MunucrepcTBo 00pa3oBanus u Hayku Poccuiickoii @enepanun
denepanbHOE rocy1apCTBEHHOE OI0KETHOE 00Pa30BaTENbHOE YUPEXKICHUE
BBICIIET0 00pa30BaHUs
«MarHuToropckuii rocyAapCTBEHHbIN TexHrueckuid yauepcurer um. .. HocoBay

MHoronpopuIbHBIA KOJIIEIK

TBEPXIAIO
3§ Jupexrop
' 7 1E.A. MaxHoBCKwiA
{2 %23» mapra 2017 r.

METOAUYECKHUE YKA3AHMUA 110 BBIIIOJTHEHHUTIO
INPAKTUYECKHUX PABOT

1o y4eOHOH AUCHHUTLINHE
OI1.07 TenJ10oTeXHHKA
JJIs1 CTY/IEHTOB CHeNHAJIBLHOCTH
22.02.01 MeTa/L1Yprusi YepHLIX METAJLJIOB
(bazoeoit noozomoexku)

Maruutoropck, 2017



OJOBPEHO

[IpenMeTHO-LIMKIIOBOM KOMUCCUEH Metoanueckoii koMuccueu
Mertainyprusi Y4epHbIX METAIIJIOB
IIpencenarens: N.B. Pemerosa IIporokois Ned4 ot 23 mapra 2017 1.

[IpoTokon Ne7 ot 14 mapta 2017 r.

CocraBureib:
Okcana AnekcanapoBHa MupoHoBa
npenonasaresib ®I'bOY BO «MI'TY um. I'"'1.Hocosa» MnK

MeTtoaudeckue yka3zaHusi pa3paboTaHbl Ha OCHOBE pabouell mporpamMmbl Y4eOHOW JAMCIUITITUHBI
«Termorexaukay.



1 Beenenue

2 Meroauueckue yka3aHus
[IpakTuueckas padora 1
[Ipaktrueckas padora 2
[IpakTuyeckas padora 3
[IpakTrueckas padota 4
[IpakTuyeckas padora 5
[IpakTrueckas padora 6
[IpakTuyeckas padora 7

COJEPKAHUE

10
14
17
18
19
25



1 BBEJAEHUE

Baxxnyto gacTh TeopeTHYECKON M MPOPECCHOHATBHOW MPAKTUYECKONW TMOATOTOBKH OOYJarOITUXCS
COCTABJISIIOT IPAKTUUECKUE 3aHATHUS.

CoctaB u coaepkaHHMe NPAKTUYECKUX 3aHITUN HampaBieHbl Ha peanusanuio DegepanbHOro
rOCYJapCTBEHHOTO 00pa30BaTEIbHOTO CTAaHAAPTA CPEAHETO TPOPECCHOHATHLHOTO 00pa30BaHMS.

Benymeit  auaakTHueckoW — LedbI0  MPAKTUYECKUX — 3aHATUN  sABhsieTcss  (hOpMHUpOBaHHE
npoeCCUOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHMIA BBIOJIHATH OINpEeSIeHHbIC EHCTBUSA, ONepaliH,
HEOOXOIMMBIE B TOCIEAYIOIIEM B MPO(ECCHOHAIBHON NEATENBHOCTH) WM Y4YEOHBIX MPAKTUYECKUX
yMeHUI HeOOXOMMBIX B MOCJIEAYIOMIEH yueOHOM AeITeTbHOCTH.

Benymeit aunakTuyeckoil 1enblo SIBISIETCS SKCIIEPUMEHTAIbHOE IOATBEPXKACHUE W IPOBEpKa
CYLIECTBEHHBIX TEOPETUYECKUX MOJIOKEHUN (3aKOHOB, 3aBUCUMOCTEN ).

B cootBercTBUU ¢ paboueiil mporpaMMoi yueOHON TUCIUILIUHBI « TerIoTeXHUKa » MPEayCMOTPEHO
IIPOBEICHUE MPAKTUYECKUX 3aHITUH.

B pe3ynbrare X BBINOJHEHUSI, 00Y4aIOIUNACS JOKEH:

ymemb:

- IPOU3BOJIUTH PACUYETHI IPOIECCOB FOPEHUS U TEIJIO0OMEHA B METAILTYPrHUECKUX Meuax

ConeprkaHue MpakTHYECKUX U J1ab0paTOPHBIX 3aHATUI OPHEHTHPOBAHO HA MOATOTOBKY 00yYaromuxcs K
OCBOGHHIO TPOPECCHOHAILHOIO MOAYJS HNpOrpamMMbl IIOArOTOBKU CIELMAMCTOB CPEAHEro 3BEHA 110
CIIEIMAITLHOCTH U OBIIAJICHUIO HPOPeCCUOHANbHBIMU KOMNEMEHYUAMU:

[1K 1.1 OcymiecTBISTh TEXHOJIOTHYECKHE OTIEpaIliU M0 TPOU3BOJICTBY YEPHBIX METAIIOB;

1K 1.2 Mcnionp30BaTh CUCTEMBI aBTOMAaTUYECKOTO YIIPABIEHUS TEXHOJIOTHYECKUM IIPOLECCOM;

[1K1.30kcmnyatupoBaTh  TEXHOJIOTMUYECKOE M TMOJAbEMHO-TPAHCIOPTHOE  00OpyIOBaHUE,
o0ecreynBaroIee Mpoecc MPOU3BOACTBA YEPHBIX METAJUIOB,;

I1K 1.4 Ananu3upoBaTh Ka4e€CTBO ChIPbSl U TOTOBOM MPOAYKLUU;

[1IK 2.1 IInanupoBaTh U OpPraHU30BHIBATH COOCTBEHHYIO NEATEIHLHOCTH, PA0OTY MOIpa3aesiCHUs,
CMEHBI, yJacTKa, OpUrajibl, KOJJIEKTUBA NCIIOJHUTENEH;

1K 3.1 [IpuHrMaTh yyacTHe B pa3pabOoTKe HOBBIX TEXHOJIOTUN U TEXHOJIOTHYECKUX MPOLECCOB;

I1K 3.2 YyacTBOBaTh B 00ECTIEYEHNH U OLIEHKE SKOHOMHUECKOH 3P (HEKTUBHOCTH.

B nmnponecce ocBoeHusi ANMCHMINVIMHBI Y CTYAEHTOB J0JLKHbI ()OPMHPOBAThCH O00LIUe
KOMIICTCHIINH

OK 1 - IloHumaTh CyIIHOCTh M COLMATIBHYIO 3HAYMMOCTh CBOEH Oyayiieit npodeccuu, MposBIiIsiTh
K HEM YCTOMYMBBIN HHTEPEC;

OK 2 - Opranu3oBbIBaTh COOCTBEHHYIO AEATENbHOCTb, BEIOMPATh THIIOBBIE METOABI U CIIOCOOBI
BBINOJIHEHUS TPO(ECCHOHANIBHBIX 3a/1a4, OLIEHUBATh UX 3((HEKTUBHOCTH U KaueCTBO.

.OK 3 - IlpyHMMaTh pelIeHUs B CTAaHIAPTHBIX M HECTAHJAPTHBIX CHTYalUsSX M HECTH 32 HHUX
OTBETCTBEHHOCTb.
OK 4 - OcymiecTBiATh MOMCK M MCIIOIb30BaHUE UH(pOpMAIK, Heo0XoauMon 1 3¢ HeKTUBHOTO

BBINOJIHEHUS TPO(HECCHOHANBHBIX 33/1a4, TPOPECCUOHATIBHOTO U IMYHOCTHOT'O PA3BUTHS.

OK 5. Ucnonb3oBath MHPOPMAIIMOHHO-KOMMYHUKALMOHHBIE TEXHOJIOTHH B MpodeccnoHalbHOMN
NeSITeNIbHOCTH.

OK 6. Pabotarh B KOJJIEKTHBE U KOMaH/€, YPPEKTUBHO OOIIATHCS C KOJUIETaMH, PYyKOBOACTBOM,
MOTPEOUTENSAMHU.

OK 8 - CamocTrosTenpbHO OMpenesaTh 3agadu MPOoPECCHOHAIBHOTO W JIMYHOCTHOTO Pa3BUTHS,
3aHMMAaTbhCS CaMO0Opa30BaHUEM, OCO3HAHHO IIJIAHUPOBATh MOBBIIIEHNE KBATHU(PUKALIUH.

Boinmonnenue o0ydaromuxcsi MpakTHYECKUX paboT mo ydeOHoi aucuumiunHe «TernmorexHukay

HaIPaBJIEHO HA:



- 0060011IeHNE, CUCTEMATU3ALUIO, YITTyOJIeHNe, 3aKpEIUICHNE, Pa3BUTHE U ACTATU3AINIO TOTYyYSHHBIX
TEOPETUYECKNX 3HAHUN N0 KOHKPETHBIM TeMaM Y4eOHOM THUCHUIUIMHBI;

- (hopMUpOBaHHE YMEHHUI MPUMEHATH MOJyYCHHbIE 3HAHUS Ha MPAKTHKE, pealu3alMio €IMHCTBA
VMHTEJUIEKTYAJIbHOW U MTPAKTUYECKON JESATENbHOCTH;

- (opmHpoBaHHE W pa3BUTHE YMEHH: HAOIIOAaTh, CPAaBHHBATh, COIOCTABISATH, AHAIM3HPOBATH,
JenaTh BBIBOABI U OOOOIIEHUS, CAMOCTOSITEIbHO BECTH HCCIEIOBAHMS, MOJb30BAThCA Pa3TUUHBIMU
npreMaMy U3MEepeHuit, opopMIIATh pe3ynbTaThl B BUAE TaOJHII, CXeM, IpauKOB;

- MpHOOpeTeHHe HaBBIKOB PAa0OTHI C pPa3NUYHBIMH MpHOOpaMu, ammapaTypold, YCTaHOBKaMH U
JOPYTMMHU TEXHUUYECKUMU CPEJCTBAMU JIJIsl IPOBEACHUSI OIIBITOB;

- pa3BUTUE MHTEJUICKTYAIbHBIX YMEHMH y OyIylIUX CHEHUAINCTOB: aHATUTHUYECKHX,
IIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JP.;

- BBIpaOOTKY MpU PELICHUH MOCTaBICHHBIX 3a/1a4 NPOGECCHOHATBHO 3HAYUMBIX Ka4eCTB, TAKUX KaK
CaMOCTOSITENIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUYECKAsI MHUIIUATHBA.

[pakTyeckue 3aHATHS MIPOBOASATCS IMOCIIE COOTBETCTBYIOLIEH TEMbI, KOTOpasi 00ECHeYnBaeT HAIMUME
3HAHHUN, HEOOXOIUMBIX JIIS €€ BBITOIHECHHSI.



2METOAUYECKHUE YKA3AHUS

Tema 1.2. Teopusi ropeHust pa3JIUYHLIX BUJIOB TOIJIMBA B ITe4Yax

IIpakTHueckas padora Ne 1
PacueTt ropesusi TonJuBa

HeJ’IL: C IIOMOIIBIO TCOPETHYCCKHUX PACYCTOB 110 d)ODMVJIaM OonpcaAcCIUuTb HCOGXOZ{I/IMoe KOJIMYCCTBO

BO3ayXa Ui TOPEHUA, KOJINMYCCTBO ITPOAYKTOB CIropaHus U KAJIOPUMETPHYCCKYIO TEMIIEPATYPY.

Bbinosinus padory, Bel Oyaere:

YMETB:
- IEPECYUTBIBATh CyXOM Ia3 Ha BIIAKHBIN;

- ONpeAEIATh He0OX0AUMOE KOJIMYECTBO BO3yXa [l TOPEHUS;
- OIIPEACIIATH KOJIMYECTBO IIPOYKTOB CrOpaHus;
- pacCYUTHIBATh KAIOPUMETPUUYECKYIO U IEHCTBUTEIIBHYIO TEMIIEPATYPY

MaTepI/laJIbHOC odecneyeHne: METOINICCKIC YKa3zaHus

3aganue:
Ne
papHaTa CH,, C,He, % | CsHg, % | CsHio, % CO,, % W, /v’ n
%

1 91 1,2 2,0 1,0 0,8 14,5 1,2
2 94 2,5 1,8 0,7 0,4 15 11
3 97 1,1 0,9 0,6 0,2 13 1,05
4 94.4 1,4 1,4 - - 12 1,05
5 87,7 14 2,2 15 1,3 16 1,05
6 91,8 2,2 0,4 0,6 - 12 1,1
7 83,4 2,5 0,8 1,5 1,8 10 1,15
8 79,9 15 1,7 2,1 2,9 14 11
9 94,1 15 - 3,0 - 10 1,15
10 80 2,1 3,0 4,0 5,0 20 1,05
11 91,1 1,0 1,0 1,0 1,0 18 1,2
12 93,6 2,6 - - 2,3 16 1,1
13 85,5 4,2 37 2,8 2,0 14 1,05
14 91,6 1,6 2,0 16 0,6 12 1,15
15 80 2,5 35 4,5 5,5 14 1,05
16 91,2 0,8 0,9 16 2,4 16 11




17 93 11 2,1 3,1 - 18 1,05
18 85,5 4,5 2,5 1,5 3,0 20 1,1
19 82,7 - 50 3,0 4,0 10 1,15
20 90 2,2 3,3 1,6 - 12 1,15
21 97 0,5 0,5 0,3 0,5 14 11
22 87,8 1,7 1,8 2,9 4,1 16 1,05
23 74,8 4,5 3,3 - 3,2 18 1,15
24 77,6 2,4 4,4 11 11 20 11
25 83,3 - 39 3,2 - 10 1,2
26 89,7 4,5 - 2,2 2,2 12 1,15
27 92,2 0,9 0,7 11 0,8 14 1,2
28 93,3 1,4 - - 1,4 16 1,15
29 88,8 3,1 11 11 11 18 1,05
30 95,5 - 15 1,5 - 20 11
31 92,2 2,2 - 1,2 1,2 10 1,2
32 95,7 2,1 1,03 0,47 0,2 15,55 11
33 96 2 1,0 0,3 0,3 16 1,15
34 93,2 0,7 0,6 0,6 1,9 15,3 1,05
35 92 0,9 1,0 11 0,3 15,5 1,05

Ilopsinok BbINOJHEHHs Pa0OThI:
N3yunTh METOIMYECKUE YKa3aHUs K JaHHOU MpaKkTH4ecKoil padore.
1. IlepecunTaTh Cyx0il ra3 Ha BIAKHBIN
2. OnpenenuTh pacxol KMCIOpOia Ha TOPEHNE
3.0npenenuTs pacxoa Bo3ayxa, HEOOXOIUMOTO ISl TOPEHUS
4. OnpenenuTh COCTaB NPOAYKTOB CTOPAHHUS
5. PaccunTtarh KOJIMUYECTBO MPOJYKTOB CrOPAHUS 110 METOJIMKE, IPUBEIEHHON B pa3paboTke.
6. OnpeenuTh NPOLEHTHBIA COCTAB MIPOJYKTOB CrOPaHUSI.
7. OnpenenuTs IIOTHOCTh MPOAYKTOB CTOPAHMS
8. PaccunTaTh KOJIOPUMETPUUECKYIO U IEUCTBUTEIBHYIO TEMIIEPATYPY
PacyeTsl BBINONHUTD 110 METO/IMKE, TPUBEACHHON B pa3paboTKe.
Xox padoThI:

1. ITepecueT cyxoro rasa Ha BJIasKHbBIN
100

=X 100+01242W '
100 |
XM =X"100+01242-1555

B

XJ'I




XM=x?*+0,98.
2. Pacxon kucnopona Ha ropenue npu n=1,0

V,, =0,01(0,5(CO+H2+3HZS)+Z(m+% )CrHin);

Vo, :O,Ol[(m+2)CH4 ¥ (m+2)C2H6 ¥ (m+2)C3H8 ¥ (m+%)C4H10];

V,, =0,01[(1+ % )94+ (2+ % )2+ (3+%)1+(4+ ?)0.4];

V , =2,026 M/,
3. Pacxon Bo3ayxa Ha ropeHue npu n=1,1.
Ve=n(1+k)V ;

Ve=1,1(1+3,76)-2,026;
Ve=10,6 1M /M.

4. CocraB IpOJYKTOB CrOpPaHMsL.
V o, =0,01(CO2+S0,+CO+H,S+ZmCrmHy);

V ¢, =0,01(COz+CH4+mCzHg+mCsHg+MC,Huo);
V ¢, =0,01(0,2+94+2:2+3 1+4-0,4);
V o, =1,028m° v,
Vi, 6 =0,01(H20+H,+H28+0.5ZnCrnHy);
V0 =0,01(H,0+0,5(NCH4+nC,Hg+nC3Hg+nCsHio));
Vy1,0=0,01(1,9+0,5(4-94+6-2+8-1+10-0,4));
V1,0 =2.019m /%,
Vy, =0,0IN2+nk V , ;
Vy, =0,01-0,5+1,1-3,76-2,026;
Vy, =8,385m/m%;
Vo, =(n-1) V ;
Vo, =(1,1-1)-2,026;
Vo, =0,203m°/m°.
5. Onpezenenne 00IMIET0 KOJIMYECTBA MPOAYKTOB CrOpaHust (IpIMa).
Vie=Veo, Vo +Vy, +Vo, ;
Vine=Veo, Vo +Vy, +Vo, i

V.c=1,028+2,019+8,385+0,203;
Vine=11,635m/n.

6. Onpenenenre NPOLEHTHOIO COCTaBa MIPOJYKTOB CTOPaHMSL.

_ VCO2 . _ VN2 .

COp=—~*-100%; Nz=—"2 -100%;
Vn.c. Vn.c.

1028, 000p. = 5385

CO,=
711635 11,635

-100%;




C0O,=8,83%; N2=72,07%);

v
H,0= vHZO .100%:

n.c.

Vo
02: —2.100%.
Vn.c.
H,0=17,35%. 0,=1,75%.

7. OnpeneneHue MIOTHOCTH MIPOJYKTOB CrOPAHHUS

_44C0O, + 28N, +18H,0 + 320,

Pre™ 22,4100 '
rae 44;28;18;32 — mosekysipHast Macca;
22,4 — 1MoI1B;
o _44.883+28-72,07+18-17,35+32- 1075

22,4-100

pue=1,24Kr/v>,
8. Terutora cropanusi ra3a COCTaBHUT.

QEI =358CH4+636C,Hg+913C3Hg+1185C4H;
Q! =358-94+636-2+913-1+1185-0,4;
Q! =36327x]lx/M.

9. Ompenenenne KaJOPUMETPUUECKOM TeMIIEpaTypBbl.

9.1 HpI/I TOPCHUM IIPUPOIHOI'O Ira3a B OOBIYHOM BO3YyX€ SHTAJIBIIUA IPOAYKTOB CIrOpaHUs
OIPECACIIACTCA:

o= 2
V 1

n.c.

36327
11,635’
i6=3122,22 JK/M.

lo=

9.2. J1n4 onpenenenns KaIOpUMETPUYECKON TEMIIEPATYPHI IPUPOJHOTO ra3a 3aJauMcs

cHagana t =2000 "C u onpeaenuM mpH 3TOi KaJTOPUMETPUUIECKOH TeMIiepaType
SHTAJIBIHIO.

iéggd’ AVA o, _Hzood’ V,, O+|2ood’ 2V, +|zood’ V
2000 ~ v :

n.c.

100 =3249 41KI[>1</M

. : " _ 0
T.K. |, >lo, npuHHMaeM Temneparypy t, =1900" C 1 paccunraem SHTAIBIHIO TIPH STOK
TemIeparype

1909 =3119 88k Ix/M’,
T.K. ilgo(? <ip onpeaenum tx



RCE 'R
3122,22+3119,88
3249,41-3119,88°

t«=1949° C.

tk=1900+

10. Onpenenenue 1elCTBUTENBHON TEMIIEPATYPHI B IIEUH.
L=tk
rae N=0,65+0,80 — koadpunmenT, 3aBUCAIIHIA OT KOHCTPYKIIMH TTCYH.
t7=0,70-1949;
t,=1364,3° C.

®opma nmpeacTaBieHus pe3yJbTarTa:
Pacuets! BeimosnHuTh 1 0popmuts Ha popmare A4 mo 'OCTam.
KpuTtepuu oneHKu: npaBUIbHOCTD BHIITOJHEHUS pacyeTra

Tema 2.2 IHHAMHKA ra3oB

IIpakTHyeckas padora Ne2
Pacyer BLICOTHI ILIMOBOH TPYObI

Leab padoThbl: HAayuyuTbCs NPUMEHATh 3aKOH BepHy/uIM mpH pacueTax HMCTEUEHHs rasa 4depes
OTBEPCTHUS] M HACAIKHU; OMNPEIEIATh CONPOTUBIEHUE ABIMOBOIO TPAaKTa; ONPEAENATh pa3psKEHUE Yy
OCHOBaHUS JIBIMOBOU TPYOBI U BBICOTY JABIMOBOM TPYOBI.

Boinoainus padorty, Bel Oynere:

YMETb:

- IPUMEHSTH 3aKOH bepHYIIN B TEIJIOTEXHUYECKUX PACUeTax;

- OIIPEACIIATH CONTPOTUBIICHHUE IBIMOBOTO TPAKTA;

- OTPEAETATh BBICOTY JABIMOBOM TPYObI

MarepunanbHoe obecnedeHue:

Paznarounbiii Mmarepuail.

3aganue:

Paccunrtath BBICOTY IBIMOBOM TPYObI

Ilopsinok BbINOJHEHHsI padOThHI:

1. IIoBTOpPUTH TEOPETUUECKUI MAaTEPHAIL.

2. Paccuntarh CONpOTHBIEHHUE JBIMOBOTO TPAKTa y OCHOBAHUS JILIMOBON TPYOBI.
3. Paccunrtath BBICOTY JBIMOBOI TPYyOBI
Xoa padoThI:

VcTedenue razoB yepe3 OTBEPCTHUS U HACaJIKH HaOII0AaeTcs Ipu paboTe ropenok, (hOpCyHOK,
P BHIOMBAHUM rasza 4yepe3 OTBEPCTHUS B CTEHAX MEYU U B APYTUX CIydyasX.

KonuyecTBo ncTekaroliel 3 paccCMaTpuBaeMOro OTBEPCTHUS CPEIb (M*/c) MOKHO ONpPEIETUTH 1O
dopmyne: V=w,f,, rue f,—ceuenue crpymu, M, ®2—CKOPOCTh UCTEUECHUS Ta3a.

KonunuaecTBo ncredenus raza yepe3 HaCaJKu, YIUTHIBas, UTO HACaJKa — 9TO KOPOTKHUI MaTpyooK,
MPUCOSTMHEHHBINA K OTBEPCTHIO B TOHKOM CTEHKE, JIJTMHA TTOCJIETHETO0 OOBIYHO COCTaBISAET 3 — 4 ero
TUaMeTpa, MOXXHO OTPEACIIUTH 1O HopMyIam:

Jlnst HacaIKu ¢ OTKPBITHIMU KPOMKAMH:



V=0,85F; /—Z(Pl -P) :
P

rae Fa-momanp BRIXOJHOTO CEUCHMS,
P1, P2- COOTBETCTBEHHO JaBJICHUE B COCYAE U JABICHHUE CPEIbL;
p -IUIOTHOCTbH rasa.
JIns HacaKy ¢ 3aKpyTJIEHHBIMU KPOMKaMH:

V=F, 2(P,-P, '
P
JlaHHbIE 7151 pacyeTa:
1. Temnieparypa

o | 1y, t, | ta | G | 15 | 1 t1-2, t2-3, t3.4, ty5, t5.6,
sap.| °C | °%¢ | °c | % | % | °% °c °c °c °c °c
1 | 770 | 680 | 380 | 340 | 320 | 300 700 560 360 330 310
2 | 790 | 690 | 390 | 350 | 350 | 330 740 540 380 360 340
3 | 810 | 770 | 600 | 500 | 400 | 305 790 610 550 450 320
4 | 720 | 650 | 490 | 370 | 360 | 310 680 510 400 365 320
5 | 910 | 810 | 550 | 480 | 590 | 300 870 700 420 350 310
6 | 850 | 740 |400 | 370 | 310 | 280 800 500 350 320 300
7 | 860 | 750 | 390|320 | 290 | 270 790 400 340 300 280
8 | 800 | 710 | 390 | 310 | 290 | 230 760 370 340 300 250
9 | 830 | 740 | 400 | 330 | 300 | 260 780 410 350 310 270
10 | 730 | 670 | 390 | 350 | 340 | 320 740 400 360 350 330
11 | 800 | 690 | 410 | 310 | 270 | 240 710 340 300 280 260
12 | 870 | 800 | 600 | 550 | 540 | 530 830 590 560 530 520
13 | 1200 | 1100 | 850 | 720 | 660 | 310 | 1000 910 730 690 350
14 | 845 | 738 | 297 | 270 | 250 | 230 790 390 290 260 240
15 | 1350 | 1200 | 800 | 650 | 470 | 290 | 1250 970 700 500 300
16 | 1110 | 990 | 710 | 600 | 470 | 290 | 1000 860 660 500 280
17 | 810 | 690 | 400 | 300 | 280 | 250 700 450 350 290 270
18 | 790 | 670 | 370 | 340 | 310 | 300 750 550 350 330 310
19 | 800 | 710 | 400 | 340 | 300 | 280 760 500 370 310 290
20 | 820 | 730 | 390 | 330 | 300 | 250 770 400 350 310 280
21 | 1280 | 1120 | 720 | 610 | 570 | 300 | 1200 750 650 600 350
22 | 700 | 600 | 400 | 350 | 350 | 320 650 500 380 360 330
23 | 850 | 750 | 450 | 300 | 300 | 280 800 500 390 370 310
24 | 700 | 650 | 400 |370 | 370 | 340 750 530 380 360 350
25 | 900 | 800 | 500 |470 | 470|450 850 670 520 500 400
26 | 810 | 710 | 410|370 | 370 | 350 760 560 400 380 360
27 | 900 | 810 | 400 | 370 | 320 | 290 870 420 390 340 200
28 | 650 | 600 | 300 | 280 | 240 | 170 630 330 290 260 200
29 | 600 | 570 | 310|280 | 210 | 180 590 330 300 240 200
30 | 870 | 790 | 600 | 500 | 400 | 290 800 650 510 410 300
31 | 830 | 700 | 410|350 | 330 | 300 780 430 330 320 305




32 | 640 | 600 | 290|260 | 210|170 620 300 250 220 180
33 | 890 | 700 |400 | 350 | 310 | 280 750 500 370 320 300
34 | 990 | 830 | 500 | 400|370 | 300 880 600 400 350 250
35 | 1000 | 900 | 700 | 600 | 400 | 280 910 650 360 280 210
2.JlnuHa y4acTKOB U HayaJibHasi CKOPOCTb JBM)KEHUS rasa
Ne l1-2, l2-3, 3.4, l4-5, I5-6, Vv,
BapHaHTa M M M M M m/c
1 4 4 6 3 10 4,5
2 7 6 8 S) 12 4,1
3 5 4 6 3 9 4,6
4 3 2 3 1 7 4,5
5 6 5 4 3 12 4,4
6 5 6 ) 3 11 4
7 4 5 6 4 12 4.4
8 6 5 4 3 9 4,6
9 5 5 4 4 11 4,4
10 6 5 6 3 11 4,1
11 7 6 6 ) 12 4,3
12 7 6 7 ) 11 4,5
13 8 6 8 4 12 4,3
14 3,5 4,2 5,2 4 13 4,4
15 7 6 7 ) 14 4,5
16 7,5 6 6,8 ) 14 9,5
17 7 6 6 ) 13 4,2
18 8 6 4 4 11 4,2
19 6 5 3 4 10 4,3
20 ) 5 4 3 12 4,6
21 7 5 7 4 12 4,0
22 4 3 4 2 8 5,0
23 7 6 7 5 12 4,5
24 5 4 5 3 10 4,0
25 6 5 6 4 10 5,0
26 6 5 6 4 11 9,5
27 6 5 4 3 11 4,6
28 5 4 2 1 7 3,0
29 4 4 3 2 7 4,4
30 7 7 6 4 13 3,0
31 7 6 5 ) 11 5,1
32 5 5 4 3 8 2,9
33 6 5 3 2 10 4,3
34 9,5 9 7 8 12 3,0
35 8 8 6 6 10 4,3
3.Ilonepednsle pa3Mepbl IBIMOBBIX KaHAJIOB
Ne 1-2, 3-4, 4-5, 5-6,
BapuaHTa MXM MXM MXM MXM




1 1,3x1,9 1,1x1,6 1,1x1,6 1,1x1,6
2 1,3x1,9 1,1x1,6 1,1x1,6 1,1x1,6
3 1,3x1,9 1,1x1,6 1,1x1,6 1,1x1,6
4 1,3x1,9 1,1x1,6 1,1x1,6 1,1x1,6
5 1,4x2,0 1,2x1,7 1,2x1,7 1,2x1,7
6 1,3x1,9 1,1x1,6 1,1x1,6 1,1x1,6
7 1,2x1,8 1,0x1,5 1,0x1,5 1,0x1,5
8 1,5x2,3 1,4x2,0 1,4x2,0 1,4x2,0
9 1,4x2,0 1,3x1,7 1,3x1,7 1,3x1,7
10 1,2x1,8 1,1x1,6 1,1x1,6 1,1x1,6
11 1,3x2,0 1,2x1,6 1,2x1,6 1,2x1,6
12 1,3x1,9 1,0x1,5 1,0x1,5 1,0x1,5
13 1,4x1,3 1,3x1,1 1,3x1,1 1,3x1,1
14 1,3x1,2 1,1x1,6 1,1x1,6 1,1x1,6
15 1,4x1,9 1,3x1,8 1,3x1,8 1,3x1,8
16 1,5x1,5 1,2x1,4 1,2x1,2 1,2x1,2
17 1,4x2,0 1,2x1,7 1,2x1,7 1,2x1,7
18 1,3x1,9 1,1x1,6 1,1x1,6 1,1x1,6
19 1,4x2,1 1,2x1,7 1,2x1,7 1,2x1,7
20 1,4x2,0 1,2x1,7 1,2x1,7 1,2x1,7
21 1,3x1,25 1,1x0,9 1,1x0,9 1,1x0,9
22 1,2x1,8 1,0x1,5 1,0x1,5 1,0x1,5
23 1,2x1,8 1,0x1,5 1,0x1,5 1,0x1,5
24 1,2x1,8 1,0x1,5 1,0x1,5 1,0x1,5
25 1,2x1,8 1,0x1,5 1,0x1,5 1,0x1,5
26 1,3x1,9 1,1x1,6 1,1x1,6 1,1x1,6
27 1,4x2,0 1,2x1,7 1,2x1,7 1,2x1,7
28 1,1x1,7 0,5x1,0 0,5x1,0 0,5x1,0
29 1,1x1,7 0,5x1,0 0,5x1,0 0,5x1,0
30 1,4x2,0 1,2x1,7 1,2x1,7 1,2x1,7
31 1,4x2,0 1,2x1,7 1,2x1,7 1,2x1,7
32 1,1x1,7 0,5x1,0 0,5x1,0 0,5x1,0
33 1,2x1,8 1,0x1,5 1,0x1,5 1,0x1,5
34 1,4x2,0 1,2x1,7 1,2x1,7 1,2x1,7
35 1,4x2,0 1,2x1,7 1,2x1,7 1,2x1,7

Ornpezenenne mIOTHOCTH.

_ 1
Pt = Po (1+c¥t) '

rae a = 1/273, rpax” — ko3 puumenT 06HEMHOT0 PaCIIPEHH.

OHpeHeHeHHe MCCTHOI'O COITPOTHUBJICHUA
2
W,
hy = gp(’TO(lmt) ,

rae woi1=2,04m/c; woo=2,04M/c; woz=2,94M/c; wos=2,94M/C; Wos=2,94M/C; Wos=2,94M/cC.



Omnpe/iesicHue COMPOTUBIIEHHS TPEHHUIO.
lw,?
hr = }LTOZ po(L+at),

rae A=0,04 ans metaiudeckoid Tpyosl, A=0,05 1y KUpIUIHOM TPYOHI.

Onpez[eneHI/Ie TCOMETPHUICCKOr'o HaIlopa

h= gH(po-py),
rae g=9,8 1m/c%; H=1.

OmnpezencHue o0IIKX MOTEPh HAIIOPa
h AB=2hH — Zhr,
has=(hr+hw)-hr.
h= gH(po-py),
rae g=9,81M/c2; H=I.
Onpenenuth 00IIME IOTEPU Y OCHOBAHUS JBIMOBOI TPYOBI
h, =2h, —Zh,
CraenaTh BBIBOJI C YKA3aHUEM BEJIMUYUHBI Pa3psHKEHUS Y OCHOBAHHUS JABIMOBOM TPYOBI M OOIIHMX
MOTEPh MPH JABMKEHUH MIPOJAYKTOB CrOPaHUs 110 JIBIMOBOMY TPAKTY.
W3yuuTh METOIMYECKUE YKa3aHUs K JaHHOU padoTe.

Onpenenutb JeHCTBUTENBLHOE Pa3psHKEHUE Y OCHOBAHUS JBIMOBOM TPYOBI.
[Tpunumaem, uro Tpyda ¢ 25% 3amacom NpoYHOCTH, T.€. JEHUCTBUTEIHHOE PA3psKEHUE HOKHO OBIThH
Ha 20%--40% Ooibiie TOTEPh NABICHUS MPHU JABMKCHUH JbIMA.

hE.pacri.: has: 1,25;

Paccuutath naseHue temmneparypsl B Tpyoe
AT=1,3H
Paccuurars quamerp ycThs TpyObl

/V -4
d, = -0 -
Wogp - 7T

Paccuntarh BhICOTY IBIMOBOM TYOBI 110 METO/IMKE, IPUBEACHHOMN B IaHHOM I1OCOOUU
2

+&(1+ dtB)

b.pacu. 2

H= ;

2 2
(p. —p4_5>g—o,sj Polor (eat,)+ P00 (L aty)
B

Crenatb BBIBOJI C YKa3aHUEM BBICOTHI IBIMOBOM TPYOBI U €€ 3arac MpoYyHOCTH.

®opma npeacraBiaeHus pe3yJbTara:
Pacuyets! BeiosHUTE U 0popmuTh Ha popmare A4 o 'OCTam
KpuTtepuu oneHkn: npaBuibHOCT BBIIOJIHEHHOTO pacyeTa

Tema 3.1 TenJ1onNpPoOBOIHOCTD
IIpakTuuyeckoe 3augrue Ne3

PacueT TemjI0BOro NOTOKA U pacnpe/iejieHue TEMIEPATYP B CTEHKAX MeYHu




eab padoThI: ¢ TOMOIIBIO TEOPETUUECKHUX PACUETOB MO (OPMYJIaM OPEICTUTh KOJTHMIECTBO
NepeJaHHoOro Teria Yepe3 CTEHKY ey
Beinosnus patdory, Bel Oyaere:
YMETh:
- TPUMEHSATH JUIsl paCYETOB 3aKOHBI TEIUIONIEPEAAUH
MarepuajibHoe o0ecnieyeHue:
Meroandeckue yKazaHus IJIs pacdyeTa KOJWYeCTBa TeIlla, MepeJaHHOTO Yepe3 MHOTOCIOWHYIO CTEHKY
3aganue:
PaccuuTaTh TemioBoi MOTOK, NEpeAaHHbINA YEPE3 MHOTOCIONHYIO CTEHKY
Iopsinok BbINOJIHEHHSI PAa0OTHI:
1. I3yunTh METOMYECKUE YKA3aHUS K TaHHON MPaKTHIECKOH padore.
2. Pemmmthb 3a1a4u TEIJIONPOBOIHOCTH MPH CTAITMOHAPHOM COCTOSTHUH
3. Pac4eTsI BBITIOJIHUTE IO METOIMKE, TPUBEICHHON B pa3paboTke.
Xon paboThl:

Omnpenenuts MOTEpH TEIJIa Yepe3 CTEHKY MeYH MPHU CTALIMOHAPHOM TEIJIOBOM PEKUME, €CITU
TeMIlepaTypa BHYTPEHHEH OBEPXHOCTH KIaKH ty,; =t;=1300 0C, TEeMIIEpaTypa OKpYKaroliei cpebl
tox =0 oc. TomammHaa maMoTHOH KiIagky O, =0,46M, TONIIMHA U30IAIMOHHON KIIaJK/ U3
IUaTOMUTOBOTrO Kuprnuyda d,=0,115M 1 TONIMMHA U30MISIIUHA U3 BEPMUKYIUTOBBIX TUIUT 05 =0,05M.
OrnpenenuTth TEMIIEpaTyphbl Ha TPAHUIIAX CJIOEB. TeMiiepaTypa Hapy>KHOM MOBEPXHOCTH KIIAIKU
tap. =100 °C

TemmonpoBoAHOCTH MaMOTHOTO Kuprmya Ay, =0,88+0,00023t Bt/(Mm K); nuatomuroBoro kuprnuya
A,=0,163+0,00023t B1/(Mm K); BepmukynmutoBbix it A, =0,081+0,00023t B1/(M K).

1. [lpuHuMaem B epBOM MPUOIMKEHUH pACIIpEACIICHUE TEMIIEpATyp MO TOJIIMHE KIaAKU
nuHeitHbIM. Haiiiem TemnepaTypsl Ha rpaHuIlaX pas3zena ClIoeB.

0, +0,

Cyg =l + (tm. —t )m ;

ty =t +(t. —t.,)

2. Cpennss TemiepaTypa ciosl lamoTa

3. KoaddurmeHT TmIonpoBOAHOCTH IIaMOTa
A,y =0,88+0,00023-858,4 = 1,077 (Bm /(m- K))

4. Cpenssis Temneparypa ciios JuaToMUTa

5. KoaddutmeHT TenmonpoBoJHOCTH AUATOMUTA
A, =0163+0,00023-306,4 = 0,29 (Bm /(m- K))

6. Cpenssisa TeMIiepaTypa ciaosi BEpMUKYJINTA

(e _tﬂ73+tHA,,
P =



7. KoaduimeHT TenionpoBOAHOCTH BEPMUKYIUTA
A, =0,081+0,00023-148 = 0,115 (Bm /(- K))
8. IIIOTHOCTH TEIIOBOTO MOTOKA YEPE3 TPEXCIONHYIO CTEHKY

tKJZ. B tOK

s 1

27

a,
rae o,- Ko3()GUIHMEHT TeIUI00TAa4YN KOHBEKIUEH OT Hapy)KHOH ITOBEPXHOCTU (DyTEPOBKH B

OKPYXKAIOLIYIO CPEIy
a, =10+0.06t,,,, ;

a, =10+0,06-100 =16(Bm/ 1* - K)

TOTr1a
) 13000
9=046 0115 005 1
+ + + =
1077 029 0115 16

9. Haiinem yTouHeHHbIE 3HAUEHUS TEMIIEpATyp Ha rpaHHuax pasznena cioeB (GyTepoBKU

—984,8 (Bm/ m?)

téuzz q_
L[I

1300984 80—‘;67 -8753(°C)

Sy O
tiI—B =ty — q[ﬁ + TJ ;

A
|, =1300-984g 240, 0115 _ 4g49(0()
1077 " 029
tI/'JAP =lok +i;
a,

t! =0+ %;8617( C)

10. OnpenensieM yTOYHEHHbIE 3HAaUEHUS CPEAHUX TEMIIEpaTyp CJI0eB U KO3 PHUIIHEHTOB

TEIUIOPOBOAHOCTH
/
npu t? = faer v :
2
(o' 1300 +875,3 _ 1087,6(0 C)

A, =0,88+0,00023-1087,6 = 1,13(Bm / m- K
/ /
+1

npu t}’l =4 A7 > 2
tj{l _ 875,3+484,1 _ 679,7(0 C)
2

A, =0163+0,00023-679,7 = 0,45(Bm / m- K)

/ /
mpm tg =2 ;tHAP ;



t;p/ _ 484,1;— 61,7 272,9(0 C)

2, =0,081+0,00023-272,9 = 0,144(Bm | m- K)
aj =10+0,06t),,,
al =10+0,06-617 =13,7(Bm / v* - K)

11. HaiiieM yrouHeHHOE 3HA4€HHE IUIOTHOCTU IIOTOKA TEIJIA YEPE3 CTEHKY

I _ tKﬂ_tOK
q _Z3:i+1,
i=1 /1: Ofé
/ 1300-0 =1214,9(Bm | 1?)

9 =046 0115 005 1
+ + +
113 045 0144 137

BriBoa: pacnpesenenue TemMmepaTyp 1mo TOJIIIUHE CTCHKU OYIeT:
t =1300°C; ty;.1=875,3°C; t; 5=484,1°C; tyAp=61,7°C.

®opma npeacTaBieHus pe3yJabTara:
PacueTsl BBIIIOJHUTD B TETPaAU AJIS IPAKTHUECKUX PadoT.
Kpurtepnu onieHKH: IpaBUIIBHOCTD BBIITOJIHEHHOTO pacueTa

Tema 3.2 Tensioo0MeH
IIpakTH4yeckoe 3ausaTue Ned
Pacyer k03 GuUIHMEHTA TENIONPOBOJAHOCTH METaLIA

Leab padoThl: C TOMOIIBIO TEOPETUYECKUX PACUETOB MO GopMyiaM ONpeAeTUuTh KOdPPUIIUEHT

TEIUIO0TIa4YH
Beinosinus patdory, Bel Oyaere:

YMETh:
- OTIpeAeNATh KO3(P(GUIUEHT TEIJIOOTIAYH MPU CI0KHOM TEIUIO0OMEHE

MarepuajibHoe o0ecnieyeHue:
PasgaTounslil matepuan

3ananmue:
1.0npenenuTh KOMMYECTBO NEPEJaHHOTO TEIUIa B MeYH ¢ KOHBEKTUBHBIM TETLLIOOOMEHOM MPH

Harpese 3arotoBkd pazmepamu 0,1x0,2x0,9M ¢ temniepatypbl  thaq, =25° C 50 TEeMIIEPaTypPHI Lxon.

=1300 °C 3a 12muH. Temneparypa Knaaku €4 . =80° C (3amauy pemats 1o 3akoHy HbroToHa.)
2. OnpeaenuTb KOJIUYECTBO MEPEJAHHOTO TEIUIA B TIEYH ¢ KOHBEKTUBHBIM TEIUIOOOMEHOM IPH
Harpese 3arotoBku pazmepamu 0,2x0,3x1,2m ¢ Temnepatypsl tyaq, =0° C g0 TeMnepaTypsl tion.
=1250 °C 3a 7mun. Temneparypa KIaKku nedn tHap_=1200C. (3agady pemrate 1Mo 3aKOHY

HrroTona.)

IMopsinok BBINOJTHEHUS PA0OTHI:
1. TloBTOpeHUE TEOPETHUECKOTO MaTepraia
2. Pemenue 3amau

Xon paborsr:
1. Cpenuuii Mo JUIMHE METOMYECKOM 30HBI KO3(D(PULIMEHT TEMTIO0TIauH U3TYYCHUEM ONPEeIsAeTC:



4 4 4 4
T, " T, "
CO §np -
100 100 100 100 Bm

o —reYr. 1) et K)

2. o,- KO3(p(PUIMEHT TEmI00TJaul KOHBEKIINEH 0T HApYKHOW IOBEPXHOCTHU (DyTEPOBKU B

OKPYKAIOIIYIO CpeIy

N3J1.

o, =10+0.06t,,,,;

3. Koagpuupent Temnooradn B JaHHOM Cily4ae OyACT CyMMapHbIM (y= ity

®opma npeacraBiaeHus pe3yabTara:
PacueTs! BBIIIOJHUTH B TETPaan AJIs IPAKTHUECKUX PadoT.
Kpurtepuu onieHKH: IpaBUIBHOCTD BBIIIOJIHEHHOTO pacueTa

Tema 4.1 ledeKTHI HATPEBA METAIA
IIpakTu4yeckoe 3augaTue Ne5

Onpenenenne pe;xMMOB HATPeBA TOHKHX ¥ MACCHBHBIX TeJl

Ieap padoThI: HAYYUTHCS ONPENEIATh PEKUMBI HATPEBA TOHKMX U MAaCCUBHBIX TEJ
Brinosinus padorty, Bl Oynere:

YMETh:

- OIIPEIENSATH TEIJIOBYI0 MAaCCUBHOCTD TEJ

MarepunanbHoe obecrnieyeHue:

PaspgaTounsiil maTepuai

3aganue:

Pemenne 3anau

Ilopsinok BbINOJHEHHS padOThI:

1. TloBTOpeHUE TEOPETHUYECKOTO MaTepHaa.
2. Pemenue 3a1a4 Ui TOHKUX Te

3. Pemenne 3a4a4 J1J1d MaCCHUBHBIX TCJ

Xoa paGoTsI:

1.®u3ndecKkuii CMBICT B POJIb KpUTCPHUA Bi cTanoBsTCS SCHBIMH, CCJIM €T0 3HAYCHUC 3aIlluCaThb B

TaKoOM BUJIE:
s %
Bi= —=+—.
A y a

2. bonwuyto poisib urpaet kputepui buO. C TemnoTeXHUYeCKOM TOYKH 3PEHUS BECh METAILIT
MOJIPA3/ICIISIETCS Ha «TOHKHI» U «MacCHBHBINY. Eciu kputepuii Bi> 0,25, Tenno  «MacCHBHOE», €CITH
Bi< 0,25 — Teno «ToHKOE».

3. Metozsl pacueTa «TOHKOT0» U «MacCHUBHOT'0» METaJlla Pa3jINyHbl , TO3TOMY B IIEPBYIO OUYEpPEab
HE00X0IMMO orpenenuTh 3HaueHue kputepus buO. Hanbomnee mpocTbiM MeTOIOM pacdyeTa BpeMeH!
HarpeBa MeTajuia siBiseTcs rpado - aHaTUTUYECKUI METOo/] ¢ MpUMEHeHHeM HoMmorpamMm bynpuna.

Bagaun:

1. OnpenenuTh TeMIepaTypHBIM KPUTEPUI NOBEPXHOCTH IUIACTUHBI TonmuHOW 150 MM, ecim
U3BECTHO, YTO Kputepuit bro pasen 6, koappuIHUEHT TeMIepaTyponpoBOIHOCTH PABEH 5,56:10° m%/c,
BpeMs HarpeBsa | gac.



2. OmpenenuTh TEMIIEPATYPHBIN KPUTEPUI IEHTpa MUJIUH/IPA, €CIIU u3BecTHO, uro FO=8, Bi=0,7;
Fo=12, Bi=0,14.
OmnpenenuTh TeMOepaTypHbI KPUTEPUH MOBEPXHOCTU IUIACTHHBI, €CIIM M3BeCTHO, uto FO=8, Bi=0,2;
Fo=6, Bi=0,3.

3. Omnpenenutb Kputepuil buo a7 MOBEpXHOCTH IIACTHUHBI, €CIIH U3BECTHO, YTO TEMIIEpaTypPHBIH
KpuTepuii nopepxHoctu paseH 0,1, a kputepuiit Pypne

4. PaccuuTaTh BpeMs HarpeBa MacCUBHOTO TeJla, €CJIM U3BECTHO:

Temneparypa rasa | 125°C; navansHas TeMIrepaTypa MeTaia 20°C; ronmumna meramia 0,066M;

2=40,8 Bt/(m K); 045,=122,3 BT/(M2 K); xoneunas remneparypa Merajiia 450°C
OmnpeneneHue TeMiepaTypHoro kputepus 0 u kpurepus Bi

@ — te _t,\mo@. ’ Bi = all3/1 ' S ,
to—th A
_ 1125-450 Bi= 122,3-0,066
1125-20 ° 408
®=0,061. Bi =0,198.

rae A — koaddunueHT reronpoBogrocTu, Br/(m K)

— 62
Tax e HaxoauTcs K03 dunuent TemmneparypornpoBoaHoct a = 8,05-107 m“/c.
[To Homorpammam B Haxoautcst Kpurepuid @ypbe F0=2,5
Bpemst HarpeBa MacCHBHOI'O Tejla ONpeAeseTCs:

2
rM:FoS—;

a
. 0066°
T 805.10°°

T,=3822,4c (1,1u)

®opma nmpeacTaBJieHus pe3yJbTarTa:
PacueTsl BRITTOTHUTE B TETpaau IJId MPAKTHYCCKUX pa60T.
KpuTtepuu oneHkn: nmpaBUILHOCTH BHIITOJHEHHOTO pacyera

Tema 4.2 OcHOBBI PAIMOHAJIBLHOI TEXHOJOIHH HAr'PeBa MeTaJljia
IIpakTHyeckoe 3ansaTHe Ne 6
Pacuer BpeMeHH HarpeBa MeTa1iia B METAJLJTYPrHYEeCcKOH Meuun
Hean padoThI: ¢ TOMOIIBIO TEOPETUUECKHUX PACUETOB 1O (GOpMYysIaM HAYUYUTHCS ONPEACIISITh BPeMs

HarpeBa MeTajuia B METOJMYECKO 30HE HarpeBaTeIbHON NEYH.
Borinosinus padorty, Bul Oynere:
YMETh:
- pacCUMTBIBaTh BPEMS HarpeBa METaIA M0 TEXHOJIOTMYECKUM 30HAM
B METOJAUYECKON MeUU

MarepuanbHoe o0ecnieyeHune:

MeTtoauyeckas pa3paboTKa MO BBIIOJHEHHUIO pacyeTa BpEMEHHU HarpeBa MeTaslla B METOUYECKON
II€YM, CIIPABOYHAS JTUTEPATYPA, HOMOTPAMMBI JUIsI ONIPEEIICHHS CTENIEHN YEPHOTHI I'a30B,
HoMmorpammel J[.B. BynpuHa juist pacueta BpeMeHU HarpeBa IUTaCTUHBI

3ananmne:
JlaHHBIE 11 PACUETOB:



Ne P, T 0, MM b, MM 1, MM tion. Me, C° toxp. op, C Marepuan
BapHaH MeTallia
Ta
1 72 210 1400 10500 1250 30 Cr 35
2 83 250 250 11000 1200 20 08 km
3 80 230 1450 11500 1200 0 Cr0
4 85 240 1350 10000 1150 10 Cr 45
5 73 220 220 10500 1200 10 Cr 55
6 75 190 1150 9000 1100 0 Crl
7 75 195 1150 9500 1150 15 Cr15
8 85 300 1500 11000 1300 25 Cr 45
9 82 210 210 10500 1250 30 Cr5
10 70 185 1100 9000 1150 10 08 c(K)
11 77 240 1400 12000 1300 20 08 IO
12 90 255 1500 12000 1300 15 Cr20
13 87 245 1450 11500 1250 10 Cr3
14 85 230 230 10000 1200 0 09T 2C
15 67 180 1000 8500 1150 10 08 km
16 82 220 220 9500 1250 15 20 XHA
17 72 200 200 9000 1200 20 Cr0
18 85 195 1100 10000 1250 30 Cr2
19 75 240 1000 9500 1250 15 Cr 65
20 73 240 240 10500 1200 25 Cr70
21 87 250 1250 5600 1250 0 Cr65T
22 83 250 1300 7000 1250 5 18 FOA
23 86 250 1580 8500 1200 10 08 ic(x)
24 70 250 1080 7600 1250 10 Cr2
25 80 250 1500 7500 1250 15 Cr 45
26 90 250 1850 8800 1350 5 Cr 50
27 75 250 1350 9000 1200 20 Cr 20
28 73 250 250 10000 1200 25 9ora2c
29 83 250 1380 5700 1250 30 08 km
30 85 250 1800 6500 1300 35 Cr15
31 72 230 1080 8000 1250 0 Cr 65
32 82 200 200 8500 1300 15 Cr 70
33 87 240 240 9500 1250 5 Ct0
34 86 250 1500 7000 1200 40 18 IOA
35 90 195 1000 10500 1350 50 20 XHA

Ilopsinok BbINOJHEHHSI padOThHI:
N3yunts MeTonnueckue ykazaHus K JaHHOU paborte.
1. Omnpenenuth OpUEHTHPOBOYHBIE pa3MEPbl METOIMYECKOIN Medn

2. Paccunrath creneHn Pa3BUTHA KIIAAKU MeTO)II/I'-IeCKOI\/'I eun

3. Ompenenuth 3pPeKTUBHYIO JUIMHY JTy4ya B METOJUYECKON Medn




4. OmpenenuTh BpeMs HarpeBa MeTajjla B METOJUYECKOM Meun UCrob3yst Homorpammel J1.B.
bynpuna
2
Ty = FOS—
a
Xox padoThI:

Temmnepatypa yxoadmux U3 1euy JbIMOBBIX ra30B IPUHUMAEM paBHOH ty, =1050 oc;
TEMIIepaTypa B IIEYN B TOMIIBHOM 30He Ha 50 °C BBIIIE TeMITepaTyphl HApeBa METAIA, T.e. t+50
0 smaunt 1150+50=1200 °C. B MeTouueckoii 30He i IIpU IIEPEXOJE U3 HEE B CBAPOUHYIO 30HY
TEMIIepaTypa B LIEHTPE META/IIa JOIDKHA OBITh mopsiaka 400 — 500 °C.

Pa3zHoCTbh TEMIIEpaTyp MeXAy MOBEPXHOCTBIO U CEPEIUHOMN 3arOTOBKH IS
METOANYECKON 30HbI
At=t;0 -t,=(700+800)S,
rae S= ud — pacueTHast TOJIIMHA U3AETHs,
pu=0,55 — k03P PUIHEHT HECUMMETPUIHOCTH HATrPeBa, OMPELIIICTCS MO Ta0JIHIIe
S5=0,55-0,12;

S=0,066M,

TOT A At=700-0,066;
At=46,2°C
tuos =At+y;

thos.=46,2+400;
tuos, =446,2 °C=450°C,
CJIeI0BATENILHO, TEMIIEPATYpa MOBEPXHOCTH CJisI0a B KOHIIE METOMYECKOM 30HbI paBHA 450 °c
OpHEHTUPOBOYHBIC Pa3MEPhI ITEYN
[Tpu OAHOPSTHOM PACIIONIOKEHUN 3arOTOBOK IIMPUHA ITeYH OyJIeT:
B=1+2a;
B=2,0+2-0,2;
B=2,4 m,
rae —a = 0,2 M — 3a30p MeXay clis0aMu ¥ CTEHKAMHU TIEeYH.
B cooTBercTBUU ¢ pekoMeHAanusIMH [3] BHICOTY MeYH MPUHUMAEM PaBHOM:
B TOMUIBbHOH 30He H,=1,5 M;
B CBapo4HOii 30HEe Hep =2,6 M;
B MeToan4ueckoi 3oue H,=2,2 m.
CreneHb pa3BUTHS KIaJIKU (Ha 1M ATUHBI I€UM) JJI5:

MeToanyeckoit 30Hb1 ©,=(2H,+B)/I;

0y=(2:2,2+2,4)/2;

0y=3,4,
CBapOYHOI 30HE: 0z =(2H +B)/I;

®es=(2:2,6+2,4)/2;

®cp.=3,8
TOMUJIBHOM 30He:  ®=(2H.+B)/I;

®:=(2'1,5+2,4)/2;

0.=2,7.
Onpenenenue >pPeKTUBHOMN UITUHBI Ty4a.

Vv
S,p.=3,6 E - popmymna A.C.HeBckoro

B-H

S$,p=36 ——7—;
2B+ 2H



2,4-2,2

MeToauyeckasd 3oHa: S, =36 ——M—
2:24+2-22

.

Sy =0,57 m;
. _ 24-26
CBapoOuHas 30Ha: op =0
2-24+2-272
S5, =0,62 m;
m 2415
TOMMUJIbHAS 30HA! o =3O
2-24+2-15
S =0,46 m

.
OHpeI[eJIeHI/Ie BpEMCHH HarpcBa B MCTO,HI/ILICCKOI‘/'I 30HE

CrerneHp 4epHOTHI ABIMOBBIX I'a30B &' MpH cpeHel TemIieparype t,=0,5(1200°+1050%)=1125°C

[Tapunansuoe gaBiaenue CO, u HO:
Pco, =08,1-0,088;

P ., =8,00kl1a;
P.,,=98,1:0,174;
p.,,=17,07klla,

rae - 98,1-a0coiroTHOE JaBICHHE CMECH;

0,088 u 0,174 cooTBeTCTBEHHO O€EpeTcsl U3 pacueTa rOpeHus TOIIMBA IIPU ONpEACICHUN
MPOLIEHTHOTO cocTaBa MpoaykToB cropanus (CO28,83%; H,017,35%)

n genurca Ha 100%.

Ompenensem p 0, "S5p=8,66-0,57=4,9xI1a"m;

Do "S5¢p=17,07-0,57=9,7klla-m.

€., =0,07, é;zo =0,09, p=1,09,

TorzIa &)=, L,
£7=0,07+1,09-0,09;
£=0,168.

OmnpeneneHne MpUBEICHHAS CTETICHb YSPHOTBI

Erp=En o, +1-¢"
1-¢
e, a5 v o

é:M M
Fd
re Eye — CTENEHb YepHOTHI MeTama &,.=0,8

3,4+1-0,168 _
1-0168 .,
0,168

£:p=0,8
[08+0168(1-08)]

Enp.=0,44.

Cpenuuii 1o JJIMHE METOANYECKON 30HBI KOA(DPHUITUEHT TETUIO0TAaun
W3JIY9CHHEM OTIPEIEISICTCS:



Cut [Tj Y (Tj rY'
=411 200 100 100 100

o —re ), -ry)

Olyrzn.—

rae Co=5,7 BT/(MZK) - KOHCTAHTA U3JIyYEHUS YEPHOIO TEIA.
Ipunumaem t,"=20°C; t,/"=450°C — cunramu B 1) nyHkTe.

On=122,3 Br/(M°K).

OmnpeneneHue TeMiepaTypHoro kpurepus 0 u kpurepus Bi

@ — t2 _tMn()B. ; Bi e au3ﬂ : S ,
t -t A
_ 1125-450 Bi = 122,3-0,066
1125-20 ° 408
®=0,061. Bi =0,198.

rae A — ko3 dunment terronposoanoctu, Bt/(M K)
Tak >xe HaxoauTcs K03 pUIueHT TemMeparyponpoBOAHOCTH
a=28,05-10°m%c.

[To Homorpammam HaxomuTcs kpurepuit dypre F0=2,5
Bpems HarpeBa MeTaiia B METOAMYECKON 30HE TICUU OIPEICIIACTCS:

2
’CM:FOS—;
a

0,066%
8,05.10°°

M )

T,=3822,4c (1,1u)

Bpewms HarpeBa Metaiia B CBapodHOI 30HE.
Haiinem crenens 4epHOTHI TBIMOBBIX Ta30B mpu t,=1200 oc

P, =8,66 kIla; p, ,=17,07 kIla;
Pey, $2.=8,66°0,62;
Do, S5 =5,4 klla-m;
P S56=17,07-0,62;
Do,o S59.=10,6 klla-m.
ITo HOMOT paMMaM HaxXOoJuM
£, =0,07; &, , =0,09; p=1,08.

N3 aToro cJIeayer



&£ =0,07+108-0,09
& =017

[IpuaumaeM TemnepaTypy MOBEPXHOCTH METaslia B KOHIIE CBAPOYHOM 30HBI 950 °c
[TpuBeneHHAs CTETICHh YEPHOTHI OTpeIeIisieTcs o hopmyrie
38+1-0,17

[08+017(1— 0,8)]l 047

£ =08
+3,8

&, =0,99

ITo ¢popmyne 67,6 [1] onpenenum o
at =76,4 (Br/(m*K))

usn

usn

Haxoaum cpeHioro mo ce4eHuIo TeMIieparypy MeTalljia B Hayajle CBapOyHOU 30HBI (B KOHIIE
METOIUYECKOU 30HBI)

t, =t - g (tnos - tu )’

c8 nose 3

tcp-"‘”-—450-§ (450-351);

c6 -

t" =384 °C.

Haxoaum temneparypHslii KpUTEpUN U1l IOBEPXHOCTH 3arOTOBKHU

1200-950
" 1200-384"
0,0,,=0,31

[Tpumem Temneparypy B LIEHTpE 3arOTOBKU B KOHIIE 30HbI 800 °C, rorna CpenHss TeMneparypa
MeTajula B CBApOYHOM 30HE OyeT:
o __ Kon KOH c8 cs ).
t? =0,25(t"" + 1+, +1);

noe

t? = 0,25(450+384+950+800);

t? =646 °C.
Haxoaum: A=37,1 Br/(m-K); a=6,39- 10° MZ/C, Janee clueayer

. 76,4-0,066
Bi= ———;
371
Bi =0,14.
ITo HoMOrpamme Haxoaum Kpurepuit Fo
Fo=8,1
Bpewms Harpesa B cBapO4YHOM 30HE
2
Tep = FoS—;
a
0,066°
® 7763910

Tes = 7236,0 ¢ (2,01 uac.)

Bpewms HarpeBa B TOMUIIBHOM 30HE.
Ilepenan Temneparyp 10 TOJIHUHE B HAYaJl€e TOMUIILHON 30HBI
Atyay =1200-914 4,



At,..=285,6 °C.

JomycTuMplii iepenaa TeMIeparyp B KOHIIE HarpeBa Atyyy =50 oc
CreneHb BbIpaBHUBAHUS TEMIIEPATYP

At
8351 = = ,
p Atmm
_ 50 .
BBIp. 285,6’
Onp.=0,18

[Tpu xordpunHeHTE HECUMMETPUYHOCTH HarpeBa, paBHoM u=0,55 kpurepuit Fo nis ToMmunbpHOM
30HBI COIJIaCHO HOMOTpaMme paseH Fo=2,5

IIpu cpenHe TeMiiepaType MeTaula B TOMUIIBHOM 30HE

£ =0,25(t+ 5 + 1™ + ),

t%=0,25(1200+914,4+950+1200);
t7=1066,1°C.

2=28,5 Br/(M-K); a=83-10° m%c.
Bpems tomnenus

2
. = Fo S— X
a
. 00667
Tr = &, .
83.10°°

T, = 1964,25¢ (0,55q).

[TomHOE BpeMs npeObIBaHUSI METaJIa B II€YX PAaBHO
T= Ty Tt Tr,
T=13822,4+7236,0+1964,25;

T =13022,65¢ (3,6 4).

BriBoa: BpeMst HarpeBa MeTallia B TPEX30HHON METOAMYECKOM ey caakon 74 T COCTaBIIsIeT
13022,65¢ nim 3,6 gaca.

®opma npeacTraBiaeHus pe3yJbTara:

Pacuyets! BeinosHUTE U opopmuth Ha popmate A4 o 'OCTawm.
KpuTtepun oneHKH: NpaBUIbHOCTD BBINIOJIHEHHOIO pacyeTa

Tema 6.1 TenjiorexHHYECKHE OCHOBDI YTUWIN3AIUU TCILIA OTXO0AAIIMX AbIMOBbLIX I'a30B

YerpoiicTBa AJ8 VTHJAW3ANMHE TeIIa B eYax
IIpakTHyeckoe 3auaTue Ne7
Pacuer TenJ1000MEeHHUKA

ey padoThl: HAYYUTHCS IPUMEHSATH PACUETHBIE COOTHOILICHUS TEMIO0OMEHHUKOB
Beinosinus patdory, Bel Oyaere:

YMETh:

- IPUMCHATH PACUCTHBIC COOTHOLICHUS TEIJI000MEHHUKOB



MarepuajibHoe o0ecnieyeHue:

MeTtoaudeckasi pa3paboTKa Mo BBIIIOJHEHUIO pacyeTa pereueparopa,

3aganue:

1. Onpenenuts KI1J[ TernmooOMeHHNKa TUTABIIIBHON TI€YH, €CJIM COCTaB ApIMOBOTO Tasza: 13,3%CO ,;
9,87%H, O 1,81%0,; 75,02%N, u ero temmeparypa t. =2100° C. Temneparypa mogorpesa Bo3ayxa
t, =1200 °C.

2.OmnpenenuTs CTETICHb YTHIU3AIMU TeTla JIMOBOTO ra3a coctaBoM 14%CO,;  9,91%H ,0;
1,73%0, ; 74,36%N; , BBIXOASIIIET0 U3 TIeYH C TeMIiepaTypor 1. =2000° C. Temneparypa nogorpena
Bozayxa t ,=1300 oc.

3. OnpeaenuTh IPOICHT SKOHOMHH TOILIMBA TUTABHIILHOM ITeYH, €CIIM TeMIIepaTypa TOPeHHS
tormsa 1900 °C, temmeparypa aemva 1800° C, cocras apMOBBIX rasos: 13%CO; ; 9,1%H ,0; 2%0,
; 75,9%N, , Temnepatypa nomorpesa Bo3ayxa t ;=1200 oC.

4. OnpeneauTh MPOIEHT YdKOHOMHUH TOILIMBA IUIABUILHOW MIEYH, €CIIH TeMIIEpaTypa TOPEHHUS TOILINBA
18000C, TeMIiepaTypa JabimMa 17OOOC, cocTtaB JbIMOBBIX ra30B 14,4%C0,; 9,5%H,0; 1,7%0;;

74,4%N,, Temneparypa mojaorpeBa Bo3ayxa tB:11000C.

Ne Canka Temnos. Temn-pa | Temmn-pa Havanphas CkopocTb BO3yXa B
Bap ey, Harpyska, JpIMa, H0JI0TpeBa TeMI-pa pereneparope, Wy
HaH T Qmax » BXOJISAIICT | BO3/IyXa, BO3/IyXa, M/c
Ta 10® k[Ix/u OB t*°c t"°C

perenepar ' '
op t2,°C

1 400 2 1400 750 0 0,6

2 600 3 1700 850 0 0,7

3 300 2 1450 700 0 0,6

4 200 3 1500 800 0 0,6

5 200 2 1450 780 0 0,7

6 900 3 1650 900 10 0,7

7 850 3 1700 900 10 0,6

8 400 2 1400 800 5 0,6

9 300 2 1600 800 0 0,7
10 600 3 1600 650 5 0,6
11 400 3 1550 800 10 0,7
12 900 4 1800 900 10 0,8
13 300 2 1500 600 5 0,5
14 200 2 1400 600 0 0,5
15 600 3 1750 700 0 0,7
16 300 2 1600 750 5 0,7
17 900 2 1500 850 0 0,6
18 200 3 1200 500 0 0,5
19 300 2 1100 510 0 0,5
20 400 2 800 200 5 0,4
21 600 3 1300 400 10 0,5
22 400 2 1200 400 0 0,5
23 900 3 1600 850 10 0,7
24 600 3 1500 800 5 0,6
25 900 5 1350 900 0 0,7
26 600 4 1250 850 10 0,6




27 600 3 1200 700 0 0,6
28 400 3 1200 800 5 0,7
29 300 2 1300 700 S} 0,6
30 400 3 1400 600 0 0,6
31 900 4 1700 870 10 0,8
32 200 2 1210 630 0 0,5
33 300 2 1330 740 5 0,6
34 600 3 1550 750 0 0,6
35 900 5 1800 900 10 0,8

Jnst Bcex BapuaHTOB: TUN Hacaaku "CumeHc";
TOIUIMBO — IIPUPOJHBIN ra3.
I[opsiaok BbINOJIHEHUS PA0OTHI:

1. TloBTOpeHUE TEOPETHUECKOTO MaTepHala.
2. Pemenue 3a1a4

3. Pacuer pa3mepoB Tem1000MEHHHKA

Xox pabdoThI:

OmnpeneneHre TEMIOBOM HArpy3KH TEIIOOOMEHHUKA
Jist HopManbHOM paboTHI TEYH HAZ0 00ECTIEYUTh TPEOYEeMYIO TeIIOBYIO Harpy3Ky, T.e.

CIKCUACHYIO IMogavy ONpCACJICHHOTO KOJINYECTBA TCILJIa B IICYb.
B 310 KONMMYECTBO meImIa BXOOAT:

e XUMHYECKH CBsI3aHHOE TEIUT0 ToruiuBa (Qy) — 3TO TEIIO OT CrOpaHus TOILIUBA.
e Temio nmogorperoro raza u Bo3ayxa (Qgus.).
Qx=Qx+Qgus. — 00O1ICE (CyMMapHOE) TEIIO.

W13 ypaBHeHus scHo, 4ro npu Qs=const ysenudeHue Qgyus [ozBoaut ymeHbmuTh Q.
WHbIMU clTOBaMU, YTUIIU3AIMs TEIUIa OTXOASIIUX ABIMOBBIX T'a30B MO3BOJISIET 5 KOHOMUTh
TOIUINBO.

CremneHb yYTUJIM3aluu TCIJIa JbIMOBBIX I'a30B OIIPCACIISACTCA:

Hago nomuauts, yto R<1, 1.e. yrunu3amus se MoxeT ObITh 100%.
I; (is) — Terutocoaepikanue (FHTAJIBITHS) TIOAOTPETOTO BO3Iyxa (OepeTcs mo TabuIe)
I, (i) — Temoconepkanue (FHTAIBITNSA) OTXOIAIIAX TBIMOBBIX I'a30B.

KIIJI (n) TemmooOMeHHUKA!

n =< 1000

0

OrnpenenuTb SKOHOMHUIO TOTLINBA B %




/
2=R '04“ 100%
1-1,/1/(1-R)

|, —Temnoconepxanue (IHTAIBINA) ABIMOBBIX Ta30B MOKUAAIOIINX M€Yb;
/
|, - Temoconepkanue (SHTANBINS) ABIMOBBIX Ta30B IIPU TEMIEpAType TOPEHHUSL.

CHmxeHue pacxoJa TOINIMBA IMPU YTUIIM3alWH TEIIa OTXOAAINNX JbIMOBEIX I'a30B ABJIACTCA
OJHHM M3 HYTeﬁ CHHIXKCHUA CTOMMOCTHU Harp€sa Merajjia.

Onpenenutb 00bEM pELIETKH pereHeparopa

pew
Vies =713
Onpenenutb K0O3PGUITUESHT CTPOMHOCTH
H
K=——

dopma npeacTaBJieHus pe3yabTarTa:
Pacuyets! BeinonHUTh U opopmuth Ha popmate A4 mo 'OCTawm.
Kpurtepun oneHkH: npaBUJIbHOCT BBITIOJIHEHHOTO pacyeTa



