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BBICIIET0 00pa30BaHUs
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PABOYASA ITPOI'PAMMA JIUCHUIIJIMHBI

TEINNVIO®U3UKA NTPOHECCOB OBPABOTKHN B MAIIMHOCTPOEHUU

(Haumenosanue OUCYUNIUHbL)

I10 HAITPaBJICHUIO ITOATOTOBKHU

15.04.05 KOHCTPYKTOPCKO-TEXHOJIOI MUECKOE OBECITEYHEHUE
MAIINHOCTPOUTEJIbBHBIX ITPONU3BOJCTB

HaIpaBICHHOCTH (PO HIIb)

[MNPPOBLIE ITPOUECCBHI U CUCTEMbBI ABTOMATHU3MPOBAHHOI'O
MAIIMHOCTPOEHNA

®dopma o0ydeHus:: o4yHas
I'on Habopa: 2021
O6mras Tpynoemkocts: 8 3ET

Pacnpeneﬂeﬂue JaCoB JUCIHUILIMHBI IO ceMeCTPpamM

Cemectp 4

dopma KOHTPOJISI | IK3aMeH Hroro
Bun 3ansiTuit
Jlexumn 12 12
JlaGopaTopHble
[TpakTnyeckue 48 48
PykoBOJICTBO: KypcoBblie paboThI (mpoektsi) / PI'P
IIpomexxyTouHas arrecramus 0,35 0,35
KoHnrakTHas paboTa 60,35 60,35
CamocrosTenbHas paboTta 156 156
KoHTpoan 35,65 35,65
Hroro 252 252
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HAIPABIICHUS TTOITOTOBKU
15.04.05 KOHCTPYKTOPCKO-TEXHOJOTHUECKOE 00eCIIeYeHNE MAIMHOCTPOUTEILHBIX IIPOU3BOJICTB

Cpok neiicTBUA padoyeii MporpaMMbl AUCHUILIMHBI 10 « 30 » uionsa 2023 r.

YTBEPXIEHO

Ha 3acenanuu kadenps
«O060opyaoBaHUE U TEXHOJIOIMH MAIIMHOCTPOUTEIBHOTO POU3BOACTBAY

(mpotokon 3acemanus N 1 ot «31 » asrycra 2020r.).



1. Ilean ocBOEHUN TUCIUILIHHDI

Ienn

OCBOCHHUA JUCHUIIJIMHBI —

MOATOTOBKA OyayIiero Marucrpa,

BJIaACHOIICTO

COBOKYITHOCTBIO METOIOB, CPEJICTB, CIIOCOOOB M MPHEMOB HAyKHM M TEXHUKU, HANpPaBIECHHBIX Ha
CO3/IaHME M TPOHM3BOJCTBO KOHKYPEHTOCHOCOOHOW MAIIMHOCTPOUTENIBHOW MPOAYKIMU 32 CUET
3¢ (HeKTUBHOTO KOHCTPYKTOPCKO-TEXHOJIOTHUECKOTO 00ECIeUeHUSI.

2. Mecto nucuuminnsel B ctpykrype OIIOITI BO

JucuurmiuHel, yaeOHbIe KYpChl, HA OCBOGHUHU KOTOPBIX 0a3upyeTcsl JaHHAs ITUCHUTUIMHA —
BBICIIIAs MaTeMaTHKa, (PU3nKa, TEXHOIOTHUS (PU3UKO-TEXHHYECKOW 00pabOTKH MaTeprasoB.

Jucuuniauuel, ydyeOHbIEe KYypChl, JUIsi KOTOPBIX HEOOXOJMMBI 3HAHUS, YMEHUS, HAaBBIKH,
npuoOpeTaeMbie B pe3yJjbTaTe H3y4YeHUs JaHHOW JWCIMIUIMHBI — IOJATOTOBKA MaruCTePCKOM

JICCEPTALIUH.

3. Iliianupyemblie pe3yJibTaThl 00y4eHUs1

HNuagukaropsl
®opmupyeMbie U
KOHTPOJINpYeMble AOCTILREHMT IInanupyemble
KOMIeTeH Ui
KOMIEeTeHI[HH pe3yJabTaThl 00y4eHust
(Kol 1 HAMEHOBAHUE) (xon
HAaWMCHOBAHHE)
IIK - 1 CnocobeH | [1K-1.1. 3HaTh: MaTeMaTUYECKUE METOJIbI pelie-
CaMOCTOSITENIFHO ~ TIPOBOJNTH, a | DopMmynupyeT HUS TETUIO(DU3HUECKUX 3ajad;
TaKXKE€  PYKOBOOUTH  TPYIIOH | eI W 33734yl | TEOPETHUYCCKHE OCHOBBI pacuera
UCTIOJTHUTENICH  MPU  HAYYHO- | MPOBOJUMBIX TEIUIOBBIX TIOTOKOB U TEMIICPATypPHBIX
HCCIIEIOBATENIbCKUX W  OMNBITHO- | UCCIEIOBAaHUN U | MOoJied B~ KOMIIOHEHTax  Mpoliecca
KOHCTPYKTOPCKHX pa3pabdoTKax pa3paboTok pe3aHus
IK-1.2. yTH MOBBILICHUS pa3MepHoOi
OcymecTBisier CTOMKOCTH HWHCTPYMECHTAIBHBIX Haa-
cobop, 00paboTKy, | AOK, crocoObl Moaudpukanuu padbodnx
aHaIIN3 U | IOBEPXHOCTEH MHCTPYMEHTa C IEINbIO
00o001IeHNe JTOCTIKEHUS 11eNIeCO00pa3HoOro pacrpe-
NepeI0BOro JIEJICHUS TEIUIOTHI B 9THX KOMIOHEHTaX
OTEYECTBEHHOIO M | YMeTh: BBIOpaTh  MaTeMaTHYECKYIO
MEXKIYHAPOJAHOIO | MOJENb,  aAeKBAaTHYIO  KOHKPETHOMH
OTTBITa B | Teriousnueckoi 3agaue
COOTBETCTBYIOILIEH | BBIIIOJIHHUTD pacyeTsl TETIOBBIX
obmacTu MOTOKOB M TEMIIEPaTypHbIX TMOJIeH B
HCCIIeTIOBaHUI KOMIIOHEHTaX  TIpolecca  pe3aHus,
IK-1.3. paccuuMTarh  IapaMeTpbl  PEXYIIETrO
Odopmnser WHCTPYMEHTa W  PEXHM  pe3aHus,
pe3yIbTATHI o0ecrieunBaroIye 1esnecoodpazHoe
Hay4HO- pacmpejieieHue  TEIUIOTBI B ITHX
HCCIIEIOBATENLCKUX | KOMIIOHEHTAX
u OIIBITHO- | pa3pabaThIBaTh TEXHOJIOTHYECKHE
KOHCTPYKTOPCKHMX | IPOLIECChl  OOpabOTKHM ¢  JOIOJIHU-
pabot TETbHBIM JIOKQJTbHBIM HarpeBoOM
obOpabaTbIiBaeMOT0 Marepuana,
o0ecrnieynBaronye MTOBBIIICHNE




dDopmupyeMbIe H

HNuaukaropsl

AOCTUKEHUS
KOHTPOJIHpYeMble . [lnanupyembie
KOMIeTeH Ui
KOMIETEeHI[UH (xox 1 pe3yJbTaThl 00yYeHHu st
(Ko 1 HAUMEHOBAHUE)
HaWMCHOBAHHE)

pa3sMepHO CTOMKOCTH
MHCTPYMEHTAJIbHBIX HaNaJOK U JIOCTH-
KEHHE I1eJIeCO00pa3HOro pacrpeene-
HUS TETUIOTHI B HUX

Bianers: HaBbIKAMU peuieHus
TEIUIO(PU3NYECKUX 3374 COBPEMEHHOIO
MaIIMHOCTPOEHUS

HaBBbIKAMHU pacuera apaMeTpoB
PEXKYIIET0 HMHCTPYMEHTa M pPEKUMa
pe3aHus, oOecleyrBarOIUX LEJIeco-
o0Opa3Hoe pacnpeneicHue TEeIUIOTHl B
KOMITIOHEHTax Ipolecca pe3aHus
HaBBIKAMU Pa3pa0OTKU ICKU3HBIX U
pabouunx IIPOEKTOB PEXYILLIEro
MHCTPYMEHTa U COIYTCTBYIOIIEH UM
KOHCTPYKTOPCKOM M TEXHOJIOTHYECKOH
JIOKYMEHTalluu




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

®DopMbI TEKYLIETO

=9 = —
Bun . S - o)
. HaumeHoBaHUe TeM 3aHATHIH 2 = = KOHTPOJIA
Mopyas (pa3aen) yueOHOI . = @ = | MHTepaKkTus, 4.
AGOTLL (yueoHoli padoThI) 5 S 3 (HauMeHOBaHUe
P o =) OI[€HOYHOI0 CPeACTBA)
Paznen 1. OcHoBHBIE Tema 1.1. TemneparypHoe 1moJje B TBEpAOM N
A Jlex patyp P 4 2 — — VYcTHBIN onpoc
MOJIOKEHUS YUEHUS O tene. ['paguieHT Temneparypsl
TETJIOMPOBOIHOCTH [TpakTuaeckas padora 1. I'paauent
P IIp P p pail 4 4 — — Otuer o I1P 1
TEMIIEPATYPhI
[TpakTiaeckas padota 2. TermoBas
IIp p p 4 4 — — Otuer no [1P 2
MOIIIHOCTb
Tema 1.1. TemneparypHoe 1ose B TBEPAOM
Cp patyp P 4 26 — — DKk3aMeH
tene. ['pagueHT remneparypsl
Tewma 1.2. 3akon ®ypwe. Tepmuueckoe o
Jlex P P 4 2 — — YcTHBIN onpoc
cornpotuBieHue. TernoBkle nenu
[TpakTudeckas pabota 3. 3akoH Dypbe s
Ip PaKTi P ypre 4 4 — — Ortuer o 1P 3
TJIOCKOW CTEHKHU
Ip ITpakTuyeckas pabora 4. TennoBsle 1eNH. 4 4 — — Ortuer no 1P 4
Tema 1.1. TemneparypHoe nosie B TBEpIOM
Cp patyp P 4 26 — — DK3aMeH
tene. [ paguieHT Temneparypsl
Paznen 2. luddepenmu- Tewma 2.1. YcnoBust 0fTHO3HAYHOCTH MPU
allbHOE YpaBHEHHE TEII0- Jlex  |pemenun nuddepeHuanIbHOTO YpaBHEHUS 4 2 — — YcTHBIN onpoc
MIPOBOHOCTH M METOJIbI TETIOMPOBOHOCTH
€ro perieHus [TpakTrueckas pabota 5. OgHOMEpHBIE
P IIp p P g p 4 4 — — Ortuer o IIP 5
WCTOYHUKH TETUIOTHI
[TpakTuaeckas pabota 6. [Lnockue
Ip p P 4 4 — — Ortuer o IIP 6
WCTOYHUKH TETUIOTHI
Tema 2.1. YcnoBust 01HO3HAYHOCTH NIPU
Cp pemennu audhepeHInaIbHOTO YPaBHEHHS 4 26 — — DK3aMeH
TETIONPOBOJHOCTH
Tema 2.2. CxemaTtusanus KOMIOHEHTOB
Jlek  |TexHonormueckux cucreM. KogupoBanue 4 2 — — YcTHBIN ompoc

TEIUIOBLIX 3a1a4.




Bu = o) = ®DopMBI TeKyIIEro
! . HaumeHoBaHue TeM 3aHATHI 3 = = KOHTPOJIA
Mopyas (pa3aen) yueOHOI . = 2 = | UHTepakTHB, 4.
(yueoHoli paGoThI) 5 S < (HauMeHOBaHHUe
padoThI &) S =
OLICHOYHOI'0 CPeJCTBA)
[TpakTuaeckas pabora 7. HopmanbsHo-
IIp P p p 4 4 — Otuer mo 1P 7
pacnpe/iesieHHble HCTOYHUKH TEIIOTHI
[TpakTudeckas pabora 8. KomupoBanue
IIp P p AHp 4 4 — — Otuet o 1P 8
TEIUIOBBIX 3a/1a4
Tema 2.2. CxemaTu3zamusi KOMIIOHEHTOB
Cp TexHoJoruueckux cuctem. Koguposanue 4 26 — — DKk3aMeH
TETUIOBBIX 3a/1a4.
Paznen 3. Metoabl onuca- Tewma 3.1. Knaccuyeckuii meton (MeTO, N
8 A Jlex A( a 4 2 — — VYcTHBIN onpoc
HUS TIPOIIECCOB TETIONPO- MPSIMOTO UHTETPUPOBAHMUS )
BOJHOCTH B CHCTEMax [TpakTuueckas pabota 9. Meroa npsiMoro
A IIp p P A TP 4 4 — — Otuer o ITP 9
TBEPJbIX TEJ WHTETPUPOBAHUS
[Tpaktruueckas padora 10. Kpurepun
IIp p P pHTEp 4 4 — — Ortuer no I1P 10
[Texne u @ypbe
Tewma 3.1. Knaccuueckuii metos (MeTO,
Cp A a 4 26 — — DK3aMeH
MIPSIMOTO UHTETPUPOBAHNSA)
Tewma 3.2. MeTo UCTOUHUKOB TEIUIOTHI.
Jlex  |IIpyHIMI KOHCTPYUPOBAHUS PEIICHMUS. 4 2 - - VYceTHBIT onpoc
[IpuHnun orpakeHust
[IpakTuueckas pabora 11. Mer
Mp paTitieckas pado erol 4 4 | - - Oruer o TTP 11
HMCTOYHUKOB TETUIOTHI
[IpakTuueckas padora 12. UnxxenepHas
Ip P © pado eHep 4 4 — — Otuer no 1P 12
METOJMKA pacyeTa TeMIIepaTyp
Tewma 3.2. MeTo UCTOUHUKOB TEIIOTHI.
Cp [IpyHIMI KOHCTPYHUPOBAHUS PELLICHUSI. 4 26 — - DK3aMeH
[TpuHIMI OTpaKeHUs
ITA 0,35
Kontpounb 35,65
Hroro: 252 —




5. O6pa3oBaTesibHbIE TEXHOJIOTHH

Hns 5pPeKTHBHOTO HM3Y4eHUs NUCLUILTMHBI M PeaTn3aldyd KOMIIETEHTHOCTHOTO MOJXO0/a
IpeycMOTpeHa TPaAullMOHHas ¢GopMa oOyueHHs (JIEKIUH, MPAKTHYECKUE 3aHATHS U CaMOCTO-
AaTeabHas padboTa).

6. MeToauuyecKue YKa3aHUusA 110 OCBOCHUIO TUCIHTUIIJINHBI

1. Pe3uukoB A.H. TemsoBbie MNpoIecchl B TEXHOJOTUYECKUX CHUCTEMax [DJIEKTPOHHBIN
pecypce] : yueOnuk / A.H. Pesnukos, JI.A. PesnukoB. — U3x. 2-e, ucnp. — Cankr-IlerepOypr : Jlans,
2016. 292 c. : wir. — ISBN 978-5-8114-2272-2.

2. Comonenko B.I'. Pezanne MeTamioB u pexyniue MHCTPYMEHTHI [ DJIEKTPOHHBIA pecypc] :
yueb. mocobue / B.I'. Cononenko, A.A. Peoxkun. — MockBa : UHOPA-M, 2016. — 416 c. : ni. —
ISBN 978-5-16-004719-5.



7. OueHOYHBIE CPEACTBA

7.1. IlacnopT OLIEHOYHBIX CPEACTB

Cemectp Koxa koHTpO/IMpyemMoii KOMIIeTEeHIIUN HaumenoBanue
(11 ee yacTu) OLIECHOYHOI'0 CPe/ICTBA
4 K — 1 Otyer mo mpakTuyeckon padore 1-12
Bomnpocs! k 5k3ameny Ne 1-20

7.2. TunoBble 3aJaHUSA WJIN MHbIE MATEPHAJIbI, HEO0OXOAUMBbIE JJIfl TEKYIEero KOHTPOJIst
7.2.1. lIpakTHYecKHe PadoThI

TunoBble npuMepsbI 3aJaHUI

IIpakTuyeckas padora 1. I'paaueHT Temneparypbl

Ban paguycom R = 30 mm u3 xpomonukeneBoii cranu 12X18HIT Bparaercs B mOAIMIUTHU-
K€ CKOJbXeHHs. Pacnpesnenenue temmneparyp Mo pajanycy Bajia B HEKOTOPBIH MOMEHT BPEMEHU T
OTIMCBIBACTCS BBIPAKEHUEM

0(r) =0, exp| — mr(l—%j ,

a yBelIMUeHHUe MaMeTpa Bajla U3-3a TEMIIEPATYPHOTO PACIIUPEHHs BHIPAKEHUEM
R
A= Z(X*IG(I‘)dr , MM.
0

3neck Os — TemmepaTypa Ha TMOBEPXHOCTHM Bajla B MOMEHT BpEeMEHH T; I — TEKyIIUH paguyc;
m = 0,05 ¢! — pasmepHsIit K03 dunuenT; o — K03PPUIHEHT TMHEHHOTO PaCIIUPEHUs MaTepHaIa.
Paccuuraiite rpagueHT TeMIlepaTypsl 0 paJnycCy Bajla B TOYKE, PABHO YAAJICHHOW OT OCH
Bajia U OT €ro HapyKHOU MOBEPXHOCTH, €CIIM B MOMEHT BpeMeHH T = 60 ¢ HapyXHasi TOBEPXHOCTh
okazanach Harpetoit 10 100°C.
Paccuuraiite, HACKOJIEKO U3MEHHUTCS PAJIHATBLHBINA 3a30p MEXITY BaJOM U MOIIMIUITHUKOM H3-
3a Harpesa Bajia rpu o = 1,4.107° 1/°C.

40

J IIpakTnyeckas padora 2. TensioBast MOIIIHOCTH

Ha BHyTpunumd@oBansHOM CTaHKE MPOU3BOAUTCS

BpE3HOC NMUTH(OBAHUE OTBEPCTUS TUaMeTpoM 50 MM BO BTYIIKE

( u3 ctaym [IX15 (A = 34 B1/m-°C). Oxnakaaromias >KuJIKOCTh B
B npolecce NUI(OBaHUs He TPUMEHSETCS.

W3mepenuss mokaszanu, 4YTO TMpU YCTAaHOBHUBIIEMCS
TEINIOOOMEHE TeMIepaTypbl Ha Hapy)XHOW M BHYTpEHHEH
MOBEPXHOCTSX BTYJIKH COCTAaBISIOT, B cpeaHeM, 0y=40°C u
0: = 128°C cOOTBETCTBEHHO.

BN DddexTuBHAS MOILTHOCTD, MOJABEACHHAS K NUIH(OBATH-
\Qj HOMY Kpyry, coctaBisier W = 2.5 kBr.

PaccuuTaiite TerioBol MOTOK (| B Marepuan 3arOTOBKM Ha HUTM(YEeMOW MOBEPXHOCTH U
onpezaenute, kakas yactb Wi 3QQpeKTHBHOI MOIIHOCTH pacxXxoayeTcsi Ha HarpeBaHHE BTYJIKU B
nporecce nuMpoBaHus. TemynoBod MOTOK MPUMUTE PABHOMEPHO paclpeieieHHbIM IO Bcei
BHYTPEHHEH MMOBEPXHOCTH BTYJIKH.




IIpakTHyeckas padora 3. 3akoH Pypbe /1A MVI0CKOI CTEeHKH

Jis 00paboTKK OTBEPCTUH B 3aKaJlleHHBIX
— i —— -—}- 3aroToBKax IPUMEHSIOT CBepja ¢ paboyell 4acThbio
maHor lp =30 mm u3 tBepmoro cruiaBa T14K8
(A= 34 Br/M-°C) U XBOCTOBHKOM H3 cTanu 45
L (A2 = 40 Br/m-°C).

[To ycnoBusM mpou3BoJCTBa TpeOyercs 3aMeHuTh TBepablit crutaB T14K8 crutaom T15K6
(A3 =27 Bt/m-°C).

Kak cnemyer m3menuth jauHbl |1 u l2, 4TOOBI mpu TOW ke OOLIEH JJIMHE CBepia ero
9KBUBAJIEHTHBIA KO3()(PULMEHT TEIIONPOBOAHOCTH HE U3MEHMIICA?

Onpenenure TEPMUUECKOE CONPOTHBIEHHUE OTAEIBHBIX YacTel HOBOI'O CBepia M BCErO
MHCTPYMEHTA B LIEJOM, ecjlM IUIOaib €ro IorepedHoro cedenus F =25 mm2 M3smenenuem
CEUeHHsI Y XBOCTOBHKA MO>KHO NPEHEOPEYUb.

0,

. IIpakTnyeckas padora 4. TenjioBble nenu

(" UYepes nopoxky kaueHus D90 HapyKHOTO KoJjblia
3 2 3 POJIMKOBOTO MOJIIMITHUKA MEePeAaeTCs TEIUIOBON MOTOK
q=7600 Br/™M? B pe3ympTaTe 4ero 3Ta MOBEPXHOCTH
’%’*'** W HarpeBaeTcs 10 TemrnepaTtypsl 01 = 45°C.

Kombrio wm3roroBneno u3 cramm IIX15 (A3 =
= 33 B1/m-°C), crakan 2 — u3 ctamu 40 (A2 = 34 B1/m-°C),
a crynuna 1 — u3 uyryna (A1 = 40 Bt/m-°C).

Paccunraiite = SKBUBaJEHTHBIH KO3 HUIMEHT
TEIUIONPOBOIHOCTH y3J1a, COCTOSAIIETO M3 JAeTaneit 3, 2 u
1, a Takxe Temnepatypy 02 Hapy>KHON OBEPXHOCTH CTYHHIIbI IPU YCTAHOBUBILIEMCS TEIIIOOOMEHE.
Temnootnaueli OT MOAIIUITHUKOBOTO y3J1a B OKPYKAIOIIYIO Cpely TpeHeOperuTe.

0140

0115
090
©100

0,

IIpakTyeckas padora S. OnHOMEpPHBIC HCTOYHUKH TEIIOTHI

[Tpu u3rotoBieHnn oTBepcTHs AuameTpoM 20 MM K CBep-
ny, Bpamarmemycs ¢ yactoto 300 o6/MUH, TPUITOKEH MOMEHT
66 H.m.

B mepBoM mpuOIIMIKEHNH MOXKHO MPHUHATH, YTO TEIIOTa
pe3aHusl BBIAENSETCS HEMOCPEICTBEHHO Ha PEXYIIUX KPOMKax
WHCTPYMEHTA.

PaccmarpuBaroTcs Tpu BapuaHTa paclpeesieHHsl IIOTHO-
CTH TerioBbIIeeHUs (|(Xy) BIOJIb PEKYIIEH KPOMKH TIPH YCTAHO-
BUBLIEMCS TEIJIO0O0OMEHE:

1) IUIOTHOCTh HE 3aBHCUT OT KOOPIUHATHI Xy, T.C. pacipe-
JIeJIeHa PAaBHOMEPHO Ha KaXKJI0M 13 KPOMOK CBEpIIa;

2) 3nauenus (Xy) MPOMOPIIMOHATBHBI CKOPOCTH PE3aHus B
KaXJI0i TOUKE KPOMKH;

3) 3HaueHus ((Xu) pacmpeacsieHbl MO SKCIIOHEHI[HATLHOMY
3aKOHY C MAKCIMYMOM Ha Hapy»XHOM JHaMeTpe CBepa.

Bce BapuaHThI pacnpeneneHuii oKa3aHbl HA PUCYHKE.

PaccunraiiTe TUIOTHOCTH TEIUTOBBIICICHUS HA HAPY>KHOM JIMAMETpe CBEpJia B KaXKIOM U3
Tpex BapuaHTOB pacnpeneicHus. (IIpu HSKCIOHEHIMATBPHOM 3aKOHE pPACHpeleNieHHs] MOXHO
MPUHSTH, YTO TUIOTHOCTH TETUTOBBIJEICHUS HA OCH CBEPIIAa COCTABISIET 5% OT MaKCHUMAIIBbHOIA.)




IIpakTyeckas padora 6. [lnockue HCTOYHMKH TENJIOThI

[Tpu U3roTOBIEHUHU OTBEPCTUI B OETOHE MPUMEHSIOT AJIMa3-
HbIE CBEpJia, MPEACTABIAIOIINE COO0M METaIITMYEeCcKyt0 TpyOoKy 1, k
n TOPILY KOTOPO MPHUIAsHO ajaMa3ocoaepxaniee Koiabio 2. OCHOBHOE
—IN— T JN[r.. TCIOBbLICICHHE [IPH CBEPIICHNN IIPOUCXOIUT Ha TOPLE A.
, . SR o AnMazocojepikaiee KoJiblio cocTouT u3 31% KpucramioB
S |\ | R |- © mnpupomnoro anmaza (A1 = 600 Br/m-°C), 19% 3epen TBepmoro
L % cmmaa BK8 (A2 = 54 Br/mM-°C), 48% MenHO-HUKENEBOH CBA3KH
RE v, ‘ \ Lo ,’ - . (A3=25 Br/m-°C) u 2% Bo3aymnbix nop (A4 = 0,03 Br/m-°C).

: PaccuuraiiTe MIOTHOCTH TEIUIOBBIIEICHUS Ha TOpLE A, eciu
cBepiio Bpamaercs ¢ yactoroir 1200 06/MuH, a MOMEHT CBEpJICHHS
« b vt pasen 4,7 Hom

T e 3 Ormnpenenure Temrneparypy B MeCTe NpUMAKd aJiMa3zoHOC-
HOTO KOJIbIIa K TPYOKe, €ClId B IpoLiecce pe3aHus Topel 4 HarpeBa-
ercs o temmeparypbl 0a = 600°C. B cBS3M ¢ HU3KOW TEIUIOMPOBOJIHOCTHIO 00pabaThIBAEMOTO
MaTepuaia MOXXHO IPUHATD, YTO BCS TEIIOTA CBEPJICHUS [TOCTYAEeT B UHCTPYMEHT.

IIpakTnyeckas pa6ora 7. HopmaabHo-pacnpeejieHHbIe HCTOYHUKH TENJIOThI

B mpouecce pesaHus cymiecTByeT JiBa HE3aBHCHUMBIX
2 HMCTOYHUKA TEIUIOBBIACIECHNUS OT TPEHUS: MEXAY IepeaHen
[IOBEPXHOCTBIO MHCTpPYMEHTa 1 U CTPYKKOH 2, a Takke MEeXAy
0y 3aJJHeH MOBEPXHOCTHIO MHCTPYMEHTA U 3aTOTOBKOH 3.
[To wmwmpune cpe3a b (pasmep mepHEHANKYISIPHBINA
X IUIOCKOCTH PHUCYHKA) IUIOTHOCTh TEIUIOBBIJECIECHUS paclpese-
JIeHa PaBHOMEPHO, BJIOJb HEepeAHEN KOHTAKTHOM IIOLIaJIKU
b xli mo HecHMMETpUYHOMY HOPMAaJIbHOMY 3aKOHY, a BIIOJIb
3a/IHel KOHTAKTHOH miomaaku b X |2 mo nuHeiiHOMy 3akoHY
(cM. puCYHOK).
1 PaccunraiiTe MIOTHOCTH (o1 U (o2 TEMJIOBBIX IOTOKOB y
pexXyIIel KpOMKH HHCTPYMEHTA P YCIOBUHU, YTO CHJIbI TPEHUS
Ha ero nepefaHel M 3aJHed MOBEPXHOCTAX paBHbI cooTBeTcTBeHHO F1 = 1390 H u F2 = 55 H,
JUTMHBI KOHTAKTHBIX Momaaok l1 = 1,3 mm u Il = 0,1 mwm, mupuna cpesza b = 4 MM, CKOpoCTh
pe3anus v = 60 M/MHH, a CKOPOCTb CX0J1a CTPYKKH U1 = 33 M/MHUH.

z

IIpakTnyeckas padora 8. KogupoBanue TenioBbIX 3a1a4

[Tpu Bpe3HOM OecHeHTPOBOM HUIM(OBAHUU 3arOTOBKH
u3 cramu XT'H (o =0,07-10* m?%/c) u3 mommoctt W = 5 kBt
YCTQHOBJICHHOTO Ha HUTU(OBAJIBHOM CTAHKE DJIEKTPOBHUraTENs
11,8% Tepsiercss u3-3a TpeHHUS B MEXaHM3Max CTaHKa, a elle
1,5% pacxonyercsi Ha IPEOI0JIEHUE TPEHUS MEXKIY 3arOTOBKOU
2 ¥ OTIOPHBIM HOXOM 3.

OxpyxHas CKOPOCTh BpallleHUs 3aroTOBKH
v1 =24 v/muH. CHna TpeHHS MEXIy 3aroTOBKOH W BEIyIIHM
kpyrom 1 paBna 215 H.

Mupuna numdyemMoil MOBEPXHOCTH (pa3Mep NEPIEHIUKYISIPHBIA IUIOCKOCTH PHCYHKA)
b = 80 MM. Bce MCTOYHHMKH TETIOBBIZCTCHUS paclipeeIeHbI BAOJIb IUPUHBI D paBHOMEPHO.

JUIMHBI KOHTAKTHBIX IUIOIIAJOK MEXAY 3arOTOBKON M BEAYLIMM KPYTOM, a TaKXkKe MEeXIy
3aroToBKOM u HOXOM |1 =13 — 0. J[nMHA KOHTaKTa MEXIy PEXYIIMM KpyroM 4 W 3aroTOBKOM




l4=2 MM, mpuyeM TEIUIOBBIICICHHE HA ITOH JUIMHE paCIpelesieHO IO JHMHEHHOMY 3aKOHY C
MaKCUMYMOM (o4 .

BeinonauTe KOOAMpPOBaHUE TEIJIOBOM 3a1a4yy [l 3arOTOBKH IIPU YCTAaHOBUBIIIEMCS PEXUME,
€ClIM OXJIaXKJAIoUlas JKUAKOCTh B Ipolecce nuiMdoBaHus He mpuMeHsierca. Paccuutaiite
IJIOTHOCTH TEIUIOBBIAEIECHUS (o1, o3 ¥ (o4 HA KOHTAKTHBIX IIOBEPXHOCTSIX.

IIpakTnyeckas padora 9. MeToa nNpsAMOro MHTErpUPOBAHUS

[Ipu miockoM nUIM(OBAHUM 3arOTOBKH M3 TBEPAOTO
crraBa BK8 (o = 0,246-107% M%/c) amMasHBIM KPYroM TJaBHAs
cocTaBistolas cuiel pezanus P; = 62 H, okpyxHas CKOpOCTh

x« Kpyraov =25 m/c, a CKOPOCTb IIOJIa4l 3aTOTOBKH U1 = | M/MUH.

Terora, BO3HUKAIOWMIAsE HAa KPUBOJIMHEHHOW IUIOMIAJKE
KOHTAaKTa Kpyra ¢ 3aroToBKOH (Ha pPHCYHKE 3Ta IUIOMIAJIKA
3alITPUXOBAHA), pacupe/esieHa o BCeH MIIONaIKe paBHOMEPHO,
npudeM 17% TEIIOTHl TOCTYHAeT B KPYyr, a OCTalbHas — B
3arOTOBKY.

AJMa3HBIH KpYT, 9KBUBAJICHTHAs o0beMHast
TEMI0EMKOCTh KOTOPOTo (Cp)sis = 5,9-10° JIx/M-°C, B pabouem
cinoe conepkut 25% anMasubix 3epeH (A1 = 520 Bt/m:°C), 25%
3epeH kapouaa 6opa (A2 = 16 B1/m:-°C), 48% OakenutoBoii cBsa3ku (A3 = 0,2 Bt/M-°C) u 2%
BO3AyIHBIX TI0p (A4 = 0,03 B1/mM°C).

B cBsizu ¢ TeM, 4TO AMAaMETp Kpyra 3HAYMTEIbHO OOJIbIIE, YeM IUPHHA AIMAa30HOCHOTO
CJIOSs, KPYT MOKHO TPEACTAaBUTh B BUJE IUIACTHHBI TOJIIMHOW 8 MM (Kak IMOKa3aHO Ha PHCYHKE
IyHKTHPOM), a TLIOMAKY KOHTAKTa — B BHIE IPAMOYTONbHIKA 8% 12 MM?,

HanwmuTe koAbl TETIOBOM 3a/1a4d 0 OTHOIICHUIO K KPYT'y M TIO OTHOIICHHIO K 3arOTOBKE
NPU YCTAaHOBUBIIIEMCSI TEILIOOOMEHE, €CIIM OXJIAXKIAIOIIask KHUIKOCTh B Tpoliecce NuM(oBaHHUs HE
npuMeHsiercs. PaccunraiiTe TEIIOBbIE IIOTOKH B KPYT U B 3aTOTOBKY.

IIpakTuyeckas padora 10. Kpurepum Ilexie n @ypne

2

[Ipu wHarpeBanmm mmcra 1 TazoBoit rTopenkod 2 mmmpuHOM H =50MM HCTOYHHK
TEIUIOBBIICTICHUS] paclpesieNieH M0 CUMMETPUYHOMY HOPMAJIbHOMY 3aKOHY € KO3(QQPUIHEHTOM
cocpeoToueHHOCTH Ko = 7500 M2,

I'openka nmepemernaercst co ckopocThio v = 0,6 M/MuH. 3a Bpemsi, [OKa ropeika Mpouuia
paccrosinue L = 120 mm, ona Beyaenuna 3500 JIx termnorsl, npuueM 90% 3TOM TEmaoTHl yIIjIo Ha
HarpeBaHue JIMCTA, a OCTaJIbHAsl — Ha JIyYUCTBIN TEIUIOOOMEH IIIAMEHU C OKPY’KaIOIIeH Cpeaoi.

JIncr m3rotonen u3 cramu 45 (o = 0,08-107* m?/c); 3a mpenenaMyu KOHTAaKTa C TIIAMEHEM
TOPEJNIKH TETJIO0TAaua OT JINCTA B OKPYKAOILYIO Cpey PeHeOpekuMo MaJia.



BrimonmHuTe KOIMpOBAaHWE TEIUIOBOW 3aJaud W OIpPEAeTUTe HauOOJBIIYI0 TUIOTHOCTH (o
TETJIOBOTO MTOTOKA, MOCTYIAIOWIETO B JIUCT.

IIpakTuyeckasi pa6ora 11. MeToa HCTOYHMKOB TEIJIOTHI

Ponuk u3 xoppo3moHHO-cTOMKOM cTanmu 12X18HIT
(L =23 Br/M-°C, o = 0,05-10* M?%/c) TIONUPYIOT 3IaCTHYHON
JIEHTOW, ABHWKYLIEHCA C HEKOTOPOM CKOpPOCThIO 0. Ponuk
Bpamaercss ¢ dactoroir N =40 o6/muH. JlnMHA KOHTaKTa
MEKy POJIMKOM M JICHTOH | =5 mm.

B nmpouecce mnonupoBaHHs B KaXKIYH CEKYHIY
Beiiensgercst Q = 12 kJx TernaoTel. DTa TEIjI0Ta paBHOMEPHO
pacnpezeneHa MO BCed IUIOMIAJKE KOHTaKTa, NPUYEM B
3aroToBKy nepenaercs 0,6Q.

Paccuuraiite CpenHIO TeMIlepaTypy IIOBEPXHOCTH

‘ KOHTaKTa JIGHTBI W pPOJHMKAa TpPU  YCTAaHOBUBIIEMCS
== teriooOMene. TemnooTnaueit ¢ MOBEPXHOCTEW pOJIMKa B

% = OKPYXAIOIIYIO CPely MOXKHO MpeHeOpeyb.

IIpakTnyeckas padora 12. Un:keHepHAasi MeTOMKA pacyeTa TeMmeparyp

- m beroByto  OpO’KKYy BHYTPEHHETO  KOJbI[A  POJMKOBOTO
MOALIUIHUKA 00pabaThIBAlOT J1a3€pOM C  IENbI0  TOBBIIICHUS
A M n  TBEPHOCTH MOBEPXHOCTH. KONBLO M3rOTOBICHO M3 MOAUIMITHAKOBOH
cramu 1IX15 (L = 33 Br/m-°C, = 0,065-10* m?%/c) u Bpamiaercs c
— 1~ 11— | 4wacroroii n =30 06/MuH. Jla3zepHbIii JIyd CO3JaCT Ha TMOBEPXHOCTH
3arOTOBKH MATHO HarpeBa auametpoM d =1 mMm.

- TerioBol MOTOK Ha TOBEPXHOCTH 3aroTOBKH B TIpeaeiax
MSTHA HarpeBa pacrlpesesieH M0 HOPMaIbHO-KPYrOBOMY 3aKOHY (T.€. MOTOK MUMEET OJUH U TOT Ke
3aKOH HOPMAJBHOTO pacIlpe/elicHUsl Ha JI000M auaMerpe TmsaTHa). HamOonblmas IUIOTHOCTH
TeTIoBBIeNeH s (B IEHTpE MATHA Harpesa) (o= 25-107 Br/Mm2.

Omnpenenure, UCHONB3Ysl WHKEHEPHYIO METOAMKY pacuera TemrepaTyp, KaKyl CPEeIHIO
TEMIIEPATypy HWMEET IOBEPXHOCTh KOJIbIIAa HEMOCPEACTBCHHO I10J] TSTHOM HArpeBa, €ciiu
TEIIO0TIa4eil COo BCeX APYTUX MOBEPXHOCTEU KOIbIIa B OKPYXKAIOIIYIO Cpely MOKHO MpeHeOpeub,
a TETUI00OMEH YCTaHOBUIICA.

Kpurtepuu u HOpMbI OLleHKH

dopma
Cemectp TeKylIero Kpurepun u HOpMBI OLICHKH
KOHTPOJIsA
MarucCTpPaHT BJIAJIEET MAaTEPUAIIOM,
«3a4TEHOY MPaBUWJIbHO (OPMYIUPYET OTBETHI HA
4 VYeTHbIT onpoc IIOCTaBJICHHBIE BOIIPOCHI
MarvucCTpaHT HC UMECT MPCACTABICHUA
«HE 3aYTCHO»
0 pacCMOTPEHHBIX BOIIPOCAX
paboTa BBINOJIHEHA TPABUIILHO WU C
«3a4TEHOY
4 HpaKT nyecKas HCITPAaBUMBIMH HCAO0YCTaAMU
pabora paboTa BBINOJIHEHA HENPABUIBHO UITH
«HE 3aYTCHO»
C HCHUCITPABUMBIMH HCJI0YECTaAMU




7.3.0neHOYHbIE CpeacTBa VI NPOMEKYTOYHOH ATTECTAIlMM IO HMTOraM OCBOCHHUS

AUCHHUITINHbI

7.3.1. Bonnpochl K IPOMEKYTOYHOM aTTecTaluu

Cemectp 4
Ne
Bomnpocskl Kk 3k3aMeHy
n/n
1 | Ponb TeIOBBIX SBICHUI B ONITUMHU3AIMU TexHooruueckux cucrem (TC)
2 | Bugs! reruiooomena B TC
3 | ®u3ndecKue XapaKTePUCTUKU NIEPeIavud TEIUIOThI TETUIONPOBOAHOCTHIO
4 | TemnepaTypHoe 1oJie B TBepJIoM Tejie. ['pagueHT remneparypol
5 | 3akon Dyphe U €ro YacTHHIC CIy4Yau JJIs TUIOCKUX M MWIHHIPUYIECKHX CTEHOK
6 | Tepmudeckoe CONMPOTUBIICHUE U €T0 (PU3UUCCKHIA CMBICTT
7 | TennoBsle 1ieny. DKBUBAJICHTHASI TEIJIOMPOBOAHOCTH MHOTOCTIOMHBIX CTEHOK
8 | luddepennmanbHoe ypaBHEHHE TEIIIONPOBOTHOCTH
9 | YcnoBus 0JHO3HAYHOCTH MPH pelieHnu JudhepeHnaibHoro ypaBHeHUs
TEIUIONPOBOAHOCTH
10 | Yetsipe poja rpaHMYHBIX YCIOBHM B TEIUIOBBIX 3a/1a4ax
11 | Knaccudukaius HICTOYHHKOB (CTOKOB) TETUIOTHI 1O (hopMe, CKOPOCTH JBHKEHUS,
qmrtenbHocTu aeiictBus. Kputepuu Ilexne u @ypoe
12 | Cxemaruzanus TEIUIOQU3HUECKUX XaPAKTEPUCTUK TBEPJIBIX TEI
13 | Cxemaru3zamysi reOMeTpUIecKOi (GOPMBI TBEPIBIX TENT
14 | KogupoBaHue TEIUIOBBIX 3a/1a4
15 | MeToibl onTUcaHUS MPOIIECCOB TEILIOMPOBOIHOCTH B CUCTEMAaX TBEPAbIX Ten. Kitaccuaeckwii
METOJI ¥ 00JIaCTh €r0 MPUMEHEHUSI.
16 | MeTox ICTOYHUKOB TEIUIOTHI. [I[pUHIIMTT KOHCTPYUPOBAHUS perieHus. [I[pHHIINTT OTpaKeHUS
17 | YUucnennsie MeTObI penieHus AuddepeHnnaibHoro ypaBHEeHUs TEIIOMPOBOAHOCTH
18 | TermooOMeH mipu pe3anuu MarepuaioB. COCTABISIONINE U UTOTOBBIE TEINIOBBIC TIOTOKH B
KOMIIOHEHTaX MpoIlecca pe3aHus
19 | TennooOpa3zoBaHUE B y37aX U MEXaHU3MaX CTAaHKOB
20 | TIporiecchl pe3aHus ¢ AOMOJHUTEIBHBIM JIOKAJTHHBIM HAarPEBOM MaTepHalia 3arOTOBKH
Kaxxprit ax3aMeHaIMOHHBIN OUJIET COEPIKUT TEOPETHUECKUN BOIIPOC U 3a/1a4y.
7.3.2. Kputepuu 4 HOPMbI OLEHKH
= dopma
§ NIPOBELCHHH Kputepuu u HOpMBI OLIEHKHU
S | IPOMEKYTOUYHOM
S aTTecTAIlNN
COTIHHOY MIPaBWJIBHO pelIeHa 3a/1a4a U JaH MOTHBIN
OTBET Ha BOMPOC OmieTa
pelIeHre 3aa491 U OTBET Ha BOMPOC Ouiiera
4 JK3aMeH (Xoporio» MMEIOT He3HAYUTEIIbHBIC HEJOUCTHI

PCHICHUC 3a1aY1 1 OTBET HA BOIIPOC ouiera

«YOOBJICTBOPUTEIIBHO»
HUMCIOT CYIICCTBCHHBIC HEAOYCTEI

«CHEYAOBJICTBOPUTCIBHO)» | 3aJada ouiera peuICHa HEIMPABUIIBHO




8. YueOHo-MeTOoAMYecKOe U MH(OPMAITMOHHOE O0ecTieYeHHe TUCIIUITHHBI

8.1. O0si3aTesibHAA JIUTEpPATYpa

Tun (yueOHuK, yueOHOe

KoJsinyecTBO B HAay4YHOH

Ne nocooue, yue0Ho- T'on
ABTOpBI, COCTABUTEJIHN 3arsaaBue (3aroJioBoK) oudamnoTeke /
n/n MeToAnYecKoe mocooue, | M3TaHHUA
HaumenoBanue ObC
NPAKTHKYM, AP.)
1 A.H. Pe3nukos, JI.A. Pe3nukoB | TemnoBbie IpoIeCChl B YyeOHuk 2016 ObC «JIaHpy»
TEXHOJIOTUIECKIX CUCTEMAaX
2 B.I'. Cononenko, A.A. PepkkuH | Pe3anue MeTaiioB U pexyiine YuyebHoe mmocodue 2016 9BbC
WHCTPYMEHTBI «ZNANIUM.COM»
8.2. JlonosinuTeIbHAS JIMTEPATypa
Kosaun4vectBo B
Tun (yueOHUK, ydeOHOE .
HAYYHOI
Neo nocoodue, yueOHo-
ABTOpPBI, COCTABUTEHU 3ar;iaBue (3aroJjioBoK) I'oa u3nanus oudamorexe /
n/n MeTOoHYEeCKOoe Mmocodue,
HaumenoBanue
NPaKTHKYM, JP.) 3EC
1 | J.A. Pactopryes [TpoexTupoBaHuE TEXHOJOTUYECKUX YyebHO-MeTOANYECKOe 2018 Penozuropuii
oreparuii nocobue Ty




8.3. Ilepeuenns mpodeccHOHATBHBIX 0a3 JAHHBIX M HWH(POPMAIHOHHBIX CHPABOYHBIX
cucTemM

— GoogleScholar — nouckoBas cucrema 1Mo Hay4HoO# JuTeparype. Bilo4aeT cTaThbi KPYIHBIX
HAyYHBIX W3/IaTENIbCTB, apXUBbI MPENPUHTOB, MyOIUKALUKA Ha CalTaX YHHUBEPCUTETOB, HAyYHBIX
OOLIECTB U JPYIUX HAYy4YHBIX OpraHu3auui. Mier crarby, B TOM UUCIIE U HA PYCCKOM SI3BIKE.

— Poccuiickas rocymapcrBennas oudimoreka (PI'B), r. Mocksa — http://www.rsl.ru.

— HWudopmanmonnas cucrtema "EaumHOEe OKHO JOCTynma K 0Opa3oBaTelbHBIM pecypcam”
co3naHa 1o 3aka3y denepanbHOrO areHTCTBa 1Mo 0OpazoBanmio B 2005-2006 rr. Ha manHbIN epuoa
B Db yxe coOpano 6omee 11 Thic. yueOHBIX MaTepHalioB pa3auuHbIX By30B Poccun. B OK — Gonee
30 ThIC. onmucaHuii, a Tak ke ecTh "['noccapuit" u paszmen "Cucrema HOBOCTEH" MO Ha3BAHHOM
TEMaTUKe. DTO YHUKAJIbHBI 00pa3oBaTebHBIN MPOEKT B pycckosizbiuHoM WHuTepHete. [lomubiid
JIOCTYI KO BCEM pecypcam, BKIIFOUYasi MOJHOTEKCTOBbIE MaTepuasbl OMOIUOTEKH, MIPEIOCTaBIAETCS
BCEM T10JIb30BaTENISIM B CBOOOTHOM peskume — http://window.edu.ru.

— HurepHer-0ubmuoreka 0Opa3oBaTENbHBIX H3JIaHUN, B KOTOPOM COOpaHbl 3JIEKTPOHHBIE
y4eOHUKH, CIIPAaBOYHbIC M y4eOHbIe TOCOOHs. Y JOOHBIN MOKMCK MO KJIIOYEBBIM CIOBaM, OTICIbHBIM
TEeMaM M OTpacisaM 3HaHus — http://www.edulib.ru

8.4. [lepeyenb NporpaMMHOro odecrnevdeHust

Ne Hanvenosamme O PexBU3UTEI IlOI“OB?pa
n/n (mata, HOMep, CPOK ACeHCTBHUA)
1 | Windows Horosop Ne 690 ot 19.05.2015 r.,
CPOK JeiCTBHS — 6EeCCPOUHO
2 | Office Standard Jorosop Ne 727 ot 20.07.2016 1.,
CPOK JeiCTBHS — 6eCCPOUHO
3 | SAunexc.bpaysep cB00OAHO pacnpoctpansemoe [10
OTEUYECTBEHHOT'O MTPOU3BOJICTBA
4 | Mupanomnuc Horosop Ne 292/07/20, ot 08.07.2020 r.
Cpoxk nenictBus - 04.09.2021 r.

8.5. Onucanne MarepHaJbLHO-TEXHHMYECKON 0a3bl, HEOOXOAMMOM AJI OCylLIeCTBJICHUSI
00pa3oBaTeIbHOIO NMpPoOLECcCca MO0 AUCHUIIHHE

HaumenoBanue 000py10BaHHBIX Y4eOHBIX

Ka0MHeTOB, J1adopaTopuii, MACTEPCKUX H

Ne Ap. 00BEKTOB 1JIs1 NPOBECHUS

n/m | NPaKTHYeCKHUX U Ja00paTOPHBIX 3aHATHIA,
MOMELIEeHUH JJI51 CAMOCTOATENbHOM

paboThl o0ydaoumxcs (HoMep ayAUTOPUN)

IlepeyeHb 0CHOBHOTO 000pY/A0BAHMA

1 | JJaBopatopus «Metamnopexyuue | Cron YYEHUUECKUI JIBYXMECTHBIN
UHCTPYMEHTBI». Yd4eOHas aynutopus Juisd | (MOHOOJOK.,  JTocKa ayJMTOpHAas
npoBejieHus taboparopHbix padot (E-205) (MenmoBasi),  CTOJI TPENOJaBaTENbCKUIl.,

CTYJI IIPETIoIaBaTeNIbCKU., Kadeapa
[Tomemenne s camoctosiTenbHOU paboTsl | CTOMBI YUCHHUYECKUE, CTYIbs
2 | crynenTos (I'-401) yuennyeckue, [IK ¢ Bbixomom B ceTb

WNHuTrepHer



http://www.rsl.ru/
http://window.edu.ru/
http://www.edulib.ru/

