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Metonudeckue pexomennanuu OJOBPEHO YTBEPXJIAIO
COCTaBJICHbI B COOTBETCTBUH C
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v O.E. Ansa0beBa

ABtop(b1):  benmauko  Enena  CepreeBHa, npenogaBatens — FOxHO-Ypanbckoro
rOCyJapCTBEHHOTO TEXHUYECKOIO KOJUIEKA



AKT COI'ZIACOBAHUA

Ha METOJUYECKUE PEKOMEH/IAIINH 110 BBIMOJHEHHUIO TPAKTHYECKUX PaboT Mo
Temnorexuuke
JUTSL CIIELIMAJIBHOCTH
22.02.03 JluteitHoe MpOoU3BOJACTBO YEPHBIX U IIBETHBIX METAILJIOB,
pa3paboTaHHOM MperoaBaTesieM
HOxHO-Ypanbckoro rocy1apcTBEHHOTO TEXHUYECKOTO KOJUIEKa
beasuko E.C..
Meroanueckiue  pPEeKOMEHIAIMU [0  BBIMOJTHEHUIO  MPAKTHYECKUX  padoT
COCTaBJICHBI B  COOTBETCTBUM C  MpOrpaMMod  y4eOHOM  JUCIUILIMHBI
«Ternorexuuka.

MeTtonuueckne pPEeKOMEHIAIMA K TMPAaKTHYECKHM padoTaM HMEIOT CANHYIO
CTPYKTYpYy: L€, OOIIHMe TMOJIOKEHHUS, XOJ paboThl, (popMy oruera mo padoTe,
CIIpaBOYHBIE JaHHbIE, JuTeparypa. Temaruka paboT pazHooOpa3zHa. Tembl padoT
ONpeeneHbl, UCXOJs W3 JIOTUKH M3Y4YCHHUS IUCHMUIUIUHBI «TeraoTexXHukay u
HaIpaBJjeHbl Ha YIIyOJIEHHE TEOPETHUECKUX 3HAHUU U (HOPMHUPOBAHHE YMEHUU
MIPOU3BOUTH TEXHOJIOTHUECKUE PACUETHI.

Metoauueckue PEeKOMEHIAlMKU O BBIMOJHEHUIO MPAKTUYECKUX padoT
Mo JucHHIUIMHE «TerIoTeXHUKa» COOTBETCTBYIOT — IMpOrpaMme y4eOHOM

AUCHUIIIIMHBI 1 MOTYT HMCITIOJIb30BATHCA B O6pa3OBaTeJ'IBHOM Imponecce.

é_
Peuensent: 77

(KoucTpykTopc

 KY3HEUHBIA
S/

epceneB B.B., rmaBubiil metannypr KTIL]
yeckuid eHtp) OO0 «UT3-YPAJITPAK»



HOACHUTEJBHASA 3AIINCKA

Meroanueckiue peKOMEHJAMM 1O BBIMOJIHEHUIO MPAaKTUYECKUX paboT 1o
mucrIuinHe TertoTeXHUKa TpeIHa3HAYCHBI ISl O0yJarOIINXCS 110 CIIEIUATbHOCTH
22.02.03  JluteitHoe TPOM3BOJCTBO YEPHBIX M IIBETHBIX MeTauIoB (0Oa3oBas
moaAroToBka).  [IpakTudeckue — 3aHATHS ~ SBISIOTCS  BOXKHBIM  DJIEMEHTOM
MEXIUCITUIUTMHAPHOTO Kypca. B mpolecce BBIOJHEHUS TPAKTUYECKUX padoT
oOydJaroniecss CHUCTEeMAaTHU3UPYIOT M 3aKPEIUSIIOT TIOJyYeHHbIE TEOpETUUYEeCKUe
3HAHWS, PA3BUBAIOT WHTEJUICKTYaJbHBIE W TPO(ECCHOHAIBHBIE YMEHUS, (QOPMHUPYIOT
AJIEMEHTBI KOMIIETEHIIMM OyAyIINX CTIEeIIHAIUCTOB.

Meroanueckue peKOMEHAIUKU TpEeJHA3HAYEHBbI JJIi OpTraHU3allMKM BBIMOTHEHUS
MPaKTUYECKUX PAOOT MO AUCIUIIINHE TerToTeXHHKA.

Jlnst 3aKperuieHus] TeOPETHYECKMX 3HAHUM W MPUOOPETeHUS HEO0OXOIMMBIX
MPAKTUYECKUX  YMEHHM MporpaMMoONl  JUCHMIUIMHBL  «TennoTexHuka»
MPEIYyCMaTPUBAIOTCS 3 TMPaKTHYECKWX 3aHsATHS (8 dYacoB), HaANpaBICHHBIX Ha

(hOpPMUPOBAHUE 2IEMEHMOB CEOVIOUIUX KOMNEMEHYULL.

OK 1. [loHumaTh CYyHIHOCTh M COLMAJBHYIO 3HAYMMOCTb CBOEH Oypayliiei
npodeccuu, MposIBISATh K HEM YCTOMUMBBIA HHTEPEC.

OK 3. [IpyarMath pemieHus B CTAaHAAPTHBIX U HECTAHAAPTHBIX CHUTYaIUsIX U
HECTH 32 HUX OTBETCTBEHHOCTb.

OK 4. OcymiecTBisiTh MOWCK M HCITOJIb30BaHUE WH(MOpPMAIUU, HEOOXOIUMOM
115t 9¢G(PEKTUBHOTO BHITIOTHEHUS NMPO(ECCUOHANBHBIX 3a/1a4, MPOdhEeCCUOHAIBLHOTO U
JUYHOCTHOTO Pa3BUTHSI.

OK 5. Mcnonb3oBath MH(POPMAITMOHHO-KOMMYHHUKAITMOHHBIE TEXHOJIOTHU B
poheCCUOHATIBHON JIEATEIIbHOCTH.

OK 6. PaGorath B KOIEKTMBE © KOMaHze, dJ(PGEKTUBHO OOIIATHCS
C KOJUIETaMu, pyKOBOACTBOM, MOTPEOUTEISIMHU.

OK 9. OpueHtupoBaThCsi B  YCIOBUSX  4YacTOM  CMEHBI  TEXHOJOTHM

B MPO(ECCUOHAIBHOMN JCATEIHHOCTH.



[1K 1.1. BeiOupaTh UCX0HBIE MAaTEPUATIBI AJI TPOU3BOCTBA OTIMBOK.
[1IK 1.2. Aranmu3upoBaTh CBOWCTBA U CTPYKTYpbl METAJUIOB M CIUIABOB
JUTSL U3TOTOBJIEHUS OTIIMBOK.

JLP1 Ortpaxarb pOCCHUUCKYI0 TpPaxJaHCKYI0 WJICHTUYHOCTb, MaTPUOTHU3M,
yBa)K€HHE K CBOEMY HapoJy, 4yBCTBa OTBETCTBEHHOCTH nepea PoauHol, ropaoctu 3a
CBOM Kpal, cBOIO PoauHy, mpomuioe M HacTosAlee MHOTIOHAIMOHAIBHOTO HapoJa
Poccun, yBakeHne rocy1apcTBEHHBIX CUMBOJIOB (Tep0, dhiar, TUMH);

JI.LP4 Ortpaxars cHoOpMUPOBAaHHOCTHP MHPOBO33PEHUS, COOTBETCTBYIOIIETO
COBPEMEHHOMY YPOBHIO Pa3BUTHSI HAYKH M OOIIECTBEHHON MPAKTUKH, OCHOBAHHOTO
Ha JAaJore KyJIbTyp, a TakXke pa3inyHbiX (OpM OOIIECTBEHHOIO CO3HAHMS,
OCO3HAHME CBOETO MECTa B MOJIMKYJIBTYPHOM MHPE;

JI.LP9 OtpaxkaTb rOTOBHOCTb M CHOCOOHOCTh K OOpa30BaHHIO, B TOM YHUCIE
caMo00pa3oBaHWIO0, HA MPOTSKCHUH BCEH >KM3HU; CO3HATENBbHOE OTHOIICHHE K
HENpPEpPhIBHOMY O0Opa30BaHUIO KaK YCJIOBHUIO YCHEIIHOM MNPOQPECcCCHOHANbHON U
OOIIIECTBEHHOM JICATCIIHHOCTH;

Onucanue KaxJ0u MpakTUYecKOW paboThl CONEPKUT HOMEP, Ha3BaHUE U IIEIb
paboThl, dopMHpyeMbIe B TMPOILIECCE BBIMOJIHEHUS pPaOOThl 3HAHUS, YMEHUS H
AJIEMEHThl KOMIETEHUUH, TEOPETHUYECKOE H3JI0)KEHHE HEO0OXOJMMOro MaTepHuala
(mpu  HEOOXOAMMOCTH TPUMEPHI BBIMOJHEHUS 3a/laHUii), BapUAHTHl 3aJaHUM,

OIMMCAaHUC aJIrOpUTMaA BBITNTIOJTHCHUA.

BapuaHnT 3anaHusi BIOUpaeTcsl CTYJEHTOM M3 TaOJIUIbI B COOTBETCTBUU C €rO

MOPSIIKOBBIM HOMEPOM T10 KYPHATY TEOPETUYECKOTO 00yUCHHUSI.

JUist  mosiydeHWs TOTIOJHUTENbHOM, Oonee moApoOHONW HHPOpMALMHU IO
OCHOBHBIM BOIpOCaM yueOHOW JAMCLHUIUIMHBI B KOHIIE METOJAMYECKUX PEKOMEH 1Al

MPUBEJEH NepeueHb NHOOPMAIIMOHHBIX UICTOYHUKOB.

OTtueThl CTYACHTOB II0 MPAKTHYCCKHUM pa60TaM AOJDKHBI COJACPIKATb HOMCD,
Ha3BaHUC U LCJIb pa6OTBI, BBIIIOJIHCHHBIC 3aJaHUsA W WX PE3YJIbTATbhl, OTBCTHI Ha

KOHTPOJIbHBIE BOMPOCHI U BHIBOIBI 10 MPOAEIIaHHON padoTe.

OHCHKa OTJIMYHO — CTAaBUTCA 3a IPABUJIbBHO BBLIIIOJIHCHHYTO pa60Ty C BCPHBIMHU
OTBCTaMM Ha BOIIPOCHI IO OTUCTY.



O1eHKa XOpOIIO — CTABUTCS 3a MPABHJIBHO BBIMOJIHEHHYIO pa00Ty O€3 OTBETOB Ha
BOIIPOCHI 110 OTYETY.

OHCHKa YOOBJICTBOPUTCIbHO — CTABUTCA 3a pa60Ty C MW HCKOTOPbBIMHU
HETOYHOCTSIMH M O€3 OTBETOB Ha BOIIPOCHI I10 OTYUCTY.

OHCHKa HCYOOBJICTBOPUTCIIBHO CTABUTCA B CJIYy4aC OTCYTCTBHUA OTUYCTA I10 pa60Te.

TUTYyIbHBIN TUCT AOTKEH OBITH O(POPMIIEH B COOTBETCTBUU C MPHIIOKEHUEM 1.



HEPEYEHDB ITIPAKTUYECKHUX PABOT

Ne Tembl HaumenoBanue padoThl Oo6bem
(uac)
Tema 1.1. | PacyeT TemioThl CropaHusi TOIIMBA 2
Tema 1.2. | PacyeT 3JIeKTpUYECKOTO HArpeBaTest 2
Tema 1.3. | Pacuer cyMMapHOT0 CONPOTUBIIEHUS U BBICOTHI IBIMOBOM 4

TpyOBI




INPAKTHYECKASA PABOTA Nel

Tema: Pacuér TennoTsl cropanus TONIMBA
Leab padoThI: HAYYUTHCS PACCUUTHIBATH TEIJIOTY CTOPAHUS TOIIMBA
3HAHMA (AKTyaau3amus):
— IapaMeTpbl TEIJIOTHI CTOPAHUS TOIUIUBA;
YMeHHS:
— TMPaBWIbHO PACCUUTHIBATH TEIJIOTY CTOPAHUS TOILIMBA

Teopernueckuit MaTepuas:

[Ipu pacuére TOpeHUS TOIUIMB ONPENENSAIOT  KOJIMYECTBO  BO3/yXa,
HEOOXOUMOE [UIsl TOPEHUs €AMHHULIBI JaHHOTO TOIUIMBA, KOJMYECTBO U COCTaB

IIPOAYKTOB TOPEHHUsI, TEMIIEPATYPY TOPEHHUSI.

KonuuectBo BO3myxa, HEOOXOAMMOTO JIJii TOPEHUSI TOIUIMBA, KOJIUYECTBO U
COCTaB MPOJYKTOB FOPEHUS OMPEACISAIOT HA OCHOBAaHWM JTAHHBIX O COCTaBE TOILIMBA
W peaKkiud TOPEHHUs PJIEMEHTOB U COCTABJISIONIMX BEIIECTB JAHHOTO TOIIMBA. Jliis

MPOCTOTHI PACYETOB MOKHO MPUHSATH, YTO BO3AYyX cOCTOMT Ha 21 00. % O2 u 79 00.

% N2 (79 : 21 =3,762) wnmm 23,2 mac. % Oz u 76,8 mac. % Na.

Pacuér ropenuss TBEPAOTO W KUAKOIO TOIUIMB HAYMHAKOT C ONPEIEICHUS
cocTaBa TOIUIMBa Ha pabouyro maccy. l'opeHue TBEPAOro WIIM KHJIKOTO TOILUIMB
paccuutbiBatoT Ha 100 xr wmaccel TorumBa. Ilpumep pacuera NpuUBEIEH B

MIPUJIOKEHUU 2.

BaﬂaHI/ICZ pacCuuTarb TCILUIOTY CropaHu:da TOIUIMBA, HCIIOJIBb3Yd HCXOIHBIC

JaHHBIC CBOCTO BapHWaHTA.



Taomumna 1

BapuanTsl 3a1anuii

Cocrapistiromye Tormimaa, % KomnyectBo
HPOJYKTOB

Bapuanr ropenus, M°

CO2 CHs CaHy N2 N2 CO2
1 15 97 0,8 1,5 0,2 0,8
2 10 96 0,8 1,5 0,2 0,8
3 11 95 0,8 1,5 0,2 0,8
4 12 94 0,8 1,5 0,2 0,8
5 13 93 0,8 1,5 0,2 0,8
6 15 97 0,8 1,5 0,2 0,8
7 10 96 0,8 1,5 0,2 0,8
8 11 95 0,8 1,5 0,2 0,8
10 12 94 0,8 1,5 0,2 0,8
11 13 93 0,8 1,5 0,2 0,8
12 15 97 0,8 1,5 0,2 0,8
13 10 96 0,8 1,5 0,2 0,8
14 11 95 0,8 1,5 0,2 0,8
15 12 94 0,8 1,5 0,2 0,8
16 13 93 0,8 1,5 0,2 0,8
17 15 97 0,8 1,5 0,2 0,8
18 10 96 0,8 1,5 0,2 0,8
19 11 95 0,8 1,5 0,2 0,8
20 12 94 0,8 1,5 0,2 0,8
21 13 93 0,8 1,5 0,2 0,8
22 15 97 0,8 1,5 0,2 0,8
23 10 96 0,8 1,5 0,2 0,8
24 11 95 0,8 1,5 0,2 0,8
25 12 94 0,8 1,5 0,2 0,8
26 13 93 0,8 1,5 0,2 0,8
27 10 96 0,8 1,5 0,2 0,8




28

11

95

0,8

1,5

0,2

0,8

29

12

94

0,8

1,5

0,2

0,8

30

13

93

0,8

15

0,2

0,8

© N o gk~ w e

(o]

Xona padoThI:
CocTaBUTh peakLMIO TOPEHMS TOILIUBA.
Paccunrtarh IpoLEHTHOE COJEpKaHUE YIIIepoa.
PaccuuTtaTh NpOLEHTHOE COAEPKAHUE BOJIBI.
Paccunrtarh npoLeHTHOE CoJIepKaHue a3o0Ta.

Paccunrtath IMPOLCHTHOC COACPKAHNC MCTAaHaA.

PaccumnTaTth KOJIMYECTBO TCINIOTBI, KOTOPOC BBIACIUTCA IIPU 'OPCHUU TOIIJIMBA.

IIo pe3yJibTaTaM pacdcTa CACIIaTh BEIBO.

. OTBETHTH HA KOHTPOJIBHBIC BOITPOCHI:

a) 13 kakux COCTaBJISIFOIIUX COCTOUT BO3TyX?

6) Kak pacCUUTaThb IIPOLUCHTHBLIC COACPKAHNA COCTABILAIOIINX Bosz[yxa?

B) K kakomy Buay peakuuii (3K30T€pMUYECKas WIM HHAOTEPMUYECKAS)

OTHOCHUTC:A pCaKIUs I'OPpCHUA YITICKUCIIOIO I aza?

OdopMUTh U cIaTh OTYET MPENOAABATEINIO.
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IMPAKTUYECKAS PABOTA Ne 2
Tema: Pacder 3JIeKTpUIECKOTO HAarpeBaTessl COMPOTUBIICHUS
Ieab padoThbl: HAYIUTHCS PACCUUTHIBATH AICKTPUUCCKUI HAarpeBaTENb
COTIPOTUBIICHUS
3HaHMs (aKTyalu3aIms):
— TIapaMeTpbl pacuera AIIEKTPUIECKOTO HarpeBaTels
COTIPOTHBIICHHUS,
YMEHHSI:
— TpaBWJIBHO  PAcCCUMTHIBATH  JJICKTPUUYECKUH  HarpeBaresb
COTPOTHUBJICHUS

Teopernueckuit MaTepua:

i obecrieueHuss TpeOyeMOil MOIIHOCTHA DJIEKTPONEYh JOJDKHA OBITh
000py/IOBaHUs COOTBETCTBYIOIIMMH HarpeBaTeiasiMu. HarpeBaTenbHbIE 3JIEMEHTHI
COMPOTHUBJICHUSI (HarpeBaresiu) MOTyT ObITh METAJUIMYECKUMHU U KEPaMUUYECKUMH.
Mertannuyeckie HarpeBaTeld MPUMEHSIIOTCS B OCHOBHOM B TEPMHUUECKUX T€4Yax U
MPEJCTABIAIOT COOON MPOBOJHUKH, BBIMOJHEHHBIE U3 CIEHHAIBHOTO CIUIABA,
MMEIOIIETO OOJIBIIOE YIEKTPUIECKOE COMMPOTUBIICHUE U OOJBIION CPOK CIIYKOBI Mpu
TeMmrepaTypax, COOTBETCTBYIOIIUX TEepMHUUECKON 00paboTke. Jl0JroBe4YHOCTH
HarpeBarelid 3aBUCUT OT TEMIIEPATYpPhl, 10 KOTOPOW OH HArpeBaeTcCs: YE€M BBIIIE

TEeMIIepaTypa, TEM MEHBUIE CPOK CITYKOBI.

B 3aBucuMocTu OT Temreparypbl pabo4ero MpOCTPAHCTBA MEUU MPUMEHSIOT
COOTBETCTBYIOIIME MaTepuanbl HarpeBateneit go 1100°C — HarpeBarenu u3
XPOMOHUKENEBbIX CIJIaBOB; JUIsi 00Jiee BBICOKUX TEMIEpaTyp — KepaMHUeCKHe
HarpeBaresid. boJbIIMHCTBO TEPMUUECKUX TeUeld UMEIOT HarpeBaTeIu U3 HUXPOMA,
M3TOTOBJICHHBIC U3 MPOBOJIOKU WM JICHTHI. [IpOBOIOUHBIN HarpeBaTeIh MOKET OBIThH

HU3IrOTOBJICH B BUAC CIIMPAJIN WUJIK 3UI'3ara, a HarpeBarTecjib U3 JICHTBI B BUAC 3UI'3ara.

ITpu pacuére 37E€KTPUUECKOrO HarpeBaTeisl CONPOTUBIEHUE ONPEAEIISIOT:

11



a) KOJINYECTBO HarpeBaTesen;
0) IIMHYy HarpeBarteneii;
B) pa3Mephl CEYEHUsI HarpeBaTelIeH.

[lo pesynbratam pacuéra, NOJB3YACh CHPABOYHUKOM, MOJOMPAIOT

CTaHIapPTHOC OmmKaiIee ceueHue HaneBaTeJIeﬁ.

3a,Z[aHI/IeI pacCUnuTaThb 3J'ICKTpPI‘I€CKPII>i HarpCBaTb COIIPOTUBJICHUSA, UCIIOJIb3Y:

HCXOOHBIC NAHHBIC CBOCTO BaApHaHTaA.

Tabnuua 2
Bapuantsl 3ananmit
Ne MakcumanbHas MomHocTb Pa3mepsl pabouero npocrpaHcTBa, M
BapuaHTa TeMIIepaTypa neuu, kKBt a B c Hanpspkenne
Harpesa, K cetu, B
1 1123 12 1,2 0,8 0,6 220
2 1223 16 1,2 0,5 0,4 220
3 1123 14 1,1 0,6 0,4 220
4 1223 18 1,0 0,7 0,5 220
5 1123 20 1,1 0,7 0,5 220
6 1123 12 1,2 0,8 0,6 220
7 1223 16 1,2 0,5 0,4 220
8 1123 14 1,1 0,6 0,4 220
9 1223 18 1,0 0,7 0,5 220
10 1123 20 11 0,7 0,5 220
11 1123 12 1,2 0,8 0,6 220
12 1223 16 1,2 0,5 0,4 220
13 1123 14 1,1 0,6 0,4 220
14 1223 18 1,0 0,7 0,5 220
15 1123 20 1,1 0,7 0,5 220
16 1123 12 1,2 0,8 0,6 220
17 1223 16 1,2 0,5 0,4 220
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18 1123 14 1,1 0,6 0,4 220
19 1223 18 1,0 0,7 0,5 220
20 1123 20 11 0,7 0,5 220
21 1123 12 1,2 0,8 0,6 220
22 1223 16 1,2 0,5 0,4 220
23 1123 14 11 0,6 0,4 220
24 1223 18 1,0 0,7 0,5 220
25 1123 20 1,1 0,7 0,5 220
26 1123 12 1,2 0,8 0,6 220
27 1223 16 1,2 0,5 0,4 220
28 1123 14 1,1 0,6 0,4 220
29 1223 18 1,0 0,7 0,5 220
30 1123 20 1,1 0,7 0,5 220

Xoxa padoTbl
1. BpiOparh pacnosiokeHHWe HarpeBaresiieil: Ha CTeHaX, MOJAy W CBOJIe Me4d B

COOTBCTCTBHH C PACIIOJIOKCHHUCM 3aI'PYKaCMbIX I[GT&J'IGIZ.
2. OHpeI[GJ'II/ITB YACIIBHYIO ITIOBCPXHOCTHYIO MOIIMHOCTL CTCH KaMCpbl IICHH IIO

dhopmyiie:

= i kB1/M?,

cm.yo. s

rae P — MOIIIHOCTD MeYu UK 30HBI;
Fer — cymmapHas miomaas CTeH Mevu, moja v cBoja.

3. Tlo Ttabnume 1 BbIOpaTh MaTepuan HarpeBaTeliel M YCTaHOBUTH padouylo
TEeMIepaTypy HarpeBaresieil (OHa He JOJDKHa OBbITh paBHA WIM HIXKE TeMIIepaTyphl

Harpesa Jierajnen).

4. Onpenenuth NJs BRIOPAHHOTO MaTepuajia 3HAYEHUE HACAIbHON MOBEPXHOCTHOU

MOIIHOCTHU Harpepatels KB1/m2,

13




5. HaliTh OTHOCUTENBHYIO MOITHOCTb CTEHBI P oy

P — Pcm.yd. ]

Cm.OmH.
a)u().

6. CpaBHUBAsI TOJYYEHHOE 3HAYCHUE Pcromy ¢ AaHHBIMU TaOnuiel Nel u yuuthiBas
MOJIYyYEHHOE 3HAYEHUE @,y , OKOHYATEIHLHO BHIOpATh MaTepual JJisi HarpeBaTelIbHbIX

QJICMCHTOB U IIPUHATH TY WM HHYIO KOHCTPYKIHIO ITOCJICAHUX.

o o )
7. st IpUHATON KOHCTPYKIIMH HAWTH BEIHMUMHY Kod(hduimenra — 1o tadmure |
uo.

¥ OIIPEJIEUTE ( — IIOBEPXHOCTHYIO MOLIHOCTh HarpepaTens (KB1/m?).

8. IlpuHSATH, YTO HArpeBaTesM COECIMHEHBI «3BE30i», TorAa (pazoBoe HaIpPSKEHUE

MOWHOCMb nevu

Oynetr paBHo 127 B, a MOIIHOCTh OJHOM (a3bl paBHA ; KOJMYECTBO

KOouvecmeo ¢hasz

(a3 paBHo 3.

9. OnpenennuTs CEUEHUE HArPEBATENSA:

4.10°-p-P?

2 Vi-w

(M),

AMaMeTp MPOBOJIOYHOTO HarpeBarens — d =3

r7ie p — YACJIbHOE CONMPOTUBIICHUE HarpeBatels npu padbodeit remmneparype, Om - M

(ompenensercs no Tabdmuie Nel);
P — momHOCTh nieun unu 30161 ((assl), KBT;

V — HanpspkeHue nurtaromend cetd, B (mius 3-x ¢asHoit cetu — (dazoBoe, eciu

HarpeBaTcjii BKIIOUCHELI B <<3B63)1y))).

10°-p-P;
2-m-(m+1)-V*-w

(M) 5

JI71st mpsIMOYTOILHOTO MaTepuaiia (JIEHThI) — @ =3

E
rac m — COOTHOIICHHE CTOPOH IIPSAMOYTOJIBHOIO CCYCHHA JICHTBI: m =—, OTCIOJa
a

Harigém 6=a-m=10-qa.
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[To Tabnure 1 HaiiTH cTaHAAPTHOE ONFDKAlIIIee CEYSHHUE JICHTHI 0 COPTAMEHTY.
10. Onpenenute JyMHY Harpesaress L:

oOuas amHa Harpesareneid — L=L, - n, rae n — konu4yecTBo HarpeBaresieid;

JUISL JIEHTOYHOTO WJIM MPOBOJIOYHOTO Harpesatens — L, =—*—— (M) — aiuHa dassl,
Yo,

rae f — nomane ceuenus Harpesarens, M2

Vfl’
R = 10
X

(Om) — conpotuBneHue hasbl.
Vy = 127-dpa3oBoe HanpsixeHue, B.

P4 — MomHOCTS (hassl, kBT

11. ITo pe3ynpTaTaMm pacuéra caenaTh BBIBOI.

12. OTBeTUTH HA KOHTPOJIHHBIE BOMPOCHIL:

a) Ha kakme cCBONMCTBa METaUIOB BIMAET PACIHOJOKEHUE DIEKTPUYECKUX

HarpeBarelsen?
0) Kak ycTranoBuTh pabouyto TeMrepaTypy HarpeBarenen?
B) OT 4ero 3aBUCHUT MOITHOCTH (pa3bI?

13. OdopMuth u caaTh OTYET MPETIOABATEITIO.
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HPAKTUYECKASA PABOTA Ne3
Tema: Pacuetr cyMMapHOTO CONPOTUBIICHUS U BBICOTHI THIMOBOM TPYOBI

Heab padoThl: HAYYUTHCS PACCUUTHIBATE CYMMAapHOE CONPOTUBIIEHUE U BBICOTY
JIBIMOBOM TPYOBI

3HaHMs (aKTyanu3aius):

— TapameTpbl CyMMapHOr0 CONPOTUBIIEHUS W BBICOTHI AbIMOBOM
TpyOBI,

YMeHHS:

— TpaBUJIBHO PACCUUTHIBATH CYMMAPHOE CONPOTUBIICHUE U BBICOTY
JIBIMOBOM TPYOBI
Teopernueckunii MaTepuaJ:

JpiMoBast TpyOa mpenHa3HauyeHa i ynajJeHus JbIMOBBIX Ta30B M3 €YU B
atMochepy. Haxonsimuiics BHyTpu TpyObl CTOJIO Ta3oB co3Aa€T y €€ OCHOBaHMS
Ir€OMETPUYECKUNA HAmop, KOTOPBIM pacXodyeTcsl Ha CO3JJaHHE pa3pekKeHus y
OCHOBaHUS TPyObl, HEOOXOAUMOTIO JJIs MPEOJOJCHHUS BCEX COMPOTUBICHUN Ha IYTH

ABMXKCHUS ABIMOBBIX I'a30B.

Pa3pspkeHne 3aBUCUT OT BBICOTHI TpyObI H, TemmepaTypbl OTXOIAIIUX Ta30B U
oKpyxatoiiero Bosayxa. Uem Oosbiie H, Gomnbliie TemrepaTypa ra3oB, TEM HIKE

TEeMIIepaTypa OKpPY’KaroIlero Bo3ayxa, TeM OOJIbIle pa3psKeHHE.

[IpakTruecku auameTp TpyObl BBIOMPAIOT, 33[aBasICh CKOPOCTBIO JIBMXKEHHS
nbIMa B ycThe TpyObI (2,5...3,0 M/c npu T = 273 K u pasnenuu P = 101,3 xH/M3).
Takast ckopocThb BbIOMpaeTcsl U3 YCIOBHM, MpU KOTOPBIX ra3 MOT Obl BBIXOAWUTH M3
TpyOBbl, HE OMPOKHUIBIBASCH OOpaTHO B TPyOy IOJ JACHCTBHEM MYIOIIETO BeTpa.
Kupnuunble u xene300eTOHHbIE TpPyObl MAENAlOT CYKAIOIUMUCS KBEpXy AJis
ycToiunBOCTU. Jlnamerp KupnuyHbIX TpyO y ocHoBaHus B 1,5 pa3za Oomblie, 4eM B

ycThe. JXKene3nblie TpyObl A€NIa0T UITUHIPUICCKUMHU.
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Jis npuOmmkE€HHBIX pacdy€TOB MPUHUMAIOT MaJieHHWE TeMIepaTrypsl Ha 1 M
BBICOTHI TPyObI anisi KupnuyHbIX Tpyo 1...1,5 rpagyca. Eciu tpyba obcmykuBaer
HECKOJIBKO IeueH, TO pacu€T TpyObl BEAETCS M0 MAKCUMAILHOMY CONPOTHUBIICHUIO, a
HE [0 CyYMME CONPOTHUBIICHMM BCEX Ieder. UHCIIO Tedeil BIUSET Ha BEIWYHHY

auameTpa TpyObl (T.K. YBETUUMBAETCSA KOJUYECTBO MPOJAYKTOB FTOPEHUS).

Ha cnywait 3acopenust apiMoxoja wWid (opcupoBaHus pabOThl Tedeit
JICHUCTBUTENBFHOE pa3psDKEHUE AOKHO ObITh NpubinusutenbHo Ha 30% Oomblie
CYMMAapHbIX MOTEPb: Pieiicrs. ~ Pror. s perynupoBanHus naBieHus B MEYU Y

OCHOBAHU TPY6BI YCTAaHABJIINBACTCA 1111/16ep

3aIIaHI/ICZ pacCUuTaTb CYMMApHOC COIIPOTHUBJICHUC N BBICOTY I[I)IMOBOﬁ TPY6BI,

HCIIOJIBb3YS UCXOAHBIC JAHHBIC CBOCTO BApHaHTA.

Tabmuua 3
Bapuantsl 3ana0mit
Ne Kon-Bo Pasmepsr | Ilotepu | Temnep. | Oxnax. | Beicora Jnuna 6oposa, M

Bap. | npoaykros pab. Hamopa, | neiMa, K | rasos, | kaHana, o o Or

TOpeHus, | MpocCTp. H/m K M PEKYIL. | PEeKYIL. | PeKyI.
M3/ euu, M 1 2 Ji(o)

mbepa
1 21200 3,6x2,1 44,1 1133 673 3,0 4,5 6,1 59
2 22100 3,8x2,2 44,2 1123 683 3,0 4,6 6,0 58
3 21800 3,7x2,1 44,3 1143 693 3,0 4,8 6,2 5,7
4 21900 3,8x2,0 44,4 1153 673 3,1 50 6,3 55
5 21500 3,8x1,5 44,5 1143 693 3,2 4,0 6,2 54
6 21200 3,6x2,1 44,1 1133 673 3,0 4,5 6,1 59
7 22100 3,8x2,2 44,2 1123 683 3,0 4,6 6,0 58
8 21800 3,7x2,1 443 1143 693 3,0 4,8 6,2 57
9 21900 3,8x2,0 44,4 1153 673 3,1 50 6,3 55
10 21500 3,8x1,5 445 1143 693 3,2 4,0 6,2 54
11 21200 3,6x2,1 44,1 1133 673 3,0 4,5 6,1 59
12 22100 3,8x2,2 44,2 1123 683 3,0 4,6 6,0 58
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13 21800 3,7x2,1 44,3 1143 693 3,0 4,8 6,2 5,7
14 21900 3,8x2,0 44,4 1153 673 3,1 5,0 6,3 5,5
15 21500 3,8x1,5 44,5 1143 693 3,2 4,0 6,2 5,4
16 21200 3,6x2,1 44,1 1133 673 3,0 4,5 6,1 5,9
17 22100 3,8x2,2 44,2 1123 683 3,0 4,6 6,0 5,8
18 21800 3,7x2,1 44,3 1143 693 3,0 4,8 6,2 5,7
19 21900 3,8x2,0 44,4 1153 673 3,1 5,0 6,3 5,5
20 21500 3,8x1,5 44,5 1143 693 3,2 4,0 6,2 5,4
21 21200 3,6x2,1 44,1 1133 673 3,0 4,5 6,1 5,9
22 22100 3,8x2,2 44,2 1123 683 3,0 4,6 6,0 5,8
23 21800 3,7x2,1 44,3 1143 693 3,0 4,8 6,2 5,7
24 21900 3,8x2,0 44,4 1153 673 3,1 5,0 6,3 5,5
25 21500 3,8x1,5 44,5 1143 693 3,2 4,0 6,2 5,4
26 21200 3,6x2,1 44,1 1133 673 3,0 4,5 6,1 5,9
27 22100 3,8x2,2 44,2 1123 683 3,0 4,6 6,0 5,8
28 21800 3,7x2,1 44,3 1143 693 3,0 4,8 6,2 5,7
29 21900 3,8x2,0 44,4 1153 673 3,1 5,0 6,3 5,5
30 21500 3,8x1,5 44,5 1143 693 3,2 4,0 6,2 54

Xox padoTsl

1. IMoTepu Hamopa (COMPOTUBIICHHE) B BEPTUKAIBHBIX KaHAJAX CKIIAIBIBAIOTCA W3

MOTepb Ha TPEHUE, MECTHBIE CONPOTUBIECHUS (IMOBOPOT Ha 90° W u3MeHeHue

CKOpPOCTH HOTOKa) " IIPCOAO0JICHHUC I'COMCTPHUUICCKOI'O HAIIOpa

PHOT.BepT. = PTp. + PM.cl + PM.02 + PreOMeTp.

2. Pacuér CKOPOCTH ABUIKXCHHUA ABIMOBBIX I'a30B B KOHIIC IICYH C y‘{éTOM YMCHBIICHUSA

ceyeHus1 pabodero MpoCTPaHCTBA 3a CUET HATPEBAIOIIMXCSI 3aTOTOBOK.

0, = ———
3600F

Frew = a(e —d)

\Y

0

nedu

b

M/C
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3. Pacuér ckopocTH NBMKEHHUS IBIMOBBIX ra30B B TPEX BEPTUKAIBHBIX KaHajax

IIPUHAMAETCS PaBHOMU

o, =25 wmlc,

\2 2

Torja ux ceuenue F . = 3600 . M.
- @
0

4. TTmomanes ceueHus Ka)k0ro Kagaia:

5. Pa3Mmepbl BepTUKAIbHBIX KAHAJIOB MPUHUMAIOTCS CIAEAYIOIINE: JJIMHA @, IIUPUHA 8
no0UparoTCst U3 Fyun, BBICOTY N TIPHHATE paBHOM 3 M, TOTJa MPUBEAEHHBIN JHAMETP

KaHalla

4-q -6
np :T (M)7

rae /7 — nepumeTp KaHaa.

6. [loTrepu Ha TpeHUE:

rae A — Ko3(hPuIMEeHT, yduThIBAIOMUM TpeHue ApiMa o cteHku (A = 0,05 — mns

KUPIUYHBIX KAHAJIOB);
T — cpenuss TemnepaTypa B BEpTUKAJILHOM KaHaJIE.

[IpuHaTh TIaeHHE TemIepaTypbl B BEPTUKAJIbHOM KaHajie paBHbIM S50 Tpaaycos,
T,+(T,-50)
2

Torma I =

To=273 K

7. IloTepu npu noBopoTe kaHaia Ha 90°:
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12

P g P T (H/md),
2 T

M

0

rie K — onbITHRIA KO3(POUIMEHT, YYUTHIBAIOMIMNA MOTEpPH HAMopa OT MECTHBIX

COMPOTHUBJICHUH (CM. Ta0J1.; B IaHHOM CJIy4ae /i KaHAJIOB, UMEIOIIUX (GopMy eI ).

8. [loTepu OT cy>keHus KaHAIOB (MU3MEHEHUS] CKOPOCTH MTOTOKA):

2

pZZK.M.l (H/wd),
2 T,

Mmc.

F

Kan

F

KaH

F
K — mo manHbIM TaOIMIEI AJI CITydast E =

9. [Totepu Ha mpeo10JIeHNE TEOMETPHUECKOTO HAllopa

LTINS

ceom.

P =h-T,. 2o
TB

P, — IIOTHOCTH Bo3yxa pu To =273 Ku P=101,3 kH/Mm?

Py = 1,29 kr/m®

g — ycKOpeHue cBOOOIHOTO MajeHus, M/c2,

10. CymmapHbIe TOTEpH B BEPTUKAIBHBIX KaHAJIaX:

Prort = Prpt + Puet + Puc2 T Preon.

11. KonuyecTBO MPOAYKTOB TOPEHUS TTEPE]T PEKYIIEpaTOpoOM
V,=11-m-V, (M%),

rae m = 0,7 — ko PULMeHT, yIUTHIBAIOIINI TOTEPH B OOpPOBaAXx;
1,1 — k03¢ HUIMEHT, yUUTHIBAIOIIUN ITOJICOC BO3IyXa.

12. PacuétHO€E KOJIMYECTBO ABIMOBBIX I'a30B:

— V. +V,
Va: 02 0

, M.
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13. CxopocTb IBUKEHHS IbIMa B OOPOBE MPUHSATH

ws = 2,5 M/c,

\Y
Torja ceueHue 6oposa: F, = ——, M.
3600 w,

14. Illupuny GopoBa COXpaHUTh PABHOM [JIMHE BEPTHKAIbHBIX KaHAJIOB @, TOTIa

[

BbICOTa OOpOBa paBHA —- .
a

15. TlpuBenéunpiii AuaMeTp OOpOBa:

riae I1; — mepuMetp 6Goposa.

16. Cpennsist Temneparypa Jibima B 60poBe:

T+T,

T()cp 2

, K.

17. Jlnuna 6opoBa A0 peKyneparopa:

I'+1 ™

18. IToTepu Ha IPeOI0TECHUE TPEHUS
2

ST
p o ttlpon Te o
p d 2 T

npo 0

19. Ilotrepu nHa 2 mnoBopora Ha 90° Ha mNOyTH BEPTUKAIbHBIX KaHAJIOB JI0
pekyneparopa:

2
. . . T
P.WC = K : PL)MH = K ' po 2a)6 - chp (H/Mz)’

0

K'=K; +K;

K1 — st meneit (BpIXod U3 BEPTUKATIBHBIX KaHAJIOB)
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K7 — moBopoT (M3MEHEHNE HANPABIICHNUS )

K1 1 K> — u3 Tabnunel

20. CymMMapHbIe TOTEPH HAMOPa OT BEPTUKAIBHBIX KaHAJIOB /10 peKyIeparopa
PHOTZ = Psz + PMC, H/ M2

21. TlpuanrMaeM motepu Temieparypsl 1,5 rpagyca Ha 1 M umnbl Goposa |, Toraa
najgenue temneparypbl coctasut 1,5 |7 K, a Temneparypa Ha Beixoje u3 6oposa (y
mmbepa) pasaa T, — 1,5 | K, a cpennsis Temreparypa JBIMOBBIX I'a30B Ha 3TOM

ydJacTKe paBHa:

T, (T, -15-1")

- > (K).

22. Ilotepu Ha TpeHHE (TIPH TOM e CEUCHHH 00POBa, YTO U J0 PEKyIepaTopa):

o T
=P Iﬂ' _po 0)6 Lo (H/MZ),

npo 0

23. OOmme mnoTepu Hamopa MpU JABMKCHUH MPOJIYKTOB TOpEeHHs OT pabodero

MIPOCTPAHCTBA JI0 MuOepa (CyMMapHOE COMPOTUBIICHHUE)
ZPHOT = Puort + Pror2 + Puors + Ppex, H/m2,

24. Ilnomanes ceuyeHus ycTbsa TPYOb! (MPUHSTH CKOPOCTH JIbIMA B YCTHE Myer PABHOM

3m/c).

Vv
F., =———"—— (M, Toraa
3600 a,,,,,
4 ) chm
muameTp yethsd d =, — M
Vs

25. JIlnuametp ocHOBaHUS TPYObI

docn = 1;5 dycm; M.
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26. /Ins ompeneneHus TEMIEPATyphbl ra3oB B yCTbe TPYyObl OPUEHTHPOBAHO 3a]1aTh

BBICOTY TPYOBI 110 TpUOIMKEHHOU (popMmyJe:

H = 30 dyer

27. IlaneHue temmnepaTypbl B KUpNUYHOU TpyOe npuHsaTh 1,0...1,5 rpagycoB Ha 1 M

BBICOTBI TPYOBL:

AT=1,0...1,5K,

TOr'/la TEMIIepaTypa AbIMA B YCThE TPYOBI:
Tyer = (T, —1,51") — AT, K.

Cpennsist TeMiiepaTypa AbiMa B TpyOe:

Ty(,’”‘l + T()CH
T, = — 5 (K), rme

Toeu = Tp — 1,51 (K) — Temmeparypa B OCHOBaHHHU TPYOBI.

28. ITOTHOCTH TBIMOBBIX Ta30B MIPH CPEIHEH TEMIIEpPaTyphl B TpyOe:

T
o _ 3
Loy =P * TO , KT/M°.

P

29. IInotHOCTH BO3ayxa TIpH T!

31. Cpennee ceuenue TpyObI:

”'d; 2
F = , M°.

@ 4

32. Cpennsisi CKOPOCTb JIBU3KEHHUSI JIbIMa B TpyOe:
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@®,, =————,M/C.
" 3600-F,

33. JleiicTBUTENBHOE pa3psiKeHHe, co3aaBacMoe Tpy0oit, nomkHo ObITh Ha 20 + 40%

0oJIBIIIE IMIOTCPb HAIIOpa IIPpU ABHKCHUU JBIMOBBIX I'a30B, T.C.
— 2
Pﬂef/jc'r - 1 73ZPHOT) H/M

Haxoaum BbicOTY KUpninuHOH TpyObl H 3 ¢popmyisr:

2

p() ‘a)Ocp .Tcp 'H() _p() .a)()zycm . Tycm
2 T, d, 2 T,

P()eﬂcm :H.g'(p;}; _p;)cp)_ﬂ'

rae A — KodDPUIIMEHT TpeHus JUIsl KUPIUYHBIX TPYyO — IpuHATH paBHbIM 0,05.
34. Ilo pe3yabpTaTam pacué€ToB CACIATh BHIBOJI.
35. OTBETUTH Ha KOHTPOJIBHBIE BOIIPOCHI:

a) OT 4ero 3aBUCUT CKOPOCTh ABM)KCHUS THIMOBBIX T'a30B B IEYU?

0) Kak u3mMeHHUTCs cpeaHsisi CKOPOCTh JBUKEHUS JIbIMA B TpyO€ MPHU YBEIMUYCHUU

CPEIHETO CeUCHHS TPYOhI?

B) Kak Biusier koo PUITMEHT, YIUTHIBAIONTUI TPEHHE JIbIMA O CTEHKH, Ha CPETHIOI0

TEMIIEpaTypy B BEPTUKAILHOM KaHaie 6opoBa?
36. OpopMuUTh 1 cIaTh OTYET MPETIOAaBATENIO.
Cnucoxk nurepaTypsl

1. KoncrantunoB, M. JI. OCHOBBI TEXHOJOTUYECKUX MPOIECCOB 0OpPabOTKH
METAJIJIOB JIaBJIeHUEM [DneKTpoHHbIN pecypc] : yueonuk/ 1. JI. Koncrantunos, C. b.
CunenpaukoB. - M.: MH®PA-M, 2021. - 488 c¢. - (Bwicmiee oOpa3zoBaHHE:
bakanaBpuat). — PexxuMm goctyma: www.znanium.com

2. KymunoB, HN.B. Teopernueckne OCHOBBI TeIUOTeXHUKU. Yacte 1.

Tepmonunamuka [InexTpoHHbBIN pecypc] : yuedHoe nocobue / U.B. Kynunos, E.B.
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Credantok. — OnexkTpoH. naH. — Camapa : ACU Caml'TV, 2022. — 172 c. —
Pexxum noctyna: https://e.lanbook.com/book/73897.
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Ilpunoscenue 1

MunucTepcTBO 00pa3oBaHus ¥ HAyKu YenssOMHCKOW 00acTH
['ocynmapcTBeHHOE O KETHOE TTPO(EecCHOHATEHOE 00pa30BaATEIBHOE YUPEIKICHHE
«HOxkHO-Y pajabCKHil rOCyIapCTBEHHbIH TEXHUYECKUIN KOJLJIEIH))

OTYET

I10 BBIITOJIHCHHIO ITPAKTHUYCCKUX pa60T
10 JUCHUIIIINHE «Termmorexuuka

BBIITOJIHNUII

rpymnma

IPOBEPUIT

Yensabuuck, 2022



[Ipumep pacuera ropeHus TOIIUBA

IMoctynuao:

L 160 w3,
B TOM 4ucjae B KrIi

CO, == CO, M- 44
CO = CO M?-28
Hy == Hy M3-2
CH, = CH, w®. 16

CoHy == CoMy v®.28 ut 7. 1.
BO3YXA, Kt

0= n Y08 u*.32
Ny = nZ}N2 M. 28

Ilpunoscenue 2

[Monyweno nponyxros ropenus, Kr:
COy= Z CO, M2-44
H;0= Y H,0 »* 18
SO, = 2 S50, m3-64
Oy == (n —1) }]08 w* 32

Ny = (N’ + 2 }INB). 28

Z,”pux = L. KT
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Ilpunoscenue 3
Tpebosanusn Kk cooepircanuro u ogpopmienuio omuema

. Otuer no/uKeH OBITH 0opopMIleH Ha Jncte popmata A4, mpudt Times New
Roman, kernsb 14, MmexcTpounslii unTepBan 1,5.

. CTpykTypa oT4eTa I0JDKHA COACPKATH:

- Temy mpakTudeckoi paboTHI (Ha3BaHUE).

- llens mpakTryeckoi pabOTHI.

- XoJ1 paboTHI.

- BeiBoa.

- OTBETHI HAa KOHTPOJILHBIC BOMPOCHI.
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