AOKYMEHT MOAMMNCAH
SNEKTPOHHOM MOAMNCHIO HpI/IHHTO Ha 3aCeAHNH
Ceptudmkat: 112A3BFC6FEF87FADEF5B7942E99F64C

Brasora: oo s Briocrasone Yuyenoro cosera OxoTex HUTY MUCHUC
[Tporokoi ot 19.12.2024 Ne4

[TPOTPAMMA

BCTYIIUTEJIbHOI'O UCIIBITAHUA
JUIA TIOCTYITAROILIMX HA OBYUEHUE
10 TIPOTPAMMAM TIOJAT'OTOBKHN HAYUHbBIX
N HAYYHO-TIEJAI'OTMYECKUX KAJIPOB B ACITMPAHTYPE
10 I'PYIIITE HAYYHbBIX CIIELIMAJIBHOCTEM
2.6 XuMu4ecKue TeXHOJIOTHH, HAYKH 0 MaTepuaiax, MeTaIyprus

Mocksa 2024



CO/JIEPIKAHHUE

YACTD 1. METAJUJIOBEJIEHUE U TEPMUYECKASI OBPABOTKA METAJIIOB.............. 5
Pazzien 1. Dasbl 1 (PA30BBIC PABHOBECHS ....v.vuiereesrrmseresssssasesssestasstsmsssssisasasisisisi s s s sssnsnens 5
Paznen 2. JeeKTBI KPUCTATUTHYECKOTO CTPOCHHS «..vvvvviarasenrneennsemenesstiisas it 5
Pazznen 3. @a3oBbie ¥ CTPYKTYPHBIC IPEBPAILICHUA B CIUIABAX . .cuvvvnrirrinnriurenis ettt 5
Paznen 4. @H3HYECKHE CBOMCTBA METAIIIIOB 1..vevsvviesessanssiunsssnssssssissssessssssmsessssmesassssnnserssssssssanns 5
Pazmen 5. MeXaHHUECKHE CBOHCTBA METATIIOB. ...ovvvuiirerserseneesessessnessessssasessasssssnssnssnnsasssnsssasss 5
Paznen 6. OCHOBEI TEPMHYECKOH OOPADOTKH ...ccuciviiiiiiisiirciitsitstre i 6
Pazznen 7. MeToibl H3y4eHHst MUKPOCTPYKTYPBI H (Pa30BOI0 COCTOAHMS «.ovevviiiiiiiiiinininiinneaces 6
Paszen 8. KpuCTannn3aiis ¥ CTPOECHHE JUTBIX CTUTABOB. .....vuveruetrsesitsssismmsssiss s 6
Pazjienn 9. LIBETHBIC METAIIIBL M CIIIABBI ....cvvevvesesessessesessesessasssssass s ssts s ssass s s 6
Pazzen 10. TYromiaBKHE METAIUIBI H CILIABBI....veuteuteutrsessasssssssssssssssssassansas st 6
PEeKOMEHIOBAHHAS JTHTEPATYPA «e.vvvvieiisrseseesessessasansansesssesses e ssestes et sas s s s s s sttt s 6

YACTD 2. METAJUTYPIUS UEPHBIX METAJIIOB.........oiciiiviiicsnisieee s 7
Paszen 1. OB1ue BOMPOCH IPOU3BOACTBA YEPHBIX METAILIOB U Cr1aBos /1a, 16/, 7
Pazzen 2. TToAroToBKa pya K MaBKe H MPOM3BOACTBO uyryHa /1a, 16/ .o i
Pasjien 3. Ilpou3BoacTBO CTAIMM /1@, 20, 30/ cucuiiiiriiiiieiciccc e 7
Paszien 4. [ToTydgeHne CIHTKOB M JIUTBIX 3aTOTOBOK YEPHBIX METALIOB /1a/ .o 7
PEKOMEHIYEMAS JTHTEPATYPA «.vvvuveenrisesereisesassasesessesestases e sshs e eh et 8

YACTb 3. METAJUIYPIMS UBETHbIX U PEAKWUX METAJUIOB ... 8
Pasaen 1. OCHOBEI THAPOMETANLTYprudeckux npoteccos ([IpoussoacTso 3omota) /lal........... 8
Pazzen 2. Oxucnuressnas mupoMerannypris ([IponsroaAcTBO MEMM) /1a/ .veviiiiiiiiiiien, 8
Pasnen 3. BoccraHoruTensHas upometautyprust ([Ipou3BOACTBO CBUHLA) /1a/ ovveviirrieecee. 8
Pasnen 4. Dnekrpometamnyprus ([IpOM3BOACTBO AMIOMHHHA) /28/ ..oocvvviviiiisinciinrinineneenens 8
Pazsien 5. TIPOM3BOACTBO BOTMBMPAMA /8 /...uuimiueiruricuiiiininieieeeict s 9
Pasgen 6. TIpOM3BOACTBO MOMHOIEHA /8 [u.vuviieciiisiiciiisiieisii s 9
Paszyien 7. TIpOM3BOACTBO TAHTANA M HHOOHMS /& .cueueniriiiiiiiiiiiiiiniins it 9
Pazzielt 8. MeTauIyprist THTAHA U IHPKOHHS /& 1.eviviiiiieirereisisiiiiss s 9
Pasznen 9. Merauyprusi pacCesHHbIX PEAKUX METAIIIOB /A / 1vvviruciiiinicsniiisisiisiiiinaes 9
Pazzen 10. MeTaunyprust paJuOaKTHBHBIX U PEIKO3EMEIBHBIX METAIIIOB....cutviviiririniiananacns 9
PEKOMEHIYEMAS JIHTEPATYDA cucevuvrrivisisrsnseseesisssesatsssse st es et sa s a s s s s 10

YACTD 4. TUTEAHOE ITPOUBBOJCTBO .....oooeerereerireeiieesisissisisisssissssssssssst sttt snssseses 10
Pasnien 1. TeopeTHUECKHE OCHOBEI TUTEHHOTO MPOU3BOACTBE. ..coviiiiiuisiniiiininss s 10
Pazyen 2. TeXHOIOrMYECKHE OCHOBBI JIMTEHHOTO IPOU3BOMCTBA «.ovvvevvirviiennisnesansnennaseninnans 11
Pasnen 3. IIpoH3BOACTBO YYTYHHBIX U CTAIBHBIX OTIIHBOK oviveuiuriiiesisiesisssssinssisssnsnssnssesiins 11

Paznen 4. TIpou3BOACTBO OTJIMBOK M3 LIBETHBIX MECTA/LIOB H CILIABOB € 0coObIMH cBOHCTBAMH 12
Paszien 5. OGOPY/I0BAHHE H IPOCKTUPOBAHHE THTEITHBIX LEXOB H 3ABOJIOB «..ovveerennnnssennrnnes 12

PEKOMEHAYEMAS JIUTEPATYPA .o.cvvveveresenesersssssesssesesstsestss s sa e a s s s a bbb b 13
YACTbB 5. OBPABOTKA METAJIJIOB JABJIEHHMEM ..o 14

Paszien 1. Ba3oBbie TOHATHS, KiIaccH(DUKAIHs [IPOLECCOB M M3/IENH, IPOM3BOAUMBIX

METORMAME OMIL. J185 207 ... .o isiscassvisssssssestsssssssassss saisssissss ssstessansiass bessusanpsnsunranansasssssrassaseass 14

Paznen 2. dusnueckue OCHOBLI MITACTHUECKOH Jedopmalini METaNIoB 1 CrJIaBoB,
p3aumoneiicTBue iporeccos OMJ] ¢ TepMooGpaGoTKOl, METONE! YIIPABIIEHHS CTPYKTYPOH 1
CBOHCTBAMH NPOAYKIHH /18, 28, 36/ ..ooviiiiieieieinicciic i 14
Paszen 3. TeopeTHuecKne OCHOBBI IPOLIECCOB 0OPabOTKH METANIOB J1ABJICHHEM /1a,3a,4a/. 15
Pasnen 4. O6opy/10BaHKE 15l CHIIOBOTO BO3ACHCTBHS HA MaTEPHAIL. BceniomorarensHoe

060pYA0BaHHE, CPEACTBA YIPABICHHUS /18, 28, 10/ oo 15
Pazgen 5. [TpokaTka METALIOB /12, 28, 30/ ...cciiiiireirinii s 15
Pasuen 6. Koeka, 06bEMHAs M THCTOBas WITAMIIOBKA, /12, 38, 16/ i 15
Paspen 7. IpeccoBanue, BBIAABIMBAHHE H BOIOUCHHE METAILTIOB, He el 1 e |
Pazzen 8. Crermaibhbie METOJIBI OMJL, /18 ..o 16
Pexomenayemas 1utepatypa (OCHOBHAA H FIT0 )5 (33) 15175 o)1 35051 ) U —— 16



YACTE 6. ITIOPOIIKOBAS METAJUTYPTUA U KOMIIO3UIIMOHHBIE MATEPHUAJIBL 17

Pasmen 1. ITOPOIMIKOBAS METAIITYPTHA, 1. su0sieissessvsesnsnsiaissasenninssissssssssnsnnsssisnssusnesssssassasnsmussessory 17
Paszen 2. TeXHOIOrHH CaMOpacpOCTPaHsIOLIerocs BeicokoTeMneparypHoro cunresa (CBC)
TTDRSTBE, OB/, .ons ersnnssmonsssssssnsnmennsownannnnners smsessisnss 5o voHEsRIA S HATRAAIARHSRRRS AR RPN A 18
Pazyien 3. OyHKIMOHANLHEIE  HAHOCTPYKTYPHBIE ITOKphITHs /14a-18a, 106-126/....0vivvvee 18
PexoMeHyeMast THTepaTypa (OCHOBHAS U HOIIOTMHHTEIIBHAN) 1.vvererrseeseasesessensennsesmesissensesaes 19
YACTD 7. TEXHOJIOI'UA DJIEKTPOXUMHUYECKHMX IMTPOLIECCOB U 3AIIMUTA OT
1T L 2 A L O U U — 20

Pazzen 1. OCHOBBI TEOPHH KOPPO3HUH METAILIOB H CILUIABOB B KMAKHX CPEAAX.......ccocerreerenneen 20
Pazzen 2. MeTo/bl 3alHThl METAIUIOB OT KOPPO3HH B JKHIKHX CPEIAAX...civivirrisinreeensinniennees 21
Pazyient 3. OCHOBBI TEOPUH KOPPO3HH METAJIIOB U CIUIABOB B FA30BBIX CPEAAX ..vivivererernerens 21

Pasznen 4. Mero/bl 3a1uTbl METAJJIOB M CIUIABOB OT KOPPO3HH B I'a30BBIX CPEAAX....covnennen. 22
PeKOMEHIYEMAN TIITCPEEYIE s svuvessonssnsvnsssvorsonabessunes aesestasssassismssssnskmesn s sisss s seasmsensmmss samsss 22
YACTD 8, MATEPUAIIOBEIETIE ......ocsenssessissiinssiissss sy s sy 22
Paspen 1. MekaroMHble B3aHMO/ICHCTBHS U DIEKTPOHHOE CTPOEHHE TBEPIOIO TeNa............ 22
Pazzien 2. ATOMHAS CTPYKTYPA TBEPBIX TEM..coiuriiuriiiriaiaeeainesaseasnressne et sasna s 22
Pasnen 3. JleeKTBI KPUCTAIUIMYECKOTO CTPOCHMS ..vvvvreenneresssessessnssesstssnesssssessseseeseesaesaesncs 22
Pazgen 4. ®a3pl ¥ Gaz0BbIe PABHOBECHS B MATEPHAIIAX ..voverrresenersnensennssessesssssstsisssssessansasaees 23
PABKET 5. JIMCIDVEI wuoeonssansnnnsnnnansssidsssiss oo o0s5seensons sonsbidvins s amevs sEiamm suviadvnois shng us s s (s 23
PHSIET 6. KDHCTATITIMEBAIIEIT svucscvvuunsssssssmsmssssmsmisssissssssmssansssvess sovssnsasasess ceetass buasvirssssaesossnsessess 23
Pasnen 7. @a30BEIC MPEBPAILICHHA B TBEPAOM COCTOSHHHE .vvivvivrisirneeseetaiesesiiesiesieese e 23
Pazjen 8. CTpyKTYpHBIC IIPEBPALLICHHUA B TBEPIAOM COCTOMHUM ..o.viviniiieiniinnesnesrinerses e 24
Pasmen 9. CriocoOb1 BO3AEHCTBHS Ha CTPYKTYPY U CBOHCTBA MATEPHATIOB ...ioveererenseririreneans 24
Paszmen 10. ITnactuueckas nqedopmanns 1 paspyuende. Mexannyeckue cBOMCTBa
DT TVINETIOTR 5 s 0 T A A Ve s S Ve B 24
Pasznen 11. B3aumoueicTBHE MATEPHAIIOB C OKPY/KAIOLLECH CPEIOH .vovveverieriirisiiniinianininiennens 25
Paznen 12. QU3HUECKHE CBOHACTBA MATCPHATIOB .....vveeveiiuieeiabeeesreenssessssreessseessasssssssesnessasesanses 25
Paznen 13. MeTo/bl HCCIEI0BAHHA H KOHTPOJISA CTPYKTYPBI H CBOHCTB MATCPHAIIOB ............ 25
Paszen 14. OcHOBHBIE KIIACCH! MATEPHAIIOB B METAULYPIHH . veviuriirnieieinieiniiniiesnssiesnes s 26
PeKOMEHIYEMAS JIHTEPATYPA wocuvvosessessrsressossecsssrressisssssansanssassasssasnssnsssersasssnssssstssatsssasssssnssnnsnses 27



[MosicHUTeALHAA 3aMHCKA

Ilenp BCTYMMUTEIBHOTO HCTBITAHHMA — OIEHKA YPOBHS MMEIOIIMXCHA Yy IOCTYIAROUIMX
3HAHUH M KOMIIETEHLMH, HeoOXOMuMbIX Uld OOY4EHHs B aCIHpPaHType IO IPYINIe Hay4YHBIX
crnenquanbHocTel 2.6 « XMMHYECKHE TEXHOIOTHH, HAYKH 0 MaTepuanax, MEeTalulyprus».

BerynuTensHble denbitanns oueHusaores no 100-6amibHoil mikane. MHHMMAILHOC
KOJIMYECTBO Oa/UIOB IO pE3YJbTaTaM BCTYIHTENBHBIX MCIBITAHWA, MOATBEPHKIAIONICE
YCIEIHOE IIPOX0KACHHE BCTYNHTEILHOIO HCIIBITAH s, COCTABIIACT 40 Gannos.

JUis y4acTHs BO BCTYNMTCIBHOM HCHBITAHMM NOCTYTNAIOIMH JIODKCH MPENOCTaBHTh
MIAH-IPOCTIEKT JMccepTaunonHoil paboTsl u Motnsanmonnoe nucpmo (1000-1500 cnos),
orpaxkatomiee npuunnsl Boibopa HUTY MUCHC wu  cooTsercTByIOUIEH HPOrpaMMbl.
BCTYIMUTENLHBIE HCOBITAHHA —COCTOAT M3 JIByX 4Yacreil: MMChMCHHBI OK3aMeH H
cobece/[0BaHHE,

[1pofOIKHTEIBHOCTb MUCBMEHHOT0 dKk3aMena — 180 MuHYT. DK3aMEHAIMOHHBIH OHIICT
IIHCBMEHHOH YacTH COJEPXKHUT ISITh BOIPOCOB. B cirydae NpaBuiIbHOIO OTBETA HA BONPOC
noctynaionmii nonygaer 10 Gamnos. IIpyn HEMOAHOM OTBETE HIIM NP HATHIHH OIMOOK
QieHbl JK3dMEHALIMOHHOH KOMMCCHH BBICTABISIIOT KOJIMYECTBO 0aisioB IPONOPLMOHAIBHO
YACTH NPaBUILHOTO BBITIOJIHEHHUS 3a1aHUA.

PesynbTaroM OlEHMBaHMA pAbOTHl sBIAETCS CymMma Oajuios, MOJYYEHHBIX 3
NPaBUIILHBIC OTBETHI Ha COOTBETCTBYIONIME BOIIPOCHI NHCHMEHHOII paboThl. MakcHMallbHO
BO3MOJKHOE KOJIHYECTBO OAILIOB, KOTOPOE MOXKET IOJLY4HTh aOMTYPHEHT Ha IHCbMEHHOM
sx3amene — 50.

CofeceioBaHHE NPOBOAMTCS €  BEIYLIMMH YUEHbIMH HAIIPABIEHHsA, KOTOPbLIC
OLEHMBAIOT MOTHBHPOBAHHOCTh AGMTYpHEHTa W TIaH ero Oynymied AnccepTallHoHHOMN
paGoTl. MakCUMaibHO BO3MOXHOE KOJMYECTBO OaLIOB, KOTOPOE MOMET INOJIY4HTH
abuTypuent Ha cobecenoBanuu — 50.

I[lepeucHb NPUHA/VICKHOCTEH, KOTOPhIE IOCTYNAONIMH HMECT IIPaBO HPOHECTH B
ayJMTOPUIO BO BPeMs NPOBEILEHMS BCTYNUTEIbHOIO WCIIBITAHMS: PYHKa, KapaHall, JacTHK,
nuHeiiKa, HenporpaMMHUpPYEMBbIi KalbKyIATop.



YACTh 1. METAJUIOBEJEHUE WU TEPMHYECKASI OBPABOTKA
METAJLJIOB

Pasnen 1. ®a3el ¥ (pa30BbIC pABHOBECHS

1.1 TunMYHBIE KPUCTAUIMYECKHE penieTki MeraiuioB. Kpucraiorpaduieckne II0CKOCTH 1
HAMpAaB/IeHHs ¢ HAHOONbIIEH IUIOTHOCTHIO YIAKOBKHM aTOMOB B KyOM4eCKOH M IeKCaroHallbHbIX
pelIeTKax.

1.2 TBepisle pacTBOPSI 3aMELICHNs, BHEJPEHHUA ¥ BBIYUTAHUS. DJICKTPOHHbIC COCJAMHEHH,
¢aze1 JlaBeca, (a3bl BHEIAPEHHS.

1.3 Tlpasuno has. JuarpamMmel cocToss NBOHHEBIX chcteM. [Tpasnmio peiyara. Jlnarpamma
COCTOSIHHUSI JKEJIE30-YTIIEPO/I.

1.4 JlyarpaMMbl COCTOSHHA TPOHHLIX CHCTEM, [OJMTEPMHYCCKHE H H30TCPMHUYCCKHE
paspessl.

Pasnen 2. dedexrbl KpHCTAIIHYECKOTO CTPOCHUS

Knaccudukauus gedexto. BakaHcud, NOABIKHOCTS Bakanchi u - camomuddysus.
Jlucnokanyuu, B3aUMOJCHCTBUE JMCIOKALMH, MOMEPSYHOS CKOIBKEHHE M MEPEenoj3aHuc.
Jledexrs yrakoBku. Cerperanuu IpuMecel Ha JHCIOKALMAX H nedexrax ynakoku. CtpoeHue
rpaHuI 3epeH U cy03epell. Pemerka y3ios cosnafeHus. Murpaius rpanull, BIHAHME Ha HCC
npuMeceii 1 BKIIOYCHHHH.

Pasnein 3. ®a30Bbie H CTPYKTYPHbLIE IPEBPALLICHHMS B CILIaBaX

3.1 Bosspar wu pexpucramzamus. I[leppuunas  coOupareibHas M BTOPUYHAsA-
pexpucTanzaiys. JuHaMudeckas pekpucTammsanms. TekeTypsl' pekpHCTalTH3auH.

3.2 Kpucramiusauns pacriaBa, FOMOTEHHOE M TETEPOreHHOC 3apOXK/IEHUE KPHCTAJIOB.
Kpussie Tammana. Makpo- M MHKDPOCTPYKTYpa JIMTONO MeTaia. Moauunuposanue.
Jlukpauus. DBTCKTHUECKAas KPUCTAUIH3AlMA, CTPOCHHE OBTeKTHK. besandysuonmas
KPUCTAIIN3ALIAS.

3.3 3apoxjaenne 0pH (Ha30BBIX LPEBPALIEHHMSAX B TBEPIAOM COCTOSHHH, B3anMHas
opuenTHpoBka (a3, NPHHLMII CTPYKTYPHOLO H PasMEPHOro COOTBCTCTBHAL. Crpoenue
MEXAHM3M JIBHJKCHHS MEK(Da3HOIl IpalMIbl MPH POCTEC KPHCTALIOB B TBCP/IOM COCTOAHUM,
CJBUTOBOE M HOpMaJIbHOE TipeBpateHue. OCo0eHHOCTH MapTeHCHTHOTO IPEBPALLICHHMS.

3.4 dasosele nepexoasl 1 u 1l poga. YnopanoueHue.

3.5 dasoBblc NPEBPAIGHMA IIPM  HArpeBe, PACTBOPEHHE HACTUIL BTOPOil  (hasbl,
romorerm3auus. OcoOEHHOCTH PEeBPAIEHHH NPH OBICTPOM Harpese.

3.6 da3oBoe COCTOANME H MHKPOCTPYKTYpa OCHOBHBIX TIpynn  YIICPOAMCTLIX M
JNErMpOBAHHBIX CTAJICH U 4yryHOB. MHKPOCTPYKTYpa H NPUMECHEHUC CIUIABOB HA OCHOBC MCJIH,
AJHOMMHMS, TUTAHA, MAarHUsl, HHKEJISL.

Paspen 4. @uznueckye CBOKMCTBA METAILIOB

4.1 Knaccuukauus Gu3MUeCKNX CBOMCTB 110 UX CTPYKTYPHOI 4YBCTBHTEIBHOCTH.

4.2 Tennosbie cBoiictBa. TepmuueCKMi aHaim3 W ero npumexenue. Tepmuueckoe
paciuupenne. Ju1aToMeTpHuecKoe Heenel0BaHue (Pa3oBEIX [IpeBpaILeHHH.

4.3 Vopyrue cpodcrBa. Heynpyrocth. MexaHusMbl BHYTPEHHCIO TPEHHSL. [Tpumenenne
MET0/1a BHYTPEHHErO TPEHM. ,

4.4 MarHuTHBIE W 3JeKTpHYccKue cBoiicTBa. IIpyMeHenne MarHUTHBIX W 3JICKTPHUCCKHX
METOJI0B /Ul U3y4eHHs (ha30BbIX PABHOBECHI, H3MEHEHHIT MHKPOCTPYKTYPBI H LPEBPALICHHIT B
CILIABaX.

Paszen 5. Mexanuueckue cBolicTBa MCTAJJIOB

5.1 Yupyras u nnacruyeckas jgedopmanus. Koo duuueHTsl 11 MOJLy14 yIPYTrOCTH. Crioco0b1
ONpeeleHHs YIPYTHX KOHCTaHT. CHCTEMBbI CKONLIKCHHA B KyOMYECKHX H IEKCaroHalbHLIX
mertannax, Jlnarpammel 1eopMatni MOHO- H TONUKPUCTANIIOB.

5.2 MexaHn3Mbl IUacTuueckoil jgedopmaruu. Teopuu YIPOUHEHHA NPU JAe(opMalliy.
YrpouHeHHe B TBEpABIX PacTBOpax. YIPOUHEHHE BTOPOH (hazpl. BrnusHue rpaiuil 3epeH H
cy63epen Ha YIPOYHEHHE B TIOJHKPUCTALIC. 3aBHCHMOCTE MEXaIMICCKHX CBOWMCTB OT COCTaBa B
JBOIHBIX CHCTEMAX.



5.3 Paspymiennre. MeXaHH3MBl XPYIKOTO M BS3KOTO pa3pylIeHHs M CTPOCHHE H3IOMOB.
Tlepexofl OT BS3KOTO pPaspyLiCHHs K XPYnKoMy. XJanHonoMKkocTh. CTanapTHBIE METO/bL
MEXaHMYECKHX HCIbITaHMi. MCnpiTaHus Ha pacTsDKEHHWE M CxKarve. VICTHHHBIE AuarpaMMel
nedopmanuy. Mcnpitanns Ha M3rHO W KpydeHHe — 00IacTH MpuMeHeHHs. XapaKTepHCTHKH
TBEPJOCTH.

5.4 YnapHas BS3KOCTb. XapaKTEPHCTHKM IUIACTHYHOCTH M BA3KOCTH Pa3spyLICHHSL
KoHcTpykTHBHAS IIPOYHOCTD.

5.5 Yapoupounocts. VCIbITaHus HA 11013y4eCTh H PEIAKCalMIO HANPsKCHNH. MexaHn3mbl
nehopMaLMK M pa3pyLIeHus 1Py [103y4ecTH. Jimurenbras npouHocts. Tpedosanus k CTpyKType
CTITABOB ¢ BBICOKOI 5KapoTpOuHOCTEIO. YCTaloCTh, CTPYKTYPHBIE MEXaHH3MBI, BinsHue cpenbl
Ha TPOIECCHl PA3PYLICHHSL.

Paszen 6. OCHOBbI TEpMHUYECKOH 00paboTKH

Knaccupukaums — BHAOB  TepMuyeckoii  oOpaGoTku.  T'OMOTEHM3AIMOHHBIH  OTXKHT.
JIOpeKpHCTAIIN3AIMOHHBIA  H  PEKPHCTANIM3AIMORHBIH  OTKHUI. OTXKHUI JUld  YMECHBLICHHS
OCTATOMHBIX HANpsKeHuil. 3akanka, crapenue H OTmyck. Tepmomexanuueckas obpaborka.
Xumuko-Tepmuteckas 00paborka. CylIHOCTE M HasHauenue Kaxkaoro BHAA TEPMHUCCKOI
06paboTKH, OCHOBHBIC 3aKOHOMEPHOCTH U3MEHECHHUS CTPYKTYPBI M CBOHCTB.

Pasnen 7. MeToabl H3y4eHHsI MUKPOCTPYKTYPbI H (pa30BOI0 COCTOSAHHS

7.1 CBeroBas M 7/EKTPOHHAst MHKPOCKOMHs (pacTpoBas M TpocBeunBaroiias). MeTojpl
JIOKaJIBHOIO XMMUYECKOT'0 aHalu3a.

7.2 PenrreHorpaduueckuii u s1ekTpoHHOTpaduuecKkuil (asoBblil aHAINS,

Paznen 8. Kpucrammnsanus u CTPOCHHE JIUTHIX CIUIABOB

8.1 JlennpurHas QMKBalUKs, AHAIH3 HEPABHOBECHOHM KPHCTAILIN3ALMK B JIBOMHBIX CHCTEMaX
¢ HEIpepLIBHBIM PAJOM TBEpABIX DPACTBOPOB M OBTeKTHUecKoro Tuma. besanddysnonnas
KPUCTAUIH3ALIHA.

8.2 DBrexTHuecKas KpucTammsamus. CTpoeHHe IBTEKTHUECKUX KOJIOHHI.

Pasgen 9. LipeTHBIE METAIILL H CIUIABLI

9.1 AmOMMHMI, MarHwii, THTaH, Me/b, HHKCEIb, LIMHK, CBHICI], OJIOBO; HX CTPYKTYpa,
CBOMCTBA M 00JIaCTH IPUMEHEHHSI.

9.2 XapakTepHCTHKa OCHOBHBIX TIDYNIl NPOMBILUICHHBIX LBETHBIX CIUIaBOB Hd OCHOBC
QIIFOMMHUS, MATHHSA, THTAHA, ME(H, HUKCIIS, IIHHKA, CBHHLA U 0J10Ba. OCODEHHOCTH XHMHYECKOTO
1 (pa30BOrO cOCTaBa M TepMUUecKoli 0GpaboTku, coicta, Mapkuposka no 'OCTy u obnacTu
NPUMEHEHHNA.

Pazzen 10. TyromiaBkue METauIbl H CIUIABBI

OcoGEHHOCTH CTPOEHMsi M CBOICTBA TYroOILIABKMX MeTamios. BsaumoaeicrBue ¢
okpyxatomeil cpemoit. IIpo6nema xnagmnonoMkoctd. Hanpapienus nerupoBaHus H o0NacTH
HPUMCHEHMUA.

PekoMenoBaHHas aMTepaTypa

OcHOBHas UTEparTypa.

1. Metannosesenue. B 2 Tomax. [Toa pegakuueit B.C. 3os0topesckoro, M., MUCuC, 2014.

2. Konauer B.A., JTuganos B.A., Enarnn B.M. Metannoseenue n TepMuueckas oOpaboTka
[[BETHBIX MeTaJIoB 1 ciuiaos. M., MUCuC, 2005.

3. Bonoropesckuil. B.C. Mexauunyeckue cBoHcTsa MeTamnos. M., Meramnypras, 1998.

JlomonHUTENbHAS TUTEpATypa.

1. 3axapos A.M. JluarpaMMel COCTOSIHHs ABOHHBIX M TPOHHBIX CHCTEM. M.: Metannyprus
Tom: 1990.

2. Vmanckuii 81.C., Cxaxos I0.A. ®usuka Metamios. M., Atomussar, 1978.

3. Hosukos W.H., Pozun K.M. Kpucraniorpadus u 1edeKThl KpUCTaITMUECKOH peleTky. M.,
Meramnyprus, 1990.

4. Hosukos M. U. Teopus Tepmudeckoit o6paborku Metannos. M., MeTamyprus, 1986.



5. Jlupmmr B.I'., Kpamoumn B.C., Jlunenxuit S1.JI. dusndeckue CBOHCTBAa METAUIOB H
crnaBoB. M., Meramnyprus, 1980.

6. Kpucramiorpadus, penrrenorpadis i JIeKTPOHHAsS MHKpockonus. ABT.: Ymanckui 5.C.,
Ckaxos 10.A., Mpanos A.H., Pacropryes JL.H.. M., Merannyprus, 1982.

YACTD 2. METAJITYPT U] YEPHBIX METAJLJIOB

Passen 1. OBIpie BONPOCH! IIPOU3BOICTBA YEPHBIX METAIIOB M cryiasos /1a, 16/

Hcropus M poJib METAUIYPrHH B Pa3BUTHH UMBHIM3aLKHH. COBPEMEHHOE COCTOSIHHE H ITyTH
Pa3sBHTHA METAUIYPrHYCCKOrO MPOM3BOACTBA. TEeXHOJOTHYECKasd CXEMa COBPEMEHHOrO
METaJUIyPrHYECKOTO MPEANPHATHA C TIOJHBIM TEXHOJIOTHYECKHM HIHKIIOM.

Pa3nesn 2. IToxroroska py/ K IIaBKE U IPOU3BOACTBO uyryHa /la, 16/

2.1. Culpble MaTepuaiibl, NPUMEHsEMbIE IIPH [IPOU3BOJACTBE YEPHBIX META/LIOB. JKenesnbie
PYZBL: ONPEENICHHE, KIacCHpUKaIHs, OLICHKA KaueCTBa.

2.2. IToaroToBKa sKeJIE3HbIX Py K JOMEHHOI IIaBKe. ATJIoMepaLusl.

2.4. TTpodmas nomMeHHOH reyr. OCHOBHOE H BCIIOMOTATENLHOE 000pyAOBaHHE.

2.5. JloMeHHsI# nporiecc. BoccTaHORICHHE OKCHJIOB B JIOMEHHOI 1ieun. OBpasoBaHue 4yryHa
H IIaKa.

Pasgen 3. [IpousBonctso cranu /la, 26, 30/

3.1. Knaccudukamus craneil. Bamsnme cocraBa Ha Kadecrso craud.  CymHocts
CTalIer1aBuIIbHOrO Npon3BoAcTBa. Criocodbl IPOH3BOACTBA CTANH.

3.2. OcHOBHBIE peaKIWy CTaNennaBuibHoro nponssosncTea. lllnakoodpasosanue. Coctas u
CBOIfCTBA CTAJIEILIABHIbHBIX IIJIAKOB M UX POJIb B TEXHOJIOTHYECKOM IIPOLIECCE.

3.3. Marepuannpl, HCHOJIb3yeMble IPH TPOH3BOACTBE CTAH: CTPYKTYpa M  COCTaB
METAJIOUINXTE, WCTOYHHKM KHCOpOJa, uuiakooOpasyrommne marepuainl. Tpebosamus K
IIMXTOBBIM MaTCPHATaM U TEXHOJIOTHH, HCTIONbB3YEMbI€ ISk HOATOTOBKH MX K ILIaBKC.

3.4, KoHBepTepHOE MPOH3BOACTBO cTald. OfLiee YCTPOHCTBO OCHOBHOTO 00OpYHOBaHHA.
HopMaTHBHBII UK KOHBEPTEPHOI MIABKH.

3.7. MapTeHOBCKOE IPOM3BO/ICTBO cTaai. CXema paboThl H yCTPOHCTBO OCHOBHBIX 2/IEMEHTOR
MapTeHoBCckoil meyn. Cxema paboThl H 0COOCHHOCTH TEXHOTIOTHH BBIIUIABKH CTalIH.

3.8. DaeKkTpocTalenIaBuIbHOe Mpou3BoAcTBO. Knaccu@ukammsa crnocoboB NPOH3BOICTBA
CTAJIM C MCIIONB30BAHMEM NIEKTPHUECKOH SHEPIHH. Y CTPOHCTBO JyTOBBIX dJIEKTPOIIEYeH.

3.9. MeToas! BLILIABKH CTAIH B OCHOBHOM IYTOBOH 2nekTponedn. Ileperuias TerupoBaHHBIX
OTX0J10B B IyroBoi rnedn. OCHOBHBIE MEPHO/IBI MJTABKH, X 3a/[a4H.

3.10. Baeneunas o6paborka cranu. Llenn n MmeTo 61 006paboTku. PackucneHne 1 Jernposanye
ctand B Kopmie. Crnoco0bl OTCEUKH IIUIAKa IO XOAY BBLIIYCKa METajula M3 CTalenaaBHIbHOrO
arperata. IIpiMeHeHne HeHTPaJIbHbIX Ta30B /A 06pabOoTKH XKHJIKOH CTAIM B KOBIIE,

3.11. Jecyabpypaumsi Craad ¢ MCHONb30BAHMEM CHHTETHUECKHMX LLUIAKOB, TBEPIBIX H
T0POIIKOOOpa3HEIX cMecer. Brauanue 00padoTKH Ha KauyeCTBO FOTOBOTO METANNA.

3.12. BakyyMHpOBAaHHE KHJKOH CTaly B KOBIIE: CIIOCOOBI M TEXHOJNOTHH, MPHMCHACMOC
oGopynoBanue. BIMAHHME BakyyMHUPOBAHMS HA KauyecTBO rorosoro meramia. Komiuiekchas
006paboTKa KUAKOH CTalld B KOBILE.

3.14. HenpepblBHbIE CTaJCIUIAaBUIIBHBIC IPOLECCHI: BAPHAHTBI TEXHOJIOIMYECKHX CXEM H
npuMensieMoro 06opyaosanus. COBPEMEHHOE COCTOSHUE H [1EPCINEKTHBbI PA3BUTH.

Paszen 4. Tlonyuenue CIUTKOB 1 JIMTBIX 3arOTOROK YEPHBIX METAIIOB /1a/

4.1. O6opyoBadue /uist pasiuBky cTaan. Crioco0bl pa3iMBKHU CTalH. CpaBHeHHe [10Ka3aTesen
pa3NUBKH CBEPXY H CH()OHOM.

4.2. CTpykTypa cranbHoro ciutka. Kpucrammmueckas W XHMHUUECKas HCOAHOPOIHOCTE.
SlBileHHE yCallKH.

4.3, HenpepeigHast pa3muBKa cTalu. TeXHOMTOTHS H IPEHMYUIECTBA HETIPEpPBIBHON Pa3iIMBKH.
BHJIH MAluHH Henpepbmnoro JIUTHS 3arOTOBOK.



Pexomenyemas nuTeparypa

a) OCHOBHas IUTEpaTypa

la. BockoGoiinnkor B.I". u ap. O6was meramryprus. - M.: Merannyprus, 1995, - 480 c.

0) IonoIHUTENIbHAsA JIHTEPATypa

16. Meramnyprus uyryna / Iox pen. 10.C. HOcuna. - M.: Axanemkuura, 2005. — 628 c.

26. Tososouxui J[.SI. Pommn B.D., Peicc M.A. u ap. DneKTpOMETAIIyprusi CTajd H
¢eppociuiasos. - M.: Metamnyprus, 1984. — 567 c.

36. KaGnykosckuii A.®., Momvyano O.E., Kabnyxorckas M.A. Kparkuii cripaBodHuK
anektpocraiesapa. - M.: Meramnyprus, 1994, - 352 c.

YACTD 3. METAJLTYPTUS HBETHBIX U PEAKUX METAJLJIOB

Paszen 1. OcHoBsl rHapoMeTaypriudecknx npoueccos (TTpoussozacTso 3omora) /1a/

1.1 Knaccubukanus METa/UTyprudecKux mporeccoB. CTpaHbl — OCHOBHBIC MPOH3BOJUTEIN
3010Ta, McTOpHs CO3[aHMs [POM3BOACTBA 3010Ta. VICTOUHMKM ChIpbs Ul NPOM3BOJCTBA
OnaropoaHbix MeTasnoB. POpMEI HaX0XKIECHH 30J10Ta B CBIPbE.

1.2 Jlo6bIua pyjisl ¥ HOJrOTOBKA €€ K 1epepaboTke I'paBUTAIMOHHEIE CIIOCOOB! H3BIIEUEHUS
30J10Ta U3 pyJbl. AMaJIbraMallMOHHOE H3BJIEUEHHE 30J10Ta U3 PYJIBL

1.3 IuanupoBauue 3o010Tocofepkamux  pyd. OOopyroBanue is — MPOBEACHHUA
THIPOMETAUTYPTHYECKHX MPOLIECCOB Bhljie/eHHEe 30J10Ta W3 IMAHUCTBIX pacTBOpoB. TexHuka
Ge3onacHOCTH Npy paboTe ¢ UHAHHIAMH.

1.4, Adduuaxk [paroueHHBIX METANNOB. OJJNEKTPOIH3  30JI0TO-CepeOPAHBIX  CIIIABOB.
AHOJIHBI ¥ KaToHbIH nipouecchl. KOHCTPYKIMs IeKTPOIN3HONH BaHHBl. OCHOBHBIE TEXHHKO-
IKOHOMHYECKHE TTOKA3aTeIH MIeKTpoan3a. O0mue 3aTpaThl pecypcoB Ha IPOU3BOICTBO 30J10Ta
U3 PYABI.

Pasnen 2. OxuciirensHas mupomerautyprus ([Ipoussoncrso memn) /1a/

2.1 Vcropust pa3BUTHs NMHPOMETAUTYPTHH MeTannypruu Meau. CeoiicTsa MeIH H OCHOBHLIC
obnactu npumenenus. O6bemel npousBojacTBa. (POPMBI HAXOXKAECHHA MEAH B 3E€MHOH KOpe.
Knapk meau. Meanbie MecToposkieHus. Jlodprda MeiHOH pybl. Me/HbIe KOHIIEHTPATHI.

2.2 OcHOBHbIE XHMHYECKHE B3aHMOJCHCTBHMS IPH MHPOMETALTYprHYeCKOH IepepaboTke
chipbs. OGKUT U MUIABKA MEIHBIX KOHIIEHTPATOR HA LUTEHH.

2.3 I1poayKThl OKMCIHTENBHON IUIABKH CyIb(QHIHBIX KOHLEHTPATOB M IIPUHLMIIBI PAOOTHI
IUIABHJIBHBIX arperatoB. OKHCIHTENbHOE KOHBEPTHPOBAHHE MEIHBIX INTEHHOB. YTHIM3aLMs
CEPHUCTHIX OTXOJALINX I'a30B.

2.4 DnexrponuTHyeckoe patdunuposanne mean. OCHOBHBIC 3JICKTPOXHMHUYCCKHE PEaKLHH.
KOoHCTpyKUHMA 2NEKTPOIM3HON BAHHDL.

Pasnen 3. BoccranosurenbHas nupomerautyprus (IponssoscTeo cunLa) /1a/

3.1 CripbeBas 6a3za CBHHIIOBOIO IPOM3BOACTBA U II0TPEOJICHHE CBHHIIA, Buiibl XUMH4ECKHX

COCIHHEHHH CBUHIIA B ChIpbe. TEOpETHYECKHE OCHOBBI BOCCTAHOBUTCILHON CBHHIIOBOM MIABKH.

3.2ArIOMepHPYIOIINIT  OKHCIIHTEIBHBIT  00KHI  KOHIlEHTpara. XHMMHYECKHE peaKIHu
ariiomepaunu. KoHCTpyKIMs ariioMallHHbl.

3.3 XuMHUeCcKHe PeaKluH OMyYeHHs YepHOBOrO CBUHIIA M NPUHLMII pa0OTLI IHAaXTHOH TIETH.
I[Ipsimas nepepaboTKa Cynb(GUAHOIO KOHLEHTPaTa Ha YEPHOBO# CBHHEL,.

3.4 PaduHupOBaHME YEPHOBOIO CBHHLA OT pasHOOOpasHblXx npumeceil. OGpasopaHue M
ylaleHHe TPOMIPOAYKTOB, aKKYMYJHpYIOUWX —mnpumeced. BosaeicTBne  CBHHIOBOrO
[IPOM3BO/ICTBA HA OKPYIKAIOLLYIO CPELy.

Pasgen 4. DnexrpomeTatyprus ([IpoH3BOACTBO AMIOMHHHESA) /2a/

4.1 CpoiicTBa aiOMHHHS W €ro IpUMeHenre. MuHepanbHble HCTOUHHKH JITA MPOU3BOJACTBA
AMIOMHHMS, XMMHYECKHUC COCIMHCHHS IIOMHUHHUS B pylax. DJIEKTPOXMMHUYCCKHE MPONECCH
MOTYYCHUS METAJUTHYECKOTO aTIOMHHH.

4.2 TIponssojcTBO rMHO3eMa crocobom Baiiepa. Bellienavnsanne OOKCHTOB HICTIOYHBIMH
pactsopamu. OCHOBHBIE PEaKI[HH, IOBE/IEHHE IPUMECEH.



4.3 OGopynoBanue sl CNEKaHMA M BbIUIETAUHBaHUs. ICKTPOIHTHYECKOC MOIYyICHHE
META/UINYECKOro amoMiuHuA. KpHonUT-rInHO3eMHBIE PAaCcIIaBbl.

4.4 KOHCTPYKLHMS 2JIEKTPOIM3EPOB M IIPHHIMI MX paboThl. AHOAHBIA 3 exT. Pacxon anoior
¥ moTpebaeHne AMeKTpuyuecTBa. BosaeiicTBHe allOMHHHEBOTO NPOM3BOJACTBA HA OKPYKAIOLIYyIO
cpeay

Paszen 5. TIpoussoactso Bonbgpama /a /

5.1. Knaccudukarus peakux Metanios. Oco0eHHOCTH TEXHOIOTHYECKHUX CXCM NPOM3BOACTBA
pexknx Mmeramios. OCHOBHBIE CBOiicTBAa Boib(pama u obiacTd npumeHeHus. Munepaisr n
MECTOPOXK/ACHHs BOJb(pamMa. BCKpbITHE MIESTMTOBBLIX M BOJb(PAMUTOBLIX KOHLEHTPATOB
[EOYHBIMH peareHTaMu. AnmapaTypHoe o)opMIeHHE MPOLECCOB.

5.2. IlepepaGoTKa NPOJYKTOB BCKPBITHs KOHLCHTPATOB, OYMCTKA PACTBOPOB OT NPHMECCH.
CriocoGbl I0ydeHHs BojbPPaMOBOH KMCIOTbI, apaBo/ib(pamara aMMOHHs i BOJIL(PaMOBOro
aHTHAPHIA.

5.3. TexuHosnorus mpousBojicTBa Iopomka Boib(pama. IIponsBoJCTBO KOMIIAKTHOIO
iacTHuHOro Bois(pama. IlonydeHne kpylHOraGapuTHBIX CIMTKOB BOJb(paMa d1eKTPOHHO-
Ny4eBON W AYTOBOH BaKYyMHO¥ TIIaBKOH.

Paszen 6. [IpouseojctBo MonbieHa /a /

6.1.OcHoBHbIE CcBOMcTBa MonnbigeHa u obnactd npuMeHeHHs. Muuepanbl monuOaeHa H
MecTopoxcaenns. Crocofbl nepepaboTKH  MONMOJCHUTOBBIX — KOHIEHTPaToB. [Tomyuenue
MOJIHOIEHHTOBBIX OrapkoB. ArmaparypHoe odopMieHHe HpoueccoB. Boiienenue mounbieHa
M3 aMMHAuHBIX pacTBOpob. Ilomydense MommGneHoBoro —amrmapupa. Ilpoussoacrso
MOJIMOIEHOBOrO MOPOTIKA H KOMIAKTHBIX H3/ICIHI.

Pasjen 7. TTpou3BOACTBO TaHTala 1 HHOOUS /a/

7.1. OcHoBHEBIC CBOHCTBA TaHTala M HHOOHs, 00NacTH NpHUMeHEHHs. MHUIEPaIbHOE CHIPhE H
MECTOPOKIEHNs TanTana n Hnodns. IlepepaboTka TaHTAIMT-KOIYMOUTOBBIX KOHLCHTPATOB
Pa3JI0KEHHEM [LIABHUKOBOH KHCII0TOH, BCKpBITHE J1011aPUTOBBIX KOHLIECHTPATOB XJIOPHPOBAHHEM.

BapuanTbl KOH/ICHCAIHH XJIOPHI0B. ANIapaTypHoe 0(OpMIICHHE IIPOLECCOB.

7.2. TlepepaboTka NPOAYKTOB BCKPHITHA KOHNIEHTPaToB. Pasjenenue TaHTana u HHOOHA U
ouMCTKa OT HpuMeceii. TeXHOJIOrus [0y eH s MeTAJLIMYECKOTO TAHTAIA i HHOOMSL.

Pasnen 8. Mera/uyprus THTaHa W LUHPKOHHSA /a/

8.1. OcHoBHbIE cBojicTBa M 00JacTH TpPHUMEHEHHs., XapakTepUCTHKAa pPYJIHOTO ChIPbA.
BoccTaHoBUTEIbHAS [1aBKA MIBMEHHTOBOIO KOHLEHTpaTa. XJIOPUPOBAHME TUTAHOBBIX LIJIAKOB,
KOHJICHCAIIMS XJIOPUIOB. Ammaparyphoe ohopMeHHe mnpoueccoB. OYHCTKa TEXHHUECKOTO
TeTpax/JIopHia THTaHa. MarHHeTepMUIECKOe BOCCTAHOBICHHE TeTPax/Iopu/ia THTaHa. Hoamroe
paMHUpOBAHHE THTAHA W N0JIy4EHUE KOMIAKTHOrO MeTalla.

8.2. CnocoObl BCKPBITHA LMPKOHOBBIX KOHLEHTPaToB. BapHaHTbl pasieaeHus LHPKOHUA U
raguyug. MarHueTepMUUICCKHI H IEKTPOIMTHUCCKHHA CHOCODBI MOTYYeHUS METaJLIHYECKOro
uupkonus. TexHonorus paduHUPOBAHMS LIHPKOHHS.

Paznen 9. MeTannyprus paccesHHbIX PEAKHX METaioB /a /

9.1. Kiaccudukaius pacCeAHHBIX PEAKHX METAUIOB. MX Xapakrepucruka. lIpumepsr
NOIYTHOTO W3BIEYEHHs PACCESHHBIX META/IOB B Npouecce 1epepaboTKH LUBETHBIX METAILIOB U
OTXOJ0B APYruX NpousBojcTB. OCHOBHBIE CBOHCTBA TEPMaHHA H €TO coeannennid. Obnactn
NpUMeHEHNs. Vi3BIIeueH e repMaHHsl M3 PasiudHbIX BUJIOB ChIPbsi. CIIOCOOB! OUHCTKH FepMaHMs
OT MpUMeCeH.

9.2. CgoiicTea ¥ obnacty npumenenus raamua. [lonyuenne raJineBoro XOHIEHTPATA MPH
IPOM3BOACTBE ANOMUHMA. [oJTydyeH e MeTAILIMYECKOrO Ta/lns U crroco0bl ero pahHHUPOBAHMSL.

Paszgen 10. MeTautyprus paiHoakTHBHEIX M PeIKO3EMEIIBHBIX MCTAIIIOB

10.1 Postb panroakTHEHEIX 1 P3M B COBPEMCHHOM MHPE U B PAa3BUTHH aTOMHOH 3HEPreTHKH,
sHeprernueckas 6esonacHocTs Poccuu; TpeDoBaHHs, NPEABABIAEMBIE K ITHM METajliaMm,
0co0eHHOCTH HX MPOM3BOACTBA, OCHOBHBIC MPOAYLEHTLHI B MHpE U P®. Muuepansl, pyasl U
KOHIIGHTPATB! ypaHa, KHCIOTHBIC M MIETOYHBIC CHNOCOOBI BCKPBITHA, OCHOBHBIC Ammaparsl,
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TexHHKa 0E30MACHOCTH ¢ paJIMOAKTHBHLIMH MaTepHagaMy. MuUHepalbl, pyabl ¥ KOHUEHTPATEI
P3M, ocHOBHEIE CIIOCOOLI BCKPBLITHS, HEOOX0AUMOCTh KOMIIIEKCHOTO HCTIONL30BAHHS CRIPbAL.

10.2 DKCTPaKIMOHHbIE W COPOLMOHHBIE CIIOCOOBI BbIAEJICHHS YpaHa U3 ILIYJIbIl, COBpEMCHHOE
anmapatypHoe 0(GopMICHHE IPOIECCOB, 00E3BPEKUBAHNUE U YIATICHHE XBOCTOB, 9KOJIOTHICCKHE
npo6emsl. TlepepaboTka IPOLYKTOB BCKPHITHA MHHEPATBHOTO Chipbsi P3M, npenBapuTebnoe
MX pas[eleHHe HAa OTAENBHBIE TPYIIBL. JKCTPAKLUHOHHBIC auHaKHbIe OINEpaluu s
NOIydeHUSA COENMHEHMH ypaHa sfepHOH cTemenH uHCTOTHL. OCHOBBI Pa3lelNHTCIBHBIX
TIPOLIECCOB [IPH MOJIYIEHHEe HHAMBUyalbHBIX P3M.

10.3 Texuosorusi nonyuesus okcuiaos, (Gropuaos, xiopuuos ypana u P3M. Ocuosbl
METATOTEPMHYECKOTO BOCCTAHOBJICHHS BBICOKOAKTHBHBIX METANNIOB; MONYICHHE ypaHa P3M.

PexomeHyemas nureparypa

1. A.B.Tapacos, H.W.VTkun. Texnonorns useTHoi merannyprun. — M.: Merannyprits, 1999.

2. B.M.Mockeurun, M.B.Huxkonaes, b.A.®omud., Meramiyprus JICTKHX METaJUIOB. —
M.: Unrepmer UnkuHupHHT, 2005

3. 3emmkman A.H., Kopuryros B.I'. Meramnyprust penknx metamios. — M.: Merannyprus,
1951 ;

4. Kotasp 10.A., Crpuwxxko JI.C. Merautyprus 61aropoanbix merannos. B 2-x romax, M.:
Pyna u metannel, 2005

5. Pejkue H paccesiHHbIE dJeMEHTHL. XuMHs i TexHonorus. Kaura 1: Y4eOHHK s BY30B
/Koposun C.C., 3umuna I'.B., Pezunk A.M. u 1p. M.: MUCuC, 1996.

6. Typaes H.C., XKepuu .M. Xumus u Texuonorus ypana. M.: Msgarenbckuit 1om «Pynan
MeTaitei»,2006.

7. AW Muxaitmuuenxo, E.B.Muxmun, 10.B.Ilatpukees PeakoszeMelbHBIe METaUIBL - M.:
Merannyprus, 1987

YACTD 4. JUTEMHOE IMPOU3BOJICTBO

Pasnen 1. TeopernyecKHe OCHOBBI JIMTEHHOIO IIPOM3BOACTBA

1.1 JluTeiinple cBojicTBa cruaBoB. CBA3L JIHTEHHBIX CBOHCTB ¢  (DU3HYCCKHMH H
(H3NKO-XUMHUCCKIMH XapaKTEPHCTHKAMH.

1.2 PoJib OBEPXHOCTHBIX SIBJIEHHH B IIPOLIECCE MPON3BOJCTBA OTIIMBOK.

1.3 BsaumopeiicTBHE pacmnaBoB ¢ razaMu. CHCTEMBI KMC/IOPO, - METaNl, BOAOPOA - METal,
a30T - MeTayt. KuHeTnka o6pa3oBaHms M Pa3sBUTHsA Ta30BbIX Ty3bIPCH.

1.4 HeMerannuueckue BKIIOYEHHs, WX Kiaccupukanusa. MCTOUHHKM M KHHETHKA
oGpazoBanus BKIOUeHnil. PaguuupoBanue muiakoM, Quiocamu, (QUIbTpPaLHEH, NpPOLYBKOH
ra3amu M Jp.

1.5 Bus! MoguduipoBanus. MoanduKaTope, HX KIaccH(QUKaUHs U CBOHCTBA.

1.6 3amonHeHHe JUTeHHbIX GopM. XapakTep MECTAIUNIMYCCKHX MTOTOKOB B PEATbHBIX JTHTCHHBIX
dopmax. [IpuHIMINAIBHBIE OCHOBBI KOHCTPYHPOBAHHS M PAcUeTa JIMTHUKOBBIX CHCTCM.

1.7 TemsoBble ycioBHs 3aTBepAEBaHMs OTAMBOK. Mcrmons3oBanue T€OpUH KpUCTAUIM3ALHH
1S pEeryIUPOBAaHHA CTPYKTYPEI cTilaBa. PopMHUpOBaHHE CTPYKTYPHBIX 30H B OTIIHBKE. Bnusnue
TEIUIO-QU3MYECKUX  CBOMCTB  JMTCiHON  (QOpMBbI, BO3JICHCTBHE OCHOBHBIX IAPAMETPOB
TEXHOJOrM4eCKOro rnpouecca.

1.8 JInkBauus B oTAMBKax. MeTos! GOpEOLI € OTPHLATEILHBIMH NOCTCCTBHUAMH JTHKBALIHIA.

1.9 Ycajounble sBjIeHUs TPH 3aTBepreBaHui OTIMBKH. Crioco0bl BBIBEJCHMS YCa104HBIX
pakoByH H3 paGoueii yacTH oTIUBOK. [IpHOBLIH, HX MECTOPACIIONOKEHHE H dopma. [TpHHUIHUIIL]
pacuera NpuobLIN.

1.10 JIuneiinas ycanka OmIMBKUA. M3MeHeHHE IIACTHYECKHX M IPOYHOCTHBIX CBOIICTB
MeTallTa [0 Mepe €ro OXJaAeHHs. TpeliuHbl, BO3HHKAIOMIME MPH BBICOKHX TCMICpaTypax
(«ropsune TpelHHbI»). Pa3BHTHE B OTIMBKAX YCA/I0YHbIX HAMPAKEHHIT 1 00pa3oBaHHE TPEILHH
NIpH [IOHHKEHHBIX TEMIIEPATYPax («XONOIHBIE TPELMHBD)). MEeTOIbI NPETYTIPEKICHIS TPEIHH
M YMEHBLCHUS OCTATOUHBIX HANPAKEHHIL.
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1.11 DopMHpOBaHKe MOBEPXHOCTH OTIHBKH, Pa3BHTHE NpUrapa. MUKpopelbe( MoBepXHOCTH
oTnuBkH. [Ipurap, kiiaccnduKanus ero BUI0B.

Pa3zen 2. TeXHOIOTHYECKHE OCHOBBI JIMTEHHOIO IIPOH3BOACTBA

2.1 WsrotoBnenre oOTAMBOK B pa3oBbix (popmax. CoBpeMeHHBlE TpeOOBaHHA K
KOHCTPYMPOBAHHUIO M IPUMEHECHHIO MOZICTBHO-0TIOYHOH OCHACTKH K (JOPMOBOUHBIM MaTepHaIaM
M CMecSIM JUIA OOECIeYEeHHUs BBICOKOIO KAa4yeCTBa OTJIMBOK, CHMIKEHHS HMX Ce0eCTOMMOCTH.
Perenepanus oTpaGoTanusix cMmeced. CoBpeMeHHbIe criocodbl popMoobpasopanus. OCHOBHEIE
HallpaBJICHNs] B PA3BUTHH CIIOCOOOB H3rOTORJIEHUS CTEPKHEI.

2.2 OcoOEHHOCTH KOHCTPYKLMH M pacyera JMTHUKOBO-IIMTAIOLMX CUCTEM /I [OJ1y4eHUst
OTJIMBOK M3 Pa3lIMUHBIX CTUIABOB B PasoBbIX (popMax. KOHTpOJIb KauecTBa OTIHBOK.

2.3 Jlutbe B 00010uKOBBIE (HOPMBI 1 110 BBILIABIIEMBIM MOJIe/IAM. CBONCTBA 110J1y4aeMbIX
OTJIUBOK U 00J1aCTh MX IPHMEHEHHSL.

2.4 JIuTbe B KOKHIL.

2.5 JIurwe noj naeicHueM. CBOMCTBA U XapaKTePHbIC JICPEKThI OTIHBOK.

2.6 LlentpobesxkHoe nuThe. Paznnunbie cxembl TeXHONOrHYeckoro npouecca. OcobeHHoCTH
3aTBEP/ACBAHNS OTIIMBOK B MOJIE LIEHTPOOEIKHBIX CHIT.

2.7 IlonyHernpeprIBHOE JINThE CIIMTKOB H 10JIBIX M3Jieaui (Tpy0). CTOMKOCTH METAINIMYECKUX
dopm (xoxueH, GopM NUTb 1101 JABIEHHEM, H310KHHL M JP.).

2.8 CrneupaJpHble BHALI  M3TOTOBJICHHS OTJIMBOK: META/UTYPIHUECKHX  H3JIOKHHL 1
IIPOKATHBIX BAJIKOB.

Pa3jen 3. TIpou3BO/JICTBO UYTYHHBIX H CTa/IbHBIX OTJIHBOK

3.1 Knaccuuxaius pOMBILIICHHBIX SKE1€30-yTIEePOAUCTEIX JIHTCHHBIX CIUIABOB 10 COCTABY
u cTpykType. IlepBuuHas U BropuuHas KPUCTAIM3ALHs YyT'YHa M CTaM B IMTEHHBIX (opmax.
BausHMe XMMHUYECKOTO COCTaBd, TEPMOBpEMCHHOH 00pabOTKH, YyCNOBHH OXJakICHHUS,
MOZM(UIMpOBaHUs U Jp. (pakTopoB HAa (HOPMHMPOBAHHWE CTPYKTYPLI CTAJbHBIX M UYTyHHBIX
oriusok. CoBpeMeHHbIe IpeAcTaBieHus o npouecce rpadurusanuu, CTpyKTYpHBIE MarpaMMbl
M BBIOOp cOCTaBa uyryHa Juis OTIHBOK. JIuTeiinple cBolicTBa. CTPYKTYpPHO-4yBCTBUTE/ILHEIE
CBOICTBA JKUIKOTO YKEJI€3a U €ro CrjiazoB (BI3KOCTh, MOBEPXHOCTHOE HATAKCHHE, TUIOTHOCTD U
1p.) - XKuKoTeKydecTs UyryHOB U CTajel, OCHOBHBIE (pakTOphl e¢ onpeaenstoume. OdbemHast u
JHHeHHas ycaika, cBOOOHAs U 3aTpyIHEHHASL.

3.2 OTIMBKM M3 KOHCTPYKIIHOHHBIX HEJIECIMPOBAHHBIX CTalci. TEXHOJOrHs BBIILJIABKH
YLJIEPOAMCTBIX CTalleil JUIsl OTJIMBOK B PAa3/MUHbIX [UIABHIIbHBIX arperarax.

3.3 OTIMBKM M3 KOHCTPYKLHOHHBIX JICTHPOBAHHEIX cTaNel, UX cocTas M cBoicTBa. ObmacTs
npumeHeHHs. OCOOEHHOCTH TEXHOIOTUH BbIIIABKH CTAJICH M M3rOTOBJICHUS OTJIMBOK.

3.4 OT1aMBKM M3 BBICOKOJIErMPOBAHHBIX cTajel. OCHOBHbLIE NPHHLMIIbI IETHPOBAHUS U I1YTH
CHMKEHHs pacxoja Je(DHUHUTHBIX JIeTHPYIOIIMX MaTepHanoB. BrlmiaBka BEICOKONEIHPOBAHHBIX
crajicil U8 OTIMBOK, HCIIOJIL30BAHNE OTXO/IOB H JIoMa. KOppo3HOHHOCTOHKHE, KapOIPOYHbIE U
apocToiikue cTand. M3HOCOCTOMKAs BLICOKOIErHPOBAHHAS MapraHiem cranb. OCHOBHbIE
cnyskeOHbIe M TEXHOIOTHYECKHE CBOMCTBA BRICOKOICTHPOBAHHEIX cTaneh JUis OTANBOK. MeToIb!
[0JIYUEHUS. OTIMBOK € AH(EpCHIMPOBAHHBIMHE CBOHCTBAMH. (DH3HKO-XHMHYECKHE OCHOBBI
HOJIYYEHHs! IBYXCIIOHHDBIX OTJIMBOK.

3.5 OTIMBKM M3 CEPOro 4yryHa ¢ [UIaCTHH4YaThiM rpadutom. Moanduimposanne ©
jernpopanue yyryna. OCOBEHHOCTH H3TOTOBJICHHS OTIHBOK U3 CEPOrO YyryHa, 00yCIIOBICHHEIC
€ro TCXHOJIOTHYECKHMMH CBOHCTBAMH.

3.6 OTIUBKM W3 KOBKOTO 4yryHa, OCOOCHHOCTH MPOU3BOACTBA M 0071ACTH HX NMPHMCHCHHM.
PeskiMBl OTIKHArA OTJIMBOK JUISl TIONYUEHMsS KOBKOTO YyryHa Ha (DEPPHTHOH M Ha IHEpIMTHOMH
OCHOBE.

3.7 OTAMBKM M3 4yryHa ¢ mapoBHAHBIM rpadurom. TeopeTuveckne U TEXHOJOTHUYCCKHE
OCHOBBI II0J1y4YeHHsI BBICOKONPOUHOIO 4YyryHa. MouuQuKaTophl, WX CBOKCTBA, CIOCOOBI
sBefeHis. OTIMBKM U3 JIETHPOBAHHBIX YyTYHOB ¢ [IAPOBHIHBIM FPadHUTOM.

3.8 Ilnaeka uyryna ajis oTauBok. Ilnasuinsnele arperarsl. [IIMXTOBBIC MaTepHalbl, TOILIMBO,
duiockl,  mMpuMeHseMble Ul BBILIABKM  4yryHa.  KoOHCTpykums  COBpEMEHHBIX
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BBICOKOIIPOM3BOAMTENLHEIX BATPAHOK U TEIIOTEXHHIECKHE OCOOCHHOCTH MPOLIECCa, METO/bI CTO
unTencupuxauun. KoHtpons, perynmpoBanue H aBTOMATH3aIMA BarpaHovHOrO IMporecca.
BbliaBKka 4yryHa B O9JIEKTPOJAYTOBBIX M HHIYKIIMOHHBIX Iedax. /Jlymiekc-mpoueccel, HX
BapHalThl. BBIMIaBKa CHHTETHYECKOro, MOJAM(PULIHMPOBAHHOIO KOBKOTO M JICTHPOBAHHOIO
YyryHa.

Pazzen 4. IIpou3BOACTBO OTIIMBOK M3 LIBETHBIX META/UIOB H CIUIABOB C 0COOBIMH CBOHCTBAMM

4.1 TeXHHKO-5KOHOMHYECKHE YCIIOBHA IPHMEHEHHA OTIHMBOK U3 CIUIABOB LIBETHEIX METAIIOB
¥ BOIIPOCHI 9KOHOMHUH IIBETHOT'O ChIphs. Cr10CO0BI MOJIYUCHHS CILIABOB.

4.2 OcHOBHbIE NPOLIECCHI, IPOMCXO/AALLME NPH clutaBneHuy. Fcriapenue u KMeHne UBETHbIX
METAJIOB W CMIaBoB. [IyTH CHHKEHMS TIOTEph METalyla TMPH TJIABKe M HX KOHOMHYIECKaAs
s dexrusrocTs. CHCTEMBI — BOJOPO-METaILI, KMCIOPO/-METALI, Maphl BOJBLI-METALT U JIp.
BsauMoieliCTBHE LBETHBIX METAILIOB M CIJIaBOB ¢ (DYyTEPOBKOM IIABHIILHBIX 1e4eil, (irocamu 1
3ANUTHBEIMU TIOKPOBaMH. METOBI M CYIIHOCTh OYHCTKM METAaJIoB W crutaBoB. Hasmauenwne n
BHJ(bl MOJIM(DHIIMPOBAHHS PACILUIABOB. METO/IBI OIIGHKH KauecTBa PAcIuiaBoB. Pacyer MIMXTHI
[Tyru cHuKeHHs ceDEeCTOMMOCTH KHIAKOTO MeTaLIA.

4.3 OcoOeHHOCTH TPOW3BOJCTBA OTIWBOK W3  ANFOMHHHUEBBIX  CTUIABOB. [MTpunuumsl
JICrMPOBAHMSA AIFOMHHUEBBIX JTHTCHHBIX M 1eOPMUPYCMBIX CIIABOB. IIpOMBIIIIICHHBIE MapKu
NUTeHHbIX U AeOPMHUPYEMbIX CILIABOB, MX CBOMcTBa M 004acTh npumeHeHus. TexHOIO0rHs
nnaBku, paGUHAPOBaHHA M MOAM(UIMPOBAHHS OCHOBHBIX TPYNT TPOMBILIEHHBIX CTUIABOB.
OcoGEHHOCTH POM3BOJICTBA OTJIMBOK U3 MArHHEBBIX CIUIaBOB. OCHOBHBIE (H3HKO-XMMHYECKHE
cBoiicTBa MarHuA. Bausnue npumeceii. IIpoMBILUTeHHEIC MAPKU TUTEHHBIX H I€(POPMHPYEMBIX
crmapoB. TexHonorus mnuaBku, padUHUPOBAHMA M MOMHUMULIMPOBAHHSA OCHOBHBIX TPy
IPOMBIIUIEHHBIX  CIulaBoB. Tpebopanus K paQUHUPYIOLIHM M [OKPOBHBIM dmrocam.
Oco0eHn0oCTH H3TOTOBIEHH OTIIMBOK JIHTEEM B pa3oBble JOPMBI, B KOKHIIB, O] JaBJICHHEM.

4.4 TIpoH3BOACTBO OTIIMBOK U3 MEJHBIX CILIaBOB. OCHOBHbIE (U3NKO-XHMHYECKHE cBolicTBa
ME/IH, ONpENE/ISONIHe BbIOOP TEXHONOIMH IUIaBKM. [IpOMbILUICHHBIE MapKu JIMTCHHBIX M
neOPMHpPYEMBIX CIUIABOB, MX CBoifcTBa M 00nacTd NpHUMeHeHHs. TEXHOIOTHA TUIABKH
BECKMCIOpO/IHOIl  MeM M MeH, CoJepXKalleil Merauiueckue npumecH. PackucrieHue,
pagunupoBanne ¥ MmoxuduippoBaHne cruiaBoB. OCOOEHHOCTH TEXHOJIOTHMH H3IOTOBJICHM
OTJIMBOK M3 MEIHBIX CIIJIABOB.

4.5 1Ipou3BOJICTBO OTJIMBOK M3 HHKENCBBIX CIUIaBoB. OCHOBHBIC (PM3MKO-XMMHYECKHC
CBOJCTBA HMKEJs, ONpEAeNsolue BblOOp TEXHONOrMM ILIaBKW. [IpOMBILUIEHHBIE MapKy
TUTEHHBIX W 1epOPMHPYEMBIX CTUIABOB. TeXHOJIOTHA TUTaBKH TPYNI NMPOMBIIIICHHBIX CTUTABOB.
PapunupoBaHue U MOAU(DULHPOBAHHE.

4.6 TIpOM3BOACTBO OTIMBOK M3 THTaHa M €ro cruiapos. PM3MKO-XMMH4ECKHME CBOICTBA
THTaHa, ONPEACIIAIONINE BEIOODP TEXHOIOIUH MIABKH ¥ JINThS. [IpOMBILIICHHBIC MAPKH JIMTCHHEIX
1 nedopMupyeMbIx cruiaBoB. Ileun Juis INIABKH THTAHOBBIX CIUIABOB. TEXHOJIOTHSA ILIABKH
nuTelHbIX M aedopMmupyemblx CruiaBoB. OcoOeHHOCTH JMTb B pa3oBbie  (QOpMbI, 110
BBITIIABJIAEMBIM MOJIETISIM H B 000JIOUKOBBIE (DOPMBbI.

4.7 Tlpou3BOJCTBO OTJIMBOK W3 LMPKOHHEBBIX, HHOOMCBBIX, MOJIMOICHOBBIX M JPYrHX
TYrOILIABKMX CILIABOB.

4.8 TIpoM3BOACTBO OTJIHBOK M3 IMHKOBLIX CTUIABOB, TeXHONIOTHsA NHTbA B KOKHIL M IOJ
JIABJICHHEM.

4.9 Tlpon3BOACTBO OTIHBOK U3 01aropoJHBIX METAJIOB H HX CIUIABOB.

4.10TIpou3BOACTBO CIUTKOB. TpeOOBaHMsA, NMPEABbABIACMbIC K CIMTKAM LBETHBIX H PCIAKHX
METAJUIOB M CIUIABOB. JIMTBE CIMTKOB B H3JI0KHHULEL JIMThE CIMTKOB HEIPEPBIBHBIM H
MOJIYHENPEpBIBHBIM MeTofaMu. [lpuHuun 1uTha. Kpucrammmsatopsl. JIHTCHHBIC MaIIHHBL
PeKHMBI IMTESA KPYIIIBIX, IUIOCKHX M MOJBIX CIUTKOB. [IpakTuka JIMThs CIMTKOB U3 CIUIABOB HA
OCHOBE AJFOMUHUS, MEJ{H, MarHus, THTaHa, LMPKOHHS U JIP. HEIIPEPBIBHEIM METOLOM.

Pasnen 5. OGopya0BaHHE U IPOSKTHPOBAHKE JIMTEHHDIX LIEXOB U 3aBOJIOB

5.1 OcHOBHBIC HANPABICHMS B PA3BUTHH COBPEMEHHOTO TJIABMJIBHOTO, (HOPMOBOUHOTO,
CTep)KHEBOTO 0GOPYI0BAHHS, MALIMH CIICIHAIbHBIX CIIOCOOOB JIMTB.



5.2 ABTOMAaTHYEeCKHE JUTEHHbIE THHUH AJIS MACCOBOTO, CEPUHHOIO MPOU3BOJACTBA OTIIHBOK
U3 IBETHBIX CIUIABOB. ABTOMATH3AIIMS TMOJArOTOBKM HMCXOIHBIX MaTEPHATOB M NPUIOTOBICHUSA
(hOpMOBOUHBIX U CTEPKHEBBIX cMeceil. CoBpeMeHHbIE ClOCOObI BEIOHMBKKM (hOpM, CTEpIKHEH H
OYHUCTKU OTAMBOK. ABTOMATU3AIMSA ITPOIECCOB BBIOUBKH M OYHCTKH.

5.3 3ajaud B 001ACTH MPOEKTUPOBALHS JTHTEHHBIX 1IEX0B 1 3aBO/10B. Beibop 1 obocHoBaHME
00BEMHO-TIIAHUPOBOYHBIX, TEXHHYECKHX, aAPXUTEKTYPHO-CTPOMTENBHBIX M COUHMAIbHBIX
peLICHUH TUTEHHBIX LEX0B ¥ 3aBOIOB.
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YACTD 5. ObPABOTKA METAJLJIOB IABJIEHUEM

Pasmen 1. BasoBnle MOHATHSA, KIACCH(HKAIMA TPOLECCOB M HM3ACIHIA, MPOH3BOIMMBIX
meronamu OMJI. /1a; 2a/

1.1. Benenue, cymuocTs 00pabOTKH METAILIOB JABIEHHEM, POJIb METOUOB IUIACTHYECKOH
ned)opMallvy B MCTOPHH LIMBHIIH3ALMH, PA3HOBHIHOCTH MCXOIHOI0 MaTepuana st 00paboTky,
OM/1, uznenus v «HOBBIH MPOIyKT?

1.2. Knaccuduxaius npoueccos OMJI 110 pasinyHbIM NPU3HaKaM.

Pazmen 2. ®Dusnueckue OCHOBBEI TJlacTHUeckoil nedopmaluy METAJUIOB W CIJIABOR,
B3anmoyeiicreue nponeccos OMJ[ ¢ TepmMo0OPaGoOTKOi, METObl YINpPABJIEHUS CTPYKTYPOH H
CBOMCTBAMHM NPOAYKUMH /1a, 2a, 306/

2.1. CrpykrTypa JcOpPMHPYEMBIX CTalled, MEXaHU3Mbl TUIACTHYECKOH Aeopmanuy,
YIIpaBieHHe CTPYKTYpOH W CBOMCTBAMH CTalM IIOCPEACTBOM IUIACTHYECKOH AehopMaluH,
JMATPAMMA IIACTHYHOCTH, CBA3h CO CIIOCOGOM 110JTyUCHHs 3arOTOBKU U € TepMO0OPabOTKOIA.

2.2. Crpyxrypa neopMUpyeMbIX LBETHBIX META/LIOB M CTLTABOB, MEXAHM3MbI ILUIACTHYECKOH
neopMariy, ynpaieHHe CTPYKTYpoH M CBOHCTBaMH — TOCPEACTBOM  ILTACTHUECKOH
neopMalny, IUIACTHYHOCTh M Pa3pyLICHHE, CBS3b CO CIIOCOOOM IIOJYYCHHs 3arOTOBKH H C
TePMOOOPAOOTKOM.
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Paszen 3. TeopeTHUeCKHE OCHOBBI NIPOLECCOB 00pabOTKH METAIUIOB AaBeHieM /1a, 3a, 4a/

3.1 Conporusnenne aeopMaunyu M HANPKEHHOE COCTOAHME B TOUKE TENa, TCH30D
HATIPSKEHUH, [VIaBHBIE HALIPSKCHUS, HHTEHCHBHOCTD HANPSKEHHH.

3.2 JlepopMHpOBAaHHOE COCTOSIHME B TOYKE Telsd, NEPEMCEIICHHA B KOOPAMHATHBIX OCHX,
raBHble AehopMalliy, HHBAPHAHTEI TeH30pa AehOopMalny, ypaBHCHHE NOCTOANCTBA obbema,
CKOpOCTH Jie(hopMaLuH.

3.3 Venosue miactaunoctd. Penomenongorudyeckine Moaenu cpeabl. COOTHOMICHHA MEKIY
HaIPSOKEHHIAMH M J1e()OPMALsAMH. 3aKOHOMEPHOCTH KOHTAKTHOrO Je(OPMAIOHHOIO TPEHHS.
JlokanbHble W HHTEIPalbHble I0Ka3areld HaNpsKeHHO-1e(OPMUPOBAHHOIO  COCTOAHMS
MaTepuana.

3.4. Meroisl MOJCIMPOBAHUS ¥ AHAIU3a MpoleccoB 00pabOTKH METAJLIOB [aBJICHHCM.
Ipunuunsl padotst u uurepdeiic nporpammet QForm.

Pasnen 4. O6opynoBanne JUis CHIOBOrO BO3EHCTBHA Ha MaTephall. BermomorartenkHoe
oBopy/loBaHue, cpeacTBa yipasieHus /la, 2a, 16/

4.1 Knaccuduxauus tunos obopynopanus. [IpokaTHelil cTaH, OCHOBHOE H BCIIOMOraTebHOC
Mexannueckoe obopynosanue. Tunel keteit. KoMIOHEHTEI CHCTEM YNPABJICHUA H KOHTPONS B
nexax OM/I.

4.2 MexaHuyecKue, THIPaBINYECKHe PECChl, TEXHUKA YIaPHOro (MMILy/1bCHOI0) AEHCTBHSL.

4.3 CHIOBLIC YCTAHOBKH C COUETAHIEM BPAIIEHHs W BO3BPATHO-MOCTYNATEILHOTO IBIKEHHH
UCIIOJHHUTEIBHOr0  JJeMeHTa. JlerajenpokarHele  CTaHbl, YCTAHOBKH  HEIPEPBIBHOIO
TnpeccoBaHusl, CYepoABHIKHON MITAMIOBKH

4.4 CrnenuanpHas TexHuka. TexHuka o0pabOTKH KOMIO3ZHTOB, IOPOLIKOB, UBETHbIX METAJLI0B
M CIUIaBOB, BaKyyMHble cucrembl B OMJL 1 cpejibl peryiupyeMoro cocrasa.

Pasnen 5. Ilpokatka MeTaios/1a, 2a, 36/

5. 1. Quar nehopMaliy 1 KHHEMATHKa TeUCHUs MeTa/llla [IPH NIPO/I0NBLHOMH IIPOKATKe, 6azoBble
[IOHATHSA. PAacuéT yCHIMs [POKATKH, KPYTALIEr0 MOMEHTa M MOLIHOCTH, IONepeyHas
neopMaLus.

5.2. TexHomOruueckas CXema MPOH3BOJACTBA M3JENHH M3 CTaal METoJlaMH TPOKATKH.
[Tpoxarsbie H3xenus. FIcXonHbie MaTEPHANIbL ¥ UX IIOArOTORKA.

5. 3. Texmosjordueckas cXeMa MPOM3BOJCTBA MPOKATA M3 LBCTHBIX METANIOB M CIUIaBOB.
IIpokaTHble u3/eus. VICXo/HbIe MATEPHAIbl H HX [10/{rOTOBKA. MCI0/Ib30BAHUC 3aIMTHBIX CPE/L
M Karcyll, 1poKarka B Bakyyme. OcoOEHHOCTH 1IPOM3BOACTBA NPOAYKLHMH M3 THMKE/bIX LBETHBIX
CIJIABOB, TMPOKATKA JIMCTOB, MOJIOC M (JONLIM W3 TYTOMIaBKWX METaIOB, allOMHHHCBBIX H
ME/IHBIX CIUIABOB

5.4. TemIepaTypHO-CKOPOCTHbIE YC/I0BHs rOpsiyeil IpokaTky crainei. MHCTpyMeHT, OCHOBHbIE
H BCIIOMOTATE/IbHBIE MATEPHAIILI.

5.5. TemieparypHO-CKOPOCTHbIC YCIOBHMSA IOpsY€il IPOKATKH  LBETHBIX  CIUIABOB.
MHCTpYMEHT, OCHOBHBIE H BCIIOMOTATe/bHbIE MATEPHATIBL.

5.6. TeXHOJOTHA MPOKATKM TJIOCKOrO MPOJAYKTa C TOBBILIEHHBIMH TPEOOBAHMAMK 110
KauyecTBY. MHOIOBAJIKOBEIC CHCTCMBI.

5.7. BaJiku u1s COPTOBOIT IPOKATKH CTalLHLIX I10J10C, YIJIOBbIX NPOQHIIEH, IBE/LIEPOB

5.8. TlpomssoncTBo OeclioBHEIX TPYO mpokaTkod. OCHOBHBIC MApaMeTphl MPOLICCCOR
IIPOLIMBKH M PACKATKH.

5.9. TIpOH3BOACTBO CBAPULIX TPYD M MOJBIX NPO(HICH, CBAPOYHBIE Y3IIbI T2CA. TexHonorus
IPOU3BO/ICTBA TPYO PasnUUHOrO HA3HAUCHHA.

Paszen 6. Koeka, 06bEMHas ¥ TMCTOBAsI LITAMIIOBKA, /13, 3a, 16/

6.1. Koska. Mcxomuble MaTepHanbl, KiaccH(HKAILMA THIOB H3/ICIHH, ONCPalMH KOBKH H
npuMeHseMblil HHCTpyMenT. TemrnepaTypHbLi pexXuM Tpolecea 1 ocobeHHOCTH JiehopMaLuu
METaJLIOB 110 CXeMe CBOOOIHOM KOBKH. PoTanMoHHas KOBKa.

6.2. Topsuas o0béMHas wwTaMmoBKa crajed. Knaccudukalua MOKOBOK. Hcxonueie
Marepuanbl. MeToMKa IPOCKTHPOBAHHSA LITAMIIOBOI OCHACTKH.
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6.3. OcobOeHHOCTH O00BEMHOM INTAMIIOBKH LBETHBIX METAUIOB M CILIaBoB. KcxomHobie
marepuansl, OcHAacTKa JUIs HM30TEPMHYUCCKOH INTAMIOBKM M Je(QOpMalld B  PEKHME
CBEPXILIACTHYHOCTH.

6.4. llramMnoBka Ha MONOTaX, Ha TOPH30HTANBHO-KOBOYHLIX  MallMHAaX, Ha
rOPAYCIITAMIIOBOYHBEIX aBTOMATaX.

6.5. Pa3penurensHble 1 00pe3Hble ONEpalyy B 1iexax 00paboTKH METAJIIOB IAaBIEHHEM.

6.6. OCHOBBI TIPOCKTHPOBAHHMA IPOLECCOB JIMCTOBOH IUTAMIOBKH. PasfenuTenbHble U
(dopmoobpazyroue onepainu.

6.7. Meroabl  H3rOTOBAEHHS  MHCTPYMEHTa,  IPUMEHEHME  CUCTeM  OblcTporo
npotoTHnuposanus npu OMJI.

6.8. OcoOeHHOCTH JIMCTOBOH WITAMIIOBKM IIBETHBIX METAJUIOB M CILIABOB, JIMCTOBAs
IITAMIIOBKA C MECTHBIM I10/I0TPEBOM, IHMAPO(OPMOBAHHE, BbICOKODHEPreTHYECKHE METO/bl
00paboTku.

Pasnen 7. IlpeccoBadue, BhIABIMBAHKE H BOJIOYEHUE METalLIOB, /3a, 26/

7.1. Cxema npouecca rpeccoBaHusi, KiacCHpuKalus KIacCHYECKHX crocoO0B NPeccoBaHus
no KuHemaTHke Teuenus wmeramma. Ouar pedopmaunn npu TpeccoBaHWM, HanpsKeHHo-
neOPMHPOBAHHOE COCTOSIHME MartepHala IpPH IPECCOBaHMH. Pacy4ér 3SHEprocHIOBBIX
noxasarejeil npouecca. MeTobl ynpapjieHUs KHHEMAaTUKOH ucTeyeHus matepuana. Pacu€rnl Ha
MPOYHOCTh M YCTOHYMBOCTE JleTalieit HHCTPYMEHTA.

7.2. CopraMeHT, OCHOBBI TEXHOJIO'MH IIPECCOBAHMS H3JIENMH M3 THKEIBIX LBETHBIX H
TYroIIaBKHX MeTaslaoB. [Ipon3BoacTBO TPyO M CIOKHBIX MOJLIX MPO(GHICH U3 ATIOMHHHEBIX
CTIaBOB. BO3MOXHOCTH HENpephIBHBIX M MOJYHENPEPBIBHBIX IMPOLECCOB  MPECCOBAHHA
METAJUIOB, CILJIABOB U LLTUKEPOB.

7.3. OcoOEHHOCTH TEXHOJIOTHH IIPOM3BOJCTBA IPECC-M3ACNHH H3 KOHCTPYKIIMOHHBIX,
MHCTPYMEHTAIBHBIX CTaJel, CTaNBLHBIX IOPOIIKOB M rpanyil. TexHonorus H3roToBACHUS MaTPHIL
C 3aLIUTHBIMH ITOKPBITHAMH.

7.4. Cxema Bonouenusa. Ouar medpopmauuu M obopynosanue. OCHOBLI IPOCKTHPOBAHHIL
MPOLIECCOB BOJIOYEHHS TIPH IIPOM3BOJCTBE IPOBOJIOKH, TEIIOOOMEHHBIX Tpyd M KabenbHOMH
IPO/IYKLIHH.

Pasnen 8. Cneuuanoislie Metonnr OM/, /1a/

8.1. Ocepoe (GopmoBaHHE IOPOLIKOB M KOMIIO3HTOB B IIpecc-(hopMax, H30CTATHYCCKHE
cnoco0bl 00padoTKH MaTepUAIIOB.

8.2. Knunoeoe ¢opmMoBanHe, TPOU3BOJACTBO TOPHCTBIX M 2NEKTPOAHLIX MaTepHalloB
IPOKATKOM, HMIIYJIbCHBIC BBICOKOIHEPIreTHYECKUEC METO/bl 0OpabOTKM I[OPOLIKOB, IPaHYIL,
BOJIOKHHUCTBLIX H CJIOHNCTBLIX KOMITIO3HTOB.

8.3. KoMmjiekcHBIE METOJBI IONYYEHHA CHEUUaNbHbIX MATEpPHAlIOB M H3IEIHH JUIA
MAIIMHOCTPOGHHUS, YHEPreTUKH, aBHALMH M KOCMOCa, OOOPOHHOH TEXHMKH C IIPUMEHECHHEM
JaBJieHUH 1 I1acTHYecKoH aedopMaluu.

Pekomeniyemast tureparypa (OCHOBHAS 1 JIONOIHUTEIbHAS )

a) OCHOBHas JUTEparypa

la. Cysopos M. K. O6paGoTtka meraiios gasnennem. - M.: Beicias mkona, 1980. - 364 c.

2a. Koposes A.A. Mexanuueckoe 060py/[0BaHHE NMPOKATHBIX H TPYOHBIX 1IEX0B: Y 4eOHNMK 151
BY30B. - M.: Metamnyprus, 1987. - 480 c.

3a. banaxun B.IL., Edpemon JI.B. u ap. Teopus obpaGorku Metamios nasnenueM. Teopus
IIPOLIECCOB KOBKH, LUITAMIIOBKH U Lipeccoanms: JlaGoparopHsiii npaktukym. — M.: MUCuC, 1982
c.

4a. E.B. Kysuenos, C.II. Tankun TexHONOrHYECKHE MPOLECCHI 00pabdOTKH METaLIOB
naeienneM: Jlaboparopusiii npaktukym. - M.: MUCuC, 2002, Nel613.- 78 c.

5a. MoaenupoBalMe MNPOLECCOB IUlacTHYeckoil Aedopmanuu. I'papuueckuil pepaktop
QDraft, 69 ¢. DnekrponHoe npuaokenne k cucreme QForm2d.

) LOLIOJIHUTEIIbHAS IUTepaTypa
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16. KoBka u mramnoska. Crpasounuk. B 4-x Tomax / mol pen. E.N.Cemeuoba.- M.:
Mamunoctpoenue. 1986. —c.

26. llep6a B.H., Paitr6apr J1.X. Texs0iI0r st MPeccoBaHMs METAILIOB. Y 4eOHOe I10Co0He st
By30B. - M.: Mertamnyprus, 1995.- 336 c.

36. T'opoxos B.C., JleGenes JI.C., IToropxensckuit B.M. n ap. ObpaboTka MeTamnos
nasiesueM. - M.: MUCuC, 1988.- c.

46. JluGencon I.A., Jlonatun B.JO. u mp. IIpoueccsl mopomkoBod Meramtyprad. T. 2
®opmosanue u crniekanue. — M.: MICHC, 2002.- 320 c.

YACTDb 6. IOPOIIKOBASI METAJUIYPTUS U KOMITO3UIITMOHHBIE
MATEPHAJIbI

Pasgen 1. ITopouikoras MeTauryprus

a) MeTo/1p! nosydeHus nopomkos /l1a-2a, 16-26/

1.1. 3HayeHHe MOPOIIKOBOH MeTa/uTyprii. McTopus pasBuTHs IIOPOIIKOBOH METanIypruu.
OCHOBHBIE TEXHOJIOTHUCCKHE CXEMBl POU3BOJICTBA CMCUEHHBIX MaTepuanos. Knaccndukarms
METOI0B IIOJIYYEHHSs IOPOLLKOB.

1.2. Mexanuueckue METOABI MNOJY4YEHHs MOpOIIKOB. IIpOoM3BOACTBO  IIOPOILIKOB
M3MENBUCHHEM TBEPIBIX METAJUIOB U PACHBUICHHEM JKHJKHX MCTAIOB M CIJIABOB METOAAMU
ra30BOI0, KHIKOCTHOTO U LIEHTPOOEIKHOIO PaCIbUIEHHSL.

1.3. ®U3UKO-XUMHUECKHE OCHOBBI MPOIECCOB, 000OpPYNOBaHHEe, JOCTOMHCTBA M HEAOCTATKH
PA3lIMYHBIX ~METOJOB, OO0JACTM HCIOIbL30BaHUA. MeToJbl  NOIyYCHHS amopHBIX H
HAHOIIOPOLUKOB MEXAHHYECKHMH METOAAMH.

1.4. Tonyuenue MeTayIMYeCKNX MOPONTKOBR METOAOM BOCCTAHOBJICHUS OKCHIOB META/IOB
TBEP/bIM ¥ Ta3000pa3HbIM BOCCTaHOBHTEIEM. (PH3HKO-XHUMHYCCKHE OCHORBBI [IPOLECCOB.

1.5. TIpakTuka MoJydeHMs NOPOLUKOB JKele3a, BoJb(pama, THTaHa. PH3HKO-XMMHYECKHE
METOJIBI MOJTyUeHHs HAHOMOPOIIKOB. [TPOU3BOICTBO METAIHUECKUX TTOPOIIKOB 3JICKTPOIH30M
BOJIHBIX PAacTBOPOB M PACILIABJICHHBIX CPEL.

1.6. TIpou3BOACTBO IIOPOLIKOB METOJOM TEPMHYECKOH IMCCOLHALHNH KapOOHH/ILHbIX
coemuuennii. OU3NKO-XMMHYECKHE OCHOBBI TMPOLECCOB, MPAKTHKA TMOJTYUYEHHSA MOPOLIKOB.
CBoiicTBa METAJNIHYECKHX ITOPOLIKOB U METO/Ibl UX KOHTPOJIS.

6) dopMoBalKE H CTIEKaHHEe METALIHICCKHX MOpoLIKoB /3a-4a, 36-46/

1.7. IIoArOTOBKA MOPOIIKOB. 3aKOHOMEPHOCTH IPOLIECCA YIIOTHEHHS IIOPOIIKOB B CTATBLHOH
npecc-opme. Ilpoueccsl, MPOHCXOIAINME IPH IPECCOBAHUK. 3aBHCHMOCTb IUIOTHOCTH OT
JABJICHIS IIpeccoBanus. Pacripeienenye IIOTHOCTH 10 00beMy Opuketa. [loTepu naB1eHus Ha
tpenne. Ynpyroe nocieaeiicTeue. [lpeccosanue co cmMaskoit. bpak npu npeccoBaHmm.

1.8. Topsuee wu30CTAaTHUecKoe MNpeccoBanue. MmkekunonHoe npeccopanne. JlasepHad
(opmosanue. IIpaktnka npeccosadus. Ilpeccsr u npecc-hopamel. Bapuantel (opmMoBaHUS
METAUIMUECKMX  IOpOILKOB: Topsyee, HM30CTATMYECKOe, JMHAMHYECKOe, HMMIIYJIbCHOE,
BHOPAlHONHOE, NPOKATKa, LUTHKepHoe AuThe. OCOOCHHOCTH INPOLECCOB, annapaTypHoe
odopmMiIeHHE.

1.9. OcHOBHbBIE 3aKOHOMEPHOCTH TIPOLIECcca CIIeKaHHs! B TBepIOi (ha3e. Poub 1I0BEpXHOCTHOMH
u oObeMHOM mupQysnn. Ycaaka npu cnekanud. BisHue TEXHOJIOIHYECKUX MapameTpoB Ha
NMPOLECC  CNeKaHuss M CBOHCTBA  CIEYEHHBIX — M3JIEIMIL. OcOoOEHHOCTH  CIIEKaHus
MHOTFOKOMIIOHEHTHBIX cHcTeM. Bausauue rerepoauQysuu Ha npoiecc ycaiku.

1.10. OcHOBHBIE 3aKOHOMEPHOCTH MpOIEcca CNEKaHHWs MHOTOKOMMOHEHTHBIX CHCTCM B
[PUCYTCTBMM JKHIKOH (a3bl, ucyesalonlell M LPUCYTCTBYIOMIEH [0 KOHUA M30TePMHYECKOH
BBIICPIKKH TpU Harpese. KiHeTHKa yeaakd. PakTopbl, BIHAIOIME HA IUIOTHOCTE H 3CPHHCTOCTH
CTIJIABOB.

1.11. IIporuTKa Kak pasHOBHIHOCTE XKHIKODAZHOTO CIICKAHHUS. DOU3HKO-XUMHUYECKUE OCHOBEI
H 3aKOHOMEPHOCTH I1poliecca NponuTkH. [IpakTHka Ipoueccos CreKanus. ATmocdepa clieKaHus,
neuu criekanus, Opak IpH CIEeKaHuH.

B) CrieueHHBIE MAaTEPUAIIB! C 0COOBIMHU CBOHCTBaMu /5a-9a, 56-606/
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1.12. Knaccudukanus credeHHbIX MaTepuanoB. CrledeHHBIE NOPUCTLIC MOAMIMIHHKH H
¢uibTpel. OCHOBHBIC COCTaBhl. TexHogorus mnomyueHus. DU3MYESCKHE, MCXAHHYCCKHE H
JKCIUTyaTalMOHHbIE CBOMCTRA.

1.13. AHTHQpPUKIHMOHHEBIE H (PPHKIHOHHBIE MaTepHalbl. OCHOBHLIE NPHHIMIL PadOTEI.
CrpykTypa M CBOHCTBAa TBEPABIX CMAa30K. TEXHONOTHsS W3rOTOBJEHMA, CBOHCTBA, 00nacTu
IPHMEHEHHS U IePCIEKTUBB] PA3BUTHSL.

1.14. CredeHHBIE 3IEKTPOTEXHHYECKHE MAaTepUaIbl: I CKONB3SIHX M pa3spbIBHBIX
JIEKTPHYECKHX KOHTAaKTOB, MarHHTHL OcobOeHHoCTH paboTel, BHABl u3HOCA. DH3HKO-
XMMHYECKHE OCHOBbI M TEXHOJIOIHs IPOU3BOACTBA, 00/1aCTH IIPUMEHEHHSL.

1.15. CrieueHHbIe TBEPALIC CTIIABEI, UX kKmaccHprkanusa, TexHonmoruueckas cxeMa nojayueHus,
cBoiictBa, obsactn npumMeHeHusi. KOHCTpyKIMOHHAs KepamMHKa. XapaKTepHCTHKA HCXOJHBIX
marepuanoB. TexHoNOornueckHe BapHaHThl noiyuyeHus. HaHeceHne kepaMM4YECKHX NOKPLITHI.
CroiicTa, 0051aCTH TPUMEHEHHA.

1.16. XXaponpo4Hble CIEYEHHBIE MaTepHalbl: AUCIIEPCHO-YIPOUHEHHBIC M BOJIOKHHCTHIEC.
OcobeHHOCTH TeXHOIOIHH, OCHOBHBIE CBOHCTBA M 00JIaCTH IIPUMEHEHHS.

1.17. Anmasoconepxkanme crnetdeHHsle Matepranel. Cunres anMazos. Tonyuenne anmasioro
HHCTPYMEHTA C Pa3]IMYHBIMH CBA3KAMHU.

Pasnen 2. TeXHOIOrHM CaMopacipoCTPaHsIoLLErocs BpicokoTeMneparypaoro cuuresa (CBC)
/10a-13a, 76-96/

2.1. Beenenue. Obuias xapaxrepuctuka CBC — mporecco. THIIBI XMMHYECKHX peakUuii u
ocHoBHbIe Kiacchl npoaykros B CBC. Tennopoii Mexanusm pacinpocTtpanenus Boinel CBC.

2.2. Crpykrypa BoJiHbl Ge3razoBoro ropeHus. Pacyer ajuabarnyeckux TeMneparyp ropexus
¥ PABHOBECHBIX KOHLEHTPALMii IPOJIYKTOB CHHTE3a.

2.3. THNBl KHHETHYECKHX 3aKOHOB, HX (PH3UKO-XUMHUECKOE OOBACHEHHE M BIHAHHE Ha
crpykrypy BoiHbl CBC (y3kue M IIMpOKHE 30HBI peakinu). IIpHHIMIBL SKCIEPHMCHTAILHOTO
onpeeieHns 3 PeKTHBHBIX KHHETHYeCKUX 1apameTpos npouecca CBC.

2.4. DKCrepUMEHTAIBHBIC METOIBI H3MEPEHHS CKOPOCTH ropeius. JIokanbHeie U r1odaabHble
3HauYeHHsa CKOpocTH pacnpocrpancuus Boinsl CBC, Onpenenenue TeMnepatypHbix mpoduieii
npouecca.

2.5. GOpMHPOBAaHHE MAaKpOCTPYKTYpbl NpoiyKTa (pacwiupenue, ycaaka). ®opmuposanue
MHKPOCTPYKTYpbL. DopMHpOBaHHE KPUCTAIUIMYECKOH CTPYKTYPBI IIPOJYKTOB.

2.6, TexHOIOrMsi CHHTE3a 3ar0TOBOK M MHOpowKoB. TexHonorus cuiosoro CBC-
KOMMAaKTHpOBanusa.  [IpHHIMMHATLHBIE  CXeMBl  npoBefenua  mpouecca.  OcHoBHEIE
TEXHOJIOTHYECKHE IapaMETpPhI H UX BIHSIHHE Ha CTPYKTYPY M CBOMCTBA IIPOYKTOB I'OPEHHS.

2.7. CBC - merannyprus. Texuosorus CBC - cBapku. HoBble maTepuaibl, MoJy4eHHbIE 110
texuonoruaM CBC. CrpykTypa H CBOHCTBa CHHTETHYECKHX TBEPABIX HHCTPYMEHTAILHBIX
marepuaios (CTUM). @yHKIHOHANBHbIE IpajieHTHbIe MaTepransl (PI'M).

Pasnen 3. @yHKLMOHAILHBIE K HAHOCTPYKTYPHbIE noKpbiTys /14a-18a, 106-126/

3.1. Beognas uacts. O0was knaccupuKalis METOJJOB U THIOB MOKPLITHIL. ['a30TepMHUCCKIE
MeTojbl. MCXOIHBIE Marepuansl JUIi HAHECEHWs TOKPBITMH. TexHoIorus IJIasMeHHOrO
HaILUICHHS.

3.2. DeKTpOAYroBoe, JeTOHAIIMOHHOE, Ta30MIAMEHHOE HAMBIICHHE, METO/IbI HANBUICHHUS C
HCIIOJIb30BAHHEM CBEPX3BYKOBbIX cornell. Harmapounele Meroibl. OOume 0Co0eHHOCTH.
[Tnazmenuas 1 nazepHas HarulaBKa.

3.3. MeTo1b! 27CKTPOMCKPOBOiH 06paboTKu 1 TEPMOPCAKI[HOHHOr0 ynpounenus. BakyyMubie
METO 16l HaHeceHHs MOKPBITHH. PVD 1 CVD Texnonorusi.

3.4. TexHonorus TepMHuYeckoro ucmapeHus. CrocoObl Harpesa. BapuanTbl akTHBALHH.
B3aumo/ieiicTBHE HOHOB € TOBEPXHOCTLIO TBEPAOro Marepuana. MU3HUCCKHE OCHOBBI METO/A
MarHe€TPOHHOIO paclbLICHHUS.

3.5. du3HuecKHe OCHOBLI METO/Ia KATOAHO-TYTOBOTO HenapeHusa. XHMHYECKOe OCAKIACHHUE U3
rasoBoii gasel. Teoperuyeckue 0CHOBBI MeTo/1a. Knaccuueckas u yydIIeHHbIC TEXHOIOIHH.
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3.6. MeTop! ompeiesieHUst TOMMHEI MOKPBITHH. MeTobl DKCIIPECC-KOHTPOIIsA I ¢3HOHHOH
NMPOYHOCTH TMOKPEITHI. OnpesieeHne XHMHYECKOr0 H (pa30BOr0 COCTABA IIOKPHITHI

3.7. CHEKTPOCKONHYECKHE METObl HCCIEAOBAHMA IIOBEPXHOCTH. DHErpO-AMCIEPCHOHHAS
CIEKTPOCKONHUs.  PeHTreHoBcKas — (HOTOINEKTPOHHAS — CIEKTPOCKONHA,  CIEKTPOCKOMUA
JHEPreTHYCCKMX MOTeph 5neKTpoHoB. Pamanoeckas u MK-cmextpockonus. Ornruyeckas
IMHCCHOHHAS CIIEKTPOCKOIIHS,

Pekomen 1yeMas Jiureparypa (OCHOBHAS 1 JIONOJHUTE IbHAS)
a) OCHOBHAS JUTEPATYpA
la. Ilpoueccsr mopowkopoii Merammypruu. T.1, T.2. IIpon3BojACTBO METALIMYECKNX
nopowkos: YueGuuk s Bysos / Jlubencon I'A., Jlonatun B.1O., Komapuuukui I'.B. u ap. -
M.: MHCuC, —2002 r. — 688 c.
2a. Kunapucos C.C., Jlubeucon I'.A. TTopowkosas meramnyprus. — M.: Merayprus, 1991.
—432 c.
3a. Auuxun B.H., Boiuukos U.B., Uennokor B.C. u ap. TeopeTnyeckue OCHOBBI CIICKAHMs
MOPOLIKOB: KHHETHKA CTIEKaHMsl pealbHbIX MaTepuanos: kype jsexuuid. M.: H3x. xom MHCuC,
2014. 108 c.
4a, Jlepuuckuit HO.B., Jlebener M.II. Teoperuueckue OCHOBEI IIPOLIECCOB CICKAHUS
MeTalTH4ecKux 1nopoiukos. M.: Hayunsiii mup, 2014, 372 c.
Sa. Hapsa B.K. Texuonorus u CBOfiCTBa NOPOIIKOBEIX MATEPHAIOB M H3ICIHH M3 HHX.
KoncrpykiuoHHsie Matepuansl. Kype sexumit. M.: Mz, nom MUCnC, 2010T. 122 c.
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YACTH 7. TEXHOJOI'UA DJEKTPOXUMHUYECKHUX NPOLHECCOB H
SAHIUTA OT KOPPO3HU

Paszen 1. OCHOBBI TEOPHH KOPPO3UH METAJIOB U CILJIABOB B JKH/IKHX CpeJax

1.1 XuMuuecKuil ¥ HIEKTPOXMMHUYECKHIl MEXAHW3M PACTBOPEHUS METAILIOB. ['OMOTeHHBIH 1
TreTepOreHiblii MyTH MPOTEKAHUA DIEKTPOXMMUUCCKOH KOPPO3HH MCTAIIIOB. Koppozuonnsie
rajibBAHHYECKHE ICMEHTHI U TIPUYMHEI HX BOHUKHOBEHHA. CXEMBI IIPOTEKAHUs, XapaKTEPHbIE
0COOEHHOCTH M KOHTPOJIMPYIOIIHE CTAJHHU IEKTPOXUMHUYECKUX KOPPO3HOHHBIX IIPOLECCOB.

1.2 AnopHele NPOLECCE] npH EKTPOXHUMHUECKOH KOPPO3HH METaJIOB.
TepmoauHamuueckie ocHoBbl. Kiaccuukauus aHOJHBIX IIPOLECCOB. Juarpammer ITypOe.
[IpuHLMIBL [IOCTPOSHMSI M HCIONBL30BAaHME MX [PH aHAIK3€ KOPPO3HOHHBIX MNPOLECCOB.
CTagMiHBIH MEXaHW3M aHOIHOTO pACTBOPEHMs MeTawioB. [IpH3HAKH MHOrOCTAJHHHOCTH.
KuHeTHKa MHOTOCTa/IMITHOrO pacTBOpPEHHs. BiHsHHC IIPUPO/JbLI AHHOHOB HAa KHHETUKY H
MEXaHH3M aHOJIHOI'O PACTBOPEHHS.

1.3 KartozHble MpoLEcchl [pH JIEKTPOXMMHYECKOH KOpposuu merauioB. TepmoniHamika,
cxeMa M MEXaHH3M KaTOJHOrO IIpollecca KHCIOPOJHOH JIenojapu3aluy. XapakTepHbIC
0COGEHHOCTH KOPPO3HH METAIOB C KHMCJIOPOJHOH MerossipH3auueii, HX B3aUMOCB3b C
MEXaHM3MOM KaTO/IHOTO MpoIecca.

1.4 TepmoaMHAMHKA, CXEMa M MEXAHM3M LPOTEKAHMs KAaTOJAHOTO Mpolecca BO/IOPO/IHOI
menonspuzanuy. IlepeHanpspkeHue  Bhenenus BogopoAa. Teopuu  nepeHanpsKCHHA.
XapaktepHble OCOOCHHOCTH KOPpO3MH METalloB ¢ BOJIOPO/IHON  JIermonApu3alne, Hx
B3aMMOCBA3b C MEXAHW3MOM KATOJ(HOI'O Ipoliecca. Y CJIOBHS IIPOTEKAHMSA U MEXAHH3M KaTO/HOI'O
mpolecca ¢ KACIOPOAHO-BOJOPOIHOI AeNOIIPpH3aLHCH.

1.5 Pacuer NMEKTPOXUMHYECKOTO KOPPO3HOHHOTO npotecca. [Tokaszarenn
JIEKTPOXHMHYECKOH KOPPO3MH METaNIOB. AHAIMTHYECKMH pAcyeT CKOPOCTH KOPPO3HH.
Wpeanbuple M peanbHble (SKCICPUMEHTATbHBIE) MOIAPH3AMOHHBIE KPHBBIC. Mertonsl HX
nocrpoenns, I'paduuecknii pacueT KOPOTKO3AMKHYTBIX JABYX- W MHOTO3ICKTPOIHBIX CHCTEM.
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3alIMTHBIA, PA3HOCTHBIA M OTPULATENLHLIA pasHOCTHBIH 3(dexTsl. MHOro2IeKTpoaHEIe
CHCTEMEI ¢ 3aMETHEIM OMHYCCKHUM CONPOTHRICHHEM. I[oTeHIHAIIBI CHCTEMBI «IUICHKA- TTOPay.

1.6 IlaccueHocts MerawioB. OrmnpejeneHHe M XapaKTEPHCTUKH HACCHBHOIO COCTOSHMS.
Teopuy maccHBHOTO COCTOAHHMA. KMHETHKa aHOAHBIX NPOLECCOB IPH IMACCHBAIMHM METaUIOB,
aHo/HAad [OJIAPH3AIMOHHAS KpPHBAs ITACCHBHPYIOIIETOCA METalla M €€  XapaKTepHbIC
0COOEHHOCTH. YCIOBHS YCTOHYMBOCTH IIACCMBHOIO cOCTOSHHMS. IToBBINIEHHE YCTOHYMBOCTH
[AaCCUBHOTO COCTOSHUSA KaTOMHEIM JIETHPOBAaHHEM, aMop(hu3aLMei nopepXxHocTy. IlpakTHueckoe
3HAYEHHUE [TACCUBHOCTH METAILIIOB.

1.7 PacrBopenue criaBoB. ['eTeporeHHbie CIUIaBbl M IOMOI@HHbIE CIllasbl. PacTBopenue
TOMOTEHHBIX CIUIABOB B 4KTHBHOM M ITAaCCUBHOM COCTOSSHHAX. Mexanusm H30MpaTenbHOH
KOPPO3KH CIuI1aBoB. IlaccHBHpYIOIIMECS CIUIABBI C KATOAHBIMU IIPUCAIKAMH,

1.8 JloxaibHble (MecTHble) BHMAbI KOPPO3MM: TOYedHas (IMTTHHIOBAs) KOPPO3us
MAaCCHBHPYIOLIMXCA METAJUIOB U CIJTABOB, IIEJICBAsA KOPPO3HS, MEKKPUCTAJNIHTHAA KOPPO3HA.

1.9 Koppo3HOHHO-MEXaHHYECKOE paspyllcHHE METAJLIOB: KOPPO3SHOHHOE PAaCTPECKUBAHUE H
KOPP3HOHHAs YCTAJIOCTh; HABOJAOPAKUBAHHE, BOAOPOAHAS KOPPO3Hs H OXPYITYHBAHHE METAILIOB,
KOPPO3MOHHAS KaBUTALMA ¥ KOPPO3HOHHAS HPO3HA.

Pazznen 2. MeTo/ibl 3a1l{UThl METAJJIOB OT KOPPO3HH B JKHJIKHX Cpejlax

2.1 YMeHbllEHHE COAEPIKaHUs JENOAspH3aTopa B DAEKTPOJHTAX: TEPMHUYECKas Jeadpalus,
NecopOLHOHHOE, XHMHYECKOE H ANIEKTPOXHMHUECKOE 00ECKHCTOPOKNBAHHE BOJIBL.

2.2 MHruOuropsl KOppO3HM MeTauioB: kiaccudukanus, 3(QGOEKTHBHOCTh H MEXaHU3M
jefcrsus. TeopeTHYecKHe OCHOBBI MoAO0pa M NPakTHKa NPUMECHEHHA HHIHOHTOPOB KOPPO3HH B
KHMCJIBIX, HEHTPAJIBLHBIX U [IETOYHLIX PACTBOPAX 3JIEKTPOJIMTOB.

2.3 DneKTpoXUMHYECKas 3alldTa: KaTolHas TPOTEKTOpHAs 3allluTa, KaTo[Hasd 3alluTa
BHCIIHUM, aHOAHAS 3alIMTA BHEIIHHM TOKOM. [IpHHIMIBI H 5((EKTHBHOCTL 3aIlUTHOTO
JeHCTBHA.

2.4 PauuoHanbHOe KOHCTpyupoBaHue. OCHOBHblE [IPHHLMIBI KOHCTPYMPOBaHMA H
TEXHOJIOTHH COOPKH KOHCTPYKLMH, BIHAHHE YJICMEHTOB KOHCTPYKIIMH H TEXHOJIOIHH HX COOPKH
Ha KOPPO3HOHHBIE MPOLIECCHL.

Pasnen 3. OCHOBBI TEOPHH KOPPO3HH METAJUIOB U CILIABOB B I'a30BBIX Cpelax

3.1 TepMopuHAMHYECKas BO3MOMKHOCTb Ta30BOH KOPPO3HMH MeTallloB. IIpoAayKThl razoBoi
KOPPO3MH H UX TEPMOJMHAMUYECKAsA YCTONUUBOCTS.

3.2 OkcujHble IUIEHKM Ha MeTaiax. AJcopOuMs OKMCIUTENs Ha MOBEPXHOCTH METAILIOB,
00pa3oBaHKe MEPBHYHBIX OKCHIHBIX MIeHOK. KnaccH(ukalus MIEHOK Mo TONIIHHE, 3aUIHTHOH
CII0COOHOCTH, MOP(OIOrHYeCKOMY CTPOCHHIO, (a30BOMYy M XHMHYECKOMY  COCTaBy,
JIEKTPOIIPOBOAHOCTH H MEXAHM3MY MacCONEPEHOCca.

3.3 KuneTHuecKHe 3aKOHOMEPHOCTH M MEXAHHU3M pOCTd TEPMHUYECKHX OKCH/HBIX IJICHOK Ha
MeTamIax. XUMHYECKUH U DJICKTPOXHMUYSCKHH MEXaHW3M OKHMCJICHHA MeTa/uloB, JInHeiHbIl
3aKOH OKHMCIIGHHs: YCJOBHSl TPOSBJIEHUs, CTaAUM POCTa MOPUCTOH OKCHMIHOH IUIEHKH,
3aBHCHMOCTB CKOPOCTH POCTa OT TeMmreparypsl. [Tapabonnyeckiii 3aKOH OKHCIICHHS: YCIOBUSA
IIPOSIBJICHHS, CTA/IMKM POCTA CIUIOIIHO (3alIMTHOI) OKCHIHON MieHKH. [IpHUMHBI OTKJIOHEHNS
KMHETHUECKOTO YPABHEHMsl pOCTa IUIEHKH OT NapabolIM4eCKO 3aBUCHMOCTH. Biusnune
TEMIIEPATYPBl Ha CKOpocTh pocta. HMoHHO-3JIeKTpOHHAss TEOpHA BBICOKOTEMMNEPATYpPHOTO
1apaGoHYECKOTO OKMCIeHHs MeTauloB. KHHeTHueckne 3aKOHOMEPHOCTH OOpa3soBaHUs
MHOTOCJIOHHBIX H MHOTO()A3HBIX OKCHIAHBIX IUICHOK. KHHETHYCCKHE 3aKOHOMEPHOCTH pOCTa
TOHKHX OKCHHBIX IieHoK. KartacTpoduueckoe OKHCICHHE METAI0B. BiusHue CTpyKTypHOTo
COCTOSIHHSL CIUIABA M XapPAKTEPUCTHK Ta30BOI CPebl Ha 3alIMTHYIO CNOCOOHOCTH OKCHIHBIX
IUICHOK.

3.4 TeopeTHYECKHe OCHOBBI TOBBIMICHHUS KAPOCTOHKOCTH CHMXKEHHEM Je(pCKTHOCTH
KpHCTA/UIMYECKOH peweTkn oOkciua (reopus Barmepa-Xaybde). Teopernueckue OCHOBBI
TOBBIIIEHHS KAPOCTOMKOCTH CIUIABOB TpH 00pa30BaHMK Ha MOBEPXHOCTH OCHOBHOTO METajlla
OKCHHBIX IUICHOK JICTHPYIOIIMX KOMIOHEHTOB WM OKCH/JHBIX TUICHOK THIA LIMHHENICH.
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BEICOKOTEMIIEpATypHas TACCHBHOCTH METAVIOB U CIUIaBOB. MeXaHn3M NacCHBUPOBAHHMA U €T0
CBA3Db ¢ TCOPHAMH KAPOCTOHKOTO JISTHPOBAHHU.

Pa3znmen 4. MeToIbl 3a1MTEI METAJUIOB U CIIABOB OT KOPPO3HH B I'a30BBIX CPENax

4,1 3ammrtHee atMoc(epsl: cocTas aTMocep, OCHOBHBIC MPHHLMIBI N0ADOpa, YCIOBHA
NPUMCHCHHSA, BJIHAHHE COCTAaBA aTMOC(ep Ha COCTOSHHE MOBEPXHOCTH M3JICNHH B IPOLECCE
Harpesa.

4.2 3anMTHEIC TTOKPBHITHA: K1accU(pHKaIUs, IPHHIMIBL B METOIBI TOJTY4EHHA.

4.3 MeTo/ibl YMEHBLICHHS OKHCJICHHS METa/UIOB M CIUIABOB IIPH HArpeBe B IIPOIECCe
TEXHOJIOTHYECKUX MEPEEIOB.

Pexomengyemast Jinrepatypa

a) OCHOBHAA TUmMepanypa

1 H.IL Xyk. Kypc Teopun KOPpO3HH M 3alllUTHl METaioB, YuebHoe nocodue ans BysoB.
U3y BTOpOE, cTepeoTuiiHoe. 3/1-80 «Aubsrcy, M.: 2006, 472 c.

2  Tomamos H.JI, UYepnosa [I'.II. Teopuss KOppo3MM M  KOPPO3HOHHOCTOHKHE
KOHCTPYKLMOHHEIE crutael. M.:Metannyprus, 1993, 416 c.

3  B.K. Onapa. MmxeHepHas 3amuTa METAUIONPOIYKIMH, KOHCTPYKIMH W COOPYXKCHHH.
OGpaborka Koppo3uoHHoii cpeast. Kype nexuuii, Ne333. M.: u3a-go «Yueban, 2005, 127 c.

4 B.K. Onapa. MKeHepHas 3aluTa METAIONPOXYKIMH, KOHCTPYKIHHA H COOPYIKCHHH.
JJIeKTPOXUMHYECKAs 3aIUTA i PALHOHANBHOE KOHCTpyrpoBanue. Kype neKiui, Ne746. M.: u3n.
oM «MHCuCp, 2008, 125 c.

5  P. Auran. Kopposus u 3aiura ot kopposuu. U3a. nom Huremiext. loaronpyasetii, 2013,
343 c.

0) donoaHumenbHAs Aumepamypa

1 Hcaes H.U. Teopus koppo3HoHHEIX mpoueccoB. M.:Metamtyprus, 1997, 361 c.

2 W. B.Cemenosa, I''M. ®uopuanosud, A.B.Xopowmmnos. Kopposznu u 3amura OT
kopposun. M. ®dusmataur, 2002, 327 c.

YACTD 8. MATEPUAJIOBEJJEHHE

Paznen 1. MexkaToMubie B3aUMOCIICTBYS H AJIEKTPOHHOC CTPOECHHE TBEPAOTO TE/IA

1.1. OcHOBHBIE THIIBI XMMHYECKOH CBS3M B TBEpHbIX Tenax. lloTeHunalbl MEKaTOMHOIO
B3auMOZEHCTBUA. DHEPrHs CBA3M METAUIHYECKHX, KOBAJICHTHBIX, HOHHBIX KPHCTAJIOB.
PaBHOBECHOE MEIKATOMHOC PacCTOSHHE.

1.2. DNEeKTPOHHOE CTPOEHNE TBEPABIX TEN ¢ PA3THUHBIM TUIIOM CBA3H. Moaess CBOOOHBIX
3JIEKTPOHOB JUIS METa/UIOB. BEIPOXKIEHHBIH 37eKTpOHHbIA Ta3. ILIoTHOCTH COCTOAHHH.
IToeepxuocts MepMu. 30HHAS TCOPHs TBEPABIX TEJ, SHEPreTHYCCKHH CHEKTP 3JEKTPOHOB B
KpHCTAILIE, AeJIEHHE Tell Ha IPOBOJAHHMKH, MOIYIPOBOAHHKH H IHIIEKTPUKH.

Pasmen 2. AtomMHast CTpyKTypa TBEPILIX TEll

2.1. Kpucrainuueckne Tena. TPaHCIAIMOHHAA —CHMMETpUs.  DlIeMEHTapHast suciika
kpucTauaeckoil pewerkn. Kpucrammmueckue cuuronnu. Pemerxu bpaso. Toueunsle u
IPOCTPAHCTBEHHbIE TPYMIEl CUMMETPHH. KOOpAMHAIHOHHOE YHCIO, MIOTHOCTE YIAKOBKH.
Kpucrauiorpadhu4eckue HHJEKChl IUIOCKOCTEH M HANpaBJICHUH B pelieTke. AHH30TPOIUS
coiicTB Kpucranios. Kpucrantorpaduueckas TeKCTypa NOJIHKPHCTAILIOB.

2.2. AMop(HO€ COCTOsIHIE, METATTHIECKHE cTeKa. HanokpucTaibl. KBazukpucTasuibl.

Pasnen 3. JledexTsl KPUCTAIUIMYECKOIO CTPOSHH A

3.1. Toyeunsle gedpekTsl. BakancHn U MeXyselbHblE aTOMBL. PaBHOBeCHAS KOHLCHTPALHA
Toyeunnix aeektos. HepasHoBecnbie Toueunble AedekTbl. Poxaenue, Murpaius u CTOK
BaKaHCHM. ['pyTIbl BAKAHCHI,

3.2. Jncmokauuu. Bektop Broprepca. IIIOTHOCTL AMCIOKALHL. KpaeBas, BHHTOBas H
emetmannas aucnokanny. CKolbkeHne 1 repenonsanie ancnokaiui. ITopori Ha Auciokauusax.
[lone HampsyKEHHMi W OHEpPrus muciIokauui. Bsaumoleicreue pucnokanui. Ilonaele
yacTHuHble aucaokanuu. JledexTs! yrmakosku. OGpa3soBaHHE M PasMHOKEHHE JHCTIOKALH.
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Hcrouynnk Ppanka-Puma. BzaumoJelcTBHEe JUCTIOKALHH M IMPHMECHBIX aTOMOB. ATMOC(HEPLI
Korrpenna, Cuyka, Cy3yxu.

3.3. 'panuusl 3epeH u cyOsepeH. Yron pasopHEHTHPOBKM M JHEPrHs IpaHull. |'paHuibl
HaKIOHAa M KpydeHHA. MaloyrioBele M BBICOKOYIVIOBLIC TIpaHMIBL. MHMrpanms rpaHuil.
BzaumopeiicTBHe IpaHuL] 3epeH ¢ NPUMECHBIMU aTOMaMH.

Pasnen 4. ®a3b1 u ha3oBble paBHOBECHS B MaTepHasIax

4.1. TBep/ble pacTBOPHI 3aMENICHHUs, BHEJPEHUSN M BbIYUTAHMA. YTOPSJIOYEHHBIE TBEP/BIE
pacTBOPEI (CBEPXCTPYKTYphI). Diekrponnsie coetntenus (Gasel FOM-Posepu), dasel BHEIpeHuUS,
(aszbl Jlageca, 0-(asbl,

4.2. PaBHoBecue (a3 B MHOTOKOMIIOHEHTHBIX cuctemax. @aszoseie nepexoisl 1 u II pona.
[Tpasuno ¢a3. [IuarpamMmel cOCTOSHMSL JBOHHBIX M TPOHHBIX CHCTEM C HEIPEPBIBHBIM PsIOM
TBEPABIX pAcTBOPOB, C 93BTEKTHUYECKUMHM, IIEPHUTCKTHYCCKHMMHM H  MOHOTCKTHYECKHMH
PaBHOBECHAMH, ¢ KOHTPYIHTHO ¥ MHKOHIPYIHTHO TUIABANUIMMHCS MPOMEKYTOUHBIMH (pazamy, ¢
HOJMMOP(H3MOM KOMHOHEHTOB. VICIIONB30BaHHE TI'€OMETPHYECKOH TEPMOJMHAMHUKH Ul
aHaIM3a JUarpaMM COCTOSHHA.

Paznen 5. Juddysus

5.1. ®enomenosorudeckue 3akousl 1uddysun. Camonuddysust u rerepoaudpdysus. Mojens
cnydadHpIX Omyxnanuil g onucanua AMQQysur. MexanusMel IHQ(Y3UH, pOJIb TOUCTHBIX
nedexror, auddysus [0 AUCIOKAUMAM M TpaHMilaM 3epeH. TemmneparypHas 3aBHCHMOCTD
Ko3(ppuunerra qupy3un.

5.2. Jlnpdysns B mnone rpaaumeHta KoHueHTpauui. KoHLEHTpannoHHas 3aBHCHMOCTH
ko3dpdunmentor aupdysun. Ibdexr Kupkennamna. BelpaBHuBarmias W pasjeiuTeIbHAsd
(peaxtuBHasn) qudQy3ua. Jud@y3us B CHI0BBIX MOJAX.

Paznen 6. Kpucranausauus

6.1. I'oMoreHHoe 3apox/ieHHe KPUCTAJUIOB B paciulaBe. KpUTHYECKHi pa3mep 3apojiblila.
CkopocTh 00pa3oBaHds H CKOPOCTL POCTa KPHMCTAIMYECKHX 3apojbliicii. HemnpephlBHLIHA,
CTYNEHYaThlil 1 ANCIOKALMOHHEIN MexaHu3Mbl pocTa. Kunertuka kpuctammmsauun, C-o6pasnas
aMarpamMma Kpucraumsanuu, Kputuyeckas CKOPOCTb OXJIaXIAEHHS paciviaBa. ['ereporeHHoe
3apOoKICHHE.

6.2. OTKIOHEHHSI OT PAaBHOBECHS MPH KPUCTAIM3ALUU. BIUsAHHE CKOPOCTH OXJIAKACHUA M
rpaqMeHTa TEMIIEPaTyphl PaciulaBa Ha MHKPOCTPYKTYPY. KOHLEHTPaLHOHHOE [IEPEOXIAKICHHE.
Syencras W genapuTHas QopMa pocTa Kpuctamos. emjaputHas JukBauusa. OOpa3oBaHue
MeTacTabuAbHEIX (a3 npu KpucTau3anyn. besaupysnonHas KpucTannusamnus.

6.3. Crpykrypa cimrka. Moxuduiuposanne. Hanpasinennas KpucTauisaiusa. 30HHas
IJ1aBKa. BeIpaliBaHie MOHOKPUCTA/UIOB U3 PAcIlIaBa. 3aKajka U3 XXMAKOrO COCTOAHHUSL.

6.4. DOprexkTuueckas kpuctamuzanmsa. CrpoeHue 3BTEKTHUECKHX KojoHMH. Hopmanbhas,
AHOMAJIbHAS M BBIPOXKIECHHAs IBTEeKTUKH. [lepuTeKTHYECKas KpUCTAILIH3aLHSL.

Paznen 7. ®a3oBble NpeBpalieHus B TBCPAOM COCTOAHHH

7.1. IosmMopdHbie npeBpauieHus. HopMallbHbII U C/IBUTOBBIM MEXaHHU3MbI [IPEBPALLCHMS.
[IpuHUMII CTPYKTYPHOTO H Pa3MEPHOTO COOTBETCTBHA.

7.2. DBTEKTOHIHOE TIpeBpalleHHe, MEXaHU3M M KHMIETHKA. DBTEKTOHAHOE MpeBpallcHue B
cransax. CtpoeHue nepinra. J{MarpaMMbl H30TEPMHYECKUX IIpeBpalleHuil. TepMOKHHETHYECKHE
JarpaMMbl.

7.3. MapTeHcHTHOe npespatienie. TepMoaHHAMKKA, MEXAHHU3M M KHHETHKA MapTEHCHTHOrO
npespaierus. MUKpocTpyKTypa 1 cybcrpykrypa mapTeHcuTa. OOpaTMMOCTb [PEBPALIEHNMS.
DPdekT naMaTH GopMbl.

7.4. BeitnuTHoe npespauienye. Mexannsm i kiHeTHKa GeifnnTioro npespaiienns. Ctpoerne
OeitHuTa.

7.5. Pacnal epechleHHOro TBepJoro pacTBopa. CiHHOanbHLIH pacian. MoaynHpoBaHHEIE
cTpykTyphl. TepmoauHamika 00pasoBanus npomexkyTounsix das. Kmacrepsl, soubr ['mHbe-
[Ipecrona. KorepenTHble, YaCTHYHO KOIEPEHTHBIE H HEKOTEPEHTHBIE BBI/IE/IEHHS. HenpepbIBHbIH
¥ IPepbIBUCTLIN pacnaj. Ponb BakaHCHH, IHCIOKAIIMH H TPAHHUL 3¢PEH B IPOLIECCAX BBIACICHHA.
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7.6. Ynopsjgouenue TBepAOro pacrsopa. Jambnuii ¥ Omakeud mopsgok. AHTH()a3HbIC
JIOMEHBI. MI3MeHeHHe CBOJMCTB PAacTBOPA IPH YINOPSA0UCHHUH.

Paspen 8. CTpyKTypHBIE NPEBPAILIEHHS B TBEPIOM COCTOSHHH

8.1. M3MeHeHHs CTPYKTYpBI IIPH XOJOAHOH MIacTHdecKod Aedopmaunn. JIMHHE H MOTOCH
ckonpsxkenns. Suencras cyberpykrypa. Bonokuucras MukpocTpykTypa. Kpucrannorpapuyeckast
1 MeTayuiorpaguueckas TeKCTypsl AeopMaLy, MEXaHH3MEl HX 00pa3oBaHus. AHH30TPOIIHS
CBOMCTB TEKCTYPOBAHHBIX MaTepHAIIOB.

8.2. VI3aMeHEHHMS CTPYKTYpBl NPH HArpeBe IOcie X0JIoHoil jeopmamun. Bosepar (OTHBIX,
noaurounsanus). Ilepsuunas, cobuparenpHas W BTOpUuHAs peKkpucTaiiusauus. J(BusKyias
cuna, MeXaHU3M M KHHETHKA 3THX mpoueccos. [Ipupona kputuueckoi nedopmannu. Jluarpamma
pexpucraunzaimi. Kpucrannorpaguueckas TeKCTypa PEKpHCTaIM30BAHHOIO MaTcphala,
MeXaHU3M ee 00pazoBaHusl.

8.3. Msmewenus cTpykTypsl mpu ropsideil aedopmaunu. JlnHamMu4eckHiH BO3BpaT M
JMHAMUYECKAs PEKpHUCTALIH3AIIUA.

8.3. Cepouusaiiys U KOUIECLEHLHS BbleNeHHI BTOPOIi (asbl B FETEPOreHHOM MaTepHae.
PacTBOPHO-0CAANTENILHBIH MEXAHH3M.

Pazznen 9. CriocoGrl BO3JICHCTBHS HA CTPYKTYPY H CBOMCTBA MaTcpHalloB

9.1. OcHoBbl TepmHueckoii oOpaborku. Kiaccnukaius BUAOB TEPMHYECKOH 00paboTKH:
oTkuru 1 m 2 poaa, 3aKanka, OTIYCK, CTapeHHe, TePMOMEXaHu4eckas  XHMHKO-TEPMHYCCKas
00paboTKH.

9.1.1. T'OMOICHM3AIMOHHBIf  OTXKHI, M3MEHEHME CTPYKTYPBl W  CBOMCTB  IpH
rOMOTEHH3AIHOHHOM OTXKUTE. JIOpeKpHCTAIIM3ALMOHHEIN 1 PEKPUCTAIIN3AIIHOHHEI OTXKHIH.
®akTophl, BAMAIOUME HA PasMep PEKPHUCTAIM3OBAHHOrO 3epHa. OTKUr JUIL YMEHBIUCHHA
OCTATOUHBIX HANPSUKCHUH, MeXaHW3M YMCHBIICHHS OCTATOYHBIX HATIPSUKCHUH MPH OTXKHUIE.

9.1.2. Pa3HOBHAHOCTH OTKMra 2 poja: [ONHBI, HEMOMHBIH, H30TEPMUUYCCKHI,
chepOrAN3UPYIOILHI OTHKHIHY, HOPMAJIN3aLHs, IATeHTHPOBAHHE.

9.1.3. 3akaika 0e3 MOIUMOP(PHOTO MPEBPALICHHU.

9.1.4. 3akanka ¢ MOIMMOP(HEIM TpEBpalleHHeM (3aKanka Ha MapTeHcuT). Msmenenne
CBOIMCTB IpH 3aKallke Ha MapTeHCHT. KpHTHUYECKas CKOPOCTb OXJIAXKIEHHs IIPH 3aKallKe,
npokannsaeMoctb. CrocoObl 3akankv: B OJHOH OXNaXAalollCH cpene, B JBYX Cpefax,
cryneHyaras, usorepmudeckas (OciiHuTHaA), ¢ 00pPabOTKOH XOI0JI0M, IOBEPXHOCTHA.

9.1.5. Crapenue. 3MeHeHHe CBOMCTB CILIABOB IPH CTapeHuH. [[UCIEPCHOHHOE TBEPIACHUE.
EcTecTBennoe U McKyccTBeHHoe ctapenue. [TepectapuBanne.

9.1.6. Ornyck. M3amenenue (a3oBOro COCTaBa, MHKPOCTPYKTYPbl MW CYOCTPYKTYphI HpH
otnycke craneil. OdpaTumas n HeoOpaTumas OTIIYCKHAs XPYIKOCTb.

9.2. Tepmomexanuueckas o0Opaborka. HuskoremmepaTypHas M BBICOKOTEMIICpATypHas
TepMoMeXaHndeckas oOpaboTKa cTajeil u CTapelolinX CIUIaBoB.

9.3. Xumuko-repMuyeckas 00pabdorka. M3MeHenust cocTaBa W CIPYKTYpbl IPH XHMHKO-
Tepmuteckoit 06pabotke. Onrodasnas i Morodasuas AndQysnoHHsIe 30Hb. CBA3L CTPOCHNA
juddy3HOHHOrO €105t ¢ AUarpaMmMoii cocrosnus. JndQy3noHHOE HACKIIEHHE HEMETAIIIAMH I
merauiaMi. Judpy3noHHoe ynaneHne 311eMEeHTOB.

9 4. TTopoOIIKOBasA METATYPris, OCHOBHBIE TEXHOJIOTHUECKHE HTAMEL.

9.5. MeTo bl 00pabOTKH IIOBEPXHOCTH H IOTy4eHHs HOKPBITHIT. VI3MEHEHHE IIOBEPXHOCTHOIO
CJT0S MATEPUATIOB MPH BBICOKOOHEPTETHYECKHX BO3ACHCTBHAX. DNCKTPOHHO-TyeBas H Jla3sepHas
o6paGoTka. Monnas umrnuiantamms. MomHo-muasMenHoe pacnbiienne. TepMiueckoe HanbLIeHUC.
OcaxaeHue U3 ra3oBoi (assl. DIEKTPOIHTHYECKOE OCAXKICHHE.

Paszen 10. [Inactudeckas nedopMaliis H paspylicHie. MexalnnyecKHe CBOHCTBA MaTCPHAIIOB

10.1. TIlnactuucckas JAeopMmalus CKONbKEHHEM M JBoiinukosanneM. JluarpamMmel
nedOpMALHK MOHO- ¥ NOIMKPHCTAIIOB. CHCTEMBI CKOIBKEHHS. JleOpMALUOHHOE YTPOUHEHHE;
BJIMSHHUE Ha HEro TeMIEpaTyphl B cKopocTH Jedopmanun. Teopus npeaena TeKyIeCTH.

10.2. OcHoBHBIE MEXaHHYEeCKHE XapaKkTepHCTHKHU MaTePHAJIOB. [Mpenens
[POIIOPLMOHATLHOCTH, YIPYrOCTH, TEKYUECTH M I[IPOYHOCTH, WCTHHHOE COIPOTHBICHHE
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pa3peIBY, XapakTePHCTHKH IUIACTHYHOCTH NPH PaCTHKCHHH, TBEPAOCTD, BASKOCTE PaspyICHH H
yAapHas BA3KOCTD.

10.2. Ynpounenue npu 06pa3oBaHHy TBEPABIX PACTBOPOB U IIPH BBIIEIEHUH H30BITOYHBIX (a3
(KOPepeHTHBIX M HEKOTEPEeHTHBIX). BIMAHME pa3Mepa 3epHa Ha MEXaHHYCCKHE CBOHCTBA.
CBepXMaacTHYHOCTb.

10.3. Xpynkoe u BA3KOe paspyiuenie. MexaHH3Mbl 3apoKIeHUs TpELMH, Pacnpocrpanenue
TPELIHH TIPH TIPH XPYIIKOM H BA3KOM paspyuieHuu. Kpurepuu paskocTu paspymienus. CTpoeHue
n3oMoB. Ilepexon OT Xpynkoro paspyuieHus K Bsskomy. ITopor xmaauonomkoctn. lpuposa
xsaaHoaoMKocTH Metayos ¢ OL[K-pewterkoit. Crioco6b1 60ps0bI ¢ XJIaJHOTOMKOCTBIO.

10.4. Kaponpourocts. Crammn monsyvectd. Penakcanus nanpsokeHuid. Jlnmurenbhas
IIPOYHOCTH. BiinsiHie cocTaBa U CTPYKTYPhI MaTepHala Ha KapOIIPOYHOCTb.

10.5. Ycranocrs. Juarpammel yeraiocTd. MexaHH3M YCTal0CTHOrO paspylueHns. Pakropbl,
BAMAIONIHE HA YCTATIOCTHYIO MPouHOoCTh. TepMutieckas yctanocth, KOHTakTHas yCTanoCT.

Pasjien 11. B3anmoieiicTBiE MaTePHAIOB C OKPYXKAIOUIEH Cpeoi

11.1. OkucieHHe, TEPMOJMHAMUKA H KHHETHKa IIpouecca. JlernpoBaHue ¢ LEeJbIO 3alHThl OT
OKHCIeHNs. BHYTpeHHee OKHCIIEHHE.

11.2. DiexkrpoxumMHueckas Koppo3Hs. PaBHOMEpHas, MEXKPUCTAJUIMTHAS, TOYCYHAS
xopposus. Kopposus noa nanpsokenueM. Kopposunonnoe pacrpeckusanue. KopposuoHHas
ycTanocTb. Kopposnsa B KHIKHX METajllax.

Pazmen 12. Qusnyeckue cBOICTBa MaTepUaoB

12.1. Yupyrue cBoiictBa MartepuaioB. 3akoH I'yka Juis M30TPOIIHBIX W aHH30TPOIHBIX
maTepuanoB. CBs3b MOJIyneil yNpyrocTH ¢ TIOTEHIMANOM MEXKATOMHOIO B3aHMOACHCTBHUAL.
Moy ynpyrocTy reTepOreHHbIX MaTepPHaIOB.

12.2. TepMuueckoe pacluMpeHde. AHrapMOHH3M KoleOanui aTOMOB B KPHCTAUIHYECKOH
petetke. TemmepaTypHbli kodQUIHMEHT JTMHEHHOTO PACIIHPEHUS FETEPOreHHbIX MaTEPHAIOB.

12.3. TemnoeMkocTs. KBaHTOBbIE TEOPHH PELIETOYHOI! TEIIoeMKOCTH DiHIuTeHa 1 Jledast.
Temneparypa Jle6as. CrekTp HOpMaNbHbIX KoneOaHui pereTku. POHOHbL. AHrapMOHHYECKas
COCTABJIAIONIAS TEMIOEMKOCTH. BaKaHCHOHHAS COCTABJISIONIAS TEMIOEMKOCTH. ODICKTPOHHAS
TEIUIOEMKOCTh. TEIIOEMKOCTh CIUIABOB. VI3MEHEHHE TEIUIOEMKOCTH IIpH  (asoBbX U
CTPYKTYPHBIX MPEBPAIICHUAX.

12.4. TemnonposoHoCTs MaTepranos. Kunernyeckas TeOpHs TEILIONPOBOAHOCTH. Bpems u
[uiHa cBobojHoro npobera, Pemerounas ((pOHOHHAS) TEIIONPOBOAHOCTE; (POHOH-(POHOHHOE
paccesnue, paccesiiie (OHOHOB Ha gedeKTaX KPUCTAINIHHYECKOH PpEUICTKH M TIpuMecsX,
M30TONMMYECKOE paccesHue. OJIEKTPOHHAs  TCIUIONPOBOJAHOCT;  PACCEAHHE  JIEKTPOHOB
IPOBOJAMMOCTH Ha (JOHOHAX, IPUMECAX H Ae(eKTax.

12.5. DneKTpOnpoBOAHOCTE, DIEKTPOHE IPOBOAMMOCTH. Bpemsa penakcauuu. Paccesnne
3/IEKTPOHOB Ha (hoHOHax, Jiedexrax peuterky, mpumecsax. [Ipasuno Marruccena-®uemuHra.
BiusHue TeMmIepaTypbl M JIETMPOBAHMS Ha DIEKTPHYECKOE CONPOTHBICHHE METalIOB U
noynpoBoAHHKOB. COMpPOTHRICHHE TBEPABIX pacTBOPOB. CBSA3b ANMEKTPO- H TEMIONPOBOANOCTH
METAJUIOB. DJIeKTpHYecKas IPOBOJAMMOCTb METEPOrCHHBIX CILIABOB.

12.6. MarHuTHble cBoiicTBa. JlMamarHeru3sM M I[apaMarHeTusm aromoB. 3akoH Kiopu.
JluamMarHeTH3M W MapamMarHeTH3M  SJeKTPOHHOTO rasa. MaruntHoe — ymopsanoueHue.
deppomarnerusm.  Monekymsiproe  none  Beficca.  OOmenHoe B3aUMOJICICTBHE.
deppoMariuTHble  JOMEHbL. JIOMEHHBIE TpaHMipl. ODHEprus MAarHHTHOH —aHH30TPOIHH.
XapaKTePUCTHKM METIM THCTEPE3Nca W KPHUBOH Hamarnuuusanus QeppoMarneTka. Teopus
KOJPIHTHBHOM CHIIBIL.

Pazzen 13. MeToas! HceleI0BaH s 1 KOHTPOJIS CTPYKTYpPhI H CBOHMCTB MaTepHaloB

13.1.  JludpakuuoHHsie METOJBI HCCIEAOBANMS ATOMHOH CTPYKTYpPhl ~MAaTEpHAJIOB.
Oco6eHHOCTH PACIIPOCTPAHEHUs BOJIH B [EPHOAMYECKHX CTPyKTypax. 3axod Byisda-bporra.
O6patnas pewierka. OCHOBHBIE METOABI PEHTTEHOCTPYKTYPHOTO AHAIN3A. Pentrenosckas
judpakToMerpus. KadecTBEHHBIH M KOIMYECTBEHHBIH PEHTICHOBCKHH (azoBblil  aHAIU3.
Jnexrponorpadus 1 Heitrponorpadus. Pentrenorpaduueckuil aHanu3 TEKCTYP, OCTATOUHBIX
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HaNpAKEHUH, Ae(eKTOB KPHCTALIHYECKONH PEILETKH, THIA TBEPAOIO pacTBOpa, XHMMHYCCKOTO
JIABHEr0 MOopsKa.

13.2. [lpocBeunBaroias i pacTpoBas 3JIeKTPOHHAS MHKPOCKOIIHUS, aHAIK3 (a30BOr0O COCTaBa,
MHKPOCTPYKTYPBI H Ae(EKTOB KPUCTAIHYECKOIO CTPOCHHA.

13.3. MeToJbl JIOKaJARHOTO aHaIn3a XHMHYECKOr0 cocTaBa. MUKpPOPEHTIEHOCIEKTPAIbHBIN
aganmu3.  O)Ke-3NIEeKTPOHHAsi  CIIEKTPOCKONMsA.  PEHTreHO3IEeKTPOHHAS  CIIEKTPOCKOIIMS
(nmeKTpoHHAsA CIIEKTPOCKOMHSA U1 XHMHYECKOTO aHanHu3a). Macc-CIeKTpOCKOIIMS BTOPHYHbIX
FIOHOB.

13.4. W3yuenue MMKPOCTPYKTYPbI C IOMOLLbIO CBETOBOH MHKpOCKOmuu. Meronsl
KOJIHYeCTBEHHOH MeTannorpadun.

13.5. Meroyel usMepenus Gusudeckux cBOHCTB. TepMuueckuit aHanus. AOGCOMIOTHBIA U
nuddepeHanbHbIA MeTOAB! H3MepeHus. Kanopumerpus; METO/Ibl CMELIEHHS, BBO/A H IPOTOKA
Teria; CKaHWpyIOIias, MOIYIAIMOHHAS W WMIYIbCHAss KalopumeTpus. JlumatoMerpus;
OIITHYECKHH, EMKOCTHBIH, HWHJIYKTHBHBII JIaT4MKKM TIEpeMelleHHs. METo/bl HM3MEpEeHUs
TEIIONPOBOAHOCTH. Pe3rcTomerpusi, MOCTOBBIE H NIOTEHLHOMETpUYECKHE MeTOAbL. H3mepenue
MarHUTHBIX CBOWCTB Aua-, mapa- W (eppomarneTnkos. Ompejaenenue napameTpoB KpUBOH
HaMarHM4YuBaHUs ¥ METIIHM THCTEPE3UCa B CTATUYECKOM M JIHHAMHYECKOM PEKUMaX H3MEPEHHS.
TepmomaruuTHbill ananus. IlpumeHeHnue H3MEpPeHMH (M3HYECKHX CBOHCTB AJsl PELICHHMA
MaTepHaToBEIUECKHX 3a1a4 (H3yUeHHs H3MEHCHHH CTPYKTYPBI M (Da30BBIX NPEBPALLEHHIH).

13.6. Meronpl MexaHWYeCKHX HCIbITaHuil. Mcneitanus Ha pacTsbKeHME, CkaThe, M3ruo,
kpydenne. M3mepeHne MHKPOTBEpJOCTH H TBepAocTH mo Bpunemmo, Poxsemwty, Bukkepcy.
HenelTauus Ha MON3YYECTh, JUTMTEIBHYIO TPOYHOCTD, PEIAKCALMIO HATIPKEHUH. Y CTaloCTHRIE
UCIIBITAHUS.

Pazzen 14. OcHOBHEIE KJIACCHI MATEPHAJIOB B METAJLIYPIHU

14.1. Knaccupukain MaTepHaloB IO XMMHUEGCKOMY COCTaBy, CIOCO0Y MOJNYYCHHA H
Ha3Ha4YeHHI0, MeTallInuecKue 1 HEMETA/UIHUECKHE MaTePHalIbl.

14.2. CnnaBel Ha OCHOBe jKejie3a. YTIIEpOIMCThIe cTauu. benble, ceprble, MOJIOBHHYATEIEC,
KOBKHE H BBICOKONPOYHBIE UyryHbl. JIerMpoOBaHHBIC CTamH, Kiaccupukanuu no (asoBomy
PaBHOBECHIO, CTPYKTYpe, obnacTtu MIPHMEHEHHUS, YPOBHIO JIETHPOBAHHOCTH.,
Hu3KkoerupoBaHHble CTalH MOBBILICHHON NPOYHOCTH. KOHCTPYKIIMOHHBIC YTYyYIIIaeMBIC CTAITH.
[Ipyxunupie u usHococtoiikue crtamu. Illramnoseie cramu. MHCTpyMeHTallbHBIC CTAlM JUls
PEXYILEro U U3MEPUTENBHOTO HHCTPyMeHTa. BeicTpopexyiume cramu. JKapoupounbie Geppuro-
MepIUTHEIE, MAPTCHCHTHRIC W aycTeHUTHEIE cTand. Hepikaseiomme (peppuTHEIC H ayCTEHUTHBIE
cranu. JapocToikue cTaiu.

14.3. L{serHble MeTalibl H CIUIABbI, JIErHPOBaHHE, TepMuyeckas o0padoTka, CTpPyKTYypa,
CBOIiCTBA, 00J4CTH NPUMEHEHHA. AIOMHHHH 1 €ro criasbl. Maruui u €ro CriaBbl. THTaH U ero
cruiaBbl. Hukens 1 ero ciuiasel. Mejb U ee cruiaBsl, CILIaBbl HA OCHOBE TYTOIIABKHX METAJLIIOB
(Mo, W, Nb, Cr). I{usK, cBHHEL, 0JI0BO H HX CILIaBbI.

14.4. Marepuansl ¢ 0coObIMH  (DH3HUECCKUMH  CROHCTBAMM  (TTPCUM3HOHHBIC  CTUTABBI).
IIpOBOIHMKOBEIE U PE3UCTUBHBIC CITaBbl. CBEPXIIPOBOAANIME MaTepHalbl. MarHHTHO-MATKHE 1
MAaTHHUTHO-TBepAble MaTepuaisl. CIUaBbl ¢ OCOOBIMH YNPYIMMH U TEIUIOBBIMH CBOHCTBaMH.

14.5. KoMMO3WIIHOHHBIE  MaTepHaibl.  JIMCMEPCHO-YNMPOUHEHHLIE — KOMMO3HIMOHHBIE
MaTepHalbl Ha ATIOMHHHEBOI 1 HUKEJICBOH OCHOBE, CTPYKTYpa M CBOICTBA, IPHHUMIIBL BEIOOPa
yIpouHHTeseil. BolokHUCTbIE KOMIIO3HIMOHHBIE MaTepHalbl Ha OCHOBE allIOMMHHMSA, THTAHA,
HUKEId, MarHusA; BU/ILI U cBOicTBA yrpounuTeneil. CnoucTbie KOMIIO3UIMOHHEIE MAaTepHalbl Ha
OCHOBE METAJIJIOB, HEOIPAHHYEHHO PAaCTBOPSIOLIMXCA APYr B APYI'E, HE PACTBOPSIOMIMXCS HIIH
00pa3ylolux HHTepMETAUTHABL. HanpaBneHHo KpHCTAUIM30BAHHLIC — KOMMO3HLHOHHBIC
MaTepHabl IBTCKTHYCCKOTO H HEIBTEKTHYECKOro THMA. MIHTepMeTAINIMYCCKHE COE/IMHEHNS KaK
OCHOBA JKAaPONPOYHBIX CIUIABOB, [I0JIyYaeMbIX HAalPaBJICHHOH KPHCTa/UIM3aLHCH.

14.6. HeMeTamuueckue Martepuannl. MoeambHas W peagbHag CTPYKTypa Ipadura.
VrnerpaUToBble MaTepuUaisl, CTPYKTypa u cBodcTBa. [TOMHMKPHCTAIIMYECKHE alMasbl,
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¢usnueckas KIaccHPHKAIUs, CTPYKTYpa, XHMHYECKHI M M30TONHBIA COCTaB, AE(EKTHOCTS,
CBOICTBA.
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