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CJIYKBbl MUHUCTEPCTBA POCCUMCKOHN ®EJIEPALINN
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HNBaHOBO



Harapees C.B.

Mertoaudeckue peKOMEHIAIMH 110 U3YYCHHUIO YUeOHOH MUCIHMIUIMHBI «Termodu3n-
ka» aisa oOyvaromuxcsa no crnennanbHocT 20.05.01 &oxxapuas 6e3omacHocTh» — MBa-
noBo: UTICA I'TIC MUC Poccun, 2021.- 2.

Meroanueckue peKOMEHIALMH COAEPKAT KPATKOE M3JI0KEHUE NUCUMILIMHBI «Ter-
Jodu3uKa» B COOTBETCTBUU C TPEeOOBAHMAMH TOCYAApCTBEHHOTO CTaHJapTa U pabouei
nporpaMmel kypcea «Termnopusnka», COBETHI MO MJIaHUPOBAHUIO U OPTaHU3AIUHA BPEMEHH,
HEOOXOUMOr0 Ha M3Y4YeHHE TUCIUIUIMHBI, MOKEJIaHUS MO W3YYECHUIO OTIEIBHBIX TEM
Kypca; peKOMeHIaluu o paboTe ¢ IUTepaTypoid; COBETHI MO MOATOTOBKE K 3a4ETy.

© UIICA I'TIC MUC Poccun, 2021



BBEJAEHUE

Hucununnnna «Temmodusnka» sSBIsSETCS TEOPETUUECKON 0a301 1 U3ydeHUs IHC-
muruinH «IloxkapHast 6e30macHOCTh 0OBEKTOB 3alUTHD», <« IpoTHBOIIOKAapHOE BOIOCHAO-
xeHue», dIpornozupoBanue onacHelx (pakTopoB moxapa», «l'eopust TopeHus U B3pbIBa»,
«DU3UKO-XMMUYECKHE OCHOBBI Pa3BUTHSI U TYLLIEHUS TIOKAPOB>.
[{enb n3y4yeHUs] IUCLUUIUIMHBI COCTOUT B (DOPMUPOBAHUU HAYUHBIX MPEACTABICHUN
00 OCHOBHBIX 3aKOHax TEPMOJMHAMUKH M 3aKOHOMEPHOCTEH TemioMaccooOMeHa C
MOCIIEAYIOIUM MX MCIOJb30BAHUEM JJI PEUICHHs 3a/1a4 1Mo 00ecrnedeHno 6€30nacHOCTH
YyelloBeKa B COBPEMEHHOM Mupe, B (opMmupoBaHMM KOMGPOPTHOW IJs KU3HU U
TSI TEIbHOCTH YeJOBeKa TeXHOC(epbl, MUHUMHU3AIMKA TEXHOTEHHOIO BO3JEHCTBUS Ha
OKPY>KaIOIIyIO Cpey, B COXPAHEHUHU KU3HU U 3/I0POBbS YEIOBEKA 3a CUET UCTIOIb30BAHUS
COBPEMEHHBIX TEXHUYECKHX CPEJCTB, METOJI0OB KOHTPOJIS M MPOTHO3UPOBAHUS. Y CBOCHHUE
IUCIMIUTMHBL  «Termodusnuka»  ABIAETCS HEOOXOIWMBIM  YCJIOBHEM  TOJATOTOBKH
KBAJIM(PULIMPOBAHHOTO CHELUATIUCTA IT0KAPHON OXPaHBI.
3ajaya IUCUUIUIMHBI - TEOPETUUECKU U NMPAKTUYECKU NOJATOTOBUTH OYAYIIUX CIie-
[IUAJIMCTOB K TBOPYECKOMY NPUMEHEHHUIO Pa3IMYHBIX METOAOB pacyeTa MpOLECCOB Tell-
JoMaccooOMeHa MpHU PELIEHUH BOIIPOCOB MOKAPHOH 0€3011aCHOCTH.
YcBoenrne aucHMILIMHBL  «Termopusnka» SBISETCS HEOOXOJAMMBIM YCIIOBHEM
HOJArOTOBKU KBAJIM(PUIMPOBAHHOTO CIIELIUATIMCTA [T0)KAPHOU OXPaHBbI.
3amayamMul TUCIUTUIMHBI SIBISIFOTCSL
- U3yYEHUE OCHOBHBIX MApaMETPOB COCTOSHUS Ta30B U OBJIAJACHHUE OOYYarOIMIMMHCS pac-
YETHBIMU U SKCIIEPUMEHTAILHBIMU METOIAMU UX OTPEICICHHUS;

- U3Y4YE€HHE OCHOBHBIX 3aKOHOB TEPMOJANHAMUKH U UX MPOSIBICHUS B PEAITBbHBIX YCIOBUSX;

- U3y4YE€HHE BHUJIOB Mepeaayuu Teria, UX OMaCHOCTh U CIIOCOOBI 3aIUTHI;

- mpuoOpeTeHne 00y4aroIMMUIC HAaBBIKOB CAMOCTOSITENIbHOM paboThl ¢ MH(OPMALIMOHHO-
CIIPAaBOYHOM JTUTEPATYPOH,

- YMEHHUE CAMOCTOSITEIbHO aHAJIU3UPOBATH CKJIAAbIBAIOILYIOCS OOCTAaHOBKY U NPUHUMATh
po(heCCUOHATIBHO IPAMOTHBIE B AKCTPEHHBIX U IITATHBIX CUTYaLUsX.

Wzydenne nucturumibl «Temnodu3uka», TOMUMO JIEKIIUH U MPAKTUISCKUX 3aHs-
TUH, COIIPOBOXK/IAETCS BBINOJIHEHUEM Psiia JaOOPaTOPHBIX paboT, NMpeaHAa3HAUYEHHBIX AJIs
yriIyOJIeHUs W Pa3BUTHUS MPEACTABICHUN O TEIUIO(U3MUYECKUX Ipoleccax. 3aBepllaeTcs
M3y4eHUE AUCLUIIIIMHBI CAauel SK3aMeHa.



OO0mue pekoMeHIaAlMHU 10 padoTe ¢ TUTEPATYPOH

ITpu M3yyeHun DUCHMILIMHBI PEKOMEHAYETCSl UCI0JIb30BATh YUYEOHUKH U y4eOHbIE
0coOMsl, OpUTMHAJIbHBIE HAyYHble MOHOIpapUUECKUe UCTOUHHUKH, HAyUHble MyOIUKaluu
B IIEPUOANYECKON MEeYaTH.

ITpu pabote c nuTepatypoil CieqyeT MCIOJIb30BAaTh pa3jMuYHbIE BHJIbI UYTEHUS Ha
OIIpe/IeNICHHBIX 3TallaX OCBOCHMs MaTepHaa.

ITpenBapuTenbHOE YTEHHE HANPABICHO HA BBISIBICHHUE B TEKCTE HE3HAKOMBIX TEp-
MUHOB, ITIOMCK 3HAYEHUs B CIPABOYHOM JUTEPATYpE U UX aHainu3. CKBO3HOE YTEHUE Mpe-
noJiaraeT MpoYTEeHUE MaTepuaia OT Hayaja J0 KOHLA, YTO aeT BO3MOXKHOCTh C(HOpMHUPO-
BaTh CBOJ OCHOBHBIX MOHSATHI M3 M3ydaeMoil 00iacTu U CBOOOIHO BiajaeTh UMH. Bbi6o-
pOYHOE, HA00OPOT, UMEET LIeJIBI0 TOUCK U 0TOOp Marepuana. B pamkax kypca «Temnodu-
31MKa» BBIOOPOYHOE YTEHUE, KaK CIIOCO0 OCBOEHMSI CO/IEP KaHuUs Kypca, T0JKHO UCIOJIb30-
BaThCs MPHU MOATOTOBKE K MPAKTUYECKUM M J1a0OPATOPHBIM 3aHATHUSAM [0 COOTBETCTBYIO-
UM pa3zeliam.

AHaIUTUYECKOE YTEHHUE - ITO KPUTHUYECKHI pazbop TEKCTa C MOCIEAYIOIUM €ro
KOHCHEKTUpoBaHuEeM. OCBOEHUE YKa3aHHbBIX MOHATHN OyaeT HambOosee 3(p(HEKTUBHBIM B
TOM CITy4yae, €CJIU MPU YTEHUU TEKCTOB y 0OyJaroumxcs 0y 1yT BOZHUKATh BOIIPOCHI.

K sromy MOXHO 100aBUTh U MHBIE IPUEMBI. IIpUEM pedepupoBaHUs, IPUEM KOM-
MEHTHpOBaHUs. [Ipy BOZHHKHOBEHHMH MHTEpeca K Kakoi-To 00CykaaeMoi B TEKCTE Mpo-
OJieMe Bceraa eCTb BO3MOKHOCTh OOPaTUThCS K CIIUCKY OTHOCSILENCS K HEH JIUTEepaTypBhl.
B sTOM ciyuae Bcsa nmpobiema kak Obl pa30MBaeTCsl Ha COCTAaBIIAIOLINE YacTH, KaKaas U3
KOTOPBIX MOKET U3y4aThCsl OTJAENBHO OT APYTUX, IPH 3TOM COXpaHsis OOLINI KOHTEKCT.

Haunnats nu3yyeHne NUCHUIUIMHBI HEOOXOIMMO C PACCMOTPEHUS €€ COACPIKAHUS 110
porpamme, 3aTeéM NPUCTYNUTh K paCCMOTPEHHUIO OTAENIBbHBIX pa3zaesoB. CHavala 3HaKO-
MSATCS C COJIEP KAIIMMHUCS B IaHHOM pas3Jieie BOIPOCAMH, X MOCJIEI0BATEIbHOCTBIO, a 3a-
TEM YK€ MPUCTYMAIOT K U3YUCHHUIO coAep)kaHus pasnena. [lpu mepBom ureHuu HeoOXo-
JUMO IOJIyYUTh OOlLee MpeacTaBlIeHne 00 n3jlaraeMblx Borpocax. [Ipu moBTOpHOM 4yTe-
HUM HEOOXOJIMMO MapajljIeNIbHO BECTU KOHCIEKT, B KOTOPBIN 3aHOCUTH BCE OCHOBHBIE MO-
HATHUS ¥ 3aKOHOMEPHOCTH pacCMaTpUBAEMOI0 paszzelia, MaTeMaTUYeCKUe 3aBUCUMOCTH U
UX BBIBOJBI; XUMHUUECKHE (POPMYJIbI U YPABHEHUS PEAKIIMM, Ha3BaHUS BELIECTB U BIEPBbIE
BCTPETUBILIMECS TEPMUHBI C KPAaTKUM NOSICHEHHEM UX cylHocTu. [1o Bo3MokHOCTH cTa-
paiiTecb CUCTEMaTU3MPOBATh MaTepHall, IPEACTABIISINTE €r0 B BUJI€ KPACOUHBIX I'paUKOB,
CX€M, Auarpamm, Tabnuil — 3TO OOJErYyuT 3allOMMHAHHME MaTepHaja M IO3BOJUT JIETKO
BOCCTAHOBUTH €r0 B MaMATH IPU NOBTOPHOM oOpaiennu. He crapaiiTech HalmoOJIHUTh KOH-
CHEKT OTAENbHBIMU (akTaMu U IUpaMH, UX BCErJa MOXKHO OTBHICKATh B COOTBETCTBYIO-
IIMX CIPABOYHBIX MaTepuajgax. BHUKalTe B CyIIHOCTh TOTO WJIM MHOTO BOMNPOCAa — 3TO
crocobcTByeT Oosiee TIIyOOKOMY M MPOYHOMY YCBOCHHIO Marepuana. [lepexoauts K usy-
YEHUIO0 HOBOI'O pasjielia CIeAyeT TOJIbKO MOCIIE MOJHOrO U3YYEHHUsI TEOPETHUECKUX BOIPO-
COB, BBIIIOJHEHUSI CAMOIPOBEPKH U PELICHUS 3a7a4 110 IPEAbLAYLIEMY pa3ieiy.

3aKOHUYMB U3YUYEHHUE Pa3zieia, OTBETHTE HA BOIMPOCHI JUIsl CAaMOIIPOBEPKH, KOTOPHIE
aKLEHTUPYIOT BHUMaHUE Ha HauboJsee BaKHbIX Bonpocax. [Ipu aToM crapaiitech He MOJIb-
30BaThCsl KOHCIEKTOM WM yueOHUKOM. YacTtoe oOpalieHne K KOHCIEKTY IOKa3bIBAET HE-
JOCTaTOYHOE YCBOEHHE OCHOBHBIX BOIpocoB. HeoOXxoaumocTh yacToro oOpalieHus K
y4EOHHMKY [TOKa3bIBa€T HEYMEHHUE MPAaBUIIBHO KOHCIIEKTUPOBATh OCHOBHBIE MOHATHUS U 3a-



KOHOMEPHOCTH. BHECUTE KOPPEKTUBBI B KOHCIIEKT, KOTOPBIM BIIOCIEACTBUHU ITIOMOXKET MPU
IIOBTOPEHUU MaTepUalIa B IIEPUOJ ITOATOTOBKHU K DK3aMEHY.



Jlornyeckue NpUHIUNBI NOCTPOCHUSA PeLIEHHU 3a1a4

3adaua — 3TO 1eNb, 3aJlaHHasl B ONPEICIICHHBIX YCIOBUSX, PEIICHUE 3aJauu —
IPOLECC TOCTUKEHUS OCTABICHHOM 1€JIN, TOUCK HEOOXOIUMBIX AJIsl TOrO CPEJICTB.
Pemenue 3agaun (akTHUECKH CBOJIUTCS K HMCHOJIb30BAHUIO C(HOPMHPOBAHHOI'O MBICIIH-
TEJIbHOTO JIEUCTBUS, BOCIIPOU3BOJACTBY F'OTOBOIO 3HAHMS. Takol BHJ MBIIJICHUS Ha3bIBa-
10T PEIPOLYKTUBHBIM.

[Tpuctynas x peleHuro 3ajadu, Kax/ablil 4eJI0BEK BOCIIPUHUMAET U oOpaldaThiBaeT
B CBOEM CO3HAaHUU MH(OPMAIHIO, 3aJI0)KEHHYIO B YCJIOBHUU 3agaud. J{Jii ONTUMaIbHOTO
BBITIOJIHEHHUSI 3TOU JEATEIIBHOCTH PEKOMEHYEM CIEAYIOIIUM aJrOpUTM PELLIECHUs 3a1ay:
1. BHuMaTrenbHO MPOYUTANTE YCIOBHUE 3a/1aHMS U YSICHUTE OCHOBHOW BOIIPOC, MPEICTABb-
T€ MPOLECCHI U SBJICHMS, ONIMCAHHBIE B YCIOBUMU.
2. IIoBTOpPHO MPOUYTUTE YCIOBUE AJISL TOTO, YTOOBI YETKO MPEACTaBUTh OCHOBHOM BOMPOC,
npo0iieMy, 1eib PeIeHNs, 3a/1aHHbIe BEIMYUHBI, ONUPAsACh HA KOTOPHIE MOKHO BECTH II0O-
UCKH PELICHMUS.
3. [IpousBenure KpaTKyro 3alIUCh YCIOBUS 3a/1aHU.

1) Ecni HeoOX01uMo cocTaBbTe TabJHILy, CXEMY, PUCYHOK HITH YEPTEK.

2) Onpenenute METO pEIICHHS 3aaHusl, COCTaBbTE TUIAH PELICHUSI.

3) 3anummuTe OCHOBHBIE MOHSTHUS, (POPMYJIBI, OMHMCHIBAIOUINE POILECCHI, MPEIO-
’KEHHBIE 3aJaHHON CUCTEMOM.
4. Haiinute penieHue B 00IIEM BH/JIE, BBIPA3UB HCKOMBIE BETUUHMHBI UEpe3 3aJaHHbIE.
5. [IpoBepbTe NPaBUIBHOCTD PELICHUS 3adaHUS.
6. [IpousBenuTe OLEHKY peaTbHOCTU MOTYUYEHHOTO PEIICHUS.
/. 3anuimTe OTBET.



MeToanuyeckue peKoOMeHIAlMHU 110 N3yYeHUI0 Kypca

[Ipuctynmass K  u3y4eHUI0O JAMCHMIUIMHBL  «Temodusuka», HEOOXOIUMO
O3HAKOMUTHCSI C paboyell Mmporpammoil, HacCTOSIIIUMH METOJMYECKHUMH YKa3aHUSIMU U
CIIUCKOM peKoMeHayeMol JurepaTypbl. CHHCOK JUTEpaTyphl JaH Kak B pabouei
IporpamMme, Tak U B KOHIE KaXKJ0M TeMbl JAHHBIX METOJIUYECKUX YKA3aHUH.

OcHOBHasi TPYAHOCTh, C KOTOPOM CTaJKMBAETCS OOyYaroUIMiics NpU H3yYEeHUH
Kypca, COCTOUT B HEYMEHHH CUCTEMAaTH3UPOBATh MaTepHUall, BBIACIATh Hanboiee BaKHbIE
CBEJICHMSI, YCTaHABIMBATh B3aWMOCBS3b M B3aMMOOOYCIIOBICHHOCTh TEIUIO(U3MUECKUX
SABJICHUM W MPOLIECCOB, MPOUCXOIAIIMX IPHU MOKApe. DTOMY B 3HAYUTEIBHOM CTENEHU
noMoraetr pa3zdoop marepuayiia KaXAOoW TEeMbl, a TakKe BOIMPOCHI AJSi CaMOIIPOBEPKHU.
HacTositensHO pexkoMeHayeTcsi BECTH MOJIPOOHBIA KOHCMEKT JEKUUH W MPaKTHYECKHX
3aHATUNA. DTO TeM Oojiee Ba)XXHO, YTO MaTepHasl IUCHUIUIMHBI TPUIETCS U3Yy4aThb IO
Pa3HBIM JIUTEPATYPHBIM UCTOUHHUKAM.



Tema 1. UneaanHbIe ra3nl
Matepran JaHHOTO pasjeiia MOAPOOHO M JOCTYIHO H3JI0KeH B [1], 0ObIYHOTO

€ro U3YUYEHUE HE BBI3bIBACT Y 00YUAIOLIUXCS 3aTPyIHEHUM.

1.

2.

PRBPBOOoNOOTRWNE

0.
1.
2.
13.
14.

W3yunute nmaHHBIM pa3fen ¢ KCHOJIb30BAaHMEM Marepuaia JEKIUd U ydeOHOMU
JUTEPATYPHI.
3ayuynTe ONpENENICHHS OCHOBHBIX TMOHATHH. <T€PMOAMHAMHUYECKAS CHUCTEMA»,
«OCHOBHBIEC TapaMETPhl COCTOSIHUS», <OCHOBHBIC T'a30BbIE 3aKOHBI», PAaBHOBECHOE
Y HEPABHOBECHOE COCTOSIHUEY .
Bomnpocs! 11t caMOKOHTPOJIA

WneanpHbiii ra3. Pabodee Teno. XapakTepHbie CBOWCTBA rasa.

OCHOBHBIE MTAPAMETPbI, EAUHULIBI U3MEPEHUS.

Byl naBnenusi, e IMHAIIBI U3MEPEHUSI, TPUOOPHI.

Temnepatypa, CUCTEMBI U €AUHULBI U3MEPEHHUS.

OCHOBHOE ypaBHEHHUE COCTOSIHUS ISl Ta30B.

VYpasuenue Knanelipona. [Ipaktrndeckoe 3HaueHUE.

YHuBepcangbHas ra3oBasi IOCTOSIHHAS, PU3UYECKHUM CMBICT, pa3MEPHOCTD.

["a3zoBas mocTosiHHAs, PU3UYECKHUI CMBICI, pa3MEPHOCTb.

OCHOBHBIE Ta30BbIE€ 3aKOHBI.

3akoH boinsg-MapuoTTa, NpakTU4eCKOe MPOSABICHUE.

3akoH ['eit-JItoccaka, mpakTUYECKOE MPOSIBIICHUE.

3akon [llapsst, mpakTuyecKkoe MposiBICHUE.

["a30BbIE CMeCH, OCHOBHBIE IMapaMeTphl. 3aKOH J{anbToHa.

Crioco0bI 3a1aHus Ta30BbIX cMecel. 3akoH Amara.



Tema 2. TepMmoauHaMuvecKne NPOUECChl M MUKJIbI

B naHHOM pazgene npeayCMOTPEHO M3YYEHHE TEOPETHUECKOro Marepuana Ha
JEKUUAX, pelIeHHe MPAaKTUYECKUX 3ajad, BBIIOJHEHHUE J1a0opaTOpHBIX paboT. Marepuain
JAHHOT'O pa3JieNia TECHO MEPEIIETaeTCsl C MaTepUaIoM JIUCHUIUINH «DPU3NKO-XUMHUYECKUE
OCHOBBI Pa3BUTHS U TYLIEHUS 1OKAPOB».

1-i1 3aK0H TepMOIMHAMUKHU

- Temnoémkocts ra3oB. MaccoBas, oObeMHass M MOJIIpHas TEIJIOEMKOCTH.
TemmoeMKoCTh MpU MOCTOSHHBIX 00bEME W JABJICHHH. 3aBUCUMOCTb TEINIOEMKOCTH OT
TeMreparypsl U JaBiaeHus. CpeaHsis 1 UICTUHHAS TeTIOEMKOCTH.

- CymHOCTh HEpPBOr0 3aKOHAa TepMOAMHAMUKH. DOpMYyTUpOBKa MEPBOTO 3aKOHA
TEPMOJUHAMHUKHU. AHAIUTUYECKOE BBIPAKEHHE IEPBOTO 3aKOHA TEPMOJIMHAMUKHU.
Omnpenenenne pabOThl U TEIUIOTHI Yepe3 TEPMOAMHAMHUECKHE MapamMeTphbl COCTOSHUS.
BHyTpenHss sHeprus. DHTAIBINUA.

- TennoeMKOCTb C TOUKH 3pEHUS MOJIEKYJISIPHO-KUHETUUECKON TEOPHH.

Pemenune 3agau

- Tepmonnnamuyeckue mpoueccel. M300pakeHue mpoueccoB B KOOPAMHATAX pV U
7s.  OcHOBHbIE  TEPMOAMHAMMYECKHE  MPOLIECCHI.  H30XOpHBIA,  H300apHBIi,
U30TEPMUYECKUI U aIuabaTHBII - YaCTHBIE CIy4yau MOJIUTPOIHOIO IpolLecca.

- TepMoauHaMHUECKHUE IPOLIECCH] B TPAKTUUECKOM padoTe.

- AHaIM3 NOJUTPONHBIX ITPOLIECCOB.

- Pacuer pabGoTbl U TEPMOAMHAMMYECKHUX IapaMETPOB B  Pa3IUYHBIX
TEPMOJMHAMHUYECKUX MPOIIECCaAX.

[Ipumeps! pemenus 3aagaq

N36pITOUHOE JaBi€HHE B KOJECE MOXKAPHOTO aBTOMOOWIA 2 aT™, JaBJICHHE aTMO-

cheproe 760mmMm pt. cT. Temnepatypa B rapaxke 17°C. Ha ynuue t, = -10°C. Kakoe

OyneT AaBieHUE B Kojiece Ipu padoTe Ha yiulle, €Cliu 00bEM Bo3ayxa B kosece 50

1. CKOJIBKO TeIJ1a OTBEJIEHO.

PI/I36. = Zat™m Pa6c. - PI/I36 + PaTM.= 2+1 = 3™,
P, T, PT, 30263
- — == p =12 = 272a
PaTM. latm P2 T2 2 Tl 290 o
PV, R, _ 8314 Joie
— m=— R=2=—" =287-—""
t=17C (290K) RT M 29 xe LK
0.3[10° (D05
= -10°C (26X) = ogiiooc 18
V = const 5@. Q=mg(T>Ty
2093 _
P, =7 Q=7 Q=" [018({-27) = —35k/Irc

[TosICHUTD 3HAK « - »)
Otset: Q=-3,5x/[x

Ipu moxape BHYTPH MOMEIIEHHs 06pa3oBanoch 120 M° IPOIYKTOB CropaHus Ipu
cpenneii temmepatrype 120°C. Ilpm pabortaromiemM BEHTWISTOPE OHM IOMAIN B



cmexxHoe nomenenue u oxnammnch 10 30°C npu nocrossuHoM nasiennn 0.1 MlITa.
Kaxkoii 00béM onu 3aiimyT? Iloctpouth rpaduk npoiecca. CKOIBKO TeIia OTaalu
MPOAYKTHI cropanus, ecnu ux M=35y.e.

Jlano: Pemienue:
Vv, T VT

= 3 -1y =12

V1=120Mm°, voT T
120303

T, = (273+120) = 398 V, = 30 - 92.5m°
T, = (273+30) = 30R Q=mg(M-Ty)
V,=?2 Q=7 PV = mRT m= 4

2= ! Q = =m RT

r= R _8314___ Jbe 100020

=1288ke

M 35 ke[K 2370392
Q= 128_83;_258(— 90) = 12483 /Jorc.

Orteer: V,=92.5m%, Q=12483 /1

4 xr Boznyxa npu P=0.1MIla narpesaercs ot 27°C no 47°C. Paccuurath Temjiory,
paboTy pacuupeHus BO3yXa U U3BMEHEHHE BHYTPEHHEH YHEPTHUN.

Jlano:

m =4 «kr 1.Q=mCT,—-T)

2931

T, = (273+27)=30/ Q= 42—9 20 =80.85«/rc.

T, = (273+47)=328 | 2. L=P(\-V,)
yoRT R _8314_ . Jbc

Cp=29,3Xk/1K/(xr K)

P M 29 ke K
Q=7 L=?AU= ? V, = %75[300: 344,
vV, = % = 367x°

L =10° (3.67-3.44) =28]Ix.
3.AU=mG, (T,—-T)
G, =20.93/29 = 0.72/x/(xr K)
AU = 40,7220 = 57.6x]Ix
Otser: L= 23]k, AU = 57.6x/Ix, Q = 80,85 /x

B 3akpeitom cocyne oobemom 200 n maxoautcs azot npu nasieHuu 490 klla u
temneparype 17 °C. Kakoe koquuecTBO Teruia HEoOXOAUMO TOABECTH, JIJISI TOTO
9TOOBI TeMiieparypa azora noassuiack 10 200 °C. 3aBHCHUMOCTh TEIIOEMKOCTH OT
TEMIIEPATYPbl CUATATh OCTOSTHHOW, JIMHEMHOW W HEJTMHEUHOM.

10



Jlano:

V = 2001 1PV = mRT m="%
RT
P=490«kIIa R= R, 8314, 297 2K
M 28 kr[K
490M10° (D2
= . m= 222 2 gy
T, =(273+17)=29K& 297129C 114kr
T, =(273+200)=47K 2.0=m@gG(T,—Ty
8=const:
Q=2 c@:%ﬁzzg?:omw&mmwﬂx)

4 nuHElHas 3aBHCHMOCTH TEIUIOEMKOCTH OT TEMIICPaTypPHI.

C, =a+bI,, = 07289+ 00001676220 = 07472k /(xr K)

REJIMHENHAs 3aBUCUMOCTh TEINIOEMKOCTU OT TEMIIEPATYyPBhI:
Cte = Ce,-Cy 0, _ 0.7465200-0.742417
u t,—t, 200-17
6.1pH MOCTOSHCTBE TEIIOEMKOCTH '
Q. = 1,14710,7475(200-17) =155 @1x
/.1IpY IMHENHON 3aBUCUMOCTH TEIIJIOEMKOCTH OT TEMIIEPATYypPhI:
Q. =1.14[10.7472(200-17) =155 @91x
8.1mpu HENMMHEWHOM 3aBUCMMOCTHU OT TEMIIEPATYPHI:

Qs = 1.14710.7470(200-17) = 155 &1x

= 07470 /]x /(xr [K)

Otset: 155,9x/Ix, 155,91k, 155,8k/x

Bomnpocs! aist caMmOKOHTPOJIA

[ToHsATHE O KOJIMUECTBE TEMIOTHI U TEINIOEMKOCTH.

MaccoBasi, 00beMHas ¥ KHJIOMOJIbHAS TEIIOEMKOCTH.
TennoeMKoCTh raza nmpy MOCTOSTHHOM 00beME U IMTOCTOSIHHOM JIaBJICHUHU.
HctuHHas U cpeHsst TEIIOEMKOCTH.

TerioeMKoCcTh ra30BOM CMECH.

TepMoanHaMHuuecKkas CHCTEMA U MTPOLIECCHI, MPOTEKAOIINE B HEX.
BuyTpennsis sneprus u padora.

1-i1 3aKOH TepMOJIUHAMHUKHU.

N30x0pHBII TTpoLIECC.

10.  MBorepmuueckwuii mpoiiecc.

11.  H3o006apHsrit mporiecc.

12.  AnmaGatHblii ipoIIECC.

13.  IlonuTpomHsIii MpoLecc.

©CoNok~whE
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2-1f 3aKOH TEPMOJIMHAMUKHA

- CylIHOCTh BTOPOTO 3aKOHA TepMOJUHAMUKH. OCHOBHBIE (POPMYIUPOBKH BTOPOTO
3aKOHa TEPMOJMHAMHUKH. TepMOIMHAMUYECKUI aHAIN3 TEIIOTEXHUYECKHX YCTPOMCTB.
Tepmogunamuueckue HUKIbL. [Ukabl TermnoBeix MamuH. [IpsiMble U 0OpaTHBIE ITUKIIBI.
Tepmoaunamuueckuit KITJ{ u xomoawnpHbii kodpdunmnent. [{uknsl Kapno u ananms3 ux
CBOWCTB. AHAaJIUTUYECKOE BBIPAKEHUE BTOPOTO 3aKOHA TEPMOJIUHAMUKH.

- Hukuel aBurareseit Buyrpennero cropanus (JABC). [IpuHiun aeicTBUS MOpIIHE-
BbIX JIBC. Llukiel ¢ M30XOpHBIM U M300apHBIM TOJBOJAOM Teruia. LUK co cMermaHHbIM
MOIBOJIOM TEIIOTH. M300pakeHue 1MUKIIOB B PV- 1 TS- auarpamMmmax. TepMHUYEeCKue 1 JK-
cepruueckue KIIJ[ uuxnos JIBC. CpaBHUTENBHBIN aHAIN3 TEPMOAMHAMUYECKUX LUKIIOB
JBC.

- [{ukp1 Ta30TYpOMHHBIX YCTAHOBOK.

Pemenune 3agau
1kr Bo3myxa coBepmiaeT npsmout 1k KapHo B mpeaenax temmepatyp 627TC u
27°C. Ilpu sToMm HauOozbiee naBieHue papHo 5 Mlla, a naumensinee 0,1 MI]a.
OnpenenuTh mapaMeTpbl COCTOSIHUS BO3yXa B XapaKTEPHBIX TOUKAX IIUKIA U KO-
JIMYECTBO OTBEJICHHOM TEIJIOTHI, MpUHUMAs MokazaTenb aauabdarsl 1.4. [Toctpouthb
JAHHBIN LUK rpadUyecKH.

Jlano: CHu o

BO311yX 4.

m = Ikr I 2

t, =627C T = 90K

t,=27rC T, = 30K

Pl = 5Mlla

P; = 0,1MIla 4 3
k=1.4 b,
P,=7?P, =7 Pemenne.

Vi=?2w=7? a) aHaJIM3 JaHHBIX U GOPMYJI

V3=?2\y="? [uxn KapHo cocTouT u3 2-X U30TepM U 2-X aauadat

Vi U V3 HaXOJUM, UCTIOJNB3Ysl ypaBHeHue Kianeiipona

lkrraza Pvi=RT, 1 Rv3=RT,

3HA4YEHUsS Vo U V4 HAXOJUM, PACCMOTPEB aruabaTHbBIE MPOIIECCHI
Vo—\V3U Vs —Vp

k-1 L
T v T, k1
_2 :(_Zj - V2 zvg(_zj
Tl V3 Tl

1

T, (v, T, et
2= = v,=v |2
T2 Vl TZ

BEJIMYMHBI JaBiieHun P, u P, onpenensiem u3 3akona bouns-Mapuorra
Plvl

P1V1 = P2V2 — P2 =
Vs,

12



P,v
P3V3= P4V4 = P, = 373

V4
Teriota B 1ukie KapHO OTBOIUTCS B M30TEPMHYECKOM Iporiecce. B m3orepmMuveckoM
IPOIIeCcCe TEIIOTa paBHa COBEPIIIaeMOi padoTe:
Y
Q, =RT,In—*
V3
0) BBIYUCIICHUS
ra3oBas IOCTOSIHHAs Bo3ayxa npu M=29 kr/mons R=8314/29=286, /Tx/(xrK)
PaccuuteiBaeM V;.

v, =M= 005v3 / kr
500000t

PaccuutniBaem Va.

v, = 286,7[300: 086m° / kr
10000(

PaccuutniBaem V.
1
300141
v, = 0,86(%] = 0055u° / kr
PaccuutniBaem V.

1
v, = o,os(ﬁj 2 0779w fxr

300
PaccuntniBaem Ps.
- 5000000 005 — 454545451 1a
0055
PaccuutrsiBaeMm Pg.
P, = 100000 086 =1720000Ta
005
PaccuntreiBaeM KOJIMYECTBO OTBENEHHON TEIUIOTHI
0779 _

= 286,7 [B00In =-632788
Qz 086 881k

OtseT: B nukiie KapHo ot Bo3ayxa orBeaeHo -6327,88/x temia. 3Hak MUHYC CBHJIE-
TEIBCTBYET O TOM, YTO TEIJIO OTBOAUTCA. [Ipu 3TOM mapameTphl COCTOSHUS, B
XapakTepHBIX Toukax ciuemnyromme: Vi = 0,05 m/kr, Vo, = 0,055m%kr, P, =
A545454 Bla, V5 = 0,86Mm°/xr, V4 = 0,779m°/kr, P, = 17200001a.

Bomnpocse! 111 caMOKOHTPOJIA
2-11 3aKOH TEPMOTMHAMUKHU.
Kpyrossie mukibl. [TpsiMoii, 00paTHBINA HIUKJIBI.
[uka KapHho.
JIBC ¢ n30XOpHBIM MOJIBOJIOM TEIIA.
JIBC ¢ n300apHbIM MTOJBOOM TeEIIA.
JIBC co cmelIanHbIM IOJBOIOM Tera.
["azoTypOMHHBIE YCTAaHOBKH.

NookwhE
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8. IlapocunoBbie yCTaHOBKH.
9. IuKJIBI XOJIOJUIBHBIX YCTAHOBOK.
10 I{ukibl KOMIIPECCOPHBIX YCTAaHOBOK.

Jluteparypa:
1. Kommapos FO.A., Termorexnuka. —Mockpa: UKL «Akagemknura», 2006. — 50t.
2. A.A. CeipOy TepMmoauHaMuKa ra3oBbix cucteMm. — MBaHoBo. c¢. 26-50.

3. U.B. baraxxkos, O.E. Croponkuna IlepBrIii 3ak0oH TepMoanHaMuKH. - HIBaHOBO. C.
24-47.

14



Tema 3. TensionpoBogHocTh. Tennooomen

TennonpoBoIHOCTH
- [Ipeamer u 3amaum Teopuu TermiooOMeHa. 3HaUY€HHUE TEMI00OMEHA B MPOMBIILIEHHBIX
npoueccax. OCHOBHbIE MOHATHS U OMNpeAeiceHus. Buapl mepeHoca TEIIOThl: TEIMIONpPO-
BOJHOCTb, KOHBEKIIUS U u3ydyeHue. CoKHbIA Term1o0OMeH. AKTyalbHbIE€ 33a/1a4d MPOTH-
BOIOKAPHOM 3alUThl 0OBEKTOB HAPOJHOTO XO35MUCTBA, KOTOPHIE PEIIAIOTCS C MUCIOJIb30-
BaHHEM TEOPHH TEIJI000MEHa.
- 3akon Dypre. Koapdunment remmonpoBogHocTH. MexaHu3M nepenadn TEIUIOTh B Me-
Tajax, IU3JIEKTPUKAX, TOJIYIPOBOAHUKAX, KUJKOCTIX U razax.
- TermIonpoBOIHOCTh NPU CTAIMOHAPHOM peXuMe. Pelienne ypaBHEeHHS TENJI0NPOBOIHO-
CTH JIJISl OJHOCIIONHOW M MHOTOCJIOWHOM TIOCKOM, UIWHAPUIECKONU U CPepruecKoil cTe-
HOK MPY TPAHUYHBIX YCIOBUAX 1-T0 poja mpu MOCTOSTHHOM KO3 (HUIIUEHTE TETUTOTPOBO/I-
HOCTH.
Pemenue 3agau

Tonumua KJIagkd U3 CUIMKATHOTO Kupruya 25 cMm. Temmeparypa oOGorpeBaeMoit

noBepxHoctu 300°C, mioTHOCTH TemoBoro noroka 800 Br/M2. OnpenenuTs TeM-

nepaTypy Ha HeoOOTpEeBaeMOM CTOPOHE CTEHEI.

Jlano: Pemienue:
JlJis pelieHust JAaHHOTO THIA 33/1a4 HCTIONB3YI0T «MeToj
t;=300°C MOCJIEA0BATEIbHBIX MPUOIKSHUI».
0=25cm =0.25m| 1.IIpou3sBoiibHO 33a7aéMcs TEMITEPATypOil Ha HEOOOTPEBAEMOM CTO
q =800B1/m° pore t, = 100C:
PaccuuTbiBaeM CpeHIO TEMIEPATYpY tep,

_t+t, _300+100

="
t2 - cp. 2 cp.

=200C

DnpenenseM KodOPUIIUESHT TETIIONPOBOIHOCTH
Acp. IPU CpPEHEH Temmepartype:
Aep. = 0,79+3,5- 18- 200= 0,8@B1/(M[C)
B. nepBoM MpUOIMHKEHUU:
0 025
t;=t,-q° . t,=300-800 _==68C
BaccuutsiBaeM ommoky:

A= Lt (100% A= Mg100%) =32%
6
[Torpemnocts 6ostee 10 %.Pacuér npomosmkaeM corinacHo MeToauke (¢ myHKTa 2):

2.1, =30 g

3.\, = 0,79+3,5- 18- 184= 0,8B1/(MCC)
4. t,=300-800222 =65 ¢
085

_68-65

A (1006 =4,4%
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Paznuna 4,4 %< 10%.B kauecTBe oTBETa MPUHUMAEM TEMIIEPATYPY, MPEICTABIISIONIYIO
HanOOJIBIIIYIO OMACHOCTH, T.€. 68 °C.

OTtBeT: TeMIiepatypa Ha HeoborpeBaemoit ctopone crensl 68 °C.

Omnpenenuts TpeOyeMyo TOJIIMHY TEIJIOU30JSIUN CTAIBHOTO TpyOOmnpoBo/Ia, YTo-
ObI TeMIeparypa Ha Hapy>KHOM MMOBEPXHOCTHU Terion3oisiiuu He npesbimaina 80T,
TeMIlepaTypa Ha BHyTpeHHel noepxHocTH - 120C. Matepuan — acOomeMeHTHbBIC
ckopaymnbl. Buytpennuit nuamerp Tpyo6omposoga 0,15 m. [InoTHOCTH TEmIoOBOTO
noroka cocrapisier 300Bt/m.

Jlano: Pemenue:
t,=120C
t,= 80°C PaccuuTeIBaeM CpeIHIO TeMIepaTypy i,
0=0.15m
g= 300B1/m t, =4 ;tz t, = 1202+ 80 _100c
o0-7?
PimpenensieM kodPphULIIMEHT TEMIONPOBOIHOCTH

)\cp_ IIPU CPESHEN TeMIIepaType:
Ap. = 0.087 +1.280°1100= 0.0998B1/(M[C)

3. 3anuceiBaeM 3aK0H Dypbe I OJTHOCTOMHON MUIMHAPUIECKON CTEHKH:
t, -t
1 2

47723 g%
2 T d;
Bripasum HapykHblid auametp O, H, 3Has BHyTpeHHUH i, MbI CMOJKEM pPacCUHUTATh TOJI-
IIMHY TEIUIOU30JAUA O Z;dl :
ty=tp 2774
_2:1t2ﬁm W1 Oq' 23:%
d q 23 1
d 120-80 , 2131400998
4. 015 —=—=10°%° 2 =1084 d,=1.084015=0.162m)
5. PaccunThiBaeM TONIIMHY TETIOU30JISIITUN:
d,—-d -
5:%1 5:%0’15: 0,0].(M)

OTBeT: ToNIIKHA TeIION30JsIMU TpyOonpoBoaa pasHa 0,01m.

KakoBa momkHa OBITH TONIIMHA MPOTUBOIOXAPHOW CTEHBI M3 MECUYAHOTO OETOHA,
ecnu TeMreparypa oborpeBaemoit moBepxHoctn 450°C, Temmeparypa HeoOorpe-
Baemoii mosepxuoctu 160°C. Koaddumuent remnonposogsocta A, =1.05 - 5.810
4[pr_, a IIOTHOCTB TEMIOBOro motoka 1000B1/Mm>.
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Jlano: Pemienue:
t,=450°C 1, =% , = 22041005050
t,=160°C 2., = 1.05-5.810*(355=0.87B1/(M[C)
q =1000Bt/m* 313 ypaBHEHUS TETUIOMPOBOTHOCTH JIJISl TFIOCKUX CTEHOK
Aep =1.05-5.810* 1., Br/m-C o= L (t,—t,):
0.q87

d-7?

o= 2L (450-160) = 0.25u
100C

Otget. TonmurHa NPOTUBONOKAPHON CTEHBI U3 JaHHON Mapku 6eToHa 0.28wm.

OnpenenuTh Mpeaen OTHECTOMKOCTH TEPETOpPOJKH U3 O0eTOHA Ha HM3BECTHSIKOBOM
meOHe, CUrTas €€ MOJyOTPaHWICHHBIM TEJIOM, TTOJABEPraoIIelicss OJHOCTOPOHHEMY
HarpeBy B YCJIOBHMSX CTaHAAPTHOTO TEMIIEPATYPHOTO PEXHMMa, €CIM HadaibHas
TeMITepaTypa KOHCTPYKIIHH 20°C, TeMIlepaTypa Ha Heo0OTrpeBaeMOl MOBEPXHOCTH
HE JIOJDKHA MPEBBINIATh 16 C, TonmuHa neperopoaku 14 cm.

Jlano: Pemenue:
to= 20C. 1ITo TaGaumam onpenaenuM GU3NIECKHe mapaMeTpsl OeToOHa
0 = 14cm=0,14m Ha U3BECTHSAKOBOM IeOHe rpu Temmepatype 450C:
t= 160°C A = 125- 96110 @50= 0818B1/(u )
C, = 077+ 6310 [#50= 1054¢/orc /(xr C1C)
=7 p=2190kr/™m°

f(A)

Plaxonum ko3 duIIMEeHT TEMIIEpaTypOIPOBOIHOCTH!

3614 oy o - 3610818 o oooen
Clp 219([1.054
3. Haxogum pynkumio Kpammna:
1220-t -
== f(A):w:o_ggg,g
1220-t, 122(-2C

4. Tlo Tabnuiam HaxoauM aprymeHT GyHkiun Kpammna:
f(A) = 1,16
5. PaccunteiBaeM mpeies1 OrHeCTOMKOCTH:

062+ x//a 062+ x/a)

| X a | X a

A=—"—_— """ mpeobpa3yeMm ypaBHEHHE [ =| ———————

T pcobpasyem yp ( oA j
2

- ( 062+ o.i/1 \6/0.01276j 0841 (1)

OTBeT: mpezen OrHeCTOMKOCTH MEPEeropoIku U3 0eToHa Ha M3BeCcTHAKOBOM IeOHe 0,641

qgaca.

Bomnpocs! 111 caMOKOHTPOJIA

1. OOmue NOHATHS U OMpEeeIeHHs Terutonepenadu. Buasl pacnpocTpaHeHusl Tera B
YCJIOBHSIX TOXKapa.
2. 3akoH ®ypre. KoadduimeHt TemionpoBogHOCTH.
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TermmonpoBOAHOCTh OAHOCIONHOM IUIOCKON CTEHKH.

[loHATHE TEMIIEPATYPHOTO NOJISI, K3OTEPMUYECKOU MOBEPXHOCTH.

TennoBo# NOTOK, MIOTHOCTh TEIJIOBOTO MOTOKA.

Pexxumbl TENNOMPOBOJHOCTH.

[loHATHE HECTAIMOHAPHOM TEIJIONPOBOIHOCTH.

HecranmonapHas TEII0NpOBOIHOCTD MOJYOTPAHUYEHHOIO TEJIA MPU CTALIMOHAPHBIX
IPAHUYHBIX YCIOBUSX.

9. CrannapTHbIN TeMIEpaTypPHBINA PEKUM.

N OAW

KoHBEKTUBHBIN TEILIOOOMEH

- OcHOBHBIC TIOHATHS U ompenesieHus. YpaBHeHue Hetotona-Puxmana. Koadduru-
eHT TeruiooTAaur. OCHOBBI TeopuH 1Mo 00us. OCHOBHBIE ONpEIeSICHHS. Y CJIOBUS MO100us
¢buznueckux spieHuil. IIpeoOGpazoBanuss momobusa. Yucna momobus. KpurepuanbHbie
ypaBHeHUsA. PU3UYECKUN CMBICT OCHOBHBIX YHCEN MOa00us. MeToasl MOJETUPOBAHUS.
[TonsTHs O MAaTEMAaTUYECKOM MOJAECIUPOBAHUMU.

- TennooTaada npu BEIHYKJIEHHOM JIBIDKCHHUH CPelbl. Teraoo0MeH Mpy IBKCHUH
KUIKOCTEH BIOJIb TJIOCKOW MOBEPXHOCTH; TEIUIOOTa4ya MPH JIAMHHAPHOM U TypOyJIeHT-
HOM TIOTPAaHUYHOM CJIO€; PENIeHHE 3a7a4 METOJOM TEOPHH IMOJ00Us; KpHUTEepUaIbHBIC
YpaBHEHUS.

- TennooTaada mpu CBOOOTHOM NBIKCHHH KUIKOCTH. TeIIooTaa4ya B HEOTpPaHU-
YEeHHOM O00BEME. JaMUHApHAs W TYpOYyJICHTHAash KOHBEKIUS y BEPTHUKAIBHBIX MOBEPXHO-
creil. TenmooTaaya Ha TOPU3OHTAIBHOM IJIOCKOM MOBEPXHOCTH B HEOTPAHUUEHHOM IPO-
cTpaHcTBe. TermnooTaaya ropu30HTAIBLHO PACTIONIOKEHHOTO NWJIMHAPA B HEOTPAHUUEHHOM
06béme. TemooOMeH pu cBOOOIHOM KOHBEKIIMH B 3aMKHYTBhIX 00BhEMax. Pacuer temo-
OTJa4yu Yepe3 TOHKUE MPOCIONKH )KUIKOCTH U ra3a.

Bomnpocs! 111 caMOKOHTPOJIA
CyIHOCTh KOHBEKTHBHOTO TeriooOMeHa. MakTopsl, OMpenessioniie ero
MHTEHCUBHOCTb.
PexrMbl IBUKEHUS )KUIKOCTH.
Kputepuanbubie ypaBHEeHUs B 00IIEM BHUJIE.
KoHBeKTUBHBIN TETIO00OMEH MPU KOHBEKIIUU B OOJIBIIOM 00bEME.
KoHBekTHBHBIN TEI000MEH MPU KOHBEKLIUU B IPOCIONKAX.
TennooOMeH npyu KUMIEHUU KUKOCTH.
TennooOMeH npu KOHAEHCALUY apa.
HexkoTopsle 3a1aun noxapHoi 6€301acHOCTH.

=

ONOOORWN

JlyducThliif TETII0O0OMEH

- OO01ue MOHATHS ¥ ONIPECIICHMS; TETUIOBOM OallaHC JTYYUCTOTO TETUI00OMEHa.

- 3aKOHBI TEIJIOBOT'O M3IyueHUs. TermiooOMeH U3IydeHueM MEXIy TelaMu, pasjie-
JIEHHBIMH TIPO3payHOil cpenoi; Kod(phUImneHT 00IydeHHOCTH; TeIIO0OMEH H3ITyYeHUEM
MEXy TeJIaMH, TPOU3BOJIBLHO PACIOJIOKEHHBIMH B TIPOCTPAHCTRBE.

Pemenne 3agau
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Temneparypa crensl u3 kpacHoro kupnuda 800°C. MoxHO 1 TPUMEHSITh SKpaH U3
MIOJIMPOBAHHOM CTaJM JJIsl 3aIUTHI IEPEBIHHON TOBepxHOCTH, ecnu t, < 90°C.

Jlano: Pemenue: T
,=800°C(1073K) — TV T, 2T
— 1 2 N
t,=90°C (36X) o 81-9(100j +89—2(100j
€, =0.93 T,=10 . +e
€,=0.85 T 1 2
€5, =0.2 1 1
= 81—3 = 83-2 R E—
T/:lon. 1020K i+i—l i-{-i_l - F
T, =2 € &5 €5 & 1 £, 2
6, S  -o0197g,,=— 1 - 0103
T T
0.93 0.2 0.2 0.85
4 4
1073 363
019{j 19{ j
T, =100 100 190/ 9ok

0197+ 0193

OtBert: T.K. Ty < Tjon, TO IPUMEHEHHUE SKpPaHa 0OOCHOBAHO.

Kakoe mo/mKHO OBITh paCCTOSTHHE MEXIy IMTa0eIsIMI COCHOBOH IIEPOXOBATOM Ape-
BECHHBI, €CJI MITa0eb UMeeT pasMepbl S=1X3 M, koddduimeHT 6e30macHOCTH
npuHATH 1.2.

Jlano: Pemenue:
S=12x3 M [To COOTBETCTBYIOIIMM MPUIOKEHUSIM U
Ks=1.2 TabHUIaM IPUHUMAEM:
| =7 Ty=120(, &4 = 0.7,T,on = 56&, €, = 0.9,
&= 12800B1/m
Q.
1. Vi = T}j 4 T 4
K. 2, [C,||l-2] -|-—2%
o {(100} (100) }
1
Epn = g,,=——————=065
i +—-1 ' i + i -1
€4 07 09
v, = 12800 _ - o7
12 [0.65E5.67K1200j -(59) }
100 100
P'y-n = 0.284,, 'y, = 0.25[0.147 = 0.037
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2. T.x. BbIcOTa (hakena BABOE OONbBIIE BEICOTHI IITA0ENs, TO INIOMAAb (paKenaa paBHA: Sy =
12 x 6 m.

Opnna yeTBepTh (pakena paBHIETCS:

JUIMHA —a = 6M, BeicoTa —b = 3 M

b/a=3/6 =0.5; b/l =¥bla=% 0.5=0.25

ITo Homorpamme Haxoaum all: a/l = 0.7

| =a/0.75 = 6/0.75 = 8.00

OTBeT: pacCTOSIHUE MEX Ty MTa0eIsIMHU JOHKHO OBITh HE MEHEEe 8 METPOB.

HaiiTn MakcUMallbHy!O BBICOTY IITa0eNsi COCHOBBIX JOCOK JUIMHOW 6 METpOB, €Ciu
paccrosiHre Mexay ImTadensmMu 5 meTpoB. KoaddunmeHnt 6e30macHOCTH MPUHATH
paBHbIM 1.2.

Jlano: Pemenue:
| =5m [1Io cOOTBETCTBYIOIIUM NMPUIIOKEHUSIM HAXOIUM:
A=6m Ty=120, &, = 0.7,T o, = 568,6, = 0.9
Ks=1.2 &= 12800B1/m°
B="?
b
3 h
A
_ A

Vo = 4 4

e 1

o e o 100 100
1 1

gy = €y, = =065

i + i _1 * i + i _1

€y €, 07 09
Vo, = 12800 . = 0147

12 mm{(mj -(522) }

100 100

W'p-n = 0.2504,, 'y = 0.2500.147 = 0.037

T.x. nvHa YeTBEPTU IUIAMEHHU paBHa a = Y2A T.e a = 2[6 = 3m
Otnomenne a/l =3/5=0.6
[To HoMorpamme HaxoauM oTHomeHue b/l
npu all = 0.6u Y'y., = 0,037
b/l =0.3
t.x. 20/l =b/a, o b= a[0.6 = 3D.6=1.8.

OTBeT: BrIcOTA 1ITA0ETS HE TOJKHA MpeBbImaTh 1.8 M.
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Bomnpocs! 111 caMOKOHTPOJIA
CyHnHOCTb TEIJIOBOTO U3TyUYEHHUS.
3akon Credana — bonbpimana.
3akon Kupxroda.
CnenctBus u3 3akoHa Kupxroda.
3akon JlambGepTa.
BapuanTsl TemiooOMeHa MKy TeJaMHu.
[ToxxapHast OTTaCHOCTh, KPUTHYECKAs TIIOTHOCTh OOTydeHHUS.
N3nydyeHune npoayKTOB CTOpaHHUS.
. TermmooOMeH MeX Iy MPOTyKTaMH CTOPAHUS U TBEPIBIMH TEJIAMHU.
lO HNznyuenue dakena.
11IIpupona nznyyeHus jIaMeHHU.
12 I'openue 1a30B, )KUJIKUX U TBEPABIX BEIIECTB.
13 13nyuenue dakena Ha oxape.
14 CriocoObl 3aIMThI OT TEMJIOBOTO HU3JIYUYEHUS.
15 Bujsl TEMIOBBIX SKPAHOB.

©CoNoObhwNE

TecThl 1yl CAMOKOHTPOJISA
1. OcHoBHBIE TEPMOAMHAMHYECKHEC TTAPAMETPHI T'a30B
- aOCOJIIOTHOE JTaBJICHHE
- U30BITOYHOE JIABJICHUE
- YACIbHBINA 00BEM
- abCcoJTFOTHAs TeMIeparypa
- IUpUHA
- CKOPOCTh
2. JlaBneHwue BbIle aTMOC(HEPHOTO HA3bIBACTCS
-M30BITOYHBIM (MAHOMETPHUECKHM)
-aTMOC(EepHBIM
-a0COJIIOTHBIM
-BaKyyMMETPHUUECKUM
- IapIHUATHLHBIM
-HUKaK HE Ha3bIBACTCs
3. JlaBnenue Hke aTMOC(EepHOTO Ha3bIBACTCS
-A30BITOYHBIM (MAaHOMETPHUCCKHM)
-aTMOC(EPHBIM
-a0COJIFOTHBIM
-BaKyyMMETPHUIECKUM
- TapPIHATLHBIM
-HUKaK HE Ha3bIBACTCS
4. W3oTepMuuecKuil mporecc mpoTeKaer?
- TIpH TIOCTOSTHHOM TeMIiepaType
- TIPY TIOCTOSTHHOM JIaBJICHUH
- TIPH IOCTOSTHHOM 00BEMeE
- TIPH TIOCTOSTHHOM pa3zMepe
- TIpY MIOCTOSTHHOM CKOPOCTH
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- IIPY NTIOCTOSIHHOU TEIUIOTE

5.  M3oOGapnslit mpoliecc NpoTeKaer ...7
- [IpU TIOCTOSIHHOM TeMIlepaType

- [IPY IOCTOSIHHOM JIaBJICHUU

- [IPU IOCTOSIHHOM 00BbEME

- [IPY TIOCTOSIHHOM pa3Mepe

- [IPY IOCTOSIHHOM CKOPOCTH

- IIPU ITIOCTOSIHHOU TEIUIOTE

6.  M30xo0pHbIil mpoiecc MpoTeKaer ...7
- IPU IOCTOSIHHOM TEMIIEpaType

- TIPU MIOCTOSIHHOM JIaBJICHUU

- TP IOCTOSIHHOM 00BbEMeE

- TIpYU TIOCTOSIHHOM pa3Mepe

- [IPY IOCTOSIHHOM CKOPOCTHU

- [IPY IOCTOSIHHOM TEII0Te

7. AnnabaTHBIN MpoIece MpoTeKaeT ...7
- [IPU TIOCTOSIHHOM TeMIlepaType

- [IPY IOCTOSIHHOM JIaBJICHUU

- [IPU IOCTOSIHHOM 00BbEME

- [IPY TIOCTOSIHHOM pa3Mepe

- IIPY ITIOCTOSIHHOW CKOPOCTH

- 6e3 Terroo0MeHa ¢ OKPYKaIoIIel cpeaon
8.  AOcomroTHas TeMIiepatrypa BbhIpakaeTcs ...?7
- B KenbBuHax

- B rpaaycax Lenbcus

- B @apenrenTax

- B ME€Tpax

- B rpaaycax Peomiopa

- B rpaaycax Pankuna

9. I[aBJ'ICHI/IC, OTCYUUTAHHOC OT HYJISI HA3bIBAIOT ...

-a0COJIIOTHBIM
-U30BITOYHBIM
-BaKyyMMETPHUECKUM
-BHYTPEHHUM
-BHEIIHUM
-aTMOC(EPHBIM

10. JlaBnenwue, BbIlIie aTMOC(PEPHOTO HA3BIBAIOT ...

-a0COTFOTHBIM
-30BITOYHBIM
-BaKyyMMETPHUUECKUM
-BHYTPEHHUM
-BHEIITHUM
-aTMOC(EepHBIM

11. JlaBneHue, HUXKE aTMOC(EPHOTO HAZBIBAIOT ...
-a0COJIIOTHBIM
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-U30BITOYHBIM
-BaKyyMMETPHUUECKUM

-BHYTPEHHUM

-BHEIIIHUM

-aTMOC(EepHBIM

12. B uém usmepsieTcs naBieHue?
-B Tpajiycax

-B Ilackansax

-B M/c

-B METpax

-B JINTpax

-B JLKOyIsX

13. KoaudecTBO TEMI0TH, HEOOXOIMMOE JJI HarpeBaHus Tena Ha 1 rpagyc Ha3siBaeTCs

-TEIIOEMKOCTBIO

-BSI3KOCTBIO

-CKOpPOCTBIO

-TEMIIEPATYPOU

-JIaBJICHHUEM

-IJIOTHOCTBIO

14. @wusudyeckuil CMBICI Ira30BOU ITOCTOSIHHOU
-pabota

-TeII0Ta

-3HEeprus

-CKOpPOCTb

-Macca

-JIaBJICHHUE

15. Kakoe u3 BbIpaX€HU NMPaBUILHO OTPaXKaeT MePeBOJI TEMIIEPATYPHI MO IIKaJIe
Henbcus B mkany KenpBuna?

-T =t+100
-T =t+200
-T =t+273
-T =t+300
-T =t+400
-T =t+500

16. Kakoe 3HaueHHE NMEET yHUBEPCAIbHAs ra3oBas NocTosiHHas R, ?
-252K

-111T11a

-8314 1/ (xkmoin-K)

-356Mm/c

-333m/c?

-900BT

17. VYpaBHeHUE NMEPBOro 3aKOHA TEPMOJAUHAMHUKH 3aIMChIBACTCS KaK
-0 = mc(t - 1)

-q =Au + pdV
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-0 =R(t—1)

-q = mgh
_g - Z‘u‘
-g = mdé/2

18. CormacHo BTOpOMY 3aKOHY TEPMOJUHAMUKHN CAMOIPOU3BOILHBIC MPOIECCHI UTYT:
-OT XOJIOJTHOTO Teja K HarpeToOMy

-OT HArpeToro TeNa K XOJIOTHOMY

-B 00€ CTOPOHBI

-COBCEM HE UJIYT

-OT HarpeToro K HarpeToMy Teiry

-OT XOJIOJTHOTO K XOJIOAHOMY TeIly

19. CyuecTBYIOT TEIIOEMKOCTH B MPOLECCE TPU MOCTOSTHHOM
-JIaBJICHUU

-TeMIieparype

-00BéMeE

-CKOPOCTH

-JINHEWHOM pa3Mepe

-Macce

20. Ilpomecc nepexoaa KUAKOCTH B Tap HA3BIBACTCS
-BO3TOHKOH

-1apooOpa3oBaHuEeM

-accolanuen

-IECTPYKLIUEN

-JIPOCCEIMPOBAaHUEM

21. Kak Ha3bIBaeTcs MpoIecc B KOTOPOM HayaJIbHOE U KOHEYHOE COCTOSIHUE COBIa/ia-
10T?

-IIUKJIOM

-nuddy3uei

-COIIJIOM

-nudyzopom

-M30XOPHBIM

aanabaTHRIM

22. Iukin, nmeromui MakcuMmanbHbIi KI1J1, Ha3piBaeTcs
-Kapno

-Tpunkiiepa

-Cabatd

-OtTO

-Jlnzens

-HEe UMEeT Ha3BaHUs

23. Kanan, coyxxaumuii 11 yBeJIMYEHUS] CKOPOCTH Ta30BOTO OTOKA HA3bIBAETCS
-nuddyzopom

-COILJIOM

- IerMaTopom

-IIEPETOHKOU

-Tpy0oii
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-CITUBOM
24. Kanan, coyauui 111 yMEHbUIEHUSI CKOPOCTH ra30BOT0 MOTOKA Ha3bIBAETCS
-nuddyzopom

-COIJIOM

-nuderMaTopomM

-IIEPETOHKOU

-Tpy0oii

-CITNBOM

25. Ywmcno Maxa 310

-CKOpPOCTh TIOTOKA

-IUTOTHOCTH Ta30BOTO TTOTOKA

-OTHOIIIEHHE CKOPOCTH Ta30BOTO MOTOKA K CKOPOCTH 3BYKa B IAHHOM CE€YCHUH
-BSI3KOCTh Ta30BOT0 MTOTOKA

-HarnpaBJieHUE MTOTOKa

-paBHOMEPHOCTh MOTOKA

26. IlapooGpa3oBaHue ¢ TOBEPXHOCTH BOJIbl HA3bIBACTCSA

-lCTIapEeHUEM

-KUTIEHUEM

-BO3TOHKOM

-cyOumarnei

-KOHJICHCANEN

-KpUCTAJUIN3ALUEN

27. Ilpu ucnapeHun Temmneparypa BOJIbI

-TIOBBITIIACTCS

-OCTAETCSI HEN3MEHHOM

-TIOHMKAETCS

-B 3aBUCHUMOCTHU OT JIaBJICHUS

-TaKoro Mpouecca He CYHIECTBYET

-B 3aBUCHUMOCTHU OT YCJIOBHUI UCTIapEHHUSI

28. K ocHOBHBIM BUJaM Nepeaayu Terniaa OTHOCHT ...

-TETJIOBOE U3TyYEHUE

-(ha30BBIN MEpexo;1

-TETUIONPOBOTHOCTh

-KOHBEKITHS

-T€UEHUE KUIKOCTH

-CIIO’KHBIN TEMII000MEH

29. [IIpomecc mepeHoca Teruia BHYTPH Tela, 32 CYET B3aMMOICHCTBUI MaKPOYACTHI] C
pa3HOU TeMIIepaTypOil Ha3bIBACTCS

-TETUIOBOE M3TyUCHUE

-(ha30BBIN MEPEexo;1

-TETUIONPOBOTHOCTh

-KOHBEKIIHS

-T€UEHHUE KUIKOCTH

-CJI0>KHBIN TEMI000MEH

30. [Ilpomecc nepeHoca Temia, OCYIECTBIIEMON MPU NEPEMEIIMBAHUH HA3bIBAETCS
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-TETUIOBOE M3TyUCHUE
-(ha30BBII MEPEexo;T

-TETUIONPOBOTHOCTh

-KOHBEKIIHS

-T€UEHUE KUIKOCTH

-CJIO>KHBIN TEMI000MEH

31. [Ilpouecc nepeHoca Temnia OCyIIeCTBISIEMON TEIJIOBBIMU JTydaMH Ha3bIBAETCS
-TEIJIOBOE U3TyYCHHE

-(pa3oBbIil IEpEX0T

-TEeTUTOTIPOBOTHOCTh

-KOHBEKITHS

-T€UEHUE KUIKOCTH

-CIIO’KHBIN TEMII000MEH

32. OcHoBHOe ypaBHeHHUE TermonpoBogHoctu Q = Agradt- FaaseiBaeTcs
-ypaBHeHHEM HproToHa-Puxmana

-3aKOHOM Dypbe

-ypaBHeHHeM MeneneeBa-Kianelipona

-ypaBHEHHUEM HEPa3PhIBHOCTH

-3aKOHOM bonnga-Mapuotra

-3akoHom JlambGeprta

33. OcHOBHOE ypaBHEHUE KOHBEKTUBHOTO TerioooMeHa = o, (t-t,) Ha3pIBaeTcs
-ypaBHeHueM HproToHa-Pruxmana

-3ak0OHOM Dypre

-ypaBHeHMEeM MenneneeBa-Kianeipona

-ypaBHEHUEM HEPa3PHIBHOCTH

-3aKOHOM bonns-Mapuotra

-3akoHom Jlambeprta

34 Kak Beirnsaaut 3akoH Credana-bonbsimana ?

-E=C(T/100}

-Q = gradt-F

-q= 0LK(tf'tW)

-mgh

_g =21

-g = mdé/2

35 KoaddurmeHT uznydenust abCoIOTHO YEPHOTO TeIa UMEET 3HAUCHUE
-0 = 111]1x

-C = 5.67B1/(M*K")
-u = 333m/c?

-l = 500m/c

-k = 153c

-l = 654Mm

36. Tena, NOJHOCTHIO MOTJIOMIAIONINE TEIJIOBYIO YHEPTHIO, HA3BIBAIOTCS
-a0COJIIOTHO O€IbIMU

-a0COJIIOTHO MPO3PaYHBIMU

-a0COJIIOTHO CUHUMU
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-a0COJIIOTHO YEPHBIMU

-LIBETHBIMU

-HUKaK HE Ha3bIBAIOTCS

37. Tena, NOTHOCTHIO OTPAXKAIOIIUE TEIUIOBYIO SHEPTHIO, HA3bIBAIOTCA
-a0COTIOTHO O€TTBIMU

-a0COJIIOTHO MPO3PAYHBIMU

-a0COJIIOTHO CUHUMH

-a0COJIIOTHO YEPHBIMU

-IIBETHBIMU

-HUKaK HE Ha3bIBAIOTCS

38. Tena, NOTHOCTHIO MPOITYCKAIOLIUE TEIJIOBYIO SHEPTUIO, HA3bIBAIOTCS
-a0COJIIOTHO O€IBIMU

-a0COJIIOTHO MPO3PaYHBIMU

-a0COJIIOTHO CUHUMH

-a0COIOTHO Y€PHBIMU

-LIBETHBIMU

-HUKaK HE Ha3bIBAIOTCS
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MeToaunueckue YKazanud 1Jisl IOATOTOBKH K 9K3aMEHY
yHI/IBCpcaJ'IBHBIX MCTOJO0B AJIsI IIOATIOTOBKHM K 3K3aMCHY HE€ CYIICCTBYCT, IIOOTOMY

BaYXHO BbIOpaTh Hambosee mpuemsiemslid ans Bac. [IpuBeneHHble HUXeE MpaBUiia MOXKHO
paccMaTpuBaTh B KaueCcTBE OOIIEr0 pyKOBOJCTBA.

1.

[IpegycMOTpUTe KaK MOKHO OoJIbIIIE BpPEMEHHU AJ1s ToAroToBKHU. Ecinu Bel ocTaBisieTe
OCHOBHYHO pa60Ty Ha HOCJIC,Z[HI/Iﬁ MOMCHT, 5TO CHHXACT Bamm miancel Ha YCIIEX. Pa3z-
BHUBACTCs COCTOAHHUEC CTPECCA, CHUIKACTCA CITOCOOHOCTH K KOHICHTPAHH.

. CocraBbTe pacrmcaHme 3aHSATUM. CHHaHI/IPOBaTB IMOATOTOBKY K 3K3aMCHaM HYJKHO 3a

HECKOJIbKO HEJIENb IO X Hadaia (JIydine BCero - B Hadalie cemectpa). TBepao cienyi-
T€ HAMEYEHHOMY IIJIaHy .

. Ornpixaiite. YcepaHasi MOArOTOBKA — OYEHB TspKeas pabora. BaxkHo Bpems oT Bpeme-

HU JaBaTh ce0e BO3MOXKHOCTH pacciabuthes. [IpemycMoTpuTe B CBOEM pachuCaHUU
BpEMs Ha OT/IBIX.

Jlenalite mepepbiBbl. [locie yaca 3anstuil caenaiite 15 -20MHUHYTHBINA TIEpephIB U C
HOBBIMHU CHJIaMH BO3BpAIIaiiTeCh K MPOIyKTUBHOM paboTe.

. KOHmOHHDVﬁTC CTCIICHb I'OTOBHOCTH. HCHOHBBYﬁTC CIIMCOK BOIIPOCOB K 3K3aMCHY,

YTOOBI OTCIIEKUBATH CTENEHb YCBOCHMS MaTepuasia. OTMmeuaite yxe mpopaboTaHHbIE
Bonpockl. CKOHIEHTPUPYHTE CBO€ BHMMAaHHE Ha TEX BONpPOCax, KoTopbie Bbl 3HaeTe
XyXKe.

. Jlenante KpaTkue 3anucHh. YacTo MOATOTOBKA OKAa3bIBACTCS HE OYECHb 3(1)(1)6KTPIBHOI>1,

ecau Bel npocto unraere marepual. [lenadte KpaTKWe 3amucH, OTMEYas KIIFOUEBbIC
MbIicn. CTapalTech HE TPOCTO 3aIOMHUTH (DAKTHI, & TTOHAThH CTOSIINE 32 HUMH HJICH.

. TpenupyiiTech O0TBeUaTh Ha BOMPOCHL. [IpopaboTaB kaxmayr0 Temy, MONpPoOOylTe OTBE-

TUTh HA NPOBEPOYHBIE BONMPOCH. HekoTtopeie u3 HUX mpuBeAcHbl B paszaene «KoH-
TPOJIBHBIE BOIIPOCHD» MOCJIE Kaxa0i TeMbl. BHawame Bam, Bo3amMokHO, moTpedyeTcs 3a-
[JISIABIBATh B KHUTY WJIM KOHCHEKT, HO K KOHIYy IMOJATOTOBKM BbI CMOXKETE OTBEUYATh Ha
BOIIPOCHI CAMOCTOSITEIBHO, KaK Ha sk3aMmeHe. CtapaliTeCch MporoBapuBaTh OTBETHI Ha
BOITPOCHI BCIIYX, ATO CIIOCOOCTBYET OoJjiee riyOOKOMY YCBOSHHMIO MaTepHuasa U SBIISICT-
Cs XOpOILIEH TPEHUPOBKOW MEPE]T 3a4E€TOM.
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