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OBILIASA YACTD

OneHouHbple MaTepuaibl MO0 AWCLMIUIMHE IPEIHAa3HAYEHbl I OLIEHKH JTOCTHXKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. [TK-1 CnocoGeH mpoBOIUTh pacueThl TETUIO(MU3UICCKUX XapaKTEPHUCTHK MPOIECCOB,
IIPOTEKAIOIIMX B KOHKPETHBIX TEXHUYECKUX YCTPOMCTBAX U ammapaTax YHEPreTHUECKOTro
000pyT0BaHUS
NJI-1 Bnaneetr HaBbIKaMH pacyeTa IpoIecCOoB THAPOJUHAMUKY U TEIUIOOOMEHA B
SHEPreTU4ecKoM 000pyI0BaHUU

1 BKIIFOYACT:

JJIA TEKYIEro KOHTPOJIA YCIIEBA€MOCTH:

Popma peanmzanuu: ITncemenHas pabora
1. TeroBoii pacyeT TemiooOMeHHbIX anmnaparoB (KoHTposbHas paboTa)
2. TemooOMeH MpH BBIHYKIEHHOM O0TEKaHWUH TUTOCKOH TNIAaCTHHBL. PacueT cpennemaccoBoi
TEMIIepaTyphI IIPH TEYCHUH KUAKOCTH B TpyOax (KoHTposbHas paboTa)
3. Terumoo6men npu kumnenuu (KoHTposasHas padbora)
4. TermooOMeH npu koHaeHcauu napa (KorarponbHas padoTa)
5. TerumooOmeH mipu cBoOoHOM KoHBeKIMH (KoHTponbHas paboTa)
6. TermooOmeH npu TedyeHuu B TpyOax. TernnooOMeH mpu nonepevyHoM o0TeKaHuu Tpyo u
TpyOHBIX yukoB (KoHTponbHas paboTa)

®Popma peanuzanuu: CmemanHas Gopma
1. BiustHue mepeMeHHOCTH CBOMCTB TETNIOHOCHUTEIIS U CBOOOTHOM KOHBEKIIMU Ha
teriooomeH. Terooomen npu CK/I. IHTeHCHpUKaLMs KOHBEKTUBHOTO TEIIOOOMEHA.
Mopnenu 1 MaTeMaTH4ecKoe onucanue AByx¢asHbix cucteM (Komioksuym)
2. Ko dpunument temnootnaun; marematuaeckoe onucanue TMO; MeTo bl mogo0ust
(KonmnoksBuym)
3. TertooOMeH B morpaHciioe; cBoO0IHasi KOHBEKIMA. Ternnoo0MeH B KaHanax
(KonmnoksBuym)
4. TenmooOMeH npu KoHAeHcaK. PU3NUecKue 3aKOHOMEPHOCTH KUITEHUS U pacyeT
teriooomena (KommokBuym)

BPC nucoHIInHbI

7 cemecTp

IlepeyeHb KOHTPOJIBHBIX MeEPONPHUATHII TEKYIIEro KOHTPOJS  yCNeBaeMOCTH IO

AUCUHHUILIHHE:

KM-1 TennooOMeH npu BeIHYX/IEHHOM 00TeKaHUH IJIOCKOU I1acTUHBL. Pacuer cpennemaccoBoit
TeMIIepaTyphl IPH TeUEHUH KUAKOCTH B TpyOax (KoHTposnbHas pabora)

KM-2 Koaddumnuent reruioornadn; mareMatudeckoe onrcanne TMO; MeToas! o1o0us
(KomnokBuym)




KM-3 TemnooOMeH npu TedeHUH B TpyOax. TernaooOMeH mpH MonepeyHoM 00TeKaHuH TPYO U TPyOHBIX
nyukoB (KoHtponbHas pabora)

KM-4 Temmoobmen npu cBoboHO# KoHBekInu (KoHTponsHas padoTa)

KM-5 TemnoobMmeH B morpancioe; cBo0OHas KoHBeKIus. Temnooomen B kananax (Komioksuym)

Bujx npome:xyTo4HOI aTTecTalu — JK3aMeEH.

Beca KOHTpOIBHBIX MeponIpusTHii, %o
WNupexc KM- | KM- | KM- | KM- | KM-
KM: 1 2 3 4 5
Cpoxk KM: 4 8 12 15 16

Pa3gen nucuuInInHb!

Koaddumuent Termnootnaun. Knaccudukanus npormeccon
KOHBEKTUBHOI'O TeriooOmena. KauectBeHHOEe 000OCHOBAHUE
pacyYeTHBIX YPAaBHCHHI

Koadduuument rernoornaun. Knaccudukarus nporeccon
KOHBEKTUBHOIO TeruiooOmena. KauectBeHHOe 000CHOBaHME + + + +
pacyeTHBIX YpaBHEHUHN

MaremaTHYeCKO€e OIHUCaHKE MPOLIECCOB KOHBEKTUBHOTO
TEeImIoMaccoooMeHa

MaremMaTHYECKO€e OIHMCaHKME MIPOLIECCOB KOHBEKTUBHOTO
TEIIoMaccoooMeHa

[IpuMeHeHre TEOpUH OA00US K aHATU3Y
TEermIoMaccoooMeHa

[IpuMeHeHre TEOPUH OA00US K aHATU3Y
TEIIoMaccoooMeHa

TennooOMeH npu BHeLIHEM o0TekaHUHU Tela. JlamuHapHbIi
norpaHuyHbIi cioi. Ilepexon k TypOyeHTHOMY TE€UEHHUIO.
OcpeHEHHbIE ypaBHEHUS

TennooOMeH npu BHeLIHEM o0TekaHUHU Tena. JlamuHapHbIi
ITOTPAaHUYHBIN CIION

[Tepexon k TypOyiaeHTHOMY TedeHHt0. OcpeTHEHHbIE
ypaBHEHUS

MexaHu3M TypOYJIEHTHOTO IepeHOca UMITYJIbCa U METObI
ero mozenupoBanus. AHainorusa PeiiHonbaca. Pacuernbie
COOTHOILIEHUS JUIsl Te100TAauu. TernnooOMeH npu
00TEeKaHUN TyYKOB TPYO

MexaHu3m TypOyIeHTHOTO MePeHOca UMITYJIbCa U METO/IbI
ero mozenupoBanus. AHainorusa PeiiHonbaca. Pacuernbie + + + +
COOTHOIIIEHUS ISl TEIIOOTAAUN

TemooOMeH npu 00TEKaHUU MYYKOB TPYO + + + +

TemooOMmeH npu cBOOOAHON KOHBEKIIUU B TIOTPAaHUYHOM
CJIO€ U B 3aMKHYTBIX 00beMax

TenmooOMeH npu cBOOOAHOM KOHBEKIIH B TOTPAHUYHOM
CJIO€ M B 3aMKHYTBIX 00beMax

MareMaTHuecKoe ONHUCaHNe TEII00OMEHA B KPYTJIbIX
TpyOax. UuTerpan Jlaiiona. CTaOuInM3upOBaHHBIH
TEMIO0OMEH IPY JIJAMUHAPHOM U TYpOYJIEHTHOM TeUEHHH

Marematuueckoe onucaHue TerI000MeHa B KPYTJIIbIX
Tpyb6ax. UnTerpan Jlaiiona. CtabuIn3upoBaHHbIH + + + +
TEr1I000MEeH NpH JaAMUHAPHOM M TYpOYJIEHTHOM TE€UEHUU

TennooOMeH npyu TaMUHAPHOM TEUEHUH JKUIKOCTH B
HAYaJIbHOM y4acTKe Kpyriol Tpyosl. HauanbHblil yyacTok




pu TypOYyJICHTHOM TEUEHUU.

TennooOMeH npu JaMUHAPHOM TEUEHUH JKUIKOCTH B
HAYaJIbHOM Y4acTKe Kpyrjaoi TpyObl. HauanbHbIl ydacTok +
pu TypOyJEHTHOM T€YEHUU

Bec KM: | 15 20 15 15 35

8 cemecTp

IlepeyeHb KOHTPOJIBHBIX MEPONMPUSTHI TEKYIIEr0 KOHTPOJS YCIHEeBAeMOCTH IO

AUCUHHUILINHE:

KM-1 TemnoBoii pacueT TermnooOMeHHbIX anmaparoB (KorrponsHas padora)

KM-2 BnusiHHe IepeMEHHOCTH CBOMCTB TEIUIOHOCUTENSI M CBOOOIHOM KOHBEKIMH Ha TEIIOOOMEH.
Temnooomen npu CKJI. MaTeHCH UK KOHBEKTUBHOTO TeIJIooOMeHa. Mojenu u
MaTeMaTHYecKoe onucaHue NByxdasubix cuctem (KomiokBuym)

KM-3 TemnooOomen npu koraeHcanuu mapa (KonrposiasHas pabora)

KM-4 Temnooomen npu kuneHuu (KonrponsHas padora)

KM-5 TemnooOMmen npu koHaeHcauu. Ouznyeckrue 3aKOHOMEPHOCTH KUTICHHUS U pacdeT TEIIooOMeHa
(KomnokBuym)

Bujx npome:xyTo4HOI aTTecTaluu — JK3aMeH.

Beca KOHTpOIBHBIX MeponpUsITHiL, Yo
Nunekc KM- | KM- | KM- | KM- | KM-
KM: 1 2 3 4 5
Cpox KM: 3 7 10 13 14

Pasgen nucHuIuinHe!

BnusiHue nepeMeHHOCTH CBONCTB TeIIOHOCUTeNs. BiusHue
cBoOoaHOM KoHBekuuu. Termmooomen npu CK/I.
MHTeHcuuKaysi KOHBEeKTUBHOIO TeIJI000MeHa

BrnusiHre nepeMeHHOCTH CBOMCTB TEIIOHOCUTENS. Biusinue

. + +
CBOOOIHON KOHBEKIINU
Temnooomen npu CKJ{ + +
NHTencudukanms KOHBEKTUBHOTO TETIOOOMEHA +
Monenu nByx(da3HbIX cpel. Y CIoBUS COBMECTHOCTH;
HepaBHOBecHbIE 3P dekTrl. KonnuecTBeHHBIE
XapaKTePUCTUKU JABYX(a3HBIX MOTOKOB. [ 'oMOreHHast
MOJIETh
Monenu nByx(das3HbIX cpei. Y CIoBUS COBMECTHOCTH;
HepaBHOBecHbIE 3P dekThl. KonnuecTBeHHBIE +

XapaKTCPUCTHUKU ,[[BYX(I)QBHBIX MOTOKOB. I'oMOoTreHHas
MOACTb

TennooOMeH npu KOHAECHCAIIMH Ha BEPTUKAIbHON
MJIOCKOCTH U MMOBEPXHOCTU FOPU30HTAILHOU TPYOBI.
Konnencanus B Tpy6ax. MeTo1bl HHTEHCU(UKAITIH

TennooOMeH Py KOHICHCAIMH Ha BEPTUKATHHOM
TJIOCKOCTH M OBEPXHOCTU TOPU3OHTAIBLHOM TPYOBI. + +
Konnencanus B py6ax. MeToip1 ”HTEHCH(DUKAITIT

du3nKa KUIMEHUS: 3apOKIeHIE MapoBou (asbl, pocT
MAPOBBIX MY3bIPHKOB, YCJIOBHUS OTPHIBA OT CTCHKHU

du3rKa KUIEHUS: 3apOKIeHIE MapoBou (asbl, pocT
MAPOBBIX MY3bIPHKOB, YCIOBUS OTPHIBA OT CTCHKHU




Tennoo6men npu kuneHuu. [1neHouHOE M IEpexoIHOe
KUTIeHHe. MexXaHU3M U pacyeT TeIUI000MeHa Ipu
my3bIpbKOBOM kunieHuu. Kunenue B motoke. Kpusucer
KHUIICHUA

TemooOmeH npu kurenuu. [lneHouHoe U nepexoaHoe
KUTIeHHe. MeXaHU3M U pacyueT TeIUI000MeHa Ipu
my3bIpbKOBOM KunieHuu. Kunenue B notoke. Kpusucer
KHUIICHUS

Bec KM:

15

25

15

15

30




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMITETCHIIMHT pe3yiabTaThl OOyYEHHsS IO
JUCIUILINHE
IK-1 N-1nka Bnaneer | 3nath: KM-5 Tennoo6men npu TeueHnu B TpyoOax. TemnooOMeH rnpu nonepeyHom
HaBbIKAMU pacuera | MaTeMaTU4YecKoe onucanue | o0Tekanuu TpyO u TpyOHbIX myukoB (KoHTposbHas paboTa)
MPOLECCOB TUAPOJAMHAMUKHU | IIPOLIECCOB TEILIO- U KM-8 Tennoobmen npu cBoOoaHOM koHBekinu (Kontponbhas pabora)
u TerutooOMeHa B | MaccooOMeHa KM-13 Termioobmen npu koHaeHcanuu napa (KonrponbsHas padota)
SHEPreTUYECKOM 3akoHOMepHOCTH TipotieccoB | KM-16 TermooOmen nipu kunennn (KontposbHas paboTta)
o0opynoBaHUU BBIHYXACHHOH oqHo(a3Hoi | KM-18 BnusiHue nepeMeHHOCTH CBOMCTB TEIJIOHOCUTENSI K CBOOOTHOM

KOHBEKIIHH TIPH
W3MEHSIOIIUXCS
TETTO(PU3HUECKUX
CBOWCTBAX *KMJIKOCTU
3aKOHOMEPHOCTH IMPOLIECCOB
CBOOOHOM ¥ BBIHYKJICHHOMH
0/1HO(ha3HOM KOHBEKIMHI
MaTeMaTHYeCcKOe ONMCaHue
Y MOJIeNIU TBYX(a3HBIX Cpe
METObl TEOPUH MOA00US
U1 000011IeHNs
Pe3yIbTaTOB OIBITHOTO
HCCIIEI0BAHNUA TeII000MeHa
3aKOHOMEPHOCTH
TeriooOMeHa npu
KOHJICHCAIIMU U KUTIEHUU
YMers:

BBIOMpATh METOAMKY U
OCYIIECTBIISITh pacyer

KOHBEKIMH Ha Teriooomer. Termmooomen npu CKJI. MaTeHcHpuKamms
KOHBEKTHBHOTI'O TerjI000MeHa. Moenu 1 MaTeMaTHUeCKOe ONHUCaHHUe
nByx¢a3ubix cucreM (Komnoksuym)

KM-19 Temoo6meH npu KoHeHcaunu. Pusnyeckue 3aKOHOMEPHOCTH
KHUIIEHUd U pacueT Teriooomena (Komnoksuym)

KM-20 TemuoBoit pacuet TenaooOMeHHbIX anmnapaTtoB (KoHTposbHas
pabora)

KM-21 TemooOMeH npu BBIHYKACHHOM O0TEKaHUH IIOCKOM MIaCTHUHBI.
Pacuer cpenneMaccoBoii TeMnepaTypbl PU TEUEHUU KUJIKOCTH B TpyOax
(KonTposbHas paboTta)

KM-22 TemiooOMeH B norpascioe; cBo00AHast KOHBEKIMs. TerniooOMeH B
kananax (KommokBuym)

KM-23 KoaddunuenT temnnooraaun; maremarnyeckoe onucanue TMO;
MeTo bl moaoous (KomiokBuym)




TEMIIEPATypHOTO PEeXUMA
TETIIIOBBIJCIISIOIINX
00BEKTOB

paboTaTh C JaHHBIMHU O
TETUIO(DU3HUECKUX
CBOMCTBaX BEILECTB,
HEOOXOMMBIX B pacueTax
TerooOMeHa

pacCYUTHIBATH JOMYCTHUMbBIE
YPOBHH TETIOBBIX IIOTOKOB
MIPH KATICHUH KHUIKOCTH
MPOBOANTH TEIIOBOH pacdeT
TETIOOOMEHHBIX aIapaToB
paccunTHIBATH
WHTCHCUBHOCTh
TEIJI000MEHa TpH
KOH/ICHCAINN




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenueanus
7 cemecTp

KM-1. Tensioo0MeH npH BbIHYKI€HHOM 00TeKaHHMH IJIOCKOH IIacTHHBI. Pacyer
CpeiHEeMAaCCOBOM TeMIIepaTyphbl IPH TEYCHHHU KUJKOCTH B TPydax

®opmbl peanuzanun: [TuceMennas padora

Tun koHTpoILHOrO MeponpusaTus: KonrponpHas padora

Bec konTposabHoro meponpusitusi B bPC: 15

IIponenypa mpoBegeHHsi KOHTPOJIbHOro Meponpusitusi: KoHTposibHas paboTa IpoOBOAUTCSA B
ayautopuu. Bpems BeinmosiHeHus - 1,5 yaca. CTyneHT HIODKEH pemuTh 3 3aJayd [0 TeMaM
"TeruiooOMEH TpH BBIHYKIEHHOM OOTEKaHWM IUIOCKOW IUIACTHHBI. Pacder cpemHeMaccoBOii
TEMIEPaTyphl IPU TEUCHUU KUJKOCTH B TpyOax".

KpaTkoe cogep:kaHue 3aiaHus:
BrIOpaTh METOMKY M OCYIIECTBUTH pacyeT TeIUI00OMEHa MPU IPOJOIBHOM JIAMHHAPHOM H
TypOyJIeHTHOM 00TeKaHuM TacTUHBL. COCTaBUTh ypaBHEHHUE TEIUIOBOTrO Oananca. OnpenenuTh
CPEIHEMACCOBYIO TEMITEPATypy B KaHaJIe B PA3JIMYHBIX CCUCHUSX.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3arTaHMpOBaHHBIC PE3yNbTaThl | Borpockl/3amanust Uit IpOBEPKH
00y4eHUs 10 JUCIUIIHHE

YMeTb: BHIOMpAaTh METOAMKY U 1.Tonkas koHCTaHTaHOBas JieHTa ceyeHueM 0,1 MM Ha 5 MM
OCYILECTBIISATh pacuer HarpeBaeTcs JIEKTPUUECKUM TOKOM cuiioit 1=20 A.
TEMIIEpaTypPHOIO pexuma DnekTpuyeckoe corpoTuBiaeHue 1 M neHTsl cocrasiuseT 1,0
TETUIOBBIACISAIONINX 0OBEKTOB Owm. JlenTta oOTekaercsi MpoJOIbHBIM IIOTOKOM BOJBI.

CxopocTh U TeMIiepaTypa HaOETarIIero NoToKa COCTABIISIOT
cootBercTBeHHO 0,5 M/c 1 10 °C. Onpenenuts TemMneparypy
ITOBEPXHOCTH JIEHTBI HA PAaCCTOAHMAX 1,5 M OT nepenHen
KPOMKH.

2.11o xaHaTy TETJIOBBIAEISIIOIIETO 3JIEMEHTA SEPHOTO
peakTopa ABMKETCs Boja oJ 1aBieHueM p = 8 MIla.
Juametp xanana d = 8 mm u ero mmna | = 2,5 m. Pacxon
Bosbl G = 0,12 kr/c. TemnepaTypa Bojibl Ha BXOZI€ B KaHaJI
190 °C. Onpenenuth TeMIIepaTypsl BOJIBI HA BBIXOE, €CITH
NpUOJIMKEHHO MPUHATH MIIOTHOCTh TETJIOBOTO MOTOKA
MIOCTOSIHHOM 110 JIJIMHE KaHajia ¥ paBHOM (C = 620 kB1/M2.
Y4ecTh 3aBUCUMOCTb TEIMJIOEMKOCTH BOJIbI OT TEMIIEPATYPHI.

Onucanue MKaJbl OLICHUBAHUA:

Oyenxa: 5 («OTIUYHO)
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu evinonnenus 3uanusa: OueHka "oTINYHO" BBICTaBIAETCS €CIIM 3aJaHHe
BBITIOJTHEHO B TTOJTHOM 00bEME WIIH BBITIOJTHEHO MPEHMYIIIECTBEHHO BEPHO

Oyenxa: 4 («XOpOIIIO»)
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax. 60
Onucanue xapaxmepucmuxu evinoneHus snanus: OueHkKa "XopoIo" BEICTABISIETCS €CIH
OOJIBIIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABJICHHE JUTSI PEIICHUS 3a]1a9




Oyenka: 3 («yIOBIETBOPUTEILHOY)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. S0
Onucanue xapakmepucmuxu evinonnenus 3uanus: OneHka "yI0BIeTBOPUTENIHLHO" BHICTABISACTCS
€CITH 3aJIaHUE MMPEUMYIIIECTBEHHO BBITIOJTHEHO

Oyenxa: 2 («HEYIOBIETBOPUTEIBHO»)
Onucanue xapakmepucmuku 8binoanenus 3uanus. OueHka "Hey10BIETBOPUTEILHO" BBICTABIIACTCS
€CJIM 3aJ]JaHue BBITIOJHEHO HEBEPHO WJIM MPEUMYILIECTBEHHO HE BBHIITOJIHEHO

KM-2. Koa¢ppuument rensioornaum; maremarudeckoe onucanue TMO; MmeToabl
nojpoous

®opmbl peanuzanun: Cvemannas Gopma

Tun KOHTPOJILHOr0 MeponpusiTusi: Kommoksuym

Bec koHTpobHOr0 Meponpustusi B BPC: 20

IIpouenypa mpoBeaeHHs1 KOHTPOJABHOrOo MmeponpusTHsa: IloarotoBka K KOJUIOKBHYMY
NPOBOJIUTCS CTYJAEHTOM CaMOCTOSITENIbHO BHE ayauTopuH. JlomkeH OBITh TOATOTOBICH
IIMCbMEHHBI OTBET HA BONPOCHl KOJJIOKBUYMa B COOTBETCTBUM C BapuUaHTOM. 3alluTa
KOJJIOKBUYMa ITPOBOJUTCS] YCTHO B ayIUTOPUU BO BPEMS 3AHSTHUSL.

Kparkoe cogepxxanue 3aganus:
Heo6xoanmo oTBeTHTH Ha BOTIPOCH 10 TeMaM “KoadpuureHT TermooTaadn; MaTeMaTHIecKoe
onrcanre TMO; MeToasl mogoous”.
OnwumuTte conep)anne 1 KIACCH(PHUKAIMIO 33]1a4 KOHBEKTHBHOTO TEIUI00OMeHa. B uem cBsi3b
MOJIEKYJISIPHOTO U KOHBEKTUBHOTO IIEPEHOCA TeIlIa B ABKYILEHcs xunkoctu? Jlaire
omnpenenenue ko uirenTa Teriootaady, yncia Hyccenpra. Onummure KaueCTBEHHbIE
3aKOHOMEPHOCTHU U pacueTHbIe (POPMYJIBI Ui TEMJI000MEHa NPH 00TEKaHUM MJI0CKOM
IUTACTUHBI U JUIS TEYEHUSI B KPYTJIbIX TpyOax.
3anumure o01yto (GopMy ypaBHEHHH COXpaHEHHs ITPU SIJIEPOBOM METO/I€ ONUCAHMUSL.
3anuiuTe ypaBHEHHE COXPaHEHMsI MacChl (HEPA3pbIBHOCTH); YPAaBHEHUE COXPAaHEHUS
MMITyJIbCa; YPAaBHEHUE COXPAHEHUS YHEPTUH B JIBIKYLICHCS CPENIE; YPABHEHUE COXPAHECHHUS
Macchl KOMIIOHEHTa B OMHapHOU cMecu. Onumute BiausiHuEe AUGE Y3MOHHOTO TTOTOKA MACCHI
KOMITIOHEHTa Ha MEPEHOC UMITYJIbCa M SHEPTHH B OMHApHOM cMecH. B ueM cocTouT aHamorus
IIPOLIECCOB MEPEHOCa UMITYIbCa, SHEPTUU U MacChl KOMIIOHEHTa B cMech?
Maiite onpenenenue noaodus gpusnueckux spiaeHuit. Chopmynupyiite TeOpeMbl TEOPUU
nono6bus. Onummure GU3NUECKU CMBICI YUCEI MOA00MS B MEXaHUKE OJTHO(Pa3HbIX U
IBYX(a3HbIX CUCTEM, B Ipolieccax KOHBEKTUBHOTO TEIUIO- U MaccooOMeHa. Chopmynupyiite
OCHOBHBI€ MTOJIOKEHHS TEOPUN PA3MEPHOCTEM.

KoHTpoJibHbIE BOIPOCHI/3a1aHUA:

3annanupoBaHHble | Bompocsl/3aianus 11 MpoBepKU

pe3ynbTaThl

o0yJeHus o

JUCLUIIIINHE

3HaTh: 1.1. YeMm oTiiMuaroTCsl BHEIIHUE U BHYTPEHHUE 3a/1a4 KOHBEKTHBHOTO
MaTeMaTU4ecKoe TeroooMeHa?

ONHUCaHue 2. [lepeuncnure npu3HaKu, MO0 KOTOPBIM CTPOUTCS Kilaccuuxarus

MPOIIECCOB  TEILIO-
A MaccooOMeHa

MPOIIECCOB KOHBEKTUBHOTO TEIMJIO0OMEHA.

3. Kak cBs13aHbI MOJIEKYJISPHBIA U KOHBEKTUBHBIN ITOTOKU YHEPTUU B
cilyyae cTaOMIM3MPOBAHHOTO TEIUIOOOMEHA B KaHaue?

4. Yo Takoe TOJIIIMHA YKBUBAJICHTHOH TUICHKK? B Kakoit mepe sta

BCJIMYMHA ONIPCACIIACT (1)H3I/I‘ICCKI/II>'I CMBICJI KOB(I)(I)I/II_II/ICHTa TerjiooTAauu
(KTO)?
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3arutanupoBaHHble | Bompockl/3amanust 171t IpOBEPKHU
pe3yJIbTaThl
o0y4eHus o
JUCLUIUINHE
5. Kak 3aBucHUT TOJIIMHA HOTPAHUYHOTO CJI0S1 OT KHHEMATUYECKOMN
BS3KOCTH )uakocTu? Kakoit KoaQuImeHT nepeHoca urpaet
AHAJIOTMYHYIO POJIb B IIpolieccax TerooOMeHa?
6. Kak u nouemy nsmensiercst KTO no pnuHe miacTuHbl Ipu
JAMUHAPHOM U TypOYJICHTHOM PEKUMaX T€YEHHsI B IOTPAaHUYHOM clioe?
7. Kakoe conepkanue MMeeT ypaBHEHUE TEIUIOBOTO OaiaHca st
TeriooOMeHa B KaHase?
8. Kakue gncna noo0us HCTIONB3YIOTCS ISl OMMMCAHUS TEIUI00OMEHa B
HAYaJIbHOM YYaCTKe KpYrjol TpyObl Npy JaMUHAPHOM T€UeHHUU?
3HaTh: METO/IbI 1.3anosHuTe TAOIUILY:
TEOPHH  MOI00MS 3anuch yepes
it 0000meHHs OTHOLIEHHE
pe3ynbTaToB CUJI/TEIVIOBBIX
OIILITHOTO NMOTOKOB/NOTOKOB
HCCIICIOBAHHS Yucao mogoous | Ooo3nauenue | CooTHOIEHNE | Mace
Tero0o0MeHa KOMIOHEHTOR
pa3InIHOI
¢uznyeckoit
HPHPO/IbI
1 Yucno
PeliHonbaca
2 | Yucno Opyna
3 | YUucno Bebepa
4 Yucno
Apxumena
5 | Yucao Dkkepra
6 | Yucno Crantona
7 | Yucno Panes
8 Uucno Ilekne
(muddy3nonHoe)
9 | Yucno Ulepryna

OnucaHue MKaJbI OlleHUBAHUS

Oyenxa: 5 («OTIUYHOY)
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OleHKa "0TINYHO" BBICTABISETCS €CIIH 3aJaHue
BBITIOJIHEHO B MOJHOM 00BEME HJIM BBITTOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenxa: 4 («XOpOIIIOY»)
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax. 60
Onucanue xapaxmepucmuxu evinoneHus snanus: OueHkKa "XopoIo" BEICTABISIETCS €CIH
OOJIBIIMHCTBO BOIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABICHUE JUISI PEIICHUS 3a,1a9

Oyenka: 3 («yIOBIETBOPUTEIIEHO)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: S0
Onucanue xapakmepucmuku binonneHus 3nanus: OueHKa "yJI0BIeTBOPUTENLHO" BBICTABISETCS
ecJM 3aJlaHue IPEUMYIIECTBEHHO BBITIOIHEHO

Oyenxa: 2 («<HEYIOBIETBOPUTEIHHOY)
Onucanue xapakxmepucmuxu evinoaneHus sHanusa: OneHKa "Hey10BIeTBOPUTENIbHO" BBICTABIISETCS
€CJIM 33JJaHUE BBINIOJHEHO HEBEPHO WJIM MTPEUMYILIECTBEHHO HE BBIITOJIHEHO
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KM-3. Tensioo0MeH npu TeyeHuu B TpyOax. TensiooOMeH npu nonepevyHoM 00TeKAHUH
TPYO U TPYOHBIX My4YKOB

®opmbl peaquzanun: [TuceMennas padora

Tun koHTpoILHOrO MeponpusaTus: KourponpHas padora

Bec konTpoabHoro meponpusitusi B BPC: 15

IIpouenypa mpoBegeHHsi KOHTPOJIbHOro Meponpusitusi: KoHTposibHas paboTa IpoBOAUTCSA B
ayautopuu. Bpems BeimosiHeHus - 1,5 yaca. CTyneHT HIODKEH pEemuTh 3 3aJayd 10 TeMaM
"TerumooOMeH npu TeyeHuu B TpybOax. TermooOMeH mpu nmonepeyHoM o0TeKaHUU TPYO U TPYOHBIX
My4KOB'".

KpaTkoe conep:kanue 3a1aHusi:
BbIOpaTh METOAMKY M OCYIIECTBUTH pacyeT TEII00OMEHA IPU BHIHYKJICHHOM TCUCHHH
XKUJKOCTU B TpyOe. BIOpaTh METOMUKY U OCYIIECTBUTH pacdeT TEII000OMEHa MPY BHEITHEM
MONIEPEYHOM OOTEKaHUU TPYO M TPYOHBIX ITyYKOB.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3aHHaHI/IpOBaHHHC PE3yJIbTAaThI BOHpOCLI/ 3aJlaHuA JJIA IIPOBCPKU
06y‘IGHI/I$I 10 JUCHUIIJIINHE

VYMeThb: BbIOMpaTh METOIUKY U 1.CranbHas Tpyba (258x4mm, Ct. 20, A = 40 Bt/(M°K))
OCYIIECTBIIATh pacuer TETIOTPACCHI TOPSYET0 BOJOCHAOKEHHS JITHHOHN 50 M
TEeMITEPaTypHOTO pexxuma IPOJIOKEHA Yepe3 JKEeJIC3HOJOPOXKHBIE ITyTH IO/ ACTaKal0H
TETIOBBIACIISAIOMIUX 0OBEKTOB Ha OTKpbITOM Bo3nyxe (6 = 0 °C). Ha Bxoze B 3TOT y4acToK

TerioTpacchl TeMiieparypa Bojsl papHa 100 °C u ckopocTh
ee newkenus 0,05 m/c. KoadgduumeHT Termmoornaduu ¢
BHEIIHEN MOBEPXHOCTU TPYOBI COCTaBISAET MpHU 3TOM 20
Bt1/(M2-K). Beruncnuth TeMiiepatypy BOJAbI B KOHIIE
YKa3aHHOTO Y9acTKa TEeIJIOTPACCH, a TAKXKe CPETHHUE 1O
JUIMHE TeMIEepaTypbl BOJbI U CTEHKU TPYOBI.
2.OKx0oHOMal3ep KOTEeIbHOW YCTAaHOBKH U3TOTOBJIEH U3
CTaNBHBIX MIAAKUX TpyO auamerpom d2/d1 = 37/30 mm,
PAcIIOIOKEHHBIX B [IIAXMATHOM MOPSIKE C OTHOCUTENbHBIM
MOTIEPEYHBIM M MTPOAOIBbHBIM Itarom S1/d = 2,0, s2/d = 1,5.
Yucno nonepevHbIxX psaoB TpyO 1o Xody rasa Z = 6.
Temreparypa IBIMOBBIX Ta30B Ha BXOZIE B YKOHOMaii3ep
paBHa Txx1 =600 C, Bbixoae u3 vero T:xx2 =400 C, a
CKOPOCTh B Y3KOM cedeHuu nmyuka W = 12 m/c. Haittu
0O0I1yI0 IIMHY TPYO, €CJIM U3BECTHO, YTO TETJIOBOH MOTOK,
niepeaBaeMblii BOJIe, MPOTEKAIoIel BHYyTpH Tpyo, Q =
32:10"3 Bt, a TemnepaTypa Hapy>KHOM CTEHKH TpyObl TC =
230 C.

Onucanue MKAaJbI OlICHUBAHUA:

Oyenxa: 5 («OTIUYHO)
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu evinonnenus 3uanus: OueHka "oTINYHO" BBICTaBIAETCS €CIIM 3aJaHHe
BBITIOJTHEHO B TTOJTHOM 00bEME WITH BBITIOJTHEHO MMPEHMYIIIECTBEHHO BEPHO

Oyenka: 4 («xXOpoOLIOY)
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 60
Onucanue xapaxmepucmuxu evlnoinenus 3Hanus: OeHKa "X0opoIno" BEICTaBISETCS €CITN
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABJICHHE [Tl PEIICHUS 3a/1a4
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Oyenka: 3 («yIOBIETBOPUTEILHOY)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. S0
Onucanue xapakmepucmuxu evinonnenus 3uanus: O1neHka "yI0BIeTBOPUTEIHLHO" BHICTABISACTCS
€CITH 3aJIaHUE MMPEUMYIIIECTBEHHO BBITIOJTHEHO

Oyenxa: 2 («HEYIOBIETBOPUTEIBHO»)
Onucanue xapakmepucmuku 8binoanenus 3uanus. OueHka "Heyn0BJIETBOPUTEIBLHO'" BBICTABIIACTCS
€CJIM 3aJ]JaHue BBIMIOJHEHO HEBEPHO WJIM MPEUMYILIECTBEHHO HE BBITTOJIHEHO

KM-4. Tenjioo6MeH nipu cBOOOIHON KOHBEKIIUN

®opmbl peasuzanun: [TuceMennas padora

Tun koHTpoBLHOr0 Meponpusitus: KonrponsHas pabora

Bec konTpoabHoro meponpusitusi B BPC: 15

IIpoueaypa npoBeleHHs] KOHTPOJbHOro MeponpusaTusi: KonrponbHas paboTa mpoOBOIUTCS B
aynutopuu. Bpems BeimonHenus - 1,5 daca. CTyAeHT JODKEH pPEIIUTh 3 3aJaydl [0 TeMaMm
"TerooOMeH mpu ¢cBOOOIHOM KOHBEKITHH'".

KpaTkoe conep:kanue 3a1aHus:

Br1Opatb METOAMKY M OCYIIECTBUTH pacueT TEIUI000OMEHA IPU CBOOOTHON KOHBEKIIHH.

KoHTpoJibHbIE BOIPOCHI/3a1aHUA:

3arTaHupoOBaHHBIE Pe3ybTaThl | Bompocsl/3aganus 1uist IpoBepKU

O6y‘leHI/IH 10 AUCLHHUIIIINHE

YMeTb: BBIOUPATh METOJUKY H
OCYILIECTBIIATh pacuer
TEMIIEPaTyPHOIO pexuma
TEIUIOBBIACISIOINX 0OBEKTOB

1. Kupnmuu BBIHUMAIOT U3 TIEUH ISl 00)KUTa TIPU
temriepatype 420 °C u oXJIaXIar0T B OKOSIIIIEMCS BO3yXe
npu temreparype 30 °C. Bricota kupninya 10 cm, a
pa3mepsl ero ocHoBaHus 14x7 cm. PaccunTarh TemnoBoi
MOTOK OT KUPIIUYa B PE3yJIbTaTe €CTECTBEHHON KOHBEKIIUU
cpasy nocie u3BjedeHus u3 neun. Kupnuum nexar Ha
TEIION30JIMPOBAHHON TOBEPXHOCTH.

2.ITapoBas TpyOa MpOXOAUT BEPTUKATIBHO Yepe3 MOMEIICHHUE.
TemnepaTypa HapyxHOI moBepxHocTH TpYyOBI 60 °C, a
TEMIIEpaTypa HEMOABUKHOTO Bo3yxa B noMenieHuu 20 °C.
Hapyxubiii tuamerp Tpyosl 68 MM, a JJIMHA €€ y4acTKa B
nomeniennu 3,4 M. OnpeaenuTh TeII0BOH MOTOK OT TPYObI B
yCIOBUSIX CBOOOIHON KOHBeKIMHU. [Ipenmnonaras, 4To CTEHbI
MTOMENIEHHUS TIOJTHOCTBIO TEIIOM30JIMPOBAHBIL, @ €T0 00BEM
cocraiseT 900 M3, paccunTaTh, 3a KaKO€ BpeMs
TEMIIEpaTypa BO31yXa B IOMelIeHUH noBeicutTes Ha 1°C.
3.0OKoHHas pama ¢ ABOWHBIM OCTEKJIECHHEM COCTOUT U3 JABYX
CTEKOJI TOMIMHOM 0,5 cM KaXka0€, pa3/IeJIeHHbIX CI0EM
BO3/yXa TOJIIMHON 5 cM. OnpenenuTh TeII0BOM NOTOK
4yepe3 pamy, KOrja TemIepaTypa HapyKHOU TOBEPXHOCTH
BHENIHEro cTekia pambl paBHa —10 °C, a Temmnieparypa
BHYTPEHHEHN NOBEpXHOCTH Apyroro crekiua 20 °C.

Onucanue MKaJbl OLICHUBAHUA:

Oyenxa: 5 («OTIUYHO)

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: O1eHKa "0TINYHO" BBICTaBISIETCS €CIIM 3aJaHue
BBITIOJTHEHO B MOJTHOM 00BEME HJIH BBITTOTHEHO MPEUMYIIIECTBEHHO BEPHO
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Oyenka: 4 («xXOpoLIOY)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 60
OnucaHnue xapakmepucmuxu evlnoinenus 3Hanus: OLeHKa "X0opouio" BICTaBISETCS €CIu
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HAMpABJICHHE JUIsl pEIICHUs 3a/1a4

Oyenka: 3 («yIOBJICTBOPUTEILHOY)
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 50
Onucanue xapakmepucmuxu evinonnenus 3uanus: OueHka "y10BIeTBOPUTENHHO" BHICTABISAETCS
€CITH 3aJIaHUE MPEUMYIIECTBEHHO BBITIOJTHEHO

Oyenxa: 2 («HEYIOBIETBOPUTEIBHO»)
Onucanue xapakmepucmuku 8binoanenus 3uanus. OueHka "Hey10BIETBOPUTEILHO" BBICTABIACTCS
€CJIM 3aJ]JaHUe BBITIOJHEHO HEBEPHO WJIM MPEUMYILECTBEHHO HE BBITTOJIHEHO

KM-5. Tensioo0MeH B morpancioe; cBo0ogHas KoHBeKIUs. Tennoo0MeH B kaHaJIaxX

®opmbl peanusanun: Cmenrannas Gopma

Tun KOHTPOILHOT0 MeponpusiTusi: Komoksuym

Bec koutposabHoro meponpusitusi B BPC: 35

IIpouenypa mnpoBedeHHs] KOHTPOJIBLHOTO MeponpusaTusa: [loAroroBka K KOJJIOKBUYMY
NPOBOJUTCS CTYICHTOM CaMOCTOSTEIIbHO BHE ayauTopuu. JlobkeH OBITh TOJATOTOBJICH
NUCbMEHHEBIM OTBET Ha BOIIPOCBHI KOJJIOKBUYMa B COOTBCTCTBHMM C BapHAHTOM. 3aHII/ITa
KOJIJIOKBHYMa ITPOBOJIUTCSI YCTHO B ayTUTOPHH BO BPEMsI 3aHSATHSI.

Kpatkoe cogepxxanue 3agaHusi:
Heo0OxoaumMo oTBETUTH Ha BOIPOCHI 10 TeMaM “TeriooOMeH B morpaHcioe; cBoOo Has
KOHBEKIUA .
3anuinTe CUCTEMY YPaBHEHUHN TEMIIEPATypHOro norpaHu4Horo cios. [IpoBenure ananus
Ter1000MeHa IpU JaMUHAPHOM TEUEHHMH B ITOTPAHCIIOE METO/IaMU pa3MepHocTel. BoiBenure
COOTHOILIEHUS JUIsl OMMCAaHUs TEIUI000OMEHA IPU JIJAMUHAPHOM O0TEKaHUH U30TEPMHUYECKON
rtactulbl. [IpoBenuTe ananus npenenbHbIX Mo ynciay [lpanamns cioyyaes.
Kak ocymecTBisieTcst nmepexo/i K TypOyJIeHTHOMY PEXXKHUMY T€UEHUS B IOTPAaHUYHOM CJIOE U B
kaHanax? B yem cocTosAT OCHOBHBIE Pe3yJIbTaThl TEOPETUUECKOI0 aHAJIN3a YCTOMYUBOCTH?
Kakue dakTopsl, BIUsIONINE Ha IEPEX0]] K TypOYIEeHTHOMY TeueHuto, Bol 3Haere? 3anummure
OCpEeJHEHHbIE YPaBHEHUsI IBUKEHUS U SHEPTUHU AJIsl TYpOyJNeHTHOro TeueHus. Yto takoe
KaXYIIHecs HaIPsDKEHUs TypOYJIEHTHOTO TPEHUS, TypOyJIEeHTHBIH Ter1oBoi noTok? Onummre
CTPYKTYPY NPUCTEHHOU TypOyJIIEHTHON 00J1acTH.
B yeM cocTouT MexaHu3M TypOyJeHTHOro nepeHoca ummyibca? Kakue meTos! ero
MoienrpoBaHus Bel 3Haete? B ywem coctout ananorus PeliHonbaca 11 TennooOMeHa npu
TypOyJIEHTHOM T€YEHHUHU B IIOIPAaHUYHOM Clloe. B ueM cocTouT ee MoJepHU3NPOBAHHBII
BapHaHT (AByxcioiiHas cxeMma)? [IpuBenure pacueTHbIE COOTHOLIEHUS AJIsl TEMIOOTJAuH.
OnuimTe TeII000MEH NPU MOTIEPEYHOM 00TEKAaHWU OJIMHOYHOTO IIWJIMH/IPA U ITyYKOB TPYO.
[TpuBeauTe MaTeMaTHUECKOE ONKMCAaHHE CBOOOTHON KOHBEKIMU. B ueM cocTouT npulnmxeHue
Byccunecka? UeMy paBHsETCS MaKCUMaIbHasi CKOPOCTh CBOOOHOM KOHBeKIMH? UTO Takoe
CBOOOTHOKOHBEKTUBHBIN MOrpaHUYHBIN CIION Ha BepTUKaJIbHOHU tockocTH? Kak paccunrath
Koa¢uIMeHTa TEeMI00TAa4uH NP JIJAMUHAPHOM U TypOyJleHTHOM TedeHun? Onummre
CBOOOJTHYIO KOHBEKIIUIO Y TTOBEPXHOCTH TOPU30HTAIBHOTO HWIMHIPA U chepbl. Onuimmnre
CBOOOJHYIO KOHBEKIIMIO Ha TOPU30HTAILHOM MJIOCKOCTH, B MMPOCIOMKAX U B 3aMKHYTBIX
o0beMax.
HeoOxoaumo oTBETUTH Ha BONpock! o TeMe “TernnoodMeH B kaHanax” .
3anumure MaTeMaTHyeckoe OMMCcaHue TemI000MeHa B KPYIJIbIX TpyOax. 3anuiInuTe ypaBHEHHE
TEIUIOBOT0 OanaHca, JaiiTe onpeesieHns CpeTHEMAacCOBOM CKOPOCTH U TeMIepaTypsl. B uem
HPOSIBIIAIOTCS 0COOEHHOCTH CTAOMIM3UPOBAHHOTO TEMIOOOMEHA MPU ITPAHUYHBIX YCIOBUSX 2-
ro pona? BeiBenure ypaBHEHUS 1715 Ipouiiel CKOPOCTH, TEMIIEPATYPBbI, TEIJIOBOI0 OTOKA
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IpY JJaMUHApHOM U TypOyJeHTHOM TeueHuu. BeiBenute unterpan Jlaiiona. BeiBenute
YPaBHEHMsI, ONUCHIBAOLINE CTAOMIM3UPOBAHHBINA TEMJI0O0OMEH NMPH JJAMUHAPHOM TE€UECHUU.
BriBenuTe ypaBHEHUS, OMMCHIBAIOIINE CTAOUIM3UPOBAHHBIN TETNIOOOMEH NP TYpOYIEHTHOM
TE€YCHHUH. B 4eM coCTOAT pe3yapTaThl TEOPETUUECKOIO aHAJIN3a sl HEMETaJNIMYECKUX
KUAKOCTEH U KuIkux MetauioB? [IpuBenure pacyeTHbie GOPMYIIBL.

BeiBeiuTe ypaBHEHMsI, ONMCHIBAIOLINE TEIUIOOOMEH IIPU JIAMUHAPHOM TEUEHHUH KHJIKOCTH B
HAYaJIbHOM TEPMUYECKOM Y4aCTKe KpYrion TpyObl. ONHUIINTE OCHOBHBIE 3aKOHOMEPHOCTH
TEII000MEHA Ha Ha4yalbHOM TMIPOJMHAMUYECKOM Y4acTKe U Ha Ha4aJIbHOM y4acTKe Ipu

TypOyJIECHTHOM TE€UYCHUHU.

KoHTposibHbIe BONPOCHI/3aJaHUA:

3arIaHupOBaHHbBIC
pe3ynbTaThl  OOy4YEeHHS]  TIO
JVCIIATUTAHE

Bonpocsi/3aganus 11t IpOBEpKH

3HaTh: 3aKOHOMEPHOCTH
IpOLECCOB  CBOOOTHON
BBIHY)KJCHHOH  onHO(]a3HOM
KOHBEKLIUH

1.1. Cucrema ypaBHEHMI JUHAMUYECKOIO IOTPAHUYHOTO
ciost (monoxenus teopun Ipanaris, pe3ynbraTsl
MPUIIOKEHUS K ABYMEPHOM T/11 3a1a4e).

2. OcHOBHOE co/iep’KaHue U pe3ynbTaThl 331a4n brazuyca
(aBTOMOAETHLHOCTH, METOIMKA aHAIN3a, TPOPHIH CKOPOCTH,
CKOpOCTb TEUCHMS IIPU MAJIBIX 1), GU3NUECKUN CMBICIT
Benmuunbl f'(0)).

3. TypOyneHTHBbIN nepexo1 Kak pe3yibTaT MoTepu
YCTONYMBOCTH JIAMUHAPHOI'O T€YEHU (IOCTAaHOBKA 33JauH,
KayeCTBEHHBIN aHaJIN3 HEUTPaJIbHOM KPUBOHL).

4. Llenb nony4eHus U BbIBOJL OCPEAHEHHBIX YPaBHEHUN
TypOyYJIEHTHOI'O IBUXKEHUS U TEIJI000MEHA.

5. Mertons! onpenienieHus: TypOyICHTHOW BA3KOCTH U
TypOyJIEHTHOM TeMIIepaTypOIPOBOIHOCTH Ha OCHOBE
9KCIIEPUMEHTAIbHBIX U3MEPEHUH.

6. CTpyKTypa OIpUCTEeHOUYHOM TypOyJleHTHOH 00s1acTH,
000CHOBaHUE JIOrapu(pMUYECKOro NpoQuiis TeMIepaTyphl.
7. Knaccuueckas ananorus PeiiHonbca.

8. I'mapoamHaMuKa py MonepeyHoM O0TEeKaHUH
OJIMHOYHOTO LWJIMHAPA IIPU Pa3IMUHBIX ynciax PeliHombaca.
9. CpaBHeHHME KOPUIOPHBIX U MAXMATHBIX ITyYKOB TPYO IO
3aKOHOMEPHOCTAM THAPOAVMHAMUKH U TEIUIOOTIAuH;
n3meHerre KTO no riryOuHe myykos.

10. O6ocHoBanue npudmmxenus byccunecka s
TEIIOOT/Ia4YM ITPU CBOOOTHON KOHBEKIIHH.

11. [Ipubnu>keHHOE pelIeHUe 3a/1a4u O TeTI00OMEHE MpHr
JTaMUHAPHOHN CBOOOIHOM KOHBEKIIMH Y BEPTUKATBLHOM
IJIOCKOCTH, pacdeTHbIe (POPMYIIBL.

12. CBoOOHAS KOHBEKITUS Y TIOBEPXHOCTHU CHEPHI.
MunumaneHoe unciio Hyccenpra.

2.1. JomyuieHus, OObIYHO HCIIOJIb3YEeMBbIE MTPH
(hopMyJIHPOBKE MAaTEMAaTUYECKOTO OMUCAHUS TEIJIO0OMEHA B
Kpyrioit Tpyoe. K kakum ynpoIeHusiM MpuBOIUT
MPUOMKEHNUE ITTUHHON TPYOBbI?

2. Tenonepenaya yepe3 CTEHKY TpyObl; 3aBUCUMOCTb BU1a
IPaHUYHBIX YCIOBUH AJIsl TEIJIOOTJA4U B TpyOax ot
COOTHOILIEHUS! SHTAJIBIINI MacCOBOTO pacxoja (BOJISHBIX
SKBHBAJIEHTOB) TEIJIOHOCHUTENIEH B TEMJIO0OMEHHUKAX.
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3anjgaHUupOBAHHBIE Bormpocsl/3aganust A MpoBEPKU
pe3ynbTaThl  OOy4YeHHs]  TIO
JUCITUILINHE

3. Ctabunu3upOBaHHBIN TETTIOOOMEH MPH JIJAMHHAPHOM
TEUEHUHU KUJKOCTU B Kpyriioi Tpyde mpu gc=Const:

npo UM TEMJIOBOTO MOTOKa 1 Temneparypsl, KTO.

4. KayecTBeHHBIN aHaM3 IpodrIIeid TeMIiepaTyphl IpH
CTaOMIIN3UPOBAHHOM TEIJIOOOMEHE B YCIOBUAX
TypOYJICHTHOTO T€UEHHUs B KpyrJiol Tpyoe (Bimusinue Re u Pr).
5. AHanu3 pe3yabTaToOB pacueTa CTaOUIM3UPOBAHHOTO
TerI000MeHa Ipu TypOyJIEHTHOM TEUYCHHH B TPYOE;
TETUIOO0T/Aa4a IPU TypOyJIEHTHOM TEUECHUH SKUIAKIX
METaJJIOB.

6. TeruiooTjauya B HAYaJIbHOM TEPMHUECKOM yUaCTKE KPYIJIOi
TpyOBI IpU JTaMHUHAPHOM TeueHuu u (c=Const.

7. TeriooOMeH B HauaJIbHOM T'MJIPOJJUHAMUYECKOM y4acTKe
KpyTiaoi TpyObl IpU JTaMHUHAPHOM TEYCHHUH: 001I1E
TIOJIOKEHHMSI, COOTHOIIEHUS [UTMH HAYAJIbHOTO TEPMUIECKOTO
Y TUJIPOJIMHAMHYECKOT0 YYacTKOB, ciydait Pr mopsinka 1.

8. TemnmooOMeH B HaYaJIbHOM THPOJUHAMHYECKOM y4acTKe
KpyTiaoi TpyObl IpU TypOYJICHTHOM TEUEHUU B YCIOBHSIX
TUTABHOTO BXOJIA.

Onucanne MKAJbI OIlCHUBAHUS:

Oyenxa: 5 («OTIINYHOY)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 70
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISIETCS €CJIM 3aJaHIe
BBHITIOJTHEHO B MOJIHOM 00bEME WIIH BBITIOHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenxa: 4 («XOpoILI0»)
Huosienuii nopoe sévinonnenus 3adanus 6 npoyermax: 60
Onucanue xapaxmepucmuxu evlnoinenus 3Hanus: OLeHKa "X0opoIo" BEICTaBISETCS €CITN
OOJIBIIIMHCTBO BOIPOCOB PACKPBITO. BBIOPAHO BEPHOE HANPABJICHUE JJIS peIIeHUs 3a/1a4

Oyenka: 3 (KyIOBJIETBOPUTEIILHOY)
Huosicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuxu ebinoanenus snanus: OueHka "yIoBIeTBOPUTENBHO" BBICTABIISAETCS
€CIIU 3a/1aHue NMPEUMYILECTBEHHO BHITIOJIHEHO

Oyenka: 2 («HEYJTOBIETBOPUTEITHEHOY)
Onucanue xapaxmepucmuku 6vinoaneHus snanus: OLeHKa "Hey10BIETBOPUTEIIBHO" BBICTABIIAETCS
€CJIM 3aJIaHUE BBIITOJIHEHO HEBEPHO WUJIU MPEUMYIIECTBEHHO HE BBIOJIHEHO

8 cemecTp

KM-1. TenJioBoii pacyer TenJ1000MeHHBIX aNapaToB

®opmbl peanusanuu: [lucbMenHas padora

Tun koHTpoabHOro MeponpustTus: KourponsHas pabota

Bec koHTpObHOrO Meponpusitusi B BPC: 15

IIpouenypa mpoBegeHHsi KOHTPOJIbHOro Mepomnpusitusi: KoHTponbHas paboTa mpoBOAUTCA B
aynutopuu. Bpems BemonHenus - 1,5 uaca. CTyneHT JODKEH pemMTh 3 3aJaud [0 TeMe
"TennoBoii pacueT TEMJI00OMEHHBIX anmnaparoB'.
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Kpartkoe cogep:kanue 3aaHus:
Br16paTh METOAMKY U OCYIIECTBUTH TEIIJIOBOM pacyeT TeII00OMEHHBIX anapaToB.

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

3aryaHupOBaHHbIE Bomnpocel/3aganust s IpOBEPKU

pe3ynbTaThl  OOydYeHUs IO

JMCLIUTUIAHE

YMeTh: TpPOBOIAUTH TEIJIOBOM 1. TpyOuarblii TEI000MEHHUK COCTOUT U3 410 TpyO
pacuer TETI00OMEHHBIX nuameTpoM 20 MM U UMEET NTOBEPXHOCTh TEII000MeHa 48
armnaparoB M2. B HeM HarpeBatorces 85,5 1/4 Boawl ot 77 mo 95 °C.

I'perorieii cpenoi sIBIsETCS HACBILLEHHBIN BOASHOM ap 1pu
n36bITouHOM nasieHuu 0,43-1075 Tla. Haittu ko3 dunuent
TETIOOT/Aa4H K napy. TemnoooMeH B TpyOax cuuTarhb
CTaOWJIN3UPOBAHHBIM, TEPMUUYECKHM CONPOTUBJICHUEM
CTEHKH IIpeHeOpeyb.

2.HaiiTu moma s NoBepXHOCTH TEIIO0OMEHA CIIapUTeis,
[IPOU3BOIUTEIBHOCTh KOTOPOIO 110 BTOpUYHOMY Tapy 2,4
kr/c. JlaBnenue sropuunoro napa 0,5 MIla. Temneparypa
BOJIbl HA BXOJI€ B HCIIAPUTEIL paBHA TEMIIEPAType
HachlleHus. ['peromeit cpeoi SBiseTcs cyxou
HachlleHHbIN nap npu nasienuu 0,7 Mlla. Konnencar
I'PEIOLLET0 apa B UCIIAPUTENIE HE IEPEOXIIaXKIAeTCs.
Koaddumment remnonepenaun pasen 1800 Bt/(M2*K).

YMeTh: paboTaTh C JaHHBIMH O 1.B BepTUKanbHOM KaHalie quaMmeTpom 4,57 mm
TEIIOPU3NUECKUX CBOMCTBAX uccienoBalics TeruioooMen npu teuenunn azota CKJ (p=3,5
BEIIECTB, HEOOXOAMMBIX B MlIa). DxcniepuMeHThI ObLITN MPOBEACHBI IIPU MACCOBBIX
pacderax TeriooOMeHa ckopocTsx 28,1 u 42 kr/(M2*C) U TUIOTHOCTH TETUIOBOTO

notoka Ha ctenke 6800 Br/m2. Onpenenure 3aBUCUMOCTh
kod(ppuImenHTa TeII00TAaYN OT CPETHEMACCOBOM YHTATBITUI
JKUJIKOCTH B Juama3oHe oT -25 kJx/kr 1o 125 xJk/Kr.

OnucaHue MKaJbI OlleHUBAHUS:

Oyenxa: 5 («OTIUYHOY)
Huorcnuii nopoe sevinonnenus 3adanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OleHKa "0TINYHO" BBICTaBISETCS €CIIH 3aJaHue
BBITIOJIHEHO B MOJHOM 00BEME HJIM BBITTOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenxa: 4 («XOpOILIO»)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: 60
Onucanue xapakxmepucmuxu evinoaneHus snanus: OueHKa "Xopoo" BBICTABIIAETCS €CIIN
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANpaBJICHUE JUIsl pEIIeHUs 3a/1a4

Oyenka: 3 («yIOBIETBOPUTEIIEHO)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: S0
Onucanue xapakmepucmuku ebinonneHus 3nanus: OueHKa "yI0BIeTBOPUTENLHO" BBICTABIISETCS
ecJM 3aJjaHue IPEUMYIIECTBEHHO BBITIOIHEHO

Oyenxa: 2 («HEYIOBIETBOPUTEIHHOY)
Onucanue xapakxmepucmuxu evinoaneHus sHanusa: OneHKa "Hey10BIeTBOPUTENIbHO" BBICTABIISETCS
€CJIM 33JJaHUE BBIMIOJHEHO HEBEPHO WJIM MPEUMYILIECTBEHHO HE BBIITOJIHEHO
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KM-2. Biiusinne nepeMeHHOCTH CBOMCTB TENJIOHOCUTEJIS U CBOOOTHON KOHBEKIIMH HA
Ten1000MeH. Termooomen npu CKJI. UaTeHcupukanus KOHBEKTHUBHOIO TENJI000MeHa.
Mopaean u MaTeMaTH4YecKOe ONMUCaHUe ABYX(a3HbIX CHCTEM

®opmbl peanuzanun: Cvemannas Gopma

Tun KOHTPOJIBLHOr0 MeponpusaiTusi: Kommoksuym

Bec koHTpOobHOrO0 MeponpusTusi B BPC: 25

IIpouenypa mnpoBeaeHHs] KOHTPOJBHOrO MeponpuaTHsa: [loAroroBka K KOJIIOKBUYMY
NPOBOJIUTCS CTYJAEHTOM CaMOCTOSTENIbHO BHE ayauTopuH. JlomkeH OBITh TOATOTOBJICH
IIMCbMEHHBI OTBET HA BONPOCHl KOJJIOKBUYMa B COOTBETCTBUM C BapHaHTOM. 3alluTa
KOJUJIOKBHYMa ITPOBOJUTCS] YCTHO B ayIUTOPUHU BO BpPEMS 3aHATHUS.

Kpartkoe cogep:kanue 3aiaHuA:
Heo0xonnMo oTBETUTH Ha BOIIPOCHI 10 TeMaM “BiusiHue nepeMeHHOCTH CBOMCTB
TEIUIOHOCUTENSI U CBOOOHON KOHBEKIMHU Ha TeruioooMeH. Terooomen mpu CK/I.
WuaTencupukanisi KOHBEKTUBHOTO TeTIo00MeHa”.
B yeMm cocTouT BiIMsSIHUE TEPEMEHHOCTH CBOMCTB MJIKOCTH Ha TEIUNIOOOMEH IIPU TEUCHHUU B
TpyOax KameJabHBIX KHUIKOCTEH 1 ra3oB? B 4eM cocTOUT BiIMsHUE CBOOOIHOW KOHBEKIIMH HA
TEIIO0OMEH IPU BBIHYKJACHHOM T€UEHUH JKUAKOCTEH B TpyOax pa3inyHOM opueHTauuu?
OnwumuTe OCHOBHBIE 3aKOHOMEPHOCTH TEIUIO0OMEHA B 0JJHO(A3HOM CBEPXKPUTUIECKOM
oOmnactu. Kakue meToap! MHTEHCU(HUKALIMU POLIECCOB 0JHO(})A3HOTO KOHBEKTUBHOTO
terioooMeHa Brl 3HaeTe?
Heo6xo011uMo 0TBETUTH Ha BONPOCHI IO TeMe “Mojiesin 1 MaTeMaTH4ecKoe OIMCaHue
IBYX(a3HBIX CUCTEM .
[TpuBeauTe MaTeMaTHUECKOE ONKUCAHUE U MOJEIH JIBYX(a3HbIX cpel. 3auIluTe
YHHBEPCAJIbHBIE YCIIOBUS COBMECTHOCTH Ha MEX(a3HBIX I'paHHIIAX: BEIBOJ B 001IeH (opme,
3aIUCh JUIsl IOTOKOB MAacChl, UMITYJIbCa, SHEPTUU M MAacChl KOMIIOHEHTa B cMecH. Kak nosyuuTsb
ypaBHEHUE JJIsI CKOPOCTH TPaHUIIBI pazzena (a3? 3anuinuTe yHUBEpCAIbHBIE YCIOBHS
COBMECTHOCTH B CUCTEME OTCUeTa HaboaTessl. anuinTe CrieluanbHble YCI0BUs
COBMECTHOCTH JUJIs POLIECCOB TeIIoMaccooOMeHa. B ueM cocTouT HepaBHOBECHOCTh Ha
Mex(daszHbIX rpaHunax? B ueM cyTh kBazupaBHOBecHOTo npubmmkenus? [Ipusenure
KOJINYECTBEHHBIE XapaKTEPUCTUKH JBYX(ha3HBIX TOTOKOB. OMHIIHITE TOMOTCHHYIO MOJIEb.

KoHTpoJibHBIC BONIPOCHI/3aJaHHA:

3aIIaHUPOBaHHbBIE pe3ynbpTaThl | Borpockl/3ananus s NpoBepKU

00y4YeHHMsI 10 TUCHIUIUIMHE

3HaTh: 3aKOHOMEPHOCTH MPOLIECCOB 1.1. Kak n3MeHseTCs MaTEMAaTUYECKOE OITUCAHKE
BBIHYKJICHHON oJIHO(a3HOM Ter1000MeHa B TpyOe pH MEePEMEHHBIX

KOHBEKIIMM TIpU HU3MEHSIIOLINXCS TEIIO(PU3NYECKUX CBOMCTBAX HKHUIAKOCTH?
TerI0(GU3NIECKUX CBOMCTBax 2. [loueMy BiIHMsSIHME IEPEMEHHOCTH CBOMCTB I'a30B Ha
KUAKOCTH TEIIOOOMEH U TPEHHUE YUUTHIBACTCS C TOMOIIIBIO

«TeMIiepaTypHoro ¢akropa»?

3. Kak Biuser Ha TemI000MeH MpH JIaMUHAPHOM
TEYCHHH B BEPTUKAIBHON TpyOe COHANpaBIeHHAS
cBOOOHASA KOHBEKIHAS?

4. ITouemy npu TypOYICHTHOM TEUEHUU B BEPTUKAILHOM
KaHaJie Ipu HeOOoNbINX unciaax PeitHombaca BIusHue
CBOOOTHOW KOHBEKIIMM Ka4eCTBEHHO POTHBOIOIOKHO
TOMY, UTO HaOJII0AAeTCs IPU JJTAMUHAPHOM
BBIHYKJICHHOM T€YEHUU?

5. Kak n3mensiercst nzo0apHasi TETIOEMKOCTD KUIKOCTH
Y TIapa npu NpUOIMKEHUN K KPUTHIECKOM TouKe?
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3annaHupOBaHHbIE pe3yabTaThl
00y4YeHUs 10 TUCITUTINHE

Bomnpocei/3aganus 1iist mpoBepKu

N3menenue termoemkoctu Cp mpu CK/I.

6. Kak onpenensitorcst 001aCTH «I1CEBI0KUIAKOCTI,
«TICEBJIOTa3a» U «IICeBA0(A30BOT0 MEPexXoaar sl
BemtecTBa nmpu CKJI? 3akoHOMEpPHOCTH TEeTI000MeHa B
3TUX 00JaCTSIX.

7. Iloyemy HOBBIIIEHUE CKOPOCTU TEYECHUS
TEIUIOHOCHUTENIEH HE pacCMaTPUBAECTCSI OOBIYHO KaK
croco6 MHTEHCU(UKAIIUN TETUIOOTIa9n?

8. Kakue Tunsl 1 XxapakTepHbIe MacIITaObI
MUKPOCTPYKTYPHUPOBAHHBIX TTOBEPXHOCTEH
UCIOJIB3YIOTCS JI UHTCHCU(PUKAIIUHU TEIIOOTAAYU B
KaneJIbHBIX KUJIKOCTSIX ?

3HaTh: MaTEMaTUYECKOE OIMCAaHUE
U MOJIeNH MBYX(ha3HBIX CpejT

1.1. I3 yero cocTouT MareMaTHYecKoe OlMCaHHe Ta30-
JKUIKOCTHBIX CUCTEM?

2. JIns KaKuX Napo>KUKOCTHBIX CUCTEM MOJIXOAUT
MO/JIEJIb Pa3/IeIbHOIO TEYEHUS U B YEM €€ OCHOBHBIE
MOJIOXKEHUA?

3. YHuBepcaabHbIE YCIOBUS COBMECTHOCTH — BBIBO/] B
obmeli hopme.

4. YHuBepcaJIbHbIE YCIIOBUS COBMECTHOCTH JIJISl YaCTHBIX
3ajau: ycinoBus PankuHa—I 1oronuno; ¢pa3zoBsle nepexo/ipl
YMEPEHHON MHTEHCUBHOCTH; HEITPOHULIAeMast
IIOBEPXHOCTb.

5. IloueMy CKOpOCTH IpaHUIIBI pazaena ¢a3 Tpedyer
cnenuanbHoro onpezaeneHus? Kak oHa Beipaxxaercs,
€CJIM ypaBHEHUE TPaHMIIbI 33JJaHO aHATUTUYECKH?

6. Kakum 00pa3oM KauecTBEHHBIN aHAIN3 MOBEACHUS
(GyHKIIMM pacnpeeeHns MOJIEKYI B raze y Mexda3Hoi
IPaHMIIbI T03BOJISIET OOBSICHUTH BOSHUKHOBEHHUE
HEPaBHOBECHBIX AP (HeKTOB?

7. Kakoro BuJ1a HEpaBHOBECHOCTD CYLIECTBYET IIPU
0o0TeKkaHnu ra3oM TBepaoH nosepxHoctu? Ilpu kakux
YCIIOBUSIX OHA CYIIECTBEHHA?

8. Kak cooTHOCSTCSI MaccoBo€ U 00BEMHOE PACXOIHBIE
[IapOCOIEPKaHUs IPU HU3KUX NTPUBEACHHBIX
JaBieHusIX? B Kakux ciiydasx MaccOBO€ pacXOJHOE
[IapOoCOJIEP/KaHNE U OTHOCUTENbHAS DHTAJIBIINS IOTOKA —
OJIHA U Ta K& BeaInynHa?

Onucanune MKAJbI OIICHUBAHUA:

Oyenka: 5 («OTIUIHO)

Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuku evtnoanenus 3nanus.; OueHka "oTIMYHO" BBICTABIISIETCS €CIIN 3aJJaHNE
BBITIOJTHEHO B MOJIHOM 00beME WITH BBITIOJIHEHO MPEUMYIIECTBEHHO BEPHO

Oyenka: 4 («xX0OpoII0»)

Huoicnuii nopoz evinonnenus sadanus 6 npoyernmax.: 60
Onucanue xapaxmepucmuxu evlnoinenus 3Hanus: OIEeHKa "X0opoIIo" BEICTaBISETCS €CITN
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABJICHHE [Tl PEIICHUS 3a/1a4

Oyenka: 3 (KyIOBICTBOPUTEIHHOY)
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Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 50
Onucanue xapakmepucmuku evtnonanenus 3nanus. OueHka "yJ10BIETBOPUTENBHO" BBICTABISETCS
€CJIM 3aJjaHuE PEUMYIIECTBEHHO BBITIOJIHEHO

Oyenxa: 2 («HEYIOBIECTBOPUTEIHHOY)
Onucanue xapakxmepucmuxu evinoanenus snanus: OUeHKa "Hey10BIETBOPUTENIbHO" BBICTABIISAETCS
€CJIM 3aJIaHUE BBIITOJIHEHO HEBEPHO UJIU MPEUMYIIECTBEHHO HE BBINOJIHEHO

KM-3. Tensioo0MeH npu KOHJAEHCALMH Mapa

®opmbl peanausanuu: [luceMennas padora

Tun kouTpoabHoro meponpusitusi: KonrpospHas padora

Bec konTposabHoro meponpusitust B bPC: 15

IIpoueaypa npoBeaeHHsi KOHTPOJbHOro MeponpusaTusi: KoHTponbHas paboTa HIpOBOIUTCS B
aynutopuu. Bpems BeimonHenust - 1,5 uaca. CTyneHT JODKEH pemMTh 3 3aJaud [0 TeMe
"TerooOMeH npu KOHIEHCAUH apa'.

KpaTkoe conep:kanue 3a1aHusi:
BbIOpaTh METOMKY M OCYIIIECTBUTH TEIUIOBOW pacyeT TeII000MEHA MPU KOHICHCAIINH.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3anjgaHUupOBaHHBIE Bormpocel/3aganus a1 MpoOBEPKU

pe3yabTaThl O0y4YeHHUs 10

JUCLHIIIHHE

YMerh: paccUYUTHIBaTh 1.0npenenuth KOAhGUIUEHT TEITIOOTAAYH PU KOHICHCAITUU
MHTEHCHUBHOCTD CYXOT0 HAaCBIIIEHHOTO BOJSHOTO Mapa aTMOC(hEpHOro AaBJIeHUs
TemI000MeHa npu Ha HapyKHOHU MTOBEPXHOCTH TOPU30HTAIBHON TPYOBI THAMETPOM
KOHJIEHCALIUHU 16 MM u qunHOM 1 M npu Temniepatype crenku 80 °C.

OrnpenenuTs CPpeaHIO0 MO IEPUMETPY TOJIIUHY IUICHKH, a TaKKe
TEIJIOBOM MOTOK U pacxoj KOHAEHcaTa.

2.Haiitu cpeHIO0 TeMIIEpaTypy CTEHKH BEPTUKAIBHO
PacmoI0KEHHOU TPYOBbI, B KOTOPOU MPOUCXOAUT KOHCHCAIIHS
nipu gasieruu 1,55 MIla, ecnu uzBectHo, uto XBX = 0,8, XBBIX =
0,4,d =16 mm, | = 2.5 m, cpeaHss TIOTHOCTH TEIIOBOTO MOTOKA
1,3 MBt/Mm2.

Onucanue MIKAJbI OLlEHUBAHUS

Oyenka: 5 («OTIINYHOY)
Huosienuii nopoe sévinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISETCS €CIIM 3aJaHue
BBHITIOJTHEHO B MOJIHOM 00bEME WIIH BBITIOHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4 («xX0OpoII0»)
Huodicnuii nopoe sevinonnenus 3aoanus 6 npoyermax: 60
Onucanue xapakmepucmuku evtnoanenus 3uanus.; OueHka "Xoponio" BbICTABISETCS €CIU
OOJIBIIMHCTBO BOMPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABJICHHE [T PEIICHUS 3a/1a4

Oyenka: 3 (KyIOBJICTBOPUTEIHHOY)
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuxu evinonnenus 3uanus: OTeHKa "yI0BIETBOPUTEILHO" BHICTABIISETCS
€CITH 3aJIaHUE MMPEUMYIIIECTBEHHO BBITIOJTHEHO

Oyenka: 2 («HEYJTOBIETBOPUTEITHEHOY)
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Onucanue XapakmepucmuKu 6blNOJIHEeHUsl 3HAHUA! OI_IGHKa "HCYI[OB.HCTBOpI/ITCJIBHOH BBICTABJIACTCSA
€CJIK 3aaHNEC BBIITOJIHEHO HCBCPHO HUJIN IMTPEUMYIICCTBEHHO HE BBIITIOJITHEHO

KM-4. TensiooOMeH npy KUNeHUH

®opmbl peaauzanuu: [luceMennas padora

Tun kouTposabHoro Mmeponpusitusi: KonrpossHas padora

Bec xonTposabHoro meponpusitust B bPC: 15

IIpoueaypa npoBeaeHHsi KOHTPOJbHOro MeponpusaTusi: KoHTponbHas paboTa IpOBOIUTCS B
aynutopuu. Bpems BeimonHenust - 1,5 uaca. CTyneHT JODKEH pemMTh 3 3aJaud [0 TeMe
"TermooOMeH npu KUIeHUu'".

Kpatkoe cogep:xanue 3aganus:
Br16paTh METOAMKY U OCYIIECTBUTH TEIJIOBOM pacyeT TeriooOMeHa Py KUIICHUU.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3anjgaHupOBaHHBIE Bormnpocsl/3aganus 11 MpOBEPKU

pe3yabTaThl  OOYyYEeHHS IO

JUCLHIIINHE

YMers: paccYuThIBaTh 1.B cocyae kunut Boga nox nasienuem p = 0,2 MIla. Pexxum
JOTTYCTHMBbIE YpOBHU KUIICHUS MTy3bIPHKOBBIN. UeMy paBHA TNIOTHOCTH TEINIOBOTO
TEIJIOBBIX ~ TOTOKOB  IIPH MOTOKA Ha TTOBEPXHOCTH HArpeBa, €CJIM TEMIEepaTypa CTCHKU
KUIIEHUH KUIKOCTU cocyaa Tc = 135 °C? Onpenenutb k03(pPUIMEHT TEMI00TauN

MIPH KUTICHUH.
2.Ha napyxHOI MOBEpXHOCTU TPYObI KHITUT BOJA MO/
nasienneM 3,3 MlIla. IInoTHOCTE TEIUIOBOro IMOTOKA Ha
MOBEPXHOCTU TpyObI cocTaBiset 175 kBr/m2. Onpenenuts
TEeMIIepaTypy NOBEPXHOCTHU TPYOBI: a) €CJIH MOBEPXHOCTh
yrcTas; 0) ecu MOBEPXHOCTh TPYOBI MOKPHITA OKCHTHOM
MJICHKOM, TEPMUUECKOE COMTPOTUBIIEHHE KOTOpoit 7,75-10"-5
°C-m2/Br. Ilpu pacuere NpUHATH, YTO 32 CUET MIEPOXOBATOCTH
OKCUJHOM TUIEHKH KO3((HULIMEHT TEIJIO0TAaYN BO3PACTAET B
2,5 pa3a 1o cpaBHEHUIO C KUTIEHUEM Ha YHUCTON MOBEPXHOCTH.

OnucaHue MKaJbI OlleHUBAHUS:

Oyenxa: 5 («OTIUYHOY)
Huorcnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OleHKa "0TINYHO" BBICTaBISETCS €CIIH 3aJaHue
BBITIOJIHEHO B MOJHOM 00BhEME HJIM BBITTOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenxa: 4 («XOpOILIO»)
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 60
Onucanue xapakmepucmuxu evinonnenus 3uanus: O1eHKa "Xopouo" BHICTABISETCS eCln
OOJIBITHCTBO BOIPOCOB PACKPHITO. BEIOPAHO BEPHOE HANIPABIICHHE /ISl PEIICHUS 3a/1a9

Oyenka: 3 («yIOBIETBOPUTEIIEHO)
Huoicnuii nopoe evinonnenus 3a0anus 6 npoyenmax.: S0
Onucanue xapakmepucmuku binonneHus snanus: OueHKa "yI0BIeTBOPUTENLHO" BBICTABISETCS
ecJIM 3aJlaHue IPEUMYIIECTBEHHO BBITIOIHEHO

Oyenka: 2 («HEyJOBIETBOPUTEIHHOY)
Onucanue xapakxmepucmuxu evinoaneHus sHanusa: OneHKa "Hey10BIeTBOPUTENIbHO" BBICTABIISAETCS
€CJIN 33JIaHUE BBIIIOJIHEHO HEBEPHO WUJIU MPEUMYIIECTBEHHO HE BBIIIOJIHEHO
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KM-5. Tensioo0MeH npu KoHAeHcaunu. Puznyeckne 3aKOHOMEPHOCTH KMIIEHUS H

pacuer TenjioooMeHa

®opmbl peaquzanun: CMmemanHas Gopma

Tun KOHTPOIbHOT0 MeponpusiTusi: Komoksuym

Bec konTpoabHoro meponpusitusi B BPC: 30

IIpouenypa mnpoBeaeHHs] KOHTPOJIbLHOr0 MeponpusaTusi: I[loAroToBka K KOJUIOKBUYMY

IMPOBOAUTCA CTYACHTOM

CaMOCTOATCIIBHO BHE ayJUTOPHHU. Z[OJ'DKGH OBITE IIOATrOTOBJICH

MMMCHbMEHHBIM OTBET Ha BOIIPOCBHI KOJIJIOKBUYMa B COOTBCTCTBHMU C BapHAHTOM. 3aIHI/ITa
KOJIJIOKBHUYMaA ITPOBOJAUTCA YCTHO B ayIUTOPHUU BO BPCM: 3aHATUA.

Kpatkoe cogep:xanue 3aganus:
Heo6xoaumMo oTBETHTH Ha BOMPOCHI 110 TeMe “TermiooOMeH npu KOHIGHCAun .
B uem cocTosT pa3nuuus MICHOYHON U KanebHOU KoHeHcaru? ONUIITe TeII000MeH pH
MJICHOYHON KOHJICHCAIIMU Ha BEPTUKAJIBHOM TIockocTH (3amava Hyccenpra). 3anummre
COOTHOIIEHUS ISl TETTIOOOMEHA MPU KOHJEHCAIIMU HA TTIOBEPXHOCTH TOPU30HTATIBLHOTO
muHapa. [IpoBenuTe aHanm3 oCHOBHBIX AomnyieHul B 3aaaue Hyccenbra. [IpuBenure
pacuetHbie popmyibl. ONUIINTE TEMIOOOMEH NPU KOHIEHCAIMHU B YCIOBUSIX TypOYJIEHTHOTO
TEUYCHHUS IJICHKU. 3aluIINTe YpaBHEHUS JJIs pacueTa TerIo0OMeHa Py KOHICH AU
JIBIKyIIerocs napa. Kak paccuuTsiBaeTcsi TEIIO0OMEH MpU KOHJICHCALMK B TPyOax mpu
TypOyJIEeHTHOM TeueHuu AByXGa3zHoi cmecu? ONuUIINTe KOHACHCALUIO HAa TyYKax TpyO U
METO/IbI €€ MHTCHCH(PUKAIUH.
Heo0xoaumMo 0TBETUTh Ha BOIIPOCHI 110 TeMe “DHu3ndyecKkre 3aKOHOMEPHOCTH KUITICHHUS U

pacder TeriooomMeHa”.

OnuiuTe ycaoBUs 3ap0oxkKIE€HHUS TapOBOro 3apo/bliia B 00beMe IeperpeToil )KuAKOCTH U Ha
TBEP/I0M NOBEPXHOCTH Harpesa. ONUIINTE POCT NAPOBBIX MY3bIPHKOB B 00bEME OJJHOPOJIHO
NIEPErPETOi JKUIKOCTH: IIPOBEINUTE aHAJIN3 «IIPEAEIIBHBIX)» CXEM POCTA, 3AIUILIUTE PELICHUS
JUIS TMHAMUYECKOW HHEPIIMOHHOM U TEIJIOBOM SHEPreTUYECKOM cXeM pocTta. B uem cocTosT
0Cc0OEHHOCTH pocTa MpH 0obIIKX yhciaax Sko6a? B ueM cocTOsAT OCHOBHbIE 3aKOHOMEPHOCTH
pocTa U OTphIBA MAPOBBIX MY3bIPHKOB HA TBEPJI0M MOBEPXHOCTU?

Onumute “kpuByro kuneHus”. Kak paccunTbiBaeTCs TEINIOOOMEH IPU INIEHOYHOM U
nepexoaHoM kuneHu? Kak paccuuTbiBaeTCs TEMII000MEH MPHU MY3bIPbKOBOM KHUIIEHUH B
6011b1I0M 00BEME (B YEM COCTOMT MEXaHU3M Ipoliecca, 000CHOBAaHHUE PACUETHOTO YPaBHEHUS).
OnummMre KpU3Kchl KUMEHHs B 00ibIIoM 00beMe. Kak mpoucxoauT xapakrep U3MEHEHUS
CPEHEMACCOBOM TEMIIEpaTyphl KHUAKOCTH, TEMIIEPATYPbl CTEHKH, PACXOJHOIO MAaCCOBOIO
MapoCcoiep>KaHusl 1Mo JUTMHE 00orpeBaeMoro kaHaia? OnUIIUTe TerI000MeH PU KUTICHUH
KUAKOCTHU B YCIIOBUSIX €€ BBIHYKIEHHOTO JBWKEHUA. ONUIINTE KPU3UC TEIJIOOTAAYH IPU

KUIICHUH B TpyOax.

KoHTpoJibHbIE BONIPOCHI/3a1aHUA:

3aruIaHUPOBAHHBIE
pe3yibTaThl 00y4eHHUs 1O
JTUCITUIUINHE

Bonpocei/3aganus 11t mpoBepKku

3HaTh: 3aKOHOMEPHOCTH
TerooOMeHa npu
KOHJICHCAIIUU ¥ KMIIEHUH

1.1. B xakom namna3zoHe TeMIepaTyp BO3MOKHA KOHIEHCALUs
napa B XuAKyto (a3y? B kakux TEXHOJOTMYECKHX Ipoleccax
UMEIOT JIeNI0 ¢ 00bEMHON KOHIeH cauen?

2. Ilpm kakux gonymeHusx pemanach 3agada Hyccensra o
KOHJICHCALlUU Ha BEPTUKAIBHOM mockocTu? K kakoMy BUIly Ha
OCHOBE THX JIOMYIIICHUH yIpoIiaercs ypaBuenue sueprun (8.3)?
3. ITo kakoMy 3aKOHY U3MEHSETCS TOJIIMHA NIEHKN KOHAEHcaTa
10 BbIcOTE TIacTUHBI? Kak u mouemy BIMSIOT Ha Hee
TEMIEPATYPHBII HANIOP, TEIONPOBOAHOCTD JKUJIKOCTH U
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3anjgaHUupOBAHHBIE
pe3ynbTaThl OOYYCHHSI TIO
JUCITUILINHE

Bonpocei/3aganus 1iist mpoBepKu

rpaBUTALMOHHOE YCKOpeHue?

4. B Kakoil 4acTu pelieHue 3a1aui 0 KOHJASHCAlluK Ha
BEPTUKAIBHOMN MJIOCKOCTH OCTAETCS CIIPaBEJIMBBIM TS
KOHJICHCAILIUW Ha TTOBEPXHOCTH FOPU30HTAIBHOTO HuiuHApa? B
YeM OCHOBHOE OTJIMYME ITUX JIBYX 3a7a4?

5. Yem otnmvarotcs popmyasl mist cpeanero KTO na
BEPTHKAITBHOMN TUIOCKOCTH U HA TOPU3OHTANBHOUN TpyOe? Kak
CJIeJlyeT OPUEHTUPOBATH OJIMHOYHYIO TPYOy OOJIBIION JTHHBI,
9TOOBI 00ECTICUNUTh OOJBIINIA PAcX0/1 KOHACHCHUPYEMOTO mapa?

6. Kak pa3BuBaroTCsi BOJHBI Ha IOBEPXHOCTH IICHKU MIPU
KOH/JICHCAllUU Ha BEpTUKAJIbHOU cTeHke? Kakoe BIUsHNE OHU
OKa3bIBAIOT Ha TEMJIOOOMEH, KaK OHO YUYUTHIBAETCS B pacuerax?
7. BeiBon ypaBHeHus i pacueta cpeanero KTO npu
CMEIIaHHOM T€UEHUH MJIEHKU KOHJCHCAaTa Ha MPOTSHXKEHHOM
MTOBEPXHOCTH.

8. Kak uzmensiercst KTO npu koHAEHCcalMu napa o JJIMHE KaHaia
cornacHo ¢opmyie boitko-Kpyxununa? Kakum ciocobom
yaercs NoIepKUBaTh BhIcokuii ypoBeHb KTO B MHOT0X0/10BOM
KOHJIeHcaTope?

2.1. ITouemy 3apojbii apoBoOit (pas3bl MO yPOBHEM KUIKOCTH
BO3HHMKAET TOJILKO B METAaCTaOMIIbHOM (TIEPETPETOi ) KUIKOCTH?
2. Kak romoreHHoe 3apojipiiieo0pa3zoBaHie peain3yercs B
skcriepuMenTax? Kakue neperpeBbl sKUIKOCTH MPU ITOM
HEe00X0aUMBI?

3. Kak 1 nmoueMy cka3bIBaroTCsl Ha MapooOpa30BaHUU PEKUMHBIE
napaMmeTpsl (J1aBlieHUE, TETJIOBOM TTOTOK) M PaCTBOPEHHBIC B
JKUJIKOCTH Ta3bl?

4. Kak nomyyaroTcsi aCHMOTOTHYECKHUE MPEEibl ISl peILICHUS
Cxkpusena? Kak noxyden 3akoH pocra (9.19) u kak oH
COTJIaCyeTCsl C pe3yJbTaTaMU SKCIIEPUMEHTOB?

5. Kakue acuMnTotsl umeer ypaBHeHue (9.24) nist pocra
My3bIpbKa HA CTEHKE, KAKOBBI 00JIACTH UX MPUMEHEHUS?

6. KakoBbI 3aKOHOMEPHOCTH OTPhIBA MAPOBBIX MTY3bIPHKOB OT
CTEHKH IpU 0O0JbIINX Ynciax Sxkoba?

7. Kakue nocnenoBareiabHbI€ CTaIUU MPOIECCA PACCMATPUBAET
MOJIeJIb TEeTI000MEHa Mpu niepexoaHoM kunennn? Kak
JUTUTENIBHOCTh KOHTAKTA 5KUJIKOCThb-CTEHKA 3aBUCHUT OT IIEperpeBna
CTE€HKHU?

8. [louemy ananorwus ¢ rmporeccamu oHo(a3HOM KOHBEKIIMH HE
00BSICHIET 3aKOHOMEPHOCTEH TETNTOOOMEHA MPH MTy3bIPHKOBOM
kunennn? Kakast 0coO€HHOCTh My3BIPHKOBOTO KUTIEHUS OTIIHYAET
€ro OT JIPYTUX MPOIECCOB KOHBEKTUBHOTO TEINIOOOMEHA 1
MO3BOJIIET OOBSACHUTH BBICOKYIO HHTEHCUBHOCTH TIepeHoca Teria?
9. Kakue nonyiieHus Mo3BOJISIIOT ONPEIETUTh COCTABIISIONIYIO
TEIIOBOTO MOoTOKa (1 3a cueT ucnapeHus mo rpaHullaM CyXux
nsaTeH?

10. KakoBbI riaBHbIE TOMYIIEHUS THIPOJIUHAMUYECKOU TEOPUHU
KpHU3HCca My3bIpbKOBOTO KUTIeHUs? HacKOJIbKO OHU COOTBETCTBYIOT
peasbHO# CTPYKTYpe NBYX(a3HOoi 00JACTH Y CTEHKH Mepe
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3anjgaHUupOBAHHBIE Bomnpocsl/3aganust 11t mpoBepKU
pe3ynbTaThl OOYYCHHSI TIO
JUCITUILINHE

kpusucom? Kak crpoutcs pacuetHas ¢popmysa U Kak OHa
COIVIACYEeTCsl C Pe3y/IbTaTaMH ONBITOB?

Onucanue MKAJbI OICHUBaAHUA:

Oyenka: 5 («OTITUIHOY)
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapakmepucmuku blnoiHenus 3Hanus; OueHka "oTIMYHO" BBICTABIISIETCS €CIIU 3aJJaHue
BBITIOJTHEHO B MOJIHOM 00'bEME WJIH BBITIOHEHO MMPEUMYIIIECTBEHHO BEPHO

Oyenka: 4 («X0OpOIIOY)
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 60
Onucanue xapakmepucmuku btnoanenus 3nanus. OueHka "Xoponio" BbICTaBISETCS €CIU
OOJIBIIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABJICHHUE JISI PEIICHUS 3a]1a9

Oyenxa: 3 («yAOBIETBOPUTEIHHOY)
Huoicnuti nopoe evinonnenus sadanus 6 npoyenmax.: 50
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OueHKa "yJ0oBIETBOPUTEIBHO" BBICTABIISAETCS
€CJIM 3aJJaHuE NPEUMYILIECTBEHHO BHIIIOJIHEHO

Oyenxa: 2 («HEYIOBIETBOPUTEIHHOY)
Onucanue xapakmepucmuku evinonnenus 3uanus: O1eHKa "HeyI0BIETBOPUTEIHHO" BBICTABIISIETCS
€CIIM 3a/IaHUE BBITIOJTHEHO HEBEPHO MJIM MPEUMYIIECTBEHHO HE BBITOIHEHO
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COJIEPKAHUE OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
7 cemecTp

@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

1. Mexanu3m cBo001HOM KOHBEKIMH. OOOCHOBAaHHE CTPYKTYPHI (POPMYIIBI ISt MAKCUMAIbHON
CKopocTH cBOOOAHOM KoHBeKIMH. [Ipnbmmkenne byccunecka u ero 000CHOBaHHE.

2. AHasorus NpoueccoB TEIIO- U MaCCOOOMEHA; COJEP>KaHUE MOHSATHUS, YCIOBUS AaHAJIOTHH,
HCITOJIb30BaHUE B SKCIICPUMEHTAIBHBIX UCCIICIOBAHUSX U IOCTPOSCHUHU PACUETHBIX (POPMYIL.
AHaJIOrHs MPOIECCOB NEPEHOCA UMITYJIHCA U SHEPTUU B MTOTPAHCIIOE.

3. ONBITHBIN Y4aCTOK /IS ONPEACIICHUS TeIIOOTIaYH MPH IMEPEMEHHOMN TIOTHOCTH TETIOBOTO
MIOTOKA Ha CTEHKE MPECTaBIsIeT COO0N KPYTyto TpyOKy BHYTpeHHUM nuamerpoM d =20 mMm.
VYyacrok oxnaxaaercs Bojaou npu aasieHuu p = 30 Mlla, Tex = 390 C. Pacxon Boasl G = 120
kr/gac. OnpenenuTh TEMIIEpPaTypy BOJBI B CEUSHUH, OTCTOSIIEM OT BXOJa Ha 1 M, ecin
IUIOTHOCTD TEIUIOBOTO MOTOKA U3MEHSIETCS BAOJIb TPYOHI 10 TMHEHHOMY 3aKkoHY qc = (0,2 +
1,8x) - 10"5 Br/m2.

IIpoueaypa nposenenus

DK3aMeH MPoBOAUTCA B YCTHOUM popme. Bpems nmoarorosku - 1,5 yaca. CTyA€HT JOJIKEH OTBETUTH
Ha BOIMPOCHI OusieTa (IBa TEOPETUUECKUX BOMPOCA) M PEIIUTD 3a/1ady.

L. Ilepeuenv Komnemenyuit/uHOUKaAMOpPoO8 u KOHMPOAbHBIX 60NPOCOB NPOGEPKU PE3YTbIANO8
0C80eHUA OUCUUNTUHDL

1. Komnerenunss/Muankarop: 1J1-1nk-1 Biaaneer HaBpikamu pacuera IpoLECCOB MHAPOIMHAMUKU
U TEIUI000MEHA B HHEPTeTUUECKOM 000py1I0BaHUU

Bonpocsl, 3aganus
1.OcHoBHBbIe oHATHS. Kiaccuukanus npoueccoB KOHBEKTUBHOTO TerioooMeHa. OCHOBHOE
coJiep’KaHue 3a7ja4 KOHBEKTUBHOIO Ter1ooOMeHa. CBsA3b MOJEKYISIPHOTO U KOHBEKTUBHOTO
nepeHoca Tervia.
2.Duznyeckuii cMbIcT K03 UIIMEHTA TeTUTO0TAa4uH. ToNIIMHA SKBUBAJICHTHOMN TUICHKH.
KoadduumeHT TemnooTaaun Kak ruipoJMHAMUYECKU TapameTp.
3.KauecTBeHHBIE 3aKOHOMEPHOCTHU MPOIIECCa M pacyeTHbIC (POPMYIIBI I TETIIO0OOMEHA B
HOTPaHUYHOM ciioe. TermnooOMeH Npu JJaMUHAPHOM OOTEKaHUHU IIOCKOHM MIacTUHBI. Yucio
[Tpannarns. TermooOMeH npu TypOyJI€HTHOM OOTEKaHUHU TUIOCKOM MIACTHHBI.
4.KauecTBeHHBIE 3aKOHOMEPHOCTH Tpoliecca U pacdeTHble GopMyJIbl 17 TEIUI000MEHA IPU
TEUEHUH B KaHaax. TeruioBoi Oananc, cpeHemMaccoBas Temmneparypa. Mamenenue
3aKOHOMEPHOCTEH TeUeHHsI U TeII000MeHa 110 JUThHe TpyObl. TerooOMeH npu JaMUHapHOM
Te4eHuU B TpyOax. TemnooOMeH npu TypOyJI€eHTHOM T€YEHHUH B KPYTJIOH Tpyoe.
5.06mas hopma 3aKOHOB COXPAHEHHUS.
6.3aKOH COXpAaHEHUS MACCHI.
7.3aKOH COXpaHEHUs UMITyJIbca. TeH30phl INIOTHOCTH MIOTOKA UMITYJbCA, IaBJICHUN U BSI3KUX
HanpspkeHui. Paznuuneie hopmbl nuddepeHnanbHOro ypaBHEHUS COXpaHEHUs UMITYJIbCa.
8.3akoH coxpaHeHus 3Hepruu. [InoTHOCTh MoToKa SHeprun. Paznuunbie Gopmbl
mubdepeHIIMaTBEHOTO YpaBHEHUSI SHEPTUH.
9.3aKOHBI COXpaHEHUS JJIsl cMeceil. Y paBHEHUE COXpPaHEHUs] MacChl KOMIIOHEHTa B OMHApHON
cMecH. MoJeKyJsIpHbIi MOTOK Macchl KOMIIOHEHTA B CMecH. BiusiHue MONEeKyIsSpHBIX TOTOKOB
Macchbl KOMIIOHEHTa Ha MIEPEHOC UMITYJIbCA U DHEPTUU B CMECH.
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10.Cucrema ypaBHEHHH COXpaHEHUS /I KOHBEKTUBHOTO TEILIOMAcCOOOMEHA; aHAIOT U
MIPOLIECCOB MEPEHOCa.

11.ITogo6ue pu3nvecKkux sSBICHHIA.

12. Teopemsl Teopuu noaoous. Ilepsas Teopema Teopuu noaoous. Bropas reopema Teopun
noao6us. TpeTsst TeopemMa TeOpHH 1Mo100usl.

13.®usndeckuii CMBICI KpUTEPUEB U YUCEN 1moa00us. ['uapogumHaMudecKue Yuciia moao0us.
Uucna nomoOust B mporeccax terwioodmena. Yucna mogodus B mporeccax MaccooOMeHa.
[TapameTpudeckue urciia mogoous (CUMILIEKCHI).

14 TIpakTryeckoe UCIOoJIb30BaHNE TEOPHH Mo100us. Teopus mogo0ust Kak HaydHasi OCHOBA
SKCIIEPUMEHTANIBHBIX HccleaoBaHul. Teopus mogo0us 1 MoAeIupOBaHuUE.

15.Teopus pazmepHOCTEH.

16.YpaBHeHHs TEMIIEPATYPHOTO MOTPAHUYHOIO CJIOS.

17.TemmooOMeH mpu JIaMUHAPHOM OOTEKaHWU TUIOCKOH muiacTuHbl. [locTaHOBKA 3a1a9u U
aHaJIU3 METOIaMU T€OpUH pa3MepHocTeld. OCHOBHBIE pe3ynbTathl 3a1a4n biasuyca. Tounoe
peleHue 3a1auu o TerioooMene. Temnoornada B mpeaenabHbIX 0 yuciy [Ipanaris cioydasx.
18.Ilepexon k TypOyIeHTHOMY T€UeHHIO. Pe3yabTaThl TEOPETUUECKOTO aHAIM3a. AHAIH3
BIIMSIHUS PA3/IMYHBIX (PAKTOPOB HA TypOYJIEHTHBIN MEPEXO/.

19.0cpennenHble ypaBHEHUS UMITYJIbCAa U SHEPTUH MPU TYpOyJIeHTHOM TeueHUH. BbiBoj
OCpPEHEHHBIX YpPaBHEHUN. AHAIIN3 OCPEJHEHHBIX YpaBHEHUNH. OCpeTHEHHbIE YpPaBHEHUS B
npUOIMKEHUN TOTPAHUYHOTO CIIOS.

20.MexaHu3M TypOyJEHTHOTO MEPEHOCA UMITYIIbCA K METOJIbI €T0 MOJICTTMPOBAHUSI.
BuyTpennue macimtabsl TypOyneHTHOTrO TeueHusi. CTpyKTypa IpUCTEHOUYHON TypOyneHTHON
oOmacti. MoaenupoBaHie epeHoca NMITyJIbCa B MPUCTEHOYHOH TypOyIeHTHOH 001acTH.
21.Tennmoo6meH npu TypOyJIEHTHOM T€UEHUH B IIOTPAHUYHOM clioe. AHanorus PeitHombaca.
Amnaiorus PeitHonbaca, MoauduIupoBaHHasi Ha OCHOBE ABYXCIOWHOW MOJIENIN PUCTEHOYHON
TypOyneHTHON o0nacTu. AHalIU3 pe3ynbTaToB. PekoMeHaaum mno pacyery.

22.TemmooOMeH MpH MONEPeYHOM 00Tekanuu TpyO. ['mapoarnHaMuka 1 TeII000MeH pu
HONEPEYHOM OOTEKaHUU KPYTrOBOIO IIMIIMHApa. TemnooOMeH B mydkax Tpyo.

23.MexaHU3M B MaTeMaTH4eCKOe OMMCaHue CBOOOHON KOHBEKIIMU. KauecTBeHHBIN aHAH3.
[Tpubnmxenne byccunecka. MaremaTnueckoe onucaHie cBOOOIHOW KOHBEKIIMU B
npuOmKeHnsx byccunecka u morpaHuyHOro ciost. MakcuManbHasi CKOpoCTb CBOOOIHOM
KOHBEKIMH. OIleHKa TOJIIUHBI CBOOOJHOKOHBEKTUBHOI'O TIOTPAHUYHOTO CJIOSL.

24 TennooOMeH TTpu CBOOOHOM KOHBEKIIMH Y BEPTUKAIBbHOM TuiockocTu. [locTaHoBKa 3a1aumn.
[TpubmmkeHHOe aHaTUTHUECKOe perieHne. TypOyieHTHas cBOOOHAS KOHBEKIIUS Ha
BEPTUKAIBHOMN MIJIOCKOCTH.

25.CBoO0HAs KOHBEKIIMS y TOBEPXHOCTU HUIHHIAPOB U cdep. ['opu3oHTaIbHBIC IUITHHIPHI
6ombiioro auaMmerpa. ['opu3oHTaNBHBIE HUIMHIPHI Masloro nuaMmerpa. CBoOOIHAsS KOHBEKIINS
Ha CPepUUYECKUX MMOBEPXHOCTSIX.

26.CB000O1HAS KOHBEKIIMS Ha TOPU3OHTAILHOMN TUIOCKOCTH U B 3aMKHYTBIX 00beMax.
["opu3oHTaIBHBIE TOBEPXHOCTH U MPOCIoiKu. CBOOOHASI KOHBEKLIUS B 3aMKHYTBIX 00beMax.
27.TenmooOMeH TIpH TEUSHUH KUIKOCTeH B kKaHanax. [locranoBka 3amaun. Copeprxanue
aHanM3a. MaTeMaTuuecKoe OMMCaHue ISl KPYTIoi TpyOsI.

28.00111e 3aKOHOMEPHOCTH CTAOUITM3UPOBAHHOTO TEUEHUS U TEIII000MEHa.
['unponuHamMudeckas v TeIuioBasi (TeMiieparypHasi) ctabunuzanus. BiusHue Buia TpaHUYHBIX
YCIIOBUHM Ha CTa0MIIN3UPOBAHHBIN TETIIOOOMEH.

29.00600111eHHbIe (MHTETpalibHbIE) KOJIMYECTBEHHBIE XapAKTEPUCTUKU CTAOMIN3UPOBAHHOTO
TerI000MeHa B KpyTJiol Tpyoe npu qc = const. [Ipodunu ckopocTr, TEI0BOro MoToKa,
temneparypbl. O011ee BeipakeHue A7 KodpduienTa terootnadn (narerpan Jlaiiona).
30.Ctabunu3upoBaHHbIN TEJIOOOMEH MU JIAMUHAPHOM TeUeHUU B KaHanax. Kpyrisie TpyOsl.
[Ipu3marnueckue KaHajbl.
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31.Crabmin3upoBaHHbIi TEII000MEH MPH TypOyJIEHTHOM TEYEHHUHU B KPYTJIon Tpyoe.
KadecTBenHsIii aHanu3 npoduieit CKOPOCTH, TEIIOBOTO IMMOTOKA U TeMITepaTyphl. Pe3ynbrarsl
TEOPETUUECKOI0 UCCIIEI0OBaHM TeMJI000MeHa. PacueTHble ypaBHEHHUs ISl TEIIIOOTAAYH.
32.TennooOMeH B HaYaJIbHOM TEPMUYECKOM Y4aCTKE MPH JJAMUHAPHOM TEUEHHUH B KPYTJIOi
TpyOe. [locTanoBka 3amxaun. [Ipubnmxennoe pemenne Jleseka ans Te = const. 3anaua
I'petna—Hyccenbta quist Te = const. TermtooOMeH B HauaIbHOM TEPMUYECKOM Y4acTKe MPH qC
= const.

33.TennooOMeH B HAYaJIbHOM TUIPOJMHAMUYECKOM YJYacTKe MPH JIAMUHAPHOM TEUYECHUU B
KpyTJoi Tpyoe.

34.HavayipbHbIC Y9aCTKH IIPH TYPOYJICHTHOM TeUeHUH B TpyOax. HauanbHbBIN TepMUYECKUT
ydacTtok. HauanpHbIN THIPOIMHAMUYECKUHN YYaCTOK.

35.DnmexTpuyeckast KMHA, U3roTOBIeHHas u3 ctanu (p31=0,13-10"-6 Om-M) ¢ pasmepamu | x b
x9=5mx0,05wm x 0,002 M, oXJaxIaeTCsI MPOIOJIBHBIM MOTOKOM Bo3yxa ¢ v=20 m/c u T=20
°C. Ilo mmHe, BIOIb €€ IJTUHBI, MpoIycKaeTcs dekTpudeckuit Tok =100 A. Beraucnuth
MaKCHMaJIbHYIO U CPEIHIOO 110 IOBEPXHOCTH TEMIIEPATYPhI, €CIIN: a) IIMHA 00AyBaeTCs BAOIb
ee mmpuHsbl b; 6) muHa 001yBaeTCs B0 ¢€ ATHHBI |.

36.0mpenenuTh TEMIIEpaTypy BHYTpPEHHEH MOBEpXHOCTH TPpyObI ¢ fuamerpom d = 20 mm Ha
paccrosinuu X = 800 MM OT BXoJ1a, €ClTU B HEM HarpeBaeTcs BO3AyX mnpu ¢ = 2,5 kB1/m2.
Pacxox Bo3nyxa cocraBmsier G = 21,6 kr/gac, a ero reMmnepartypa Ha BXoje B TpyOKy paBHa 20
°C.

37.11o Tpy6e ¢ quamerpom 10 MM mpotekaet maciio MK ¢ pacxogom 120 kr/4. Temmieparypa
macina Ha Bxoze 80 °C, na Boixone 76 °C. Temnepatypa crenku 30 °C. Haittu qnuny TpyOsI.
38.BozmymHblii MOTOK co ckopocThio 1 M/c u TemnepaTypoit 10 °C o6ayBaeTt 351eKTporpoBo
quameTpoMm 5 MM nof yriiom ataku 60 °. Halitu kooduueHT TerniooTaaqu U CUily TOKa B
MIPOBOJIE, €CJIM YACIBHOE 3eKTpocorpoTuBiaeHue nposoaa 0,15x10%-6 Om-M, a Temneparypa
Ha noBepxHoctu 90 °C.

39.Haiitu cpenHuii KOAQGUIUEHT TEIUIOOTAAYH B OXJIAJUTENE BO3AYyXa MIPH MOIIEPEUYHOM
00TeKaHUU MyYKa U3 BOCKMU PAJIOB TPYO C MIaXMaTHBIM pacroyioskeHneM. HapykHbIi tuaMeTp
TpyO 16 MM, CKOPOCTH BO3/IyXa B Y3KOM CEUEHHUH TTydKa 15 M/c, cpenHsis Temneparypa Bo3ayxa
160 °C. Ilpunsats pa3mepsl maroB Tpyo S1 =38 mm, S2 =21 mm.

40.95nexTponpoBo1 0€3 U30JIAIMH PACTIONOKEH TOPU3OHTATBLHO U UMEET TUaMETp 2 MM U
temneparypy 90 °C Ha noBepxHocTu. OH OXJaXXIaeTCs BO3AyXoM ¢ TeMreparypoi 20 °C
nmyTeM cBOOOAHON KoHBeKIMU. Kakylo TemnepaTypy Ha HOBEPXHOCTU OyJeT UMETh ITPOBOJ,
€CJIM €ro MOKPBITh U30JIAIMEN TOMMUHON 1 MM, TertonpoBoAHOCTs KoTopoi 0,3 Bt/(m-K)?
Cuny ToKa ¥ 3J€KTPOCONPOTUBIIEHUE TIPOBO/Ia CYUTATh MPEKHUMH, a KOAPPUIIUEHT
TEIUIO0TIa4H OT M3OJISAIUU K BO3AYXY NPUHATH paBHBIM 15 B1/(M2-K).

Matepuaibl 1J151 IPOBEPKH OCTATOYHbIX 3HAHUM

1.91o Takoe TOMIIMHA SKBUBAJIEHTHOU MJICHKHU?

OTBeThI:
1. TonmmMHA 3aTOPMOKEHHOTO CJIOS )KUIKOCTH, UMEIOILIEr0 TEPMUYECKOE COIIPOTUBIIEHUE ITPU
nepegave Teria TeIonpPOBOAHOCTHIO, PABHOE TEPMUYECKOMY COITPOTUBIICHHUIO B PeaIbHOM
npoliecce KOHBEKTHBHOTO TEMIO0OMEHa
2. TONUIMHA €05 KUAKOCTH, B Mpeiesiax KOTOPOro MPOUCXOAUT U3MEHEHNE N30BITOUHOMN
Temrneparypbl Ha 99 % oT ee MakcUMabHOro 3HaYeHUus I¢ = AT
3. TOJIIMHA TOHKOTO CJI0S KHUAKOCTH, B Mpeiesiax KOTOPOro abCoNIOTHO JOMUHUPYET MEPEHOC
TEIUIa TEIIONPOBOAHOCTHIO

Bepnsiit otBet: 1
2.Yto0 Takoe TOJIIIMHA TEMIONPOBOJHOTO MOACIO0s?

OTBeThI:
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1. TonKHA 3aTOPMOKEHHOTO CJIOS KUIKOCTH, UMEIOIIET0 TEPMUUECKOE COMTPOTUBIICHHUE MPU
nepegave Teria TerIonpOBOAHOCTHIO, PABHOE TEPMUYECKOMY COITPOTUBIICHHUIO B peaIbHOM
npoliecce KOHBEKTUBHOTO TEMIO0OMEHa
2. TONIIMHA €08 KUAKOCTH, B Mpeiesiax KOTOPOro MPOUCXOAUT U3MEHEHUE U30BITOUHON
Temmeparypsl Ha 99 % oT ee MmakcuManbHOTO 3HaUeHUS 3¢ = AT
3. TONIIMHA TOHKOTO CJI0S KHUAKOCTH, B Mpeiesiax KOTOPOro abCoNIOTHO JOMUHUPYET MEPEHOC
TEIUIa TEIIONPOBOAHOCTHIO
Bepnpiii oter: 3
3.Ut0 Takoe TOJIMHA TEMIIEPATYPHOTO MOTPAHUYHOTO CJIOs?
OTtBeTsI:
1. TonuMHA 3aTOPMOKEHHOTO CJI0SI )KUJIKOCTH, UMEIOIIET0 TEPMUYECKOE COTIPOTUBIICHUE TTPU
nepegave TeIuia TerIonpPOBOAHOCTIO, PABHOE TEPMUYECKOMY COITPOTUBIICHHUIO B peaIbHOM
npoliecce KOHBEKTUBHOTO TEMIO0OMEHa
2. TONIIMHA €04 KUAKOCTH, B Mpeiesiax KOTOPOro MPOUCXOAUT U3MEHEHNE U30BITOUHOMN
Temmeparypsl Ha 99 % oT ee MmakcuManbHOTO 3HaUeHUS 3¢ = AT
3. TONIIMHA TOHKOTO CJI0S XKHUAKOCTH, B Mpeiesiax KOTOPOro abCoNOTHO JOMUHUPYET MEPEHOC
TEIUIa TEeIIONPOBOAHOCTHIO
Bepnbsiit otet: 2
4.®opMyIUpOBKA MEPBON TEOPEMBI TEOPUHU TTOTO0HS:
OTtBeTsI:
1. I'pynmna no1o0HbBIX SABJIEHUN UMEET OJIMHAKOBBIE YPABHEHUS [10100US.
2. [lomo6Hble sIBIEHUS UMEIOT OJIMHAKOBBIE (YMCIEHHO PaBHBIC) YKCiIa MOA00US.
3. SIBneHust OAOOHBI, €CIIM MOI0OHBI UX YCIOBHS OJIHO3HAYHOCTH, a ONPEACIISIONINE
KPUTEPUU 1101001, COCTABIICHHBIC U3 BEJIMYMH, BXOSIIUX B YCIOBHS OJHO3HAUYHOCTH,
YUCJICHHO PaBHBI.
Bepnbsiit otet: 2
5.Kakoe 13 npuBeACHHBIX YHCEI O00US ABISETCS TUAPOTMHAMHYECKAM?
OTBeTsI:
1. Yucno Ilekine (Pe)
2. Yucno Oxkepta (Ec)
3. Yucno Hlepsyna (Sh)
4. Yucno lNanunes (Ga)
Bepnplii otBeT: 4
6.Kak 3aBUCHT JIOKaTbHBINA KOOPHUIIUEHT TEIUIOOTIAYH OT MPOJIOIBHON KOOPIUHATHI MIPH
JTAMHUHAPHOM OOTEKAHHUH TIOCKOMW TTACTHHBI?
OTBeTsI:
~X
~X
~X
~X
BepHsliii otBeT: 2
7.Kak 3aBUCHT TOJIIIMHA JUHAMUYECKOTO TOTPAHUIHOTO CJIOS OT MPOJAOTBLHON KOOPIUHATHI
Py TaMHUHAPHOM OOTEKaHHUH MJIOCKON TTACTUHBI?
OTtBeTHI:
~X
~X
~X
~X
BepHnsiit otBeT: 3
8.Kaxk 3aBucuT TONMIIMHA TMHAMUYECKOTO TOTPAHUYHOTO CJIOS1 OT MPOA0JIBHON KOOPAUHATHI
pu TypOyJIEeHTHOM O0TEKaHUHU TIOCKOH MIIaCTUHBI?
OTBeTsI:

e

PO
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~X

~X

~X

~X

Bepnsiit otBeT: 1

9.Kputnueckoe 3HaueHue umncia PeliHonbaca npu nepexo/e OT JIJAMUHAPHOIO K

TypOyJIEHTHOMY PEXHUMY BHEIIHETO 0OTEKaHUS MIOCKOM MJIACTUHBI COCTABIISIET:
OTBeTHI:

1.3-10

2. 2300

3. 2100

4. 1600
Bepuriii otBerT: 1

10.CBoOOHAsA KOHBEKIUS — 3TO
OTBeTHI:

1. ABUKEeHME, BBI3BAHHOE IPATUEHTOM MTOBEPXHOCTHOTO HATSKEHUS

2. pe3yapTaT BO3/AEUCTBUS MAaCCOBBIX CUJI Ha JKUIKOCTh C HEOJHOPOIHOM IJIOTHOCTHIO

3. ABM>KEHUE KHUJIKOCTH MOJ] IeHCTBUEM BHEIIHETO HAarHETaTeIbHOIO YCTPOMCTBA
BepHnrriii otBeT: 2

11.Yucno I'pacroda npu rpaHUYHBIX YCIOBUSIX MEPBOTO POJIa ONPEAETSETCS KaK

El

OTBeTHI:
1. Gr = (g Bgx)/var
2.Gr = g pax

vA

3.Gr = (g fATx) /v
4. Gr = (g fATx)/va

Bepnpiii oter: 3
12.JIokanpHbIi K03()(HUIUEHT TETIOOTIa4M AJIsi OMUCAHUS TETTIO00MEHa MPH JTJaMUHAPHOM
CBOOOTHON KOHBEKIIMH y BEPTUKAIBHOM IJIOCKOCTH MIPU I'PAaHUYHBIX YCIOBUAX MEPBOrO Poja
3aBUCHUT OT BEPTUKAJIbHOW KOOPJIUHATHI X:

OtBeTsI:
1. ~x
2. ~x
3. ~x
4. ay + agx, (x)?

BepHplii oTBeT: 3
13.JIokanbHbli K03 GUIUEHT TEMIO0TIauU AJIsi OUCAHUS TeTJI000MeHa MpH TypOyJIeHTHON
CBOOOHON KOHBEKLIMU y BEPTUKAIbHON IUIOCKOCTH MIPH TPAHUYHBIX YCIOBUSIX IIEPBOTO poja
3aBHCUT OT BEPTHKAJIbHOW KOOPIAUHATHI X:

OTBeThI:
1 ~x
2. ~x
3. ~x
4. ay + axxy, (x)?

BepHnplii oTBeT: 4
14.B ycnoBusX Ha4aJbHOTO TEPMHUECKOTO yJacTKa Mpy JaMUHAPHOM T€YEHUHU B TPyOe MpHu
IPAaHUYHBIX YCIOBHSIX IIEPBOro poja 6e3pa3MepHblil KO HUIMEHT TEeII00TAaud (YHCIIO0
HyccenbTa) MOXKHO paccYUTaTh IO COOTHOIIEHUIO:

OtBeThI:
1. Nu=1,03(x/dPe)
2. Nu=1,31(x/dPe)
3. Nu = 0,023 \{\} \{Pr\}
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_ RePré/8
T 14900/ +12,7./(/8)(Pr—1)
Bepnsiit otBeT: 1
15.11pu TypOyneHTHOM TeueHu! B TpyOe Oe3pa3mepHbiil K03 uimeHT TemnooTnaun (4ucio
HyccenbTa) MOXKHO pacCcYUTATh IO COOTHOIICHUIO:
OTtBeThI:
1. Nu=1,03(x/dPe)
2. Nu = 1,31(x/dPe)
3. Nu = 0,332 \{\} \{Pr\}
RePTé/8
4. Nu = 1+900/ +12,7,/(£/8)(Pr—1)
Bepnplii otBeT: 4

4, Nu

II. Onucanue wkanvt oueHuBanus

Oyenxa: 5 («OTIINYHOY)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 70
Onucanue xapakxmepucmuxu 8vinoiHeHus sHanus: PaboTa BbINONHEHA B paMKaX "MPOJABHUHYTOrO"
ypoBHs. OTBETHI JaHBI BEPHO, YETKO CPOPMYITUPOBAHHBIC OCOOCHHOCTH MPAKTUYECKUX PEIICHUN

Oyenka: 4 («X0OpOIIO»)
Huoicnuti nopoe evinonnenus sadanus 6 npoyenmax.: 60
Onucanue xapaxmepucmuxu 6vlnoanenus 3nanus: PaboTa BeinmojHeHa B pamkax "0a3oBoro"
ypOBHs. BOJIBIIMHCTBO OTBETOB JAaHbl BEpHO. B yacTu matepuana ecTh He3HAUYUTEIbHbIE
HEJO0CTaTK!

Oyenka: 3 («yIOBJICTBOPUTEIHHOY)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 50
Onucanue xapaxmepucmuxu evinoineHus shanus: Pabora BeIONIHEHA B paMKax "ToporoBoro”
ypoBHs. OCHOBHasl YacTb 3aJJaHHs BHINOJIHEHA BEPHO. HAa BONIPOCHI YTIIYOJIEHHOTIO YPOBHS

Oyenka: 2 («HEYJTOBIETBOPUTEITHEHOY)
Onucanue xapakmepucmuKu 6blNOJIHEHUA SHARUA. Pa60Ta HE BBIITIOJIHEHA HNJIX BBIIIOJIHCHA
NpEUMYIICCTBCHHO HEIIPABUIIBLHO

II1. Ilpaguna évicmasnenun umo2060i OUEeHKU no Kypcy

HTorosas olieHKa omnpeensiercss B COOTBETCTBHU ¢ [lonoxkeHnem o 0anibHO-pEeHTHHTOBOM cUCTEME
st ctyaeHntoB HUY «M3OUW» Ha OCHOBaHMM CEMECTPOBOM U HK3aMEHAIIMOHHOM COCTaBIISIOMIMX.

8 cemecTp
®DopMa NPOMEKYTOUYHOM aTTecTalumu: DK3aMeH

IIpumep Ousera

1. 1. CneumanbHble yC/I0BUA COBMECTHOCTU: KayeCTBEHHbIM — aHaIn3 peasibHbIX HEPaBHOBECHbIX
NpPOLECCOB, pe3ynbTaTbl IMHENHOM TeOPUN ANs TenaoobmeHa B ogHodasHol cpede u $asoBbIX
nepexon0B B O4HOKOMMNOHEHTHOM cpese.

2. 2.TennooTtgaya Npu NJAeHOYHOW KOHAEHCALMM Napa: aHaAus AonyweHui K 3agade Hyccenbra,
peKkoMeH4aLmMmn No pacyery.

3. J11st u3ydeHus Teroo0MeHa Mpy KUIIEHHH B IOTOKE KUIKOCTH B KayecTBE pabovero

y4acTKa UCIOJIb3yeTCs TpyOa BHYTPEHHUM AuaMeTpoM 8 MM ainHoi 0,5 M, oborpeBaemast

aNeKTpuuecku. PaccunTarh Temneparypy BHyTpEHHEH MOBEPXHOCTH TPYOBI, €CII MOILHOCTB,
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Harpeareins 400 B, oxnaxnaroiasi cpesia - HachllieHHas Boja npu gasieHuu 0,3 Mlla,
CKOPOCTh KOTOPO# Ha BXojie B TpyOy - 0,4 M/c. Kak (kauecTBEHHO) H3MEHHUTCS TeMIIepaTypa
CTCHKH, €CITU Ha BXOJI MTOJIACTCS HEOTPETAsl 10 TeMIIepaTyphl HACBIIICHHS BOa?

IIpouenypa npoBenenust

DK3aMeH MPOBOJUTCS B YCTHOU (opme. Bpems moaroroBku - 1,5 waca. CTyIeHT JOJKEH OTBETUTH
Ha BOIPOCHI OujieTa (Ba TEOPETUUYECKUX BOIPOCA) U PEIIUTD 3a1auy.

L. Ilepeuens komnemenyuii/uHOUKAMOPO8 U KOHMPOTILHBIX 6ONPOCOE NPOBEPKU PE3YIbINAN 08
0C60EeHUA OUCUUNIUHDL

1. Komnerenuuss/Muankarop: UJ1-1nx-1 Bianeer HaBplkamu pacuera IpoLECCOB MMAPOINHAMUKH
U TEIUI000MEHA B SHEPTeTUUECKOM 000py10BaHUU

Bonpocsl, 3aganus
1.BousiHue nepeMeHHOCTH TemIo(hu3nYecKX CBOMCTB Ha TEMJI000MEH U T'MPaBIMUECKOe
COIPOTHUBIICHUE TIPU T€UEHUU B TpyOax. BinsHue nepeMeHHOCTH CBOMCTB KUJIKOCTH Ha
TEIIO0OMEH U TUIPaBINYECKOE CONPOTUBIICHNE. BiinsiHue nepeMeHHOCTH CBOMCTB Ia30B Ha
TEII000MEH U TUPABINYECKOE CONPOTUBIICHHUE.
2.BausiHue cBoOOIHON KOHBEKIIMU Ha TEIUIOOOMEH IIPU BBIHYKICHHOM TEUEHUH B TPYOax.
Bnusinue cB0OOIHOM KOHBEKIIMY HA TEIJI00OMEH IIPU JJaMUHAPHOM BBIHYKJICHHOM TE€UYEHUU B
KpyTJioi Tpyoe.
3.TerutooOMeH B 0THO(A3HON CBEPXKPUTHUYECKON 00JIACTH.
4. Matencudukanus oqHo(pa3HOro KOHBEKTUBHOIO TEIII000MEHA. BiMsHue MUKPOCTPYKTYpBI
MIOBEPXHOCTH HA THJIPABIMYECKOE CONMPOTUBICHUE. [IpUHIIUTIBI 1 METOIbI MHTEHCU(HUKAIINN
KOHBEKTHBHOI'O OJJHO(A3HOTO TEII00OMEHa.
5.IIpenmer, MeTOBI aHAJIM3Aa U MOJEIH IBYX(a3HbIX CUCTEM.
6.YHMBepcalibHbIE YCIIOBUS COBMECTHOCTH. BbiBo1 B 0011l popme. PazBepHyTas 3anuch
YHHUBEPCAIbHBIX YCIOBUIM COBMECTHOCTH. Y HUBEPCAJIbHBIE YCIIOBUSI COBMECTHOCTH IS
YACTHBIX CIIy4aeB.
7.YHUBepcalbHbIE YCIOBUS COBMECTHOCTU B CUCTEMe oTcuera Habmoaatens. CKkopocTh
JIBYDKEHUS TPAHUIBI pasziena ¢a3. 3anuch yHUBEPCATIbHBIX YCIOBUN COBMECTHOCTH B
1ab0paTOPHOM CUCTEME OTCUETA.
8.CrnenuanbHbIe yCIOBHs cOBMEeCTHOCTH. O01ue nonoxxeHus. Pe3ynpraTsl JIMHEHHON Teopun
JUISL HEKOTOPBIX 3a]1a4 FMIPOIMHAMUKY U TETJIO0OMEHA B OTHOKOMIIOHEHTHOM cpefie.
CriennanbpHble YCIOBHSI COBMECTHOCTH B KBa3UPABHOBECHOM MPHOIMKEHHH.
9.KonnuecTBeHHBIE XapaKTEPUCTHKH IBYX(a3HbIX IOTOKOB B KaHanax. [lapocoaepxanue.
CkopoctH, INIOTHOCTh CMeCH. ['OMOreHHas MoJenb JUIsl TPEHUS.
10.Tennmoo6men npu koHaeHcauu. O6mue nonoxenus. Onpenenenus. Knaccudukanus.
[Ineno4Has ¥ KaneapbHas KOHICHCALUS.
11.TennmooOMeH npu MIIEHOYHOM KOHIEHCAIIMH HEMOIBIXKHOTO Tapa Ha BEPTUKAJILHOM
miockocTH. [locTanoBka 3anaun. Pemenue 3anaun.
12.KoHieHcanus mapa Ha HAaKJIOHHBIX M KPUBOJIMHENHBIX TOBEPXHOCTAX. KonaeHcanus Ha
HaAKJIOHHOH m1ockocTu. KoHeHcanus Ha MOBEPXHOCTH FOPU30HTAIBHOTO LIMIIMHPA.
13.CoBpeMeHHas METOIMKA pacueTa Tem1oo0MeHa Mpy KOHIEHCAIIMU HETIOABHKHOTO MTapa.
Ananmus ponymenuii Hyccenpra. [IpakTnueckne peKOMEHJAIMK 110 pacyeTy.
14. Tennmoo6meH npu TypOyJIEHTHOM TEUEHHUH IJICHKH KOH/IEHCaTa.
15.TennooOMeH mpu KOHJEHCAIIMH T1apa, IBUXKYIIETrocst BHYTpH TpyO. OOIIHe MoI0KEeHHS.
Konzaencanus B oXaxJ1aeMbIX KaHalax Mpu TypOYJIEHTHOM TE€UEHUHN CMECH.
16.Konaencarus napa B NpOMBIIIJICHHBIX alliapatax U MeTO/bl €e HHTEHCH(HKALINY.
Konzgencanus Ha my4ykax ropu30HTAIBHBIX TPYO. MeToabl HHTeHCcHUKaUY TeriooOMeHa npu
KOHJICHCALINN.
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17.3apoxxnenne napoBoit ¢aszel. O0mme nonaoxenus. OOpa3oBaHue nMapoBoit (hassl B 00bemMe
OJIHOPOJTHO TIeperpeToit kuakoctu. [lapoodpazoBanue Ha TBEpPAOH CTEHKE (IIPU KUTICHHH ).
18.PocT nmapoBbIX My3bIpKOB B 00bEME PAaBHOMEPHO MEPErpeTon )KuakocTu. [Ipenenbuble
CXeMBbI pocTa. JluHaMH4YecKas MHEPLIMOHHAs CXeMa pOCTa I1apoBOro Mmy3sIpbKa. Temnosas
PHEpreTHyIecKkas cxema pocra. Poct my3bipbka mpu 0obIux ynciax Skooda.

19.JlnHaMuKa apoBbIX ITy3bIPEKOB IIPU KUIIEHUH. OCHOBHBIE PE3YNIbTATHI OIIBITHBIX
HaOmoenuit. [IpubnmkeHHast MOAEIh POCTa MAPOBOTO My3bIPhKa HA 000OTPEBACMON CTCHKE.
VYci1oBus OTpBIBA APOBBIX MTY3bIPEKOB OT TBEPAON OBEPXHOCTH.

20.KayecTBeHHbIN aHAIU3 TEIUIOOTIA4YH [IPU KUIIEHUH.

21.TennooOMeH IpH TUICHOYHOM M IEpeX0IHOM KureHuH. [[leHouHoe KumneHue npu
JaMUHAPHOM Te4eHUH napa. [ieHouHoe Kumnenre npu TypOyJIeHTHOM TeUSCHHH napa.
TennooOMeH npu NepexoJHOM KUIIEHUH.

22.TensiooOMeEH Npu My3bIPbKOBOM KHIIEHUH. KauecTBEHHbIE 3aKOHOMEPHOCTH IIpOLECCa.
[TpubnnxenHas Teopus TEII000MEHA IPU My3bIPbKOBOM KUIIEHUH.

23.Ters1000MEH NpU KUIIEHUU )KUJIKOCTH B YCIIOBUSX BBIHY)KJIEHHOTO IBUKECHUSI.
I[Ty3bIpbKOBOE KMIIEHUE B KOHBEKTUBHOM NOTOKE. Ternaoo0MeH npH BHICOKUX
[1apOoCOJIEPKaHUAX TTOTOKA.

24 Kpu3uchl KMIIEHUS B YCIOBHSIX CBOOOJHOIO JABMXEHHUA. | napoauHaMudeckas MoJienb
kpuzuca. Kpusuc kak pe3yapTaT pocTa IUIOLAAN CyXuX MTeH. Kpu3uc mieHoYHoro KuneHusl.
25.Kpu3uc TennoodMeHa Npu KUIEHUH KUAKOCTeH B KaHayax. O01ue 3aKOHOMEPHOCTH.
Mopnenb Kpu3uca B BBICOKOCKOPOCTHBIX ITOTOKAX HEOTPETON KHUIKOCTH.

26.HaiiTu miomaib TOBEPXHOCTH TEINIOOOMEHA UCTIAPUTENS], TPOU3BOIUTENLHOCTh KOTOPOTO
10 BTOpU4HOMY mapy 2,5 kr/c. [laBnenue Bropuunoro napa 0,5 MIla. Temmneparypa BoasI Ha
BXOJI€ B UCIIApUTEINIb paBHA TEMIIEPATyPE HAChIILEHUs. ['peromieil cpenoi sBisieTcs Cyxou
HachlleHHbId nap npu gasiaenuu 0,7 MIla. Konagencar rperoiiero napa B ucrapuTese He
nepeoxnaxaaercs. Koapounuent rermnonepenaun pasen 1800 B1/(M2-K).

27.11o BepTUKAIBHOM CTOWKE B TEMJIOOOMEHHOM armapare CTeKaeT IJICHKa KOHACH CaTa,
BO3HHUKILIAS IIPU OXJIAXKIEHUHU CYXOI0 HacBILIEHHOI 0 napa. Beicora croliku 3 M, TeMneparypa
ee nosepxHocT 70 °C. Bongnoit nap konaencupyercs npu 110 °C. Onpenenuts BHICOTY
CTOMKH, Ha KOTOPOil OyJieT JaMHHapHOe TeueHue KoHAeHcaTa. HaliTn HauMeHbInit

KO3 (UIIMEHT TEIJI00T/Aa4H Ha JaMUHAPHOM y4dacTKe TedeHUs MiaeHKu. Haiitu cpennuii mo
BCEH BBICOTE CTOMKH KOA(PPHUIMEHT TEIUIOOTAAYH.

28.B maporeneparope ADC ¢ peakropom turna BBOP-1000 nomxHO mpou3BoAUTHCS ¢ 1 M2
nosepxHoctu Harpesa 0,11 kr/c napa npu nasienuu 4 MIla. Kunenue BoJpl IpOUCXOIUT HA
HapyXHOU noBepxHocTu TpyO. TennmonocuTens (Bosa) ABUKETCS MO TpyOaM ¢ Takoi
CKOpOCThIO, uTo a = 32000 B1/(M2-K). Paccuntars cpesHio0 TemnepaTypy TeII0OHOCUTEIS.
Tonmuua cTeHku TpyObI U3 Hepxkaseromen ctanu d = 1,5 MM, TeronpoBogHOCTh cTau 20
Bt/(m'K).

II. Onucanue wkanvl ouenueanus

Oyenxa: 5 («OTIUYHO)
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 10
Onucanue xapakmepucmukuy 6blnoIHeHus 3uanus: PaboTa BeIIOIIHEHa B paMKax "MPOABUHYTOT0"
ypoBHs. OTBETHI JIAHBI BEPHO, YETKO CPOPMYITUPOBAHHBIC OCOOCHHOCTH MPAKTHYSCKUX PEIICHUAN

Oyenxa: 4 («XOpOIIIOY»)
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax. 60
Onucanue xapaxmepucmuxu 6vinoineHus sHanus: Pabora BeIONHEHA B paMKax "6a3oBoro"
YpOBHS. BOJIELITUHCTBO OTBETOB JaHBI BEPHO. B yacTh MaTepuana ecTh He3HAUUTEIbHBIC
HEJIOCTaTKH

Oyenka: 3 (KyIOBICTBOPUTEIHHOY)
Hudicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 50
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Onucanue xapaxmepucmuxu vinoneHus 3nanus: Pabora BIOTHEHA B paMKax "moporoBoro"”
ypoBHs. OCHOBHAs 4acTh 3a/1aHUs BBITIOJHEHA BEPHO. HA BOMIPOCHI YTIIIYOJIEHHOTO YPOBHS

Oyenxa: 2 («HEYIOBIETBOPUTEIBHO»)
Onucanue xapakmepucmuxu 6binoaHeHus 3nanus: Pabota He BHIIOIHEHA WIN BBITIOIHEHA
NPEUMYIIECTBEHHO HEMPaBUIIBHO

111. Ilpasuna évicmasnenus umozo8oi OyeHKu no Kypcy

HTorosas olieHKa ompeneisiercs B COOTBETCTBUM ¢ [lonoxkeHnem o 0amibHO-pEeHTUHTIOBOM CUCTEME
s cryaentoB HUY «MOW» Ha oCHOBaHUM CEMECTPOBOM U AK3aMEHAIIMOHHOM COCTABJISIOIIMX.
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