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Hepeqeub Komnemenuuﬁ u undukamopoe 0ocmudiceHUs Komnemenum? C YKasaHnuem smanoe ¢0pmupoeauuﬂ 6 npouecce
oce0eHus Oucuunﬂuubl

b1.0.23 «Tennogusuxa»
Hanpaenenue noozomoeku (cneyuanvrnocmu) 20.03.01 «Texnocgpepnas d6e3onacnocmoy

Hp0¢u.71b noozomoexku «bezonacnocms mexnonozuueckux npoueccoe u npou3800cm3»

Komnerenius:

OIIK-1CnocobeH yuynuThiBaTh COBPEMEHHBIE TEHAECHIIUU PA3BUTHS TEXHUKU U TEXHOJOTUN B 00J1aCTH TEXHOCPEPHOU
0€30MacCHOCTH, U3MEPHUTEIBLHON U BBIUUCIUTEIbHON TEXHUKHU, UH()OPMALIMOHHBIX TEXHOJOTUHN MPU PEILICHUH TUIIOBBIX 3a71a4 B
obJsiactu MpoeCcCUOHANTBHOM S TEILHOCTH, CBI3aHHOMN C 3al[UTON OKPY KaIOIIEH cpebl U oOecrieueHueM 0€30acHOCTH
YEJI0BEKa,;

OIIK-1.1 3naer kpuTepun UCIIOJIB30BAHKS HA IPAKTUKE IPUHLUIIOB 3aLIUTHI YEJIOBEKA U IPUPOIHON CPEIBI OT ONACHOCTEN
TEXHOI'€HHOT'O U IIPUPOJHOIO XapaKTepa; OCHOBBI TEXHUKU U TEXHOJIOTUH 3AILUThI YEJI0BEKA U IIPUPOJIHON CpEeabl OT ONIACHOCTEN
TEXHOT'€HHOT'O U MPUPOJHOTO XapaKTepa; COBPEMEHHbIE METO/Ibl UCCIIEIOBAaHUM U MHKEHEPHBIX pa3padoToOK B 00jIacTu
TeXHOC(PEpHOU OE30MaCHOCTH.

OIIK-1.2YmeeT BbIOMpaTh CUCTEMBI 3AIIMTHI YEJIOBEKA U CPEAbl OOMTAHMS MPUMEHHUTEIBHO K OCOOEHHOCTSIM MPOTEKAHUS
ONACHOCTEN TEXHOTEHHOI'0 U MPUPOJHOIO XapaKTepa; MPUMEHATh HA MPAKTUKE 3HAHUS O COBPEMEHHBIX TEHACHIMAX Pa3BUTHUS
TEXHUKH U TEXHOJIOTUI B CBOCH MPOPECCHOHAIBHOMN JESTEIHHOCTH.

OIIK-1.3. Bmazmeet cnocoOOHOCTHIO OPUEHTUPOBATHCS B MEPCIIEKTUBAX PA3BUTHS TEXHUKU U TEXHOJIOTHH 3aIIUTHI CPEIbI
oOWTaHUs, TOBBIICHNS 0€30MACHOCTH U YCTOMYMBOCTH COBPEMEHHBIX MPOU3BOJICTB C yUETOM MUPOBBIX TCHICHIINI HAYYHO-
TEXHUYECKOTO IIPOrpecca U YCTOMYNBOTO PA3BUTHS ITUBUIN3AIINAH.



Hnouxkamopwi Imanwl hopmuposanusn ¢ npouecce 0c60eHUA OUCUUNTTUHBL
docmusicenus (vkazams ece memul uz PI1/]) Haumenoeanue
KomnemeHnuyuu _ OREHOURO20
Jexyuu Ilpakmuueckue Jlabopamopuoie Kypcoeoit npoekm
cpeocmea
3anaAmuA 3anaAmuA (paboma)
OIIK-1.1 Tema 1, Tema 2, Tema 1, Tema 2, Tema 1, Tema 2, He JK3aMeH.
Tema3, Tema 4, Tema3, Tema 4, Tema 4, Tema 5. npedycmompennt | TecT.
Tema 5, Tema 6. Tema 5, Temab. JlaGopaTopHbie
padoThI.
IIpakTHYeckue
3aHATHS.
Tema 1, Tema 2, Tema 1, Tema 2, Tema 1, Tema 2, He 9K3aMeH.
Tema3, Tema 4, Tema3, Tema 4, Tema 4, Tema 5. npedycmompennt | TecT.
OIIK-1.2 Tema 5, Tema 6. Tema 5, Temaé. JlaGopaTopHbie
padoThlI.
IIpakTHYeckue
3aHATHS.
OIIK-1.3 Tema 1, Tema 2, Tema 1, Tema 2, Tema 1, Tema 2, He JK3aMeH.
Tema3, Tema 4, Tema3, Tema 4, Tema 4, Tema 5. npeoycmompenwt | Tecr.
Tema 5, Tema 6. | Tema 5, Tema 6. JlaGoparopHbIe
padoThbI.
IIpakTHYeckue

3aHATHA.




Ilepeuens oyenounvix cpeocme no oucyuniune (MooyJio)

®opma o0yueHUust

HanmMeHoBaHMe OlI€HOYHBIX CPeICTB

KoaunuyecTBO 0a/1710B

O4YHO-3a04YHasd

JlaboparopHbie paObOTHI.

max 30 - min 21

HpaKTI/I‘IeCKOC 3aHATUC

max 20 - min 10

Tect

max 10 - min5

DK3aMeH

max 40 - min 24

®opMa KOHTPOJIA

IK3aMCEH

Hroro

max 100 - min 60




HlIxana ouenusanus

Indposoe
BbIpaKeHue

Bripaxenue B
0aJsnax:

CioBecHoe
BbIpa:KeHHe

Kputepun ouieHKH HHIUKATOPOB JOCTHKEHHS MPU (hopMe KOHTPOJIA:

JK3aMeH / 3a4er ¢ OLIEHKOM

3adyeT

5

87 -100

OTan4HO
(3auteHo)

OneHka «OTJIMYHO» BBICTABISIETCA CTYJEHTY, €CJIH TEOpETHUECKOe
coJiep>kaHue Kypca OCBOCHO MOJHOCTHIO, 0€3 MpoOesoB; McYepIbIBAIOLIE,
[IOCJIEI0BAaTENIbHO, YETKO M JIOTMYECKHM CTPOWHO H3Jlaraer Marepual;
CBOOOJHO CIIpPaBISIETCS C 3afjadaMM, BOIPOCAMHU WU APYIMMH BHIAMH
MIPUMEHEHUS 3HAHWI; MCIOJIB3yeT B OTBETE JOMOJHUTENBHBIN MaTepuan
BCE INPENyCMOTPEHHBIC MPOrPaMMOM 3aJaHHs BBIIOJHEHBI, KaYeCTBO HX
BBIIIOJIHCHHUS OLICHEHO YHCJIOM OamioB, OMM3KUM K MaKCHUMAaJIbHOMY;
aHAJIM3UPYET IIOJIyYE€HHBIE pe3yJIbTaThl; MPOSIBIAET CaMOCTOSTENHLHOCTh
TIpH BBIIOJTHEHUH 33 JaHUH

74 - 86

Xopo1o
(3auTeHO)

OLeHKa «XOpOIIO» BBICTABISIETCS CTYNEHTY, €CIU TEOPETUUYECKOE
coJlep)KaHHEe Kypca OCBOEHO IIOJTHOCTHIO, HEOOXOIUMBIC TPAKTUYECKHE
KOMIIETEHIINK B OCHOBHOM C(OPMHPOBAHBI, BCE MPEIyCMOTPEHHBIE
MporpaMMoit oOydeHusl y4deOHbIe 3aJaHUs BBHIMOJTHEHBI, KadeCTBO WX
BBIMIOJIHEHUST JOCTAaTOYHO BbICOKOE. CTYIEHT TBEpPAO 3HAET Marepua,
rpaMOTHO W MO CYUIECTBY M3Jarae€T €ro, He JONyCKas CYIIECTBEHHBIX
HETOYHOCTEN B OTBETE HA BOIIPOC.

60 -73

VY nosnersopu
TEIBLHO
(3auTeHo)

OueHka  «yAOBIETBOPUTEIBHO»  BBICTABIAETCS  CTYIEHTY,  €CIU
TEOPETHYECKOE COAEpPIKaHWE Kypca OCBOCHO YaCTHYHO, HO TMPOOENbl He
HOCSAT CYIIECTBEHHOTO XapakTepa, OOJBIIMHCTBO TPEAYCMOTPEHHBIX
MPOTPaMMOi 33J]aHNH BBITIOIHEHO, HO B HUX UMEIOTCS OLIHOKH, TIPH OTBETE
Ha MOCTaBJICHHBIA BONPOC CTYJEHT AOMYCKAeT HETOUHOCTH, HETOCTATOUHO
MpaBUIbHbIE (OPMYIUPOBKH, HAOIIONAIOTCS HApYIIEHUS JIOTHYECKON
[IOCJIEI0BATEIBHOCTH B U3JI0KEHUU IPOTPAMMHOI0 MaTEpHAIA.

Ouenka «3aUTCHO» BBICTABIISIETCS
CTYIICHTY, €CII OTBETHl Ha BOIPOCHI IO
TeMaM JUCHHUIUIMHBI TIOCIIEI0BATEIbHEI,
JOTUYECKH  M3JIOKEHBI,  JOIMYCKAIOTCS
HEe3HAUYNTEIbHBIE HEIOYETHl B OTBETE
CTyAEHTa, TakHMe Kak OTCYTCTBUE
CaMOCTOSITETILHOTO ~ BBIBOJA, PEUCBBIC
OINOKY U TIp

Huxe 60

Heynosnersop
UTEJNBHO
(He3aureHo)

OueHKa «HEYJOBJIETBOPUTEIBHO» BBICTABISETCS CTYIEHTY, €CIIM OH He
3HAaeT 3HAUUTENBHOM YacTH MPOrpaMMHOIO MaTepuana, JOIyCKaeT
CYLIECTBEHHbIE OIMMOKH, HEYBEPEHHO, C OONBIINMH 3aTPYAHEHUSIMHU
BBHITIOJIHSIET ~ TIpaKTHYecKhe  paboThl, HEOOXOJAMMBIE  MPAKTUYECKHE
KOMIIETEHIIMM He C(OPMUPOBAHBI, OOJBIIMHCTBO MPEAYCMOTPEHHBIX
MporpaMMoii O00y4eHHUs] Y4eOHBIX 3aJlaHWi HE BBIOJIHEHO, KAa4eCTBO HX
BBITIOJTHEHHS OIIEHEHO YUCIIOM 0aiyioB, OJIM3KHUM K MUHUMAJIBHOMY

OLIGHKB, «HC 3a4TCHO» BBICTABJIACTCA
CTYACHTY, €CJIM CTYACHT HC 3HACT
OCHOBHBIX TIOHSTHH TEMBEI JAHUCIUITIIINHBI,
HC OTBCYACT Ha OOIIOJHHUTCIIBHBIC H
HaBOJAIIMEC BOIIPOCHI MPETIOAaBaTCIIA.




KpaTKaﬂ XapaKTEPpUCTHKA OIICHOYHBIX CPEACTB

No
n/n

Haumenoesanue
OUCHOUHO20
cpeocmea

Kpamkasa xapaxmepucmuka oyeHouHo20
cpeocmea

Ilpeocmaesnenue
OUeHOUHO20
cpeocmea 6 honoe

2

3

4

JlaGoparopHas
pabota

D10 BUJ yuyeOHOW paboThl, LIEJIBIO KOTOPOH
SABIIACTCS U3y4eHUE (uccienoBaHue,
U3MEpEHHE) XapaKTEepPUCTUK J1ab0paTOPHOTO
oOBEKTA.

[lenp 11abOpaTOpHBIX 3aHATHIA:  OCBOEHUE
M3y4aeMou y4eOHOM JTVCLIUTUINHBL
NpUOOPETEHNUE  HABBIKOB  IPAKTUYECKOTO
NPUMEHEHUsI 3HAHUWA YYEeOHOW IUCIUIUIMHBI
(IMCUUIUINH) C HCIIOJIb30BAaHUEM
TEXHUUYECKUX CPEACTB U (WIK) 000py10BaHUS

Tembl
71a00paTOPHBIX
pabot

2

[IpakTueckoe
3aHATHE

B xome mnpaktuyeckux padOT CTYyACHTHI
OBJIAJACBAIOT  YMEHMSMH  IOJb30BAaThCS
paboTaTh ¢ HOPMATUBHBIMU JOKYMEHTaMH U
UHCTPYKTUBHBIMU MaTeprallaMy,
CIIPAaBOYHUKAMH, COCTABIIATH TEXHUYECKYIO
JOKYMEHTAIMI0;  BBIIOJHATH  YEPTEXKH,
CXEMbl, TaOJMIbl, pelaTh pa3HOro poja
3aa4y, JeJIaTb BBIYUCIICHUSA, OIPEIEIATh
XapakTepUCTUKNA  PA3JIUYHBIX  BEILIECTB,
0o0BbeKTOB, sABieHUH. Llenp mnpakTUUecKux
3aHATHI  3aKiro4aercss B BBIPAOOTKE Yy
CTYJIEHTOB HAaBBIKOB IIPUMEHEHUS
MOJYYEHHBIX  3HAHUW Uil pElICHUs
MIPAKTUYECKUX 3a/1a4 B IIPOLIECCE COBMECTHOM
JEATEIbHOCTH C ITPENOIABATEIIMH.

TeMmbl
MPAKTUYECKUX
3aHSTUM;
KOHTPOJIbHBIE
3aJaHus 110 TEME
MPAKTUYECKOTO
3aHATUS

Tect

CuctemMa cTaHAApPTU3UPOBAHHBIX 3aJaHUN,
MO3BOJIAIONIAs ABTOMATU3UPOBATh MIPOLIEAYPY
U3MEpPEHUs YpPOBHSA 3HAHUW W yYMEHHUU
00y4Jaromerocs.

doHg TECTOBBIX
3aJIaHUN




MuHHCTEPCTBO HAYKU U BhICIIEro oOpazoBanus Poccuiickoit denepannu

HuxHekaMCKui XUMUKO-TEXHOJIOTUYECKUNA MHCTUTYT ((prsinan)

(benepanbHOro rocyAapCTBEHHOTO OI0/IKETHOTO 00Pa30BaATENBLHOTO YUPEXKICHHUS

BBICHICTO O6paBOBaHI/I}I

«Kazanckuit HalMOHAJILHBIN HCCIIEIOBATEIbCKUMN TEXHOJIOTHYECKUMN
YHUBEPCUTET

Daxyrvmemmexanuieckuu
Kagpeopa ITAXT

Hamnpasnenue noarorosku 20.03.01 «Texnochepnas 6e3omacHocTh»  [Ipoduib
MOATOTOBKH «be30MacHOCTh TEXHOJIOTMYECKHUX MPOLECCOB U MPOU3BOJICTBY

JlaGopaTopHble 3aHATHS
no guciuimie b1.0.23 «Temwiogusnka».

Ha6opaTopHLIe 3aHATHA 110 JUCHUIIINHC IIPOBOIATCA B CIICHHUAJIBHO

000py0BaHHBIX J1a0OPATOPUSIX C MPUMEHEHUEM HEOOXOIUMBIX CPEJICTB
oOy4eHus: J1abopaToOpHOro 00OPYyIOBaHMUS, 0OPA3IOB JIJIsl UCCIIETOBAHUM,
MeToanueckux rnocoduii. Llenars nmposenenus mabopaTopHbIX padboT -
MPAKTUYECKOE OCBOEHNE TEOPETUUYECKHX MOJI0KEHUH JIEKIIMOHHOTO MaTepuaia,
a TakXe BhIPa0OTKA CTY/ICHTAMU ONPE/ICTICHHBIX YMEHUN U HABBIKOB
CaMOCTOSITETILHOT'O SKCIIEPUMEHTHPOBAHMUSL.

[Ipun3yuenun mucuuIuinHbl« Tennoduznkay
IIPEyCMAaTPUBAETCABBINOIHEHUEY €M blpex1adopaTOpHbIX padoT:

JlaGoparopHasi padora Nel. Onpenesienne k03 puumeHTa TenJI0NpPOBOHOCTH
TBEPAOr0 MaTepHaJia.

1.
2.

B~ w

6.

Yto Takoe TENIONPOBOJHOCTH?

MexaHu3M pacnpoOCTpaHEHUsI TEIJIOThl TEIJIONPOBOJHOCTHIO B MeETaJLIaX,
ra3zax u *KUJIKOCTSIX.

3akoH Dypsbe.

Urto Ha3biBaeTCst KOAPHUITMEHTOM TETIONPOBOTHOCTH?

Kak BnusioT Temreparypa, JaBICHUE W BIAXKHOCTh HA TEIUIONPOBOJIHOCTD
MaTepuanoB?

Kak omnpenensiercst temrieparypa MEXAy CJIOSIMA B MHOTOCJIOMHOM TIJIOCKOU
CTEHKE?

JlaGoparopnas padora Ne2. Onpenesienne Ko3ppuuneHTa TENJI00TAAYU NPH
BbIHYK/ICHHO! KOHBEKIHH.
1.Yto Ha3pIBaeTCSI KOHBEKTUBHBIM TEIIOOOMEHOM?
2.Kakue pa3nnyaroT BUAbl KOHBEKIUN?



3.3akoH HeroToHa — PuxmaHna.
4.Kakue (pakTopsl BIUSIIOT HA KOHBEKTUBHBIA TETJIIOOOMEH ?
5.OyHKIMEH KaKuX BEIUYHH ABISIETCS KOAPGUIUEHT TErIo0TAaun?
6.Kakumu kputepusiMu o1001si XapakTepU3yeTcsi KOHBEKTUBHBIN TEIII000MEH
JUTS Ta30B U KUJKOCTEH?
JlaGoparopnasi pabora Ne3. JIyuncTbii TENJ1000MeH.
1.Kak ocymiecTBiIsIeTCSl Ty4YUCTHIA TEII000MEH?
2.Kakas cBsi3b MEX]ly IJIMHOM BOJIHBI M YaCTOTOW KOJICOaHU1?
3.3akon Kupxroda.
4. Yto HazbpiBaeTCsH KOADGHUIIMEHTOM TOTIIOMIECHUS, OTPAKEHUS U TTPOITYCKAHUS?
5.3akoHn [1nanka u ero rpadgudeckoe n3o0pakeHHE.
6.3axkoH Buna.
JlabGopaTopHnasi padora Ne4. UcciienoBanue npouecca Temjionepesaqyu
B KO’KyX03MeeBMKOBOM TeIIO0OMEHHOM amimnapare.
1. Uto Ha3pIBaeTCs Teionepeaavei?
2. YUrto Ha3biBaeTcs K0P PUIIMEHTOM Teruionepeaadn’?
3. Onucate nepenavy TEIIOTHl YEPE3 CTEHKY.
4.YTo Ha3bIBaCTCS TEINIOOOMEHHBIM aIllapaTom.?
5.Ha kakue rpynmsl 1easTcst TEII00OMEHHbBIE arnapaThi?
6.OCHOBHbIE YPAaBHEHUS MPU pacyeTe TeINIO0OOMEHHBIX alapaToB.

Kpurepuu ouenku 1a60paTopHbIX padoT

3a 3TU paboThI CTYJEHT MOXKET MOJYyYUTh MaKCUMaJIbHOE KOJ-BO OaJIoB —
30. Kaoxcoana nabopamopnas paboma oueHugaemcs no Cle0yIOuUM
KpUmMepusam:

OrneHka «OTIMYHOY» CTaBUTCS, €CJIM MHTEPBaAI OAJIOB peUTUHTA CTyJeHTa [
< R £ 7,5 u cryneHT BbIMOJHAET PabOTy B MOJHOM OOBEME C COOJIIOJICHHUEM
HEOOXOMMMOW  TOCTEAOBATEIIBHOCTA TMPOBEJEHUS OINBITOB U  U3MEPEHUH;
CaMOCTOATENIbHO U PalMOHAIBHO MOHTHUPYET HEOOXOIHMMOE 00OpyIOBaHHE; BCE
OMBITHl TMPOBOJUT B YCIOBUSX U PEKUMaX, OOECHEUMBAIOIIMNX TMOJIYYCHUE
NPaBUIBHBIX PE3YyJIbTATOB U BBIBOJOB C HauWOOJbIIEH TOYHOCTHIO; COOJIIOAAET
TpeOOBaHMs TPaBWI O€30MAaCHOTO TPyJa; B OTYETE MPABWIBHO U aKKypaTHO
BBHITIOJIHSET BCE 3alUCH, TAOJIHIbl, PUCYHKH, YEPTEKH, TPapUKHU, BBHIYHCICHUS,
MPAaBWIbHO OLIEHUBAET TOYHOCTh PE3YJIbTATOB HM3MEPEHUI; yMEET BBINOJHATH
aHaJIU3 MOTPENTHOCTEN NPSMBIX U KOCBEHHBIX U3MEPEHUM.

OueHka « XOpoIl0» CTaBUTCS, €CJIM UHTEPBaJl OAJIJIOB pEUTUHTa CTyJIeHTa 6=
R < 7 u BbImonHEHBI TpeOOBaHUSI K OIEHKE 5, HO OBUIO JIOMYIIEHO JBa - TPHU
HeJl0ueTa, WK He OoJiee 0THON HerpyOo OMMOKH 1 OJHOTO HEJIOYeTa.

OreHKa «yIOBICTBOPUTEIBHO» CTABUTCS, €CJIM UHTEPBAJ OAJJIOB peUTHUHTA
ctynmeHta 9,25 < R < 6 u pabora BBITIOJIHEHA HE TMOJHOCTHIO, HO OOBEM
BBITIOJITHEHHON YacTH TaKOB, YTO IMO3BOJISCT MOJYYNUTH IPABUIIBLHBIC PE3YJIbTATHI U
BBIBOJIBI, €CIIM B XOJI¢ TIPOBEJCHUS ONbITA M HM3MEPCHWH OBUIM JOIYIICHBI
OIMMOKHU: a) OMBIT MPOBOJUJICS B HEPAIMOHAIBHBIX YCJIOBHUSX, UYTO TMPHUBEIO K



MOJTyYEHHUIO PE3YJITATOB C OOJIBIION MOTPENTHOCTHIO; 0) B OTUETE JOMYIIECHO HE
OoJsiee nByX rpyObIX OmMIMOOK; B) HE BBIMOJHEH COBCEM WIIM BBIMOJHEH HEBEPHO
aHaJIN3 MOTPEIIHOCTEH.

OreHKa «HEYIOBJICTBOPUTEIHLHO» CTaBUTCS, €CIM OaJll peHTHHra CTYACHTA
cocraBisier R<5,25 u paGoTa BhIMOTHEHA HE TIOJHOCTHIO U 00BEM BBITTOJTHCHHON
4acTH paboThl HE IMO3BOJISET CHAENaTh NPABUIHHBIX BBIBOJOB; €CIH OIBITHI,
WU3MEPCHHUS, BRIYUCIICHH S, HAOTIOICHUS TTPOU3BOIMIINCH HETPABIIIBHO.

Kpurepuu oneHku J1a00paTopHOil padoThI

[Ipn moaroToBke k JjlabopaTopHoi pabore mo aucnuiuinHe «Temnodusukay
CTYJICHT JIOJKEH BBITIOJTHUTH CIEAYIONIUE BUIbI Pa0OT:

MunuMaabHbIM | MakcHMAaJIbHBIN
Buabi pador

oaJ oaJ
CamMocTosTenpHas mpopadoTKa
TEOPETUYECKOTO MarTepuasa K 1,05 15
nabopaTopHOU paboTe
O3HAaKOMIIEHHE C YCTAaHOBKOM, MprOOpOM,
METOJMKOM BBIMIOJIHEHUSI J1abOpaTOpHOU 1,05 15
paboThI
Brimonnenue HEO0OXOIMMOTO

1,05 1,5
DKCIIEPUMEHTA
OOpaboTka pe3ynbTaTOB HCCIEIOBAHUSA, 105 15
MOCTpOEHUE TpadUKOB ’ ’
AHaM3 pe3ylbTaTOB HCCICIOBAHUS M 105 15
BBIBOJI 110 paboTe ’ ’

HUTOTIO: 5,25 7,5

Martepuanbl  mabopatopHbIX  pabOT TpHUBEAEHBI B  y4eOHOM  TOCOOHH,
pa3zpaboTaHHOM Ha Kadenpe :

CarneeB K.A., XazunoB M.P., CarneeB A.A., I'ymepoB @.M. «TepmoanHaMuka u
OCHOBBHI TeIUIONEepeaaun» : yueoHoe nocoodue.- Hmwxuexkamck : HXTU 2016.- 81 c.



MuHHCTEpPCTBO HAYKU U BhICIIETro oOpazoBanus Poccuiickoit denepanyu
HuxHekaMCKui XUMUKO-TEXHOJIOTUYECKUNA MHCTUTYT ((prinan)
(benepanbHOro rocyAapCTBEHHOTO OI0/I)KETHOTO 00Pa30BaATENBLHOTO YUPEXKICHUS
BBICIIETO 00Opa30oBaHuUs
«Kazanckuit HalMOHAJILHBIN HUCCIIEIOBATEIbCKUHN TEXHOJOTUYECKUN

YHUBEPCUTET

DaxyrvmemmexaHudeckuu
Kagpeopa ITAXT

Hanpasnenue noaroroBku 20.03.01 «Texnochepnas 6e3omacHocTh»  [Ipoduib
MOATOTOBKH «be30MacHOCTh TEXHOJIOTHYECKHUX MPOLECCOB U MPOU3BOJICTBY

IIpakTHYecKkue 3aHATUA

no auciuimHe b1.0.23 «Temwnodusukay.

Tema 1. TemJ1onpoBOAHOCTH

3agaya 1. OnpeaenuTes KOJWYECTBO TEIUIOTHI, IPOXOIALIEH Yepes
€AVHMILY JUIMHBI CTEHKH KaMepbl CTOPAHMSI KUIKOCTHOIO PEAKTUBHOIO JBUTATEIS
INaMETPOM d=180 MM, eciau TOJIIMHA CTEHKH J = 2,5 MM, KO3 UIUCHT
TEIJIONPOBOAHOCTH MaTepuana A. Temmeparypbl Ha MOBEPXHOCTSX CTEHKHU
TIOIEPKUBAIOTCS OCTOSIHHBIMU M PABHBI: CO CTOPOHBI BHYTPEHHEN CTEHKU  teyn 1
CO CTOPOHBI HAPYKHOM CTEHKH t, . BapUaHThI 3a1aHuUii PEICTABIECHEl B TabIULE

1.
Tabmuma 1

Ne Bapuanra A, Br/(m -K) ten, C tew , °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 27,9 1190 600




3apaua 2. Jlns ycnoBuit 3amauu | ompenenuTh KOJUYECTBO TETUIOTHI,
MpOIIEAIIee Yepe3 CIWHUIY JUIMHBI CTEHKH KaMepbl CrOpaHUs IKUIKOCTHOTO
PEaKTHBHOTO JBUTATEIIS C 3AIIUTHBIM IMOKPHITHEM, TOJIIIMHA KOTOPOTO pPaBHA O,, &
KO3 (PHUIIMCHT TETUIONPOBOIHOCTH MOKPBITUS A,. BapraHTHI 3a/1auu MPEACTABICHBI
B Ta0uIE 2.

Tabmura 2
No Bapuanrta On,MM An, ,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

3agaua 3. [llapoBoil peakTop, BHyTPEHHUN IuamMeTp KoToporo O; umeer
OOLIYIO TOJIIUHY CTEHKH U CJIOS M30JISLNN J,,; C SKBUBAIECHTHBIM KOS (QUIIHEHTOM
TEIIONPOBOTHOCTH A,;. OIPENENUTh yAeIbHYIO TEIUIOBYI0 HArpy3Ky BHYTPEHHEH
¥ HapYXHOM MOBEPXHOCTH CTEHKH PEaKTOpa, €CIM TeMIepaTypa BHYTPEHHEH
IIOBEPXHOCTH CTEHKU tc,, a BHENIHEH IOBEPXHOCTH CTEHKH COCTABJIAET tg,, .
BapuaHTHI 3a/1a41 TIPEACTABIICHBI B TAOIHUIE 3.

Tabmma 3
Ne Bap. dim Ousy, MM | A BT/(M-K). 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

3agaua 4. CTeHKa KaMepbl CTOPaHKs PEAKTUBHOTO JIBUTATENSI AuameTpom d
= 200/206 MM TOKpBITa C BHYTPEHHEW CTEHKHM KaMephbl CIIOEM TYTOIUIaBKOTO
MOKPBITUST TOJIIIUHON O, KOA(POUIIMEHTHI TETUIONPOBOJHOCTH CTEHKH KaMephbl U
MOKPBITUS COOTBETCTBEHHO paBHBI A.,,— 41,8BT/(M'K) u  A4,= 1,395B1/(M -K).
TemnepaTypa Ha BHYTPEHHEH IOBEPXHOCTH IIOKPHITUS paBHaty, a Ha BHeLIHEH




IIOBEPXHOCTU CTEHKH tg, . ONpenenuTs yaenbHbI TEMIOBOM IIOTOK HA €IMHHILY
JUIMHBI CTEHKH (| ¥ TeMIIEpaTypbl MOBEPXHOCTEH CTCHOK B 30HE KOHTAKTa, CCIIH
TEPMHUYCCKOEC CONPOTUBJICHUE KOHTakTa R,. BapmaHThl 3amaum mpencTaBiICHBI B
tabmnure 4.

Ta0muma 4
Ne Bapuanta S, MM t, ,°C tem , °C. R,, -1073,
(M2 -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. KOHBEeKTHUBHBIHA TEIJIO00OMEH

3amaya 1. OnpenenuTs nepeaayy TEIIOTHI MPU CBOOOJAHOM KOHBEKIIMHM OT
BEPTUKAIBHOTO TOJOr0 TpyOompoBona muamerpoM 0 u BbicoTOW hk BO3myXy.
TemnepaTypa Bo3iyxa cocTaBisieT 1y, TeMneparypa CTeHKu Ic,. BapuanTsl 3agaun
Ipe/cTaBlieHbl B Tabmuue 1.

Tabmuma 1

Ne BapuanTa d, Mmm h, M T,, °’K Tem, °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

3agaua 2. Onpenenutb cpeHruid Ko3PGUIMEHT TEIIOOTAaYH OT MOTOKa BO3ayXa
K CTEHKaM TPYOHOTO Iy4Ka, COCTOSIIETO M3 5 psANoB TPyO MpHU MOMEPEYHOM €T0
OOTEeKaHWM, €CIIU CPEJHSS CKOPOCTh MOTOKAa B Y3KOM CEUEHHUM COCTaBJISIET W,
cpenHss TeMiepatypa Bo3ayxa t,, a quamerp TpyO paBeH (. BapuaHThl 3amaun
MPE/ICTaBIICHbI B TabuIIe 2.

Tabmuma 2



No BapuanTa d, Mmm 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: Pacnosoxenue TpyO B Iydke KOpHIOpHOE (BapuaHTel | — 5) m
popmyna msg pacuera Nu = 0,177-C» -‘Re%%; pacnonoxenne tpy6 maxmaraoe —
(BapuanTel 6 — 10) u popmyna ms pacuera NU = 0,27 -C,2'Re®®. B atux popmynax

JUIsL 5-TH PSAJTHOTO TeruiooOMeHHuKa C;; = 0,95,¢,,=0,9.

3agaya 3. Onpenenutb cpeaHU KO3PPUIMEHT TEMJI00TAaYU U TEIUIOBOM MOTOK
Ha €IMHULY IJUHBI TPyObl MpPHU IMONEPEYHOM OMBIBAHMM €€ BO3IYyXOM, €CIIH
HapyXHbI JMaMeTp TpyObl d, TemmepaTypa MOBEPXHOCTH TPYOBI toy,
Temmneparypa Bo3ayxa t,, CKOpOCTb NOTOKa BO3Ayxa W. BapuanTtel 3amaun
Ipe/ICTaBIICHbI B TabauLe 3.

Tabmma 3

Ne papuanTa d,mMm tem,°C W, M/C t,,°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

3amaya 4. OnpenenuTs TEIUIOBOM MOTOK, OTAABAEMBIM JBMXKYIIHMMCS BO3LyXOM
BHYTPH TPYObl CTCHKE KPYTJIOW TPYOBI, TeMmepaTypou te,, auamerpomdu IUTHHOM
I, eciim pacxox Bosmyxa coctaBnsier 0,5 kr/c, ero Temmeparypa t,. BapuanTb
3aJ]a4uM [peICTaBIECHbI B TaOIuIE 4.

Tabnumna 4
Ne Bap. d,mm t,, C tem, C d,mm I,m
1 20 300 100 40 0,5

25 400 120 35 0,6

30 350 150 25 0,7

2
3
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

3agauya 5. Onpenenuth KOAPQGUIUEHT TEIUIOOTAAYM M KOJIMYECTBO MepeIaHHON
TETUIOTHI TIPY TEYECHUH BOJBI B TOPU3OHTAIBHOU TpyOe muamerpom du mmuHOMH |,
€CJIM CKOPOCTh BOJABI paBHa W, TeMIlEpaTypa BOJbI COCTaBIsIET tyw, TeMIepaTrypa
CTEHKH l¢,. BapuaHThl 3a1aun nipecTaBieHsl B TaOauUIE 5.

Tabmura 5
Ne Bapu- d,mm I,m W,M/C tw,°C tem, C
anTa
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 4,5 0,5 55 15
6 8 55 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. Terns1i000MeH NPU U3MEHEHUH ATPEraTHOr0 COCTOSAHUS TeJa

3agauya 1. Ompegenutb KOd(PPUIMEHT TEMIOOTHAaYd o OT Tapa K
BEPTUKAIBHOU TpyOe KoHIeHcaTa. Tpyba nmeeT HapyKHbIN auameTp d, BeicoTy H,
U TeMIIepaTypy NOBEPXHOCTH CTEHKH 1., Ha moBepxHOCTH TpyObl KOHAECHCUPYETCS
CyXOM HAaCBILIEHHBIM map npu AasiieHnu P u temmneparype t, BapuanTbel 3amaun
npecTaBlieHbl B Tabauue 1.

Tabmumal

Ne BapuanTa d, mm H M 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 KOdPPUIUESHT TEIIOOTIAYN ¢ IPU KUTICHUU BOJIbI U
KOJIMYECTBO Mapa, noixydyaemMoe B wucmaputene 3a 1 yac. OOmias moBEpXHOCTh



teruiooomena paBHa F. Temmeparypa cTeHku ucmapurens ., JaBieHue mnapa

cocTaBiisieT P. BapuaHThl 3a71a4u IpeICTaBICHBI B TaOIHIIE 2.

Tabmura 2
No BapnanTa tem,” C P, 6ap F, M°
1 120 3,4 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 45 5,0
9 160 4.8 45
10 165 5 6,0
Bagaua 3. B TOpuU3OHTalIBLHOM  KOHJEHCATOpPEe  HEOOXOAUMO

ckoHgeHcupoBath 1000 Kr/4 cyxoro HachIIIEHHOTO BOASHOTO Iapa MpU JaBICHUH
P. KoHneHcaiust mpoucXoauT Ha TpyOax ummHO# | u HapyxHbIM nuamerpoM d.
Temneparypa creHok Tpyo t.,. Kakoe kommdectBo TpyOd HEOOXOAMMO st
KOHJICHCAI[UW Tapa MpPHU YCJIOBUHU, YTO KOHJEHCAT HE MEPEOXJIaXKIaeTcs, a map

HEMOJBIKEH? BapuaHThl 3a/1aun Mpe/ICTaBICHBI B TabIuUIIE 3.

Tabnumna 3
Ne Bap. tem,” C P ,Ila I, 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° 45 40
5 65 1,020-10° 50 30
6 60 1,03-10° 55 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° 6,6 40

Tema 4. TensioBoe U3Jay4eHue

3amaya 1. Paccuutaiite Ty4HUCTBIM TEMJIOOOMEHHBINM MOTOK OT MOJIUPO-
BAHHOW aJFOMHMHUEBOW IUIACTUHBI pa3mepaMu A-B, TeMimeparypa IMOBEPXHOCTH
KOTOpOM paBHa i, mpu yCIOBUM, UYTO M3IyYEHUE IIUIOCH 7. Bapuanthl 3agaun 1
npejcTaBiieHbl B Ta0auIe 1.

Tabmuma 1
Ne BapuanTa A-B, M° t,°C 7, 4ac
1 4-8 500 7
2 2:6 600 6




3 3:6 570 9
4 4-7 700 8
5 2-8 800 10
6 4-6 900 11
7 2-9 750 15
8 34 850 12
9 55 950 13
10 4-6 560 14

3agauya 2. Onpenenure COOCTBEHHYIO U3ITy4aTENIbHYIO CIIOCOOHOCTh CTEHKU
JeTtaTteapbHOro ammapara ¢ kKoddduiuentoM usnydeHus C, ecau TeMIeparypa
U3ITy4Yarolle OBEPXHOCTH CTEHKH t.,. HaliTh Takke cTeneHb YEPHOTHI U JUIUHY
BOJIHBI, OTBEYAIOLIEH MAKCUMYyMY MHTEHCUBHOCTH W3JIy4deHHs. BapuaHThl 3amaun

IIpE/ICTaBIICHbI B TabIULE 2.

Tabmuia 2

Ne BapuanTa C, Bt/( m*>-' K*) tom, 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

3amava 3. CranpHas 3aroTOBKa ¢ HAYAJIbHOW TeMIEpaTypoH t; mocrasieHa B
My(QenbHYI0 3JIEKTPUUYECKYIO MeUb, TeEMIIEpaTypa KoTopol tp. Onpenenuts, Kakou
TEIJIOBOM TOTOK BOCIPUHUMAETCS 3arOTOBKOM (B HauyalibHBIA TMEPUOM) 3a CUET
JYYUCTOM HSHEPTUU, €CIU OTHOIICHHWE TMOBEPXHOCTEM 3aroTOBKU U MYy(erbHOU
neun paBHO F1/F;, a cTeneHp 4epHOTHI 3arOTOBKH M CTEHOK IEYH COOTBETCTBCHHO
paBHHI €1 U €1 BapuaHTsl 3a1a4u NIpeCTaBICHBI B TAOIHIIE 3.

Ta6numa 3
Ne Bapu- tl, C tz, C Fl,M2 Fz, M2 él él
aHTa

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
3) 40 890 14 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 | 80 | 16 | 48 | 075 | 097 |

3agaya 4. Onpenenuth JYYUCTBIA TEIUIOOOMEH MEXy CTEHKaMH COoCyna
Jlproapa, BHYTpU KOTOPOTO XPaHUTCS >KUJIKUNA KHCIIOPOJ, €CJIM Ha HapyKHOM IO-
BEPXHOCTH BHYTPEHHEN CTEHKHM coCya TemIeparypa paBHa f;, a Ha BHYTpEeHHEU
INOBEPXHOCTU HApYyXHOW CTEHKH TemmepaTypa coctaBuna tr. CTeHkH cocyna
MOKPBITHI CJI0EM cepedpa, CTENEHb YEPHOThI TOBEPXHOCTEN CTEHOK PABHBI &1 = &2,
a COOTHOIIICHUE MoBepXHOCTeH cTeHOK F1/F, . BapuaHThl 3a1aun nipecTaBICHEI B
Tabmuie 4.

Tabnuna 4

Ne BapuanTa t1, °C t,, C b1=é Fi/F2
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

3agaya S. OmnpenenuTe JIyYHCTBIM TEIUIOBOW IIOTOK MEXAY JBYMS
KPYTJIBIMHU IUIACTUHAMHU, LEHTPbl KOTOPBIX HAaXOIATCA Ha OOUIEH HOpMasM, €Clu
MEHbIIIAs TUIACTHHA UMeeT auaMeTp Oi, CTermeHb YepHOTHI £1U TeMreparypy ti, a
Oounbmast — quameTp dz, CTENEHb YEPHOTHI & Temrepatypy to. Paccrosiaue mexmy
iactuHamu h. BapuaHTel 3a1a4u peicTaBiIeHbI B TA0IUIIE S.

Tabnuma 5

Ne Ba- dl, M dz, M él éz tl, °C tg,OC h, M

puaHTa
1 0,25 0,50 0,10 0,50 727 234 2
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

Tpumeuane: g1, = [(0,25(dx/d; + 1)2 +(h/d1)?)*2*0,25(d/d1-1)? +

((h/d1)2 )1/2]2

3amaya 6. OnpenenuTh JIYYUCThIA TEIJIOBOW MOTOK B €IWHUILY BPEMEHHU
MEXK]ly ABYMS MapajuieIbHbIMU TJIOCKOCTSIMU, UMEIOIMMH TeMrepaTypsl t1 uty; u
CTEMEHH YEPHOTHI £1U €. Kak M3MEHUTCS 3TOT MOTOK, €CIIA MEXAY IUTOCKOCTSIMU



YCTAaHOBUThH JIMCTOBOW 3KpaH CO CTENEHbID YEPHOTHI &, BapuanTsl 3amaun
IpeJCTaBIeHbI B TA0MLE 6.

Tabmura 6
Ne Bapu- ty, °C t2,°C &1 & &,
aHTa
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. Temws1ooTaaua. Tenonepenaua

3amaua 1. [lo HeuzonupoBaHHOMY TpyOompoBoay auamerpom 170/185 mm,
MIPOJIOKCHHOMY Ha OTKPBITOM  BO3AyXe, TMPOTEKaeT BOAa CO CpeaHel
temriepatypoit 1, = 95°C, a temmeparypa okpyxatomero Bozmyxa t, = -18°C.
OnpenenuTs MOTEPIO TETUIOTHI ¢ 2 M JUIMHBI TPyOONPOBOAA W TEMIIEpaTyphl Ha
BHYTPEHHEH M BHEIIHEH MOBEPXHOCTSIX 3TOTO TPyOOIpPOBOAa, €Cii KO3(PPUIIHEeHT
TEIUIONPOBOJAHOCTH MaTepuana Tpyowl A, KOd(PPUIMEHT TEmIooTAa4d BOJBI K
CTEHKE TPYOBI o1 1 OT TPYOBI K OKPY)KAIOIIEMY BO3YXY 2.

[Mpumeuanune: Tak kak d/d; = 1,03, To pacdyer mpoBectd 1o Gopmysae s
MJIOCKOM CTeHKHU. BapuaHThl 3a1aun npeIcTaBiIeHbI B Tabauiie 1.

Tabnuua 1

Nemap. | t; °C, | t,°C. |A Br/(mK) a1 Bt/(M*K) | ap, 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 49,9 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




3apaua 2. OnpenenuTh TEIIOBBIE TIOTepy HA 1 M niuHBI TpyOOIpoBoOaa, a
TaKXkKe TeMIepaTypy Ha BHYTPEHHEH M BHEIIHEH MOBEPXHOCTSIX MPHU YCIOBUM, YTO
TpyOOIPOBO/I, pacCMaTPUBAEMBIH B 3a7a4e 1, TOKPHIT CI0EM H3OJISIUH TOJIUHON
Ous C Aus, @ KOIPOUIIMEHT TEIJIOOTIaYl IMOBEPXHOCTH H3OJIAIIMH OKpYKarolen
cpene paBeH «; OcTajabHbIE YCIOBUS T€ JKe, 4TO B 3ajaue 1. BapuaHThl 3a1aun
IpPEICTaBIICHbI B TaOIULE 2.

Tabauma 2
No BapuanTa Ous, MM Ausy 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

3amauya 3. OnpenenuTts MIOTHOCTh TEMJIOBOTO MOTOKA, MPOXOIAIIETO Yepes3
IUIOCKYI0 ~ CTQJbHYIO ~ CTE€HKY  TOJNIIUHOM  J.pd € KO3 UIHEHTOM
TEIJIONPOBOJHOCTU CTEHKHA¢r, @ TAKXKE KOI(PPUITMEHTHI TeIUIONEpe1auu sl ABYX
cinydaeB. B 1 ciaydae: temmeparypa rasoB t; ,remreparypa Kursimend Boabl =
227°C, x0o>()PHIMEHT TEMIOOTAa4M OT ra3oB K creHke = 100 Br/(M*K) u or
CTEHKEe K KuIsmei soge ap = 5000 Bt/(M?-K). Bo BTopoM ciydae B IpoLecce
AKCIUTyaTallM TOBEPXHOCTh HarpeBa CO CTOPOHBI Ta30B MOKPBUIACH CIIOEM
3arpsi3HEHHS] TONIIMHOM J,; U € KOA(DPUIMEHTOM TEIJIONPOBOAHOCTU CJIOA
3arps3HEHUs! 4,;. TemmepaTypbl BOJbl U Ta30B CUUTATh MOCTOSSHHBIMU JJIsI 000UX
ciyyaeB. OmnpenenuTh TEMIEpaTypbl MOBEPXHOCTEH MEXKIY CIOSIMH, a TaKXKe
HaWlTH, BO CKOJIBKO pa3 YMEHBIIUTCS KOAPGUIIMEHT TeIUIoNnepeaadyu ¢ MosBICHUEM
CJ10s 3arpsi3HeHUs. BapuaHThl 3a71a4u ipeicTaBIeHbI B TaOuIe 3.

Tabnuna 3
No Bapuanra t, C Ocm.» MM Aems Ous, MM Auss
B1/(Mm-K) B1/(m-K)
1 1127 10 50 2 0,09
2 110 12 55 2,5 0,
0 095
3 109 13 45 3,0 0,
0 100
4 105 14 65 3,2 0,
0 150
5 103 15 45 2,8 0,




7 180

6 100 9 60 2,4 0,
8 160

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

3amaua 4. OnpenenuTh KOJUYECTBO TEIUIOTHI, IEpeaBaeMoil uepes
Im*pebpuctoli  creHkn, kod(duuueHnt opebpenus kortopoir Fo/F;. Crenka
BBINIOJIHEHA M3 Marepuaia ¢ Ko3(h(QUIMEHTOM TEIONPOBOJHOCTH A U TOJIIIMHON
CTCHKH Oy, KOOPOUIIMEHTHI TEriooTnayn oT padouero tena Kk creHke o= 250
Br/(M*'K) u a,= 12 Bt/(M*-K). Temneparypa paGodero Tena ti, a TemmepaTypa
BO3/1yxa cocTaBiseT t. BapuanTsl 3a1aun npeacTaBiaeHbl B Ta0uIe 4.

Tabnumna 4
Ne Marepuan F, IF, Ocm, MM t;, C t,, C
BapuaHTa CTEHKH
1 Craib 12 12 117 12
2 AnroMuHHAN 10 17 110 10
3 JlaTyHb 14 9,0 105 14
4 YyryH 18 9,5 100 8,0
5 Mens 12 16 95 14
6 Craib 16 8,0 120 13
7 AnroMuHHAN 14 15 125 18
8 JlaTtyHp 12 14 110 16
9 YyryH 20 10 105 14
10 Mens 10 15 100 15

Tema 6. OCHOBBI pacueTa peKynepaTHBHLIX TEIJIQ00MEHHUKOB

3amaya 1. Omnpenenuth NOBEPXHOCTh HAarpeBa PEKyNEepPaTUBHOTO
TEMJIOOOMEHHUKA  TPU  TPIMOTOYHOM W MPOTUBOTOYHOM  JBIDKEHUU
TernoHocuTenel. TerIoHOCHTeNEM SBIISETCS a3 ¢ HAYaIbHOM TeMIepaTypoi t u
KOHE4HOI TeMnepaTypoii t 1. Heo6xomumo Harpets V, [M3/4] Bo3ayxa (06beM mmpu
HOPMAJIbHBIX (PU3UYECKHX YCIOBUAX) OT TEMIIEPATYPHI 2 10




KOHEUHOM Temmeparypsl to. [Ipunars koddduuuent termonepenayn K paBHbIA
20, [Bt/(M**K)], TemnoeMKOCTh BO34yXa MOCTOSHHAS. BapuaHThl 3a1a4u
npecTaBlieHbl B Tabmuie 1.

Tabmura 1
No tll ,OC t"1,°C tlz,OC tng,oc V, M3/l1

BapHaHTa
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

3amaya 2. B npsAMOTOYHOM TEIJIOOOMEHHUKE BOAA OXJIAXKIAET KUJKOCTh.
Pacxox Boabl M; [kr/c] m ee HauambHas Temmeparypa t;. Pacxom xumaxoctu
cocraimsier M, [kr/c] m ee HauambHas Temmeparypa tp. Kosdduuuent
teronepenaun K cocrasnser 35 [Br/(M?*K)] ¥ moBepXHOCTH TemnooOMeHa
coctaBnser 8 M2 Temmoemkocts xkupkoctu 3 [kJ[x/(kr-K)]. HaiiTu koHeuHble
TEMIEPATYpPbl BOJAbI M MKUJIKOCTH M KOJUYECTBO MEPEIAHHOW TEIJIOTHI, €CIU
MPUHATh U3MEHEHUE TEMIEPATyp TEIUIOHOCUTENEH JUHEWHbIM. BapuaHThl 3a1aun
MIpE/ICTaBIICHbI B TabUIIE 2.

Tabmuua 2

Ne BapuanTta tq1,°C t),°C M, kr/c M1, KT/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

3anaua 3.BooBO3AyILIHBIN HarpeBaTeNb BBIIOJHEH U3 TpyO quameTpoMm 38
x3 mm. I'peromas cpena — BO3MyX ¢ TeMIepaTypoi Ha Bxoxe t'1m Ha BeIxome t 1.
HarpeBaemas Boma mmeeT pacxon M, HauanbHyr0 TeMmeparypy tr, ¥ KOHEYHYIO
Temnepatypy t». KosphuuuenTs TemooTaum ot Bo3ayxa K TpyoaM og M OT TpyO
K BOJIe 0. HailTu miomaab MOBEPXHOCTH HArpeBa ammnapara, €CiId OH BBINIOJHEH
M0 MPSIMOTOYHOM M MPOTUBOTOYHOM CXEMaM. YYeCThb 3arpsA3HEHUE MOBEPXHOCTHU



TpyO C OJIHOI CTOpoHBI Hakumbio TommuHOM 0,5 mMm. HarpeBatenb Tepsier B
OKpYy)Karomyw cpeny 5% TemnoTel, noiydyaeMod BOAOW. BapuaHTel 3amaum
Ipe/cTaBlIeHbl B Tabule 3.

TabOmuma 3
Ne | t1,°C [t1,°C| t5°C | t2,°C | M, |ay, 0, Matepuan
Bap. /4 | Br/M’K | Br/m*-K | Tpy6
1 350 250 30 200 2,0 30 2,0 ANIOMUHU
it
2 380 200 40 150 2,5 40 2,5 Turtan
3 400 300 50 120 2,9 55 3,0 Jlatynp
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 JlaTyHp
7 500 360 70 190 45 60 4,2 Turan
8 370 220 80 210 6,0 65 3,8 ANIOMUHU
it
9 410 290 75 220 6,5 70 2,9 Cranb
10 440 270 85 200 7,0 55 4,0 MEIb

3anaua 4. TpyOuarbli TemwI0O0OOMEHHHK CMOHTUpoBaH u3 187 TpyO
muamerpoMm 18x2 mm. Kokyx BbImosiHEH U3 TpyObl auametpoM 424x12 mM. ITlo
MEXTPYOHOMY MPOCTPAHCTBY BIOJIb TpyO mpoxoaut V a3oTa moja AaBieHUEM P
pu cpenHer temmneparype t.,. Onpenenurs cperHuil K03(pPUIMEHT TEIIO0TauN
CO CTOpPOHBI a30Ta. BapuaHThl 3a1aun Npe/ICTaBICHBI B TabuIIe 4.
Tabnuna 4

Ne Bap. P, MIla t.,,°C V, M3/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

|-

Kpurepuu oieHKH NpakTHYECKUX 3aHATHI

B 5 cemectpe oOydarommiicsi BBIMOTHSET 26 TPaKTUYECKUX 3aaad. 3a
peleHne KOTOPBIX OH MOKeT Noay4duTh oT 10 1o 20 6asmios.



[TpakTuueckass paboTa olleHUBAETCA HA «omauunoy oml8 oo 20 6annoes:ecnu u3
26 3amauno tTemam 1-6 BBITIOTHEHBI IPABUJIBLHO 23 3a7a4M, a B TPEX UMEIOTCS
HEJIOYETHI.

[TpakTuyeckas pabota oreHUBaETCs Ha «xopouto» om 14 0o 17 b6annos:ecnu
18-22 3a1aun BBINOTHEHBI TPABUIIBLHO, @ B OCTAIIBHBIX UMEIOTCS HEJIOUETHI.
[IpakTudeckas paboTa OIIECHUBACTCS Ha «yoosiemeopumebhoy om 10 oo 13
oannoe:ecnu 13-17 3aaum BBIMOJHEHBI MPABUIIBHO, a B OCTAJIBHBIX 3a/1auax
MMEIOTCS HEJIOUEThI, UJIA JIONYIIeHa OlnOKa.

[TpakTuyeckas paboTa OIEHUBACTCS HA «HEYO06/1eMEOPUNEIbHOY : ECITU
MPABWIBHO BBINOJHEHO MeHee 13 3a/1ay, a B OCTaJIbHBIX JIOMYIICHBI
CYIIIECTBCHHBIC OIIHUOKH.

MuHucTepcTBO HAYKH U BhICIIEro 00pa3oBaHus Poccuiickoit @enepanun
HuxHexkaMCKUN XUMHUKO-TEXHOJIOTMYECKU UHCTUTYT ((priran)
dbenepaibHOro rocy/1IapCTBEHHOTO OI0JIPKETHOTO 00pPa30BaTEIbHOTO YUPEKICHUS
BBICIIIET0 00Opa30BaHUs
«Kazaackuit HaIlMOHAJILHBIN HUCCIIEIOBATEIbCKUHN TEXHOJIOTHYECKUN

YHUBEPCUTET

Dakynbmem MexanudecKull
Kadgheopa ITAXT

Hampasnenue noaroroBku 20.03.01 «TexHocdepnas 6e3onacHocts»  [Ipodunn
MOATOTOBKH «be30MmacHOCTh TEXHOJIOTHYECKUX MPOIECCOB U MPOU3BOJICTBY

KoMIuiekT 3Kk3aMeHALIMOHHBIX BOIIPOCOB
no gucuuiimHe b1.0.23 «Temnogusuka»

1. Tpu mpocTelmmx Buaa NepeHoca Tera.

2.OCHOBHBIE TIOJIOKEHHUSI TEOPHUH  TEIUIONMPOBOJHOCTH, CTallMOHAPHBIC U
HECTALIMOHAPHBIE TEMIIEPATYPHBIE TOJISL.

3. OCHOBHOI1 3aKOH TEIIONPOBOJHOCTH (3aK0H Dypke).

4. NuddepennnanbHoe ypaBHEHHE TEIIOMPOBOAHOCTH TBEPIOTO TEA.

5. KoadgdumueHT TenaonpoBoIHOCTH U €ro (U3NISCKUA CMBICIL.
6. TennonpoBOAHOCTH B IIIOCKOUW CUCTEME.
7. TermnonpoBOIHOCTh B HWJIMHIAPUYECKOU CTEHKE.



8. Kputnueckuii auaMeTp U30JISIIUN.

9. Ilepemaua TEMIOTHI YEPE3 IUIOCKYIO CTEHKY.

10. Ilepenaya TennOTH YEPE3 UUIUHIPUIECKYIO CTEHKY.

11. Bomnpockl uHTEeHCU(PUKALIUU TETIIOTIEPEIaUH.

12. Tlepenaya TemioThl yepe3 peOPUCTYIO CTEHKY.

13. Ilepenaya TENIOTH YEPE3 MIAPOBYIO CTEHKY.

14. OcHOBBI TEOpUH KOHBEKTUBHOT'O TEIJIOOOMEHA.

15. duddepenunanbabie ypaBHEHUSI KOHBEKTHBHOTO TEMIOOOMEHA.

16. OcHOBBI TeOpUU MOAOOUSI.

17. OOmmii BUJ KpUTEPUSI ypaBHEHUS M YACTHBIE CIIyYau.

18. KoOHBEKTHBHBI TEIJIOOOMEH MpU TYypOYJIEHTHOM JIBHJKEHHH >KHJIKOCTU B
TpyOe.

19. KoHBEKTHBHBII TEMJIO00OMEH IPH MOMEPEYHOM OMBIBAHUU OJJUHOYHON TPYOBI.
20. KoHBEKTHBHBII TEIJIOOOMEH MPU MOTIEPEYHOM OMBIBAHUU MTyYKOB TPYO.

21. KoHBEKTHBHBIN TEMIO0OOMEH MpU CBOOOAHOM JBHKEHUU CPEIBL.

22. KoHBEKTHBHBIN TEMIOOOMEH MPU JTJAMUHAPHOM JABM)KEHUHU KHUJIKOCTHU B TpyOe.
23. TennooOMeH Mpu KUIIEHUH KUAKOCTH.

24. TerooOMeH NpHU KOHJAEHCAUU mapa. BnusHue pa3nuysHblXx (aKTOpoB Ha
TEII000MEH IPU KOHACHCALIUU.

25. Jlyuucteiii TermooOMeH. TerioBoe u3nyudenue. Knaccupukauus nzmyueHus
10 JIJTMHAM BOJIH.

26. OcHoBbl TerooOMeHa uziydyeHueM. llornamarenbHas, oTpaxarelbHas W
MPOITyCKATeNIbHAs CIIOCOOHOCTD TEN.

27. ChekTpanbHas U MHTErpalibHas u3nydaresibHas criocoOHocTh AUT. 3akoHbl
[Inanka u Buna.

28. MsnyuarenbHasi CHOCOOHOCTH CEPOro TeJla U MOHATHE CTENIEHU YEPHOTHI.

29. 3axon Credana-bonsimana juist AUT. Pacder uznydeHus: peaibHbIX TEIl.

30. 3akon Kupxroda. Csizp MeXIy WH3ITydaTeNbHOW W TOTJAIIaTeIbHON
CHOCOOHOCTBIO TEJl.

31.Oxpanbl. U3nyuenue razo. CloXHBIA TEMI000MEH.

32. Tlonstue >ddexTuBHOTO M3MydeHUs. JIyducThii TETIIOOOMEH MEXIY IBYMS
napajuielibHbIMM  TIJIACTUHAMM.

33. Tumbl TEMIO0OMEHHBIX aNmapaToB.

34. OcHOBHBIE NTOJIOKEHUS TEIUIOBOTO pacuera. CpeTHUI TeMIIepaTypHbIA HAMOP.

KpuTtepun onieHKH 3HAHMI CTYIEHTOB HA IK3aMeHe

OneHka «OTJMYHO» 32 OTBET HA 60OMPOC BBHICTABISIETCS, €CIUM HHTEpPBAJ
OamioB peiitunra cryaenta 12 < R< 14 u ctynent:

- TOKazaJ TIyOOKHMEe W BCECTOPOHHWE 3HAHUSA TIO0 BOMpoCy Oujera B
COOTBETCTBHHM ¢ y4eOHOM mMpOrpaMMOl, OCHOBHOHW ¥  JIOMOJHUTEIHHOU
JUTEpaTypoi, TpeOOBaHMI K BBHIMNOJIHEHUIO  COOTBETCTBYIOIIUX (PUIUUECKUX
3akoHOB (7 < R< 10);



- CaMOCTOATENbHO, JOTHYECKH CTPOMHO U TIOCIEAOBATEIbHO H3JIaraer
y4eOHbIN MaTepHall, JEMOHCTPUPYSI YMEHHE aHAIM3UPOBATh Pa3IMUHbIe HAYYHbIC
B3IJISL/IBI, ApIYMEHTHPOBAHHO OTCTaMBaTh cOOCTBeHHYIO mo3uiuio (1,6 < R< 1,8);

- TBOPYECKH CBS3BIBACT TEOPETUUECKUE MOJIOKEHUS ¢ mpakTukon (1,6 < R<
1,8);

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

OneHka «XOpolio» 3a OTBET HAa 60MPOC BBICTABISETCS, €CIM HUHTEPBAI
OamnoB peitunra cryaenta 10< R< 12 u crynent:

- MOKa3bIBAa€T TBEPJIbIC U JOCTATOYHO IOJIHBIC 3HAHUS IO BOMpPOCY Omiera B
COOTBETCTBUHM C y4e€OHOW MPOrpaMMOil, YBEPEHHO OPHUEHTHPYETCS B OCHOBHOM
JUTEepaType, 3HaeT TpeOoBaHUs K (PU3HISCKUM 3akoHaM (6,6 < R< 7,2);

- CaMOCTOSITENIbHO U TOCJIEIOBATENbHO U3JaraeT y4eOHBI MaTepua,
MPEANPUHAMACT TIONBITKA aHAJU3UPOBATh PA3IUYHBIC HAYYHBIC B3TIIAIBI U
000CHOBaTh COOCTBEHHYIO TMO3HUIMIO, MPU OSTOM JIOMYCKAET HE3HAYUTEJbHbIC
omu6ku (1,3 <R<1,6);

- YMEeT CBS3bIBaTb TEOPETHUUECKUE TMOJOXKEHUS C MPaKTUYECKOU
nestenbHocThio (1,3 < R< 1,6);

- oTiMyaeTcs pa3suToi peubto (1,3 <R<1,6).

O1eHKa «yI0BJETBOPHUTEIbHO» 32 OTBET HAa @OMPOC BBICTABISAETCS, €CIU
uHTepBai 0aymuioB peitunra crygaeHta 8 < R< 10 u cryaeHT:

- TIOKa3pIBaeT TBEPIbIC 3HAHUS IO BOMPOCY OwWieTa B COOTBETCTBUU C
yu4eOHOW MpOrpaMMOi, OPUEHTHPYETCS JHUIIb B HEKOTOPHIX JUTEPATYPHBIX
VCTOYHUKAX, 3HAET OTJAENIbHbIE TpeOoBaHUs K (u3ndeckuM 3akoHaM (4,0 < R<
5,3);

- yueOHBII MaTepuaj H3JIaraeT pPEenpoAyKTUBHO, JOMyCKas HEKOTOpbIe
omu6ku (1 <R< 1,3);

- OPEINPUHUMAET MOMBITKH aHAJIU3UPOBATh PA3IUYHbIC HAYYHBIC B3IJISIIBI,
000CHOBaTh COOCTBEHHYIO MO3HUIIHIO 10 TpeboBaHmio nmpenoaasatens (1 < R<1,3);

- C TPYAOM YMEET YCTAaHOBUTh CBfA3b TEOPETHUECKHUX IMOJIOKEHUH C
npaktukoit (1 <R< 1,3);

- peub He Bcerja JIornyHa u nocienoBatenbHa (1 < R< 1,3).

O1eHKa «HeyA0BJIETBOPUTEIbHO» 32 OTBET Ha 60MPOC BHICTABIISIETCS, €CIU
peiTuHr ctyfieHTa R< 8 6aiioB u CTyJEHT:

- ICMOHCTPHUPYET He3HAHHE OCHOBHBIX IMOJIOJKEHUH Bompoca omiera (R< 4);

- HE OPHCHTHUPYETCS B OCHOBHBIX JINTEPATYPHBIX UCTOYHHKAX (R< 1);

- HE 3HaeT TpeOOBaHMI K COOTBETCTBYIOIIMM (pr3uueckum 3akoHam (R< 1);

- HE B COCTOSIHMU JaTh CaMOCTOATEIbHBIA OTBET Ha BOMPOCHI, 0OOCHOBATH
coOcTBeHHYO mo3uiuio (R< 1);

- HE YMEeT YCTaHaBJIHMBATh CBSI3b TCOPETHUECKHUX TOJOKEHUH C MPAKTHKOU
(R<D);

- peub ci1abo pa3BuTa M MajoBbIpasuTenbHa (R< 1).

Oyenka 3HaHuti CMyO0eHmo8 Ha SK3aMeHe BbICMABIAEMCANO pe3ylbmamam
omeemos Ha mpu eonpoca ounema.
- «KOMJIUYHOY, €CITU NHTEPBAJ pEUTHHTA 3a dK3aMeH cocTaBiseT 32 < R< 40;



- «XOpouio», eCI UHTEpBaJ peHTHHTA 3a SKk3aMeH cocTaBisieT 28 < R< 32;

- «Y00611emEOPUmMENbHOY», €CIIM UHTEPBA PEUTHHTA 3a SK3aMEH COCTABIISICT
24<R< 28;

- (HEY0061eMEOPUMENIbHOY, €CITU UHTEpBaJl peiiTiHra R< 24 6anna.

MuHucTepcTBO HAYKH | BhIcIIEro oOpa3oBanus Poccuiickoit @enepanuu
HmwxHeKaMCKHH XUMHUKO-TEXHOJOTHUCCKUN HHCTUTYT ((huiran)
(henepaabHOTO TOCYIAPCTBEHHOTO OFOHKETHOTO 00pa30BaATEIBLHOTO YIPEIKIACHUS
BBICIIIEr0 0OPa30BaHUs
«KazaHCckuil HAITMOHATLHBIN HCCIIEIOBATEIIbCKUI TEXHOJIOTHYECKUN YHUBEPCUTETY

CDdeJmeem MexaHuyecKkuil

Kagpeopa 1HAXT

Hampasnenue noaroroBku 20.03.01 «TexHocdepnas 6e3onacHocts»  [Ipodunn
MOATOTOBKH «be30MmacHOCTh TEXHOJIOTHYECKUX MPOIECCOB M MPOU3BOJICTBY

Tecr
no aucuuivinieb1.0.23 «Temnopuzuka»

1. Temonepenayeil Ha3bIBACTCA:
1) mepeHocC TemIa OT ropsYen Cpebl K XOJIOJHOW Yepe3 Pa3IeISIOUIYI0 CTEHKY
2) OJHOBPEMEHHBIN MMEPEHOC TEIUIOTHI KOHBEKIIUEN U TEILIONPOBOIHOCTHIO
3) mepeHocC Teria MEXAy HENOCPEACTBEHHO CONPUKACAIOIIUMUCS TEIAMU WIH
YaCTsIMHU TeJI C PA3JIMYHOU TEMIIEPATYPOU



2. Kputnueckoe 3HaueHue kpurepus PeliHonbaca:
1) 2000
2) 2300
3) 3000
4) 3200
5) 10000
3. Kakue kpurepuaibHble ypaBHEHUSI COOTBETCTBYIOT JJAHHBIM CIIydasiM:
1) Pa3BuThlii TypOYICHTHBINA PEKUM ra30B a) Nu =f (Gr, Pr)
2) CB00OOIHOE IBHMIKEHHE KUIKOCTH 0) Nu=1(Re)
3) JlamMuHApHOE JBUKCHHUE KUIKOCTH B) Nu =f (Re, Gr, Pr)
4. Tlpn KaKuX YCIOBHUSIX BO3HUKAIOT MPOIECCHI KUTICHUS U KOHJCHCAITUN KUIKOCTH
1) npu HarpeBaHUH
2) TIp¥ U3MCHEHHH arperaTHOTO COCTOSHHS
3) npu OXJIaXKICHUH
5. C yBenu4eHHEM BIKHOCTU MaTepuaia Kod(pPuIueHT Terionepeaadn
1) He MeHseTcs
2) yObIBaeT
3) Bo3pacraet
6. Kakue ObIBatOT pe>KUMbI KUIICHHUS
7. CornacHo 3akoHy BuHna:
1) ¢ yBenmueHUEM JUTHHBI BOJIHBI SHEPTHS Jy4ei Bo3pacTacT
2) ¢ yBeIMYEHUEM TEMIICPATYPhl JUIMHA BOJIHBI COOTBETCTBYIOIIAS MAKCHMYMY
YMEHBITIACTCS
3) ¢ yBEIUYCHHEM TEMIICPATYPHI TeJla SHEPTHS €TI0 YBEININBACTCS
8. ITo CKOJIBKUM OCHOBHBIM CXEMaM MOXKET OCYIIECTBUTHCS ABMKCHHUE KUIKOCTH
B TEIUIOOOMEHHOM armapare
1) 2
2) 3
3) 4
4) 5
9. Uto Takoe CIOXKHBIN TETI000MEH
1) y4uTBIBAIONIUI BCE BUIBI TEIJIOOOMEHA
2) YYUTBHIBAIOIINN TETJIONPOBOJIHOCTD U M3JTyUCHHUE
3) YYUTBIBAIOIIMI KOHBEKIIMIO M U3JTyUYCHUE
4) yYUTHIBAIOIIMK TEIIOMPOBOAHOCTH M KOHBEKITHIO
10. OCHOBHO 3aKOH TETUIONPOBOAHOCTH:
1) Q=k'F-At
2) Q=oF-At
3) Q=—AF-1:(dt/On)
11. ITpu oqMHAKOBBIX YCIOBUSIX CPEIHUIN TEMIIEPATYPHBINA HAMIOpP OOJIbIIIE B
amnmaparax
1) ¢ mpAMOTOKOM
2) ¢ IPOTHBOTOKOM
12. Yto xapakTepu3yroT JaHHbIE KPUTEPHUS:
1) Gr a) oTHOIIEHHUE CHJI HHEPIIUHU C CHIIAM BSI3KOCTH



2) Ga ©0) KOHBEKTHBHBIA TEIUIOOOMEH MEXIy JKHIKOCTBIO U
MOBEPXHOCTHIO TBEP/IOTO Tela

3) NU B) pu3uUecKHe CBOMCTBA JKHIKOCTH

4) Pr  T) COOTHOIIICHUE TIOJBEMHOW CHJIbI, BO3HHKAOIICH BCIICJCTBHE
Pa3HOCTH TUTOTHOCTEH >KHIKOCTH M CHJIBI MOJICKYJIIPHOTO TPEHHSI

5) FO 1) cBsA3b MEXIY CKOPOCTHEO U3MEHCHHS TEMIIEPATyPHOTO IOJIA,
GU3MYECKUMHU TTapamMeTpaMu pa3MepaMu Tell

6) Re ) COOTHOIIECHUS CHIIBI TSDKECTH U CHITBI MOJIEKYJISIPHOTO TPSHHUS

13. CornacHo 3akoHy Ilnanka ¢ yBeJIM4eHUEM JJIMHBI BOJTHBI

1) UHTEHCHBHOCTh W3JIy4YCHHUs BO3pacTacT Ha BCEM [WAla30HE JJIMH
BOJIH

2) MHTEHCUBHOCTH M3JTy4eHHs YOBIBAIOT HAa BCEM JTUAIa30He JIJTMH BOJTH

3) sHeprus Jy4el BO3pacTaeT MPU HEKOTOPOW JTMHE BOJHBI JJOCTUTAET
MaKCHMyMa 3aTeM yObIBaeT

14. Tlo npuHKITy paboThl TEIUIOOOMEHHOTO anmnapaThl ObIBAOT:

1) pereHepaTUBHbBIC

2) CMeCHTEIbHBIC

3) pekynepaTHBHbBIC

4) 3MEEeBHUKOBBIC

5) ¢ BHYTpEHHHM HCTOYHHUKOM TeILjIa

15. KoadduuueHt rersonepeau UMEET BU:

k= '
o +90/1+a,
1
2 =
)k 1 6 1
a, A a,
a, A a,

16. Bo CKOJIBKO pa3 yMEHBIIUTCS TEIUIOOTAa4ya MPH YCTAHOBKE 2 SKPAHOB MEXIY
napaieTbHBIMU ITACTUHAMU (€CJIH TIOBEPXHOCTH CTEHOK U DKPAaHOB OJIMHAKOBHI)
1) 2
2) 3
3) 4
4) 5
5) 6

17. ®yHKIMEN KaKUX BEJIMYUH SBIISETCA KOA(DPUIIMEHT Terionepenayu:
1) a=f(w,A,u p,Cxt, t:y,0,L)
2) a=f(xy,2,7)

18. Kak Ha3zpiBatoTCs OTHENbHBIE MecTa OO0OrpeBaeMoOl IMOBEPXHOCTH, TJe
3apOKIAI0TCS My3bIPHKH Mapa

19. Ilpu kakux yCIOBHSIX CIPABEJIMBO YpaBHEHUE TEIJIOBOrO OajaHca



1) mpu OTCYTCTBHH TEILJIOBBIX MOTEPh

2) Tpu OTCYTCTBHH IEpernaja TeMIiepaTyp

3) Hpu OTCYTCTBUM CMEIICHUS 000UX TEIUIOHOCUTEICH
4) mpu OTCYTCTBUH (Pa30BBIX IEPEXOI0B

20. 3axon Buna nmeet BUI:

c - A
1) |ozzm
29
2) Ay = T
I
3) ﬂ’m:.?_/l

21. Kakoe cymiecTByeT o0111ee NpaBuiIo il UHTEHCU(UKAIIUHU TeTUIonepe1aun
1) yMCHBIIUTH TOJIIIMHY CTCHKH
2) 3aMEHHUTbH CBOOOJHYIO KOHBEKIIMIO Ha BEIHYKJICHHYIO
3) YMEHBIIUTH HAKMOOJIBIIEE TEPMUICCKOE COMMPOTHUBIICHUE
4) 3aMEHHTH MaTepHall Ha IPyroi 0ojiee TEIIOMPOBOIHBIN

22. Yro HazbiBaeTcs 3p(HEKTUBHBIM U3ITy4YEHUEM
l) Aya - AW‘ + R . Alaa

ita

2) Ayo =Aqs + A Ay,
3) Ay@ =Aqs + (1_ A)A'raa
23. TepMHYECKOE CONPOTUBIICHHUE IIOCKOM M IMIMHIPUYIECKON CTEHKH
d
1) 2A4-In-2
d
2) <
) A
3) 1 Ind—2
24 d,
A
AR
) )

24. Yto Ha3bIBAETCSI KOHBEKTUBHBIM TETUIOOOMEHOM
1) mporecc TemI000MeHa MEXIy CTCHKOW M JBIIKYIICHCS Cpeloi mpu
HaJIMYUU Pa3HOCTU TEMIEPATYP
2) mporiecc epeHoca Teria OT OJTHOW CPeJIbl K APYroi 4epe3 CTCHKY
3) COBMECTHBIHN MPOIECC KOHBEKIMH U TEILIONPOBOJIHOCTH
25. Tpu mpocTermmx BUAa NepeHoca Temia:
1) TermIonpoBOIHOCTH
2) Teruronepeaava
3) KOHBEKIIHSI
4) u3iy4yeHue



26. KoadduimeHT TemMnepatyporpoBOIHOCTH BbIpaxkaeTcs (Hhopmyoit

27. Kakue pa3nu4aroT BUAbl KOHBEKI[UU?

28. 3akon Kupxroda nmeer Bua:

1) SoFe g
A A

2 Aoty
El EZ

3) A=¢

29. KosdduiueHTsl TEIIONPOBOAHOCTH YHCTHIX METAUIOB, 3a MCKIIOUYECHUEM
AJTIOMUHHS, C BO3PACTAHUEM TEMIIEPATYPHI:

1) yObIBaroT

2) YBEJIMUYUBAIOTCS

3) HE MEHSIOTCS

30. KoaddunueHt TernaooTaaun:
1) xapakTepu3yeT CHOCOOHOCTh BEIIECTBA MIPOBOIAMUTH TEIUIOTY
2) XapakTepu3yeT WHTECHCHBHOCTh TCIUIOOOMEHA MEXIY IKHIKOCTh |
ITOBEPXHOCTBIO KaHaja
3) BBIpaXKaeT KOJUYECTBO TEIUIOTHI, MPOXO/IAIIEH Yepe3 eNUHUILY TTOBEPXHOCTH
CTEHKHM B €IUHUIY BPEMEHHU OT TOpSYEN K XOJIOJHOM Cpelle MPU Pa3HOCTH
TEMIIEPATYp MEXKIy HUMH B 1°.

31. OcHOBHBIE ypaBHEHUS ISl pacyeTa TemI000OMEHHbIX amnapaTos:
1) ypaBHeHue dypne
2) ypaBHEHHE TeIIoNepeaun
3) ypaBHEHHE TEIJIOBOTO OanaHca
4) ypaBHenue HproToHa — Puxmana

32. Beoibepute cuctemy nuddepeHIMaNibHbIX YPaBHEHUM i KOHBEKTHUBHOTO
TernooOMeHa:

1) ypaBHeHHWE IBUKECHUS UACATbHOMN KUIKOCTH

2) ypaBHEHHE TEILJIOMPOBOIHOCTH KUIKOCTH (SHEPTHH)

3) ypaBHEHHE TEII000OMEHa

4) ypaBHEHHE TEILIONPOBOJIHOCTH TBEPIBIX TEJ

5) ypaBHeHHUE ABMKECHUS BSI3KOM KUIKOCTH

6) ypaBHEHHE CILUIOIIHOCTH M HEPA3PBIBHOCTH



Kpurepuu ouenku recra:

OtBeT orneHuBaercd Ha «omauuno» om 9 0o 10 6annoe: ecnu HaHbI
npaBUJIbHBIE OTBETHI Ha 28 W 0oJjiee BOMPOCOB, T.€. MPABWIBHO BBHIMIOJHEHO 88-
100% paboThI.

OTBET OIICHMBAETCSI HA «Xxopouwioy om 7 00 8 0annoe: ecid JaHbl
MpaBUWJIbHBIC OTBETHI Ha 23 - 27 BOIPOCOB, T.€. MPABWIHHO BhIMOJHEHO 72-84%
paboThI.

OTBeT OLEHUBAETCS HA «Y0061aemeopumenvHoy om 5 00 6 oannog: ecnu
JIaHbl MPAaBHJIbHBIE OTBETHI HA 18 - 22 BONPOCOB, T.€. IPABUIBHO BBITOJIHEHO 56-
68% paboTHI.

OTBET OIICHUBAECTCS HA «HEYO081eMBOPUMENbHO»: €CIU TPABUIHHO
BBITIOTHEHO MeHee 55 % paboThl.



