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TEKYIIUHA KOHTPOJIb YCIIEBAEMOCTH

Pazges 1. Texunueckass TepMOIMHAMHKA
Bomnpocnr:
1. Yro Takoe TepMOIMHAMUYECKAs CUCTEMA, TEPMOAUHAMUYECKUH mporecc?
2. Tepmuueckue napameTpbl COCTOSHUSI.
3. YpaBHEHUS COCTOSHUS JUIA UCATbHBIX T'a30B.
4. Yto Takoe pabora, temora. [lonstue o BHyTpeHHeW sHepruu. M3oOpaskeHue pabOTHl U
Teruia B quarpammax P-V u T-S.
Matematuyeckoe BbIpaKEHHE MEPBOr0 3aKOHA TEPMOJIMHAMUKHU ISl UACATBHBIX peallbHbIX
ra3oB.
6. TemnoeMkocTs. Paznuunbie BUBI TEIUIOEMKOCTH U CBS3b MEXKy HUMHU.
7. ®uzuveckas CylmHOCTb YHTAJIBITHH.
8. 3aBUCHMMOCTb PHTPOMNHH OT OCHOBHBIX TEPMOJUHAMHYECKUX TApaMEeTPOB.
9. HccnenoBanue W30XOpHOTO MpoIecca, n300pa3uth B quarpammax P-V u T-S.
10. UccnenoBanue n3o00apudecKoro mpoiecca, n300pa3uth B nuarpammax P-V u T-S.
11. MccnenoBanne U30TEPMUYECKOTO TIpoliecca, n300pa3uTh B quarpammax P-V u T-S.
12. UccnenoBanue aquabaTHOTO Mpoliecca, H300pa3uTh B quarpammax P-V u T-S.
13. UccnemoBanue MOIUTPOITHOTO TIpoIecca, H300pa3uTth B quarpammax P-V u T-S.
14. CymHoCTh BTOPOTO 3aKOHA TEPMOJUHAMUKU U OCHOBHBIE €r0 ()OPMYITHUPOBKH.
15. Iuxn Kapno, BeiBox popmyssr KITJI k.

o

TecTsl
Ecin ycioBHO B 00beMe, KOTOPBIii 3aHMMAaeT CMeCh Tra3oB, OCTABUTh TOJbKO OIHH
KOMIIOHEHT, He H3MeHsisl TeMIlepaTypbl, TO JaBJieHHe OCTABJIEHHOr0 KOMIIOHEHTa Oyjaer
PaBHO:

o AOCOIIOTHOMY JIaBJICHHUIO.

o [IlapuuansHOMY HaBJIEHHUIO.
o M30bITOYHOMY AaBIECHHIO

Beauuuna pR B ypaBHeHHH COCTOSIHUA HA€aJIbHOI0 ra3a HOCUT Ha3BaHUe:
o T'a30BO¥ MOCTOSAHHOM.
O YHHBEpCaIbHOW ra30BOM MOCTOSIHHOM.
o IlocrosHHoM bonbiMaHa.
Yxaxkure (opmyisly CBA3H TeEIJIOEMKOCTel C, M Cp AJdA HMAeadbHOro rasa (popmyry
Maiiepa).
O Cp=Cy.
o ¢cp-cv= R.
o cp/ev=k.
OnpeneauTs MaCCOBYIO TEIIOEMKOCTD Cp, €CJIH: Nc,=32,8 k/x/(kmoub-K); n=27,8.
o 1,18

o 1,26
o 1,46
o 1,09

Ipu yBeauyenun daTponuu (S; > S;):
o Temmnora He IIOABOAUTCA U HE OTBOAUTCSI.
o Temnnora oTBOIUTCH.
o Temmora moaBoguTCS.
YkaxuTe aHAJIMTHYECKOE BbIPaskeHHe BTOPOI0 3aKOHA TEPMOJIMHAMHUKH.
o ds>dq/T.
o 6q=du+ pdv.
o 6q=dh-vdp.



JJ1s H30TepMHUYECKOro mpouecca:
MIOKa3aTellb MOJIUTPOIIBI paBeH 1
MOKa3aTelb MOJIUTPOIbI paBeH 0
MOKa3aTeb MOJUTPOIIbI paBeH k
MOKa3aTeJIb IIOJIUTPOIIBI PABEH + 00

0O O O O

Yka3zatb ¢popMyJ1y H3MEHEHHUS JHTPOIIMH B H30XOPHOM IpoLecce.

o) Cp| n(T2/ T]_)

O CV| n(T2/ Tl)

[e) Cv|n(T2/T1)+ RIn(V2/v1)
o RiIn(va/vy)

[k ¢ MoABOAOM TEMJIOTHI IPU MOCTOSTHHOM 00beMe:
O pealu3yeTcs B IU3eIAX
O pealu3yeTcs B IU3eIX U OCH3UHOBBIX JBHTATEIISIX
O pealu3yeTcs TOJIbKO B OEH3MHOBBIX JBUTATENSAX
O peanu3yeTcs B OCH3MHOBBIX U T'a30BBIX JBUTATEIISNX
K ra3y B kpyrosom npouecce noaseaeno 250 k/l:/kr remnorsl. Tepmuuecknii KII/I paBen
0,5. HaiiTu pa6oTy, NoJIy4eHHYIO B IIHKJIE.
o 125 xJIx/kr.
o 500 xJIx/kr.
o 250 x/Ix/kr.
I1ap, Boaa u Jie1 OIHOBPEMEHHO HAXOASATCS B PABHOBECHH B TOYKe.

O TpOUHOMU
O KpUTHYECKOHU
O KIOpHU
O pochl
ITpouecc 1-3, moka3auuslii Ha h-S Tuarpamme:
o MH3oxopHslii s
o MW3ob6apubIit

o MH3orepmuueckuit

YkaxuTte TemMneparypy Hauajia BbINaJleHUs BJIArd U3 BJAKHOT0 BO3/AyXAa.

o [Ilpu TemnepaType MOKpOTO TEPMOMETpA.

o Ilpu Temnepatype Bblllle TEMIEPATYPHI TOUKH POCHI.

o Ilpu Temnepatype TOUKH POCHI.
OTHoueHne Macchbl BOASIHOTO Mapa my, COJAep:Kallerocs Bo BJa:KHOM BO3/yXe, K Macce
CyXOro BO3yXa mg Ha3bIBAETCH. ..

O BJArocojepKaHueM

O OTHOCHTEIBHOH BIIAXKHOCTBIO

O abCOJIFOTHOH BIIAXKHOCTBIO

O TOYKOH POCHI

Tunosble 3a7a4n

1. PryTHBII BakyyMMeTp, MPUCOCTUHEHHBIN K COCYAY (CM. puUC. 2), OKAa3bIBAET pa3pekeHue p =
56 kIla (420 MM pT. cT.) mpu Temmeparype prytd B Bakyymmerpe t = 20°C. [lasnenue
atMocdepsl o pryrHomy OGapomerpy B = 1024 kIla (768 MM pt. CT.) mpu TemmepaType
pryrr t = 18°C.Onpeenuts aGCoTIOTHOE TaBICHHE B COCY/IE.

2. OmpenenuTh aOCONIOTHOE JaBJICHWE B KOHJEHCATOPE IMApPBOW TYpOWHBI, €CIM IOKa3aHUE
IIPUCOEANHEHHOTO K HEMY pTyTHOro Bakyymmerpa paBHo 94 xIla (705 mm prt. ct.), a
ToKasaHHe pTyTHOro Gapomerpa, mpusexenHoe k 0°C, By = 99,6 kIla (747 MM pr. cT.).
Temmeparypa Bo3lyxa B MECT€ YCTaHOBKH npubopom t= 20°C.
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Onpenenuth Maccy KHCIOpPOJa, coaepKamierocst B 0amioHe eMkocTeio 60 71, ecru 1aBlieHue
KHCJIOpoJia o MmanoMeTpy paBHo 1,08 MIla, a mokazanue pryrHoro 6apomerpa — 99 325 Ila
npu Temmeparype 25 °C.

PesepByap 00beMOM 4 M° 3aITOJTHEH YrIeKHCIbiM TasoM. HaiiTi Maccy i cuity TskecT (Bec)

0
rasa B pesepByape, eciu u30siTouHoe nasieHue rasa p = 40 xlla, remneparypa ero t = 80 "C,
a 6apomeTrpudeckoe napiieHne Bodayxa B = 1024 kl]a.

OnpenenuTs CPenHIOI MAacCOBYIO TEIUIOEMKOCTh MpPU MOCTOSIHHOM OObeMe Uil a30Ta B
npeaenax 200 — 800 OC, cunras 3aBHCHMOCTD TEIIOEMKOCTH OT TeMrepaTypbl HEJTMHEHOM.

BbruncnuTh 3HaueHHWE MCTUHHOW MOJIBHOM TEIJIOEMKOCTH KHMCIOPOAAa MpPHU IOCTOSHHOM
0

nasineHuu Juisg remneparypbl 1000 “C, cunTast 3aBUCUMOCTD TEIUIOEMKOCTH OT TEMIIEpaTypbl

auHelHoW. HaliTH OTHOCUTENbHYIO OLIMOKY 110 CPAaBHEHHUIO C TAOJIMYHBIMU JAHHBIMH.

MoutHocts TypOoreneparopa 12 000 xBrt, k. n. a. reneparopa 0,97. Kakoe kommuecTtBo
BO3[lyXa HYXHO MpPOIYCTHTh 4Yepe3 TeHepaTop I €ero OXJaKICHHS, €ClIH KOHeYHas
TeMIleparypa BO31yXa HE JNOJDKHA MPEBBIIATH 552 C?2 Temneparypa B MAIMHHOM OTJEJICHUN
paBHa 20° C; cpeHIOI0 TEIIOEMKOCTb BO3yXa Cp, NPUHATH paBHOU 1,0 K[/ (krK).

B xorenbHOW anekTpuueckoil ctaHuuu 3a 20 4 paOoOThl COXGKEHbI 62 T KaMEHHOIO YIJIS,
umeromero Termuoty cropanus 28 900 kJx/kr. Onpeaenuts CpeAHIO MOIIHOCTH CTAHIIHH,
€CJIM B DJIEKTPUYECKYIO SHEPruio npeBpaiieHo 18% TemioTsl, MOJydeHHOW TpH CropaHuu

YTJIAL.

Kakoe kon1MuecTBO TEIIOTHI HEOOXOAWMO 3aTpaTUTh, YTOOBI Harperh 2 M BO3/yXa IpHU
MOCTOSTHHOM H30bITOuHOM naBiienun p = 0,2 MIla ot t; = 100° C no t; = 500° C? Kakyro
paboty mpu 53ToM coBepuT Bo3ayx? JlaBnenue atmocdeps! NpuHATH paBHbIM 101 325
I1a.

Onpenenuthb KOJINYECTBO TETJIOTEI, HE0O0XO0oaUMOoe IS
HarpeBanus 2000 M BO3/lyXa MpH MOCTOSsSHHOM AasiieHuu p = 0,5 Mlla ot t1=
150° C no t = 600° C. 3aBUCUMOCTb TEIJIOEMKOCTH OT TEMIIEPATYpPhl CYUTATh HETMHEWHOM.

Haiitu naBnenue, yaenbHbIl 00bEM U MJIOTHOCTH BOJbI, €CJIM OHA HAaXOJUTHCS B COCTOSTHUU
KHIIEHUs U TemriepaTypa ee pasHa 250 ° C.

Haiitn amamerp mapompoBoja. MO KaTopoMy MpoTekaeT map np aasieHuu p = 1,2 MIla u
temmneparype t=260 ° C. Pacxox mapa 350 xr/4, ckopocTs napa o=50 m/c.

HaiiTi Maccy, BHYTPEHHIOIO SHEPTHIO, SHTANBIHIO K YHTPOIHIO 6 M° HACHIILIEHOTO BOISHOTO
napa npu nasienuu p =1,2 MIla T cyxoctu mapa x = 0,9

3amano cocrosiHue mapa: p = 2 MIla; t = 340 ° C. Onpenenuts, MoJIb3ysCh AUArpaMMOM IS
3HAa4YeHU S, {; ¥ Ieperpes napa

Pa3nea 2. OcHOBBI TEOPHH TEMJIOMACCOOOMEHA

Bomnpocsr:

1.Ha3oBuTe OCHOBHBIE BU/IbI TETIJIOOOMEHA.

2.YpaBHEHHME TEMIIEPATYPHOTO MO, TEMIEPATYPHBIN IPaJUEHT.

3.laTtb onpeeseHne TEMIONPOBOIHOCTH, 3aKOH Dypbe.

4.3axoH Hprotona — Puxmana.

5.Yto Ha3piBaeTCs KOA((UIMEHTOM TEIUIONPOBOAHOCTH, OT KAaKUX ApaMETPOB OH 3aBHCHUT.
6.BbIBOJT ypaBHEHUS TEIUIONPOBOJAHOCTH OJHOCIOWHOMN MIJIOCKON CTEHKHU.

7. BeIBOJ ypaBHEHMS TEIUIONPOBOJIHOCTH MHOTOCIIOWHOM IIIOCKOW CTEHKH.

8. BpIBO/I ypaBHEHUSI TEIUIONPOBOIHOCTH YE€PE3 OJHOCIONHYIO IHJIMHAPUYECKYIO CTEHKY.
9. BeIBOJI ypaBHEHUS TEIUIONPOBOJIHOCTH YE€PE3 MHOTOCIONHYIO IMJIUHAPUYECKYIO CTEHKY.
10.Yro Ha3bIBaeTcd Temonepenayeii. BeiBoa ypaBHEHHs TEILIONEPEIayn.

11.0npenenenue kodppuimenTa Terionepeaaym.



12.BbIBOJ ypaBHEHUS TEIUIONEPENaul 4epe3 OJHOCIONHYIO IIIOCKYIO CTEHKY.
13.Br1Bo/1 ypaBHEHHUS TEILIONIEPEIauu Yepe3 MHOTOCIOWHYIO TIJIOCKYIO CTEHKY.
14.BpiBoJ ypaBHEHUS TEIUIONEPESaul Y€Pe3 OJHOCIONHYIO HUIMHIPUUECKYIO CTEHKY.
15.BbIBo ypaBHEHUS TeIIONepeaadynd 4Yepe3 MHOTOCTOMHYIO IIMIIMHIPUYECKYIO CTEHKY.

TecThl
Teny0Boii MOTOK — 3TO KOJHYECTBO TEIJIOTHI:
o IlepenaBaemoe B €MHUIY BPEMEHHU Yepe3 MPOU3BOJIBHYIO IIOBEPXHOCTD.
o IlepenaBaemoe B eIMHUILY BpEMEHHU Yepe3 €AUHUYHYIO LJI0IATb.
o Ilpoxonsimiee B eOWHUIY BpPEMEHH dYepe3 CAWHUYHYIO IUIONIAJb TNPHU TPAJAUCHTE
TEMIIEPATYPBI, PABHOM €IUHHUIIE.

Koy puunent rensionposognoctu A, Br/(m-K) xapakrepu3syer:

o CnocoOHOCTH BelllecTBa NepeaBaTh TEIJIOTY.

o HHTEeHCUBHOCTH TEIIIO0OMEHA MEX Y TOBEPXHOCTHIO TEJIa U CPEIOH.

o HHTeHCUBHOCTH COOCTBEHHOTO M3IYYCHHUS TEa.
B kakoM ciiyyae HHTEHCMBHOCTDb TEIJIOOTAA4YU HUKe

o Ilpu kunexuu.

o B ciyuae BeIHYXI€HHON KOHBEKIIUU.

o B ciayuae cB0OOIHOI KOHBEKITUH.
O pe:xumMe Te4eHUS KUIAKOCTH CYASAT M0 3HAYCHHIO YHCJIA:

o Peitnonpaca (Re).

o Hyccensra (NU).

o Ipanxrs (Pr).
Kakoii u3 TeMmepaTypHbIX rpa)MKOB COOTBETCTBYET CJIy4al0: CTAJbHAsA CTEHKA, C
O/IHO#i CTOPOHBI MOKPHITA CJIOEM CaKM ¢ TemaonpoBoaHocThio 0,09 Br/(m-K), ¢ apyroii
¢JI0OeM HAKMIIM C TeI10npoBoaHocThI0 1,75 B1/(M*K).

1
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C noBbIllIEHUEM TEMIEPATYPbI MAKCUMYM HHTEHCHBHOCTH M3JIyYeHUsI:
o Cwemaercs B CTOPOHY 0oJiee JJIMHHBIX BOJIH.
o Cwemaercs B CTOPOHY 00Jiee KOPOTKUX BOJIH.
o He usmensiercs.
Kakoe u3 Tes1 npu NpoYnx paBHbIX YCJIOBUSAX HMeeT 00JIbIIYH0 MHTEHCHBHOCTb U3JIy4YeHUsl.
o Co crenenbto yepHOTHI 0,3.
o Co crenenbto yepHOTHI 0,7.
o Co crenenbto yepHOTHI 0,9.
IloBepxHOCTH, HeoOXogMMAsl /JJsl MepeAadyd TeIIOBOr0 MNMoToka Q or ropsvyero
TEIUIOHOCHUTEJISI K X0JI0THOMY, Onpe/aesisieTcsi U3 ypaBHeHHS...
O Temionepenayn
O TEeIIOBOTO Oaylanca
o ®ypse
o Herorona-Puxmana



TBepaasi NOBEPXHOCTh OXJAXAAETCH B MOTOKE JKHIAKOCTH. YKaKNTe W3MEHEHHe
TeMIIepaTyphbl NOBEPXHOCTHU NMPH YMeHbIIEHNH K03 (PUIHeHTA TenI100TAaYu.

o Temmneparypa mOBEepXHOCTH YBEITUYUTCSI.

o Temneparypa HOBEpXHOCTH YMEHBUIUTCS.

o Temneparypa moBepXxHOCTH HE U3MEHUTCHI.
Pereneparopsl — 3T10:

o TemnooOMeHHBIE amnmaparbl, B KOTOPBIX Iepeadya TEIUIOThl MEXAY ABYMsI KUJIKOCTAMU

OCYILIECTBIIAETCS Y€PE3 PA3ACIAIOUIYIO CTEHKY.
o TemnooOMeHHBIE ammaparbl, B KOTOPBIX OOMEH TEIUIOTOH OCYIIECTBIACTCS MpU
CMELIMBAaHUU FOPAYEH U XOJIOAHOU KUIAKOCTEN.

o TennooOMeHHbIE annapaThl, B KOTOPHIX OJHA U Ta )K€ MOBEPXHOCTh HArpeBa OMBIBAETCS
TO TOPSYEH, TO XOJIOJHOMN KUAKOCTBIO.

Tenn000MeHHUKOM Ha3bIBAIOT aNNAPAaT, NPeAHA3HAYCHHbII:
O JAJIs OTBOJIA TEIUIOTHI OT TEMJIOHOCUTEIIEH
O JUIsl IOABOJIA TEIIOTHI K TEINIOHOCUTEIISM
O i COOOIIEHHUS TEIUIOTHl OAHOMY M3 TEIJIOHOCUTeNell B pe3yibTaTre ero OTBOjAa OT
JPyroro TErIOHOCUTEIS
O JAJs COOOLIEHMS TEIUIOTHl OJIHOMY M3 TEIUIOHOCHTEJEH B pe3ysibTaTe ero COOOIIEHUsS K

JIPYroMy TEIJIOHOCHUTEIIIO
C kakoii CTOPOHBI ILIOCKOWH IOBEPXHOCTH YCTAHOBKAa pedep MO3BOIMT B HauOo/bLIel cTemneHU
HHTeHCHHUIHMPOBATH TelLionepeayy.

o Co cropoHsl 6ombIero ko3¢ GuimenTa TernIo0TIauu.
o Co cropoHbI MeHbIIIEro K03 puimeHTa TermIo0TIauu.
o He umeer 3HayeHus, C KAKOW CTOPOHBI.

IMorjomaresjibHas COCOOHOCTDH paBHa €AUHULIE:
(¢] I[J'Iﬂ abCOIOTHO YCPHBIX TEJI.

o Jns ceprix Teil.
o Jlnst abcomoTHO MPO3pavHBIX Tell.

TunoBble 3a1auu

1. Crenka xkamepbl HarpeBaTeIbHOW MEYM COCTOUT U3 JIBYX CJIOEB: M3OJSAIMOHHOTO KHpPIIHYa
TONIIMHON 61=250 MM ¥ CJI08 M30IAIMA W3 JIMCTOBOro acOecta TOMIIAHOH 0,=100 MMm.
Temreparypa rasa B meun t=1500 °C, Temmeparypa Bosmyxa B momemenun t,=25 °C,
KOd(G(GUIIMEHT TEIUIOOTIaYd OT Ta3a K BHYTPEHHEW CTeHKH medn oy=120 BT/(Mz-K) U OT
Hapy>KHOM CTEHKHU K BO3AyXy o= 40 BT/(M2~K). Ornpenenurts TEIIOTy TepsieMyto | M yepes
CTEHKY, TEMIIEpaTypy Ha HAPY>KHOU MOBEPXHOCTU CTEHKH ?

2. CranpHOi TpyOompoBoa auameTpoM 108x5 MM ¢ K03 PHUIMEHTOM TEIUIONMPOBOAHOCTH [Ag =
50,3 Bt/(M:K)] umeer TpexcrnoiiHyto u3zoisiuio. TONIIMHA TEPBOTO CIOS 0;=25 MM [Ap
=0,038 Bt/(M:K)], BTOporo - 83=35 mm [A3=0,052 B1/(M-K)], Tperbero - 65=4 mm [A4 = 0,116
Br/(M-K)]. Temmeparypa Ha BHyTpeHHeil moBepxHocTH TpyObl t1 = 218 °C, Ha HapysxHOIA
TOBEPXHOCTH BTOPOTO CIIOS H30ysiuH t4 = 76 °C. Onpene/nTh Hen3BeCTHBIE TEMITEpaTyphl Ha
MOBEPXHOCTSX CJIOEB.

3. CreHKa Teun HM3TOTOBJIEHA W3 JBYX CJOEB KUpPIUYa. BHYTpEeHHHWI CIOil — OTHEYIOpPHBIH
kupnu4d TommuuHoi — 300 mM. HapykHbIN ciaoli — KpacHBI KUpIHMY — TONIUHON 150 MM.
Onpenenuts TeMIepaTypy Ha HapyKHOW IMOBEPXHOCTU CTEHKH M KPAaCHOTO KMpIUYa, €CIIM Ha
BHYTPEHHEN CTOpOHE CTeHKM M Kupnuua temieparypa — 40 °C. Ilorepu Teruia uepes 1 M2
mIomamy coctapistioT 0,9 kB1/M>. Aorneynop= 1,0 BT/(M-K), Apac= 0,6 B1/(M°K).

4. Temmeparypa BHyTpeHHeW moBepxHocTH cTeHkH — 600 °C, napyxhoit - 80 °C. TOJ‘IIHI/IHZa
cTeHkH — 0,6 M. Y1enbHbIH TEMIOBOM MOTOK, MPOXOIAIIMN Yyepe3 CTeHKY, paBeH 580 Br/m”.
Onpenenuts K03(QOULIKMEHT TETIONPOBOIHOCTHA KUPIUYA.
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OHpGI[eJII/ITB TCIIonepeaavy U3J1y4YCHUCM OT 1 M2 MOBCPXHOCTU OTOIMUTCIILHOI'O paJjuaTropa B
OospmoM ToMenieHuH. Temmeparypa crteHok pammaropa 90 °C. TemmepaTypa CTeH
nomenieHus 18 °C. CreneHb 4epHOTHI MOBEPXHOCTH paauaropa &€ = 0,9 .

Haiitu TerioBoii MOTOK, TiepeiaBaeMblii OT CTEHKH KaHalla CIIUPAILHOTO TEIUIOOOMEHHHKA K
2

BOJie, ecau noBepxHocTh cTeHkH 30 m°. Temnepatypa Boabl — 40 °C. TemnepaTypa CTEHKU —

45 °C. Koa(dumueHT TermiooTaauu oT CTEHKU K Bojzie 6500 BT/(MZ‘OC).

Ornpenenuth TOJIIMHY CTEHKH, €CIM TeMIlepaTypa Bo3ayxa BHyTpu nomemenus — 30 °C;
caapyxu — (-10 °C). Koapduruent temnonposoanoctu kuprnuda — 0,7 Br/(m-°C). Y nenbHblit
TEIUIOBOM MOTOK Yepe3 IUIOCKYIo cTeHKy — 2000 Br/m.

Onpenenuth TeMIIEpaTypbl OBEpXHOCTEH KUpNU4HO# cTeHku. KoadduimenTts! TemmooTnaun
OT TerIoBoro Bo3nyxa K creHke — 8 Bt/(M-°C); OT CTEHKM K XOJOIHOMY BO3AyXy 15
Bt/(m-°C).

CreneHb 4epHOTHI ceporo Tena cocrasisger 0,75. Onpenenuth KOAdQPHUIUEHT H3TydEHUS
CEeporo Tena.

Onpenenuth MOTepU TEMJIa U3NyYeHHEM ¢ | M MapompoBoja, €cld HApYKHBIM JUaMeTp
naposnpoBoga d =0,3 m, koaddurment nornamenus A = 0,9, remneparypa creku 450°C,
TeMIiepaTypa okpysxaromieit cpeant 50°C.

ITo tpyOke ¢ BHyTpeHHHM guameTpoM 0 =8 MM u mmmuoi | > d50 mBwxeTcs Boaa co
ckopocthio 1,2 mM/c. Temmeparypa noBepxnoctu Tpyoku 90°C, cpennsis Temmneparypa BOIbI B
Tpyoke 30°C. OmpenenuTh K03()PHUIMEHT TEMIOOTAAYM OT CTEHKH TPYOKHM K BOJAE U
CPEIHIOIO T10 JJIMHE TPYOKHU MJIOTHOCTH TEIUIOBOTO IMOTOKA.

Onpenenutb cpeqHuil Kod(pEGUIMEHT KOHBEKTHBHOM TEIUIOOTIA4M OT IMOTOKA BO3JAyXa K
CTEHKaM MATHPSAIHOTO Iy4Ka TPYO MPH IMONIEPEIHOM €ro OOTEKaHUHU, €CITU U3BECTHBI CPETHSS
CKOpOCTh TToTOKa B y3koM ceueHnn W=10,2 m/c, cpequsisi Temneparypa Bosayxa tq,; = 450 °C
u quaMeTp Tpyosr d = 82 MM . XapakTep pacroiioKeHus TpyO B IMydKe, aXMaTHBIH.

3aganue 119 KOHTPOJIbHOM PadoThI

3agada. CripoeKTHpPOBaTh TPyOUaThIi TEIJIOOOMEHHUK HENpPephIBHOTO AelcTBHA. McxoaHble JaHHBIE IO
BapHaHTaM B34Th U3 TaOJIHIIbI.

Tabnmuna. Vcxoanpie naHHBIE A1 pacdyeTa TpyOyaToro Teroo0OMeHHHKA

v o a -~ a

S g S el | g 2

< <] = ~ Q =t = o L

S, = s ) = o) ) 5) g
5 z 2o | Eo| 2 Ee - s 5
- s | ZE | 2E|E|3:E|c |.s|ip| 2B
E = = = o ew | B | E = % § & 1 3 2
o g < 2 Q = S5 = §% |2 |24 = z g
= 3 gz 2 2 52| 8| Bc|Es |58 5 2 g
3 = = o B 5.9 E\© £ 55 |a& |[EE~ 2H s
S = g & = 5= = 8¢ | &E 5 30| 58 s &
= g - =NO) = FE| R | EF|EE |[ZEL 28 S@=
0 |Boxma 10 32 2,8 2 2 0 14 90 0,202
1 |momoko 8 25 2,8 0,8 ) 1 8 85 0,145
2 |cauBKu 4 20 2,35 1 4 2 9 80 0,126
3 |Boxma 9 40 3 1,2 2 3 15 80 0,275
6 |MOJIOKO 7 25 2,8 2 4 4 4 87 0,146
5 |cauBKH 5 20 2,5 0,8 6 5 8 78 0,128
6 |Boma 15 32 2,8 1,8 4 6 14 84 0,237
7 |MOJIOKO 11 20 2,35 1,6 4 7 8 83 0,146
8 |Boxma 12 25 2,8 2 2 8 12 75 0,172
9 |MOJIOKO 8 32 2,8 1.4 6 9 6 82 0,144




Pa3nen 3. [IpuMeHeHue TeI10ThI HA NepepadaThIBAIOIIEM POU3BOACTBE

Bomnpochsr:

UTo Ha3BIBAIOT MUKPOKIMMATOM MTOMEIIECHUS U KaKUMHU (DAKTOpaMH OH OIpeesieTcs?

Kaxk onpenensitor OCHOBHBIE IOTEPHU TEIUIOTHI U3 TOMEILIECHHI?

Uro Takoe TpedyeMoe CONPOTUBIICHUE TEIUIONEepeaade OrPaXKAAIONNX KOHCTPYKIIUI?

[TpuBenuTe KIacCUPUKAUIO CUCTEM BOJSTHOTO OTOILJICHUSI.

PaccmotpuTe cxembl BOJASHOTO OTOIUICHUS U BBITIOJIHUTE UX CPABHUTEIBHBIN aHAIIU3.

VYxaxute Uil kanopudepon. Kak npousBoaurcs noadop kamopudepon?

Uto Ha3bIBalOT KOHAMIIMOHUpOBaHUEM Bosayxa? [lpuBeawrte KiaccuHKAIMIO CHCTEM

KOHJIMLIMOHUPOBAHUS BO3yXa.

8. Uro Ha3plBalOT BEHTWISAIMEH W  BEHTWIINHOHHOW  cucreMoit?  IlpuBemute
KJIACCU(PUKALMIO BEHTUIISILIUOHHBIX CHCTEM.

9. JlaliTe o0IIyr0 XapaKTePUCTUKY €CTECTBCHHON U MPUHYIUTEIHHON BEHTHIISAIIUN KIIBIX
oOmiecTBeHHbIX 31aHUN. KakoBbI 0COOEHHOCTH BEHTUIISILIMY [TPOU3BOJICTBEHHBIX 3aHUMi?

10. Ha3zoBuTe OCOOCHHOCTHM BEHTWISIIMA JKABOTHOBOAYECKHX W  ITHIEBOMTYECKUX
MOMEIeHU. YKaKUTe OTINYUTEIbHBIE 0COOCHHOCTH MECTHOM BEHTUJISIIIH.

11. VkaxuTe TUNBI BEHTUJISATOPOB, UCIOJB3YEMBIX B CHUCTeMax BeHTWIAIUuU. [IpuBemute
AIPOIMHAMUYECKYIO XapaKTePUCTHKY BEHTWIATOpAa M ONUIIUTE TMpolecc BbiOOpa
BEHTHWJIATOPA.

12. [laiiTe onpenenenne TEIIOBBIX CETeH U MPUBEIUTE UX KIACCU(PHUKAIUIO.

13. [IpuBeanTe OCHOBHBIC CBEICHUS 00 W3OJSAIHMH TEIUIONPOBOJIOB. Kakwme wmarepuaibl
WCIIOJIB3YIOT JJISI U30JILIMH TEIIONPOBOIOB?

14. TlpuBeauTe OCHOBHBIE CBEJEHUS 00 OMOpPaxX U KOMIIEHCATOPAX TEIJIONPOBOIOB.

15. Kakas 3anopHas anmapaTypa yCTaHaBIMBAETCS Ha TEIIOBBIX CETSIX?

NoakownE

Kpurtepun oieHKH pe3y/ibTaTOB YCTHOIO OTBETA 00Y4YAKOIIErocs

«3a4TeHo» — CTaBUTCSI B TOM Cjy4ae, KOrJa CTYACHT OOHapyXHBaeT 3HAHUE
IPOTPaMMHOTO0 MaTepuaja IO JUCHUIUIMHE, JOIMYCKAeT HECYIIECTBEHHBIC IOTPEITHOCTH B
orBere. OTBET CaMOCTOSITENICH, JIOTHYECKH BBICTpOeH. OCHOBHBIC IOHSATHS YIIOTPEOICHBI
NPaBUIIBHO.

«He 3auTeHO» — CTaBUTCA B TOM ClIydae, KOTJa CTYACHT JACMOHCTPHPYET MPOOENBl B
3HAHUSX OCHOBHOTO YUYEOHOTrO MaTepualia 10 TUCIHIUIMHE, OOHApy)XHWBaeT HENOHUMaHHE
OCHOBHOTO COJICp)KaHUSI TEOPETHYECKOT0 MaTepHaia WA JOIYCKaeT pSJI CYIMIECTBEHHBIX
OIIMOOK U HE MOXKET UX UCIPABUTh MPU HABOJAIIMX BOIPOCAX IMPEIOAaBaTellsl, 3aTPYAHSICTCS B
OTBEeTax Ha BONPOCHL. OTBET HOCHT MOBEPXHOCTHBIA XapaKTep; HAOIIOAIOTCS HETOYHOCTH B
UCTIOJIb30BaHUHU HAyYHOU TEPMHHOJIOTHH.

Kputepun oneHkn pe3yibTaTOB TECTHPOBAHMS

— OlIEHKa «OTJIMYHO» BBICTABJIICTCS CTYJEHTY, €CJIM TPOIECHT IPAaBHIBHBIX OTBETOB
cocrasiseT 80-100%;

— olleHKa «xoportio» — 70-79%;

— OIIEHKA «YJOBJICTBOPHUTEIHHO» — 60-69%;

— OLIEHKA «HEYOBJIETBOPUTEIBHO» — MeHee 60%.

Kpurtepuu oieHKH pe3y/ibTATOB PelIeHUsI TUIOBBIX 32124

«3auTeHO» — CTaBUTCS B TOM CiIydae, KOTJa CTYJISHT IPaMOTHO MPUMEHSET TOJIY4YCHHBIC
3HAHUS 10 JUCIHIUIMHE, MPOMUCHIBACT MPABUIBHBIN, JOTMUYECKH BBICTPOSHHBINA XOJ pPEIICHHUS
3a/la4y, JIOMyCKaeT HECYIIECTBEeHHbIE MOTPEeMHOCTH B oTBeTe. OCHOBHBIE (HOPMYITBI
ynoTpeOaeHbl IPABUIBHO.

«He 3aureHo» — CTaBUTCS B TOM cly4yae, KOTJa CTYIACHT HE CIOCOOEH moao0paTh
HEOoOXOUMBbIC 3HAHHS M (OPMYJBI JUIS PEIICHUS ITOCTABICHHOW 3amadyu. JleMOHCTpupyeT
HETMIOHMMAHNUE OCHOBHOTO COJICPXKAaHUSI TEOPETUYECKOr0 MaTepualia WM JOMyCKaeT psi
CYIIECTBEHHBIX ONMIMOOK U HE MOXKET WX MCIPABUTH MPU HABOISANINX BOIIPOCAX MPEIoIaBaTells.




2. TemaTHKa KOHTPOJIbHBIX PadoT

Pacuet TpyO4aToro TernaooOMEeHHOTO armapara

Kputepun onieHuBaHus pe3yabTAaTOB BbINOJIHEHHS KOHTPOJIbHBIX PadoT:

— OIIEHKA «OTJIUYHOY» BBICTABJISICTCS MPH MPABUIILHO BBIIOJHEHHOW 3aj1a4e, akKKypaTHO W
YHCTO, B COOTBETCTBHHU C TPEOOBaHUAMU, O(OPMIIEHHOM pPEIICHUH;

— OIIEHKA «XOPOIII0» BBICTABISETCS MPH MPABUIBHO PEHICHHOW 3a/a4ye W MPH HAJTUYUH B
X0/1€ BBIITOJIHCHUS HC3HAYHUTCIIbHBIX ITIOMApPOK;

— OIIEHKA «YJIOBJICTBOPUTEIHHO» BBICTABISICTCS, €CIIM IOCIE NMPOBEPKH B 3ajade OymyT
WCIIPABIICHBI BCE OIMMOKU U OHA OyAeT 0pOpMIICHA B COOTBETCTBUU C ITYHKTOM BBIIIIE.

— BO BCEX OCTAJIbHBIX CIIy4asiXx paboTa He 3aCUMTHIBACTCS U BBIACTCS IPYrol BapUaHT.
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MMPOMEXYTOUYHASA ATTECTALIUA

Bonpocsl k 3auery
Bonpocs! 1151 onenku cpopmupoBannocTy komnerenunu OI1K-1
Tepmuueckue napameTpbl COCTOSTHHUSL.
Yro Takoe TepMOJIMHAMHUYECKasi CUCTEMa, TEPMOAMHAMUYECKUH Tporecc?
YpaBHEHUS COCTOSHUS ISl UI€AJIbHBIX a30B.

Uro Takoe pabora, Ternora. [lonstue o BHyTpeHHel sHeprun. V3o0pakeHue paboTsl U
Teria B guarpammax P-V u T-S.

Matematuueckoe BbIpaK€HHE MEPBOr0 3aKOHA TEPMOJAMHAMUKH ISl MJI€ATbHBIX PEaIbHBIX
ra3os.

TemnoemkocTh. Pa3nnyHbie BUABI TETNIOEMKOCTH U CBS3b MEXKIY HUMHU.

dusnyuecKasi CymHOCTb SHTAIBIINH.

3aBHUCHUMOCTb SHTPOIUU OT OCHOBHBIX TEPMOJMHAMHUYECKUX MapaMeTpPOB.

HccnenoBanue n30X0pHOTO Ipoliecca, n300pa3uTh B quarpammax P-V u T-S.

. UccnenoBanne n3o0apuyeckoro mpouecca, n300pa3uth B quarpammax P-V u T-S.

. UccnenoBanne n30TepMUIECKOTO Mpoiiecca, n300pa3uTh B quarpammax P-V u T-S.

. UccnenoBanue agnabaTHoro mpoiecca, n300pa3uth B quarpammax P-V u T-S.

. MccnenoBanue moauTPOITHOTO Mporiecca, n300pa3uth B auarpammax P-V u T-S.

. CyIIHOCTh BTOPOTO 3aKOHA TEPMOIMHAMHUKHN ¥ OCHOBHBIE €T0 (POPMYITHUPOBKH.

. uxn Kapwro, BeiBog popmysst KIT/T mukoa.

. I3MeHeHue sHTponuy B HEOOPATUMBIX Ipolieccax ,(U3MUecKUid CMBICT SHTPOIIUH.

. JlaTb ompesenenus: BIaXXHbIN, HACHIIIEHHBIH, CyXOU HACKHIIIEHHBIN U TIEPerpeThlii map.
. MaTtemaTtndyeckoe BhIpOKEHHUS MIEPBOTO 3aKOHA JUIS ITOTOKA.

. HazoBUTE OCHOBHBIC BUIBI TETNIOOOMEHA.

. YpaBHEHUE TEMIEPATypPHOTO OIS, TEMIIEPATYPHBII TPaIueHT.

. JlaTb ompeseneHue TEMIONPOBOIHOCTH, 3aKOH Dyphbe.

22.
23.
24.
25.

3akon HrrloTona — Puxmana.

Uto HazwiBaeTCs KOAGOUIIMEHTOM TETIOMPOBOJHOCTH, OT KaKHX IMapaMeTPOB OH 3aBUCHT.
UYro HazwiBaeTcsa KOA(GUIIMEHTOM MOTIOMIEHUS, OTPAKEHUS M IIPOHUIIAEMOCTH.

3akon Credana — bonbimana.

Kpurepun oueHKH 3HAHUH CTYICHTOB Ha 3a4eTe:
— «3a4TECHO» BBICTABIIAETCS CTYIEHTY, KOTOPBIM TBEPAO YCBOUI IMPOrpaMMHBIM MaTepuall,

T'paMOTHO U 1O CYULICCTBY, 0e3 CYHICCTBCHHBIX HETOYHOCTEM OTBE€YaeT Ha BOIIPOCHI, BJIAACCT
HGO6XO,I[I/IMI>IMI/I HaBbIKaMU U IIPUCMAMH BBIITOJIHCHUS MTPAKTUYCCKUX 3aJIaHuil.

— «HC 3a4YTCHO» BBICTABJIAICTCA CTYACHTY, KOTOpHﬁ HE 3HAeT 3HAYUTEIBLHON dYacTu

MPOTPaMMHOTO MaTepHaa, JOMYyCKaeT MPUHIMIHAIBHBIC OIIUOKH, HEYBEPEHHO, C OOJIBITUMU
3aTPYJHEHHUSMHU BBIMOJIHIET TPAKTUUECKHUE 3aJaHHUS.



3AJJAHUS JJISI OHEHKH YPOBHSI CPOPMHUPOBAHHOCTH
KOMIIETEHIIU

3aganus 15 oueHku copmupoBanHocTH komnereHuuu «OIIK-1»:
3anaHus 3aKpbHITOro THIIA
1. IlepBblii 3aKOH TEPMOAMHAMUKH €CTh YACTHBIN CIIy4aid:

1. 3axona coxpanenus maccol geugecms.
2. 3akona coxpameHus U npespaweHus SHepeUl.
3. 3akona coxpanenus KoIUYECMBa OBUIHCEHUS.

2. CTeneHbpo 4epHOTHI Tella (€) Ha3bIBACTCS:

1. Omnowenue snepauu nponyujeHnol k,,,, k anepauu naoaowen E,,.

2. OmHowenue uznyuamenvHou cnocobHocmu E  peanvnoco mena K
usaywamenvHol cnocoonocmu E, abcontomuo ueprHoco mena npu mou ice
memnepamype.

3. Omnowenue ompasicennou snepauu E,,,, k snepeuu naoarowets E,,,

3. VkaxuTe aHAJIMTHYECKOC BBIPAKCHHUEC BTOPOIr0 3aKOHA TCPMOANHAMMWKHU.

1. ds=>dq/T.
2. 0g =du + pdv.
3. 0g =dh - vdp.

4. Vka3arh (opMyJIbl ISl ONpeIeNIeHHs yAeIbHON TEMIOTHI (| U yAelIbHOM paboTsl £ s
MU30XOPHOTO MPOIIECcca HCATBHOTO Ta3a.

1. q=0 b= E(TI_TZ)'

2. q=RTIn(ps/p>) t=q.

3. g=cy(ToTy) t=0.
5. Ykaxute ¢popmyny ais onpeaenenus koddduimenTa Teronepeayu.

o S S _ 4
A= Toad =T 5 1 a=
L lored] 1,01 S
: 2 a 1 a,

Otsetsl: 1.-2, 2.-2, 3.-1, 4.-3, 5.-2
3ajaHuA OTKPBITOrO THIIA
1. HazoBuUTE OCHOBHBIE BUJIbI TEIIIOOOMEHA.

2. Kax w3menutcst Biarocoaepkanue (d) BiaxHOro Bo3jyxa IpH TeMIepaType
60°C u otHOCUTENBbHOM BlaxkHocTU 60%, eciu ero HarpeTh B Kajopudepe.

3. B ueM 3akmtoyaetcs ¢puznyueckasi CylHOCTh SHTAIBITHH?
4. Kunienue — 910 ........

5. Uto Takoe TepMoaMHaAMUYECKasi cuctema?



OTBeETHI
OIIK-1

2 | 6.- BeapazmepHoe.

-2 | 7.- He usMeHnurcs. :
1 | 8.- TemnonpoBOAHOCTEIO.
-3 | 9.-Kunenne

-2 | 10. - Temrora moBOIUTCS.

- MATPHUIIA COOTBETCTBI/IH KPUTEPUEB OIIEHI(I/I YPOBHIO MATPI/IIIA
COOTBETCTBI/IH KPUTEPHUEB OITEHKU YPOBHIO C(I)OPMI/IPOBAHHOCTI/I

KOMIIETEHIIMI
Kputepuu onenku | Vposens C(I)OpMI/IpOBaHHOCTI/I KOMITCTEHIMH -
Ouemca 0 NATH0AJUIbHOM chcTeMe

«Omnuunon : «Buicoxutl yposeHsy,

«Xopowioy «Ilogviuennvlii yposeHvy
«Y0oenemeopumenvHoy «Ilopozosuiti yposervy
«Heyooenemsopumenvnoy «He 0ocmamoynwiiin

; ' OneHKa [0 CHCTeMe «324€eT - He3a4eTy
«3aumenoy ) «Jocmamounvlity
«He 3aymenoy ’ «He 0ocmamoynwiiiy

MeToauveckne MaTepHabI, ONPENEISIONHE TpOLENypy. OLIEHUBAHHUS 3HAHUI, yMEHHH,
HABBIKOB M (HJIH) ONBITA JESTeILHOCTH, XAPAKTEPH3YIOMHX STANBI qxopmnponannﬂ
i KOMIeTeHIUH ‘ ,

1. ITonoxenue «O 6annLHo-peHeroson cHucTeMe anec*raunn crymento»: CMK ITH]T
08- 01-2022, BBeneno mpukazoM ot 28.09.2011 Ne371-0, yTBepmeHo pexropom 12.10. 2015 r.
(http:/nsau.edu. ru/ﬁle/403 PEXHUM OCTyna CBOOOAHBIH);

2. Tonoxenne «O IPOBeLEHHH TEKYIIEro KOHTPOJIL W IPOMEXYTOUHOH aTTecTAlHH
o6yt{a10nmxca B ®I'BOY BO Hosocubupckuit TAY»: CMK: IIHJT 77-01-2022, BBenewo B
Ietictere mpukasom' oT 03.08.2015 Ne268a-O (http //nsau.edu.ru/file/104821: pexum nocTyna
CBO60,Z{HLIH)

PaspaGoTumk @7’ ﬁEA HmeHOB

(moanuce)
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