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[Ipou3BOACTBO OTIMBOK M3 UyryHa. MeToauyeckue YyKazaHus s
CaMOCTOSATEIBHOM MOJArOTOBKH K Caue€ KOHTPOJIbHOM pabOThl M 3K3aMeHa st
cTtyneHToB crennanbHocTH 6.05040201 3aounoit dopmbl oOyueHus / Cocr.
IL. I'. ArpaBan — Kpamatopck: JAI'MA, 2012. — 30 c.

ConmepKUT  METOOWYECKHME  YKa3zaHusl  JUII  CaMOCTOATEIbHOMU
MOJATOTOBKM K clladye KOHTPOJIBHOW pPabOThl M 3K3aMeHa MO JUCUUILIINHE
“IIpon3BOACTBO OTIMBOK M3 UyryHa  [JJs CTYAEHTOB CHEHHAIBHOCTH
6.05040201 3aounoit dopmbel 0o0ydeHus. JlaHHOE TMMOCOOME COJEPIKUT:
CTPYKTYpPY U TpuUMephl OWIETOB K KOHTPOJBbHOH M SK3aMEHALMOHHOU
paboraM, MpUMEpPHI OTBETOB Ha OMIIETHI, TIEPEUEHb BOIIPOCOB JJIsl TOATOTOBKU
K WX BBINOJHEHUIO, CCBUIKM Ha METOoJpa3pabO0TKH, B KOTOPBIX OBLIN
noApoOHO OCBEMIEHBI ATH BOMPOCHI, KPUTEPUU OLIEHKH OTBETOB U JIP.

CocraButenb II. I'. ArpasaJ, cT. nper.

OTB. 32 BBITYCK B. K. 3abaouxwuii, pod.
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BBEJAEHHUE

Hacrosimiee wmeToauyeckoe MOCOOME COCTaBICHO JJis CTYACHTOB
3a0uHOM (opMbl 00ydeHuss 1o cneruaabHoCcTH 6.05040201 «JIuTeitnoe
MPOU3BOJICTBO UYEPHBIX W IIBETHBIX METALIOB». B Kpyr BOIPOCOB,
OXBaTbIBa€MbIX KypcoM «IIpou3BOACTBO OTJIIMBOK M3 YyTyHa», MOMAJarOT
BOIIPOCHI, CBSI3aHHBIE CO CTPOCHHEM U CBOMCTBAMHM YYT'YHHBIX OTJIMBOK,
TEXHOJIOTUEH TUIaBKM U TEXHOJOTMYECKUMH OCOOEHHOCTSIMU TIpoliecca
MOJTYYEHHUS OTIMBOK U3 YYT'YHOB Pa3JIMUYHBIX MapOK.

Lenr  uw3ydyenuss kypca —  (HOPMUPOBAHHE  TEOPETHUECKUX
MPEACTABICHUM O COBPEMEHHBIX TEXHOJOTHSAX TMOJY4YCHHUS YyryHa U
W3TOTOBJICHUS OTJIMBOK M3 HETO, MOJIYYEHHUE HABBIKOB MOMCKA ONMTUMAJIbHBIX
TEXHOJIOTUYECKUX PEIICHWH TMpPU HU3TOTOBJICHHH UYT'YHHBIX OTJIMBOK.
[Ipou3BOACTBO OTIMBOK K3 YyryHa pacCMaTpUBAETCA C MPHUBICYECHUEM
METOJIOB W HAY4YHBIX B3IJISJI0B, Pa3BUThIX B TaKUX JUCIUIUIMHAX, Kak
«Duzukay, «Xumusny, «Duznyeckas XUMUS U AHATUTHYECKUNU KOHTPOIbY,
«MeramnoBeieHue M TepMuyeckas oOpaboTkay, «Teopuss W TEXHOJIOTHUS
METaJUTypru4ecKoro mpou3BojacTBay U «TeopeTruueckre OCHOBBI JTUTEHHOTO
IIPOU3BOJCTBA.

[IporpamMma Kypca COCTOUT U3 CIAEAYIOIINX PA3IEIOB:

- CTPYKTypa, CBOMCTBa U OCOOECHHOCTHM H3TOTOBJIEHHUS OTJIIMBOK U3
qyrysa,

- TEOPHUS U TEXHOJIOTHS U3TOTOBJICHUS OTJIMBOK W3 UyT'yHA.

Huctummna «IIpou3Bo/ICTBO OTIIMBOK U3 YyTryHa» TOTOBUT CTYACHTOB
K BBINIOJHEHUIO KYpPCOBOW palOOThl MO JAHHOW JUCHUIUIMHE, BBIMOJHEHUIO
KOMIUJIEKCHOTO 3a/IaHHsl Ha TOCYJApCTBEHHOM 3K3aMEHE M0 CIeUUaIbHBIM
JTUCHUIUIMHAM, TIOATOTOBKE, HANUCAHUIO U 3alUTe JTUIUIOMHBIX padoT
OakanaaBpoB, CIIELUATUCTOB U KBaTU(UKAITMOHHONW paboTe MarucTpa.

[Ipuctynas K M3y4eHHIO Ka)I0W HOBOM TEeMBbI Kypca, peKOMEHIYyeTCs,
MpEeXAE  BCEro, O3HAKOMHUTBCA €  COOTBETCTBYIOIIMM  Pa3leiioM
PEKOMEHIyeMO# JUTEepaTypbl M METOAMYECKUX ykazaHud [1-11] m deTko
MPeACTaBUTh cebe 00BEM TEMbI M MOCIIEN0BATENBHOCTh pa30UpaeMbIX B HEl
BonpocoB. [locie u3ydeHus: METOAMYECKUX yYKa3aHU MOHO MEpPEeXOJUTh K
MpeIBapUTEIbHOMY O3HAKOMJICHHUIO C MaTepHalioM [0 PEKOMEHIYeMbIM
yu4eOHUKaM.

CamocrosiTenbHas nMpopaboTKa TeM Kypca Mpeanojaraet cieayromui
MOPSAJIOK pabOThI:

- O3HAKOMHUTHCS C COJCP)KAHUEM TEMbl 1 METOJIMUYECKUMU YKA3aHUSIMH,
YTOOBI MOTYYUTh IIpe/icTaBlieHne 00 00beMe U COAEPKaHUN MaTepuaa;

- IPOYECTh  COOTBETCTBYIOUIME  pa3fenbl B y4eOHHKaX U
PEKOMEHIOBaHHOM JIUTEpaType;

- COCTaBUTh KPATKUW KOHCIIEKT MO TEME.



Korga stoT mepBblii 3Tanm paboOThl BBINOJHEH, CIEAYET MNEPEeuTH K
JETAIbHOMY HW3Y4YEHHUI0 MaTepuaja ydyeOHHKa. Uutarb ydyeOHUK HYKHO
BJlyMYHMBO, BHUMATEJIbHO, HE TOPOISCh M HE MPOIyCKas TEKCTa, CTapasicCh
MOHATh Kaxnyro ¢pa3dy. Ecam mocne THIaTeNbHOrO M3Y4YeHHS TEMbI 110
y4E€OHUKY C UCIOJIb30BAaHUEM METOJAMYECKUX YKa3aHUN OCTaHYTCS HEsCHbIE
MecCTa, HYy>)KHO OOpaTUThCS 32 KOHCYJIbTAIIMEHN K MTPENO/1aBaTEIO.

YroObl Jierye 3aloOMHUTh M YCBOUTH MaTepuall, PEKOMEHIYeTCs
COCTaBIIATh KPATKUI KOHCIEKT MO KaXKIOMY M3YYEHHOMY paszieny, Tak Kak
KOHCIIEKT B COYETAaHUU C YYEOHMKOM IIOMOTAaeT JIYy4Yllle MOArOTOBUTHCA K
KOHTPOJIbHOM paboTe U SK3aMEHY.

[locne uM3yyeHUs KakJIOW TEMbl HY>KHO OTBETHTh YCTHO Ha BOIPOCHI
JUIsL CAaMOTIPOBEPKH, MOMEIEHHbIE B METOJMYECKHX yKazaHusx. OTBETHl Ha
BONIPOCHI JJISI CaMONPOBEPKH - Ba)XXHOE CPEACTBO CaMOKOHTpoisia. OHu
MOMOTalOT 3aKPENUTh B MaMATH MaTepuai Kypca.

KoHTponbHas paboTa U 3K3aMeH — 3aKJIIOUUTENbHbIE ATalbl U3YUYECHHUS
Kypca. 3aJIoroM YCIEeIHON UX CcauM sABIIAETCS cUCTeMaThyeckas pabora Hajl
KypPCOM U IOJIHOE BBITIOJIHEHUE U3JI0KEHHBIX 3/1eCh TPeOOBaHU.



1 CTPYKTYPA BUJIETA KOHTPOJIBHOM PABOTBHI

KonnuecTBo
Crpykrypa Omiera 5
1./T aJIoB
1 Bomnpoc u3 temsl 1.1 «@opMHpOBaHUE CTPYKTYpHI 50
YyryHa»
2 Bonpoc u3 Temnl 1.2 «CBoiicTBa, CTpOEHUE,
MapKUpOBKa,  0cOOeHHOCTHM  mosyueHuss U | 50
MIPUMEHEHUS PA3IUYHBIX BUIOB UYT'YHOBY
Ornenka 6usera 100

2 IPUMEP BUJIETA KOHTPOJIBHOM PABOTBI

1 BOITPOC (50 6an10B)

[Ipoueccol hopmupoBaHus CTPYKTYphl B uyryHe. Jluarpamma coctostuusi Fe—C.

2 BOITPOC (50 6an0B)

Ceppiit uyryn. OOmiasi xapakTepucTuka, CTpykTypa. MapkupoBka. OoOiacTb
IIPUMEHEHMUS.

3 3AJIAYA (30 6as10B)

Paccuurarh cpenHuil coctaB IIMXTHI Ais BbIIUIaBKU uyyryHa mapku CY30 B kokcoBoi
Barpanke. Yrap Si=-13%, Mn =-13%. Pacxon kokca 12 %. TommuHa CTEHKH OTIUBKH
30 MMm.



3 IPUMEP OTBETA HA BUJIET KOHTPOJIbLHOM PABOThHI

BOITPOC 1 (50 6a10B)

[Ipoueccol hopmupoBaHus CTPYKTYphl B uyryHe. Jluarpamma coctostuust Fe—C.

I[JISI OTBE€TA Ha 9TOT BOIIPOC HGO6XOIII/IMO BOCITIOJIB30BAaTHCA
TCOPCTUUCCKUM MATCPUATIOM, KOTOpBIﬁ MMpCACTAaBJICH B CJIICAYIOIIUX pa60TaX:

1 Bo3aBm:kenckuii, B.M. JluTeiiHple cnjaBbl M TEXHOJOTHS HMX IUIAaBKH B

MamuHoctpoenuu / B.M. Bosasuxenckuii, A.B.I'paueB, B.B. Cnacckuii —
M.: MammHoctpoenue, 1984. — 431 c.

2 I'mpmoBny, H.I'. CripaBounuk no uyrynaomy auteto. / H.I'. T'upmosuy. — JI.:
MamnHoctpoenue, 1978. —758 c.

3 Xyaoxopmos, JI.H. [IpousBoacTBo otiauBok u3 uyryna / JI.H. Xynokopmos. —
Munck: Beimeimas mxosna, 1987. — 200 c.

4 Jlanga, A.®. OCHOBBI MOJY4YEHUS YyryHa IOBBIIIEHHOTO KadecTBa. — M.:
I'HTUMUJL, 1960. — 240 c.

Omeem.

CBolicTBa YyryHa OMPEICIAIOTCS TJAaBHBIM 00pa3oM €ro CTPYKTYpOH,
dbopMHpOBaHUE KOTOPOH  SBISACTCS  PE3yNbTaTOM  KPUCTAUIM3AIlUU |
MEPEeKPUCTAITU3AIINH. .

Ha pwuc.1 u 2 mokasansl AuarpaMMbl COCTOSTHUS ABOMHBIX Fe-C criiaBos.
ITonnas quarpamma coctosinus (puc.l) Obuia omyonukosana [1].
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Pucynok 1 — Ilonnas quarpamma cocrosinus craBoB Fe—C
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Huarpammy Fe—C u300pakaroT IBOWHBIMH JUHHSIMH, OTpPaXKaIOIIMMH
OJIHOBPEMEHHO JBa KpalHUX Cclly4as: MCTMHHO PaBHOBECHOE (CTaOMIIBLHOE)
COCTOSIHHE C KpHCTAJUTH3AIel yriiepoja TOJNBKO B CBOOOJTHOM COCTOSIHUU B
Buje rpadguta (I')) m ycioBHO paBHOBecHOE (MeTacTaOMIIbHOE) COCTOSIHUE C
KPUCTAJUTM3AIMEeH yTiiepoJa TONTHOCTHIO B CBSI3aHHOM COCTOSIHUU B BHUJC
nementura (1).

B pesynbrare CcTaOMIBHOW KPHUCTAJUIM3AIMH W TMEPEKPUCTAIUTH3AIUH
00pa3yrTcs cepble YyTYHBI, a TPU METAacTaOMIbHOW - OeIble; CMeIlaHHBIHI
XapakTep KpUCTATU3ANN TPUBOIUT K TIOTYUYSHHUIO TIOJJOBHHYATHIX YyTYHOB.

Ha puc. 1 u 2 mnpunsatel o0o03HaueHus cTaOwibHON cuctembl Fe-C
CIUIOIIHBIMH ~ JIUHUSIMH,  MeTacTa0mipHOi  Fe—-Fe;C  -yHKTHUpPHBIMU.
Komnonentamu cuctembl Fe-C sBISItOTCS JKeNe30 W yIiiepoll, a OCHOBHBIMHU
dazamu — ayCcTeHHT, GEPPUT U LIEMEHTHT.
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Pucknok 2 — JIBoiinast nuarpamma coctosinus Fe—C cmiaBoB: 1 - ctabunbsHoe, 2
- MEeTacTaOUJIbHOE

B nosBTekTHueckux dYyryHax (C cojaep)kaHHeM yriepoaa X, COCTaB-
oM E<X<C wumn E'<X<C') ¢ nmoHmkeHueM TeMmmepaTypbl U3 KHUIKOTO
pacriiaBa BbITIajlaeT aycTeHUT (A), B TO BpeMs KaK B 3a3BTEKTHYECKUX (C
conepkannem yriaepona 6onee C uwimm C') - rpadur (I') nmu6o nementut (II).
Konern kpucramiuzanuu 4YyryHOB BCErja XapaKTEPHU3YeTCs JBTEKTHUYECKUM
npeBpamienueM. (CreaoBaTtenbHO, YYTyH TIPEJICTaBIsE€T CIUIaB JKele3a C
YIAEPOJIOM, XapaKTEPU3YIOIMIMICS HAJIUYHEM 3BTEKTHYECKOTO IpEeBpalleHus -
cTaOMIBLHOTO (TpaUTHOTO) MU METACTaOUIIBHOTO (LIEMEHTUTHOTO).

B peanbHbIX 4yryHax MojgoXKeHUE BCEX KPUTUUECKUX TOUCK M3MEHSIETCS B
3aBUCHUMOCTH  OT  COJEpkKaHUs  JAPYTUX  DJEMEHTOB  (JETHUPYIOUIUX,
TEXHOJIOTHYECKUX WIIW MMPUMECE) 1 CKOPOCTH OXJIakKICHUSI.

B oOmem cnyyae cTpyKTypa YyryHa COCTOMT W3 TMEpPBHYHOM (a3bl
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(aycTenuta s JAODBTEKTHMYECKMX; TIpadura WIM  LEMEHTHTAa s
3a9BTEKTUYECKUX) U OBTEKTHUKH, KOTOpas B Clydyae LEMEHTUTHON CHUCTEMBI
Ha3bIBaeTcs Je1e0ypUTOM.

OBTekTdeckoe mnpespaienue npoucxoaut Ha jguHud EF (E' F') mo
CcXeMaM:

KA+ 10 15810 KA+ T
L ——
ABTEKTHKA = JIeACOypUT IBTEKTHKA

KonudecTBo BBIIENMBIIMXCS MPU 3aTBEp/ieBaHUM (Pa3 U COOTHOUICHUS
MEXIy HUMHU B YCJIOBHUSIX paBHOBeCHUs (CTAOMIBHOIO WJIM METAacTaOWIBLHOTO)
onpejeNnsieTcss W3 JAuarpaMMbl COCTOSIHMSI 1O TpaBuiy oTpe3koB. Cama
ABTEKTHKA COCTOUT U3:

a) ayCTeHUTA U [IeMEHTUTa (MeTacTaOuibHas);

0) aycrenuta u rpadura (ctabmibHas). COOTHOIICHHE MEXIY
KOMIIOHEHTaMHU 3BTEKTUKH B YCJOBHUSX PABHOBECHUS TAKXKE OMNpENENseTcs IO
npaBuwily OTpe3koB. [Ipu oxijaxaeHuH B TBEPIOM COCTOSHUM W3 ayCTEHHUTa
BCIEACTBUE  TOHIKEHHUS  PACTBOPUMOCTH  MPOJOJDKAET  BbIACIATHCS
M30BITOYHBIN yraepoa B Buae rpadura mo iunuu ES wunm  nemeHTuTa 1o
mann E'S'. Tlpu noctikennu temmepatyps! Ha muausx PSK mmu P'S'K' stot
MPOLIECC COMPOBOXKAACTCS IBTEKTOMJIHBIM IMpEBpallleHUEM € 00Opa30BaHHEM
ctabuibHOTO (@ + I') mnm meracrabunsHoro (O + I = [lepaut) 3BTEKTOM Q.

BOITPOC 2 (50 6a10B)

Ceppiif uyryn. OOmiass xapakTepucTuka, CTpykTypa. MapkupoBka. Oo0iacTb
MIPUMEHEHMUS.

JUis oTBETa Ha 3TOT BOIPOC HEOOXOJUMO BOCIOJIB30BATHCA TEOPETUUYECKUM
MaTepuaioM, KOTOPbIM IPECTABIEH B CIEAYIOIINX padoTax:

1 Bo3aBu:kenckuii, B.M. Jluteiinple CIUIaBbl M TEXHOJOTHS WX IUIAaBKU B
MamuHoctpoenuu / B.M. Bosnuxenckuii, A.B.I'paueB, B.B. Cnacckuii —
M.: Mammnoctpoenue, 1984. — 431 c.

2 'mpmoBny, H.I'. CripaBounuk 1o uyrynaomy auteto. / H.I'. T'upmosuy. — JI.:
Mammnoctpoenue, 1978. —758 c.

3 Xynoxopmos, JI.H. [IpousBoactBo oruBok u3 uyryna / JI.H. XynokopMoB. —
Munck: Beimeimas mkosna, 1987. — 200 c.

4 Jlanma, A.®. OCHOBBI MOJYYEHHS YyTyHAa MOBBIIIEHHOTO KadecTBa. — M.:
I'HTHUMUII, 1960. — 240 c.



Omeem.

Cepplif yyryH 3TO CIUIaB jKelie3a, KPEMHHUS U YIJIepoja, COAEepKallui
takke Mn, P, S. B cTpykType Takux 4yryHoB OoJiblliasi 4acTh WM BECh YIIIEPOJ
HaxoIUTCS B BHUAE Tpadurta miactuHuator ¢opmbl (puc. 3). Mzmom Takoro
YyryHa U3-3a HaJIU4us rpagura UMEeT cepblil I[BET.

Mpagpum Mpadhum

nnacmuHYameill) (nnacmun4ambili)

( Doppum - Mpachum ]
EPNUM (npacmunyameoii)

ﬂ..

o

Pucynok 3 — Mukpoctpykrypa ceporo uyryna ¢ QeppurtHoii (a), ¢pepputHo-
nepyiuTHoH (0) U mepauTHOM (B) MaTpuLei

B 3aBucuMOCTM OT CKOpPOCTH JaJbHEUIIETO0 OXJIAXICHUS I0Cie
3aTBepAEBaHUA (a4 3HAYUT W OT pa3Mepa OTIMBKH) YYT'YH MOXKET HUMETh
dbepputnyto (puc. 3, a), pepputo-nepautnyio (puc. 3, 6) U YUCTO NEPIUTHYIO
(puc. 3, B) Mertauindeckyro OCHOBY. C pOCTOM CKOPOCTH OXJIaXIEHUS
BO3pacTaeT J0Jis MepinTa, a CIel0BaTeIbHO M MPOYHOCTh YyryHa, HO MagaeT
ero IIacTHYHOCTh. s Kaxmol o0JlacTh TpPUMEHEHHUS BBIOMPAIOT MapKy
YyT'yHa C ONTUMAIBHBIM JJISl 3TOTO CIIydasi COYeTaHUEM CBOMCTB.

Mapxkupyercs cepbiii uyryn OykBamum CU, mociie KOTOPBIX YKa3bIBaIOT
rapaHTHPOBAaHHOE 3HAYCHHE Mpejiesia MPOYHOCTH B KT/MM?, Harpumep CU30.

Cepplif 9yTyH XapakTepHU3yeTCs BBICOKMMH JHTCHHBIMH CBOWCTBAMHU
(HM3Kas TemmepaTypa KPUCTAJUTM3AIMH, TEKY4eCTh B JKHIKOM COCTOSIHHH,
Maiasi ycaJKa) M CIIY>)KAT OCHOBHBIM MaTepuaioM Uit JIUThsi. OH HIMPOKO
NPUMEHSETCS B MAIIMHOCTPOCHHHM JJIS OTJIWBKH CTaHWH CTaHKOB W
MEXaHHU3MOB, TTOPITHEH, IIUIHHIPOB.

Bbicokast XpymKOCTb, CBONCTBEHHas CEpbIM YyTryHaM BCJIEICTBHE
HAIMYUS B MX CTPYKType Trpadmura, AeTaeT HEBO3MOXHBIM WX NMPUMEHEHHE
IS AeTanel, paboTalomKuX B OCHOBHOM «HA PACTSDKEHUE» WIIM «HA U3TUO»;
YYTYHBI HCIIOJIB3YIOTCS JIUIIb TP paboTe «Ha CKATHEY.

10



4 BOITPOCHI K KOHTPOJILHOM PABOTE

l. Knaccuduxanus 4yryHoB.

2. [Ipoueccol (opmupoBanust CTPYKTypsl B uyryHe. J[luarpamma
coctostHust Fe—C.

3. dopmoobpazoBaHue rpaduTa npu NEPBUYHON KPUCTAIIIU3ALIUH.

4. ['padpuruzanus yyryna. ['unoressi.

5. ['padputnzupyromue mMoauduUKaTOpbl U CIOCOOBI WX BBEICHHS B
KUJKUN YyT'yH.

6. Chepounnuzupyromue MOIU(PUKATOPBl U CIIOCOOBI MX BBEJICHUS B
KUJKUN YyT'yH.

7. dopmupoBaHue CTPYKTYpbI MaTpUIIbI YYT'YHOB npu
KpUCTAJUTU3AIIH.

8. Bnusinue ycnmoBuit  Kpuctamnmuzanuu  Ha  GopMy U pasmep
BKJIIOUEHUI rpaduTa.

9. Ceppiif yyryn. OOuiasi XxapakTepucTHKa, CTPyKTypa. MapKupoBKa.

O6nacTb NPUMEHEHUS.

10.  Ceppiit uyryH. BausiHME OTIEIBHBIX 3JIEMEHTOB HA CBOWCTBA.

11.  KoBkuit yyryn. O61mas xapakTepucTuka, CTpykTypa. MapkupoBka.
O6nacTb NPUMEHEHUS.

12.  KoBkwuii yyryH. BinstHue oTebHBIX 3JIEMEHTOB HAa CBOMCTBA.

13. BbicoKOmpouHBbI dYyryH ¢ apoBUIHBIM rpadutoMm. OO1mas
XapaKTEpUCTHKA, CTPYKTypa. MapKupoBKa.

14. BbICOKOMPOYHBIM YYryH ¢ IIApOBUAHBIM rpaduToM. Bnusnue
OTJIEJbHBIX 3JIEMEHTOB Ha cBoMcTBa. O01aCTh MPUMEHEHHS.

15. BbICOKONPOYHBIM YYryH € BEPMHKYJIAPHBIM rpadutom. OO1mas
XapaKTepUucTUKa, CTpykTypa. O61acTb NpUMEHEHHUS

16. BBICOKONPOYHBIN YyTyH C BEpMHKYJSApHbIM rpadurom. Brusguaue
OTJZIEJIbHBIX DJIEMEHTOB HA CBOWCTBA..

17.  benbrit uyryn. O6mias xapakTepucTuKa, CTPYKTypa, CBOMCTBA.

18. JlerupoBaHHble uyryHbl. OOIas XapakTepUCTHKA, CTPYKTypa.
Mapxkuposka. O61acTb NPUMEHEHUS.

19. JlernpoBaHHble 4YYryHbl. BiHsHHE OTAENBHBIX DJJIEMEHTOB Ha
CBONCTBA.

20. Oco0eHHOCTH U3rOTOBIIEHUS OTIMBOK U3 CEPOT0 YyT'yHa.

21. Oco0eHHOCTH M3TOTOBJIEHUS OTJIMBOK M3  BBICOKOIPOYHBIX
YYT'YHOB.

22.  Oco0eHHOCTH MOJIy4eHHs OTIUBOK CO CTPYKTYPOU KOBKOTO UYT'yHA.

23. Oco0eHHOCTH M3rOTOBIICHUS OTIMBOK JETUPOBAHHBIX YYT'YHOB.
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5 KPUTEPAM OLIEHKH BUJIETA KOHTPOJIBHOM PABOTBHI

No K
OJINYECTBO
Crpykrypa Omiera 5

I1./11. aJIoB

1 Bompoc u3 temsl 1.1 «D@opMHupoOBaHUE CTPYKTYpHI 50
YyryHa»

2 Bonpoc wu3 Temnl 1.2 «CBoiicTBa, CTpOEHUE,
MapKUpOBKa,  0coOeHHOCTHM  mosyueHuss U | 50
MIPUMEHEHUS PA3IUYHBIX BUIOB UYT'YHOBY

Ornenka 6usera 100

» omneHku «A» (90-100 6amioB, «OTIMYHO») 3a OWJIET 3acCIy>KUBACT
CTYJICHT, KOTOPBIM B TIOJITHOM 00bEME OTBETHJI Ha BCE BOIIPOCHI OMIIETA, JOTUYHO
U TIOCIICIOBATEIbHO HMX OOOCHOBAajJ, COMPOBOXKIAas WX HEOOXOIUMBIMU
dbopmynamMu, ypaBHECHUSIMU PEaKIUH, cXeMaMH 00OPYIOBaHUSA M T.J., & TAKKE
MPOJIEMOHCTPUPOBA TTOHMMAHUE CBSI3M PAacCMAaTPUBACMBIX BOIPOCOB C
OCHOBHBIMHU TIOJIO)KCHHSIMHU Kypca W C pPEATbHBIMHU TPOIECCaMU, UMEIOIUMHU
MECTO TPHU MPOU3BOACTBE OTIUBOK U3 YYT'YHA;

» omneHku «By» (81-89 OGamioB, «Xxopomio») 3a OWJIET 3aciayKUBaeT
CTYJICHT, KOTOpPBHI TIPAaBWIBHO M B TIOJHOM OOBEME€ ¢ MHUHUMAaJIbHBIMU
OIMOKaMK OTBETHJI Ha BCE BONPOCHI OMIJIETa, IOTUYHO M TOCIICIOBATEIIPHO HX
000CHOBaJI, COMPOBOXKMAs HMX HEOOXOMUMBIMH (GOpPMYyJIaMH, YPaBHECHUSMHU
peakiuii, cxXxemMaMu OOOpYAOBaHHMS M T.I., a TakkKe NPOIECMOHCTPHUPOBAI
MMOHMMaHUE CBS3W PACCMATPUBACMBIX BOIPOCOB C OCHOBHBIMH ITOJIOKCHUSMHU
Kypca W C pEaJbHBIMHU IMPOIecCCaMi, WMCEIOIMKUMH MECTO TPH TPOU3BOJICTBE
OTJIMBOK M3 YyTYHa;

* omeHkun «C» (75-80 0amioB, «XOpoOIIO») 3a OWJIET 3aciayKUBaeT
CTYJICHT, KOTOPBIi B OCHOBHOM IPaBUJIBHO M B JIOCTATOYHOM ISl YCBOCHUS
o0BeMe OTBETHJI HA BCE BOMPOCHI OMIIETa, 1ajdl UM 0OOCHOBAaHHE, COMPOBOXKIAS
UX  HEOOXOIMMBIMH  (OpMYyJIaMH, ypaBHCHHSIMH  pCaKIHi, CXEMaMH
o0opynoBaHUS H T.I., a TaKXKEe MPOJESMOHCTPUPOBAT TIOHMMAHUE CBS3U
pacCMaTpHBAEMbIX BOMPOCOB C OCHOBHBIMU TIOJIOKCHHUSIMH Kypca H C
peaNbHBIMUA TIPOIIECCAMK, UMCEIOIIUMH MECTO INPU IPOU3BOJCTBE OTIMBOC W3

qyryHa;

* ounenku «D» (65-74 Oamra, «yIOBICTBOPUTEIIBHO») 3a OuWJET
3aCITy’)KMBACeT CTYJCHT, KOTOPBbIH B OCHOBHOM TPABWJIBHO M B JOCTaTOYHOM
o0beMe OTBETHJI Ha BOIIPOCHI OWJIETa, HO TPHU 3TOM HE B TOJHON Mepe W HE
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BCErJa IOCIAEOBATEILHO COMPOBOJAWI HMX HEOOXOIUMBIMH (GOpMYyJIaMH,
YpaBHEHUSMHU pEaKIUi, cXeMamMu O00OpyJoBaHMs H T.Jd., a TakKkKe
MPOJIEMOHCTPUPOBAJI TOHUMAHUE CBSI3M PACCMaTPUBAEMBIX BOIPOCOB C
OCHOBHBIMH TIOJIOKEHUSIMH Kypca W C pEaJbHBIMH IIpolieccaMu, UMEIOIIUMU
MECTO TIPU IPOU3BOJICTBE OTIMBOK U3 UYT'YHA,;

 ouneHku «E» (55-64 Oamna, «yooOBIETBOPUTEIBHO») 3a OuWJeT
3aCITy’)KMBACT CTYJICHT, KOTOPBIi B MUHUMAJILHO JIOIMYCTUMOM OOBEME OTBETHII
Ha BOMPOCHI OWIeTa, HO MNPU ITOM HE B TIOJHOH Mepe W HE Bcernua
MOCJICIOBATEIIBHO M JIOTUYHO apTyMEHTHPOBAJ CBOU OTBETHI

» omneHkun «FX» (30-54 Oamna, «HEYAOBJICTBOPUTEIHHO») 3a OWIIET
3aCITy’)KMBACT CTYICHT, KOTOPBIA NMPU OTBETE Ha BOMPOCHI OMJIETA JOMYCTHII
OMMOKA W WCIBITBIBAI 3aTPYJAHCHHS C OOOCHOBAaHHMEM OTBETOB, a TaKKe
WCIIBITBIBAJI 3aTPYIHCHUS B NMMOHUMAHHUU CBS3W PAacCMAaTPUBAEMBIX BOIPOCOB C
OCHOBHBIMHU TIOJIOKCHHSIMH Kypca W MpOOJIeMaMH IPOM3BOACTBA OTIMBOK M3

qyryHa;

* ouenku «F» (1-29 OamnoB, «HEYIOBIETBOPUTEILHO») 3a OWIET
3aCIyKUBACT CTYACHT, KOTOPBIH NPHU OTBETE HA BOMPOCHl OWIIETA TOMYCTHI
NPUHIUIIHATBHBIE OMMOKKH W TPOJAEMOHCTPUPOBAT HEMOHHUMAaHHE CBS3H
paccMaTpuBaeMbIX BOMPOCOB C OCHOBHBIMU TIOJOXKEHUSMH Kypca U
npo0iieMaMy TPOU3BOICTBA OTJIMBOK U3 UyTYHA.
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6 CTPYKTYPA BIIETA SK3AMEHAIIMOHHOM PABOTBI

Ne C 5 KonnuectBo

m/p, | PYKTYPa DIUIETA 0ay10B

1 Bonpoc u3 temnl 2.1 «Marepuanbl, Teopus Hu 35
TEXHOJIOTUS BBIIUIABKH YYTYHA)

2 Bompoc u3 tembl 2.2 «Teopuss M TEXHOJIOTUs 35
BBITUIABKU YYTYHA»

3 3anmaua 30

Onenka ounera 100

7 IPUMEP BAJIETA DK3AMEHAIIMOHHOM PABOTHI

1 BOITPOC (35 6as710B)

Y CTpoiCTBO U MPUHITUTT IEUCTBUSI KOKCOBBIX BarpaHok. TepMoguHAMUUYECKUE U
(U3UKO-XUMHUUYECKHE  TIPOIIECChl B pPa3jMYHBIX  30HAX  BarpaHKW.
[TpeumytiecTBa 1 HEAOCTATKH.

2 BOITPOC (35 6an10B)

BrlmnaBka yyryHa B MHAYKIIMOHHBIX TUTEIBHBIX MeYaX. Y CTPOMCTBO U MPUHIIMI
NEUCTBHS, TEPMOJMHAMHYECKHE U (PU3UKO-XUMHUYECKHE  IPOIECCHI.
[TpeumytiecTBa 1 HEAOCTATKH.

3 3AJIAYA (30 6ans10B)

Paccuurath cpemHHii cOCTaB MIMXTHI AJi BBITUIABKH uyryHa mapku CY30 B
KOKCcOBOM Barpanke. Yrap Si=-13%, Mn=-13%. Pacxon xoxca 12 %.
TonmuyHa CTEHKU OTIIMBKU 30 MM.
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8 IPUMEP OTBETA HA BIJIET 3K3AMEHAIIMOHHOM PABOTHI

1 BOITPOC (35 6asj10B)
Y CTpoiCTBO U MPUHITUTT IEUCTBUS KOKCOBBIX BarpaHok. TepMOAUHAMUYECKUE U

(1)I/IBI/IKO-XI/IMI/I‘I6CKI/Ie IMpOLCCChI B Pa3JINIHbIX 30Hax BarpaHKMH.
HpeI/IMYH_ICCTBa 1N HCOOCTATKH.

Jlist oTBeTa Ha 3TOT BONPOC HEOOXOIUMO BOCIOJIB30BATHCS TEOPETUUECKHUM
MaTepHraioM, KOTOPBIM MpeCTaBIEH B CIEAYIOMUX padoTax:

1 Bamenko, K.W. IlnaBka u BHeneuHass 00padboTka uyryHa st ominBok / K.
Bamenko, B.C. lllymuxun. — K.: Buma mkoina, 1992. — 246 c.

2 Cyxapuyk, FO.C. IlnaBka uyryna B Barpankax / FHO.C. Cyxapuyk, A.K.
Oakun. —M. — Mammnoctpoenue, 1981. — 143 c.

3 Hoaoros, I'.Il. Ileun u cymmna nureiinoro npousBoactea / I'. I1. [{onortos,
E. A. KongakoB. — M. Mamunoctpoenue, 1990. — 302 c.

Omeem.

Barpanka npezactaBisier coOoi MiIaBWIbHYIO Meyb MaxTHoro tumna. Ha
pucynke 1 wu3o0paxkeHa BarpaHka CcoO CTalMOHApHBIM  KOMWJIBHHUKOM.
BepTukanbHbI HWIMHAPUYECKUN KOKYX 9, N3TOTOBJIEHHBIN U3 JTUCTOBOM CTAIIH
TONIMHOW 8—12 MM, yCTaHOBIEH HU NOA0BOM mumuTe 19. BHyTpH KOXyX
¢dbytepoBan oraeynopHeiM mate puaigoMm 10 tommmuon 250—300 mm. [TonoBas
IJIUTA YCTAaHOBJIEHA HA YeThIpeX KoJoHHax 20. B neHTpe no1oBou IInThl
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Pucynok 1 — Cxema ycTpoiicTBa KOKCOBOUM BarpaHku
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MMEETCSl KpYIJIOE: OTBEpPCTHE I YHAJEHHs OCTaTKOB IUIaBKU. OTBepcrTHe
3aKpBITO JIBYMsI MOJYKPYIJAbIMU JBepuaMu 21, MOABEIIEHHBIMM Ha METIISX
CnenuanbHbIil 3aTBOP MCKIIOYAET BO3MOKHOCTH PACKPBITHS ABEpoK MHornma
IBEpLbl TOANMPAIOT CHU3Y CTOMKOM 22. B KOXyxe BarpaHku HMEIOTCS
OTBEPCTHUSl IJi1 3arpy3o4Horo okHa 12, pabGouero oxknHa 16 dypm 7,
COECIUHUTEILHON JIETKH 6.

YacTp BarpaHku OT 3arpy304HOr0 OKHAa 1O IMOAOBOM IJIUTHI Ha3bIBAIOT
maxtoi 13, a Bl 3arpy304HOro okHa — Tpyooit 11. Huwke 3arpyzounoro
okHa (Ha 0,8—1,2 M) MmAaxTy YacTO BBIKJIAJBIBAIOT HE OTHEYNOPHBIMHU, a
YYI'YHHBIMA TyCTOTEIBIMU OJIoOKamMHu 14, KOTOpbIE XOpOILIO MPOTUBOCTOSIT
ynapam 3arpyxaemoro meramwia. [lonx 18 nHaOuBHOW. Barpanky paszxurarot
IpoBaMH uepe3 pabodee OKHO KOTOpOE TNepes] HauyajoM IUIaBKU IUIOTHO
3aKpbIBAIOT JBEpue 17.

Komunbauk 4 mnpeaHazHaueH s cOopa HEOOXOIMMOTO KOJIUYECTBA
yyryHa. KonuibHUK, Kak U BarpaHka, UMeeT KOXyX u (yTepoBky. Kuakuii
MeTasll U3 KOMWIbHUKA BBITYCKAIOT Yepes JIETKY 2 10 keso0y 1; mak — vepes
nu1akoByto JeTky 3. CbeMHBIH cBOJ 5 oOjerdaer yciioBus peMoHTa. Boszmyx
BHayajie mocTymnaeTr B ypMEeHHbIN Mosic § U 3aTeM o naTpyokam — K pypmam.
[ubepst 15, ycTaHOBIEHHBIE HA NATPYOKaX, MO3BOJIAIOT PEryJIUPOBAaTh PACcXo.l
Bo3nyxa Ha (ypMbl. Ha BepxHeld yacTu JIBIMOBOM TpYyOBbI, BBIXOISIIECH H3
3/1aHUS, YCTAHABIMBAIOT UCKPOracUTENb, IPEAHA3HAUYCHHBIA ISl YJIABIMBAHUS
pacKkaJ€HHBIX YaCTHI] U MbUIH, BBIOPAChIBAEMBIX U3 BarpaHKH.

[Ipu HenmponOKUTENbHBIX T1aBKaX (3—4 1) ¢pyTepoBKa BHITOPAET JHUIIb
Bbilie (Gypm. B 3TOM ciyyae peMOHT IUIaBUJIBHOTO TOsSiCa CBOJUTCS K
3a/ICJIBIBAHUIO0  BBITOPEBIIMX MECT HOBBIM OTHEYNOPHBIM  KHPIIMYOM €
NpUMEHEHUEM  pacTBopa M3  orHeymopHod  rauHbel. [lpu  Oonee
MPOJOJDKUTENBHBIX IJIaBKaX BBITOpaHHe (DYTEPOBKM HACTOJIBKO 3HAYUTEIHHO,
410 TpeOyeTcs nmojiHas 3aMeHa (yTepoBKH B pailoHe TIaBUIILHOTO MOsICA.

Or"eymnopHbli MaTepuan i IUIABWIBHOTO IMosica TOJAOUparoT B
3aBUCUMOCTH OT XMMHMYECKOTO0 COCTaBa IUIAKOB, 0Opa3yloUIUXCs MpHU IJIaBKe.
[Ipu KuCHBIX HUTaKaxX GyTEPOBKY BBIMTOIHSAIOT U3 IAMOTa WM KBAPLUTOB, a IPH
OCHOBHBIX MUIaKaxX — W3 MarHesuTa. s (QyTepoBKHM MIaBUIBHOTO MOsCA
NpUMEHSI0T HaOuBHbIE Macchl. Hanbomnee pacnpocTpaHeH clenylouuii cocTas
orueynopHoit maccel: 90— 95% kBapueBoro necka, S—10% rpadura, 6—8%
BOJbl (IOTIOJHUTEIBHO). DTy CMECh B CYXOM COCTOSIHUM I€PEMEIUBAIOT B
oeryHax B TeueHre 5—10 muH. [ u3rorosieHus HAOMBHOM (DyTEPOBKHU B Bar-
paHKy Ha ypoBHE (ypM YCTaHABIMBAIOT U3 OTAEIbHBIX CEKTOPOB OMalyOKy —
METAUIMYECKUM LWIMHADP JAUAMETPOM, pPaBHBIM BHYTPEHHEMY JIHAMETPY
BarpaHku, BbeicoTod 300—400 wmm. KousbleBoe DPOCTPAHCTBO MEXKAY
OnasyOKol M KOKYXOM BarpaHkH IJIOTHO HaOMBAaIOT OrHEYNMOPHBIM COCTABOM.
Korpga macca ymiuoTHEHa 1O BCEU BBICOTE LMIMHApPA, HA HErO0 yCTAHABIMBAIOT
HOBBIM UWIMHApP, W HaOuBKka mpojospkaerca. I[lpumeHeHne HaOMBHOM
(GyTepoBKH Il pEMOHTA IJIABMJIBHOTO TMOsCa MO3BOJISIET 3HAUUTENIbHO CHU3UTD
TPYJOEMKOCTh U CTOUMOCTb PEMOHTHBIX paloT.
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Xopomieil CTOMKOCThIO MO OTHOLIEHHWIO K KHUCIBIM IJIaKaMm o00Jajnaer
HaOuBHas Macca, Bkitoudaromas 35—40% uupkoHoBoro koHmeHTpara, 10—30%
rpadura u 35—50% orneynopuoit rimunsl. Konuuectso Biaru (cBepx 100%) o
3%. Maccy npuMeHsIIOT i TopHa BarpaHku. Cpok ciy>kObl ropHa — OoJiee
HEJICJH.

Kokc B BarpaHke ropur B XOJOCTOM Kojomre. Bo3ayx, mocTymnaromuii
yepe3 (QypMbl, BCTPEUAETCS C PACKAJICHHBIMH KYCKaMHU KOKCa, B Pe3yJbTaTe
Yero IMPOUCXOJUT HMHTEHCUBHOE MPOTEKAaHWE pEaKUMid B3auUMOJEHUCTBUS
yriepoja KOKCa C KHUCIOpPOJOM Bo3ayxa. MccrnenoBaHus TOpEeHHUS KOKca
NIOKa3bIBalOT, 4YTO B IHepBoM cioe pacxonyercs 50% Bcero Kuciaopona,
coJiepKallerocsi B Bo3ayxe. B mocieayrommx IBYX-TpeX CIOSIX pacXoayercs
octanbHON Kuciopoa. Ciol, B KOTOPOM MOJHOCTBIO YCBAaMBAETCS KHUCIOPOJ
BO3/1yXa, Ha3bIBAECTCS KUCIOPOIHON 30HOA.

Temneparypa B KUCIOPOJHOM 30HE 3aBUCHUT OT KOJIMYECTBA CrOPAIOIIETO
Kokca. Yem Oousbliie cropaeT Kokca, TEM Bbllle Temmeparypa. MccienoBanue
mpolecca TOpeHHMsT KOKca B BarpaHke II0Ka3ajo, YTO B3aUMOJICHCTBHE
KHCIIOpOJa BO3/1yXa C yriaepoJoM KOKca JIMMUTUpYeTcs nuddys3ueit kuciopoaa
K MOBEPXHOCTHU KOKCA.

Havasnio xuciaopoaHoW 30HBI COOTBETCTBYET COAEPKAHUIO KHCIOPOJa
21%, wonenr — 0%. Ilpu ckopoctu Bo3ayxa 0,11 M/c mociie MpoOXOXKIESHUS
BO3JIyXOM NEPBBIX PSAAOB KycKoB TomiuBa (~5% O,) B mpoaykTax ropeHus
conepxkutrcst 4% CO u 13% CO, (ocrambHoe O, u N,). C mOBBIIICHUEM
CKOPOCTH BO3/1yXa UMeET MecTo pocT KoHIeHTpauuu CO u camxkenune CO,. Tak
npu ckopoctu Bozayxa 1 m/c xonuentpanuu CO u CO, yxe paBubl (~10%) a
npu ckopocTH 2 M/c coaepxkutcs 12% CO u 9% CO..

Takoe wu3MeHeHHe cocTaBa Ta3a OObBsACHsAETCS Ooyiee  MOJHBIM
MpOTEKaHUEM, IO Mepe pocta Temneparypsl, peakunun C + CO, = 2CO. B
MPUCYTCTBUM TBEPJOrO YIJIepoja HAET HENpEephIBHBIA Mpolecc oOpa3oBaHMS
CO, u 310 nenaer 6ecIIOAHBIMU BCe MOMBITKU Jokeub CO B 1IaXTe BarpaHKU.
B Barpanke mnpu J11000M KOJMYECTBE BO31yXa, MOJAHHOTO B CJOW TOIUIMBA,
MpOTEKAaeT Ipolecc OAHOBpeMeHHoro obpazoBanuss u CO,, wu CO.
Cootnomienne mexay CO u CO, 3aBucur OT TemmnepaTypbl. Uem BbllIE
temreparypa, Tem Oombmie CO wu  wmesbimie CO,. Takue cnocoObl
MHTEHCU(UKAMU TOPeHUs], Kak opcrupoBaHHas mojaya BO3ayxa, oOoraiieHue
BO3/lyXa KHUCJIOpPOJOM M TIOJIOTPEB BO3[yXa, MPUBOAST K TOBBILIECHUIO
TeMIlepaTypbl B 30HE TOpEHHUs M, cieaoBaresbHo, K pocty CO B mpoayKTax
rOpeHUst

B ropH, pacnonokeHHbI HUXE ocu (ypM, CBEXHE MPOAYKTHI TOPEHUS
TOIUIMBA MPAKTUYECKU HE MOCTYMAIOT, IOATOMY JABUKEHUE ra30B OTCYTCTBYET U
peakuus BocctanoBieHuss CO, yriepoaoM KOKca IPOTEKAET JOCTATOUYHO MOJIHO.
Cootnomenne CO/CO; COOTBETCTBYET OOJACTH YHUCTOrO XKeje3a, MOITOMY B
rOpHE BarpaHkd BCE OKCHJBI JKelie3a MOTYT BOcCCTaHaBiIuBaThbes. s
sbdexTuBHON pabOTBI TOpHA — KaK 30HBI BOCCTAaHOBJICHMS IKelie3a,
HE0OXOIMMO HEMPEPHIBHO YJAJIATh U3 BarpaHKU KUIKUNA YyTyH U IIJIAK, TaK Kak
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IIPY HAKAIUJIMBAHUM YYT'YHA U LJIaKa B TOPHE UX YPOBEHb ITOCTOSSHHO MEHSETCH,
a CJIEIOBATENIbHO, MEHSIOTCS M YCJIOBMsI BOCCTAHOBIICHUS OKCHIOB MeETajlla B
TOpHE.

[lepennaBnsgemMplii MeETalll, 3arpy’kKE€HHbIA B BarpaHkKy, OIIyCKasiChb B
iaxre, IOCIEAOBATENbHO IPOXOAMT 4YEpe3 30HBI IMOJOTPEBa, IUIABJICHMS,
IeperpeBa U rOpH U CTEKAET B KOMWIbHUK.

B 30He moporpeBa MeETaI HAaxXOAMUTCS B TBEPAOM COCTOSHUU.
Comnpukacasicb ¢ BarpaHOYHBIMHU T'a3aMH, METAJUI MOCTENEHHO HArpeBaercst OT
HaYyaJIbHOW TEeMIEpaTyphl i, 10 TEMIEPATYPHI IIJIaBIACHUS £, (DPUCYHOK 2).
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PI/ICYHOK 2— BSaHMOHCﬁCTBHe MCETaJlJIa C Ir'a3aMU 110 BBICOTC BaI'PaHKH

[lepenaua TEmIOTHI OT BarpaHOYHBIX TAa30B K METAJUTy MPOUCXOJUT 32 CUET
KOHBEKIIMM, TaK KaK Ta3bl JBWIXKYTCA B IaxT€ C JIOCTATOYHO BBICOKOM
ckopocThlo. llepenaya TemIOThl M3IYyYEHUEM TMPAKTUYECKH OTCYTCTBYET,
MOTOMY 4YTO CpeJHsisa TemiepaTypa ra3oB He npesbimaer 1000 °C (pucyHok 2).
B 30He mnogorpeBa Meramn okucisercsa, B3aumoaeuctBys ¢ razom CO,.
CKOpOCTh OKMCJIEHUSI METajlla YBEJIMUYMBAECTCS MPHU MOBBIIMICHUH TEMIEPATYPhI
HarpeBa Metajijia (pPUCYHOK 2).

B 30He 1uIaBieHHS TOBEPXHOCTHBIM CJOW MeTajja HayMHAEeT
omaBnsATheA. JKUAKUN MeTaul B BUJIE Karellb UK CTPYEK OTAENSIeTCs OT KycKa
MeTajla U CTeKaeT BHM3. Temmeparypa meTajia B 30HE IUIABJICHUS OCTAETCS
MPAKTUYECKU MTOCTOSHHOMN, a OKUCIICHHE MeTaJljla YBEeJIMYMBAETCS.

B 30He meperpeBa Temmeparypa MeTajjia IMOBBIIIAETCS, a OKUCIEHUE
MeTajla TMPUOCTAHABIMBAETCS, TaK KakK B pe3yJbTaTe€ KOHTAKTa >XHUJIKOTO
MeTalla ¢ KOKCOM MHTEHCUBHO NMPOTEKAET PeaKIisi BOCCTAHOBJIEHUS OKCUIOB
xKese3a (PUCYHOK 2).

B ropHe Barpanku Temmepartypa MOAJEPKHUBACTCS TOIBKO 3a CYET
TEIJI0Ta, NPUHOCUMOM >KHJIKUM METallIOM W IIJJAKOM U3 30HBI IMeperpesa,
MO3TOMY TEMIIepaTypa MeTaljla B TOpHE HEMHOTO MOHUXKAETCs (PUCYHOK 2).

B ropue nmporekarot peakuuu

FeO + C =Fe + CO;
MnO + C=Mn + CO, ;
Si0, + C=Si+ CO; ;
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CO, + C=2CO0,
B pe3ylibTaTe 4Yero cojAepKaHue OKCHAA YIIIEpoAa MOXKET AOCTHrath 97%.
[Iporiecc BOCCTaHOBIEHMS OKCHIOB METaNIOB B TOPHE WUAET HACTOJIBKO
3¢ (HEKTUBHO, YTO MPU JTOCTATOYHON BHICOTE TOPHA BECh METAJLI, OKHCIUBIITHICS
B 30HaX IMOJAOTPEBa, IJIABICHUA W TEperpeBa, MOXKET OBITh BOCCTAaHOBIICH
(pucyHok 2).

CrabunpHbBIe pe3yibTaThl KaK MO TMEpEerpeBy MeTamia, Tak M IO €ero
XUMHAYECKOMY COCTaBY MOTYT OBITh MOJyYEHBI TOJIBKO B TOM CJIy4ae, €CJIA BECh
METaJIJT ¥ [IJIaK HETPEPHIBHO yIAJSIIOTCS U3 TOpHA B KO-MUIbHUK. Eciu B TOpHE
OyleT HaKaITUBATHCS METAILT M [IUTAK M KX YPOBHU OYAYyT MEHSITHCS B TpOIlecce
IUIaBKH, TO CTENEHb BOCCTAHOBJIGHUS OKCHIOB MeTalyla B TOpHE Oyxaer
OCYLIECTBIISATHCSI HE TOJTHOCTHIO, YTO BBI3OBET 3HAUUTENBHOE KoJiebaHue
XHMHUYECKOTO COCTaBa IIJIaKa, a CJIeJ0BATENbHO, U BHIIUIABISEMOI0 UyTYHA.

[lpy momaue B BarpaHKy TMOAOTPETOTO BO3AyXa TeMIepaTypa
BBIIJIABISIEMOTO UYT'yHA TOBBIMIAETCS M TeM B OOJBIIEH CTETEeHH, YeM BBIIIC
TeMIiepaTypa Bo3ayxa.

2 BOITPOC (35 6an10B)

BrlmaBka yyryHa B MHAYKIIMOHHBIX TUTEJIBHBIX MeYaX. Y CTPOMCTBO U MPUHIIMI
NEUCTBUS, TEPMOJMHAMHYECKHE U  (PU3UKO-XUMHUYECKHE  IPOIECCHI.
[TpeumytiecTBa 1 HEAOCTATKHU.

Jlist oTBeTa Ha 3TOT BONPOC HEOOXOJUMO BOCIOJIB30BATHCS TEOPETUUYECKUM
MaTepHuaioM, KOTOPBIHM MpeJCTaBIeH B CIEAYIOMUX padoTax:

1 Bamenko, K.W. IlnaBka u BHeneuHass 00paboTka uyryHa st oTinBok / K.
Bamenko, B.C. llymuxun. — K.: Buma mkona, 1992. — 246 c.

2 loaoros, I'.Il. Ileun u cymmna nureiiHoro npousBoactea / I'. II. [{onortos,
E. A. KongakoB. — M. Mamunoctpoenue, 1990. — 302 c.

B kauecTBe TIUIaBWIIBHBIX arperaroB B YYT'YHOJUTEHHBIX Il€XaX B
OCHOBHOM HAIllUIM  PacCHpOCTpaHEHHWE HHAYKIMOHHBIE TUTENIbHbIE [€YU
MIPOMBIIIEHHON 4YacTOThl OJlarojiapsi CIEAYIOIIMM IMPEUMYILEeCTBaM: €YU He
TpeOytoT npeoOpa3zoBaresieil TOKa U OTHOCUTENBHO MPOCTHI MO YCTPOWCTBY, a
ANEKTPUUECKUN KOA((UIIMEHT MOJIE3HOro IEHUCTBUS HX BBICOK (66—75%).
Pacxon snekTposHepru Ha IUIaBKY M NEperpeB 4yyryHa cocrasisier 650—700
kBT-u/1. Temnora reHepupyeTcsi paBHOMEPHO B CaMOM MeTajijle 6€3 MECTHOIO
€ro meperpeBa, M JKUJIKUN MeTalsl MHTEHCUBHO IepeMeluBaeTcs Oiarogaps
BO3JICUCTBUIO 3JIEKTPOMArHUTHBIX CHII. DTO 00€cleurnBaeT MUHUMAJIbHBIN yrap
AJIIEMEHTOB, OBICTPOE PACTBOPEHHE J00ABOK M PABHOMEPHOCTh METAJUTMYECKOM
BaHHBI IO XUMUYECKOMY COCTaBY.

K ducny HEeIoCTaTKOB 3THUX NEYeil OTHOCUTCS Maliasi CKOPOCTh TIaBICHUS
TBEPAOW 3aBaJIKH, YTO CHIKAET ee K. M. 1. [loaTomy Hambosnee 3pPpeKkTUBHBIM C
TOYKU 3PEHHUS TMPOU3ZBOJUTEIBHOCTH W PACX0/la JIICKTPOIHEPTUU SIBIISETCS
METOJI TUTABKU Ha «00J0Te», T. €. MPHU KaKJIOM BBIIYCKE U3 NEYM BHIJACTCS B

19



Pa3IMBOYHBIN KOBIII KOJMYECTBO 4yryHa, cocrasistomiee 30—40% ee emKkocTH.
3aTeM B XXHJAKYIO BaHHY 3arpykaloT COOTBETCTBYIOIIEE KOJIMYECTBO TBEPIBIX
IIUXTOBBIX MaTepHrayioB. [Ipu ’TOM ypOBEHB KUJIKOTO METaJljia MOJHUMAETCS JI0
Bepxa TUTJISL, ¥ TIeYb HEMIPEPHIBHO Pa0OTAET C BHICOKUM K. TI. JI.

K 4gucny HEeqoCTaTKOB MHAYKIIMOHHBIX TI€YEH MPOMBIIIJICHHONW YaCTOTHI
OTHOCHUTCSI OoOJiblllasi TMOTPEOHOCTh B TMPOM3BOJCTBEHHOM IUIOIIAIMU, Ye€M IMpHU
YCTAaHOBKE BarpaHoK C TakOW ke oOIed MpPOU3BOAUTEIBHOCTBIO. ITO
OOBSICHSIETCS 3HAYUTEIBHOW TUIONIAJbI0, 3aHUMaeMON TpaHchHOpPMATOpPOM U
OaTapeell KOHJEHCATOPOB.

[TpuHUMI AEHCTBUS TUTEIHHOM €YU COCTOUT B TOM, UTO PaCIlIaBIISIEMBbIi
METaJIJI TIOMENIAI0T B MPOCTPAHCTBO, MPOHU3BIBAEMOE NTEPEMEHHBIM MarHUTHBIM
notokoM. [lox netictBueM Bo3Hukaromei IJ[C B Meramie TE€YET TOK, METaJlI
HarpeBaeTcs M MIaBUTCH.

BuyTpu uHIyKTOpa pacmoyioKeH THUTellb U3 OTHEYMOPHOr0 MaTepHaa.
BHyTpeHHee MNpoCTpaHCTBO THUI'JIS 3aMOJHSIETCS PACIUIABICHHBIM METaJIJIOM.
Turenp 3amuInaeT WHAYKTOP OT BO3JEHCTBHS JKMJIKOTO MeTauia. TosiuHa
CTEHKH THTJISA, T. €. PACCTOSHUE MEXIY WHIYKTOPOM M >KHIKUM METaJIOM,
BIIMSET HA DJICKTPUUYECKUE MapaMeTphl IMEUH: Y€M TOJIIE CTeHKa, TeM OoJibliee
KOJIMYECTBO MAarHUTHBIX CHUJIOBBIX JIMHUMW, TNPOHU3BIBAIOIIMX KATYIIKY, HE
y4acTBYET B HarpeBe MeTauia U TeM, CJIe0BaTeIbHO, MEHBIIE COS (¢ Meuu. Y
TUTeNIbHBIX neueit cos @ = 0,05...0,2.

NHayKIIMOHHBIE THUTENBHBIC IEYH COCTOST M3 CIEAYIONIUX OCHOBHBIX
yacTed: WHAYKTOpa, MarHUTONPOBOJOB, Kapkaca, (yTepoBKH, MeXaHH3Ma
HAKJIOHA, JIEKTPOOOOPYIOBaHUS U CUCTEMBI OXJIaxaeHus reun (puc. 20).

[Tpu nmaBKe B MHAYKIIMOHHBIX Me4aX HEOOXOANUMO yUYUTHIBATh U3MEHEHUE
XUMHUYECKOT0 COCTaBa YyTr'yHa, B MEPBYIO OUYEPE/Ib CBA3AHHOE C OKHUCIIM PEAKIIUU
BeJIMKa B WHIYKIIMOHHBIX TI€4aX IMPOMBIIUICHHOW YacTOThl BCJIEICTBUE
WHTEHCHBHOTO TIepeMeIlMBaHus paciiaBa. Ha mpoxokjaeHue STUX peakiuid
OYCHb BJIMSIOT COCTOSIHME IIUXTOBBIX MaTEpPHAIOB, TEMIEPATypHBIA PEXKUM
miaBku u T. A. OOmuid yrap NOpH MEeperuiaBKe IMIUXThI U3 JIETKOBECHBIX
MaTtepuanoB KojebneTcs ot 5,6 10 7,8%, 4To CBSI3aHO C 3arps3HEHUEM IITUXTHI.
Yrap coOcTBeHHO MeTaula HaxoauTcs B mpenenax 1%, HO OH MOXKET
3HAYMTEJILHO BO3PACTaTh MPHU UCIOI30BAaHUN CHIIBHO OKUCIICHHOM IIMXTHI.

CBOEBpEeMEHHOE  HAYTJIEPOKMBAHUE  CIOCOOCTBYET  PACKHUCIICHHIO
MeTajia, CONMpPOBOXAAIONIEMYCsl 00pa30BaHUEM «Iy3bIpUCTOro» muiaka. Ilpu
ATOM YBEJIMYHMBAIOT pacxoj] kapOropuzaropa Ha 8—10%.

[Ipu Temmeparype paBHOBECHS pPEaKIMU BOCCTAHOBJICHUS KpPEMHUS
yraepoaom (mpumepHo 1400° C) conmepxkaHue KpeMHHUS MUMEET MUHUMAaIbHOE
3Ha4YCHHUE.

N3otepMuueckass BbIIEpKKA HEJIETHPOBAHHOTO 4YyryHa TIpU OTHO-
cuTeabHO HeBbIcOkoM Temmepatrype (1350—1400° C) He BbI3BIBAET
CYIIECTBEHHOTO  M3MEHEHHUS XMMHMYECKOTO cocTaBa. Bbiepxka Impu
TeMreparypax BbIIIE PABHOBECHOM MPHUBOAWT K Pa3BUTHUIO  PEAKIUU
BOCCTAHOBJICHHSI KpeMHe3eMa (yTepOBKH YriepoJOM paciiiaBa (TUTebHas
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peakuus). OZHOBPEMEHHO MPOUCXOJUT OKUCIEHHUE YTIIepo/ia Ha MOBEPXHOCTH
BaHHBL. O0€ peakiuu YCKOPSIOTCS TPHU WHTECHCHUBHOM JJIEKTPOMArHUTHOM
nepeMenMBaHiy paciuiaBa. [lo3ToMy BenWuuHa yrapa BBIIIE MPH HArpeBe
(mepeMelMBaHUM) U HUXKE MPHU BbIAEPKKE (0€3 mepeMeniBanus).

[locne pacmnaBieHWs BaHHBI MPOU3BOMAT JOBOJAKY UyTyHa IIO
XUMHUYECKOMY COCTaBY BBEJCHHUEM B HETO HayTJIepoxKuBaTessl (kapOropu3aropa)
u (eppocIIaBoB.

8§47

1 — iHAyKTOp; 2 - KperieHne BUTKOB UHIYKTOPA; 3 — Kapkac; 4 - TerioBas
M30JISIUS; S - MOA0Bast IIIKUTA; 6 — TUTElb; 7 - Hangbl MEXaHU3Ma HaKJIOHa; 8§ —
KpHUILIKA

Pucynok 20 — CxeMa HHIYKIITMOHHOM NIEYHN C KapKacoM

OnuuM n3 HanboJee BaXKHBIX ATAMOB MOJYYEHUS CUHTETUYECKOT0 YyryHa
SBJSIETCS.  MPOIECC HAYIJIEPOXKMBAHUS, 3aBUCSIIMN OT HWHTEHCUBHOCTH
nepeMeIInBaHus, TEMIIEPATYPhl U XapaKTEPUCTUKHU KapOropu3aropa.

CpaBHUTENBHBIE HUCCICAOBAHUA M MPAKTHKA TOKA3IM MPEUMYIIECTBa
WCIIOJB30BaHUSI B  KadecTBEe KapOropuszaropa 2JIEKTPOJHOrO  MOPOIIKA
(MOMYIPOAYKT 3JEKTPOIHOTO IMPOM3BOJICTBA), OOECIIEUMBAIOINIETO CTAOMIBHOE
ycBoeHue yriepozaa (90—95%,).

Texylyto KOHLIIEHTpALMIO YIiepo/ia B pacijlaBe IMpH HayIJIepPOKUBAHUU
MOXHO PacCuuTaTh Mo Gopmyre

C = Ca-K(Cr-Co),
rae C, — mpejenbHas KOHIEHTpanus yriepoaa, %; Co— To ke HauanbHasi, %;
K — xoaduirieHT HayriepoKkuBaHusl.

Yem wMenbiie kodhduiment K, 3aBUCIIIMI TJIaBHBIM 00pa3oM OT
TEeMIEepaTyphl 1 MHTEHCUBHOCTH NIEPEMENIMBAHUS METAJIJIa B TUTJIE, TEM OOJIbIIIE
CKOpPOCTh HayrjiepoxuBaHusi. [lpu 1aBke B HHIYKIHOHHBIX — Medax
MpoMbIIIEHHOW 4YacToThl K wu3Mmensiercs B npeaenax 0,1— 0,4, npuuem
OoJIbllIe 3HAYEHHUS COOTBETCTBYIOT HM3KOM TeMmIepaType CcIUlaBa, cilabomy
MepeMeIInBaHuUI0, TTOBBIIIICHHON OKUCIEHHOCTH muXThl. Hanbomnee crabunbHbIe
pe3yiabTaThl Mpollecca HAyIJIEpOKUBAHUSL JOCTUTAlOTCs mpu 3arpyske 70%
3aIaHHOTO KOJMYecTBa KapOropuzatopa Bmecte ¢ muxToil u 30% mocie
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HaIUIaBJICHUs] BaHHbI MeTajla B MEPHOJ JOBOJKH UYYr'yHa IO XUMHYECKOMY
coctaBy. lIpu 3Tom oTknonenne He npesbimaet +0,1% C.

[locne pacnnaBiaeHusi 4yyryHa, JOBOJKH IO COJEPKaHUIO YTIIEpoJa,
KpEMHHUS, MapraHia W JETHMpYIOIIMX 3JIEMEHTOB HEO0OXOJMMO IPOU3BECTH
rOMOT'€HHU3aLMIO PACIIaBa, BRIIEPKKY IIPU 3aJJaHHOM TeMmnepaType neperpesa u
MOJATOTOBUTH €T0 K Pa3IUBKE.

[leperpeB BIMSET HEMOCPEACTBEHHO Ha KHUJAKOE COCTOSHUE CILIaBa,
KOJIMYECTBO M COCTaB YYXKEPOJHBIX 3apOAbIIICH, ONpEeAeNSIONNX XapakTep
HBTEKTUYECKOW KpUCTaUIM3aluu. PerynmupoBaHuemM CTeneHH MeperpeBa 4yryHa
U BBIJIEPKKH €ro MpHU 33JaHHBIX TEMIIepaTypax MOXKHO JTOOUTHCS pa3pylICHUS
CTPYKTYpbl ~ OJIDKHETrO TOpSAJKa, JUCIEPTUPOBAHUS  MHUKPOTPYNIHPOBOK
yriaepoAaa rpadUTHOTO TUMA, HW3MEHEHHS KOJIMYECTBA HEMETaJUTMYECKUX
BKIIIOUEHHUM,  CIYKallUX  YYKEPOAHBIMH  3apOJbIILIAMHU. Bce at0
MpeoNpeeisseT XapakTep MOCIAEAYIOMe KpUCTAUTM3alMK YyT'yHa, CTENEHb
rpaduTHzanuu U pazMep BKItoueHU rpadura. [lpu 3TOM HYXHO y4ecThb, YTO
JUINTENIbHAS. HU3KOTEMIEpaTypHas BbIIEPKKA B OCHOBHOM CIIOCOOCTBYET
yIAJEHUI0 HEMETANIMYECKUX BKIIOYEHHUI, HE OKa3blBas CYIIECTBEHHOI'O
BIUSIHUS HAa W3MEHEHHE CTPYKTYpbl OJMKHEro MopsaKka W JUCIEPCHOCTD
MUKpPOTPYIIUPOBOK yriiepoaa. Bo MHOro pa3 MHTEHCHBHEE Ha 3TH MapaMeTpPhI
BJIMSIET TMOBBIIICHUE TEMIIEPATypbl NEPErpeBa, B CBSI3M C YEM PEKOMEH]yeTCs
neperpeBaTh 4yryH 10 1520—1550° C u ocymiecTBAsATh KPaTKOBPEMEHHYIO €0
BBIIEPXKKY IIPU 3TOM TeMIeparype.

BceneacTBue yMeHbllleHHs 4YKclia TOTEHIMAIBHBIX 3apojbllied rpadura
Py TaKOM IE€perpeBe MOBBIIIAETCS CKIOHHOCTh Yyr'yHa K METacTaOUJIBbHOM
Kpuctamzanuu. g ctumynupoBaHus TpaduTHU3alMM, Kak IMPaBUIIO,
BBICOKOMY IEPETPEBY JOJKHO COMYTCTBOBATH MOIU(PUIIMPOBAHHUE.

Ha mpakTtuke mpoiiecc oCcymiecTBIAIOT ciieayomum oopazom [89]. Tlocne
neperpesa 10 1550° C u Bbiaepkku B TeueHne 10—12 MHUH CruiaB OXJIaXJaroT
no 1420° C nytem 106aBKM YUCTOr0, HEOKUCIEH-HOrO craibHOro jgoma (10%
Macchl JKUAKOro cruiasa). I[lpu 3Toil TeMmepaType 4YyryH MOIU(DUIUPYIOT
beppocuInIMeM WIH CUIUKOKaIb-IMeM. HTEeHCUBHOCTD 3J€KTPOMArHUTHOIO
nepeMelIuBaHusl CIulaBa IMpPU €ro IMeperpeBe M BBIIECPKKE [TOJDKHA OBIThH
MUHUMAJIBHON [JI1 TpPEeNoTBpallleHHus] Iepexoja B CIUIaB KpeMHe3eMa U3
(GyTepoBH U 1IJIaKa, a TAKXKE MEHbBILIETO PACTBOPEHUS T'a30B.

Hcnonb3oBaHuEe CUJIBHO OKHUCJIEHHBIX M 3arpsi3HEHHBIX I[IHUXTOBBIX
MaTepHalioB YMJIMHSAET TEPMOBPEMEHHYI0 OOpabOTKy W CHUXaeT 3(PdeKT
MOAU(PUIIUPOBAHHUS.

K ugncny ¢akTopoB, obecrnieunBaronIMX MOBBIIIEHHOE KaueCTBO UYT'yHa,
BBIIUIABJICHHOTO B HWHAYKIMOHHBIX II€4ax, OTHOCATCS Ooyiee IIUPOKHE, IO
CPaBHEHMIO C BarpaHkamMHl, BO3MOXKHOCTM HCIOJb30BAHUS  Pa3IMYHBIX
IIMXTOBBIX ~ MaTepuaynioB. [lo 1maHHBIM  HWCClENOBaHUW UM MPAKTHUKH,
TEXHOJIOTUYECKHE pEe3epBbl MHIYKIIMOHHOM TUIaBKM MCIOJB3YIOTCS TEM B
OoJbIIeH cTeneHH, YeM OOJIbIIE CTAIA COACPIKUTCS B LIUXTE.

[InaBka B MHAYKIIMOHHBIX N€YaX CIIOCOOCTBYET HEKOTOPOMY IMOBBIIICHUIO
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MEXaHUYECKUX CBOMCTB YyryHa, BBIIUIABJICHHOTO HA IIHMXTE W3 YYIIKOBBIX
YYyIr'yHOB WJM CMECH YYI'yHHOW W CTalbHOW cTpykku. OnHako Haubonee
BBICOKHE TOKa3aTeld OTHOCUTEIBHOTO Mpejesia MPOYHOCTH M OTHOCUTEIHHOM
TBEPJAOCTHU MOJYYEHbl B UYT'yHaX, BBIIUIABJICHHBIX TMpHU HUcnoiab3oBaHuu 100%
CTaJIbHOU CTPYXKKH WM MTPeo0IalaHiK CTaJIbHON COCTaBIISIONICH B IIUXTE.

B 4uyryHe MHIYKIIMOHHOM TIJIaBKU XapaKTep 3aBUCUMOCTU CTPYKTYPBI U
CBOMCTB OT CTENEHU HBTEKTUYHOCTU M OTHOLIEHHUS YIJIEpoAa K KPEMHUIO
OoCcTaeTcsd TakUM >Ke, KaK M B UYyryHax BarpaHouyHod miaBku. OJHAKO Mpu
WHIYKIIMOHHOW TIJIaBKE MOSBISETCS BO3MOXKHOCTH IIMPOKOTO BapbUPOBAHMS
otHomenrem C/Si u poctmxeHue 6yaroiaps 3TOMY BbICOKOM mpoyHOCTH. [lpu
OJIMHAKOBOW BEJIMYMHE CTENEHU 3BTEKTUYHOCTH yMeHbllleHne oTHomeHnus C/Si
3HAYUTEIBHO TOBBIIAET MEXaHMUYECKHE CBOWCTBa 4yryHa. [lo-Buaummomy, B
3aBUCUMOCTH OT KOH(UTYpaluu, TOJUIMHBI CTEHOK U JIPYIMX XapaKTepUCTHUK
OTIUBKM uMeercs mnpenen cHuwxkenus C/Si, korma yxyauieHUE JUTEHHBIX
CBOMCTB IPEMATCTBYET MOTYYEHUIO 30POBOM, MJIOTHON OTIIUBKHU.

IloBbimieHne mneperpeBa uyyryHa B wuHTepBane 1350— 1550° C
CIIOCOOCTBYET pa3MEIbUYCHHIO TIpauTa W MOBBINICHHIO TBepaocTH. Kpupas
3aBUCUMOCTH  IPOYHOCTH OT TEMIlepaTypbl HMEET MaKCUMyM IIpH
OTIpEJICIICHHBIX 3HAYCHUSIX — JaybHelllee MOBBIIICHUE NeperpeBa NpUBOIUT K
JIEHAPUTHON KpHUCTAUIM3allMM TpaduTa M CHIKEHUIO MPOYHOCTH. bbiio
YCTaHOBJIEHO, YTO H30TEPMHUYECKash BbIJIEP)KKA CYIIECTBEHHO HE BIMSIET Ha
CTPYKTYpPY U CBOMCTBa YyTyHa.

OpHako B TeX cilydasX, KOrja Mo YCJIOBHUSIM MPOU3BOACTBA OKa3bIBACTCS
HEOOXOIUMON JUIMTENIbHASA BbIJEP)KKA (HOYHBIE CMEHBI, BBIXOJHBIE [IHU),
MPUXOAUTCS CUUTATHCS C CYUIECTBEHHBIMU W3MEHEHUSMHM, €CIIU TeMIlepaTypa
M30TepMHUUEcKOl BblAepkKKM npeBbimaet 1350—1500 C, wuszorepmuueckas
BBIJICP)KKA B THUTEJIbHOW TI€YM B TeYEHHE 6 Y NTPUBOAUT K YMEHBIICHUIO
collep KaHUs yriaepoja U KPeMHUs, MOBBIIMICHUIO CKIIOHHOCTH K OTOEIMBAHUIO,
CHI)KEHHIO TBEPAOCTHU U MIpejiesia MPOYHOCTHU NP PACTKEHUU.

VYrap s1eMeHTOB MpH IMJIaBKe B BHICOKOYACTOTHOM Meuu CIAeAYIOMUM: 10
5% C; no 10% Si; no 10% Mn. O6muii yrap metasmia He npeBbimaeT 2—3%.

3 3AJIAYA (30 6ans10B)

Paccunrath cpenHMil cOCTaB MIMXTHI JJis BBITUIaBKH uyryHa mapku CY30 B
KOKCOBOM Barpanke. Yrap Si=-13%, Mn=-13%. Pacxon xokca 12 %.
TomnmuyHa CTEHKU OTIIMBKU 30 MM.

I[JISI peuicHus 3aJa4u PCKOMCHAYCTCA ITI0JIb30BATBCA TCOPCTUHCCKUMU
MaTCpUuaJIOMU, MPCACTABICHBIMHU B CIICAYIOIIUX pa60TaX:

1. Bo3aBu:kenckuii, B.M. JluTeiiHble cIuiaBel M TEXHOJOTHS WX IIJIaBKH B
MamuHoctpoeHuu / B.M. Boznuxenckuii, A.B.I'paueB, B.B. Cnacckuii —
M.: MammHocTpoenue, 1984. — 431 c.
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2. loaoros, I'.Il. [Teun u cymmna auterinoro npousojactea / I'. I1. JlomoTos,
E. A. KongakoB. — M. Mammunoctpoenue, 1990. — 302 c.

Omeem.

CocTaB uyryHa Juisi OTJIMBOK BbIOMpAIOT clieayromuM oopazom. Crnepsa
HA3HAYaAIOT COJAEpKaHUE yriepoja B >KUJIKOM 4YyryHe, 3aTeMm 1o ¢opmyine A.D.
Jlanabl onpenensioT cogepKaHue KPEMHUS:

%Sy = AT %G (1)

0,5(Cep+K)’
rne Ar =6,3—1gT;
T — TonmuHa CTEHKH OTIUBKHU, MM;
%C,y — OOIIICE COMIepIKaHKE YTIIEPOIa B KUJIKOM YyT'YHE;
Ccp — KOJIMYECTBO CBSI3aHHOTO yriepoja, %;
K— xoadpuruent, 3aBUCSIINN OT TUIA MATPHIIHI BHITUIABISIEMOTO YyT'YHA,
K=0,9...1 — nns ceporo peppuTHO-NEPIUTHOTO YyTyHA.
KonmndecTBo CBSI3aHHOTO yriepoja pacCUUThIBAETCS MO popMyIie
>
B
rJie Op—TIpe/iel IPOYHOCTH TIPH pacTsikernn, MITa 107",
Haznauaem conep:kaHue yriepojia MO MapKe BBIIUIABISIEMOTO0 YyryHa
(mmsa  mamero caydas %C,y = 3,1). Temepp mno ypaBHeHutro (1) MOXHO

OTIPEJICNIUTD COAepKaHue Si B )KUJIKOM YyTyHE
4,8-3,1 1,7

%Si,., = = =19
K1 0,5(0,791+1)  0,5-1,791 T
rae Ar = 6,3 — 1lg30 = 4,8;
30(3,1+1)-40 83
CCB = —-—m—m—m— = —
30475 105
op=30 MIla 10 .
ConepxxaHue OCTaIbHBIX XMMHYECKUX BJIEMEHTOB >KUIKOM YyIryHE, 3a
UCKJIFOYEHUEM cephl U pocdopa, ciaeayer Ha3HAUYUTH 110 CPETHEH BETMYUHE IS
nanHou mapku uyryHa. Copepskanue cepbl U ¢ochopa MOXKHO OTPAHUYUTH
MPEEIbHO JOMYCTUMBIMU BEJIMUMHAMU JJIs1 JAHHOW Mapku yyryHa. [IpuHsATHIMI
B JIaHHOM NpuMepe xuMuueckuid coctaB uyryna CU 30 npuBeneH B Tadsuiie 2.

= 0,791,

Tabnuia 2 — XUMHUYECKUM COCTaB YyryHa, IPUHATHIN K pacuety, %o
C Si Mn P S

3,1 1,9 0,85 <0,2 <0,12

Copeprkanue yriaepoja B IIMXTE MOXKHO MOJACUUTATh MO popMyIie

I'mpmosuya:
%Creq—1,8
%Cy = ’;—5 (3)

Conepxanue B muxte Si, Mn, Cr 1 Apyrux 3JIeMEHTOB, YTOPAIOIIUX MPU
IJIaBKe, MOKHO MOACUYUTATH HO opMyIIe
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903 = 3 o @
rae %3,y — CoepKaHue yIiiepoia B KUJIKOM 4yTyHe, %o;
%Y1y — BenuurHa yrapa-npurapa 3J1eMeHTa O, MOJI0KUTEIbHas BeTUYHA
COOTBETCTBYET yrapy, a OTpulaTeiabHas — mpurapy.
CopeprkaHue cephbl B IIUXTE MOXKHO OIMPEACIIUTh MO IMIUPUYECKON
bopmye
%Sy = 1,33 - %S,q — 0,004%S,Fy, (5)
rae” %Sy~ COAEPKAHUE CEPBI B )KUIKOM UyTryHE, %o;
P, — pacxon kokca, %;
%S, — conepxkanue cepsl B Kokce. %o.
[Honb3ysice hopmynoii (3), HaliieM coiepKaHue yriepoaa B IIHUXTE:

3,1-1,8
Wy === = 2,6.

Copepxanue Si, Mn B muxTe nojacuutaem no gopmyie (4):

%Si, = %Sim% =19 100 _ 2,18,
100 100 _ 59g

%YIg; 100-13
0 -0 _ 100 _
oMny, = YoMy, 100-%YMyy, 0,85 100-13

Conepxanue S B IMXTE MojcuuTaeM 1o popmye (5):
%S, =133-0,12—-0,004-1-12 =0,112.
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9 BOITPOCHI K OK3AMEHY

1. Marepuansl  aJis  BBIIUIABKM ~ 4YyryHOB.  OrHEymopel,  TOILUIMBO,
METaJUIMYECKUe KOMIOHEHTHI IIUXThI, JIETUPYIOLIUE, MOAU(DULUPYIOIINE
100aBKH.

2. Pacder cocTaBa MMXThl AHATUTUYECKUMH U TpadUuECKUMH METOJaMHU.

3. YcrpoiictBO W mOpuUHOMI  JCHCTBUA  KOKCOBBIX  BarpaHok.
TepMmoauHamuyeckue U (PU3NKO-XUMUYECKHE MPOLECCHl B Pa3IMYHBIX
30Hax BarpaHku. [IpenmyiiecTBa U HEJOCTATKH.

4. YcTpoicTBO M NPUHUUI ~ JEHCTBUS  KOKCO-Ta30BbIX  BarpaHok.
[IpenmyinecTBa U HEJOCTATKHU.

5. YCTpOMCTBO M IPUHLIMUII JEUCTBUS Ia30BbIX BarpaHok. [Ipenmyiiecrsa u
HEJJOCTATKH.

6. BrimnaBka yyryHa B JIYTOBBIX 3JIEKTporedax. YCTPOMCTBO M MPUHIUI
NEUCTBUS, TEPMOJUHAMUYECKHE U (DPUIUKO-XMMHUYECKHE MPOLECCHI.
[IpenmyinecTBa U HEJOCTATKHU.

7. BpimnaBka 4yryHa B MHIYKUMOHHBIX TUTEJIbHBIX Ieyax. YCTPONCTBO U
OPUHIMUN  JEUCTBUSI, TEPMOJMHAMHUYECKHE U  (U3UKO-XUMHUUYECKHE
npouecchl. [IpenMyriecTBa U HEAOCTATKH.

8. BblmaBka uyryHa B MHAYKIIMOHHBIX KaHaJbHBIX IMeyax. YCTPOMCTBO M
OPUHIMUN  JEUCTBUS, TEPMOJMHAMUYECKHE U  (U3UKO-XUMHUYECKHUE
npouecchl. [IpenMyriecTBa U HEAOCTATKH.

9. Tlonyuyenue 4yryHa qyIieKC-IpPOLECCOM.

10.MoauduuupoBanue ceporo yyryHa. OcoOeHHOCTH MpoIecca.

11.MoauduuupoBanue 1pH BBIJIABKE BBICOKONPOYHOIO YyryHa C
mapoBUAHBIM TpadutomM. OcOOEHHOCTH IpoIiecca.

12.MoauduuupoBaHue TpH BBIJIABKE BBICOKONPOYHOIO YyryHa C
BEPMUKYISPHBIM rpadutoM. OCOOEHHOCTH MpoIEcca.

13.MoauduuupoBaHue mpH BBIIUIABKE KOBKOTo yyryHa. OcoOeHHOCTH
nporecca.

14.JlerupoBanue uyryna. OCoOOCHHOCTH MpoIiecca.

15.9nekTponuiakoBasi 00padoTka uyryHa. OcoOeHHOCTH Ipolecca.

16.Bakyymnas oOpaboTtka uyryHa. OcoOeHHOCTH mpolecca.

17.ApronHnas u kucinopoHas oopadotka yyryHa. OcoO0€HHOCTH TMpoIiecca.
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10 KPUTEPUHN OLHEHKHU DK3AMEHAIIMOHHOI'O BUJIETA

Ne C 5 KonnuectBo

m/p, | PYTYPa DIUIETA 0a/10B

1 Bonpoc u3 temnl 2.1 «Marepuanbl, Teopus Hu 35
TEXHOJIOTUS BBIIUIABKH YYTYHA)

2 Bompoc u3 tembl 2.2 «Teopuss WM TEXHOJIOTHUSA 35
BBITUIABKU YYTYHA»

3 3anmaua 30

Onenka ounera 100

* oueHku «A» (90-100 6annoB, «OTIMYHO») 3a OWJIET 3aCIy>KMBAET CTYJEHT,
KOTOPBI B TOJTHOM O0BEMe OTBETHJI Ha BCE BOMPOCHI OWIIETa, JIOTHYHO M
MOCJIEI0BATEIbHO HMX OOOCHOBAJ, COMPOBOXKIAs HUX HEOOXOIUMBIMU
dbopMynamu, ypaBHEHUSIMHU PEAKIIHiA, CXeMaMH 000pYIOBaHUS H T.1.,  TAKKE
NPOACMOHCTPUPOBANl TOHUMAaHHE CBS3M pacCMaTPUBAEMBbIX BOIPOCOB C
OCHOBHBIMH TIOJIOKCHUSIMH Kypca M C peajbHBIMU MPOIeCCaMH, HMCIOIIUMHU
MECTO TIPH MIPOU3BOJICTBE OTIMBOK M3 UyT'YHA;

* oueHku «B» (81-89 OamnoB, «xopoiioy») 3a OWJIET 3acilyKMBAeT CTYJIEHT,
KOTOPBI MPaBWIHHO M B TMOJHOM OOBEME ¢ MHHHMAJIBHBIMHU OIIMOKaMH
OTBETHJI Ha BCE BOMPOCH OWJeTa, JOTMYHO U TOCIEA0BATENbHO HX
00OCHOBaJ, COMPOBOXAasi WX HEOOXOAMMBIMU (OopMyJamMH, ypaBHEHUSIMHU
peakiuii, cxemamMu OOOpYIOBaHUS W T.A., a TaKXkKe IMPOJEMOHCTPUPOBAT
MOHUMAaHHUE CBSI3U PAaCCMAaTPUBAEMBIX BOIIPOCOB C OCHOBHBIMU IMOJIOKCHUSIMHU
Kypca U C peaJbHBIMHU MPOIECCAMH, UMEIONIMMH MECTO TPH TPOU3BOICTBE
OTJIMBOK W3 YyTYHa;

* oueHku «Cy» (75-80 0amioB, «XOpoiIo») 3a OWJIET 3aciyKMBAeT CTYJIEHT,
KOTOPBIA B OCHOBHOM MPaBWJIBHO U B JIOCTATOYHOM JJIsSi YCBOGHUSI 00BEMe
OTBETHJI Ha BCE BOIPOCHl OmieTa, Jan UM OOOCHOBaHME, COMPOBOXKAAS HMX
HEOOXOAMMBIMU  (OpMYyJIaMH,  ypaBHEGHUSMH  PEaKIHUi,  CcXeMaMu
0o0OpyIOBaHUS H T.A., a TaKXke MPOJEMOHCTPHPOBAI TOHHMAHUE CBS3H
paccMaTpuBacMBbIX BOIPOCOB C OCHOBHBIMH TOJOXCHHUSAMH Kypca H C
pealbHBIMH MPOIIECCaMU, UMEIOIIMMH MECTO TPU MPOU3BOJCTBE OTIMBOEC W3

qyryHa;

» oueHku «D» (65-74 Ganna, «yAOBIETBOPUTENIBHO») 3a OWJIET 3acCily’)KUBAET
CTYJI€HT, KOTOPBII B OCHOBHOM IMPaBUJIBHO U B JOCTATOYHOM 00bEME OTBETHUI
Ha BOMPOCH OwWjeTa, HO MNpPU STOM HE B IMOJHOW Mepe M HE Bcerja
MOCJIEIOBAaTENIbHO ~ COMPOBOJAMI ~ HUX  HEOOXOAMMBIMH  (opmyiamu,
YPAaBHEHMSIMU peaklui, cXeMamMu o00opynoBaHMs M T.J., a TakKke
MPOJEMOHCTPUPOBAT TIOHMMAaHHE CBSI3M PAacCMATPUBAEMbBIX BOIPOCOB C
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OCHOBHBIMU IOJIOKCHUAMHU KypCa U C PCAJIbHBIMU IIPpOHCCCaMH, NMCIOIIIUMHA
MCECTO IIpU IPOU3BOJACTBC OTIIMBOK U3 YyI'YHA,

» onenku «E» (55-64 OGamia, «yAOBIETBOPUTEIBHO») 3a OWUJIET 3aCIy>KHUBAET
CTYJICHT, KOTOPbI B MUHUMAJILHO JOMYCTUMOM O00BEME OTBETHII Ha BOIIPOCHI
Owsierta, HO MPU 3TOM HE B MOJIHOM Mepe M He BCerja MociefoBaTelIbHO U
JIOTUYHO apTyMEHTUPOBAJI CBOM OTBETHI;

* oueHku «FX» (30-54 Gamna, «HEyAOBIETBOPUTENIBHOY) 32 OUIIET 3aCIyKUBAET
CTYJICHT, KOTOPbI IPU OTBETE HA BOIPOCHI OWsieTa JOMYCTHJI ONIMOKH U
WCIIBITHIBATT 3aTPYJHEHUs] ¢ OOOCHOBaHHMEM OTBETOB, a TaK)XE HCIIBITHIBAJ
3aTpyJHEHUS B TOHUMAHHUH CBS3U PACCMATPUBAEMBIX BOITPOCOB C OCHOBHBIMU
MOJIOKEHUSIMU Kypca 1 MpobiieMamMu MPOU3BOJICTBA OTJIUBOK U3 UYT'yHA,;

* oueHku «F» (1-29 GannoB, «HEyAOBIETBOPUTEIHHOY) 32 OMIIET 3aCIIyKUBAET
CTYIEHT, KOTOpBI TMpH OTBET€ Ha BOMNPOCHl Ouiera JOMYCTHI
MPUHIMIHAIbHBIE OIIMOKA M MPOJEMOHCTPUPOBAN HEMOHHWMAaHHE CBS3U
paccMaTpUBaEMbIX BOIPOCOB C OCHOBHBIMU TMOJIOKEHUSIMU Kypca U
npoOiemMaMu IPOU3BOJICTBA OTJIIMBOK U3 YyTyHA.

Ornenka Mo 3K3aMEHY IS CTYACHTOB 3a0YHOTO OTJACJICHUS COCTOUT W3 ABYX
YacTeu:

1.Onenka konTposbHOi paboTsl (KP) (Becopoii koadduruent — 0,50) — 0 ... 100
OaJIIoB.

2.0mnenka 3x3amena (ITY9) (BecoBoit koaddurment — 0,50) — 0 ... 100 Gamos.

OO011ast o1eHKa pacCYUTHIBaCTCS MO (hopMmyJIe:

OLJEHKA0...100) = 0,5 x KP(0...100)+ 0,5 x I793(0...100)
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