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Meronnueckue yka3aHus 110 BBIITOJIHEHUIO KypPCOBOIO ITPOEKTA MO JUCLIUILINHE
«CoBpemMeHHbIe TPOOJIEMBI METALTYPIUU U MaTEPUATIOBEACHUS NPEIHAa3HAYCHBI IS
CTYJIEHTOB HarpasieHus noarotoBku 22.04.02 Meramryprus.

B MeToanuecKkux ykazaHMSIX NPUBEACHBI KPATKHE TEOPETUYECKUE CBEICHUS 10
aKTyaJbHBIM IIPOOJIEMaM YEPHOU M IBETHOM METAJUIYPIHMH U OCHOBHBIE HAIlpaBJICHUS
UX peuieHus. MeTroauyecKkue yKa3aHus HalKMCaHbl B COOTBETCTBUU C TPEOOBaHUSAMU
denepalbHOTO  rOCYIAapCTBEHHOTO0  00pa3oBaTEIbHOIO  CTaHAapTa, OCHOBHOM
npoQecCHOHAIbHOM  00pa3oBaTelIbHOM  MporpamMmMbl M padodeil  IporpaMmbl

AU CTUITIIMHBI «COBpeMGHHBIG HpO6HCMBI MCTAJUIYPIrUH U MaTCPUATTOBCACHI).
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Beenenue

MeTon0a0rn4eckoil OCHOBOM JMCLMIUIMHBI CIIyKaT TEHICHLHMH Pa3BUTHS
YeJIOBEUECKOro OOIIECTBA U MX CBS3b C MPOOJIeMaMH MUHEPAIbHO-CHIPHEBOTO
KOMILJIEKCA.

Jucuuminaa «CoBpeMEHHbIE po0IeMbl METAJTypTrUH "
MaTEepUAJIOBEICHHS» W3y4aeT BIUSHUE TEXHUYECKUX PEUICHUN B METAJULypIUU U
MaTepUAJIOBEICHUN Ha IOKA3aTEIM HAyYHO-TEXHUYECKOrO IMPOrpecca, pa3BUTHE
HKOHOMHUKHU U 000POHOCTIOCOOHOCTH CTPAHBI.

Llenpt0  BBIMOJMHEHUS KypCOBOIO  MPOEKTa  SABISETCS — 3aKpEIJICHUE
TEOPETHUYECKUX U IPAKTUYECKUX 3HAHUU 10 JAHHOW JUCLUIUIMHE.

IlocTaBneHHass 1ejb BBINOJHEHUS KypCOBOI'O IIPOEKTAa JOCTUTAETCS
pELICHUEM CIIETYIONINX 3a/1au:

- YMEHHE aHaJIU3UpOBaThb NPOOJEMHYI0 CUTyalMl0 KaK CHCTEMY,
OIIPEIENIATH CBSA3H MEXK]Y €€ COCTABIISIOIINMY;

- OIIPENEIATh MPOTUBOPEUYMBOCT U MPOOEIbI B UHPOPMaLIUU, HEOOXOAUMOM
JUIS  pelieHUs MpoOJEeMHOM CHUTyallMM, a TakKe KpPUTUYECKH OICHUBATh
PEJNEBAaHTHOCTh UCTIONBb3YEMBIX HH(POPMATMOHHBIX UCTOYHUKOB;

- pa3pabaTbiBaTh M COJAEPIKATEIBLHO apryMEHTUPOBATH CTPATErHIO PEIICHHUS
npoOJIEeMHOM CUTyalluh Ha OCHOBE CHCTEMHOIO M MEXIUCUUIUIMHAPHOTO
MOJXO/JOB C YYETOM OLEHKH CYLIECTBYIOIIMX PHUCKOB U BO3MOMXHOCTEM HX
MUHHUMH3ALNH.

KypcoBoii mpoekr odopmiseTcs B BUIAE PacYETHO-MIOSICHUTEILHOMN
3aMKMCKH, U3JI0KEHHOW Ha CTaHAApTHBIX JucTax Oymaru ¢opmara A4 (297x210).
O0beM TOSICHUTENbHON 3amucku coctaBisieT 15-20 mmctoB ¢opmara A4. Bcé
pacy€Thl U OOOCHOBaHUS, a TAKXKE CXEMbl M ACKHU3bl MPUBOJATCA B PacCUETHO-
NOSICHUTENbHON 3anmucke. [Ipy BBIMOJHEHUU KYypCOBOTO MPOEKTa PEKOMEHAYETCS
MOJIb30BAThCS  CIPABOYHOM HOPMATUBHO - TEXHUYECKOM JIMTEPATypOd WU
CIPABOYHBIMU  JaHHBIMH, TNPUBEAEHHHIMU B  HACTOSIIIMX  METOJMYECKHX
yKa3aHuAX. B KoHIe paboThl JOJKEH ObITh NMPUBEIEH CHUCOK HCIOIb3yEeMbIX
MCTOYHUKOB U HOPMATUBHO-TEXHUYECKOW TOKYMEHTAIUU.

BrinonHeHHbIH KypcOBOM MPOEKT caaercs AJid MNpOBEpKH Ha Kadeapy



«Metamnyprus» He O3JHEE, YeM 3a TPH IHA 0 dK3aMeHa.

Ha 3amuTy KypcoBOro mnpoekTa CTyJEHT TI'OTOBHT KpaTKoe COOOLIeHHe
(toxnan) Ha 3-5 MUHYT M NPE3EHTALMIO 110 Pe3yibTaTaM BBIIOJIHEHHSI KYpCOBOIO
IIPOEKTA.

OreHrBaHuE OCYILECTBIIAETCS 10 MATUOAIIBHON CHCTEME.

OrneHka «OTJIMYHO)» CTABUTCS CTYJEHTY, KOTOPBIA B CPOK, B IIOJIHOM 00BEME
Y Ha BBICOKOM YPOBHE BBINIOJIHWI KypCOBOW IpOeEKT. IIpu 3amure m HanmcaHuu
IIPOEKTa CTYJIEHT IPOJEMOHCTPUPOBAJ HABBIKM M YMEHHMs IO 33JaHHOW TEME.
Tewma, 3asBiaeHHas B paboTe, pacKpbITa MOJTHOCTHIO, BCE BBIBOJIBI MOATBEPKICHBI
MaTeprualaMH HCCIIEIOBAHUS U pacueTamu. [IpoeKT moaAroToBneH B COOTBETCTBUH
C MIPEABSBIIEMbIMU TPEOOBAHUSMHU.

OneHka «XOpOIIO» CTAaBUTCSA CTYIEHTY, KOTOPBIM BBINOJHUAI KypCOBOU
IPOEKT, HO C HE3HAUUTEIbHBIMU 3aMEUaHUsIMH, ObUI MEHEE CaMOCTOSTEJIEH U
WHHALMATUBEH. TeMa IIpOeKTa pacKpbiTa, HO BBIBOABI HOCAT IIOBEPXHOCTHBIN
XapakTep, MPaKTUYECKHE MaTepuasbl 00padoTaHbl HE OJHOCTHIO.

OneHka «yAOBJIETBOPUTEIBHO» CTABUTCS CTYAEHTY, KOTOPBIM JIOIyCKal
IpPOCYEThl M OIIMOKH B TMPOEKTE, HE MOJHOCTHIO PACKPHUI 3aSBJICHHYIO TEMY,
Jiesiajl MOBEPXHOCTHBIE BBIBOABI, €1a00 MPOJEMOHCTPUPOBA AHATUTHYECKUE
CHOCOOHOCTH M HaBBIKM PAOOTHI C TEOPETUUYECKUMH HCTOYHMKaMHu. CTyAeHT
3aTPYAHSAETCS C OTBETAMH HA BONPOCHI IIPH 3aIATE KypCOBOr'O MPOEKTA.

OneHka «HEYJIOBJIETBOPUTEIBHO» CTaBUTCA CTYJIEHTY, KOTOpPBIA HE
BBINIOJIHWJI KYPCOBOWM MPOEKT, JUMOO BBIIOJIHWI € TpyObIMH HapyUICHUSMU
TpeOOBaHMI, HE PACKPBLI 3asBJICHHYIO TEMY, HE BBIMOJHWI MPAKTHUECKYIO YaCTH

paboTHLI.

1 IMocaenoBaTeabHOCTh BhinoJHeHus KII
[TocnenoBaTenbHOCTh  BBIMOJHEHUS PadOThl MpeaArosiaraeT ClaeAyroIIue
STambI:
1. Bo16op Tembl.
2. CocraBienue miada 1 3agadus no KI1.

3. U3yueHne TeOpeTuueCKUX aclieKTOB TEMbI paOOTHI.



4,COop, aHanmu3 U O00OOIIEHHE SMIHUPUYECKUX JAHHBIX, HCCICIOBAHHUE
aCIIEKTOB JICATCILHOCTH KOHKPETHOTO OOBeKTa (MpeanpHATHSI/OpraHu3aIiuH ),
CBsA3aHHBIX ¢ mpoOnemarnkoil KII.

5. ®opMyIMpPOBAaHKE BHIBOJIOB.

6. OopmieHre KypCcOBOTO MPOCKTA.

7. TlpencraBneHue pabOTHI Ha IMTPOBEPKY MPEIOIABATEITIO.

8. 3ammra KII.

2 Ctpykrypa u cogepxanue KII
KII momkeH BKIIOYATh PACUYETHO - IOSICHUTEIBHYIO 3allMCKy M HMETh

MPUMEPHO CIEAYIONIEeE pachpesiesieHne pa3padoTok (B MpoIleHTax) OT oObema

3aMKCKHU.
Tunosasi CTPYKTYpa NOSICHUTEILHOU 3aIIMCKHU IIpumepHbIii 00beM
TUTYIBHBIN TUCT 1 ctp.
AHHOTAITUS 0,5 crp.
Copnepxanue 1 cTp.
Brenenue 1-2 crp.

O6mras yacTts (0030p (aHATU3) HAYYHOUM U HAYYHO-

TEXHUYECKOU JINTepaTyphl) 8-10 crp.
Cnenunansaas yacts/MccinenoBarenbckas 4acTh 6-8 cTp.
BriBob1 0,5 crp.
CHIucOK MCIOIb30BaHHBIX HCTOYHUKOB 1 cTp.

OcHo6HbiMU MPebOBAHUAMU K paDOme AGNAIMC:

- YEeTKOCTh W JIOTHYECKas  MOCIEIOBATEIbHOCTh  M3JI0XKEHUS
MaTepuana,

— KpaTKOCTb W TOYHOCTb  (POPMYJIHMPOBOK,  HMCKJIIOYAIOIIAs
BO3MOXXHOCTh HEOJTHO3HAYHOTO X TOJIKOBAHUS,

— KOHKPCTHOCTb H3JIOKCHUS IIOJYUYCHHBIX PC3YJIbTAaTOB, UX aHAJIN3a U

TCOPETUUCCKUX HOJIO)I(eHI/Iﬁ;



— 000CHOBaHHOCTb BBIBOJIOB, PEKOMEHJALIMI U MTPEII0KEHUH.

3 TpeooBanus k opopmiaenuro KII

TekcT paboThI cleayeT nevaraTh, COOII01as CleyIone TpeOOBaHMS:

— TekcT Habupaetcs mpudrtom Times New Roman kernem 14, cTpouHbIM,

0€e3 BbIJICTICHHUS], C BBIPABHUBAHHUEM 10 IIUPUHE;

— ab3arHbIil OTCTYN JOJDKEH OBITh OJIMHAKOBBIM M PAaBEH IO BCEMY TEKCTY
1,25¢cM;

— CTPOKH Pa3AesIOTCS OJTyTOPHBIM HHTEPBAJIOM;

— IIOJISI CTPAHHUILIBL: BEpXHEe U HIKHee He MeHee 20 MM, neBoe He MeHee 30

MM, IIpaBO€ HE MEeHee 15mMm;
— MOJYXKUPHBIA WPUPT HE TPUMEHSIETCS;

— pa3pCuacTcia HCIIOJIB30BaTh KOMIIBIOTCPHBIC BO3MOXKHOCTH
AKICHTUPOBAHWA BHHMMAHHUA Ha OIIPCACICHHBIX TCPMHHAX, Q)OpMYHaX, TCOpPCMaAX,

IpUMEHSIS PUQPTHI pa3HON TAPHUTYPHI;

— BBEJICHUE U 3aKJIIOYEHUE HE HYMEPYIOTCS.

OCHOBHYI0 4acTh pabOTHI CIEAYET ACIUTh HA Pa3Jeibl U MOAPA3IEbL:

— pa3zieNibl U TOJPA3/IeIIbl IOJKHBI UMETh MOPSAIKOBYIO HYMEpPAIUIO B

npejenax BCEro TeKCTa, 3a UCKIIIOUEHUEM MPUITOKECHHI;
— HYMEpPOBATh UX CIIeyeT apabCKuMu U pamu;

- HOMED MOjIpa3ziesia BKIOYAET HOMEp pa3zelia U MOPSAKOBbI HOMEp

MOJIpa3ielia, pa3ieJI€HHbIE TOYKOM;
— IIOCJIe HOMEpA pas3zena v moapasielia B TEKCTE TOUKY HACTaBsIT;
— pa3Iesibl U MOIPA3/IeIIbl TOIKHBI HMETh 3arOJIOBKH;

- 34roJIOBKH Pa3acIOB U IMOAPA3ACIIOB CIACAYCT II€YaTaThb C a63auHoro

OTCTYyIIa C IPOMUCHOM OyKBHI 0€3 TOUKH B KOHIIE, HE MO TYEPKUBAS;

— CCJIM 3arojJIOBOK COCTOMT M3 JIBYX HpClIJ'IO)KCHHﬁ, HUX pasgciisaroT

TOYKOM;

— IEPEHOCHI CJIOB B 3aroJIOBKax HE A0ITYCKArOTCA.



HyMepaum{ CTpaHHII TCKCTOBLIX TOKYMCHTOB!

- CTpaHHIIbI padOT cleAyeT HyMepoBaTh apaObCKuMH IUdpamu,
coOJII0/1asi CKBO3HYIO HyMEpaIliIO 10 BCEMY TEKCTY padoT;

- TUTYJIbHBIN JIUCT BKJIIOYAIOT B OOIIYI0 HyMEpAIMIO CTPAHUIL padoT;

- HOMEpP CTPaHUIIbl HA TUTYJIHHOM JIUCTE HE MPOCTABIISIOT;

- HOMED CTPAHUIILI MPOCTABJISIIOT B IIEHTPE HIDKHEW JacTH ucTa 0e3
TOUKH.

Pucynku:

- HAa BCE PHUCYHKU JOJKHBI OBITh CCBUIKH: ...B COOTBETCTBUE C
PUCYHKOM 1;

— PUCYHKH, 3a HCKIIOUYCHHEM PHCYHKOB TIPWIOKCHHHA, CIICTyeT
HYMepOBaTh apaOCKUMHU UPpaMu CKBO3HON HyMepaluew;

— PUCYHKH MOTYT WMETh HAaWMCHOBAHHWE W IIOSICHUTEIHHBIC JTaHHBIE
(MOIPUCYHOUYHBIA TEKCT), HAMMEHOBAHWE TOMEIIAIOT IIOCNIE IMOSCHUTEIBHBIX
JNaHHBIX: PucyHOK 1 — 3aBUCHMOCT®. . .

— PUCYHKH  Ka&XJOTO0  TPHIOXKEHUS  O003HA4YalOT  OTNEILHOM
HyMmepalen apabckumu nudpamu ¢ aobaBiieHHEM Mociie Hugpbl 0003HAYEHUS
npuinoxenus: Pucynok A.3.

Tabmurst:

- Ha BCe TaOJIMIIBI TOJKHBI OBITH CCHUIKH, MPU CCHUIKE CJIETYET MUCATh
CJIOBO «Ta0JUIAY» C YKa3aHUEM €€ HOMEpa;

— TaONMIBL, 32 HMCKIIOUCHHEM TaONMI] TPHIOKEHUH, CIIeayeT
HYMEpOBaTh apaOCKUMu uPpamMu CKBO3HON HyMepalue;

— HAaUMEHOBaHHE TAOJUIILI CIACAYyeT IMOMEMIATh HaJa TaOJWIel ClieBa,
6e3 ab3arHoro oTcTyna: Tabnuia 1 — Mexanndyeckrue CBOMCTBA. . .;

— TaOIMIIBI KaXXI0TO MPUJIOKEHUST 0003HAYAIOT OTNEbHOW Hymepaluen

apabckumu rudpamu ¢ 1o6aBiaeHueM nepea nuppot 0003HaAYCHUS TPUITOKECHHUS.

[Tpumep odopmiieHHs TaOIUIIBI.



Taomnuma 1 — Mexanndyeckrue CBOMCTBA UCCIIENOBAHHBIX CTAIEH

Kaxnpiit pazmen paboTbl (BBeIEHHE, TJIABBI, 3aK/IIOUEHHUE) CIEIyeT
HA4YMHATh C HOBOM CTpaHMIIbI, a NoJpa3zeisl («naparpadsl») pacnojarate Jpyr 3a
JIPYTOM.

Ha3anue kaxmoli HOBOW WacTh W maparpada B TEKCTE€ pabOTHI CIIETyeT
BBIJIEJISAT MOJTYXUPHBIM IIPUPTOM.

Hymepamus rnmaB KP — ckBo3Hasg, Hymepanus naparpadoB CKBO3Has B

npcaciiax rjiaBbl.

4 OcHOBHbBIE COBPEMCECHHBLIC l'lpOﬁJ'leMI)l METAJUIYPTUA U MaTEPHAJTOBEICHUA

Poccuss - kpymnHbIM HUIPOK MEXKIYHAPOJHOIO pbIHKA MeETaLUlypruud. B
HACTOSIIEE BPEMSI POCCUMCKME ITPOU3BOAUTENIN 3aHUMAKOT YCTOMUYMBOE MECTO Ha
MEXKIYHApPOJIHOM DPBIHKE IPOM3BOACTBA W TOpProBiau MmerauiamMu. Ha nomo PO
npuxoautcst okosio 10 % MupoBoro 060poTa MeTasia U METaIONPOLYKIIUHN.

Poccust mpousBoaut 6osee 5 % mupoBoro oobema cranu; 11 % amomunus;
21 % wnukens; 27,7 % turana. [Jons 3aHATBIX TPYIOBBIX PECYPCOB B POCCUUCKOU
METAJUTYpruy 3a MOCJIEAHUE MATHAAUATh JET BbIpocaa B 1,5 pa3a, a B CTpyKType
JI0XOJI0OB OT IPOMBILIJIEHHOTO MMPOU3BOJICTBA - B 6,5 pas.

Uepnass Metamyprus ObUta M OCTaeTcsl OJHOM U3 0a30BBIX OTpacieu
POCCUKCKON SKOHOMUKH, OPUEHTUPOBAHHOW HA MUPOBOU IKCITOPT.

[IpouHoe mONOKEHHE POCCUMCKOM METALNIYPTUM CBSI3aHO C TEM, YTO
NPEANPUITAS OTOM OTPACIM OJHUMH U3 TMEPBBIX CTAIM MOJIEPHU3UPOBATH
MPOU3BOJICTBEHHBIN MpOIeCC W MOBBIMIATH ero 3pdekTuBHOCTL. B pesynbrare
ATOTO YAAJIOCh HAPACTUTh TPOU3BOJICTBO KOHKYPEHTOCIIOCOOHBIX TOBApOB,
CHU3WUTh HAaKJIAJAHbIE W3IEPKKH, YMEHBIIUTh HEraTUBHOE BIIMSHUE Ha
OKPYXKaIUIyI0 Cpely, 3aHSITh IMPOYHOE MECTO HAa MHUPOBOM pbIHKE. lIpoayknms

pOCCHﬁCKHX MCTAJLIYPIroB IPOAO0JIKACT ITOJIb30BATHCA CIIPOCOM U BHYTPH CTPAHBI.



OCHOBHBIE MOTPEOUTENN METAIUIONPOAYKIUNA BHYTPH CTPaHbl - 3TO TOILIMBHO-
DHEPreTUYECKUM KOMILIEKC M MAIIMHOCTPOCHHUE.

Bmecte ¢ TemM B oOTpaciu €CTh M HEKOTOpPbIE NPOOIEMBI, KOTOpbIE
3HAYUTENBHO TOPMO3AT €€ pa3BUTHE. BO-NEPBBIX, 3TO MO-NPEKHEMY JOCTATOYHO
HU3Kasi EMKOCTh BHYTPEHHETO PhIHKA (T.€. BOBMOXHBII 00beM peanu3aiuy ToBapa
IpU OMNpPEACIICHHOM YpPOBHE I1I€H), a BO-BTOPBIX, YPE3BBIYAIIHO BBICOKAS
HHEPro3aTpPaTHOCTh IPOU3BOJICTBA MO0 CPABHEHUIO CO CTPAHAMU-KOHKYpPEHTAMMU.

TpyaHOCTh MOJEpHU3AUMU IPOU3BOJCTBEHHBIX IPOLIECCOB CBsI3aHA B
IIEPBYIO OYEPENb C TEM, UTO CETOAHS BCE TEXHOJIOTMYECKHE IPOLIECCHI KECTKO
IIPUBS3aHbI APYT K Apyry. MonepHU3upoBaTh UX IO OAHOMY JOCTAaTOYHO CJIOKHO,
3aTPAaTHO M HEBBITOAHO. Biajmenplbl NpeanpusATHA B OTCYTCTBHE ILIAHUPYEMBIX
PUCKOB MPEAIIOYUTAIOT HE TPaTUTh CPEACTBA M CHJIBI Ha MOJEPHHU3ALUIO
IIPOU3BOJICTBA, JKUTh CETOAHAIIHUM JHeM. PasBurtme wuaer aumb 3a CYET
BTOPOCTENIEHHBIX 00JIacTel, TI/i€ 4YacTU4YHasg MOJIEPHHU3ALUsl HE YIrpOXKaeT
HOTJIOTUTH CIMIIKOM MHOTO CPEJCTB U MOBJIMTH HA IUIAHBI MOTYYEHUS IPUOBLIH.

B cBf3M ¢ 3TMM MOYHO BBLACIHTH CIEAYIOIIME OJHO3HAYHO HETaTHBHBIC
TEHJICHIIUU B OTPACIIH:

. OCTAIOIIUKCS JTOCTATOYHO BBICOKMHA YPOBEHb H3HOCA OCHOBHBIX
IPOU3BOJICTBEHHBIX (POH/IOB;

. MMOTEHIUAJIBHBIA HEJOCTATOK HEKOTOPBIX BUJIOB CHIPHS;

. pa3pyllIEHHE MpoLecca BOCIPOU3BOJACTBA 3alACOB ChIPbS U PYIHI,
JICVCTBOBABILIETO B COBETCKOE BpEMS;

. HU3KUI YPOBEHB POU3BOAUTEILHOCTH TPYAQ;

. NOBBILIEHHBIE PACXOJABl ChIPbsl, dHEPreTHUYECKUX M MAaTepUaIbHBIX
pecypcoB i NPOM3BOJCTBA E€IMHMIBI NPOAYKIMH, 10 CPaBHEHHIO C

KOHKYPEHTaMU U3 Pa3BUTHIX CTPaH;

. HU3KUM YpOBEHb BHEIAPEHUS HOBBIX TEXHOJIOTMW HAa POCCHUUCKUX
HPEAIPUATHSX;
. KaJIpOBBIN r'OJIOJ.

OcHoBHast ipo6JIeMa - H3HOILIEHHbIE TPON3BOACTBEHHbIE (DOH/IBI.



HecMoTpst Ha TO, 4TO mpolrecc OOHOBIIEHHUS OCHOBHBIX IPOU3BOJICTBEHHBIX
GboHAOB HIET, €ro TEMIbl, MO0 MPU3HAHUIM DKCIEPTOB, COBEPIICHHO
HepocTaTOYHbl. MI3HOC OCHOBHBIX (DOHIOB cOCTaBiseT OKoJo 43 %, 4TO HE MOXKET
HE CKa3bIBaThCA HAa MPOM3BOJICTBE. Pemmth 3Ty mpoliemMy AOCTaTOYHO TPYIHO,
TaKk Kak OOHOBJEHHE OOOpYyIOBaHUS - 3TO OOJBIIME TPaThl U BPEMEHHOE
COKpAIlleHHEe O0BEMOB TPHOBUIM, M HE KaKIBIM BiQAENEI] PEIIMTCS Ha TaKYyIo
JIOJITOCPOYHYIO HHBECTHUIIUIO.

[IpoGnemoit  siBasieTcss W oOmas  TEXHOJOTHYECKash  OTCTaJOCTh
IIPOM3BO/ICTBA.

[To cyTH, KOHKYpEHTOCHOCOOHOCTh OTEUECTBEHHOW METAJUIONPOIYKIIUU
CErOJIHsI IEP’KUTCSI B OCHOBHOM HA JIEILIEBOM ChIPbE, TIOCTYIHBIX 3HEPropecypcax
Y HEBBICOKHMX 3aTpaTax Ha pabodyro CHITY.

Ocraercs npobiemMa U CO CTPYKTYpOM Mpou3BojacTBa. Jos mpou3BoCcTBa
METAJJIONPOIYKIIMM BBICOKMX NEPEAENIOB COCTaBIsA€T Bcero 7 %, oCTalbHOE -
MPOAYKIIUSI HEBBICOKUX W MPOMEKYTOUHBIX TepeaenoB. CerogHsi SKCIOPTUPYIOT
OOJBaHKH W 3arOTOBKH, KOTOPBIE BIIOCJIEICTBUH B IPYTUX CTPaHax MpEBpaIiaioT B
MPOJYKTHI C BBICOKOW JOOABOYHOU CTOMMOCTHIO.

IyTu pemenust

st Toro 9TOOBI COXpPAHUTh HMEIONIMECS TMO3UIMM Ha MHUPOBOM U
BHYTPEHHEM  PBIHKE  METAUIONPOIYKIIMH,  POCCHUUCKUM  TPEANPUSTUIM
HEOOXOJMMO  YCKOPUTH  TPOIECC  PECTPYKTYpPHU3ALMH  MPOU3BOJICTBEHHBIX
MPOIIECCOB, a JUIsl 9TOTO HYXHO TEpPEeCcTaTh LEIUIATHCS 3a JBE BEIIU: OBICTPYIO
MPUOBLIb U JKEJIAaHUE COKOHOMUTH Ha ChIPhE U OIUIaTe TPy/a.

HeoOxoaumo  3HAYMTENBHO TMOBBICUTH JOJIO  MPOAYKIIMM  BBICOKHX
MepeiesioB 3a CYeT MepepadoTKU MeTaia Ha TeppuTopuu cTpanbl. Kpome Toro,
HEO0OXO0JIMMO CHOBa HalaAuTh A(P(PEKTUBHBIC CBSI3U MEXY MOCTABIIMKAMU ChIPbSI
U PYIbl ¥ METALTYPTUYECKUMHU 3aBOJIAMH, OTJIAIUB JIOTUCTHKY M JpyTrue Ou3Hec-
MPOLIECCHI.

[lo MHEHUIO DJKCIEPTOB  pbIHKA, MPUBEICHHE MPOU3BOJICTBA K
CPEIHEMUPOBLIM CTAHJAPTaM TMO3BOJUT IMOBBICUTh OTAA4y OT OTpaciu, Kak

MHHUMYM, B 1,6-1,7 paza.



OcHOBHBIE COBPEeMEHHbIE NMP00JIeMbI MATEPHATOBEICHUSA

Co3patenu TEXHUKH BCErja CTPEMUINCh, YTOOBI HOBBIE U3JEIHUS MO
3G ()EKTUBHOCTH M KaueCTBY NPEBOCXOAWJIM U3BECTHbIC. Pa3BuTue MHOTUX
oOnacTeil COBPEMEHHOM TEXHUKH CBS3aHO C TPUMEHEHHUEM BBICOKOIPOYHBIX
matepuanoB. Ilepex Haykoil crtour mpoOjemMa cjellaTh BBICOKOTPOYHbBIE
MaTepUalIbl CTOJIb K€ HA/IE)KHBIMA M HEIOPOTUMHU, KaK PSIZIOBbIE METAILIIBI.

[Tpon3BOACTBO M TOTPEOJICHHE CBEPXTBEPABIX MATEPUATIOB, K KOTOPBIM
OTHOCSAT MHOTHE TBEP/IbIE CILJIaBbl, KApOUIbI, OOPHUIbI, TEXHUUECKHUE anMas3bl U Jp.,
B 3HAUUTEJIBHOW MeEpe XapakTEepU3yIOT MPOMBIINUICHHBIM TOTEHIUAT U
TEXHUYECKYI0 MOIIb CTpaHbl. DTU MaTepUasbl HACTOIBKO TBEPABl U XPYIIKH, YTO
HE To/IIat0TCs 00padOTKE TPAAUIIMOHHBIMU METOIAMH.

TexHosiorn4eckre TPYAHOCTH YJAOCh MPEOAOJETh, HCIOJL3Ys SBJICHUE
CBEpPXIUIACTUYHOCTH, KOI/Ja 3aroTOBKaM M3 TBEPIbIX MATEPHAIOB MOKHO
pHUAaBaTh HYXKHYIO (GOpMy ITyTeM JAe(POPMUPOBAHUS MO/ TABJICHUEM.

B HekoTOphIX Marepuaiax Mmpu TEIJIOBOM BO3JECHCTBUU OOHAPYKUBACTCS
«(GhexT maMsITH» - BOCCTAHOBJICHUE IE€pPBOHAYATBLHON (HOPMBI TUIACTUYECKU
nedopMupoBaHHOTO 00pasiia B pe3ysibTaTe HarpeBaHus. MexaHu3m ATOTO SBJICHUS
OOyCJIOBJIEH CTPYKTYPHBIMH TpeBpaiieHussMu Marepuaia. OCHOBHYIO TPYIIITY
MaTepuajioB COCTABISIIOT CIUIAaBbl HA OCHOBE THUTaHA, B HACTOSIIEE BpPEMSI HX
UCIIOJB3YIOT B PACKPBIBAIOIIUXCS MO JEUCTBUEM COJIHEUHOTO TEIJIa aHTEHHaX
KOCMHYECKHUX KopaoJiei.

Ilepexon aBuanuu Ha pEaKTUBHBIC JBUTATEIU TMpUIAT aAKTyaJIbHOCTh
npobJieMe CO3/IaHKsI MaTePHUAJIOB, BBIJEPKUBAIOIINX MEXaHUUECKUE HATPY3KU MpU
BBICOKHMX TeMmIeparypax. Pe3epBbl BHICOKOTEMIIEPATYPHON MPOYHOCTH CILIABOB HA
OCHOBE JKejie3a, HUKENs, allOMUHUSI U JPYTUX METaUIOB OrpaHUYEHBbl W
(dakTHUeCcKN HcuepnaHbl. JTO CBSA3aHO C TEM, YTO TEMIIepaTypa JKCIUTyaTalluu
MHOTHX JieTajneit apurateneit nocturia 1200 °C u mpubausuiack K TeMIepaTypam
MJIaBJICHUSI CIUIaBOB. Tak, BEpXHUM mpeaes pabounx TeMrepaTyp psAOBBIX CTajeH
He npesbimaer 770 °C, craBoB Hukens u kobamera - 1100 °C u 1.1 [o
HEJIJABHETO BPEMEHU HU3KHE 3HAYEHUS BBICOKOTEMIIEPATYPHOU MPOYHOCTH CTaJIEH

Obu OapbepoM MJIsl JANbHEHIIEr0 pPa3BUTHUS JIBUTATENIECTPOEHUS, MOCKOJIBKY



HKCILTYyaTAllMOHHbIE XapaKTEPUCTUKU JIBUTATEIEH MPSMO 3aBUCAT OT TEMIIEpaTyphl
ra3oB B TypOHMHE, B HACTOSIIIEE BpeMs 3Ta MpodieMa pelieHa myTeM rnepepadboTKu
METAJJIOB B TpaHyJbl METOJAOM BBICOKOCKOPOCTHOM KpUCTAIM3AIMU U
MOCJIEYIONIET0  MPECCOBaHUS  TpaHyl B u3fenus. BblcOkockopocTHas
KpUCTAJUIM3AIUsl TIPOUCXOJIUT B PE3yJibTaTe OBICTPOTO OXJIAXKIEHHUS pacIliaBa,
MPUBOJAIIECTO K OOpa30BaHUIO MUKPOKPUCTAJUIOB HCKIIOYUTEIBHO MAaJIbIX
pa3MepoB WM Jaxe amopHbIX MaTepuanioB. [Ipu BBICOKHMX TemIepaTypax
MIPOYHOCTh MEIKOKPUCTAIUTMYECKUX U aMOP(HBIX CIIaBOB B 1,5 pasa BwIIe, 4em
CIJIABOB, MOJYYECHHBIX MO TPAAUIIMOHHON TEXHOJIOTHUH.

Kpuorennass texHuka, oOecrieuuBaromias IOJTYYEHHE W HCIOJIb30BAHUE
temriepatyp Huxke 150 °C, pemaet MHOTHE MPOOJIEMBI POU3BOJICTBA, CBSI3aHHBIC
CO CHKIDKEHHEM Ta30B U pa3JIeJICHUEM ra30BbIX CMECEH, IpekIe Bcero Bo3ayxa. Ee
JIOCTUKEHUSI 00YCIOBWINA Pa3pabOTKy MOJYIMPOBOJAHUKOB, KOTOPBIC MPUMEHSIOTCS
B DHEPIETUKE.

Pe3ko Bo3pociu TpeOOBaHMS K YHUCTOTE MartepuayioB. Jlo HemaBHEro
BPEMEHM YHCThlE MaTepHalbl COOTBETCTBOBAJIM OMNPEACICHUSIM TEXHUYECKU
YUCThIC (COJIepKaHUEe OCHOBHOTO KOMIOHEHTa - 99,9 %) ninym XuMHUYECKH YUCTHIC
(99,99 %). Eme Oosiee BbICOKHE TpeOOBaHUA K YHUCTOTE MATEpPUAIOB B
MOJIYTPOBOJTHUKOBOM TEXHUKE: HOpMa MpuMeceld B OOJBIIMHCTBE MaTE€pPUANIOB -
menee 10-11%. IlorpebutensmMu CBEPXUHUCTBIX MATEPUAIOB CTAJd KBAHTOBAA
AJIeKTpoHUKa (paboure 3JIEMEHTHI J1a3epoB), KOCMUYECKash TEXHHUKA (COJTHEYHBIC
Oarapeu, TOTUIMBO M T.H.). Y MHOTHUX CBEPXUHCTBIX MaTEpHUaIOB OOHApPY>KCHBI
HEOXXHUJAHHBIC CBOWCTBA. Tak, JKEJIe30 W IMHK, KOTOPBIC JIETKO MOJJAI0TCA
KOPpPO3UH, B OUYMIIEHHOM BHJE YCHEINIHO MPOTHUBOCTOST €W, CUUTaBLIMECS
TBEPABIMH W XPYNKAMU XpOM, THUTaH, BoOJb(Ppam, MoIUOAEH U ApyTHe
TYTOIUIaBKUE METAJIIbI TUIYOOKOW OYMCTKH CTAHOBSITCS TMOJATIUBBIMU U U3 HUX
MO>KHO TTPOKATHIBAThH (OJIBTY.

AKTyanpHOM mNpoOJeMOl cTana 3aluTa MaTepuajgoB OT XUMHUYECKOIO
B3aUMOJICMCTBUS C OKPYXKAIOILIEH CPEION, arpeCCUBHOCTh KOTOPOW CYIIECTBEHHO
BO3pOCJia BCJIEJICTBUE YCWICHHUS MPOU3BOJCTBEHHOM JEATEIbHOCTH YeOBEKa.

KomoccanbHbIX PasMCpoOB AOCTUTIJIM 3aTpaTbl HA JHUKBUAALWIO BO3,Z[€I>'ICTBHI>’I



W3HAIIMBAHUS MAaTEpUAIOB B MalllMHAX. 3HAHUE 3aKOHOMEPHOCTEM CTapeHus
MaTepUaJIOB, T.. NMPOUCXOIALIETO BO BPEMEHUM H3MEHEHUS HX CTPYKTYpbl U
CBOMCTB, HEOOXOAMMO JJIsl PUHATUSL MEp MO CTAaOWUIIM3AIMN CBOMCTB MaTepUAIOB
U TIPOTHO3UPOBAHUS Pab0OTOCIIOCOOHOCTH OOBEKTOB TEXHUKH.

K ¢pyHKIIMOHANBHBIM MaTEpUaaM, Kak MpaBuiio, OTHOCST:

. amop(Hble MaTepuaibl, s TOJYYEHHUs] KOTOPBIX HEO0OXOIUMO
OXJIaX/1aTh METAJUIbI CO CKOPOCThIO 00Jiee MHJIJITMOHA TPAgyCcoOB B CEKYH]y, IOJIE
4Yero OHM MPHUOOPETAIOT CTPYKTYPY CTEKJIa U YJUBUTEIBHOE COUYETaHUE (PU3UKO-
MEXaHUYECKUX U XUMUYECKHX CBOMCTB;

. «UHTEJUIEKTyaJIbHbIE» WM «YMHBIE» MaTepuaibl, XapaKTepHOU
OCOOEHHOCTBIO KOTOPBIX SIBJISIETCSI CIIOCOOHOCTh «3allOMMHATHY», OTCIIEKUBATH U
BOCITPOU3BOAMTH JiepopManuio u (popmMy KOHCTPYKIUU;

. MHTEPMETAINYECKNE MaTEpUAIIbI;

. WHTEPMETALINYECKUE MaTEpUabl HA METAJUIMYECKOH, MOJIMMEPHOU
WJIY YTJIEPOJHON MATpHIIE;

. yIbTPAJUCIIEPCHbIE W HaHO(a3Hble MaTepuaibl, 3JIEMEHTAPHBIN
pa3Mep (pparMeHTOB CTPYKTYPhI B KOTOPBIX COCTABISET MEHEE COTHIX U THICSYHBIX
nojied MUKpOHa (aJMa30mo00HbIE CBEPXTBEPAbIC TUICHKH, (YHKIIMOHAIBHO-
I'paJMEHTHBIE MOKPBITUS U JP.).

OcoOeHHOCTh HOBBIX UM HOBEHIIMX MaTepuaioB, B OTJIHYHE OT
TPaJMLMOHHBIX, COCTOMT B HUX Oo0Jiee TECHOM B3aUMOCBS3U C TEXHOJIOTHEH
nepepabOTKU B U3JIEINE, B PAJE CIy4aeB MPOLECC U3rOTOBIEHUS MaTepUalioB U

n3aCJ1sA U3 HCTO COCTABJIICT CAMHOC LICIIOC.

5 llpumepHasi TeMaTHKA KYPCOBBIX IPOEKTOB

1. VYcomepuieHCTBOBaHUE TEXHOJIOTUH TIPon3BoicTBa heppocumnuius OC-75.

2. CoBpeMeHHBIE METO/IbI MTOTYUYEHHS 3ar0TOBOK U U3JACIIUN U3 Pa3HOPOIHBIX
METAJTTMYECKUX MOPOIIKOB.

3. CoBpemeHHbIE 1a00OpaTOPHBbIE METOBI B paccieOBaHUM aBapuil.

4. CoBpeMeHHbIE METO/Ibl HEpa3pyIIAOIIUe KOHTPOJIS KAPOIPOUHBIX CIUIABOB.



5. CoBpeMeHHbIE METO/IbI MOJYUYEHHUS U3JIETTUH JIMCTOBOM IITAMIOBKOM.

6. Ouenka pabOTOCIOCOOHOCTH OOBSA30YHBIX TPYOOIIPOBOIOB KOMIPECCOPHBIX
CTaHIINN.

7. CoBpeMeHHBIC HEpa3pyIIAIONIUe METOJbI KOHTPOJIS IIBETHBIX METAJUIOB U
CILIaBOB.

8. MHccnenoBanue u pa3paboTKa TEXHOJIOTUH TEPMOMEXAHUYECKON 00pabOTKH
(TMO) nuist ropsiueit MPOKATKH MIIOCKOTO MPOKaTta.

9. CnnaBsl 1y1s1 KOPITYCOB CaMOJIETOB.

10. IIpon3BOACTBO OECIIOBHBIX TPYO.

11. CrutaBbl, HCTIONB3YEMBIE B FOBEITUPHOU TTPOMBIIIIIICHHOCTH.

12. Hepsxagetomas ctaib. [IpousBoactBo. O6sactu NpUMEHEHUS.

13. CoBpeMeHHbIe MPOOIIEMbI POU3BOJICTBA CTAJIH.

14. ITpuunHbI OBICTPOTrO U3HOCA OCHOBHBIX JICTAJICH IBUTATEI.

15. BoccTaHoBNeHHE U YIPOUYHEHUE JIeTajIeH IITaMIIOB.

16. Hometimue acupaliioOHHbIC YCTAHOBKY JIJIS TIBIICY IaBTHBAHMSL.

17. KoMno3umuoHHbIE MaTepHaIbI.

18. ®usnueckne U MEXaHUICCKHUE CBOMCTBA TUTaHA M €T0 CITJIABOB.

19. IIpon3BOACTBO UyTYyHA.

20. UuctpymenTanpHoe obecrieuenre ctaHkoB ¢ UITY.

21. T'onorpaduueckas narepdepomeTpus GU3NIECKUX MPOIECCOB.

22. TexHomoruaeckue 0COOCHHOCTH MPOIecca JTJa3epHON CBAPKHU.

23. JlazepHas MapKUpOBKa.

24. ITpoOneMbl KOHTPOJISI KayecTBa 0OOPYy/IOBaHUSI U TOTOBOM MPOJIYKIIMH B
METaJLTypPTHH.

25. Pemienne 9KOMOTHMYECKUX MPOOJEM aIIOMHUHHEBOTO IPOU3BOJICTBA HA
npumepe ['VII TAJIKO.

26. Craye Hardox. Coprament. KauectBo. [Ipumenenue.

2. Ctanu a1l BAJIKOB ITPOKATHBIX cTaHOB. CriocoObl pou3BoicTBa. CBOMCTRA.

28. MamvHbI HeTIpepBHIBHOTO JIUTHS 3aroToBoK (MHJI3).

29. Oco0eHHOCTH TEXHOJIOTUN MPOU3BOICTBA OBICTPOPEKYIIUX CTATICH.

30. Ycranosku cucremsl oxnaxaeaus TJIC 5000.



31. BankoBast ctasib. CpaBHEHHE WM3HOCOCTOMKOCTH  OTCUECTBEHHBIX W
3apyOEKHBIX BAJIKOBBIX CTaJICH.

32. Menp 1 MeHBIC CITJIABHI.

33. Hutunon. Ero npuMenenue, Mexanusm peanusanuu 3¢ ¢Gexra naMmsrTu.

34. CoBpemeHHBIE TPOOIEMBbI MPOU3BOICTBA ATFOMUHUSI.

35. HaniaBouHble Matepualibl, IPUMEHSIEMbIE B PEMOHTE TPYO MpPH IJIAHOBBIX
PEMOHTaX Ha CTAHIUU BOJOIOATOTOBKH.

36. MarautoTBepbie MaTepuansl cuctembl Nd-Fe-B.

37. UccnenoBanue nedopmannii ¥ HAMpsHKECHUH B MaTepraiaXx U KOHCTPYKIUAX
METOaMHU royiorpaduueckoil UHTep(HEPOMETPHUH.

38. [lepcrieKTHBBI MPUMEHEHHUS KUAKOTO YyTyHa mpu BbiTuiaBke ctanu B J{CII B
ycnoBusix DCIIL «OMK-Cranby.

39. OTX0BI METALTYPTrHIECKOTO MPOU3BOIcTBA. CITOCOOBI UX MepepadOTKH.

40. [ToBepxHOCTHBIE N1€(DEKTHI MO T'€OMETPUYECKUM MapaMerpaM B YCIOBHUAX
mupoxonosiocoBoro crana 1950 JIIIK.

41. TexHONOrUsI BTOPUYHOTO KEIE30COAEPIKAIETO0 OPUKETUPOBAHMS.

42. PammanimoHHas Hepas3pyIaronias TMarHoCTHKa H3ICIIHI.

43. UccnenoBanue BIMSHUS TEMIIEPATypbl H MUKPOJICTUPOBAHUS Ha CBOMCTBA
cranu 13XDA.

44. TexHOJO0rHs U3TOTOBJICHMSI SBOJIbBEHTHBIX APOYHBIX Mepeay.

45. PeKOHCTPYKLIMSI ~ HEMPEPHIBHOTO  IIUPOKOIOJOCOBOTO CTaHa Tropsiue
npokatku 1950 JIIIK B ycnoBusx BeikcyHnckoro ¢unmnania OAO «OMK-Cranby ¢
LEJIbIO MOBBIIIEHHS] CTOMKOCTH BAJIKOB U YIIYUIIIEHHS KAYECTBa IIPOKaTa.

46. MonenupoBaHue TEMIEPATypHOTO TOJS PBUIBHONM YacTH BO3YIIHOMN
bypMbl JOMEHHOU Tieun ¢ ucnoiab3oBanueM DEFORM-2D.

47. TexHOJOTrHs MPOU3BOCTBA MOTY(HaOpUKATOB U3 ICHOATIOMUHUSI.

48. [IpoexkTrpoBaHue Mpoliecca BOJOYEHUS MEAHOM KaTaHKU B IMpOrpamme
Deform-3 d.

49. IlonyyeHue CIUIaBOB C BBICOKMMHM MAarHMTOTBEPAbIMA CBOMCTBAMM Ha
ocHOBe cuctembl Sm-Fe-N.

50. [opomkoBast METaITypIysi ¥ CBOMCTBA METAUTMUECKHUX MTOPOIIKOB.



51. Meroabpl ~ OYMCTKM  TBUIETa30BBIACICHUA  HAa  METaUIypru4ecKoM
IPEAPUSITHH.

52. TexHONOrMYeCKU MPOoIecC MPOU3BOACTBA CBAPHBIX MPSIMOILIOBHBIX TPYO
oosbioro quametpa B tuHu TOCA-1420 OAO «BM3».

53. JlazepHoe TepMOYNIPOYHEHHE.

54. TloBblllieHUE U3HOCOCTOMKOCTH JieTajiell HAHECEHHEM CBEPXTHIPOPOOHBIX

ITOKPBITHUM.

6 3agaHue K KypcoBOMY NPOEKTY
1. BeiOpaTh Temy.

2. Copep:kaHue KypCcOBOTO ITPOEKTA COCTOUT M3:

o BBeJEHUSsl, B KOTOPOM PACKPBIBACTCA aKTYaJIbHOCTH U MTPOOJIEMATHKA TEMBI,
bopMyIUpPYIOTCS 1IETIM U 33]1a4M, OMMCHIBAETCS METOAMYecKas 6a3a;

e OCHOBHOM 4YaCcTH (IUTepPaTypPHbINA 0030 110 BLIOPAHHOM TeMe) C
MyHKTaMU U IOANYHKTaMH;

o CHEUHAIBHON (PacYeTHOM) I UCCJIeA0BATEILCKOM (IIpoBeIeHne
IKCIEPUMEHTA) YACTHU C MYHKTAMH U MOJIYHKTaMU; B 3TOW YacTU
00s13aTeNIbHO JTOJKEH ObITh pacyeT (000py10BaHMS, TEXHOJIOTHH. . . )

e 3aKJIDYEHHUS, B KOTOPOM HEOOXOAUMO MOABECTU UTOTH YUYEOHOTO
uccie0BaHus (BbIBOJIBI);

¢ CIIHCKA HCIO0JIb30BAHHBIX HCTOYHHKOB (/10 5-/ HAUMEHOBaHMe),

o TNPWIOKEHMH (E€CITU €CTh).


https://zaochnik.ru/blog/kak-pisat-vvedenie-v-kursovoj-rabote-chtoby-ne-popast-vprosak/
https://zaochnik.ru/blog/kak-napisat-osnovnuju-chast-kursovoj-raboty-primer/
https://zaochnik.ru/blog/kak-napisat-zaklyuchenie-v-kursovoj-delaem-pravilnye-vyvody/
https://zaochnik.ru/blog/v-pomoshh-studentam-oformlenie-kursovoj-raboty-i-spisok-literatury-kakimi-oni-dolzhny-byt/
https://zaochnik.ru/blog/kak-oformit-prilozheniya-v-kursovoj-rabote-po-gostu-pravila/

CnucoK uCnmoyib30BAHHbIX HCTOYHHKOB
1. TexHONOTHS KOHCTPYKIIMOHHBIX MAaTEPUANIOB: YUYEOHUK ISl CTY[A. YUPEKIACHUN
BeIciI. Tipod. oOpazoBanus / [B. A. Kysnenon, A.A.Yepemaxun, A.B.IlInbikoBa,

H.®.IlInysskuH]. — M.: Akagemusi, 2013. — 336 c.

2. Hocoma, E. A. CoBpemeHHbIe TIPOOIEMBI METAUTYPTHH M MaTEPHATIOBEICHUS
[DnexTpoHHBIN pecypc]: nekTpoH. y4ueb. mocooue / E.A.HocoBa; MunoOpHayku
Poccuu, Camap. roc. aspokocm. yH-T uM. C. I1. Koponesa (Hai. uccien. yH-T). -

OnekTpoH. TeKcToBbIe U Tpad. mau. (1,71 Mbaiit). - Camapa, 2012. — 48 c.

3. MarepuanoBefeHue U TEXHOJOTHUS MaTepuaaoB: YueOHoe nmocodue / Ilox pen.

A.N. bateimena, A.A. Cmonbkuna.- M.: UTHOPA-M, 2011. — 288 c.
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H.®., non penakuueit ApzamacoBa B.b. u Uepenaxuna A.A. — 2-e usn., crep. —

M.: Akagemus, 2010. — 446 c.

5. TexHONOTHS KOHCTPYKIIMOHHBIX MaTepuanoB: Yu. noc. / B.JI. Tumodeesn, B.I1.
['myxoB u ap.; [Tox o6m1. pex. mpod. B.JI. Tumodeera. — 3-e uza., ucmp. u gon. —
M..MH®PA-M, 2011. — 272 c.

6. Kynpun B.A. PecypcocOepexenue B METAUIypTMM M OXpaHa MPUPOJIBIL:

y4e€OHUK JJi1 CTyH. By30B, 00yd. mo HampasieHuto "Metamtyprusa" (YMO) M.:

MI'BMU, 2012. - 103 c.

7. TlpoextupoBanue KaJIMOPOB COPTOBBIX CTAaHOB U ONEpAIMili JHCTOBOU

ITaMIOBKU: yueOHoe mocobue anst By3oB/ Koxan JI.C., Jlebenes H.H, Mopo3os

I0.A., Mouanos HA.— M.: MI'BMU, 2007. — 340 c.

8. TexHoNOTUS TMOTYYEHUS MPOAYKIIMH M3 PA3HOPOIHBIX MOPOIITKOB MPOKATKOM:
Vu. noc. / Koxan JI.C., lynerun A.B., benento6ckuit b.®. — M.: MI'BMHU. —
2013. — 92 c.



9. CoBepIIEeHCTBOBAaHNE TEOPETUYECKHX METOAOB pacyeTa MPOYHOCTHBIX CBOMCTB
ANIEKTPOKOHTAKTHBIX ~ W3JEIWNA W3 METAJIOB, CIUIABOB U IMOPOIIKOBBIX
MeTaniecknx 3aroroBok: MoHorpadus / Koxan JI.C., Angynun A.B. Ulynerun

A.B.—M.: BUHUTU - 2014. — 157 c.

10. IIpokarka nucTroBOoro Meramia. TexHojmormyeckoe oOecredeHue IMpolecca
npokatku. HoBoe mnokojieHne BBICOKOA(M(EKTUBHBIX CHCTEM OYHMCTKHU OOJBIINX
00BEMOB BOJHBIX TEXHOJOTMYECKHUX KUAKOCTEH W cTOKOB. Yacth 1: TexHuka u
TEXHOJIOTHS XOJIOAHOM (ropsiueil) MpOKaTKU JMCTOBOro Metawia. KoHuenmus u
METOJIOJIOTHSI ~ pacyeTa W  IPOCKTUPOBAHMUS  peCcypcocOEperamnmx  Hu

AKOJIOTU3UPOBAHHBIX CUCTEM OYHUCTKH: yueOHoe rnocooue. - YibsHoBck: Yl TV,

2009. — 186 c. — ISBN/ISSN:978-5-9795-0591-6. —

11. CelpbeBas u TomnuBHag 06a3a yepHoil meramunypruu. / JL.U. Jleontses, HO.C.

KOcdun, T.A. MansieBa — M.: Akanemkuura, 2007. — 304 c.

12. Ob6paboTka JaBJICHUEM METAJUIMUYECKUX MaTepualoB: ydeOHOe rmocoOue st
By30B/ Koxan JI.C., Kopoctenes A.b., Po6epo WN.I'., Mouano A.H. — M.:
MI'BMU, 2009. — 518 c.

13. JIucToBas mpokaTka METAJUIOB M 3aroTOBOK W3 METAIMYECKHX ITOPOIIKOB:
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Ocnognou mexcm: otctyn (cnesa 3), (cnpasa 1,5-2), (cBepxy 1,5-2), (cHU3Yy
2), mpudt Times New Roman, mexaycTpounslii npoden 1,5 — oTcTyn «kpacHas
cTpokay - 1,25.

1 asaMHAvYeCKHEe HCOBITAHHS

C moOBBIMIEHHEM CKOpPOCTH JedOopMalii CONMpPOTHBIEHHE IUIACTHYeCKIM
e opMaLIsAM MOBhIMAaeTcs. XapakTep H3MeHeHHs MIaCTHYHOCTH H BA3KOCTH HpH
YBEeIHYEHHH CKOpocTH OyeT 3aBHCeTh OT TOro, Kak OyaeT MeHAThCA
CONPOTHBIIEHHE Pa3pyIIeHHIo0.

JlMHaMHYecKuii mpouecc aedopMariii WiH pa3pymeHns MoxKeT BO3HIKHYTh
KaK BCJIEJICTBHE pPe3KOr0 BO3pACTAHIA BHEIIHeil HAarpy3KH, TaK I BCIeJCTBIIe
PEe3KOTro MOHIDKEHHs CONPOTHBICHHA Tejla, HalpuMep, IpH XPYNKOM pa3pyLIeHHH
[1]. TIo3TOMy, CTPOTO TOBOpA, AHMHAMHYECKHE HCHBITAaHHA MeTalla MOIJIH Obl
IPOBOJUTHCA H IPH MeUIEHHOM, CTaTHYeCKOM IpPHJIOKEeHHH Harpyski. OJHako

NOAOOHBIT MOAXOJ MHCKIYaeT BO3MOKHOCTh pasaeneHnsa HCNBITAaHHII Ha

Baowcno! B xoHIe mpeniiokeHus, MepeuncieHrus Wi GopMysbl JOJIKEH
CTOSITh 3HAK MPENUHAHMS (TOYKa, 3amsiTasi U T.J.), HE MOXET OBITh «I1OJBUCIIINX)
IIPEJI0KECHUM.

Touku HE CTaBAT B 3aroJiOBKax W IMOJ3aroJioBKax, PUCYHKax, TaOIHIlax.
CchbUIKM B TEKCTE Ha JIMTEPATYpPHbIE UCTOYHMKHU [l], B mOpsiaKe yBEIMYEHUS OT
OJHOTO U Jajiee, Hampumep, cceuiku B Tekcte [1], [3], [2], [5] cuurtarorcs
OLINOKOM.



Pucynox - mo eHTpy, MeXIyCTPOUHBINA MPOOENT TEKCTa MO pUCYHKOM 1,15
(MO 1EHTpPY), CKBO3HAsI HyMepallus BCEX PUCYHKOB.

\ Hox MasTHHKa

1/ Obpaszen

/ \ ~ Onopa
=

.

h

PrcyHok 1 — MasatHuKkoBsIil Konep 110 5003-0,3-10, yAapHsIil H3rHO 10 METOAY
IIapm: TOCT 9454, 9455, 1SO148-2-1998, ASTM-A370

Ipumep ogpopmnenus hopmyn

IcneiTaHne npoBOAAT IpH HopManbHOI (20=10°C), mNoOBBIMIEHHOH (10
1000°C) nu noHmKeHHoi (10 -100°C) TeMnepaType.

ITonnyro paboTy paspymeHns odpasna (HIH 3HeprHH, 3aTpayeHHOI Ha ero
paspyliieHue) npu yaape K ornpeensroT HelmocpeACTBeHHO 110 IIKajle KOIpa IIH 110
Tabmuue (ecam IIKajga TIpajyHpoBaHa B rIpagycax). YiaeiasHasd padora KC

OITpeaeIACTCA JCJICHIEM IIOJIHOII pa6on,1 Ha IUIONIA1b CeYeHHs (HeTTO):

KS==

S

rae So —_— HlB



@Dopmynsl u ccoliku — (popMmylia MO LEHTPY, CChUIKA CIpaBa, CKBO3HAS

HyMepaIusi.

s Wpndr [ Ab3ay ) Crwnn = Pegax
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Jna penIeHnd AIMHaMHYeCKHX 3aJa4 HCIIOIB3YIOTCA YpaBHEHHA [ABIDKEHIIA,

KOTOpHIe B CBOEM pellIeHHH JaloT BOTHOBOE ypaBHeHMe [9],

(an. a;%é‘x) 0ydz — 0,,6ydz + (axy o %6&) 6x6z —

Oyy0x82z + (O’xz + %62) 6x8y — 0,,6x08y,

21

OTKYy/a I1ocie ynpome}mfl HaXoJHIM

doxx | 90xy |, 0yOxy
(ax + 3y = )é‘xé‘yé‘z. (1)

CornacHo BTOPOMY 3aKOHY HproToHa, NpHpaBHAEM pe3yIbTHPYIOMIYIO

neﬁchy}omux Ha TeJI0 CHJI (l) K npoumenemuo MacCCEI Ha YCKOPEHHQ
a%u
ox6ydz) —],
[(p6x8yb2)

rJe p - IVIOTHOCTE J1eMeHTa; (pdx§ydz) - Macca; u — mepeMelneHne BIOIb

OCH X, TAKHM 00pa3oM:

3ae01060K u n003a20/1080K.

™ Crnan ™ Pepak

IS - 1 - 1Y 2 03 4y Sy 61 7y B4 e 9t 10 4 o11e 1 120 4 +13. 1 2.y - 15 1 . 16 - ANIEZRNIN

1.1 ®axTopsl, BIAAIIHE HA YIAPHYIO BA3KOCTH
1.1.1 BaasEHE CTPYKTYPBbI
VaapHyI0 BS3KOCTb CTajeil 3aBHCAT OT CTPYKTYphl, KOTOpas B IIepBYIO
ogepe/Ib ONpeeaeTcs XIMIYeCKIIM COCTaBOM, pa3MepoM JIeliCTBITEeNbHOIO 3epHa
I COCTOSIHHEM €r0 TPAHHI, BIZIOM H XapaKTepoM HeMeTalINYeCKHX BKIIOUEeHIIII.

brito IIPOBEJICHO MHOKECTBO p8601' 110 HCC/ICAOBAHHIO BIHAHIA Pa3IHIHBIX

(axTOpOB Ha yJapHYIO BI3KOCT.



llepeuucnenue 6 mexcme.

Wpndr ™ AB3ay s Crvnn ' Pepaktup:
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Kak BujHO, penieHne 3ajad TeopHH VYIIPYTroCTH C HCIOJb30BAHHEM HE

IepBoro, a BTOPOro 3aKoHa HrroTOHa, IIPHBOAHT K PEHICHHI 3aJadil
pacpoCTpaHECHHA ne(bopmamm B BHJI€ BOJIHOBOI'O IIpoIecca.
Jns penIenId 3a1a4 pa3pymeHnss MeTallIoB MEeTOA0M KOHEUYHBIX 3JIEMEHTOB

OueHb Ba)KHEIM SBIIAETCA oOecIredeHiie CJIeAYHOIINX YCJIOBIIﬁZ

OIpejielleHIle NPABIIIBHOTO PEeOJIOTHMYeCKOT0 YpaBHEHIS — 3aBHCHMOCTII
HCTHHHBIX HANpsOKeHHIl OT HCTHHHBIX JedopMammii G(g), IONYYeHHBIX,
HaInpHMep, mocie 00paboTKH pe3y/IbTaTOB HCIBITAHMIT Ha pacTsuKeHIIe;

- OIpejielieHIle TeMIIepaTyPHOIl 3aBIHCHMOCTH HCTHHHBIX HANPSLKEHHIT G(€);

- OIpejleNieHNe KPUTepHs pa3pyeHnus;

- OIpejieIeHHe TeMIIepaTypPHOIl 3aBHCHMOCTH KPHTEPHS pa3pyIIeHH .

JUnsg ompejielleHNs BeTHYHHBI YAAPHOIl BS3KOCTH CTATH ICIONB3yeTcs

MaTeMaTHYecKoe MOJeTHpPOBaHHe TIIpollecca paspymleHHs oobpasma. Cxema

BBIYHCIINTEIBHOTO 3KCIIEPHMEHTA IPHBEICHA HAa PHCYHKE 11.

Ogopmnenue madbauyst - CKBO3HASI HyMepaIus BCeX TaOJIHII.

Wpudr ) Absay e Crnan ™ Pegaxy
5 AT

o SOOI SORURCIR SRR SO, SNSUNCRS. SRCNUNLEN SO e AT A RGN RO SN | SO b SCHURGSE  SORUNCR © SCNURC © NN | (3
HaNpsUKeHHs JOCTHTalT 3HaueHHH o(e) = op = 0,003E, rae E - 3HaueHe
MOZyJIA YIIPYTOCTH, paBHOEe IIpH KOMHATHOII Temnepatype 211 I'Tla. 3aBucuMocTsh

MOy YIPYTOCTH OT TeMIIepaTyphl peJicTaBleHa B Tadmuue 1.

[Ta6mima 1 — TemmepaTypHOe H3MeHeHHe MOy YIpyrocT cramu 170 1CY

T.°C 20 0 20 -40 -60 -70
E,THa | 211 213 214,7 2166 | 2194 220,8
E/E, 1 | 1,005 10175 | 11,0265 | 1,040 1,0465




llepenoc mabnuysl Ha CIETYIOUTYIO CTPAHUILY.

Tabmuua 4 — Cmece K-1 ¢ pa3sau4HBIM coaepKaHHEM KOKCa

CKOpPOCTh
Ne 0 Macca BpeMA
% KOKca 2 IITaBICHHA.
OIIBITA Ta0JeTKH. T | IUIAaBICHHA. C 2
Kr/(M¢C)
1 4 0.54 JIONHYII HarpeBaTeIb
2 -4 0.49 84 0.092
3 4 0.49 54 0.143
4 7 0.47 80 0.092
5 7 0.50 61 0,129
6 7 0.55 71 0.122
7 10 0.43 84 0.081
8 10 0.50 63 0.125
43

IIpoxomxenne Tadaunbl 4 — Cnvech K-1 ¢ pa3sTHYHBIM cogep:KaHHEM KOKCa

12

0.43

Tabauya B ambboMHOM (popmarte.

200

0.034




CKOPOCTH I IOC ot rpadHTa HIH KOKCa.

48

Tadmuua 7 — CropocTs nasieHna cMecH K-1 ¢ amopdHsiv rpaduTom (kr ¢

4% 4.5% 7% 9% 10% 12% 15% 18%

0.14620.009 | 0,157=0,008 | 0,0940.006 | 0,061 £0.004 | 0.050=0.004 | 0.033=0.004 | 0.04420.005 | 0.039+0.006

0.163=0.008 | 0.130=0.007 | 0.098%0.006 | 0.056=0.004 | 0.0450.004 | 0.045=0.005 | 0.033=0.004 | 0.023=0.007

0.13820.009 | 0,152£0,008 | 0.0820,007 | 0,058%0,004 0.038£0.004 | 0.029+0.004 [ 0.025=0.007
0.141 £0.007 0.078+0.005 0.032£0,004
0.072£0.004
0.074£0.005
0.057=0.004

MHnoocecmseennoe nepeuucienue Gopmyi.

TIpoBeaeH pacueT CKOPOCTH IUTaBIeHHA IITakooGpasyromei cmecH K-1 (¢
coaepxaHHeM yriaepoga 7 - 10%) mpH HempepslBHON pa3aHBKE CTalH B €140
pa3smepoM (a x b) 200 x1800 MM NpH CKOPOCTH BBITATHBAHHA 3ar0TOBKH () - 0.8
M/MHH. H3BeCTHO. 9TO yaepHbl pacxoa AaHHOil IIIOC (Vy,) OpH 3THX YCTOBHAX
coctaBeT 0.6 Kr/T (zaHHBIe OAO «CeBepcTaib).

Pacqem:

L VaeapHbli pacXoa MeTalla PaBeH:

Vie= a b’ /60 = 0,2-1,8-0.8/60 = 0,0048 A’ /c.

2. MaccoBslii pacxoa MeTalia:

Ve Ve " Pume = 0.0048 - 7800 = 37.44 kr/c.

3. Maccossli pacxog IIIOC:

Vo™ Ve Vyz/ 1000 = 37,44 ° 0,6/1000 = 0.0225 xr/c.

4. CxopocTts miasiaeHusa HIOC:

Vamsr™ Vaoe/(a * b) = 0.0225/(0.2-1.8) = 0.062 kr/(M” “¢).

Kak BHIHO H3 pacyeTa. A7 3THX YCIOBHI HeNpephIBHOI Pa3THBKH CTaTH

yaAenpHaA ckopocTh miaBiaeHHA [IIOC coctaBager 0.06 1<r/(M2 e}

Dopmamuposanue ab3aya— HEOOXOIUMO BBICTABHTH (OPMATUPOBAHUE
TekcTa (ab3aia), CoraacHO PUCYHKY.



BaxHo! B KOHII§ Wwrepean

TNpemHHAHHA (TOUKA, 321 1), ‘ 5 aporn B &

Toukn

L fod T AT D T O O e\ Lo 3

YBEMIUEHINI CKOpOCTHt OyZeT 3aBlCeTh OT TOro, KaK OyleT MeHAThCA
CONpOTIB/IEHI

T Absay ? X

KaK BCJICJCTB| Orcynsi v uHTepsanst  oAoxeHHE Ha CTPIHNLE

PE3KOro Moy Obuwme
[1]. Tostomy| Bupasnusariue: @E}
NPOBOINTECA YposeHs: jOmomoﬁrteKa E CeepHyTH N0 yMOAYAHWIO
n0100HIT 1|
Orayn
Caesa nepeag cTpoxa: Ha:
Copaes: [oram Fl [zaE]
[[] 3epxaneHsie orerynet

Nepea:

Mexaycap .

L

[iHe a06asnaTs uHTEpBan Mexay 363aLamM 0aHOrO CTUNA!

O6pasey

Rt N e o (rcnna, 3ewTIn WAL v
MORET Cafh ATOARMOEY + TDEAIONERE

HaK

[Inﬁynmm... Mo ymonuaHuo I oK | [ Otmena |




