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Hepeueub Komnemeuuuﬁ u uudul(amopoe oocmudiceHus Kwnnemeuuuﬁ C YyKasanuem smanoe qbopmupoeauuﬂ 6 npoyecce
0C60€HUA Oucuunﬂuubl

b1.0.23 «Tennoguszuxa»
Hanpaenenue noozomosku (cneyuanvrnocmu) 20.03.01 «Texnocghepnas dezonacrnocmuy

Hp0¢u./'lb noozomoexku «bezonacnocms mexnonozuueckux npoueccoe u npou3eodcms»

Kommerenmus:

OIIK-1 CnocobeH yunuThIBaTh COBPEMEHHbBIE TEHICHIIUU PA3BUTHSI TEXHUKU M TEXHOJOTUH B 00J1aCTH TEXHOCHEPHOI
0€30M1aCHOCTH, U3MEPUTEIBHON U BBIYUCIUTEIbHON TEXHUKH, MH(POPMALIMOHHBIX TEXHOJIOTUN IIPU PEILIEHUH TUIIOBBIX 3a]1a4 B
001acTi Npo(hecCUOHANBHON NeSTEIbHOCTH, CBA3aHHON C 3aIIUTON OKpY’KaIoLIel cpelpl U obecrieueHneM 0e30IacHOCTH
YEIIOBEKA,;

OIIK-1.1 3Haer kpuTEpUHU UCIIOJIB30BaHUS HA MPAKTUKE MPUHIMUIIOB 3aIUThI YEJIOBEKA U IPUPOAHOU CPEABI OT ONTACHOCTEMN
TEXHOT'€HHOI'O ¥ IPUPOJHOTO XapaKTepa; OCHOBBI TEXHUKHU M TEXHOJIOTUH 3aIUTHI YEIOBEKA U IPUPOJIHON Cpebl OT OMACHOCTEH
TEXHOI'€HHOI'O ¥ IIPUPOJHOTO XapaKTepa; COBPEMEHHBIE METO/Ibl UCCIIEI0BAHUI 1 HHKEHEPHBIX pa3pabOTOK B 00JaCTH
TexHOC(hepHOU Oe301MacCHOCTH.

OIIK-1.2YmeeT BbIOMpaTh CUCTEMBI 3AIIUTHI YEJIOBEKA M CPEIbI OOMTAaHUS MPUMEHUTEIIBHO K OCOOCHHOCTSIM MTPOTEKAHUS
ONAaCHOCTEN TEXHOTE€HHOT'O U IMPUPOTHOTO XapaKTepa; MPUMEHATh HA MMPAKTUKE 3HAHKUS O COBPEMEHHBIX TEHICHIUSIX PA3BUTHUSA
TEXHUKHU U TEXHOJIOTUH B CBOEH MpodeccuoHaaIbHOM AesTEIbHOCTH.

OIIK-1.3. Bnageetr ciocOOHOCTbIO OPUEHTUPOBATHCA B MEPCHIEKTUBAX PA3BUTHUS TEXHUKH U TEXHOJIOTHH 3aIIUThI CPEIbI
oOuTaHus, MOBBIIIEHHS 0€30MACHOCTH U YCTOMYUBOCTH COBPEMEHHBIX MPOU3BOJICTB C YUETOM MUPOBBIX TEHACHIIMI HAYYHO-
TEXHUYECKOTO MPOTpecca U YCTOMYMBOrO Pa3BUTHS IIUBUIIM3ALIAH.



Hnouxkamopowi Omanwl hopmuposanusn ¢ npouecce 0c60eHUA OUCHUUNTIUHDL
docmuscenus (vkazamo éce memwl uz PII/]) Haumenoeanue
Komnemenyuu _ oUeHOUR020
Jexyuu Ilpakmuueckue Jlabopamopnwie Kypcoeoit npoekm
cpeocmea
3anamu 3anamu (paboma)
OIIK-1.1 Tema 1, Tema 2, Tema 1, Tema 2, Tema 1, Tema 2, He 9K3aMeH.
Tema3, Tema 4, Tema3, Tema 4, Tema 4, Tema 5. npedycmompenst | KonTposbHasi padora
Tema 5, Tema 6. Tema 5, Temab. JlaGopaTopHbie
padoThbI.
IIpakTu4eckue
3aHATHSA.
Tema 1, Tema 2, Tema 1, Tema 2, Tema 1, Tema 2, He 9K3aMeH.
Tema3, Tema 4, Tema3, Tema 4, Tema 4, Tema 5. npedycmompenst | KonTposbHasi padora
OIIK- 1.2 Tema 5, Tema 6. Tema 5, Temab. JIaGopaTopHbie
padoThbI.
IIpakTu4eckue
3aHATHSA.
OIIK-13 Tema 1, Tema 2, Tema 1, Tema 2, Tema 1, Tema 2, He 9K3aMeH.
Tema3, Tema 4, Tema3, Tema 4, Tema 4, Tema 5. npedycmompenst | KonTposbHasi padora
Tema 5, Tema 6. | Tema 5, Tema 6. JlaGopaTopHbie
padoThbI.
IIpakTuyeckue

3aHATHA.




Ilepeuens oyenounvix cpeocme no oucyuniaune (MooyJo)

®opma o0yueHust

HanMeHoBaHMe OLIEHOYHBIX Cpeacrs

KoaunuyecTBo 0a/1710B

3a04Hasi

JlaGopaTopHble pabOTHI.

max 30 - min 21

IIpakTrueckoe 3aHsTHE

max 20 - min 10

KonTtposbHas padota

max 10 - min 5

DK3aMeH

max 40 - min 24

dopma KOHTPOJIS

IK3aMCH

Hroro

max 100 - min 60




IIkana ouenueanusn

Iudposoe
BbIpasKeHHne

BbipakeHue B
0aJsax:

CioBecHoe
BbIpPa:KeHH e

Kpurtepun onieHKH HHIMKATOPOB J0CTHKeHHs pH ¢opMe KOHTPOJIS:

JK3aMeH / 3a4eT ¢ OLeHKOMH

3a4eT

5

87 -100

OTiIu4yHO
(3auTeHo)

OneHKa «OTJIMYHO» BBICTABISIETCS CTYNEHTY, €CJIIH TEOPETHYCCKOES
coJiepKaHUE Kypca OCBOEHO TOJTHOCTBIO, 0e3 MpoOeoB; MCUYEPIBIBAIOIIIE,
MOCNIEZIOBATENIbHO, YETKO W JIOTMYECKH CTPOWHO W3JIaraeT MaTepua;
cBOOOMHO CTHpaBiIsIeTCs C 3aJadaMH, BOMpPOCAaMH W JPYTUMH BUAAMH
MPUMEHEHUS 3HAHWIT;, UCIIONB3YET B OTBETE JIONIOTHUTEIBHBINA MaTepHall BCe
MPEeIyCMOTPEHHBIE TPOTPaMMOW 3a/laHUSl BBIIOJHEHBI, KadeCTBO WX
BBITIOJTHEHHUA OIEHEHO YHCIOM OajuioB, OJNM3KUM K MaKCHMalbHOMY;
AHAJIM3UPYET MOTYICHHBIC PE3YNIBTATHL, IPOSBISIET CAMOCTOSTEIIBHOCTD TIPH
BBITIOJTHCHHUH 3aJaHUH

74 - 86

Xoporio
(3auTeHO)

OneHka «XOpOMIO» BBICTABISETCS CTYNIEHTY, €CIH TEOpEeTHYECKOe
coJiepKaHHEe Kypca OCBOEHO IIOJTHOCTBIO, HEOOXOAWMBIE MPAKTUIECKHE
KOMIICTCHIINM B OCHOBHOM C(OPMHpPOBAHBI, BCE MPEAYCMOTPCHHEIC
MmporpaMMoil oOy4yeHus] y4deOHble 3aJaHUs BBITIOJIHEHBI, KadeCTBO UX
BBITIOJTHEHHS JIOCTaTOYHO BBICOKOE. CTYIEHT TBEpAO 3HAET Marepual,
ITPaMOTHO M TIO CYIIECTBY H3JIaraeT €ro, He JOIyCKas CYIIEeCTBEHHBIX
HETOYHOCTEH B OTBETE Ha BOIPOC.

60 -73

YV ioBneTBopu
TEIHHO
(3auTeHo)

OneHka  «yJOOBIETBOPUTEIBHO»  BBICTABISIETCS  CTYINEHTY,  €CIH
TEOPETUYECKOE COJEpXKAHUE Kypca OCBOCHO HAacTHYHO, HO IpOOEsbl He
HOCAT CYIIECTBEHHOI'O XapakTepa, OOJBIIMHCTBO MPEAyCMOTPEHHBIX
MPOTrpaMMOii 3aJaHWH BBITIONHEHO, HO B HUX UMEIOTCS OLIMOKH, IPH OTBETE
Ha MOCTaBJIEHHBIN BOIPOC CTYAEHT JIOITyCKAaeT HETOYHOCTHU, HEAOCTATOYHO
NpaBWIbHEIE (OPMYJIUPOBKH, HAOIIONAIOTCS HApYLICHUS JIOTHUECKON
MOCJIEIOBATEILHOCTH B U3JI0KEHIH MPOTrPaMMHOT0 MaTepuaa.

Ornenka «3a4TECHO» BBICTaBJISICTCS
CTYJICHTY, €CIId OTBEThl Ha BOMPOCHI TIO
TeMaM JWCUUIUIMHEI TOCIEIOBATEIbHBI,
JOTHYECKH  W3IIOXKEHBI,  JIOMYCKAIOTCS
HE3HAYUTEIbHBIC HEJOYETHl B  OTBETE
CTyJICHTa, Takue KaK  OTCYTCTBHE
CaMOCTOSITETLHOTO ~ BBIBOJIA,  PCUCBHIC
OIHMOKH | TIp

Huxe 60

Heynosnersop
UTETBHO
(HE 3auTEeHO)

OneHka «HEYHOBICTBOPUTEIHHO» BBICTABISETCS CTYICHTY, €CIH OH He
3HaeT 3HAYUTENPHOM YacTH NPOTPAMMHOTO MaTepuana, [OIyCKaeT
CYIICCTBCHHBIC OINMOKW, HEYBEPEHHO, C OONBIIUMH 3aTPYJHCHHUSIMU
BBITIOJHICT  TMPAKTHYSCKUE  pabOThl, HEOOXOIUMBIC  NPAKTHYCCKUC
KOMIIETEHIINK He CHOPMUPOBAHBI, OOJBITHHCTBO MPEIYCMOTPEHHBIX
mporpaMMoit 00ydeHusi y4eOHBIX 3aJaHWii HE BBITIOJHEHO, Ka4eCTBO WX
BBITIOJTHCHUS OIICHEHO YUCIIOM 0aJIJIOB, OJIM3KHM K MUHUMAIIEHOMY

OrneHKa «HE 3a4TeHO» BBICTABIISICTCS
CTYyICHTYy, €CITHU CTYISHT HE 3HaeT
OCHOBHBIX IOHSATHA TEMBI JHUCIUIUIHMHEI,
HE OTBCUAaCT Ha [ONOJHUTCIbHEIC M
HaBOJIAIIIFIEC BOIIPOCHI IIPETIOAaBaATE.




KpaTkasi xapakTepucTHKa OlIEHOYHbIX CPEACTB

No
n/n

Haumenoesanue
OUCHOUHO20
cpeocmea

Kpamkasa xapakmepucmuxa oyeHouno2o
cpeocmea

Ilpeocmasnenue
OUEeHOUHO020

cpeocmea 6 ghonoe

2

3

4

[—

JlaGoparopHas
pabora

D10 BUJ y4eOHOU paboThI, IEIbI0 KOTOPOM
ABJISIETCS U3y4eHue (uccienoBaHue,
U3MEPEHHE) XAPaKTEPUCTUK JIA0OPATOPHOTO
oO0BbeKTa.

Lenp nabopaTOpHBIX 3aHITHIA:
n3yyaeMou yaeOHOI JTUCUUTLUIAHBL;
MpUOOpPETEHNUE  HABBIKOB  MPAKTUYECKOTO
MPUMEHEHUSI 3HAHUN Y4E€OHON AMCIUILIIUHBI
(IUCIUTIITNH) c HCIIOJIb30BaHUEM
TEXHUYECKUX CPEACTB U (MJI1) 000pYyI0BaHUS

OCBOCHHC

Temsl
1a00paTOPHBIX
pabot

2

[IpakTueckoe
3aHATHE

B xome mpaktuyeckux paboOT CTYyACHTHI
OBJIAJICBAIOT  YMEHUSIMU MOJIb30BAThCS
paboTaTth ¢ HOPMATUBHBIMU JOKYMEHTaMHU U
UHCTPYKTUBHBIMU MaTepuagaMy,
CIIPAaBOYHUKAMH, COCTABJISITh TEXHUYECKYIO
JOKYMEHTAIIHIO; BBIIIOJIHATh ~ YEPTEXKHU,
CXEeMbl, TaOJUIBl, pellaTh pPa3HOro poja
3aJa4M, JAeNaThb BBIYUCIEHUS, ONPEACIAThH
XapaKTepUCTUKNA  PA3JIMYHBIX  BEIIECTB,
o0bekTOB, sBieHMA. llemp mpakTUUECKHUX
3aHATHH  3aKII04YaeTcss B BHIPAOOTKE Y
CTYJAEHTOB HABBIKOB MIPUMEHECHUS
MOJYYEHHbIX  3HAHWW Ui PELICHUS
MPAKTUYECKUX 33]1a4 B IPOLIECCE COBMECTHOM
JNEATEIBHOCTH C IPENOJABATEISIMHU.

TeMbl
MPAKTUYECKHUX
3aHITUH;
KOHTPOJIbHBIE
3aJIaHUs 110 TEME
MPAKTUYECKOTO
3aHATHUSA

3

KonTposbHas
pabota

CpencTtBo TMpOBEPKM YMEHHUM MPUMEHSTH
NOJIyYCHHbIC 3HAHUS JJIs peuleHus 3ajaad
OTNpEEICHHOTO TUIIA 110 TEME WJIH pa3ieiy.

Kommuekt
KOHTPOJIBHBIX
3aJIaHUU 10
BapHaHTaM




MuHHCTEPCTBO HAYyKU U BhIcIIero oOpazoBanus Poccuiickoit denepannu
HuxHekaMCKui XUMUKO-TEXHOJIOTUYECKUNA MHCTUTYT ((prsinan)
(denepabHOro roCyAapCTBEHHOTO OIO/I)KETHOTO 00Pa30BATENBHOTO YUPEXKACHUS
BBICIIIETO0 OOpa3oBaHUs
«Ka3zaHCkuil HallMOHAIBHBIA UCCIEN0BATENBCKUN TEXHOJIOTHYECKUN YHUBEPCUTET

Daxyremem — MexaHudecKull
Kageopa ITAXT

VY4eOHbIM IIJIaHOM IO HAIPaBJIEHUIO TTOATOTOBKHU
20.03.01 «Texnochepnasi 6e30MACHOCTD)
JUIs1 0OyYaromuxcsl MpeIyCMOTPEHO TPOBECHNE J1Aa00PaTOPHBIX
3ausaTuil 1o qucuuiuinde  b1.0.23 «Temnopusukay.

JlabopaTopHble 3aHATHS 110 JUCITUTUTMHE MPOBOAATCS B CIICIIHAIBHO
000py/IOBaHHBIX JTA0OPATOPHUIX C MPUMEHEHUEM HEOOXOIUMBIX CPE/ICTB
00yueHus: 1abopaTopHOro 000PYI0BaHMS, 00PA3IOB JJIsl HCCIICI0OBAHUM,
MeToaudYecKkux nmocoouit. [lens nmpoBeneHus 1a00paTOpHBIX padoT -
MIPAKTHYECKOE OCBOECHUE TEOPETUUECKUX MOIOKECHHM JIEKIIMOHHOTO MaTepuara,
a TaKKe BBIpa0OTKa CTy/ICHTaMU OTIPEICIICHHBIX YMEHU 1 HABBIKOB
CaMOCTOSITEJIBHOTO AKCIICPUMEHTHPOBAHUS.

[Ipn wmsyyenun oOucyunaunvl «Tennousuxa»  npedycmampusaemcs
8bINOIHEHUE Yemblpex TaboPaTOPHBIX paboT:

JlabopaTtopHnasi padora Nel. OnpeznesieHue ko3 (ppuumeHTa TENJIONPOBOIHOCTH
TBEPAOr0 MaTepHaJa.
1. Yrto Takoe TeniIonpoBOIHOCTh?
2. MexaHu3M pacHpOCTpaHEHUs TEIUIOTHl TEIUIONPOBOJHOCTHIO B METaJLIax,
razax u )KUJIKOCTSX.
3akoH Dypsbe.
Yro Ha3bIiBaeTCs K0O3PHUIUEHTOM TEIIOMPOBOIHOCTH?
Kak Bnusitor Temmneparypa, JaBjI€HUE M BIAXHOCTb Ha TEIUJIONPOBOJIHOCTh
MaTepruanoB?
6. Kak omnpenenserca temieparypa MeXAy CIOSIMUA B MHOTOCJIOMHOM TMJIOCKOU
CTEHKe?
JlaGopaTopnasi padora Ne2. Omnpenenenue ko3¢pGuuMeHTa TEMJIOOTAAYN NPH
BbIHYK/I€HHOIl KOHBEKIHMH.
1.Yt0 Ha3pIBaeTCSI KOHBEKTUBHBIM TETNIOOOMEHOM?
2.Kakue pa3nnyaroT BUIbl KOHBEKIIHH?
3.3akoH HeroToHa — Puxmana.

wnbhw



4.Kakue ¢akTopsl BIUSIOT HA KOHBEKTUBHBIN TETIIO0OOMEH?
5.OyHKIMEN KaKuX BETUYHH SIBISIETCS KOAGOUIIMEHT TEeII00TIauu?
6.Kakumu kputepusiMu o100t XapakTepu3yeTcs KOHBEKTUBHBIN TEMJI000MEH
ISl TQ30B U )KUJIKOCTEMN?
JlaGoparopHasi pabora Ne3. JlyuncTbii TEIJ1000MeEH.
1.Kak ocymiecTBiIsIeTCsl Ty4YUCTHIA TEI000MEH?
2.Kakas cBsi3b MEXAy JJTMHON BOJHBI M YaCTOTOM KOJICOaHMt?
3.3akon Kupxroda.
4.Yto HazwpiBaeTCs KOAGOUIIMEHTOM MOTIIOMIECHUSI, OTPAKECHUS U POTTYyCKaHUs?
5.3akoHn [1nanka u ero rpadguueckoe n3o0paxeHue.
6.3akoH BuHa.
JlaGoparopHasi pabora Ne4, UcciaenoBanue  mpomecca Temjoneperaqyu
B KOKYX03MeeBHKOBOM TEILI000MEHHOM amnmnapare.
1. Uro Ha3bIBaeTCA Temionepenaye?
2. Yto HazpiBaeTCs KOA(PpPULIMEHTOM Teruionepenadn’?
3. Onmcatp nepenavy TEIIOTH YEPE3 CTEHKY.
4.YT10 Ha3bIBAETCS TEINIOOOMEHHBIM aImnapaToM.?
5.Ha kakue rpynmnbl JesTcs TeII000MEHHbIE arnapaThb?
6.0OCHOBHBIE YpaBHEHHUS MIPU pacueTe TEMIOOOMEHHBIX annapaToB.

Kpurepuu oueHku J1adopaTopHBIX padoT
3a 3Tu pabOTHI CTYJIEHT MOKET MOJYUYUTh MAKCUMAIbHOE KOJI-BO OAJIOB —
30. Kascoas nabopamopnasn paboma oueHugaemcs no c1e0yrouum Kpumepuim:

OreHKa «OTIMYHOY CTaBUTCS, €CJIM MHTEPBaJ 0a/UIOB PEUTHHTA CTyIeHTa 7 <
R < 7,5 u cTyAeHT BBINOJNHIET pabOTy B MOJHOM O0BEME C COONIOACHUEM
HEOOXOJMMOW  TIOCIEOBATEIPHOCTA TIPOBEJICHUS OMBITOB W  W3MEPCHH,
CaMOCTOSITEJIbHO U PallMOHAJILHO MOHTHPYET HE0O0XOAMMOE OO0OpyJOBaHHUE; BCE
OTBITHI TPOBOJUT B YCJIOBUSIX U PEXKHMaX, OOCCHEUYUBAIONIUX TOJYYCHHE
MPaBUJIBHBIX PE3YIbTATOB U BBIBOJOB C HAWOOJbBINEH TOYHOCTHIO; COOIIOAAET
TpeOOBaHUsI TIpaBUJl 0€30MacHOTO TPYyJAa; B OTUETE MPABWIBHO U aKKypaTHO
BBITIOJTHSET BCE 3alMCH, TAaOJIUIbI, PUCYHKH, YEPTEKH, TPAaQUKH, BBHIYHCIICHUS,
MPaBUJILHO OIEHUBACT TOYHOCTHh PE3yJbTATOB HW3MEPCHU;, YMEET BBITIONHSTH
aHaJIN3 ITIOrPEITHOCTEN MPSIMBIX U KOCBEHHBIX U3MEPEHUM.

OreHKa « XOpOII0» CTaBUTCS, €CJIM MHTEPBAJ OAJIJIOB PEUTHHTA CTy/IeHTa 6=
R < 7 u BeIMoJHEHBI TpeOOBaHMSA K OICHKE 5, HO OBLIO JOIMYIIEHO JBa - TPH
HeJo4eTa, Wik He 0osiee 0IHOM HerpyOoil OTMOKHU U OJTHOTO HEel0YeTa.

OreHKa «yIOBJICTBOPUTEIBHO» CTABUTCS, €CJIM MHTEPBAJ OAJIJIOB pEUTHHTA
ctynenra 5,25 < R < 6 u paboTa BBINOJIHEHA HE MOJHOCTBbIO, HO 00BEM
BBITIOJIHEHHOW YaCTU TaKOB, UYTO MO3BOJISIECT MOJYUYUTh MPABUIILHBIE PE3YJIBTATHI U
BBIBOJIBI; €CJIM B XOJI€ MPOBEJICHUS OTBITA U U3MEPEHUIN OBLITN IOMYIIIEHBI OINOKHU:
a) OMBIT MPOBOAWIICA B HEPAIMOHAIBHBIX YCIOBUAX, YTO MPUBEJO K MOTYYECHUIO
pe3yJbTaTOB C OOJIBIION MOTPENTHOCTHIO; 0) B OTUETE JOIMYIIEHO HE OoJiee BYX



rpyobIX OIMOOK; B) HE BBIMOJHEH COBCEM WJIM BBHINIOJHEH HEBEPHO aHAuU3
MOTPEIIHOCTEM.

OneHka «HEyIOBIETBOPUTEIBHOY» CTABUTCS, €ClIM Oajyl peMTHHra CTYyJIeHTa
coctaBisieT R< 5,25 u paboTa BbINOJHEHA HE MOJHOCTHIO U OOBEM BBIMOTHEHHOM
4acTH paboThl HE IMO3BOJISIECT CHAENaTh NPABUIBHBIX BBIBOJIOB; €CJIH OIBITHI,
WU3MEPCHUS, BRIYUCIICHH S, HAOIOIEHUS TTPOU3BOIMIINCH HETIPABUIIBHO.

Kpurepuu oneHku J1adopaTopHoii padoThI

[Tpu moxaroroBke k nmabopaTtopHoil pabore mo guctumivHe «Temnogusuka
CTYJECHT JIOJDKEH BBIIIOJIHUTH CJIEIYIOIINE BUIBI paboT:

MunumajibHbIi | MakcUMaJIbHbBIH
Buabi pador
0as 0an

CamocrosiTenbHas npopaboTka
TEOPETUYECKOTO Marepuana K 1,05 1,5
nabopaTopHO# paboTe
O3HaKOMJIEHHE C YCTaHOBKOM, MPUOOPOM,
METOJIMKON BBIMOJHEHHS JIabopaTOpHOU 1,05 1,5
paboTHI
Brinonnenue HE00XO0IMMOr0 1.05 15
AKCIIEPUMEHTA ’ ’
O0paboTKa pe3ynbTaTOB MCCIIEIOBAHUSA, 1.05 15
OCTPOCHHE TpadrKoB ’ ’
AHanmu3 pe3yJbTaTOB MCCIEIOBAHUS H 1.05 15
BBIBOJI 10 paboTe ’ ’

UTOIoO : 5,25 7,5

Marepuansl  1abopaTopHbIX paOOT TMpPHUBEACHBI B  y4eOHOM  IOCOOMH,
pa3zpaboTaHHOM Ha Kademape :

CarneeB K.A., XazunoB M.P., CarneeB A.A., I'ymepoB @.M. «TepmoauHaMuka u
OCHOBBI TerIonepenayny : yueoHoe nocooue.- Himknekamck : HXTHU 2016.- 81 c.



MuHHCTEpPCTBO HAYKH M BBICIIETO 00pa3oBanus Poccuiickoit deneparuu
HuxHekaMCKui XMMUKO-TEXHOJIOTUYECKUNA MHCTUTYT ((prsinan)
(benepaibHOrO roCyJapCTBEHHOTO OOXKETHOIO 00pa30BaTEIbHOTO YUPEKACHUS
BBICIIIETO O0Opa3oBaHUs
«KazaHCkuil HallMOHAIBHBIA UCCIEA0BATEIBCKUN TEXHOIOTUMYECKU YHUBEPCUTET

Daxyremem — MexaHudecKull
Kageopa ITAXT

YueOHbIM MIaHOM 10 HarpaBiieHuto moaAroToBku 20.03.01 «Texnocgepnasn
be3onacnocmpy 1751 00yUAIOUINXCA MTPETyCMOTPEHO IPOBEACHHE
NPaKTUYeCKUX 3aHATHIl 10 qucuuiinHe « Temnopusukay . O0yyarommmcs
IpeaiaraloTcs pa3HOypOBHEBbBIE 33]1a4H , TO3BOJISIOIINE OLEHUBATD U
JMAarHOCTUPOBATh YMEHUSI CHHTE3UPOBATh, aHAIM3UPOBATh, 0000IATh
(hakTUYECKUI U TEOPETUUECKUM MaTepHal .

Tema 1. TernJ1IonpoBOAHOCTH

3apaua 1. Onpenenuts KOJIUYECTBO TEIUIOTHI, TPOXOASAIIEH YEPE3 €AUHUILY
JUIMHBI CTEHKM KaMepbl CrOpaHMsl KHUAKOCTHOTO PpEAaKTUBHOTO JIBUTaTels
MaMETPOM d =180 MM, ecnu TONIUHA CTEHKH 0 = 2,5 MM, KO3()PHUIHEHT
TEIUIONPOBOAHOCTH MaTepuaia A. Temmeparypbl Ha TOBEPXHOCTSIX CTEHKH
TIOJIEP/KUBAIOTCS TOCTOSHHBIMU M PABHBL: CO CTOPOHBI BHYTPEHHEN CTEHKH  Ioy U
CO CTOPOHBI HAPYKHOM CTEHKH ., . BApUAHTHI 3aIaHUH TPEACTABIIECHBI B TAOJHUIIE
l.
Tabmura 1

No BapuanTa A, Br/(m -K) tem, °C tem , °C
1 34,9 1200 600
2 314 1150 550
3 29,8 1250 500
4 30,5 1190 600
5 32,0 1280 490
6 33,6 1090 600
7 34,0 990 560
8 30,9 1100 570
9 29,8 1300 480
10 279 1190 600

3agaya 2. Jlng ycioBuid 3amauu 1 oOmnpeneuTh KOJIMYECTBO TEIIOTHI,
MpoIIeIIee 4Yepe3 €IWHUIY JJIMHBl CTEHKH KaMepbl CTOpaHUs >XUIKOCTHOTO
PEaKTUBHOTO JIBUTATEJIS C 3aI[UTHBIM MOKPBITHEM, TOJIIIMHA KOTOPOTO paBHA J,, a



KO3 (UILIUEHT TETIONPOBOIHOCTH MOKPHITUA A,. BapraHThI 3aaun peACTaBICHBI

B Ta0JIHIE 2.
Tabmura 2

No Bapuanrta O, MM A, BT/(M-K)
1 0,50 2,67
2 0,55 1,17
3 0,45 0,89
4 0,39 2,68
5 0,60 3,00
6 0,65 1,38
7 0,49 2,40
8 0,39 1,89
9 0,40 2,00

10 0,35 3,50

3amauya 3. IllapoBoii peakTop, BHYTpEHHUN TUAMETP KOTOPOTro d; HMEET
OOIIIYI0 TOJIIMHY CTEHKHU U CJI0Sl U30JIALIMH 0,5 C IKBUBAJIGHTHBIM KO3 PUIIneHTOM
TEIUIONPOBOAHOCTH ;5. ONIPENCIUTH YASTBHYIO TEIJIOBYIO Harpy3Ky BHYTPEHHEH U
Hapy)XHOM TOBEPXHOCTH CTEHKH pEaKTOpa, €CJIM TeMmIlepaTypa BHYTpPEHHEU
TIOBEPXHOCTH CTEHKH f.,, 4 BHEIIHEH IOBEPXHOCTH CTEHKU COCTABISET [l .

BapuanTsl 3aaun npencraBieHsl B Tadmauie 3.

Tabmauma 3
Ne Bap. diMm | 0w MM | Ay BT/(MK). tem , °C tem, °C.
1 1 65 1,047 160 60
2 1,2 40 1,150 155 57
3 1,1 45 1,230 138 45
4 0,9 55 1,371 175 53
5 0,85 50 1,561 153 55
6 1,0 60 1,321 173 67
7 1,2 45 1,131 163 71
8 1.1 55 1,121 153 49
9 1,3 50 1,104 159 55
10 0,95 60 1,109 164 65

3agauya 4. CTeHka KaMepbl CrOpaHusl pEaKTUBHOTO JBUTATENS TUAMETPOM d
= 200/206 MM TOKpBITa C BHYTPEHHEW CTEHKH KaMepbl CJIOEM TYTOILIaBKOIO
HOKPBITUS TOJNIIMHON J, KO3(PHUIMEHTH! TEIIONPOBOJHOCTH CTEHKU KaMepbl U
MOKPBITUST COOTBETCTBEHHO paBHBI A= 41,8BT/(M'K) u  4,= 1,395 Bt/(m -K).
Temneparypa Ha BHYTPEHHEH IOBEPXHOCTH IOKPHITUS paBHal,, a Ha BHELIHEH
TIOBEPXHOCTU CTEHKH Iepy . ONPENENUTH YIETLHBINA TEMIOBON MOTOK HA €IUHUILY
JUIMHBI CTEHKHM ¢ U TEMIEpPaTypbl MOBEPXHOCTEH CTEHOK B 30HE KOHTAKTA, €CIIU




TEPMUYECKOE COMPOTUBIICHUE KOHTAaKkTa R,. BapuwaHThl 3a7aum mpencTaBIICHBI B
tabmnuie 4.

Tabnuna 4
Ne Bapuanra J, MM t, ,°C tem , °C. R, -1073,
(m? -K)/ Br.
1 1,00 2500 500 0,757
2 0,9 2550 550 0,700
3 0,85 2530 570 0,739
4 0,95 2400 500 0,760
5 0,79 2450 550 0,789
6 0,95 2600 500 0,739
7 0,99 2570 480 0,790
8 0,87 2650 600 0,805
9 0,95 2700 690 0,769
10 1,00 2630 650 0,749

Tema 2. KOHBeKTHBHBIN TENMJI000OMEH

3agaua 1. OnpenenuTh nepeaady TEIIOTH Py CBOOOIHOW KOHBEKLUHU OT
BEPTHKAIBHOTO TOJIOr0 TpyOOmpoBOAa AuUamMeTpoM d M BBICOTOM /i K BO3IYXY.
Temmeparypa Bo3ayxa coCTaBisieT 1, TeMIeparypa CTeHKH 1.,,. BapuaHThl 3a1aun
npecTaBieHbl B Tabuie 1.

Tab6mumna 1
No BapuanTa d, MM h, M T, °K T.n., °K
1 120 4 293 523
2 110 5 303 550
3 100 6 313 573
4 105 7 300 600
5 90 5 253 473
6 95 8 353 573
7 115 5 223 473
8 105 9 253 593
9 110 7 353 603
10 100 6 263 653

3agaya 2. Onpenenuts cpeHuil KO3(QOUIMEHT TEII00TAaYl OT MOTOKA BO3AyXa K
CTEHKaM TpPYOHOIO ITyuYKa, COCTOSIIEro M3 5 psAAoB TpyO MpH MOMEPEUYHOM €ro
OOTEKaHUU, €CIIM CPENHSAA CKOPOCTh IMOTOKA B Y3KOM CEUEHUHU COCTaBISET W,
CpelHss TeMIlepaTypa BO3/ayXa f, a AUMaMeTp TpyO paBeH d. BapuaHTel 3agaun
IpeJICTaBICHbI B TA0IMIIE 2.

Tabauna 2

No BapuanTa d, Mm w, M/C t,, °C

1 50 10 450




2 55 10,3 500
3 60 11 550
4 70 9,7 600
5 65 9,5 650
6 75 12 480
7 85 12,5 700
8 50 13,0 750
9 75 13,5 680
10 60 11,5 560

[Ipumeuanue: Pacnonoxkenue TpyO B mydke KOpuaopHoe (BapuaHtel 1 — 5) u
dopmyna ms pacuera Nu = 0,177-c,; -Re”%; pacnonoxenue tpyO maxmaTHoe —
(BapuanThl 6 — 10) u popmyna aus pacuera Nu = 0,27 -c.'Re”S. B stux dpopmynax

JUTSL 5-TU PATHOTO TeriooOMeHHuka ¢;; = 0,95,c.,=0,9.

3agaya 3. Onpenenuts cpeHui Ko3(HUIMEHT TEII00TIauH U TETJIOBOM MOTOK Ha
eIMHULLY JJIMHBI TPYOBI IPU MOMEPEUHOM OMBIBAHUU €€ BO3TyXOM, €CIIU HapYKHBIN
auameTp TpyObl d, TeMIiepaTypa MOBEPXHOCTHU TPYOBI #.,,, TEMIIEPATYpa BO3LyXa
CKOpPOCTh IIOTOKA BO31yXa w. BapuaHTsl 3a1aun nipecTapiieHsl B Tadbauue 3.
Ta0Omuma 3

No BapuanTa d, MM Lem,C w, M/c 1,,°C
1 20 200 100 30
2 25 190 60 40
3 30 180 50 35
4 40 170 65 45
5 45 160 55 60
6 25 210 80 50
7 35 250 40 55
8 50 300 30 65
9 15 200 40 70
10 10 190 45 75

3apaua 4. OnpeaenuTh TEIUIOBOM MOTOK, OTJaBAa€MbIH JIBMKYIIUMCS BO3IyXOM
BHYTPH TPYOBbI CTEHKE KPYTJION TPyObl, TEMIIEPATYPOH Zry, AUAMETPOM d U IJITUHOU
[, eciii pacxo]1 Bo3ayxa cocTtaBisiet 0,5 Kr/c, ero reMmneparypa f,. Bapuantsl 3a1auu
MIpejICTaBJICHbI B TaOIUIIE 4.

Ta0Omura 4
No Bap. d,MM t, °C tem,°C d,Mm IRY
1 20 300 100 40 0,5
2 25 400 120 35 0,6
3 30 350 150 25 0,7
4 40 450 170 30 0,8
5 45 600 190 50 0,9
6 25 500 200 45 1,0
7 35 550 220 35 1,2
8 50 650 250 25 1,4




9 15 700 300 30 1,6

10 10 750 120 35 2,0

3anaua 5. Onpeaenuts KO3QPUIMEHT TEMIO0TAA4YH U KOJMYECTBO MEPEAAHHOMN Te-
IJIOTHI IPU TEYEHUU BOJIbI B TOPU3OHTAIBHOM TpyOe quaMeTpoM du JJIMHOM /, eciiu
CKOpPOCTb BOJIbl paBHa W, TEMIIEpATypa BOAbl COCTABIISIET f,,, TEMIEPATYypa CTCHKHU
t.m. BapuaHThl 3a/1auu IpEeACTABICHbI B TA0IUIE S.

Tabmuma 5
Ne Bapu- d,MM IRY w,M/c t,’C tem, °C
aHTa
1 8 4 0,1 70 20
2 6 5 0,11 60 15
3 7 6 0,14 50 30
4 5 7 0,16 40 10
5 6 45 0,5 55 15
6 8 5,5 0,30 65 20
7 9 8 0,2 45 10
8 7 8,5 0,15 75 35
9 10 7,5 0,20 50 15
10 11 4.5 0,15 60 20

Tema 3. TernJ1000MeH NPU U3MEHEHUH ArPEeraTHOr0 COCTOSHUS TeJ1a

3agaya 1. Omnpenenuts KodG(UUIMEHT TEIJIOOTAAYHd o OT Tmapa K
BEPTUKAJILHON TpyOe KoHJeHcaTa. Tpyba uMeeT HapyKHbIN 1uameTp d, BhICOTY H,
U TEMIIepaTypy NOBEPXHOCTH CTEHKH ., Ha moBepXHOCTH TpyObl KOHAECHCUPYETCS
CyXOHM HACBILICHHBIA Map INpH AaBlieHUU P u temieparype t, BapuanTtel 3agauu
npecTaBlieHbl B Tabnuie 1.

Taomumal

No BapuanTa d, MM H ™ tem, C t.,” C P, MIla
1 25 2.5 9,0 0 0,0006
2 28 2,7 9,5 5 0,0007
3 30 2,9 10,0 8 0,0008
4 32 3,0 10,5 9 0,0009
5 35 3,2 11,0 10 0, 0010
6 37 3,4 11,5 15 0,0015
7 40 3,6 12,0 20 0,0020
8 42 3,8 12,5 22 0,0025
9 45 4.0 13.0 25 0,0030
10 47 4,5 13.5 27 0,0035

3apava 2. Onpeaenutb KOdPPUIMEHT TEIIO0TAAYN ¢ PU KUTICHUH BOJIbI U
KOJIMYECTBO mMapa, MojiydaeMoe B ucmapurtene 3a 1 dac. OOmiasi MoBEpXHOCTh
teriooOMeHa paBHa F. TeMmmeparypa CTEHKH HCHApPUTENS [, JaBJIECHUE TMapa
coctaBigeT P. BapuanTsl 3ajauu ipeCTaBIEHbI B Ta0IuIE 2.



Tabmauma 2

No BapuanTa tem,” C P, 6ap F, m?
1 120 34 5,2
2 125 3.5 5,7
3 130 3,6 6,5
4 135 3,75 7,0
5 140 3.9 4,1
6 145 4,1 4,0
7 150 4,3 4,5
8 155 4,5 5,0
9 160 4,8 4,5
10 165 5 6,0

3anaua 3. B ropu3zoHTaIsHOM KOHIEHCATOPE HEOOXOIMMO CKOHICHCUPOBATh
1000 xr/4 cyxoro HachIIIEHHOTO BOSHOIO mapa npu nasieHun P. KonneHcarus
MPOUCXOUT Ha TPyOax JIMHOM [ U HAPYKHBIM AuaMeTpoM d. TeMreparypa CTEHOK
TpyO .. Kakoe konmuecTBO TpyO HEOOXOAMMO JJIsi KOHJICHCAIlMW Tapa MpH
YCJIOBUH, YTO KOHJIGHCAT HE MEpPeoXJIAKIAeTCs, a IMap HemojBrkeH? BapuaHTh
3a71a4M MPEICTaBICHBI B TaOIuIlE 3.

TaOmuma 3
Ne Bap. tem, C P .Ila [, m d, M.
1 80 1,013-10° 3,0 30
2 85 0,913-10° 3,5 25
3 75 1,953-10° 4,0 35
4 70 1,933-10° 4,5 40
5 65 1,020-10° 5,0 30
6 60 1,03-10° 5,5 35
7 85 1,33-10° 6,0 25
8 75 1,43-10° 6,5 30
9 70 1,46-10° 7,0 25
10 65 1,00-10° 0,6 40

Tema 4. TersioBoe u3JayueHue

3anaua 1. PaccumnTaiiTe Ty4uCThIN TEIIOOOMEHHBIN MOTOK OT IMOJTUPOBAHHON
QIIOMMHUEBOM IUIACTUHBI pasMepaMu A-B, temmnepaTypa NOBEPXHOCTH KOTOPOH
paBHa f, IpPU YCJIOBHM, YTO H3JIy4YECHUE UIWIOCH 7. Bapuantel 3agaum 1
MpeICTaBIICHbI B TabnuIie 1.

Tabmuma 1
Ne Bapuanra A-B, m? t,°C 7, 4ac
1 4-8 500 7
2 2:6 600 6
3 36 570 9
4 4-7 700 8
5 2-8 800 10




6 4-6 900 11
7 2-9 750 15
8 3-4 850 12
9 55 950 13
10 4-6 560 14

3agauya 2. Onpenennure COOCTBEHHYIO U3ITy4aTENbHYIO CIIOCOOHOCTh CTEHKH
JeTaTeNIbHOrO anmapara ¢ KodpduiueHntoM uzinydeHuss C, ecium TeMIieparypa
U3JTy4aoleil TOBEPXHOCTU CTEHKH f.,,. HalTH Takke CTerneHb YePHOTHI U JUIMHY
BOJIHBI, OTBEYAIOIIEH MAaKCUMyMy MHTEHCHUBHOCTH U3JIy4eHHUs. BapuanTel 3amaun
HpeCTaBICHbI B TAOIUIE 2.

TabOmura 2

Ne Bapuanra C, Br/( M>-K*) tem,°C
1 4,53 1027

2 4,07 905

3 3,57 1150

4 5,08 980

5 4,90 1209

6 3,97 1300

7 2,09 1429

8 5,15 1190

9 7,16 1090

10 6,87 900

3anayva 3. CrasibHAst 3aroTOBKa C HAYAJIILHOM TEMIIEPATYPOU #; TOCTaBJIEHA B
My(]eNbHYIO 3JIEKTPUYECKYIO 11€Ub, TEMIIEpaTypa KOTOpoH ;. OnpenenauTb, Kakou
TEIUIOBOM IMOTOK BOCIPHUHHMMAETCSl 3arOTOBKOM (B HayalbHBI NEPUOJ) 3a CUET
JYYUCTON SHEPTUHU, €CITU OTHOILICHUE MIOBEPXHOCTEN 3aroTOBKU U My(eIbHOM neun
paBHo F';/F,, a cTeneHb YepHOTHI 3arOTOBKH U CTEHOK I€YH COOTBETCTBEHHO PABHBI
¢ u €. BapuaHThI 3a1a40 peICTaBICHBI B Ta0IHIIE 3.

Ta6numa 3
Ne Bapu- t;, C t, C F])M2 F, M &; &)
dHTa

1 27 927 1 30 0,7 0,85
2 33 1000 1,5 45 0,5 0,70
3 25 870 0,9 25 0,7 0,86
4 30 914 0,8 30 0,5 0,68
5 40 890 1,4 42 0,57 0,75
6 35 900 1,3 40 0,62 0,83
7 51 1100 1,2 38 0,70 0,95
8 47 1050 1,1 30 0,55 0,80
9 37 980 1 28 0,65 0,90
10 45 800 1,6 48 0,75 0,97




3agaua 4. Onpenenuth JyYUCTHIA TEIVIOOOMEH MEXAYy CTEHKaMHU COCyaAa
Jproapa, BHyTpH KOTOPOTO XPAaHUTCS JKUJKUN KUCIOPOJ, €CIM HA HAPYKHOM TO-
BEPXHOCTH BHYTPEHHEN CTEHKHM COCYyJa TEMIIEpAaTypa paBHA f;, a Ha BHYTPEHHEU
MIOBEPXHOCTU HApYKHOM CTEHKH Temmeparypa cocrtaBuia f. CTeHKH cocyna
MOKPBITHI CJI0EM cepedpa, CTENEHb YEPHOTHI MOBEPXHOCTEN CTEHOK PaBHBI &; = &,
a COOTHOIIIEHUE TTOBEPXHOCTEHN cTeHOK F/F, . BapuaHThl 3a1a4u npecTaBiIeHbl B
tabmnurie 4.

Tabnuna 4

Ne BapuaHTa t;,°C t;, C &1 =& F,/F
1 - 183 17 0,02 0,1
2 -175 20 0,027 0,2
3 -169 15 0,019 0,15
4 -190 10 0,030 0,1
5 -185 16 0,015 0,17
6 -175 19 0,02 0,15
7 -180 23 0,025 0,25
8 -195 25 0,018 0,20
9 -190 30 0,04 0,30
10 -200 42 0,05 0,35

3anayva S. OnpenenuTs JIy4UCTHIN TEIIOBOM MIOTOK MEXIY IBYMsI KPYTJIBIMU
IUTACTUHAMH, LEHTPbl KOTOPBIX HAXOJATCS Ha OOIIEeH HOpPMaiH, €CId MEHbIIas
IUTACTHHA UMEET TUaMeTp d;, CTETIeHb YEPHOTHI &1 TeMIepaTypy f;, a OoJbIas —
IUaMeTp d,, CTENEHb YEPHOTHI £, TEMITEPATYPy ¢ PaccTosiHME Mex Ay MIIaCTUHAMHU
h. BapuaHTbl 3a1aun IpeicTaBICHbI B TaOIHIIE 5.

Tabnuma 5
No Ba- d;, M d>, M &; &> t;, °C 1, C h, M

puaHTa
1 0,25 0,50 0,10 0,50 727 234
2 0,2 0,55 0,15 0,55 627 123 1
3 0,15 0,40 0,9 0,40 537 345 1,5
4 0,10 0,35 0,20 0,35 438 452 1,8
5 0,05 0,45 0,25 0,45 531 164 3
6 0,25 0,55 0,15 0,55 745 352 1,2
7 0,30 0,60 0,10 0,50 644 241 1
8 0,35 0,40 0,10 0,40 538 167 2
9 0,40 0,35 0,25 0,55 798 190 1,5
10 0,45 0,60 0,15 0,60 700 200 1,1

[Tpumeuanue: ¢, = [(0,25(dxd; + 1)? +(h/d1)2)1/2 *0,25(dy/d;-1)° +
((h/d1)2)1/2]2

3amaya 6. OnpenenuTh JIYYUCTHIH TEIUIOBOM IMOTOK B €IMHHUILY BPEMEHHU
MEXIy ABYMS TapajuIeIbHBIMHU TJIOCKOCTSIMU, UMEIOIIMMH TeMIEpaTyphl ¢; Wi, U
CTEIEHW YEePHOTHI &1 &. Kak U3MEHUTCS 3TOT MOTOK, €CIM MEXIY TIOCKOCTSIMU
YCTAHOBUTh JIMCTOBOM SKpaH CO CTENEHBIO YEPHOTHI &, BapuaHThl 3amauu
npejCTaBICHbI B Ta0uUIIE 6.



Tabmnura 6

Ne Bapu- t;, °C IZ,OC &; & g,
dHTa
1 450 40 0,62 0,35 0,22
2 460 50 0,65 0,55 0,25
3 470 45 0,70 0,40 0,18
4 480 55 0,75 0,35 0,25
5 490 60 0,65 0,45 0,28
6 500 55 0,53 0,35 0,18
7 660 47 0,70 0,43 0,22
8 670 63 0,55 0,40 0,30
9 560 90 0,55 0,50 0,40
10 700 100 0,45 0,30 0,15

Tema 5. TermsiooTaaua. Tensionepenaua

3anaua 1. [lo HeuszoaupoBaHHOMY TpyOomnpoBoay auameTpoM 170/185 mm,
MIPOJIOKEHHOMY Ha OTKPBITOM BO3/yX€e, MPOTEKAET BO/IA CO CPEeIHEN TeMIepaTypoi
ts = 95°C, a Temmiepatypa OKpyKaroniero sozayxa ¢, = -18°C. Onpenenuts noTepro
TEIUIOTHI C 2 M JITMHBI TPYyOONpPOBO/Ia U TeMIEepaTyphbl Ha BHYTPEHHEH U BHEIIHEH
MOBEPXHOCTSAX ATOTO0 TPyOONpOBOAa, €ciu KOIPPHUIMEHT TEerIOmpOBOAHOCTH
maTepuaina Tpyosl A, K03(pPHUIMEHT TEMI00TAaYN BOJBI K CTEHKE TPYObI ¢ U OT

TPYOBI K OKPYKAIOIIEMY BO3IYXY Q.

[Tpumeuanue: Tak kak d»/d; = 1,03, To pacueT npoBecTH 1Mo GOopMyIIe s TTOCKOM

CTeHKU. BapuaHTel 3aaun npeacTaBieHbl B Tadnuie 1.

Tabnuna 1

Nepap. | 14 °C, | t,°C. |4 Br/(m'K) a; Br/(M*K) | az Br/(M*K).
1 95 -18 58,15 1395 13,95
2 90 - 16 53,9 1285 12,3
3 87 -20 61,0 1388 11,8
4 100 - 15 74,4 1296 10,0
5 105 -18 71,8 1129 18,7
6 85 -21 59,6 1300 15,4.
7 97 -17 499 1432 13,6.
8 90 -20 50,7 1374 15,7
9 110 -25 49.8 1285 14,6
10 95 -20 50,1 1342 13,9

3amauya 2. OnpenenuTh TEIUIOBBIC MOTEpU HA [ M JUIMHBI TpyOOINpoBOja, a
TaK)Ke TEMIEpaTypy Ha BHYTPEHHEW U BHEIIHEW MOBEPXHOCTSAX MPHU YCIOBUH, YTO




TpyOOIIPOBO/I, pacCMaTpUBaeMbIil B 3a/1a4e 1, MOKPBHIT CIOEM U3OJISILIUH TONIUHON
Ous € Aus, @ KOO PUIIMEHT TEIIO0TAYU MIOBEPXHOCTU 30NN OKPYIKAIOIIEH cpejie
paBeH «,; OcTanbHble YCIOBHS T€ K€, 4TOo B 3anade 1. BapuaHThl 3amaun
IpeCTaBlICHbI B Ta0IHIIE 2.

Tabnua 2
Ne BapuanTa Ous, MM Jus, BT/(M* K) a,: B1/(M? -K)

1 70 0,116 9,3

2 50 0,136 10,3

3 54 0,128 11,9
4 47 0,124 8,6
5 45 0,138 9,0
6 67 0,112 12,0
7 75 0,105 11,2
8 53 0,97 8,7
9 82 0,132 12,3
10 65 0,122 13,5

3apaya 3. OnpeaenuTh IIOTHOCTh TEIJIOBOTO MOTOKA, MPOXOISIIETO Yepe3
MJIOCKYIO CTATBbHYIO CTEHKY TOIIIMHOMN O € KOG PUITUEHTOM TEIIONPOBOIHOCTH
CTE€HKHA¢r, @ TAKKE KO PUITMEHTHI TEIIONepeaun AJ1sl IBYX cirydaes. B 1 ciyydae:
TeMrepaTrypa ra3oB f; ,TeMrneparypa Kunsmed Boawsl t= 227°C, xospdunueHt
TEIUIOOTIAuM OT ra3oB K cteHke o= 100 BT/(MZ'K) 1 OT CTEHKE K KUITAIIEH BOJE O
= 5000 Br/(M**K). Bo BTOpOM ciyuae B IMPOLECCE DKCIUIyaTAlMH IOBEPXHOCTD
HarpeBa CO CTOPOHBI T'a30B IMOKPHLJIACH CIOEM 3arps3HEHUs TOJIIUHOU O,; U C
K03(PUIIMEHTOM TEIJIONPOBOIHOCTHU CJIOS 3arpsi3HEHUS A,;. TemmnepaTypbl BOJIBI U
ra3oB CYUTaTh MOCTOSIHHBIMHU I 00oux ciydaeB. OnpenenuTs TeMmIlepaTyphbl
MOBEPXHOCTEH MEXIy CIOSIMH, a TakKXK€ HaWTH, BO CKOJIBKO Pa3 YMEHBIIUTCS
K03 dULIMEHT TerIonepeIauu ¢ MOSBICHUEM CJI0s 3arpsi3HeHus. BapuanTsl 3a1auu
MpejICTaBJICHbI B Ta0IUIIE 3.

Tabnuna 3
No BapuanTa t;, C Ocm,, MM Aems Ous, MM Auss
B1/(m-K) B1/(m-K)

| 1127 10 50 2 0,09
2 1100 12 55 2.5 0,095
3 1090 13 45 3,0 0,100
4 1050 14 65 3,2 0,150
5 1037 15 45 2.8 0,180
6 1008 9 60 2.4 0,160
7 965 11 70 2,2 0,170
8 945 12 45 2,6 0,085
9 916 14 40 2,1 0,075
10 900 8 50 2 0,120




3agaua 4. Onpenenutb KOJMYECTBO TEIUIOTHI, IEpeaaBaeMoill 4epes
Im’pebpuctoii  creHku, KodpduumeHnt opebpenus xoropoi F»/F;. Crenka
BBIIIOJIHEHA M3 Marepuaia ¢ Kod()pPUIUMEHTOM TEIUIONPOBOJAHOCTU A U TOJIIMHON
CTE€HKH Op. KO PUIMEHTH TEMI00TIauu OT pabouero teia K creHke a;= 250
Br/(M*K) u a,= 12 Br/(m*K). Temneparypa pabodero Tena f;, a TeMIeparypa
BO3JlyXa COCTaBISIET £,. BapuaHThl 3a/1auu npeicTaBieHbl B Tabmule 4.

Tabnuua 4
No Marepuan F>/F; Ocm,, MM t;, C t, C
BapHaHTa CTEHKH

| Craiib 12 12 117 12
2 AJIFOMUHHN 10 17 110 10
3 JlatyHb 14 9,0 105 14
4 Uyryn 18 9,5 100 8,0
5 Menp 12 16 95 14
6 Craiib 16 8,0 120 13
7 AJIIOMUHUN 14 15 125 18
8 JlatyHb 12 14 110 16
9 Uyryn 20 10 105 14
10 Menn 10 15 100 15

Tema 6. OCHOBBI pacyeTa peKYNepaTUBHbIX TENJI1000MEHHUKOB

3amaya 1. Ormnpenenuth NOBEPXHOCTh HAarpeBa PEKyNepaTUBHOTO
TEIUIOOOMEHHUKAa  MpPH  OPSIMOTOYHOM UM MPOTHUBOTOYHOM  JABMXKCHUU
TeroHocuTenel. TEIIOHOCUTENEM ABISAETCA Ta3 ¢ HaYaIbHON TEMIIEPATYpPOl £ U
KOHEYHOM TeMneparypoii ¢ ;. Heo6xoaumo Harpets V, [M>/4] Bo3ayxa (06beM mpu
HOPMAJILHBIX (PM3UYECKHUX YCIOBHUSX) OT TEMIIEPATYPHI £ 10
KOHEYHOM Temneparypsl ¢ 2. IIpunats koddduument Temnonepenaun K pasusii 20,
[B1/(M?-K)], TEMI0€MKOCTH BO3yXa MOCTOSHHAS. BapraHThl 3a1a41 IpeCTaBIEHb]
B Ta0mune 1.

Tabmura 1
Ne l"1 NG t";,"C l‘lg,OC t"g,"C v, M /4
BapUaHTa
1 500 200 20 195 25
2 520 220 25 190 28
3 540 240 30 215 30
4 560 250 25 220 32
5 580 270 30 240 35




6 600 300 35 250 40
7 620 320 40 260 42
8 640 340 45 280 45
9 660 350 40 265 39
10 700 400 35 290 35

3agaua 2. B npsIMOTOYHOM TEMIOOOMEHHUKE BOJA OXJIAKIAET JKUIKOCTb.
Pacxon Boawl M; [Kr/c] ¥ ee HavanbHas Temmneparypa f;. Pacxon >KMIKOCTH
cocraBnsier M, [kr/c] m ee HauvanpHas Temneparypa ¢, Kosdduimenrt
teronepenaun K cocransger 35 [Br/(M*K)] M moBepxHOCTH TemnoobMeHa
cocraBiusier 8 M2, TemnoemkocTh kuakoctu 3 [kJx/(xr-K)]. Halitu koHeuHble
TEeMIIepaTypbl BOAbl W JKUJIKOCTH W KOJUYECTBO MEPENaHHON TEIUIOThI, €Cld
IPUHATH U3BMEHEHUE TeMIEepaTyp TEIIOHOCUTENeH TuHEHHbIM. BapuanTel 3agaun
Mpe/ICTaBIICHbI B TAONIHUILIE 2.

Tabmuma 2
Ne Bapuanra t;,°C £5,°C M, xr/c M, xr/c
1 15 120 0,05 0,25
2 20 125 0,06 0,24
3 24 130 0,07 0,23
4 18 125 0,04 0,22
5 20 130 0,05 0,26
6 24 135 0,07 0,28
7 22 140 0,08 0,29
8 30 145 0,09 0,30
9 28 140 0,06 0,31
10 32 135 0,10 0,33

3amaya 3.Bo0BO3MyIIHBIN HarpeBaTelb BBITIOJIHEH U3 TPYO auameTpom 38
x3 mm. I'peromas cpena — BO3AyX ¢ TEMIEPATYPON Ha BXOJE /M Ha BBIXOIAE [ ).
Harpesaemas Boja uMeeT pacxoj M, HayalbHYK TEMIIEPATYPY {2, U KOHEUYHYIO
Temreparypy ¢ ». KoahpuimenTs TEMIooTaauu oT BO3ayXa K Tpy0am o 1 OT TpyO
K BOJI€ 0. HaliTu muiomanb MoBEpXHOCTH HArpeBa amnrapara, €CJId OH BBIIIOJIHEH 110
MPSIMOTOYHOW M MIPOTUBOTOYHON CXEMaM. Y UeCTh 3arps3HEHUE MTOBEPXHOCTH TPYO
C OOHOW CTOpoHBl Hakumbio TtommmHoW 0,5 Mm. HarpeBarenb Ttepser B
OKpyXarolyto cpeay 5% TemioTel, MoiaydyaemMoll Bojoil. BapuanTel 3amauu
Ipe/CTaBIICHbI B TabnuIie 3.

Ta0Omuma 3
Ne l"1 ,°C l‘”] °C t'g,"C t"g,"C M, aj, o, MaTCpI/IaH
Bap. 1/ | Br/M?K | Br/m?K | Tpy6
1 350 250 30 200 | 2,0 30 2,0 AnmomMuHN
i

2 380 200 40 150 | 2,5 40 2,5 Turan

3 400 300 50 120 | 2.9 55 3,0 JlaTyHb
4 420 280 55 180 | 3,2 35 3,7 Menp

5 450 260 60 170 | 3.5 50 3,9 Cranb

6 270 200 65 150 | 4,0 35 4,0 JlatyHb




7 500 | 360 70 190 | 4,5 60 4,2 Turan

8 370 | 220 80 210 | 6,0 65 3,8 AnoMuHH
7}

9 410 | 290 75 220 | 6,5 70 2,9 Cranp

10 440 | 270 85 200 | 7,0 55 4,0 MeJb

3agaua 4. TpyOuaTelii TemI00OMEHHMK CMOHTHpOBaH u3 187 TpyO
nuametpoMm 18x2 mm. Koxkyx BeimonHeH u3 TpyObl quametpom 424x12 mwm. Ilo
MEXTPyOHOMY MPOCTPAHCTBY BAOJbL TPYO MPoXoauT V' a3zoTa moj naBieHueM P npu
cpenHel TemiepaType f.. Onpenenuts cpeqHuil KodQpPUIMEHT TemI00TAaun CO
CTOpOHBI a30Ta. BapuaHTsl 3a71aun npeicTaBieHbl B TaOIUIE 4.
Ta0muma 4

Ne Bap. P, MIla £ep,°C V, M*/a
1 0,15 10 3000
2 0,14 9,0 2950
3 0,13 8,5 2900
4 0,16 9,0 2850
5 0,17 15 3050
6 0,13 8,5 2700
7 0,15 10 3100
8 0,14 11 2500
9 0,16 13 2600
10 0,17 12 2650

I—

KpuTepun onleHKH NPAKTUYECKUX 3aHATHI

B 5 cemectpe oOyuaromuiics mo O4YHO-3a049HOM ¢opMe M B 6 cemecTpe
oOyJaromuics 1o 3a04H0# (hopMe BBITIONHAET 26 MPAKTUYECKUX 3a4a4. 3a peLIeHHe
KOTOPBIX OH MOKET NOoay4uTh oT 10 10 20 Gaios.

[IpakTuueckass paboTa oleHUBAETCS Ha «omauuno» oml8 oo 20 dannos:
ecu U3 26 3a1a4 o TeMaM 1-6 BBIIIOJIHEHBI IPABUIIBHO 23 3a/1a4u, a B TPEX
UMEIOTCS HEI0UETHI.

[TpakTuueckas paboTa oLleHUBaETCS Ha «xopouton om 14 0o 17 6annoe: ecnu
18-22 3ana4um BBIIIOJIHEHBI IPABUIIBHO, @ B OCTAJIbHBIX UMEKOTCSI HEOUYETHI.

[IpakTuyeckas paboTa OIEHUBAECTCS HA «yoosiemeopumevhoy om 10 oo 13
oannoe: ecnm 13-17 3a7aun BHINOJIHEHBI TPABUIILHO, @ B OCTAJIBHBIX 3aJja4ax
UMEIOTCSI HEI0YEThl, WM JIOMYIIeHa OInOKa.

[IpakTuueckas paboTa OLIEHUBAETCS HA «HEYO0B1eMEOPUMENbHO): ECIH
MpaBUJIBLHO BBINOJIHEHO MeHee 13 3a/1a4, a B OCTaJbHBIX JOMYIICHBI
CYIIIECTBEHHBIC OIIUOKH.



MuHKHCTEPCTBO HAYyKU U BhIcIIero oOpazoBanus Poccuiickoit denepannu
HuxHekaMCKui XMMUKO-TEXHOJIOTUYECKUNA MHCTUTYT ((prsinan)
(denepabHOro roCyAapCTBEHHOTO OIO/I)KETHOTO 00Pa30BATENBLHOTO YUPEXKICHUS
BBICIIIETO0 00pa3oBaHUs
«KazaHCkuil HallMOHATBHBIA UCCIEA0BATENBCKUN TEXHOIOTUYECKU YHUBEPCUTETY

Daxynvmem mexaHudecKuu
Kageopa I1TAXT
Hamnpaenenne  nmoaroroBku — 20.03.01 «TexnocepHas  0e30macHOCTHY

HpO(bI/IJIL IIOATOTOBKH «be3onacHoCTh TCXHOJOTHYCCKUX mpoueccoB )41
IMPpOU3BOACTB»

KomiiekT 3Kk3aMeHAMOHHBIX BOIIPOCOB
no nucuumivee b1.0.23 «Temnogusukay

1. Tpu mpocTenmmx BUaa NEPEHOCA TEIIa.

2.0OCHOBHBIE TIOJIO)KEHHMSI TEOPHHM  TEIUIONPOBOJHOCTH;  CTAllMOHAPHBIE U
HECTallMOHAPHBIE TEMIIEPATYPHBIE MOJIS.

3. OCHOBHO# 3aKOH TEIJIOMPOBOIHOCTH (3aKOH Dyphe).

4. NudbdepenunanbHoe ypaBHEHHE TEIUIONPOBOJHOCTH TBEPIOTO TeEA.

5. KoadpunmeHT TenaionpoBoIHOCTH U €ro GU3MIECKUN CMBICIL.

6. TennonpoBOAHOCTH B MIJIOCKOM CUCTEME.

7. TeronpoBOIHOCTh B HWJIMHIPUIECKON CTEHKE.

8. Kputnueckuii auaMeTp U30JISAIUH.

9. Ilepenaua TenIOTHI Yepe3 MIIOCKYIO CTEHKY.

10. Ilepenaya TemIOTHI YEpE3 UMIMHAPUYECKYIO CTEHKY.

11. Bomnpockl MHTEeHCH(pUKAINH TETUTIOTIEpEIayun.

12. Tlepenaya TEIOTHI Yepe3 PEOPUCTYIO CTEHKY.

13. Ilepenaya TenaOTH YEPE3 MIAPOBYIO CTEHKY.

14. OcHOBBI TEOpHUM KOHBEKTUBHOTO TETLIOOOMEHA.

15. Jduddepenmnunanbapie ypaBHEHUSI KOHBEKTUBHOTO TEIIOOOMEHA.

16. OcHOBBI TEOPUH TOJOOUS.

17. OOwmwmii BUA KpUTEpUsi ypaBHEHUS U YaCTHBIE CIIy4aH.

18. KoHBeKTUBHBIH TEMII000MEH NpH TYPOYJIEHTHOM ABUKEHUU KUIKOCTHU B TPyOE.
19. KoHBEKTUBHBII TEMJIO0OOMEH MPU NONEPEYHOM OMBIBAHUH OAMHOYHOM TPYOBI.
20. KoHBeKTUBHBIN TEIJIO0OOMEH MPU MOMEPEUHOM OMBIBAHUH ITyUYKOB TPYO.

21. KoHBEKTUBHBIN TEIJIOOOMEH MIPU CBOOOIHOM JIBUKEHUU CPEIBI.



22. KoHBEKTUBHBIH TEMJI000MEH MPHU JTJAMUHAPHOM JIBUKEHUU KUJIKOCTHU B TpyOe.
23. TeriooOMeH TIPU KUTICHUH KUJTKOCTH.

24. TerooOMeH IpU KOHAEHcaluu mapa. BnusHue pa3nnyHblXx (AaKTOpOB Ha
TEII000MEH IPU KOHJEHCALHH.

25. Jlyuuctsiit TerioooMeH. TermoBoe uznyuenue. Knaccudukanms uzaydeHus mo
JUIMHaM BOJIH.

26. OcHoBBI TemiooOMeHa u3iydyeHueM. [lornmamartenbHasi, oTpa)kaTeibHas U
nporycKaTelibHas CIOCOOHOCTH Tell.

27. CnekrtpanbHas U HWHTErpajibHasi uziy4yaTenbHas crocooHocTh AUT. 3akoHsbl
[Inmanka u Buna.

28. WznyuarenbHas CTOCOOHOCTH CEPOTO TeJa M MOHATHE CTETIEHU YEPHOTHI.

29. 3akon Credana-bonpimana nns AUT. Pacuet usnydenus peaqbHbIX TEL.

30. 3akon Kupxroda. CBs3p MeXIy H3Ty4yaTEJIbHOW M MOTJallaTeIbHON
CIIOCOOHOCTBIO TEIL.

31.9Oxpanbl. U3nydyenue razop. CI0KHBIA TETIOOOMEH.

32. Iloustue 3dpdexTuBHOr0 U3MydeHHs. JIyduCThIM TEIIIOOOMEH MEXTY ABYMS
NapauleJIbHbIMA  IUIACTUHAMMU.

33. Tumnbl TeNI000MEHHBIX aNnapaToB.

34. OcHOBHBIE NTOJIO)KEHUS TEILIOBOIO pacuera. CpelHHUI TeMIIEpaTypHBIA HAMOP.

Kpurepuu oueHKH 3HAHMH CTYIEHTOB HA JK3aMeHe

O11eHKa «OTJIMYHO) 32 OTBET Ha 6ONPOC BHICTABIISIETCS, €CITU MHTEPBAJ OaJIJIOB
peiitunra cryaenta 12 <R <14 u crygeHT:

- TokKa3an TiyOOKHEe M BCECTOPOHHHME 3HAHHUS [0 BOIpoCy Owuiera B
COOTBETCTBUM C Yy4eOHOW MpOrpamMmoil, OCHOBHOM U JIOMOJHUTEIbHOU
JUTEPATYpor, TPEOOBAHMN K BBINOJIHEHUIO  COOTBETCTBYIOIIMX (PU3MUYECKHUX
3akoHOB (7 <R < 10);

- CaMOCTOSITENIbHO, JIOTMYECKH CTPOMHO U TMOCIEA0BATEIbHO W3J1araeT
y4eOHbII MaTepHall, JEMOHCTPUPYSI YMEHHE aHAIM3UPOBATH PA3IMUHbIE HAYUYHbIC
B3TJISIbl, ApIYMEHTUPOBAHHO OTCTauBATh COOCTBEHHYIO no3unuio (1,6 <R < 1,8);

- TBOPYECKHU CBA3BIBAET TEOPETUUECKUE MOJIOKEHUS ¢ mpakTukoi (1,6 < R <
1,8);

- oOomamaet kynbTypoit peun (1,6 <R < 1,8).

OrneHka «X0poIIo» 3a OTBET HAa 6ONPOC BHICTABIIAETCS, €CJIM HHTEPBaAJ OaJJIOB
peritunra crygenta 10< R <12 u cTyJieHT:

- MOKa3bIBAa€T TBEPJIbIE€ U JOCTATOUHO IOJHBIE 3HAHUS MO BOIPOCY OujeTa B
COOTBETCTBUHM C Y4YEOHOW MpOrpaMMOl, YBEPEHHO OPUEHTHUPYETCS B OCHOBHOU
JUTEPATYpE, 3HAET TpeOOBaHUs K PU3NYECKUM 3aKoHaM (6,6 <R < 7,2);

- CaMOCTOSITEIbHO M TMOCJEIOBAaTEIbHO W3JIaraeT Yy4eOHbId MaTepual,
OPEANPUHUMAET TOMNBITKA aHATU3UPOBATh PAa3IUYHbIE HAYYHBIE B3IVISIABI U
000CHOBaTh COOCTBEHHYIO MO3ULIMIO, MPU 3TOM JOMYCKAET HE3HAYUTEIbHbIC
omm6Oku (1,3 <R <1,6);



- yMeeT CBs3bIBaTh TEOPETUYECKHE TOJOXKEHUS C MPAKTUYECKOU
nesarenbHocThio (1,3 <R < 1,6);

- oTaMyaeTcs pa3Butoi pednto (1,3 <R < 1,6).

OneHka «yJa0BJEeTBOPUTEIBLHO» 32 OTBET HAa 60MPOC BBHICTABIISIETCS, €CIU
uHTepBa 0auioB peituHra cryjaeHta 8 < R <10 u cTyaeHT:

- IOKA3bIBAET TBEP/IbI€ 3HAHUS IO BOIIPOCY OMJIeTa B COOTBETCTBUU C YUeOHOM
IPOTrPaMMOM, OPUEHTUPYETCS JIUIIhL B HEKOTOPBIX JUTEPATYPHBIX HCTOYHHUKAX,
3HAET OTAeNbHBIC TpeOOBaHUs K Guznueckum 3akoHam (4,0 <R < 5,3);

- y4eOHBIM MaTepHall U3JIaraeT penpoIyKTUBHO, JOITYCKasi HEKOTOPHIE OITMOKH
(1<R<1,3);

- TpENNPUHUMAET TMOMBITKH AHATU3UPOBATH PA3IMYHBIC HAYYHBIC B3TJISIBI,
000CHOBaTh COOCTBEHHYIO MO3UIIHIO 10 TpeboBanwuto npemnoaaBateis (1 <R < 1,3);

- C TPYJIOM YMEET YCTAaHOBUTH CBSI3b TEOPETHUECKUX MOJIOKEHUHN C MPAKTUKON
(1<R<13);

- peub He Bcerja JJoruuHa u nocienosarenbHa (1 <R < 1,3).

OreHKa «HEYA0BJIETBOPUTEIbHO» 32 OTBET HA 6OMPOC BHICTABISICTCS, CIH
pedTunr cryaenta R <8 6amnoB u cTyneHT:

- IEMOHCTPHUPYET HE3HAHWE OCHOBHBIX MOJIOKEHUI Bompoca ouiiera (R < 4);

- HE OPUCHTUPYETCS B OCHOBHBIX JINTEPATYPHBIX HCTOUHUKAX (R < 1);

- HE 3HAeT TpeOOBaHUM K COOTBETCTBYIOIIMM (pu3nueckuM 3akoHaMm (R < 1);

- HE B COCTOSIHUU JaThb CAMOCTOSITEJIbHBIA OTBET Ha BOIPOCHI, 0OOCHOBATH
coOcTBeHHY0 no3uiuio (R < 1);

- HE YMEET YCTaHABIUBATh CBSI3b TEOPETUUECCKUX MOJOXKEHUM € mpakTHKoi (R
<1);

- peub ci1abo pa3BuTa U ManoBbipazutensHa (R < 1).

Oyenxa 3Hanuii cmyoOeHmos Ha SK3aMeHe GblCMABAAeMCcs N0 pe3yabmamam
0meemoes Ha mpu eonpoca ounema:

- (OMAUYHOY, ECIV UHTEPBAIl PEUTUHTA 3a dKk3aMmeH cocTaBisieT 32 < R < 40;

- «(XOpOui0», €CIIA UHTEPBAJI PEUTHHTA 3a K3aMeH cocTaBiseT 28 < R < 32;

- «y008J1emeopumesbHoy», €CIU UHTEPBAI PEUTHUHIa 3a 3K3aMEH COCTaBIIAET
24<R < 28;

- «Hey0oenemeopumenbHoy, eciiv uHTepBai peituara R < 24 6amna.



MuHucTepcTBO HayKH U BbIciiero oopa3oanus Poccuiickoit @enepannu
HwxHekamMCcknii XUMUKO-TEXHOJIOTUUECKUA MHCTUTYT ((pura)
beneparTbHOTO TOCYAaPCTBEHHOTO OFOIKETHOTO 00Pa30BaATEIHLHOTO YUPEKICHHUS
BbICIIIET0 00pa30BaHUs
«Ka3zaHCkuil HallMOHAIBHBIA UCCIEN0BATENBCKUN TEXHOJIOTHYECKUN YHUBEPCUTET

Dakynemem  MeXaHUYecKul
Kadgheopa I11AXT

Hanpaenenne  moaroroBku  20.03.01 «Texnocepnass  0e30maCHOCTHY

[Ipopunb nonroroBku  «be30MacHOCTh  TEXHOJOTMYECKUX  MPOLECCOB U
MPOU3BOJICTBY

KommuiekT 3aganuii 1151 KOHTPOJIbHOM padoThI
no gucuuminae b1.0.23 «Temwnogusuka»

[To m3yuennn pucuuiuinHbl «Temnogu3uka» CTyIeHT 3a04HOM (OPMBI
00y4eHUs JOHKEH BBIMOJIHUTH KOHTPOJIBHYIO pabO0Ty, COCTOSIYIO U3 5 3a1ad.
Homep BapuaHTa KOHTPOJIBHOTO 3aJaHusi ONpeNesseTcss ABYMs MOCIEIHUMU
nudpamu mudpa (MUUHOr0 HOMepa ctyneHTa). Hanpumep, npu mudpe 2149 (a8e
nocinennue uudpel 49). ns nepBod 3amauM B KOHTPOJIBHOM paboTe CTYAEHT-
3a0YHUK TOJIy4aeT CIIEYIONINE UCXOIHbIE JaHHbIe: (10 mocieaHel uudpe mmdpa
9, no mpeanocinenneit nmudpe mudpa 4)

® BEHITIMCAThH YCIIOBUS 33/1a4H;

® PEIICHUE COMPOBOXKIATh KPATKUMH IOSICHEHUSIMH, B KOTOPBIX IMOKa3aTh,
Kakas BeIUYMHA ONpejaensercs W 10 Kakod ¢opMyne, Kakhe BeTUYUHBI
MOJICTABIISIIOTCS B GOPMYJTY U OTKYJla OHM OepyTcs (Harpumep, U3 YCIOBHS 3aauH,
U3 CIIPABOYHUKA, ONPE/ICIICHHBI paHee);

e npoctaBuTh pazmepHoctu (B cucteme CU (SI — system international));

® 33/1a4M COTMPOBOXKIATh COOTBETCTBYIOITUMHU CXEMaMH WIH TUarpaMMamu;

¢ c(hopmynpoBaTH KPATKHE BHIBOJIBI 11O PE3yJIbTaTaM PACUYETOB.

KonTpoJsbnas padora



3amaua Ne 1.

OnpenenuTs  IUIOTHOCTh  TEIUIOBOIO  TOTOKAa  (, IepeaBacMoro
TEIIONPOBOHOCTBIO:

1) depe3 0JIHOCIONHYIO IJIOCKYI0 METAJUIMYECKYIO CTEHKY TOJIIUHOMN O;

2) depe3 ABYXCIOMHYIO TJIOCKYIO CTEHKY: MepBasi CTCHKA MOKPhITA MIIOCKUM

CJIOEM HM30JISIIIUN TOIIHHON Oy.
TeMrepatypbl BHEIITHUX ITOBEPXHOCTEH to) U teo B OOOUX CIIydasix OJJMHAKOBHI.
JlaHHbIC 715 peIICHU 3a/1a9d B3STh U3 TaOI. 1.

Tabmanma 1
Hocaennss | Marepuan | Toammn | te, | tez | Ilpexmocaenns | Marepua | Tonmuna
s1 mugpa CTEeHKH acrenkn | °C | , s mugpa Ja 30/
mudpa Oc, MM 'C muppa H30JIAMHN | W Ou, MM

0 Menb 2 19 | 50 0 Acbect 20
0

1 AmoMUHI 3 18 | 40 1 Haxkune 10
i 0

2 Cranp 4 17 | 50 2 [lenonnac 40

0 T

3 Hepx. 2 16 | 60 3 Hakurmp 10
CTaJlb 0

4 Yyryn 5 15 | 40 4 Pe3una 50
0

5 Jlatynp 3 18 | 50 5 Acbect 10
0

6 Mens 2 17 | 60 6 Pe3una 40
0

7 AnmoMUHU 3 16 | 50 7 Hakunb 10
i 0

8 Cranb 4 15 | 60 8 [lenonac 50

0 T

9 Uyryn 4 14 | 70 9 Acbect 10

0

3agaua Ne 2.

[To Tpy6Oe nnuHoM 1=3 M 1 BHYTpEHHUM quaMeTpoM d, M JIBUIKETCS )KUJIKOCTh
co ckopocteio W, M/c. CpenHue 1o JUIMHE TEMIIEpaTyphl CTEHKU TPyOHI t, °C, n
HKUJKOCTH ty,’C.

Paccuurath cpennuii Kod()(PUIMEHT KOHBEKTHBHBIM TEIUIOOTAAYM K
JKMJIKOCTH WJIM OT HEe K CTCHKE.

JlaHHBIC [715 peIIeHUs 3a/1a4d B3STh U3 Ta0J.2.

Tabmuma 2
Mocaeansis d, mm W, m/c | Ilpeanociaenussi | te, °C t, °C Kuakocrnb
uudppa uudpa mudppa
mudpa
0 0,010 0,1 0 20 120 Tpanc.macio
1 0,012 0,5 1 30 110 [ 'murepun
2 0,014 0,8 2 4 100 Bona
3 0,016 1,0 3 50 90 Tpanc.macio
4 0,018 1,5 4 60 80 ['nmunepun




5 0,020 2,0 5 70 50 Bona

6 0,013 2,5 6 80 50 Tpanc.macio

7 0,015 2,0 7 90 40 I'muniepun

8 0,017 1,5 8 100 30 Bona

9 0,020 1,0 9 120 20 Tpanc.macio
3agaua Ne 3.

OnpenenuTs IMIOTHOCTh JYYUCTOTO IMOTOKA TeIa (y MEXIy ABYMs
napajyieIbHbIMM TUIOCKOCTSMU, HWMEIOIIMMHU TeMIEepaTyphl t; U t; W CTENEHU
YEPHOTHI € U €. Kak U3BMEHUTCH q;, €CIIU MEXKTY IIIOCKOCTSIMU YCTAHOBUTH TOHKUN
JIMCTOBOM SKPaH CO CTETIEHbIO YEPHOTHI &s.

JlanHble A7s peleHus 3a1auu B3STh U3 Ta0u.3.

Tab6mumna 3
Mocnennss €1 £ & IlpeanociaeaHss t1,°C t2,°C
uudpa uudpa mudppa
mudpa
0 0,62 0,35 0,22 0 380 30
1 0,65 0,42 0,42 1 450 40
2 0,72 0,68 0,16 2 500 50
3 0,75 0,35 0,42 3 550 60
4 0,82 0,65 0,35 4 600 20
5 0,35 0,82 0,15 5 650 70
6 0,42 0,62 0,42 6 700 65
7 0,22 0,32 0,65 7 750 35
8 0,18 0,75 0,45 8 680 75
9 0,88 0,82 0,25 9 570 45
3agaua Ne 4.
[lmockast crajibHasi CTEHKA TOJIIMHOM O, OMBIBAETCA C OJIHOW CTOPOHBI
rOpssYAMH Ta3amMu C TEMIIEpAaTypor ty, @ C JAPYrol CTOPOHBI — BOJOU C

TeMIIepaTypoi ty». OnpenenuTs kKodppuuueHT Temonepenayu k ot razos kK Boje,
IJIOTHOCTH TETUIOBOTO TIOTOKA U TEMIIEpaTypy 00enX MOBEPXHOCTEH CTEHKH, €CIIU
W3BECTHBI KOA(DPUITUEHTHI TEIJIOOTAAYH OT ra3a K CTEHKE 0] ¥ OT CTEHKH K BOJIE O,
a Ko OUIMEHT TETUIONPOBOTHOCTH CTAIU A= 50 Bm /(m - 2pad) . OpeIeTnTh TaKKe
BCE YKA3aHHBIC BBILIE BEJIUYUHBI JUIA CiIy4as, €CJId CTEHKAa, OMbIBaemas BOIOM,
MOKPOETCSI CII0EM HaKUIU TOJIIIMHON Oy; KOA(PPUIMEHT TEITONPOBOAHOCTH HAKUIIN
A, =0,5Bm/(m-epao). IlokazaTb, Kak HW3MEHHUTCA XapakTep 3aBUCHUMOCTH
TEMITEPATYPhI OT ty; N0 ty MO ToNmmHE closi. OOBSICHUTH BIMSHUE OTIOXKCHUS
HAKHUIIM Ha TerJIolepenayy.
JlaHHBIC [7151 peIIeHUs 3a/1a4 B3STh U3 Ta0.4.

Tabanma 4
MocaenHsasi | dc, MM | Ou, mm o | m Mpeanociaenns ta1, °C ta2, °C
ungppa Bm /(m* - 2pad) s uudpa
mmdpa mudpa

0 14 1,0 32 | 1200 0 300 50




1 16 1,5 35 1400 1 350 60
2 18 2,0 38 1600 2 400 70
3 20 2,5 40 1800 3 450 80
4 22 3,0 42 2000 4 500 90
5 15 1,0 45 1200 5 300 50
6 17 1,5 50 1400 6 350 60
7 19 2,0 55 1600 7 400 70
8 21 2,5 60 1800 8 450 80
9 23 3,0 65 2000 9 500 90

3agmauya Ne 5.

Onpenenuth MOBEPXHOCTh HArpeBa PEKYNEPATHUBHOIO BOOBO3IYIIHOTO
TEIUIOOOMEHHUKAa NP OPSIMOTOYHOM M MPOTUBOTOYHOM  JABMXKCHUU
TerioHocuteneil. J{ins o0enx cxeM TeMmI00OMEHHHKOB NPEICTaBUTh TIpaduKu
U3MEHEHHUs TEMIIEpaTyp TEIUIOHOCUTENEH BIOJb IMOBEPXHOCTU TEIJIOOOMEHA.
VYkazaTh NpeuMyIIecTBa IPOTUBOTOYHON CXEMBbI TETNIOOOMEHHHUKA 110 CPAaBHEHUIO C
npsiMoTouHOM. OOBEeMHBIN pacxon Bo3ayxa V, (MPU HOPMAJIbHBIX YCIOBHUSX),
cpenHuii kKo HUIMEHT TEIUIonepeaun OT Bo3ayxa K Boje k, Temneparypa Bo3ayxa

Z‘I/Il;

803

U TEMIICPATYPLI BOJbI I, 1 I, COOTBETCTBEHHO Ha BXOJIC€ U BBLIXOJIC U3

03

TEIUIOOOMEHHHUKA B3ITh U3 TA0JI.5.

Tabnmma 5
Ilocnennsis k,
H“‘bpa 10_3 ’ VH ’ M3 /u —Bm Hpeﬂﬂoc-ﬂeﬂﬂﬂﬂ teoa t;oa ts te
mmndpa Mm* - 2pao ungpa umppa
0 10 2 0 340 | 130 | 15 | 100
1 15 23 1 360 | 140 | 20 | 110
2 20 19 2 400 | 180 | 25 | 130
3 25 18 3 430 | 220 | 30 | 150
4 30 25 4 460 | 240 | 35 | 160
5 35 21 5 480 | 210 | 40 | 170
6 40 27 6 510 | 190 | 45 | 140
7 45 22 7 470 | 200 | 50 | 160
8 50 24 8 420 | 230 | 30 | 170
9 55 26 9 380 | 120 | 40 | 100

KpuTtepun oieHKH KOHTPOJIbHOH padoThI:

KontponrHas paboTa olieHUBaeTCs Ha «omauuno» om 9 oo 10 éannos:
ecyu 4 3aJ1a4M BBIMOJIHEHBI MPABUIILHO, a B OJTHOM 3a71au€ UMEIOTCSI HEI0UYETHI.

KonTtposnrHas paboTa olileHUBAETCSI HA «Xopouto» om 7 00 8 6annoe: eciu
3 3a/1a4u BBINIOJIHEHBI MPABWIIBHO, @ B IBYX 3aJ1a4aX UMEIOTCS HEOUYETHI.

KonTtposnpHast paboTa OlLICHUBAETCS Ha «)00671€meopumensHo» om 5 0o 6
0annoe: ecnu 3 3aayu BBINOJHEHBI MPAaBUIIBHO, a B JIBYX 3ajadax JOIYIICHbI
OIIHUOKH .



KoHTponbHas paboTa OLICHUBAETCS HA «HEYO081€MEOPUMETbHOY: €CIT 2
3a/la4il BBINIOJIHEHBI TMPAaBUJIIBHO, @ B TPEX 3ajJadax HMEIOTCS HEAOYEeThl WIIH
JIOTTYIICHBI OIITHOKH.
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