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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
npoeCCHOHATIBHBIX MPAKTUYECKUX YMEHUH (YMEHH BBIOJIHATH OINpEe/ICHHBIE JCHCTBUS, OlEpaluy,
HEOOXOIMMBIE B TOCIEAYIOIIEM B MPO(ECCHOHAIBHON NEATENBHOCTH) WM Y4YEOHBIX MPAKTUYECKUX
yMeHUI HeOOXOMMBIX B MOCJIEAYIOMIEH yueOHOM AeITeTbHOCTH.

Benymeit aunakTUueckoil I1eNblo SIBISIETCA SKCIEPUMEHTAIbHOE MOIATBEPKICHHE M IMPOBEpKa
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 TEIJIOOOMEHA B METAILTYPrHUECKUX Teuax

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

[1K 1.1. OcymiecTBasTh TEXHOJIOTHUECKHUE ONEPAIlMHU 110 MPOU3BOICTBY YEPHBIX METAILIOB.

[1K 1.2. Mcionp30BaTh CUCTEMbI aBTOMAaTHUECKOTO YIIPaBICHUS TEXHOJIOTHYECKUM MPOIIECCOM.

I[IK 1.3. DxcryatdpoBaTh TEXHOJIOTHYECKOE M IMOABEMHO-TPAHCIIOPTHOE OOOpYIOBaHUE,
o0ecrnieunBaroIee mpoIecc MPOU3BOACTBA YEPHBIX METAIIIOB.

I1K 1.4. Ananu3upoBaTh KaueCTBO ChIPbsl U TOTOBOW MPOYKIIUH.

[1K 2.1. [InanupoBath ¥ OpraHU30BBIBATh COOCTBEHHYIO NEATEIBHOCTH, PabOTy MOJpa3aeicHus,
CMEHBI, Y4acTKa, OpUrajipl, KOJUICKTUBA UCTIOTHUTEIICH.

[1K 3.1. [IpunuMaTe ygactue B pa3pab0oTKe HOBBIX TEXHOJOTHI U TEXHOJIOTHUECKUX MPOIIECCOB.

[1K 3.2. YyacTBOBaTh B 00CCIICUCHUH U OIIEHKE IKOHOMUIECKOU A(h(HEKTHBHOCTH.

B npouecce ocBoeHusi IMCHUIUVIMHBI Y CTYJIEHTOB J0JKHbI (OpMHPOBATHCH 00IIHE
KOMIIeTeHIIMH:
OK 1. [loHumath CyIIHOCTb U COLMANIBHYIO 3HAYUMOCTb CBOEH Oy tyiiel mpodeccui, MposBIATh K HEH
YCTOWYMBBIA UHTEPEC.
OK 2. Opranu3oBbIBaTh COOCTBEHHYIO JAEATEIbHOCTb, BBIOMPATh THUIIOBBIE METOABI M CIOCOOBI
BBINIOJTHEHUS ITPO(EeCCHOHANIBHBIX 3a]1a4, OLIEHUBATh UX 3P(PEKTUBHOCTb 1 KaYECTBO.
OK 3. IlpunHuMaTh pelieHus B CTaHAAPTHBIX W HECTAaHIAPTHBIX CUTYAaLUsIX M HECTH 3a HHUX
OTBETCTBEHHOCTb.
OK 4. OcymecTBisiTh MOUCK M HCMHOJIL30BaHME HH(OpMaLM, HEoOXoauMon i 3((eKTHBHOrO
BBITIOJIHEHUS ITPO(eCCHOHANTBHBIX 3a/1a4, TPO(HECCHOHAIBHOTO U JIMYHOCTHOTO Pa3BUTHSL.
OK 5. Hcnonb3oBarh HHGOPMAIMOHHO-KOMMYHHMKAIIMOHHBIE TEXHOJIOTMH B NPOGEeCCHOHATBHON
JEATENbHOCTH.
OK 6. Paborars B ko/utekTHBe W KomaHze, d(h()EKTUBHO OOMIAThCS C KOJUIETaMH, PYKOBOJICTBOM,
MOTPEOUTENSIMU.
OK 8. CamoCTOsTENhbHO OMNpeneNaTh 3a1aud Mpo(EeCCHOHATHPHOTO W JIMYHOCTHOTO Pa3BUTHSA,
3aHUMAThCS1 CAMOOOPA30BaHUEM, OCO3HAHHO TJIAHUPOBATH TOBBIIIIEHHE KBATU(PHUKALIUH.
Boinonnenue o0Oydaromuxcsi MpakTHYeCKUX paboT mo ydeOHoi aucuumianHe «TernmoTexHukay
HaIpaBJIEHO HA:
- 00001IeHre, cucTeMaTr3aIuio, yriayoaeHne, 3aKperuieHre, pa3BUTHE U JCTATU3AINIO MTOTyYEeHHBIX
TEOPETUYECKUX 3HAHUN M0 KOHKPETHBIM TeMaM y4eOHOMH JUCIUIUTUHBI;
- (hopmupoBaHMe yMEHHI MPUMEHSATH MOJTYYECHHbIE 3HAHMS Ha NMPAKTHKE, pealu3alliio €JUHCTBA
MHTEJUIEKTYAJIbHOM U MTPAKTUYECKON AESITEIbHOCTH;



- (opmHpoBaHHE W pa3BUTHE YMEHHI: HaOIIOAaTh, CPAaBHHMBATh, COIOCTAaBIATH, AHAJIM3HPOBATH,
Je7aTh BBIBOABI M OOOOIIEHHS, CAaMOCTOSITEIbHO BECTH HCCICIOBaHMS, IOJB30BATHCS PA3THYHBIMU
preMaMy U3MepeHuid, opopMIIATh pe3ynbTaThl B BUAE TaOIHII, CXeM, IpadUKOB;

- MpuoOpeTeHNEe HABBIKOB pPalOTHl C Pa3IUYHBIMUA TPHOOpaMH, ammaparypoi, yCTaHOBKaAMH H
JIPYTUMH TEXHUYECKUMHU CPEICTBAMH IS TPOBEICHUS OIBITOB;

- pa3BHTHE WHTCIUICKTYQJIbHBIX YMEHUH y OyAylIUX CICHHUAIMCTOB: aHAJTUTHYECKHX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTHBHBIX U JIP.;

- BBIpaOOTKY MPH PEIICHUH MOCTABICHHBIX 33724 MPO(ECCHOHATBHO 3HAYUMBIX KaueCTB, TAKUX KaK
CaMOCTOSITENIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUECKAsI HHULIMATHBA.

[NpakTiueckue 3aHATHs MTPOBOJISITCS TMOCIE COOTBETCTBYIOIICH TEMBI, KOTOpasi 0OECIICUMBACT HAINYUC
3HAHWNA, HEOOXOIUMBIX /IS €€ BBIIOJHEHHSI.



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 ONpCACIIUTD HCOGXOZ{I/IMoe KOJIMYCCTBO

BO3ayXa Ui TOPEHUA, KOJIHUYECTBO IMPOAYKTOB CIOpaHUs U KAJIOPUMETPHYCCKYIO TEMIICPATYPY.

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 padOThI:
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 MPOYKTOB CTOPaHUs
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 |
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XM=x?*+0,98.
2. Pacxon kucnopona Ha ropenue npu n=1,0

V5, =0,01(0,5(CO+Hz+3H,S)+E(m+ % )CrnHi);

Vo, :0,01[(m+%)CH4 + (m+ % )CaHs + (m+% )CaHg + (m+%)C4Hlo];

V, =o,01[(1+% )94+ (2+%)2+ (3+%)1+(4+%)o.4];

V,, =2,026 M/,
3. Pacxop Bo3ayxa Ha ropenue npu n=1,1.
Ve=n(1+K)V,_ ;

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

4. CocTaB IPOJYKTOB CrOPAHUS.
V o, =0,01(CO2+S0,+CO+HS+EmCrmHy);

V ¢, =0,01(CO2+CH4+mCzHg+MmC3Hg+MCsH10);
V ¢, =0,01(0,2+94+2:2+3 1+4-0,4);
V co, =1,028m° /%,
V0 =0,01(H20+H2+H,S+0.5EnCroHy);
Vi,0 =0,01(H,0+0,5(nCH4+nC,Hs+NC3Hg+nCyHao));
Vy;,0=0,01(1,9+0,5(4-94+6-2+8:1+10-0,4));
Vi,0=2.019m/v%;
Vi, =0,0IN2 +nk V , ;
Vy, =0,01-0,5+1,1-3,76-2,026;
Vy, =8,385m%m%;
Vo, =(n-1) Vo, ;
Vo, =(1,1-1)-2,026;
Vo, =0,203m%/m°.
5. Onpezenenne 00IMIET0 KOJIMYECTBA MPOAYKTOB CrOpaHust (IpIMa).
Vn.c.:VRo2 +VH20 +VN2 +V(;2 :
Vie=Veo, +Vi0 +Vy, +Vo, ;

V,c=1,028+2,019+8,385+0,203;
Vihe=11,635M /0.

6. Onpenenenyie MPOLUEHTHOTO COCTaBa MPOAYKTOB CrOPaHUsI.

— VCOz . - VNz .
COp=72-100% N= " -100%;
L0280y, N, 385

CO,=
11635 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 MIOTHOCTU IPOJYKTOB CTOPaHHUS

_44C0, +28N, +18H,0 +320,

P 22,4-100 ’
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. Onpenenenre KaJOPUMETPUUECKON TEMIIEPATYPHI.

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.

- iéoo(;d’ AVA o, _Hzood’ V,, O_Hzood’ AN _Hzood’ V
! 2006 =

V )

n.c.

100 =3249 41KI[>1</M

. : " _ 0
T.K. 1,9 >lo, IpuHHMaeM Temneparypy t, =1900" C u paccunTaeM SHTaIBIMIO PU TOU
TeMIiepaType

11909 =3119 88k Ix/M’,
T.K. ilgod’ <ip onpeaenum tx



e Qg i
W=t

3122,22+3119,88
3249,41-3119,88°

t=1949° C.

tk=1900+

10. Onpenenenne ACHCTBUTEIBHON TEMIIEPATYPHI B TICUH.
t=n-tk,
rae N=0,65+0,80 — koadpunmenT, 3aBUCAIIHIA OT KOHCTPYKIIMH TICYH.
t7=0,70-1949;
t,=1364,3° C.

@dopma npeacTraBJieHus pe3yabTarTa:
Pacuetsi BeimorHUTE ¥ 0popMuth Ha hopmaTe A4 mo 'OCTawm.
Kpurtepun oueHKkH: npaBUIIbHOCTh BHITIOJHEHUS pacyeTa

Tema 2.2 IuHAMHKA ra3oB

IIpakTHueckas padoora Ne2
Pacuer BLICOTHI ALIMOBOMH TPYObI

Leas padoTbl: HAYYUTHCS MPUMEHSATh 3aKOH BepHyuIM mpu pacueTax HCTEUCHHUs ra3a depes
OTBEPCTHUS] M HACAAKHU; OMNPEIEIATh CONPOTUBIEHUE ABIMOBOIO TPAaKTa; ONPEAENATb pa3psKEHUE Yy
OCHOBaHUS JIBIMOBOU TPYOBI U BBICOTY JABIMOBOM TPYOBI.

Brinosinus padorty, Bl Oynere:

YMETh:

- MPUMEHSITH 3aKOH BepHyIIN B TEIJIOTEXHUYECKUX PacyeTax;

- OTIPEACIIATh COMPOTHBIICHHUE ILIMOBOTO TPAKTA;

- OTIPEACIIATH BBICOTY JILIMOBOM TPYOBI

MarepuajibHoe o0ecnieyeHue:

Paznarouneiii Matepuail.

3aganue:

Paccuntath BBICOTY IBIMOBOH TPYOBI

IHopsaok BbINOJIHEHUS PA0OTHI:

1. [ToBTOpUTH TEOPETUUECKUI MaTEepHal.

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

Hcreuenne ra3oB uepes OTBEPCTHUS W HACAIKU HAOIIOJAETCS TP paboTe roperiok, GOpCyHOK,
npu BLIOMBAHUHU ra3a 4Ycpe3 OTBEPCTUA B CTCHAX IICUYH U B APYTUX ClIydadx.

KonnyecTBo HCTEKarOLIEH U3 pacCMaTpUBAEMOTrO OTBEPCTUS CPEIBI (Ms/C) MO>HO OIIPENEIINUTH 10
dopmyre: V=0,f,, rae f,—cedenne cTpyH, M°, ®2—CKOPOCTb HCTEUCHHS rasa.

KonnyecTBo ncTeueHus rasa yepes HacaJ Ky, YUMThIBas, 4YTO HACa/IKa — 3TO KOPOTKHUI MaTpyOoK,
MPUCOETUHEHHBIM K OTBEPCTUIO B TOHKOM CTEHKE, JJIMHA MTOCIEIHEro 0OOBIYHO COCTaBIseT 3 — 4 ero
JMaMeTpa, MOXKHO ONPEAETUTH Mo (hopMyIam:

ZIJ'ISI HacCcaJKH C OTKPBITBIMH KPOMKAaMM:

V:0,85F3




rae Fs-mnomanp BRIXOJHOTO CEUCHMS,
P1, P2- COOTBETCTBEHHO JaBJICHUE B COCYAE U JABJICHHUE CPEBL;
p -IUIOTHOCTbH rasa.
JIns HacaKy ¢ 3aKpyTJIEHHBIMU KPOMKaMH:

v=F; (AR =P)
Yo,
JIaHHBIE [T pacyeTa:
1.Temneparypa

o t1, to, t3, | 4, | &5, | 15 t1-2, to.3, {34, t4-s, ts.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.JInrHa y9acTKOB M HayaJIbHAsi CKOPOCTh JBM)KCHUS ra3a
Ne l1-2, l2-3, 3.4, 45, 5.6, V,
BapHaHTa M M M M M m/c
1 4 4 6 3 10 4,5
2 7 6 8 5 12 4,1
3 5 4 6 3 9 4,6
4 3 2 3 1 7 45
5 6 5 4 3 12 4.4
6 5 6 5 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 5 12 4,3
12 7 6 7 5 11 4,5
13 8 6 8 4 12 4,3
14 3,5 4,2 52 4 13 4.4
15 7 6 7 5 14 4,5
16 7,5 6 6,8 5 14 55
17 7 6 6 5 13 4,2
18 8 6 4 4 11 4,2
19 6 5 3 4 10 4,3
20 5 5 4 3 12 4,6
21 7 5 7 4 12 4,0
22 4 3 4 2 8 50
23 7 6 7 5 12 45
24 5 4 5 3 10 4,0
25 6 5 6 4 10 50
26 6 5 6 4 11 55
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 5 11 51
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.ITonepeunsie pa3Mepbl THIMOBBIX KAaHAJIOB

Ne 1-2, 3-4, 4-5, 5-6,
BaprhaHTa 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.

Pi= Po (1

1

+ at)
rae a = 1/273, rpax” — ko3 puHenT 06HEMHOT0 PaCIIPEHH.

OHp CACIICHUC MCCTHOT'O COIIPOTUBJICHUSA

2
hM:a%(lmt),

OHpe,Z[CJ'ICHI/IC CONMPOTUBJICHUA TPCHUIO.

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




Iw,’
r 02 po(L+at),

e

hT:)\.

rae A=0,04 mis metammudeckoi Tpyosl, A=0,05 njis KUpIMUIHON TPYOBI.

OmnperneneHre TeOMETPHUECKOr0 Haropa

hF: gH(pO_pt)!
rae g=9,81M/c2; H=l.

Onpeznenenue o0IUX MOTEPb HALIOpa
has=2hp — Zhr;
hAB:(hT+hM)'hr.
h:= gH(po-py),
rie g:9,81M/CZ; H=l.
Onpenenuts 00LIME TOTEPU Y OCHOBAHUS ABIMOBOI TPYObI
h, =Zh, —Zh,
CraenaTh BBIBOJI C YKa3aHUEM BEIMUYUHBI Pa3psHDKEHUS] Y OCHOBAHUS ILIMOBOW TPYObI U 00IIUX
MOTEPh MPH ABMKEHUH MIPOJAYKTOB CTOPAHUS 110 IBIMOBOMY TPAKTY.
W3yunTh MEeTOMYECKHE YKa3aHUs K JaHHOU padoTe.

Onpenenuth NeCTBUTENFHOE Pa3PsHKEHNE Y OCHOBAHUS IBIMOBOM TPYOBI.
[Tpuaumaem, uaro Tpyo6a ¢ 25% 3amacoM NpOYHOCTH, T.€. IEHCTBUTEIEHOE Pa3psHKEHUE TOJKHO OBITH
Ha 20%--40% OoibIie TOTEPH NABICHUS P JABMKCHUH JbIMA.

hB.pacq‘: hAB' 1,25;

Paccuutath naseHue tremmneparypsl B Tpyoe
AT=1,3H
Paccuutarh AuameTp ycThs TpyObI

V, -4
d, = /—°
WOB'7Z'

Paccuurath BBICOTY JBIMOBOM TY6LI 10 MCTOOUKE, HpI/IBe,Z[eHHOfI B JAHHOM rmocoouu
2

+’0°V;°B(l+ aty)

b.pacu.

i P0W032

(loa _p4—5)g _0’5d
B

(1+ozt5)+vg

Craenath BBIBOJ] C yKa3aHHEM BBICOTHI ILIMOBOM TPYOBI U €€ 3arac MpOYHOCTH.
®opma nmpeacTasJieHus! pe3yJbTara:

Pacuets! BeimosnHuTh 1 0popMuth Ha popmate A4 mo '[OCTam
KpuTtepun oneHKH: NpaBUIbHOCTD BBINIOJIHEHHOIO pacyeTa

Tema 3.1 Ten1onpoBOAHOCTL

IIpakTHueckoe 3augrue Ne3

PacueT TEeII0BOro NOTOKA M pacnpenejeHue TEMIEPATYP B CTEHKAX NeYH




Leapb padoThl: C TOMOIIBIO TEOPETUYECKUX PACUETOB MO (GOpMyJiaM ONPEAETUTH KOJINYECTBO
MepelaHHOTO TEeIljIa Yepe3 CTEHKY Ne4H
Beinosinus patdory, Bel Oyaere:
YMETh:
- MPUMEHSTH AJIsl pacYeTOB 3aKOHBI TEIIONepe1aun
MarepuajibHoe o0ecnieyeHue:
Meroaundeckue ykazanus 1Jisl pacuera KOJU4YecTBa TeIla, MepeaHHOro 4Yepe3 MHOTOCIONHYIO CTEHKY
3ananue:
PaccuunTaTh TemioBoi MOTOK, NEpeAaHHbINA YEPE3 MHOTOCIONHYIO CTEHKY
ITopsinok BbINOJIHEHHUSI PAa0OTHI:
1. I3yunTh METOJMYECKUE YKA3aHUS K JaHHON MPaKTHIECKOH padore.
2. PemnTh 33124y TETIONPOBOIHOCTH MIPU CTAIMOHAPHOM COCTOSTHUU
3. Pac4eThI BBITIOJIHUTE IO METOIMKE, TPUBEICHHON B pa3paboTke.
Xon padoThr:

OrnpenenuTthb MOTEPH TEIUIA YePe3 CTEHKY MeUH MPU CTAMOHAPHOM TEIIJIOBOM PEXUME, E€CIIH
TeMIlepaTypa BHYTpEHHEH OBEPXHOCTH KIaakH ty,; =t;=1300 oc, TEeMIIepaTypa OKpPYKaroLIe cpeibl
tox =0 oc. TommmHaa MaMOTHOH KiIagku O, =0,46M, TONIIHMHA U30IAIMOHHON KIIaJKH U3
IUaTOMUTOBOrO Kuprnuyda d,=0,115M 1 TONIMMHA U30MISIIUHA U3 BEPMUKYIUTOBBIX TUTUT O =0,05M.
Onpenenuts TeMIEpaTyphl Ha FPaHUIIAX cJI0eB. TemnepaTypa Hapy>KHON TTOBEPXHOCTH KJIaJIKH
tap. =100 °C

TemmonpoBoIHOCTH maMOTHOTO Kuprmya Ay, =0,88+0,00023t Bt/(Mm K); nuatomuroBoro kuprnmuya
2,.=0,163+0,00023t B1/(Mm K); BepmukynmuroBbix it A, =0,081+0,00023t B1/(M K).

1. [lpuHuMaem B epBOM NMPUOIMKEHUH pACIIPEACIICHUE TEMIIEPATyp MO TOJIIIMHE KIaAKU
JIMHEeHbIM. Haliiem Temiieparypsl Ha rpaHHIax pas3zena CIOeB.

O, +0,

Vi =V + ., - Cap. )m )

3. Koadumment TemmonpoBogHOCTH mamMoTa
Ay, = 0,88+0,00023-858,4 =1,077 (Bm /(m- K))
4. CpenHsis TeMieparypa ciaos AMaTOMUTA

1 = Uy s
y/g - )
2
5. KoaddurmeHT TerionpoBoIHOCTH TUATOMHUTA

A, =0163+0,00023-306,4 = 0,29 (Bm /(m- K))
6. CpenHss TeMneparypa ciiosi BEpMUKYIUTA

o _ b e

B 2 '

7. KoadpurmeHT TennonpoBoHOCTH BEPMHUKYIUTA



A, = 0,081+ 0,00023-148 = 0,115 (Bm /(- K))

8. IIIOTHOCTH TEIIOBOrO MOTOKA YEPE3 TPEXCIOMHYIO CTEHKY

q= L
Zil + =
i=1 ﬂi a,

rlIe a,- K03((GUIHUEHT TENI00TAaYM KOHBEKIIUEH OT HapyKHOM OBEPXHOCTH ()yTEPOBKH B

OKPYKAIOIIYIO CpeIy
a, =10+0.06t,,,, ;

a, =10+0,06-100 =16(Bm/ u* - K)
TOrga
~ 13000
977046 0115 005 1
- - +—
1077 0,29 0115 16
9. Haiinem yrouHeHHbBIE 3HAUEHHS TEMIIEPATyp HA TpaHUIaX pa3zelia cilioeB GyTepoBKU
5
/ uar .

tlH—ﬂ =ty _qT )
w

—984,8 (Bm/ m?)

0,46
t!  =1300-984,8—— =875,3°C
m=a 1077 ( )

S )
t/7 —t —q _lU+_ﬂJ,
-8 = Lgn [ﬂvw ﬂ,ﬂ

t' , =1300 9848 240, OS5 4e41(0¢)
1077 ' 0,29

/ q.
Ciap = Lo +—1
«,

tl, =0+ %61,7(O C)

10. OnpenensieM yTOUHEHHbIE 3HAUEHUS CPETHUX TEMIEPATYP CIOEB U KOIPPHUIIMEHTOB

TCIJIOMPOBOAHOCTHU
/
npi tZ';/ _ tKﬂ +tLU—/I ’
2
g - 130048753 1087,6(°C)

2, =0,88+0,00023-1087,6 =113(Bm/ m-K)

/ /
i tjlp/ _ tlH—,ZZ ;tﬂ—B :
tg’/ _ 875,3+484,1 _ 679,7(0 C)

2, =0,163+0,00023-679,7 = 0,45(Bm [ m- K )

/ /
! -B +tHAP
npu ty = ﬂ—;

2



(o _ 48414617
o _ 202 H0LT

272,9(°C)

2, =0,081+0,00023-272,9 = 0,144(Bm | m- K)
aj =10+0,06t;,,,

o} =10+0,06-61,7 =13,7(Bm/ 1? - K)

11. HaiiieM yrouHeHHOE 3Ha4€HUE IUIOTHOCTU IIOTOKA TEIJIA YEPE3 CTEHKY

., —t
q/ — 3Kﬂi 011 :
20 al
i=1 A 2
q 1300 -0 =1214.9(Bm/ n?)

~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 npeacraBiaeHus pe3yJabTara:
PacueTsl BBIMONMHUTD B TETpaau AJIsl IPAKTUYECKUX padoT.
KpuTtepun oneHkn: npaBuIbHOCTh BBIIOJIHEHHOIO pacyeTa

Tema 3.2 Tenioo0MeH
IIpakTHyeckoe 3anaTHE Ned
Pacyer k03 GuUIMEHTA TENIONPOBOJAHOCTH METANIA

Llesib padoThI: C TOMOIIBIO TEOPETUYECKUX PACUETOB O (hOpMyJIaM ONpeAeTUTh KOdPPHUIUEeHT

TEIJI00TAaYU
Beimosnus patdory, Bel Oyaere:

YMETh:
- ONpeAeATh KOAPGHUIHUEHT TEIUIOOTAAYH MIPH CI0KHOM TEII00OMEHe

MarepunanbHoe obecnedeHue:
PasgaTounslil matepuan

3ananmue:
l.OHpCI[GJ'II/ITB KOJINYECTBO nepeI[aHHoro TCI1J1Ia B IICYU C KOHBCKTUBHBIM TGHHOO6M€HOM HpI/I

Harpese 3arotoBku pazmepamu 0,1x0,2x0,9M ¢ temniepatypbl  thau, =25° C o TEMITEPaTypPHI ton.
=1300 °C 3a 12muH. Temneparypa Knaaku €4 i, =80° C (3amauy pemats 1o 3akoHy HbroToHa.)
2. OnpeaenuTb KOJIUYECTBO MEPEJAHHOTO TEIUIA B TIEYH ¢ KOHBEKTUBHBIM TEIUIOOOMEHOM IPH
Harpese 3arotoBku pazmepamu 0,2x0,3x1,2M ¢ TemniepaTypsl tyay. =0° C o TEMIIEPaTypPBI tion.
=1250 °C 3a 7mus. TemnepaTypa Ki1ajaku neuu tHap‘=12OOC. (3amauy pemiats 1Mo 3aKOHY

HrroTona.)

Ilopsinok BbINOJHEHHS PadOThHI:
1. TloBTOpeHue TEOPETUUYECKOTO MaTepuaa
2. Pemenue 3amau

Xox pa0doThI:
1. CpenHuii 1o AJIMHE METOAMYECKON 30HBI KOA(DPHUIIMEHT TETUIOOTAauN U3ITYICHHUEM OTIPEEISICTCS:



T 4 T nav. \4 T 4 T xor. \*
Colu |l 00| | 5 o) | 10
05np 100 100 100 100 Bm
o Vo -z fr ) k)

2. a,- KO3(p(PUIMEHT TEII00TJaul KOHBEKIINEH 0T HAPYKHON IIOBEPXHOCTU (DyTEPOBKU B
OKPYKAIOILYIO CpELy
a, =10+0.06t,,,, ;

3. Koapuupent Temnooraadn B JaHHOM Cily4ae OyACT CyMMapHbIM (y= ity

®dopma npeacTaBiaeHusi pe3yJabTara:
PacueTsl BBITOTHUTH B TETPAJIU JJIS IPAKTHYECKUX PadoT.
Kpurtepuu onieHKH: paBUIBHOCTD BBIITOJIHEHHOTO pacueTa

Tema 4.1 ledeKThHI HATPEBA METAIA
IIpakTu4yeckoe 3augaTue Ne5

Onpenenenne pe;KxMMOB HATPEeBA TOHKHX M MACCHBHBIX TeJl

Ieap padoThI: HAYYUTHCS ONPENEIATh PEKUMBI HATPEBA TOHKUX U MACCUBHBIX TEJ
Brinosinus padorty, Bl Oynere:

YMETh:

- OIPEIENSITh TEIJIOBYI0 MAaCCUBHOCTD TeEJ

MarepunanbHoe obecrnieyeHue:

PaspgaTounsiil maTepuai

3aganue:

Pemenue 3anau

ITopsinok BbINOJHEHHS PadOTHI:

1. TloBTOpeHHE TEOPETUYECKOTO MaTepHara.
2. Pemenue 3a1a4 /Ui TOHKUX Te

3. Pemenne 3a4a4 J1J1d MaCCHUBHBIX T

Xoa paGoTsI:

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

TaKoOM BUJIE:
s Y
Bi= —=—+>~.
vl y a

2. bonpmyro pons urpaer kpurepuit buO. C TemnoTeXHUUEeCKOW TOUKH 3pEHUS BECh METAILIT
MOJIPA3/IEIISIETCS Ha «TOHKHI» U «MacCHBHBINY. Eciu kputepuii Bi> 0,25, Teno  «MacCHBHOE», €CITH
Bi< 0,25 — Teno «ToHKOE».

3. Metozsl pacueTa «TOHKOTO» U «MacCCHUBHOT'0» METaJljla pa3JIu4Hbl , I03TOMY B IIEPBYIO OYEPED
HE00X0IMMO orpenenuTh 3HaueHue kputepus buO. Hanbomnee mpocTbiM MeTOIOM pacdyeTa BpeMeH!
HarpeBa MeTasuia siBiseTcs rpado - aHaTUTUYECKUI MeTO/] ¢ TpUMEHeHHeM HoMorpamMm bynpuna.

Bagaun:

1. OnpenenuTh TeMmnepaTypHbId KPUTEPHIl MOBEPXHOCTH IIACTUHBI ToammHOM 150 MM, ecimm
U3BECTHO, YTO KpuTepuit buo pasen 6, ko uineHT TemMnepaTyponpoBOAHOCTH paBeH 5,56:10° m?/c,
BpeMs Harpesa | yac.



2. OmpenenuTh TEMIIEPATYPHBIN KPUTEPUI IEHTpa MUJIUH/IPA, €CIIU u3BecTHO, uro FO=8, Bi=0,7;
Fo=12, Bi=0,14.
OmnpenenuTh TEeMOepaTypHbIi KPUTEpUil TOBEPXHOCTH IUIACTHHBI, €CIIM W3BeCTHO, uTo F0=8, Bi=0,2;
Fo=6, Bi=0,3.

3. Omnpenenutb Kputepuil buo a7 MOBEpXHOCTH IIACTHUHBI, €CIIH U3BECTHO, YTO TEMIIEpaTypPHBIH
KpuTepuii nosepxHoctu paseH 0,1, a kputepuit Pypre

4. PaccuuTaTh BpeMs HarpeBa MacCUBHOTO TeJjla, €CIH 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 TeMieparypHoro kputepus 0 u kpurepus Bi

@ — tc’ _t,\mo@. ; Bi = all3fl ) S ;
t, —te A
o 1125-450. i = 1223-0066.
1125-20 40,8
©=0,61. Bi = 0,198.

rae A — koadduuueHT TeronpoBogrocTu, Br/(M K)

— -6 2
Tak ke HaxoauTcs K03 dumnment TemneparypornpoBoaHocta a = 8,05-107 m“/c.
[To Homorpammam B Haxoautcst Kpurepuid @ypbe F0=2,5
Bpemst HarpeBa MacCHUBHOI'O Tejla ONpeAesseTcs:

2
rM:FoS—;

a
. 00662
7T 805.10°

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

®opma mpeacTaBieHus pe3yJbTarTa:
PacueTsl BEITTOTHUTE B TETpaau I MPAKTHYCCKUX pa60T.
Kpurepuu oneHkn: npaBUIbHOCTH BHIITOJHEHHOTO pacyera

Tema 4.2 OcHOBBI PAIMOHAJIBLHO TEXHOJOIHH HArPpeBa MeTaJljia
IIpakTHyeckoe 3ansaTHe Ne 6
Pacuer BpeMeHHM HArpeBa MeTAJIa B METAJLIYPrUYecKOH Mmeuu
Hean padoThI: ¢ TOMOIIBIO TEOPETUUECKUX PACUETOB IO (GOpMYysIaM HAyUYUTHCS ONPEACIISITh BPeMs

HarpeBa MeTajuia B METOJMYECKON 30HE HarpeBaTeIbHON NEYH.
Boinosinus padorty, Bel Oynere:
YMETh:
- pacCUMTHIBaTh BPEMS HarpeBa METalIa MO TEXHOJIOTMYECKUM 30HaM
B METOJAUYECKON MeUU

MarepunanbHoe obecniedeHue:

MeTtoauyeckas pa3paboTKa MO BBIIOJHEHHUIO pacyeTa BpEMEHHU HarpeBa MeTajlla B METOUYECKON
II€YM, CIIPABOYHAS JTUTEPATYPA, HOMOTPAMMBI JUIsl ONIPEEIICHHS CTENIEHN YEPHOTHI I'a30B,
HoMmorpammsl J[.B. BynpuHa juist pacuera BpeMeHN HarpeBa IIaCTHHBI

3aganue:
JlaHHBIE 1711 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 3 (PeKTUBHYIO JUIMHY JTy4a B METOAMYECKON TIeUn




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.

Sa¢_=3,6% - popmymna A.C.HeBckoro

B-H

S$,p=36 ——;
2B+2H



2,4-2,2

METOJNYCCKAs 30HA: S ;;b :3,6 m X
24+2-2,

S =0,57 m;
c. 2,4 : 2,6
CBapOYHaA 30HaA: S . 0,0 ——————
2:24+2-272
S5, =0,62 M;
m. 214 : 115
TOMMUJIIbBHAs 30HA. S ap. :3, ST ——
2:24+2-15
S75.=0,46 M

OrmpezeneHre BpeMEHU HAarpeBa B METOAMYECKOMN 30He
CrerneHp 4epHOTHI ABIMOBBIX I'a30B &' NpH cpeHel TemIieparype £,=0,5(1200°+1050%)=1125°C

[Tapunansnoe gaBienue CO, u HO:
Pco, =08,1-0,088;

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

rae - 98,1-a0coiroTHOE JaBICHHE CMECH;

0,088 u 0,174 cooTBeTCTBEHHO O€EpeTcsl U3 pacueTa rOpeHus TOIIMBA IIPU ONPEACICHUN
MPOIIEHTHOTO cocTaBa MpoaykToB cropanus (CO»28,83%; H,017,35%)

u aenutcs Ha 100%.

Ompenensem p 0, "S5p=8,66-0,57=4,9xI1a"m;
P o ‘S,$=17,07-0,57=9,7xI1a-Mm.
&, =007, &, ,=0,09, B=1,09,
TOrza £ =, *BE)0
£=0,07+1,09-0,09;
£ =0,168.

OrnipezenieHne NpUBEICHHAS CTETIEHh YePHOTHI
M
a),w + 1 - §2

ST

é:M M
e Eye — CTENICHb YePHOTHI MeTaimia &,,.=0,8

%széM

3,4+1-0,168

[08+ 0,168(1—0,8)]1_ 0168 44
0,168

Ep=0,8

Enp.=0,44.

Cpe,[[HPII:I 10 JJIMHE METOAUYECKOI 30HBI KOB(l)(I)I/II_II/IeHT TCILIOOT a4
HU3JTYYCHUCM ONIPCACIACTCA:



.\ (e (Y (e
Cosm (100} _[ 160] (160} _( 1bo]
e -1y e, 1)

rae Co=5,7 BT/(MZK) - KOHCTaHTa U3JIy4YeHHUs YEPHOTO Tea.
Ipunumaem t,"=20°C; t,/"=450°C — cunramu B 1) nyHkTe.

aI/BH. -

On=122,3 Br/(M°K).

OmnpeneneHue TeMieparypHoro kpurepus 0 u kpurepus Bi

t _tl(‘()H .
— 2 MNO8. ; Bi e all:s‘ﬂ S ;
t -t A
0= 1125-450 : Bi= 122,3-0,066 ;
1125-20 40,8
®=0,61. Bi=0,198.

rae A — ko3 dunuent temionpoBoaHoctu, Bt/(M K)
Tak >xe HaxoauTcs K03 pUImeHT TemMepaTypornpoBOIHOCTH
a=28,05-10°m%c.

[To Homorpammam HaxoauTcs kpurepuit dypre F0=2,5
Bpems HarpeBa MeTaiia B METOAMUYECKOM 30HE MTEYH ONPEICISICTCS

2
Ty = FOS— ;
a
0,0662
=29 ————;
8,05-10°°

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

Bpewms HarpeBa MeTajiia B CBapOYHOM 30HE.
Haiinem crenenb 4epHOTHI ABIMOBBIX T'a30B npu t,=1200 o°Cc

P, =8,00 klla; p, ,=17,07 klla;
P oo, S50.=8,660,62;
Do, So0.=5,4 Il m;
P10 S50.=17,07-0,62;
P,,0950=10,6 klla-m.

ITo HOMOrpaMMaM HaxOIUM
£.,=0,07; &, , =0,09; B=1,08.

N3 sToro cinexyer



&£ =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

6 _
¢,,=0,59
ITo ¢popmyne 67,6 [1] onpenenum o, .,
a’ =764 (B/(M*K))
Haxoaum cpeiHIoro 10 CEUYEHHI0 TEMITEpATypy MeTaslla B Havajle CBApOYHOM 30HBI (B KOHIIE
METOMIECKON 30HbI)

epaan. 2 .
2t 2,

tccf.ualt. :450_ % (450'351);

t =384 °C.

Haxoaum temneparypHslii KpUTEpUN U1l IOBEPXHOCTH 3arOTOBKHU

_1200-950 ,
" 1200 -384"
0,,,=0,31

[Tpumem Temneparypy B LIEHTpE 3arOTOBKU B KOHIIE 30HbI 800 °C, rorna CpenHss TeMneparypa
MeTajula B CBApOYHOM 30HE OyneT:

t7 =0,25(™" + 1 +12, +1°);
t% =0,25(450+384+950+800);
t? =646 °C.
Haxoaum: A=37,1 Bt/(m-K); a=6,39- 10° MZ/C, Janee clueayer

._ 76,4-0,066
Bi= ———;
371
Bi =0,14.
ITo HOMOrpamme HaxomuMm Kpurepuit Fo
Fo=8,1
Bpewms Harpesa B cBapO4YHOM 30HE
2
Tep = FoS—;
a
0,066° )
Tep = Oyl —(———+,
6,39-10

Tes = 7236,0 ¢ (2,01 uac.)

Bpewms HarpeBa B TOMUIIBHOM 30HE.

Ilepenan TemnepaTyp Mo TOJINIMHE B HAYaJIe TOMHJIBHOM 30HBI
Aty =1200-914 4,



Aty2a=285,6 °C.
JomycTuMplii iepenaa TeMIeparyp B KOHIIE HarpeBa Atyyy =50 oc
CreneHb BbIpaBHUBAHUS TEMIIEPATYP

8 —_ AtKOI’-t .
BBIP. Atmw_ ’
8BI>Ip.: i :
285,6
Op1p.=0,18

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

[Tpu cpenne TemnepaType MeTala B TOMUIBHOM 30HE

7 =0,25(t -+t +t) % +t'");

t-=0,25(1200+914,4+950+1200);

t2-=1066,1 °C.
A=28,5 Br/(M'K); a=83-10"° m?/c.
Bpewmst Tomnenus

2
.= Fo S— ;
a
0,066%
TT - ) P i)
83.10°

T, = 1964,25¢ (0,55q).
[TonmHOE BpeMst mpeObIBaHUS METAJIa B TIEYH PABHO
T= Ty T T Tr,
T =3822,4+7236,0+1964,25;
T =13022,65¢ (3,6 1).

BriBoa: BpeMst HarpeBa MeTallla B TPEX30HHON METOAMYECKOM ey caikor 74 T COCTaBIIsIeT
13022,65¢ nim 3,6 4gaca.

®opma npeacraBiaeHus pe3yJbTara:

Pacuets! BeimosiHuTh 1 0popMuth Ha popmare A4 o 'OCTam.
KpuTtepuu oneHkn: npaBuibHOCT BBIIIOJIHEHHOTO pacyeTa

Tema 6.1 TenjoTexHHYECKHE OCHOBBI YTHJIM3AIMH TENJIA OTXOASIINX JLIMOBBIX T'a30B.

YerpoiierBa AUl VTHJIN3ANNMY TEeIIA B e4ax
IIpakTHyeckoe 3auaTue Ne7
Pacuer TenJ1I000MeHHHKA

Ieab padoThl: HAYYUTHCS MPUMEHATH PACYCTHBIE COOTHOIICHHS TEIIIO0OMEHHUKOB
Boinosinus padorty, Bul Oynere:

YMETB:

- 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 t!,°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:

Hano momuanTs, uto R<1, T.€. yrunu3zanus He MoxeT Ob1Th 100%.
I; (is) — Terutocoaepskanue (SHTAIBITHS) TOAOTPETOTO BO3ayxa (OepeTces mo Tabuiie)
I (iy) — TermocoaepikaHue (IHTAIBIHNSA) OTXOASIIUX THIMOBBIX Ta30B.

KIIJI (n) TemnooOMeHHMKA:

n= :—6100%

0

OHpe,Z[CJ'II/ITB SKOHOMHMIO ToruBa 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=

ced

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






