina ¢ KOHBEKTUBHBIM PEXUMOM
paboTsl. Cyiniia ¢ pagualioOHHBIM PEKUMOM PaOOTHI.

VY CTaHOBKHU JIJ1s1 CYIIKU B BLICOKOYACTOTHOM (MUKPOBOJIHOBOM) TTOJIE.

4.7. Ileun OrHEYNOPHOT0 POU3BO/ICTBA.

I'maponymHamMuka, TEIUIOBOM M TEMIIEPATYPHBIA PEXKHUMBI, KOHCTPYKLUU
IIAXTHBIX, BPAIAIOIINXCS, TOHHENBHBIX U JIp. NE€YEH 3aBOAOB IO MPOU3BOICTBY
OTHEYTIOPHBIX U3JICIIHM.

4.8. djekTpuUYeCcKHe MeYu.

OOmiasi XapakTepUCTUKA AJIEKTPUUYECKUX Tedeld MPUMEHSEMbIX B UYEpHOH,
[BETHOM METa/UNTyprull M MAaIIMHOCTPOEHUH. TemnaoTexHuueckrue OCOOEHHOCTH
paboThl  TeYe  pa3IuyHOM  KOHCTPYKIHMH. XapaKTEpPUCTUKU  BHEIIHETO
teruiooOMeHa. TeroBoit 6anaHc.

JIyTOBBIE U IJIA3MEHHO — AYTOBbIEC NE€YU. JlyroBbIE IeUn CTalenIaBUIbHbIC
II€YM; TYrOBbIE BAKYYMHBIE II€YU; PyJO- BOCCTAHOBUTENBHBIE NE€YH; IIA3MEHHbIC
MY U.

Nunyknmonnele neun. KananpHble W TUTENbHBIE MEYM; BAKYYMHBIE IIE€UU;
YCTaHOBKH ISl TUIABKU BO B3BELIEHHOM COCTOSIHMM, HATPEBATENbHBIE YCTAHOBKH.

ITeun conporusnenus. [leun npsiMOro U KOCBEHHOI'O JEHUCTBHUS; BaKyyMHBIE
€YU CONPOTHUBJIEHUS; IUIABUIIBHBIE TIEYN CONPOTUBIIECHUS.

CrneunaibHble MME€YU. YCTAaHOBKH JMAJIEKTPUUYECKOTO HArpeBa; yCTaHOBKHU
DJIEKTPOHHOTO  HArpeBa; yCTAHOBKM HArpeBa  M3JIy4YEHUEM  ONTHYECKOTO
KBaHTOBOI'O I'€HEpPATOPa; ONTUYECKUE M€UYH; YCTAHOBKU JJIs1 30HHOM IUIaBKH.

4.9. OcHOBbI MeXaHM3aUM M aBTOMaTH3anuu ne4deil. CoBpeMeHHbIE
METOAbl UCCJIEAOBAHUSA TEeYeil.

5 TEXHOJIOI'USA HNPOU3BOIACTBA IBETHBIX M PEJIKHUX
METAJIJIOB

5.1. Texnosorus MPOU3BOJACTBA THKECJIbBIX IBETHBIX METAJIJIOB.
O6H_II/I€ IIPUHOUIIBI M3BJICUCHHA MCIU, HUKCIIMA, CBHMHIA, IMHKA H3 Pyad H
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KOHIICHTPATOB.

OcHoBHbIe cTaguu (HOPMHUPOBAHMS METALTYPrHUECKUX PacIUIaBoB (IILJIakKa,
mreiiHa). KOHCTpYKTHBHBIE OCOOEHHOCTH MHUPOMETAUTyPrHUeCKHX arperaTos.
Pacnipenenenne 1EHHBIX KOMIIOHEHTOB MEXIy NpOAyKTaMu IaBKu. CrocoObl
U3BJICUCHHSI CEPBI IIPU MUPOMETALTYPrHUECKOl nepepadoTKe CyIb(UIHOTO CHIPHSI.

5.2. IlepepaGoTKa MeAHBIX Py H KOHIIEHTPATOB

OTtpakarenpHas U maxTHas 1iaBku. L{erecooObpa3sHoCcTh MpeaBapUTEeILHOTO
o0Xura KOHIIGHTpAaTOB mepen IiaBkoil. [lpeumymiectBa W HEAOCTAaTKH
nepepadoTKM KOHBEPTEPHBIX MIJAKOB B OTPAXKaTEIbHOM M IIAXTHOM meYax.
XapakTepucTuka IITEHHOB, OUIakoB, ra3oB. Temnosoit KIIZ[. Bo3moxxHbie
ciocoObl yTuian3anuu Temia. OCHOBHBIE TEXHUKO- YKOHOMHUYECKHE MOKa3aTellu.
BbIOpOCHI B OKpY:KAaIOIIyIO CpeLy.

[TepepaboTka mITeitHOB Ha YepHOBYIO Meb. [loBeieHNEe €ro COCTaBISAIOMINX
B | u Il mepuonpr konBeptupoBanus. [lokazarenu mnporecca. ABTOr€HHbIE
IIPOIIECCHI B METAILTyprun Meau. VX mpenMymecTsa U HEAOCTATKH.

OrneBoe u »3ekTponuTHYecKoe paduHupoBanue wmeau. I[lepepaboTka
aHOJHBIX IIJTaMOB. OCHOBHBIE TEXHHKO-3KOHOMUYECKHE MOKa3areau. BeiOpockl B
OKPY’KAIOILYIO Cpeny.

I'mapomeraimyprust meau. [IoaroroBka CeIpbs K THIPOMETAJULYPrHYECKOU
nepepadoTke. XMMHU3M OCHOBHBIX pEaKIMil BhIlleTaunBaHus. [IpakTuka Ky4HOTO.
bakTepraJlbHOr0O M aBTOKJIABHOIO BBIIIEIAYMBAHUA. | E€XHUKO-3KOHOMUYECKUE
NOKa3aTeNH MpoLeccoB. BeIOPOCH B OKpyXalolIyto cpeny.

5.3. IlepepadoTka HUKeJEBBIX Pyl U KOHIEHTPATOB

CriocoObl IOATOTOBKM OKHMCIIEHHBIX HUKENEBBIX Py K IUIaBKE B IIAXTHBIX
neyax. VX mpeumyliecTBa W HENOCTATKU. Peakumu, MpoTeKarolmue Mo BBICOTE
IIaXThl IEYX U BHYTPEHHEM F'OpPHE. XapaKTEPUCTUKA IITEWHOB U NIIAKOB IIaXTHOM
M1aBKH. TEeXHUKO-9KOHOMHYECKHUE TIOKA3aTENH.

KonBepTtupoBanue  HuKeneBbX  IITeHOB.  [loBegenwme  koOambTa.
CoBpeMeHHbIE CcHIOCOOBI  MEepepadOTKU KOHBEPTEPHBIX IIJIAKOB C  LIEJIBIO
U3BJICUEHUA M3 HUX KoOanpTa. MX mpeumyiiectBa u HepoctaTku. llepepaborka
daliHmTeiiHa 10 orHeBoro Hukesns. Cxema MPOU3BOACTBA METALTYPrUYECKOro
KoOasbTa.

IToAroTOBKa OKHCIEHHBIX HUKEJEBBIX Py K IUIABKE B 3JIEKTPOIlEYax Ha
depponukens. Teopuss W mpakThka T1JIaBku. PaduHupoBaHne YepHOBOTO
depponukens. TeXHUKO-DKOHOMUYECKHE IMOKa3aTtenau. [lepcriekTHBBl pa3BUTHUS
nporecca.

[ToaroroBka cynb()UIHBIX Pyd U KOHIIEHTPATOB K IUIABKE B JIEKTPUUECKUX
neyax. Teopus M NpPaKTUKA  DJIEKTPOIUIABKH. TEXHHUKO-3KOHOMUYECKHE
IIOKa3aTelIx.

Oco0eHHOCTH KOHBEPTUPOBAHUS MEIHO-HUKENEBBIX IITEHHOB. Pa3neneHue
¢aiHmTeiina. CrnocoObl nepepabOTKM MEAHOIO M HHUKEJIEBOrO KOHILIEHTPATOB,
HOJy4YeHHBIX npu QuoTtauuu (aiHmTeiiHa. OTAMYMS TEXHOJIOTMYECKONH CXEMBbI
IIPOM3BOJCTBA KOOAIbTA MIPU NepepadoTKe CyIbPUIHOTO U OKUCIEHHOTO ChIPBSI.
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KapOonunbHblil mponiecc mojydeHuss HUkens. ['mapomeTamypruyeckue u
KOMOMHHPOBAHHBIE CMOCOOBI KOMIUIEKCHON mepepaboTKu Cynb(OUIHBIX pyA U
KOHIIEHTpAaTOB. MeTOoapl TOMy4YeHUs HHUKeNss M KobalbTa W3 PacTBOPOB;
AIIEKTPOJIN3, BOAOPOJIHOE BOCCTAHOBIICHHE.

5.4. IlepepaldoTka HMHKOBBIX KOHIEHTPATOB

CpaBuenue >QQPEeKTUBHOCTH MUPO- U THIPOMETAILUTYPrHYECKOrO0 METOJIOB
HOJTyYEHUS IIMHKA.

OOXHI' UMHKOBBIX KOHIEHTpaToB. llupomeramiypruueckue MeETOMbI
IOJly4YEHUs] LIMHKA U3 orapka. JJNeKTpoTepMus IUHKA. OCOOEHHOCTH BBIILJIABKU
[IMHKa B IIaXTHBIX Nedax. PaduHupoBanue yepHoBoro uuHka. ['uapomeramiyprus
LIMHKA. BelenaunBaHue MUHKOBBIX OTApKOB U OYHCTKA PacTBOPOB OT IPUMECEH.
Teopernyeckne OCHOBBI 3THX IPOLIECCOB. JJNEKTPOOCaxaAcHUE IUHKA. HoBble
HaIlpaBJIEHUs] COBEPIICHCTBOBaHUS Mporecca. TexHHKa 0€30MacHOCTH M OXpaHa
okpyxatomieil cpenbl. IlepepaboTka MOJyIpOAYKTOB IIMHKOBOI'O IMPOHM3BOACTBA.
KoMriekcHOe UCIob30BaHUE IUHKOCOAEPKALIETO ChIPhS.

DHepro3aTpartbl U BEIOPOCH! B OKPYIKAIOIILYIO CPEAY.

5.5. TexHosoruss mNPOU3BOACTBA 30JI0Ta, cepedpa W MeTAIOB
MJIATMHOBOM I'PyNNbI.

CoBpeMEHHOE COCTOSIHUE W OCHOBHBIE JTalbl pPa3BUTUS IPOU3BOICTBA
30J10Ta, cepebpa M METayUIOB IUIATUHOBOW Ipynmbl. M3BiedeHue O1aropoJHbIX
METaJJIOB aMajbramanuei. TeopeTuueckue OCHOBBI M TEXHOJOIHs Ipoliecca
[IUaHUPOBAHMUSI.

TepMonrHaMuKka ¥ KMHETHKA IpoLecca OCAKICHHS 305I0Ta M cepedpa u3
[UAHUCTBIX PACTBOPOB IIMHKOM U aJlFOMUHHEM. TeopeTnyeckrue OCHOBHI Ipoliecca
copbiuu 30510Ta U cepedpa M3 LHUAHUCTBIX PACTBOPOB AKTUBUPOBAHHBIM YTJIEM,
MOHHOOOMEHHBIMU CMOJIaMH  (QaHUOHWUTAMHM) U JKUJKOCTHOM JKCTpaKiuen
OpraHuYecKuMU pacTBoputeiasiMiu. COBpEMEHHOE COCTOSHUE W HampaBleHUS
JABHEUIIIETO Pa3BUTHS TEXHUKHU M TEXHOJOTHH IIMAHKUCTOTO MpoIiecca.

Addunax 3omora, cepebpa U  METAUIOB IUIATUHOBOM  TPYIIIIHI.
TeopeTnueckre OCHOBBI U TEXHOJIOTHS AJIEKTpoJIMTHYEeCKoro adduHaxa 3070Ta U
cepebpa. XuMHsI U TEXHOJIOTHUS MporieccoB apuHaka TIIATHHOBOTO KOHIICHTpaTa
Y METOIbl OJTyUEHUS! TUIATUHBI BHICOKOW YHCTOTHI.

DHepro3arpartbl U BEHIOPOCH! B OKPYKAIOIIYIO CPELLY.

5.6. TexHosorus Npou3BOACTBA JErKMX BETHBIX CIVIABOB

5.6.1. IMoayyeHuss Maruus

CBoiicTBa U IPUMEHEHHE MarHus. XapakTepUCTUKa UCXOAHBIX MaTepUAIOB.
Teopus u TexHONOTUs NMOTY4YeHUs OE3BOJHOIO XJIOPHCTOTO Maruus U Oumodura.
OO0e3BoXMBaHWE  KapHAJIUTA:  MOJYYEHHE  MCKYCCTBEHHOTO  KapHAaJHTa,
o6e3BokuBanue Bo Bpamarommxcs CKH u neuax. [Ipumenenne nedeil KUIMSIIETo
CJIOSI ! XJIOPATOpPOB.

CoctaB ¥  (PU3UKO-XMMHUYECKHE CBOMCTBA DJIEKTPOJUTOB. TEeXHHKA
ANIEKTPOJIUTUYECKOTO  MMONyuyeHHss MarHus. KOHCTpyKums 3IeKTposn3EpoB.
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YCTpoiCTBO 1IEXOB 3JIEKTPOIM3a, OTCOC XJIOpa M KaTOOHBIX Ta3oB. TexHuka
0€e30MaCHOCTH M MEpONPUATHUS MO OXpaHe OKpyXaromei cpeabl. TexHuKo-
HPKOHOMUYECKHE TIOKa3aTenu dJeKTpoiu3a. PaduaupoBaHme MarHus-coipia
NeperiaBkol ¢ QurocamMu. DJIEKTPOIUTHYECKOE padUHUPOBAHME MAarHUEBBIX
JIOMOB U OTXO/IOB.

5.6.2. IlosryyeHne aJJIOMUHHA

CBoiicTBa alIOMUHUA U CIUIABOB HA €r0 OCHOBE, MaCIITAa0bl POU3BOJICTBA U
obnactu npuMeHeHusi. OCHOBHBIE PY/Ibl ATFOMUHUS.

[TepepaboTka GOKCUTOB THAPOXUMUYECKUM CIIOCOOOM. OCHOBHASI peaKius
batiepa. CTpoeHue amtOMUHATHBIX pacTBOpoB. PaBHOBecue B cucteme Al,Os-
Na,O-H,O. IlpuHnunumanpHas TeXHOJIOTHYECKas cxema crocoba baiiepa.
TexHonornyeckre mapaMeTpbl OCHOBHBIX TEPENEIIOB M  XapaKTEpUCTHUKA
00opyT0BaHUS.

[Tonyuyenue rmuHO3EéMa criocoOOM criekaHus U3 O0KcUTOB. [I[puHIMNIMaTBHAS
TEXHOJIOTHYECKAs cXeMa crioco0a CrieKaHusl.

[Tpon3BOACTBO PTOPUCTHIX COJIEW U ANEKTPOJOB.

DNEeKTpOJIU3 KPUOJUTO-TIMHO3EMHBIX paciiaBoB. CBOHCTBA U CTPOCHHE
AIIEKTPOJUTOB, OCHOBHBIE PEAKIMM Ha 3eKTpojax. KaroaHwlid BBIXOA MO TOKY.
AHOIHBIN TTPOLIECC, COCTAB AHOIHBIX Ta30B.

TexHonoruss 3IEKTPOJIMTUYECKOTO TMOdy4deHus amomuHus. OnucaHue
KOHCTPYKIIMU JJIEKTponmu3epoB. Perenepamus Qropuctbix coneir. TexHuka
0€30MacHOCTH U OXpaHa OKpY’KaroIlel cpeabl. ABTOMAaTUYECKOE PEryJIMpOBaHUE
ATIOMUHUEBBIX 2ekTpoiu3epoB. Cebectonmocts amomunus u e€ ananus. ['OCT
Ha AJIFOMUHUU.

DnekTpoiuTuueckoe paguHupoBanue aatoMunus. CBOMCTBA U IPUMEHEHHUE
AJFOMUHHS BBICOKOM YHCTOTHI. T€OpUsS U TEXHOIOTHS TPEXCIOMHOTO METOAA, ITyTH
e¢ coepiieHcTBOBaHUS. [lonyueHne anmtoMuHus 0coO00M YMCTOTHI: 30HHAS TUIABKA.

5.7. TexHOJ0THSI MPOU3BOJACTBA PEIKUX U PAANOAKTHBHBIX METAJIJIOB

5.7.1. TyronnaBkue peaKue MeTaLJIbl

Boabdpam u MOJIUOICH. DU3UKO-XUMUYECKUE OCHOBBI
MUPOMETAJUTYPrUYECKUX U TUIPOMETAUTYPIrHYECKUX CIIOCOOOB  Pa3oKeHUs
PYIHBIX KOHIIEHTPATOB, MX KPHUTHYECKOE COIOCTABJICHHWE, HOBBIC HAIPABICHUS
TEXHOJIOTUH. TeOpeTHYeCKHe OCHOBBI W TMPAKTHKA IMPOIIECCOB IMPOU3BOJICTBA
YUCTHIX TPEXOKHCEH MoMOIeHa U BoJIb(pama.

TexHnomnorus nepepabOTKM BTOPHUYHOTO BOIHGPAMOBOTO W MOJUOJACHOBOTO
CBIPBS.

TepmonunaMuka, KHHETHKAa W MEXaHU3M BOCCTAaHOBJICHHUSI TPEXOKHUCEH
BolbpamMa W  MoymOJeHAa BOJOPOAOM, TMpakTuka mporecca. (OCHOBBI
MPOU3BOJICTBA KOMIIAKTHBIX BOJb)pamMa U MOJHUOJEHA METOJOM MOPOIIKOBOM
METAJTypTruy U TIJIaBKOHM (JIyrOBOH, 2JICKTPOHHOJIy4YeBOM). BrusHue npumecei Ha
CBOMCTBa METAJJIOB. BapuaHThl Mpo1eccoB MnoiayyeHus: BojbdpaMa u MoaubaeHa
BOCCTAHOBJICHMEM  TaJlOTEHUJO0B. MeTOobl  MOJy4YeHUs  MOHOKPHUCTAIIOB
BoJIb(pama u MonmOaeHa. TexHuka 6€30MacHOCTH M OXpaHa OKpYKarolel cpeibl.

Tutan. O0uuii 0630p cOCOOOB MOTYUYECHHS TUTAHA.
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OU3UKO-XUMUYECKUE CBOMCTBA U NMPAKTUKAa MarHUHUTEPMUYECKOTO criocoda
IIPOM3BOJICTBA TUTAHA W3  XJOPHUIOB. DBapuaHTbl  HATPUUTEPMHUYECKOIO
BOCCTAHOBJICHUS YETBIPEXXJIOPUCTOTO TUTAaHA. ConocraBienue
MarHMUTEPMUYECKOT0 M HATPUUTEPMUYECKOIO IPOLECCOB. DNEKTPOJUTUUECKOE
padunupoBanue tTutaHa. OCHOBBI HOJUAHOTO Crocoba padhMHUPOBAHUS TUTAHA U
nupKoHUs. [IpoM3BOICTBO KOMIIAKTHBIX THTAHA U LUPKOHUS METOJIOM IUIABKU.
TexHrka 0€30MaCHOCTH U OXpaHa OKPY’KaroILIEl Cpebl B TPOU3BOCTBE TUTAHA.
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PA3JAEJI 3 ObPABOTKA METAJIJIOB JABJIEHUEM

3.1. Teopusi 00padoTKN METAJLIOB 1aBJI€HUEM

OcHOBHBIE 3aKOHBI TIacTHYecKor nedopmanuu. JlepopmupoBanHoe u
HaIpPsHKEHHOE COCTOSIHUE B TOUKE Tejla. BO3MOKHbBIE CXEMBI HAIIPSYKEHHOTO U
ne(opMHUPOBAHHOTO COCTOSIHUS TIPH pa3IMuHbIX criocobax OMJI. YcioBue
nepexoja ynpyrou nedopmaruu B miaactTudeckyro nedopmaimto. ConpoTHBICHHE
nedopMaIuy ¥ €ro 3aBUCUMOCTh OT TEMIIEPATyPhl, CKOPOCTH U CTETICHU
nedopmanmu. Buabl u 3akoHbI TpeHus B iporeccax OMJI.

[InacTM4HOCT, W pa3pylieHHe METaUIOB MpPU O00pabOTKE aBIICHUEM.
VYcnoBust aedopMupoBaHus MeTauia 0e3 paspylICHUS TPH Pa3IMYHBIX CXeMax
Harpy>XeHusi. AHaTUTUYECKHUE METOJIbl pelIeHusl 3aaady Teopuu o0paboTKu
METaJIOB JIaBJICHUEM.

DKCNEepUMEHTAIbHBIE METOJbl TEOpUH OOpPaOOTKM METAIIOB JABJICHUEM.
Bunpl mnactuueckoit nedopmaru. HepaBHoMepHOCTh nedopmanuu B mpoiieccax
OM/I u daxTopsl ee 00ycCIaBIMBAIOIINE.

3.2. IIpokaTka, mpeccoBaHHe M BOJIOYEHHE
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Teopernyeckue OCHOBBI TMpokaTku. ['eomerpuyeckue (akTopbl oyara
nedopmanu 1 K03PGUIUeHTH negopManun. TeopeTUdecKrue OCHOBBI MPOKATKH.
DHEProcwyioBbIe XapaKTePUCTHKH Tporiecca MpokaTku (ycwime, JTaBJICHHE
¥ MOMEHTBI TIpoKaTku). OCHOBBI IMPOKATKU. ['opsyas W XOJOJaHAS IPOKATKA.
JlucroBast u copTtoBasi npokarka. Cxembl U OCOOEHHOCTHM MPOKATKM HA CTaHaX
tuna «JIYO», «TPUO», «KKBAPTO», MHOTOBaJIKOBBIX cTaHax. [IpokaTka 1HCTOB,
aeHT u ¢oaeru. [Ipokatka Tpy0 u crenmanbHbX npoduieii. OcoOeHHOCTH
TEXHOJIOTUM TPOKaTKU cTanei. OCOOEHHOCTH TEXHOJOTUU MPOKATKH IIBETHBIX
METa/NIOB W CIUIaBOB. TeopeTHMYecKHWe  OCHOBBI  TpeccoBaHus.  TeueHue
MeTajula Mpud  TPECCOBAHMM U BIMSHUE HA HEro pasiudHbIX (aKTOPOB,
HaIpSHKEHHOE COCTOSIHME W €r0 BJIMSIHHE HA IUIACTHYECKHE CBOWCTBA MeETallia.
Pa3zHoBHIIHOCTM TIpeccOBaHMs U UX Xapakrepucthka. lloiyHenpepblBHOE H
HEIMpPEPBIBHOE MpeccoBaHue. TeopeTnueckrue OCHOBBI MpeccoBaHuA. JuarpamMmma u
pacyeT yCwiusl IpeccoBaHUS. TeMImeparypHO- CKOPOCTHBIC yCJIOBUS
npeccoBanusi. OCOOGHHOCTM  NpEcCCOBaHWS  NPYTKOB M nOpoduiield  Ha
TOPU30HTAIBHBIX THUJPABIMYECKUX TMpeccax. OCOOCHHOCTH MPECCOBaHUSI TPYO
Ha TOPU30OHTAJIBHBIX THUJpaBIMYeCcKUX MnpeccaXx. (OCOOEHHOCTH MPECCOBAHUS
IBETHBIX METAJUIOB U CIUIaBOB. TeopeThueckue OCHOBBI BojioueHHUs. OCHOBHBIC
MoKa3aTeau u HaIpsHKEHHO-N1e(OPMUPOBAHHOE COCTOSIHUE npu
BOJIOYCHUHU. TeopeTuyeckrue OCHOBBI BOJOYEHHS. DHEPrOCUIIOBBIC MapaMeTphl
BOJIOYCHHS. BusHHME CKOpPOCTM Ha CHIy BOJIOYEHHUA. Pa3HOBHIHOCTH
BOJIOYEHUS U UX XapaKTepHUCTHKa. BomoueHnue npyTkoB u npoduiieil Ha MEnHbIX U
OapabaHHBIX CTaHaX. OcobeHnHnocTn BOJIOYCHUS TpYyO. Bonouenue
npoBoJioku.  Cmasku, MpUMEHseMble TIpU BoJioueHnH. OCOOEHHOCTU BOJIOUYEHUS
[[BETHBIX METAJUIOB M CIIaBoB. O00py0BaHUE MPOKATHBIX 11eX0B. OO0pyI0BaHue
MPECCOBBIX 11eX0B. O0OpyI0BaHNE BOJOUYMUIIBHBIX I[EXOB.

3.3. Ky3HeuHO-IITaMIIOBOYHOE TPOM3BOICTBO

Teopus 51 TEXHOJIOTUS JIMCTOBOM LITAMITOBKH. OcHOBHBIE
dbopMOU3MEHSIONINE OIepalui M OCOOCHHOCTH TpolieccoB. Teopernueckue
OCHOBBI U TEXHOJOTMYECKHUE OCOOCHHOCTH Pa3/IeIMTENbHBIX OMNepaluii TMCTOBOM
mTaMroBku.  Teopust  MpoleccOB  KOBKM.  B3auMOCBSI3b  HaNpspKEHHO-
ne(OpPMUPOBAHHOTO COCTOSIHMSI MeETalla € TEXHOJOTHYECKUMHU TpUEMaMHU
BBITIOJTHEHUS ~ omepanuid  KOBKU.  DOpPMOM3MEHEHHWE UM HaNPSHKEHHO-
neOpMHUPOBAHHOE COCTOSIHUE TIpH OOBEMHOM ITaMIlOBKE. Pa3HOBHUIHOCTH
MPOIIECCOB Tropsiue OOBEeMHOM INTAMIOBKM W WX OCOOCHHOCTH. Buapl
XapaKTEePUCTUKA ONeparyii XOoJOJAHOW o0beMHOM mmTamMnoBku. O0opynoBaHHe
KY3HEUHO-TIITAMIIOBOYHBIX 11€X0B. MoJioThl 1 mpecchbl. OCOOCHHOCTH TEXHOJOTHUU
IITAMIOBKM Ha TOPU30HTANbHO-KOBOUHBIX MammHax (['KM). O0beMHast
mTamMnoBka Ha MosioTaX. (OCOOCHHOCTHM INTAMIOBKM Ha  KPUBOIIUITHBIX
ropsiaemTaMnoBouHbix npeccax (KILIIT).

3.4. CnenmnajabHble BuabLI OM /]

[IpousBoactBo ~ MeTu30B.  OCOOEHHOCTH  NPOM3BOJACTBA  THYTHIX
npoduen.

TexHonoruu u 000pyAOBaHUE JIJIsl peaIM3allii COBMEILIEHHBIX MTPOIIECCOB.

3.5. DJkcnepuMeHTAJbHOE HCCJIeJ0BaHUe CBOMCTB Je(opMHUpPYyeMbIX
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METAJ/IOB H CILIABOB (00IIHe MOJI0KEeHNs])

MeTopl SKCIIEPUMEHTANbHBIX ~ HCCIEAOBaHUN (DyHIaMEHTAIbHBIX CBOICTB
nehopMUpyeMBIX MeETaioB U cruiaBoB. OOopymoBaHue W MPUOOPHI IS
UCCIICIOBAaHMUSI  CONMPOTHUBJICHHUS JAedopManvu W  MIACTUYHOCTH. MeTossl
UCCIICIOBaHNsI ~ KOHTAaKTHOIO  TpeHus.  MeTonapl  OLUEHKM  pa3pyLICHHUs
nehopMUPYEMBIX MaTEpPUATIOB.

3.6. KomnbloTepHoe  (MMHTAIlHOHHOE)  MOJeJMPOBaHMEe sl
TEXHOJOTMYECKOr0 WHKHHUPUHIA TEXHOJIOTHil 00padoTKH JaBjieHHEM
(oOmIue mMoI0KEeHNsT)

Kpaesas 3agaua OM/I. Bublirpann4HbIX YCJIOBUH. Knaccuduxanus
YUCJIEHHBIX MeToA0B. Ontummu3zanus. COBpeMEHHBIE MPOTPAMMHBIE KOMILIEKCHI
UL MOJIEIUPOBAHUS TEXHOJIOTUH OM/I. To4yHOCTB pE3yJIbTaTOB
MoJIepoBaHus. MeTo/ibl CTaTUCTUYECKOH O0OpabOTKU pe3ybTaTOB YHMCIEHHOTO
pacuera.

3.7. KomruiekcHblie nmpouecchbl 00padoTku. CnennajibHble TEXHOJIOTHH
00padoTKu (00LIHE MOJIOKEHUS)

KoMmmnekcHble mporeccsl 00pabOTKM —MaTepHalioB, B T.4. IIPOLIECC
HENPEPBIBHOTO JIUThI W MPOKATKA 3aroTOBOK, QJJUTHUBHBIE TEXHOJIOTUU U
TEXHOJOTMU IpeccoBaHus wu3nenud. Texnomormm OMJ] ocHOBaHHBIE Ha
NPUMEHEHUN  (PUBUKO-XUMUYECKUX U  (U3UKO-MEXAHUYECKUX SIBJICHUU W
¢ PeKTOB HaNpaBICHHbIE Ha IIACTUYECKoe (OPMOM3MEHEHHE M HW3MCHCHHE
CBOMCTB KOHCTPYKIMOHHBIX MAaT€pHaJIOB  CKAaTHEM, YIapoM, MAarHUTHO-
MMITYJIbCHBIM U UHBIM BO3JEHCTBHEM.
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