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1. HACIIOPT KOMIUVIEKTA
KOHTPOJIBHO-UBMEPUTEJIBHBIX MATEPUAJIOB

B pesynbrare ocBoenus yuyeOHOM muctumimHel  OILO7. Texnuueckas
TEpMOJAMHAMHKA W  TemonepeAadya  oOydamoImuics  JODKeH — o0yiajaTh
npexycmotperabiMu OI'OC CIIO mo cnemumanpHOcTH 26.02.05 «Dxcrmmyaranus
CYJIOBBIX SHEPTeTHUYECKHX YCTAaHOBOK» W HaIpaBjcHa Ha (pOpMHUpOBaHUE OOIIUX H
po(hecCHOHATFHBIX KOMIICTCHIIHA.

B pamkax mporpamMmbl y4eOHOH MUCIUTUTMHBI OOYYarOIIMMHUCS OCBAaUBAIOTCS

YMCHUA U 3HAHUSA

Koo
OK

YMmerh

3HATEL

Baagers HaBBIKAMH

OK.1

— pacrmo3HaBaTh 3aJady W/MIU
npodiieMy B Tpo(hecCHOHATLHOM
W/WJIH COIIMAIbHOM KOHTEKCTE;

— aHAJIM3UPOBATh 3aady W/WiIn
npobiieMy W BBIACHATH €€
COCTaBHBIE YaCTH;

— ONPENENSTh  ATaIbI
3a/1a4u;

— BBISIBIISIT U
UCKAaTh uH(pOopMaIuIo,
HEOOXOIUMYI0  JUIsl  pelIeHUs
3a/1a4¥l U/ WU TPOOIEMBL;

— COCTaBJIATH IJIaH JACHUCTBUS;

— ONPEACIISITh HEO0OXOANMBIE
pecypchl;

— BIIQJICTh aKTyaJlbHBIMH
MeTOIaMH1 paboThI B
MpOPECCHOHAIBHOW U CMEXKHBIX
chepax;

— peaJM30BbIBaTh COCTABJICHHBIN
TUIaH,

OIICHHUBATH pe3yabTaT "
MOCJEACTBUSL  CBOMX  JIEWCTBUM
(camMoCTOSITETHHO W c
MIOMOII[HIO0 HACTABHHKA)

peleHus

3¢ peKTHBHO

— aKTyaJbHOTO
poeCCHOHAIBHOTO u
COLIMANILHOTO KOHTEKCTa, B
KOTOPOM MIPUXOJIUTCS
paboTaTh U KHUTh;

— OCHOBHBIX HUCTOYHUKOB
uH(pOpMaIUK U PECYpPCOB s
pelieHus 3a1a4 u npodsieM B
po(ecCHOHATLHOM  W/WJIH
COLIMAJIbHOM KOHTEKCTE;

— aJTOPUTMOB  BBITIOJTHEHUS
pabotr B mpodeccuoHaATHHOM
U CMEXHBIX 00J71acTsIX;

— METOJ0B paboThI B
npoQeCCHOHAIBLHON u
CMEXHBIX chepax;

— CTPYKTYpBl  TUTaHA
pelIeHHs 3a1a4;
MOPSAIKA OIIEHKHU Pe3yIbTaTOB
pemieHns 3a1a4
npodeccHoHaNbHOM
JeSITeTbHOCTH

JUIA

OK.2

— ONpeAeNATh 3a/la4M Ul IIOUCKa
uH(pOopMaLnu;

— OIPEIENSTh HE00XO0IUMbIe
UCTOYHUKU MHPOPMALINY;

— IJIAHUPOBATh MPOLIECC MTOKCKA;
— CTPYKTYPHUpOBaTh MOJIYyYaeMYIO
uH(pOpMaILIIO;

— BBIIEJIATH HauboJiee 3HauuMoe B
nepeyHe HHQpopMaIuy;

— OLICHUBATh IIPAKTHYECKYIO
3HAYUMOCTb PE3YJIbTATOB ITOUCKA;

— HOMEHKJIATYPHI
MH(OPMaLMOHHBIX
HCTOYHUKOB, IPUMEHSIEMBIX B
po¢eCCHOHATBHON
JeSITeTbHOCTH;

— IPUEMOB
CTPYKTYPHUPOBAHUS
uHpOpMaINH;

dbopmara oopmiteHH
pe3yIbTaTOB MOMCKA
uHpopmaruu
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0(QOPMIISITh PE3yNIbTaThl OKCKA

OK.4 OpraHu30BbIBaTh paboTy | MCUXOIOTUYECKUX OCHOB | -
KOJIJIEKTHBA U KOMaH/Ibl; NESTEIbHOCTH  KOJUIEKTHUBA,
B3aMMO/ICHCTBOBATH C KOJJIETAMH, | TICUXOJOTHYECKUX
PYKOBOJICTBOM, KJIINEHTaMU B 0COOEHHOCTEH JTMYHOCTH;
x0/1e Mpo(hecCHOHAIEHON OCHOB MPOEKTHOU
JeSITeIbHOCTH JeSITeIbHOCTH

OK.5 IrPaMOTHO M3JIaraTh CBOM MBICJIM U | OCOOEHHOCTEN  COLIMAJIBHOIO | -
0(OPMIIATH JOKYMEHTHI 110 U KyJIbTYPHOI'O KOHTEKCTA;
npodecCHOHATIBHON TeMaTHKE HA | TIPaBUII oopmienus
roCyJapCTBEHHOM SI3bIKE, JOKYMEHTOB U IOCTPOCHMS
HPOSIBJIATH TOJIEPAHTHOCTH B YCTHBIX COOOIIEHUH
paboueM KOJJIEKTUBE

OK.7 c00JII01aTh HOPMBI MpaBUjIa SKOJIOTUUECKOU -
9KOJIOTHYECKOM 0e30MacHOCTH; 0€301acHOCTH IIpH BEJCHUHU
OIpeNieNATh HallpaBJIeHUs npodeccuoHaIbHON
pecypcocOepexeHus B paMKax ACATCIBHOCTH OCHOBHBIC
MPO(ECCHOHATBHO pecypChl, 3a/1eHCTBOBAHHbIE B

npodeccuoHaIbHON
AEATENbHOCTH 110 CHELHANBHOCTH, | oo oo —
OCYILECTBIISATh paboTYy C P T ——
COOIIOIEHUEM IIPUHIUIIOB pecypcoc6epe)1(eHH;[
OepexIINBOro NPOU3BOJICTBA IPUHIUIBI OEPEXKITUBOTO
OPraHU30BbIBATH HPOU3BOCTBA OCHOBHBIE

HaIrpaBJICHHUA U3MCHCHUA

npodecCHoHaIbH 9
p (b yo KIIMMAaTU4YCCKUX YCJIOBHUU

ACATCIIBHOCTD C YUCTOM 3HAHMI

peruona
00 M3MEHEHNH KIIMMAaTHYEeCKUX
YCIJIOBHUM peruoHa
OK.9 NOHMMAaTh OOWIMI CMBICT YETKO | IMpaBUIIa IIOCTPOEHHUA | -
IIPOU3HECEHHBIX  BBICKA3bIBAHMM | IPOCTHIX " CJIOXHBIX
Ha U3BECTHBIC TEMBI | IIPEIJIOKEHUN Ha

(mpodeccuoHanbHbIE U OBITOBBIE), | MPOPECCUOHAIBHBIE TEMBI;
NOHUMAaTh TEKCThl Ha 0a30BbIE | OCHOBHBIE

pohecCuOHANbHBIE TEMBI; o0IeynoTpeOUTENbHbIE
y4yacTBOBaTh B JMAJOrax Ha | IJIaroJisl (OpITOBas U
3HaKOMBbIE o0miue u | mpodeccuoHanbHas
poeCCHOHAIbHBIC TEMBI; JIEKCUKA);
CTPOUTH TPOCTbIE BBICKA3bIBAHUS | JIGKCUUECKUI MUHHMYM,
o cebe it 0 CBOEH | OTHOCSIIMICS K OIMHUCAHUIO
npodeccuoHaIbHON IIPEIMETOB, CPEICTB u
JeSITEIbHOCTH; IIPOLIECCOB
KpaTko 000CHOBBIBAaTh U | IpodecCHOHANBHOM
OOBSACHATH CBOM NENCTBUS | AESITENbHOCTH;
(TexyIue U IIaHupyeMble); 0COOEHHOCTH
MUCaTh MPOCTHIE CBSI3HbIE MIPOU3HOIICHHUS;
COOOIIEHUSs Ha 3HAKOMBIE HITU NpaBUjIa YTEHUS TEKCTOB
MHTEPECYIOIINE npodeccuoHanbHOM
npodecCHOHATIbHBIE TEMBI HalpaBJICHHOCTH
IIK.1.1 | mpow3BOIUTH TMOATOTOBKY K | TNPUHIIMIIOB HECEHUS HECEHHUSI XOJOBBIX
paGoTe, MycK M OCTAHOBKY | XOMOBOi BaxThl B BaXT B MAIIMHHOM

IJIABHBIX M BCIIOMOTaTCIbHBIX MAaIlIMHHOM OTIOCJICHNN, I OTHACJIICHUN

4




JABHTI aTeﬂeﬁ, BCIIOMOI'aTCIbHBIX

MEXaHU3MOB n CHUCTEM,

MapOBBIX KOTJIOB IPOU3BOJIUTH
MOJATOTOBKY K pa0oTe CUCTEMBI
YOpaBJICHUS W CUTHAIM3AIUN
TJIaBHOU JBUTaTEILHONU
YCTAaHOBKH U

BCIIOMOTATEJIbHBIX MEXaHU3MOB;
OCYLIECTBIIATh

JTUAarHOCTHUPOBAaHHUE  pabouero
mporiecca CyJIOBbIX JBUTaTeNeH
BHYTPEHHETO cropaHus
CTallMOHAPHBIMU

KOHTPOJIbHO- HU3MCPUTCIIbHBIMU

npubopaMu W TEPEHOCHBIMHU

HU3MCPUTCIIbHBIMU

KOMIUJICKCAMU IIPOU3BOANTDH
napamMeTpHYeCKHil KOHTPOIIb
TEXHUYECKOTO COCTOSHUS
CYAOBOTO 3JIEKTPOOOOPYTOBAHHS
U CPEIICTB aBTOMATHKHU C
UCIIOJIb30BaHUEM
U3MEPHUTEIHLHOI0 KOMITIEKCa, a
TaKXXE HCIIOJIb30BAaTh
KOHTPOJIbHO-M3MEPHUTEILHBIC
pUOOPHI AT KOHTPOJIS
mapaMeTpoB TIIABHBIX U
BCIIOMOTaTeNIbHBIX JIBUTATENCH U
CBSI3aHHBIX C HHMH
BCITIOMOTI'aTCJIbHBIX

MEXaHH3MOB U CUCTEM
IKCIUTYaTHPOBAaTh YCTAaHOBKH

CHUCTEM BUHTOB PETYJIUPYEMOIO
mara,

OCYILIECTBJIATh MOUCK WX
XapaKTEPHBIX HEUCTIPABHOCTEN U
BBITIOJIHATH PEMOHT

MPOU3BOJAUTE TOATOTOBKY K
MyCKy, TYCK H OCTaHOBKY
CYJIOBBIX XOJOIWIIBHBIX
YCTaHOBOK, CHUCTEM

KOHAWIIMOHWPOBAHUA BO3AyXa U

BEHTUJIALNH, a TaKkKe
yCTpaHATh UX

HEHUCTIPaBHOCTH

HaCTpanuBaTh MIPOrpaMMBbl

CUCTCM YIIPABJICHHUA TJIaBHBIMH
u BCIIOMOIarcJIbHbIMHA

001IHX CBEJICHUI,

KJacCU()UKAUU  CYHAOBBIX

JIBUTATEJIE  BHYTPEHHETO

CropaHus, OCHOBHBIX

XapaKTEePUCTHK, MapokK,

oco0eHHOCTEH

KOHCTPYKHHﬁ, OCHOBHBIX

Y3JI0B n IMPUHIHIIOB

NECTBUS pabOYHX IHKJIOB,
JBUTATEJIEl BHYTPEHHET O
CrOpaHusi OCHOBHBIX
TTOJIOKECHUH,
KJIacCU(pUKaLlMU HalyBa
CYJIOBBIX JIBUTATENIEH
BHYTPEHHETO CrOpaHus,
XapaKTePUCTHK U
KOHCTPYKLUHU TypOUH

U TYpOOKOMITPECCOPOB
nporenyp IO TOJArOTOBKE
SHEPreTHUYECKONW YCTaHOBKHU
pabora
B yYCTAaHOBHBLIMMCS

PEKHUME N OCTAHOBKA
OCHOB KOHCTPYKIIHH,

K pabore: MyCK,

NPUHLNIIOB  JCUCTBUA U
JKCIUTyaTallul TapoOBBIX M
ra3oBbIX TYpOWH, CYIOBBIX

BCIIOMOI'aTC€JIbHBIX KOTJIOB

" JPYTHX
BCIIOMOTaTENbHBIX u
namyOHbIX

MEXaHH3MOB

KJlaccu(UKaluu W TPaBUI
MOJIb30BaHUSI KOHTPOJIBHO-
U3MEpPUTENbHBIMU

npudopamu CYIOBBIX
JHEPTreTUYECKUX YCTAaHOBOK
1 OOIIECYJOBBIX CHUCTEM, a

TaKXKe OCHOBHBIX
MOHSTHH TEeXHUKHU
M3MEpEHUN

YCTPOWCTBA, MPUHILIUIIOB
paboTel U Ha3HAYCHUS
CYJIOBBIX XOJOUITBLHBIX

YCTaHOBOK M CHCTEM
KOHTUITIOHUPOBAHHUS
BO3/TyXa

TEXHUYCCKOM
AKCIUTyaTaluuu Hu
PEMOHTAa  CYIOBBIX
TJIaBHBIX u
BCIIOMOTaTEIbHEIX
MEXaHU3MOB,

CBSI3aHHBIX C HHUMU
CHCTEM
yIpaBJIeHHUS, a
TaKKe
TUAPOIPUBOJIOB
CYJIOBBIX
MEXaHHU3MOB u
YCTpPOICTB
TEXHUYCCKOU
JKCILTyaTaluu u
peMoHTa
TOILIMBHOM,
CMAa304HOM,
Oa/lIacTHOM cucTeM,
a TaKkxKe
CBSI3aHHBIX C HHUMH
CUCTEM YTIPaBJICHUS
napameTpUuecKoro
KOHTpOJIsI  paboThI
aBTOMATHYCCKUX
CHUCTEM YTPABJICHUS
TIIaBHOM
JIBUTATEIIHLHOMN
YCTaHOBKOH u
BCIIOMOTaTeIbHBIMU
MEXaHU3MaMHU

HCITOIb30BAHUS
CHCTEMBI
BHYTPUCYJIOBOW CBSI3H
Ha CyIHE
OTIpEICIICHUS B
rpouecce
TEXHHUYISCKOMN
JKCIUTyaTaluuu
COCTOSIHHS  KadecTBa
macia, TOILINBA,
OXJIQXKIAIOIIEH
JKUIKOCTHU
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JBUTATEISIMU U CYAOBBIM
ANEKTPOTEXHUYECKUM
000pyIOBaHNEM aHAIU3UPOBATH
yCIJIOBUS pa0OTHI IeTalei MaliuH,
MEXaHU3MOB U OLIEHUBATh UX
paboToCocoOHOCTh
MIPOU3BOJUTH CTATUYECKUH,
KWHEMaTUYECKUN 1
JMHAMUYECKUI PacyeThl
MEXaHU3MOB U MallllH
BBIITOJIHATH TEPMOJIMHAMUYECKUI
pacyer
TEIUIO3HEPTreTUYECKUX
YCTPOMCTB U
IBUTaTEIIeH
ONpeesATh BHYyTPEHHUE
HaIpsDKEHUA B AETAJIAX MAlIUH U
3JeMEeHTax
KOHCTPYKLUI
BBITIONTHSATH PACUYEThl T10
COIIPOTUBJICHUIO MAaTEPUAIIOB U
JETaJsIM MallliH
MIPOBOJIUTH TEXHUYECKUI
KOHTPOJIb U UCIIBITAaHUS
o0opymoBaHus
MOJIb30BaThCA CPEACTBAMHU
WHJIUBUIYaTbHOMN 3aIUATHI

MPUMEHATH O€30MacHbIE MPUEMBI

TpyZa Ha Cy/IHe

OCHOB KOHCTPYKLIUU
CYZOBBIX BaJOIPOBOJIOB,
Harpy3oK u (axTopoB,

BIIUSIIOIIUX HA €0 padoTy
yCTpOHCTBA U  pabOTHI
JEHIBYIHBIX KOMILJIEKCOB
cocTaBa, YCTpPOWCTBA H

NpUHIUNA paboThl BUHTOB
PETyIHPYEeMOro
(mamee -

TaK)Xe CHCTEM

miara

BPII), a

YIPABJICHHUS] YCTAHOBKAMHU C
BPIII

YCTPOMCTBA, OCHOBHBIX
XapaKTepUCTUK U
IIpUHIUIA paboThI
THIPONPUBOA  CYIOBBIX
MEXaHU3MOB "
YCTPOWCTB,
THIIPABITMYECKUX TPY30BBIX
CHCTEM yCTpOIiCTBa,
OCHOBHBIX XapaKTEPUCTHK U
HPUHIIUIIOB PaOOTHI
Pa3IMYHBIX THIIOB PYJIEBBIX
MalluH U YCTpOMCTB
Croco0oB TEXHUYECKOTO
JMarHOCTUPOBAHHUS u

CUCTeM JUArHOCTHPOBAHUS
pabouero mporiecca
CYIOBBIX Tu3enen

KJIacCU(PUKAITIHI
MEXaHU3MOB U MaIlIlH
TEOPETUUECKHUX OCHOB
MEXaHUKH, CTaTUKU W

IUHAMHAKHA JKUOKOCTEH U
ra3oB, TEPMOJUHAMUKHU

THUAPOMEXAHUKHN
OCHOBHBIX ITOHSTHIM TCOpUU

TemaooOMeHa
TEOPETUIECKIX OCHOB
FI/I}IpaBJ'H/IKI/I
OCHOBHBIX aKCHUOM

TEOPETUYECKON MEXAHUKH,
KHHEMATUKHU JIBUXXCHUA
TOYCK U TBEPABIX TCII,
JTUHAMUKHU TIpeoOpazoBaHus
JHEPIUU B MEXAHUYECKYIO
paboty




BUJIOB Mepeaay ux
YCTPOWCTBO,

Ha3HA4YCeHHE, TPEUMYIIECTBA
Y HEJOCTaTK!

3aKOHOB TPEHUS U
npeoOpa3oBaHus KauyecTBa
JBUKEHHUS, CIIOCOOOB
COETMHEHUS JIeTalel B y3JIbl
Y MEXaHU3MBI

OCHOBHBIX CBEACHUI 1O
COIIPOTUBIICHUIO
MaTepHuagoB

ornpezieNieHus] BHYTPEHHUX
HaNpsHKEHUH B IETaNSAX
MAIlIMH 1 3JIEMEHTax
KOHCTPYKLMU
MIPOBEPOYHBIE PACUETHI
COIPOTUBIICHUIO
MaTepHaoB
MEXIYHAPOJAHOTO H
HAIIMOHAILHOTO
3aKOHOJATENHCTBA O
TpyJIe W OXpaHe

TPYy/a OMACHBIX U BPEIHBIX
(hakTOPOB U CPEJICTB 3AIIUTHI
WHAUBHUIYAIbHBIX CPEJICTB
3aIUATHI; OOITHUX
TpeboBaHMil Oe30MacHOCTH
Ha Cy/HE OOIINX
IPUHIIUIIOB OOeCTeueHus
0e30MacHOCTH Ha pabodYnx
MecTax 00s13aHHOCTEH
paboTHHKa B 00JacTH
OXpaHbI Tpyia

npaBui 6e30M1acHOTrO
BeZieHUsT paboT ¢
MOBBIIIIEHHOM OMAaCHOCTHIO
JICUCTBUI B aBapHUMHBIX
CUTyaIUsX |

MIPU HECYACTHBIX CITyJasx

COIIMAJILHOMN 3aIIUTEHI
MOCTPAJIABIINX HA

IIPOU3BOJICTBE
I1IK.1.3 | OOHapyxHBaTh HEHCIPABHOCTH | YCTPOHCTBa u CJIECApHOM
[JIaBHBIX W BCIOMOTaTEIbHBIX | XapaKTEPUCTHUK cucreM, | 00OpabOTKM aeTaneit

}IBHFaTeJIeﬁ, BCIIOMOI'aTCJIbHBIX
MCXaHU3MOB, IIApPOBBIX KOTJIOB
u CHUCTEM IMPOU3BOANTH

BU3YaJIbHO-ONITUYECKYIO OLIEHKY

00CITyKMBAIOIINX CYJOBBIE

ABUT'aTCIIN BHYTPCHHETO
CrOpaHus
cocTaBa, YCTpPOWCTBA W

u 00paboTKH Ha
METAJUTOPEKYIINX
CTaHKax
BBHITIOJTHEHUS paboT
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COCTOSIHUS JIeTasIelt U ux oOMep
UCTOJIb30BaTh MaTEPUAIbI,
MHCTPYMEHT U 000pyJ0BaHNE
TS BBITTOJTHEHUS] pEMOHTA U
M3TOTOBJICHUS JETalCH

BBIMOJIHATE  JIE(EKTALUIO u
PEMOHT BaJIONIPOBO/IOB,
JENIBYIHBIX KOMIIJIEKCOB, Y3JI0B
[JIABHBIX U BCIIOMOTIaTeIbHbIX
CYJOBBIX MEXaHU3MOB U
JBUraTenei HPOU3BOAUTH
TEXHUYECKOE o0CITyKMBaHUE
KOPIYCHBIX ~ KOHCTPYKLHMH U
CYJOBBIX YCTPOMCTB
paciuppoBbIBaTH MapKku U
KJIacCH(pUIUPOBATH

KOHCTPYKI[MOHHBIE H  CBIPHEBBIC
MaTtepualibl CTPOUTH JHArPAMMY
COCTOSIHHSI ~ IBOWHBIX  CILUIABOB,;
JlaBaTh XapaKTEPUCTHKY CILIaBaM
noA0UpaTh MaTepHajibl [0 HX
Ha3HAYCHUIO u YCIIOBHSIM
IKCIUTyaTaluH TSt
BBITTOJIHEHUS padoT

MIPUHLINIIA paboThI
TOILIMBHOM, CMa304HOM,
O0aulacTHOH W JAPYrHX

CUCTEM H CBA3aHHBIX C
HUMH CUCTEM YyIIpaBJICHUSA

YCTPOWCTBA,  MPHHIIUIIOB
paboThl, Ha3HAUYCHUS,
IKCILTY
aTallMOHHBIX
XapaKTEPUCTHK  CYJTOBBIX
HACOCOB u CHCTEM
TPYOOIIPOBOJIOB

HOPSIKA ITPOBECHUS
pa3IMYHbIX BHOB
PEMOHTHBIXH
IpOoPHIAKTHIECKUX paboT
IJIaBHBIX U
BCIIOMOTaTEIbHBIX
MEXaHH3MOB U CHUCTEM
METOI0B TEXHUYECKOMN
1e(hEKTOCKOITHH
XapaKTEPHBIX

HCHCHpaBHOCTeﬁ
BCIIOMOT' aTCIIbHBIX
MCXAaHU3MOB U CUCTCEM

UHCTPYMEHTA,
000py/IOBaHuUs, OCHACTKH U
MaTepHaoB e

W3TrOTOBJICHUS JeTajel u

BBITIOJIHEHUSI  PEMOHTHBIX
paboT mnopsaka pa30opKH,
HacTpoWKH ¥ cOOpKH
MEXaHU3MOB u
00opyI0BaHUS Mep
0e30macHOCTH NpH paboTe
B MacTepCKUX,

BBIITOTHEHUM PEMOHTa U
UCTIOIb30BaHUH PA3TMYHOTO
HHCTPYMEHTA u
obopymoBaHus

MpaBWJI OXPaHbl Tpyda MPU
00CTyXKMBaHUU U PEMOHTE
CyIOBOTO 000pYIOBaHUS
OCHOBHBIX
CY/IOCTPOUTEBHBIX
MaTepuaIoB OCHOBHBIX
CBEJICHUH O HA3HAYCHHUHU U

IIPU CYIOPEMOHTE
BBITIOJIHEHHUST  padoT
npu TEXHUYECKOM
00CTyKMBaHUH

CY/ZIOBOTO
000opyI0BaHUs
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CBOMCTBaAx
KOHCprKI_II/IOHHLIX
MaTepuajoB

OCOOEHHOCTEH  CTpOCHHUS

METAJIOB UM HUX CIUJIaBOB,
OCHOB TepMOOOPabOTKH
METAJUIOB XapaKTEPUCTUK U
OTpaHUYECHUN B
MPUMEHEHHH MaTepPHUAJIOB,
HCTIOIb3yEeMBIX B
KOHCTPYKIIUU " npu
peMoHTe CyJIOB u
o0opynoBaHus
KJIacCH(UKAIlUHU, CBOWCTB,
MapKUPOBKH U 0071aCTH
IPUMEHCHHS
KOHCTPYKIIMOHHBIX
MaTepHaJIOB, IPUHIIUIIBI UX
BbIOOpA CYLIHOCTH
SIBJICHUH, TPOMCXOISIINX
B MaTepuaiax B YCIOBHSIX
JKCIUTyaTaluu

1563 (012171 OCHOBHBIX
TEXHOJIOTHYECKUX TPOLIECCOB
00pabOTKH  MaTepuajgoB C
Pa3HBIMHU CBOIMCTBaMH

2. MIOACHUTEJIBHASA 3AIIMCKA

Cuctema KOHTpOJIAI KadecTBa OOpa3oBaHHsS KypCaHTOB (CTYACHTOB)
cneruanbHocTH 26.02.05 «DKCIutyaTalys CyIOBBIX SHEPTETHUUECKUX YCTaHOBOK)
BKJIIOYAET OINUCaHue 3aaad, GyHKIMA u  yciaoBuil ¢dopmupoBanus ¢GoHaA
KOHTPOJIBHO- HU3MEPUTEIBHBIX MaTepHUaJiOB, PACKpPBIBACT COJEpKaHUE BUJIOB U
dbopM KOHTpPOJIA, BKJIOYAs TPAJAUIIMOHHBIC, KOMIUIEKCHBIE M WHHOBAIMOHHBIC
U3MEPUTEIbHBIC MAaTePUAIBI.

KOHTpOoIbHO-U3MEPUTENIbHBIE MaTepUalibl  OMPEACIISIIOT OpraHu3alliio U
IUTAHUPOBAHKUE PE3YJIBTATOB CaMOCTOSATEIIBHON PabOThl KYpCaHTOB (CTYJIECHTOB) U
OIICHKY Ka4eCTBa OCBOCHUS TUCIIUILINHBI.

Bce KOHTpOJIbHO-U3MEPUTEIbHBIE MaTepuaibl, a TakKe omucanue (Gopm u
METOJIOB, MPEIHA3HAYEHHBIX MJIA OINPEJEICHUs] KauecTBa OCBOCHHSI KYypCAaHTOM
(ctyneHToMm) yueOHOro marepuaia, SBISIOTCS HEOThEMJIEMOHW YacThbi0O OCHOBHOM
podeCCHOHAIBHONM 00pa30BaTeIbHOM MPOrpaMMBl B 1iejoM 1 Y MK mHCHUIIINHEI.

dopmoii aTTecTaluu o yueOHOU JUCLIUIIIINHE SBIIACTCSA
ouggepenyuposannwlii 3auem.




3. KOHTPOJIbHO-U3MEPUTEJ/IBHBIE MATEPUAJIBI U151 OHEHKA
OCBOEHUA YYEBHOU JTUCIHUIIJIMHBI U UX KPATKASA
XAPAKTEPUCTHUKA

Ouenka Teopetudyeckoro kypca yueOnou aucuumuinabl Ol 07. Texnuueckas
TEPMOJIMHAMKKA U TEIUIONepeiaya OCYIIECTBISIETCS C UCIIONIb30BAHUEM CIEAYIOIINX
dbopM U METOZOB KOHTPOJISL:

—TEKYIIMA KOHTPOJIb — BBINOJIHEHHWE TECTOBBIX 3aJIaHUM; pelleHue 3adad Io
oOpasily; pelieHue UHIMBUIYAIbHBIX 3a/1a4; BBIMOJIHEHUE, pacyeT U 3allluTa
OTUYETOB MO MPAKTUUECKUM 3aHATUSM;

—pyOEeKHBII KOHTPOJIh — BBITTOJITHEHHE KOHTPOJIBHON PabOTHI;

—POMEKYTOUYHBIM KOHTPOJIb — AU PepeHIMPOBAHHBIN 3a4eT.
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3.1. TEKYIIIUH KOHTPOJIb

TexHnuyecKNd TUKTAHT
YroObl BBISICHUTH, KaK KypCaHThI (CTYACHTBI) YCBaWBalOT TOT WU HHOM
MaTepuai, UM TpeJjiaraercs 3a onpenenéHHOe BpeMsi JaTh OTBETHI B opMme «ia,
HET» Ha IATh BONPOCOB C MOMOIIBIO ONPENEICHHBIX 3HAKOB. [IpuMeHeHue Takoro
METO/Ia CIOCOOCTBYET Pa3BUTHIO BHUMAHHUSA CTYJIEHTOB, TaK KaK OHM JOJDKHBI
BOCIIPUHSTh BOINPOC TMpENojaBaTessi Ha CIyX, KpOME€ TOro, IO3BOJISIET CTPOro
pETJIaMeHTHPOBAThH BPEMSI BHITIOJHEHUS PabOTHI 1 BHOCUT HEKOTOPOE pazHooOpasne B
dbopmbl meKyueit nposepku 3uannii. Pabora mpoxoauT B OBICTPOM TEMITE B TIOATOMY
TaKue TEXHUYECKUE AUKTAHTHI 3aHUMAIOT 5 — / MUHYT.
[IpaBUbHBII OTBET HAa 5 BOINPOCOB COOTBETCTBYET OIIEHKE «OTIIMYHO», HA 4
BOIIPOCA — «XOPOIIO», HAa 3 BOIIPOCA — «yJAOBJICTBOPUTEIIHLHOY.
TexHuyeckue AUKTAHTBI IPOBOAATCA IO JBALATH OJTHOM TEME!
3aKOHBI Ta30B U KUJIKOCTEM.
TenmnoeMKoCTh ra3oB.
OCHOBHBIE MOJIOKEHUS TEPMOAUHAMHUKHU.
TermnoemMKocTs.
3aKOHBI TEPMOJIMHAMUKH.
OHTAJIBIUS U SHTPONUSL.
Teopus TemnooOMeHa.
TepMoarHAMUUYECKUE TTapaMETPhl COCTOSIHUSI.
. BongHoi nap u ero cBOMCTBA.
10 TenmooOMeH U3ITyIeHHUEM.
11.Buasl TeueHUs KUIKOCTH.
12.VineanbHbIN U peabHBIN T'a3.
13.TepMoaguHaMUYECKHUE MTPOIIECCHI.
14 TTpsimoit 1 0OpaTHBIN UK.
15.T"a30BbIE cMecH.
16.VcTeyenue u IpoccenTupoBaHUe Ta30B U MMapOB.
17. Huxmer TITY.
18.0OcHOBHBIE MOJOKEHUSI KOHBEKTUBHOTO TETJIOOOMEHA.
19.PexxuMbl T€UCHUS U KUTICHUS.
20.JIyuuncThlii TEMIIOOOMEH.
21.TenooOMEHHBIE aImaparsl.
TurnoBble TEXHUYECKUE TUKTAHTHI pUBeAcHBI B Ilpunoicenuu A.

CcoNORODE

KpoccBopa

KpoccBopn siBrsieTcst 0fHOM 13 HOPM meKyuyezo KOoHmposa, KoTopas
TI03BOJISICT MOBBICHTh HHTEPEC KYPCAHTOB (CTYACHTOB) K TUCIUILUIMHE B TIPOIIECCE
oOy4eHus.

B kaxmoil TeMe BBIIEISAIOTCS KIIIOYEBBbIE MOHSTUS U TEPMUHBI, KOTOpBIE
MI0JIO’KEHBI B OCHOBY KpOcCBOpAa. Pelienne kpoccBopaa — 3aHATHE YBIIEKATEIbHOE U
MOJIE3HOE, TIO3BOJISIET TPEHUPOBATh MaMsTh U BBINIOJHSAETCS HAa y4eOHOM 3aHSITUU B
teyeHue 15-20 munyt. IlpaBunpHo pemensHslii Ha 100% KpoccBOpI OLEHHUBAETCS
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«oTnuaHO», Ha 90% — «xopomoy, Ha 60-80% — «ymoBaeTBOpHUTENHEHOY, MeHEEe 60% -
«HEYIOBJIETBOPUTEIHHOY.
Pemenue kpoccBOp/ia BBITIOIHAETCS KypCcaHTaMu (CTYJIEHTaM1) MO TeMaM:
1. OCHOBBI TEPMOJIMHAMHUKA.
2. Termonepenaya.
3. TepmoauHaMUKa.
4.1 a30BbIe 3aKOHBI TEPMOJAUHAMUKH.
Tunoseie kpoccBOpAbI IpuBeAeHBI B Ilpunoicenuu B.

Pemienue uHAMBUAYAIBHBIX 32124
Texkywuit konmpons (HOPMUPOBAHUS YMEHHUS CAMOCTOSITEJILHOTO PEIICHUS
WHJMBUAYAJIbHBIX 3a7a4 MPOBOAUTCS BO BpeMs YYCOHBIX 3aHSITHUH, BBIMOIHSAS
camocTosTeNbHbIe padoThI 110 TeMaM (IIpunoscenue C).
1. I3MeHeHue BHYTpEHHEN PHEPTUHU TIPH TEIIIOOOMEHE.
2. Teruiora cropaHus TOIUIMBA.
3. ®a3oBbIe IEPEXOIbI.
4. I3MeHeHre BHYTPEHHEH SHEPTUM TeJla IPU COBEPIICHUU paOOTHI.
5. [lepBblIit 3aKOH TEPMOIMHAMUKH.
6. TerioBoii ABUTATEIIb.

CamocrosTenbHble padOThI MPEICTABISAIOT COOOM MPAKTUYECKUE PACUETHBIE WIIH
rpaguueckue 3aiaHus, OObEAMHEHHbIE OOIIEH TEMAaTUKON M BBIJABAEMBIE KAKIOMY
KypCcaHTy (CTYICHTY) WHAUBUIYAIBHO. BBITOIHIIOTCS CaMOCTOSATEIIbHBIC pa0OThI HA
yueOHOM 3aHsTuu. [IpaBuibsHo pemienHas Ha 100% paboTa oueHUBaeTCsl «OTIAUIHOY,
Ha 90% - «xopomo», Ha 60-80% «ymoBnerBoputenrHO», MeHee 60% —
«HEYIOBJIETBOPUTEIBHOY.

PacuetHble npaktudeckue 3aaanus (Ilpunoscenue D) o Temam:

1. OcHOBHBIE Ta30BbIE 3aKOHBI.
2. [TapameTpbl cocTosiHUS pabodero Tena. YpaBHEHUS WJIEAIbHOIO rasa.
Omnpenenenue TEMIOEMKOCTH HIEATbHBIX Ta30B.
3. UccnenoBanue TepMOIMHAMUYECKUX MTPOLIECCOB UJI€ATBHOIO Ta3a.
4. PacyeT UKJIOB MapoTypOMHHBIX ycTaHOBOK (IITY).
Pacuer umkinoB nBurateneil BHyTpeHHero cropanusi (JBC). Pacuer nmkinon
ra3oTypOuHHBIX ycTaHOBOK (I'TVY).
6. VccienoBanuio mpoIeccoB BOASHOIO Mapa.
7. WcTeueHue ra3zoB M Mapos.
8. TemnooOMeH Mpu BbIHYKIEHHON KOHBEKIIMH.
9. TenooOMeH npu cBOOOHON KOHBEKIIUH.
10.TeryionpoBOAHOCTh Ye€pe3 IUIOCKHUE W IUIUHIAPUYECKUE OJHOCIONWHBIE U
MHOTOCJIOMHBIE CTEHKHU.
11.TermooOMeH U3TydeHUEM.
12.PacueT Termio0OMEHHBIX anmnapaToB.

o1

BeinosineHnue pedepara, cO001EHUS, IPE3eHTALIUH
Pegepam — nucbMeHHBINA TOKIA 1O OMPEIEICHHON TeMe, B KOTOPOM coOpaHa
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uHpopMaIusi W3 OJHOTO WJIM HECKOJBKUX WCTOYHUKOB. Pedeparsl mnumryTcs
CTaHJAPTHBIM SI3bIKOM, C UCIIOJIb30BAHUEM THUITOJIOTU3UPOBAHHBIX PEYEBBIX 000POTOB
BpOJIE: «BAXKHOE 3HAUCHHE UMEET», «YAENAeTCs] 0c000€ BHUMAHUEY», IIOJJHUMACTCS
BOIIPOCY, «JIeJIaeM CJICYIOIINE BBIBOBDY, «UCCIEIyeMas MpoodiieMay, «OCBEIIaeMblii
BOIIPOCY» U T.II.

Paznuyatror 1Ba BuAa pedepaToB: npoOYyKmuHvle W PenpoOoyKmueHwle.
Penpooykmusnwiti pedepar BOCIPOU3BOJUT COJAEPKAHUE TEPBUYHOIO TEKCTA.
IIpooykmusHovii pedepar COAEPKUT TBOPUYECKOE HIM KPUTHUECKOE OCMBICIICHUE
pedepupyeMoro uCTOYHHKA.

Jloxnao, coriacHO TOJKOBOMY clioBapio pycckoro sizbika J[.H. VYmakosa
«...COOOIIEHHE O 3aJaHHON TeMe, C IIEJIbI0 BHECTH 3HAHUS W3 JOMOJIHUTEIbHOU
JUTEpPaTypbl, CUCTEMATU3UPOBATH MAaTEPUJ, MNPOUIUTIOCTPUPOBATh MPUMEPAMH,
pa3BUBaTh HaBBIKM CAMOCTOSATEIBHOM pabOTbl C HAy4yHOM JIUTEpaTypoil,
MO3HABATEIIbHBIN MHTEPEC K HAYYHOMY MTO3HAHUIOM.

Tema pedepara, nokiaaga wid cooOIIEHUs [OJDKHA OBITH CoOrjacoBaHa C
npernoiaBaTesieM W COOTBETCTBOBaTh TeMe yueOHoro 3austus (Ilpunoscenue E).
Matepuaiibl pu €ro MoAroToBKE, JOHKHBI COOTBETCTBOBATh YU€OHO-METOIUYECKUM
TpeOOBaHMSIM U OBITh yKa3aHbl B jAokiajge. HeoOxoaumo coOitogaTh perjiameHt,
OTOBOPECHHBIM TMpU  TOJydeHHH 3ajnanHusa. Mmoctpauuu — JAOMKHBL  OBITH
JIOCTaTOYHBIMH, HO HE YPE3MEPHBIMHU.

Pabora kypcanta (cTyaeHTa) HaJ COOOIICHHEM-TIPE3CHTAIIMCH BKIIIOYACT
OTpaOOTKY YMEHHSI CAaMOCTOSITEIbHO 000011aTh MaTepHall U JAeaTh BHIBOJIbI, YMEHUS
OpPUEHTUPOBAThCA B MaTepuaje M OTBEYaTh HA JOMOJHUTEIIBHBIC BOIPOCHI
ciymaresnen, oTpaboTKy HaBBIKOB OPaTOPCTBA, YMEHUS MPOBOIUTH JUCITYT.

Cmpykmypa blcmynieHus

Berynenue JoMKHO colepiKaTh: Ha3BaHUE, COOOLIEHHWE OCHOBHOM WJEH,
COBPEMEHHYIO  OLIEHKY  MpeIMeTa  M3J0XKEHUs, KpaTKoe  IEepPEeUUCIICHHUE
paccMaTpUBaEMbIX  BOIIPOCOB, KUBYIO  HWHTEpPECHYIO  GOpMy  HU3JIOXKEHHS,
aKIIEHTUPOBAHME BHUMAHUSI HA BAXKHBIX MOMEHTAX, OPUTHHAIBHOCTD TTOIX0/1A.

OcHOBHasi 4acTh, B KOTOPOW BBICTYMAIONIUHN JIOJDKEH TIYOOKO PacCKpBITh CYTh
3aTPOHYTON TEMBI, CTPOUTCS IO TPHUHIMIY OTYeTa. 3ajadya OCHOBHOM YaCTH —
MPEACTaBUTh JIOCTATOYHO JIaHHBIX JUISl TOTO, YTOOBI CIYyIIATEIN 3aWHTEPECOBAINUCH
TEMOU M 3aXOTeNId 0O3HAKOMUTHCS ¢ MaTepuanamu. [Ipu 3ToM Jiormdeckasi CTpyKTypa
TEOpPETUYECKOro OJoKa HEe [JO/DKHBI JaBaThcsi 0€3  HArJIAIHBIX  OCOOUH,
ayIMOBU3YaJIbHBIX U BU3YaJIbHBIX MaTEPHAJIOB.

3axnouenue — sicCHOE, YETKOE 00OOIIEHUE U KPaTKUE BBIBOJbBI, KOTOPBIX BCErAa
AKIAYT CAYLIATENH.

Ilpezenmayus, COraacHO TOJIKOBOMY CIIOBapro pycckoro s3eika JI.H. Ymakosa:
«... croco6 nmoaauu uHGOpMaIU, B KOTOPOM MPUCYTCTBYIOT PUCYHKH, oTOorpaduu,
aHUMAITUS U 3BYKY.

J171s TOATOTOBKY MPE3EHTALMU PEKOMEHIyeTCsl UCTOJIb30BaTh: Power Point, MS
Word, Acrobat Reader. Camas mpocrtas mporpaMma Ijsi CO3JaHHs MPE3CHTAI[MH —
Power Point.

JIy1st MOATOTOBKY MPE3CHTAIINHI HEOOX0IUMO cOOpaTh U 00padoTaTh HAYATHLHYIO
uHdopmaruio. [locnenoBareTbHOCTh MOATOTOBKH MPE3CHTAIUH:

13



— 4YeTKOo c(opMymupoBaTh I€Jb MPE3EHTAIMU: Bbl XOTUTE CBOIO AYIUTOPHUIO
MOTUBUPOBaTh, YOCAUTh, 3apa3uTh KaKON-TO WIEeH WM MPOCTO (PopMaibHO
OTYUTATHCH;

— OMNpeNeIuTh KakoB OyAeT GopMar MpEe3eHTAlUU: KUBOE BBICTYIUIEHHE (TOT/a,
CKOJIBKO OYZET €ro mpoJ0JIKUTEIbHOCTh) WM AJIEKTPOHHAS PACChUIKA (KAaKOB
OyJeT KOHTEKCT IPE3EHTALlUN );

— 0TOOpaTh BCIO COJIEPIKATEIBHYIO YaCTh JIJIS PE3CHTAIIUU u BBICTPOUTH
JIOTUYECKYIO LIETIOYKY MPEICTABICHUS;

— ONpPEAECIUTH KIIFOUEBbIE MOMEHTHI B COAEPKAHUU TEKCTA U BBIACINUTD HX;

— ONpEeNeIUuTh BUABl BU3yalu3alMK (KApTUHKH) JUIsl OTOOpakKeHUsT HMX Ha
CJIaiflax B COOTBETCTBHH C JIOTUKOM, IIEIbIO U CIIEIU(UKON MaTepuraa,

— mnojxoOparh nu3ailH W (popMaTtHpoBaTh Claabl (KOJUYECTBO KAPTHUHOK U
TEKCTa, UX PACIOJIOKEHUE, I[BET U pa3mep);

— MPOBEPUTH BU3YaJIbHOE BOCIIPUATUE PE3CHTALINY.

K Bugam Bu3yanmu3aluu OTHOCATCA WUIIOCTpAllK, 0O0pasbl, JuarpaMmel,
TaOJIHIIBI.

Hnniocmpayus — npeicTaBlIeHUE PEANbHO CYIIECTBYIOIIETO 3PUTEIBHOIO PAA.

Obpa3zvl — B OTIIMYME OT WUTIOCTpanuil — metadopa. X Ha3HaueHue — BbI3BATh
HMOIIMIO U CO3[1aTh OTHOIIEHUE K HEW, BO3JAEHCTBOBATh Ha ayauTOopHri0. C MOMOIIBIO
XOpOIIO MPOAYMAHHBIX U MPEICTaBISEMbIX 00pa3oB, HHPOPMALMS MOXKET HAJIO0JIO
OCTaThCsl B MaMSITH YEJIOBEKA.

Jluacpavma — BU3yanu3anus KOJIMYECTBEHHBIX M KayeCTBEHHBIX cCBsizen. Mx
UCIIOJIB3YIOT ISl YOCAMTENbHON NEMOHCTPAIMK JaHHBIX, JUIsl MPOCTPAHCTBEHHOTO
MBIIUIEHUS B IONOJIHEHUE K JIOTHYECKOMY.

Tabauya — KOHKPETHBINA, HATJISIHBIA M TOYHBIM MOKa3 JaHHBIX. Ee ocHOBHOE
Ha3HAUYCHUE — CTPYKTYpPHPOBaTh MH(OpPMAIMIO, YTO MOPOU 00JIer4aeT BOCIPHUSATHE
JTAHHBIX ayJIUTOPUEH.

[IpakTH4eCKHE COBETHI MO MOATOTOBKE MPE3CHTAIUU:

— TOTOBUTH OT/ICNIbHO: TIEYATHBINA mexcm + cuauowi;

— crHaiiapl — BU3yaJbHas Mojaya MH(POpMalMU, KOTOpas AOJDKHA COAEpXkaTh
MUHHAMYM TEKCTa, MAKCUMYM H300paK€HUH, HECYIIIUX CMBICIOBYIO Harpys3Ky,
BBITJISIAETH HAMJISIAHO U MPOCTO;

— TEKCTOBOE COJIep’KaHHE MPE3CHTAIMM — YCTHAas peyb WM YTEHUE, KOTopas
JOJDKHA BKJIFOYATh apTYMEHTHI, (PaKThl, I0Ka3aTEIhCTBA U DMOIINU;

— PEeKOMEHAyeMoe 4uciio ciaigoB 17-22;

— oOs3atenbHas uHGOpMAIUs Jisd MPe3eHTAlUK: TeMa, (paMuiiusg U UHUIIAAJIbI
BBICTYTIAIOIIETO; TUIAH COOOIICHMS; KPAaTKHUE BBIBOJBI M3 BCETO CKa3aHHOTO;
CIIUCOK MCIO0JIb30BAHHBIX UCTOYHUKOB.

BbinoJiHeHHEe TECTOBBIX 3aJaHuM

TecroBoe 3amaHWe mpeacCTaBIsIeT COOOHM CIEHMUANIBHO ITOATOTOBJICHHBIM
KOHTPOJIbHBIN HA0Op 3aJaHuif, TO3BOJIIONIUN KAYECTBEHHO M KOJUYECTBEHHO
OLICHUTh 3HAHHUS KypCAaHTOB (CTYIACHTOB) IOCPEJCTBOM CTATUCTHUYECKHX METOJOB.
OCHOBHBIMH JIOCTOMHCTBAMH TECTOBOTO KOHTPOJS SBIISIFOTCS: OOBEKTUBHOCTH
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pE3yNbTaTOB TPOBEPKH, MOBBINICHHE Y(H()EKTUBHOCTH TMPOBEPKM 3HAHWUNA 3a CUET
YBEJIMYEHHSI €€ YacTOThl M PEryJspHOCTH, BO3MOXKHOCTb IPOBEPKU 3HAHUM C
UCITI0JIb30BAHUEM KOMITbIOTEPOB.
Texywuit konmpons B GopMe BBITIOJHEHUS] TECTOBBIX 3aJaHUN Ha Y4eOHBIX
3aHATHUSIX MPOBOJUTCS 110 TEMAM:
Tepmoaunamuyeckas cucrema.
["a30BbIC 3aKOHBI.
[{MKJTBI TETUTOBBIX MAIIIVH.
OHTponus.
uxn Kapho.
Huxner JIBC.
ITopiHeBBIE KOMIIPECCOPHI.
[{KITBI XOJIOIUIBHBIX YCTAHOBOK.
[uki Penkuna.
0. [Ipoteccol mpeoOpa3zoBaHus U NIEperpeBa napa.
1. cTedenue u IpoccenTupoBaHe Ta30B U MapoB.
2. Buasl TermiooOMeHa.
13. TemnonpoBOHOCTD.
14. Tenmootnayva.
15. Tlepenaya TEmIOTHI U3ITYyYCHUEM.
16. TermmooOMeHHBIE anmapaThl.

PR BOONOOA~WNE

TecToBO€ 3aJaHuME COCTOMT M3 BONPOCOB, BXOISAIIMX B COOpHHK TecTOBBIX
3amanuil. Ha BeImongHeHne TectoBoro 3ananus orsoaurcea 10-15 munyr. [IpaBunbHbIi
oTBeT Ha 9-10 BOMPOCOB OLIECHUBAETCA «OTIMYHO», HA 7-8 BOIIPOCOB — «XOPOIIO», HA
6 BOIIPOCOB — «YAOBJIETBOPUTEIBHOY.

CaMOKOHTpOJIb IIPU MOJATOTOBKE K 3aHATUAM, TU(P(EpeHIMPOBAHHOMY 3a4eTy
MO>XHO OCYIIECTBJISITH IO BOIpocaM, BXOAAmUM B @DOHA TECTOBBIX 3aJaHMI
(Ilpunoscenue F).

Pemenue 3aga4 no oopasny

Texkywuit koumpoab GOPMUPOBAHUS YMEHHUS CaMOCTOSATEIILHOTO PEIICHHS
3a/1a4y 1Mo 00pasily MPOBOJIUTCS BO BpeMsl YUCOHBIX 3aHSATHM, BBIIIOIHSIS pacUCTHHIC
3a/IaHUS TI0 TEMaM:

1. TexHuueckas TepMOIUHAMHUKA.
2. OCHOBBI TEIJIONEPEIAUH.

Pemiennie 3amad BBIMOJHSIETCS MO WHAUBUYyaJIbHOMY BapUaHTY, BBIIAHHOMY
KypcaHTy (CTyIeHTy) mpernoaaBareiaeM. Homep BapraHTa COOTBETCTBYET HOMEPY 10
CIIUCKYy B JXypHajie ydeOHOM rpynmnbl. Cojaep)kaHUe 3aHATHUS JJi1 MPOBEICHUS
pyOe)HOTO KOHTpPOJs B ¢opMe pemieHus 3amgad 1o obpasity B Ilpunoscenue G.
Pacuer wHAMBUIyanbHBIX 3aJaHUl TPOU3BOJIUTCA C HCIOJIH30BAHUEM YYCOHOU
JUTEpaTypbl, KOHCIEKTa JEKIHUH, crpaBouHbIX AaHHbIX, ['OCTOB, mMeTOAMYECKUX
ocoOui u T.1I.

Bpems Ha BeinonHeHne KOHTPoIbHON paboTsl 90 wnu 180 munyT. Eciamn kypcanT
(ctymeHT) He ycIiea BBITIOJHUTH padOTy 3a BpeMsl YUeOHOTO 3aHSATHS, TACTCS HE
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OoJee ABYX AHEH 1S caauu padoThI.

O1ieHKa 32 BBIIOJIHEHUE KOHTPOJIBHON pabOThl BBICTABIIATHCS MO MATHOAIBHOM
CUCTEME€ M YUYUTBHIBAETCA TPU BBICTABJICHUM HWTOIOBOM OLEHKU 34 CEMECTP.
[TpaBmwiibHO paccuuTaHHas U odopmileHHas padoTa OLIEHUBAETCS «OTIMYHO», C
HapylIeHUSIMH B O(OPMIIEHUH — «XOpOILIO», MpaBWJIbHO paccuutaHHas Ha 70%
paboTa — «yJOBJIETBOPUTEIBHOY». Ecan nomymieHs! rpyObie ook B 0hopMIEHUH U
paborta BbInoiHEHa MeHee yeM Ha 70% BepHO, paboTa BO3BpallaeTcs KypcaHTy
(ctynenty) Ha pnopabotky. Eciam oTdeT mo mpakTHYecKoW paboTe claH TO3kKe
yKa3aHHOTO CpOKa, TO IpPH YCHEIHOM €€ BBIIOJIHEHUH pabdoTa OLIEHUBAETCA
«YZOBJIETBOPUTEIBHOY.

4.2. PYBEXXHBI KOHTPO.Ib

KounrpouabHasi padora

KontponbHasg pabota — onHa u3 (GopM pyodedrcHoil npoeepku W OLEHKU
YCBOCHHBIX 3HAaHWHW, TMONy4YeHHs HWH(OpMAaUKM O XapakTepe IO3HAaBATEIbHOU
JEeSTEIbHOCTH, YPOBHSI CAMOCTOSITEIBHOCTH U aKTUBHOCTH KYpPCaHTOB (CTYJICHTOB) B
y4eOHOM TIpolecce.

B Kypce IUCHUIUIMHBI IPETyCMOTPEHO BBINOJIHEHWE KOHTPOJIBHOW pabOThI IO
teme «OcHOBBI TepMoauHaMuKny (IIpunoscenue H).

BrinonHseTcss KOHTposibHAsE paboTa B MHAWBUIYAJIbHBIX TETPAJAX B TEUECHHUE 2X
aKaJeMUYECKHUX YacoB.

[TpaBunbHO paccuntannas Ha 100% u odopmiieHHas paboTa OIEHUBAETCS
«otnuyHoy». Eciu odopmieHue paboThl HE COOTBETCTBYET TpeOOBaHUSIM (HET
MOSICHEHUSI K pacyeTam, cxema BbinojiHeHa 0e3 coomogeHuss 'OCTa, He yka3aHbI
HaIpaBJ€HUs TOKOB) WJIM JOMyUI€HAa OIIMOKA, HE3HAUYUTEIbHO MCKa)Karolas
pe3yNbTaT pacyeTa, To padoTa OLEHUBAETCS Ha «XOPOILIOY.

Ecnmu npornieHT npaBuibHOCTHpemenus Menee 60% pabdota OIICHUBAETCS
«HEYIOBJIIETBOPUTEIBHO». BO BCEX OCTaNbHBIX CIydasx pabora OIICHUBAETCS
«yOBJIETBOPUTEIILHOM.

4.3. MPOMEKYTOYHBI KOHTPOJIb

dopMoil MpoMexyTOUHOM arrectauuu TudPepeHIMpOBaHHbIN 3a4eT 0 TeMaM
JTUCUUIUIMHBL, 111 KOTOPOTO pa3paboTaHbl TEOPETUUYECKHUE BOMPOCHI U MPAKTUUECKHE
sananus (Ilpunoxcenue ).

VYcnoBueM Jomycka K 9K3aMEHY SIBJISIETCSl YCHEIIHOE OCBOEHUE O0ydYaroluMces
BCEX DJIEMEHTOB IIPOTPAMMBI JUCLIUIIIUHEL.

5. KOHTPOJIbHO-OIEHOYHbIE MATEPUAJIbI JIJI51
IMPOMEXYTOYHOU ATTECTALINU 11O YYEGHOU JUCIIUIIJIMHE

5.1. 3aoanue ona oughghepenyuposannozo zauema
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BaumarenbHo mpouecTh 3adaHusa. Ha moaroroBky otBera gaercs 40 MUHYT.
Ecnu st oTBeTa HEOOXOIMMBI CTIPABOYHBIEC JaHHBIE, CXEMBbI, TaOIUIIbI, JUATPAMMBI,
PUCYHKH, TO KypcaHT (CTYIACHT) MOXKET HWMH  BOCIOJIb30BaThCs, OHH
MPEIOCTABIISAIOTCS MPENOAaBaTEIEeM.

Bormpocs! 1151 nuddepennmpoBaHHoro 3ayeta no gucuuiuinie « TexHuueckas
TEpMOJIMHAMHUKA M Terutonepenada». ®opma Benomoctu (Ilpunoscenue |).

5.2. Ycnoeun nposedenusn oughghepenyuposannozo zauema

HuddepeHunpoBaHHbIl  3a4eT  SABISETCS  (QOPMOU  mpomecymouyHou
ammecmayuu U TIPOBOAUTCS B CPOKH, YCTAHOBJICHHbIE YYEOHBIM TIUIAHOM, U
orpesensieMble KaJleHAapHBIM yueOHBIM IpahukoM 00pa30BaTEIBLHOTO MpoIiecca.

Ha nuddepenmpoBanHoM 3aueTe KypCaHThI (CTYACHTHI) TOJKHBI MOKA3aTh:
3HaHHE OONIMX 3aKOHOB CTATUKU M JUHAMHUKU >KUJIKOCTEH W Ta30B, OCHOBHbBIC
MOHATHUSL TEOPUH TEIIIOOOMEHA, 3aKOHBI TEPMOJUHAMUKH, XaPAKTEPUCTUKHU TOTLIUB.
BBINONHATE TEpMOAMHAMHYECKHE PACUYEThl TEIJIOIHEPTreTHUECKUX YCTPONCTB U
neurateneil. YeTko 3HATH OCHOBHBIE (DOpPMYJN yUeOHBIX pa3JeioB JUCHUILIHNHBI,
YBEPEHHOE BJIAJCHUE OCHOBHBIMM YMEHUSMU M MPAKTUYECKUMH HaBBIKAMH,
PETYCMOTPEHHBIMU MTPOTPAMMOM, YMEHUE TPUMEHSTH UX MPU PEIICHUH 3a/1a4.

Cnaua nuddepeHIMpoBaHHOrO 3a4eTa opraHu3yercs B (opMe YyCTHOTO OTBETa
HAa JIBa TEOPETUYECKHUX BOMPOCa.

[Tpu mOArOTOBKE K OTBETY HA 3a/laHUsl KypCaHT (CTYACHT) MOXET MOJIb30BaThCS
CIPaBOYHBIMU JIaHHBIMH, CXEMaMH, AHarpaMMamu, TabmunamMu u Tpadukami,
pacmoI0XEHHBIMU Ha CTOJIEC TIPETIOIaBaTesl.

HUtorom nuddepeHmpoBaHHOro 3adeTa SABIACTCA OICHKA  «OTIHYHOY,
«XOpOIIO» WM «YIOBIETBOPUTEIbHO». [IpM HEyZOBIETBOPUTEIHLHON OIEHKE,
KypcaHT (CTyIE€HT) UMEeT MpaBo Ha mepecraady auddepeHnrpoBaHHOTO 3ayeTa B
HA3HAYCHHBIN JICHb, MIPEINO/IaBaTEIIEM.
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Kpum epuu ouyeHKu

OueHka

Ilokazarenp

«OTINYIHO»

. IIpaBMJIBHOCTB M MOJIHOTA PACKPBITUSA TEOPETUYECKUX

HOHATHUH U TTOJIOKEHUM.

. Texanueckas I'paMOTHOCTDb M JIOTHYCCKAasA

IHOCJICA0OBATCIIBHOCTD OTBECTA.

. TouHOCTB IMPUMCHCHHA HAYYHBIX TCPMHHOB U

0003HAYECHU.

. Hanuumue CANMHUYHBIX OImMOOK U HCIOYCTOB.

«Xopouio»

[EEN

. HpaBI/IJ'II)HOCTL N CKATOCTb TCOPCTUYCCKUX TIOHSTHUH U

OJIOYKEHUH.

. Texanueckas I'paMOTHOCTDb M JIOTHYCCKAs

II0CJIEIOBATENHLHOCTE OTBETA.
ToYHOCTH IPUMEHEHUS HAYYHBIX TEPMUHOB U
0003HAUEHUH.

Hannune equHUYHEBIX OMIMOOK UM HEJOYETOB B U3JIOKEHUH.

«Y10BJIETBOPH-
TEJIbHO»

W=

JlocTaTouHbIi 00BEM 3HAHUIN B paMKax JUCITUTLINHBI.
Hcnonb3oBaHne yCTAHOBICHHOW TEPMHUHOJIOTHH.
N3moxxeHne 0TBETOB HAa BOMPOCHI HE COBCEM
CaMOCTOSITEeJIbHOE, C HECYIIICCTBEHHBIMH OIIMOKaMU U
HETOYHOCTSIMU.

Bocnpoussenenue TeopeTuueckoro Mmarepuaia o6e3
0000111eHNIT U BHIBOIOB.

«HeynoBJjeTrBo-
PUTEJIBHO»

. CDpaFMeHTapHBIG HCB3aMMOCBA3aHHBIC 3HAHUA I10

JUCIHHITIINHE.

. OOpBIBOYHOE M3JI0KEHUE C HU3KOM CTENEHBIO

OCMBICJICHHUA.

3. OTCyTCTBHE OTBETOB HA HABOJIAIINE BOITPOCHI

IIpCIoaaBaTCJIA.

. HEeKOMIIETEHTHOCTPH BYCTaHOBIIECHHON TEPMHUHOJIOTUU U

0003HAYECHUIX.

. OTCYTCTBI/IC OTBCTOB HJIM OTKAa3 OT OTBCTA.
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Ilpunoscenue A

3aganus 11 POBeAeHNs TEKYIero KOHTPOJIsi B popMe TeXHUYECKOTro
TUKTAHTA

Texnuueckuti ouxmanm no meme « 3aKOHbL 2a308 U HCUOKOCMEL)

1.BHyTpeHHsAsI SHeprusi JaHHOW MacChl pPEaJbHOrO ra3a HEe 3aBUCHUT HU
OT TeMnepaTrypbl, HI OT oObema?

2.B mporecce M30XOpHOTO HarpeBaHus ra3 moiayudun 15 MJx Temmorsl,
M3MEHEHHE BHYTPEHHEN SHEPIUU ra3a paBHO HYJIO?

3.KonBekisi — 5TO BHA TeEIUIONepeaayd, COIMPOBOXKIAIOIIAICS
EPEHOCOM BeniecTBa?

4.Bonopon U renuid paBHOW MaccChl, B3SITbI€ NMPU OJMHAKOBBIX JABJICHUSX,
HarpesaroT Ha 20 K. OaunakoBas i padoTa coBepiiaeTcst mpu 3Tom?

S5.BHyTpeHHsss sHeprus | MOJIb  OJHOATOMHOIO  HJI€aJIbHOrO  rasa,
Haxojsmerocs npu temneparype 27°C, pasao 3740 [1x?

aa f\ HEeT __
_ Y LN\

Texnuueckuti oukmanm no meme « Tennoemxocms 2az08»

IIpaBuIIbHBIN OTBET

1.BHyTpeHHI010 AHEPTUI0 CHUCTEMBl  MOXHO U3MEHUTh NYTEM
COBEpILEHUs pabOTHI U TeTIonepeaaun ?

2. TeronpoBOAHOCT, — ATO BHJ TEIJIONEPEIadn, COIMPOBOKIAFOIITHIACS
EPEHOCOM BeniecTBa’?

3.BHyTpeHHsI1 oSHEprusi HaHHOM MacChl HJCAIHLHOTO Ta3a 3aBHUCHT
TOJILKO OT TeMIeparypbi?

4.B miporiecce aquadaTHOTO PaCIIMPEHUs Ta3 coBepiaeT padboTy, paBHYIO
3 « 10%° JI:x. MU3meHnenne BHYTpPEHHEN SHEpruM rasa pasHo -3 ¢ 1010
JIx?

5.Bojmopoa u a30T paBHOM MacChl, B3ATbl€ NPU OJUWHAKOBBIX JABJICHUSX,
HarpeBatoT Ha 15 K. OnunakoBas nu paboTa coBepiiaeTcs TazaMH TMpH
3TOM?

A
[IpaBubHBIN OTBET m_m_
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Texnuueckuti Oukmanm no memam
«OcHoeHble NON0XMCeHUS MEeXHUYECKOl mepModuHaMuKu. Tennoemrxocmuv»

1.7Kunkoe unu razoo0pa3HOe BELIECTBO, MPUMEHSIEMOE NJisi Mepeaadr TEerIoBOM
SHEPTUH, HAa3bIBACTCA ... (menionocumens).

2.Hayka 0 3aKOHOMEPHOCTSIX TMpEBpAllleHUs DSHEPTUU  Ha3bIBACTCS
(mepmoounamuxa).

3. COBOKYITHOCTh MaTEpHUaIbHBIX TEJ, B3aMMOCHCTBYIOIIUX, KaK MEXIy COOOH,
TaK M C OKpYXalolmled cpemaod HaspBaeTcs ... (mepmoounamuyeckou
cucmemoi).

4. BenuunHa 00paTHAas MIOTHOCTH T.€. OTHOLIEHHSI 00bEMa 3aHITOrO BEIIECTBOM K
€ro mMacce, Ha3bIBaeTcs ... (yoenbublil 06vem).

5.1Ipouecc mepexoga TEPMOAMHAMHUYECKONM CHUCTEMBI U3 OJHOTO PAaBHOBECHOTO
COCTOSIHMSI B JIPYro€, CTOJIb MEIJICHHBIN, YTO BCE MPOMEXKYTOUHBIE COCTOSIHUS
MOYKHO paccMaTpuBaTh KaK paBHOBECHBIC, Ha3bIBacTCa ... (pasHosechwill
npoyecc).

6.1Ipouecc, BKIIOYAIOIMIMIA  HEPAaBHOBECHBIE  COCTOSIHMS,  Ha3bIBaeTCS
(repasnosecuwiii npoyecc).

7.1Ipomecc, KOTOPBIA MOXKET MPOUCXOAUTH KaK B MPSMOM, TaK U B OOpaTHOM
HaIpaBIICHUH, MIPUYEM MPU BO3BPAIIECHUHN B MEPBOHAYAIIBEHOE COCTOSHUE (MIPH
W3MEHEHUU BHEIIHUX YCJIOBHM B MPOTHUBOIOJOXKHON MOCIEIOBATEIFHOCTH)
CHUCTeMa MPOXOIUT BCE PABHOBECHBIE COCTOSHHUS MPSMOTO Ipoliecca, HO B
00paTHOM TIOpsIZIKE, Ha3bIBaCTCH ... (0Opamumvim npoyeccom).

8.1Iporecc, KOTOpBI MOXKET CaMOIPOHW3BOJIBHO MPOTEKATh TOJBKO B OJHOM
HAIpaBIICHUH, HA3bIBACTCA ... (HeobOpamumblii npoyecc).

9. VpaBHeHHe, BBIPAKAIOIIEE CBS3h MEXIY IMapaMeTpaMu PaBHOBECHOTO COCTOSIHUS
TEPMOJJMHAMHYECKON CUCTEMBI, Ha3bIBACTCA ... (YpaGHeHUe COCMOsHUSL).

10.Konu4decTBO TEIUIOTHI, TEPEIaHHOE Macce Marepuana MpH TOBBIIMICHHH €ro
TeMIepaTypbl Ha ouH rpaayc Llenscust Ha3pIBaeTce ... (menioemrkocms).

Texnuueckuii OuKmaum no meme
«3aKoHbl MepMOOUHAMUKY. DHMATILNUSL, DHMPONUSLY)

1.TTonsatue, BuepBbie BBeAECHHOE Kay3nycoM B TEpMOIUHAMUKE JJISI ONIPEACITICHHUS
MEphl HEOOPAaTUMOTO pPACCEHBAHUS SHEPTHH, MEPBl OTKIOHCHHS PEaJbHOTO
nporiecca oT uacanbHoro. OnpenenéHHas Kak CyMMa IpUBEASHHBIX TEIUIOT, OHA
SIBIIICTCS (DYHKIIMEH COCTOSHHUS M OCTa€TCs IOCTOSHHON IpPU OOpaTHUMBIX
mpolieccax, TorJia Kak B HeOOpaTuMbl — €€ M3MEHEHHE BCET/Ia TMOJIOKHUTENBHO,
Ha3bIBACTCA ... (oHmponus).

2.CymMa BHYTpEHHEH dHEpPruM Telia U paboThl, KOTOPYIO HEOOXOIMMO 3aTPaTHUTh,
YTOOBI TEIO 00BEMOM V BBECTH B OKPYXKAIOIIYIO CPEY, UMEIOIIYIO JaBJICHUE P
U HaXOJAIIyIOCS C TEJIOM B PABHOBECHOM COCTOSHUU Ha3bIBACTCS
(ommanvnus).

3. KonmuectBo TemnoTel, HeoOxXomumoe [uisi mepeBona | Moysi BemiecTBa B
COCTOSIHME Tiapa TpH Temreparype kuneHus. M3mepsercs B JDKoymsx,
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Ha3zbiBaeTcs ... (Temnora mapoobpazoBanus).

4. Konmu4ecTBO SHEpPrUM, MOJTYYCHHON TeJIoM B (hOpMe TEIJIOTHI, Ha3bIBaeTCA ...
(noosedennoti mennomoii), a KOJIMYECTBO IHEPIHH, OTJAHHOE TEJIOM B (hopme
TEIUIOTHI ... (omeedennoii meniomoti).

5.1lepenaua sHEpTUH B TEPMOJAUHAMUYECKOM TMPOIIECCE OT OJHOTO Tela K APYyromy,
CBSI3aHHAsg C M3MEHEHHEM oObeMa paboyero Tena, ¢ MEpPEeMEIICHHEM €ro BO
BHEIITHEM TPOCTPAHCTBE WJIM C M3MEHEHHUEM €T0 TOJOKCHUS Ha3bIBACTCS
(pabomoui npoyecca).

Texnuueckuti Oukmaum no meme «Teopuﬂ menioooMeHay

1.CBoiicTBO MaTepuaiia KOHCTPYKIIMM TEPEHOCUTh TEIUJIOTY TOJA JIeWCTBHEM
pasHocTu (epaduenma) TeMmIepaTyp Ha €€ IOBEPXHOCTAX, Ha3bIBACTCS
(mennonposoonocms).

2.1lepeHoc TEMIOTHI Yepe3 Orpa)KAatonlyr0 KOHCTPYKIIMIO OT B3aUMOJICHCTBYIOIIEH
C HeHl cpenpl ¢ OoJyiee BBHICOKOM TEMIEpaTypoil K cpelie C JAPYyroil CTOPOHBI
KOHCTPYKIIUHU C 00Jice HU3KOM TeMITepaTypoi Ha3bIBaeTCs ... (menionepedaua).

3.Camomnpon3BONIbHBIN HEOOpaTUMBIN Tpoliecc MepeHoca sHepruu (B ¢opme
TEIJIOTHI) B IPOCTPAHCTBE OT O0JIee HArPEThIX TeN (MM YYaCTKOB Tella) K MCHEe
HarpeThIM, Ha3bIBacTCA ... (mennoobmern).

4. TlepeHOC TEIUIOTHI C TTOBEPXHOCTH KOHCTPYKIIUU B OKPYKAIOIIYIO CPEAyY 3a CUET
KOHBEKTHBHOT'O M JIyYHCTOr0 TEIFIOOOMEHA Ha3bIBaeTCs ... (menioomoaua).

S.IlepeHoc  TEmJIOTBI C TOBEPXHOCTH (HA TMOBEPXHOCTH) OTrpaKIaroIIeH
KOHCTPYKITUH OMBIBAIOIIAM €€ BO3IyXOM WJIM KUIKOCTHIO HA3bIBACTCS
(koneexmuenwlll menioobmen).

6.KonnuecTBO TEIUIOTHI, MPOXOASINEe B EAUMHUILYy BPEMEHU Yepe3 EIUHUILY
IUIOIIAAM  M30TEPMHUYCCKOW  TOBEPXHOCTH,  Ha3bIBaCTCS...(niiomnocmoio
Menio68020 NOMOKQ).

7.BekTop, HampaBJICHHBIN IO HOPMAJIH K U30TEPMHUUECKOM MMOBEPXHOCTU B CTOPOHY
BO3pACTaHUs TEeMIEPATypbl U YUCIEHHO PABHBIN MIPOU3BOIHON OT TEMIIEPATYpPHI
10 ATOMY HaNpPaBJICHUIO, HA3bIBACTCH ... (epaduenm memnepamypol).

8.T'eomeTprdeckoe MECTO TOYEK TEMIIEPATypPHOTO TOJIs, UMEIOIINX OJUHAKOBYIO
TEMIIepaTypy, Ha3bIBaeTCA ... (U30mepmMu1eckoil NOBEPXHOCIbIO).

9. Du3nyeckuM TIapaMETPOM BEIICCTBA, XapPAKTEPH3YIONIUM €ro CIIOCOOHOCTH
IIPOBOMTD TEIUIOTY ABIACTCH ... (Koaghduyuenm menionposoonocmu).

10.ITponecc mepenayu TEMIOTHI MEXKIY TBEPJOM MOBEPXHOCTHIO U OKPYKAIOIICH
CpPENoM, KOTOPBIA OCYLIECTBIISCTCS Yepe3 JaMUHAPHBIM IMOTPAHUYHBIN CIOH, B
OCTaJIbHOM 00BbEeMe MEPEHOC TETUTIOTHI OCYIIECTBISETCS KOHBEKIINEH HA3bhIBACTCS
... (konsexmuenwviii menioobmen).

11.Konu4ecTBO TEIUIOTHI, TEPENaHHOE B EIWHUILy BPEMEHH 4Yepe3 EAUHUILY
IJIOMAN TIOBEPXHOCTH TBEPJOTO TeJa IMyTEeM KOHBEKIIMH TIPH PA3HOCTH
TeMIEpaTyp MEXAYy MOBEPXHOCThIO Tena W cpenoil B 1K, Ha3biBaeTcs
(kosppuyuenm mennoomoauu).
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Texnuueckuti ouxmanm no meme
«TepModuHaMuqu}cue napamempuvl COCMOAHRUA)

1. ®usnyeckas BeIWYWHA, XapaKTepU3yIOllas COCTOSHUE CIUIOIIHOM Cpeabl U
YUCJIEHHO paBHas cwie F, nelicTByromeld Ha eqUHUIY TUIOIAAN TOBEPXHOCTH S
HIEPIICHIUKYJIIPHO 3TOM MOBEPXHOCTH, Ha3bIBaeTcA ... (Oasienue).

2. DHEpPrusi CUCTEMBI, 3aBUCSINAS OT €€ BHYTPEHHETO COCTOSHHMSI, HAa3bIBACTCS ...
(6nympennsisa snepeus).

3. JlaBieHue, KOTOpOe UMeEN ObI Ta3, BXOSIINI B COCTaB Ta30BOM CMECH, €CJIA OBl
OH OJIMH 3aHMMall 00bEM, PaBHBIH 00BEMY CMECH TMPHU TOH KEe TeMIeparype,
Ha3bIBaeTCH ... (napyuanvroe dasienue).

Texnuueckuti ouxmanm no meme «Boosamnoii nap u e2o ceoticmeay

1.T"'a3000pa3HOe COCTOSIHME BEIIECTBA B YCIOBMSX, KOrjaa razoBas (pa3a MOXKET
HAXOJUTHCS B PABHOBECHHM C JKUIAKOW WM TBEPIOH (DazaMu TOTo K€ BEIIECTBA,
Has3bIBaeTcs ... (nap).

2.Tlap, HaXOmAIIMICS B TEPMOIUHAMHYCCKOM DPABHOBECHH C JKHUAKOCTBIO HIIH
TBEP/IBIM TEIIOM TOTO K€ COCTaBa, Ha3bIBACTCS ... (Hacwvluennvill nap).

3.Ilepexoa BemecTBa B JKUAKOE MM TBEPAOE COCTOSHHE M3 Ta3000pa3sHOIO
Ha3bIBacTCA ... (Kondencayus napos).

Texnuueckuti OuKmaHm no memam
«Tennoobmen uznyuenuem. Buovr meuenus scuoxocmuy

1. TerutooOMeH MeEXIy TellaMH, OCYIICCTBIISIOIIUNCS BCIICICTBUE HCIYCKaHHUS M

TOTJIOIIECHUS. UMM 3JICKTPOMArHUTHOTO M3JydeHHUsS Ha3bIBaeTCs ... (myuucmoiil
meniooomen).

2. Teuenue kuakocT (WM Trasza), XapaKTepu3yIOIIeecs  OTCYTCTBHUEM
TIepEeMEIIMBaHUS MEKIY COCETHUMH €€ CIO0sAMH, Has3bIBaeTCs ... (lamunaphoe
meuenue).

3.PexxuM  ABWKEHMS, XapaKTePHOW  OCOOCHHOCTBIO  KOTOPOTO  SIBIISIETCS
NepeMeIIMBaHUEe YacTUIl W  TyJbCalldM  CKOPOCTH, Ha3bIBAaeTCs
(mypbyrenmuoiii pesicum mevenust).

Texnuueckuti OUKmManm no memam
«Hoeanvuvlii u peanvuwviii 2az. TepmoouHamuyeckue npoyeccol»

1. Marematuueckasi MOJI€JIb Ta3a, B KOTOPOU MPEIonaraeTcs, 4YTo MOTEHIHAIbHOM
SHEeprueil B3auMOJCHCTBUS MOJIEKYJ MOXHO MpeHeOpeyb MO0 CPAaBHEHUIO C UX
KMHETUYECKOW JHepruern. Mexny MoseKylnamMu HE  JEUCTBYIOT — CHJIBI
OPUTSHDKEHUS WM OTTAJKUBAHUS, COYAApEHUs YacTUIl MEXAYy COo00H U co
CTEHKaMH cocyAa aOCONIOTHO YOPYTH, a BpeMsl B3aUMOACUCTBHUS MEXIY
MOJIEKYJIaMU TPEHEOPEKMMO Majo MO CPaBHEHUIO CO CpPEJHUM BpPEMEHEM
MEX/y CTOJKHOBEHUSMU, HA3bIBACTCA ... (Udeanvubill 2a3).
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2. TepmouHAMUYECKHA TIPOIIECC, TIPU KOTOPOM (pru3rdeckasi CUCTeMa He ToydaeT
TEIUIOTHl W3BHE W HE OTHAET €€, MOXKET OBITh OCYIISCTBIEH TMPU HAJIHYUU
TeIUION30JIMpYIoleH (T.H. aauadaTHON) 000JI0YKH, UCKITFOYAIOIIEeH TEII000MEH
MOMEIIEHHOTO BHYTPh He€ Teyia ¢ BHEIL. CPeNoi, Ha3biBaeTcs ... (aduabammwiil
npoyecc).

3. TepMoauHaMHUeCKU MPOIIECC, KOTOPBII MPOUCXOAUT MPHU MOCTOSHHOM 00BEME
Ha3bIBaeTCA ... (U30x0pHbLiL).

4. TepMOOUHAMUYECKUA TPOLECC, KOTOPBIA MPOUCXOJUT MPU MOCTOSHHOM
JIaBJICHUE HA3bIBACTCA ... (U300apHbILl).

5.IIpotecc U3MEHEHHs COCTOSAHUS TEPMOJUHAMUYECKONW CUCTEMBI TP MOCTOSTHHON
TeMIIepaType, Ha3bIBaeTcs ... (uzomepmuyeckuil).

Texnuueckuti Oukmanm no memam
«IIpamoii u obpamuwiti yuka. I'azosvie cmecuy

1.TIpouecc, mpu KOTOPOM CHUCTEMa, IIPOXOIS Yepe3 Psi COCTOSHUMN, BO3BpaIaeTCs
B IICPBOHAYAIILHOEC, HA3BIBACTCA ... (KpY2osbim npoyeccom ui Yukiom).

2.MexaHn4deckasl CMECh YHCTBHIX BEIIECTB, HA3hIBAEMBIX KOMIIOHEHTAMH CMECH, HE
BCTYIAIOIIMX APYT C APYrOM B XHMHYECKHE PEaKIuH, Ha3bIBaeTes ... (eazosas
cMech).

Texnuueckuii OuKmaum no meme
« Tepmoounamuueckue napamempobl COCMOAHUILY

1. MammHa 175 coxaTHs BO3yXa WM Ta3a J0 W30BITOYHOTO AaBiieHus He Hroke 0,2
Mna Ha3bIBaeTcs ... (komnpeccop).

2.1leHTpOoOeKHBIA WM OCEBOM JIOMATOYHBIA KOMIPECCOP I CKATUS M TI0JIa4u
BO3/yXa WJIM T'a3a Ha3bIBaCTCA ... (mypboxkomnpeccop).

3.Ot1HomIeHHEe O0BEMOB B IIWJIMHIPE IBUTATENS TPHU IOJIOKCHHUSX TOPIITHS B
HavaJie M KOHIIE MPOIecca CKATUsl Ha3bIBAeTCs ... (cmenenv cocamust).

4. OTHOIIIEHHE HAauOOJIBIIIETO AaBJIEHUS B LWJIUHIPE JABUTATENsS, 00pa30BaBIIETOCs
B pe3yibTaTe MOJBOJAA TEIUIOTHI, K JABJICHHIO B KOHIE MpOIecca CKATHS
Ha3bIBaCTCA ... (cmenensb nosviuieHus: 0asietust).

5. OTHolIeHHEe 00BEMOB B KOHIIE U Hayaje M0/IBOJIa TEIJIOTHI K paboueMy Teiry Mpu
NIOCTOSITHHOM ~ JIaBJICHUU  Ha3biBaeTCcs ... (cmenenwv  npedsapumenbHo2o
pacuupenus).

6. OTHOIICHHE JABJICHHWI B Havaje M KOHIIE OTBOJA TEILIOTHI OT pabovyero Teia K
XOJIONIHOMY HCTOYHUKY TPH TOCTOSSHHOM OOBeMe Ha3bIBaeTcs ... (cmenens
naoenusi Oas/eHst).

7.OTHOIICHHEe 00BEMOB B Hauaje W KOHIIE OTBOJA TEIUIOTHI OT padoyero teia K
XOJIOAHOMY HCTOYHHKY MPH MOCTOSHHOM JIaBJICHMU Has3bIBaeTcs ... (cmenens
COKpaweHust 06vema).
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Texnuueckuti ouxmanm no meme
«Hcmeuenue u dpocceﬂupoeaﬂue 2a306 U napoey

1.Tlporiecc TOHMXKCHHUS MAaBICHHS MPH TMPOXOXJICHUM Trasza MM Tapa uepes
CY)KCHHBIC CEUYCHHsI B TpyOOmpoBomax O3 COBEpPIICHUS BHEIIHEH pabOThI
Ha3bIBaeTCA ... (Opoccenuposanuem).

2.Kanayi, B KOTOpPOM MpPOHMCXOJMUT paCIIMpEHHE Ta3a C yMCHBIICHHEM H
YBEJIMUYCHUEM CKOPOCTH €r0 JIBHXKCHUS Ha3bIBAeTCH ... (Conio).

3.KoMOuHUpOBaHHOE COIUIO C CYXHBAIOUICHCS M paCHIMPSIOUICICS YacTsAMH,
HNPUMEHSEMOE JUIs TOJyYeHUs CKOPOCTeil Tra3a OoJibllie CKOPOCTH 3BYKa
Ha3bIBaeTCA ... (conno Jlasans).

4.VI3MeHEeHHEe TEeMIIepaTyphl ra3za B pe3ysbTaTe aauadaTHOrO JIPOCCETUPOBAHHUS
Has3bIBaeTCs ... (agppexm [Jocoyns — Tomcona).

5. TemmiepaTypa, COOTBETCTBYIOIIAs COCTOSHHIO Ta3a, MPU KOTOPOM TEeMIIEpaTypa
raza Tpu aguadaTHOM JIPOCCEIMPOBAHMHM HE W3MEHSETCS, Ha3bIBacTCs
(memnepamypa unsepcuu).

Texuuueckuti ouxmanum no meme «L{uxnor IITY »

1.UneanpHblil 3aMKHYTBIA MPOLIECC U3MEHEHMSI COCTOSHHUS pabodero Teila B
IPOCTEHIIel TapOCHIIOBOM YCTaHOBKE — 3TO ... (yuxn Penkuna).

2. TepmoguHaMUYECKH MK, OCYIIECTBISIEMBI JBYMS paOOUYMMHU TeEllaMH,
Ha3bIBaeTCA ... (OunapHwlll Yuksn).

3.O0patHbIi KPyroBoil mpoliecc, MpeTHa3HAYCHHBIN IS TIEpPeIavd TETUIOThI OT Tell
MEHEE HarpeThiX K TellaM 0ojiee HarpeThiM, Ha3bIBaeTCs ... (XOJIOIUIIBbHBIM
IIUKJT).

4.OTHOIIIEHHE KOJIMYECTBA TEIUIOTHl (2, OTBOJUMON B OOpaTHOM IIHUKJIE OT
OXJIAK/IaeMOM CHUCTEeMBbI, K 3aTpadyeHHol pabore I, Ha3wpIBaeTCs
(xonoounvuwiil kKosgpPuyuenm).

Texunuueckuii OUKmaum no meme
«OcHoBHbIE NONOAHCEHUS KOHBEKMUBHO20 MENI00OMEHA)

1.Tlonq neiicTBMEM HEOJHOPOJHOIO IIOJII BHEIIHMX MAaCCOBBIX CHI  (CHII
I'PaBUTAIMOHHOI0, WHEPIMOHHOTO0, MArHUTHOTO WA 3JCKTPHUYECKOIO ITOJIs),
NPWJIOKEHHBIX K YacTHI[AM JKHUJAKOCTH BHYTPH CHCTEMbl BO3HHKACT
(ecmecmeennas koneexyus).

2. ITox nmedicTBMEM BHENTHUX IMOBEPXHOCTHBIX CHUI, MPHJIOKCHHBIX Ha TPaHMIIAX
CUCTEMBI, WJIA TIIOJ JCHCTBUEM OJHOPOJHOTO TOJS MAacCOBBIX  CHII,
JCHCTBYIOIINX B YKMIKOCTH BHYTPH CHUCTEMbI BO3HHMKAET ... (BBIHY)KICHHAs
KOHBEKIIUS).

3. CooTBercTBHE MEXKAy (pu3MUeCKMMH TIpolleccaMM, BBIpaXKaromeecs B
TOXKJECTBEHHOCTH HMX Oe3pa3MEepHBIX MAaTEMaTHYCCKUX OIHMCAHWH, Ha3bIBACTCS
... (pusuueckoe nooodue).

4. OTHOIIEHUSI OJHOPOJHBIX (PU3UYECKMX BEITUYMH B CXOJCTBEHHBIX TOYKAX
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MOJICJIM M HATyPHOTO 00bEKTa, Ha3bIBACTCA ... (KOHCmanmol no0o6us).

. be3pasmepHbie umcna, COCTaBIEHHBICE W3 Pa3MEPHBIX (PU3NYCCKUX BEJIMYHH,
OTIPENETSIONINX paccMaTpuBaeMble (U3NYCCKUE SIBICHUS, HA3bIBACTCA
(kpumepuu nooobus).

. Uucna momo0Ousi, COCTaBICHHBIC M3 BEIWYHMH, 3aIaHHBIX MPU MATEMaTHYECKOM
OIMCaHUU TIPOIIecca, Ha3bIBACTC ... (onpedensiouue Kpumepuu nooooOus).
.Uucna momoOusi, coaepikaliue OMpPECIIeMyl0 BEIWYMHY, Ha3bIBACTCSA
(onpeoensiemvie be3pazmepHble KOMNAEKCHL).

. DyHKIIHOHAIBHBIC 3aBHCHMOCTH MEKTY KPUTEPHUSIMH 0100w,
XapaKTEPU3YIOIIUMHU SIBIICHUE, HAa3bIBACTCS ... (KpumepuanivHvle YpasHeHUs.
noooous).

Texnuueckuti ouxmanm no meme « Peacumor mevenusy

. PexxuM  NIBIDKEHMSI SKMJIKOCTH, TPU KOTOPOM BO3MOXKHBI CTallMIOHAPHBIE
TPAEKTOPUH €€ YACTHII, HA3bIBACTCA ... (IAMUHADHBLI PENHCUM MEYUEHUSL).

. Y4acTok TpyObl, HA KOTOPOM I10JI€ TEMIIEPATYPHI 3aBUCUT OT YCJIOBHI Ha BXOJIE
B TpyOy, Ha3bIBACTCA ... (MepMuuecKuli HauaibHblil Y4aACmoxK).

. Y4acTok TpyObl, HA KOTOPOM II0JI€ TEMITEpaTyphbl MIPAKTUIECKA HE 3aBUCUT OT
pacmpezieieHusl TeMIIepaTypbl B Ha4aJbHOM CEUEHHWU 000rpEeBaeMOT0 ydacTKa,
Ha3bIBaCTCA ... (YUACMOK cmaduiu3uposanHo2o menioooMena).

. PexxuM nBWKEHUS KUIKOCTH C XAOTHYCCKH H3MEHSIOMMMHUCS BO BpPEMEHHU
TPAaCKTOPHUSIMU YACTHII, NMPH KOTOPOM B IOTOKE BO3HHKAIOT HEPETYJSIPHBIC
NyJbCalliK  CKOPOCTH,  JAaBJICHUS W TeMIIepaTyphl,  HEPaBHOMEPHO
pachpesielICHHBIC B IOTOKE, HA3BIBACTCA ... (MypOYIeHMHDBIIL PENHCUM).

Texnuueckuti ouxmanm no meme « Pesicumvl Kunenusiy

. PexxuMm, ipu koTopoM map oOpasyeTcsi B BUJI€ TEPUOIUYECKH 3apOKIAFOITUXCS
Y PACTYIIHX My3bIPHKOB, HA3BIBACTCA ... (11)3bIPbKOGBIIL PEeHCUM KUNECHUSL).

. PesxxuM, ipri KOTOPOM Ha MOBEPXHOCTH HarpeBa oOpa3yeTcs CIUIONIHAS TJICHKA
napa, MepUOJANYECKH TIPOPBIBAIOIIETOCS B O00BEM JKHIKOCTH, HA3BIBACTCS
(nnenounwiil pesicum Kunenus).

. MakcumasibHO BO3MOXKHAs (TIPM JaHHBIX YCJIOBHSAX) IUIOTHOCTH TEIJIOBOTO
MOTOKAa TIPU ITy3BIPHKOBOM KHWIICHWHW, HA3bIBACTCH ... (nepeas Kpumuueckas
NJIOMHOCMb MEN08020 NOMOKA).

. OOpa3oBaHue CIUIONTHOW TJIEHKH KOHJIEHCATa HA CMAayMBaeMOUl TMOBEPXHOCTH,
HA3BIBACTCH ... (NJICHOYHASA KOHOCHCAUUS).

. O6pa3oBaHue Karmeib KOHEHCATa HA HECMAaYuBaeMON MTOBEPXHOCTH HA3BIBACTCS
... (kanenvnas konoencayus).

Texnuueckuti oukmanm no meme «JIyuucmolil menioooMen»

. KonmmuecTBo OHCPIruM HU3JIYUYCHUA, HNPOXOAJglIIcC B CIAWMHHUIY BPEMCHH UYCPCE3
CAWHNLY IUIoIaar ITOBEPXHOCTH B IIPEACiiax HOJIYC(i)CpI/I‘ICCKOI‘O TCIICCHOTO
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yIJIa, HA3bIBACTCS ... (MIOMHOCMb NOMOKA U3LYYCHUSL).

. OTHOIIIEHUE IIJIOTHOCTH ITOTOKA M3JIyYCHHUs, HMCIYCKAaeMOTO B OCCKOHEYHO
MaJioOM HHTEpBaJe JUIMH BOJIH, K BEJIMYMHE 3TOTO HWHTEpBaJa Ha3bIBACTCS
(cnekmpanvhas niomHoCmMb NOMOKA UBTYYEHUSL).

. IIMTOTHOCTh TOTOKA M3IIydeHHUS aOCOIIOTHO YEPHOIO Tejaa MPOIMOPIIHOHAIbHA
YEeTBEPTON CTENEHH aOCOIIOTHON TeMmepaTypbl — 3TO 3aKoH ... (Cmeghana —
bonvymana).

. OTHOIIIEHHE TJIOTHOCTEH MOTOKA U3IYYCHHS CEPOro Tejla ¥ aOCOTIOTHO YEPHOTO
TeJla MPH TOM JKe TeMIIepaType Ha3bIBACTCS ... (CmeneHb uepHomol meia).

. OTHOIIIEHHE TIOTHOCTH MOTOKA M3JIyUYEHHUS CEPOro Teja K €ro MmoriomareabHoR
CIIOCOOHOCTH HE 3aBHUCHUT OT MPHPOJBI Tela M PABHO ILIOTHOCTH IOTOKA
U3JTydeHust aOCOIFOTHO YEPHOTO Teja MPH TOH e TeMIeparype — 3TO 3aKOH ...
(Kupxeogha).

. OTHOIIIEHUE TTOTOKA M3JIYyYCHHs MEPBOI0 TeNa, MaJarollero Ha BTOPOE TEIOo K
MOTOKY MOJHOTO MOJYC(HEPUUECKOro U3IyUYCHHS MEPBOTO Tea, Ha3bIBaeTC ...
(koogppuyuenm obnyuennocmu).

Texnuueckuti ouxmanm no meme « Teniooomennvle annapamasl»

. YCTPOMCTBO, B KOTOPOM OCYLIECTBIIIETCA MEpPENada TEIUIOTBI OT TOpPSYEro
TEIUIOHOCUTENS! K  XOJOJAHOMY  (HarpeBaeéMoMy),  Ha3bIBAETCS
(mennoobmennux).

. Ilap, HarpeThIl 10 TeMIeparyphl, TPEBBIIIAIONIECH TEMIIEPATYPY KHUIEHUS HPU
JTAHHOM JIaBJICHUU, HA3BIBACTCA ... (nepeepemulii nap).

ITonmydyeHue neperpeToro napa NPOUCXOAMT B CIELHMAIBHBIX YCTPOWCTBAX,
KOTOpBIC HA3BIBAIOTCA ... (naponepecpesamenu).

. Ucnionp30BaHue TEMIOTHl OTXOJAUINX ra3000pa3HbIX MPOAYKTOB CrOPAHUS IS
NOJIOTPEBa MOCTYMAOIIEr0 ra3000pa3HOro TOIJIMBA, BO3/AyXa WM HX CMECH
Ha3bIBaeTCA ... (pecenepayusi).

. JIBI>KeHUe NIByX TEIUIOHOCHUTEJEH B TEMIOOOMEHHOM ammapaTe MapajijiesibHO
JpYyT APYTY B OJTHOM M TOM K€ HaIlPaBIICHUH, Ha3bIBACTCH ... (npsimomox).

. JIBI>KeHHE NBYX TEIJIOHOCUTENIEH B TEMJIOOOMEHHOM ammapare MnapajjieiabHo
Ipyr JIpyry B  TPOTUBOMOJIOXKHBIX  HANpaBICHUSAX, HA3bIBACTCS
(npomusomox).

. JIBMKEeHUEe JBYX TEIUIOHOCUTENeW B TEIJIOOOMEHHOM ammapare BO B3aUMHO
NePIICHINKYJIIPHBIX HANIPABJICHUSX, HA3bIBACTCA ... (nepekpecmublil mok).
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Ilpunoscenue B

3agaHus AJs MPOBeIeHUsI TEKYIIEro KOHTPOJIs B popMe KpoccBOpaa

Kpocceopo no meme « Tepmoounamuxuy

3adanue: B MyCThIE KIETKM KPOCCBOpZA BIUCAThH CIOBA, OYKBBI KOTOPBIX JAIOT
cioo TEPMO/IUHAMMKA.

T
2 E

’p

4 M

5 )

6 |

7 "

8 H
9 A

10 M

11 "

12 K

13| A

1 — Yro sBIIAETCS DHEPTUEH JJIs TEIUIOBBIX JIBUTATEIICH

2 — CnocoOHOCTH TeJla CoOBepIIaTh padoTy

3 — DHeprus TECHO CBSI3aHHAs ¢ (PU3UIECKOM BEITMUUHOM. . .

4 — ITapameTp, SABISAIOMIMICS MEPOI CpeIHEN KUHETUYECKOW SHEPTUU MOJIEKY
5 — I3MeHeHne BHYTpEHHEN SHEPTUHU

6 — ®usnueckas BeIMUMHA, XapakTepusyronias 3QGHeKTHBHOCTh TETUTOBBIX
JIBUTaTeneH

7, 8, 12 — BuanI TEIIOOOMEHA

9 — Ilepexoa BemiecTBa U3 TBEPJOTO COCTOSTHUS B XKHIKOE

10 — Kak Ha3bIBaeTCsl U30MPOIIECC, MPOUCXOIAIINMN MPU MOCTOSHHOU TeMIepaType
11 — Tlepexon BelecTBa U3 KUJIKOTO COCTOSIHUSL B Ta3000pa3HOe

13 — TenyoBo# mpoliecc, CONPOBOXKAAIOUIUICS MOBBIILIEHUEM TEMITEPATYPhI
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Obpazey omeema
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Kpocceopo no meme « Tennonepeoauay

1o copuzonmanu:
2 — KonBepraiusi ObIBa€T BBIHYXJICHHOMU U ...
3 — Ilponecc (azoBoro mepexoaa BemIeCTBA U3 KUIKOTO B TBEPIOE MPU MTOHKESHUH
TeMIIepaTyphbl HUXKE TOUYKH 3aMEpP3aHMs?
4 — Tlepexon BelecTBa M3 KUJIKOTO COCTOSHUS B Ta3000pa3HOE, MPOUCXOISIINN Ha
CBOOOJTHOM IMTOBEPXHOCTH KHUJIKOCTH.
6 — becropsiouHOE IBM)KEHHUE YaCTHI], M3 KOTOPBIX COCTOST Tejla
7 — CBOHCTBO KameNbHBIX KUAKOCTEW H3MEHSATH CBOE arperarHoe COCTOSIHUE U
IIPEBpAILATHCS B NIap?
8 — Ilpomecc ¢azoBoro mepexoja BEIIECTBA U3 JKUJIKOTO COCTOSHUSI B TBEPIOE
KpUCTaJUTMYECKOe ¢ 00pa30BaHUEM KPHUCTAIIIIOB?
13 — Poccuiickuii yuenbii, xupimii B 1711-1765 rogax
14 — Tpertuii cioco0 Temnonepenadu
15 — Bropoii crioco6 Terionepeaadn
16 — I[Ipomecc n3MeHeHUs] BHYTPEHHEH dHEPTUH 0€3 COBEpIIECHUSI padOThl HA/I TEIOM
WU CAMHUM TEJIOM
17 — [Tpubop asis u3MEpEeHHs KOJIMYECTBO TETUIOThI, OTIAHHOE WIIH TOJTYyYEHHOE TEJIO
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Ilo eepmukanu
1 — pa3gen ¢pu3MKHM, U3yHarOIMi COOTHOILIEHUSI U MPEBPAIICHUs TEIUIOTHI U APYTUX
dbopm sHEpPTUM?
5 — Teno, ob6namaroiiee HauOOIbIIEH TEMIOTPOBOIHOCTHIO
6 — IlepBbIii crioco6 Temonepeaadn
9 — Mepa nopsiika CUCTEMBI, COCTOSIIICH U3 eTUHOTO IeMeHTa?
10 — KonBeH1ust ObIBaeT €CTECTBEHHOM U ...
11 — CxansipHas pusndeckasi BeIMUMNHA, XapaKTEPU3YIOIask MPUXOASIIYIOCS Ha OJIHY
CTETIEHb CBOOOABI CPEAHIOI0 KMHETHYECKYI0 JHEPrHI0 YaCTHUI] MaKPOCKOMUYECKOU
CHUCTEMBbI, HAXOIAIICHCS B COCTOSHUN TEPMOAMHAMUYECKOTO PaBHOBECHS?
12 — ledbopmanus Tena

[=4]
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=
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Obpazey omeema
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Kpocceopo no meme « Tepmoounamuxuy

il HEEEE
" HNEEEEEEEEE
1] HEEE IR EEE

Ilo copuzonmanu
1 — O®wusuyeckas BeIWYMHA, OMNPEIACIAIONIAsS OTHOIICHHE OECKOHCYHO MAaJIoro
KOJIMYECTBA TEIJIOTHI, OJYYEHHOT'O TEJIOM, K COOTBETCTBYIOIIEMY MPUPAILIEHUIO €T0
TeMnepaTypbl?
2 — DHeprus paBHa KUHETUYECKOM »HHEPrUM JBIDKCHHUS 4YacTUIl Tejla W
MOTEHUIMAJIBHON SHEPTUU UX B3aUMOJICHCTBUS
3 — Ilpouecc (pazoBoro mepexoia BElIeCTBA U3 XKUAKOTO B TBEPI0E MPU MOHUKEHUU
TeMIIepaTypbl HUKE TOUKHU 3aMep3aHusi?
4 — Cwia, BO3HUKAIIas B pe3ylbrare AedopMalud Tejla W HalpaBJICHHas B
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CTOPOHY, MPOTHBOTIOJNOXKHYIO TIEPEMEIICHUI0 YacTHI[ Teia Npu jJaeGopMaiiuu,
Ha3bIBACTCS CUIIOM. ..

5 — OpaHa 13 OCHOBHBIX YacTel TEIJIOBOM MAIlIUHBI

6 — I[Ipouiecc mepeaaun SHEPTUU OT OJHOTO TeJla K Ipyromy 6e3 coBepIIeHUs paboThl
8 — Ilpouecc (azoBoro mepexoja BeElIECTBA M3 KUIKOTO COCTOSHUS B TBEPAOE
KpUCTAJUIMUECKOE ¢ 00pa30BaHUEM KPHUCTAILIIOB?

9 — [Ilpouecc, mnpoTekaroUMii MOpU OTCYTCTBHHM  TEIUIOOOMEHA MEXITY
TEPMOJMHAMUYECKON CUCTEMOM U OKPYKAIOLIEH Cpeaon

10 — [Tpubop ans u3MepeHus TeMIepaTypbl BO3IyXa, TOYBbBI, BOABI U TaK janee?

11 — MWBomporecc mpu KOTOPOM BHYTPEHHSISI DHEPTUS HCATHLHOTO Tas3a He
U3MCHSIETCS

12 — Tlpu nepenaye SHEPTUN TAKUM ITyTEM, OHA TIEPEHOCUTCS CTPYSIMH BO3IyXa WU
BOJIBI

13 — KakuM crmocoOoM OCyIIeCTBIISIETCS TIEpeiada YHEPTUU OT COJTHIIA K 3emiie

14 — TemoBol mporecc, MPOXOIANMNA B ra3e INPU HEU3MEHHOM KOJUYECTBE
BEII[ECTBA IMPU HEM3MEHHOM OJIHOM W3 MaKpOIapaMeTpoB

15 — [lepeHoc TEIIOBOI PHEPrUU CTPYKTYPHBIMHM YAaCTUIIAMU BEIIECTBA B Mpoliecce
WX TEIUIOBOTO JABUKECHUS?

17 — Mepa nopsijika CUCTEMBI, COCTOSIIICH U3 €IMHOTO dJIeMeHTa?

18 — Ilepexon BemecTBa B *KUIKOE WK TBEPOE COCTOSIHUE U3 ra3000pa3HOro?

19 — Iepexon Tena U3 KPUCTALIMIECKOTO TBEPIOTO COCTOSIHHS B )KHIKOE?

20 — Tlepexon BemecTBa U3 KUJIKOTO COCTOSIHHS B Ta3000pa3HOE, MPOUCXO AN Ha
CBOOO/IHOM MOBEPXHOCTHU KUJIKOCTH.

21 — Temi0BO MpoILIECC, COMPOBOKIAIOMINIACS TTOBBIIIICHUEM TEMIIEPATyPHhI

1o sepmuxanu
1 — Pa3znen gu3uku, n3yyarouuii COOTHOLIEHHS U MPEBPALCHUs TEIJIOThl U APYTUX
dbopm sHEeprun?
7 — CBOWCTBO KalleJIbHBIX >KHMJIKOCTE H3MEHSATh CBOE arperarHoe COCTOSIHUE W
IIPEBPAILIATHCS B NIap?
13 — M3omporiecc B KOTOPOM BCsl TEIUIOTA, cooOIaeMasi razy, HJIET Ha yBEIUYCHHE
BHYTPEHHEW DHEPTUHU raza
14 — TepmoaMHaMHUYECKHE MPOLIECCH, BO BPEMSI KOTOPBIX KOJMYECTBO BEIIECTBA U
emé oaHa M3 (U3MUECKUX BEIMYMH — MApaMeTPOB COCTOSIHUS: JaBlieHUE, 00bEM
WJIM TEMIIEpaTypa — OCTarOTCS HEU3MEHHBIMU ?
15 — CkanspHas ¢pusznueckasi BeTUINHA, XapaKTePU3YIOIas MPUXOIAIILYIOCS Ha OJTHY
CTENEeHb CBOOOABI CPEAHIOI0 KMHETHYECKYIO IHEPrHI0 YaCTHUI[ MAaKPOCKOMHMYECKON
CUCTEMBI, HAXOAIIENHCA B COCTOSIHUM TEPMOJUHAMUYECKOIO PABHOBECHS?
16 — IlpubGop i u3MepeHUss KOJIMYECTBA TEIUIOTHI, BBIACISIOMICHCS WM
MOTJIOMIAONICHCS] B KAKOM-JTHOO (PU3UYECKOM, XUMHUYECKOM WU OHOJIOTHYECKOM
npouecce?
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Kpocceopo no meme « I'azosvie 3akonbl mepmMoOUHAMUKUY

[ | | ] |

i | il

1o copuzonmanu
2 — To, 9TO HaATJISTHO BRIPAYKAET 3aBUCUMOCTH OJTHOM BEJIMUMHBI OT JPYTOU
5 — 3meHenue pazmepoB uiu (popMel Temna
7 — IIpomecchl, mpoTeKaroue Mpyu HEU3MEHHOM 3HAYEHUH OJTHOTO U3 TTapaMeTpOB

1o sepmuxanu
1 — SIBneHue B3aMMHOTO MPUTSHKEHUS MKy JTFOOBIMU TEIAMH
3 — JIuHus, KOTOPYIO OMHUCHIBAET TEJIO, IPU CBOEM JIBXKCHUHU HA3BIBAIOT
4 — IIponecc U3MEHEHHSI CUCTEMBI TTPU TTOCTOSTHHOM JIaBJICHUU
6 — Otnen GpU3MKK, U3ydarOUIUNA TETUIOTY M 3aKOHOMEPHOCTH TETUIOBOTO JIBUKEHUS
8 — dusuyeckas BeIUYMHa, KOJUYECTBEHHAs: Mepa JeHCTBUS OJIHOTO Teja Ha IPYTroe
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Ilpunoscenue C

3aganus Ui NPOBedeHNs TEKYIero KOHTPOoJisi B popMe peleHust
HHIMBHIYAJIbHBIX 32/1a4

06[)33[[])1 JaJJaHUA U PCHICHUNA

Camocmoamenvrasn paboma no meme « M3meneHue 6HympenHeli 3Hepeuu
npu meniooomere. Tenioma ceopanusi monaiueay

3amauya 1

YcaoBue 3a1aum:

Teno wnarpenocs Ha 5 K, mormoruB 10 k/Ix Ttemnotel. Yemy paBHa e€ro
TEIUIOEMKOCTh?

lano:

AT=5 K, Q=10 x/Ix, C—?

Pemienue 3agaumn:

Tenmmoemkocth C — 3T0  (Qu3nyeckas BeTWYMHA, ITOKA3bIBAIOIIAsS KaKOe
KOJIMYECTBO TEIJIOTHI HY>KHO 3aTPAaTUTh, YTOOBI U3MEHUTH TemIiepaTypy Tena Ha 1 K
(mm 1° C). He myraiite TermmoeMKocTh C ¢ yACIBbHON TEIJIOEMKOCTBIO C — TepBas
OTHOCHUTCSI KO BCEMY Ty, a BTOpas — K E€IWHUIIE MacChl. 3HAYUT €€ MOXKHO
OTIPEICNUTH 10 (hopMyJIe:

C=QAT

[Tocuurtaem otBet: C=10-1035=2000/]x/K=2k]:x/K

OTteer: 2 x/I:x/K.

3ajgaua 2
YciaoBue 3a1aumn:
Ha ckonbko rpamycoB Harpeercst Boga maccou 0,5 kr, ecnu et cooOmuts 16,8
kJ[x Tera?
Hano:
m=0,5 kr, Q=16,8 xJx, At—?
Pemienune 3agaum:
3anumiem GopMyITy KOJIMYECTBa TEIUIOTHI TPU HATPEBAHUM TeJa:
Q=cmAt
VYnenpHas TETUIOEMKOCTh BOABI C — 3TO TabiuyHas BenudyuHa, paBHas 4200
Jx/(momb °C).
OTKyaa MCKOMOE U3MEHEHUE TEMIIEPATYPhl At paBHO:
At=Qcm
IlocunTaemM unciIeHHBIN OTBET K 3aJ1a4e:
At=16,8-1034200-0,5=8-C
Otger: 8° C.
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3agaua 3

YciaoBue 3agaun:

CKOJIBKO TerjIa BBIJCIUTCS IIPU CrOpaHUM 2 KI OeH3uHa?

lano:

m=2 kr, Q—?

Penienue 3agaumn:

3anumieM (opMysly KOJWYECTBA TEIUIOTHI, O0Opa3yromencss MpU CropaHuH

TOIIJINBA:

Q=qm

3neck ( — 9T0 Ta0aMYHAs BETUYMHA, HAa3bIBaeMasi yJEIbHON TEIIOTON CrOpaHHUsI

toruiBa. /[ns 6en3uHa oHa paBHa 46 MJIx/KT.

Ilocuntaem otBerT:
Q=46-106-2=92-1061:x=92M JT>x
OTtBer: 92 M /I:k.

3agaua 4
YcaoBue 3agaun:
Ha ckosbko yBenuumiach BHYTPEHHsISI SHEprusl 1 Kr BOJbI MpU HarpeBaHuU €€

Ha 2 °K?

lano:

m=1 xr, AT=2 K, AU-?

Pemenue 3agaun:

Bcé mepenaHHoe BOJE KOJUYECTBO TEMJIOTHI MOMIAET HA HW3MEHCHHE €€

BHYTPEHHEW YHEPTUU:

AU=Q
3anuiiem GopMyIly KOJIMYeCTBa TEIUIOTHI TPU HATPEBAHUH:
Q=cmAT
3nech C — yaenbHas TeII0EMKOCTh BOIbI, paBHas 4200 JIx/(kr-K).
B wurore ™Mbl momyuuM Takyro (opmyny s HAXOXKIACHUS M3MEHEHMUS

BHYTPEHHEW YHEPTUU BOJIBI:

°K?

AU=cmAT
ITocunTaeMm ynciIeHHBIN OTBET K 3aJ1aUe:
AU=4200-1-2=8400]1x
OTtBer: 8400 k.

3amaua 5
YcaoBue 3a1aum:
CkoJbko Teria ObLI0 TepeIaHo JIbAUHKE Maccoit 50 T, eciiu oHa Harpenach Ha 3

Hano:

m=50r, AT=3 °K, Q—?

Penienue 3agaumn:

ITockoJIbKY JIbAMHKA HArpesnach, TO MOXKHO CIEJIATh BBIBOJI, UTO €€ TEMIIEpaTypa

B Hauvaje Obuta HHKe 0 °C, XOTa 3TO HEBAXKHO B 3TOM 3aj1aye.
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3anumiem GopMyiny I ONPENETCHUsT KOJWYECTBA TEIJIOTHI MPU HArpEeBaHHH

Tena:
Q=cmAT

VYnenbHasi TemiaoeMKocTh Jibjaa C paBHa 2100 JIx/(xr-K). MHTEpecHo, 4yTo OHa
POBHO B JIBa pa3a MEHBIIIE TEMIOEMKOCTH BOBI.

[lepeBeném wmaccy unbpauHKy B cucremy CH, TO ecTb BbIpasuM €€ B
KWJIOrpaMMax:

50r=0,05kr
[locunTaem OTBET K 3a1a4e:
Q=2100-0,05-3=315/]x
OtBet: 315 k.

3agaua 6

YcaoBue 3agaum:

Kakast ycraHOBUTCSI TeMIieparypa BOAbI Mociie cMemuBanus 39 11 Boasl npu 20
°Cu 21 o mpu 60 °C?

lano:

V1=39 n, 1,=20 °C, V=21 7, t,=60 °C, t-?

Pemienne 3agaum:

[lonatHo, 4To 00BEM BOABI V2, UMEIONIMNA OOJiee BBICOKYIO TemIepatypy to,
MOCJ€ CMEIICHUsI MepelacT 4YacTh TEIUIOThl 00beMy BOABI Vi ¢ 0Oojee HUBKOU
TeMIlepaTypoil t, KoTopas 3a C4ET 3TOH TeIIOThl HarpeeTcs. B koHIEe Bcs Boga OyaeT
MMETh HEKOTOPYIO TeMIiepatypy t.

3anuiieM ypaBHEHHE TEIJIOBOro OajaHca:

Q:1=Q2

3nech Q1 — KOJMYECTBO TEIJIOTHI, TMOJYYEHHOE BOJAOM 0O0BemMoM Vi mpu
HarpeBaHuM 10 TemrepaTypbll, a Q; — KOJIMYECTBO TEIJIOTHI, OTJAHHOE BOJOM
00beMOM V7 PH OXJIKICHUN 10 TeMiepatypsl t. cm1(t—ty)=cmy(t—t)

BrIpazum Macchl Kak MPOU3BEACHHE TNIOTHOCTUA BOJIBI HA 00bEM:

Cle(t_tl):vaz(tz_t)
Vl(t—t1)=V2(t2—t)

Ternepb packpoeM CKOOKHM, B OJJHOM 4YacTH PaBEHCTBA COOEpPEM BCE HWICHBI C

MHOXHUTeJIEeM t, BRIHECEM ero 3a CKOOKH U BeIpa3zuM ero. Vit—Vit1=Vaop—Vot
Vit+Vot=V, t,+Vit;
t(V1+V2)=V2t2+V1t1
t=Vit1+VotbV1+V,

[lepeBoauth 00BEMBI U TemmepaTypsl B cucteMy CH HET cMmbIciia — OTBET MBI
noy4yuM B rpaaycax Llenbcust.

t=39-20+21-6039+21=34.C=307K

Otser: 307 K.

3agaua 7
YciioBHe 3a1a4n:
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Kenesusblii crep:keHb Maccor S kr, HarpeThiil 10 550 °C, omyckaeTcs B BOaYy.
CKOJIBKO TEIUIOTHI €KECEKYHTHO TEPSIET CTePkKEHb, eciii 32 10 MUH OH OCTBHIBAET /10
45 °C?

lano:

m=5 xr, t;=550 °C, 1=10 mun, t,=45 °C, N—?

Penienue 3agaumn:

B 3amaue cnpammBaercs, CKOJIBKO TEIJIOTHI €KECEKYHHO TEpsieT CTEPKEHb —
10 CYTH HaM HY)KHO HaWTH TEIIOBYIO MOIIHOCTH N. JIJIst 3TOr0 HY>KHO KOJUYECTBO
Ter10Thl Q MOIEeTUThL HA BPEMS T.

N=Qr1
KomndectBo TemmoTer Q, TepsieMoe KEJNe3HBIM CTEPKHEM IIPH OCTHIBAHHH,
ompenenum 1o Gopmyre:
Q=cm(t;—tp)
VY nenpHas TemoéMKOCTh xkene3a C paBHa 460 JIx/(kr-K).
B utore mMpl moyiy4rm Takoe penieHue 3aa4u B o0IIeM BUJIE:
N=cm(t;—t2)t

[lepeBenemM BpeMsi OCTHIBAHMS T U3 MUHYT B CEKYH/IbI:

10Mur=600¢

[Tocuntaem OTBeET:

N=460-5-(550—45)600=1936B1~1,94xBt

OTtgert: 1,94 xBT.

3amaua 8

YcaoBue 3axa4u:

Cxomnbko yutpoB Bojibl ipu 100 °C Hy»)HO 1006aBUTH K Bojie nipu 20 °C, 4TOOBI
nonyuuth 300 11 Boawl npu 40 °C?

Hano:

;=100 °C, 1,=20 °C, V=300 1, t=40 °C, V1—?

Pemenne 3agaum:

O6beM Boabl Vi ipu Temmepartype t; cMemuBaoT ¢ Bojol odbemom Vi mpu
temrepatype to. Bcero npu cmemenun noiayyutcs o0beM Bojbl V, KOTOPBIA Oyner
UMeTh Temueparypy L.

3anuiieM ypaBHEHHE TEIJIOBOrO OajaHca:

Q:1=Q>
3nech Q1 — KOJMYECTBO TEIUIOTHI, OTJAHHOE BOJOH 00beMOM V1 MPU OCTHIBAHUH
10 TtemmepaTypblt, a Q; — KOJMYECTBO TEIUIOTHI, IMOJy4eHHOE 00beMOM V7 MpH

HarpeBaHUHM JI0 TEMIIEPaTypshl t.
cmy(ti—t)=cmy(t—ty)
BripazuM Maccy kak MpOW3BEJEHUE IUIOTHOCTH BOJbI Ha COOTBETCTBYIOIIUMA
00BEM:
cpVi(ti—t)=cpV(t—t,)
Vl(tl—t)=V2(t—t2)
CoBepiilieHHO 04eBUIHO, 4TO V2=V—V1, nosTomy:
\1 (tl—t) = (V—Vl) (t—tz)
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MBI nosty4niam Takoe paBeHCTBO C OJTHUM HEU3BECTHBIM. [lanee ocTaércs uyncras
MaTeMaThKa: PacKpoeM CKOOKH, B OJHOW 4YacTH pPaBEHCTBA cOOEpeM BCe UJICHBI C
MHOHTeNIeM V1, BBIHECEM €r0 32 CKOOKH U BBIPa3UM €ro.

Viti—Vit=Vt—-Vt,—Vt+Vit,
Viti=Vt—-Vi,+Vit,
Vltl—V1t2=Vt—Vt2
Vl(tl—t2)=V(t—t2)
Vi=V(tt)t—t2

[lepeBoauTh HuKakue BenuuuHbl B cucteMy CH He OynmeMm, Torga OTBET
IIOJIyYUM B JINTPAX.

V1=300-(40—20)100—20=75x

Oteert: 75 a.

3agauya 9

YcaoBue 3axa4u:

B crakane 6110 50 r Bogs! ipu Temneparype 20° C. B nero gonunu 100 T BojbI
npu Temrieparype 80 °C. Kakoi crayna temneparypa BOJbl B CTakaHe?

lano:

m;=50r, t;=20 °C, m,=100 r, t,=80 °C, t-?

Pemenue 3agaun:

Bona maccoit m; npu TerooOMeHe HarpeeTcs 10 HEKOTOpOou TeMrepatypsl t, a
BOJJa MAaccoi My — OCTBIHET JO TOM K€ TEeMIeparypbl. 3aluIleM YpPaBHEHUE
TEeIJI0BOro OanaHca:

Q:1=Q2

3nech Q1 — KONMMYECTBO TEIUIOTHI, TMOJYyYE€HHOE BOJOM Maccoi Ml mpu

TeruooOMeHe, a Q — KOJIMYEeCTBO TEIUIOTHI, OTAAHHOE BOJIOM Maccoit My.
le(t—tl)szz(tz—t)
My (t—t1)=mjy(t—t)

PackpoeM ckoOkH B 00eux 4acTsAx paBeHCcTBa: Mit—miti=myto;—mot

B neByro dyacTe mepeHeceM WWIEHBI C MHOXUTeNneM {, a B MpaByld — BCE
OCTAaBIIIHECS.

mit+mot=m;t;+mots
t(my+my)=myt;+mot;,
t=mit;+mytom;+mo

3amaua pemieHa B oOmeM Buae. MOXXHO TMOJCTaBUTh 3HAYCHHUS BEIUYUH 0€3
nepeBojia B cuctemy CHU, Torma oTBeT Mbl mojyunm B rpaaycax Llenbcus.

t=50-20+100-8050+100=60 °C=333K

Otser: 333 K.

3agaua 10

YcaoBue 3a1aum:

PeakTuBHBIN caMOJIET MPOJIETAET C TIOCTOSSHHON CKOpocThio 250 m/c myTh 1800
KM, 3aTpadymBasi Ha 3TO Toprouee Maccoi 4 T. MOIHOCTh IBUTATENsl caMoJieTa paBHA
5,9 MBt, KIIJI nBuratens — 23%. KakoBa TemioTBopHas CHOCOOHOCTH
IPUMEHSAEMOT0 TOPIOYEro?
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Hano:
v=250 m/c, S=1800 kM, m=4 1, N=5,9 MBT, n=23%, q—?
Penienue 3agaumn:
Koadpduument mnonesnoro naeiictBus (KIIJ[) aBurarens n — 3TO OTHOIICHHUE
MOJIC3HOM paboThI ABUTATEN Ay K 3aTpadueHHOU paboTe A..
N=AsA(1)
Ecnmu cunrtate KIIJ[ mo Tako#t ¢opmyse, TO €ro 3HauY€HUE MOJIy4aeTCsl B JAOJSAX
CIUHMUIIBI (HE B TIPOIICHTAX ).
3atpauenHas pabora A, paBHA KOJIHYECTBY TEIUIOTH Q, BBIICTUBIICHCS TPHU
CTOpaHUH TOPIOYETO.
Az=Q
[Ipu 3TOM KONMMYeCcTBO TEIUIOTHI Q, BBIEIAIONIEECS MPH CTOPAHWH TOIUIHBA,
onpenenseTcs no popmyre:
Q=gm
A,=gqm(2)
[Tonesnyro padoty A, onpenenu yepes moutHocTh N mo popmye: A=Nt
Tak kak camoJieT JBUTAJICSI paBHOMEPHO, TO BpeMsl moJjeTa t JJIerko onpeneanTh
o dopmyiie:
t=Sv
A,=NSv(3)
[ToncraBum BeipaxkeHus (2) u (3) B hopmyiy (1), momyuum:
N=NSvgm
BripazuM oTcrofia KICKOMYIO TEIJIOTBOPHYIO CIIOCOOHOCTH Toprouero g (e€ erne
Ha3BIBAIOT YJEIHLHOMN TEIJIOTOM CrOpaHusi):
g=NSnmv
[TepeBeném myth, Maccy roprouero u KIIJ[ B cucremy CH: 1800xkm=1,8-106m
41=4000kT
23%=0,23
[TocunTaeM 4KCIIEHHBIN OTBET K 3aJa4e:
0=5,9-106-1,8-1060,23-4000-250=46,2-106 1>x/kr=46,2M JI>x/kr
OTtBer: 46,2 M /I:x/kr.

3amaua 11

YcaoBue 3a1a4un:

['yceHn4HbI TPAKTOp pa3BUBAET HOMUHAJIbHYIO MOIIHOCTh 60 KBT u nipu 3Toi
MOITHOCTH PacXoayeT B cpeHeM B yac 18 kr nuzensHoro Torumsa. Haittu KII ero
JIBHUTATEIIA. Y IelIbHAS TEIIOTa CTOpaHus IU3eIbHOT0 TotuikBa 42 MJDx/Kr.

Hano:

N=60 kBT, t=1 u, m=18 kr, q=42 MJx/xr, n—?

Penienue 3agaumn:

Ecnu B 3amaye ynomunaerca ko3@duuuent nosesHoro aevictsus (KII/) gero-
aubo0, TO 3ajJadyy HAYMHAIOT peliath, 3amucaB  (GoOpMyJsly €ro OmnpeacicHusl.
Hamomuaum, uto KIIJ] paBeH OTHOIIEHUO MMOJIE3HOM pabOThI K 3aTpauyeHHON paboTe.

N=AnAs(1)
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[Tone3nyro paboTy ompenenuM dYepe3 HOMHHAIBHYIO MOIIHOCTH JBUTATEIS,
UCIIOJIBb3Ysl TaKyI0 GOPMYITY:
A=Nt(2)
3aTpaueHHass paboTa paBHA KOJWUYECTBY TEIUIOTHI, BBIJACIUBIICHCS TIPH
CrOpaHuM B JABUTATEJE JU3ETHHOTO TOILIMBA, TO3TOMY €€ MOXKHO HalTH 1o dhopmyIie:
A,=gqm(3)
[ToncraBum Beipakenus (2) u (3) B dopmyiy (1), Tak MBI MOJYy4YUM peIICHUE
3a/1ayu B 00OIEM BHJIE:
n=Ntgm
[TepeBeném Bpems pabothl B cucteMy CU, nanee mojcTaBUM 3HAUEHUS! BEJIMYUH
B (hOpMyJTy B TIOCYUTAEM OTBET:
19=3600c
n=60-103-360042-106-18=0,286
OTtBer: 0,286.

3agaua 12

YcaoBue 3a1a4u:

B crakane umeerca 250 r Bomel mpu temmnepatrype 80 °C. Ha ckosbko
MOHU3UTCS TeMIIepaTypa BObI, €CIIM B HEE OMYCTUTh CEPEOPSIHYIO JIOKKY Maccoi 50
r npu Temneparype 293 °K?

lano:

m;=250 r, t;=80 °C, m2=50r, T,=293 °K, At-?

Pemienue 3agaumn:

Korma B Bomy omyctar cepeOpsiHyIO JIOKKY, TO BOJa OCTBIHET JO
TEMIEPATYPHI t, a JI0kKKa HArpeeTcst 10 TOM Ke TEMITEPATYyPBhl.

Boo011ie, nckoMmyto BenmnuuHy At ciielyeT UCKaTh U3 BBIPAKECHUSI:

At=t,—t(1)

Haiinem niist Hayana temmeparypy t, s 4ero 3amuiieM ypaBHEHUE TEIUIOBOTO
OanaHca.

Q:1=Q2

3nech Q1 — KOMMYECTBO TETUIOTHI, OTJAHHOE BOJOW JIOKKE MPH OCTHIBAHUH IO
TeMriepaTypbl t, a Q2 — KOJIMYECTBO TEIJIOTHI, MOJTYYEHHOE JIO)KKOW OT BOJBI TPH
HarpeBaHWM JO0 TOM ke TemmepaTypbl. Pacnuiiem KoJdudecTBa TEIUIOTHI 10
U3BECTHBIM (POPMYJIaM.

clml(tl—t)=cgm2(t—t2)

VYnenpHast TemnoeMKocTh  Boabl C1 paBHa 4200  JIx/(xr-°C), ynenbpHas
TEIJIOEMKOCTh cepedpa C; paBHa 250 Jx/(kr-°C).

PackpoeM ckoOku B 00eMX 4acTsSX paBEHCTBA:

c1Mit;—CciMmit=comyot—Comoyts

[lepeHeceM B MpaBylo 4YacTh BCE WIEHBI C MHOXUTeNIEM t, BbIHECEM €ro 3a
CKOOKH, OCTAJIbHBIE YJICHBI IEPEHECEM B JICBYIO YaCTh.

t(cimy+comy)=Ccimst;+Comyt;,
t=cim;t;+comot,comy+como

[TonyueHHOE BhIpa)KEHHE MOICTaBUM B opmydy (1):

At=t;—Ccimjt;+Ccomyt,comy+coms
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[TpuBeném mo oOuIHi 3HAMEHATETb:
At=cimit;+Ccomot;—Cimyt;—Comotocimy+Ccoms;
At=Cc,m,t;—CoMmot,c1My+Comy
Atzszg(tl—tz)Clm1+Cgm2
3azaua pelieHa B 00LIEM BUJIE.
[epeBenéM Macchl B KHJIOIPAMMBI, @ TEMIIEPaTypy T2 — B rpaxychl Llenbcust:
50r=0,05kr
250r=0,25kr
293K=20 °C
[Ipou3BeeM pacueT YUCIEHHOTO OTBETA:
At=250-0,05-(80—20)4200-0,25+250-0,05=0,7°C
OTtBer: 0,7° C.

3agaua 13

YcaoBue 3agaum:

Bony maccoii 4,65 kr, B3aryro npu temmeparype 286 °K, narpesatot g0 308 °K
IIOTPYKEHUEM KycCKa Xkenesa ¢ temreparypou 773 °K. Hautu maccy Kycka xenesa.
TennooOMEHOM € OKPY’KAIOIIMMU TE€JIaMH U UCIIapEHUEM TPeHeOpeYb.

lano:

m;=4,65 xr, T1=286 °K, T=308 K, T,=773 °K, m,—?

Pemienne 3agaum:

[Ipy morpy>keHuM KycKa »eJje3a B BOJY B pe3ysibTaTe TEIIO0OMEHA IEpPBBIi
OCTBIHET JI0 TEMIEPATyphl |, a BTOpasi — HarpeeTcs 10 3TOM TeMIlepaTyphl. 3aruiieM
ypaBHEHUE TETUIOBOTO OayiaHca:

Q:1=Q2

3nech Q1 — KOJMMYECTBO TEIUIOTHI, TMOJIYYEHHOE BOJOW OT JKele3a TIpH
HarpeBaHuM, a Q2 — KOJMYECTBO TEIJIOTHI, OTJAHHOE KYCKOM JKelie3a BOJEe TpH
ocThIBaHMU. PacmiuiiieM Koau4yecTBa TETIOTHI 110 U3BECTHBIM (POpMyIiaM.

Clml(T—Tl):szz(Tz—T)

VYnenwHas TemiaoeMKOCTh BOJbI Cp paBHa 4200 Jx/(kr'K), a ynenpHas
TEIJIOEMKOCTH kene3a C; — 460 Ix/(kr-K).

BrIpa3zum 13 paBeHCTBa Maccy KycKa keneza My:

m2=C1m1(T—T1)Cz(T2—T)

[TocunuTaem oTBeT:

m,=4200-4,65-(308—286)460-(773—308)=2,009kr=2009r

Oteert: 2009 r.

3amava 14

YciaoBue 3agaun:

OnpenenuTs yAeIbHYIO0 TEIUIOEMKOCTh TpaHChOPMATOPHOTO Macha, €Cld JJis
HarpeBanus 5 T Macya ot 70° go 75° C tpebyercs 50,6 MJ>x konuecTBa TEIIOTHI.

Hano:

m=5 T, t1=700 C, t2=750 C, Q=50,6 M]Ix, c—?

Pemienue 3agaumn:
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VY nenbHoM TEIUIOEMKOCTBIO C Ha3bIBAETCS busngeckas BEJINYMHA,
MOKa3bIBalOas KaKoe€ KOJMYECTBO TEIUIOTHI HEOOXOIUMO, YTOOBI HM3MEHHUTH
TeMriepaTypy enunHuilbl Macchl BemectBa Ha 1 °C (um 1 °K). CormacHo stoMy
OTpeIeNICHUIO €€ MOKHO HaWTH 10 Takon hopMmyiie:

c=Qm(t—ty)

Takyto xe dhopmyny Bel Obl monayunnu, ecnu 3anucanu GopMmyily KOJIHMYecTBa
TEIUIOTHl MPU HArPEBAaHUM U JaJe€ BBIPA3WIM OTTyJAa HCKOMYIO YJIEJIbHYIO
TEIJIOEMKOCTH C.

[TepeBeném maccy TpanchopmatopHoro macia B cuctemy CHU:

51=5000kT

[TocunTaem OTBET:

¢=50,6-1065000-(75—70)=20241x/(xr-°C)

OtBet: 2024 JIx/(kr:-°C).

3agaua 15

YcaoBue 3a1aum:

TemnnoBasi Harpy3ka ropejiku BojJoHarpeBaresis paBHa 25 M/[x/4, BMECTUMOCTb
oaka 80 1, KII/ cocraBiser 80%. CkoabkO BpeMeHU MOTpeOyeTcs AJid HarpeBaHUs
BOJIbI B Oake BojoHarpesaress ot 25° g0 90 °C?

lano:

N=25 M/Ix/4, V=80 1, n=80%, t1=250 C, t2=900 C, 1—?

Pemenue 3agaun:

3anumem Gopmyiy onpeneneHus kodddunuenta nonesnoro aecteus (KI1I).
KIIJI — aT0o oTHOIIEHHE MOJAE3HON paboThl A, K 3aTpadueHHON padoTe As.

N=AsA(1)

[Tone3nas pabota BojoHarpeBaTesst All 3aKII0YaE€TCs B TOM, YTO OH HarpeBaeT
BOAY, MO3TOMY IOJie3Has padoTa paBHA KOJIMYECTBY TEIUIOTHI, HEOOXOAMMOE MJIs
HarpeBaHus BOJBI.

AH=cm(t2—t1)

VY nenwHas TemioeMkocTh Bojbl C paBHa 4200 JIx/(kr-°C).

[Tockombky B 3ajadye H3BECTHA BMECTUMOCTh 0aka, TO BBIpa3UM Maccy
HarpeBaeMoil BOJbI M uepe3 o0beM Oaka V U IUIOTHOCTHh BOJBI P (TJIOTHOCTH BOJIBI
pasna 1000 kr/m3).

A=cpV(t,11)(2)
3atpaueHHnyro paboTy A; HaifleM 4epe3 TEIJIOBYK0 HArpy3Ky TOpPENKH
BogoHarpeBatens N (1o CyTu 3TO MOITHOCTh TOPEJIKH ) U UICKOMOE BpeMsi paboTHI T.
A,=N1(3)
[ToacraBum B hopmyny (1) Beipaxenus (2) u (3), Toraa:
n=cpV(t2—t1)Nt
Tornma Bpemsi HarpeBaHUs BOJAbI MOXKHO HaWTH 110 hopmyIie:
t=cpV(tz—t)MN
[lepeBeném TemnoByto Harpy3ky, oobem 6aka u KI1/] B cuctemy CU:
25M]1x/4=25-1063600B1=6944,4BT
80:1=0,08m3
80%=0,8
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[IpousBeaeM pacyeT YUCICHHOTO OTBETA!
1=4200-1000-0,08-(90—25)0,8-:6944,4=3931,2¢=65,5Muu
OTtBer: 65,5 MuH.

3ampaua 16

YcaoBue 3axa4u:

B snekrprueckoM yaiiHuke MoOIHOCTBIO 800 BT MOXHO BCKHMDATHTH 1,6 1
BOJbL, UMerolel teMiepatypy 20 °C, 3a 20 mun. Haiitu KI1/] yaitHuka.

lano:

N=800 BT, V=1,6 i, t=20 °C, 1=20 mun, n—?

Penienue 3agaumn:

Koadduumrent mnonesnoro paericteus 1 (KIIJ[) paBeH OTHOIIEHHIO IOJE3HOM
pabotel A, K 3aTpadeHHOM pabote A..

N=AsA(1)

[Tone3nast paborta uaiiHuka A, 3aKJIIOYaeTCsl B TOM, YTO OH HarpeBacT BOIY,
MO3TOMY TMOJie3Hass paboTa paBHA KOJMUYECTBY TEIUIOTHI, TpeOyromeMycs: s
HarpeBaHus BOJIbI 10 KuneHusd. HanmomuuMm, uto Temneparypa kurnenus t, papaa 100°
C.

A=cm(t—t)

VY nenvHas TemioeMkocTh Bojbl paBHa 4200 JIx/(kr-°C).

Bripazum Maccy HarpeBaeMo# BOJIbI M uepe3 IJIOTHOCTh BOJABI p U 00beM V.
[InotroCTH BoABI paHa 1000 kr/m3,

A=cpV(t—1)(2)

3aTpaueHHyr0  pabory A; ompeienuM  KaK  IPOM3BEICHHE  MOIIHOCTH
yaitHuka N Ha Bpems T.

A,=N1(3)

[ToncraBuB Beipaxkenus (2) u (3) B popmyny (1), MOTyduM TaKyr0 KOHEUHYIO
bopmymy:

n=cpV(ti—t)Nt
[lepeBeném oObeM yaitHuka V 1 BpeMs HarpeBaHus BoAbl T B cuctemy CH.
1,61=1,6-10—-3m°
20mra=1200¢

[Tocuntaem OTBET:

n=4200-1000-1,6-10—3-(100—20)800-1200=0,56

OtBert: 0,56.

3agaua 17

YciaoBue 3agaun:

JIns 3akanku cTalibHYIO AeTanb, Harpetyto 1o 1073 °K, maccoit 0,5 kr onycTunu
B Boay Maccoil 10 xr npu temnepatype 288 °K. Jlo kakoil TeMneparypbl OXJIaauTcCs
CTaJibHas JeTallb?

Hano:

T,=1073 K, m;=0,5 xr, m,=10 kr, T,=288 °K, T—?

Penienue 3agaumn:
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[Toce onmyckaHus CTaIbLHOM JIeTaau B BOAY JACTaJIb OCTHIHET JI0 TEMIEPATyphI T,
a BOJla HarpeeTcs M0 AOTOM K€ TeMIlepaTyphl. 3allUilieM YpPaBHEHHE TEIJIOBOTO
OajaHca:
Q1=Q:
3nech Q1 — KOJMYECTBO TEIUIOTHI, OTJAAHHOE CTaJbHOM JI€Talbl0 BOJIbLI IIPH
OCTBIBaHUH, a Q2 — KOJIMUECTBO TEIUIOTHI, MOJYYCHHOE BOJAOM MPU HarpEeBaHUH.
Clml(Tl—T)ngmz(T—Tg)
YnaenpHas TemmoeMkocTh cramu Cl paBua 460 JIx/(xr-K), a ymenbHas
TEMJI0EMKOCTEb BOIbI
C2 — 4200 Ix/(xr-K).
PackpoeM ckoOkH B 00€MX 4acTsAX paBEHCTBA!
cimiT1—cimg T=comyT—Ccomy T2
[lepeneceM B mpaByl0 YacTh BCE WICHBI C MHOXHTEIEM | M BBIHECEM €T0 3a
ckoOku. OcTajabHbIE YWICHBI IIEPEHECEM B JICBYIO YaCTh.
C1m1T1+C2m2T2:(C1m1+C2m2)T
T=cim;T1+CcomyTocimy+com;
[TpousBea&M BBIYMCIICHUS
T=460-0,5-1073+4200-10-288460-0,5+4200-10=292,3K=19,3°C
OtBer: 19,3 °C.

3anava 18
YcaoBue 3a1a4u:
MorHOCTh, pa3BuBaeMas JBUTaTeNieM camosieTa Ha ckopoctu 900 km/4, paBHa 3
MBT. [Ipu aTom Ha iyt 10 kM pacxoayercs 8 kr 6ensuna. Haiitu KI1J] nuraresns.
Hano:
v=900 km/4, N=3 MBTt, S=10 kM, m=8 xr, N—?
Pemienue 3agaun:
Koaddumment moneznoro aeiictBus n (KIIJ]) aBurarens MoXHO HaWTH Kak
OTHOIIIEHHUE TOJIe3HON paboThl A, K 3aTpadueHHOM padoTe As.
N=AsAs(1)
[Tonesnyto padoty asuratens A, Haitnem dyepe3 MoiHocTh N u Bpems t.
A,=Nt
Tak Kak caMoOJIET ABUTAJICS PAaBHOMEPHO CO CKOPOCTHIO U M MPOIIEN MyTh S, TO
BpeMsI MOXXHO HaWTH KaK OTHOIIEHWE MYTH K CKOPOCTH, TO €CTh MOJIE3HYIO padoTy
cleayeT UCKaTh 1o popmyie:
A.=NSv(2)
3atpauenHass paboTa A; paBHa KOJMYECTBY TEIUIOTHI, BBIACISIEMONU TIPH
cropanuy OCH3UHA.
A,=gm(3)
VY nenwpHas TerioTa cropanus 6ensuna pasHa 46 MJIx/kr.
[ToxacraBum Boipakenus (2) u (3) B dopmyny (1). Tak MBI TIOJIy4rM pEIICHHE
3a/1auu B 00IIeM BHUJIE.
N=NSvgm
ITepeBeném ckopocTh camoniera B cuctemy CU:
900xm/4=900-10001-3600m/c=250m/c
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Yucnenno KIIJ[ nBurarens camonera paBeH:
n=3-106-10-103250-46-106-8=0,326
OTtBer: 0,326.

3agaua 19

YciaoBue 3a1aumn:

Omnpenenure pacxon OeH3WHA aBTOMOOMJIEM Ha 1 KM MyTH MpU CKOPOCTH 72
kM/4. MomaocTs asuratens apTomooust 20 kBt, KITJI paBen 25%.

lano:

S=1 km, v=72 km/4, N=20 kBT, n1=25%, V—?

Penienue 3agaumn:

CornacHo omnpezaenenuto kodpdunuent nonesHoro aedctsus (KILJ) — srto
OTHOIIIEHUE TIOJIE3HON PabOThl aBTOMOOMIIA K 3aTpaueHHON paboTe.

N=AsAs(1)

[Tonesnyo paboTy Ay MOXKHO OIpeAeIuTh uyepe3 ero MourHocTh N u Bpems
paboter t. TlocrmeqHee MOXKHO HaWTH Kak OTHOUICHHWE NPOWUJEHHOTO TYTH S K
CKOPOCTH JIBMKEHUS V, [IOITOMY:

A;=Nt=NSv(2)

3atpaueHHas pabora A, paBHa KOJIHYECTBY TEIUIOTH Q, BBIICTUBIICHCS TPHU
cropanuu OeH3uHa B ABuratesne. [locnenHion HalgeM Kak NpOU3BEICHHUE YAECIbHOU
TEIJIOTHI CTOpaHus (| Ha Maccy OeH3uHa M.

A;=gm

Maccy OeH3uHa TpeACTaBUM KakK MPOU3BEJCHUE IUIOTHOCTH O€H3WHA p Ha
oowveM V.

A=qpV(3)

[ToacraBum Beipaxkenus (2) u (3) B popmyny (1), Toraa:

n=NSvgpV

Bripa3zum nckomblit 00beM OeH3uHa V:

V=NSnvgp

[InotHOCTH GensuHa p paBHa 700 kr/M3, a ynaenbHas Temnora cropanus ( — 46
MJIx/kr. IlepeBenem ckopoctb u3 km/u B M/c, a KIIJl u3 mpomeHToB B 10iK
CTMHUIIBI:

72xm/u=72-10001-3600m/c=20m/c
25%=0,25

[TogcTaBuM 3HAYEeHHsS] BEIWYUH B TOCIEIHIOK (POpMyIy, YTOOBI MOCYHTATH
YHCIICHHBIN OTBET.

V=20-103-10000,25-20-46-106-700=124,2-10—6m3=124,2cm3
OtBert: 124,2 cm.

3agaua 20

YcaoBue 3axa4u:

['opsuee Teno, Temneparypa kotoporo 70 °C, npuBeneHO B CONMPUKOCHOBEHHUE C
XOJIOJHBIM TeJoM, TeMmieparypa kortoporo 20 °C. B TemioBoM paBHOBECUU
ycraHoBuiachk temneparypa 30° C. Bo ckoJIbKO pa3 TEINIOEMKOCTh XOJIOAHOIO Teja
00JIbIIIE TEIIIOEMKOCTH TOPSTYEro?
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Hano:

t1=70 oC, t,=20 oC, t=30 oC, C,C,—?

Penienue 3agaumn:

N3 ycioBus yxe TMOHSATHO, 4YTO MPOUCXOJAWIIO C TEJNaMH, IO3TOMY Cpasy
3aluIIeM ypaBHEHHE TETIOBOTO OalaHca:

Q1=Q:

3nech Q1 — KOJMYECTBO TEIUIOTHI, OTAAHHOE TOPSYHM TEJIOM XOJIOJHOMY TIPH
OCTBIBAaHUH JI0 TeMIiepaTyphl t, a Q2 — KOTUYIECTBO TEIUIOTHI, TIOTYYCHHOE XOJIOTHBIM
TEJIOM OT TOpAYEro NpPU HArpeBaHUM JO TOM XK€ TeMIeparypbl. Pacnumem 3tu
TEIUIOTHI IO M3BECTHBIM ¢dopMmyslaM — oOpaTuTe BHHUMaHHUE, YTO B YCJIOBHUU
burypupyer TerIoeMKOCTh, a He yJieJIbHas TEIJI0EMKOCTb.

Cl(tl—t)=C2(t—t2)
Bripazum nckomoe otHomeHue termioeMkocteit CoCy:
C2C1:t1—tt—t2
[Iocuutaem OTBET K 3a7a4e:
C,C,=70-3030—20=4
OTtBer: 4.

3amava 21

YcaoBue 3a1a4u:

JI71s1 SKOHOMHM PHEPTUU CTAJIBbHON OaK Maccoi 4 Kr 3aMEHWIM CTAIbHOM CETKOMN
Maccon 1,5 Kr u 3arpy3wim B TEPMHUUYECKYIO Ieub. Ha CKOJIBbKO MEHBIIE TETIOTHI
notpedyercs ais e€ HarpeBanus ot 18° mo 918 °C?

Hano:

m;=4 xr, m,=1,5 kr, t1=18 °C, t2=918 °C, AQ—?

Pemienue 3agaumn:

Hns HarpeBaHUs CTaJIbHOTO Oaka OT TeMneparypsl ty 10
TeMIiepaTyphl t, TpedyeTcs KOTUYECTBO TEIUIOTHI, onpeensieMoe GopMyIIou:

lecml(tg—tl)

Ecnu 3aMeHUTH CTalbHOM Oak CETKOW M3 TOrO K€ Marepuayia, TO KOJUYECTBO
TEIUIOTHI, TpeOyeMoe JIsl €r0 HarpeBaHUsl, MO’KHO HaWTH 10 aHAJIOTUYHOU (hopmyTie:

Qg=cm2(t2—t1)
VY nenbHas TEIIOEMKOCTh cTaiu C paBHa 460 Jx/(kr-°C).
Hckomyro Benmuuuny AQ ciienyer onpeaessiTh o ¢popmysie:
AQ=Q1—Q:
C y4€Tom BbIIIE TPUBEIEHHOTO, HMEEM:
AQ=cmy(t;—t1) —cmy(t2—11)
AQ=c(m;—my)(to—t1)
[ToxpcTaBuM UCXOHBIEC TAaHHBIE 337]a49K B JOPMYITY U TIOCUUTAEM OTBET:
AQ=460-(4—1,5)(918—-18)=1,035-106 1x=1,035M JIx
OtBet: 1,035 Mx.

3agaua 22
YcaoBue 3agaun:
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Cwmemanu 24 kr nementa npu temneparype 5 °C ¢ 30 1 Boasl npu TeMneparype
35 °C. Ompenenutb Temmeparypy pactBopa. llorepsmu npeneOpeub. VY aenbHas
TertoeMKocTh IeMeHnTa — 830 JIx/(kr-K).

lano:

m.=24 xr, t;=5 °C, V,=30 1, t,=35 °C, ¢,=830 [Ix/(kr-K), t—?

Pemenne 3agauu:

3anuiieM ypaBHEHUE TEIIOBOro OanaHca:

Q:1=Q>
31ech Q1 — KOJMYECTBO TEIUIOTHI, MOJYYEHHOE LEMEHTOM OT BOIBI IIPH
HarpeBaHHH a0 TeMHepaTypBI t, Q2 — KOJHMYECTBO TCIIJIOTBI, OTAAHHOC BOI[Oﬁ

[EMEHTY MpU OXJIAXKICHUU JO TOW ke TeMmiepaTypbl. Pacnumem konuuecTsa
TEIJIOTHI IO U3BECTHBIM (OopMyIam:
Clml(t—tl):szz(tz—t)

VY nenpHast TerI0eMKOCTh BOJIbI C2 paBHa 4200 [Ix/(kxr-°C).

Pacniuiem Maccy Bojbl My Kak MPOU3BEICHUE TIIIOTHOCTH BOJIBI P2 HA 00beM V.
HanomMHuMm, 4T0 miIoTHOCTH Bobl paBHa 1000 Kr/m°.

Clml(t—t1)=C2p2V2(t2—t)

Packpoem ckoOKM B 00€MX YacTsX paBeHCTBa: C1Mit—CiMit1=Cop2Valo—Cop2 Vot

Bce unensl ¢ MHOxwuTENEM t mepeHeceM B JIEBYIO CTOPOHY, BBIHECEM €T0 3a
CKOOKH, OCTAJIbHBIC YWICHBI IEPEHECEM B MPABYIO CTOPOHY.

t(Camy+Cop2Va)=Cimyti+CopoVots
t=Cimyt;+Cop2ValaCimy+Cop2 Vo
I[lepeBeném 00beM u3 TUTPOB B Kyouueckue MeTphl: 301=0,03m°
[Ipou3BeaEM pacyeT YUCICHHOTO OTBETA!
t=830-24-5+4200-1000-0,03-35830-24+4200-1000-0,03=31°C=304K
Otset: 304 K.

3agaya 23

YcaoBue 3a1a4u:

JI71st npUroToBIE€HUs BaHHBI HEOOXOAMMO CMeIaTh X0J10AHYy10 BoAy mipu 11 °C u
ropsiuyro — npu 66 °C. Kakoe KoJIM4ecTBO ropsiueii BOJbI HAI0 B3STh JJIS TOJTYy4YEHUS
110 1 Boab! ipu 36 °C?

Hano:

t1=11 oC, t,=66 oC, V=110 1, t=36 oC, V,—?

Penienue 3agaumn:

3anuiieM ypaBHEeHHE TeruioBoro 6ananca: Q1=Q;

B 510 ypaBHeHun Q1 — KOJIMYECTBO TEIUIOTHI, MOJYYEHHOE XOJOAHOU BOJIOH OT
ropsiueil Mpu HarpeBaHUUW N0 TeMmriepaTypsl t, Q2 — KOIMYECTBO TEIUIOTHI, OTJAHHOE
ropst4e BOJIOW XOJIOAHOM IIPU OXJIAXKACHUHU 10 TOU K€ TeMIieparypsl. Pacniuiiem stu
KOJIMYECTBA TEIJIOTHI [0 U3BECTHBIM (POpMyJIaM:

cmy(t—t1)=cmy(t—t)

Maccsl 3anuieM Kak NMpOU3BEAEHUs IJIOTHOCTH BOABI P HA COOTBETCTBYIOIIHN
o0BeM.

Cle(t—tl):CpVZ(tz—t)
Vl(t—tl):VZ(tz—t)
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[loHaTHO, YTO cyMMa 00BEMOB XOJIOAHOM W ropsiueil Boawl (Viu V) paBHa
JTAHHOMY B YCJIOBUH 00beMY V, MO3TOMY OYEBHIHO CIICAYIOIICE PaBEHCTBO:
V1=V—V2
Torna umeewm:
(V—Vz) (t—tl) =V, (tz—t)
Packpoem ckoOKHM B 00€MX YacTsIX TOr0 PaBEHCTBA.
Vi—=V1i—Vot+Vot1=Vot,— Vot
V=Vt +Vot1=Vot,
BeiHecem  MHOXHTENIh VB JI€BOM  YacTH  3a  CKOOKHM, 4JIeHBI C
MHOXUTENEM V7 epEeHeceM B MPaBYIO CTOPOHY M TaK>K€ BBIHECEM €0 3a CKOOKH.
V(t—t1)=V2(t2—t1)
B urtore moiayuuM ciaeayromyo uToroByto Gopmyiy:
V2=V(t—t1)t2—t1
[lepeBeném o0beM V B KyOUUYECKHUE METPHI:
1101=0,11m3
ITocunTaeM YMCIIEHHBIN OTBET K 3a7a4e:
V»=0,11-(36—11)66—11=0,05m°
Otser: 0,05 m°>.

3anava 24

YcaoBue 3agauu:

ABTOMOOWIB pacxonyer 5,67 kr OensuHa Ha 50 km nytu. OmnpenenuTthb
MOIIIHOCTb, Pa3BUBAEMYIO JBUTATEIISIMH, €CIIU CKOPOCTh JaBrkeHus 90 km/4, a KITJ]
nsurateis 22%.

Hano:

m=5,67 kr, S=50 kM, V=90 km/4, N1=22%, N—?

Pemienne 3agaum:

KoaddummenT none3Horo nedcTBUs IBUTATENS 1] paBEH OTHOIICHUIO MOJIE3HOM
paboThI IBUTATENs K 3aTpauyeHHOM padoTe.

N=AsAs(1)

[Tonesnyto paboTy aBuratenst A, MOXKHO Y3HATh Y€pe3 UCKOMYIO MOIIHOCTb IO
cienyrlieit hopmyie:

A =Nt

3nechb t — BpeMsl OBUKEHUs aBTOMOOWJIS (TOYHee Bpemsi paboThl JBHUTrartess),
KOTOpPOE, OYEBUTHO, MOXKHO OIMPENEIUTh 10 popMyIie:

t=Sv
A.=NSv(2)
3atpauenHass pabota A; paBHa KOJMYECTBY TEIUIOTHI, BBIACIAIONIEMYCS TIPH
cropaHuu O€H3WHA, TIOITOMY CIipaBeIuBa Gopmyra:
A,=gm(3)
B aToit hopmyne ( — yaenbHas TerioTa cropanusi OeH3uHa, paBHast 46 MJx/kr.
[ToxcraBum Beipakenus (2) u (3) B popmymny (1):
N=NSvgm
OcTanock TOJBKO BBIPA3UTH MOIIHOCTH ABUraresns N:
N=nugm$S
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[TepeBeném ckopocthb B M/c, a KIIJ[ — B 10111 e TMHATIHL:
90xM/4=90-10001-3600Mm/c=25m/c
22%=0,22
[Ipon3BeneM BBIUUCICHUS:
N=0,22-25-46-106-5,6750-103=28690BT1~29xBT
OtBer: 29 kBT.

3agauya 25

YciaoBue 3agaun:

AnoMuHUEBBIN cocyn coaepxuT 118 r Boasl nipu Ttemnepatype 20° C. Kycok
xeneza Maccor 0,2 kr, Harpersli no 75° C, omyckaror B cocyd. Haittu
YCTAaHOBUBIITYIOCS TeMIIEpaTypy, €CiH TerioeMKocTh cocyaa 0,18 kJx/K.

lano:

m;=118 r, t;=20 oC, m,=0,2 kr, t,=750 C, C=0,18 x/[x/K, t—?

Pemenue 3agaun:

B nauvane cocyn umen temmeparypy Bojabl. Ilocie Toro, kak Kycok »xemesa
OIyCTAT B BOAYy, OyAeT NPOUCXOJUTHh TEIIOOOMEH MEXIy TpeMs TellaMu
(aJIFOMUHUEBBIM COCY/IOM, BOJIOM M KYCKOM jKele3a). B KoHIle KOHIIOB TeMIepaTyphbl
BCEX TPEX TEJ CTaHYT OJJMHAKOBBIMU U PaBHBIMH 1.

3anuiieM ypaBHEHHE TEIJIOBOro OajaHca:

Q1+Q2=Qs

3neck Q1 — KOMMYECTBO TEIUIOTHI, MOJIYIEHHOE COCYAOM TpH HarpeBaHuu, Q2 —
KOJMYECTBO TEIUIOTHI, TOJYYeHHOE BOAOW Tpw HarpeBaHuu, Q3 — KOJWYECTBO
TEIUIOThI, OTJAHHOE KYCKOM J>KeJie3a MPU OXJIKJICHUHU. PacmuiieM Bce KOJIMYECTBA
TEIUJIOTHI MO U3BECTHBIM (opmysiam. CTOUT 0OpaTUTh BHUMaHUE, YTO y COCyJa JaHa
TEIUIOEMKOCTh, a HE yJIeJIbHAs TEMI0EMKOCTh!

C(t—tl)+C1m1(t—t1)=C2m2(t2—t)

B oatoit  dopmyne C1 — ynenpHas TEIIOEMKOCTh BOAbI, paBHas 4200
JIx/(xr-°C), C; — yaenbHasi TEIUIOEMKOCTD xkene3a, paBHas 460 Jx/(kr-°C).

PackpoeM B 006enx 4acTsiXx paBeHCTBA CKOOKH:

Ct—Cty+cimit—cimti=comyto—Comot

B neByro yacTe nmepeHeceM Bce WICHbI ¢ MHOXKHUTENEM {, 4TOOBI BEIHECTH €T0 3a
CKOOKH, B TIPaBYIO YaCTh — BCE OCTABIIIHECS YJICHBI.

t(C+Clm1+czm2)=Ct1+clm1t1+czm2t2

B utore nonyuum Takoe perieHue 3ajauu B o01eM BUIE:

t=Ct;+cim;t;+comoto,C+cimy+coms

[TepeBeném Maccy aTtOMHUHUEBOTO cocy/ia B KujorpaMmsl (B cuctemy CH):

118r=0,118kr

IlocunTaeM unciIeHHBIN OTBET K 3aJ1a4e:

t=180-20+4200-0,118-20+460-0,2-75180+4200-0,118+460-0,2=26,60C~300K

Orteert: 300 K.

3agaua 26
YcaoBue 3agaun:
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ABTOMOOWMIIB, ABMXKYIIMICS CO CpPEeIHEH CKOPOCThbIO 72 KM/4, pa3BUBAET CHILY
taru 2500 H. Kosddumuent monezHoro aercTBusi ABUrarenss aBTOMOOWIIS paBeH
25%. CxonbKO OH TpaTUT O€H3MHA B Yac?

lano:

v=7/2 xm/4, F=2500 H, n=25%, t=1 4y, m—?

Penienue 3agaumn:

Ecnu B 3aaue roBoputcs o koaddunuente nonesnoro aeiictaus (KI1/), To mpu
pellleHrH 33/1a4d MEPBBIM JesoM 3anucbiBaioT Gopmyny onpenenenus KITJ. KITJT
JIBUTATEJIS | — 3TO OTHOIIEHUE MOJE3HOM paboThl Ay K 3aTpaueHHON padote A,, TO
€CTh:

N=AsAs(1)
Tak Kak KaKJIbli MaJIbI MPOMEXKYTOK BPEMEHHU BEKTOP CHJIbI TATH COHAIPABIICH
C BEKTOPOM IEPEMEIICHUS, TO MOJIE3HYI0 padboTy Ay MOXKHO HalTH 1o popMmyIie:
A=FS
B aToit hopmye S — nmpolIeHHBIN My Th, KOTOPBIH JIETKO HAWTH U3 BHIPAKCHUS:
S=vt
A,=Fut(2)

3atpaueHHas pabora A, paBHa KOJMYECTBY TEIUIOTHI, KOTOPOE BBIJACISETCS MPU

CropaHuu O€H3MHa, T03TOMY BepHa GopmyJa:
Az=gm(3)

[TonctaBum BeipaxkeHus (2) u (3) B hopmyiy (1), Toraa Mbl MOTy4UM:

n=Fvtqm

BoIpa3zum nckomyro maccy 6eH3uHa m:

m=Fvtnq
VYaenbHass TemnoTa cropaHus OeH3uHa ( paBHa 46 MJx/kr. Ilepeeném
ckopocTh aBTOMOOUIIst B M/c, KITJ[ — B qo/1 enuHmIIbI, a BpeMs pabOThl — B CEKYH/IbI:
72xm/4=72-10001-3600m/c=20m/c
25%=0,25
19=3600c

YucneHHbIN OTBET K 3a/1a4€ PaBEH:

m=2500-20-36000,25-46-106=15,65kr

OTtBer: 15,65 Kkr.

3agaua 27

YcaoBue 3a1aumn:

Omnpenenuts KIIJ[ HarpeBatens, pacxoayromiero 80 r kepocuHa Ha HarpeBaHUeE
3 11 Boaml Ha 90 K.

Hano:

my=80r, V1=3 1, AT=90 K, n—?

Penienue 3agaumn:

Koadduurent mnone3Horo JeHCTBUS  HarpeBaTesisi | paB€H  OTHOIICHUIO
MOJIE3HOM paboTHI K 3aTpadyeHHOM pabdoTe.

n=AA(L)

[lonesnass pabotra HarpeBarenst A, paBHa KOJUYECTBY TEIUIOThI, KOTOPOE

TpeOyeTcs UIsi K3MEHEHUS TeMIiepaTypbl Boabl Ha AT, TO ecTs:
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A,=Ctm;AT
B atoit Gopmyisie €1 — yaenpHas TEIUIOEMKOCTh Bobl, paBHas 4200 [Ix/(kr-K).
Maccy Boabl pacnuileM Kak MPOW3BEICHHE IUIOTHOCTH BOJbI p1 (oHa paHa 1000
kr/M°) Ha 00beM V1.
ArFClprlAT(Z)
3arpaueHHas paboTa A, paBHa KOJMYECTBY TEIUIOTHI, KOTOPOE BBIIEISAETCS MPU
CrOpaHUH KEPOCHUHA MacCOr My, HO3TOMY:
As=qm;(3)
Y nenpHas TeIIoTa cropanus kepocuna ( paBaa 43 MJIx/Kr.
[ToncraBuMm nonmyueHHbie BbipaxeHus (2) u (3) B popmymy (1):
n=C1p1V1ATqm2
[lepeBeném HeKkOTOpbIE BeIMUHUHBI B cucteMy CU:
80r=0,08kr
31=0,003m
[TocunTaem OTBET K 3a1aye:
n=4200-1000-0,003-9043-106-0,08=0,33
Otger: 0,33.

3anava 28

YcaoBue 3a1a4u:

Ha cniuptoBke HarpeBaiu Boay maccoit 100 r ot 16 °C go 71 °C. IIpu 3Tom ObLa
coxokeH cnupT maccoi 10 r. Hailtu ko3 duumeHT noyie3Horo 1elcTBUs CHUPTOBKHU.

Hano:

m;=100 t1=16 OC, t2:71°C, m,=10 T, T]—?

Pemienne 3agaum:

KoadduimeHT nonesHoro neicTBrs CIUPTOBKU 1] PABEH OTHOILIEHUIO MOJIE3HOM
paboThl cIUPTOBKHU A, K 3aTpaueHHON padote A,.

N=AsAs(1)

[lonesnass pabGota cnUPTOBKU A, paBHa KOJMYECTBY TEIJIOTHI, KOTOPOE
TpeOyeTcs UIsl HarpeBaHusl BOJbI Maccol My OT Temmepartypsl t; 10 Temnepatypsl to,
TO E€CTb:

A=cm;(to—t1)(2)

VY nenwpHas TerioeMKocTh BojibI C paBHa 4200 Jx/(kr-°C).

3arpaueHHas paboTa A, paBHa KOJUYECTBY TEIUIOTHI, KOTOPOE BBIAEISAETCS MPU
CrOpaHuM CIUpPTa Maccol My, TO €CTh:

A,=qm;(3)

VY nenpHas TeruioTa cropanus cnuprta ( paaHa 29 MJx/kr.

[ToncraBum Beipakenus (2) u (3) B popmymy (1):

n=cms(t—t;)gm,

[TepeBeném maccy Bojbl U Maccy cnupTta B cuctemy CU:

100r=0,1kr
10r=0,01kr
ITocunraem OTBeT:
n=4200-0,1-(71-16)29-106-0,01=0,08
OTtgert: 0,08.
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3agauya 29

YcioBue 3aga4n:

Mennoe Tteno, Harperoe no 100 °C, omymeHo B BOAy, Macca KOTOpPOW paBHa
Macce Tena. TernoBoe paBHOBecue HacTynuio npu temmeparype 30 °C. Onpenenure
MIEPBOHAYAJIbHYIO TEMIIEPATYPY BOIBI.

lano:

;=100 oC, t=30 oC, t,—?

Pemenne 3agaumn:

Teno, U3roTOBIEHHOE U3 MEIHM M UMEIOLIEe TeMIepaTypy t1, OmycTuiau B BOIy
npu UCKOMOW Temmeparype t;. Maccel Tena W BOAbl OOWHAKOBBI. B pe3ynbraTte
TEIJI000MEHa YCTaHOBMJIOCH TEIIOBOE paBHOBecHE Ipu Temmeparype t. 3anuiiem
ypaBHEHUE TEIUIOBOTO OayaHca:

Q:1=Q>

3nech Q1 — KOJIMYECTBO TEIJIOTHI, OTJIAHHOE MEJTHBIM TEJIOM MPU OXJIAKECHUU B
pesynbTaTe TerioooMmeHe, a Q; — KOJMYECTBO TEIUIOTHI, MOJyYEHHOE BOJIOW MpHU
HarpeBaHUM B pe3ysbTaTe TemiooOMeHa. PacnuiieM KojJu4yecTBa TEIJIOTHI IO
U3BECTHBIM (popMyam:

cim(t—t)=com(t—ty)
Cl(tl—t)=C2(t—t2)

B »TOM paBeHCTBe C1; — yAenbHas TeIoeMKocTh Meau, paBHas 380 J[x/(kr-°C),
a Cp — yZieJIbHasl TeII0eMKOCTh BoAbl, paBHas 4200 [x/(xr-°C).

[Toxpenum 06e yacTy paBEHCTBA Ha Cp, TOT/IA:

Cl(tl—t)szt—tZ
OcTanock TOJNBKO BBIPa3UTh TEMIIEpATypy to:
tzzt—Cl(tl—t)Cz

[TocunTaeM 4KCIIEHHBIN OTBET K 3aJa4e:

t,=30—380-(100—30)4200=23,7 «C~297 °K

OtBet: 297 K.

3amava 30

YcaoBue 3axa4u:

Ha ckonpko kuinometpoB mnyTtd xBatuT 40 71 OeH3WHA aBTOMOOWIIIO,
JIBUKYLIEMYCS CO CKOpPOCThIO 54 KM/4? MOoIIHOCTh, pa3BUBaeMas JABUTATEIEM
aBTomoOwms, 46 kB, a KI1]1 25%.

Hano:

V=40 1, v=54 km/4, N=46 kBT, n=25%, S—?

Pemienne 3agaum:

3anumieM Gopmyny onpenenenus kodhduimenta nosieznoro aecteus (KII).
Cornacno onpeznenennto, KI1/[ — 3To oTHOIIEHHE 1T0JIE3HOM pabOThI K 3aTpayeHHOM.

n=AA(L)

[Tonesnyto pabotry A, JIETKO  ONpeAeauTh 4Yepe3 MOIIHOCTb  JIBUTATEJIs
aBTomoOmist N 1 BpeMsi IBDKEHUS t, MpUYeM TMOCIEAHIO HaiieM KakK OTHOIICHHE
NyTH S K CKOPOCTU JBUKEHUS V.

A;=Nt=NSv(2)

54



3arpauenHas pabota A, paBHa KOJUYECTBY TEIUIOTHI, KOTOPOE BBIAETSAETCS MPU
cropaHuu O€H3UHa, OTOMY:
A;=gm
VY nenbHas TerioTa cropanus 6ensuHa ( paBHa 46 MJDx/kr.
Maccy OeH3uHa M 3anuIieM Kak Mpou3BeIeHHEe IIIOTHOCTU OeH3uHa p (OHa
pasHa 700 kr/m%) Ha 06BeM V.
A3=qpV(3)
[ToncraBuMm nonmyueHHsie BeipaxeHus (2) u (3) B popmymy (1).
nN=NSvgpV
W3 sToii hopMyIbl BEIpA3UM UCKOMBIN MyTh S:
S=nvgpVN
[lepeBenem o0bem OeH3nHa V B KyOMYECKHE METPBI, CKOPOCTh aBTOMOOMIIS U —
B M/c, a KIIJ] nBuraresns n — B A0JM €UHUIL:
401=0,04m3
54xm/4=54-10001-3600m/c=15m/c
25%=0,25
[IpousBeneM pacuer YMCIEHHOIO OTBETA 3a/1aUu:
S=0,25-15-46-106-700-0,0446-103=105000m=105km
Oteert: 105 km.

3amava 31

YcaoBue 3agaum:

B Banne nHaxoautcs 400 1 Boasl npu temnepatype 30 °C. M3 kpaHa BbITEKaeT
ropsituast Boga nipu 60 °C. Ha kakoe BpeMs HaJi0 OTKPBITh KpPaH, YTOOBI YCTAaHOBUIIACH
temneparypa 35 °C, ecii 3a OIHy MUHYTY U3 KpaHa BbITekaeT 10 1 BoabI?

ano:

V1=400 1, t;=30 oC, t,=60 oC, t=350, 19=1 mun, V=10 1, 7—?

Pemienue 3agaun:

W3navansHo B BaHHE Haxoaujiachk Boaa obobemoM Vi mpu Temrmepatype t;. 3a
HMCKOMOE BpeMs T M3 KpaHa BbITEYeT oO0OBeM Bojbl Vo mpu Temmepatype t. B
pe3ysbTaTe CMEIICHUS U TEIIOOOMEHa YCTAaHOBUTCA TEIJIOBOE paBHOBECHE TMIPH
temrieparype t.

3anuiieM ypaBHEHHE TEIUIOBOTO OajaHca:

Q:1=Q:
3nech Q1 — KOJMYECTBO TEIJIOTHI, MOJYyYEeHHOE BOAOH oO0bemMoM Vi mpu
HarpeBaHUM B pe3yJbTaTe TeruoooMeHa, Q2 — KOJMYECTBO TEIJIOTHI, OTJAHHOE

BOJI0OM 00beMoM V (KoTOpasi BBHITEUET W3 KpaHa) MPHU OXJAXKICHUU B pe3yJbTare
TeriooomMeHa. PacniuiiemM KoJIu4ecTBa TeIUIOThI IO U3BECTHBIM (hOpMYyJIaM:

cmy (t—ty)=cmy(t—t)

ml(t—t1)=m2(t2—t)
Macchbl 3anuiiieM Kak NpOU3BEJIEHHE IJIOTHOCTH BOJbI Ha COOTBETCTBYIOIIUIA

00BeEM.

pVa(t-t)=pVa(t-t)

Vi (t—t1)=V2(t2—t)(1)
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Ecnu 3a enquHuIly BpeMEHU U3 KpaHa BBITEKAET OJIMHAKOBOE KOJUYECTBO BOJIbI,
TO €CTh PaCX0/]l KUJAKOCTH BCEr/la OJMHAKOBBIM, TO UMEET MECTO PABEHCTBO:
VoTo=V2‘C
V2=VoTTo
[ToacTaBuM noJsydeHHOE BbIpaskeHHe B paBeHCTBO (1).
Vl(t—t1)=VoTTo(t2—t)
OTKyaa KICKOMOE BpEMsI T PaBHO:
’E=V1(t—t1)T0Vo(t2—t)
[Tepeeném o0wvemsbl V u VO, a taxoke Bpems 10 B cuctemy CU:
400m1=0,4m°
101=0,01m3
1Mua=60c
YucneHHBIN OTBET K 33/1a4€ PaBEH:
1=0,4-(35—30)-600,01-(60—35)=480c
Ortser: 480 c.

3agaya 32
YcaoBue 3a1a4u:
YtoObl Harpeth 1,8 kr Bonbl oT 18 °C mo kumnenus Ha ropenke ¢ KITJ[ 25%,
notpedboBanioch 92 1 roproyero. HailTu yienbHyto TEIIOTY CrOpaHUs TOPIOYETO.
lano:
m;=1,8 kr, t1=18 oC, n=25%, m,=92 r, q—?
Pemienue 3agaumn:
anumeM popmyny onpeneneuus KIIJ (koaddurmenra moae3Horo AeicTBHs),
OH PaBEH OTHOIIIEHUIO MOJIE3HOM padOTHI K 3aTpaueHHOMN padoTe.
N=AsAs(1)
[Tone3nas paborta ropenku A, paBHa KOJIMYECTBY TEILJIOTHI, KOTOPOE TpedyeTcs
JUISL HarpeBaHUs BOJBI OT TeMIepaTypsl 1110 Temmeparypbl KuneHus t (nmpu
HOpMasTbHOM aTMocdhepHoM nasienun tk=100 oC).
A=cm;(t—t1)(2)
VY nenpHas TernoéMKocTh BojibI C paBHa 4200 Jx/(kr-°C).
3atpaueHHasi paboThl A, paBHA KOJMYECTBY TEILJIOTHI, KOTOPOE BBIACIACTCS TIPH
CTrOpPaHUH TOPHOYETO MACCOU My, TOATOMY:
A,=qmy(3)
[ToncraBum Beipaxkenus (2) u (3) B popmyiy (1), Toraa umeem:
n=cm;(t,—t;)gm;
BripazuM nckomyro yaelbHY0 TEIJIOTY CropaHus (:
g=cmy(ti—t)nm;
[lepeBeném KIIJIn B nmonau eauHun, a Maccy TOproyero M2 B KWJIOTPAaMMBbl,
Jiajee MPOU3BEIeM pacueT YUCICHHOTO OTBETA.
25%=0,25
92r=0,092xr
q=4200-1,8-(100—18)0,25-0,092=26953043,5>x/kr~27M J]x/xr
BeposiTHee Bcero, 4To roprourM B FOPEJIKE SABJISETCS CIUPT.
OTtBer: 27 M /I:x/Kr.
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3amaya 33

YcioBue 3aga4n:

VY Kakoro u3 Ten TEIIOEMKOCTh OOJIbIlIe U BO CKOJBKO pa3: y KyCKa CBHHIIA
Maccoi | kr unum y kycka xene3a maccoi 500 r?

lano:

m;=1 KT, m,=500 T, C,C1—?

Pemenne 3agaumn:

Tenmnoemkocth C — 3T0 ¢u3myUeckas BeTUYNHA, KOTOpas MOKA3bIBAET CKOJIBKO
HY’KHO 3Hepruu Jiyis usMeHeHus temrepatypsl tena Ha 1 °C (1 °K). E€ MmoxHO HaiiTh
KaK MPOU3BEACHUE YACIbHON TEIIOEMKOCTH C Ha Maccy Tejia M.

C=cm

C yué€tom »9TOH (OpMyIBI TEIIOEMKOCTH Kycka cBuHIA C; Maccoit My

TEIJIOEMKOCTh Kycka xene3a Cy Maccoit My Haiiaem no popmynam:
{C1:C1m1C2:C2m2

VYnenpHast TeroeMKocTh  cBuWHIA Ci paBHa 130 JIx/(kr-°C), ynenbHas
TEITIOEMKOCTH kene3a C; — 460 [x/(kr-°C).

[lepeBeném maccy Kycka »xene3a B cucteMy CHU u mocumtaeM 3HaYeHUS
TEILUIOEMKOCTEN:

500r=0,5kr
C1=130-1=130/Ix/xr
C2=460-0,5=230/]x/xr

BunHo, 4to y Kycka Xeie3a TeIIoeMKOCTh Oombine. Haitnem oTHoIIeHHE
TEIJIOEMKOCTEH, 4YTOOBl y3HAaTh BO CKOJBKO pa3 TEIUIOEMKOCTh KyCKa JKele3a
MPEBBIIAET TEMJIOEMKOCTh KyCKa CBUHIIA.

C2C1=230130=1,77

OtBer: 1,77.

3anava 34

YcaoBue 3a1a4u:

[nsa onpenenenuss ynenbHOM TerutoéMkoctu 0,15 Kr BemiecTBa, B3ATOTO IpHU
temneparype 100 °C, omyctunu B JNaTyHHbIM Kanopumerp Maccoud 0,12 kr,
coneprkarmuii 0,2 xr Boabl ipu 16 °C, npudem o011ast TeMreparypa yCTaHOBUIACh 22
°C. OnpenenuTs yaeIbHYIO TEMJI0EMKOCTh BEIIECTBA M0 JJAHHBIM OIbITA.

Hano:

m;=0,15 kr, ;=100 oC, m,=0,12 kr, m3=0,2 kr, 13=16 oC, t=22 oC, c1—?

Penienue 3agaumn:

M3HavyanpHO TemImepaTypa KaJlopuMeTpa Maccoil M2 U cojaepikalieiics B HEM
BOJIbI MacChl M3 OJIMHAKOBa W paBHa t3. B Boxy omyckaloT HEKOTOpPOE BEIIECTBO
Maccoil m; mpu  temneparype ti. B pesympraTe TemiooOMeHa  yCTAaHOBUTCS
Temriepatypa t. 3anuiiem ypaBHEHHE TEIUIOBOTO OanaHca:

Q1=Q2+Q3
3mech Qi — KOIMYECTBO TEIIOTHI, OTJAHHOE HEH3BECTHBIM BEIIECTBOM IIPH
Temnoodmene, Q; 1 Qs —  KomuyecTBa  TEMIOTHI,  MOAy4eHHOE  JIATYHHBIM
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KaJIOPUMETPOM M BOJIOW TMPH TEIUIOOOMEHE COOTBETCTBEHHO. PacmuiieM xoimuecTBa
TEIJIOTHI IO U3BECTHBIM (OopMyIam:
C1ml(tl—t)zszg(t—t3)+C3m3(t—t3)

B »TOM paBeHCTBe C1 — HCKOMas ylelbHas TEIMIOEMKOCTh HEKOTOPOTro
BEIIECTBA, Cp — yJeNIbHAs TEII0eMKOCTh JiaTyHu (oHa paBHa 380 JIx/(kr:-°C)), C3 —
yaelibHas TeTI0eMKOCTh BobI (oHa paBHa 4200 Jx/(kr-°C)).

BrIpa3zum 13 paBeHCTBA UICKOMYIO BETUYUHY Ci:

C1=C2m2(t—t3)+C3m3(t—t3)m1(t1—t)
c1=(Comy+cams)(t—t3)my (t1—t)

[ToxcraBum maHHbBIC 33/1a9u B (GOPMYITY U TIOCYUTAEM OTBET K 3aja4e:

€1=(380-0,12+4200-0,2)(22—16)0,15-(100—22)=454,2 1%/ (kr-°C)

OtBet: 454,2 JIx/(kr-°C).

3agaua 35

YcaoBue 3axa4u:

CKOJIBKO KepOCHHA HEOOXO0IUMO C3Keub, YTo0kI 50 11 Bosl HarpeTh oT 20 °C 1o
kuneausi? KIIJ[ narpesarens 35%.

lano:

V=50 J, ;=20 OC, 1]:350/0, my—?

Pemienne 3agaum:

3anumem Gopmyiy onpeneneHus kodddunnenta nonesnoro aecteus (KI1/1):

N=AsA(1)

[Tone3nast pabota A, paBHa KOJUYECTBY TEILJIOTHI, KOTOPOE€ HEOOXOAMMO IS
HarpeBaHus BOJABI OT TeMmmepaTypsl t1 10 Temnepatypsl kureHus i (t,;=1000 C mpwu
HOPMaJIbHOM aTMOC(HEPHOM JIaBJICHUH ).

AHZle(tK—tl)

VY nenpHas TemoéMkocTh BojbI C paBHa 4200 JIx/(kxr-°C).

Maccy BoabsI My 3anuIeM B BUJIE POU3BEICHUS TUIOTHOCTH BOBI P (OHA paBHA
1000 kr/m®) Ha 06BeM V1.

An:val(tK—tl)(Z)

3atpaueHHas xe pabora A, paBHa KOJMYECTBY TEIUIOTHI, KOTOPOE BBIACISIETCS
MIPU CTOPAHUH KEPOCHHA MACCO M.

A,=qmy(3)

VY nenwpHas TerioTa cropaHus kepocuna ( paHa 43 MJx/kr.

[ToacraBum B popmyiny (1) Beipakenus (2) u (3) s MOJAE3HOM U 3aTpayeHHOM
pabor:

n=cpVi(tc—t)am

OTtkyzna macca KepocrHa My paBHa:

mz=cpVi(t—t)ngq

[lepeBeném o0beM BOIBI M3 JAUTPOB B KyOuueckue metphl, a KIIJ — B momm
CAUHULL.

50:1=0,05m3
35%=0,35

[IpousBeném pacyer oTBeTa:

m,=4200-1000-0,05-(100—-20)0,35-43-106=1,12kr
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OtBer: 1,12 kr.

3agauya 36

YciaoBue 3agaun:

Ha 3axoxennyro cnuptoBKy ¢ KIIJ[ 60% noctaBuiu cocyn ¢ 500 r Bogsl ipu 20
°C. Yepes kakoe BpeMs BRIKUIUT 20 T BOJBI, €CJIM B CIIMPTOBKE 32 MUHYTY cropaer 4
r crapra’?

lano:

n=60%, Mm;=500 r, t;=20 oC, Am=20 r, mp=20 1, 10=1 MuH, T—?

Penienue 3agaumn:

Koadduumrent mnonesnoro naericteus 1 (KIIJI) paBeH OTHOIIEHHIO IOJE3HOM
paboThl A, K 3aTpadyeHHOU padoTe A..

N=AsAs(1)

[lone3nass pabGoTta cnupTOBKU A, paBHA CyMME KOJUYECTBA TEMIOTHI Q1,
KoTopoe TpeOyeTcsi JUisi HarpeBaHdhs BOJIBI Maccoil Mp oT TemrepaTtypsl t1 10
temnepaTypbl kunenus t, (t,=100 oC), u xomudecTBa TerioThl Q2, KOTOPOE HYKHO
JUUIS. UICTIAPEHUS BOJIBI Macco Am.

AH=Q1+Q2
Pacniuiem konudectBa TerioTel Q1 1 Q2 MO U3BECTHBIM QOpMyIIaMm.
A,=cm;(t—t;)+LAm(2)

VYnensHas temnoéMkocTs Boabl C paBHa 4200 JIx/(xr-°C), yaenbHas TemioTa
napooOpazoBaHus Bojbl L paBHa 2,26 M JIx/kr.

3atpaueHHas pabora A, paBHa KOJIMYECTBY TEIUIOTHI, KOTOPOE BBIJEISAETCS MPH
CrOpPaHHUH COUPTA HEKOTOPOU MacChl M.

A;=gm;

VY nenbHas TemioTa cropanus cnupra ( pasHa 29 MJIK/KT.

Ecnu 3a eauHuily BpeMEHHM CropaeT OJMHAKOBOE KOJIMYECTBO CIHPTA, TO
CIIpaBeIJIMBO TaKOE PABEHCTBO:

MoTo=M>T
My=MgTTo
Agzqmorro(B)

B popmyny (1) noxcraBum Beipaxenus (2) u (3):

n=(cmy (ty—t1)+LAm)toqmet

OTkyna Hy»KHOE HaM BpeMsl T PaBHO:

=(cm;(ty—t1)+LAm)tonqmg

ITepeBeném KIIJ] B monm eauHuMIl, BCE MAcChl — B KHJIOTPAMMBI, BpEMS — B
CEKYH/IbI.

60%=0,6
500r=0,5kr
20r=0,02xr
4r=0,004xr
1mMua=60C

YucineHHo BpeMs T paBHO:

1=(4200-0,5-(100—20)+2,26-106-0,02)-600,6-29-106-0,004=183,8¢c

OTtseT: 183.8 c.
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3anaua 37

YcioBue 3aga4n:

B crexnsnnblid cocya maccoil 120 r, umeronuii temneparypy 20 °C, Hamwim
ropAadyro Boay, macca kotopod 200 r m temmeparypa 100 °C. Cnyctas 5 MuH
Temieparypa cocyaa ¢ Boaoil craia paBHa 40 °C. Kakoe KOJMYECTBO TEMJIOTHI
TEpSJIOCh B CAMHMILY BPEMEHH, €CIM CKOPOCTh OXJaXKIEHUS MOCTOSHHA?
Tennoemxocth cocyma 840 JIx/(kr-°K).

lano:

m;=120 r, t;=20 oC, my;=200 r, t,.=100
oC, 1=5 muH, t=400 C, ¢;=840 Ix/(xr-K), N=?

Pemenue 3agaun:

[TockoJibKy HEKOTOpasi 4acTh TEIUIOTHI MPHU TEIIOOOMEHE ObUla MOTEpsiHA, TO
ypaBHEHHE TEIUIOBOTO OanaHca 371eCh HY>KHO IPUMEHATh B CIAEAYIONIEH N3MEHEHHOMN

dbopwme:

Q1+AQ=Q;
3):[er Q]_ — KOJIHUYCCTBO TCIUIOTBHI, IIOJIYUYCHHOC COCyAOM B PC3YJIbTATC
TeriooOMeHa, Q; — KOJNMYECTBO TEIUIOTHI, OTAAHHOC BOJOW B pe3yJbTaTe
TGHHOO6MGH3, AQ — HNOTCPSAHHOC KOJTNYCCTBO TCILIIOTHI. BLIpaBI/IM IIOCJICIHEC:
AQ=Q2—Qu

Pacnmmem konnyectBa TerioThl Q1 u Q2 Mo u3BeCTHBIM (hOpMyJIaM:
AQ:szz(tz—t) —Clml(t—tl)(l)

VY nenbHas TEI0EMKOCTD BOJIbI C; paBHa 4200 JIx/(kr-°C).

Tak kak B yCJIOBUHU CIPAIIUBACTCS «KAKOE KOJMYECTBO TEIUIOTHI TEPSIIOCH B
€JIMHUILY BPEMEHW», TO TIO CYTH HaM HY»KHO HaWTH MOIIHOCTh. E€ ciieayeT uckath no
dbopmyie:

N=AQrt
VYuutsiBas popmyiy (1), mosiyduM OKOHYATENbHYIO (POPMYITY:
N=C2m2(t2—t) —clml(t—tl)r

[IepeBeném Maccel My 1 My, a Takke Bpems T B cucremy CU:

120r=0,12xkr
200r=0,2xr
Smuua=300c

[TocunTaeM 4YHCIEHHBIN OTBET K 3a7a4e:

N=4200-0,2-(100—40) —840-0,12-(40—20)300=161,28B1~161BT

OTtBer: 161 Br.

3amaua 38

YciaoBue 3agaun:

B Oarapero BousHOro ororvieHus Boja mnoctymaeT npu 80 °C mo Tpyde
Iomaaso nonepedsoro cedenus 500 MM2 co ckopocTeio 1,2 cM/c, a BBIXOANT W3
Oarapen, umes Ttemmepatypy 25 °C. Kakoe KOJIMYECTBO TEIUIOTHI MOTy4YaeT
OTaIUIMBAEMOE MTOMEIIEHHE 32 CYTKU?

Hano:

t;=800 C, S=500 mm?, v=1,2 cm/c, 12=25 oC, 1=1 cyT, Q—?
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Pemienne 3agaum:

Ecnu Boma moctynaer B 6aTtapero mpu Temneparype tl, a BeixoauT u3 Oatapeu
npu Temneparype t2, To O4eBHIHO, YTO UCKOMOE KOJIMYECTBO TEIJIOTHl MOKHO HAUTU
0 BCEM U3BECTHOU (popmyre:

Q=cm(t:—t2)(1)

3nech C — yaenbHasi TEII0eMKOCTh Boabl, paBHas 4200 Jx/(kr-°C), m — macca
BO/JIbI, KOTOPOE MPOXOIUT Yepe3 Oarapero 3a CyTKU (TO €CTh 3a BpeMs T).

Maccy M MOXHO HalTH TaKUM 00pa3oMm:

m=pV(2)

B oroii  dopmyne p — mnotHocTs Bomabl, paBHas 1000 xr/m3, V — o0bem
IpoIeAIe Boabl uepe3 0arapero. O0neM V paBeH 00beMy TpyObl, KOTOPBIN 3aHsIa
Obl BOJla TP MEPEIBMKEHUH B HEW CO CKOPOCTHIO L, TO €CTh €€ MOXKHO HAlTH 1O
dopmyie (I — aTo paccrosiHue, MPONWICHHOE BOAOH B TPYOE):

V=S=Sv1(3)

C yu€rom Beipaxkenut (2) u (3) dopmyna (1) mnpumer creayromUn
OKOHYATEJIbHBIN BUI:

Q=cpSvrt(ti—t2)

[lepeBenéM momanas ce4eHUs TPYObl S, CKOPOCTh TEUYEHHUS VU BpEMs T B
cucremy CU:

500Mm?=500-10—-6Mm?
1,2cm/c=0,012m/c
1cy1=24-60-60c=86400c
[IpousBeném pacuer oTBeTa:
Q=4200-1000-500-10-6-0,012-86400-(80—25)=119,75-106 [1x~120M [Ix
OtBet: 120 M I:x.

3agaya 39

YcaoBue 3axa4u:

la3oBast HarpeBaTenbHas KolnoHka motpebmser 1,8 m® merama (CHy) B uac.
Haiitu TemriepaTypy BOJibl, BRITEKAIOIIEH U3 HEE, €Cu CTPyst uMeeT cKkopocTh 0,5 m/c
u auametrp | cM, HauyanpHas TemmepaTrypa BoAabl W raza 11 °C, temioTrBopHas
crocobHoCcTh MeTaHa 55 kJ[k/r. ['a3 B TpyOe Haxomutcs mox gaBieHuem 120 xlla.
KIII narpeBatens 60%.

Hano:

Vo=1,8 M3, 10=1 u, v=0,5 m/c, d=1 cm, ;=110 C, g=55 kJIx/r, p=120 kIla, n=60
%, t—?

Pemienue 3agaumn:

Koaddumment mnonesnoro nevictBust ropenku 1 (KIIJ]) paBen oTHomIeHUIO
MOJIE3HOM PabOTHI TOPEJIKH K 3aTpayeHHOU padoTe.

N=AA;

[IycTh 3a HEKOTOpOE MAaJICHHKOE BpPEMs T Yepe3 HarpeBaTelbHYI0 KOJOHKY
MMPOTEUYET BOJIA MACCOM M1, U B TOPEJIKE CrOpUT ra3 Maccou Mp. Torma monesHas
paboTta ropenku A, paBHa KOJIMYECTBY TEIIOThI Q1, TpeOyeMol Ha HarpeBaHUEe BOJIbI
Macchl My, a 3aTpadyeHHast pabota A, paBHa KOJWYECTBY TEIUIOThI Q2, BbIACAIONIICHCS
IIPU CrTOPAHUU raza Maccoi My. [Toatomy:
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N=Q:1Q:=>Q1=nQ(1)
Pacniuiem konudectBo TerioTsl Q1 Mo u3BecTHOM popmyie:
Qi=cmy(t;—ty)
3nech C — ynenpHas TEIUIOEMKOCTh BOJIbI, kKoTopas paBHa 4200 JIx/(xr-°C).
BrIpa3um nckomyro temrneparypy to:
t,=Qicmy+t;
YuureiBas (1), popmyna usmMeHUTCA ¥ IPUMET TaKOM BHI:
t2=nQ2cm1+t1(1)
3a Masioe BpeMs T 4epe3 KOJIOHKY MPOTEYET BOJA MACCOM Mi, KOTOPYIO MOYKHO
HaiTu 1o popmyie:
mi=pV
ITnoTHOCTB BOAKI p paBHa 1000 kr/m°.
O6bem mpotékiieit Boabl V paBeH 00beMy TpyObl, KOTOpHIM 3aliMET Boaa 3a
BpeMms T, €€ MOKHO HailTH 1o gopmyJe:

V:S|:Ttd21)‘c4
[TosicHenue: S — 3TO IUIOMIAAb IOMEPEUHOro cedeHuss TpyObl (S=mdza), | —
paccTosiHue, MPOoHIeHHOE BOI0M 110 TpyOe 3a BpeMs T (I=vt).

3HAYuUT:
ml=pnd2vt4(2)
Teneps pazdepémcs ¢ razom. Eciii ra3 ropuT paBHOMEPHO, TO €CTh KOJUYECTBO
CropaeMoro rasa 3a €AMHUILy BPEMEHH OAMHAKOBO, TO CIIPaBEJIMBO PABEHCTBO:
MyTt=MgTo
3HAYUT 3a MaJIO€ BpPEMs T CTOPAeT Macca rasa My, KOTOPYIO MOXKHO HAWTH MO
bopmyie:
M>=MTTo
Maccy cropaemoii macchl ra3a 3a yac MO Halinem u3 ypaBHeHus: Knaneipona-
Menneneesa:
pVo:moMRTl
mo:pVoMRTl
Tor):[a: m2:pVOMTRT1‘Co
Mounspaas macca merana M paBaa 16 r/monp (unu 0,016 kr/mons). OGpaTuTte
BHHMAaHKE, YTO TEMIIEpATypy raza Hy>KHO MOJCTABIISTh BHIPAXKEHHOU B aOCOJIFOTHOM
nikasue remneparyp (To ectb B KenbBuHax).
KonuuecTBO BbIIEISIEMOM NPU CrOpaHUy Tra3a TeImioThl Q2 HaleM Tak:
Q2=gqm;
szquoM’ERTlTo(?))
[ToxcraBum Beipaxkenus (2) u (3) B popmymny (1):
to=4AngpVoM1cpnd2vtRTito+
BuaHo, 4yTo B uMcClIWTelle W 3HAMEHATENe MPUCYTCTBYET Malloe€ BpeMs T, a
3HAQYUT €r0 MOKHO COKPATHUTb.
t,=4ngpVoMcprd2vRT11o+;
[Mepeseném KII/ n, yaeabHYIO TEIJIOTY CropaHus MeTaHa (|, AuaMeTtp TpyOsr d,
HavyaJpHYIO TeMIepaTypy raza i, Bpems 1o B cucremy CU:
60%=0,6
55k J1x/r=55-106J1x/kr
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1cm=0,01m
11 °C=284K
14=3600c
ITocunTaem 4MCIEHHBIM OTBET:

t,=4-0,6-55-106-120-103-1,8-0,0164200-1000-3,14-0,012-0,5-8,31-284-3600+11

=92,4°C=365,4°K
OTtBeT: 365.4 °K.

3anaua 40

YciaoBue 3agaun:

HekoTtopas ycraHoBka, Bblaensiromas MomHocte 30 kBT, oxuaxknaercs
MPOTOYHOM BOJIOM, TEKyIIed Mo chnupaibHOM TpyOke nuamerpom 15 mm. Ilpu
YCTAaHOBHUBIIEMCS pPEKHMME MPOTOYHAsT Boja HarpeBaetcss Ha 15 °C. Omnpenenuthb
CKOPOCTb BOJIbI, MIPEAIOIIAras, 4To BCS BBbIAENIIEMas MOIIHOCTh YCTAHOBKH UJIET Ha
HarpeB BOJbI.

lano:

N=30 kBt, d=15 mm, At=15 oC, v—?

Pemenue 3agaun:

3a HEKOTOpOE Mayloe BpEeMsl T yCTAHOBKA BBIJIETSET KOJUYECTBO TEIIOTHI Q,
KOTOpO€ MOKHO HaiiTh o popmyne: Q=Nt

Tak kak Bcsl TeIJIOTa UJIET HA W3MEHEHHE TeMIlepaTypbl BOAbI B TpPYyOKe, TO
cnpaBeiiBa Gpopmya:

Q=cmAt
3HAYUT:
Nt=cmAt(1)

31ech C — yaenabHas TerioéMKOCTh Bojbl, paBHas 4200 J[x/(kr-°C), m — macca
BOJIbI, KOTOpas MpoTeKIIa 1o TpyoOke 3a Bpems At. [locnenHiowo cienyeTr onpeaensTh
TaK:

m=pV(2)

B oroii  (opmyne p— muoTHOcTs Bomabl, paBHag 1000 xr/m3, V — o0bem
npotekme Boxabl. [locnenuuit paBeH 00beMy TpPYyOKH, KOTOPBIA 3alMET BOJA
3a BpeMs T, HO3TOMY:

V=Sl=nd2vt4
Tyr S — mnomane ceuenuss tpyoku (S=nd24), | — paccrosiHue, npoiaeHHOE
BOJIO¥ B TpyOKe 3a Bpemst T (I=v1).
VYuuteiBas (2), umeeM:
m=14pnd2vt

[TonyyeHHOE BbIpaKeHUE MOJCTABUM B paBEHCTBO (1):
Nt=14pnd2vtcAt
N=14pnd2vcAt
OTKyAa KCKOMYIO CKOPOCTb BOJIbI U CJIEIYET UCKATh MO (pOpMYyJIe:
V=4Ncpnd2At
[TepeBeném auamerp d B cuctemy CU:
15Mm=0,015Mm
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YuycneHHbI OTBET 3aJ1aYU TaKOM:
v=4-30-1034200-1000-3,14-0,0152-15=2,7m/c=9, 7xm/u
OTtBer: 9,7 kM/u.

3apaua 41

YciaoBue 3a1aumn:

Teron30MMpoBaHHbIM  COCYJl pa3/ieIeH HAa JBE 4YacTH MEPErOPOAKOMN, HE
npoBojsAled Temia. B oIHOM YacTM HaxoAMTCs 2 K BOJBI C TeMIEpaTrypou Ti.
Btopas 4dacTh 3amosiHeHa XKUIKOCThIO Maccoil 2,1 kr u temmnepatypou T,. Ecmu
eperopoaky yoparb, To Temmepatypa cmecu 1=(T;+T,)/2. Halitu yneapHYyI0
TEIUIOEMKOCTh HEU3BECTHON KUJKOCTH.

lano:

mi=2 xr, T1, my=2,1 kr, T», T:(T1+T2)/2, Co—?

Pemenue 3agaun:

[Ipennonokum, 4TO TOCJIE H3BICUEHHUS MEPEropoOAKH BOJA OXJIa)xJanach, a
HEU3BECTHAs KUIKOCTh HArpeBajach. 3aluilieM ypaBHEHUE TEIIOBOTO OajlaHca:

Q:1=Q>

3nech Q1 — KOJIMYECTBO TEIJIOTHI, OTJIAHHOE BOAOU B XOJIe TEII00o0MeHa, a Qp —
KOJIMYECTBO TEIUIOThI, MOJYYEHHOE HEKOM >KUIKOCThIO B XOJI€ TEIIOOOMEHA.
Pacnumiem ykazaHHbIE KOJTUYECTBA TEIUIOTHI IO U3BECTHBIM (hOpMYJIaM:

camy(T1—T)=comy(T—Tp)

VY nenpHas TemioéMKoCcTh BojbI C1 paBHa 4200 JIx/(kr:°C).

[To ycnoBHIO M3BECTHA KOHEYHAs TeMIlepaTtypa cMecH, oHa paBHa T=(T1+T2)/2,
MOATOMY:

C1My(T1—T1+T22)=Coma(T1+T22—T2)

JlomHOXXMM 00€ YacTH paBEHCTBA Ha 2, BEPHEE COJEPKUMOE CKOOOK B 00EHX
YacTsX PaBEHCTBA!

C1ml(ZTl—Tl—Tz):szz(T1+T2—2T2)
cimMy(T1—T2)=Comz(T1—T>2)
C1Mmy=Camy
OTkyna yaenbHy TEMI0EMKOCTh HEU3BECTHOM >KUAKOCTH C2; MOXKHO HAaWTH TIO
dbopmyiie:
Co=Cimimsy
YuciieHHBIN OTBET 33/1a4M PABEH:
C2=4200-22,1=4000/]x/(xr-oC)=4x I/ (kr-C)
OtBeT: 4 k/[x/(kr-°C).

3anaua 42

YciaoBue 3agaun:

Banny emkocthio 100 nuTpoB HEOOXOAMMO 3amOJHUTH BOJOW, HMEIOIIEH
temneparypy 30 °C, ucnonb3yst Boay ¢ temmeparypou 80 °C u nen ¢ TeMneparypou,
paBnoi —20 °C. Haiitu Maccy JibJia, KOTOPbI HEOOXOIMMO TOJIOKUTH B BAHHY.

lano:

V=100 1, t=30 oC, 1;=80 oC, t,=—20 oC, my—?

Pemienue 3agaumn:
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3anuinemM ypaBHEHHE TEIJIOBOTO OanaHca:
Q1=Q2+Qs+Q4

B sroii popmyie:

Q1 — KoIMYECTBO TEIUIOTHI, OTAAHHOE TOPSYEH BOIOM HEKOTOPOM Macchl My IpH
OXJIQXKJICHUH OT TeMrepartypsl t; 10 Temneparypsi {;

Q2 — KOJIMYECTBO TEIJIOThI, HEOOXOAUMOE ISl HAarpeBaHUs JbjJa HEKOTOPOU
Macchl My OT TeMIepaTypsl to 10 Temreparypsl wiaBieHus t, (t,=0 oC);

Q3 — KOJIMYECTBO TETUIOTHI, HEOOXOAUMO JIJIs TUTABJICHHMSI JIbJIa MacCor My;

Q4 — KOJIMYeCTBO  TEIUIOTHI, HEOOXOAMMOE IS HAarpeBaHUsS  BOJIBI,
MOJIYYMBIICHCS TIPU TastHUM JIbJIA, OT TEMIIEpaTyphl b, 10 Temmneparypsi t.

PacnuiiieM yka3zaHHbIE KOJIMYECTBA TEIUIOTHI MO M3BECTHBIM (hopmyiiaM, Toraa
MOJIYYHM TaKO€ PABEHCTBO:

CBml(tl—t):CHmz(tH—tz)+7Lm2+CBm2(t—tn)

VYnenbHast  Temmo&€MKOCTh  Jbpaa C; paBHa 2100  JIx/(xr-°C), ynenbHas
TEII0OEMKOCTh BOJBI C; paBHa 4200 Jx/(kr-°C), ynenpHash TEIJIOTa TUIABJICHUS
apaa A paBHa 330 x/[x/Kr.

Ham HeusBecTHa Macca ropsiueid Boabl My, UTOOKI BBIpa3UTh €€, BOCIIOIB3YEMCS
TeM (akToM, YTO0 cymMma oObeMa Topsue Boabl ViU o0beMa BoAbl Vo,
MOJTYYHBIIICHCS TIPH TasTHAM JIbJIa, paBHA 00heMY BaHHBI V.

V=Vi1+V;
JIOMHOKHM 00€ YacTH Ha INIOTHOCTB BOJKI p (oHa paBHa 1000 kr/m®), Torna:
pV=pVitpV,
pV:m1+m2
mlsz—mz
[TopcTaBuM 3TO BBIPAKEHHE B MOJTYYEHHOE BBIIIE PABEHCTBO:
Cs(pV—my) (ti—t)=C,ma(t,—t2) +Amy+cmy(t—t,)
CBpV(tl—t) —cBmz(tl—t)=Cnm2(tn—t2)+km2+CBm2(t—tH)

[lepenecem Bce WiIEHBI ¢ MHOKUTENIEM My B IPABYIO YacCTh, IJI€ BHIHECEM €T0 3a
CKOOKHU.

CBpV(tl—t)=cBm2(t1—t)+ch2(tH—t2)+Xm2+CBm2(t—tH)
Cap V (t1—t)=ma(Cu(ti—t)+Cu(ti—t2) +A+Cs(t—ty))
CBpV(tl—t)=m2(cB(t1—tH)+cn(tn—t2)+7»)

B uTOore MBI OJIyYHM TaKyr0 OKOHYATEIBHYIO (hOPMYITY:

m2=CBpV(t1—t)CB(t1—tH)+Cn(tn—t2)+>u

I[lepeBeném 00beM U3 TUTPOB B Kyoudeckue MeTphl: 100m1=0,1m3

[TpousBeném pacueT YMCICHHOTO OTBETA!

m,=4200-1000-0,1-(80—30)4200-(80—0)+2100-(20—0)+330-103=29, 7xr

OTtBer: 29,7 Kkr.

3agaua 43

YciaoBue 3agaun:

B xanopumetp Hanunau 500 r Boasl, uMmeromiei temnepatypy 40 °C, 1 noJ1oxKuim
Kycok npaa maccel 100 r, umeromeit temneparypy —10 °C. Haiitu temnepatypy
COIEP)KUMOT0  KAJIOPUMETpa IIOCJIE€ YCTAHOBJIEHHUS TEIUIOBOIO  PABHOBECHS.
TennoeMKoCThIO KaJIOpUMETPa U TETUIOOOMEHOM C BHEIIIHEH Cpeoi peHeOpedn.
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Hano:

m;=500 1, t;=40 oC, m,=100 r, t;=—10 oC, t-?

Penienue 3agaumn:

B ycnoBuu He yka3aHO SIBHO, YTO JIEJ BECh pACTAaeT, MOATOMY HaM CJEAYeT
MPOBEPUTH CIEAyIoIIee yCaoBue (YCIOBHE TOTO, UTO BECH JIENT PACTAET):

Q:1>Q2+Qs

B aToit popmyie:

Q1 — KOJNWMYECTBO TEIUIOTHI, BBIACIAIOMICHCS TIPU  OXJIAXKIACHUU  BOIBI
Maccoi My OT TeMIIepaTypsl ty 10 TeMieparyphl miasiaeHus Jbaa t; (t;=0 oC);

Q2 — KOJMYECTBO TEIJIOTHI, HEOOXOAUMOE Ha HarpeBaHHE JibJla MAacCOW My OT
TeMIeparypsl tz 10 Temiieparypsl 1aaBiaeHus ty;

Q3 — KOIMYECTBO TEIJIOTHI, HCOOXOANMMOEC Ha IIJIaBJICHUE JIbIa Maccor M2.

Pacnumem Koau4yecTBa TEIIOTHI IO U3BECTHBIM (OpMYJIaMm:

cemy(ti—ty)>Cma(t;—t2)+Am;

VYnenvbHas  TemIOEMKOCTh  BOAbI Cy paBHa 4200  JIx/(xr-°C), ynenbHas
TEIUIOEMKOCTH JibJia C; paBHa 2100 JIx/(kr-°C), yaenbHas TEIIoTa IJIABJICHUS JbJa
paBHa 330 x/[x/kr.

IlepeBeném maccol B cucremy CU:

500r=0,5kr
100r=0,1kr

[TpoBepuM, BBIMOJIHAETCS JIM HEPABEHCTBO:

4200-0,5-(40-0)>2100-0,1-(0— (—10))+330-103:0,1
84000/1x>35100/Ix

BuaHo, 4TO HEpAaBEHCTBO BBITIOJHACTCSA, 3HAYUT JIEJ BCE-TAKUM BECh pACTacT,
MOATOMY BOCTIOJI3yeMCSl YPaBHECHUEM TEILJIOBOTO OajiaHca:

Q1=Q2+Q3+Qs4

3nech Q4 — KOJMYECTBO TEIJIOTHI, HEOOXOAMMOE HAa HAarpeBaHWE BOJBI MacCOi
M, (oOpa3oBaHHOM IPH TasHHUM JIbJIa) OT TEMIIEpaTypsl ; 10 Temreparypsi 1.

3HAYUT:

CBml(tl—t):Cnmz(tn—tz)+7»m2+CBm2(t—tn)

PackpoeM ckoOku B 00eMX 4acTsAX paBEHCTBA:

CsM1ti—CyM1t=C, Mt —CMyty+Amy+Cmot—Cymotn
Taxk kak t;=0 oC, To BCe 4JieHbl C MHOXXUTENEM 1; paBHBI HYJIIO.
CsM1ti—CyM1t=—C,Myto+Amy+Cymyt

Bce uniensl ¢ MHOUTENEM T IepeHecéM B MPaBylO0 CTOPOHY, OCTaJbHbBIC YJICHBI
— B JICBYIO CTOPOHY.

CsMaty+CyMoto—Amy=Cymot+cm;t
CaMaty+CMoto—Amy=C,t(m;+m,)
t=CMjt1+CyMata—AmyCy(My+my)

[TocunuTaem OTBET:

t=4200-0,5-40+2100-0,1-(-10) —330-103-0,14200-(0,5+0,1)=19,4 oC
OtBer: 194 °C.

3agaua 44
YcaoBue 3agaun:
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B cocyn, conepxammii 1 kr nsaa npu temneparype 0 °C, Baunu 330 r Boabl Ipu
temriepatype 50 °C. Eciu mpeHeOpeub MOTEPSIMH TEIJIOTHI M TEIIOEMKOCTBIO
cocylia, TO MOCie CMEIIEHUs Kakas Macca JibJja B TBEPJIOM COCTOSIHUM OCTaHETCs B
cocyae?

lano:

m;=1 KT, t,=0 OC, m,=330 T, t,=50 OC, m-—?

Pemenue 3agaum:

B ycnoBuu cka3aHo, 4TO 4acTh JibJla HE pactaeT. Eciu HavaibHasg macca JibJa
paBHa M;, B pe3yibTare TEIIOOOMEHAa C BOJIOM pactaer Ji€a maccod Am, TO
OCTaBIIIAsICSl KCKOMAsi Macca Jibjia M paBHa:

m=m;—Am(1)
3anuiieM ypaBHEHHE TEIJIOBOro OajaHca:
Q:1=Q>

B aroit popmyne Q1 — KOIUYECTBO TEMJIOTHI, HEOOXOAMMOE MJIsi TOTO, YTOOBI
pacraBuTh J€n Maccoit Am, Q2 — KOJWYECTBO TEIUIOTHI, BBIACISIONICECS MPHU
OXJIQXKJICHUH BOJIBI MACCOM M2 OT Temmeparypsl t2 10 TeMiiepaTypsl Jba ti.

PacnuieM KoaudecTBa TEIIOTHI 110 U3BECTHBIM (POpMyJiaM:

XAm=Cm2(t2—t1)

VYaenbHass Temora 1uiaBieHuss Jsbna A paBHa 330  kJDk/kr, yzAenbHas

Ter10éMKOCTh BoAbI C paBHa 4200 JIx/(kr:°C).
Am=Cm2(t2—t1)X
[TomyyenHoe BbIpakeHue moactaBuM B ¢opmyny (1), Tak Mbl Oyaem HMETb
pelieHue 3a1a4u B 00IIeM BUJIC.
m:ml—sz(tz—tl)K
IlepeBeném Maccy BOJbI My B KMJIOTPAMMBI:
330r=0,33kr
ITocunraem OTBET:
m=1-4200-0,33-(50—0)330-103=0,79«r
OTtger: 0,79 kr.

3amaua 45

YciaoBue 3agaum:

Crolt nbaa tonmuHoi 4,2 cm umeetr temreparypy 0 °C. KakoBa MUHUMasbHAas
TONIIMHA c0si BoAbl npu Temmneparype 306 °K, KoTopyro HyXHO HaJIuThb Ha JIel,
YTOOBI OH BECh pacTasiyi’?

Hano:

H=4,2 cm, ;=0 oC, T,=306 °K, h—?

Penienue 3agaumn:

3anuiieM ypaBHEHHUE TEIIOBOro OajgaHca:

Q:1=Q>
B 9TOM paBeHCTBe Ql — KOJINYECCTBO TeHHOTI)I, HGO6XOI[I/IM06 JJIs1 TIJIABJICHUS
JIbJ1a HeKOTOPOﬁ MaACCBhI ml, QZ - KOJINYECCTBO TeHHOTBI, BBIJACIACMOC HpI/I

OXJIAKICHUHM BOABI HEKOTOPOW MAacChl My OT TEMIIEPATyphl 12 10 TeMIIEpaTyphl
wiaBiaeHus apaa T, (T,=273 °K).
Pacrumiem 3TH KOJIMYeCTBA TEIUIOTHI, TOT/IA MTOJIyYUM TaKO€ PaBEHCTBO:
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Km1=Cm2(T2—TH)
VnenpHas TemyoTa miaBlieHus Jbaa A paBHa 330  k/Dx/kr, ynenbHas
TerI0EMKOCTh BoibI C — 4200 Ix/(xr:°C).
PacniuiieM maccel JbAa W BOJABI Y€pe3 UX IUIOTHOCTH M OOBEMBI, MPU ITOM
OyJZieM CUUTaTh, YTO IJIOIIA/IH JIbIA U BOJbI OJMHAKOBHI.
ApxSH=cpSh(T,—T,)
IT10THOCTB JIbJAA P, paBHa 900 Kr/M°, II0THOCTH BOABI pB paBHa 1000 Kr/m°.
ApH=cph(T—Ty)
h=ApnHcps(T2—Ty)
3anmaya pemieHa B o0mieM Bujae. YToObI MOMYyYUTh YUCICHHBIA OTBET, MEPEBEAEM
BBICOTY CJIOA JibJia H B MeTphI:
4,2cm=0,042m
[Ipou3BeAEM BHIYUCIICHUS:
h=330-103-900-0,0424200-1000-(306—273)=0,09M=9cm
Oteet: 9 cm.

3agaya 46

YcaoBue 3a1a4u:

B kanopumerp, congepxkamuid 100 r npaa npu temneparype 0 °C, nanunu 150 r
BoAbl, wuMeronen temneparypy S0 °C. TemnoeMKOCThIO KaJIOpUMETpa H
TEIUIOOOMEHOM C BHeEIIHeH cpenoil mpeHeOpeus. Halitu TemmepaTypy mocie
YCTAHOBJICHUSI TEMJIOBOTO PaBHOBECHSI.

Hano:

m;=100 r, t;=0 oC, m,=150r, t,=50 oC, t-?

Pemienue 3agaumn:

JlaBailTe mpOBEPUM TaKOE€ YCIOBHE:

Q2>Q1

3nech Q1 — KOJMYECTBO TEIIOTHI, HEOOXOIUMOE JIJIsl TUTABJICHHS JIbJIJa MacCOi
m;; Q2 — KONMMYECTBO TEIUIOTHI, BBIACIAIONIEECS TIPH OXJAKICHUU BOJBI
Maccoil My oT TemMnepaTypsl t; 10 TeMnepatypsl IIaBIeHU Jba t;.

Pacrmmem konmudectBa TetuioTel Q1 11 Q2 MO M3BECTHBIM hopMYyITaMm:

sz(tz—t1)>7»m1

VYnenpHas temnoémkocTs Boabl C paBHa 4200 JIx/(xr-°C), yaenbpHas TemioTa
r1aBjieHus Jibaa A paBHa 330 kJk/Kr.

[TepeBeném maccol My 1 My B cuctemy CU:

100r=0,1xkr
150r=0,15kr

Torna:

4200-0,15-(50 — 0)>330:103-0,1
31500/1x>330001x

VcioBue He BbIMoJiHsgETCS. O 4YeM 3TO TOBOpPUT? ODTO 3HAYWT, YTO BOJA
OXJIAUTCA 0 TeMIEpPaTyphl JibJia, HO MPU 3TOM YacTh JibJIa OCTAHETCSI B TBEPAOM
COCTOSIHUU (TO €CTh OH HE BECh pacTaeT). [locKoIbKy pa3HOCTH TeMIiepaTyp OoJibIie
He Oyner, TO TemwrooOMeH mpekpaTuTcs. [losTomy TemriepaTypa TEIUIOBOTO
paBHoBecus t paBHa 0 °C.
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OtBet: 0 °C.
Camocmosimenvras paboma no meme « Pazosvie nepexooviy

3agaua 1

YcioBue 3aga4n:

Ckonbko TpeOyeTcs SHEpPruM JJisd HUchnapeHuss 4 Kr BOAbl, B3SATOM mpu
TEMIIEpaType KUIEHUS?

lano:

m=4 xr, t=100 oC, Q—?

Penienue 3agaumn:

Jlnst Toro, 4TOOBI OMNPENEIUTh KOJUYECTBO TEIUIOTHI Q, HeoOxoaumoe st
WCIIAPEHUS] BOJBI, B3SITOM NIPU TEMIIEPAType KHUIEHUS, HYKHO BOCIOJIb30BaTHCS
bopmyoii:

Q=Lm
3nech L — yaenbHas TemioTa mapooOpa3oBaHus BOJIbI, paBHas 2,26 MJIx/Kr.
[TocunTaeM YHCIIEHHBIN OTBET:
Q=2,26-106-4=9,04-106 1x=9040x [Ix
OtBeTt: 9040 x/I:x.

3amaya 2

YcaoBue 3axa4u:

N3 450 r BogsiHoro mapa ¢ temneparypoit 373 °K oOpazoBanack Boja. CKOIBKO
TEIJIOTHI TIPU 9TOM BBIIETUIOCH?

Hano:

m=450 r, T=373 °K, Q—?

Pemenne 3agaum:

VYka3zannas B ycnoBuu Temneparypa (T=373 °K) B mxkane Ilenscus paBua 100
°C. Ilpu oOpa3oBaHMHM BOJbl M3 Mapa YyKa3aHHOW TeMIlepaTypbl BBIIEIAETCS
KOJIMYECTBO TEIIOTH Q, KOTOpOE MOYKHO HAWTH 1O hopmyJe:

Q=Lm

B atoii popmyne L — ynenpHas Terora mapooOpa3oBaHus BOAbI, paBHas 2,26
MJIx/Kr.

[TepeBeném maccy nmapa u3 rpaMM B KWJIOTPaMMBbl, TO €cTh B cuctemy CU:

450r=0,45kr

[Tpousseném pacuer otBeta: Q=2,26-106-0,45=1,017-106/]x=1017x/Tx

OtBert: 1017 x/Ix.

3amaya 3

YciaoBue 3agaun:

CKoNbKO Temia BBIAEIUTCA NpU KoHAeHcanuu 10 r mapa U OXJaXICHUU
nosryurBuieics Boast 10 60 °C?

Hano:

m=10r, t=600 C, Q—?

Penienue 3agaumn:
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Hckomoe KommdecTBO TErIoThl Q MOKHO HAWTH KaK CICAYIONIYIO CYMMY:
Q=Q1+Q2

3nech Q1 — KOJMUYECTBO TEIJIOTHI, BbIAEIIEMOE IPU KOHJEHCAIIMU Mapa Maccoi
m, Q2 — KOJIMYECTBO TEIUIOTHI, BBIACIAEMOE MPHU OXJAXKIACHUH BOJBI Maccoi M oT
tTemriiepaTypbl koHaeHcamuu napa (t,=100 oC) go Temmnepatypsi t.

Pacrmmem konmudectBa TetuioTel Q1 1 Q2 MO M3BECTHBIM POpMYyIIaMm:

Q=Lm+cm(tt)

VYaenpHash TeIUiOTa KOHJEHCAIMM TMmapa (OHa JKe yAelbHas TeIuioTa
napooOpazoBanusi Bojbl) L paBHa 2,26 MJDK/kr, yaenapHas  TEIUIOEMKOCTH
BoAbI C paBHa 4200 Ix/(xr-°C).

[TepeBeném maccy m B cucremy CHU:

10r=0,01kr

[Tocuntaem OTBeET:

Q=2,26-106-0,01+4200-0,01-(100 —60)=24280 1

OTtBer: 24280 /I:x.

3anava 4

YcaoBue 3a1a4u:

MomneTy u3 BemecTBa ¢ MIOTHOCTBI0 9000 Kr/M° U yIeIbHON TEMIOEMKOCTEIO
0,22 xJx/(xkr-K) nonoxxunn Ha Tarommid a€a. Kakyro MUHUMaIbHYIO TeMIIEpaTypy
MMeJla MOHETA, €CIIM OHA MOJIHOCTBIO MOTPY3WIACh B AEA?

Hano:

p=9000 kr/m3, ¢=0,22 kJIx/(xr-K), t—?

Pemienne 3agaum:

Ecnu MoHeTa MOJHOCTHIO MOTPY3WIach B JEMN, 3HAUUT NPH TEIJIOOOMEHE ObLI
pacToIuieH 00bEeM JIb/1a, paBHbIA 00beMYy MOHETHI. [IpM 3TOM MUHHMYM HauyajabHOU
TEMIIepaTypbl MOHETBI COOTBETCTBYET TOMY CIy4yar0, KOrJa IOCJ€ pacIUIaBICHHS
JbJa TAKOTO e 00beMa, KaK U MOHETa, KOHEUHas TeMIlepaTypa MOHEThI OyAeT paBHa
0 °C (To ecTh TeMIepaType IUIaBJICHUs Jbaa ty).

3anuiieM ypaBHEHHUE TEIIOBOro OajgaHca:

Q:1=Q>
B 9TOM paBeHCTBe Q]_ — KOJIMYECCTBO TeHHOTBI, H606XOI[I/IMOG JJI1 TIJIaABJICHUA
JIbJ1a HeKOTOPOﬁ MACCHBI ml, Q2 - KOJINYECCTBO TCHJIOTBI, BBIJICIISICEMOC HpH

OXJIQXKJICHUH MOHETHI HEKOTOPOM MacChl My OT TeMIepatypsl t 10 TeMmepaTypsl L.
Pacriummem konmudectBa TetioTel Q1 1 Q2 MO U3BECTHBIM opMyIIaMm:
Ama=cma(t—t,)
VY nenpHas TeruioTa ruiaByieHus Jbaa A paBHa 330 k/[x/kr.
HewnsBecTHbie Macchl My ¥ My BBIpA3UM 4Yepe3 TUIOTHOCTH COOTBETCTBYIOIIUX
BEILECTB U UX 00BEMBI (2 OHM PaBHBI, KaK ObLIO CKa3aHO BBILIE).
Ap1V=cpV(t—t1)
I[TnoTHOCTH ba p1 paBHa 900 kr/M3. Api=cp(t—t;)
t=Apicp+tn
IIpon3Ben€M BBIUUCIIEHUS:
t=330-103-9000,22-103-9000+0=1500C=423 °K
Otger: 423 °K.
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3agaua 5

YciaoBue 3agaun:

Ha ckosbkO BO3pacTET NOTEHUMAJIbHAs SHEPrUsl B3aUMOJCHUCTBUS MEXKIY
MOJIEKYJIaMU TIpU MPEBpAIIEHUU 2 Kr JbJa B BOAY NHPH TEMIEpaType IUIaBICHUS
apaa?

lano:

m=2 kr, AU—?

Pemienue 3agaun:

M3MeHeHne MOTEHUHUAIbHON 3HEPruu B3aUMOJECHCTBUA (TO €CTh BHYTPEHHEU
sHeprun) AU paBHO mepeaHHOMY KOJUYECTBY TEIIOTHI Q:

AU=Q

KommuecTtBo Temnotsl Q, KOTOpoe HEOOX0AMMO IS TUTIABJICHHS JIbJIa Maccoil M,
MOXHO HalTH 1o hopmyiie:

Q=Am

B aToit hopmyne A — ynenpHas TEIJIOTa IJIaBJIeHUs Jbaa, paBHas 330 k/[x/Kr.

3nauut: AU=Am

[IponsBeném pacyér YUCIEHHOTO OTBETA 3aJaUu:

AU=330-103-2=660-103 1x=0,66M JI>x

Otser: 0,66 M /I:k.

3agaya 6
YcaoBue 3a1a4un:
Kycok cBuHIla Maccoit 1,6 Kr pacruraBujCss HAIOJIOBUHY IIPH COOOIICHUU €My
KojmuecTBa TermioThl 54,5 k. KakoBa Oblia HayalibHast TeMIiepaTypa CBUHIIA?
Hano:
m=1,6 xr, 0=0,5, Q=54,5 xJIx, t—?
Pemenue 3anaun:
JlaHHOE B YCJIOBHH 3aa49M KOJIMYECTBO TEIUIOTH Q paBHO Cleayromieid cymme:
Q=Q:*+Q:
3nech Q1 — KOJIMYECTBO TEIUIOTHI, HEOOXOAMMOE /IS HarpeBaHWS CBHWHIIA
Maccoi M oOT WMCKOMOW Temreparypsl t 10 Temmeparypsl IuiaBienus t, (t,=327
oC), Q2 — KOJIMYECTBO TEILUIOTHI, HEOOXOIUMOE JIUIS IUIABJICHHS TOJOBHHBI ((YACTH)
CBHHIIA.
Pacriniiem ykazaHHbIe KOJTUYECTBA TETUIOTHI 110 U3BECTHBIM (popMysiam:
Q=cm(t,—t)+aAm
VYnenpHas TeroéMkocTh cBuHIA paBHa 130 Jlx/(kr-°C), yaenbHas TemioTa
TIIJIABJICHHUS CBUHIIA paBHA 25 KJK/KT.
Bripazum HeoOxoaumyro Temmeparypy t:
t—t=Q—oimcm
t=t,—Q—oimcm
[ToncTaBuM 3HaYEHUSI BEJIUYMH B UTOTOBYIO (DOPMYITY M TOCYUTAEM YHUCIICHHBIM
OTBET 3aJa4H.
t=327-54,5-103-0,5-25-103-1,6130-1,6=161,1 -C=434,1 °K
OTtBer: 434,1 K.
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3agaua 7

YciaoBue 3agaun:

B rtemmonsonupoBaHHOM cocyjae HaxoauTcs Boaa npu 273 °K. BrelkauuBas u3
cocylia BO31yX, MOOWJIMCH TOTO, YTO MPH HWHTEHCUBHOM HCIIAPEHHHM YacTH BOJIBI
ocTaJlbHasl 4acTh €€ oOparwiiach B JIEA — ONPEACINTh, Kakas. YJelabHas TerioTa
napooOpazoBanus npu 273 °K — 2,5 MJIx/kr.

lano:

T=273 °K, L=2,5 MJIx/kr, oa—?

Pemenne 3agaum:

Cocyn TEIIOM30JUPOBAaH, 3HAYUT TIOJBOJ] TEIUIOTHI HW3BHE OTCYTCTBYET,
MO3TOMY KOJIMYECTBO TEIUIOTHI Q1, HEOOXOIUMOE NIJIsi MCTIAPCHHS BOJBI HEKOTOPOM
MaccChl My, PaBHO KOJIMYECTBY TEIIOTHI Q7, BRIIETAIOMIEHCS MPY MPEBPAIICHUH B JIE]
BO/JIBI HEKOTOPOM MacChl M.

Q:1=Q:

Pacnumem Q; u Q2 o u3BecTHBIM hopMyJIaMm:

Lmi=Am,

VYaenbHasi TEIUIOTa KpUCTAUIM3alMKM (WX TUIABJICHUS — 3TO TO JKE€ CaMoe)

BOJIbI A paBHa 330 kJIX/KT.
my=Am,L (1)

[TycTh M3HAYAIBHO B COCYAC HaXoJuaach Macca Bojibl M. Takas Bcs Boga au0o0
IpeBpaTHIIach B Mmap, MO0 MPEeBPATUIIACH B JIE, TO CIPABEIIINBO PABEHCTRO:

mp+my=m

VYyuuteiBas (1), paBeHCTBO MpUMET BUA: AmyL+my=m

my(AL+1)=m
my(A+LL)=m(2)

VckoMyto BeTUUUHY O CIEAYeT UCKATh O (hopmysie: o=mpm

[TosToMy nenum 00e yacTu paBeHcTBa (2) Ha M, Toraa: a(A+LL)=1

o=LA+L

IIpousBeném pacuér orsera:

a=2,5-106330-103+2,5-106=0,88
Otger: 0,88.

3agaua 8

YciaoBue 3agaun:

Ha narpeBanue 5 kr Bogsl oT 303 °K 1o kunenust 1 Ha oOpallleHue B map mpu
TeMIepaType KHUIIEHHUsI HEKOoTopoill e€ Macchl 3arpadueHo 2,81 MJIx TemnoTsl.
OnpenenuTh Maccy 0Opa3oBaBIIETOCs Mapa.

Hano:

m=5 kr, T=303 °K, Q=2,81 M/I)x, Am—?

Pemienune 3apaum:

KonudectBo Temnotsl Q paBHO cymMe KoindecTBa TeioThl Q1 1 Q!

Q=Q:+Q:

B sroii popmyne Qi1 — KOJIMYECTBO TEIJIOTHI, HEOOXOAUMOE JUIsl HarpeBaHUS
BOJIbI Maccoil M oT TemmepaTypbl I g0 Temreparypbl kunenus (Tk=373 °K), Q2 —
KOJIMYECTBO TEIIOThI, HEOOXOAMMOE JIJIsl MPEBPAILICHHS B TIap BOJLI Maccoil Am.
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Torna:
Q=cm(T,—T)+LAm
VYnensHas temnoémMkocTh Boabl C paBHa 4200 JIx/(kxr-°C), yaenbHas TemioTa
napooOpa3zoBanus Bojibl L paBHa 2,26 MJIx/kr.
Bripa3zum nckomyto maccy napa Am: Am=Q—Hailném BbIYUCICHUS:
Am=2,81-106—4200-5-(373—303)2,26-106=0,593kr
OtBer: 0,593 kr.

3agaua 9

YciaoBue 3agaun:

Ckonbko ObuTO 3aTpaueHo OenszuHa B HarpeBateine ¢ KIIJ 32%, ecnu c ero
nomoibio 4 kr Bojabl Obutk HarpeTsl Ha 100 °C u npu 3ToM 3% e€ mpeBpaTHiIoCh B
nap?

Hano:

n=32%, m;=4 kr, At=100 oC, a=3%, my—?

Pemienue 3agaum:

KIIJI (x03gduuueHT nojae3Horo AEeUCTBUS) paBE€H OTHOIICHHIO MOJIE3HOM
paboThI HarpeBaTess K 3aTPaYeHHOM, TO3TOMY:

N=AsA(1)

[lone3nass pabGoTa HarpeBaTessi paBHA CyYMME KOJUYeCTBa TeIIOTHI Q1,
HEO0OXOMMOro JIJisi U3MEHEHUsI TeMIlepaTyphl BOJABI Maccoil M; HAa BeNUYUHY At, U
KOJIMYeCTBa TEIUIOTHI Q2, HYXHOTO JUIS MCHApEeHMs oL YaCTH BOJBI Maccoul Mj.
[TosTomy:

A=Q:1+Q:
Ar,:cmlAt+aLm1(2)

VYaenbHas temnoémMkocTs Boabl C paBHa 4200 JLx/(kr-°C), yaenbHas TemjioTa
napooOpaszoBanus Bojabl L paBHa 2,26 M/[x/kr.

3atpaueHHass paboTa  HarpeBarels  paBHa  KOJWYECTBY  TEIUIOTHI Qs,
BBIJICJISIFOIICHCS TPU CrOpaHuu O€H3MHA HEKOTOPOM MaccChl My, 3HAUUT:

A3:Q3
As=qm;(3)

VY nenwpHas TerioTa cropanusi 6ensuHa ( paBaa 46 MJIx/kr.

VYuuteiBas Beipaxkenus (2) u (3), bopmyna (1) npumeT Bua:

n=Cm1At+aLmlqm2

OTtkyna macca 6eH3uHA My paBHA!

my=m;(cAt+al)nq

[Tocuutaem otBet (KII/ 1 momro npeBpatuBLIEHCS B Map BOJbI MOJACTABISIEM B

JIOJISIX €TAHUIB):
m,=4-(4200-100+0,03-2,26-106)0,32:46-106=0,133kr
OTteer: 0,133 k.

3agaua 10
YcaoBue 3agaun:
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[Tpu oxmaxaenuu 40 Kr >KHIKOTO 0JIOBA, B3SITOTO MPH TEMIIEPAType TUIABJICHHUS
505 °K, Beigemunochk 4,62 Mk temnorsl. OnpenenuTs KOHEYHYIO TeMIeparypy
ATOTO OJIOBA MOCJIE OXJIAKICHUS.

lano:

m=40 xr, T,=505 °K, Q=4,62 M/Ix, T—?

Penienue 3agaumn:

KonuuectBo Temnotsl Q MOKHO ONPENEIUTh CIETYIOIIMM 00pa3oM:

Q=Q:1+Q:

B oroii  ¢dopmyne Q1 — KOAMYECTBO  TEIUIOTHI, BBIACISAIONICECS  IIPH
KPUCTAJUTM3AIMN 0JI0Ba Maccoi M, Q; — KOJIMUYECTBO TEIJIOTHI, BBIACTSIONIEECS TpU
OXJI@KJICHUH TBEPAOTrO OJIOBA Maccod M oOT  TeMmmepaTypsl T, 40 HCKOMOM
TeMIiepaTypsl 1.

[Tosromy: Q=Am+cm(T,—T)

VYnenpHas TemioTa KpucTauM3aluu (OHA K€ yJelbHas TEIUloTa IJIaBJICHUS)
oJioBa A paBHa 58 kJ/Kr, yenpHas TEeII0€MKOCTh ojioBa C paBHa 250 [Ix/(kxr-°C).

Torma HCKOMYIO KOHEUHYIO TEMIIEpaTypy OJIOBa CJEAyeT HaxOJWUTh IO
bopmyie:

T=T,—Q—Amcm
[Tocuntaem OTBeET:
T=505-4,62-106—58-103-40250-40=275K=2 °C
Otser: 2 °C.

3agaua 11

YcaoBue 3axa4u:

Harpetbiii anmtoMHUHUEBBIN KyO MOJOXKUIN Ha JIEN, U OH MOJHOCTHIO MOTPY3UIICA
B €. Jlo kakoi TemmepaTypsl ObuT Harpet Ky6? Temneparypa npaa 0 °C, morepsiMu
Teria mpeHeopeyb.

Hano:

t,=0 °C, t=?

Pemenne 3agaum:

Ecnu ky0 MOMHOCTBIO MOTPY3HWIICS B JIET, TO MPHU TEIIIOOOMEHE OH PACTOMMII JEN
00BEMOM, paBHBIM COOCTBEHHOMY 00bEMY.

[Ipy 5TOM MUHMMYM HadaJlbHOM TeMIepaTypbl Ky0a COOTBETCTBYET CIydalo,
KOI/Ia TEmIOOOMEH cpa3y K€ MPEKPaTUTCSA, KaK TOJbKO OyAeT pacToIUieH JEN
HY)KHOTO 00BbeMa (TO €CThb TemIepaTypa Kyba CTaHEeT paBHOM TeMIieparype
IUTaBJICHUS JIbJIa, KaK TOJIBKO MOJHOCTHIO KyO MOrpy3UTCs B JIEN).

3anuineM ypaBHEHHE TEIJIOBOTO OaiaHca:

Q:1=Q:

B stom paBeHcTBe Q1 — KOJMYECTBO TEIIOTHI, HEOOXOAMMOE JUIsl TUIaBJICHUS
Jbla HEKOTOpOW Macchl My, Q2 — KOJIMYECTBO TEIUIOTHI, BBIAETSIOUICECS MPH
OXJIAXKICHUM AaFOMUHHUEBOTO KyOa HEKOTOpPOM Macchl My OT TemmepaTypsl t 1o
TeMIEepaTyphl TUIaBJIEHUS Jbaa ty.

[Toatomy: Amy=cmy(t—t;)

VnenbHas TemsoTa miaBleHus Jbaa A paBHa 330  k/Dx/kr, ynenbHas
TerI0€MKOCTh antoMuHus C paBHa 880 J[x/(kr-°C).
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Pacrmmem Macchbl yepes MIOTHOCTH COOTBETCTBYIOIIMX BEIIECTB U UX OOBEMBI
(a OHU paBHBI, KaK CKa3aHO BBIIIIE):
AMp1V=cp,V(t-t,)
[TnotHOCTh nbja pl paBHa 900 Kr/M°, IIOTHOCTH ATIOMHUHMA P2 paBHa 2700
Kr/MC,
Apr=cpa(t-—ty)
Otkyna nckomas temneparypa t paBna:
t=Apicpotty,
YucneHHbIN OTBET 33J]a4U PABEH:
t=330-103-900880-2700+0=125 °C=398K
Otser: 398 K.

3agaua 12

YcaoBue 3agaum:

Bonsanoii nmap maccoii 200 xr npu temnepartype 100 °C npormycTunu yepes Boay
npu temneparype 20 °C. Macca Boast 4000 kr. Jlo kakoii TemmnepaTypbl Harpenach
Bojga?

lano:

m;1=200 kr, t;=100 oC, t,=20 oC, m,=4000 xr, t—?

Pemenue 3agaun:

B 3amauax, rne mpoucxonar ¢aszoBble MEPEeXOJbl, MKeIaTeIbHO MPOBOJAUTH
CJIEAYIONIYIO OIIEHKY. B mpoTUBHOM citydae, eciu Bbl HauHeTe pemars 3agady, cpasy
UCIIOJIb3Yysl YpaBHEHUE TEIJIOBOro OanaHca, TO MOXKETe MOJy4YUTh HEBEPHBIH OTBET
(XOTs1 OH TOCTATOYHO JIETKO PACIO3HAETCS).

OnpenenuM KOJIWYECTBO TEIUIOTHI Q1, KOTOPOE BBLACIUTCA MPU KOHACHCAIUH
BOJISTHOTO Mapa Maccoit My. DTO JIErKo cAenaTh Mo cieayroiie popmyre:

Qi=Lm;

3nech L — ynenbHas temnoTta nmapooOpa3oBaHus (KOHIEHCAIMU) BOJIbI, paBHAs
2,26 MJIx/xkr.

Q1=2,26-106-200=452-106 Tx

Taxoke omnpeaenuM KOJIMYECTBO TEIUIOTHI Qy, HEOOXOAMMOE I HarpeBaHUS
BOJIBI MAacCoi My OT TeMIepaTypsl t, 10 Temmeparypbl kuneHus t1. Q,=cma(ti—t2)

B atoit hopmyne C — ynenpHas TemoéMKOCTh Bofbl, paBHas 4200 JIx/(kr-°C).
Torna:

Q2=4200-4000-(100 —20)=1344-106 1x

Tak kak Q2>Q1, 3HAYUT KOHEYHBIM PE3yJIbTATOM MPOMYCKAHUS BOABI Yepe3 map
OyneT HarpeBaHue BOABI J0 HEKOTOPOW Temmeparypsl i, jexaiieid B WHTEpBaJe
ot tp 1o t1. B mpuHIUTIe OT 3TOW OIEHKM MOKHO OBUIO OTKa3aThCs, MOCKOJIbKY B
YCJIOBUM SIBHO CIIPAILMBAETCS «J0 KaKOW TEMIIepaTypbl HAarpeiaach BoJa». MbI 3TO
C/IeJIay UCKITIOYUTENHHO B YICOHBIX IEIISX.

3anuiieM ypaBHEHHE TEIJIOBOro OajaHca:

Q1+Q3=Q4(1)

B stom paBeHcTBe Q3 — KOJIMYECTBO TEIJIOTHI, BBIJACISEMOE MPU OXJIAKICHUU

BoAbl (OOpa3oBaBilelics W3 TMapa) Maccod My OT TeMmIeparypbl KumeHwus ti 10
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MCKOMOU TemriepaTypsl {, Q4 — KOJMYECTBO TEIIIOTHI, HEOOXOIUMOE ISl HAarPEBAHUS
BO/JIBI MacCO My OT TeMIepatypsl ty 10 TeMnepaTypsi t.
Pacniummem paBenctro (1):
Lm1+Cm1(t1—t)=Cm2(t—t2)
Packpoem ckoOku B 00€MX 4acTsIX paBEHCTBA:
Lm;+cmst;—cmit=cmyt—cmst;
ColGepeM B MpaBoi 4aCTH BCE YJIEHBI ¢ MHOKHUTENEM {, BEBIHECEM €ro 3a CKOOKH,
a B JPYrof — BCE OCTAJIbHBIE:
Lms+cmaty+emoto=ct(m+m,)
B utore Mbl moiydyuM Takoe peilieHue 3aJja4u B 00IIEM BUJIE:
t=Lm;+c(myt;+myty)c(mi+my)
[TocuuTaem OTBET:
t=2,26-106-200+4200-(200-100+4000-20)4200-(200+4000)=49,4 -.C=322,4 °K
OTtBer: 3224 K.

3agauya 13

YciaoBue 3a1aumn:

Komoxk Mokporo chera maccou 0,3 xr momectunu B 1,2 1 BOAbl mpu
temneparype 21 °C. Ilocne TOoro kak Bech JEA pacTasul, TEMIIEpAaTypa BOMbI
noHn3uiack 10 6 °C. CKOIBKO BOABI COIEPKAIOCH B KOMKE CHera?

lano:

m1:0,3 KT, V2:1,2 J, t2:21 °C, t=6 OC, Am—?

Pemienue 3agaumn:

[IycTh B KOMKE MOKPOTO CHEra COJEpKUTCS JKHIKas BoJa Maccod Am, toraa
Macca Jibjia B 3TOM KoMKe paBHa (M;—Am). [Ipu 3ToM Temmeparypa 1 KUAKOH BOJIBI,
¥ JIbJIa paBHA TeMIepaType TuiaBieHus paa t, (t,=00 C).

Tak kak Mbl SIBHO 3HAa€M, YTO BECh JIEA pacTaeT (3TO CKa3aHO B YCIOBHUH), TO
3aMuileM ypaBHEHHUE TETUIOBOTO OaaHca:

Q1+Q2=Qs

B paBenctBe Q1 — KONMMYECTBO TEIUIOTHI, HEOOXOAUMOE JIsi TUIABJICHUS JIbAA
maccoit (M;—Am), Q2 — KOJMYECTBO TEIUIOTHI, HEOOXOIUMOE ISl HArPEBaHUS BOJIbI
Maccoit M1l or Temmeparypsl t; 10 Temmnepatypsl t, Q3 — KOJIWYECTBO  TEILIOTHI,
BBIJICTISIIONICECS. TPU  OXJIAKICHUM BOJABI  Maccod My oT  TemmepaTypsl ty 1o
TeMIiepaTypsl t.

Torma: A(mi—Am)+cmy(t—t,)=cmy(t;—t)

VnenbHas TemsoTa mijaBleHus Jbaa A paBHa 330  k/Dx/kr, ynenbHas
TerI0EMKOCTh BoaibI C paBHa 4200 Ix/(kr:°C).

Maccy Bosl My BBIPAa3HM uepes3 IIOTHOCTh BoJbI p (oHa paBHa 1000 kr/m3) u eé
00BeM V.

A(mi—Am)+cm;(t—t1)=cpVa(to—t)
Bripazum uckomyro Maccy BoJbl Am, coIepKaBIIeiicsi B KOMKE MOKPOTO CHEra:
X(ml—Am)=ch2(t2—t) —le(t_tl)
mi—Am=cpV,(t,—t) —cm;(t—t;)A
Am=m1—ch2(t2—t) —le(t—tl)x
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3amaua pemeHa. J[ns moONydeHHMs YHCICHHOTO OTBETa MepeBenéM 00beM
BoJibI V7 B cuctemy CU:
1,21=0,0012m3
YuciaeHHbIM OTBET 3aJa4u:
Am=0,3—4200-1000-0,0012-(21-6) —4200-0,3-(6—0)330-103=0,094kr=94r
OtBet: 94 1.

3ampaua 14

YciaoBue 3a1aumn:

B kanopumerpe Haxonurcs 1 kr npaa npu —40 °C. B Hero Bmyckarot 1 kr napa
npu 120 °C. Onpenenure yCTaHOBUBILIYIOCS TEMIIEPATYPY, €CIU TEIIIOEMKOCTh Tapa
2,2 xJIx/(xr-K).

Hano:

m;=1 kr, t1=—400 C, m,=1 kr, 1,=120 oC, ¢c3=2,2 xJ[x/(kr-K), t—?

Pemienue 3agaumn:

B 1ol 3amadye Hy»KHO MPOBECTH OIEHKY. Pemas e€ «B 1006», Bl momyunTte
HEBepHBI OTBeT. [lnsg Havanma ompenennM KOJIHYECTBO TEIUIOTHI Q1, KOTOpoe
HE00XO0IMMO TSI HarpeBaHUs JIbJia J0 TeMIepaTypsl miasieHus iy (t,=0 oC).

Qr=cimy(t:—t1)
VY nenpHas TEmI0EMKOCTD Jbaa C1 paBHa 2100 Ix/(xr-°C).
Q1=2100-1-(0— (—40))=840001x=84xk /]
OnpenenuM KOJWUYECTBO TETUIOTHI Q,, HE0OXoaWMoe I TUTABJICHHS JIbJa
Maccoi My, mo gopmyire:
Q2=Amy
VY nenpHas TeruoTa riaBieHus Jbaa A paBHa 330 k/[x/kr.
Q2=330-103-1=3300001x=330x []x

OnpenenuM KOAUYECTBO TEIWIOTHI Q3, BBIAEISAIONICECS MNP  OXJIAKICHHUH

BOJISIHOTO T1apa OT TeMIepaTyphl t, 10 Temmneparypbl KoHaeHcarui t, (t,=1000 C).
Qs=Csmy(t,—t)
Q3=2200-1-(120—100)=440001x=44k 1

OnpenenuM KOTUYeCTBO TEeTUIOTHI Q4, BBIACHSIONICECS TPH KOHACHCAIMY Tapa
Maccoil M2, o Takoit u3BectHo hopmyne: Qs=Lm;

VY nenbHas TerioTa KoHaeHcanuu napa L paBna 2,26 MJx/kr. Toraa:

Q4=2,26-106-1=2260000 1x=2260x 1x

Tenepb MpoBEpUM BBIIOJHEHHUE CJIEIYIOIIETO HEPABEHCTBA:

Q1+Q2<Q3+Q4
84+330<44+2260
414k ]J1x<2304x/]x

Tak kak paBEHCTBO BBITIOHIECTCS, 3HAYUT B XO0JI€ TETUIOOOMEHA BECh JIE]T TOYHO
MpeBpaTUTCsl B BOJY, NPU OTOM Kakas-TO 4YacTh Iapa CKOHIACHCHUPYETCS
(mockonbky Q1+Q2>Q3). Torma pgaBaiite omnpeaeauM KOJUYECTBO TEIIOTHI Qs,
KOTOpO€ HEeoOXOoAuMO JUIsi HarpeBaHusl BOAbI (0Opa3zoBaBIIEHCS W30 JbJa) OT
TEMIIEPATYPhI MIABJACHUS Jiba t; 10 Temuepatrypbl KHICHUS Ly (tam=100 oC).

QS:CZml(tKHn_tH)
VY nenpHas TEIOEMKOCTH BOJIbI C2 paBHa 4200 [x/(xr-°C).
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Q5=4200-1-(100—0)=4200001x=4201x
[TpoBepuM Takoe HEPABEHCTBO:
Q1+Q2+Q5<Q3+Qq4
84+330+420<44+2260
834k )x<2304x/x
[TockonpKy HEpPABEHCTBO BBIMOJHAETCS, 3HAUYUT BOJA, OOpa30BaBLIAsCS H30
Jdbla, Harpeercs A0 TeMmrepaTyphl KWUIIEHHs, NpPU H3TOM JUIIb 4YacTh Mapa
CKOHAEeHcUpyeTcs. TemiepaTypa CMeCH CTaHET PaBHOM tiy (M ti), To ectp 100 °C
i 373 °K, 1 TennooOMeH NpeKpaTUTCs.
Orteert: 373 °K.

3agauya 15

YcaoBue 3agaum:

[To1 HEBECOMBIM TTOPITHEM B LMJIMHAPE HAXOAUTCS | KT BOJBI MPU TEMIIEpATypE
0 °C. B Bogy ommyckarT Kycok »keiie3a Maccoi 1 kr, Harpetsiii 10 1100 °C. Ha kakyto
BBICOTY TTOAHUMETCS TopiieHb. ATMocheproe maBiaenue 100 kIla, momanb mopiHs
1000 cm?. TemnooTaadeil U TEMIOEMKOCTHIO LIMIUHIPA IPEHEOPEYb.

lano:

m;=1 xr, t;=0 oC, mp=1 kr, t?=11000 C, P.r,=100 kITa, S=1000 cm?, h—?

Pemenune 3apaum:

N3 ycnoBust MOHIATHO, YTO BOJAA B pe3yJibTaTe TEINIOOOMEHA MPEBPATUTCS B Tap.
Ham HyXHO y3HaTh, IpeBpaTUTCS JIM BCS BOJAa B Iap, €ClIU Ja, TO OyJeT Jiu
HarpeBaTbCs IMap BbIIIE TEMMEpaTypbl KUIEHHUS BOABL. JIJIsT ATOro BBINOJIHUM
CJIEIYIOIINUE AEHUCTBHUS.

OnpenenuM KOJIWYECTBO TEIUIOThl Q;, HeoOXoauMoe Uil HarpeBaHHs BOJIBI
Maccoi My oT Temmepatypsl t; 10 TemmepaTypsl KumneHUs tyyn (ta,=100 oC). Dto
MOXHO C/IeJIaTh Mo GopmyIie:

Q1=Cimy(tn—t1)
VY nenpHas TernoéMKoCTh BoJibI C1 paBHa 4200 [Ix/(xr-°C).
Q1=4200-1-(100—-0)=420000/1x=420xI>x

Jlanee  ompemenuM  KOJWUYECTBO  TeIIOTH Q, HeoOXoauMoe IS
napooOpaszoBaHus BOJIbI Maccoi My, mo Gopmyre:
Q2=Lm;

VY nenbHas TemoTa napoodpasoBanus Bojabl L paBHa 2,26 MJx/Kr.
Q2=2,26-106-1=2260000/1x=2260x 1>k

Taxoke HalIEM KOJWYECTBO TETUIOTHI Q3, BBIAEISAEMOE MPU OXJIAKIECHUU KyCKa

Kese3a Maccoil My oT TeMIiepaTyphl b 10 TeMrepaTypbl KUTIEHUS BOJIBI L.
Qs=Comz(to—tium)
VY nenbHas TEIIOEMKOCTS kKejesa Cy paBHa 460 J[x/(kr-°C).
Q3=460-1-(1100—100)=4600001x=460x 1x

Tak kak Q3>Q1, 3HauuT Boja craHeT mnpeBpamiarbcsi B map. Ho mockoibKy
Q3<Q:+Q2, To nmmb YacTh BOABI MpeBpaTUThcs B map. Ha ocHoBaHum 3TOTO
3alyiIeM ypaBHEHHE TEIUIOBOTO OaaHca:

Q1+Q4=Qs
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3nech Q4 (B oTimume 0T Q) — KOJHMYECTBO TEILIOThI, HEOOXOAUMOE IS
napooOpa3oBaHus 4acTu BoJbl Maccoit Am. Torga:
C1 ml(tKI/Il'I_tl) +LAm:CZm2 (tZ_tKHH)
3HauUT KcIapuiIach Macca BoJibl Am, KOTOPYIO MOKHO HalTH 1o Gopmyie:
Am=sz2(t2—tKHH) —Clml(tm—tl) L(l)
3anumeM ypaBHeHne Knanelipona-MeHaeneeBa 1l BOASHOTO Tapa:
PV=AmMMR Ty

Monspaas macca BoasHoro mapa M paBra 0,018 kr/mosb, yHHBEpCabHAsS
razoBas noctostaHas R — 8,31 JIx/(momns-K).

[TopmieHs TpUAET B paBHOBECHE, KOTJa JAAaBJICHUE BOJSHOTO Tapa P CTaHEeT
PaBHBIM aTMOC(EPHOMY Pary, MOCKOIBKY MOPIICHL HEBECOM. [Ipu 3TOM MOpPIICHD
NOJHUMETCST Ha BbICOTY N, © BomsgHOW map 3alMET o00beM V, paBHBIHA
npousseaeHuto Sh. [Tosromy:

paTMS h :AHIMRTKI/IH

Bripazum uckoMyro BbicoTy moabema mopiras N h=AmR T uPaSM

YuuthiBas paHee nojydyeHHOE BbIpakeHue (1), moayyuMm Takoe perieHue 3a1auu
B 0OLIEM BHIE:

h:(CZmZ(tZ_tKHH) _Clml(tKI/IH_tl)) RTKPIHpaTMS ML
[lepeBeném miomaab MOPIIHSI S U TEMIEpaTypy KUMEHUS [ B cuctemy CHU:
1000cm?=1000-10—4m?
100 oC=373 °K

[TocunTaem YMCIIEHHBIN OTBET K 3aJa4e:

h=(460-1-(1100—100)—4200-1-(100-0))-8,31-373100-103-1000-10—4-0,018-2,26
-106=

=0,305m

OTteet: 0,305 M.

3agaua 16

YcaoBue 3agaum:

CKOJIBKO HEPTUU HYKHO 3aTpaTuTh, yToObI 6 KT sbna npu —20 °C oOpatuth B
nap ¢ temreparypoi 100 °C?

ano:

m=6 kr, t;=—20 oC, t,=100 oC, Q—?

Pemienue 3agaumn:

Hckomoe kommdecTBO TErIoThl Q MOKHO HAWTH KaK CICTYIONIYIO CYMMY:

Q=Q1+Q2+Q3+Qy4

B aToit popmyie:

Q1 — KOJIMYECTBO TETUIOTHI, HEOOXOAMMOE JUIsl HArPEBaHUS JIbJa MAaccoi M OT
TEMIepaTypsbl 1y 10 TeMmepatypsl wiaBieHus t, (t,=0 oC);

Q2 — KOJIMYECTBO TEIIOTHI, HEOOXOAMMOE JIJIsI TIJIABJICHUS JibJIa Maccoi M,

Q3 — KOJMYECTBO TEIUIOTHI, HEOOXOAWMOE [IJIi HAarpeBaHUS BOJbI MAacCOM
M (oOpa3oBaHHOW MpU TasHUU JIbJA) OT TEMIIEpPaTypHI L, 10 TeMrepaTypbl KUTICHUS
tim (tam=100 ©C);

Qs—  KOJIMYECTBO  TEIJIOTHI, HeoOXoAuMOe il  MmapooOpa3oBaHUs
BOJIBI Maccou M.
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PacrmieM ykazaHHbIe KOJTUYECTBA TETUIOTHI, TOT/IA TTOTYIHM:
Q=cim(t,—t1)+Am+com(teu,—t1)+Lm
Q= m (C1 (tn—tl) +A+C) (tKHH—tl) + L)

3nech C1 — ynenpHas TEIIOEMKOCTh JbAa, paBHas 2100 JIx/(xr-°C), A —
yaelbHas TeIloTa IuiaBieHus Jbaa, paBHas 330  kxJDx/kr, C; — yaenbHas
TEIJIOEMKOCTh  BOJbI, paBHas 4200 JIx/(xr-°C),L— ynenpHas  TemuioTa
napooOpa3oBaHus BOJIbI, paBHas 2,26 M JIx/kr.

[locunTaem OTBET K 3a1a4e:

Q=6-(2100-(0—
(—20))+330-103+4200-(100—0)+2,26-106)=18,3-106 1:x=18,3M Ik
OtBet: 18,3 M Lx.

3agaua 17

YciaoBue 3a1aumn:

B cocyn, conepxamuii 10 xr npna npu 0 °C, Bounu 3 kr Boasl npu 90 °C. Kakas
YCTaHOBUTCS TeMIepaTypa B cocyae?

lano:

m;=10 KT, t,=0 °C, my=3 KT, t,=90 OC, t—?

Pemenune 3apaum:

JlaBaiiTe ompenenuM KOJWYECTBO TEIIOTHI Q1, HEOOXOauMOe IS TIJIaBJICHUS
JBJa Maccor My, mo popmyre:

Q1=Amy
VY nenbHas TemioTa miaBjieHus apaa A paBHa 330 k/[x/kr.
Q1=330-103-10=3300000/1x=3300x /[

Takxke onpeneTuM KOJIHMYECTBO TEIIOTHI Q2, BBIICIISIEMOE TIPH  OXJIAKJICHHUH
BOJIbI MacCOM My OT TeMITepaTypsl I 10 TeMrepaTyphl IJIaBlIeHHS Jbaa ti, 1Mo Takoi
bopmyie:

Q2=cmx(t—ty)
VY nenpHas TernoéMKocTh BojibI C paBHa 4200 Jx/(kr-°C).
Q2=4200-3:(90—0)=1134000/Tx=1134k ]x

Tak kak Q2<Q1, 3HAUHUT BOJIa OCTHIHET JI0 TEMITEPATyphl TUTABJICHHS JIbaa 1, Tpu
ATOM JIIITb YacTh JIbJa pacTaeT. TenmnooOMeH mpeKpaTUTCs, TOCKOJIbKY TeMIIepaTypa
Y Jb1a, 1 Bojabl ctaHeT paBHoit 0 °C (273 °K).

Otger: 273 K.

3anaua 18

YcaoBue 3agaumn:

B Temion3oaupoBaHHbIA COCYl MaJION TEMOEMKOCTH Hamwiau 0,4 Kr BoJbI OpH
293 °K u nonoxumu 0,1 kr apaa npu temneparype 256 °K. Ckosibko BOJbI OyneT B
KaJIOPUMETPE MOCJI€ YCTAHOBJIEHHS TEIIOBOTO PABHOBECHS?

Hano:

m;=0,4 xr, T,=293 °K, m,=0,1 kr, T,=256 K, m—?

Pemienne 3agaun:
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Jlnst Havama mpouw3BenéM CIEAYIONIy0 OImeHKy. OnpemenuM KOJIWYECTBO
Ter10Thl Q1, BBIJEISIEMOE TIPH OXJIAXKIECHUHU BOJIbI MACCOM My OT TeMIepaTypsl 1 110
TeMIepaTyphl miasiacHus apaa T, (T,=273 °K), o caeayrorieit popmyie:

Q1=cimy(T1—Ty)
VY nenbHas TeroéMkocTh Bojbl C1 paBua 4200 [Ix/(xr:°C).
Q1=4200-0,4-(293—273)=33600/1x=33,6x /] x

Jlanee ompemenuM KOJIMYECTBO TEIUIOTHI Q, HEOOXOIMMOE JJIT HarpeBaHUS
JbJIa Macco My OT TeMmmepaTypsl 12 10 TeMmmepaTypbl IUJIaBJICHHUS JbAa [, MO
aHAJIOTUYHOU (hopmyIe:

Q2=comyz(T—T2)
VY nenbHas TEMIOEMKOCTD Jibaa Cy paBHa 2100 [Ix/(xr-°C).
Q2=2100-0,1-(273—256)=3570/1x=3,57x Ix

B  koHIlE KOHIIOB  y3HaeM KOJUYECTBO TEIIOTHI Q3,  HEoOXoammoe st
TJTaBJICHUS JIb/Ia Maccoit My: Qz=Amy

VY nenbHas TemioTa miaBjieHus apaa A paBHa 330 k/x/kr.

Q3=330-103-0,1=330001x=33k I

Tak kak BugHO, uyTO Q1>Q2, 3HAUMT NEM OYIET MIABUTHCSH, HO MOCKOJIBKY

Q1<Q2+Q3, 3HAYUT HE BECh JIEN pacTaeT. 3anuIlleM YpaBHEHUE TEIJIOBOro OajaHca:
Q1=Q2+Q4

3nech Q4 — KOJTUYECTBO TEIUIOTHI, HEOOXOAMMOE JUIsl TUIABJICHUSI YacTU JIbJa

Maccoir Am. Toraa numeem:
cimy(T1—Ty)=Comy(T,—T2)+AAm

BrIpa3um Maccy pacrtasBiiero jpaa Am:

Am=c1m1(T1—TH) —szz(TH—Tg)X(l)

Hckomyro mMaccy BOABI M MOCye YCTAaHOBJICHHS TEIJIOBOTO PABHOBECHS MOYKHO
HaiiTi o popmyie:

m=m;+Am

YuuteiBas Beipaxkenus (1), moyrydum peiieHre 3a1aqu B o01eM BU/Ie:

m:m1+clm1(T1—TH) _szZ(TH_TZ)}L

ITocuntaem OTBET:

m=0,4+4200-0,4-(293-273) —2100-0,1-(273—-256)330-103=0,491kr=491r
OtBet: 491 1.

3agauva 19

YciaoBue 3agaun:

B xonoaunbhauk, notpedistoniuii MoutHocTs 200 BT, momecTuiau Bogy maccoit 2
kr nipu temreparype 20 °C. Uepe3 30 mMuH Bcs BoAa mpeBpaTuiack B aén. Kakoe
KOJIMYECTBO TEIUIOTHI BBIICIMIIOCH ITPH 3TOM B KOMHaTe?

Hano:

N=200 BT, m=2 xr, t=200 C, t=30 mun, Q1-?

Penienue 3agaumn:

Boo06iie, B 3aaue uieT peub Npo XOJOJWIbHYIO MallMHY, U 0€3 3HAHUS ATOU
TeMbl OyI€T TOBOJBLHO CJIOKHO Pa3o0paThCs B HEH.

B 00paTHBIX ITMKIJIaX HarpeBaTelIeM Ha3bIBAIOT OoJjiee ropsiuee Teyio, XOTsS OHO
MoJIy4yaeT TeIio (B OTJIMYKME OT HarpeBaTelis B MPSMBIX ITUKJIAX), @ XOJOAMIBHUKOM —

81



0oJiee XOJOMHOE, XOTS OHO OTJAET TEIUIO (B OTJAMYUE OT XOJOJWJIbHUKA B MPSIMBIX
IIUKJIax).

Pabouee Teno (’KMAKOCTh B CUCTEME KOHAEHCATOpa U UCHApUTENsl) MOIydaeT OT
XOJIOMUIIbHUKA  KOJIMYECTBO  TeIIoThl Qz, OTIaBass  HarpeBarelil0  KOJUYECTBO
Ter1oThl Q1, KOTOpoe OOJbIIE MOTYYEHHOTO KOJIMYECTBa TEIIOThl Q HA BENIMUYUHY
paboThI ANIEKTPOABUTATEIS XOJIOAMIbHUKA A.

3HAYUT:

Q1=Q2+A(1)

BennunHa oTIaHHOTO HArpeBaTEII0 KOJIMYECTBA TEIIOTH Q1 ¥ €CTh KOJIMYECTBO
TEIUIOTHI, BBIICJIUBIICECS B KOMHATE.

OdeBuHO, 9TO BenmnuuHy Q CileayeT Uckarth 1o Gopmysie:

Q2=Q21+Q22

3nech Q21 — KOJMYECTBO TEIJIOTHI, BBICIIEMOE MPU OXJIAKICHUU BOJIBI MaCcCOM
m ot TemmepaTypsl t 1o Temmeparypbl Kpuctaumusaiuu Bojbl t (=0 oC); Qa2 —
KOJMYECTBO TEIUIOTHI, BBIACIAEMOE TIPU  KPUCTAJUIM3ALUU BOJBI  Maccou M.
PacriuieMm ykaszaHHbIE KOJMYECTBA TEIUIOTHI IO HM3BECTHBIM (opMmyiaMm, Toraa
MOJTYYUM:

Qo=cm(t—t)+Am(2)

VYnenvHas TemnoéMkocTh BoAbl C paBHa 4200 Jx/(kr-°C), yaenbHas TerjoTa
KpucTau3anuu Bojabl A paBHa 330 k/[x/kr.

Paboty anexkTpoaBuraresns A jierko HaiTu o gopmyiie:

A=N1(3)
[ToacraBum Beipakenus (2) u (3) B popmyiy (1):
lecm(t—t1)+km+Nr
[lepeBeném Bpems pabotsl B cuctemy CU:
30mMuu=30-60c=1800c¢
[TpounsBeAEM BHIYUCIICHUS:
Q1=4200-2-(20—0)+330-103:2+200-1800=1188-103 1x=1188x I
OtBet: 1188 k/I:k.

3agaua 20

Yepes Boay, umeronryo temmneparypy 10 C, nponyckarT BOASHOH nmap npu
100 °C. Ckoabko

YciaoBue 3agaun:

Uepes Boay, uMmeromyto temneparypy 10 °C, mpornyckaloT BOASIHOM Map mpu
100 °C. CkoJIbKO MPOLIEHTOB COCTABUT Macca BOJbI, 00pa30oBaBIlElCs W3 Mapa, OT
BCEI1 Macchl BOJBI B COCYJI€ B MOMEHT, Korja e€ temmneparypa pasaa 50 °C?

Hano:

=10 oC, t=100 oC, t=50 oC, a—?

Penienue 3agaumn:

3anuiieM ypaBHEHHE TEIIOBOro OajaHca:

Q:1=Q2+Qs

B sTOoM paBeHcTBE:!

Q1 — KOJIMYECTBO TEIUIOTHI, HEOOXOJMMOE JJisi HarpeBaHHsl BOJIbI HEKOTOPOU
Macchl M OT TemnepaTypsl t; 10 Temneparypsi t;
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Q2 — KOJMYECTBO TEIIOTHI, BBIIEISEMOE MPU KOHACHCAIMH Tapa HEKOTOPOM
Macchl Am;
Q3 — KOJIMYECTBO TEIUIOTHI, BBIACIAEMOE MPU OXJIAXKIACHUH BOJbI HEKOTOPOWU
Macchl Am, 0Opa3oBasIIeiics U3 mapa, oT Temneparypsl tz 70 Temmepatypsi t.
PacnucaB npruBeAEHHBIE KOTUYECTBA TEILIOTHI, IOJYYUM TaKOE PABEHCTBO:
cm(t—t))=LAm+cAm(t,—t)
VYnensHas temnoémMkocTh Boabl C paBHa 4200 JIx/(kxr-°C), yaenbHas TemioTa
KOH/IeHcanuu napa L paBna 2,26 MJIx/kT.
BeIpa3um maccy m:
m=LAm+cAm(t,—t)c(t—ty)
m=Am(L+c(t;—t))c(t—t1)(1)
BooOr11e nckoMyto BeHMUMHY 0 Hy>)KHO MCKaTh 1o Gopmyne: a=Amm+Am
[ToncraBum BeipaxkeHue (1) B aty hopmyiy:
a=AmAm(L+c(t,—t))c(t—t1)+Am
CokpaTuM U YUCIUTEND, U 3HAMEHATENh HA Am:
a=1L+c(t—t)c(t—t1)+1
JIOMHOYXUM M YHCJIUTE] b, U 3HAMEHATEINb Ha C(t—ty):
a=c(t—ty)L+c(t,—t)+c(t—t1)
Taxke mpousBeaEM HEKOTOphIe MpeoOpa3oBaHusi (packpoeM CKOOKH B
3HaMeHaTele):
a=c(t—t;)L+ct,—ct+ct—ct;
a=c(t—tl)L+ct—ct;
a=c(t—ty)L+c(to—t1)
ITocunTaeMm ynciIeHHBIN OTBET K 3aJ1aUe:
a=4200-(50-10)2,26-106+4200-(100—10)=0,064=6,4%
OTtBer: 6,4%.

3amava 21

YcaoBue 3axa4u:

Crpys cTOrpaayCHOTO BOJASHOIO Iapa HAIMpaBJSIETCA HA KyCOK Jibna Maccou 10
kr ¢ temmeparypour 0 °C. Kakasg yCTaHOBUTCS TemmepaTypa IOcCie TOro, Kak Jek
pacTraeT, eciy Macca U3pacxoJ0BAHHOTO Mapa 2 Kr?

Hano:

m1=10 KT, t1=O OC, m2=2 KT, t=?

Pemienne 3agaum:

Omnpenenum konuyecTBO TeruioThl Ql, HeoOxoaumoe Al TMIIABICHUS JibJa
Maccoit M1, mo u3BecTHOM opmyiie:

Q1=Aml
VY nenbHas TemioTa riiaByieHus Jbaa A paBHa 330 k/[x/kr.
Q1=330-103-10=3300-1031>x=33001x

Jlanee ompeneanuM KOJMYECTBO TEIUIOTHI Q2, HEOOXOIMMOE Ui HarpeBaHUus
BOJIBI Maccoil My, 00pazoBaBIIEiiCS U30 JIbJla, OT TEMIIEpaTyphl IIaBJICHUS JibJa ty 10
TemrepaTypbl KurneHnus Bosl t (tk=100 oC). DTo MokHO caenath mo Gopmyie:

Q2=cmy(t—t1)
VY nenbHas TEIIOEMKOCTB BOJIbI C paBHa 4200 JIx/(kxr-°C).
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Q2=4200-10-(100—0)=4200-103 Mx=4200k [Ix
N Takxe onpeaenuM KOJIUYECTBO TEIIOTHI Qs, BhIIEIsIEMOE IPU KOHACHCAIIUU
napa mMaccou My, o gpopmyiie:
Qs=Lm
VY nenpHas TemoTa KoHaeHcanuu napa L pasna 2,26 MJIx/kr.
Q3=2,26-106-2=4520-103 [1>x=4520x 1x
JlaBaiiTe mpoaHanM3upyeM MOJy4eHHbIE pe3ynbTarbl. Tak kak Q3z>Qi, 3HAUUT
Bech 1€n pactaer. Ho Tak kak Q3<Q1+Q2, 3HAYUT BeCh Map CKOHIACHCUPYETCS, a
nanee OyJeT MPOUCXOAUTH TEIJIO0OMEH MEXKIy BOAOW, 00pa3oBaBLIEHCS U30 JIbja, U
BOJI0H, 0OpasoBaBIeics 13 mnapa.
3anuiieM ypaBHEHHE TEIIOBOro OajaHca:
Q1+Qs=Q3+Qs
B stom paBeHcTBe Q4 — KOJIMYECTBO TEIUIOTHI, HEOOXOAMMOE /JIsi HarpeBaHUs
BOJIBI Maccoi My oT Temmepatypsl {; 10 uckomon Temmepatypsl ; Qs — KomMmuecTBO
TEIUJIOTHI, BBIACIISIEMOE MNPU OXJAKIECHUU BOABI MAacCO My OT Temmeparypsl ti 10
HMCKOMOU TeMIleparypsl t.
PacnuineM yka3aHHbIE KOJMYECTBA TEIUIOTHI MO (hopmyjsiaM, TOrga MOJYyYUM
CIIEAYIOIIEE PABEHCTBO:
Amg+emy (t—ty)=Lmy+cmy(t—t)
PackpoeM ckoOku B 00erX 4acTsSX paBEHCTBA:
Amg+cmat—cmat; =L my+cmotk—cmot
[lepeHecem B JE€BYIO 4acThb BCE WIECHBI C MHOXHWTENEM {, BbIHECEM €ro 3a
CKOOKH, OCTAJIbHBIE YJICH TIEPEHECEM B MPABYIO YACTh.
ct(my+my)=Lmy—Am;+cmatk+cmsty
t=Lm,—Am;+cmjt,+cmstic(m;+m;)
t=Lm,—Am;+c(mat+mst;)c(m+my)
3agauva B 00111eM BUJIE pEIICHA.
[IpousBenem pacyeT oTBeTa:
t=2,26-106-2—-330-103-10+4200-(2-100+10-0)4200-(10+2)~41-C=314 °K
Otger: 314 K.

3agaua 22

B 5 xr Bombl, Temmeparypa kotopoil 288  °K, omymeH | kr npma c
temriepatypoit 270 °K. Kakas yctaHOBUTCS Temmieparypa nocie Teriooomena?

Hano:

m;=5 kr, T;=288 °K, m,=1 kr, T,=270 °K, T—?

Penienue 3agaumn:

OnpenenuM KOJIMYECTBO TEIIoThl Q1, KOTOPOE BBIJACISACTCS MPU OXJIAKICHUU
BOJIBI Maccou m; ot TeMnepaTypsl 1 10 TEeMIIEPATYPhI TIJIaBJICHUS
apaa T, (T,=273 °K). Ucnoas3yem cienyroriyto Gopmyiy:

Q1=cimy(T1—T,)
VY nenwpHas TerI0eMKOCTh BOJIbI C1 paBHa 4200 [Ix/(xr-°C).
Q1=4200-5-(288—273)=315000/1x=315k I«
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Jlanee ompeaenuM KOJMMYECTBO TEIWIOTHI Q2, KOTOpoe HEOOXOAMMO ISt
HarpeBaHUs JibJla MAcCoOl My OT TeMIepaTypsl 12 10 TeMIeparypbl IUIABJICHUS
apaa Ty, MO aHAIOTHYHOU hopmyie:

Q2=comyz(T—T2)
VY nenbHas TemoeMKocTh Jbaa €2 pasHa 2100 [Ix/(kxr-°C).
Q2=2100-1-(273—270)=6300/1x=6,3k /] x
Taxoke onpenenuM KOJIMIeCTBO TEIIOTh Q3, HEOOXOIMMOE JJIs TIABJICHUS Jha
Maccoit My, mo popmyie:
Qs=Amy
VY nenbHas TEIUIOTA MJIaBJIeHU Jibaa A paBHa 330 kJ[x/Kr.
Q3=330-103-1=330-103 1x=330k [>x

[IpousBeneM aHanu3 MOMYyYEHHBIX pe3ynbTratoB. Tak kak Q1>Qz, TO néxn
HarpeeTcs 0 TeMIepaTyphl TUTaBICHHUS ¥ HadHeT iaBuTcsa. Ho tak kak Q1<Q2+Qs,
TO BOJA, OCTHIB JO TEMIIEpaTyphl I, HE CMOXKET PacTONMHTh BeCh JEM. Tak Kak
TEeMITepaTypa BCEX KOMIIOHCHTOB CTaHET OAMHAKOBOM, TO TEINIOOOMEH MPEKPATHTCS.
[ToaTomy Temneparypa TerioBoro pasHoBecus pasHa 0 °C (273 °K).

Otger: 0 °C.

3agaua 23

YcaoBue 3axa4u:

B mutp Boawl npu 20 °C O6pocmiu KOMOK MOKporo cHera maccoit 250 r. Korga
BEChb CHEr pacTasul, To oOmas Temreparypa craiga pasHo 5 °C. Omnpenenutb
KOJIMYECTBO BOJbI B KOMKE CHera.

Hano:

V1=1 n, t1=20 oC, mp=250 T, t=5 oC, Am—?

Pemenne 3agaum:

[IycTh B KOMKE MOKPOTO CHEra COAEPKUTCS BOAA Maccorm Am, Torna B HEM XKe
cogepxkutcss n€n  Maccoit (M;—Am). Temmeparypa KOMKa OYCBHIHO pPaBHA
TeMIepaTypa IJIaBJICHHS JIbAa

t, (t,=0 oC).
3anuiieM ypaBHEHHUE TEIIOBOro OajgaHca:
Q:1=Q2+Qs

3nech Q1 — KOJIMYECTBO TEIUIOTHI, BBIACIAEMOE TPU  OXJIAXKICHUH BOJbI
HEKOTOpOM Maccoil Mp oT Temmeparypsl t1 1o Temneparypsl t; Q2 — KoOJIUYEeCTBO
TEIUIOTHI, HEOOXOIUMOE JIJIsl IJIABJICHUS Jibaa Maccoit (My—Am); Q3 — KOJIMYECTBO
TEIJIOThI, HEOOXOJMMOE [JIsi HarpeBaHWs BOABl MAaccoi M2 OT TeMIepaTypbl
iaBiaeHus Jbaa t, (t,=0 oC) no remnepatypsi t.

Pacriuiiiem 3Ti KoMyuecTBa TEIJIOTH IO POPMYJIaM, TOTIA TTOJTYIHM:

cmy (ti—t)=A(my—Am)+cmy(t—t,)

VnenbHast TerioéMKocTh BOJbI C paBHa 4200 JIx/(kr-°C), yaenbHas TeIioTa
riaBJiieHus Jibaa A paBHa 330 kJx/Kr.

Maccy My BeIpa3uM uyepes3 II0THOCTh Boakl p (paBHas 1000 kr/m®) u 06beM V1.

cpVi(ti—t)=A(my—Am)+cmy(t—t;,)

OcTanoce TOJNBKO BBIPa3UM UCKOMYIO Maccy BOAbI B KOMKE MOKPOTO cHera Am:

my—Am=cpV;(t;—t) —cmy(t—t,)A
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Am=my—cpV(t1—t) —cm2(t—tm)r
Mpb1 pemmmuin  3amady B oOmeMm Buae. Temepp mepeBeném obObem V1 u
Maccy m2 B cucremy CHU:

11=10—3m3

250r=0,25kr
ITocuuTaem OTBET:

Am=0,25-4200-1000-10—3-(20-5)—4200-0,25-(5-0)330-103=0,075kr=75r

OtBer: 75T.

3agaua 24

YciaoBue 3agaun:

Komnba, TeniaoeMKoCcTbi0 KOTOPOM MOXKHO IpeHeOpeub, coaepKut 600 r BOJbI
npu 80 °C. Kakoe konudecTBo Jbjaa npu Temmneparype —15 °C HykHO 100aBUTH B
BOJY, YTOOBI OKOHYATENbHAs Temneparypa cmecu Obuta 50 °C?

Hano:

mM;=600 r, t;=80 oC, t,=—15 oC, t=50 oC, my—?

Pemienne 3agaum:

3anuiieM ypaBHEHHUE TEIIOBOro OajgaHca:

Q1=Q2+Qs+Q4

3necb Q1 — KOJMYECTBO TEIUIOTHI, BBIACISEMOE TPHU OXJIKICHUU BOJIBI
Maccoit M or  Temmeparypsl t1 10 TemmepaTypsl {; Q2 — KOJIMYECTBO TEIUJIOTHI,
HE0OX0AMMOe JUIsl HarpeBaHus JibJla Maccoi My OT TemMmneparypsl {2 10 TeMiepaTypsl
mwiaBienus  t; (t;=0 oC); Qs — KOJIMYECTBO TEIUIOTHI, HEOOXOAUMOE IS
TUTABJICHUS JIBIa Maccod My; Qs — KOJWYECTBO TEIUIOTHI, HEOOXOIUMOE JIs
HarpeBaHWsi  BOJBI  Maccoil Mp (oOpa3oBaHHOM  MpWU  TassHUKM  JibJla)  OT
Temieparypsl t, 10 temneparypsi t.

Pacnumem koauyecTBa TEIIOTHI IO U3BECTHBIM (OpMYyJIaMm:

Clml(tl—t):szz(tn—tz)'l‘?»mz'l‘Clmz(t—tn)
cimy(ti—t)=may(Co(t;—t2)+A+cl(t—t,))

VnenpHas TtemnoémMkocTh  Boabl C1 paBHa 4200  JIx/(xr-°C), yznenbHas
TEIJIOEMKOCTh JibJia C; paBHa 2100 [Ix/(xr-°C), ynenpHash TeIUioTa IUIABJICHUS
apaa A paBHa 330 x/[x/Kr.

my=C1My(ti—t)Co(ti—t2)+A+cy(t—ty)
[TepeBeném maccy m; B cuctemy CH: 600r=0,6kr
IlocunTaeM unciIeHHBIN OTBET K 3aJ1a4e:
m,=4200-0,6-(80—-50)2100-(0— (-15))+330-103+4200-(50—0)=0,132kr
OTtBer: 0,132 kr.

3agaua 25

YcaoBue 3agaumn:

Ha snektpudeckoii miautke MomHOCcThi0 600 BT HaxonuTcs 4allHUK C JBYMS
auTpaMu Boabl. Kak 1oiaro Oblia BKIIIOYEHA IIMTKA, €CIU BOJA M YaAWHUK HArPeJIHCh
ot 20 mo 100 °C, u 50 r Boasl ucnapwiocsk? KIIJ mautku 80%, TEnaoeMKOCTb
yaiiauka 500 Ix/K.

ano:
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N=600 Br, V=2 1, 1;=20 oC, t,=100 oC, Am=50 r, 1=80%, C=500 J[>x/K, 1—?
Penienue 3agaumn:
KII/[ »7eKTpUYeCKOM TUIMTKH 1] MOKHO HAWTH KaK OTHOIICHHE €€ TIOJIE3HOM
paboTel A, K 3aTpadeHHON padbote A,.
N=AsAs(1)
[Tone3nyto padboty A, MOKHO HANTH KaK CIEAYIONIYIO CYMMY:
Ar=Q1+Q2+Q3

3nech Q1 — KOJMYECTBO TEIUIOTHI, HEOOXOAUMOE Il HAarpeBaHUS YalHUKA OT
TeMIiepaTypsl U1 1o Temmnepatypsl ty; Q2 — KOJTUYECTBO TEIUIOTHI, HEOOXOIUMOE JIsI
HarpeBaHus BOAbl HEKOTOPOM Macchl M OT TeMIiiepaTypsl t1 10 Temneparypsl tz; Qs —
KOJIMYECTBO TEIJIOTHI, HEOOXOIMMOE JIJIsl TPEBPAIICHHs B TIap BOJbI Maccoi Am.

PacnucaB ykazaHHbIE KOJIMUECTBA TEIJIOTHI IO (POpMyIiaM, MOITYUHM:

AH:C(tz—t1)+Cm(t2—t1)+LAm

VYnensHas temnoéMkocTh BoAbl C paBHa 4200 JIx/(kr-°C); ynenpHas TeruioTa

napooOpazoBaHus Bojabl L paBHa 2,26 M J[x/kr.

Maccy BOJIbI M pacnuiiemM Kak MIPOU3BEACHUE IJIOTHOCTH

Boxsl p (p=1000 xr/m%) Ha 0O6BeM BombI V.
A=C(t—t1)+cpV(t2—t1)+LAmM(2)
3aTpadueHHYI0 paboOTy IUIUTKH A, JIETKO OMNpEeNeNuTh Yepe3 MOIIHOCTh
Utk N 1 BpeMst paboThl T 1o hopmyiie:
A,=N1(3)

[ToncraBum BeipakeHus (2) u (3) B hopmyiy (1):
N=C(ty—t1)+cpV(t2—t1)+LAmNT
1=C(t;—t1)+cpV(t2—t1)+LAmmN

Msil pemmnu 3amgady B oOmieM Buje. llepen pacueToM YHCIEHHOTO OTBETa

nepeBeqiéM 00beMm V B kyOuueckue meTpbl, Maccy Am B kuorpammsel, KITJIn — B
JIOJIA €IMHULBI.
21=0,002m3
50r=0,05kr
80%=0,8

[TpousBeAEM BBIYUCIICHUS:

1=500-(100—20)+4200-1000-0,002-(100—20)+2,26-106-0,050,8-:600=1719¢

Oteer: 1719 c.

3anaua 26

YcaoBue 3axa4u:

B ycnoBusix CeBepa npecHyr0 BOIy MOIYy4aroT U3 cHera. CKOJBKO IPOB HYKHO
u3pacxoioBath, 4To0bl 1500 KT cHera, B3siToro npu temmeparype —10 °C, oOpaTuth B
Bony ¢ temneparypor 5 °C? KIIJl ycranoBku 30%. YaenpHas TemioTa CropaHus
npoB paBHa 10 MJx/kr.

Hano:

m;=1500 «r, t;=—10 oC, t,=5 oC, n=30%, q=10 M x/xr, my—?

Pemienne 3agaum:

KoadduimenT mnone3Horo AelcTBUS yCTAHOBKH 1] PABEH OTHOIICHHIO MOJIE3HON
paboThl ycTaHOBKH A, K 3aTpaueHHON padbote A,.
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N=AsAs(1)
[Tone3nyto padboty A, MOKHO HANTH CIIEAYIOIIMM 00pa3oMm:
Ar=Q1+Q2+Q3

B aroit dopmyne: Qi — KOIMYECTBO TEIIOTHI, HEOOXOAUMOE JUIsl HarpeBaHUS
JbJIa Maccoi My OT Temmeparypsl {; 10 TemmnepaTypsl IuiaBjieHus Jybaa t, (t,=0 oC);
Q2 — KOJIMYECTBO TEILIOTHI, HCOOXOAMMOE IS INIABJICHUS JbJa Maccor My, Qs —
KOJINYECTBO TEIUIOTHI, HE00X0IMMOE TSt HarpeBaHUs BOJIBI
Maccoid M1 (mosyuuBLIEHCS pu TastHUN JbJa) OT TeMIeparypsl t; 10
TemIieparypsi t.

Torna:

AH=Clm1(tH—t1)+km1+cgm1(t2—tn)
Ar=my(Cy(ti—ty)+A+ca(t—t,))(2)

VYnenpHas TermnoéMKocTh Jbaa C1 paBHa 2100 JIx/(xr-°C); ynenbHas TemioTa
raBiieHus Jibaa A paBHa 330 k/[X/Kr; yaenapHas TEIIOEMKOCTh BOJIBI C2 paBHa 4200
Jx/(xr-°C).

3atpaueHHass paboTa A; paBHa KOJMYECTBY TEIUIOTHI, BBIACISIEMONU TIPH
CTOpaHUU APOB Maccoi M2, mo3ITOMY:

A,=qmy(3)

[Tomyuennsie Boipaxkenus (2) u (3) noacraBum B popmyary (1):
N=ma(C1(t;—t1)+A+Co(t2—t;))gm;
My=my(C1(ti—t1)+A+Ca(t2—t))ng

[TocunTaem OTBET:

m,=1500-(2100-(0—(—10))+330-103+4200-(5—0))0,3-10-106=186kr

Otser: 186 kr.

3agaua 27
YciaoBue 3a1aumn:
Tarommit n€x maccor 0,5 kr morpy3win B kajmopumerp ¢ 0,3 Kr BOIbI mpH
temneparype 80 °C. OnpenenuTts yCTaHOBUBIIYIOCS TEMIIEPATYPY.
ano:
m1=0,5 KT, m2=0,3 KT, t2=80 OC, t—?
Pemienue 3agaumn:
OnpenenuM KOJWYECTBO TEIUIOTHI Q1, KOTOpOE€ HEOOXOIUMO IS TUIABIICHUS
JIbJA Maccou My:
Q1=Amy
VY nenbHas TemioTa riaByieHus Jbaa A paBHa 330 k/[x/kr.
Q:=330-103-0,5=165000/1>x=165x 1>k
Tenepr ompenenuM KOJWYECTBO TEIJIOTH Qz, KOTOpOE BBIACIUTCS TIPH
OXJIQXJEHUU BOJBI MAcCcOMl My OT TeMmeparypsl t, 10 TemmepaTypbl IJIaBICHUS
abaa t, (t,=0 oC).
DTO MOXKHO CAENAaTh MO cienytoue popmyre:
Q2=cm2(t2—tn)
VY nenbHast TEI0EMKOCTb BOJIbI C paBHa 4200 JIx/(kxr-°C).
Q2=4200-0,3-(80—0)=1008001x=100,8x 1«
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BunHo, dYTO nmaxke ecnu  BOJAa OCTBIHET MAaKCHUMaJbHO, TO €CTh [0
TEMIIEPATYPHI t;, TO BBIICTUBIIETOCS KOJMYECTBA TEIUIOTHI BCE pPaBHO HE XBAaTHT,
4YTOOBl PACTONHUTH Bech JEN, Tak Kak Q1>Qj. 3HauuT TemrepaTypa TEMIOBOrO
paBHoBecus paBHa 0 °C (273 °K).

Otser: 273 °K.

3apaua 28

YcaoBue 3agaun:

[Tpu 3amopaxuBaHUM HEKOTOPOTO BEIIECTBA B XOJOAMIBHUKE MOTPeOOBAIOCH 4
MHH JUISI TOrOo, 4TOOBI OXJIaAUTh €ro >KUAKOocTh oT 4 10 0 °C, u eme 1 u 40 muH,
4yTOOBI MPEBPATUTH €€ B KpUCTAIUT. ONpeaeauTh yACIbHYIO TEIIOTY IJIABICHUS TOTO
BEIIECTBA, €CJIM €T0 TeIUIOEMKOCTD B XKUAKOM coctossHnn 4200 xJIx/(kr-K).

lano:

11=4 muH, t1=40 C, t,=0 oC, 1,=1440mun, c=4200 xJIx/(xr-K), A—?

Pemenue 3agaun:

UtoObl  OXJIAIUTh  TEJIO  HEKOTOPOM  Macchl MoT  TemmepaTypsl ty 10
TeMITepaTyphlI tp, HY’)KHO OTBECTH KOJUYECTBO TEILTIOTHI Q1, KOTOPOE MOYKHO HAWUTH 10
dbopmyie:

Q:i=cm(ti—t2)(1)

YT0oOBI NPEBPATUTH TEJIO U3 XKUAKOCTU B KPUCTAJLI, HY’)KHO OTBECTH KOJIUYECTBO

TernoTel Q2, onpenenseMoe hopMyIIOi:
Q2=Am(2)

Hy>XHO mMOHMMaTh, 4YTO B XOJIOJWJIbHUKE OTBOJAMMAsi OT TeJla TemIoBas
MOITHOCTh N OCTaéTcs MOCTOSHHOW. YUMTHIBAasK TO, YTO KOJWYECTBO TEIUIOTHI PaBHO
MIPOM3BEICHUIO TEIIJIOBOM MOIIIHOCTH Ha BPEMSI, UMEEM TaKyl0 CUCTEMY:

{Q:1=N1:Q2=N1,

[Ipynumas Bo BHUMaHuE paHee mnoiydeHHbie dopmynsl (1) u (2), cucrema
IIPUMET TaKON BUJ:

{erzcm(tl—tg)NQ:km

[logenuM HUIKHEE PABEHCTBO CHUCTEMbl Ha BEpXHEE, TOrja IMOJTYYUM:
7\,0('[1—1:2)2‘621?1

7\,=C(t1—t2)’52’51

3agayva pelieHa B oOIIEeM BHUJIE.

ITepeBeném Bpems 11 1 T2 B cuctemy CU:

Amun=240c
1940mMur=100c=6000MuH

[Tocuutaem OTBET K 3a7a4e:

A=4200-103:(4-0)-6000240=42-107 1x/xr=0,42I" Tx/xr
OtBer: 0,42 I' JIx/kr.

3agaua 29
YciaoBue 3agaun:
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B Benpe Haxomutcs cMech BOJIBI €O JibJoM Maccoid m=10 kr. Benpo BHecu B
KOMHAaTy M cCpa3y J>K€ HadaJd H3MEpsITh TeMmeparypy cMmecH. IllomyduBiiascs
3aBUCUMOCTh TEMIIEpaTyphl CMECH OT BpPEMEHH H300pakeHa Ha PHCYHKE.
OnpenenuTs Maccy JbJa B BEIpe B MOMEHT BHECEHUS €r0 B KOMHATY.

lano:

m=10 xr, Am—?

Pemenue 3agaum:

Bpemsi mnaBieHuss npaa B CMecH Ti1 paBHO 50 MMH, BpeMsl HarpeBaHHs
BOJIBI T2 paBHO 10 mwuH, Temmeparypa t; paia 0 °C, temneparypa t; papaa 2 °C
(cMoTpuTE CXEMY).

UtoObl pacmiaBuTh JEN Maccol Am, CoOAEp)KaIUMCI B CMECH, HYKHO
KOJIMYECTBO TEIUIOTHI Q1, KOTOPOE MOKHO OIPEISTUTH 110 (hopMyJie:

Q1=AAm(1)

VY nenbHas TeTUIOTA MJ1aBJIeHUS Jbaa A paBHa 330 kJ[x/Kr.

Jlns  HarpeBaHMs BOABI  Maccodl M (rmociie  pacIviaBlIeHHs  JibJa)  OT
TEeMITepaTyphl 1 10  TeMrepaTypsl {2 HEOOXOIUMO ~ KOJIMYECTBO  TEIUIOTHI Q2,
onpenensemMoe 1o popmyiie:

Qz=cm(tz—t1)(2)

VY nenpHas TemioéMkocTh BojbI C paBHa 4200 JIx/(kr-°C).

Boo6imie, cmech BOJBI CO JBOM OyJeT HarpeBatrhCsi, MOCKOJbKY OyneT
MPOUCXOJUTh TEIIOOOMEH C BO3yXOM KOMHAThI. [Ipu 3TOM HET MpPUYMH TOJararh,
4TO TOABOAMMAs TerioBas MOITHOCTH N (0T BO3ayxa KOMHATBI) MEHSETCS CO
BpeMeHeM. Tak Kak KOJMYECTBO TEIUIOTHl PABHO MPOU3BEACHUIO TEIJIOBOM
MOIIHOCTH Ha BpEMsI, TO MOYKHO MOJYYUTh TaKyIO CUCTEMY:

{Q:1=N1:Q2=N1,

YuuteiBas dopmynsl (1) u (2), cuctema npuMeT BUI:

{er=cm(t2—t1)Nrg=kAm

[Tonenum HUYKHEE paBEHCTBO Ha BEpXHEe, TOTa:

kAmcm(tg—t1)=rgrl
Am:cm(tg—tl)rgkrl

[lepeBeném Bpems 11 U T2 B cuctemy CU:

50mMuur=3000¢
10muu=600c¢

IIpon3BenéM BBIUUCIICHUS:

Am=4200-10-(2—0)-3000330-103-600=1,27«r
OTtBer: 1,27 Kkr.
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3amgaua 30

YciaoBue 3agaun:

B cocyn ¢ Bogoii oosemom 0,25 11 ipu 20 °C nomectumnu S0 T pacruiaBieHHOTO
ceuHia ¢ temmeparypor 400 °C. Kakas Temrmeparypa yCTaHOBUTCS B pe€3yJIbTATE
TersiooOMeHa B cocyne? YenbHble TEIUIOEMKOCTH paciuiaBa U TBEPAOro CBHHIIA
CUUTATh OJMHAKOBBIMHU.

lano:

V1=0,25 7, t1=20 oC, m,=50r, t,=4000 C, t—?

Pemienue 3agaum:

B 1ol 3a1aue Hy)XHO 00s3aTeNIbHO MPOU3BECTU OlEHKY. JlaBaiiTe N1 Havaia
OTIPEIEINM KOJIMYECTBO TEIUIOTHl Q1, KOTOpoe HEOOXOIMMO /JiIi HarpeBaHUs BObI
Maccoil My oT Temrmepatypsl ty 10 Temmepatypsl kuneHus t, (=100 oC). Dto MOKHO
cAenaTh 1o clieayroiien popmyre:

Qr=Cimy(t—t1)

VY nenpHas TemioéMKoCcTh BojbI C1 paBHa 4200 JIx/(kr:°C).

Maccy M npecTaBUM Kak NMPOU3BEIECHUE MJIOTHOCTU BOoAbI p (oHa paBHa 1000
kr/m®) Ha 00beM V1, Toraa:

Q1=C1pVi(t—t1)

[Tocuntaem uncienHoe 3HaueHue Qi (0ObeM mMpU pacueTe MbI IEpPEeBENU B
KyOH4YecKue MeTphl):

Q1=4200-1000-0,25-10—3-(100—20)=84000/1x

Tak kak TemmepaTypa pacIiUlaBJI€HHOTO CBHUHIA t; OoJibllie TemIepaTyphbl €ro
wiasnienus t,; (t,=327 oC), To onpeaenuM KOJINIECTBO TEIIOTH Q2, BBIACIAEMOE TIPH
OXJIQXKJICHUU pacIuiaBa CBUHIIA OT TeMIIepaTyphl iy 10 Temmneparypsl t.

Q2=Coma(t2—ty)

VYnenpHas TEMI0EMKOCTh paciuiaBa CBHHIIA (M TBEPJOro CBUHIIA) C2 paBHa 130
Jx/(xr-°C).

Q2=130-0,05-(400—327)=474,51x

KomndectBo  TerutoTer Qs, BBIAEISAEMOE TP KPUCTAUTM3AIlMH  CBHUHIIA
Maccoi My, onpeaenuM 1o hopmyie:

Qs=Am>
VY aenbHas TeIioTa KpUCTAIIM3alMy (TIJI1aBJIeHUs ) CBUHIA A paBHA 25 KJ[K/KT.
Q3=25-103-0,05=12501x

KonudectBo Termnotsl Qa, BBIZEISIEMOE TIPU OXJIKIESHWN CBUHIIA MAacCoi My OT
TeMrepaTypsl t,; 10 TeMnepatypsl ty, paBHO:

Qa=Comy(t,—ty)
Q4=130-0,05-(327-100)=1475,5]1x

Bunno, uto Q1>Q2+Q3+Q4, 3HaUUT TEeMIIepaTypa TEIIOBOTO paBHOBECHUS OyAeT

JeXaTh B mpeenax oT Uy 1o ;. 3anuiiem ypaBHEHHE TETIOBOTO OalaHca:
Qs=Q2+Q3+Qs

3nech Qs — KOJMYECTBO TEINIOTHI, HEOOXOIUMOE JIJIsl HarpeBaHUs BOJBI MAaCCOM
M; oT Temrepatypsl t1 10 Temmneparypsl t; Qs — KOTUYECTBO TEIUIOTHI, BEIACIIIEMOE
MIPY OXJTAKJIEHUW CBUHIIA MacCOM My OT Temmeparypsl t, 710 Temmepatypsl t. Torma:

C1m1(t—tl)=C2m2(t2—tn)+}um2+C2m2(tn—t)
Clml(t—tl)=C2m2(t2—t)+km2
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Packpoem ckoOKu:
CiMit—cimst;=Comoto,—Comot+Aimo
Bce unennl ¢ MHOXHUTEJIEM t IICPCHCCEM B JICBYIO CTOPOHY, BBIHCCCM €TI0 3a
CKO6KI/I, OCTAJIBHBIC IICPCHCCEM B IIPABYIO.
t(C1m1+C2m2)=01m1t1+C2m2t2+7um2
t=cimt+Comoto+AmoCimy+Com,
Maccy mi MpCaACTaBUM KaK IIPOU3BCACHHC IIJIOTHOCTHU BOJLI P HA 00BpeM V]_, KaK
9TO YK€ OBLIO CACIIaHO BBIIIIC:
t=01pV1t1+C2m2t2+7\.m2C1pV1+C2m2
[lepeBeném HEeKOTOpbIE BEIMYHUHBI B cucteMy CU:
0,251=0,25-10—3m3
50r=0,05kr
YuciienHo Temmeparypa t papua:
t=4200-1000-0,25-10—-3-20+130-0,05-400+25-103-0,054200-1000-0,25-10—3+13
0-0,05==23,50 C=296,5 °K
OTtBert: 296,5 °K.

3amava 31

YcaoBue 3agaum:

B cocya, conepxkamuit 2,3 xr Boasl mipu 20 °C, 6pocaroT KyCOK CTajiu, KOTOPHIi
nepenaér Boae 4,6 MJx snepruu. Halimute maccy Bojabl, oOpaTHBIICICS B map.
Tenno€MKoCThIO cocyia MPeHeOpeYb.

ano:

m=2,3 kr, t=20 °C, Q=4,6 M]I>x, Am—?

Pemenne 3agaum:

[Tepenannyro Bome sHEPTHIO Q MOYKHO 3aMcaTh KaK CICAYIONYI0 CYMMY:

Q=Q:+Q:

3nech Q1 — KOJIMWYECTBO TEIUIOTHI, HEOOXOAUMOE JUIi HarpeBaHUs BOJIbI
Maccoii m ot  rtemmnepatypbl t 1o Temmeparypbl  kuneHus t (=100 oC); Q; —
KOJIMYECTBO TEIUIOThI, HEOOXOAuMOe JUIsi TapooOpa3oBaHUS BOJAbI  HCKOMOM
Mmaccel Am. Toraa:

Q=cm(t,—t)+LAm

VnenbHast TemioéMKocTh BOJbI C paBHa 4200 JIx/(kr-°C), yaenbHas TeIioTa
napooOpasoBanus L paBna 2,26 MJx/kr.

Bripa3um maccy Am:

Am=Q—-cm(t,—t)L
[TocunTaeM OTBET K 3aja4e:
Am=4,6-106—4200-2,3:(100—20)2,26-106=1,693xr=1693r
Otser: 1693 r.

3agaua 32

YciaoBue 3agaun:

Kanopumetp comepxut 250 r Boas! npu temneparype 15 °C. B Bony Opocunu
20 r Mokporo cHera. B pe3ynbrare Temieparypa B KaJOPUMETPE MOHU3MIACH HA S5
°C. CxkoJbpKo0 BOObI OBLIO B cHeEre?
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Hano:

m;=250r, t;=15 °C, m,=20 r, At=5 °C, Am—?

Penienue 3agaumn:

[Iyctb B KOMKE MOKpOro cHera Obula Boja Mmaccoid Am, Torma macca
cogepxamierocs B HéM sbaa — (Mz—Am). M3 yciioBUS MOHATHO, YTO KOHEYHAs
TeMIeparypa cMecH paBHa (t;—At).

3amuiemM ypaBHEHHE TEIJIOBOTO OallaHca:

Q1=Q2+Qs3

3mech Q1 — KOJMYECTBO TEIUIOTHI, BBIICISEMOE TIPH OXJIKICHUU BOJIBI
Maccoi My oT Temrieparypsl t; 1o Temmneparypsl (t1—At); Q2 — KOJUYECTBO TEILIOTHI,
HeoO0X0UMOe I TUTaBJICHUS Jibaa Maccoit (M;—Am); Q3 — KOJWYECTBO TEIUIOTHI,
HEOOXOaMMOe JUIsi HAarpeBaHHUsS BOJBI Maccoi M2 OT TeMIlepaTyphl TUIABJICHUS
abaa t, (t,=0 oC) mo remmnepatypsl (t1—At).

Pacniumiem Bce yka3aHHBIE KOJMYECTBA TEIUIOTHI, TOTJA IOJIYYHM TaKOe
PaBEHCTBO:

le(tl— (tl—At)):K(mz—Am)+Cm2((t1—At) —tn)

VYnenvHas TemnoéMkocTh BoAbl C paBHa 4200 Jx/(kr-°C), yaenbHas TerjoTa

raBieHus abjaa L pasua 330 x/x/kr.
cmMiAt=A(My—Am)+cmy(ti—At—t;)
A(mz—Am)=c(miAt—my(ti—At—ty))
mMy—Am=c(m;At—my(t;—At—t,))A
Am=m,—c(miAt—ma(t;—At—t;))A
3amaua pemiena B oOmiem Bujae. llepen moacTaHoBKko# 3HaueHuit B Gopmyiy,
nepeBesiEM HEKOTophIe BenunuHbl B cuctemy CHU:
250r=0,25kr
20r=0,02xr
CunTaeM YUCIICHHBIA OTBET:
Am=0,02—-4200-(0,25-5—0,02-(15-5-0))330-103=0,0066xr=6,6r
OtBer: 6,6 1.

3agaua 33

YciaoBue 3agaum:

B xamopumerp Temnoémkocteio 1254 JIx/K O6pocunu 30 r MOKporo cHera, T.c.
cMmecu cHera ¢ Bojo. CKOJIbKO ObUIO TaM COOCTBEHHO CHEra, €clid TemIeparypa B
KaJIOpuMeTpe noHu3miack ot 24 go 16 °C.

Hano:

C=1254 Ix/K, m=30, t1=24 °C, t,=16 °C, Am—?

Pemienue 3agaumn:

3anuiieM ypaBHEHHE TEIIOBOro OajaHca:

Q1=Q2+Qs(1)

B srom ypaBHeHun: Qi — KONHYECTBO TEILIOTHI, KOTOPOE BBIACIHTCS IIPH
OXJIAKJICHUH KaJIOpUMETpa OT TeMIeparypsl t1 10 Temmneparypsl t2; Q2 — KOTUIECTBO
TEIJIOThI, HEOOXOAMMOE JIJIs TUIABJICHUS JibJa UICKOMOM Macchl Am, coJieprKalierocs B
MOKpOM cHere; Q3 — KOJIMYECTBO TEIJIOThI, HEOOXOJIUMOE JJIi HAarpeBaHHUsS BOJIbI
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Maccol M, TOJYYMBIIEUCA W3 MOKPOIO CHEra, OT TeMIEpaTypbl IUIaBJICHUSA
abaa t, (t,=0 oC) no Temnepatypsi to.
PacnuiieM yka3zaHHbIE KOJMYECTBA TEIUIOTHI, TOorjaa ypaBHeHue (1) mpumer
CHEAYIOIINI BU:
C(ti—t2)=AAm+cim(to—ty,)
HanomHuio, 4yTo ynenpHass TemjioTa IUIaBieHUs Jbaa A paBHa 330 kJDK/kr,
yaelbHas TeI0EMKOCTh BobI C1 paBHa 4200 JIx/(kr-°C).
BeIpa3zum Maccy JibJia B KOMKE MOKpOro cHera Am:
Am=C(t;—t2) —cim(t—tm)A
[lepen pacueToMm OTBETA, IEPEBEAEM Maccy M B cuctemy CU:
30r=0,03kr
UucneHHbIN OTBET K 33a4€ PABEH:
Am=1254-(24—-16) —4200-0,03-(16—0)330-103=0,0243kr=24,3r
OtBet: 24,3 1.

3anava 34

YcaoBue 3a1a4u:

Cocyn, comep:kamui BOAY, BHECIH B TEIUIy0O KOMHATY, IpUYeM 3a 15 mMuH
TeMIiepaTypa Bojbl noBbicuiiack Ha 4 °C. CKOJIBKO HY>KHO BPEMEHH, YTOOBI B ATOM
KOMHATE pacTasii JIEN TON ke MaccChl, 4TO U Boja?

Hano:

1:=15 mun, At=4 °C, 1,—?

Pemienue 3agaumn:

UTtoOBl M3MEHUTH TEMIIEpaTypy BOABI HEKOTOPOW MacChl M Ha BeaM4MHY At,
HEOOXOMMO KOJIMUYECTBO TEIIOTHI Q1, KOTOpOE omnpenaensercs no popMmyIe:

Qi=cmAt(1)

VY nenvHas TemioéMkocTh BojbI C paBHa 4200 JIx/(kr-°C).

A BOT 4YTOOBI pacIIaBUTh JEA TaKOW >K€ MacChl M, HYXHO KOJUYECTBO
termnotel Q2, onpenensieMoe Mo apyroi Gopmyie:

Q2=Am(2)

VY nenwHas TemioTa riaBiieHus Jibaa A paBHa 330 kJx/kr.

Kak BbI 10DKHBI IOHUMATh, BOJA HarpeBaercs (a J€n — TUIaBUTCS) U3-3a TOTO,
YTO MPOUCXOJUT TETJIOOOMEH ¢ TETUIBIM BO3JyXOM KOMHAThI. HeT mpu4mH mosnarars,
YTO TOABOAMMAS TEIUIOBasi MOIIHOCTH OT Bo3ayxa N, T.e. KOJIMYECTBO TEIJIOTHI,
KOTOpOE€ Nepenaércss BO3AYXOM 3a €IMHHUIY BPEMEHH, MEHSETCS CO BPEMEHEM.
[ToCKOJIBKY KOJIMYECTBO TEIUJIOTHl PABHO MPOU3BEIACHUIO TEIUIOBOM MOIIHOCTH Ha
BpEMsI, Mbl MOKEM MOJYYUTh TAKYIO CUCTEMY:

{Q:1=N1:Q2=N1,
VYuuThiBas nojiydeHHble paHee BeipaxeHus (1) u (2), cuctema npuMeT BUI:
{NT1=cmAtNT,=Am
[TopenuM HUKHEE PaBEHCTBO Ha BEPXHEE, TOTA:
ToT1=ACAt
To=T1ACAt

Mp1 pemvuia 3agady B oomieM Buje. [lepeBeném Bpems 11 B cuctemy CU:

15mMun=15-60c=900c¢
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ITocuuraem oTBeT:
1,=900-330-1034200:4=17679¢=294,6Mun
OTtBeT: 294,6 MuH.

3apaua 35

YcaoBue 3axa4u:

AmoMHHUEBBIN YallHUK Maccoil 0,4 KT, B KOTOPOM HaxoauTcs 2 Kr Bojbl pu 10
°C, nomemaroT Ha razoByto ropeiky ¢ KITJI 40%. KakoBa MOIITHOCTh TOPEJIKH, €CIIH
yepe3 10 MuH Boaa 3akumnena, npudeM 20 T BOAbI BEIKUIIENIO?

lano:

m;=0,4 xr, my=2 xr, 1,=10 °C, n=40%, 1=10 mun, Am=20 r, N—?

Penienue 3agaumn:

KIIJI ropenku n ompeneisitoT Kak OTHOIIEHHE €€ TMojae3Hoi paboThl Ay K
3aTpadyeHHOU paboTe A,.

N=AsA(1)
[Tone3nyto padoty ropenku A, MOKHO HAWTH KaK CICAYIONIYIO CYMMY:
Ar=Q1+Q2+Q3(2)

3nmech Q1 —  KOJIMYECTBO  TEIJIOTHI, HEOOXOAMMOE I  HarpeBaHUs
ATIOMMHUEBOT0 YallHUKa Maccod Mj OT TeMmIieparypsl t 10 TeMmnepaTypbl KUTICHHS
Boabl t, (tk=100 °C); Q2 — KOJMYECTBO TEIUIOTHI, HEOOXOIUMOE JUIsl HarpeBaHUS
BOJIBI MacCOM My OT Temmepatypsl i, 10 Temmneparypsl KumneHus t; Qs — KOIW4IecTBO
TEIUIOThI, HEOOXOAMMOE JIJI MapooOpa30BaHUsI YaCTH BOJBI Maccoil Am.

Ecnu pacnucate Bce MepeUYUCIICHHBbIE KOJIMYECTBA TEIUIOTHI MO (popMyIiam,
torna hopmyna (2) npuMeT TaKo BU:

AH:Clml(tK—tz)+C2m2(tK—t2)+LAm
AH:(clm1+cgm2)(tK—t2)+LAm(3)

VYnenpHas TernoéMkocTh amtoMunus Cl paBHa 880 Jlx/(xr-°C), ynenbHas
TEMII0EMKOCTH BOJIbI Cp paBHa 4200 JIx/(kr-°C), yaenbHas TerioTa napooOpa3oBaHus
BoJbI L paBHa 2,26 MJIx/Kr.

3aTpadueHHYI0 palbOTy Topesku A, BbIpa3uM uepe3 HCKOMYH MOIIHOCTh N u
BpeMs paboThI T:

A3=Nt1(4)

[ToacraBum Beipaxkenusd (3) u (4) B popmyny (1):

1’]=(C1m1+C2m2)(tK—t2)+LAmN’C
N:(C1m1+C2m2)(tK—t2)+LAm1TE

Mps1 monyuwnu penieHue 3aaadd B obmieM Buje. Temeps nepeeném KIIJ n B

JIOJIA €TUHUIIBI, BpeMs T — B CEKYH/IbI, @ Maccy Am — B KHJIOTPaMMBbI:
40%=0,4
10mun=600c¢
20r=0,02kr
[Tocuntaem OTBET:
N=(880-0,4+4200-2)(100-10)+2,26-106-0,020,4-600=3470Bt
Otser: 3470 Br.

3agaua 36
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YciaoBue 3a1aumn:

B natynnsiil kanopumetp Maccsl 0,3 kr, cogepxanmii 1 xr Boasl ipu 18 °C,
OITyCKaeTCsl KyCOK Jibja, B3sAThIN mpu Temrepatype —8 °C. [locne Toro kak Bech €
pacrasii, Temneparypa Bobl crana paBHoi 10 °C. Hailtu maccy omyIieHHOro B BOJLy
JbJa.

lano:

m1=0,3 KT, m,=1 KT, t,=18 OC, ;=8 OC, t=10 OC, ms—?

Pemienue 3agaum:

[Toce omyckaHus JibJja B BOAY B CUCTEME OyJEeT MPOUCXOAUTh TEIIOOOMEH, B
pe3yabTare KOTOpOro JEN pacTaeT, a TeMIeparypa BOJIbI (M KaJlOpUMETpa) CTaHET
paBHOI1 . 3anuieM ypaBHEHHE TEIIOBOTO OalaHca:

Q1+Q2=Q3+Q4+Qs

3nech: Q1 — KOJMYECTBO TEIJIOTHI, OTTAHHOE JIATYHHBIM KaJOPUMETPOM MacCoi
Mi OpU  OXJIAKICHUU OT TeMIiepaTypsl I, 1o temmeparypsl t; Q — KOJIMYECTBO
TEIJIOTHI, OTJAAHHOE  BOJOW My IPU  OXJIAXKICHUU  OT  TeMIepaTypsl tp 10
temriepaTypbl ; Q3 — KOJIMYECTBO TEIJIOTHI, MOJYYEHHOE JIBJOM HCKOMOM
Macchbl M3 MpH HAarpeBaHUM OT TEMIIEPaTyphl {3 10 Temmeparypsl miaienus t, (t,=0
oC); Q4 — KOJIMYECTBO TEILIOTHI, HEOOXOAUMOE JIJIs IUTABIICHUS JIbIa Maccoi M3; Qs —
KOJIMYECTBO TEIUIOTHI, MOJIYYEHHOE BOJOM Maccoi Mz (00pa30BaHHOW MpPHU TASTHUU
Jba) PU HAarPEBaHUH OT TEMIIEPATYPHI IIaBICHUS JIbaa I 10 Temmepartypst t.

Pacrimmem Bce yka3aHHBIE KOJMYECTBA TEIUIOT, TOT/AA TOJYYHM TaKOE
PaBEHCTBO:

Clml(tz—t)+C2m2(t2—t)203m3(tn—t3)+km3+czm3(t3—tn)
(cmy+comy)(t—t)=mga(Cs(t—t3) +A+Co(ts—ty))

B srom paBeHCTBe C1 — yhenbHash TEIUIOEMKOCTh JaTyHu, paBHas 380 JIx/
(xr-°C); C2 — ynenbHas TeIIOEMKOCT BOJIbI, paBHast 4200 [x/(kr-°C); C3 — yaenbHas
TeII0EMKOCTh Jbaa, paBHas 2100 J[x/(kr-°C); A — ynenpHas TEIJIOoTa TUTABJICHHUS
apaa, paHas 330 kJx/kr.

B utore pemienue 3agaun B 00111eM BUJIE BBITISIUT TaK:

m3:(C1m1+C2m2)(tz—t)Cg(tH—tg)+7\,+C2(t3—tn)

[ToxcTaBuB YKMCIICHHBIE 3HAYEHUS W3BECTHBIX BEJTUYHH, TOCYUTACM YHUCICHHBIN
OTBET K 3TOM 3a/1a4e:

m3=(380-0,3+4200-1)(18—10)2100-(0—(—8))+330-103+4200-(10—0)=0,089xr=89

r
Otser: 89 1.

3apaua 37

YcaoBue 3agaum:

B kanopumertp, conepxkammii 1,5 kr Boael npu 20 °C, nonoxunu 1 kr nibaa,
umeromiero tremmeparypy —10 °C. Kakas temnieparypa yCTaHOBUTCS B KallOpUMETpe?

Hano:

m1=1,5 KT, t,=20 OC, my=1 KT, t,=—10 OC, t—?

Pemenue 3agaun:

N3 ycnoBusi 3ajauyu COBEPIICHHO HEMOHSATHO, PACTAET JU JIEN MOJHOCTBIO, a
MOKET OH BOOOIIE Jake HE HAYHET IUIaBUTHCS. 3HAYUT HAM HYKHO IPOBECTU
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OIeHKY. J[71s1 Havama ompenenuM YUCICHHO KOJWYECTBO TEIUIOTHI Q1, BBIAEISEMOE
BOJION Maccoil My Mpu OXJaXIEHUU OT TeMIrepaTypsl {1 10 TeMreparypsl MIaBICHUS
abaa t, (t,=0 °C), no dpopmyse:
Qr=cimy(t1—ty)
VY nenbHas Tero€MKoOCTh BOJIbI C1 paBHa 4200 [Ix/(kr-°C).
Q1=4200-1,5-(20—0)=1260001x=126x 1>k
Jlanee mocYMTaeM YHCICHHO KOJMYECTBO TEIUIOTHI Q2, HEOOXomuMmoe st
HarpeBaHUs JIbJIa MacCOW My OT TeMIIEpaTypsl 2 10 TeMIiepaTyphl TUIaBJICHHS JIbaa iy,
o popMmyiie:
Q2=Coma(t,—t2)
VY nenbHas TEMIOEMKOCTD Jibaa Cy paBHa 2100 [Ix/(xr-°C).
Q2=2100-1-(0— (—10))=21000Tx=21k/Ix
W mamociemok ompeneauM KOJIMYECTBO TEIuloThl Qs, HeoOXxoammoe IS
TMJIABJICHUSI JIbJIAa Maccoil My, MO CleAyIolIei u3BecTHOM hopmyIie:
Qs=Am>
VY nenbHas TemioTa miaBjieHus apaa A paBHa 330 k/[x/kr.
Q3=330-103-1=3300001x=330x 1
Bunano, uto Q1>Q2, 3HauuT BCé-Takm € HauHeT TaiaTh. Ho Tak kak Q1<Q2+Qs,
TO TEIUIOTHI, BBIJEISIEMON TP OXJIAXKJACHUHM BOJbI, HE XBAaTUT Ha IUIABJICHUE BCETO
apaa. llomydaercs, 4To BOJa OCTBIHET [0 TEMIIEpaTyphbl IUIABJICHHS JbAa, U
TEIJIO00MEH MPEKPATUTCS. 3HAYUT B KAJIOPUMETpe ycTaHOBUTCS Temreparypa 0 °C
(wm 273 °K).
OtBet: 273 °K.

3anava 38

YcaoBue 3a1a4u:

B cocya ¢ Bogoit oobemom 0,25 1 npu 20 °C nomectunu 50 r pacriaBI€HHOTO
ceuHia ¢ temmeparypoir 350 °C. Kakas Temmeparypa yCTaHOBUTCS B pe3yJbTaTe
TeriooOMeHa B cocyzae? YienbHble TEIUIOEMKOCTH paciuiaBa U TBEPAOTO CBHHIIA
CUUTATh OJIMHAKOBBIMH.

Hano:

V1=0,25 n, t1=20 °C, mp=50, t,=350 °C, t—?

Pemienue 3agaumn:

[TomHOCTHIO aHANOTHUYHAS 3a/1aya y>ke ObLla MpejcTaBicHa Ha caiiTe, MpaBa B
HeW paciuiaBieHHbId cBUHel uMmen temneparypy 400 °C. Moxere npopemath €€
MOCJIE 3TOM, 1aObl 3aKPENUTh CBOM HABBIKH.

B »T0i1 3amaue HY)KHO 00s3aTeILHO MPOU3BECTH OIECHKY. JaBaliTe nijis Havasia
ONPEIEINM KOJMYECTBO TEIUIOThl Q1, KOTOpoe HEOOXOIMMO JIi HarpeBaHUsl BObI
Maccoit My ot Temmepatypsl t1 10 Temmeparypsl kunenus t; (t;=1000 C). 3To MokHO
C/eNaTh Mo cleayroIieit popmyre:

Qi=cimy(t—ty)

VY nenpHas TernoéMKocTh BojbI C1 paBHa 4200 [x/(xr-°C).

Maccy m; npectaBUM Kak NMPOU3BEICHNE MIOTHOCTU BOAbI p (oHa paBHa 1000
kr/M°) Ha 06beM V1, TOra:

Q1=C1pVi(ti—t1)
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[Tocuntaem umciennoe 3HaueHwe Q1 (0ObeM mpU pacueTe MbI TEPEBETU B
KyOHU4YecKue MeTphl):
Q1=4200-1000-0,25-10—3-(100—20)=84000/1x
Tak kak Temmeparypa pacIIaBJIEHHOTO CBHUHIIA {; OOJBIIIE TEeMIEpaTyphl €ro
iaBiieHus t,; (t,=327 °C), To onpeaeinM KOJUIECTBO TEIIOTHI Q2, BBIACIIIEMOE TIPH
OXJIAKJICHUH pacIulaBa CBUHIIA OT TeMIlepaTypsl { 10 remneparypsl t,.
Q2=Comy(t2—ty)
VY nenpHas TEmno€MKOCTh paciiaBa CBUHIIA (M TBEPAOro CBUHIEA) C paBHa 130
JIx/(xr-°C).
Q2=130-0,05-(350—327)=149,5/1x
KomuuectBo  TeruoTel Qs, BbIAEAsiEMOE TPU  KPUCTAUIM3AIMU  CBHUHIIA
Maccoi M2, onpenenuM 1o Gopmyiie:
Qs=Amy
VY nenpHas TemioTa KpucTauin3anuu (IJIaBJIeHHs) CBUHIIA A paBHA 25 KJ[XK/KT.
Q3=25-103-0,05=12501x
KonuuectBo Terotsl Qa, BhIZEIsIEMOE MPU OXJIXKIEHUUA CBUHIIA MAacCOM My OT
TeMIiepaTyphl t; 10 Temneparypsi t, paBHO:
Qs=Coma(t,—ty)
Q4=130-0,05-(327-100)=1475,51x
Bunno, uto Q1>Q2+Q3+Q4, 3HAUNT TEeMIIEpaTypa TEILIOBOTO paBHOBECHS OyaeT
JIeXaTh B mpejnenax ot {1 1o ty. 3anuiineM ypaBHEHHUE TEIJIOBOTO OanaHca:
Q5=Q2+Q3+Qs
3nech Qs — KOTUYECTBO TEIIOTHI, HEOOXOUMOE JIJIsi HarpEeBaHMS BOJIBI MACCOM
M1 oT TemriiepaTypsl U1 10 Temneparypsl t; Qs — KOTUYECTBO TEIUIOTHI, BBIACISIEMOE
P OXJIAKJEHUU CBUHIIA MacCOM My OT Temmeparypsl t, 10 Temnepatypsl t. Toraa:
Clml(t—tl):szz(tz—tn)'l‘?»mz'l‘szz(tn—t)
Clml(t—tl):szz(tz—t)'l‘?\,mz
PackpoeMm ckoOku:
C1Mit—cimst;=Comoto—Comot+Amo
Bce unensl ¢ MHOXUTeJEM t IepeHeceM B JIEBYIO CTOPOHY, BBIHECEM €ro 3a
CKOOKH, OCTAJIbHBIE TICPEHECEM B MPABYIO.
t(C1m1+C2m2)=C1m1t1+C2m2t2+7\,m2
t=cimt+Comsto+AmoCimy+Com,
Maccy ml npencraBuM Kak MpOW3BEIECHUE TJIOTHOCTH BOJIBI p HA 00beM V1,
KaK 3TO YK€ ObLIO C/IeJIaHO BBIIIE:
t=C1pV1t1+C2m2t2+7\,m2C1pV1+C2m2
[lepeBeném HekoTOpBIE BEIUUHHBI B cucteMy CU:
0,251=0,25-10—3m3
50r=0,05kr
Yucnenno remmneparypa t paBna:
t=4200-1000-0,25-10—3-20+130-0,05-350+25-103-0,054200-1000-0,25-10—3+13
0-0,05=23,2 °C=296,7 °K
OTtBert: 296,7 °K.

CamocmosimenvHas pa60ma no meme
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«H3menenue sHympenmnell dHepeuy meia npu cogepuieHu’ pabomaol »

3agaua 1

YciaoBue 3agaun:

CranpHoil map nmagaet ¢ BoICOTHI 15 M. [Ipu ynape o 3emitto Bcs HaKoOIUIEHHAs
UM DHEprus npeBpamaeTcs: B Tero. Ha ckoybko rpaycoB MOBBICUTCS TEMIIEpaTypa
mapa?

lano:

h=15 m, At—?

Pemenne 3agaumn:

B ycnoBum 3amauv HE TOBOPUTCS O MOTEPSIX SHEPrUU, MOITOMY COIJIACHO
3aKOHy coxpaHeHusi osHepruu (3CD) mnoTeHUUManbHash DJHEPrUs IIapa Ha
BbICOTE h mepeiIET BO BHYTPEHHIOW SHEPTHIO MPH yIape O 3eMIII0. XOTs, €CIIA OBbITh
TOYHEE, MOTCHIHAIbHAS 3HEPrys CHayajga IMOJHOCTHIO MEPEHAET B KMHETUUYECKYIO
DHEPruIo (Tepes] y1apoM O 3eMJII0), a TIOCIEHsS MPU yaape MoAET Ha U3MEHEHUE
BHYTPEHHEU HEPTUU.

mgh=cmAt
gh=cAt
B 510 paBeHCTBE C — yaeiabHas TEIIOEMKOCTh cTaiu, paBHas 460 Jx/(kr-°C).
At=ghc
ITocunTaem ynciIeHHBIN OTBET K 3aJ1aUe€:
At=10-15460=0,33 -C=0,33 °K
OTtBert: 0,33 °K.

3amaua 2

YcaoBue 3agaum:

MHorokpatHoe neperudaHue alFOMUHUEBON MPOBOJIOKK MAcCoil 2 T HarpeBaet
e€¢ Ha 40 °C. Kakas Obuta comepmieHa pabora, eciu Toibko 30% e€ momio Ha
HarpeBaHHUe MPOBOJIOKU?

ano:

m=2 r, At=40 °C, a=30%, A—?

Pemenue 3agaumn:

B ycnoBum ckazaHo, 4TO TOJIBKO 0O TIPOIICHTOB COBEPIIEHHON padOThl A MOIILIO
Ha HarpeBaHHUE MPOBOJIOKHU (T.€. U3MEHEHHE €€ BHYTPEHHEH IHEPTHH MOCPEICTBOM
nepeayu KoJaudecTBa TemioTel Q), M03TOMY CIIpaBeIJIuBO PABEHCTBO:

Q=0A

Otkyna: A=Qa

KomudectBo Termotel Q, HeoOXxomumoe Jii  M3MEHEHHSI TeMIIepaTyphl
ITPOBOJIOKHU U3 aTFOMUHMS Maccoil M Ha BeIM4nHYy At, ompenenstor mo ¢popmyie:

Q=cmAt

3nech C — yaenbHas TeIIoEMKOCTh amoMunus, paBHast 880 [Ix/(kr:°C).

OxonuatenbHas (opMmysa Juisl HAXOXKICHUS OTBETAa K BOIPOCY 3aaadu Oyjaer
BBITJISZIETh TaK:

A=cmAta
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[lepeBeném wmaccy MPOBOJIOKM M B KHJIOTPAMMBI, a BEIMYUHY 00— B JIOJH
CAUHUIL;
2r=0,002kr
30%=0,3
OcTratoch TONBKO IMOCUNTATh YNCIICHHBINH OTBET:
A=880-0,002-400,3=234,7 1«
OTtBer: 234,7 JIk.

3agaua 3

YciaoBue 3agaun:

Ha ckoibko TemmepaTypa BOJABI y OCHOBAaHMS Bojomajga ¢ BbeIicoTOM 20 M
Oonpiie yem y BepmuHbI? CUMTaTh, YTO BCS MEXaHMYECKash HHEPrus HIET Ha
HarpeBaHHUE BOJBI.

Hano:

h=20 M, At—?

Pemenue 3agaun:

PaccMoTpuM NpOM3BOJIBHYIO MAyl0 MacCy BOJBI M, KOTOpas MaaaeT C
BOJIOMA/IA.

HauvanbHasg nmoteHuuanibHas SHEPTUsI 3TOM MACChl BOJBI EPEUJIET MOTHOCTHIO ¥
OCHOBAHUS BOJONA/Ia B KHHETUYECKYIO SJHEPTHUIO, KOTOPasi B CBOIO OYEPEAb MEPEUAET
BO BHYTPEHHIOIO S3HEPTHI0O B pe3ysbTaTe yaapa. BUAaHO, 4TO MPOMEKYTOYHBIN
MEPEXO]] SHEPTUM B KHUHETUYECKYIO HE UMEET 3HAYCHUS, TOITOMY 3aKOH COXPAaHECHUS
sHepruu (3CD) 3anuiiercs B TAKOM BHUJIE:

mgh=cmAt

gh=cAt
3nech C — yaenbHas TeTI0EMKOCTh BOIbI, paBHas 4200 Jx/(kr-°C).
Pemenue »1oit 3agaun B 00I[EM BUJIE BBITIISIIUT TaK:

At=ghc
[IpousBeném pacuér oreera:

At=10-204200=0,05 °C

Otger: 0,05 °C.

3amaua 4

YcaoBue 3axa4u:

[Ipu Tperun aByx Tten, TeroéMmkoctr KoTophix mo 800 Jx/K, temmeparypa
yepe3 1 mun nossicwiiachk Ha 30 °K. HailTu cpeiHI0r0 MOIIHOCTh MPU TPEHUH.

Hano:

C=800 JIxx/K, t=1 mun, AT=30 °K, N-?

Penienue 3agaumn:

Cpeantoro momHocTh N HailiéM Kak oOTHOIIEHHE paldOThl MpU TpeHHH A KO
BPEMECHHU T.

N=At
PabGora A paBHa cyMMapHOMY U3MEHEHHUIO BHYTPEHHEH YHEPTUH JIBYX TEI:
A=2AW
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N3menenne BHyTpeHHel sHepruu AW jerko HaWTH 1o Takol Qopmyne
(oOpatuTe BHUMaHWE, YTO B YCIOBUM JaHa TEIUIOEMKOCTb, a HE YJeibHas
TEMJI0EMKOCTb, MOATOMY (hOpMYyJia BBITIISIUT UMEHHO TaK):

AW=CAT

Ecnu noacraButh a8e nocienHue GopMysibl B IEPBYIO, TO MOTYUHUM:
N=2CATt

[TepeBeném Bpems T B cuctemy CU:
1Mua=60c

[Tocuntaem OTBET:

N=2-800-3060=800B1=0,8xBT

OTtBer: 0,8 kBT.

3agaua 5

YcaoBue 3agaum:

Haiitu BbICOTY, HA KOTOpOM MOTEHIMalIbHAasA 3Heprust rpy3a maccoud 1000 xr
paBHa KOJMYECTBY TEIUIOTHI, BbLAEIsONMIEcs npu 3amep3annn 0,1 Kr Boabl, B3ATON
IIpU TEMIIEpAType TIaBICHUS.

lano:

m;=1000 kr, m,=0,1 xr, h—?

Pemenne 3agaum:

N3 ycnoBus 3a/1auu ICHO, YTO UMEET MECTO CJIEAYIOIIee PaBEHCTRBO:

E.=Q(1)

[ToTenmuanbHyto sHepruto E, rpy3a maccoit M U KOJAMYeCTBO TerioThl Q,
BBIJICTISIFOIIEECS] TIPU 3aMEP3aHUM BOJBI MACCOW My, MOXKHO HAWTU MO CJEAYIOIIUM
dbopmymnam:

{EH:mlghQ:kmz

VYnenpHash TemjioTa KpPUCTAUIM3AIMU BOJBI A (OHA >Ke€ ynaelbHas TeruioTa
r1aBsieHus Jiba) paBHa 330 kJx/kr.

B takom ciydae paBenctBo (1) mpumet BU:

mlgh=Xm2

OTKyaa UCKOMYIO BBICOTY h MOkHO HaiiT 10 hopmye:

h=Xm2m1g

IlocunTaeM OTBeT K 3aj1a4e:

h=330-103-0,11000-10=3,3m

OTtBer: 3,3 M.

3anaua 6

YcaoBue 3a1aum:

Yemy paBHa BBICOTA BOJONAja, €CJIM TEMIIEpaTypa BOAbl y €r0 OCHOBaHUS Ha
0,05 °C Gonpbiie, uem y BepmiuHbl? CunuTaiiTe, YTO BCS MEXaHUYECKasi YIHEPTUS UJIET
Ha HarpeBaHKE BOJIbI.

Hano:

At=0,05 oC, h—?

Pemienue 3agaumn:
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PaccmoTpum oueHb MajeHBKHM 00BeM BoOabl Maccor M. I[loTeHrnumanpHas
DHEPrus STOM Macchl BOJIbI CHayajla TMOJIHOCTHIO TMEPEeHUIET B KUHETHUECKYIO Y
OCHOBaHMsI BOJIOTAJIa, a TOCIEIHSA NpU ylnape MeperaeT BO BHYTPEHHIOW (M3-3a
ATOTO BOJIa U HATPEBAETCH).

YyuThiBasi, 4TO MOTEPh SHEPTUU HET (TaK KaK BCS DHEPIHs UJIET Ha HArpeBaHHE
BOJIbI), 3aIMIIIEM 3aKOH coxpaHenus suepruu (3CD):

En=Q

Pacriumem moTeHImanpHyr0 SHepruto Emu  kommdecTBO  TemtoTh Q 1Mo

W3BECTHBIM (POpPMYyJIaM:
mgh=cmAt

Y nenpHas TemoéMkocTh Bobl C paBHa 4200 Jx/(xr-°C).

Maccy M MOXHO COKPaTUTh B 00€HMX YaCTSIX MOTYYEHHOTO PaBEHCTBA, TIOITOMY:

gh=cAt

Torna BeIcOTY BojOIaAa h MOXKHO HalTH 10 opmyie:

h=cAtg
[IpousBeEM BHIYHMCIICHUSA:
h=4200-0,0510=21m
OtBert: 21 M.

3apaua 7/

YcaoBue 3a1a4u:

C KaxkoM BBICOTHI ymnajl CBHHIIOBBIM IIAp, €CIM IIPU IMAJECHUU W3MEHEHHE €ro
temriepatypbl coctaBuiio 1,5 °C, ymap aOCONIOTHO HEYNmpyruil, a Ha HarpeBaHHe
nonuio 40% HavyanbHOUN 3HEPruu mapa’?

Hano:

At=1,5 oC, 0=40%, h—?

Pemenne 3agaum:

[TycTh Macca CBUHLIOBOTO Iapa paBHa M.

HavanbHast mnoTeHUManbHas »HEPrus CBUHIIOBOIO IIapa TNepel yIapoMm
MOJIHOCTBIO NEPEUIET B KMHETHYECKYIO SHEPIHIo, a MOCIEAHss MpU yAape — BO
BHYTPEHHIOIO SHEPTHIO, MPUYEM TOJIBKO 0 YaCTh MOTEHIMATBHOW SHEPTUU (a 3HAUUT
Y KUHETUYECKOM, COTJIACHO 3aKOHY COXPAaHEHUS SHEPIUsl) MOMAET Ha HAarpEBaHUE.

Q=uE(1)

[pyras yacTb 3HEPTUM, BEPOSATHO, MOUAET HA U3MEHEHUE BHYTPEHHEW SHEPTUU
noJia (TpoIie TOBOPs, HarpeBaHMUE ToJIa TIPH yIape mapa), nHave el 0oJibIle HeKy1a
JEThCSA, TaK KaK yJaap aOCONIOTHO HEYNPYTHH, a 3TO 3HAYMT, YTO IIAp IMOJHOCTHIO
OCTAHOBHTCS.

Ecmn pacnmcateh KomudecTBO TEMIOTHI Q 1 HayalnbHYIO MOTEHIIMATHHYIO
sHepruto E, To paBenctBo (1) mpumer Takoi BUA:

cmAt=amgh

VY nenbHas TeroéMKocTh cBuHIA C paBHA 130 Jx/(kr-°C).

HewusBecTHas Macca mapa M cokpaiaercs B 00eMX 4acTsAX paBeHCTBA!

cAt=ogh
h=cAtag
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[IpousBenéM  BBIMKCICHHE  OTBETAa  (BEJIMUMHY O CIEAYET  TMOJCTABIATH
BBIPOKCHHOMW B JOJISAX CAMHUIIBI):
h=130-1,50,4-10=48,75m
OTtBert: 48,75 m.

3agaua 8

YciaoBue 3a1aun:

Bona nmagaer ¢ BeicoTel 60 M. Ha ckonpko Temreparypa BOAbl BHU3Y Bojomaaa
BbIIlIE, YeM HaBepxy? Cuutarh, 4TO Ha HarpeBaHue Boabl UAET 70% Bceil paboOTHI,
COBEpILIAEMOM TIPU MaJICHUU.

lano:

h=60 m, a=70%, At—?

Pemenue 3agaun:

PaccMoTpuM HEKOTOPHIN 00BEM BOJIBI OUYE€Hb MaJICHBKOW Macchl M.

[Ipn mageHuHn C BBICOTHI CUJIA TSKECTH COBEPINAET HAJ 3TOM Maccol BOIBI
MOJIOKHUTENIbHYIO Pa00Ty, KOTOPYIO MOKHO ONPEIEIUTh M0 (hopmyJie:

A=mgh

B ycioBuu roBopuTcs, 4TO Ha HarpeBaHUE BOJABI UAET JUIIL O YaCTh pabOThI A,
MO3TOMY:

Q=0A
Q=amgh(1)
C napyroii CTOPOHBI, KOJIMYECTBO TEIUIOTHI Q, KOTOpoe HEOOXOAMMO IS
YBEJIMYEHHS TEMIIEPATyphl BOABI MacCOM M Ha BeIMUMHY At, MOKHO HAWTH TaK:
Q=cmAt(2)
VY nenpHas TernoéMKocTh BojibI C paBHa 4200 Jx/(kr-°C).
[Tpupasusiem (1) u (2), Toraa:
amgh=cmAt
agh=cAt

B utore pasnuiyy TemmnepaTypsl BOAbl Y BEpIIMHBI M OCHOBaHUsS Bojomaja At,
MOXHO HalTH 1o Takou popmyie:

At=o0ghc

OTBeT 3a7auM paBeH (BEJIMYMHY O [TOJICTABJISIEM HE B MPOIEHTaX, a B JOJIX
€UHUIIbI):

At=0,7-10-604200=0,1 °C

OTtgert: 0,1 °C.

3amaua 9

YcaoBue 3a1aum:

CHEeXOK, JIeTsIuil co ckopocThio 20 M/c, ynapsiercst B cTeHy. Kakas yacth ero
paciiaBUTCs, €CiM TemIieparypa okpyxaromen cpeasl 0 °C, a BCsS KUHETHYECKas
SHEPIUs MPEBPaIAeTCsS BO BHYTPEHHIOK?

Hano:

v=20 m/c, a—?

Penienue 3agaumn:
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IIycte M — momHas macca CHEXKa, a Am — Macca pAacCIUIABUBIIEWCS YacTH
cHexka. Toraa BeTuuuHy o clieyeT ucKaTh 1o hopmylie:

a=Amm(1)

B ycnoBum cka3zaHo, 4YTO BCSI KHHETHYECKas OHHEPrusl MpEeBpallaeTcs BO
BHYTPEHHIOIO, 3HAUYUT CIIPABEJIMBO PABEHCTBO:

E=Q(2)

KuneTtnueckyro dHEprur0 CHeXka Maccod mpao yrmapaEwu  komudecTBo
Tem1oThl Q, He0OXOUMOE JIJIs IIJIABJICHUS YaCTH CHEXXKa Maccoil Am, MOXXHO HAWTH
o popMyJiam:

Ezml)zz

Q=AAm
Kak u3BecTHO, yienpHas TeIioTa MmiaBiaeHus jabpaa A paBHa 330 kJx/Kr.
Torna paBeHCTBO (2) MpUMET BU/I:

muz=AAm
[Toxenum 06e yacTu paBeHCTBA HA BETUYMHY Am, TOra:
DzzZKAmm
YyuutsiBas popmyny (1):
V22=A0

OTKy/aa 4acTh CHEXKa 0, KOTOpas pacIyIaBUTCA MPH yAape O CTEHKY, MOXKHO
HalTH o popmyie:
OL=1)227\,
[TocunTaem yncieHHBINA OTBET 3aJa4H:
0=2022-330-103=6-10 — 4=0,06%
OTteer: 0,06%.

3anaua 10

YcaoBue 3axa4u:

CranpHoil mIap, mamasi cBOOOJHO, AOCTUT CKOpocTu 41 M/c u, yIapuBIIHCH O
3eMJII0, MOJICKOYMII Ha BhIcOTy 1,6 M. Omnpenenure U3BMEHEHHUE TEMIIEpaTyphl 1Iapa
NpU yAape, CUMTas, 4To MpU yAape MEHSETCS TOJbKO BHYTPEHHSSI SHEPrus Iiapa.
ConpoTuBiIeHHEM BO3/1yXa NPEeHEOPEYb.

ano:

v=41 m/c, h=1,6 m, At=?

Penienue 3agaumn:

HyneBoii ypoBeHb NOTEHIIMAIBHON SHEPTUU BHIOEPEM HAa YPOBHE MOBEPXHOCTH
3eMuIH.

[Ipu ynmape wuacth HaudanbHOM KuHeTHueckou osHepruu Ex0 mepeinér Bo
BHYTPECHHIOIO (M3MEHEHUE BHYTPEHHEHW SHEPIHH PAaBHO KOJUYECTBY TEIIOTH Q), HO
4acTb — OCTaHeTCsl B BHUJE KUHETUYECKOU E,, KoTopas B Xone HalibHEHIIEro
JBWOKEHUST 710 BBICOTHI h mepeiinér B moreHumansHyto E,. 3amuineM 3akoH
coxpanenus sHepruu (3CI) 11 MOMEHTA yAapa v JJid IBU>KEHUS MOCTe yaapa:

{Exo=Q+EE=E,
DTH IBa paBEHCTBA, OUYEBUIHO, MOXKHO 3allMCaTh B BUJIE OJHOTO:
EKO=Q+EH
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PacrimimeM HawanbHyI0 KMHETHUYECKYHO sHepruio Ex0, kommyecTBO Termmotsl Q,
HEOOXOAMMOE Il M3MEHEHUS TEeMIIepaTyphbl CTaJIbHOTO IIapa Ha HEU3BECTHYIO
BEIIMYMHY At, TOTEHIIMAIBHYIO 3HEpruio E; Ha BbicoTe h o u3BecTHBIM (hopMyiam,
TOT]1a TIOJTY4YHM:

mv=cmAt+mgh
VYnensHas TeroéMkocTh cranu € paBHa 460 [Ix/(kr-°C). Cokpatum maccy m B
00€eHrX YacTIX ypaBHEHHUS:
022=CAt+gh
OTkyna BCKOMOE U3MEHEHUE TeMIIepaTyphl At Hailaém mo dhopmyre:
At=v,—2gh2c
[Tpoun3BeAEM BBIYUCIICHUS:
At=412-2-10-1,62-460=1,8 oC=1,8 °K
OTtBer: 1,8 °K.

3anaua 11

YcaoBue 3a1aum:

CuHuoBas mysist Maccoit 10 r, neTdiasi TOpu30HTAIBHO cO cKopocThio 100 M/c,
MoMNajaeT B IEPEBSHHBIN Opycok Maccoi 1 Kr, moaBenIeHHbIN Ha JiIuHHON HUTH. Ha
CKOJIBKO TpaaycoB Harpenach myns, eciii 70% BBIAEICHHOW MPHU YyJIape TEIIOTHI
MOILJIO HA €€ HarpeBaHUe?

lano:

m=10 r, v=100 m/c, M=1 xr, 0=70%, At—?

Penienue 3agaumn:
Mem
m v M U
o— =

X

Tak kak B YCIIOBMM HE€ TOBOPUTCS O TOM, YTO MYJd NPOUAET HACKBO3b 4EpE3
JIEPEBSIHHBIN OpYCOK, 3HAUMT BCE-TaKu MyJis 3acTpsiyia B Opycke. [lomyuaercs, 4to
MMEET MECTO a0COJIFOTHO HEYyNmpyrui yaap (a 3TO 3HAYUT, YTO YaCTh KMHETUYECKOU
OHEPTUU MEPeéT B0 BHYTPeHHIOK). [TycTh U — CKOpoCTh OpycKa mocie momnaaanus
(BMecTe c myiiei). 3anuiieM 3aKoH coxpaHeHusi umnyibca (3CH) B mpoekuuu Ha
OChb X.

mu=(m+M)u
Otkyna:
u=mvm+M(1)
Teneps 3anuiiem 3akoH coxpanenus sHeprun (3CD): muz=(M+M)ux+Q
[ToncraBum Beipaxkenue (1) B monyyeHHOE ypaBHEHUE:
m1)22=(m+M)m21)22(m+M)2+Q
mD22=m21)22(m+M)+Q
BrIpazum kommdecTBO TEIUIOTHI Q, BBIACIMBIIIEECS MPHU yIape:
szl)zz — mzl)zz(m+|\/|)=ml)2(m+|\/|) — m2v22(m+M)
Q=mMuvz(Mm+M)(2)
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OOpatute BHMUMaHHWE, YTO JIMIIb 0L YACTh KOJWYECTBA TEIUIOTH Q momuia Ha
HarpeBaHue Mynu (OcCTallbHas 4YacTh MOIJIA, HAmpUMeEp, NMOWUTHM HAa HarpeBaHHe
Opycka):

Q1=aQ(3)
KonuuectBo Ternotel Q1, HEOOX0MMOE 711 U3MEHEHUS TeMIIEPaTyphl My Ha
BeNMUYUHY At, TaK)Ke OnpenenuM mo Gopmyiie:
Qi=cmAt(4)
Y nenbHas TemmoémkocTs cBuHIa C paBHa 130 J[x/(kr-°C).
VYuuteiBas (3) u (4), umeem:
cmAt=aQ
[ToapcTaBuM B MOJIy4€HHOE PABEHCTBO BBIPAKEHHE (2):
cmAt=amMuv,2(M+M)

cAt=aMuvz(m+M)

At=oMvzc(Mm+M)
[lepeBeném Maccy myjau M B KUJIOTPaMMBI, & BETUYUHY O — B JTOJIU €TUHULIBI:

10r=0,01kr
70%=0,7
[TocurTaem YMCIEHHBIN OTBET 3a/1a4U:
At=0,7-1-10022-130:(0,01+1)=26,7 «C=26,7 °K

OTtBert: 26,7 °K.

3agaya 12

YcaoBue 3axa4u:

CBuHIIOBas MyJis, JIETAMAas co CKopocThio 430 M/c, MpoOUBaeT CTeHy, MpUueM
ckopocTh €€ ymenbiaercsa 10 200 m/c. Kakas dacth mynu mpu 3TOM pacriiaBUTCS?
Hauanpnas temnepatypa mynu 50 °C, Ha HarpeBanue mnynu 3atpauuBaercs 50%
MOTEPSHHON KUHETUYECKOU YHEPTUU.

Hano:

=430 m/c, V=200 m/c, t,=50 °C, a=50%, B—?

Pemenne 3agaum:

[Iycte m — Macca mynu, a Am— Macca 4acTH IIyJd, PACIUIABUBIICHCS MpH
MpoOMBaHWK CTEHBI. TOraa MCKOMYIO BEIUYWHY 3, OY€BUIHO, OyJIeM HaXOIUTh IO
dbopmyre:

B=Amm(1)

BreinenuBineecs TmNpu  TPOXOXKIACHUW TYJIHM CKBO3b CTEHY  KOJHWYECTBO
TermI0Thl Q paBHO M3MEHEHHUIO KHHETHUECKOW SHEPTHH TyJH (110 3aKOHY COXPaHCHHUS
SHEPI'HH ), IOITOMY:

Q=mv202 — mvy2

106


http://easyfizika.ru/wp-content/uploads/2017/06/Shema-k-resheniyu-zadachi-1.jpg

Q=0,5m(v20 — v2)(2)

B ycnoBuu roBoputcs, 4TO Ha HarpeBaHHe MyJW 3aTPayMBAETCS JIUIIb O YACTh
NOTEPSHHONW KMHETHYECKOW SHEPTUH (Apyrasi 4acTh, BEPOSITHO, «KHATPEBAET» CTEHY),
MO3TOMY CHPABEIJINBO:

Q1=aQ(3)

UToOBbl YacTh MyJM paciuiaBWIach, OHAa 0053aTENIbHO JOJHKHA HArpeThes [0
temriepaTypsl miaBieHus (t,=327 °C). KomnuectBo TermnoTsel Q1 HEOOX0UMO UCKATh
o popmyiie:

Qi=cm(t, — t))+AAm(4)

3mech C — ynenpHas TEINIOEMKOCTh cBHWHIA, paBHas 130 JIx/(xr-°C), A —
yleabHas TeIJIoTa IIaBJICHUsI CBUHIIA, paBHas 25 KJIK/KT.

[IpupaBusiem (3) u (4), Toraa NOJy4IuM:

aQ=cm(t, — to)+AAm

Taxoke, yuutbiBas (2), 3T0O ypaBHEHUE PUMET BUI:

0,5am(v2 — v2)=cm(t, — to)+AAm

OO6e yacTu MOIEIMM Ha BETUYUHY M

0,5a(v20 — v2)=C(t; — to)+AAmm
YyuuteiBas popmyany (1), umeem:
0,5a(v20 — v2)=C(t; — to)+AP
B utore, penienue 3agaun B 00111eM BUE CIEAYIOLIEE:
B:0,50L(1)20 — 1)2) — C(tn — to)?x

[TopcTaBuB Bce BEMMUMHBI B MTOCIEIHION (HOPMYITY (BEIMUMHY 0 TIOJICTABIISIEM B

JOJISIX CAMHUIIBI), TTIOCYUTAEM OTBET:
$=0,5-0,5-(4302 — 2002) — 130-(327 — 50)25-103=8,6-10 — 3=0,86%
OTteer: 0,86%.

3anaua 13

YcaoBue 3axa4u:

[Ipu BeICTpENE BEPTHKAIBHO BBEPX CBHMHIIOBAs MyJs yJapuiach O HEyIpyroe
TEJIO0 W pacmiiaBwiack. Ha Kakoil BbICOTE MPOM30LUIO 3TO CTOJKHOBEHHE, €CIU
HayasnbHas ckopocTh mynau 510 m/c, a temneparypa 27 °C. 50% BbaenuBiIencs
TEIJIOTHI MOILJIO Ha HarpeBaHUeE.

Hano:

=510 m/c, =27 °C, a=50%, h—?

Penienue 3agaumn:

£=0

om
BribepeM Hynb MOTEHLMAIBHOW SHEPTUU HA YPOBHE HAYAJIBHOTO TOJIOKEHHS
ITYJIN.
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HavanpHast KuHeTHUecKass 3Heprusi myiu Eyo mepeiinér ma BeicoTe h (TO ecTh
nepea ynapom) B NOTEHIMANbHYIO 3Hepruto E, u kuHetmyeckyro sHepruto E.. B
MOMEHT yJiapa 0 HeyNnpyroe Tejao KuHeTuueckas 3Heprus E, nepeiinér B Temiory Q,
4acTh KOTOPOH YBEJIIMYMBAET BHYTPEHHIOI JHEPTUI0 MydH (M3-3a 3TOTO OHAa H
TIJIABUTCS).

3anuiieM 3aKOH COXpaHEHUs! YHEPTUU ISl IBYX OIHUCAHHBIX CITy4aeB:

{EKO=EH+EKEK=Q
O4eBuHO, YTO JBA ATUX YPABHEHUS MOKHO 3amKcaTh B BUIE OJTHOTO:
Exw=E.+Q(1)

OOpatutre BHUMaHue, 41O Q — 3TO TMOJHOE BBIACIUBINCECS KOJIUYECTBO
ternoTel. Ilo ycmoButo ymmbs 50% (o 9acTh) BBIICTUBINCHCS TEIUIOTHI IONLIO Ha
HarpeBaHUE MyJIu, ITO3TOMY CIIPaBEINBO:

Q:1=0Q(2)

C nmpyroii CTOpOHBI, YTOOBI PACILIABUTH ITYJIIO, €€ HEOOXOAMMO CHauYaja HarpeTh
1o temmneparypsl miasieHus (t,=327 °C). [loatomy KoamdecTBO TEruIoThl Q1 Takxke
MO>KHO BBIPA3UTh CIEAYIOIIUM CIIOCOOOM:

Qi=cm(t, — to)+Am(3)

3nech C — ynenbHas TEIUIOEMKOCTh cBHUHIA, paBHas 130 [Ix/(xr-°C), A —
yJelibHas TEIUIOTa IUIABJICHUs CBUHIIA, paBHAs 25 KJK/KT.

[Tpupasusiem (2) u (3) u Beipazum Q:

aQ=cm(t, — to)+Am
Q=may(c(t; — to)+A)

[TomyumBiieecss BbIpakeHUE i1 KonmdecTBa TeroThl Q momcraBum B (1),
Takke B paBeHCTBE (1) pacnuineM HayaabHYH0 KMHETHYECKYIO SHEPIHI0 MyiH E u
MOTCHITMATBHYIO SHEPTHIO E; 0 M3BECTHBIM (pOopMyIIaM, TOTIa TTOTYIHM:

mU202=mgh+ma(C(tH - to)+7\,)

O06e yacTu COKpaTUM Ha Maccy Iyiad M:

0,5v0=gh+1a(c(t, — to)+A)

OcTajoch TONBKO BBIPa3UuTh BBICOTY N:

h=19(0,5va0—1a(c(t; — to)+1))

[TocunTaem OTBET, MOJACTABUB 3HAYCHUS BCEX BEJIMYMH B MOCIEAHIOW (HOPMYITY
(BeIMYMHBI, TaHHBIE B TIPOLICHTAX, CJIEIYET MOACTABIAThH B JOJSX €IUHUIIBI):

h=110(0,5-5102 — 10,5(130:(327 — 27)+25-103))=205m

Otger: 205 m.

3agaua 14

YcaoBue 3axa4u:

CBuHILIOBas MyJisi MPOOUBAET AOCKY, PHU 3TOM €€ ckopocTs naaaet ¢ 400 mo 200
M/c. Kakast gacth mynu pacrutaButcsi? HarpeBanunem nocku npereOpeds. HauanpHas
temriepatypa mymiu 27 °C.

Hano:

vo=400 m/c, V=200 m/c, to=270 C, a—?

Pemenue 3agaun:
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CorylacHO  3aKOHY  COXpaHEHHS  DHEPruu, KOJIMYECTBO  TEIioTh Q,
BbIJICJIUBIIIEECS TPU MPOOMBAHUU JTOCKU IyJie, paBHO M3MEHEHUIO KMHETHYECKOU
HHEPTUU IyJIU, TOATOMY BEPHO 3alUCaTh:

Q=muv20; — muy
Q=0,5m(vz0 — v2)(1)

[IycTe M — monHas Macca Mmyiau, a Am — Macca paciUIaBUBLIEHCS YacTH ITyJIH.
Benuuuny o Torna ciemyeTr uckarthb rno ¢hopmysie:

a=Amm(2)

YToOBl paciaBUTh YacTh IyJH Maccod Am, HEOOXOAUMO CHayaia BCIO IMYIIO
Maccoil M HarpeTh 10 TeMmrepaTypbl MmiaBiaeHus (1,;=327 oC). YuuTeiBas, d9TO
HarpeBaHUEM JIOCKHM MOKHO TMpeHeOpedb, KOJUYECTBO TEIUIOTHI Q Takke MOMKHO
BBIPA3UTh CJIEAYIOIIUM 00pa3oM:

Q=cm(t; — to)+AAm(3)

VYnensHas TeroéMkocTh cBUHIA C paBHa 130 JIx/(xr-°C), yaenbHas TeruioTa
TIIJIaBJICHUs CBUHIIA A paBHA 25 KJ[X/KT.

[Tpupasusiem (1) u (3), Toraa noxydum:

0,5m(v20 — Dz)ZCm(tH — to)+7\.A1’n
Teneps nogennm o0e 4acTH ypaBHEHHUS Ha Maccy MmyJu M:
0,5(1)20 — Dz)zC(tH — to)+7»Amm

VYuuteiBas, uto a=Amm (cMoTpute Gopmyiny (2)), umeem:

0,5(1)20 — Dz)zC(tH — to)'l'}\.(l
OcTanock TOJIHKO BBIPA3UTh BEIUUUHY 0L

(1:0,5(1)20 - 1)2) - C(tn - to)}u
[Tpon3BeaEM BBIYUCIICHUS:

a=0,5-(4002 — 2002) — 130-(327 — 27)25-103=0,84

OtBer: 0,84.

3agaua 15

YciaoBue 3agaun:

JXKenesuslil MeTeoput BieraeT B arMocdepy 3emiu co ckopocteio 1,5-10% m/c,
umes: temneparypy 300 °K. Ecin 80% KUHETHYECKOM SHEPrUU METEOPUTA IIPHU
JBIDKEHUU B aTMOC(epe MepeXxouT B €ro BHYTPEHHIOK DHEPTHI0, TO Kakas 4acTh
MacChl METEOPUTA PACTUIABUTCS.

Hano:

1v=1,5-103 m/c, T=300 °K, a=80%, p—?

Penienue 3agaumn:
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Ecimn 80% (0 yacTh) KMHETHYECKOW 3HEpruu Ex mereopurta npu JBUKEHUU B
atMocepe TMEepexoIuT B €ro BHYTPEHHIOI »JHEprui0 (B BUAE KOJIWYECTBA
Ter1oTel Q), TO BEpHO 3alucaTh:

Q=0Exk
Kunernueckyro sHepruto Ek jierko onpeaenuTs mo dhopmyie: Exk=mvy;
Torna:
Q=0mvy,(1)

C npyroii CTOPOHBI, KOJIMYECTBO TETUIOTHI Q MOYKHO BBIPA3HUTh TAK:
Q=cm(T, — T)+AAm(2)
3mech C — yhAelbHas TEIIOEMKOCTh xkenme3a, paBHas 460 Jx/(xr-K), T, —
TeMIlepaTypa IUIaBiIeHUs »kene3a, paBHas 1673 °K (wm 1400 °C), A — ynenbHas
TEIUIOTA TJIaBJICHHUS JKene3a, paBHas 270 kJx/kr.
[IpupaBusiem Boipaxkenus (1) u (2):
amuz=cm(T, — T)+AAm
O0e yacTu paBEeHCTBA MOJEIUM Ha Maccy METEOpUTa M, Torjaa:
0,5av2=c(T,; — T)+AAmm
OTtHomeHnre Am (Macchl pacijlaBUBLICICS 4YacTH MeTeopuTa) U M (MOITHON
Macchbl METEOpUTA) €CTh UCKOMasl BEJINYMHA [3, TOTOMY:
0,50v=c(T, — T)+AB
B urore nomyuum:
B=0,50v, — (T, — T)A
[ToncraBum Bce BenuuuHbI B (popmyiy (00 — B JOJISIX €IMHHULBI!) U MMOCUUTAEM
YUCJIEHHBIN OTBET 3a1a4H:
$=0,5-0,8:(1,5-103)2 — 460-(1673 — 300)270-103=0,994
[TosryueHHOE YMCIO OYEHb OJM3KO K €IMHUIE, 3HAUUT METEOPUT MPAKTUUECKU
MOJIHOCTBIO PACIIaBUTCH.

OTtger: 0,994.

3agaya 16

YcaoBue 3a1a4u:

Cann maccel 300 Kr paBHOMEpPHO IBHXKYTCS IO TOPHU3OHTAIBHOW CHEKHOU
noBepxHoctu. Temneparypa cHera paBHa 0 °C, xk03(p(UUHMEHT TpEeHHUs MOJO3bEB
caneil o cHer paBeH 0,033. CkonbKO CHETa pacIUIaBUTCS MOJ MOJO3bsIMU CaHEH Ha
yTH B | KM, €ciii BCE KOTUYECTBO TEMJIOTHI OT TPEHUS UAET Ha IJIaBJICHUE CHEra?

Hano:

M=300 xr, t,=0 oC, p=0,033, S=1 km, m—?

Penienue 3agaumn:
v=Canst

% W IV
M M
£ £
W M

x|
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KomunuectBo TemnoTel Q, HeoOXoauMoe 17 TUIABJICHHUS CHEra HCKOMOI
Macchl M, paBHO MOJYIIO PabOThI CHJIbI TPEHUS CKOIBXKEHUS Aqp, ACHCTBYIONICH Ha
CaHu.

Q=I1AlI(1)

[ToHSATHO, YTO yKa3aHHOE KOJMWYECTBO TEIJIOTH Q MOXKHO ONPEAEIUTh T10
dbopmyre:

Q=Am(2)

3neck A — ynenbpHas TEIJIoTa IuiaBiieHus cHera, paBHas 330 kJx/Kr.

Monynps (TO ecTh aOCOMIOTHYIO BEIMYMHY) PAaOOThI CHIIBI TPEHUS CKOJBKCHHS
Haiém mo popmye: |

|Ampl[=FTpS
Camy cwiy TpeHUs CKOJbXEHUA Haiaém craemyronmuMm obpazom (N=Mg no
nepBoMy 3akoHy HbI0TOHA B MpOeKIuu Ha OCh Y):
Frp=uN=puMg
Torna:
Al I=puMgS(3)

[ToacraBum Beipaxkenus (2) u (3) B paBenctBo (1): Am=pMgS

m=puMgSA

3aiava pelieHa B 001IeM BUJIE, TENEph NOCUNTAEM YUCICHHBIA OTBET:

m=0,033-300-10-103330-103=0,3kr

OTtBer: 0,3 kr.

3agaua 17

YciaoBue 3agaun:
il
2

V1=2 n, V=3 n, p1=400 kIla. Haiitm paboTy raza, CoBepIIeHHYIO B mpoiiecce 1-
2-3 (cxeMa K 3aja4de MpUBEcHA CIIPaBa).
Hano:
V1=2 1, V,=3 n, p1=400 kIla, p,=600 xIla, A—?
Pemienue 3agaun:
Yol

(.

4 Z
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Pabora raza A, coBepuieHHast B mpouecce 1-2-3, paBHa cymme paboT rasa B
nporieccax 1-2 u 2-3.

A=A; - 2+A; — 3(1)

[Tpomiecc 1-2 — wmzobapHBIi, O3TOMY paboTy raza A; — 2B 3TOM Mpoliecce
CIIeTyeT UCKaTh MO Takow ¢opMylie (YUCIEHHO paboTa paBHA TUIOIMIATN (DUTYPHI IO
rpaduKoM TpoIiecca, Ha CXeMe K PEIICHUI0 — 3allITPUXOBAHO):

Al — 2=p1(V2 — V1)

[Ipomecc 2-3 — n30x0OpHBIH, paboTa Taza A; — 3 B 9TOM MPOIIecCe paBHA HYIIIO,
TaK KaK Tra3 He U3MEHSET cBoero obobema (Tuiomans Gurypsl moa rpaduKoM 3TOTO
mpolecca B KoopnHaTax p-V Takke paBHaA HYJIIO).

Az —-3=0
B utore ¢popmyna (1) mpumer Takoi BUI:
A=pi(V2—~V))

IlepeBeném oowemsl raza Vi u V; B cucremy CH: 21=2-10 — 3m°

31=3-10 — 3m3

[TocunTaem OTBET:

A=400-103-(3-10 — 3 — 2-10 — 3)=400/1x

OtBet: 400 T:x.

3agaua 18
YcaoBue 3a1aun:
2l

2 L 7
v A
V1=1,5 1, V,=3,5 i1, p1=4-105 IIa, p,=5-105 [Ta. Haiitn paboTy raza B mporecce
1-2-3 (cxema, nmpuBeAEHHAS K YCIOBUIO 3a]]a4H, IPUBEICHA CITPABa).
Hano:
V1=1,5 1, V,=3,5 1, p1=4-105 I1a, p,=5-105 ITa, A—?
Pemenue 3agaumn:

Pabota raza A B nporecce 1-2-3 paBHa cymMme pabot rasza B mpoiieccax 1-2 u 2-

3, IO3TOMY BEPHO 3alKCaTh:
A=A; —2+A; -3
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[Tpomtecc 1-2 sBasieTcss n300apHBIM, TO €CTh MPOUCXOASIINM O] TIOCTOSTHHBIM
naBineHueM. M3BecTHo, yTo pabotry razaA; — 2B TakoM IIPOILIECCE MOXKHO
OTIPEJIEIIUTh TaK:

Al — 2=p2(V2 — V1)

KcraTtu, padora raza A; — 2 4iCIIEHHO paBHA IUIOMAAN (GUTYpHI MO TpaduKOM
mpoliecca, Ha CXeMe K PeIlIeHUIO OHa MTOKa3aHa 3allTPUXOBAaHHOM.

[Ipouiecc 2-3 mOpoXOauT MpPU HEU3MEHHOM OO0BEME, TO €CThb OH SIBIISAETCS
n30xopHbIM. Paborta raza A; — 3 paBHa HyIIO, MOCKOJBKY ra3 HE MEHSET CBOETO
o0weMa. Takke Ha cXxeMe BHJHO, UYTO W IUIONIaab (purypsl o rpadukom mporecca
2-3 TaKk)Ke paBHA HYIIIO.

Az —-3=0
C y4€TOM BBIIIIECKA3aHHOTO UMEEM:
A=py(V2 — V1)

Ilepeseném oowemsl Vi u V; B cuctemy CH: 1,51=1,5-10 — 3m®

3,51=3,5-10 — 3m3

[IponsBenémM pacyET YMCIEHHOTO OTBETA 3a4a4H:

A=5-105-(3,5-10-3-1,5-10—3)=1000/1x
OtBet: 1000 Tx.

3anaua 19
YcaoBue 3a1aun:
ol
ﬂ / ]
2t /
0 vy o

V1=1 n, V=2 n, p1=0,6-105 Ila, p,=105 I1a. Haiitu paboty rasza B mponecce 1-2
(cxema, mpuBeACHHAS K YCIIOBHUIO 3a/1a4M, TOKa3aHa CIIPaBa).

Hano:

Vi=1 1, V=2 7, p1=0,6105 I1a, p2=105 ITa, A—?

Pemenue 3agaumn:

0

YroOsl HaiiTH paboTy raza A B npouecce 1-2, He00X0AuMO 3HaTh TOT (AKT, 4TO
paboTa raza paBHa 4YHCICHHO Iulomaad ¢Gurypsl moa TpaduKoM Mpolecca,
U300paXeHHOTO B KoopauHaTax p-V (Ha cXeMe K peuleHHIo 3ajadyd —
3aIITPUXOBAHA).
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[Tpuuém ecnu ra3 pacmupsercs, To paboTa UMEET MOJIOKUTEIbHOE 3HAYCHHE
(Kak B HaIlIEM ciIydae), THauY€ — OTPULATENILHOE.

Qdurypa mnox rpauKoM YKa3aHHOIO IIpoliecca SIBISETCS Tpaneuuen, eé
IUIOIIA/Ib HYKHO HAaXOJUTh KaK MPOU3BEACHUE MOTYCyMMbl OCHOBaHHMM Ha BBICOTY,
HO3TOMY:

A=(p1+p2)2-(V2 — V1)
IlepeBeném oObeMsl raza Vi u Vo, npuBeIEHHbIE B IUTpax, B cucremy CU:
11=1-10 — 3m3
2n=2-10 — 3m3

[locunTaem OTBET K 3a1a4e:

A=(0,6-105+105)2-(2-10 — 3 — 1-10 — 3)=80/1x

OtBet: 80 k.

3anaua 20

YcaoBue 3a1aum:

Ykaxure, B KAKOM U3 ClIy4aeB pabOTy BHEUTHUX CHJI TIO U3MEHEHUIO COCTOSIHUS
ujeaNbHOrO0 raza (M3 cOoCTOSHUSL | B COCTOSIHME 2) MOXHO BBIYUCIATH TIO
dopmyne A= — p(V2 — V1), roe p — aaBienue, V — o0beM rasa.

Pemienue 3agaumn:

Bo BpeMs uTeHuUs yCIoBUS 3a1a9d HY>)KHO 00paTUTh BHUMAaHKE HAa TOT (aKT, 4TO
UAET pedb 0 paboTe BHEIIHMX CWJI, a HE 0 pabote raza! Kak u3BecTHO, padora
raza Ar u pabota BHEIIHUX CHJI A CBsI3aHbI COOTHOIIEHUEM: A= —A

Ecnu o ycnoBuio pabora BHEITHUX CHJI onipeesisieTcs mo popmyie A= —p(Va —
V1), TO paboTy ra3a MOKHO HANTH TaK:

A=p(V2— V)

[Tonyuennas gopmyrna copnagaeT ¢ GOpMyJIOH HAXOXJICHHS pabOThI Ta3a MpH
n300apHOM paciupenuu (ecimm Vo>Vi).

OTBer: H300apHOEe pacuIUpeHue ras3a.

Camocmosamenvuas paboma no meme
«Buympennuss snepeust udeanvnozo 2aza. Paboma 2aza npu usmenenuu oovema

3agaua 1

YciaoBue 3agaun:

KakoBa Temmeparypa OJHOAQTOMHOTO HJACAJIILHOTO Ta3a, €CIIM HW3BECTHO, UYTO
BHYTPEHHSIS DHEPTHS 2 MOJIb cocTaBisieT 54,2 k/[x.

Hano:

v=2 moxb, U=54,2 xJIx, T—?

Pemienne 3agaum:

BHyTpeHHIOI0 SHEPTHI0 0JTHOATOMHOTO HJIeadbHOTO Ta3a U MOXKHO ompenenuTsh
o popMmyiie:

U=32vRT(1)

VY dacTumpl OJTHOATOMHOTO Ta3a WUMEETCS 3 CTENMeHH CBOOOJbI, MO3TOMY B
dbopmyne purypupyet nudpa 3. Taxxe B 3Toi popmyse R — yHuBepcanbHas ra3oBasi
noctosinHas, paBHas 8,31 JIx/(moinb-K).
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Bripazum u3 popmynsl (1) uckomyro remmneparypy raza T:
T=2U3vR
[Tocuntaem oTBeET:
T=2-54,2-1033-2-8,31=2174,1 °’K=1901,1 oC
OTtset: 1901,1 °C.

3amaua 2

YcaoBue 3axa4u:

Ha ckonbko yBenTUUYUTCA BHYTPEHHSS SHEprus 1,5 MoJib reust mpyu HarpeBaHUU
Ha 40 °K?

lano:

v=1,5 mons, AT=40 °K, AU-?

Pemenue 3agaun:

lenmuit  (He) sBnseTcs OAHOATOMHBIM Ta30M, W3MEHEHUE BHYTPECHHEU
sHeprun AU nieaibHOro 0JJHOATOMHOTO T'a3a MPH YBEJIMYEHUN TEMIIEpaTypbl MOKHO
OTIPEICNUTH 110 (hopMyJIe:

AU=32vRAT

B »atoit (dopmyne R — yHuBepcanbHas ra3oBas IOCTOSHHas, paBHas 8,31
Jx/(Momnb- °K).

Kak BuaHO, mpuBeAeHHOW (POPMYJIBI HOCTATOYHO, YTOOBI MOJYYHUTh OTBET K
BOIIPOCY 3aJaUHU.

[TocunTaem OTBET:

AU=32-1,5-8,31-40=747,9]1x
OTtBer: 747,9 JIk.

3amaya 3

YcaoBue 3a1a4u:

["a3, 3anumaronuii o0beM 6,6 J1, pacIIMpPSIETCs MPU MOCTOSTHHOM AaBiieHuu 515
klla 1o o6bema 33 5. Kakast paGoTa coBepiiaeTcs razom?

ano:

V1=6,6 n, p=515 «Ila, V,=33 1, A—?

Pemienue 3agaun:

CorynacHO YCIOBHIO, Ta3 pACIIUPSAETCS TPU TIOCTOSHHOM JIABJICHHH P OT
ooveMa Vi 10 oO0bema Vy, TO €CTh HMMEET MECTO H300apHOE€ pacIHIMpEeHHUE Trasa.
PaGoty raza A B TakoM ciiydae MOKHO OTMPEICTUTh TaK:

A=p(V2—Vy)

[TepeBeném obbembl raza Viu Vy B cuctemy CU (U3 nuTpoB B KyOuueckue

METPBHI):
6,61=6,6-10 — 3m°
331=33:10 — 3m°

[IponsBenémM pacu€r YUCIEHHOTO OTBETA:

A=515-103-(33:10 — 3 — 6,6-10 — 3)=13596 /]

OtBet: 13596 [Ix.

3agaua 4
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YcaoBue 3agaun:

[Ipu cxxatuu raza BHEIIHUMU CUJIaMH Obli1a coBepineHa padora 12 x/[x. Kakyro
paboTy Mpu 3TOM COBEPIIUT Ta3?

lano:

A=12 xJIx, A—?

Penienue 3agaumn:

Pabora raza Au pabora BHEMHUX CHJI Ay, CBSI3aHBI OYEHb  IIPOCTHIM
COOTHOIIIEHHUEM:

A= _ABH

To ectp pabota raza A m pabora BHEIIHMX CHJ ABH paBHBI 10 BEJIIMYWHE, HO

MIPOTHUBOIIOJIOKHEI 1O 3HAKY. [loaTOMY:
A= — 12x]Ix
OtBert: —12 x/x.

3agaua 5

YciaoBue 3a1aum:

["a3, 3anuMarommmii 06bem 460 1 pu Temmnepatype 280 °K, narpenu no 295 °K.
Haiitu paboTy, COBEpIIEHHYIO ra30M, €CJIU IaBJICHUE HE MEHSJIOCH U OBLJIO PaBHO
999 «lla.

Hano:

V1=460 1, T;=280 K, T»,=295 °K, p=999 lla, A—?

Pemienue 3agaumn:

JlaBlieHue ra3a He MEHSUIOCh, 3HAYUT ObLT COBEPIIIEH M300apHBIN MPOIIecC
(p=const). ITpruém U3 yca0BHsI MOHATHO, YTO T'a3 HAIPEBAIOT, 3HAYUT €r0 00bEM
YBEIIUYUTCS, IOITOMY, €CJIM ObITh TOYHEE, TPOUCXOIUII0 U300apHOE pacCIIupEHUE.
Paboty raza A B TakoM cilyyae MOXKHO HalTu 1o Gopmyiie:

A=p(V2 — V1)(1)

Koneunsriit 00bem raza V, Hen3BeCTEH, HO €ro MOXKHO BbIPa3UuTh U3 3aKkoHa [ eii-

JIroccaka:
ViT1=V, T,
V2:V1T2T1(2)

[ToxcraBum Beipaxkenue (2) B popmymy (1):

A=p(ViT,T1— V1)
A=pV1(T2T1 — 1)

3agayva pelieHa B oOIIEeM BHUJIE.

Teneps nepeBeném HauaabHbIN 00beM raza Vi B cucremy CU:

4601=0,46Mm°

[TocunuTaem oTBeT:

A=999-103-0,46-(295280 — 1)=24618,21:)x~24,6x ] x

OtBeT: 24,6 k/I:k.

3amaua 6

YciaoBue 3ajaum:

Vraekucneii ra3 maccod 220 r mmeer temmnepatypy 290 °K. Onpenenutb
paboTy ra3a pu n306apHOM PACIIMPEHUH OT obbeMa 2,4 1o 7,2 am3,
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Hano:

m=220 r, T=290 °K, V1=2,4 am3, V,=7,2 nm3, A—?

Penienue 3agaumn:

Paboty raza A mipu n300apHOM pacHIUpPEHUHN ONPEACIISIOT 10 hopMyJie:

A=p(V2 — V1)(1)

Mpbl He 3HaeM JaBJieHHE razap, HO €ro MOXHO BbIPa3UTb, €CIH 3aMKUCATh
ypaBHEHUE Knanelipona-Menieneena LTSI HAYaJIbHOTO COCTOSIHUS
(temneparypa T yka3zaHa MMEHHO /IS 3TOrO COCTOSIHHS, XOTS 3TO M HE COBCEM
MOHSTHO U3 YCJIOBUSA):

pVi=mMRT

3nece M — momnsapHas Macca yriieKucioro rasza, paBaas 44 r/monp wm 0,044
Kr/Moib, R — yHHUBepcanbHast ra3oBasi moctosiHHasi, paBHas 8,31 JIxx/(moinb-K).

W3 ypaBHEHUs BBIpa3UM HEU3BECTHOE JaBIICHUE P U TIOJCTaBUM B popmyiy (1):

p=mRTMV;
A:mRTle(Vz - V1)
3anava pemieHa. [lepeBeném 3HaueHHsI Macchl ra3a U €ro 0OBEMOB B CUCTEMY
CH:
220r=0,22xr
2,41m3=2,4-10—3m°
7,2mm3=7,2-10-3m°

[TpousBeném pacuet oTBeTa:

A=0,22-8,31-2900,044-2,4-10 — 3(7,2-:10 — 3 — 2,4-10 — 3)=24099 /1

OTtBer: 24099 [I:x.

3amaya 7
YcaoBue 3a1a4u:
Onpenenuts paboTy, KOTOPYIO COBEPIIIAET ra3 Mpu M300apHOM HArpeBaHUU Ha
50 °C, eciu on 3aauman 1pu 17 °C u gasnenun 10° ITa 066em 0,75 M3,
Hano:
At=50 oC, t;=17 oC, p=105 ITa, V,=0,75 M, A—?
Pemenue 3agaumn:
PabGoty raza A mpu u300apHOM HarpeBaHuU (pPacUIMPEHUHU) OMPEIEISIOT IO
bopmyie:
A=p(V2 — V1)
Packpoem ckoOkwu, Toraa:
A=pV: - pVi(1)
Teneppr 3anmmem JaBaxapl ypaBHeHue Kiranenpona-MenneneeBa s
Ha4yaJbHOTO U KOHEYHOTO COCTOSIHUS Ta3a:
{pV1=vRT1(2)pV2=vR T,
YuuThiBas 3TH JIBa ypaBHEHUs cCUCTEMBI, popmyina (1) mpumer BUI:
A=vRT, - VvRT;
A=vR(T, — T))
Pa3Hocth  koHeuHO#l To M HavanbHOM [ TeMmmepaTyp €CTh  U3MEHEHHE
temriepatypbl AT, mostomy:

A=vRAT(3)
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OTnM4YHO, 0CTaIOCh TOJIBKO BBIPA3UTh HEM3BECTHOE KOJMYECTBO BEIECTBA V U3

ypaBHEHHS (2) ¥ TOACTaBUTH ero B popmyiy (3):
v=pV1RT1
A=pV1RT1RAT=pV1ATT1

MpI pemminm 3a1a4gy B oomeM Buze. [lepen pacuéTom oTBeTa HY)KHO HAYAJIbHYTO
TeMIiepaTypy rasat; mepeBectu B KenbBHHBI, TO €cTh B eauHUIBI cuctembl CU.
WHTepecHO, HO BETUYMHA W3MEHCHHsI TEeMIepaTyphl At B pa3lIWYHBIX IIKaJlaX
OJIMHAKOBA.

17 oC=290 °K
Yucnenno padora raza A paBHa:
A=105-0,75-50290=12931]1x~13k/]x
OtBeT: 13 kx.

3agaya 8

YciaoBue 3a1aun:

["a3 Obu1 Harper uzobapHo ot 285 mo 360 °K. Kakyro pabory coBepuiwi mpu
3TOM Ta3, eciiu ero HauanpHoe fasienue 0,19 MIla, a HayanbHBIH 00BEM 6 M>?

lano:

T1=285 °K, T,=360 °K, p=0,19 MIla, V;=6 m*, A—?

Pemenue 3agaun:

['a3 wmarpeBasics n300apHO (P=const), a 3HAYUT €ro 0ObEM YBEIUUUBAJICS.
[ToaToMy, eciu OBITH TOYHEE, MPOUCXOAMIIO M300apHOE pacuiupeHue raza. Pabory
raza A B TaKOM clIydac MOKHO HalTH 110 GpopmyJie:

A=p(V2-V1)

PackpoeMm ckoOku B 3T0# hopmyie:

A=pV1—pV2(1)
3anuiiem ypaBHenne Knaneipona-MenpaeneeBa s Ha4allbHOTO M KOHEYHOTO
COCTOSIHUSI Ta3a:
{pV1=VRT1(2)pV2=VRT2
C yuéroM »TuX IBYX ypaBHeHuUM, popmyna (1) npeobpazyercs B TaKOH BU:
A=vRT; — VRT1=VR(T2 - T1)(3)
KomnuecTBo BemiecTBa v BeIpa3uM U3 ypaBHeHUS (2):
VzpleTl

[TomyyenHoe BbIpakeHHE mMoACTaBUM B ¢opmyny (3), Tak MbI TOJY4YUM

OKOHYATETHLHOE PEIICHUE 3a7]a4u B OOITIEM BUJIE:
A=pVRT;R(T>—T))
A:pV1(T2T1—1)
Uucnennoe 3HaueHre paboThl raza A paBHO:
A=0,19-106-6-(360285—1)=300000/1x=0,3M JI>x
OtBet: 0,3 M k.

3amaua 9

YciaoBue 3a1aum:

Ha ckonpko W3MEHWUTCS BHYTPEHHSISI JHEPrUsi BOCBMH MOJICH UICAIBHOTO
OJTHOATOMHOTO Ta3a Mmpu u3o0apHoM HarpeBaHuu ot 350 g0 380 °K?
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Hano:

v=8 moub, T1=350 °K, T,=380 °K, p=const, AU—?

Penienue 3agaumn:

BHyTpeHHSs 3HEprus HACAIBHOTIO ras3a 3aBUCUT TOJIBKO OT TEMIIEPATypBI.
ITomywaercs, ecnmu Bbl 3HaeTe Kak MEHSETCS TeMmIileparypa, To Bam coBeplieHHO
HEBAKHO, KaKOM mpom3BOAMICSA Ipouecc. M3meHeHue BHyTpeHHen sHeprunm AU
UJICAJILHOTO OJHOATOMHOI'O T'a3a MOXHO HaXOAUTH [0 popMyJIe:

AU=32vRAT

Wnu tak, 94T0 OJIHO U TO XKe€:

AU=32vR(T,—T,)

[IpousBeném BoluncieHus (YHHBEpcalibHas rasopas nocrosHHas R paBna 8,31
JIx/(momb-°K)):

AU=32-8-8,31-:(380—350)=2991,6 /1

OtBeT: 2991,6 /I:x.

3anaua 10

YcaoBue 3a1a4u:

Boruncnuts paboTy, KOTOPYIO COBEpIIAIOT 2 MOJIS HICAIbHOIO rasza IpH
n300apHOM HarpeBaHuu Ha 1 °K.

lano:

v=2 monb, AT=1 °K, p=const, A—?

Pemenne 3agaum:

[Tpu nzobapHom HarpeBanuu (P=CONSt) raza ero o0beM yBenuuuBaercsa. Pabory
raza nmpu u300apHOM pacCIIMPEHUH ONPEACNAIOT MO Takou (hopmyre:

A=p(V2—V1)=pV—pV(1)

3anumeM ypaBHeHue Knamneipona-MenpaeneeBa i1 HA4albHOTO M KOHEYHOTO

COCTOSIHUS Ta3a:
{lezvRTlpVZZVRTg
YHuBepcanpHas razoBas rnoctostuias R pasna 8,31 Jx/(mounb-K).
Torna popmyny (1) MokHO mepenucaTh B CICIYIONIEM BU/IE:
A=VRT2—VRT1=VR(T2—T1)
Wnu, uto TO K€ camoe:
A=vRAT
IIponsBenémM pacu€r YUCIEHHOTO OTBETA:
A=2-8,31-1=16,62Tx
OtBeT: 16,62 JIx.

3agaua 11

YciaoBue 3agaun:

Ha ckoJIbKO W3MEHUTCS AABICHUE HUIICAUIHBHOTO OJHOATOMHOIO Ta3a, €CJU €ro
BHYTPEHHIOIO SHEpruio yBenuuuTh Ha 78 J[k? ['a3 HaxoauTcs B OasIOHE €MKOCTBIO
4,3 n.

lano:

AU=78 JIx, V=4,3 1, Ap—?

Pemienue 3agaumn:
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N3menenue BHyTpeHHeH sHeprun raza AU omnpexaensercs mo Gopmyrie:
AU=32vRAT(1)
3anumem ypaBHenue Kiamnelipona-MenpaeneeBa aJjis HA4aJIbHOIO M KOHEYHOTO
COCTOSIHUA Ta3a, IPUHUMAas BO BHUMaHUE TOT (PAKT, 4TO ObLI MPOU3BEAEH U30XOPHBIN
nporiecc (V=const):
{p1V:VRT1p2V:VRT2
OT HIXKHETO YpaBHEHUSI OTHUMEM BEepXHEeE, TOT/1a:
(P2—P1)V=VR(T2 — T1)
ApV=vRAT
Torma popmymna (1) mpumer Takoil BUA:
AU=32ApV
OcTanoch TOJBKO BBIPA3UTh HCKOMOE U3MEHEHUE TaBICHUS Ap:
Ap=2AU3V
3anaua pemiena B oomem Buje. [lepeeném oobem 6amiona B cuctemy CHU:
4,31=0,0043m3
[TocunTaeM YKCIIEHHBIN OTBET:
Ap=2-783-0,0043=12093I1a
Otset: 12093 Ila.

3agava 11

YcaoBue 3a1a4u:

Bo cKoJbKO pa3 M3MEHHUTCS BHYTPEHHSS SHEPIHsl UACAIBHOIO ra3a, €ClH €ro
JaBJieHUE U abCOIOTHAS TeMIlepaTypa yBeaudarcs B 2 pasza?

Hano:

p2:2p1, T2:2T1, U,U,—?

Pemienue 3agaumn:

BHyTpeHHsisl 5HEprusi WACAJIbHOTO ra3a 3aBUCUT TOJBKO OT TEMIIEpaTypbl H
OTIpEJIEIISIET YHUCTIO CTETIEHEW CBOOOBI (711 OTHOATOMHOTO Ta3a, HapuMep, PaBHOE
3), v — KOJIMYECTBO BellecTBa, R — yHuBepcaabHas ra3oBasi OCTOsIHHAs, paBHas 8,31
Jx/(monw-K), T — aGcontoTHast TemriepaTypa rasa.

Takum o6pazom, uckomoe otHowmenue U,U; paBHo:

U2U1=i2VRT2i2VRT1=T2T1

[To ycnoBuio abcoirOTHas Temreparypa yBenuuutcss B 2 pasza (T2=2T)),
MO3TOMY:

U2U1=2T1T1=2

OtBeT: yBeJMUMTCS B 2 pasa.

3anaua 12

YcaoBue 3a1aumn:

BruyTpeHnHnss DHEPTUA OHOATOMHOI'O rasa MAaccou M npu
temneparype T paBHa U. CKOJIBKO MOJIEKYJI COAEPKUT 3Ta Macca raza?

Hano:

m, T, U, N=?

Penienue 3agaumn:
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BHyTpeHHIOI0 3HEpPrui0 HIeanbHOro OAHOATOMHOro rasa U ompeaenstor mo
bopmyie:
U=32vRT(1)
3/1ech vV — KOJIMYECTBO BEIIECTBA, KOTOPOE MOXKHO ONMPENEIUTh KaK OTHOIICHHE
obmero uncia mojiekys N k urcity Aporajpo NA:
v=NNA
Tornma popmyia (1) craHeT Takoi:
U=3N2NART
Bripazum nckomoe uncio mosekyn N:
N=2UNA;3RT
W3BecTHO, 4TO mpoW3BeneHHE TMOCTOSHHOW  bombiivana K Ha  gmcio
ABorazpo NA paBHO yHUBEpCaJIbHOU ra30BOM MOCTOSIHHOU R, mosTtomy:
R=KNA=NAR=1k
B KOHIIE€ KOHIIOB UMEEM:
N=2U3KT
OtBer: N=2U3KT.

3agaya 13

YcaoBue 3a1a4u:

Ha ckonpko rpaaycoB HaJ0 HarpeTh ras, 4ToObl €ro 00ObEM YBEIUYMUIICS BIBOE
1o cpaBHeHUIO ¢ 00bemom mpu 0 °C?

lano:

t1:O OC, V2:2V1, AT-?

Pemienue 3agaun:

ABTOp 3aJ1auu MOAPa3yMEBAET, UTO HAJ[ Fa30M MPOU3BOIAT N300apHBIN MPOIIECC
(p=const). DTo nmajgeko HE OYEBHJIHO, HO HE 3Has JTOrO, PEIIUTh 3a7ady He
MoJay4uTcd. 3anuiieM 3akoH [ 'eit-JIroccaka:

V1T1=V2T2
Torna koHeYHAs Temreparypa raza T2 paBHa:
T2=T1V2V1
[To ycnoButo 06beM raza yeeaumumnBaetcs Basoe (Vo=2V1), mosromy:
To=T1V1Vi=2T,

N3menenue temmepatypsl raza AT paBHO:

AT=T,—T;
AT=T,—T1=2T,—T:=T;

[Tonyuyaercsi, 4TOo HCKOMOE HU3MEHeHHe Temieparypsl AT paBHO HayainbHOI
TeMmrepaTrype rasza, BbIpakeHHON B KenbBHHAxX (M TOJIBKO B HHUX, MOCKOJIBKY
pesynbrar ObUT TONy4eH w3 3akoHa ['eit-Jlroccaka, B KOTOpOM TeMmIiepaTypa
burypupyer B aOCOIIOTHOM LIKAJIE).

[lepeBeném Temriepatypy T1 B aOCONIOTHYIO MIKATy TeMIEpaTyp:

0 oC=273 °K
AT=273 °’K=273 oC

N3meHeHne TemiiepaTypbl OJMHAKOBO, UTO BhIpakeHHasi B KenbBuHaAx, 4TO U B
rpaaycax Llenbcus.

Otser: 273 °C.
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3anaua 14

YcioBue 3aga4n:

OauH MoJib raza, UMeEBIIMKA HavalbHylo Temiepatypy 300 °K, uzobapho
pacumpuiics, copepmiuB padoty 1250 x. Bo ckonbko pa3 mpu 3TOM YBETUUYHICS
o0bem raza?

lano:

v=1 momns, T1=300 °K, p=const, A=1250 [, V,V1—?

Pemenne 3agaumn:

Paboty raza A mpu n306apHOM pacIIMPEHUN MOKHO OTIPEICIUTH 10 (OpMyJIe:

A=p(V2-V1)=pVo—pVi(1)

3anumem ypaBHeHue Knaneilpona-MeHnzaeneeBa sl IBYX COCTOSSHUM rasa —
Ha4yaJbHOTO U KOHEYHOTO:

{pV1:VRT1pV2:VRT2

Torna dopmyny (1) MoxkHO mepenucaTh B BUJIE:

A:VRTZ - VRT1:VR(T2—T1)

[Ipn wu300apHOM pacHIUpeHUH Ta3a €ero TeMmIeparypa yBEIUYHMBACTCS, TO
ectb 12>T1. Ilycts AT — 9T0 BenmurHa U3MEHEHHUs a0COJIIOTHOM TeMIlepaTyphl rasa,
TOT/1a:

A=vRAT
BoIpa3zum 310 n3MeHnenue temiepaTtypbl AT, oHO HaM OHAagOOUTCS ajee:
AT=AVR(2)
3anumeM 3akoH ['eil-Jlroccaka, MOCKOJBKY B 3a7adye UAET peub 00 n300apHOM
nporiecce (p=const):
V1T1=V2T2
Torna uckomoe oTHoleHue 00beMoB V,V1 paBHO:
V2V1:T2T1

OueBunHo, uTo T2=T1+AT, mosToMmy:

VoV i=T1+ATT=1+ATT,

[ToacraBum B mociieHIO0 GOPMYITY paHee MoJyudeHHOe BhIpakeHue (2):

V,V1=1+AvRT,

Cuurtaem OTBET:

V,7V1=1+12501-8,31-300=1,5

OtBer: 1,5.

3agaua 15

YcaoBue 3axa4u:

19 M3 Bozmyxa umeror Temneparypy 50 °C. Kakyro paGoTy COBEPUIUT BO3MyX,
pacmmpsisich n306apuo npu gasiaenuu 200 klla, ecnu ero narpets Ha 17 °C?

Hano:

V=19 m3, ;=50 oC, p=const, p=200 kIla, At=17 °C, A—?

Penienue 3agaumn:

Paboty raza A npu n300apHOM pacIIMPEHUN MOKHO ONPEAEIUTD 10 (HopMyJIe:
A=p(V-V1)(1)
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3anumeM nBa paza ypaBHeHue Knamneiipona-MenpeneeBa — JUisi Ha4albHOTO U
KOHEYHOT'O0 COCTOSIHUS Ta3a:
{pV1=vRT1pVo,=vR(T1+AT)
[Togennm HUKHEE YPAaBHEHUE CUCTEMBI Ha BEPXHEE:
VoV i=T1+ATT,
V,V1=1+ATT,
OTtkyzaa BeIpa3uM KOHEUHbIH 00beM raza V!
V2:V1(1+ATT1)
[ToncTaBum nostydyeHHOE BhIpaxkeHue B popmyny (1), Toraa:
A:p(Vl(l"'ATTl) — Vl):p(V1+V1ATT1 — V1)
B wuTore nony4nm Takoe pelieHue 3a1a4un:
A:pleTTl
[lepeBeném HavanbHy10 Temneparypy t1 u3 rpangycos Llenscus B KenbBuHbI:
50 °C=323 °K
M3MeHeHne TeMIiepaTtypsl B pa3HbIX MIKajdaxX paBHO OJHOM U TOW K€ YHCICHHOM
BEJIMYMHE, II09TOMY €€ IEPEBOJUTH HE HYXKHO.
ITocunTaeM OTBET K 3aJaue:
A=200-103-19-17323=2000001x=0,2M J1x
Oteer: 0,2 M/Ix.

3agaya 16
YcaoBue 3a1a4u:
O6bem 120 r xucmopoaa mpu W300apHOM HArpeBaHWU YBEJIMYUIICSA B JIBA pasa.
Omnpenenute padoTy npu pacmupenuu. Hauanenas temneparypa 292 °K.
Hano:
m=120 r, p=const, V=2V, T1=292 °K, A-?
Pemienue 3agaun:
PaboTty mpu n306apHOM pacuipeHuu raza A onpeaensior o gopmyiie:
A=p(V2 — V1)
[lo ycnoBuio 3amauyu 00BEM KHCJIOPOJA YBEJIMYMIICS B JBa pasza, ToO
ecTb V,=2V1, mo3TOMYy:
A=p(2V1 - V1)=pVi(1)
3anumeM ypaBHenue Kranelipona-MeHaeneeBa i HayajdbHOTO COCTOSHUS
rasa:
pV1=mMRT1
Monspuas wmacca xucinopoaa M (xumudeckas ¢opmymna O,) paBaa 0,032
Kr/MOb (32 1/MOJIB).
C yderom storo ypaBHenus popmyna (1) mpumeT Bu:
A=mMRT;
Mpu1 pemmnu 3amgady B oOmiem Buze. [lepeBeném maccy KHUCIOpoja B CUCTEMY
CH 1 nocunTaem YUCICHHBIN OTBET:
120r=0,12kr
A=0,120,032-8,31-292=9099,45 1«
OTtBer: 909945 JIx.
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3amaua 17

YciaoBue 3agaun:

Ha nuarpamme T (Temmeparypa) — V (00beM) rpaduk mporiecca npeacTaBiisieT
co0oit psimyto, coeaunstonyto Touku (300 °K; 0,1 1), (600 °K; 0,2 1). Onpenenutsb
paboTy 0JTHOTO MOJISl UeaabHOro raza npu pacmupenun ot 0,1 10 0,2 1.

lano:

T,=300 °K, V1=0,1 n, T,=600 °K, V,=0,2 1, v=1 monn, A—?

Pemienue 3agaum:

4
| 5
!
/
300 A |
0 \
/7 ‘
/ | ‘
| |
o ar_az "

Jlerko 3aMeTHTh, YTO OTHOIIIEHUE 00BEMA raza K TeMIiepaType Bcerja ocTaércs

MOCTOSTHHBIM:
ViT1=V,T;
[lepeBeném oObeMmsl raza B cuctemy CU:
1.0,1n=0,1-10—-3m3
0,21=0,2:10-3m°
Torpa:
0,1-10—3300=0,2-10—3600=3,33-10—7

VYka3aHHOEe paBEHCTBO siBisieTcs 3akoHoM I eif-Jlroccaka, 3HauuT mpomecc 1-2
aBisieTcs u3o0apHbIM (p=const). Kcrtatu, 3T0 Takke O3HA4aeT, YTO MPOJOJIKEHUE
rpaduka npoiecca 1-2 monaJeT B HaUaI0 KOOPAUHAT (CMOTPUTE CXEMY K PEILICHHUIO).

PaboTy wupeanbHOrOo raza npu HM300apHOM paclIMpeHUH A HaAXOIAT TaKUM
obOpazom:

A=p(V2 — V1)=pV2 — pV(1)

3anumeM ypaBHeHue Knanelipona-MeHaeneeBa sl COCTOSIHUA ra3a B TOUKax |

u2:
{lezvRTlpVZZVRTg
Torna dopmymna (1) craner Takoii:
A=vRT, — vRT;=vR(T, — Ty)
3agauva peieHa B oOuieM Buje. [Ipousseném pacuét YucaeHHOTo OTBETA:
A=1-8,31-(600 — 300)=2493 1x=2,49x /] x
OtBet: 2,49 x/Ix.

3anaua 18
YcaoBue 3agaun:
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Han wupeansHbIM Ta3oM NPOBOASAT JBa 3aMKHYThIX Tporecca. Kakoe
COOTHOIIIGHHE MeXAy paboTamMu raza B OJTuUX Iporeccax BepHoe? (Cxema,
NpuBeIEHHAS K YCIOBHUIO 3aJ1auH, ITI0OKa3aHa CIIpaBa).

Penienue 3agaumn:

/]

0 V

Haiitu cooTHOIIEHHE MEX Ty pab0oTaMu — 3TO 3HAYUT ONPEICTUTh, Kakas padoTa
OombIle, a Kakas — MEHbIIIE.

UToOBI y3HaTh, B KAKOM W3 IIMKJIOB T'a3 COBEpIIAET OOJBIIYI0 pabOTy, HYKHO
MEPECTPOUTh ITH LHKJIBI B KoopauHatax p-V. s 3Toro Hy>XHO pa3zo0partbes ¢
KQK]IBIM MPOIECCOM.

[Ipouiecc 1-2 — wuzoxopubiii (V=CONSt), MOCKOJIBKY B KoopauHatax p-T oH
MPEACTABIIET COOOW MPSAMYIO, MPOJOKEHHE KOTOPOM MPOXOAUT 4epe3 Hayajo
koopauHar. Ilostomy V1=V,. Ha rpaduke BuaHO, 4yTO P2>P1. AHAJIOTMYHO MPOILECC
4-3 sBnsieTCA U30XOPHBIM, MPU 3TOM Ps>P3 U V4=Vs.

[Tpornecc 3-1 — uzo0apHkbIit (p=const), Tak ke Kak u nporecc 2-4 (a 3TO 3HAYUT,
4yTO P1=P3 U P2=pP4).Tak Kak T3>Tim T4>T)y, TO 10 3aKOHY I'ent-
JIroccakaVs>Vi u Vi>Vo.

W, makoner, mporecc 2-3 — uzorepmudeckuii (T=const), mostomy T,=Ts, TO
ecTh ToukH 2 U 3 Ha rpaduke p-V OyayT JiexkaTb Ha u3oTepme (rurepoore).

PaboTa nukia paBHa YMCJIEHHO TUIOMIAAM TOTO ITUKJIA B KoopAauHaTax p-V (Ha
CXEME K PEIICHUIO 3allITPUXOBAaHbI — Yy KaXKJOro IMKJIa B pa3Hyl0 CTOpoHY). Ecnu
IIUKJI OOXOMUTCSA TIO YacOBOM CTpenke (a y HamuX JABYX ITUKIOB 3TO TaK U
MIPOUCXOJINT), TO paboTa ra3a MoJIOKHUTENIbHA, B IPOTUBHOM CIIy4ae — OTpHUIlaTeIbHA.

[To momydyenHoMy rpaduxy p-V BUAHO, 4TO padoTa 1ukiIa Ajzz MEHbIE, YEM
paboTta nukia Az, TaK Kak IUIOIIA b, OTPAHUYCHHAS MOCAETHUM IUKIIOM, OOJIbIIIE.
[ToaTomy:

Aos3>An23

OTtBet: Axz>Al0s.

3agaua 19
YcaoBue 3agaun:
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Hekoropoe konmmyecTBo raza HarpeBaetcs oT remneparypsl 300 1o 400 °K. [Ipu
TOM 00bEM Ta3a MU3MEHSETCA MPOIMOPLHOHAIBLHO TeMiiepatype. HadanbHbiii 00beM
rasa 3 .

lano:

T:=300 °K, T,=400 °K, VT=const, V1=3 n, p,=100 kIla, A—?

Penienue 3agaumn:

Ecnu 06bem raza MeHsieTcst mponopIHoHabHO TeMIIEpaType, To ecTh V T=CoNnst,
3HAYUT HaJ Ta30M MPOU3BOAAT M300apHbIM mporecc. [Ipu 3ToM nerko mpuiitu K
BBIBOJY, 4YTO JaBJEHUE Ta3a B IIPOLIECCE PABHO HU3BECTHOMY KOHEYHOMY
JABIICHUIO P2.

Eciu B wu300apHOM mpollecce Tra3 HarpeBaeTcs, 3HAYUT €ro o0beM
yBenuuuBaercs. Pabotry raza Ampu u300apHOM paCIIMPEHUH OMPEACISAIOT II0
dbopmyie:

A=pa(V2-V1)=p2Vo—p2Vi(1)
3anumem ypaBHeHue KiraneiipoHa-MennaeneeBa il HAYAJIBHOIO M KOHEYHOTO
COCTOSIHHS ra3a:
{p2V1:VRT1(2)p2V2:VRT2
[TpuHMMas BO BHUMaHUE 3TH JiBa ypaBHeHUsI, popmyina (1) mpumer BUn:
A:VRTZ—VRle\/R(Tz—Tl)
HeunsBecTHOE KOJMYECTBO BEIIECTBA V BBIPAa3UM U3 ypaBHEHHUS (2):
V:pzleTl
B KOHIIE KOHIIOB MTOTYYHM:
A:pzleTlR(Tz — T1)=p2V1T1(T2 — Tl)
A=p2V1(T2T1 — 1)
[lepeBeném HauanbHbIH 066eM raza V! B cuctemy CU:
3n1=3-10 — 3m®

ITocunraem OTBET:

A=100-103-3-10 — 3:(400300 — 1)=100/]x=0,1x/]x

OtBet: 0,1 k/{x.

3agaya 20

YciaoBue 3agaum:

['a3 n300apHO yBenmuumics B oObeme B Tpu pasza npu nasienun 3000 klla.
OnpenenuTh TMEpBOHAYAIBHBIA 00BEM Trasza, €Cld JJIs YBEJIMYCHUS ero oObeMa
noTpeOoBaNIOCh COBEPIIUTH padoty 12,6 kJ[x?

JHano:

p=const, V,=3Vi, p=3000 xIla, A=12,6 x]Ix, V1—?

Pemienue 3agaumn:

Paboty raza npu u3o0apHoM yBelnyeHuru oobema A onpenesnstor no Gopmyse:

A:p(V2 - V1)

B ycnoBum 3amaum ckazaHo, 4TO O0BEM Ta3a yBeNMWYWICS B 3 pasa, TO
ectb V,=3V1, TOorna:

A:p(3V1 - Vl):2pV1

OTKyna MCKOMBIN Ha4aIbHBIN 00BbeM raza V1 paseH:

V1=A2p
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3amaua pemieHa B oomem Bujae. [locunTaem ducieHHBIN OTBET:
V,;=12,6-1032-3000-103=0,0021m3=2100cm>
Otger: 2100 cm3.

3anaua 21

YcaoBue 3axa4u:

B mwimMHApE HaXOMWTCS a3, yAEpKHUBAeMblil B o0beMe | M3 CHJIOH TsKeCTH
HOPIIHS ¥ cUIIoi atMocepHoro nasnenus. [Ipu HarpeBanuu o0beM ra3a Bo3pacTaer
B 2 pa3a, u ra3 cosepumaer padory 110 x/[x. Haiitm Maccy mopuiHs, eciid €ro
momazns 0,005 M2, Parn=100 kI1a.

lano:

V=1 M3, V,=2V;, A=110 kI, S=0,005 m?, parm=100 xI1a, m—?

Pemienne 3agaum:

V4|

Ha mnopmens JeHCTBYIOT TpW CHIIBL: CUJla JIaBlieHHWA Taza pPS, cuna
aTMOC(EPHOTO JABIEHUS PuryS U CHIIA TsDKECTH M (cMoTpute cxemy). Ecnm ras
HArpeBaroT MEJJICHHO, TO MOPIIEHb B KaXIbIi MOMEHT BpEMEHU OyAeT HaXOAUTHCS B
PaBHOBECHUU. 3alUIIEM TEpBbIN 3aKkOH HbIOTOHA B MPOEKIMU Ha OChb Y:

ParnS+MY=PS

OTkyzAa BeIpa3uM JaBJICHHE ra3a B LHJIMHIPE P:

P=ParvtmgS(1)

BunHo, yTo AaBieHHE ra3a MEHSThCA B TEUEHUE MPOLECCAa HArpeBaHUs He
Oyner, 3HAUUT Mbl UMEEM JIeJI0 ¢ Hu300apHbIM mporeccoM (p=const). Ecau ras
HarpeBaThb HM300apHO, TO OH OyjaeT pacmmpATbes. PaboTy raza mpu u3zobapHOM
pacCHIMPEHUH ONPENIENSAIOT 110 U3BECTHOU (hopmyJie:

A=p(V2—V4)

N3BecTHO, uTO 00BbEM ra3a yBelInyuBaeTcs B 2 pasa, To ecTb V=2V, YuuteiBas

paHee nofydeHnyto popmyny (1), umeem:
A=(paTM+mgS)(2V1—V1)
A=(PartMgS)Vy

B 3TOoM paBeHCTBE M3BECTHO BCE, KpOME MCKOMOM MAacChl MOPUIHSA M, MO3TOMY

OCTAJIOCh TOJIKO BBIPA3UTh €€, YEM MbI CEMYac U 3aMMEMCH.
ParntMgS=AV1
mgszAVl - paTM

mzsg(Avl - paTM)

IIponsBeném pacyér YUCIEHHOTO OTBETA 3a4a4u:

m=0,00510-(110-1031-100-103)=5kr
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OTBerT: 5 Kr.

3anaua 22

YciaoBue 3agaun:

["a3000pa3ubIii Bogopoa maccod 1 kr mpu HavaibHOW Temmepatype 300 °K
OXJIQAXKIAIOT M30XOPUYECKM TaK, YTO €ro JaBJICHUE MaJaeT B 3 pasza. 3aTeM ras
pacUIMpSIIOT MPHU MOCTOSIHHOM JaBiieHud. Hailt mpousBeAEHHY0 razoMm paborty,
€CJIM B KOHEUHOM COCTOSIHUM €T0 TeMIIepaTypa 0Ka3ajioCh paBHOM NMepBOHAYAIHHOM.

Jano:

m=1 kr, T1=300 °K, V=const, p,=pi13, p=const, T3s=T1, A—?

Pemenne 3agaumn:

)|
L_Y
= \ /=const
\
\
~
/ |
Pl A
2 %

N300pasum mpom3BenEHHBIE HAJ Ta30M MPOLECCh B KoopauHatax p-V
(cMOTpHUTE CXEMY K PELIEHUIO).

[Tpomecc 1-2 — wm3oxopubii (V=const). Eciu paBieHue raza B H30XOPHOM
npolecce majaaer, To no 3akony llapms Temneparypa rasa ymeHsliaetcs. Pabora
raza Ai2 B 3TOM IIPOLIECCE paBHA HYJIIO, TOCKOJIBKY ra3 HE U3MEHSET CBOEro 00beMa.
[Tnomans Gurypsl moa rpagukomM 3TOTO Mpoiiecca, KOTopas YUCIEHHO paBHA padoTe
rasa, TaK)Ke paBHa HYJIIO.

[Tpouecc 2-3 — nzob6apHsIil (P=const), padoty raza Ayz B 3TOM IPOIIECCE MOKHO
HAaWTU Kak Tuiomaab GUrypel moa TpaduKoM HTOro Tmpoiecca (Ha cXeme —
3aIITPUXOBAHO).

Axz=p2(V2 — V1)
Hckomas cymmapnasi pabota raza A paBHa cymMMme pa0OoT rasa B npoiieccax 1-2 u
2-3:
A=Ap+Ax
Tax kak A12=0, To nmeem:
A=p2(V2-V1)=p2V2—p2Va(l)

B ycnoBum ckazaHo, 9TO KOHEYHas TemIiepaTypa ras3a 3 paBHa HaudaabHOU 1,
TO €CTh 3TH TOYKH JIe)KaT Ha OJHOM H30TepMe (pa3symeeTcs YCIOBHOM). 3amuiiem
3akoH boinsa-Mapuotra 1u1s Touek 1 u 3:

P2V2=p1V1(2)

YuuTeiBas, 4TO JaBJACHHE ras3a P B 3 pa3a MeHbIe aaBieHus Pi1 (P2=Pi3), H

paBeHCTBO (2), hbopmymna (1) mpumer Bu:
A:A23:p1V1—13p1V1:23p1V1

3anuiiem ypaBHenue Knanelipona-MeHeneeBa uisi COCTOSIHUS Ta3a B TOUKE 1:

p1V1=mM RT;
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Monsipras macca Bomopoaa (xummudeckas popmyna Hp) pasna 2 r/mons (B8 CU —
0,002 kr/™MO0JIB).

Torma penienue 3a1a4n MOTYYUTCS TAKUM:

A=23mMRT;

[TomcraBUM 3HaYCHUS BEIUYUH B 3Ty (HOPMYIY U TIOCYUTAEM YHCICHHBIA OTBET

3a/1auHn;
A=23-10,002-8,31-300=8310001x=831x/Ix
OtBeT: 831 k/Ix.

3agaua 23

Onpenenure padoTy, CcoOBeplIacMyld OJHHMM MOJEM Ta3a 3a IHKI,
ecm P2Pp1=2, T1=280 °K, T,=360 °K (cxema K yCIIOBHIO PUBEICHA CIIPaBa).

lano:

v=1 momnb, p2p1=2, T1=280 °K, T,=360 °K, A—?

Pemenue 3agaum:

o—v —w Y

[IpuBenénnpiii B yciaoBuUM Tpaduk I HaxoXIeHus paboThl raza B
nukie A nepectpouM B KoopauHartax p-V. i1 3TOro Hy»HO MPOU3BECTU AHAIIN3
Ka)KJIOTO U3 MPOLIECCOB.

Utak, Hauném. [Iponecc 1-2 — uzoxopusiit (V=CONSt), moCKOJIbKY rpaduk 3TOro
mpouecca B KoopauHatax p-T JEKUT HA NpAMOM, NPOXOMAIIECH Yepe3 Hayajo
KoopauHat. Tak Kak TeMIiepaTypa ra3a B IPOLIECCE YBEJIMYUBAETCA, TO MO 3aKOHY
[Mapns naBneHwe pacTET (XOTSA 3TO HMTAK MOHATHO M3 HCXOIHOrO Trpaduka).
AHQJIOTUYHO, U30XOPHBIM SIBJISIETCSL TIpoliecc 3-4, HO Tak Kak TemIepaTypa rasa B
TOM MPOLECCE YMEHBIIAETCS, TO OyIeT YMEHBIIATHCS U JaBJICHHUE.

[Mporiecc 2-3 — m300apHbIi (p=const). Temmeparypa rasa B mpoiiecce pactér,
nodtoMy 1o 3akoHy ['eii-Jltoccaka Oyner yBenuuuBatbess W o0ObeM. Takxoke
n300apHbIM sBIsieTcs nponecc 4-1. O0beM raza B 3TOM MPOLIECCE YMEHBIIAETCS, TaK
KaK YMEHbIIIAeTCs TeMIEepaTypa.

C yuérom BCero BBIIIECKa3aHHOTO MOJYYUM Cileayrolui rpaduk (CMOTpUTE
CXEMY K PEIICHUIO).
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Pabora ra3a B mukie A paBHa IUIOIIAM 3TOTO IMKJIAa B KoopauHatax p-V. Eciou
IUKJI 00XOAUTCS TI0 YaCOBOM CTpEJIKE, TO paboTa MOJI0XKUTEIbHA (UTO UMEET MECTO B
HaIlleM cilydae), MHaye — oTpuuareiabHa. Toraa:

A=(pz2—p1)(Vs—V1)(1)
3anumem 3akoH ['eii-Jltoccaka aiis uzobapHoro npoiecca 4-1:
V3T=ViTy
V3=V1T2T1(2)

YuauteiBas BeIpakeHue (2) u TO, YTO MO yCIOBUIO P2P1=2, popmyna (1) mpumer
BU/I:

A:(Zpl — pl)(VszTl—V1)=p1V1(T2T1 — 1)

Teneps 3anumeM ypaBHeHnue Kiranelpona-MeHnaeneeBa sl COCTOSIHUS ras3a B
Touke 1:

p1V1:VRT1

Torna:

A:VRTl(Tle—l)
A:VR(TZ—Tl)

[Tocuntaem OTBET:

A=1-8,31-(360—280)=664,8 1x

OTtBer: 664,8 JIk.

3agaua 24

YcaoBue 3a1a4u:

JIBa Temaon30JIUPOBAHHBIX COCYJIa COEAMHEHBI TPYOKOM C 3aKpBITHIM KpaHoM. B
MEPBOM COCyJie HaxoauTcst 2 Mo renus npu temrepatype 200 K, a Bo Bropom — 3
moust renus npu temneparype 300 °K. Kpan otkpsiBator. OnpeaenuTs TeMnepaTypy
B cocyaax.

Hano:

v1=2 moub, 1:;=200 °K, v,=3 momb, T2=300 °K, T—?

Pemienue 3agaun:

[TockosbKy TMOcCiie OTKPBITHSI KpaHa rasy B cocydax He OyAeT mnepeaaHo
KOJIMYECTBO TEIUIOThl, M HaJ HUM He OyJeT coBepiieHa pabdoTa, TO oOias
BHYTPEHHSISI SHEPIrHsi MOJIEKYJ reiusi OyleT OCTaBaThbCsli HEM3MEHHOM COrjacHo
MEPBOMY 3aKOHY TepMOJAUHAMUKH. [ToaTOMY:

U;+U,=U
Pacniuiiem BHyTpeHHHE SHEPTUU 10 U3BECTHHIM (DOpMyIiaM, TOT/Ia MOTYUUM:
32viRT1+32v2RT,=32(v1+v2)RT
ViT1+voTo=(vit+vy) T
OTkyna uckomasi TeMreparypa rejivsi [ mociie OTKpbITUSI KpaHa paBHa:
T=viT1+voTovitv,
[Tpon3BeaEM BBIYUCIICHUS:
T=2-200+3-3002+3=260K= —13 °C
OtBet: —13 °C.
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Camocmosmenvhas paboma no meme
«llepeviii 3axkon mepmoounamuku. Tennosoi osueamenwvy

3apaua 1

YciaoBue 3agaun:

["a3 mpu n3oTepMuueckoM pacumpenny noxyuui 10 x/[x teruorel. Yemy paBHa
COBEpIIIEHHAs ra3oM padora?

lano:

T=const, Q=10 x/Ix, A—?

Pemenue 3agaum:

[lepBpiii 3aKOH TEPMOJMHAMHUKU TJIACUT, UYTO KOJMYECTBO TEIUIOTHI Q,
IepejaHHoe raszy, HIET Ha U3MEHEHHWe ero BHyTpeHHeu osHepruu AUu Ha
COBEpILIEHKE ra30M padoThl A.

Q=AU+A(1)

Hanx razom npousBoadT M30TepMUUYECKUI Tpolecc, To ecTh =const umu AT=0.
Tak Kak BHYTPEHHsISI SHEPTHsl 3aBUCUT TOJBKO OT TEMIIEPATYpPbI, & OHA MEHSTHCS B
paccMaTpuBaeMoM Ipoliecce He OyeT, 3HaUuT:

AU=0

VYuureiBas 3710, 13 popmyisl (1) caenyer, 4To:

A=Q
A=10x/Ix
Oteer: 10 k/Ik.

3amaya 2

YcaoBue 3a1a4u:

Kakoe KOJM4YeCTBO TEIUIOTHI MOJy4YWJI Teauid maccor 1,6 T mpu M30XOpPHOM
HarpeBanuu Ha 120 °K?

Hano:

m=1,6 r, V=const, AT=120 °K, Q—?

Pemienue 3agaun:

CorynacHO TEpBOMY 3aKOHY TEPMOJMHAMUKH KOJHMYECTBO TEIuioThl Q,
NepeJaHHOE Ta3y, PacXoJyeTcs Ha M3MEHEHUE BHYTPEeHHEW 3Heprum raza AU u Ha
COBEpIIIeHHE Ta30M paboThI A.

Q=AU+A(1)

B uzoxopnom nporecce (V=const) paboTa raza paBHa HyJO, TOCKOJIBKY 00BbEM
ra3a He U3MEHSIETCS.

A=0(2)

M3meHeHne BHYTPEHHEH SHepruu ojHoaroMHoro rasza AU (renmil TakoBbIM H
SBJISIETCSI) MOXKHO HaWTH 110 hopmyIie:

AU=32mMRAT(3)
Monspras macca remust (xumudeckas popmyna He) pasna 0,004 xr/Modb.
®opmyna (1) ¢ yu€rom BeipaxkeHu (2) u (3) cTaHET TaKOM:
Q=32mMRAT

[lepeBeném maccy renusi M U3 rpaMMOB B KUJIOTPAMMBbI:

1,6r=0,0016xkr
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ITocuuraem oTBeT:
Q=320,00160,004-8,31-120=598,3 /1
OtBeTt: 598,3 Ix.

3agaua 3

YciaoBue 3a1aumn:

B ammabatuueckom mporecce ra3 cosepiun padoty 50 x/lx. Uemy paBHO
MIPUpAIIEHNE €r0 BHYTPEHHEH SHEPTHH?

Jano:

Q=0, A=50 xJIxx, AU-?

Penienue 3agaumn:

3anuiiemM nepBbiii 3aKOH TEPMOJIUHAMUKU:

Q=AU+A(1)

CorynacHO 9TOMYy 3aKOHY KOJIMYECTBO TeIJIOTHl Q, mepenaHHoe Tasy,
pacxoyeTcsi Ha U3MEHEHUE BHYTpeHHeW sHepruu raza AU v Ha coBepllieHHe ra3oM
paboTtsr A.

AnnabaTuuecKuid poIeccC — 3TO MPOIIECC, COBEPIIAEMBIN 0e3 TermiooOMeHa C
okpy»xaromei cpenoit, To ectb Q=0. Torma u3 paBenctna (1) crenyer:

Q=0=>AU+A=0
AU=-A
AU= —50k/]x
OtBet: —50 k/I:k.

3amava 4

YcaoBue 3agaum:

CKoJIbKO Terja TOJY4Yus Ta3, €CIM HU3BECTHO, YTO JJIi €ro Cartusi Oblia
coBepiieHa padora 8 kJ[k, a mpupaileHrMe BHYTPEHHEH SHEpruu cocTaBuiio 24,5
kJ1x?

ano:

Aa=8 kI, AU=24,5 xJIx, Q—?

Pemenue 3agaumn:

Bocnonb3yemcsi MepBbIM 3aKOHOM TEPMOJAMHAMUKH, COTJACHO KOTOPOMY
KOJIMYECTBO TETUIOTHI Q, COOOIIEHHOE Ta3y, pacXoyeTcsl Ha H3MEHEHUE BHYTPECHHEH
sHepruu raza AU u Ha coBepiieHne razoM padboTsr A.

Q=AU+A(1)

[Ipomry oOpatuth Bamie BHMMaHWe Ha TO, YTO B JIaHHOM CJlydae HE ras
coBepmian paboTy, a HajJ ra3oM coBepmanu pabory. Kcratu, raz He MoOXeT
CKMUMATBhCS caM — ATO emié OJWH JOBOJ B TMOJB3Yy TOTO, YTO pabOTy COBEpIIaId
MMEHHO BHEITHUE CHUJIBI.

Mexay paboToil raza A u paboTol BHEUIHUX CHUJ HaJ ra3oM Ay,; CYIIECTBYET
cJIeIyIouIee IPOCTOE COOTHOIIEHHUE:

A= _AHan

Torna paBeHcTBO (1) mpuUMeET TakoW BU/L:

Q=AU-Ayax
[Tocuntaem OTBET:
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Q=24,5-8=16,5k]Ix
OtBet: 16,5 k/I:x.

3amavya 5
YciaoBue 3agaun:
[Ipu aguabaTHOM paclIMpeHUU BHYTPEHHSSI SHEPIHs ra3a yMeHblnuiaach Ha 120
JIx. Kakyto paboTy coBepiui raz?
lano:
Q=0, AU=-120 JIx, A—?
Pemienue 3agaum:
3anumieM TEepBBIA 3aKOH TEPMOJWHAMUKH, COTIACHO KOTOPOMY KOJHUYECTBO
TeroThl Q, cooOImEeHHoe Tra3y, pacxoayeTcs Ha M3MECHEHHE BHYTPEHHEH SHEpPrUu
raza AU u Ha coBepileHne razoM padoTsl A:
Q=AU+A(1)
AnnabaTHBIA TIPOIECC — 3TO MPOLECC, MPOUCXOIANINN 0e3 TeriooOMeHa C
okpyxartoiei cpenoi, To ectb Q=0. Torga paBeHcTso (1) npumer Bua:
AU+A=0
OTtkyna uckomasi pabota raza A paBHa:
A=—AU
A=— (—120)=120/Tx
OtBet: 120 k.

3axava 6

YcaoBue 3a1a4u:

[Tpu n3oxopHoM HarpeBanuu 10 r HEOHA €ro TeMIepaTypa yBeanumiaach Ha 205
°K. Ckounbko Tera Ob110 epeaaHo razy?

Hano:

V=const, m=10 r, AT=205 °K, Q—?

Pemienue 3agaumn:

3anuiiem nepBbiii 3aKOH TEPMOJIUHAMUKU:

Q=AU+A(1)

N3meHenne BHyTpeHHEH »Heprur HeoHa AU Mpu yBEIWYEHUU TEMIIEPATYPBI
Ha AT, yduTpiBasi TO, 4TO HEOH SIBJISIETCS OAHOATOMHBIM Ta30M (TO €CTh YHUCIO
CTEIeHe cBOOOIbI aTOM HEOHA PaBHO 3), MOXKHO ONPEIECIUTh 10 hopMyIie:

AU=32mMRAT(2)

B srtoit popmyne M — monsipHass macca Heona Ne, paBHas 20 r/moisp (0,02
KI'/MOJIb).

Pabora raza A B U30XOpHOM IIpoIlecCe€ paBHA HYJIO, TaK KaK ra3 HE U3MEHSET
CBOEro o0beMa.

A=0(3)
@opmyna (1) ¢ ya€Tom nostydeHHbIX BbIpakeHuil (2) u (3) npumeT BU/;
Q=32mMRAT
[lepeBeném maccy HeoHa M B cuctemy CHU:
10r=0,01kr
[IpousBeném pacy€T YUCIEHHOTO OTBETA!

133



Q=32-0,010,02-8,31-205=1277,7 1x
OtBert: 1277,7 k.

3agaua 7

YcaoBue 3a1a4u:

Omnpenennutpb, KAaKO€ KOJUYECTBO TEIUIOTHI HA0 cOOOIUTh Heony maccoi 400 r,
yTOOBI H30XOPHO HarpeTh ero Ha 10 K.

lano:

m=400 r, V=const, AT=10 K, Q—?

Penienue 3agaumn:

[lepBblii 3akOH TEpMOAMHAMUKA TOBOPUT, YTO KOJMUYECTBO TEIUIOTH Q,
NepeJaHHoOe razy, UIET Ha U3MEHEHHUE ero BHyTpeHHen 3Heprun AU u coBeplieHue
ra3oM paboThl A MIPOTUB BHEITHUX CHUJL.

Q=AU+A(1)

Heon Ne — onmHoaToMHBINM ra3 ¢ MosisipHOi mMaccoit M, paBnoit 20 r/moinb (uiau
0,02 xr/mounb). [TosToMy n3MeHeHue ero BHyTpeHHel sHepruu AU npu HarpeBaHUU
Ha BesinuuHy AT MOXXHO onpeAeuTh o GpopmyJie:

AU=32mMRAT(2)

B wuzoxopnom mporecce (V=const) paborta ra3a A paBHa HYyJIO, MOCKOJIbKY
00beM ra3a He U3MEHSIETCS.

A=0(3)

VYuuteiBas (2) u (3), bopmyna (1) npumeT BUI;

Q=32mMRAT

[lepen mOACTAaHOBKOW BENWYMH B TOCIEIHIOW (GOPMYITy H JadbHEHIINM
pacdy€ToM OTBETa HEOOXOIMMO TIEPEBECTH Maccy HeoHa M B cuctemy CU:

400r=0,4kxr

ITocunraem OTBET:

Q=32-0,40,02-8,31-10=2493 1k

OTtBer: 2493 JIxk.

3agauya 8

YcaoBue 3axa4u:

Kakoii mporuecc mnpou3omén Hpu CKaTUU HIACAIBHOTO Tras3a, eciu padorta,
COBEpIIacMas BHEUIHUMHM CHJAMU HaJ Ta30M, paBHAa HW3MEHEHUIO BHYTPEHHEH
SHEpruu raza?

Hano:

Aua=AU

Pemienne 3agaum:

JlaBaiiTe 3amuieM TMEpBOE€ HAYyalo TEPMOAMHAMHUKH, COTJIACHO KOTOPOMY
KOJIMYECTBO TEIUIOTHI Q, COOOIIEHHOE ra3y, pacXolyeTcsl Ha U3MEHEHHE BHYTPEHHEN
sHepruu raza AU u Ha coBeplieHne razoM padboTsl A.

Q=AU+A(1)
[IpuBenénnass B ycnoBuM pabOTa BHEIIHMX CHUJ HaJ Ta30M Ay, CBS3aHA C

paboToii raza A o ¢popmyiie:
Ano=— A A=A
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Torna paseHcTso (1) mpumer BU:
Q=AU-Ayax
[To ycnmoBuio 3amaum paboTa BHEIIHUX CUJI paBHA HM3MEHEHUIO BHYTPEHHEU
HHEPrUU raza, To ecThb Ay =AU, mosToMmMy:
Q=AU-AU
Q=0
["a30BBIN TIpoOIECC, TPOUCXOANINNA 0€3 TEII000OMEHa C OKpYKarolehd cpeoi
(Q=0), naspiBaeTCsa aguabaTHBIM.
OTtBeT: aaMa0aTHBIMN.
3agaua 9
YciaoBue 3a1aumn:
[Tpr MOCTOSIHHOM JAaBJICHMU 5 MOJISIM OJHOATOMHOTO raza COOOUIMIN TEIIOTY
10 x/Ix. Onpenenure n3MEHEHUE TEMIIEPATYPHI Ta3a.
Hano:
p=const, v=5 momas, Q=10 x/x, AT—?
Pemenue 3agaun:
3anuuieM nepBblid 3aKOH TEPMOAUHAMHUKHU:
Q=AU+A(1)
W3MeHeHne BHYTPEHHEH HSHEprud OAHOATOMHOro ras3a AU MOXKHO JETKO
OTIPEJICNUTH 10 (hopMyJIe:
AU=32vRAT(2)
Paboty raza A B n300apHOM Mpoliecce OnpeaestoT o Gopmyie:
A=p(V2—V1)=pV—pVi(3)
3anuiiem ypaBHenne Knaneitpona-MenpaeneeBa i Ha4allbHOTO M KOHEYHOTO
COCTOSIHMS Ta3a:
{pV1=VRT1pV2=VRT2
Torna dopmyiy (3) MOXKHO 3amMcaTh B CIEAYIOIIEM BU/IE:
A:VRTZ—VRle\/R(Tz—Tl)
A=vRAT(4)
[ToxcraBum nosrydeHnble Beipakenus (2) u (4) B popmyiy (1), Torga:
Q=32vRAT+vRAT
Q=52vRAT
OTkyzaa Hy»KHOE HaM U3MEHEHHE TeMIiepaTypsbl raza AT paBHO:
AT=2Q5vR
[TocunTaeM 4KMCIEHHBIN OTBET:
AT=2-10-1035-5-8,31=96,3K=96,3 -C
OTtBeT: 96,3 °C.

3anaua 10

YcaoBue 3agaumn:

B 3akpeiToM cocyne oobemoM 2,5 1 HaxoauTcs renuit pu temmeparype 17 °C u
nasieHun 15 klla. I'ennit oxmakgarotr 1o 0 °C. BBEMHCINTE KOJIUYECTBO OTHAHHOIO
ra3oM TeIia.

ano:

V=257, ;=17 oC, p=15 klla, t,=0 oC, Q—?
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Pemienne 3agaum:
[TOCKOJIBKY OXJa)XJAEHUE TeIUsl MPOBOASAT B 3aKPBITOM COCYJIE, 3HAUUT UMEET
MECTO U30XOpHBIH mporiecc (V=const).
3anumeM NnepBblid 3aKOH TEPMOJUHAMUKH
Q=AU+A(1)
N3mMeHeHne BHYTpeHHEW dHeprum renus (reauid —  OJHOATOMHBIM
ra3) AU naiiném Omaronaps Takoit hopmysie:
AU=32vR(T,—T1)(2)
Pa6ora raza A B H30XOpHOM IIpOLIECCE paBHA HYIIIO.
A=0(3)
[Tomyuennsie BeipaxkeHus (2) u (3) moacraBum B popmyny (1), Toraa:
Q=32vR(T>—T1)(4)
YroObl HaWTH HEU3BECTHOE KOJUYECTBO BEILECTBA V, 3alMILIEM YpPaBHEHUE
Kianeitpona-Menzeneesa Jyisi HAYalbHOTO COCTOSIHUA rasa:
pV=vRT;
v=pVRT;
[locnennee mody4yeHHOE BBIpAKEHUE TMOJACTaBUM B dopmyrny (4), Toraa
MOJTYYUM:
Q:3pV2RTlR(Tz—Tl):3pV2T1(T2—T1)
Q=32pV(T,T1-1)
3anaua pemena. IlepeBeném 00beM — B KyOMUECKHE METPBI, a TEMIIEPATYPhl — B
KenbBUHBL
2,51=2,5-10-3m°
17 °C=290 °K
0°C=273 °K
[Ipon3BeaEM BBIYUCIICHUSA:
Q=32:15-103-2,5-10—3:(273290-1)= —3,3/1
MpbI nosyduiv OTpULIATENbHBIA OTBET, MOCKOJBKY Ia3 OT/aBall TeIio. B orBeTe
yKaxeM aOCOJIOTHOE 3HAYEHHUE, MOCKOJIbKY B YCJIOBHHM TPEOOBAIOCH «BBIYMCIHTH
KOJIMYECTBO OTJAAHHOIO ra30M TEIUIay.
OTteer: 3,3 /Ik.

3amaua 11

YcaoBue 3agaumn:

OnuH MOJIb HICAIBHOTO Ta3a, HAXOIAIIETOCs IPU TemiepaTtype [o, HarpeBaroT.
Kakoe KOnM4ecTBO TEIUIOTHI HY)XHO TOJBECTH K Ta3y, 4YTOOBIl HM300apUUYeCKH
YBEJIUYUTH €r0 00beM BTpoe?

Hano:

v=1 moub, Ty, p=const, V1=3V,, Q—?

Penienue 3agaumn:

ABTOp 3a/1auM HE yKa3aj KaKuM SIBJISIETCS Ta3, TOATOMY MBI OyJieM pemniath 3Ty
3a/1a4y U3 NPEANOI0KEeHHUS, YTO OH OJHOATOMHBIM.

3anuiieM MnepBblid 3aKOH TEPMOIUHAMUKH:

Q=AU+A(1)
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W3MeHeHne BHYTpPEHHEH BHEpruM OJHOAaTOMHOro raza AU ompenensroT o

dbopmyiie (y 0IHOATOMHOTO Ta3a — 3 CTEIEeHH CBOOO/IbI):
AU=32vRAT(2)

Ecnu ra3 marpeBath n300apHO, TO €ro 00beM OyIeT YBEIUYUBATHCS (ITO BUIHO
n3 3akoHa [I'eit-Jlroccaka, cmorpute Hmke). Pabory raza Anpu uzob0apHOM
pacUIMPEHUH MOYXKHO HAlTH 10 (hopmyIie:

A=p(V1~Vo)=pV1—pV,(3)
3anumeM ypaBHeHue Knamneipona-MenjeneeBa i HaYaJIbHOTO M KOHEUYHOTO
COCTOSIHHSI paCCMaTPUBAaEMOTO rasa:
{pVo=vRTopV1=vRT1
C momoripio 3TUX ypaBHEHUHN Qopmymy (3) MOKHO mepenucaTh B BUJIE:
A=vRT1—vRTo=vR(T1—Ty)
A=vRAT(4)
[Tony4yennsie Boipakenus (2) u (4) moactaBuM B popmyny (1), Toraa:
Q=32vRAT+VvRAT
Q=52vRAT(5)
N3meHeHne temmepaTypel U oObeMa B H300apHOM IIPOLIECCE OIUCHIBACTCS
3akoHOM [ eit-JIroccaka:

VoTo=V1Ty
Bripazum koHeuHy0 TemriepaTypy raza T1:

T1:T0V1Vo
B ycnoBuu roBoputcs, uto 06beM yBennuuBaetcs BTpoe (V1=3Vy), mostomy:

T1=T03VOV0=3T0
Torna nzmenenue tremneparypsl raza AT paBHoO:
ATZTl—To=3T0_TO
AT=2T0

OT0 BBIpaXKeHUE TOJCTaBUM B ¢opmyny (5), Takum 00pa3oM, MbI MOJYyYUM
pelIeHue 3a7a4u B 00IIEM BHUJIE:

Q=52vR-2T(,=5vRTO

OtBet: 5VRTO.

3agaua 12

YciaoBue 3agaun:

3akphIThii 0aioH eMKOcThiO 50 11 comepxkuT apron noa aasieHueM 200 xlla.
Kakum Oynet naBieHue rasza, eciim emy cooommTh 3 k[ TenioTs?

Hano:

V=50 11, po=200 kIIa, Q=3 kI x, p1—?

Pemienue 3agaum.

3anuiieM nepBbIid 3aK0H TepMOoauHAMUKH. COTIIACHO 3TOMY 3aKOHY KOJIMYECTBO
TerioThl Q, co0OIIeHHOe Tra3y, pacxoayeTcs Ha M3MEHEHHE BHYTPEHHEH SHEpPruu
raza AU u Ha coBepiieHue razom padoTsr A.

Q=AU+A(1)
AproH A; — OJIHOQTOMHBIA Ta3, U3MCHEHHE €T0 BHYTPEHHEH SHEPTHMH MOKHO

JIETKO HAWTHU IO Takou Gopmyie:
AU=32vRAT(2)
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Takske JIErko 10rajaThCs, 4TO HaJ ra30M IMPOU3BOJAT U30XOPHBIN MPOIECC, TaK
Kak OaJIJIOH 3aKphIThIM. PaboTa raza A B H30XOpHOM MPOLIECCE paBHA HYIIIO.
A=0(3)
®dopmyna (1) ¢ yau€rom BeipaskeHuit (2) u (3) npumeT BU/;
Q=32vRAT(4)

Kcratu, u3 stoit opmynbl BHUAHO, YTO MPU COOOLIEHUU Ta3zy B OallJIOHE
KOJIMYECTBA TEIJIOTHI €r0 TeMIieparypa OyJeT yBeInuuBaThcs. A 3HAYUT (IO 3aKOHY
[Tapns) OyAeT yBeIUUMBaThCA U JABJICHUE.

3anumeM ypaBHeHue Knamneipona-MenjeneeBa il HaYaJlbHOTO M KOHEUYHOTO
COCTOSIHUSA ra3a:

{poV=vRTop1V=vRT1

N3 HuKHEro ypaBHEHUSI OTHUMEM BEpXHEE, TOTa:

(P1—Po) V=VR(T1~To)
(P1—Po)V=VRAT
C y4€ToM mocneaHero moJiy4eHHOro BelpaxkeHus Gopmyiy (4) MOXKHO 3arucathb
B BUJIE!
Q=32(p1—po)V
OcTanoce TOJNBKO BBIPa3UTh HCKOMOE KOHEUYHOE JIABJIICHUE Ta3a P1:
P1=po+2QsV

[lepen mojacTaHOBKOW 3HaYeHUW BEIMYMH B (opMmyly TmepeBeaeM o00beM

Oainona B cucremy CU:
50:1=0,05m°

[TocunTaem OTBET:

p1=200-103+2-3-1033-0,05=2400001Ta=240kI1a

Oteert: 240 xIla.

3anaua 13

YcaoBue 3agaum:

[Ipu uzobapHOM pacumpenur raza Ha 0,5 m® emy Obw10 mepegano 0,26 Mk
TEIUTIOTHI. PaccunTarh M3MEHEHNE BHYTPEHHEN DHEPTUU rasa, eciu ero aasieHue 200
klIa.

ano:

p=const, AV=0,5 M3, Q=0,26 M/Ix, p=200 xITa, AU-?

Penienue 3agaumn:

[lepBoe Hauamo TEPMOJWHAMHUKHM TJACHUT, YTO KOJHUYECTBO TEIIOTHI Q,
COOOIIIEHHOE Ta3y, pacxoayeTcs Ha W3MEHEHWe BHYTpeHHeW 3Hepruu raza AU u Ha
COBEpIIICHHE Ta30M pabOThl A MPOTHB BHEITHUX CHJL.

Q=AU+A(1)

PaboTy raza A B n3o0apHOM Mporiecce JIeTko HailTh no popmyre:

A=pAV

[ToxpcraBum 3710 BBIpakenue B popmyiy (1), Toraa:
Q=AU+pAV

Tenepb 0TCIO/1a BBIPa3UM UCKOMOE U3MEHEHNE BHYTpeHHel sHeprun AU:
AU=Q—pAV

ITocunraem OTBeT:
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AU=0,26-106—200-103-0,5=160000/1x=0,16M [Tx
OtBet: 0,16 M k.

3agaua 14

YciaoBue 3a1aumn:

B wm3orepmuueckoM mporecce raz coBepmma padory 2 kJlx. Ha ckombko
YBEIIMYUTCS BHYTPEHHSISI SHEPrusi 3TOTO Ta3a, €CIM €My COOOUIUTh KOJUYECTBO
TEIJIOTBI BTPOE OOJbIllee, YeM B TMEPBOM Cllydae, a TMpoIlecCc MPOBOAHTH
U30XOpUYECKH?

lano:

A1=2 KI[)K, Q2=3Q1, AUZ_?

Penienue 3agaumn:

[lepBbIii 3akOH TEPMOAMHAMUKA TOBOPUT, YTO KOJMUYECTBO TEIUIOTH Q,
COOOIIIEHHOE Ta3y, pacxXoayeTcs Ha W3MEHEHUE BHYTpeHHeW sHepruu raza AU u Ha
CoBepIlieHHEe ra3oM paboTel A. 3amuiieM 3TOT 3aKOH JJIA MPOBOJAMMBIX HaJ ra3zoM
M30TEPMHYECKOTO U U30XOPHOTO MPOIIECCa:

{Q:1=AU1+A1Q:=AU+A;

Tak Kak BHYTpEeHHssi »Heprus ra3a (MACAIBHOIO) 3aBUCUT TOJBKO OT
TeMrepaTypbl, TO B HM30TEPMHUUYECKOM TMPOIECCE U3MEHECHHE BHYTpPEHHEU
sHeprun AU paBHO HyI1O.

AU1=0
PaGoTa raza B uzoxopHom mpoiiecce A2 paBHa HYJIIO, TaK KaK B TAKOM IPOIIECCEe
ra3 He U3MEHSET CBOET0 00bheMa.
A2:O
Torma cucrema npuMeT TaKOW BHU/I:
{Q:=A:1Q:=AU;

[To ycnouu Q2=3Q1, moaTOMYy:

AU2:3A1
AU»=3-2-103=60001x=6x I
OTtBer: 6 K/[:K.

3agaua 15

YcaoBue 3agaun:
2\

0
Kakoli rpaduk cOOTBETCTBYeT mpolieccy, B KOTOPOM TemIepaTypa Tasa
U3MEHSETCS TOJBKO 3a CUET ero padoThI?
Pemienne 3agaum:
TemnepaTypy rasa MOXHO HW3MEHUTh, JIMOO COOOUIMB  KOJUYECTBO
teroTel Q razy, nmubo coBepmuB pabdoty A. Tak Kak B YCJIOBUH CKaszaHo,
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YTO TEMIIepaTypa ra3a U3MEHIETCS TOJBKO 3a CuéT ero padoTsl, 3HaYuT Q=0, TO ecTh
HMEET MECTO aJiabaTHBIN Mpoliece.

['paduk aguabaTHOTO Mpoliecca MPEeACTaBIsAeTCs] COOOM KPHUBYIO B KOOpAMHATAX
p-V, mpudyem »3Ta KpuBas HAET Kpyde H30TEPMBI, TO €CTh 3TOMY IPOIIECCY
COOTBETCTBYET rpaduk 4.

OTtBer: 4.

3anaua 16

YcaoBue 3a1a4n:

KonuuecTBo TemioThl, MepenaBaeMoe rasy, OJMHAKOBO. B kakom razoBoMm
MPOIIECCE HArPEB ra3a MaKCUMAJICH?

Pemenne 3agaum:

Jns pelieHust 3TOM 3aaud HEOOXOJIMMO BOCIIOIB30BAThCS MEPBBIM 3aKOHOM
tepMoauHaMuKUd. COrjlaCHO ATOMY 3aKOHY KOJIMYECTBO TEIUIOTHI Q, mepemaHHoOe
razy, 8T Ha W3MEHEHHE BHYTpeHHeW sHepruum raza AU u Ha coBeplleHHE Ta3oM
paboTsl A. 3anuiiieM 3aK0H B MaTeMaTH4IeCKon popMme:

Q=AU+A(1)

Ecnu narpeB raza O0yeT MakCHUMAaJIbHBIM (TO €CTh U3MEHEHHUE ero abCOIOTHOM
temnepatypbl AT), To OyAeT MakCUMaJIbHBIM W HM3MEHEHHE €ro BHYTPECHHEH
sHepruu AU. Cormacio ¢opmyne (1) MakcuMalbHOE€ HM3MEHEHHE BHYTPECHHEH
SHEPI'uM raza BO3MOXHO JIMIIbL MPHU cliydae, Korjaa padbora raza A paBHa HYJ0. ITO
MMEET MECTO B M30XOPHOM Mpoliecce — paboTa raza B HEM paBHA HYJIIO, TaK KaK ra3
HE MEHSET CBOETo 00bema.

OTBeT: B H30XOPHOM IIpoLecce.

3apaua 17
YcaoBue 3axa4u:
Ckonbko MoJed oaHoaToMHOro rasza Harpenau Ha 10 K, ecnm koimuecTBo
MOABEICHHOM Ter1oThl paBHO 249 JIxk? [Ipouecc HarpeBaHusi N30XOPUIECKU.
Hano:
AT=10 °K, Q=249 Ik, V=const, v—?
Pemienue 3agaun:
UToOBI HAMTH KOJWYECTBO IMOJABEIAEHHOM TEIUIOTHI QQ, 3amuIieM mepBoe Hadyaso
TEPMOIUHAMUKH:
Q=AU+A(1)
W3MeHeHne BHYTPEHHEN SHEPrMU OJHOATOMHOIO HAcaIbHOro raza AU MOXKHO
OTPENICNIUTh MO TaKou dopmyiie:
AU=32vRAT(2)
Pabota raza A B uzoxopuueckom nporecce (V=CONnst) paBHa HyJt0, TOCKOJIbKY
ra3 He U3MEHSIET B TAKOM MPOIECCE CBOETO 00BheMa.
A=0(3)
®opmyna (1) ¢ yau€Tom nosiydeHHbIX BeIpakeHuil (2) u (3) mpumMer BUA:
Q=32vRAT
OTKyJa BbIpa3uM KOJIMYECTBO BEIIECTBA V:
v=2Q3RAT
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3anmava pelieHa, Terepb MOACTaBUM YHCICHHbIE 3HAYCHHs BETUYUH B GOPMYITy

1 IOCUUTAEM OTBET:
v=2-2493-8,31-10=2Mm0:16

OT1BeT: 2 MOJIb.

3anaua 18

YcaoBue 3axa4u:

OauH MOJIb OJHOATOMHOI'O HJI€AaJBbHOIO Ta3a HArpeBaeTcs MPU MOCTOSHHOM
obobeme 1m0 Ttemmeparypbl 280 °K. Kakoe KOIMYECTBO TEIUIOTHI HEOOXOAUMO
COOOIIUTH €My, YTOOBI JJaBJIEHUE YBEJIUUUIIOCH B 3 pa3a?

lano:

v=1 Mo, V=const, T,=280 °K, p,=3p1, Q—?

Pemenne 3agaum:

CoryiacHo TeEpBOMY 3aKOHY TEPMOJMHAMUKH  KOJHMYECTBO  TEIuioThl Q,
MOJBEIEHHOE K Ta3y, pacXoJlyeTcsl Ha U3MEHEHUEe BHyTpeHHel sHepruu raza AU u Ha
COBEpILIEHKE Tra30M padoThl A. 3anuiieM 3aKOH B MaTEMaTUYECKON (opme:

Q: AU+A(1)
BHyTpeHHSIET 3HEprusi MACATBHOIO Ta3a 3aBUCUT HCKIIOYUTEIBHO  OT
TeMIiepaTypsl, €€ nsmeHenne AU BO3MOKHO HailTH no (opmyIe:
AU=32vRAT
Pabota raza A B uzoxopsHom nporiiecce (VV=const) paBHa HyIIO:
A=0
YyuuThiBas Ba MOCIEAHUX MOTYYEHHBIX BhIpakeHus, popmyna (1) mpumet BUI:
Q=32vRAT(2)

Jlst onipesienieHust M3BMEHEHHs a0COTIOTHOM Temnepatypsl raza AT B M30X0pHOM
mpoiiecce HEoOXOIMMO HaWTH HAYalbHYIO TeMIeparypy rasza [i1, nis 4ero
BOCIIOJIb3yeMcs 3aKkoHOM [apas:

P1T1=p2T>
Otkyna:

T1=T,p1p>
[To ycrnoButo 3a1a4un 1aBleHUE YBEIHMUMIIOCH B 3 pasa, TO eCTh P2=3P1, IOITOMY:

T1=T5p13p1=13T>
Haiiném nzmenenue remneparypsol raza AT:
AT:TZ—T1:T2—13T2

AT=23T,

Torna dopmyna (2) ¢ y4€TOM 3TOTO BhIPAKEHUS CTAaHET TAKOM:
Q=32vR-23T;
Q=VRT2
IIponsBeném pacy€r YUCIEHHOTO OTBETA 3a4a4u:
Q=1-8,31-280=2326,8/1x

OTtBeT: 2326,8 /I:k.

3amaua 19
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NneanbHbli OAHOATOMHBIN I'a3 B KOJWYECTBE 5 MOJb CHavaua OXJIAKIAKOT MPH
noctossHHOM o0beme oT Temmneparypel 600 °K mo temmepatypel 400 K, a 3arem
MPOJOJDKAIOT OXJIAKIATh IMPU MOCTOSHHOM JaBjieHuu a0 Temiepatypsl 300 K. Kakoe
KOJIMYECTBO TEIUIOTHI OTBOJAT MPU 3TOM OT rasza’?

lano:

v=5 mozb, 11=600 °K, T,=400 °K, T3=300 °K, Q—?

Penienue 3agaumn:

Ha cxeme mnoka3zaH rpauk @pOUM3BOJUMBIX HAJ Ta30M IPOLECCOB B
KOoopJiMHaTax p-V.

B o6mem ciydyae nepBblif 3aKOH TEPMOJUHAMHMKHU IJIACUT, YTO KOJUYECTBO
TernoTel Q, MoABEAEHHOE K Tra3y, PacXOAyeTcsl Ha U3MEHEHUE BHYTPEHHEH 3HEpruu
raza AU u Ha coBeplIeHHe ra3oM padboTsl A.

Q= AU+A(1)
[Tpouecc 1-2 — m3oxopubIi (V=CONSt), paboTa raza B 3Tom mporecce A paBHa
Hymo. M3menenue BHyTpeHHel sHeprun AU1, 1erko HaTu no ¢popmysie:
AU12=32VR(T2—T1)
Torma konuaecTBo TemoThl Q12 cormacHo hopmyse (1) MOKHO HATH Tak:
Q12=32VR(T2—T1)

[Mporiecc 2-3 — wu3o0apHBIH(P=CONSt). FI3MeHeHne BHYTPEHHEH OSHEPruu
AUs3 HaliIéM aHAJIOTUYHO TI0 opMyIe:

AU23:32VR(T3—T2)

Paboty raza Az B 1300apHOM MpOIECCe OMPEEISIIOT TaK:

Axz=p2(V3—V2)=p2Vs—PpaV2

HNuTepecHo, yTO aOCOMIOTHOE 3HAYEHHE ATOrO BBIPAKEHHUS YHCIEHHO PaBHO
riomaan Gurypsl moj rpadukom 2-3 (Ha cXeme 3aITPUXOBAHO).

3anumiem ypaBHenune Knaneiipona-MeHeneeBa Jjisi COCTOSHUS T'a3a B TOUKAX 2
u 3:

{p2V2:VRT2p2V3=VRT3

Tormga nmeem:

A23:VRT3—VRT2=VR(T3—T2)

KomnuectBo  Temnotel Q3 cornmacHo  gopmyne (1) MOXKHO — ONpeAenuTh
CJIETYIOITUM 00pa3oM:

Q23:32VR(T3—T2)+VR(T3—T2)
Q23:52\/R(T3—T2)
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HMckomMoe KOJIMYECTBO TEIIOThI Q pPaBHO CYMMC KOJIMYCCTB TCIUIOTBI B KaXXI0M
H3 IIPOUCCCOB, TO CCTh:

Q=0Q12+Q23

Q=32VR(T2—T1) +52VR(T3—T2)
Q= 12VR(3T2—3T1+5T3—5T2)
Q=12vR(5Ts~2T—3T1)

Torna:

ITocunTaem OTBET:
Q=12-5-8,31-(5-300—2-400—3-600)= —22853 [Irx~—23kIx
3HaK «MUHYC» O3HA4aeT, 4YTO TEIIoTa OTBOAMJIACH OT raza. B oTBeTe 3amuiiem
a0COJIFOTHOE 3HAUYCHHE, TaK KaK CHpPAIIMBAETCA «KaKOe KOJIUYECTBO TETUIOTHI OTBOJISIT
OT razay.

OtBeT: 23 kXK.

3agaua 20
YciaoBue 3agaun:

4 nV.

OauH MOJIb MAEANBHOTO OJHOATOMHOIO Ta3a HAaxXOJIUTCA IMPU HOPMAIbHBIX
ycioBusiX. Kakoe KOJMYEeCTBO TEMJIOTHl HAAO COOOIIUTH raszy, 4ToObl MPOBECTH
mpoliecc, MoKa3aHHbIi Ha pucynke? N=1,2.

Hano:

v=1 momsb, N=1,2, Q—?

Pemienne 3agaum:

2l
Z
T | 1/
oLl j
0,
Vi nv;
Bocnonbe3yemcs nepBbIM 3aKOHOM TEPMOJIUHAMUKU:
Q=AU+A(1)

W3menenue BHyTpeHHeH sHeprun raza AU onpeaennm 1o u3BecTHon popmyre:
AU=32vR(T,—T1)(2)
UtoOBl ompenenuTh KOHEYHYIO TeMIlepaTypy Trasa |2, 3amuimeM Jjsi raza B
coctostHusAX | u 2 ypaBHenune Knanelipona-MeHieneena:
{poVo:VRT1(3) NPo- NVo=vRT,

HuxHee ypaBHEHHE CUCTEMBI IOACIUM HA BEPXHEE, TOTAA!

T2T1=n;

To=n, T,
Torma popmyna (2) ctaHeT Takow:
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AU:32VR(n2T1_T1):32VRT1(n2_1)(4)

Pabora raza A paBHa miomaau Gurypsl moa rpagukoM mpoiiecca (Ha cxeme K
pEelIeHUI0 — 3alTPUXOBaHO). DTa (Qurypa sBJIsSETCs Tpamnelnuei, e€ miomanb (a,
clieI0BaTeIbHO, M paboTy) HaaAEM 1o Gpopmyiie:

A=12(po+npo)(NVo—Vo)
A=12poVo(n+1)(n—1)
A=12poVo(n—1)
A yuutbiBas ypaBHeHue (3), umeeMm:
A=12vRTi(n—1)(5)
B dbopmyny (1) moacraBum nomydennsie Beipaxkenus (4) u (5):
Q=32vRT1(n,—1)+12vRT1(n,—1)
QZZVRTl(nz—l)

HopmasibHBIM yclioBUSAM COOTBETCTBYET Temmeparypa T1, pasHas 273 °K (0
°C). Ilocuntaem OTBET:

Q=2-1-8,31-273:(1,22-1)=1996,1 1K

OtBet: 1996,1 /I:x.

3agaua 21

YcaoBue 3agaun:

[Ipu pactumpennu oxHoaTtoMHoro rasa or 0,2 mo 0,5 M3 ero maBineHue poCIo
muHeiHo ¢ oobemMoM or 400 mo 800 kIla coorBercTBeHHO. Kakoe kommuecTBO
TEIUIOTHI OBLJIO MOJIBEICHO K Tra3zy?

Hano:

V1=0,2 M3, V»,=0,5 M3, p1=400 kIla, p,=800 xIla, Q—?

Pemienne 3agaun:

['paduk nporiecca, MPOUCXOSAIICTO C Ta30M, H300paKEeH Ha CXeMe.

3anuiieM nepBoe Hayajao0 TEPMOJUHAMUKU
Q=AU+A(1)
N3meneHue BHYTPEHHEU DHEPIruun OJHOATOMHOI'O UJI€aIbHOTO
raza AUonpeaensitoT Tak:
AU:32VR(T2—T1):32(VRTZ—VRTl)
3anuiieM ABaxabl ypaBHeHUe Knamneiipona-MenzaeneeBa AJjisi COCTOSIHHS Ta3a B
Toukax 1 u 2:
{p1V1:VRT1p2V2=VRT2
Torna w3MeHnenue BHyTpeHHEH sHepruu AU MOXKHO OyJeT ONpeAeiuTh II0
dbopmye:
AU=32(p2V2—p1V1)(2)
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Pabory raza AB mpouecce 1-2 MOXHO HalWTH Kak IUIOMAAb (UTYpPHI MO
rpadpkoM 3TOro mpolecca (Ha cxeme — 3amTpuxoBaHo). Kcratu, 3ta pabota
MOJIOKUTENIbHA, TaK Kak o00beM Trasza ypenuuuBaercs. durypa mnoa rpadukom
MpeCTaBIIsAeT CO00M Tpaneluto, e€ miIomaab HaléM Kak MoJyIPOU3BEICHHE CYMMBI
OCHOBAHUI Ha BBICOTY.

A=12(p1+p2)(V2—V1)(3)

[ToncraBum Beipakenus (2) u (3) B dopmyiy (1), Tak MBI MOJYy4YUM peIICHUE
3aJ1a4d B OOIIEM BUJIC:

Q=32(p2V2—p:1V1)+12(patp2)(V2— Vi)

ITocunTaem 4MCIEHHBIN OTBET 3a4a9U:

Q=32(800-103-0,5-400-103-0,2)+12(400-103+800-103)(0,5—-0,2)=660000/1x=0
,66M JIx

OtBet: 0,66 M k.

3anava 22

YcaoBue 3a1aum:

Heurarens Juzens, KI1/] kotoporo paBeH 35%, 3a HEKOTOpOE BpeMsi BLIOPOCHIT
B atMocdepy 420 JIx Temnorel. Onpenenure padoTy, COBEPIIEHHYIO ABUTATENIEM 3a
ATO BpEMSI.

lano:

N=35%, Qx=420 [Ix, A—?

Pemienue 3agaumn:

KIIJI TermoBoro nBuratessi OnpeaessitoT o Takou Gopmyie:

nN=AQu

N3BecTHO, 4TO KOJIMYECTBO TerI0ThI Qy, NOABEIEHHOE
HarpeBaTesieM, KOJTUYECTBO TETUIOThl Qx, OTBEAEHHOE XOJOIWIBHUKOM, M padoTa
nBurareis A cBs3aHbl GOPMYIION:

Qu=Qx*+A

N=AQx+A
[lepeMHOXUM «KPECT-HAKPECT», BCE WICHbl C MHOXUTeJeM A mepeHecéM B
JIEBYIO CTOPOHY, a OCTaJbHbIE — B IPABYIO:
A=nQxtnA
A—A=NQx
A(1m)=nQ«
Otkyna uckomasi pabota aBuraresns A paBHa:
A=1Qx1
[Tocuutaem oteet (KII/ 1 moacTaBisieM B AOJIAX €UHULIbI):
A=0,35-4201-0,35=226]1x~0,23k /]x

Tornma umeewm:

OtgBet: 0,23 x/I:x.

3agaua 23

YcaoBue 3a1aum:

Koaddunment noneznoro aeiictBus tersoBoid MamuHbl 20%. Kakyio paboty
COBEpIIIaeT MaIINHA, €CJIK HarpeBaTenb coobmaet e 102 k/[x rerna?
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Hano:

n=20%, Q,=102 Ix, A—?

Penienue 3agaumn:

KoaddunmeHt mose3Horo AeWCTBUS TEIIOBOM MAIlIMHBI MOYKHO ONPEICIIUTh
KaK OTHOIIIEHHE PaboThl A K KOJTMYECTBY TEIUIOTH Qy, TOABEIEHHOE HArPeBaTEIIEM:

N=AQx

A=nQu
3agaua pemena. [Tepeseném KIIJI u3 nponieHTOB B 107U €JUHULIBIL:
20%=0,2
[IpousBeném pacy€T YUCICHHOTO OTBETA!
A=0,2-102-103=204001x=20,4x ]x

OTtkyna pabota mMamvHbl A paBHa:

OtBet: 20,4 x/I:x.

3anaua 24

YcaoBue 3a1aum:

Onpenenuts K03POUIIMEHT MOJE3HOTO JAEHCTBUSI TEIJIOBOTO JBUTATENS, €CIIU
Temrneparypa xonoauibHuka 280 °K, a TeMneparypa HarpeBartesisi BTpoe OOJIbIIIE.

lano:

T,=280 °K, T4=3Tx, n—?

Pemenue 3agaumn:

KIIJ (x03@duuueHT none3Horo AeHCTBHA) MOYKHO HAWTH MO CIEAYIOIIEH
dbopmyiie:

n:TH_TXTH

B ycioBum 3agauM  TOBOPUTCS, YTO TEMIIEpaTypa HarpeBarelii BTPOE

OombIie Temnepatypsl XonoaunsHuka (T,=3Ty), mo3TOMY:!
N=3Tx—Tx3Tx=2Tx3T=0,667

3agaua pemieHa. IHTepecHO, HO PEIIEHUE HE 3aBUCUT OT JAHHOW B YCIIOBHUH
TEeMIIepaTyphl XOJIOIUIbHUKA Ty.

OtBer: 0,667.

3amaua 25

YciaoBue 3agaun:

WneanbHas TemoBasi MalllMHA cOBepIlaeT 3a LUK padoty 1 kJlx u oTmaér
xonoamibHUKy 650 [Ix ternorsl. Onpeaenuts KIIJ[ TenioBoi MavHeI.

Hano:

A=1 xJIx, Qx=650 Ix, n—?

Pemienue 3agaun:

KoaddummeHT mone3Horo A1eMcTBUs TEIJIOBOM MaIlIUHBI (HE TOJILKO HICAIBHOM,
BOOOIIIE JTFO00) OMPEEISIOT MO CICAYIONICH hopMyIie:

n=AQu

N3BecTHO, YTO KOMMYECTBO TEIIOTH Qy, OTIAHHOE HarpeBaTelieM, KOJIUYECTBO
TeII0Thl Qx, MPUHATOE XOJOAMWIHBHUKOM, W paboTa TENmaoBON MaIIuHBI A CBSI3aHbBI
Takou hopmyJIIon:

Qu=Qx*+A
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Torna:
N=AQ«+tA
3agadva peleHa B o0IeM BHUJIE, TEEPh MOCUUTAEM OTBET:
n=1000650+1000=0,606
OTtBer: 0,606.

3anaua 26

YcaoBue 3a1a4u:

B maeanpHOM TENIOBOM MAallMHE TEMIIEpATypa HArpeBaTels B TPU pa3a BBIIIE
TeMIlepaTypbl xonoauibHuka. HarpeBatens nepenan razy 42 k/x temnotsl. Kakyro
paboTy coBepiui ra3?

lano:

T,=3Ty, Qu=42 x]Ixx, A—?

Pemenue 3agaun:

B obmem cayuae KIIJ[ mro0oit TeraoBoi MaliMHBI MOXKHO OINPEACTUTH IO
bopmyie:

N=AQx

OTtkyna uckomasi pabota raza A paBHa:

A=nQx(1)

KIIJI wupeanbHOM TEIIOBOM MalMHBI (M TOJBKO Takoil!) Takke MOXKHO
OMPENIeNIUTh MO Takoul hopmyiie:

TI:TH_TXTH

[lo ycnoBuiO TeMIiepaTypa HarpeBaTesisi B TpPU pas3a BBIINIC TEMIIEPATYPHI
XOJOAMIIBHUKA, TO €CTh | ,=3Ty, TOrma:

N=3Tx—Tx3T=2T,3Tx=23
Tornma no hopmysne (1):
A=23Qy
Uucnenno paboTa TerioBoi MaHbl A paBHa:
A=23-42-103=280001x=28x]1x
OTtBer: 28 k/[:K.

3agauva 27

NneanbHas TemioBass MammMHa cosepmaer paodory 200 Ik, mpu 3Tom
X0JI0ANJIbHUKY

YciaoBue 3agaun:

UneanpHas TeryioBas MammHa coBepmaer padoty 200 JIkx, mpu dTOM
xonoauiabHUKy nepenaércs 300 I sneprun. Onpenenuts KII/] TeninoBoil MaluHeI.

Hano:

A=200 Ik, Qx=300 Ix, n—?

Pemienue 3agaun:

Koadpdunmenr mnone3Horo aedcTBUS 000N TEIJIOBOM MAaITMHBI  MOXKHO
OTIPEJICIIUTH 110 TaKOH dhopmyIie:

N=AQx
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M3BecTHO, dYTO KONMHMYECTBO TEIUIOTHI Qu, TIEpemaHHOE HarpeBareleM,
KOJIMYECTBO TEIUIOTHI Qy, TMPHUHATOE XOJOMWIBHUKOM, M padoTa TeIIOBOH
MaiuHbl A cBsi3aHbl (POPMYIION:

Qu=QxtA

Torma nepBast hopMyia IpuUMeT BUT;:

N=AQxtA
3amava pelieHa, MOCYUTaeM OTBET 3a/1auu:
n=200300+200=0,4

OTtger: 0.4.

3anaua 28
YcaoBue 3a1a4u:
Kaxos KIIJ[ nneanbHO# mapoBoil TypOUHBI, €CIIM Nap NOCTYNAaeT B TypOUHY IIpH
temneparype 480 °C, a octasiser e€ — ipu 30 °C?
Hano:
t,=480 °C, t,=30 °C, n—?
Pemenne 3agaum:
KII/] naeansHOro TEMmaoBOro ABUratens (MaeaabHblidi — 3HAYUT pabOTaIOUIMi 110
nukiny Kapno) onpeznenstor u3 popmynsi:
n:TH_TXTH
Temnepatypsl B 3TOi popMmyne purypupyrot B KenpBuHAX, a B yCIOBUM JaHbI B
rpagycax llenscus, m0o3TOMYy HYKHO IIEPEBECTH UX U3 OJHOW €IUHULIBI U3MEPEHHUS B
APYTYIO.
480 °C=753 °K
30 °C=303 °K
Yuciio ko3 HUIMEHT MONE3HOTO ACHCTBUS 1) pABEH:
n=753—-303753=0,598
OtBer: 0,598.

3apaua 29

YciaoBue 3a1aumn:

KII/I TeroBoii Mamuubl paBeH 15%. Kakoe KoauuecTBO TEMIOTHI NIEPEIaHO OT
HarpeBaTelis pabodeMy BEIIECTBY 3a BpeMs, B TEUCHHE KOTOPOTO MAITMHOM
coBepIieHa mosie3Has padora 150 Jx?

Hano:

n=15%, A=150 I, Qs—?

Pemienue 3agaumn:

KoaddunmeHnr mone3Horo IelcTBUS 1 T000H TEIJIOBOM MAIIMHBI MOYHO
OTPENICNIUTh MO TaKoM mpocToi popmyse:

N=AQx

OTKkyna HMCKOMOE KOJIMYECTBO TeIoThl Qy, TepejlaHHOe OT HarpeBaTels
pabouemy BEIIECTBY, PaBHO:

Qu=An

Jns npaBunbHOro pacuéra orsera KIIJ[ Hy>)KHO MOACTABIISITh B IOAX €IUHUIIBL:

15%=0,15
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[Tpou3BeaAEM BBIYUCIICHUS:
Q»=1500,15=10001x
OtBet: 1000 Tx.

3anaua 30

YcioBue 3aga4n:

B pesynpraTe nukimueckoro mporecca raz copepumuia padory 100 JIx wu
nepenan xomoamwibHUKy 400 J[x Termtotel. Onpenenuth KOAGOHUIHEHT TOJIE3HOTO
JNIEUCTBUS [TUKJIA.

Hano:

A=100 [T, Qx=400 Ix, n—?

Pemienue 3agaum:

Koadduiment mnonesHoro neicTBHs UUKIA 1| OyeM ONpEeNsITh IO TaKOU
bopmyie:

n=AQ.(1)

M3BecTHO, YTO CcymMMa KOJMYECTBA TEIUIOTHI Qy, TMEpeaaHHOro Ta3oMm
XOJIOMUIIBHUKY, W pabOThl Ta3a A paBHa KOJUYECTBY TEIUIOTHI Qy, MepenaHHoe
HarpeBaTelieM rasy, TO eCTh:

Qu=Qx*+A

N=AQ«+A

Torna dopmymna (1) nmpumer BUI:

Yucnenno KIIJ[ nukna n paBeH:
n=100400+100=0,2
OTtgert: 0,2.

3apaua 31

YcaoBue 3axa4u:

TemoBas mammHa pabdotaet no nukiny Kapuo. Temneparypa narpesarens 400
°C, xonomunpHuka 20 °C. Bpems BbllOIHEHUs OAHOrO nukia 1 cekynpa. Haitu
MOIITHOCTh JIBUTATEJNs, €CIM KOJIMYECTBO TEIUIa, MOJIydaeMO€ OT HarpeBaTenis 3a
uuki, pasao 1100 Ix.

Hano:

t,=400 °C, t,=20 °C, t=1 c, Q,=1100 Tx, N—-?

Penienue 3agaumn:

Momnocts asuratenst N — 3to pabota, coBepiaemasi ABUTaTeNIeM 3a €IUHUILY
BpeMeHu. Ecam 3a Bpems T MPOXOAMT OJMH LIMKJI, U Ta3 coBepiiaer padory A, To
MOIITHOCTh JABUTATENISI MOXKHO HalTH 110 hopmyIie:

N=At(1)
KIIJI nro60ii TemoBoi MaIlIMHBI 1] MOKHO OTIPEACIISITh IO (hopMyJie:
N=AQs
Otkyna:
A=1nQu(2)

Ecmu TemnoBass mammna paboraer mo 1ukiy KapHo, TO OHa sABIsSEeTCS
uneanbHOM. KIIJ[ maeanbHOM TEMJIOBOM MAlIMHBI TAKXKE MOXKHO OIPEICIUTh 10

dbopmyre:
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N=T,—TxTu(3)

[TonctaBum (3) B (2), a monyderHoe — B (1), Toraa:
N=(T,—Tx)QuTut

TemnepaTypsl HarpeBaTess U XOJIOJUIbHUKA cleayeT nepeBecty B KenbBUHbI:

400 -C=673K

20 °C=293K
[Tocuntaem OTBeET:
N=(673-293)-1100673-1=621,1Bt

OTtBer: 621,1 Br.

3anaua 32

YcaoBue 3a1a4u:

NneanbHas TemyioBas mariuHa, padoTaromas no uukiay KapHo, mosydaer ot
HarpeBaress 3a kKaxapid nuki 2500 [ rertotel. Temnepatypa narpesarens 400 °K,
xonoaunsHuka 300 °K. Onpeaenuts paboTy, COBEpIIAEMYIO MAITMHOM 32 1 IUKIL.

Hano:

Qx=2500 /I, T,=400 °K, T,=300 K, A—?

Pemenue 3agaun:

Kosddumnument mnonesnoro medcTBus 1 000N TEIUIOBOM MAIMHBI  JIETKO
OTIPEJICIIUTD 110 TaKOH (hopmyIie:

nN=AQu
OTtkyzaa uckomasi paboTa MaIlIMHbI 32 OAUH LUK A paBHa:
A=nQx(1)

Tak kak paccmMarpuBaemas TEIUIOBasl MaliuHa padotaeT mo uukiay Kapho, To
€CThb OHa fABIseTcs uacanbHoOM, 3HauuT €€ KIIJ| Takxke MOXKHO ONpeAeauTh IO
dbopmyiie:

n:TH_TXTH
[ToncraBum 31O BRIpaXkeHue B hopmyiy (1):
A:(TH_TX)QHTH

3amaua pemieHa B OOIIEeM BHJE, JaBaTe MPOU3BEAEM pPAcU€T YHUCICHHOTO
OTBETA:

A=(400—-300)-2500400=625Tx

OtBet: 625 /Ix.

3anaua 33

YciaoBue 3agaun:

TerioBas MammHa uMeeT MakcuManbHbIi  KIII  35%. Omnpenenutsb
TeMIepaTypy HarpeBaTesl, €Cu TeMiieparypa xojaoamibHuka 312 °C.

Hano:

n=35%, t,=312 °C, T,,—?

Penienue 3agaumn:

TenoBas mamuHa OyAeT UMETh HauOOJbIIUN (MaKCUMaJIbHBIN) KO3 UIIMEHT
nosiesHoro aeiictBusa (KIIM), ecnu ona Oyner paborars mo uukiy Kapno. Tornma

KIIJI MamumHel 1) MOXHO OINPEACIIUTD U3 CIEayIoNell (opMyIIbL:
N=TuTxTu(1)
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B mpaBoii yactu GopMynbl NOAEIUM MOYJICHHO YUCTUTENb HAa 3HAMEHATeb!
N=1-T«T,
Torpa:
T:Tw=1
T.=T1
3amaga pemena. Tak kak B ¢opmyiny (1) Temmeparypbl NOJCTaBISIFOTCS
BBIPQXCHHBIMU B a0COJIFOTHOHM IIKaje TeMIEparyp, TO HEpeBEAEM TeMIlepaTypy
xoJionuiibHUKA ty B KenbBUHBL:
312 °C=585 °K
YucnenHo temmeparypa Harpesarens I, paBHa (KIIJ moacraBunm B AoJsix
CIMHUIIBI):
T,=5851-0,35=900 °K
Oteer: 900 K.

3anaua 34

YcaoBue 3a1a4un:

TemoBas MamuHa C MakcuMaiabHO BO3MOXHBIM KIIJI mMMeeT B KkadecTBe
HarpeBatelis pe3epByap ¢ Kursie Bogoil npu temneparype 100 °C, a B kauecTBe
xoJioauJibHUKa — cocyn co jgpgoM mpu 0 °C. Kakas macca Jibaa pacTaeT Ipu
COBEpIIICHUY MamKUHOU padoTel 10 M/JIx?

lano:

t,=100 °C, t,=0 °C, A=10 M [T, m—?

Pemenue 3agaumn:

Tak kak B TEMJIOBOW MAalIWHE XOJOJAWIBHUKOM SIBIIIETCSA COCYJ CO JBbIAOM, TO
npy  TIepefade XOJOTWIBHUKY KOJWYECTBA TEIUIOTHI Qx OymeT TIIaBUThCS JIEN
HeKkoTopoit Maccel M. [Ipu 3TOM cripaBeyBa popmyna:

Qx=Am
m=Q,A(1)

31ech A — yaenbHas TeIUIoTa IJIaBJIeHUs Jbaa, paBHa 330 kJK/Kr.

KoadduumeHnr monae3Horo MaeWcTBUS 000N TEIUIOBOM MAIIHMHBI 1) MOXKHO
OTIPEICNUTH 10 (hopMyJIe:

n=AQu(2)
Pabora MmammHBI A, KOJIMYECTBO TEIIOTHI Qy, IEpelaHHOEe HarpeBaTeieM,
1 KOJIMYECTBO TEIIOTHI Qx, OTJaHHOE XOJOAUIBHUKY, CBSI3aHbI (POPMYIIOi:
Qu=Q:*+A(3)
[TonctaBum BeipakeHue (3) B popmyny (2):
n=AQ,+A
[TepeMHOKHUM 3TO PABEHCTBO «KPECT-HAKPECT:
A=nQxtnA

B 5ieByt0 CTOpOHY MEpeHEecEM BCE WIEHBbl ¢ MHOXKUTENIEM A, BBIHECEM €ro 3a

CKOOKH, OCTAJIbHBIC OCTABHM B IIPABOM 1 BBIPA3UM KOJHUYCSCTBO TEIIOTHI Qx:
A(1-n)=nQx
Q=A(l-n=A(In-1)(4)

[TockosbKy paccMaTpuBaemas TEIUIOBash MalllMHA SBJISIETCS HJICAIBHOM, TO €€

KIIJI n Takske MOKHO HaXxOJIUTh 110 hopMyIe:
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n:TH_TXTH
[TocTaBuM mOJTydeHHOE BhIpaxkeHue B hopmyiy (4):
Qx=A(T,T,—Ti1)
QX=ATH_TH+TXTH_TX
QX=ATXTH_TX
W HakoHell, mOJICTaBUM 3TO BhIpakeHue B popmymy (1):
M=ATMT,—Tx)
[lepen pacuérom YHCICHHOTO OTBETa, MEpPEBEAEM TEMIIEpaTypbl U3 TPaTyCOB
[leabcus B KeabBUHBL:
0°C=273 °K
100 °C=373 °K
YwrciieHHO Macca pacTasiBIIETO Jibjla M paBHA:
m=10-106-273330-103:(373-273)=82,73kr
OTtBer: 82,73 kr.

3agaua 35
YcaoBue 3agaun:

Han onHuM MoneM uAeanbHOrO rasa COBEpPIIAIOT LMKIJ, IMOKAa3aHHBIM Ha
pucynke. Onpenenuts KITJ[ nmkna, ecnm pabota raza Ha yyactke 2-3 paBHa 2 k/[xk, a
Ha yuactke 1-4 paBHa 1,5 kJ[x. T1=300 °K, T,=2Tj.

ano:

v=1 MOIJIb, A23:2 KI[)K, A14:1,5 KI[)K, T1=300 K, T2=2T1, T]—?

Pemenne 3agaum:

p B
qu

sy
l:>
7 sy | 7 &

U
s ‘
-

g

N306pa3umM mpoBOIMMBII Ha/l Ta30M ITUKII B KOOPAUHATAX P-V (CMOTPHUTE CXEMY
K PEILECHHIO).

KoaddummenT nonesnoro aeicTBrs nukia 1 0yaeM onpenemsTh Mo CISTyIOIIeiH
bopmyie:

n=AQ.(1)

N3 rpaduka nukia B KoopauHaTax p-V BUIHO, 4TO paboTa rasza B mpoiieccax 1-
2 u 3-4 paBHa HyJIO (Tak Miomwaas Guryp noj rpadukamMu 3TUX MPOLECCOB paBHA
Hymo). Toraa pabora nukia A paBHa:
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A=AzstAn

[TonsatHo, yT0 As1=—A14, TOITOMY:

A=A23—-A14(2)

UtoOBI HANTH KOJIMYECTBO TEMI0TH QH, HY>)KHO HAWTH BCE MPOIIECCHI B IIUKJIE, B
KOTOPBIX TEIUJIO MOJBOJUIOCH K Ta3y. Jljisi 3Toro Ham MoHajgo0uTCS NEPBBIA 3aKOH
TEPMOIUHAMUKHU:

Q=AU+A(3)

Taxke n3mMeHeHue BHyTpeHHEH 3Hepruun raza AU ciemayer uckaTth 1o Gopmysie

(Oynem cumTath, 4TO Ta3 OJTHOATOMHBIN, HHAYE 3a7]a4y PEIIUTh HE MOJTYIUTCS):
AU=32vRAT(4)

PaccmotpuMm wm3oxopHseiii mpomecc 1-2 (V=const). PabGora raza Aj;z B 3TOM
mporecce paBHa Hymo. Torma mo dopmyram (3) um  (4) KOJIMYECTBO
Ter10Thl Q12 paBHO:

Q12:32VRAT12(5)

Tak kak B HM30XOpPHOM mporecce 1-2 naBiieHHe YBEIUYUBAETCS, 3HAYUT IIO
3akony Illapns yBenuuuBaercsa u Temneparypa (to ectb AT12>0). [ToaToMy cornacHo
dbopmyre (5) MoxHO caenarh BbIBOJ, uTO Q12>0, TO €cThb B 3TOM Mpoliecce TEIIo
MOJBOJUTCA K razy. Takxke:

Q12:32VR(T2—T1)

B ycnoBuu roBopurcs, uto T,=2T1, mo3aToMy:

Q12=32VR(2T1—T1)
Q12:32\/RT1(6)

Ecoun Bel mpoBenére aHamOrMYHBIE PACCYKICHUS I APYrOr0 H30XOPHOIO
nporiecca 3-4, To mpunére K BeIBoAy, 4To Q34<0, TO ecTh B 3TOM Ipoliecce TEerIoTa
OTBOJMUTCS OT rasa.

Tenepr paccMoTpum m3oTepmuueckuid mpomecc 2-3 (T=const). Tak kak
TeMIlepaTypa ra3a B STOM MpOIECcCe IMOCTOSHHA, 3HAYUT HU3MEHEHWE BHYTPEHHEH
sHeprun raza AUz o dopmyne (4) paBuo Hymo. [lo dopmynam (3) u (4)
KOJIMYECTBO TerIoThl Q23 paBHO:

Q23=Ax3(7)

Tak kak ra3 B 3TOM mpoiiecce pacmupsiercsi, To Az3>0 (Takxke 3TO MOHATHO U3
YCIIOBHS, TIOCKOJIBKY JIaHO YHCIICHHOE 3HaYeHUEe Ay3), 3HAUHUT coryiacHo dopmyie (7)
B Ipolecce 2-3 TemioTa NoABOAUIAaCh K rasy.

[IpoBens aHaTOTHYHbBIC PACCYKICHUS IJI APYTroro M30TEPMUUECKOTO Mpoliecca
4-1, Bel npuaéte k BeIBOAY, uTO Q41<0, TO €CTh B 3TOM MpolLIecCce TEMI0Ta OTBOAUTCS
OT rasa.

[Tonyuaercsi, UTO TEIJIOTa K ra3y MOABOAWIIACH TOJBKO B mpolieccax 1-2 u 2-3,
MOATOMY KOJIMYECTBO TEIUIOTHI Qy paBHO:

Qu=Q12+Q2s

YuuteiBas hopmynsl (6) u (7), momydnm:

Q.=32VRT;+A(8)

Yto06b! NOTYYUTh OKOHUATENbHYIO opMyiy uist pacuéra KIIJI n, moacrasum B
dbopmyay (1) Beipakenus (2) u (8):

1‘|=A23—A1432VRT1+A23

[TocunTaeM 4YHCIIEHHBINA OTBET:
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n=2000—150032-1-8,31-300+2000=0,0871=8,71%
OTtBer: 8,71%.

3anauya 36

YcaoBue 3a1a4u:

B HexoTOpOM mpornecce BHYTPEHHss dHeprus rasa ymensiniack Ha 300 [Ix, a
ra3 coepurui padory 500 [Ix. Kakas temnora coobiiena rasy?

lano:

AU=-300 Idx, A=500 Ix, Q—?

Penienue 3agaumn:

CornacHO TmEpBOMY 3aKOHY TEPMOJMHAMUKH, KOJMYECTBO TEIIOTHI Q,
COOOIIIEHHOE Ta3y, pacXOAyeTCcsl Ha U3MEHEHUE BHYTpeHHeH sHepruu raza AU u Ha
COBEpILIEHHE Ira30M paboThl A IPOTUB BHEIIHUX CHIL:

Q=AU+A

[TocunTaem oTBeT:

Q=—300+500=200/1x

OTteer: 200 I:x.

3agauva 37
YcaoBue 3a1a4u:
[Tpu n3006apHOM paciipeHuu renus copepuieHa padora, pasaas 500 JIx. Kakoe
KOJIMYECTBO TEIIOTHI OBLJIO MOJIBEICHO K TeINI0?
Jano:
p=const, A=500 ]Ik, Q—?
Pemienue 3agaun:
[IprumeHnM nepBbIi 3aKOH TEPMOJIUHAMUKHA
Q=AU+A(1)
W3meHeHnue BHYTpEeHHEN YHEPTUU OJTHOATOMHOTO (TeNTMi — OJIHOATOMHBIN Ta3)
uaeanpHoro raza AU onpeaensior Tak:
AU=32vRAT(2)
Paboty raza B n3o6apHom npoiecce A MOKHO HallTH 1o popmyiie:
A=p(V—V1)=pV—pVi(3)
3anumeM ypaBHeHue Knamneipona-MenjaeneeBa i Ha4aJlbHOTO M KOHEYHOTO
COCTOSIHUS ra3a:
{pV1:VRT1pV2=VRT2
Torna dhopmyiy (3) MOXKHO 3anucaTh B BUJIE:
A=vRT,—vRT;
A=vRAT(4)
[ToxacraBum B hopmyny (1) Beipaxenus (2) u (4), Toraa:
Q=32vRAT+vRAT
Q=52vRAT
Ecnu yuects paBeHCTBO (4), OKOHUATENIBHO MOTYYHUM:
Q=52A
KonuuectBo noasea&HHoM TemnoTsl Q paBHO:
Q=52-500=1250/1>x
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OtBeTt: 1250 k.

3anaua 38

YciaoBue 3agaun:

Ecnu B HekoTOopoM nporiecce ra3y coobuieHo 900 /x TemioTsl, a ra3 mpu 3ToM
cosepumi padoty 500 Ik, TO Kak U3MEHWIACh BHYTPEHHSS SHEPIUs raza’?

lano:

Q=900 Ix, A=500 Ix, AU-?

Pemenue 3agaum:

[lepBpiii 3aKOH TEPMOJUHAMHUKM TJIACHUT, UYTO KOJMYECTBO TEIUIOTHI Q,
NOABEAEHHOE K rasy, MAET Ha W3MEHEHUWE BHYTpeHHEN dHepruu rasa AUwu Ha
COBEpILIEHKE ra3oM padoTsl A.

Q=AU+A
BeIpazum 13 3TOro paBeHCTBAa U3MEHEHUE BHYTPEeHHEN aHeprun AU:
AU=Q-A

[IponsBeéM BBIUHMCIICHNUS:

AU=900-500=400/1x

Tak kak BemmuuHa AU noisiydanach MOJOKHTEIBHOM, 3HAYNUT BHYTPEHHSA
DHEPrUs yBEIUYHIIACh.

Otger: yBesanmuniach Ha 400 JI:k.

3apaua 39
YciaoBue 3a1aumn:
B HexoTopoMm mporiecce razy coobmieHo 800 [k TemioTel, a €ero BHYTPEHHSS
sHeprusi ymenbiuiach Ha 200 J[>x. Haiftu paGoTy rasa B 3ToM mpoiiecce.
ano:
Q=800 I, AU=-200 dx, A—?
Pemienue 3agaumn:
3anuueM MnepBblid 3aKOH TEPMOIMHAMUKHU. COIIACHO 3TOMY 3aKOHY KOJIMYECTBO
TeroThl Q, COOOIIEHHOE Ta3y, pacxXoayeTcsi Ha U3MEHEHHE €ro BHYTPEHHEH
sHeprun AU u Ha coBepiieHue razoM paboTsl A, TO €CTh:
Q=AU+A
Bripa3zum 13 paBeHCTBa HICKOMYIO paboTy raza A:
A=Q—-AU
[TocunTaeM 4KMCIEHHBIN OTBET:
A=800 — (—200)=1000/1x
OtBet: 1000 Tx.

3amaua 40

YcaoBue 3a1a4un:

B nexoropoMm mporecce razy coobmieHo 900 J[>k TErUIoThI, a €ro BHYTPEHHSS
sHeprus yBenuumiach Ha 400 JIx. Halitu paboTy raza B 3ToM mporiecce.

Hano:

Q=900 Ik, AU=400 JIx, A—?

Pemenune 3apauum:
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[lepBbIil 3aKOH TEPMOJUHAMUKH TJIACUT, YTO MOABEAEHHOE K Ta3y KOJUYECTBO
TerioTel Q UAET Ha M3MEHEHHE BHYTpeHHeW sHepruu rasza AU u Ha coBeplieHUE
razoM paboTsl A:

Q=AU+A

Bripazum paboty raza A:

A=Q —AU

[Tpou3Ben€M BBIYMCIICHUSA:

A=900 — 400=500/1x

OTteer: 500 I:x.

3agaua 41

YciaoBue 3a1aumn:

B uneanbHOM TEIUIOBOM JBHUTaTeNie 3a CUYET KaXKJOro KWJIOKOYJS SHEPIHH,
MOJIyYeHHOU OT HarpeBaTelisi, Mpou3BoaAuTCs padora, paBHas 450 JIx. Bo ckoybko
pa3 abconroTHash TeMIlepaTypa HarpeBaTess OoJblle aOCOMIOTHON TeMIlepaTyphbl
XOJIOOWJIbHUKA?

Hano:

Qu=1 x/Ix, A=450 JIx, T, T,—?

Pemenue 3agaun:

Koaddumument nonesnoro nevictBust (KILJ) n mro6oro TemiaoBoro aBUraTess
MOXHO OMPENIENUTh 1Mo hopMmyIie:

N=AQx(1)
Ecnu TenmoBoit nBurarens padoraer mo uukiay KapHo, TO ecTh sIBsieTcs
uneanbHbiM, TO ero KIIJ[ Takyke BO3MOXXHO HalTH 10 hopmyie:
n:TH _TXTH

[Topenum yucauTENh MOYWJICHHO HAa 3HAMEHATEIb B IPaBOM 4acTH (hOPMYJIbIL:
N=1-T\Tu(2)

[Tpupasusiem mpassie yactu popmyn (1) u (2), Toraa:
AQ,=1-T,T,
TxTw=1-AQy
TXTH:QH_AQH

Tak kak HyXHO HalTH 3Ha4deHHUE [,ly, TO €CTh OOpaTHOE MOJYYEHHOE HaMH,

nepeBepHEM Ipodu 1Mo 00e YaCTH paBEHCTBA!
THTX=QHQH_A
IlocunTaeM unciIeHHBIN OTBET 3aJa4H:
T,Tx=10001000—450=1,82
Otger: B 1,82 pa3a.

3agaua 42

YcaoBue 3a1aumn:

B uneanbHOM TEIUIOBOM ABUTATENE 3a CYET KaKIOTO KHIIOHKOYJS DHEPTHH,
MOJIYYCHHOW OT HarpeBaTesisi, Mpou3BoaAuTCs padota, paBHas 450 JIx. Bo ckosbko
pa3 alcoyfoTHasi TeMIlepaTypa HarpeBaTessi OOJbIle aOCOMIOTHON TeMIlepaTyphl
XOJIOIMJILHUKA?

Hano:
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Q=1 xJIxx, A=450 JIx, T, Tx—?
Penienue 3agaumn:

Koadduumnent monesnoro naeictus (KII) n moboro TemioBoro IBUratess
MO>KHO OTIPENIETUTh 10 (popmyIe:
n=AQ.(1)
Ecnu TtemnoBoit aBurarens paboraer no 1mukiy KapHo, TO ecTh sBIseTCS
uneanbHbIM, TO ero KIIJI Takxke BO3MOXKHO HalWTH 110 opMyIie:
n:TH_TxTH
[Togenum yucnUTENh MOWICHHO Ha 3HAMEHATEh B TIPABOM 4acTu (hOPMYJIBI:
N=1-T«Tx(2)
[TpupasusieM mpassie yactu hopmyn (1) u (2), Torma:
AQ,=1-TT,
TTw=1-AQn
TXTH:QH_AQH
Tak kak HyXHO HalTH 3Ha4yeHUE 4TIy, TO €CTh OOpaTHOE MOJYYEHHOE HaMH,
nepeBepHEM Ipoodu 1Mo 00e YaCTH paBeHCTBA:
THTX:QHQH _A
[TocurTaem YMCIEHHBIN OTBET 3a/1a4U:
T,T,=10001000—450-1,82
Otger: B 1,82 pa3a.

3agaua 43

YcaoBue 3a1a4u:

Temmneparypa HarpeBartels UACAIBHOIO TEIIOBOTO ABHrarensa pasHa 327 °C, a
Temriepatypa xosuoawibHuka 27 °C. Ecnu 3TOoT ABurarens copepuiin padory B 700
JIX, TO 4YeMy paBHO MOJIYYEHHOE OT HarpeBaresis KOJUYECTBO TEIIOTHI?

Hano:

t,=327 °C, t,=27 °C, A=700 Ik, Qs—?

Pemienue 3agaun:

KIIJI nro60ro TenaoBoro ABUraTess | MOXKHO HAWTH MO Takou (popmyrie:

N=AQx

Ecnu TemmoBoit nBurarens paboraer mo uukiay KapHo, TO ecTh sIBisieTcs

uaeanbHbIM, TO ero KIIJ[ Takke MOXKHO ONIPEAETUTh TaK:

nzTH - TXTH
Tormga nmeem:
AQ,=T,— T\Ty
OTKyaa KCKOMOE KOJIMYECTBO TETUIOTHI Qy, TOIyYEeHHOE OT HarpeBaTessi, paBHO:
QH:ATHTH _Tx

[lepeBeném gaHHbIE B yCIOBUM TeMIiepatypsl B cucteMy CHU:
327 °C=600 °K
27 °C=300 °K
ITocunTaem OTBET:
Q4=700-600600—300=1400/1x=1,4x /]
OTtBer: 1,4 kK.
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Ilpunoscenue D

3agaHus 1)1 NPOBeIeHUs TEKYIero KOHTPOJIs 00y4arouuxcs B
(¢popme npakTUYECKUX 3AHATHH
YKka3zaHus MO BBITOJHEHHUIO TPAKTHYECKOTO 3aHATHUS:
1. IToBTOPUTH TEOPETUYECKUI MaTepUall O TEME 3aHATHSI.
. O3HAaKOMHTBCS C MOPSKOM BBIMOJHEHUS pabOThI, pacuéTHBIMHU (hOpMyTIaMH.
3. BoImomHuTh pacdyeT MHAMBUAYAIBHOTO 33/1aHUs COTJIacHO BapuaHTty. [Ipu
HEO0OXOIUMOCTH TOCTPOUTD TpadUKH U AUATPAMMBI.
. [1o momy4eHHbIM pe3ynbTaTaM cHOpMYIUPOBATh BHIBOJ IO padoTe.
. OdbopMuTh OTYET O MpoAETaHHON paboTe HA OTAENBHBIX JUCTaX (popmara
A 4 v ciaTh mpenogaBaTesnio Ha MPOBEPKY.

N

g1 b

Paszneua 1. Texuuuyeckass TepMOAMHAMUKA

Tema 1.2. I'azoBbIe 3aKOHBI
IpakTnueckasi padora Ne 1
OcHOBHBIC I'a30BbIe 3aK0HBI — 4 yaca

CocTosiHUE Ta3a XapaKTepU3yeTcsl ero TeMIlepaTypoi, IaBIE€HHUEM U OOBEMOM.
Ecin Temneparypa rasa pasHa O °C, a gaBleHHMe paBHO JaBJEHHE PaBHO
HOpMasibHOMY aTMocdepromy (101,325 klla umu 760 MM. pT. CT.), TO yCIOBUS MPHU
KOTOPBIX HaXOJUTCS ra3, Ha3bIBalOT HOpManbHuimu. OObeM, 3aHUMAeMbIil Ta30M MpU
ATUX YCJIOBHSIX, IPUHATO 0003HAYaTh uepe3 Vo, a naBiieHue — uepes Py .

CornacHo 3akoHa boinsg — MaproTra, pu IOCTOSIHHOM TeMIepaType AaBJEHHUE,
IPOU3BOAMMOE JTaHHOM Maccoll ra3a, oOpaTHO NPONOPLHMOHATBHO O0BEMY rasa:
P2/P1=V1/V2 i PV=const.

[TPUMEPBI PEITEHW A TUTTOBBIX 3AJAY

Ipumep 1.1. Ilpu HExkoTOpoM TeMmriiepaType IaBlEHUE Trasa, 3aHUMAIOIIETO
ooveM 3 11, paBHo 93,3 klla (700 mMm. pT. ct.) Kakum cTaHeT naBiieHHe, €CJH, HE
U3MEHSSl TEMIIEPaTyphl, yMEHBITUTH 00beM Ta3za jo 2,8 n?

Pemenune. O603Ha4YMB MCKOMOE JaBiieHHnEe yepe3 Py, MOXHO 3amucaTh

P2/ 93,3=3/2,8. Orcrona: P,/ 93,3-3/2,8 = 100 kIla (750 mM. pT. CT.)

I[To 3axony I'eit — Jltoccaka mpu MOCTOSSHHOM JABJIEHUU O0BbEM Ta3a U3MEHSETCS
npsMO  TponopiuoHanbHo abcomotHoi  Temmneparype (T): Vi/Ti= V[T, wim
VIT = const.

Ipumep 1.2. Ipu 27 °C 06bem raza pasen 600 mi. Kakoii 00beM 3aiimeT ras
nipu 57 C, ecnit maBneHue OyJIeT 0CTaBaThCs MOCTOSTHHBIM?

Pemenne. O603HauuM HCKOMBI 00beM uepe3 V2, a COOTBETCTBYIOIIYIO €My
temriepatypy depe3 To. [lo ycnoBuio 3amaun Vi = 600 wmn, T1=273+27=300 °K u
T,=273+57=330 °K. [loacrapss 5T 3HaUeHUs B BhIpakeHUe 3akoHa ['eii-JIroccaka,
nomyuyuMm: 60/300 = V,/300, otkyma V2= 600-330/300 = 660 mi1.

[Ipu mnocrossHHOM oOBEMEe JaBi€HHE Tra3a HW3MEHSETCS MPOMOPLHUOHAIBHO
abcomotHo# Temnepatype: P1/T1 = Po/T,
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IMpumep 1.3. Ilpu 15 °C nasnenue B GamioHe ¢ Kucnopoaom paBHo 91,2:102
klla. I[Ipu xkakoii Temnepatype oHo cTaHeT paBHbIM 101,33-10% kI1a?

Pemenne. Ilycte wnckomas temmneparypa Tz, Ilo ycnoBuro  3amaudu
T,=273+25=258 °K, P1=91,2-10? kIla, P,=101,33-10? xI1a. [loacrasissa 3Tu 3HaUE€HUS
B noclieiHee ypaBHeHue, Haxoaum: To = 101,33-10%-288/ (91,2-102) = 320 °K unu 47
oC.

3aBUCUMOCTh MEXAY OO0BEMOM Ta3a, JaBICHUEM W TEMIIEpaTypodl MOKHO
BBIPA3UTh OOIIMM ypaBHEHHEM, OOBEAMHSIOMMM 3akoHbI boims-Mapuorra u Ieii-
JIroccaka: PV/IT = PoVo/To

rae: P u V — naBnenue u o0beM rasza mpu gaHHoil Temneparype T; Po u Vo —
JaBJICHHE U 00BEM raza mpu HOPMAJIbHBIX YCIOBUSIX.

[IpuBeneHHoe ypaBHEHHE MO3BOJISET HAXOAUTH JIIOOYIO M3 YKa3aHHBIX BEITWYHH,
€CJI U3BECTHBI OCTAJIbHBIE.

Ipumep 1.4. Ilpu 25°C u nmasnenum 99,3 kIla (745 MM.PT.CT.) HEKOTOpOE
KOJIMYECTBO Ta3za 3aHmmaeT o0beM 152 mi. Haiith, kakoii oOBEM 3aliMET 3TO IKE
xommdectso rasza npu 0°C u nasnennu 101,33 kIla.

Pemenue. [ToncraBiisst faHHbBIE 3a1a41 B IIOCJIEHEE YPABHEHHE, ITOJIyYacM:
Vo = PVTo/PT=9,3-152-273/(101,33-298) =136,5 mu

Iapyuanvnoe oasnenue 2aza

IapuuanbHBIM JaBJIeHHEM ra3a B CMECH Ha3bIBA€TCAd [JaBJIEHUE, KOTOPOE
IPOU3BOAMII ObI ATOT ra3, 3aHMMas IPHU TeX K€ (PU3MUECKHX YCIOBHUSAX 00BEM BCEH
ra3oBOW CMECH.

Hpumep 1.5. CmemmBarot 21 Oy unu SO», B3ATHIX MPU OJUHAKOBOM JaBJICHUH,
paBaoMm 100 xIla (750 mm. pt. cT.); 00beM cmecu 6 1. OnpenenauTs NapLUUATbHOE
JTABJIEHUE Ta30B B CMECH.

Pemenue. Ilo ycnoButo 3aaun 00beM KUCIOPOIa YBEIMUMIICS MOCIIE CMELICHUS
B 6/2=3 paza, oObeM nuokcuga cepsl — B 6/4 = 1,5 paza. Bo crompko ke pa3
YMEHBUIWINCH APLUHATIBHBIE 1aBJICHUS ra30B.

CnenoBareinbHo: Po, =100/3=33,3 kIla, Pso>,=100/1,5 = 66,7 xI1a.

CornacHo 3aKkOHY MaplHUalIbHBIX JTaBJICHUN, oOwee OasieHue cmecu 2a3os, He
BCMYRUBUUX Opy2 C OpPY2OM 6 XUMUYECKoe G3aumMooelicmeue, pasHo CyMMe
NapyuanbHulX 0a61eHUll 24308, COCMABIAIOUJUX CMECD.

Ipumep 1.6. CmemmBaroT 31 COy2; ¢ 41 Oz u 61 Ny Jlo cMmelieHus gaBieHUe
COy; Oy u Ny cocraBisizio coorBeTcTBeHHO 96,108 1 90,6 xIla. O0mmit 00beM cMecH
10 1. OnpeaenuTs 1aBICHUE CMECH.

Pemenue.

AHaIOrMYHO PELIECHUI0 MPEbIAYIIeH 3aaul HaXOAUM NaplaibHble JaBICHUS
OTJIEIbHBIX Ta30B:

Po, =108 - 4/10 = 43,2 kIla Pcor = 96 - 3/10 = 28,8 kI1a Pnz = 90,6-:6/10 = 54,4
klla

OO6miee maBieHrEe Ta30BOM CMECH PAaBHO CyMME MapIMAIbHbBIX JTaBJICHUN:

P=128,8+43,2+54,4=126,4 xlla

Ecnu ra3 coOpan Haja ’KHAKOCTHIO, TO MPHU pacdeTax cienyeT UMETh B BUAY, UTO

€ro JaBJCHHE SBISCTCS MaplHUaIbHBIM U PABHO Pa3HOCTU OOILEro JaBJICHUS Ta30BOM
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CMECH U MapLHAIBHOTO AaBIEHUS Mapa KUJIKOCTH.
Ipumep 1.7. Kakoit 00beM 3aiiMyT IIpH HOpMaJbHBIX ycioBusax 120 mur a3ora,
cobpannoro Hax Bomoii mpu 20°C wm  pmaememum 100 xIla (750 mm. pr.
ct.)? JlaBnenue HachimeHHoro mapa oasl mpu 20°C pasno 2,3 kIla.
Pemenne.
[lapimanbHOE€ JaBieHWE a30Ta paBHO PA3HOCTH OOLIErO JaBJICHHUS U
napIyagibHOro JaBiaeHus napa Bojsl: Pno = P — Pyoo =100 - 2,3 = 97,7 klla
O603HauuB UCKOMBII 00BeM Yepe3 Vo U UCIOJNBb3Yysl 00bEIMHEHHOE YpaBHEHHE

3akoHOB boisi-Mapuorra u ['eit-JIroccaka, HaxoauMm:
Vo=PVTo/TPy=97,7 - 120 - 273/(293-101,3) =108 mn

Bonpocwt u ynpasicnenus ons camono02omosku:
1. Ipu 17°C HexoTOpOE KOMMYECTBO rasa 3aHuMaeT oobeM 580 mu. Kakoit 06bem
3aliMeT 3To ke KommuecTBo raza mpu 100°C, ecnu naBineHMe €ro ocTaHeTCs
HEW3MEHHBIM?
2. JlaBienue rasa, 3aHuMaromiero oorem 2,5 1 pasuo 121,6 xlIla (912 Mm. pT. cT)
Yemy Oynet paBHO JaBJCHUE, €CIIM HE U3MEHSIS TEMIIEpATyphl, CKATh ra3 10 o0bema
Bl .?
3. Ha ckoinbko rpajtycoB Ha/l0 HarpeTh ra3, HaXOASIIMICS B 3aKPBITOM COCYJIE MPHU
0°C, 4T06BI HAaBIEHHE ETO YBEIMUUIOCH BIBOE?
4. TIpu 27°C u maBnenmu 720 Mm. pT. cT. 00beM rasza paseH 5 1. Kakoil o0bem
3alMET 3TO K€ KOJINYECTBO ra3a npu 39°C u naBnenun 104 xI1a?
5.TIpu 7°C nasnenue rasza B 3akpeIToM cocyae pasHO 96,0 kIla. Kakum cramer
NaBIICHHE, ECIIN OXJIAAUTH cocya 10 — 33°C?
6. [Ipu HOpManbHBIX yCiIOBUAX | T Bo3ayxa 3anumaeT o0wvem 773 mit. Kakoit o0bem
3aiimeT Ta ke Macca Bosayxa npu 0°C u nasnenuu, pasaoM 93,3 kIla (700 mm. pr.
cT.)?
7. NaBnenue rasa B 3akpbitoM cocyne npu 12°C pasno 100 kIla (750 mm. ct. pr.)
KakuM CTaHeT JaBleHME rasa, eciu HarpeTs cocyn 1o 30°C?
8. B craibHOM OanioHe BMeCTUMOCTBIO 12 11 Haxomurcs mpu 27°C xuciaopon moj
nasiennem 15,2 MIla. Kakoit 00beM Kuciaopoja, HaXOASIIerocs Mpyu HOPMaJbHBIX
YCIIOBUSX, MOXKHO TIOJIYYHTh M3 TAKOTO OayioHa?
9. Temneparypa a30Ta, HaXOJAIIETOCS B CTaIbHOM OayuIOHE TOJ JaBjieHHEM 12,5
MIla paBHa 17°C. [IpenenvHoe naBnenue mnsa Oamnona 20,3 MIla. Ilpu kakoi
TeMIiepatrype JaBJieHUe a30Ta JOCTUTHET MPeeIbHOI0 3HAUYeHUs?
10. IIpu nasnenun 98,7 xIla m Temmeparypa 91°C HekoTOpoe KOIMYECTBO rasa
3aHumaeT oowrem 680 mi. HaliTu 00beM raza nmpu HOpMajabHBIX YCIOBHUSX.
11. Ilpu B3aumopekictBum 1,28 r MeTamia ¢ BoJoH BeiAenmioch 380 M1 BOgopoa,
m3mepenHoro npu 21°C u pmapnemmm 104,5 kIla (784 mm. pr. cr.). Haiitm
SKBUBAJICHTHYIO Maccy MeTajljia.
12. Kak cnegyer M3MEHHUTH YCJIOBHS, YTOOBI YBEIIMUEHHWE MACChI JJAHHOTO Ta3a He
MPUBEJIO K BO3PACTaHUIO €ro o0beMa: a) MOHH3UTh TeMIeparypy; 0) yBEIUUWTH
JIaBJICHUE; B) HEJB35 MTOA00PATh YCIOBUIA?
13. Kakue 3HaueHus TeMmIepaTypbl W JaBICHUS COOTBETCTBYET HOPMAJIbHBIM
ycnoBuaM st ras3os: a) t=25°C, P=760 mm. ct. pt.; 6) t=0°C, P=1,013-10° Ila; B)

160



t=0 °C, P=760 mm. pr. cT.?

IIpakTuyeckas pab6ora Ne 2
IMTapameTpsbl cocTosiHUS padoyero Teja. Y paBHeHHUs W1eaJTbHOIO ra3a.
OmnpenesieHue TEIIOEMKOCTH HAealbHBIX ra3oB — 2 yaca

KOHTPOJIBHBIE BOITPOCHI U 3AZJAHUA

1. Yto noHnMaeTcs Moj TEPMOAMHAMUYECKON CUCTEMO?

2. HazoBuTE OCHOBHBIE TEPMUYECKHE MapaMeTpbl COCTOSHHUS paboyero Tena u
HaIMIIUTE UX PA3MEPHOCTb.

3.B dyem cocrouT paziauuMe MEXAy — aOCOJIOTHBIM,  aTMOC(EpHBIM,
0apOMETPUYECKUM JaBICHUSIMU?

1. JlaitTe onpenesieHre UACILHOTO Tra3a.

2. laiite  ompeneneHue oOpaTUMOrO M HEOOpPAaTHMOIO PaBHOBECHOIO H
HEPABHOBECHOT'O ITPOLIECCOB.

3. Kakue mapameTpbl BXOJIAT B ypaBHEHUE COCTOSIHUS UJ1€aJIbHOTO ra3a’?

4. O0bsicHUTE (PUBUUECKHUIM CMBICIT yIENbHON Ta30BOM M YHUBEPCAIbHON ra30BOM
MOCTOSTHHBIX Y HAITUIIUTE UX PA3MEPHOCTH.

5. Hanumure ypaBHeHue coctosHusa i 1 xr, M xr, [ kmomsa, 4  kMousei

HJIeaTbHOTO Ta3a.

6. laiiTe onpeaeneHnss OCHOBHBIX 3aKOHOB JIJIS MCATBHOTO rasa.

7. Yto Ha3bIBaeTCA ra30BOM CMECHIO?

8. B uem cymnocTh 3akoHa JlansToHa?

9. Hanuimte COOTHOIICHHSI MEX]Ty MACCOBBIMH M OOBEMHBIMH JIOJISIMHU.

10.Kak omnpenenuTs CpeaHIO MOJSPHYIO MacCy U YICIbHYIO Ta30BYIO
MOCTOSTHHYIO CMeCH?

11. JatiTe onpeneneHue yaeabHOU TETNIOEMKOCTH.

12.3anummTe COOTHOIICHHUS MEK/Ty MacCOBOM, 0OBEMHOM M MOJIBHOM (MOJISIPHOM )
TETJIOEMKOCTSIMHU.

13.B dWem omimuuMe TOHATHH '"WCTUHHAS TEIJIOEMKOCTh' W '"cpemHss
TETUIOEMKOCTB"'?

14.Kak onpenenuTh CpeAHIOI0 TEIIOEMKOCTh B MHTepBajie Temmeparyp {p..0,,

MOJTB3YSICh TAOJIUIICH TETJIOEMKOCTH?
15. O0BsicCHUTE CMBICH BEJIMYWH, BXOISAIIUX B ypaBHEeHHE Maiiepa.

[TPUMEPBI PEIHEHW A 3AJJAY
3agaua 2.1. PryTHBI BaKyyMMETp, NMPUCOEAMHEHHN K COCydy, MOKa3bIBaeT

paspexxenne Pe = 60 klla mpu temmeparype prytH B Bakyymmerpe 1;=25°C.
Hasienne armocdeps! mo pryrHomy 6apomerpy Ps= 102,4 xIla npu temneparype

prytu t, = 20°C. Onpeznenuts abCOMIOTHOE AABICHUE B COCY/IE.

Pemenue. IlpuBogum nokaszanus pTyTHBIX mpudopoB k 0 °C mo ¢opmyie:
Py=P-1-p-1), (1)
rae P - mokasanust pryTHOro npubdopa mpu t °C, Ila ;
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t - remneparypa prytu B npudope, °C;
p=172 1074 l/rpan - ko3 puireHT 00BEMHOTO PACIIUPEHUS PTYTH.
[ToncTaBuB HCXOAHBIE JaHHBIE B (HOPMYITY, TIOTYUIHM
Pgy =60-10%(1-1,72 1074 -25)=59740 «lla;

P =102,4:103(1-1,72-10%20)=102050 «Ila;

AGCOIIIOTHOE JJaBJICHUE B COCY/IE PABHO PA3HOCTU MEXAY aTMOC(HEPHBIM U
BaKyyMMETPUYECKUM JaBJICHUEM B COCY/IE:
Pa = 102050 - 55740 = 42310 Ila = 42,31 xIIa.
OTBet: abconroTHOE 1aBiieHHE B cocyne paBHO 42,31 kIla.
3amaua 2.2. [locna nycka JIBC naBneHue ckaToro BO3AyXa B IYCKOBOM

bamione moHmsmwiock or P;=35 mo P,=29 MIla. Ompenemurs o00beM
U3pacXxo/J0BaHHOTO BO3AyXa MpU JAaBICHUU M TEMIIEpaType OKpYKarolleld cpelibl
cootBerctBeHHO P, =100,8 xIla m ty =18 °C, ecim BMeCTHMOCTb ITyCKOBOTO
6awona V =02 M® Temrieparypa Bosiyxa B Gawione 10 mycka IBC t; = 18 °C, mocrie
mycka 1, =10°C.
Pemienne. 3anuiiem ypaBHEHUs COCTOSHHS JJISI TPEX COCTOSIHUM rasa:
— cocTosiHUE rasa B 6aiione a0 nmycka /IBC:

— cocTostHHME ra3a B 6ayuione mocie nycka J[BC:
— COCTOSIHHMEC Ta3a B OKpY’Karoliei cpene: PN, =mRT, (2.4)

rie R=2873 Jx/kr-°K — ynenbHas razoBas moctossHHas J1s Bozayxa (I1. «Ay);
M - Macca BO37yXa B COOTBETCTBYIOIIMX COCTOSIHUSX, KT.

AOGcoinoTHas Temneparypa rasa:

Ty =18+273=291 K; T =10+273=283 °K.

OnpenenuM Maccy BO3ayxa, coepikaiierocs B bayuione, 1o mycka JIBC:
RV 35.10°.02
~RT, 287,3-291
Macca Bo3nyxa, octasiierocsi B 6ayuione nocie mycka JBC:

6
my o PV 2910002 L0
RT, 287,3-283

Macca u3pacxoI0BaHHOTO BO3/1yXa:
m, =m,-m, =837 -713 =124 kr.
O06BeM U3pacxoI0BAaHHOTO BO3IyXa:

- m,RT, 124.287-291
°° P, 1008-10°
OTBer: 00beM H3PACXOI0BAHHOTO BO3ayXa pasen 1,027 m°.
3apaua 2.3. OObeMHBIE J0JIA KOMIIOHEHTOB CMECH MJICaJIbHBIX I'a30B pPAaBHBI:

H,0 —40%,0, —10%, N, —50%. JlaBnemue cmecu £P., =0,15 MIla npu
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temriepatype 100 °C. Haiitu napuuanbHble JAaBIEHHS KOMIIOHEHTOB, MOJSIPHYIO
Maccy CMECH, MacCOBBIE J0JIM KOMIIOHEHTOB, Fa30BYI0 MIOCTOSIHHYIO CMECH, a TAKXKe
IUIOTHOCTh CMECH IIPH YCJIOBUSIX, YKa3aHHBIX B 3aja4e.

Pemenne. IlapuuanbHble JaBiI€HHS KOMIIOHEHTOB CMECH ONPEIEISIIOTCS IO
dbopmyse:
I:)i =1 PCM’ (25)
rae I; - oobemHas 1075 | -ro KOMIOHEHTa CMECH.

Taxum obpasom: fy,0 =0,4; o, =01 ry, =05.
[Mapuuanbuble naBiaenus komrnoneHTos: Py,0 =0,4-0,15- 10° =60 klla;

Po, =01-015-10° =15 «TTa; Py, =0,5-015-10° =75 kITa.
MossspHas Macca cMecu:
Moy =251, (2.6)
e A - MoJspHas Macca | -ro KOMIIOHEHTa CMECH.
Torpa:

Moy =2 N1 = M0ty o 1 To Mo, + TNy HN, =

=0,4-18+0,1-32+0,528 =24,4 Kr/kmM0Ib
VY nenpHas ra3oBas MOCTOSIHHAS CMECH:

8314 8314
Rey = =222 23407 Jiac/krK.
Hey 244
_ Gy
MaccoBble 101M KOMIIOHEHTOB cMech: Jj = ——
Hey
0,4-18 0,5-28
= It = 0’3 = ! == 0,57
0H0 =44 N2 =244
o, %1% o3

24,4
3 9; =0,3+013+057=1.
[T10THOCTH CMeCcH OTPEIeTTUM U3 YPaBHEHUS COCTOSTHHS

P v, =R, T. (7

M

Tak xak V., =——, T0
Pem

P, 0,15-10°
Rey Ty 340,7-373
Oreer: Py, o =60kIla; Po, =15 kIla; Py, =75 xIla; t,, = 24,4 xr/kmorb,
94,0 =03:90, =0,13;9N, =0,57;R,,, =340,7 Jix/xrK; pey =118 kv,

=118 xr/m°.

Pem =

163



3agaua 24, OnpenenuTs CpPEJHIO MACCOBYIO TEIUIOEMKOCTh IPH
MOCTOSIHHOM JaBiieHuu i azota B mpenenax 300..600 °C, cuurtas 3aBUCUMOCTD
TEIUIOEMKOCTH OT TeMIepaTyphbl HeJTUHEHHOM.

Pemenne. CpenHee 3HadeHHME TEINIOEMKOCTH B wmHTepBane or {; mo i,
ompenensieTcs no Gopmyie:

__ 9
t, -1

rae 1y, 1, HavampHAs M KOHEYHas TeMmIepaTypsl cOOTBETCTBEHHO, °C miH °K;

Cpy C(2.8)

q - KOJIHUYCCTBO TCIIJIOTHI, HOI[BOI[HMOﬁ K CIMHUIIC KOJHYCCTBA TIasa (I/IJ'II/I

OTBOJMMOM OT HEr0) IPH M3MEHEHUHM TeMIepaTypsl rasa mpenenax ot iy no t,.
KonruecTBO TEIIOTH, y4acTBYIOIIEH B IPOIIECCE MPH TIOCTOSIHHOM JaBJICHHUH:

t t
p = C|om2‘o2 Ty - Cpml‘&'tl’ (2.9)

t t o o
01 , 02 - CpeJHHe 3HAYEHHs MACCOBOH M300apHOH TEMIOEMKOCTH B

rae Cpmi|g » Cpm2

nHTepBaiax Temreparyp ot 0 1o {; mor 0 no 1, coorBercTBEeHHO.

Torzxa MaccoBasin I/1306apHaH TCINIOCMKOCTL IIPpHM  HAIrpeBC OT tl a0

t, .onpenensiercs o hopmyre:

o 51
pmz|o 2 ¢ pml‘o !
Cpm = (2.10)
t2—Y
[Tonp3ysicek Tabnuuei TermoeMkocTH st azota (I1. «By), momyunm:
C om0 = 1,0488 kIbi/kr K;

C pm2 ‘ 800 = 1,076 x/[x/kr-K, mosTomy st a3oTa:

1,076 - 600 —1,0488- 300
Cpm =
600 —300

OTBeT: cpeaHee 3HAUECHHWE MAcCOBOM M300apHOM TEMJIOEMKOCTH JJIs a30Ta MpH
Harpese ot 300 no 600 °C pasno 1,1032 x/]x/kr-°K.

3amaya 2.5. Cwmecy wunmeampHoro raza Maccod m = 30 xr, 3agaHHas
00beMHBIMH goisiMu: H»0-40%, O,-10%, N,-50% u 3annmaromias o0seMm Vi = 35
M°, HarpeBaeTcs NpPHM MOCTOSHHOM JaBjieHMu oT Temmeparypel t; = 100 °C mo
temriepatypbl = 200 °C, a 3aTemM oxJaXmaeTrcs MpPU TMOCTOSHHOM OOBbEeMe [0
HMCXOJHOU TeMIIEpaTypHl ti.

Onpenenuth Temwioty | kr cmecu B mpoileccax. Pacuer mpoOWSLTIOCTPUPOBATH
u300paxkeHHeM MmpoieccoB B VP- u ST-muarpammax. 3agady pemiaTh € y4eTOM
HEJIMHEMHOW 3aBUCUMOCTH TEIUIOEMKOCTEN Ta3a OT TEMIIEPATYPHL.

Pemenue.

=1,1032kIx/xrK.
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T1=Ts

»
»

V1 Vo=V3 \Y S

Pucynok 2.1 — K 3agaue 2.5.
MonsipHas Macca CMECH:
Hep = 2N Hj = "Ha08y 0 + 10,40, + N HNp =

=0,4-18+0,1-32+ 0,528 = 24,4 xr/M0JIb
VY nenpHas ra3oBasi IOCTOSHHAS CMECH:

8314 8314
R= = = 340,7 Jix/xr-K.
Mo 24,4
MaCCOBBIC J0JIM KOMITIOHECHTOB CMCCH: g| = Zlul
CM
04-18 0.5.28
_ 2003 _ 9228 557,
9H,0 244 g, 214
01-32
=——=013. =03+013+057=1.
gOZ 24’4 z gl

MaccoBble H300apHBIC TEIUIOEMKOCTH KOMIIOHCHTOB CMECH IPH HarpeBe OT
t; =100 °C mo t, =200 °C onpenenstorcs mo hopmyIie:

- A

. ep|dt2—ep|g
Cp =
-4

(1120 _ 18937-200-18728-100 | (e oo
200-100

ng _ 0,9232-200-0,9353-100 — 0,911 1K br/xrK:
200-100

Ne 10434:200-1,0404-100 ) e o o
200-100

TenmoeMKOCTh ra30BOM CMECH:
i H,0 O N
=1,9146-0,3+0,9111-0,13+1,0464-0,57 =1,2893 x/lc/xe- K.

Temora, moaBeneHHas B mporiecce 1-2:
th—p = Cp" - (tp —t1) = 1,2893-100 = 128,93k [/
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MaccoByr0 H30XOpHYHK) TEIUIOEMKOCTb CMECH OIPENCISIEM U3 YpPaBHEHUSA
Mariepa:

oM = C%M —R =1,2893-0,3407 = 0,9486 k/[oc/ ke - K.
Temnnota, oTBeieHHas B nporecce 2-3:

Oy_3 = C" - (t3 —t ) = 0,9486 - (—100) = —94,86 Kk JK/kT.
OtBet: (1_» =128,93 k/Ix/kr; (o_3 =—-94,86 kJK/KT.

3AJIAYN JIJIA CAMOCTOSTEJIBHOI'O PEHIEHM A
3agaya 2.6. OmnpenenuTbh aOCOMIOTHOE JaBJCHHE B IapOBOM KOTJIE, €CIH
MaHoMmeTp mokaszeiBaeT 0,25 MIla, a atrMocdepHoe npaBiaeHHE MO PTYTHOMY
O6apometpy coctasisieT 700 MM pT. cT. ipu Temneparype 20 °C.
OtBer: P=0,343 MI]a.
3apaua 2.7. B OamioHe eMkocThio 60 1 HAXOAUTCS BOJOPOJ MPH JABICHUU 5
MlIla B Temnepatype 30 °C. OnpenenuTs Maccy rasa B OaJJIoHE.

Orser: my, = 0,24 kr.

3amaya 2.8. Macca BO3ayXa, 3aKIIOYEHHOTO MEXKAY KPBIMIKOM MWIMHAPA U
nopIHeM Kommpeccopa, paBHa 0,5 kr. Jluamerp umnuuiapa 0,5 M, naBieHue U
temriepatypa BHyTpu mwiuaAapa 0,35 Mlla u 400 °K coorBerctBenHo. Ilpu
HEM3MEHHOM JIaBJIEHUU ABMXKYILHICS 0€3 TpeHUs MopIleHb nepemeniaercs Ha 20 cM.

OnpenenuTe Ha4YaJlbHOE pACCTOSHUE TMOPIIHS OT KpPBIIKK LWIUHApPA U
TEMIIepaTypy B LIJIMHIPE NOCIIE NEPEMEIICHHS TOPIIHS.

OtBer: X=0,64 m; T7=495°K; T, =305 °K.

3apaua 2.9. OObeMHBIN COCTaB CyXUX MPOAYKTOB CTOPAHMSI OPTraHUYECKOTO
torumsa ciexyromuii: CO, = 12,3 %; O, =7,2%; N, =80,5 %.

Halitn MOJISIpHYIO Maccy M ra3oBYIO ITIOCTOSIHHYIO CMECH, @ TaKK€ IUIOTHOCTh U

yAENbHbIH 00BeM MpOMyKTOB cropanus npu pasienun 100 klla u tremmeparype
800 °C.

Otreer: 1 =30,3 xr/kmoms, R= 274 xJlx/xkr-K; p=034 kr/m®, V= 2,94
M3/KT.

3apaua 2.10. O0beMHBIE J0JIM KOMIIOHEHTOB BJIAXKHOT'O BO3[yXa: KUCIOPOJa
O, — 21 %, azora N,- 78,1 %; Bomsmoro mapa H,O- 0,9 %. Onpenenurs
MacCOBBI€ JIOJIM, TAapIMaNbHBIC NaBICHHUS KOMIIOHEHTOB BO3AyXa MpH IaBICHUU
cmecu 0,1 MIla, ra3oByro MOCTOSIHHYIO BO3AyXa M €ro IUIOTHOCTh MPU HOPMAJIbHBIX
YCIOBUSIX.

OtBer:g, =0,234;9y, =0,76;9,0 =0,006;P,, =210xIIa;
PN2 =781 xIla; PHzo =0,9 kIla; R =289 x/Ix/kr-°K; P, =118 Kr/m°

ITPAKTUYECKOE 3AHATHE Ne 3
HccaenoBanue TepMOIMHAMHYECKHX NPOLECCOB HIEATBHOIO ra3a — 2 yaca

KOHTPOJIBHBIE BOITPOCHI 1 3AJJAHUA
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1. ChopmynupyiiTe TeEpBBHIA 3aKOH TEPMOAWHAMUKA ¥  HAIMUIIUTE €r0

AHAJTMTHUYECKOE BhIpAXKCHUE.

OT KakuX MmapaMeTpoB COCTOSTHUS 3aBUCUT BHYTPEHHSS SHEPTUsI ra30B?

3. Uem sBisAmOTCS TeIuiota W pabora - (YyHKIMEH Mpolecca WIM COCTOSHUSA?
[Touemy?

4. Yto Takoe SHTaNbIUsi W HSHTponua? B dem 3akmrovaercss ux Qunyeckuii
cMbICIT?

5. Kak onpenenuTs nmpupamieHne SHTPOIUN UACATHHOTO Ta3a B 3aBUCUMOCTH OT
OCHOBHBIX TEPMHUYCCKHUX ITapaMETPOB COCTOSHUS?

6. Kax onpemenuts, pabory U Temnory mpomecca Ha VP-  m
ST - auarpammax?

/. B kxakom ciywae  TemioTta, paboTa, HU3MEHEHHE  BHYTPEHHEH
SHEPTHUU U SHTPOIUU CUYUTAIOTCS MTOJOKUTEITHHBIMHA? OTPHUIIATCIEHBIMU?

8. B xakoMm TepMOAMHAMHYECKOM TMPOIECCe BCSA TEIJIOTa WUIET Ha COBEpIICHUE
paboThI?

9. B xakoM TepMOJIMHAMHYECKOM IMpoIlecce paboTa He COBEpIIaeTCs?

10.B kakom TepMOJMHAMHYECKOM TIpoliecce padoTa COBEpIIAETCS 3a CYeT
WU3MEHEHHS BHYTPEHHEW dSHEpTUn?

11.B xakoMm TepMOJIMHAMUYECKOM TPOIECCE MOKA3aTeNb MOIUTPOIIBI PABEH HYIIO?

no

[TPUMEPHI PEHIEHUA 3AJJIAY
3agaya 3.1. Bosayx wmaccoit 10 kr pacmmpsieTcss H30TEPMHYECKH TPHU

t; =400°C ot navaneHoro pasnenus Pp= 800 klla 10 KoHeuHoro oovema Vo =5 M>,

OnpenenuTs Ha4YaIbHBIN 00beM, KOHEYHOE JaBJICHHUE, pa0OTy pacIIMPEHUs, TeIJIOTY
IpoLecca, U3MEHEHUE SHTPOIINH, YHTAJIBIIMU U BHYTPEHHEW YJHEPTUU.

Pemenue. HauanbHbiil 00beM OmpeiesisieM U3 YpaBHEHHs COCTOSTHUS Jjist M KT

rasa:

mRT; 10-287,3-673

P 800-103
KOHG‘-IHOC JAaBJICHHUC onpez[enﬂeM N3 COOTHOIICHUA HapaMeTpOB B

Vg = =2,417 M3

HN30TCPMHUYICCKOM IIPOLCCCC:

RP_YM 0 @y
PV
V
rorna: P, = Py L =800 2417 _ 38672 «ITa
Vs 5
PaboTy pacmmpenus B U30TEPMUYECKOM TIpoLiecce ompesensieM mo GopMmyiie:
v

L1_2 = P]_Vl In —2 . (32)
Vi
HOCHe IIOJACTAHOBKHU JAHHBIX UMCCM:

Ly, =800-2,417 - In—>
2,417

=1405,6 xJIx.

B n3orepMuueckoM mpoliecce BCs TEMIOTa pACXOAYETCsl HA COBEPILIEHUE

paboThI, MO3TOMY B aHHOM ciydae Q1 o =Ly o =1405,6 x[x.
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H3meHeHune 3HTPONTUU B U30TEPMUIECKOM MPOIECCe HAX0uM 10 popMyIie:

ASy 5 = Rln\\//—i, (3.3)

5
Torma ASy » =0,2873-In
Ad 8912 2,417

=0,21 xJIx/kr K.

OHTaIBIUS U BHYTPEHHSIS SHEPIUsl UACAITHHOTO Ta3a B U30TEPMHUUECKOM IpoIecce
HE U3MEHSIOTCs, TakuM obpazom, Al » =0 u AU1 o =0,
Otser: Vq =2,417M%;, P, =386,72 kIla; Q_» = Ly_p =1405,6 xJ/Ix;
AS1_o =0,21 xJ/xr-°K;Al1_2o =0 u AUq_» =0,

3agaua 3.2. Cyxoi Bo3gyx Maccod 1 Kr coBeplIaeT MNpsIMOid
TEPMOJUHAMHYECKAA  LMKJ, COCTOSIIIMM M3  YETBIPEX  IOCIEI0BATEIbHBIX
TEPMOJUHAMHYECKUX MTPOLIECCOB.

3aganubie napameTpsl i Bosayxa: P1=0,3MIla, 7, =300 K, P> =0,2 MIla,
T3= 273 °K. Ilpomecce: 1-2 - s=const; 2-3 -v=const; 3-4 -s=const; 4-1 -
P =const.

Tpebyercs:

1. Paccuutate naBnenue P, ynenbHBI 00BeM Vv, Temmeparypy Bo3ayxa T ms
OCHOBHBIX TOYEK IIUKJIA.

2. J1ns1 KaKJI0TO U3 MPOIIECCOB OMPENETUTh 3HAUCHMsSI TTOKa3aTesield MOJUTPOIIbI N,
TEIUIOEMKOCTH C, BBIYUCIIUTh M3MCHEHUE BHYTPEHHEH sHepruu AU, SHTAIBIINU
Ai, sarpormuu  AS, Temiory mporecca ¢, padory mnpoiecca |, pacmonaraemyro
pa6ory lo.

3. OnpenenuTh CyMMapHbBIE KOJIMYECTBA TOJBEACHHONW (1 W OTBEIECHHOW (2
TernoThl, padory nukna | u, tepmuueckuii KITJI nukoa 7.

4. Tloctpouts nukia B VP - u ST - koopauHaTax.

[MpunsTh TazoByro mocTosHHyl0 R =2873 JIx/(kr°K), TemoeMKoCTh mpu
nOoCTOSHHOM JaBieHun Cp=1,025 x/[x/(krK), 4To COOTBETCTBYET CBOMCTBAM CYXOro
Bo3ayxa npu T=273 °K.

Pemenne.

1. Onpenenum napameTpsl B XapaKTEPHBIX TOUKAX.

Py 0,2-10°.0,45

T 1. T = =313K.
Tt 1T R 287,3
Touka 2. IIponecc 1-2 — annabaTHbIH
C 1,025
p )
I Garsik == 0 =14;
OKa3artellb aguadaThl ¢, 0738
Cy =Cp —R=1025-0,2873=0,738 x/[x/(xrK)
1 1
5 -
Vo =V - |k =0,45- 0,214 =0,125m%/xr.
P, 1,2

168



k-1

— 0,286
P )
T, =Ty 2| % —a13.[22] —sa3k
P 0,2

Touxa 3. IIpouecc 2-3 — U30XOpHBIH => V,; =V,=0,125 M>/kT.
_Pp-T3 287,3-573

P3 = 1,3 Ml]Ia.
V3 0,125
1 1
Touka 4. V4 =V3 [&Jk = 0,125-(£j1’4 =0,5 m%/kr.
Py 0,2
= 0,286
T =T3£ﬂj “ =573-(%j ~335K
P3 3
Ta6nuna 3.1 — Pe3ynbTarsl BHIYUCICHUM
Touka nukIiIa
Tepmudeckue mapameTpbl 1 2 3 4
P, Mlla 0,2 1,2 1,3 0,2
V, M/KT 0,45 0,125 0,125 0,5
T,K 313 523 573 335

2. Paccumnraem mapameTphl IMpOIECCOB.
Ipouece 1-2 — agnabarusiii: 4 =0.
[TokaszaTeis MOJUTPOIIBI pACCUUTAEM 110 (hopMyIIe:

P, 1,2
90 '9 0,2
n= Vl =14. (3.4) Husa nanHoro mporecca: N = 0 ’45 125=14.
Ig-1 g~
J Vo J 0,06
TemnmoeMKkoCTb:
n —
c=C, ——. 3.5
L)
B agnabaTHOM Mpoliecce TEIIOEMKOCTh paBHa HyITo, T.K. N =K :
c=0,738- La-14 o

130X0pHasi TEIIOEMKOCTb: Cy = Cp — R =1,025-0,2873=0,738 k/[x/kr K

N3MeHeHne BHYTPEHHEN SHEPTUH U YHTAJIBIINU:
Aup_o =c,(Tp —T;) =0,738- (523 — 313)=154,98 kJIx/KT;
Aig_p =cp(Tp —Tp) =1,025- (523 - 313)=215,25 kJIx/xr.

N3menenue sHTponuu onpeaensiercs no Gopmyie:

As=j$. (3.6)

169




T.x. B aguabaTaoM mpouecce dq =0, ro u As=0.

B ammabatHOM mporiecce paboTa coBepIaeTcs 3a C4eT M3MECHEHHS BHYTPEHHEN
SHEPTUH:
| =-Au, (3.7)
torma: | =- Au=-154,98 xJ[>x/Kr.
Pacronaraemas pabora B aguabaTHoMm mporecce B K pas Goublie paGoTHI
m3menenns oobema: lg= K- 1=1,4-(~154,98)= 216,98 xJIx/KT.

IIpouecc 2-3 — U30XOpPHBIN: V) = V3.
B n30xopHOM Mpoliecce mokas3aTellb TOJUTPOIBI PaBeH OECKOHEUHOCTH:

C=Cy r:];l; =cy = 0,738 x/Ix/(xr-K).

W3mMeHeHne BHYTPEHHEN SHEPTUU U DHTAJIBIINAN:
Auy_3 =c, (T3 = T,)=0,738- (573 — 523) = 36,9 K JIK/KT;
Aiy_3 =cp (T3 —T2)=1,025-(573-523)=51,25 kJlx/xr.

W3meHenue HTPONUHU B U30XOPHOM MPOIECCe onpeesieTcs no Gpopmyie:

T.
As:cVInT—J, (3.8)
i

T
Torma B nanHOM ciydae: AS = C,, In_I_—3 =0,738- Ing—;g =0,07 x/x/kr-K.

2
B m30xopHOM TIporiecce BCS TEIIOTa PAcXOAyeTCs Ha M3MECHEHHE BHYTPCHHEH
sHepruu: =AU =36,9 xJ[x/kr.
PaGora B M30XOpHOM IIpoIlecce paBHA HYJIO 3a CYET TOTO O0BEM OCTaeTCs
v
[IOCTOSIHHBIM: | = deV =0.
V1
Pacnonaraemas pabora: lg =—v- (P3 -P ) =-0,125- (1,3 —1,2) =125k /x/kr

ITpouecc 3-4 - anuabarueiii: 4 =0.

P 0,2
lg_—*~ g~
P, 13 _on-k_
n= v 0125 1,4,c_cvn_ =0
g~ g
Vv 0,5

Aug 4 =c, (T4 —T3)=0,738-(335-573)=-175,6 xJIx/Kr;
Aiz_g = cp(T4 —T3) =1,025-(335-573)=-243,95 kJI/xr;
| =- Au=175,6x x/xr; lg= k-1=1,4-175,6 = 245,84 xJ[x/kr; AS=0
Ilpouecc 4-1 — uzoGapuwiii: P =const, T.e. Py =Py.
Taxkum oOpazom, n = 0.
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TemnnoemkocTs mpouecca: € =C, ;1 =cy -k=cp =1,025 k/L/(xrK).
n —

Auy_q =cy(Ty —T4)=0,738-(313 - 335) = —16,24 KJIx/KT;
Aigg =cp(Ty —T4)=1025-(313-335)=—22,55 kJLx/KT;

T
As=cp In —1025 In %——0,07 kJx/(xr-K);
Ty 335
C]4_1=Cp (Tl —T4) = Ai4_1 =-22,55 xJx/Kr;
Ps
| =Py -(v; —v4)=0,2-10%-(0,45-05)=-10 KJlx/xr; lg =— [vdP =0.
P21

3. OnpeenuM CyMMapHbIe KOJIMYECTBA TOABEAEHHOM (1 M OTBEICHHON (2 TEILIOTHI,
pabory nukia | I tepmuueckuii KIII nukia 7.

ITonBenennas remnora: 01 =(Qo_3 =36,9 kJx/Kr.
OTBeneHHas TeIioTa: (y = +‘q 4_1‘ = 22,55 kJIx/xr.
Pagora wikna:l = |oy|—|d2=36,9-22,55=14.35 k/lac/xr.

'y 1435
369

4. Jlns TOCTpOoeHWs LUKIa B KoopAuHaTtax ST HEoOXOIuMO OIpeAeIuTh
3HaueHue sHTpornuu S; (JK/kr-K) nmns kaxaoll XapakTepHONM TOYKHM LMKJIA IO

dbopmyie:

Tepmuueckuit KIIJI nukina ;@ ¢ = =39 %

T; P
Sj :cpln—'—RInP—'. (3.9)

TH H

[anee nomyyaem:
T P

Sp=Cp In—X —RIn—1 =1,025In 313 0,2873In 92_ = —0,06 xJTx/(xr-K);
TH PH 273 01
Ty P

Sp =Cp In—2 —RIn—2 =1,025In 523 0,2873In L2 _ =-0,06 xJIx/(xr-K);
TH PH 273 01
T3

$3=Cp In—3 — Rln—_1025ln5—73—0 2873In g-OOl kJIx/(kr-K);
TH PH 273 01

S4=Cp In——RIn 4 ~1025In §—02873I %_001KI[)K/(KFK)
TH PH 273 01

Breruncimm 3HadeHUS U3MEHEHUS OHTPOIIMHU B TCPMOJNHAMHWYICCKOM IUKIIC!
AS1_ o =Sy —51 =-0,06+0,06 =0 xJ[x/(xr-K);
ASp_3 =83 —S9 =0,01+0,06=0,07 xJIx/(xrK);
As3 4 =S4 —S3=0,01-0,01=0 x[Ix/(xr'K);
ASg 1 =51 —S4 =-0,06-0,01=-0,07 xJx/(xrK).
BreruncieHnple 3HA4YCHUS H3MEHEHMS OHTPOIIMKU COBIIAJA0OT CO 3HAYCHHIAMU,
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MNOJYUYCHHBIMH JJIsI IMPOHECCOB 1IHKJIA YCPE3 OCHOBHLIC TCPMOIMHAMHUYCCKUC

napameTphbl.

Ta6nuna 3.2 — Pe3ynbTaTsl BEIYMCICHUM SHTPOIIMU B TOUKaX IHKJIA

Touka 1 Touxka 2 Touxka 3 Touka 4
T, K 313 523 573 335
S, kJIx/(kr-K) - 0,06 - 0,06 0,01 0,01

[{uks B VP — KOOpIMHATax CTPOUM, UCHOJb3YS PE3YIbTaThl BHIYMCICHUN IT.1

(Tabnuma 2):

SATAYN 1A CAMOCTOATEJIBHOI'O PEIHEHUA

1.2 1

N L

0,1

02 0.3

v

Pucynox 3.1 — Iluxn B VP-koopaunarax

3

-0.07

-0,03 -0,03 -0,

s

0,01

Pucynok 3.2 — Iluxn B ST — quarpamme

0,03

3agauya 3.3. Kakoe KOJMYECTBO TEIJIOTHI HEOOXOAMMO MOJBECTH K BO3AYXY B
3aKkpheITOM cocyze oobemom Vq =0,5M%, ecnu HauanbHas Temneparypa t; =100 °C |

nasienne P1= 300 klla, a xoHeunas Temreparypa t, =500 °C? Onpeaenutb Takke

Maccy BO3/yXa MU KOHEUHOE JIaBJIICHUE. 3aBUCUMOCTbH TEILUIOEMKOCTH OT TEMIEpaTyphl
CUUTATh HEJIMHEWHOM.

OtBer: m = 1,4 kr; Q=412 x/[x; P, = 623 xlla.

3anaua 3.4. B ©30X0pHOM IIpOIIECCE TEMIIEpATypa OKUCH yIiiepo/ia Maccoi m =
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2,1 kxr ¢ HayaneHBIM AaBienueM P; = 0,12 MIla usmensercs ot t1= 25°C go 1,=63°C.
OmnpeaenuTh mapaMeTpsl COCTOSHUS padodero Tejaa B ToYKax 1 u 2, a TakKe TEIUIOoTY,
SHTAJIBIINI0O M M3MCHCHHE BHYTpPEHEH SHEpruu 1 Kr OKHCH YIJIepoja B IpoIiecce.
[punsts ¢, = 1,0464 x/bx/xr-K, R=296,8 x/x/xr-K. M300pa3uts nponecc B VP- u
sT-nuarpamMmax.

Oteer: 71=298 K; vy =0,735 wm¥kr; T5 =336 K; Vv, =0,735 wm%Kr;
P> =135,69 «lIla;l =0;Aq=Au=39,76 xJ[x/xr.

3apauya 3.5. Bo3ngyx Mmaccoii m = 1,9 kr ¢ HavajbHbIM aaBienueM P; =0,22
MlIla agunabatao pacmmpsiercs. [Ipu 3ToM ero tremneparypa usmensiercs ot t; =65 °C
1o t; =21°C. Onpenenuth mapaMeTpbl COCTOSIHUSI pabouero Tena B Toukax 1 u 2, a
TaK)K€ TEIUIOTY, SHTAJbIUI0O W HW3MEHEHHE BHYTpeHed sHepruu 1 Kr azora B
nporiecce. I[lpuusts ¢, = 1,0121 xJLx/kr-K, R =287 xJlx/krK.
[IpencraBuTh mpoiiecc B vp- u ST-quarpammax.

Otser: Ty =338 K; vq =0,38 M¥xr; Tp =294 K; vy =0,54 mM¥xr;
P, =156,68 «lIla;Aq=0; Au = 44,53 x/x/kr; | = - 44,53 xJx/kr.

HNPAKTHYECKOE 3AHATHE Ne 4

Tema 1.4. Huka Kapno
Pacyer uuki10B naporypOuHHbIX ycTaHOBOK (IITY) — 2 yaca

KOHTPOJIBHBIE BOITPOCHI 1 3AJAHUA

1. Yem otauuaercss napoTypOMHHAas yCTaHOBKA OT JBUTaTejel BHYTPEHHETO
cropanus?
UeMm oTinuaeTcst napoBoil 1k Penknna ot nmapoBoro nukia Kapuo?
N306pa3uth nuki Penkuna B B VP — u ST — u Si — KoopAWHATaX.
KakoBo BnMsHME HadyaJIbHOrO AaBiieHHWs napa Ha tepmudeckuilt KIIJI nukima
Penknna?
5. KakoBo BiMsiHME KOHEUHBIX MapameTpoB napa Ha tepmuueckuid KIIJ] nukna

Penknna?

W

[TPUMEPBI PEHIEHW A 3AJIAY

3apaua 4.1. Onpenenuth napameTpbl paboyero Tena B XapaKTEPHBIX TOYKaX
1ykiaa PeHKrWHA, KOJIMYECTBO MOABEJEHHON U OTBEACHHOMN TEIIOTHI, paboTy ILMKIIA,
TEOPETUUECKYI0 MOITHOCTh TypOunbl, Tepmuueckuii KI1J[, ecnu naBmenue B KOTIie
P; = 10 MlIla, temneparypa mapa mnepen typounou u ti= 500 °C, naBienue
koHaeHcaruu napa P, = 0,005 MIIa, pacxox mapa M =1200 1/4.

Pemenne. Touka 1. Ha sSi-mmarpamme (I1. «M») onpenmeniM Touky |,
XapaKTEPU3YIOIIYI0 COCTOSIHUE U TTapaMeTphl pabodero Tesa nepen TypOruHOM.

P1= 10 MIIa, t;= 500 °C, i1 = 3375 x/Ix/kr, $1= 6,6 kJ[x/kr-K.

Touka 2 xapakTepu3yeT COCTOSHHE U MMapaMeTpbl pabouero Tteja Ha BBIXOJIE U3
TypOuHsl. [Ipoliecc pacimpenus nmapa Ha JionaTkax TypOUHbBI CUUTAIOT aiuadaTHBIM,
nostoMy S;= $;=6,6 kJ[x/kr-K. [anee mo Si-quarpamMmme onpenensiem:

P,= 0,005 Mma, iz =2010x/x/kr, V2 = 22 m¥/kr, t,= 32,88°C.

[Tap Braxusiii Touxa 3. Konzgencar (o tabnuue Bogsuoro napa, (I1. «JI»)
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P3= P,= 0,005 MIla, $3=0,48 xJx/kr-K, i3 = 137,8 x/Ix/kr, V, = 0,001 m3/kr,
t3= t,=32,88°C, I'3~i;=137,8 kJK/KT.
Touka 4. Kursiimast >kuakocTs (1o TabJiviie BOASHOTO Tapa)
P4=P1=10 MI1a, S4=3,4 xx/xr K,
I3 = 1408 xJx/kr, vz = 0,00145 m®/kr, t4= 311 °C.
Touka 5. Cyxoii HachlIeHHBIH nap (110 TabaHLe BOASHOTO Mapa)
Ps=P;=10 MIla, Ss= 5,6 xx/krK, is = 2725 xJx/xr,
V2 = 0,018 m%/kr, ts=t4,= 311 °C.
[TogBeaenHas TemioTa:
a1 =i1—i3' zi1—i3; (41)
OTBEJCHHAs TCIIOTA:

Qg =iy —i3, (4.2)
torma: (g =3375-137,8= 3237,2 xxw/xr; (Qp =ip —izg =2010-137,8= 1872,2
KJK/KT.
Pa6ora mukna: | =0 — gy =3237,2-1872,2= 1365 kJK/KT.
Tepmuueckuii KIIJ] uukna: 7 = 11365 _ 0,42
01 3237,2
Teopernyeckas MOUIHOCTb TYpOHHBI: Np=m-I= 1200-1000 1365 =455

MBTT.

| .
3 Jv & 8 8
Pucynok 4.1 — K 3agaue 4.1.
3apaua 4.2. Onpenenutsy KIIJ] maeanpHoro nukiaa PeHknHa 1pu HaYaJIbHOM
temneparype mapa t;= 500 °C u xoneunom naBimenun P, = 0,01 MIla. 3agauy
PEIINTh MPU YCIIOBUU, YTO HAYAIHHOE JIaBJICHUE:
1) P,=2,0 MIla; 2) P,= 5,0 MIla; 3) P,= 10,0 MlIla.
Pemenune. Tepmuueckuii K11/ npeansHoro nukina PenkuHa:
—I
m=1—2. (4.3)
=13
DHTanbIUU onpeersieM U3 Taduilbl U auarpammbl BosiHoTo niapa (I1. «Jby, «My»):
1) iy =3470 x/x/kr; ip = 2360 xx/kr; 13=190 k/x/KT;
~3470-2360

" " 3470-192
2) i1 = 3440 xJx/xr; 19 =2210 x/Dx/kr; i3=190 xJ[x/KT;

= 0,34,
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~3440-2210

N, = = 0,38.
2 3440-192
3) iy = 3380 xlx/xr; ip = 2100 xx/kr; 13=190 xJx/KT;
—_ 3380—2100 _ 0.,402.
3  3380-192

Orser: 7y, = 0,34; 1, = 0,38, 7, = 0,402.

SAHAYN A CAMOCTOATEJIBHOI'O PELLIEHU A

3apaua 4.3. OnpenenuTh mapameTpsl pabodYero Teia B XapaKTEPHBIX TOYKAX
nukiia PeHKrWHA, KOJTUYECTBO TMOJBEICHHON W OTBEICHHOW TETUIOTHI, pabOTy IHKIIA,
TEOPETUYECKYI0 MOIIHOCTh TypOuHbl, Tepmuueckuit KIIJ[, ecnu  naBieHue B
KOTJIe
P1 = 9 Mlla, temneparypa mapa nepen Typounoit u t= 400°C, naBneHue
KoHJeHcauu napa P, = 0,005 MlIla, pacxon mapa M=1050 1/4.

Oteer: 07=2972,21 xJIx/kr, 0p=1752,21 xJLx/xr, | = 1220 x/Ix/kr. 17y = 0,41.

3anaua 4.4. B napoTypOMHHOM JIBUTaTese ONPEAEIUTh KOJTUYECTBO OTBOAMMOM
B KOHJICHCATOpPE TEIUIOThI, €CIU JaBiieHue B KoHueHcaTtope P, = 0,005 Mlla, a
CTEIIEHb CYXOCTH Tapa, moctymaromero B KoHaeHcarop x=0,9. KonmyecTBo mapa
MOCTYIIAIOMIETO B KoHAeHcaTop G=6 Kr/c.

Otser: Q2=13093,2 x/[x/kr,

3agaua 4.5. Onpenenurs KIIJ[ upeansHoro nukia PeHKMHA ITPU HAaYalbHOM
nasieann mapa Pi = 4 MIla u nagansHoi Temnepatype t;= 500 °C. 3amgauy pemuTh
TIPH YCJIOBUH, YTO KOHeUHOE nasieHue: 1) P,= 0,2 Mlla; 2) P,= 0,05Mna;
3) P,= 0,005 MITa.

OT]?.eT:nt1 =0,255; M, = O,?,~158;77t3 =0,387.

INPAKTUYECKOE 3AHSTHE Ne 5
Tema 1.5. Huxasl ABC

Pacuer nuki10B ABUraTesieid BHyrpensero cropanus (JIBC).
Pacuer uMk/I10B ra3oTypOMHHBIX YcTaHOBOK (I'TY) — 2 yaca

KOHTPOJIBHBIE BOITPOCHI 1 3ATIAHU S
Ha3zoBute OCHOBHBIE XapaKTEPUCTUKHU IIUKIIOB.
Yto Takoe cTeneHb coxaTus?
UYto Takoe cTerneHb NOBBIIICHUS JaBJICHUS ?
UYto Takoe CTENeHb MPEABaAPUTEILHOTO PACIIUPECHUS?
OnuIrTe MUK ABUTATENS C U300apHBIM TOBOIOM TEIUIOTHI.
OnummuTe UUKI JBUTATENS ¢ U30XOPHBIM MOABOAOM TEILIOTHI.
OnuuuTe UUKJII JIBUTaTENsl CO CMEIIaHHBIM MTOJIBOJOM TEIIOTHI.
Omnwucate 1uki I'TY ¢ n306apHBIM MOBOIOM TETUIOTHI.
B yem otnmune mukinoB I'TY ot nukiaos JIBC?

CoNOR~ODE
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10.1300pa3ute muka ['TY ¢ uzobapHbM moaBoAoM TemioTel B VP — u ST —
KOOpJAMHATaXx.

11.1306pa3uth muka ['TY ¢ wu300apHBIM MOJABOJOM TEIUIOTHI W TOJIHOM
perenepanueit B VP — u ST — KoopauHaTax.

12. Onucarp mukin I'TY ¢ n306apHBIM TIOIBOJIOM TEIUIOTHI M TTOJTHOM pereHeparve.

[TPUMEPBI PEIHEHW A 3AJJAY

3amaua 5.1. [[ns wugeasbHOr0 UMKJIA JABUTATENIsT BHYTPEHHEIO CrOpaHus C
M30XOPHBIM TMOJBOJOM TEIUIOTHI ONpEACIUTh MapamMeTpsl paboyero Teaa B
XapaKTepHBIX TOYKAX IHKJIA, KOJUYECTBO IOJBEICHHOM U OTBEICHHOW TEIUIOTHI,
noJiyueHHyro padoty u tepmuueckuid KII/I, ecnu HayaibHble MapaMeTpbl pabodero
tena P= 0,1 MIla, t;= 17°C, crenenb cxkatugd & =4,0 U CcTeNeHb IOBBIIIECHHUS
nasienus A =3,5 pabouee teno — Bozayx. R=287.3 Jlx/kr-K, c,=1,01x/kr-K, cy -
0,72 JIx/xr-K.

Pemrenue.

OnpenenuM nmapaMeTpbl B XapaKTEPHBIX TOUKaX IUKJIA.

Touka 1. P;= 0,1 MIla, T;= 17+273=290 K.

VY nenbHbI 00bEM ONPENETUM U3 YPABHEHUSI COCTOSHHUS:
RT;  287,3-290

V3= 5 = 0,83 m%/kr
PL 01-10
Pa Ta
3 l% 3
—1
0x 4
2 4 2
q g
2
1 > ; >
Y S

Pucynok 5.1 — K 3agaue 5.1.

Touka 2. CteneHs cxaTus ornpeensercs no Gopmyne:

V
g=-1 (5.1)
V2
vi 0,83
tTorma Vo = L =270 0,21 M¥kr
£

W3 cooTHomeHUs TapaMeTpoB B aauabaTHOM mporecce 1-2  ompenennum

abcosrotHoe naBienue: Py = Pe K=01.4,04* =0,7MITa.
Temneparypa u3 ypaBHEHHSI COCTOSIHUSL:
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Pov, 0,7-10%.021

Ty = =512K.
R 287,3
Touka 3. IIporecc 2-3 — H30XOPHBIH, T.€. V3 =Vo = 0,21 M%/kr. Y3 COOTHOMICHHMS
P T
rapaMeTpoB B H30XOPHOM ITpoIiecce: P—3 = T—3 =A=T s = A-Ty,P3=4-P,, Torna
2 2

T3 =35-512=1792K, P3 =35:0,7=2,45 MIIa
Touka 4. v, =Vv1=0,83 M3/kr.
B agnabatHom nponiecce 3-4:

k 14
P, = p3{"_3j - 2,45.(0’_231)} = 0,36 MTTa.

Vg ,
P 108 .
1, - Pava_036:10°-083 00
R 287,3

[TonBenenHas remaora B mpouecce 2-3:
a=cy(3-T2);  (5.2)
OTBEJICHHAs TeIioTa B mpouecce 4-1:
d2=cy(T4-T1);  (5.3)

paboTa 1nukIiIa:

I =0y -02; (54)

tepmuueckui K1 nukia:

I
M =—, (5.5)
01

Torma: ¢y = 0,72-(1792-512) = 921,6 xJIx/xr,
02=0,72- (1040 — 290) = 540 K JIx/xr.
| =921,6-540=381,6 xlx/xr; 7 = I— = % =
qp 9216
Oter: P, = 0,1 MIla, T;= 17+273=290 K,v1 = 0,83m%kr; Vo =0,21 M3k,
P>, =0,7Mlla, Tp =512K; v3 =0,21 M/KT, T3 =1792 K, Py = 2,45 MIla; V4 = 0,83
me/kr, Py =0,36 MIla, T4 =1040 K;q; =921,6 x/[x/kr; o =540 xJ[x/kr; | =381,6
kJK/KT;
n = 0,41
3agaua 5.2. Jlng uaeaqbHOrO IMKJIA JBUTATENsl BHYTPEHHETO CrOpaHUs C
M300apHBIM  TOJBOJOM TEIUIOTH ONpPENETuTh IapaMeTpbl padodero Teiaa B
XapaKTEPHBIX TOYKAaX LHMKJIA, KOJIMYECTBO IMOABEACHHOW M OTBEIEHHON TEIUIOTHI,
nosyuyeHHyto padoty u repmudeckuii KI1J1, ecnu HauanpHble mapamMeTpsl paboyero
tena Pi= 0,16 MlIla, t;= 27°C, cremeup cxatus & =13,4 u cTeneHb
NpeJIBAPUTEIBHOTO pacimpenus p = 1,3, pabouee teno — Bo3ayx. R=287.3 Jlx/krK,
c,=1,01Lx/krK, cy=0,72 Hx/kr-K.
Pemennue.

0,41.
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Pucynok 5.2 — K 3amaue 5.2.

Onpenenum mapaMeTpsl B XapaKTEPHBIX TOYKaX UKJIA.
Touka 1. P1= 0,16 MIla, T:= 27+273=300 K,
2873
=R _ 287330040y o
R 016-10

Vv vi 054
Touka 2. & =+ = Vo = 1200 0,04 M3 kr

Vo & 13,4

Pv, 6,05-10°.0,04
R 2873
Touka 3. Ilpomecc 2-3 — n3o0apHbIiA. COOTHOIIEHNE TTAaPaMETPOB B M300apHOM
nporecce: P; =P, =6,05 MIla
%:://_z:p:”s =p-To,V3=p-V,.
T,=13-842=1094,6K, v, =1,3-0,04 = 0,052 m>/kr.

P, =P&¥=0,16-13,4"" =6,05 MIla; T, = =842K.

v, )" 0,052

Touka 4. vgq =Vv1=0,54 m¥xr, P, = P{i} = 6,05-('—4] =0,23MI]a.
_ Pgvq 0,23-10°-0,54
R 2873

IloxBenenHas Temwiora: g, =C, (T, - T,)=101-(1094,6 — 842) = 255 kJIx/kr

Otsenennas Temnota: g, = C, (T, —T,)=0,72- (429 — 300) = 93k JI/kr

Pa6ora nmukna: | =qq — o =255 - 93 = 162 k/x/kr

Tepmuueckuit KIIJI nuxna: n, = 1 _162_ 0,63.

g, 255

OtBet: P1= 0,16 MIlIa, T;=300 K, Vq ==0,54m%kr;Vy = 0,04 Mm%kr,
P2 = 6,05 MIla, T2 = 842K; P3 26,05 MIla, T3 21094,6 K, V3 = 0,052M3/KF;
V4=0,54 m%/kr, Py =0,23MIla, T4 = 429K; ¢ = 255k]xk/kT; qp = 93 kJIK/KT;
| =162 xIx/xr; 1t =0,63.

3agaya 5.3. [[ns mpeanbHOro MMKIA Ta30TYpOMHHON YCTAaHOBKU C M300apHBIM

=429K.

Ty
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MO/IBOJIOM TEIUIOTHI OTIPEIETUTh MapaMeTphbl pabovero Telia B XapakTEPHBIX TOUYKAX,
KOJIMYECTBO MOJIBEICHHON U OTBEICHHOMN TEIIOTHI, MOJIE3HYI0 padoTy, TEPMUUYECKUN
KIIJI, eciu HawanbHbIe TapameTphl padouero tena P1= 0,1 MIla u t1= 15 °C, crenens
MOBBINICHUS J1aBJieHUs B KoMiipeccope f = 6,0 u Temmeparypa pabouero tena B
koHIe moaBoaa termoTel t3 = 600 °C. PaGouee temo — Bo3myx. R=287,3 JIx/krK,
cp=1,01x/xr-K

Pemienne. Touka 1. ;= 0,1 MIla, T,= 15+273=288 K,
_ RT1 _ 287,3-288 — 083 ¥kr

PP 01.10°

Vi

P
Touxa 2. ﬂzFZ: P,=P,-$=01-60=0,6 MIla.
1
1 1

Vo = Vl(lj k =0,83- [ile = 0,23 Mm3/xT.
B

P, 06-10°.0,23

T, = 480K.
R 287,3
Touxa3. Ts=600+273=873K; P3 = P, = 0,6 MIla;
RT :
AL I 287,3 8;3 0423 hr,
Ps  06-10
Touka 4. P, =P, =0,1MIIa.
k-1
— 0,286
P ! RT :
T4 =T3(—4J : =873-(ij —523K; vy =ro =SO85
P 0 P4 01-10

TMossenennas Temora: qp =Cp (T3 — To )=1,01(873-480) = 396,93 kJIx/kT.
Orsestennas Temiota: ¢, = Cp (T4 —Tq)=101-(523 - 288)= 237,35 = kJlx/kr.

Pab6ora nukna: | =qp — o =396,93-237,35= 159,58 k/x/kT.

Tepmuueckuii KIIJI nukna: 7 = 1 15958 04.
0 396,93
Q1
Pa 5 5l 3 Ta " l 3
2 5 *
6
[
4 1
V' SV

Pucynok 5.3 — K 3amauam 5.3. u 5.4.
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Otser: P;= 0,1 MIla, T;= 288 K, v =0,83m%*/kr; P, =0,6 Mlla;V,=0,23m%xr,
T, = 480K;Ts = 873 K; P3 = 0,6 MITa; V3 = 0,423k Py = 0,1MTTa, T4 = 523K;
V4 =15m%xkr; Oy = 396,93 kJlx/kr;q, =237,35 KJK/KT;
| =159,58 x/x/kr; 7y =0,4.

3amaua 5.4. PemmnTh mpepIaynIylo 3aiady NOPH YCJIOBHM, Y9TO HMPOM3BOIUTCS

IIOJIHAsI pEreHePaLHsL.
B nukne ¢ perenepaumen: 7, =T,; T,=T,

IlonBeneHHas TEIUIOTA: qf “ =cp(T3 —T5)=1,01(873-523) = 353,5 KI/kr.

OtBeneHHAas TEIIOTa: qg “ =cp(Tg —T1)=1,01(480-288)=193,92 k/LK/Kr.
Pabora mukna: 17 = g/* —q/* =353,5 —-193,92= 159,58 x/[>x/kT.

. 17% 15958

v . pe
Tepmuueckuit KT/ nukna: ng = qlpee = 3535 =0,45.

OtBer: qfez: 353,5 kJ[K/KT; qgee: 193,92 xJIx/xr;1 P = 159,58 kJx/KT;
nf“ =0,45.

3ATAYN J1A CAMOCTOSATEJIBHOI'O PEIHEHU A

3amaua S5.5. Jlns wacanpbHOTO HMKIA JBHraTellss BHYTPEHHETO CrOpaHHs C
W300apHBIM TIOJIBOJIOM TEIUIOTHI ONPENETUTh IapaMeTphl pabodero Teiaa B
XapaKTEPHBIX TOYKAX IMKJIA, KOJMYECTBO MOJBEACHHOW M OTBEICHHON TEIUIOTHI,
noiayyeHHyro pabory u tepmuueckuid KIIJ[, ecau HavanbHbIE MNapaMeTpsl
pabouero Tema P1=0,15 Mlla, t;= 25°C, crenens cxatus & =13,6 U CTENCHb
peaBapuTeNbHOTO pacipenus p = 1,4, pabodee Teno — Bo3nyx. R=287,3 JIx/kr-K,
cp=1,01/x/krK, ¢y=0,72 J[x/kr-K.

Oter: 1 = 42,4x]Jlx/xr; 9 =131,8 xJlx/kr; | =210,6 xJx/xr; 77 = 0,61.

3apava 5.6. CpaBHuTh 1K1 3amaud 4.1 ¢ MUKIOM ¢ M300apHBIM IOJBOIOM
TEIJIOTH TIPU YCJIOBUM, YTO B CPAaBHUBAEMBIX IMKJIAX OJIMHAKOBBI OTBEIICHHAS
TEIJIOTA U CTENEHb CXKATHSI.

OtBet: (; = 753 x/x/kr; 77y =0,28 .

3agaua 5.7. CpaBHuTh HUKJI 3a7add 4.2 C IUKJIOM C HM30XOPHBIM IMOJBOJAOM
TEIJIOTHl TIPU YCJIOBHM, YTO B CPAaBHUBAEMbBIX ITUKIAX OJMHAKOBBI OTBEICHHAS
TEIJIOTa U MaKCUMAaJIbHBIC TTapaMEeTPhl COCTOSIHHS pabodero Tena.

OtBet: (1 =176,3 x/[x/kr; 77y = 0,47 .

3apaua 5.8. /[ uacanpHOrO IMKIIA Ta30TYPOMHHOW YCTaHOBKH C M300apHBIM
MIOJIBOJIOM TEIJIOTHI U MTOJTHOW pereHepannuei ONpeaesIuTh mapaMeTphl pabodero Tea
B XapaKTepHbIX TOYKAX, KOJMYECTBO IIOABEACHHOW M OTBEACHHOW TEIUIOTHI,
noJsie3Hyr paboty, repmuueckuii KII, ecnmu HadanpHbIe mapaMeTpsl pabodero Tena
P1=0,15MIla u t1= 20 °C, crerneHb NMOBBIIIECHUS JaBIEHUs B KoMIipeccope = 6,5 u
TeMrepaTypa pabodero Tejaa B KOHIIE 1mojiBoja TerioTsl t3 = 650 °C.  PaGouee Teno
— Bo3ayx. R=287,3 Jx/kr-K, c,=1,01/[xk/kr-K. CpaBHUTh NaHHBIA LUK C LUKIOM

180



['TY 6e3 perenepanuu.
OtBet: () =428,24 xJlx/xr, (p = 249,47 x/Ix/kr, | =178,77 x/[x/kr, n; =0,42;

qlpea =386,33 KI[)I(/Kr,qé?%: 208,06 xJIx/xr, | 7% = 178,77 xJIx/xkr, 77tpe'2 =0,45.

3apava 5.9. Jlns nukia ra3oTypOMHHOTO ABUTATENsl C M300apHBIM MPOILECCOM
MOJIBOJIa TEIUIOTHI OMPENENIUTh YJEIbHOE KOJIWYECTBO MOJBOAMMON TEIJIOTHI, €CIIU
HadanbHOE naBieHue P =0,1 MIlla, nauanenas temneparypa Ti =300 K, creneHb
MOBBIIICHUS JIaBJIICHUS] B KoMmmpeccope J = 6, MakcuMalibHas TeMIleparypa ILHKIa

T3=1500 K. B xauectBe pabouero tena npuHsATH Bo3ayx R=287,3 JLI;( k=14,
KT -

OtBert: (1=1009 x/x/kr.
3apauva 5.10. Pemmths mpempiaynryro 3agady MpH yCIOBUH, 9TO UK ['TY
MPOXOJUT C MTOJTHON PEreHepaue.

OTtBerT: qg =607 xJx/KT.

INPAKTHYECKOE 3AHATHUE Ne 6

Tema 1.9. IIpoueccol npeodOpazoBanus U eperpesa mapa
Boasinoii map. Ilapamerpsl cocTosiHMSA.
HccaenoBanuio npoueccoB BOASHOIO mapa — 2 yaca

KOHTPOJIBHBIE BOTIPOCHI U 3AJJAHU A
1. Yem oTnHuaercs ucrnapeHue oT KUIEeHUs?
YBEIUYUTCS WM YMEHBIIUTCS yNETbHbII 00BEM CYyXOr0 HACBILIEHHOTO mapa
[IPU TTOBBIIIEHUU €r0 JIaBICHUS?
Yro Takoe TemioTa napoodpa3oBaHus’?
UTto Takoe CTeneHb CyXOoCTu?
Kak onpenenuTs napaMeTpbl KUTSIIEH BOAbI?
Kak onpenenuts mapaMeTpsl CyxXoro HachIIEHHOTO napa’?
Kak onpenenuts TemwioTy neperpesa napa?
Kak wu300paxkaroTcs  mporecchl  BOASHOrO Tmapa Ha  Si—, VP— u

N

0N OEA W

ST — quarpammax?

[TPUMEPHI PEILIEHMA 3AIAY
3agaya 6.1. CocrosiHue BoASHOTO napa 3agaHo napamerpamu: P1=2 Mlla,

t;= 550 °C. OnpenenuTs, MONB3YSICh Si — qUarpaMMoOl HadallbHOE COCTOSIHUE Tapa
ero mapametpbl (i,S,Vv,P,t), a Takke mapaMeTpbl M COCTOSHHE Iiapa, ecCliu
IPOUCXOAUT €ro aauabaTtHoe pacmmpeHue a0 agasieHus P, = 0,02 Mlla.

OnpenenuTs Takke paboTy, COBEPIICHHYIO MapOM MIPH aIadaTHOM PaCITUPEHUH.
Pemenue. Ilonp3ysice Si— auarpammoit (I1. «My») ompeaenum HadalbHOE
cocrosinue napa. Ha nepecedennn mzobapsl Pp= 2 Mlla u uzorepmsl t1= 550 °C

0003HaYUM TOYKY |, OTIpEENSIONTYI0 Ha9albHOE COCTOSIHUE U TTapaMeTPhl BOJSTHOTO
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napa. B Touke 1 map meperpetsiii. [lapamerpst mapa: Pp= 2 Mlla, t;= 550 °C, i1=
3600 kJIx/kr, S1= 6,7 kIx/kr-K, v= 0,19 m¥/kr.

Pucynok 6.1 — K 3agaue 6.1.

Jlns onpeneneHus napaMeTpoB Mapa nociie aainadaTHOTO paclIupEeHHs] HAHECEM
Ha nuarpammy agmabary 1-2 (Sq =S9=06,7 x/[x/kr-K) u o06o3Haunm TOUKy 2,
ONPENEISIONIYI0 COCTOSHHE W IapamMeTpbl mnapa. B Touke 2 map BIiIaHBIM.
[Tapamerpsr mapa: Py = 0,02 MlIla, i,= 2500 k/[x/kr, Sp =S1= 6,7 xx/krK,
Vo= 7,5 mM*/kr. TemmepaTypy mapa MOKHO ONPENENUTh M3 TaOIULBI BOASHOTO Mapa

(IT. «JI») wim mo nuarpaMme Ha IMEpPeCceYeHUH H300apbl C BEPXHEH MOTPAHUYHOM
kpuBoil. Takum oOpazom, to= 60 °C. Crenens cyxoctu x = 0,95.

PaboTy, coBeplilieHHYIO B aJuadaTHOM MPOLECCE ONMPEAETUM 10 (HOpMyJIe:

Iy 2 =(ig —Pvi)—(i2 —P2v2),  (6.1)
torma li_p = (3600 —2000-0,19) - (2500 — 20 - 7,5) =870k Jlx/xT.
OtBer: Touka 1 — map neperpetsiid, P1=2 Mlla, t;=550 °C, i1= 3600 k/[x/kr, S 1=
6,7 xJlx/xr-K, v= 0,19 M%xr; Touka 2 — nap Bnaxusiii, Po = 0,02 MlIa, to= 60 °C,
i 1= 3600 xJIK/KT, Sp =S1= 6,7 KIx/kr K, Vo= 7,5 M¥/kr. l1_5 =870k x/xr.

3amaya 6.2. B uwmungpe noj nopiiHeM npu gasienun P;=9 MIla u crenenu
cyxoctu x1 = 0,125 HaxoauTcs BOJASIHOW Tap, MepBOHAYAIBHBIA 00BEM KOTOPOTO
Vi =104 M3 K mapy u30T€pMUYECKH NOABOAUTCA TEIUIOTA B  KOIUYECTBE
Q = 6400 M/Ix. 3atem map aguabaTHO pacmmpsercs n1o0 gasieHus P = 0,01 MIla.

Onpenenuts mapameTpbl coctostuus mapa (P, t, v, i, S) B KOHIIE H30TEPMUYECKOTO
MOJBOJIa TEIJIOTHI W aauabdaTHOTO pAacHIMpPEHHUs, CyMMapHOe  H3MEHEHHE ero
BHYTPCHHEH SHEpPrMM W padoTy, MPOM3BEICHHYIO B mpoleccax. lIpeacTraBUTh
nporieccsl B ST- U Si-auarpamMmax.
Pemenue. Ilapamerpsl Bogsl (V',i',S") u cyxoro naceimennoro mapa (V',i",s")
npu P1=9MIIa onpenenum u3 tadnums (IT «JI»): 1=303,3°C
(T =303,3+273 =576,3K), v' =0,0014 m*/kr; i’ =1364 kJ[/kr; S’ = 3,29 k[x/kr-K;
v" =0,0205M%/kr; i" = 2743k Ix/kr; S" = 5,68 kK Ix/Kkr- K.
[TapameTpsl BIaXHOTO MMapa OnpeaeistoT o GopMyiam:
v, =(V'=V')-x+V'; (6.2
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i, =@{"—1")-x+i"; (6.3)
s, =(s"—s')-x+s".  (6.4)
OnpenenuM napaMeTphl Iapa B Hayaje moABoAa TeioThl (Touka 1). [Tap BiakHbIH.
v; = (V" = V') x +Vv'=(0,0205-0,0014)-0,125+0,0014=0,004 m%/xr;
i, = (" —i") - X +i" = (2743 —1364 )-0,125+1364=1536 KJIK/KT;
s, =(s"—5')-x+5s" =(5,68-3,29)-0,125+3,29=3,59 xJlx/xr-K.
Vi 10,4

Macca mapa: m=-—==——=2600 kr.
v1 0,004
V3MeHeHre SHTPOIHHU B MIPOIIECCE MOBO/IA TETUIOTHI:
Q  6400-10°

S= = =4, 4k ]JIx/kr-K.
m-T 2600-558,8

DHTpoInus napa B KOHIE MOJBOJIA TEMJIOTHI:
So =81 + As=3,43+ 4,4 = 7,83k Ix/krK.
ITo s, u t, =t, =const Ha si-muarpamme ( I1. «M») onpenenum Touky 2.
[TapameTpbl apa B KOHIIE U30TEPMUYECKOT0 TTOABO/A TEMIOTHI:
i» =3080k/[x/kr, P, =0,21 Mlla, v, =13Mm/kr.
Vi3MeHeHne BHYTpeHHEH sHepruy mapa: Aly_o = (ip —Povy )= (i — Pvp )
Auj_5 =(3080-210-1,3)—(1440,6 —7000-0,004) = 1394,4 .k Jlx/kT.
AU1_2 =m-Auq_p =2600-1394,4 =3625,4 M/ x.
PaGoTty nmapa omnpeaenum U3 nepBoro 3aKk0Ha TEPMOTUHAMUKH:
Q 6,4-10°
|1_2 =012 Au1_2 = E AU]__Z = W 1394,4 =1067 1k JIx/xr.
Li_o> =m-1l1_»=2600-1067,1=2774,5 MIx.
Touka 3. S3 =Sy = 7,83 kJ[xk/krK.
[TapameTpsl mapa B KOHIIE ai1a0aTHOTO PACIIUPEHUS:
i3 = 2490k ]x/xr, P, =0,01 MIla, v, =15m%/kr.
Aup_3 = (i3 —P3v3)—(i2 — Pov2)
Auy_3 =(2490-10-15)— (3080 - 210-1,3) =.- 467 kJIx/xr.
AU 2.3 = Au 2-3 -M= —467 - 2600=-1214,2 MI[)K
|2_3 =—AU 2.3 = 467 K}l)K/KF
L2_3 =m- |2_3 =2600-467=1214,2 MI[)K
CyMMmapHO€ U3MEHEHHE BHYTPEHHEH 2Hepruu U padboTa, MPOU3BEICHHYIO B
npoIieccax:
U1_2 = U1_2 +U 2.3 = 3625,4 - 1214,2 = 2411,2 MI[)K
Lo =L1_o + Ly_3=2774,5+1214,2 =3988,7 M Ik
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Pucynok 6.2 — K 3agaue 6.2.

SAHAYN UIA CAMOCTOSATEJIBHOI'O PELIEHUA

3agaya 6.3. OnpenenuTh, MOJB3YACH Si -IUarpaMMoi, SHTPOTIHIO, SHTATIBITHIO U
yAeIbHbIN 00beM BojasiHOTO mapa npu aasienun P=0,01 MIla u crenenu cyxocTtu
x=0,8.

OtBet: iy, =2108 kJ/Ixk/kr; Sy=6,65 k/x/kr-K; vy = 13 M/kr.

3apaua 6.4. OnpeaenuTb KOJIUYECTBO TEIUIOTHI, 3aTPAueHHON Ha noiydeHue 1
Kr mapa npu aaBiaeHun 1,6 Mlla u crenenn cyxoctu 80%, ecin HayaabHas
temmneparypa Boasl 60°C.

OtBet: (=2154 xJIx/Kr.

3apaua 6.5. [Ipu maBnennm 0,8 MIla Boga Harpera go 140 °C. Ha ckombko

IpaaycoB HYKHO HarpeTh BOMY, YTOOBI HAYAJIOCh KUTICHHE?
OtBer: At=30,41°C

INPAKTHYECKOE 3AHATHUE Ne 7

Tema 1.10. UcTeuenue u apocceiupoBaHue ra3oB U NapoB
HcTeuenue ra3oB u mapoB — 24aca

KOHTPOJIbHBIE BOITPOCHI U 3AJAHUA
Hanummre ypaBHEHHE MEPBOro 3aKOHA TEPMOAUHAMUKY ISl TIOTOKA.
Kakue xaHasbl Ha3bIBAIOT coriaMu U quddyzopamu?
N3o06pa3ute rpaduuecku pacronaraeMyro paboty Ha VP - nuarpamme.
Kputnueckoe oTHONIEHWE AABJICHUH U €r0 ONPEACTICHHUE.
[Touemy mpoliecc UCTEYEHHUS U3 COTEN M HACAJOK CUUTAIOT ainabaTHBIM?
Kak onpenensiercss MakCUManbHbBIA pacxo]l UACAIBHOTO ra3a’?
Kaxkoli nmpornecc Ha3bIBa€TCs IPOCCETUPOBAHUEM?
Kak uzmensieTcst paboTocrmocoOHOCTh BOASHOTO Mapa MpHu APOCCEITUPOBAHNN?
Kormpa, mnpu Kakux YCIOBHSIX TEMIIEpaTypa peaJibHOTO rasza Ipu
JPOCCETUPOBAHUH TIOBBIIIAETCS, TOHMKAETCS, OCTaeTCs 6€3 N3MECHEHHUSI ?

LCoNORODE

I[TPUMEPKEI PEIHIEHNW A 3AJ1AY
3amaua /.1. Bnaxusliil nap ¢ HadaibHbIM fgaBineHueMm Pi= 2,0 Mlla u crenenbio
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cyxoctu x1=0,9 BBITEKaeT yepe3 CYKHUBAIOIIEECS COIIO C IUIOMIA/IbI0 BBIXOAHOTO
ceuenns f = 34 mm? B atmocdepy ¢ nasnenanem P, = 0,13 MI]a.

OnpenenuTh KPUTHUECKOE JIaBJICHUE, EUCTBUTEIbHYIO CKOPOCTh MUCTEUEHUS U
CEeKYyHIIHBI pacxo]l TMapa, €CIU CKOPOCTHOW KOA(PQUIMEHT COIJla pPaBeH .
CKopoCThIO Tapa Ha BXOJE B COIIO MPEHEOpEUb.

Pemenue. OnpenennM pekuM UCTEUEHUS Mapa:

P, 013
p = —2 =22 _0,065< Bxp = PEKHUM HUCTEUEHUS KPUTUYECKUM, CKOPOCThH

R 20

3BYKOBas.
Poyp = Bp - R = 0,577-2 = 1154 MITa.

[TapaMeTphl Hapa Ha BBIXOJE M3 comula ompenenseM 1o Si—amarpamme (I1
«Mp»):

Pr= 1,154 MIla, $,=5,95 kJIx/kr-K, i2,=2515kJIk/KT, V2, =0,15 M3/KT.

TeopeTndeckass CKOPOCTb Iapa Ha BBIXOJIE U3 COIJIA:

W, = 44,7 fi — g, 1)
W, =44,77/2610 2515 =436

JleficTBUTENBHAS CKOPOCTH I1apa Ha BBIXOZE U3 COIUIA:
Wy =@ -W,, =0,89-436 =333 "

/c.

/c

JlelicTBUTEIbHAS SHTAJIBIIN:

2 2
iy =i — (%) =2610— (%} = 2535 kJI/KT, Torna Vy=0,16 m>/kr

J1eCTBUTENBHBIA PACXOLI:

oW f
Voo, (7.2)
w, - f .34.107°
goWor T _ 388-34-10 — 0,082
Vo 016 KT/C.

P, =1154 _
Otser: °KP MITa; Wo = 388 m/c; G =0,082 m/c.
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Pucynok 7.1. — K 3amauam 7.1 u 7.2

3anauya 7.2. Pemuth npenpaynyto 3ajady npy yCJIOBUU, YTO UCTEUCHUE Mapa
MPOUCXONIUT yepe3 coruio JlaBamsi.

Pemenue. B aTom citydae ckopocTh ucTedeHus 60mbIe KpuTudeckoit. OHa
ONpENIEIIACTCS U3 YPABHCHUS:

Wy = 447 il - i2 (73)

puaeM 12 OyZeT COOTBETCTBOBaTh COCTOSHUIO Iapa B KOHIE aanabaTHOTO
pacumpenust npu P, = 0,13 MIla. Takum obpa3zoM, mojb3ysichk S!-mguarpamMmoi,

OIPEIEITHIM: 122180 kJIK/KT, TOr/IA:

Wy = 44,7/2610-2180 _gy7 /e

OtBer: Wy =927 M/c.

3anaua 7.3. Bo3nyx u3 pesepByapa ¢ MOCTOSHHBIM nasieHueM P; = 10 MlIla u
temrepatypoit t1=15 °C BreiTekaeT B arMochepy uepe3 TpyOKy ¢ BHYTPEHHUM JTMaMETPOM
10 Mm.

OrnpenenuTs CKOPOCTh MCTEUEHHSI BO3AyXa U €ro CeKyHAHbIM pacxon. HapyxHoe
napinenne npuHATH paBHbIM 0,1 MIla. Ilpouecc pacmmpenuss Bo3myxa CUUTATh
annabaTHBIM.

p="2

Pemenune. OmnpenensieM OTHOIIEHUE Py . Ono paBuo 1/100 w,
CJIEIOBATENIbHO, MEHBIIIE KPUTHYECKOTO OTHOIICHHUS JIaBICHWM Ui BO3IyXa,
coctapistomero 0,528. [Toatomy ckopocTh MCTedeHHUs! OyleT paBHAa KPUTUYECKOW U
oIpeaenuTcs no Gopmyse:

WKp =1,08-,/RT; =1,08-4287-288 =310 wm/c. (7.4)
CexyHAHBIN pacxoj AJIsI KpUTUUYECKOTO PeKUMa TCUCHUS:
Py

Vi (7.5)
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HJ'IOI]_[aI[B MOMEPEYHOTO CCUHCHM A BbIXOJHOT'O OTBCPCTUS COILIA:
_m?  314.0,012

2 4
VYnenbHbIl 00bEM BO3yXa HAa BXOJI€ B COILIO:

v = _ 287 2§8 =8,27-10 3 M¥/kr;
P 10-10
CJICO0BATCIIbHO, PAaCXoa BO3AyXa:

6
Gy = 0,686-7,85-107° LO?) ~187 xrlc.
8,27-10

OtBer: Wy, =310M/c; Gax =187 xr/c.

f —785-10 Mm%

3apaua 7.4. B pesepByape, 3alOIHEHHOM KHCJIOPOJOM, MOIJIEPKUBAIOT
nasineHue P; =5MIla. I'a3 BbITeKkaeT uyepe3 CyKHMBAKOIIEECS COILNIO B Cpeay ¢
nasinenueMm Po= 4 Mlla. HauaneHas TeMneparypa kuciaopona 100 °C.

OnpenenuTs TEOPETUUECKYIO CKOPOCTh UCTEUEHUS M pacXO, €CIH TUIOMIAAb BEIXOAHOTO
cedenuss comma f =20mm? Mcreyenwe cuurtarh aguabatHbIM.  Haiftm  Taxke
TEOPETUUYECKYIO CKOPOCTh MCTEUEHHUSI KUCIOPOJA U €r0 Pacxojl, €Clu UCTeUeHUe OyaeT
NPOUCXOIUTH B arMoc(epy. bapomerpudeckoe nasnenue npuHaTh paBHbiM 0,1 MITa.

Pemenue.
OTHoOIlIEHUE JTaBJICHUN COCTABIISIET
P, 40 )

:————0,8, = — :0,528, .C. > .C eaoBare 0, CKOpOC
P 50 P (Pljkp re. f > fyp- Cenosareicy POCTE

ucTeYeHus OyleT MEHbIIE KPUTHYECKOM U onpeensercs no Gpopmyre:

k-1
w= X puli-[ P21k | 76
k-1 P
N3 ypaBHEHUS COCTOSIHUS:
RT; 259,8-373
PL 5.10°

V]_—

=0,0194 m%/xr.

Jlanee nmeem:

04
w= |23%5.10%.0,0194 1—(% L4 1 _ 205 wm/c.
04 5

CexyHIHBIN pacXo;
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2 k+1

Got o K P (i}k _(ijk (7.7)

k—1vy || Py P,
N Y
G=20.1076 [p14 510" (fjl"‘ —(fjl"‘ — 0175kr/c.
0,40,0194| (5 5

Otet: W =205 mM/c; G =0,175 kr/c.

3apaya 7.5.Pemnth npeabIynyto 3a1a4y Ipu YCIOBUH, UTO HCTEUEHUE
KHCJIOPOJia IPOUCXOIUT B aTMOchepy.

Pemenne. [Ipu ucreuenun B atmocepy OTHOUIEHUE JAABJICHHIA:

P P.
e 2 _ i =0,02 ;ﬂKp |2 =0,528, 1e. S <ﬁKp . CnenoBarenbHO, CKOPOCTh
P, 50 P kp

HCTCUYCHUA B 9TOM CJIydac 6yz[eT paBHaA KpHTH‘—ICCKOfI, a pacxo — MaKCUMaAJIbHBIM.

W, =1,08,/RT; =1,08- ,/%373 = 336 m/c.

MaxkcumanbHbINA PaCcXOX:

P [5.108
Grax = 0,686 |-+ —0,686.20-1076 |29 _g25 e
Vi 0,0194

OtBer: W,,;, =336Mm/c; Gmax =0,22 kr/c.

SAJAYN U CAMOCTOSATEJIBHOI'O PELHIEHU A
3agaya 7.6. Bo3agyx mnpu mnoctosHHOM naBieHuun Pyj=6 Mlla u

temrepatypoit t1=27 °C BbITeKkaeT B cpeny ¢ aaBieHueM Po=4 MIla. Onpenenutsb
TEOPETHUECKYI0 CKOPOCTh M KOHEYHYIO TEMIIEpaTypy IpH aInadaTHOM HCTCUCHUH.

OtBer: W=257 M/c; tp =6 °C.

3anauva 7.7. HaiitTu TeopeTHYeCKy0 CKOPOCTh aquadaTHOTO UCTEUEHUS a30Ta U
CEKYHAHBIN pacxon, ecnu Py=7 MIla, Po= 4,5 MIla, t;=50°C, F =10 mm?.

OtBer: W =282 m/c; G =0,148 kr/c.

Pazgea 2. OcHOBBI Temionepeaayu

Tema 2.1. Buasl TenyioooMeHa
IMPAKTHYECKOE 3AHSATHUE Ne 8
Tenyioo0MeH NPy BHIHYKACHHOH KOHBEKIIUU — 2 Yaca

KOHTPOJIBHBIE BOITPOCHI 1 3AJJAHU S
1. Yto Ha3pIBaeTCsI KOHBEKTUBHBIM TEIJI0O00MEHOM?
2. ChopmynupyiiTe OCHOBHOM 3aKOH TEIJIOOTAa4l KOHBEKITHEH.
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3. Jlaiite ompezneneHus TUHAMUYECKOTO M TEIUIOBOTO TOTPAHUYHOTO CJIO€B U
00BbsICHUTE UX (PU3UYECKHUI CMBICII.
4. HazoBuTe BUJIbI JIBIXKEHUS KUJIKOCTU WM raza. O0bsicHuTe X (pU3ndecKui

CMBICII.
5. Kakumu YUCIIaMUA nmonoous XapaKTepU3yeTCs KOHBEKTHUBHBIN
TerIoooMeH?

6. Uro HazpiBaeTcss Koddduimentom  temnoornayu?  DyHKIMEH ~— KaKuX
napamMeTpoOB OH SIBJISETCSA?

7. KakoB MexaHu3M IMepefayd TEIUIOThl MpU JIAMUHAPHOM U TYpOYJIEHTHOM
JBHKCHUSIX KUJIKOCTHU?

8. Uto xapakrepusytot uncna PeitHonbaca, Hyccenbra, Ilpanatns, I'pacroda u
KaK OHH OIpenensaTcs?

9. lo kakoro 3Ha4ycHUsS 4Yuclia PeiliHONbICAa IOTOK JKHJIKOCTH HE MOXKET
NePEeXOAUTh U3 JAMUHAPHOTO B TYpPOYICHTHBIN PEKUM?

10. Kakue  ypaBHeHUss 1mojgoOuUs  PEKOMEHAYETCS TpU  HUCCIEeIOBaHUU
JJAMUHAPHOTO U TYpOYJIEHTHOTO JIBHXKEHUSI KUJIKOCTH ?

11.Kakas TemriepaTypa sIBJII€TCS ONPEACIISIONICH MpU BHIHYKJICHHOM JIBUKEHUU
KUJIKOCTH?

12.Kakoil pa3mep sBISETCS XapakTEpHbIM TMPU BBIHYXKICHHOM JIBXKCHUU
KUJKOCTH B TpyOe?

[TPUMEPHI PEHIEHUA 3AJJIAY
3amaua 8.1. Tlo TOpPWM3OHTAILHO PACIIONIOKEHHOW CTATBLHON TpyOe ¢
muamerpamu d,=110 mm, d, =130 MM U K03()(HUIHEHTOM TEIUIONPOBOAHOCTH

marepuana Tpyosl A= 50 B1/(M'K) co ckopocthio W=2 wMm/c Teder Boma C
temnepatypoil t,.1 =100 °C. CHapyxu TpyOa OXJaXIaeTCs OKPYKAIOLMM BO3TYXOM,
Temrieparypa koroporo paBHa 2 °C, a xK0O3()PUUHMEHT TEIIOOTAAaYu OT HapY>KHOU
TIOBEPXHOCTH TPYOBI K BO3AyXy o = 10 Br/(M*K).

Onpenenuths KO3(QPUUUEHT TEMIOOTAAYU (/1 OT BOABI K BHYTPEHHEH MOBEPXHOCTU
TpyOBbI, KO3 HUIHEHT Teronepeaadn K U TEIIOBOM MOTOK, OTHECCHHBIH K 1 M IJIMHBI

TPYOBL.
Pemenue. [To Tabnure (I1. «A») onpenenum Gpundeckre mapameTpsl BOJIbI IPH

ty1=100 °C: 4,,.1= 0,683 Br/(M'K); V,,1 =0,295 -10° m%/c; Pr,.;=1,75.

Omnpenenum gucio Pelinonbaca mo hopmysie:

wi
Re,,. =—, (8.1)

1%

rae | - xapakrepnsiii pasmep.

Jlns maHHOTO Cityyas:

wdg  2-011

Vaer 0,295-107°

Tax xax Re,1>10% 10 pesxum ABUKEHUS — TypOYIEHTHBIN.

Jna ompeneneHuss cpeaHero Kod(pQUIUEHTa TEMIOOTAauYd TMpPU Pa3BUTOM
TypOYJIEHTHOM ABM>KEHUU MOKET OBITh HCIIONIb30BaHa (popmyna:
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Pr 0,25
0,8 0,43 1
NU e =0,021Re .1 Pr,q (W"’;J . (8.2)

YuuteiBas, UYTO KOI(PPHUIMEHT TEIIOOTHAYM OT BOJBI K BHYTpPEHHEH
MOBEPXHOCTU TPYOBI OyAeT 3HAYMTEIBHO OOJbIe KOAh(UIMEHTa TEeIUIOOTAAYl OT
Hapy>KHOW TOBEPXHOCTH TPYOBI K BO3AYyXy, nmpumeM lcm1 =~ 1,.1 U, cienoBaTeNbHO,

Prq1 = Prema, Torna:

0,8
0,021Re?® pr043 — 0,021 (7.46.105f° .17604% ~ 13365,

NU,.q =
KoadduumenT Termnootaauu onpeaensercs no gopmysie:
Nu -4,
a = - 8.3)
Nuq -4 .
o = 1" 4oc1 _1336,5-0,683 _ 8298,4 Br/(v2-K).

dg 0,11
Temnoornaya OT BHEIIHEW MOBEPXHOCTU K BO3/AYXY OCYIIECTBIISIETCS 3a CUET
eCTECTBEHHO KOHBEKIUH H TI0 YCIOBHIO 3a1aun o = 10 Br/(M? K).

JIunenHpIi K03 PUIMEHT TerIonepeaayn paBeH:

1
k:
1 1 ,.d, 1 (84)
+ In—+——
ayels 241 dg  ayeody,

Ilocne moacTaHOBKHU:

1
=—— i 0 =1,295 Br/(m-K).

+ n +
8298,4-011 2-50 110 10-013
TennoBo# MOTOK, OTHECEHHBIN K 1 M JUTHHBI TPYOBI, COCTaBIISET:
0 =krlt,q —they )=1295-314-(100-2) = 398,7 Br/m.

Otger: a1 =8298,4B1/(M*K); k =1,295 Br/(m-K); 4 =398,7 Br/m.

3agaua 8.2. [lunmunapuueckas TpyOa ¢ Hapy)HbIM quameTpoMm 100 MM moKpbITa
OJHOCIIOMHOMN M30JIAIHEN ¢ KO(PPUIUEHTOM TEIIIONPOBOAHOCTH A5 =0,2 Br/(M-K).
KoaddummenT terioornaun ot Hapy>XHOU MOBEPXHOCTH M3OJSIIUNA K OKPYXKAIOIIEH
cpene az =5 Br/(m?*-K).

[lenecooOpa3Ho M MPUMEHATh B JAHHOM CIliydae H3OJSAIMUOHHBIN MaTepuan ¢

3aIaHHBIMU CBOMCTBAMU JIsl YMEHBIIECHUS IOTEPh TETUIOTHI?

Pemenue. Jlns 3hPeKTUBHOTO MCIIONB30BAHUS H3OJSIUN C IEJIBIO CHIDKCHHUS

MOTEPh TEIJIOTHl HEOOXOAMMO, YTOOBI KPUTHUECKUIN JUAMETP U30JISIIIUU ObLT MEHBIIIE
BHEILHEr0 Juamerpa orojeHHoro tpybomnposona: d,,<d,. Ycinosne ymeHbleHus

TCINIOIIOTEPb BBIPAXKACTCA COOTHOICHUEM:

}%Sazz-df, . (85)

OmnpenensieM KpUTHIECKUM TUaMETP 30N
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o = 2t _ 202408\ = 80 ww.
as 5

Otser: B tanHOM citydae d,y, <d, ¥ IpUMEHEHHE H30ISLMOHHOIO MaTepHala C

d

Auz=0,2 Br/(M*K) nenecoobpasno.

3agaya 8.3. Omnpenenuts KOIQPUIMEHT TEMIOOTHAYH U  KOJUYECTBO
nepeaHHOW TeIJIOTHI TpU TEYEHHH BOJBI CcO ckopocthio W=0,08 w™/c B
ropu3oHTabHON TpyOe nuamerpom d =0,008 mu miawHO# 3 M, ecnu Temmeparypa
BoJiblI t,,.=90 °C, a TeMiieparypa BHYTpEHHEH MOBEPXHOCTH TPYOBI oy =30 °C.

Pemenne. IIpu remneparype Boas! t,,. =90 °C no tabmuue (I1. «A») Haxomum
dusznyecKkre XapaKTepUCTUKH BOBIL:

Are= 0,68 Br/(Mm'K); v, =0,326 -10° m?/c; Pr,.=1,95.

[Tpu Temmeparype crerku tey =30 °C uncno Ipangrs: Pre,, =5,42.
C yderoM TNONYyYEHHBIX 3HAYEHUI OIpenensieM pPEeXUM JBUKEHHUS TpyObl B
wd _ 0,08-0,008 19632
Vac 0325-107°
T.x. Re,,. <2300, To pexxuM ABHKEHHUS — JAMHUHAPHBIH.

[Ipn naMHHApHOM peXMME IBWXKEHUS B TpyOe M ompeneneHus kodpduimeHrta
TEIUIOOTIA4YH UCIIOJIb3YeM (POPMYJIBIL:

rOpU30HTaJIbHOU TpyOE: Re,,. =

rC m

0,25
Pr
NU,,. =015Re%33 prd:43 Gr:,(fc’l[—"*" ] 86)

NU,,- A (8.7)

o=

d
Uucno I'pacroda:

gd®
Grye :TﬂZ -At, (8.8)

VOfC
rae At = tgfc _tcm: 60 °C.

9,81-0,008°
Gr,,. = > +6,95-107* 60 =197-10°.

(0,0326 -10—6)

ITo dopmynam (8.6) u (8.7) ompenensem uucio Hyccenbra u kodpduineHt
TEIJIOOTAAYH OT BOJIBI K IOBEPXHOCTH TPYOBI:

0,33 0,43 %1 (195 0.25
NU = 015-(19632)°% . (195)°43 (197 108 (EJ 1276

_12,76-0,68

=1085 Br/(M>K).
0,008
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I
[TonpaBky Ha anuHYy TpyObl BBOJUTH HE ClIEyeT, T.K. — = ——— = 375>50.

d 0,008
KomnyectBo nepez:aBaeMoﬁ TCILJIOTHI YCPEC3 BCIO ITOBCPXHOCTDH pr6BI:
Q=7z-d-l-a-(t,, —tey)=2314-0,008-8-1085-60 =13082 Br.
Oteer: o =1085 Br/(M?-K); Q =13082 Br.

3AJAYN I CAMOCTOMATEJIBHOI'O PEHIEHU A
3amaya 8.4. Onpenenutrh Ko3POUIMEHT TEIIOOTAAYU A KOJIMYECTBO
NEpPETAHHON TEIUIOTHI IIPU TEYEHUH BOABI B TOPU30HTAIBHON TpyOe nuamerpom 0,02
M., muHOM 10 M u co ckopocteio W= 0,3 m/c, eciiu Temmeparypa Boasl 80 °C,
TemriepaTypa cteHku TpyOsI 30 °C.

Oteer: o =1879 B1/(M?-K); Q =59 Br.

3agaua 8.5, 'mankas muactuHa mupuHoi 1,5 M u mmHoi | =2,0 M o6Tekaercs
IPOAOIBHBIM TIOTOKOM Bo3nmyxa ¢ Ttemreparypoid t,. =20°C m co CKOpOCThIO
w= 4,0 m/c. Onpenenuts KO3(HGUIHEHT TEIUIOOTAAYN ¢ U TEIUIOBOM NMOTOK Q , ecnu
TeMIIepaTypa NOBEPXHOCTH IUIUTHI t.y, = 80 °C.

Oteer: o =135 Br/(M*-K); Q = 2430 Br.

INPAKTUYECKOE 3AHATHUE Ne 9
Tenmnoo0MeH Npu cCBOOOAHON KOHBEKIINH — 2 Yaca

KOHTPOJIBHBIE BOITPOCHI 1 3AJAHUA

OnuiunTe MEXaHu3M BOZHUKHOBEHHUS CBOOOJHOIO MOTOKA KHUIKOCTH.
Yro siBnsieTca onpenenstoneid TeMiepaTypoil mpyu cBOOOIHON KOHBEKIUHU?
Kak onpenenuts XapakTepHblil pa3Mep Mpu cBOOOAHOW KOHBEKIIUU
Kakumu ypaBHEHHUSAMH MOJ00MSI ONpenesnsseTcs TemIooTaadya npyu cBOOOAHOM
JNBU>)KECHUU KUIKOCTH?
5. OnuiuTe XapakTepHYI0 KAapTUHY CBOOOJHOTO JBM)KEHHS JKHJIKOCTH Y

BEPTUKAIBHON CTECHKH.

oW

[TPUMEPHI PEHIEHUA 3AJJIAY
3agaya 9.1,  OxnaxmeHue XKUIKOCTH OCYLIECTBISETCS B TOPU30HTAIBLHO
pacroiokeHHbIX TpyOax auamerpom d=20,0 mM. TemmepaTypa »KHIKOCTH BAAIH OT
Kax 01 TpyOsl t = 100 °C, Temneparypa Ha moBepxHoctu TpyOsI t.= 20 °C.
Onpenenuth KO3QPUIMEHT TEIIOOTAAYM M OOy JUIMHY TpyObl, €ciu
HeoOxoauMo oTBoauTh Q = 8,0 kBT Temna. Termmonocurens — Boja.
Pemenne. Cpensis TemrepaTypa MOrpaHuYHOIO CIIOS:

t, +t. 100+ 20 .

Io tep onpenennm napameTpsl st Temonocutens (I1. «A»):

v=0,478-10°%m%*c, B=51110*K?, 1=659-102Br/M'K, Pr=2,98
Kpurepuit Hyccenbra rpu cBOOOJHOM KOHBEKIIMH ONpeaessieTcs 1o popmysie
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MuxeeBa:
Nu =c(Gr-Pr)"  (9.1)

Kputepuii ['pacroda:
3 —4 3
Gr :&29-@% _t, )= 10 7002 : 98 100 20)=14.107
v (0.478-107 )

[poussencuue (Gr - F’r)=(l,4-107 . 2,98)= 4,2 107
[To mpoussenenwnto (Gr-Pr) onpenemum (I1. «B»): ¢=0,135, n=0,33
Tornma kpurepuit Hyccenpra:

0,33
Nu =c(Gr - Pr)" =o,135-(4,2-1o7) = 44,2

Koaddumment remnoornayu:
_Nu-7_442.659-10~°
d 0,02
[11o11a15 TOBEPXHOCTH TETNIOOOMEHA:

103
. @ 8010 =0,07 M2,
q alt, —t.) 1456-(100-20)
F 007
7 d 314.0,020

OtBer: o =1456 Br/M*K; | =1,15 m.

Zamaua 9.2. Onpenenuts Kputepuii momoous Hyccenmbra mjis €CTECTBEHHOM
KOHBCHIIMM BEPTHKAJILHO PACIOJIOKEHHOTO MWJIMHIPA HAPYXKHBIM guamerpom Oy
=0,25 M u mmHo# |= 1,5 M, ecim kospduuuent temnoornaun o= 50 Br/mM* K, a
K03 (PHUIHUEHT TEMIONPOBOIHOCTH MOIPAHUYHOTO cJIost kuakoctu A=2,9 102 Br/m 2
‘K.

Pemrenue. Ilpu eCTECTBEHHOM KOHBEKLUHUHM BEPTUKAIBHO PACIIOJI0KEHHOTO
MUJIMHAPA ONPENEISIONIUM pa3MEpPOM SBIIETCSI €ro BbICOTa. Torma Kputepuid

noao6ust Hyccenbra:
a-l 50-1,5
Nu = =

A 29.107°

OtBer: Nu = 2586.

3AJJAYN OJ1A CAMOCTOSTEJIBHOI'O PEIHEHU A

3agaya 9.3. OxjaxieHue >XHMIAKOCTH  OCYIIECTBIIAETCS B T'OPH30HTAIBHO
pacnojiokeHHbIX TpyOax auamerpom d=19,9 mm. Temneparypa KHIKOCTH BIAIH OT
Kaxa0i TpyObl t, = 125 °C, temmeparypa Ha mnoBepxHOCTH TpyOwbl t.= 45 °C.

Onpenenuts Kod3(QUIHMEHT TEIIOOTAaYd U OOyl JAJIUHY TpyOBl, €ciu

HeoOxoauMo otBoIuTh Q = 7,9 kBt Temna. TermroHocuTens — BOA.

Oteer: @ =1904 Bt/M?K; 1=0,83 m.

3agaya 9.4. OmpenenuTh MNOTEPIO TEIUIOTHI TPU CBOOOAHONW KOHBEKIIUU
BEPTHKAJIBHO PACMOJIOKEHHBIM TPyOOTpoBoIoM AuamMeTpoM 150 MM U BBICOTOM 5 M,

=1456 Br/m*K.

115m.

Juna tpyOsL: | =

= 2586.
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ecnu Temmeparypa cTeHku TpyOompoBoga 200 °C, Temmeparypa OKpPYXKarOIIEro
Bo3ayxa 30 °C.

Ok wnE

Oteer: Q = 3613 kBt

Tema 2.2. Ten1onpoBOAHOCTD

IMMPAKTUYECKOE 3AHATHUE Ne 10
Term1onpoBOAHOCTD Yepe3 IJIOCKHE U HWIHHAPUYECKHE
OTHOCJIOMHBIC U MHOT'OCJIOMHBIE CTEHKH — 2 yaca

KOHTPOJIBHBIE BOITPOCHI U 3AJIAHU A
HazoBuTe BuabI nepeHoca TeIioThl. B yem nx paznuune?
Uro Ha3bpIBaeTCs TEMIEPATYPHBIM MOJIEM?
JlaiiTe onpenenenue rpaauenTa reMieparypsl. Kakosa ero pasmepHocTb?
CdhopmynupyiiTe OCHOBHOM 3aKOH TEIJIONPOBOJHOCTH.
Uro xapakrepusyer KoapouuueHT TermionpoBogHoctu? KakoBa  ero
pa3MepHOCTh?
KakoB 3akoH pacnpelnencHuss TeMIlepaTyp II0 TOJIIMHE IUIOCKOH U
HAJIMHIPUYECKONU CTEHOK?
Kak onpenenuts Temmeparypy MEXAY CIOSIMH B MHOTOCJIOWHBIX IJIOCKUX H

HAJIMHIPUYECKUX CTEHKAX?
[TPUMEPDBI PELIIEHW A 3AJJAY

3agaya 10.1. TemmepaTypsl Ha BHEIIHHUX MOBEPXHOCTAX  JIBYXCIOWHOMN

creakn t; = 1300 °C m t3 = 75 °C, TONMMUHBI IEPBOTO U BTOPOTO CIOSI O1 =
225 MM u O = 425 MM, KO3(PPUITMEHTHI TETUIOMPOBOIHOCTH MaTepHalia CTCHOK Aq =
1,5 Br/mKu A,=1,2 Br/mK.

Onpenenuths BEJIUMYUHY YACIBHOTO TEIJIOBOTO TMOTOKA, TEMIEPATypy Ha TpaHHIlE
CI10eB, KO PHUITMEHT TEITIONPOBOIHOCTH SKBUBAJICHTHON CTEHKH.

/A

/

[

{/
/L

L

& VLT,

Pucynok 10.1. — K 3agaue 10.1.

Pemenue. TepMudeckre COMPOTUBIICHUSI CTEHOK OTpeiesisieM 1o popMyIie:
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R, = 5 0225 _ 0,15m%K/Br;
A 15

§ = 9, 0425 _ =0,35M%K/Br.
A, 1, 12

CyMMapHO€ TepMUYECKOE COITPOTUBIICHUE:

Ry =R, +R;, =015+ 0,35=0,5m%K/Br.
VYV nenbHbINA TeNJI0BOM ITOTOK:

=13 (102)
Ry
q= Lot _1300=75_ o450 g
Ry 0,5
TemnepaTypa Ha rpaHHUIIE CIIOEB:
t, =t, —gR, =1300 - 2450-0,15=932,5°C.

KoaddunueHT TenmonpoBoIHOCTH SKBUBAICHTHON CTEHKHU:

}\'BKE? = 61 i 82 = 0’225 al 0’425 :l,3BT/M'K.
Ry 05
Otser: ( = 2450 Br/m?, tp =932,5°C, 4, =13 Br/™m'K.

3agaua 10.2. CranpHas Tpy6a ¢ quamerpamu dq =100 mm, do=110 mm (A1 =50

B1/(M°K)), nokpeiTa n3ossnuei B ABa €105 OJUHAKOBOW TONIIUHBI O9 = 03= 50 MMm.
TemnepaTtypa BHYTpEHHEH MOBEpXHOCTH TpyObl 1oy =250°C, HapykHOI
HOBEPXHOCTHU M30JALHH tema = 50 °C.

Onpenenuts MOTEPH TEIUIOTHI Yepe3 M0N0 C 1 M JUTMHBI TPYObI U TEMIIEpaTypy
Ha TPAHUIIE COMPUKOCHOBEHHUS CJIOE€B H3OJISALUM, €CJIM TEPBBbI CION H30JISINH,
HAKJIQJbIBAEMbIi Ha TOBEPXHOCTh TPyOBlI, BBHINIOJHEH U3 Marepuaiza ¢
ko3¢ unmeHToM TterionposoaHoctd Ap= 0,06 Bt/m-K, BTOpOil cmoit — wu3

matepuana ¢ A3 = 0,12 Br/m K.

Pemienue. B ciydyae MHOrOCIOMHOM UWJIMHAPUYECKOW CTEHKU JIMHEMHAA
IUIOTHOCTh TEIJIOBOTO MOTOKa (] OAMHAKOBA JJIsi KaxJaoro cios. B oOmiem ciydae

IJIST N CIIOEB:

”(tcml —tem, n+1)

zi 1+1
i+124i dj
r;lezy1 d(i;l =Ry - monHoe TepMuueckoe CONPOTUBIIEHHE TEIIONPOBOAHOCTU
i+1 i

MHOT'OCJIOVWHOW HAJIMHIPUYECKOU CTEHKH.
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ERONNRNNRN

Pucynoxk 10.2. — K 3agaue 10.2.

I[JIH pacCMaTpuBacMoOro Cirydasd:

al ”(tcml _tcm4) _
i'ndi_ki nd73+i|nd74

2% d, 24y dy 213 dg

B 3.14-(250-50) B

T 1,110 1 210 1 310 =89,557 Br/u.

n + n + n
2-50 100 2-0,06 110 2-012 210
TemnepaTypa Ha TpaHuUIEe COMPUKOCHOBEHHUSI CIIOEB ompeenseTcs no Gpopmyie:

i124  dj

} . (10.4)

tcm,n+1 = tcml -

Torz[a B COOTBCTCTBHHU C YCIIOBHUCM 3adaun:

o] L Ind2+ L Ind—3
24 dy 24y dy

tcm3 = tcm1 - jn
89’557{2 l50 Iniég T (:1; 06 n ﬁg }
' = — 96,28 °C

314
Oteer: (;=89,557 BT/M, tym3 = 96,28 °C.

SAAYN UJTIA CAMOCTOSATEJIBHOI'O PELLIEHU A
3amaya 10.3. CreHbl CymIWIbHON Kamepbl BBINOJHEHBI U3 CJIOSI KPAacCHOTO

KUpNU4a TOMIMHUHOW 250 MM M CJOsI CTpOMTENBHOro BoOMJoOKa. TemmepaTypa Ha
BHEIIIHEH MOBEPXHOCTH KMPHUYHOTro ciosl tymp= 110 °C, Ha BHemHel moBepXHOCTH

Boilloka typm3= 25 °C. KoadgpuuueHTsl TEmIonpoBOJHOCTH KPACHOIO KUpIHYa U

CTPOMUTENBHOTO BoOisIoKa coorBeTcTBeHHO A1= 0,7 BT/(M'K) 1 A5 = 0,0465 B1/(M-K)
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Y HE 3aBUCST OT TEMIEPaTypPHI.

OnpenenuTe TEMNEPATYPY B INIOCKOCTH COMPUKOCHOBEHUS CIOEB U ONPEEIINUTD
TOJIIMHY BOMIOYHOrO CJIOS NPH YCJIOBHUH, YTO TEILIOBLIE HOTEPH depe3 1 M? CTEHKH
KaMepbl He Ipesbimaer (= 110 Br/m2,

Otsert: t.y2 =70,7 °C, 6,=19,3 mwm.

3agaya 10.4. Crampnas Tpyba ¢ numamerpamu d1=100 mm, dp=110 mm
IOKpBITA CJIOEM M30JLILIMHM TONIMHON O,,= 80 Mmm. Temmeparypa BHyTpeHHEH
NOBEPXHOCTH TPYOBI try1 =100 °C, HapykHON noBepxHOCTH M3oisiuu tey,3= 30 °C.
Koaddumment remnonpoBoaHocty Marepuaia Tpyost 4= 50 Br/m-K.

Onpenenuth MOTEPU TEIJIOTHI Yepe3 HM30MALUI0 C | M JJIMHBI TPYyOBl U
TEMIIEpaTypy Ha rpaHUlle CONPUKOCHOBEHUS CJIOEB TPYObl U U30JISIIINH, €CIIU CIION
M30JSIUU BBINOJIHEH M3 MaTepuana ¢ KO3(pPUUIUEHTOM TEemIoNpOBOJAHOCTH
A>=10,15 Br/m"K.

Otser: () =73,4 Bt/™, tepo =99,93 °C.

Tema 2.5. Ilepena4a Temi0TbI U3.Iy4eHUEM

INPAKTHYECKOE 3AHATHE Ne 11
Temyi000MeH u3aydeHuem — 2 yaca

KOHTPOJIBHBIE BOITPOCHI 1 3AJJIAHUA
Yro HazbiBaeTCa KO GUIIMEHTAMH TTOTJIONMIEHHUS, OTPAKEHHUS U TPOITYCKaHUS?
Kakol criekTp u3inydeHus y TBEPABIX U Fa30BbIX TEN?
Yrto Ha3bIBACTCS JTYYHCTHIM TIOTOKOM Teja?
3akoH [lmaHka.
3akoH BuHa.
3akon Credana-bonpimana.
KoaddummenT uznyyenus abCoMOTHO YEPHOTO Tea.
Cepnie Tena. Uto HazbiBaeTCs KOAGOUIIMEHTOM YEPHOTHI?
. TermooOMeH U3TydeHHEM MEXy MapaljieIbHBIMU IIJIACTUHAMMU.
0.OkpaHsl.

HoOoo~NooOkwWNE

ITPUMEPHBI PEINEHM A 3A1AY
3amaua 11.1. OmnpenenuTs MOBEPXHOCTHYIO IUIOTHOCTh IOTOKA HW3JIYYEHUS
CTeHKHU ¢ Kod(pPuIuenToM nsnydenus c1= 4,53 Br/m?>K* n Mexy IIOBEPXHOCTAMU C
Kod(pdULIMeHTaMU U3TYYEHHUSI €1 = C2, €CJIU TEMIIEPATyphl U3yYaIOIIUX CTEHOK t; =
1027 °C wu t,= 427 °C, a muromaau ux nosepxnocrei F1= =F,= F= 1,0 M
HaiiTu cTeneHb 4YepHOTHI CTEHOK W JJIMHY BOJHBI, COOTBETCTBYIOIIYIO
MaKCUMAJIbHOMY H3JIyueHHI0. Kak U3MEHUTCS MOBEPXHOCTHAsl IUIOTHOCTh MOTOKA

MPU YCTAaHOBKE MEXKAY MOBEPXHOCTAMH N = 1 1IT. 3KpaHOB NPU YCIOBUH C1 = C2 = C».
Pemenne. Tq =1027 +273=1300K, Ty =427+ 273=700K.

CreneHp YEpHOTHI CTEHOK:
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ct 4,53
g1 =6y =—2="""-08, rie ¢, =567Br/M*K* - nocrosuuas bonbimana.

co 5,67
DHeprust COOCTBEHHOTO M3JTyYEHHs CEPOTO Tea ONpeIeNsieTcs o GopmyJie:

4
-
E=c — |, 11.1
(100) (11.1)

riae ¢ - Ko3hOUIMEHT U3JIyYeHHs CEPOro Tea.
DHeprusi COOCTBEHHOI'0 U3TyYEHUS! CTEHOK:

4 4
T
El = Cl(ﬁ] = 4,53 . (%j =129381 BT/M2

4

T, 700
E-, =c =453.| — | =10877 Br1/m?
2 2( j (moj v

100
I[.HI/IHI)I BOJIH, COOTBCTCTBYIOIINC MAKCHUMAJIbHOMY HU3JIYUCHHUIO!:
J=29_29 5931073y
T, 1300
d,=29_29 4141073,
T, 700

Ecnu aBa Tena ¢ temneparypamu 717 u T) 0OMEHHBAIOTCS JTyYHCTOW SHEPTHUCH,

pa3[elieHbl MPO3PAYHOM CPEIOH, TO YIEJIbHBIA TEIUIOBOM IIOTOK, MEPEIaHHbBIN
U3JIy4EHHUEM, MOKET OBbITh OTpeieieH 1o (popMmyie:

4 4
T T
ql’zzg”pc{(loloj _(mzoj } (L2

rac gnp - IPUBEACHHAs CTCIICHb YCPHOTHI.

1

& = .
1 OR(1

7+ - P

g Fyle

Ilocne moacTaHOBKU:

(11.3)

4o =0,786-5,67- (130()) (700) — 98934 Brir
100 100
1
Enp = =0,667 Br/m?.

1 1 of1 1
0 8 1 0 0,8
TennoBol MOTOK MPU yCTaHOBKE 1 3KpaHa:

q2, =2 _ 98934 _ 15067 Brive
< n+l 141

Otger: 1 =2,23-10 3y; 2y =4,14-103y; gy » = 98934 Briv?,
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07, = 49467 BAz

3agaua 11.2. OnpenenuTs TEMIIOOOMEH M3IyYEHUEM MEXAY JBYyMS
OOJBIIMMHU TapajyIeTbHO PACIOJIOKEHHBIMU TMOBEPXHOCTSIMH C TEMIIEpaTypaMu
79 =800 K u 79 =400 K. Ko>pduuueHT wu3iryyeHUs MEpBOH MOBEPXHOCTH
c1 =5,1 Br/(M*-K%), BrOpoii - co= 4,2 Br/(M?-K*).
[ToTepro TemnoTsl OOKOBBIMHU IMOBEPXHOCTSIMU HE YUMTHIBaTh. Kak W3MEHHUTCS
TEMJI000OMEH, €CIM TpPHU TeX K€ YCIOBUAX KOIPPUIUEHT H3IYYEHUS BTOPOH
IIOBEPXHOCTH paBeH co = 0,4 B1/(M?-K*)?

Pemenue. JlyducThlil MOTOK MeXay HapajuieIbHbIMUA IOBEPXHOCTAMU:

o | (1) (2
E=cnp [(100) (100) } (114

II€ Cpy - IPUBEICHHBIN KOOQOUIMCHT U3y ICHNUS.
1
Cop =7 1 1 (11.5)
a ¢ o
[Toce noaCTaHOBKHU MOJIYYHM:
4 4
B 11| (o) (i) |-14es02 B
1 N 1 1 100 100
51 4,2 5,67

JIy4uCTBIN MMOTOK MEKIY MapaulebHBIMH TOBEPXHOCTSAMH IPHU YCIOBHMH, YTO
co = 0,4 Br/(m?-K*):

4 4
E=t 11| (2] laeg) | 15238 Boae
1,1 _ 1 |l100) 100

51 0,4 5,67
OTtBer: Pacuer nmoka3bIBaeT, 4TO 3aME€Ha OJHOM MOBEPXHOCTH MOJUPOBAHHBIM
MaTepUaioM BEJET K YMEHBIICHUIO TETNIO0OOMEHA JIYYHCThIM MOTOKOM TouTd B 10
pas.

SATAYN 1A CAMOCTOATEJIBHOI'O PEIHEHUA

3agaya 11.3. Omnpepenurh TMOBEPXHOCTHYIO IUIOTHOCTH MOTOKA HW3JTyYEHHS
cTeHkH ¢ Koo duimenTom usnyuenus ci= 4,9 Br/(m?K*) u Mexny moBepxHocTsMu ¢
KO3 PUIIMEHTaMU U3TYyUYEHUS C1 = C2, €CIM TEeMIEPATYPbl U3IyYalOlUX CTEHOK 1 =
1057 °C wu t,= 457 °C, a muromaau nx nosepxuocrei F1= F,= F= 1,4 M2

HaiiTu crTeneHb 4YepHOThI CTEHOK W JUIMHY BOJIHBI, COOTBETCTBYIOIIYIO
MaKCUMaJlbHOMY H3JIydeHHi0. Kak M3MEHHMTCS MOBEPXHOCTHAsl TUIOTHOCTH MOTOKA
IIPU YCTAHOBKE MEKy MIOBEPXHOCTSIMHU N = 1 MIT. 3KpaHOB MPU YCIOBUU C1 = C2 = C>.

Orser: Ay =218-10 3y 45 =3,97-10 3y ,, =133926 B2 7, = 66963
BTV
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3agaua 11.4. Mexny JByMs TOBEPXHOCTSMH YCTAHOBJIEH 3KpaH,
K09 QUIMEnTHI H3TydeHHs UX ¢1 = ¢, = 4,8 B1/(M*K*), a remneparypsr 77 =600 K u
T2 =300 K.

Omnpenenuts TEMIO0OOMEH JYYHUCTHIM IIOTOKOM JI0 M TOCJI€ YCTAaHOBKU 3KpaHa
¥ TEMIIEPATYPY DKPAHA, ECIHU Cyy = €1 = Co.

OtBet: E =5056 BoaZ E° = 2528 BonvZ T° =512 K.
MPAKTUYECKOE 3AHSITUE Ne 12

Tema 2.6. TemmiooOMeHHbIE aNIIAPATHI
Pacuer Tenmji000MeHHBIX aNMAPaTOB — 2 4aca

KOHTPOJIbHBIE BOTIPOCHI U 3AJJAHU A

1.Yto Ha3bIBaeTCS TEINIOOOMEHHBIM armapaTom?

2.Ha xakue rpynmnsl JesTcs TeTUI00OMEHHBIC armapaThl?

3.ITo KakuM cxeMaM OCYIIECTBIIICTCS IBIKCHHE KUIKOCTEH?

4. Harnummute OCHOBHBIE YPAaBHEHUS TEILIONIEPEIaur U TEIIOBOTO OajaHca.

5.M300pa3ure rpadmkyu U3MEHEHHs TeMIIepaTyp pabounx KUIKOCTEH B anmaparax ¢
MPSIMOTOKOM M ITIPOTUBOTOKOM.

6.Hammmmre ypaBHEHUsI cpeHEIOrapu(MUYECKOro TeMIIEpaTypHOTo Haropa st
anmnaparoB C IMPSIMOTOKOM U IIPOTUBOTOKOM?

I[TPUMEPLI PEILIEHW S 3AJIAY
3agaua 12.1. Omnpenenuty  MUIOIMIAJb  MOBEPXHOCTH  TEIUIOOOMEHa
PEKYNEepaTUBHOTO BOJIOBO3AYIIIHOTO TETUIOOOMEHHHWKA TIPH TPAMOTOYHOM CXeMe
JBMKCHUS TETUIOHOCHUTENICH, €CIIM MAacCOBBIM  pacxXoj BO3MyXa IMPH HOPMAJTbHBIX

yenousx m®%° = 20 xr/c, cpeaHuil kod(QQULHEHT TEIUIONEpEIatl OT BO3AYXa K

Boge k =25 Br/(M?-K), HayanbHble M KOHEYHBIE TEMIIEPATYpPhl BO3MyXa U BOMBI
PaBHBI COOTBETCTBEHHO ti =450°C, ti'=200°C, t'2 = 20°C, tg =100°C.

OnpenenuTs TakKe pacxold BOIbI m5o%! yepe3 TemiooOMeHHUK. M300pa3uth

rpaduK U3BMEHEHHS TEMIIEPATYP TETIOHOCUTEIIEH.
MaccoBbie n300apHbIe TETIOEMKOCTH TEIIIOHOCUTENEH MPUHSTh:

¢80 21,01 kr/(kr-K); c%% = 419 wllwc/(xr-K).

Pemenue. TennoBoi NOTOK K BO3AYXY:

Q =m0 . 6030 -(ti —ti'): 20-1,01- (450 — 200) = 5050 KBr.

Pacxom BOIBI B TEINIOOOMEHHUKE:
mgodbl _ Q 5050 * 103

= Tt =15 kr/c.
¢80 {ty ~t,) 419103 -(100- 20)

[Inomanb MOBEPXHOCTH TEMIOOOMEHA:
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A=

(12.1)

rae Atgp - cpeaHenorapupMUICCKHii TEMIICPATYPHBIii HAllop, ONPEACISIEMBIH 110
bopmyie:

[Ipu nipsimoToKe:
Atg =t;-t,= 450 — 20 = 430°C; At,, = t; - t, = 200100 = 100 °C.

Torna:
430-100
Atcp =——— =226°C.
|n@
100
3
A= —5050 10 = 894 m2.
25-226

Oteer: m®°% =15 kr/c; A= 894 M2,

3agaua 12.2. TeriooOMEHHBIN anmapar, COCTOSAIIUN U3 OBaJbHBIX OPEOPEHHBIX
TpyOOK, cedeHueM 13,5x2,4 MM, noimkeH pacceuBath 35 kK TEMIOTHl B CEKYHIY.
OnpenenuTh KOJNMYECTBO BOASHBIX TPYOOK npu ux mampe | = 045 M, ecim
k02 durent opedpenns @ = 2,18. Marepuan crenku — meas (A4 = 390 Br/(m-K),
K03 QHUIUEHTHI TEILIOOTAAYM: OT BOIABI K cTeHke ¢ =2500 Br/(M?K); oT cTeHKH K
Bo3ayxy a2 =185 Br/(mM*-K). Tonmuna crenku 0 = 3-10™ m.; cpennss reMneparypa
Boxel ) =87,5 °C, cpennss temneparypa Bozayxa (o =37,5°C.

Pemenne. OnpenensieM Kod(pGUIIMEHT TEMIoNepeaaun JIjsi peopucToi
MOBEPXHOCTH:

1 1
o+ o+ — 1 3-10 1
o3¢ ——.218+ 218+ —
o @2 2500 390 185
[Tnomans peOpucToil MOBEPXHOCTHU:
Q 35000 )
Fo = = =44 m

k-(f—f,) 159-50
[Tnomans oOmiei MOBEpXHOCTH BOJSIHBIX TPYOOK:
F =i=£:2,0 M2,
o 218
[Tnommanb MOBEPXHOCTH OJTHOUN TPYOKH:
f =2.(0,0135+0,0024)-0,45 = 0,0143 M.

KomudectBo TpyOoOK:
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/4 =E:A:139,8.
f 00143

Pacnonaras TpyOku B pelieTke paauaTopa B TpH psijia, npuHuMaeMm Z = 141 mir,
9TOOBI PACIOJIOKHUTH 11O 47 MITYK B OJTHOM PSTY.

Pacnonaras TpyOku B pemieTke TEIIOOOMEHHOro arapara B TpU psja,
MPUHUMAEM

OtBer: 7z = 141 mr.

3AJTIAYN JT1A CAMOCTOSATEJIBHOI'O PEINEHUA
3apaua 12.5. OnpenenuTh IUIOMIAAh MOBEPXHOCTH HArpeBa PEKyNEPATHBHOTO
BOJOBO3AYIITHOTO  TEINIOOOMEHHHWKA TPH  MPSIMOTOYHOW CXEME  JIBHDKCHHS
TEIJIOHOCUTENIEH, €ClIh 0OBEMHBIN pacxo1 BO3AyXa P HOPMAJbHBIX YCIOBUSIX Vi =
5,0-10* M3, cpennmii ko>)PUIMEHT TemIonepenaYn OT Bo3dayxa K Boge K= 21
Br/(M*K), HauanbHble M KOHEYHBIE TEMIIEPATyphl BO3AyXa M BOILI PaBHBI

COOTBETCTBEHHO ti=500°C, t1”=250°C, t‘2 =10°C, t; =90°C.

OnpeaeuTs Takke pacxoa Boasl m*°%% uepes TermnoodMenHuk. M306pasuts

rpadyKu U3MEHEHUS TeMIIEpaTyp TEIUIOHOCUTENEH Jisl 00€UX CXEM IMPHU Pa3InYHbIX
COOTHOUIIEHHUSIX UX YCIIOBHBIX YKBUBAJICHTOB.
MaccoBbie n300apHbI€ TEINIOEMKOCTH TEIIOHOCUTEINEH MPUHSTD.

cf,“a =1,01 xJIx/(xr-K); cfyoabl =419 xJIx/(xr-K).

Oteer: A =732 M% m®%" =132 xr/c.

3apaya 12.3. Pemmwmth nOpenpayllyr 3anady MpU  YCIOBHH, YTO CXeMa
JIBIKEHUS TETIJIOHOCUTENIEH B TETNIOOOMEHHOM arlapaTe — NPOTUBOTOYHASI.

Oteer: A =681 Mm% m®% =132 xr/c.

INMPAKTHUYECKOE 3AHSTHUE Ne 13
Pemenue 3agau — 4 yaca

3agaua 1. Onpenenuth KOIQPUIMEHT TEIUIONPOBOIHOCTH ASKBUBAJICHTHOM
CTEHKH JJISI TPEXCIOMHOM TIOCKON CTEHKHM TOJIIMHAMH O1 =2 MM, &2 =5 MM, &3 =50
MM, KO3(QHUIIMEHTHI TEIIONPOBOJIHOCTH CJIOCB KOTOPOW COOTBETCTBEHHO pPaBHEI,
2=0,15 Bt/™m'k, A,=45,5 Bt/m'k, A3=0,23 B1/™M K.

3agaya 2. Onpenenutrb TEPMUYECKOE COMPOTUBICHUE LWJIUHIAPUYECKOM
CTCHKH ¢ BHyTpeHHUM auameTpoM d 1 =0,36 M, HapyxHbIM auameTpom O, =0,46 M,
eciau TpyOa M3roToBJI€HA U3 CTAlUd C KOA(DPUIMEHTOM TEIUIONPOBOIHOCTH A=48
Bt/m k.

3agaua 3. CTeHbl CyIIMIIBHOW KaMepbl BHIMOTHEHBI U3 CJI0S1 KPACHOTO KUpIHYa
TONIMHON 250 MM M CJO0SI CTPOMUTENBHOTO BOiJIoKa. TemmepaTypa Ha BHEIIHEHR
IOBEPXHOCTU KUpHHUYHOTO ciosl temp= 120 °C, Ha BHelIHEell MOBEPXHOCTU BOMIIOKA

tem3= 30 °C. KoadpouuueHTsl TEMIONPOBOJHOCTH KpPAaCHOTO KHUpIHMYa U
CTPOUTENBHOTO BoiNoka cooTBeTcTBeHHO A= 1,0 B1/(M'K) 1 19 = 0,07 B1/(M'K) 1
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HE 3aBUCST OT TeMIEPATypPHI.

OnpenenuTe TEMNEPATYPY B INIOCKOCTH COMPUKOCHOBEHUS CIOEB U ONPEEIINUTD
TOJIIMHY BOMIOYHOrO CJIOS NPH YCJIOBHUH, YTO TEILIOBLIE HOTEPH depe3 1 M? CTEHKH
KaMephl He TIpesbimaer (= 120 Br/m2,

3amaua 4. OnpeaenuTh KPUTUYECKUN TUAMETP U3OJSIHUH, €Cd KOdPUITUEHT
TEIJIOMPOBOHOCTH M3OJSIUN Ays = 0,175 BT/M K, a K03 dUIIHEHT TEMI00TAaYN CO
CTOPOHBI U304 a2 =50 Bt/™M? - k.

3amaua 5. Onpenenutb oNTUMAIBHBIA KOIPPUIIUEHT OpeOpeHus IS TUIOCKOM
peOprCTOi TOBEPXHOCTH €CITU KOI(PPHUITUEHTHI TETUIOOTIa4H COOTBETCTBEHHO PABHBI
o1 =2000 B1/M? k, 0, =50 B1/™M? ‘K.

3agaua 6. Omnpenenuth kputepuit mnoaobusi HyccenbTa myis ecTecTBEHHOM
KOHBCHIIMM BEPTHKAJIHHO PACIOJIOKECHHOTO MWJIMHIPA HAPYXKHBIM JguaMerpom Oy
=0,25 M 1 anuHoi |1= 1,5 M, ecim ko3dduiueHt Temmooraaun o= 500 Br/mM2-k, a
K03 (QHUIHUEHT TEMIONPOBOIHOCTH IOIPAHUYHOIO ¢lI0st Kuakoctu A=2,9 102 Br/m 2
‘K.

3anaua 7. OnpenenuTs NPUBEICHHBIN KOADOUIIMEHT U3TyYeHus IBYX TUIACTHH,
pa3ielICHHBIX MTPO3PAYHON CPEIOi, €CIM CTENEHb YEPHOTHI TJIACTHH COOTBETCTBEHHO
paBHsI €1 =0,7, €2 =0,5.

3agaua 8. OmpenenuTh TEIUIOTY, MEPEJAHHYIO0 H3JIYYEHHEM JBYX Tell C
Temieparypamu 71 =400 K, To=200 K, eciu ¢,,, = 0,7.

3agaua 9.Bo3nyx HarpeBaercs npu noctossHHOM oObeme ot 400 mo 800 °C.
HauvaneHoe paBnenue Pi= 0,1 MlIla. Onpenenutrb KOJIMYECTBO MOJIBEACHHOMN
TEIUIOThl AQ, U3MEHEHUE BHYTPEHHEH SHEPruu AU, U3MEHEHHE HSHTAJbIHUHU  Ai,
SHTpONMU As, paboTy A/ 1 Kr a3zora, cUMTas 3aBHCHUMOCTb TEIJIOEMKOCTH OT
TEMIIEPATYPbl HETUHEWHOM.

3amaua 10. Bo3nyx maccoit 1 kr comepmaer mnpsmor 1ukn KapHo mpu
TeMIEpaType TOpsSYero M XOJOJAHOTO MCTOYHUKOB cOOTBETCTBEHHO 327 u 27 °C.
MunuManbsHOE J1aBiaeHue mpu 3ToM coctasisieT 0,12 MIla, makcumansHoe — 2 MI1a.
Onpenenuth mapametpsl B T. 1 u 2 u repmudeckuit KIIJ mukna Kapao. M300pa3uth
ik B VP- u ST — Koop/iMHaTax.

3agauva 11. K kunsmeit Boae npu naBiennu P =2 MIla =const moaBoaurtcs
teriora. [Ipu 3TOM Boa mpeBpamiaeTcsi B IeperpeThiidl map ¢ temneparypoi t =500
°C. OmnpenenuThb 3aTpady€HHOE KOJIUYECTBO TETUIOTHI.

3agauya 12. Brnaxueiii Bo3ayx ¢ HaudanbHbIMM mapamerpamu t; = 30 °C,
@ = 40% nogorpeBaercs B kKaopudepe no temmeparypbl tp= 90 °C. Onpenenutsb
KOHEUHbIE MapamMeTpbl BO3/yXa: BJIArocoAepkaHue,  NapiuaIbHOE JIaBJICHHUE,
SHTAJIBIHIO, TOYKY POCHI U KOJUYECTBO TEIJIOTHI, HEOOXOAMMOM /i HarpeBa | Kr.
BJIYKHOT'O BO3/yXa.

3amaua 13. Boaggnoii map ¢ mapamerpamu: P; =1 Mlla, x=0,95 BbITekaer

4yepes3 CyKUBAIOIIeecs: COIUI0 B cpeny ¢ nasineHueM Po =0,2 Mlla. Onpenenurs
JEHCTBUTENLHYIO CKOPOCTh M Pacxoj IMapa Ha BeIXOAE u3 cora, ecnu ¢ =0,85, a
By =0,577.0Onpenenuts CKOPOCTh Mapa, eCIU UCTCUCHHE MPOUCXOAUT Yepe3 COIIIO
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JlaBans.
3anaua 14. Boggnoii map ¢ mapamerpamu: P; =1 Mlla, x=0,95, a 3arem

BBITCKACT 4YEpe3 CYXKUBAIOLIEECS COIUIO B cpeny ¢ nasieHueM Py =0,2 Mlla.

OnpenenuTte JEHCTBUTEIBHYIO CKOPOCTh M Pacxoj Iapa Ha BBIXOJE M3 COIUIA, €CIH
¢ =0,85, a ﬁKp =0,577. OnpenenuTs AEHCTBUTEIBHYIO CKOPOCTh M PACXO]l, €CIH

nap nepej paclimpeHueM apoccenupyercs 1o nasiaenus P; =0,5 Mlla.

3anaua 15. J{ns nopuiaeBoro JIBC ¢ n306apHbIM MPOIIECCOM MOBOAA TEIIOTHI
HalTH MaKCHUMaJbHYIO TeMIeparypy IMKIa, €clid HadajabHoe naBieHue P =0,12
MIlIa, navansHas temreparypa 71 = 300 K, cremens cxartusi €=13,5, cTeneHb
npeaBaputenbHoro pacmupenus p=2,0. B kauectBe pabouero Tena NpUHATH BO3AYX
R=287,3 JIx/(xkr-K), k=1,4.

3amaya 16. J{nsg mukina ra3oTypOMHHOTO ABUTATENS C M300apHBIM MPOIIECCOM
IIOJIBOJIa TEIUIOTHI ONPENEIUTh YJIEIbHOE KOJWYECTBO MOJBOJUMOM TEIUIOTHI, €CIIH
HavyanpHOe nasienue Pi =0,1 Mlla, maganenas temneparypa 71 =300 K, crenens
MOBBIIICHUS JaBJIEHUS B KoMIpeccope (=6, MakcuMalbHas TeMIiepaTypa Hukia 73
=1500 K. B kadecTBe pabouero Tena mpuHsTh Bo3ayx R=287,3 JIx/(kr-K), k=1,4.

204



IHpunoscenue E
Tembl pedepaToB

TepmoauHaMuueckas cuctema.

[TapameTpbl COCTOSIHUSI U]I€aTILHOTO Ta3a.

VYpaBHeHUE COCTOSIHUS UI€aIbHOTO ra3a. PV —koopauHaThI.
TennmoemMkocTh razoB. OnpeaeneHue. Buabl TEMI0EMKOCTH.
N306apHast 1 U30XOpHAas TEMIOEMKOCTH.

[lepBbIii 3aKOH TEPMOAUHAMHUKHU.

DHTanbenus, GU3NIECKUN CMBICIL.

TennoTa 1 paboTa B TEpMOIUHAMHYECKHX MpPOIECCaXx.

. VI3MeHeHne BHYTpEHHEH YHEPTUU B TEPMOIMHAMUYECKHIX MTPOIIECCax.
10 N30xopHBIi1 poriecc.

11.1306apHblii ipoiiecc.

12 .M30Tepmudeckuit mporecc.

13.AnuabaTHbIN MpoIecc.

14.Bropoii 3akoH TepMoarHaMUKU. [IpsiMbie 1 0OpaTHbBIE ITUKIIBI.
15.I1psmoit nukn Kaprao. Tepmuueckuit KI1J] nukiia.

16.1uxn OtToO.

17.uxn Jn3zens.

18.0O06patusiit mukn Kapro. XonoaunsHelid K03 GUIIAEHT.

19.11ux1 BO3IYIIHOM XOIOAUIFHOM MaITHBI.

20.1{ukJ1 TOpIIHEBOTO KOMITpEccopa.

21.DHTpOTNHS KaK MapaMeTp COCTOSHUS TEPMOJTMHAMUYIECKON CHCTEMBI.
22 .BrnaxHblil Bo3ayX. OCHOBHBIE XapaKTEPUCTUKH BIAKHOTO BO3/yXa.
23.I1apocuioBbie YCTaHOBKH.

24 .11uxn PenkuHa.

25.Comno JlaBans. OCOO€HHOCTH KOHCTPYKITHH.

26.Termmooomen. TemmeparypHoe noJjie. TeMrepaTypHbIil TpaJIueHT.
27.OCHOBHOM 3aKOH TEIUIOMPOBOIHOCTH (3aKoH Dypbe).
28.TemnonpoBOIHOCTh TUIOCKOW OTHOCTIOMHOW U MHOTOCJIOMHOM CTEHKHU.
29.TemnonpoBOTHOCTH OJTHOCIIOWHON M MHOTOCJIOWHOM MIJIMHIPUIECKON CTEHKH.
30.KonBekTuBHbIN TemiooOMeH. YpaBHenne HororoHa—Puxmana.
31.Teopust nogodus. Kpurepuu TeminoBoro noaoousi.

32.TennooTaaya Mpyu pa3iuuHbIX BUAAX JBUKECHUS.

33.Tennoo0MeH U3Ty4YeHHEM.

34.3akoH [1nanka.

35.3akoH Bunna.

36.0cHOBHOE ypaBHEHHE TeIuIonepeayu. TemioBoe CONpoTHURICHHE.
37.TennooOMeHHBIE anmapathl, UX Kiaccu(uKaius.
38.29¢ddekTHBHOCTD TEMITIO0OMEHHHUKOB 1 CITOCOOBI €€ ITOBBIIICHHUS.
39.TenaoHOCUTEIN U UX CBOMCTBA.

CoNoORrLDE
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Ilpunosicenue F
@doHa TECTOBBIX 3aJaHUH

1. ITox mopimHeM, KOTOPBIH MOXKET CBOOOIHO MEepEMEIaThCs B BEPTHKAIBHOM
uMHape, Haxogutces 0,2 Mo WAealbHOrO0 OJHOATOMHOro rasa. JlaBiaeHue rasa
paBuo 40 kIla. Ha ckoIbKO JHUTPOB YBEIHYHMTCS OOBEM OSTOrO TIa3a, €CIA €My
coo0muTh 3 KJ[>K TerI0ThI?

1) 50

2) 30

3) 40

4) 20

2. TemmoBol ABUraTeNb 3a OJWH LUKI monydaer oT HarpeBarens 100 x/[x
TEIIOTHI M oTaeT xonoauibHuKky 60 k/[x. Yemy paBen KIIJl atoro neuraresns (%)?
1) 60
2) 67
3) 40
4) 25

3. Kakum J10JKHO OBITH OTHOIIICHHE Macc mMi/M; TOPSYCH U XOJIOTHOM BOBI JJIs
TOTO, YTOOKI 3a cueT oxaaxacHus oT 50°C mo 30°C BoxabI Macchl M, BOJa MacCoM my
Harpenacs ot 20° o 30°C?

1)4
2) 2
3)1
4) 1/2

4. TemoBout aBurarenb ¢ KITI 50% 3a oquH LUK OTIAET XOJOAUIBHUKY 56
k/[x Teruotel. Kakas pabora um (k) coBepiraetcs 3a 0JIMH ITUKII?

1) 40

2) 28

3)21

4) 56

5. YKaxXuTe €IWHUIly W3MEPEHUS BEIMYUHBI, M3MEPSEMON NPOU3BEIACHUEM
pAV.
1) BarT
2) mackanb
3) nmutp
4) mKOYIh

6. Kakoii TOuke JuarpaMMbl M3MEHEHHsS COCTOSHHS WACAIBHOIO Tas3a
COOTBETCTBYET HaMOOJbIIEE 3HAYEHUE BHYTPEHHEW SHEPTHUH.
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Pas

3
1 4
I ’V
1)3
2) 2
3)4
4)1

7. KakoMy konmuectBy TernoTel (M]Ik) skBUBaJieHTHa paboTa, coBepliaeMast
3a | ¥ gBUTraTesIeM MOIIHOCTEIO 2 KBT?
1)0,2
2) 2
3) 3,6
4)7,2

8. Haiimure paboTy, coBepiiaeMyro IByMs MOJISIMU HJ€aIbHOTO Ta3a MpH €ro
nzo6apuoM HarpeBanuu Ha 100°C (Ix). R=8,3 Jlxx/momnbeK.

1) 166

2) 83

3) 830

4) 1660

9. Ilpu uzoxopHoM HarpeBannu Ha 50 K waeanvHblid ra3 nomyumn 2 k/[x
TeroThl. Kakyro paboTy coBepiuni uaeanbHbii ra3 (Jx)?

1)0,8

2) 1

3)2

4)0

10. Kakoit nomkHa ObITH TEMIEpaTypa XOJ0AuIbHUKa TerioBor MamuHbl (°C),
yT0oObI MakcumanbHoe 3HadeHue KIIJ[ paBasmock 50%? Temmneparypa HarpeBaTesns
327°C.

1) 35
2) 327
3) 27
4) 260

11. Temneparypa HarpeBareis peallbHOW TemioBod MamuHel 227°C,
xonoawibHuka - +27°C. 3a oaMH LMK ra3 moiydaer oT HarpeBarens 64 k/[x
TEIUIOTHI, a OTAaeT XoaoamnbHuKy 48 k/[x. Onpeaenute KIIJ[ mammnsbt (%).

1) 35
2) 25
3) 15
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4) 40

12. Kaxkoii mporiecc Ha3piBaeTcs n3orepmuieckum? IIporece, mpoucxoasmui. . .
1) npu MOCTOSTHHOM TeMIiepaType
2) Ip¥ MMOCTOSIHHOM JIaBJICHUH
3) npu NMOCTOSSHHOM 00BeMeE
4) Ipu MOCTOSIHHOM TEMII0OEMKOCTH

13. Ilepexon ra3za u3 cocTostHUsI A B cOCTOSIHUE B MOXHO OCYHIECTBUTH TPEMS

cnocobamu (cm.puc). B kakom cirydae pabota HaJl ra30M MUHUMAaTbHA?

2 A
< A
: 3
V
11
2)2
3) 3

4) BO BcexX CiTy4asix OHa OJIMHAKOBA

14. Yemy paBHa BHYTpeHHsAs sHeprus (k) ogHOro MOJs OJHOATOMHOIO

WJICJIbHOTO ra3a, KOTOPbI HaXOAUTCs Tpu Temneparype -73°C, ?

R i Ep Ey
/ / E E
1) 2)
Lk ‘ Ep
AS E E
4) 5)
1) 830
2) 1246
3) 1660
4) 2490

15. BHyTpeHHss1 SHEprus 3alaHHOW MacChl M UAEAJBbHOIO T'a3a 3aBUCUT TOJIBKO

oT ...

1) oobema

2) naBJIeHUS

3) dopmer cocyna
4) Temriepatypsl
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16. B Bony Temmiepatypoit 15°C u 06beMOM 2 71 OMYCTHIIN HEU3BECTHBIN CILIaB
maccoit 1 kr m Temmneparypoir 90°C. B pesynbrare TemiooOMeHa YyCTaHOBUJIACh
temriepatypa 20°C. KakoBa ynenpHasi TeruioeMkocTh craBa (Jbx/kreK), ecmu
yAeNbHas TeII0eMKOCTh BOoAbI paBHa 4200 JIk/kreK?

1) 400

2) 600

3) 1100

4) 1300

17. Ha CKOIBKO MErajpKoyiaen OTINYaeTCs BHYTPEHHSSA SHEPTUs 2 KI' BOJSHOTO
napa npu Temreparype 100°C oT BHyTpeHHEW »HEpruu 2 Kr BOABI IPU ITOH Ke
temneparype? Le=2,3 MJx/kr

1) na 4,6 M/Ix 0oJbIiIe
2) Ha 2,3 Ml Gosbliie
3) He OTIIMYAIOTCA

4) na 2,3 Ml meHbIIe

18. Ckonbko JbJia (KI) pactaer, eciu Jjea Maccolt 5 kr u temmneparypoit 0°C
OmyCTUTh B BOy Maccol 10 kr u remnepatypoi 0°C?
1)3
2) 2
3)1
4)0

19. B3saT0 mo OOHOMY MOJIO Tenus, HEOHA M aproHa IpU OJWHAKOBOU
TeMIiepaType. Y Kakoro rasa BHyTPEHHsIA SHEprus camasi OosbIas?
1) y Bcex razoB OJMHaKOBa
2) y aprona
3) y renus
4) y HEeoHa

20. Ha ckompko C° nHykHO Harpeth 10 MiH. T BOABI, 4TOOBI €€ Macca
yBenuuminach Ha 1 r? Y nenbHas TermnoeMKocTh Boabl paBHa4200 Ix/kreK.
1) 41
2) 12
3)2,14
4)21,4

21. Azotr maccoir 20 Kr HarpeBaeTcs MpU MOCTOSHHOM pAaBiieHun ot 0° 1o
200°C. OueHurte, Ha CKOJIBKO HAaHOTPAMMOB YBEIMYUTCS Macca a3ora? Y aenbHas
TEIJIOEMKOCTh a30Ta MPHU MOCTOSTHHOM JaBieHuu paBHa 1,05 kJ[x/(kreK).

1)0
2) 4,7
3) 47
4) 470
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22. Kak m3Menutca Macca 1 xr Boasl npu HarpeBanuu Ha 80 K? VYnenbHas
TernoeMkocThb Boabl 4,2¢10% x/(kreK).
1) yBenuunTest Ha 18,5107 kr
2) HE UBMEHUTCS
3) ymenbmmTes Ha 18,5102 kr
4) yeemuuntes Ha 3721071 kr

23. Ha ckonbko (Kr) Bo3pacTeT Macca | Kr BOJIbl IpPU TMOBBIIMICHUU €€
temriepaTypbl Ha 81 K? ¢=4200 J[x(krK).
1) 3,781012
2) 7,56°1012
3) 8,110
4)3,781013

24. ITox mopirHeM, KOTOPBIA MOXKET CBOOOHO IepEMENIaThCS B BEPTHKATIHLHOM
nuanHaApe, Haxoautcs 0,6 MOJS HMIeabHOTO OJHOATOMHOTO rasa. JlaBieHue rasza
paBHo 50 klla. Ha ckOJIbKO JHTPOB YBEIWYUTCA OOBEM 3TOrO Tas3a, €CIU MYy
coo0IUTh 5 KJ[)K TErIoThI?

1) 40

2) 30

3) 50

4) 60

25. Kakas cuna (H) cosepmaet padoty 100 [[x, paBHOMEpHO mepemenias Teiao
Ha paccrosHue 40 cM, ecau oHa JaeWcTByeT mnoj yriaom 30° K HampaBJICHUIO
nepeMeIeHus ?
1) 455
2) 173
3) 289
4) 53

26. Ha Teno maccoit 4 Kr, IBIKYIIIEECS CO CKOPOCThIO 2 M/C, MOJEHCTBOBAA
cuna 10 H, B pe3ynbrare 4ero CKOpocTh Tejia yBenudmiachk 10 5 m/c. Kakyro paboty
() coBepimia nanHas cumia?

1) 34
2) 42
3) 24
4) 50

27. Kakas paborta (JI>k) coBepiiaeTcs npu H30XOpHOM HarpeBaHUM OJHOTO MOJIS
naeagpHoro rasa Ha 20 K?
1) 4,05
2) TIp¥ U30XOPHOM TIpoIiecce paboTa He COBEpPIIACTCSI
3) 8,31
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4) 16,62

28. Kak u3MeHseTCsl TeMIlepaTtypa KPUCTATIMYECKOTO Tejla ¢ MOMEHTa Havajia
TUTABJICHUS JI0 €r0 OKOHYAHUS?
1) OCTETEHHO MOBBIIIACTCS
2) B HayaJIe TUIABJICHUS TTOHUKAETCS, 3aTEM TOBBIIIIACTCSI
3) B HayaJIe TUIABJICHUS TIOBBIIIACTCS, 3aTEM ITOHMKACTCS
4) He U3MEHACTCS

29. Bopa mpeBpamaercs B Jen Ipu noctosiHHoW Temmepatype 0°C.
[Tornomaercs UM BbIACIAETCS IPU ITOM SHEPTHS?
1) mornomaercs
2) BBIICISACTCS
3) B 3aBUCMMOCTH OT BHEUIHMX YCJIOBMM MOXET KakK IOTJIOLIAThCs, TaK U
BBIJIETISITHCS
4) He MOTJIOIIAETCS U HE BBIICIAETCS

30. Kakoe komudecTBO TeIOTHI (K/[) HEOOX0IMMO 3aTpaTUTh, YTOOBI HATPETh
2 Kr BOABI OT €€ TeMmIeparypbl 3amep3aHus A0 Temneparypsl kunenus (100°C)?
VY nenpHas TerioeMKocTh Bojbl paBHa 4200 JIx/(kreK).
1) 420
2) 840
3)8,4
4) 168

31. Ilpu agnabaTHOM CXKAaTUM UCATBHOTO ra3a BHEIIHUMU CHJIAMHU COBEpIIICHA
pabora 100 J[x. Kak n3amMeHunach mpu 3TOM BHYTPEHHSISI SHEPTHUS ATOTO ras3a?
1) yBenmumnack Ha 50 [Ix
2) yeenmuuuiachk Ha 100 Ik
3) ymenpmmiack Ha 100 Jx
4) He U3MEeHUIach

32. Kakoe xommuecTBO TEIIOTH (kJk) HE0OXOoAMMO 3aTpaTuTh, YTOOBI
paciuiaBuTh 3 Kr Jbaa, B3sToro npu temmeparype 0°C? VYaenpHas Ttemora
niaBiieHus Jibaa paBHa 330 k/[x/kr.

1) 660
2) 330
3) 110
4) 990

33. Cmemanu 30 n Boabl mpu 10°C m 50 n Boasl Temmepatypoiur 50°C.
Onpenenute TeMIeparypy CMeCH.
1) 40
2) 25
3) [+]35
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4) 30

34. Kakue u3 cieayromux MpoILECCOB MPUBOJAT K YBEIMYEHUIO BHYTPEHHEH
sHEpruM Tena: 1) HarpeBaHue; 2) oxJjaxaeHue; 3) miaBieHue; 4) KpucTauii3anus; S5)
napooOpazoBaHue; 6) KOHJEHcCAIUs;, 7) YCKOPEHHOE IBWXKEHHUE; 8) 3aMeJICHHOE
JIBYDKEHUE?

1)1,3us
2)1,3,5u7
3)2,4u6
4)2,4,6u7

35. Kakoil TOYKE W3MEHEHUs COCTOSHHs HICAIBHOIO ras3a, NMpUBEAEHHOM Ha
PUCYHKE, COOTBETCTBYET HAaMOOJIbIIIEE 3HAUEHUE BHYTPEHHEW SHEPTUn?
P

1)1
2) 3
3)2
4) 4

36. B3sAT0 MmO OAHOMY MOJIO TE€lMsl, HEOHA WU aproHa MpU OJMHAKOBOW
TeMIiepaType. Y Kakoro rasa BHyTPEHHsIS dSHEpTus camasi 0obIas?
1) renust
2) HeoHa
3) y BceX ra30B OHA OJIMHAKOBA
4) aprona

37. Ilepexon raza U3 COCTOSIHUSA A B COCTOSIHME B MOXHO OCYyIIECTBUTH TPEMs
criocobamu (cm.puc). B kakom ciaydae paboTa HajJ ra30M MUHUMaJIbHA?

P :
A 2 A
{’ A
! : ¥,
\.
11
2) 2
3)3

4) BO Bcex citydasix paboTa ouHaKOBa

38. IIpu U30TEepMHYECKOM paclIUpeHur OT Vi 10 V2 OJAMH MOJIb KHMCJIOpPOJia
coBepumi padoty 3 k/[x. Kakoe KoJInuecTBO TEIIOTHI IPU ATOM MOJTyqHII?
1)3
2) 2
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3)1
4) 0

39. KIIJI wunmeampHOro TEIJIOBOrO JBHrarenss paseH 35%, Temieparypa
xoJoauisHuKa - +27°C. Onpenenure temnepatypy Harpeparens (°C).
1) 462
2) 189
3) 259
4) 522

40. OrmpenenuTe BHYTPEHHIOK HHEPIHIO0 JIByX MOJIEd OJIHOATOMHOIO
uneanpHOro rasa (k) npu tremmeparype 300 K. R=8,3 JIx/(Monp°K).
1) 7,47
2) 3,74
3) 1,66
4) 0,83

41. IIpu agnabaTHOM pacIIMPEHUHN HACAbHBIN Ta3 coBepiui padory 200 Jx.
Kak n3MeHunnach npu 3T0M BHYTPEHHSISI SHEPTHS 3TOTO ra3a’?
1) He u3MeHmIach
2) yBennumiiach Ha 200 JIx
3) ymenbpmmtach Ha 200 Ik
4) ymenpiunacek Ha 100 [Ix

42. Temneparypa HarpeBaTens pealbHOM TemioBoM MamumHbl 227°C,
xonoguipHuKa - +27°C. 3a oauMH LMK ra3 moiy4aeT oT HarpeBatens 64 kJDx
TEIUIOTHI, a OTHAET XomoamnbHUKY 48 k/[x. Onpeaenure KIIJ] mammab! (%).

1) 35
2) 15
3) 40
4) 25

43. HnpeampHomy razy coobmeno 300 J[lx temmorel. I[lpu »TOoM Tras,
paciupssich, copepin padoty 100 JIx. Kak usmeHunach npu 3ToM €ro BHYTPEHHSIS
sHeprus?

1) He u3MeHunach

2) yeemmumiiack Ha 200 Ik
3) ymenbmmiiachk Ha 200 JIx
4) yBenuumiiach Ha 100 JIx

44. Kakyro pab6oty (/Ix) coepmator 80 r KuCIOpojga MpH €ro M300apHOM
HarpeBannn Ha 10 K? Atomuas wmacca kuciopona paBHa 16 a.em. R=83
JIx/(monbeK).

1) 166
2) 83
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3) 415
4) 208

45. Kakoe konuuecTBo TemioThl (k) Heooxoaumo st moiydeHust 10 kr mapa
BOJBI MpPU €€ TeMmIeparype KHUMeHHs? YienbHas TersioTa mapooOpa3oBaHUS BOJbI
paBHa 2,2¢108 JTx/kr.

1) 2,2107
2)2,2¢10°
3)2,2:10°

4) 10106

46. Ilpu uzoxopHom HarpeBanuu Ha 50 K wuaeanbHbiii ra3z nmomyuun 2 kJ[x
Ter1oThl Kakyro paboTy coBepimi uaeanbHbii ra3 (Jx)?
11
2) 2
3)0,8
4)0

47. HarpeBaTenb uacanbHON TEIJIOBOM MallMHBI UMeeT temnepatypy 527°C, a
xonoaunbHuK - +127°C. Onpenenure KI1JI nannoi mammnst (%).
1) 60
2) 50
3) 40
4) 25

48. Kakoe konnuecTBo TermnoThl (kJ[>k) He0OX0AMMO 3aTpaTUTh, YTOOBI HAIPETh

2 xr npaa, B3AToro npu temmneparype -15°C, mo temmneparypsl +25°C? VY nenpHas
TEeIJI0Ta TUTaBsieHus Jbaa paBHa 330 k/[x/Kr, yaenbHbIe TETIOEMKOCTH JIbJIa U BOJBI
paBHBI cooTBeTcTBeHHO 2100 1 4200 I/ (krK).

1) 465

2) 3600

3) 1866

4) 933

49. Kakol TOYKE JAuarpaMMbl HM3MEHEHHUSI COCTOSAHMS HWJICAIBHOIO Trasa
COOTBETCTBYET HauOOJIbIIIee 3HAUCHUE BHYTPEHHEU SHEPTHUH.

Pao 3
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50. Ha ckoibpko Meramxoysieil oTiinM4aeTcs BHYTPEHHIS SHEPTHsl 2 KT BOASHOTO
napa npu temreparype 100°C or BHyTpeHHEW »HEpru 2 Kr BOABI IIPU 3TOM ¥Ke
temmneparype? Lg=2,3 MJx/Kr.

1) na 4,6 M/ Oosnbliie
2) Ha 2,3 M]Ix O6obiie
3) HE OTINYAIOTCS

4) na 2,3 MJI:x MeHble

51. B Boxy Temmiepatypoit 15°C u 066EMOM 2 J1 OIYCTHIIN HEU3BECTHBIN CILIAB
Maccoir 1 kr m Temmeparypoit 90°C. B pesynbrare TemiooOMeHa YCTaHOBUJIACH
temriepatypa 20°C. Kakxoma ynenpHas TeruoéMkocth cmiaBa (Jx/kreK), ecmm
yAebHas TeII0EMKOCTh BoAbI paBHa 4200 JIk/kreK?

1) 1100

2) 400

3) 1300

4) 600

52. Kakoe xommuectBo TeruoThl (K/x) Bbiaensercs npu koHaeHcaruu 0,2 Kr
BOJsTHOTO TMapa npu Temmeparype 100°C, ecnu yaenbHasi TEIIoTa mapooopa3oBaHus
BO/BI paBHa 2,2 10° JIx/kr?

1) 220
2) 660
3) 440
4) 880

53. Kakoe konmuectBo TermnoTel (MJIk) Bblaensiercss nipu cropanuud 10 kr
KEpOCHHA, €CIIM y/ielibHas TeIJIoTa Cropanus kepocruHa paBHa 46 MJx/kr?
1) 460
2) 230
3) 920
4) 92

54. Ilyns maccoit 10 r, neteBias co ckopocThio 700 M/c, momagaer B 0ETOHHBIN
0J10K 1 3acTpeBaeT B HEM. Kakoe KonnuecTBO TEMIOThI pu 3TOM BbiaeseTcs (Jx)?
1) 1225
2) 2450
3) 4900
4) 9800

55. Kamenp maccoit 100 kxr, copBaBIINCH CO CKalbl, YAl B YLIEIbE NTyOMHON
200 m. Kakoe KOIM4eCcTBO TEIUIOTHI P 3TOM BhLaenuaoch (kJx)? g=10 m/c?
1) 200
2) 400
3) 50
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4) 100

56. Ckonbko nbaa (Kr) pacraer, eciu Jéa mMaccoit 5 kr u temmneparypoit 0°C
OomycTUTh B BOy Maccol 10 kr u remnepartypou 0°C?
11
2) 0
3)3
4) 2

57. Ckonpko Beero sHepruu (/x) comepxurcs B 1 kr yras? CKopocTh CBETa B
Bakyyme — 3108 m/c, ynensnas Ternora cropanus yris — 46 MJIx/kr.
1)23-10°
2) 3108
3) 9-10%°
4) 46°10°

58. Kak usmenurcsa macca 1 kM3 Boasl mpu HarpeBanuu ee Ha 20°C? YV nenbHas
TEIJIOEMKOCTh BOJibI paBHa 4200 JIx/kr.

1) yBenuuutes Ha 933 T

2) ymeHnbiuTcs Ha 933 1

3) HE UBMEHHTCS

4) yBenuuurcst Ha 150 T

59. Ha cxonpko °C HyxHO Harperb 10 MIH. T BOJbl, 4ToOBI €€ Macca
yBenuumiach Ha 1 r? Y aenbHas TemnoéMkocTh Bobl paBHa 4200 JIx/kreK.
1) 2,14
2) 12
3)21,4
4) 41

60. Haiimute paboTy, COBEpIIaeMyI0 JIBYMsI MOJISIMUA HUJI€aJLHOTO Ta3a MPH €ro
n3zobapaom HarpeBanuu Ha 100°C ([Ix). R=8,3 Jl/mMomnb K.
1) 1660
2) 83
3) 166
4) 830

61. CBuHuoBas myJsig Maccoit 10 r, ieTeBiasi TOpu30HTAIBHO €O CKOPOCTHIO SO0
M/c, TpOOUB JEPEeBSHHBIN OpYCOK, BbIJIETAaET U3 Hero co ckopocthio 200 m/c. Kakas
yacTh nyau (T) paciuiaBwiach, eciu el nepenano 50% sHepruu, BbIACIUBLICHCS B
npoiiecce nmpobuBanusi Opycka? Y cBuHIA ynenbHas TermoeMKkocTs 130 Jhx/kreK.
yaenbHas TemioTa taBieHus 25 kJDk/kr, Temmepartypa tuiaBienus 327°C, a
HavajbHas Temneparypa myau - 77°C.
1)5,8
2) 7,5
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3) 2,5
4)6,9

62. ITox mopurHeM, KOTOPBIH MOXKET CBOOOIHO MEePEeMEIIaThCsl B BEPTUKATIBHOM
HWIMHAPE, HaXoauTcs 1,2 MOJs MACalbHOTO OJIHOATOMHOrO rasa. JlaBimeHue rasa
paBHo 400 xIla. Ha ckombKO JUTPOB yBEIWYUTCS OOBEM JTOr0 Tasa, €CIM €My
co00mMTh 5 KJ>K TEII0THI?

1)8
2) 4
3)5
4) 2

63. Ilox nmopiiHeM, KOTOPBIA MOXET CBOOOJHO MEPEMEIIATHCA B BEPTUKAILHOM
WIMHApPE, HaxoauTcs 1,2 MoJs uAeaqbHOTO OJHOATOMHOro rasa. JlaBieHue rasza
paBHo 400 klIla. Ha ckonbkO JTUTPOB yBEIUYUTCS OOBEM 3TOTO Tas3a, €ClIu €My
cooOmuTh 4 KJ)K TerIoThI?

1)1
2) 2
3)3
4) 4

64. ITon nopiHeM, KOTOPbIA MOKET CBOOOJHO MEPEMEIIATHCS B BEPTUKATBHOM
HWINHAPE, HaxoauTcss 1,2 MOJs MAeallbHOrO OJHOATOMHOrO rasa. /laBieHue rasa
paBHo 400 xIla. Ha ckoyIbKO JIUTPOB YBEIMUUTCA OOBEM ITOrO rasza, €clid emy
cooOmmTh 3 KK TEII0ThI?

1)5

2) 3

3)4

4) 8

65. Ilon mopiHeM, KOTOPBIA MOKET CBOOOIHO MEePEMENIAThCSl B BEPTUKATHBHOM
UUJIMHIpE, HaxoauTcs 1,2 Moiisl MaeanbHOro OJHOATOMHOTrO rasa. JlaBineHue rasza
paBHo 400 xIla. Ha ckoJIbKO JIUTPOB YBEIMUUTCA OOBEM ITOrO rasza, €Clid eMy
coOo0UTH 2 KJ[>K TEraoThI?

1) 3

2) 4

3)2

4)1

66. Ilox mopuraeM, KOTOPBIH MOXKET CBOOOJHO MEPEMEIIAaThCs B BEPTUKAITBHOM
MUINHAPE, HAXOAWTCs | MOJbh WIOealbHOTO OJHOATOMHOTO rasa. JlaBieHue rasza
paBHo 400 xIla. Ha ckoJIbKO JUTPOB YBEIMUUTCA OOBEM ITOTO rasza, €Clid eMy
cooOmuTh 1 /K TermmoTeI?

1)1
2) 4
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3)2
4) 3

67. Ilox mopirHeM, KOTOPBIA MOKET CBOOOHO MEepeMeNniaThCs B BEPTUKATILHOM
HWIMHAPE, HaXoauTcs | MOJIb MAeabHOIO OJHOATOMHOTO Ta3a. [laBieHue rasa
paBHo 200 klIla. Ha ckonbKO JUTPOB yBEIWYUTCS OOBEM JTOr0 Tasa, €ClIM €My
co00mMTh 5 KJ>K TEII0THI?

1)6
2) 16
3) 10
4)3

68. Ilox nmopiHeM, KOTOPbIA MOXKET CBOOOJHO NMEPEMEIIATHCS B BEPTUKAIIBHOM
WIMHApPE, HaxoauTcss | Moyb HMI€adbHOrO0 OJHOATOMHOIO rasa. /laBieHue rasa
paBHo 200 kIla. Ha ckonbko JUTPOB yBEIUYUTCS OOBEM 3TOTO Tas3a, €ClIu €My
coo0uTh 6 KJ[)K TErIoThI?

1) 48
2) 32
3) 12
4) 20

69. Kakoe xonnuecTBO TemIoThl () Hy’KHO COOOUIUTH KUCIOpOoy Maccoi 10
r, 4ToOBl U300apHO HarpeTh ero Ha 15 K? Mousipras macca kuciopoaa paBHa 32
r/mMonb. R = 8,3 JIx/kreK.
1) 97,5
2) 2,5
3) 130
4) 65

70. Kakoe konmuyecTBO TEIIOThl (JI>K) HY)KHO COOOUIUTH a30Ty Maccout 14 r,
4yTOOBI M300apHO HarpeTh ero Ha 15 K? MonsipHas macca azorta paBHa 28 r/moib. R =
8,3 Ix/kxreK.

1) 104
2) 51,9
3) 156
4) 208

71. Kakoe kommyecTBO TemioThl (/) Hy>)XHO cooOLuUTh a30Ty maccou 14 r,
yT0OBI M300apHO HarpeTh ero Ha 10 K? Mosnspras Macca azota paBHa 28 r/Moiib. R =
8,3 Ix/kxreK.

1) 51,9
2) 208
3) 156
4) 104
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72. Kakoe kosmuyecTBO TeIoThl (/[)X) HYKHO cOOOIIMTH a30Ty maccoil 14 T,
4yT00BI N300apHO HarpeTh ero Ha 5 K? MonspHast macca a3ota paBHa 28 r/mMoib. R =
8,3 JIx/kreK.

1) 104

2) 51,9

3) 156

4) 208

73. Kakoe xonuyecTBO TemIoTh (/Ik) Hy»KHO COOOLIUTH KHCIOpOaAy Maccoit 15
r, 4T0OBI M300apHO HarpeTh ero Ha 25 K? MomnspHas macca xuciaopoaa paBHa 32
r/moib. R = 8,3 JIx/kreK.
1) 146,1
2) 194,8
3) 243,5
4) 97,4

74. Kakoe xoim4uecTBO TErIoThl (JI’K) HYy>KHO COOOIIUTH KUCIOPOAY Maccon 15
r, 4ToOBI M300apHO HarpeTh ero Ha 20 K? MonsprHas macca kuciopona paBHa 32
r/monb. R = 8,3 JIx/kreK.

1) 194.8

2) 146,1

3) 48,7

4) 97,4

75. Kakoe konuuecTBO TEmIoThI () Hy>KHO COOOUIUTH KUCIOpOAYy Maccor 15
r, 4ToOBl U300apHO HarpeTh ero Ha 15 K? Mousipras macca kuciopoaa paBHa 32
r/mMoib. R = 8,3 JIx/kreK.

1) 97,4

2) 48,7

3) 146,1

4) 194,8

76. Kakoe xonmuuecTBO TEIWIOTHI (J[’K) Hy)KHO COOOIIUTH KUCIOPOy Maccou 15
r, 4ToOBl U300apHO HarpeTh ero Ha 10 K? MoisipHas macca kuciopoga paBHa 32
r/mMomb. R = 8,3 JIx/kreK.
1) 194,8
2) 146,1
3) 48,7
4) 97,4

77. Kakoe xonuuecTBO TEIWIOTHI (J[’K) Hy)KHO COOOIIUTH KUCIOPOy Maccou 15
r, 4T00bl M300apHO HarpeTh ero Ha 5 K? MonspnHas macca kucimopoaa paBHa 32
r/Moib. R = 8,3 JIx/kreK.
1) 146,1
2) 194,8
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3) 48,7
4) 97,4

78. CBuHLOBas 1mynst Maccou 10 T, ereBuiasi FOpu30HTAIBHO CO CKOPOCThIO 500
M/c, TpOOUB JEPEBSHHBIN OpYCOK, BbIJIETAET U3 HEro co ckopocThio 200 m/c. Kakas
yacTh nynu (T) paciyiaBuiach, eciid el nepegaHo 60% sHepruu, BbIICTUBIIEHCS B
nporiecce npoouBanus Opycka? Y cBuHIA yaenbHas TerioeMKocTh 130 JIx/kreK,
yaenbHas TemioTa IaBleHus 25 kJDk/kr, Temmeparypa tuiaBienms 327°C, a
HavajbHas Temieparypa myau - 67°C.
1) 0,6
2) 3,5
3) 5,7
4)0,1

79. Kakoe xonuuecTBO TEIUIOTHI () Hy>KHO COOOIIUTH KUCIOPOoy Maccoi 10
r, 4ToOBI M300apHO HarpeTh ero Ha 20 K? MonsprHas macca kuciopoja paBHa 32
r/monb. R = 8,3 JIx/kreK.
1) 32,5
2) 65
3)97,5
4) 130

80. Kakoe konmuuectBO TemnoThl (/) HY)KHO cOOOUIMTH a30Ty Maccou 56 T,
yT0oOBI N300apHO HarpeTh ero Ha 5 K? MossipHast macca a3zoTta paBHa 28 r/Moib. R =
8.3 JIx/kreK.

1) 415,5
2) 831
3) 623
4) 208

81. Kakoe xonuyecTBO TermnoThl (/) Hy>KHO COOOIIUTH KUCIOPOy Maccoi 10
r, 4T0OBI M300apHO HarpeTh ero Ha 10 K? Monspnas macca kucnopona paBHa 32
r/Moiab. R = 8,3 JIx/kreK.
1) 32,5
2) 130
3) 97,5
4) 65

82. Kakoe xonnuecTBO TeroThl (k) Hy»KHO COOOIIUTHL KUCIOpo 1y Maccoit 10
r, 4T00bl n300apHO HarpeTh ero Ha 5 K? MonspHas macca kuciopoaa paBHa 32
r/Moib. R = 8,3 JIx/kreK.
1) 32,5
2) 97,5
3) 130
4) 65
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83. Kakoe xonmuuecTBo TerioThl (LK) Hy’KHO COOOIIUTH KHCIOPOAY Maccou 5 T,
yT0oOBl M300apHO Harpetrh ero Ha 25 K? MonspHas macca Kuciiopojaa paBHa 32
r/mMomb. R = 8,3 JIx/kreK.

1) 48,6
2) 64,8
3) 81

4) 32,4

84. Kakoe xommuecTBO TeTUIOTH (J)K) HY>)KHO COOOIHUTH KHCIOPOTY Maccou 5
r, 4T00bI M300apHO HarpeTh ero Ha 20 K? MonspHas macca xuciaopoaa paBHa 32
r/moib. R = 8,3 JIx/kreK.

1) 32,4

2) 48,6

3) 16,2

4) 64,8

85. Kakoe xonnyecTBO TeIOTHI () HyKHO COOOIIUTH KUCIOPOLy Maccoi 5 T,
4yTOOBl M300apHO HarpeTh ero Ha 15 K? Momnspuas mMacca kuciopoja paBHa 32
r/monb. R = 8,3 JIx/kreK.

1) 32,4
2) 48,6
3) 64,8
4) 16,2

86. Kakoe konmmyecTBO Tem1oThl ([[X) Hy»KHO COOOIINUTH KUCIOPOIY Maccoil S5 T,
yTo0OBl M300apHO HarpeTh ero Ha 10 K? MonsapHas macca kuciopoaa paBHa 32
r/mMoib. R = 8,3 JIx/kreK.

1) 32,4
2) 16,2
3) 64,8
4) 48,6

87. Kakoe xommuecTBO TetioThl (J>k) HYy)KHO COOOIMIUTH KUCIOPOIY Maccoi 5
r, 4ToObl M300apHO HarpeTh ero Ha 5 K? MonspHas macca kuciopoja paBHa 32
r/mMomb. R = 8,3 JIx/kreK.

1) 16,2

2) 32,4

3) 48,6

4) 64,8

88. Ilox mopirHeM, KOTOPBIH MOXKET CBOOOHO TIEpEMENIAThCsl B BEPTUKAITBHOM
MUINHAPE, HaXOAUTCa 1 MOJb MeanbHOTO OJTHOATOMHOTO Tasza. Kakoe KoimuecTBO
Ter10Th (K/[K) Hy’)KHO COOOIINUTH 3TOMY Ta3y, 9YTOOBI €r0 TeMIlepaTypa MOBBICHUIIACH
Ha 80 K? R = 8,31 Jl/monn K.
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1) 1,66
2) 1,25
3) 1,04
4) 1,46

89. Ilox nopuiHeM, KOTOPBIN MOKET CBOOOIHO MEPEMEIIATHCSA B BEPTUKAIBHOM
LUIMHAPE, HaxoauTcs 1,2 MOJs MIealbHOTO OJHOATOMHOTO rasa. JlaBieHue rasa
paBHo 400 xIla. Ha ckoJIbKO JIUTPOB YBEIMUYUTCA OOBEM 3TOrO rasza, €Clid €My
coo0muTh 6 KJ[>K TEerI0THI?

1) 4

2) 8

3)6

4) 12

90. Kakoe xonuuecTBO TEIWIOTHI ([[’K) HY>KHO COOOIIUTH KUCIOPOoy Maccoi 10
r, 4ToOBI M300apHO HarpeTh ero Ha 25 K? MonspHas macca kucnopona paBHa 32
r/monb. R = 8,3 JIx/kreK.
1) 97,5
2) 130
3) 65
4) 162,5

91. Kakoe konuuectBo TemioThl (J>k) HyHO COOOIIUTH a30Ty Maccoil 84 T,
yT0OBI 1300apHO HarpeTh ero Ha 25 K? MossipHas Macca a3ota paBHa 28 r/mMoib. R =
8,3 JIx/kreK.

1) 623
2) 935
3) 1246
4) 1558

92. CsuHuoBas mysga maccoil 10 T, neTeBlIasi TOPU30HTAIBHO CO CKOPOCTBIO
500 M/c, mpoOUB AepeBSIHHBIM OpPYCOK, BBUICTAET M3 HETo co cKopocThio 200 m/c.
Kakas wyacte mnymu (T) pacmiaBunach, eciau el nepegaHo 80% sHepruw,
BBIJICJIUBILICHCS B TIpoLiecce npoOuBaHus Opycka? Y cBUHIA ylelbHAs TEIIOEMKOCTh
130 JIx/kreK, ynenbHas Teruiota ruiaBieHus 25 k/[x/kr, Temneparypa IUIaBIeHHS
327°C, a HauanpHas Temneparypa mymnu - 37°C.

1) 10

2) 8,7

3)2,4

4)5,3

93. CBuHioBas mynst Maccoit 10 T, jieTeBiasi Fopu30HTaIBLHO CO CKOPOCThIO 500
M/c, IPOOUB JEPEBSHHBIN OPYCOK, BBIJIETAET U3 HEro co ckopocThio 200 m/c. Kakas
4yacTh Iynu (T) paciiiaBwiack, eciu ei nepegaHo 50% sHepruu, BbIIEIUBILIEHCS B
npoiiecce nmpobmBanusi Opycka? Y cBuHIA yaenbHas temioeMkocTh 130 JIx/kreK,
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ynenpHas TemoTa IuiaBneHus 25 kJDk/kr, TemmepaTrypa mnaBienus 327°C, a
HavaJibHas Temmeparypa mnyiu - 47°C.

1) 10

2) 6,4

3) 8,7

4) 5,8

94. Ceunrnoas myns maccoi 10 T, neTeBias TOpu30HTaIBHO co ckopocThio 500
M/c, MpoOUB JEPEBSIHHBIN OpYCOK, BBUIETAEeT U3 HEro co ckopocthio 200 M/c. Kakas
4yacTh Iynu (T) paciulaBWiach, eciu ei nepegaHo 60% sHepruu, BbIIECIUBIIEHCS B
npoiecce nmpobuBaHuss Opycka? Y cBuHIA ynenbHas TermioeMKocTh 130 JIx/kreK,
ynenbHas TemoTa IuiaBneHust 25 kJDx/kr, TemmepaTtypa mnaBienus 327°C, a
HavdaJibHas Temrmeparypa myau - 47°C.
1) 8,7
2) 7.9
3)2,4
4) 10

95. CBunioBas mynst Maccoit 10 r, ereBmiasi FOpu30HTAIBHO CO CKOPOCThIO 500

M/c, TpoOUB JEPEBSIHHBIN OpYCOK, BBUIETAEeT U3 HEro co ckopocthio 200 M/c. Kakas
yacTh Imynu (T) paciiaBuiach, eciu ei nepegaHo 70% sHepruu, BbIIEIUBIIEHCS B
npoiiecce npoouBanus Opycka? Y cBuHIA yAenbHas TemioeMKocTh 130 JIx/kreK,
yaelbHas TemoTta miuasineHus 25 kJk/kr, Temmnepartypa muasinenus 327°C, a
HavdaJibHasA Temmeparypa mnyau - 47°C.

1)6,4

2) 3

3)7,8

4) 9,8

96. CeuHnioBas myns Maccoit 10 r, ereBmasi ropu30HTaIBLHO CO CKOPOCThIO0 500

M/C, IPOOUB JEePEBSIHHBIN OpPYCOK, BBIJIETAET M3 HEro co ckopocthio 200 m/c. Kakas
yacTh mynu (T) paciyiaBuiiach, eciu eil nepegaHo 50% sHepruu, BHIICTUBIICHCS B
npoiiecce npobuBanus Opycka? Y cBUHIA yaelbHas TermoeMkocTh 130 Jx/kreK ,
yaelbHas TemiuoTta miuasleHus 25 kJDK/kr, Temmnepartypa rmuasnenus 327°C, a
HaudaJibHas Temneparypa mnyiu - 57°C.

1)9,2

2) 3

3) 6,96

4)9,8

97. CBuHnioBas 1mynst Maccoit 10 r, neTeBias ropu30HTAIBHO €O CKOpOCcThio 500
M/c, TPOOUB JEPEBSHHBIN OPYCOK, BBIJIETAET M3 HEro co ckopocThio 200 m/c. Kakas
yacTh nyau (T) pacIuiaBuwiach, eciu el nepenano 60% sHepruu, BbLACIUBLICHCS B
nporiecce nmpobuBaHusi Opycka? Y cBuHIA ynenbHas TermoeMKocTh 130 JIx/kreK,
ynenpHas TemiuoTa IuiaBneHus 25 kJDk/kr, TemmepaTtypa mnaBienus 327°C, a
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HavajabHas Temneparypa myau - S7°C.
1)3
2) 9,2
3)9,8
4) 8,5

98. CeuHioBas myns Maccoit 10 r, ereBuiasi FOpu30HTAIBHO CO CKOPOCThIO 500

M/c, MpoOUB JEpEeBSIHHBIN OpYCOK, BbUIETAET U3 HEero co ckopocThio 200 m/c. Kakas
4yacTh Iynu (T) paciiiaBwiack, eciu ei nepegaHo 70% sHepruu, BbIIEIUBIIEHCS B
nporecce nmpobuBaHusi Opycka? Y cBuHIA ynenbHas TeroeMKocTh 130 JIx/kreK,
yaenbHas TemioTa IiaBleHus 25 kJDk/kr, Temmeparypa tuiaBienust 327°C, a
HavajbHas Temmneparypa myau - S7°C.

1)9,8

2) 8,4

3)6,4

4) 3

99. CeuHnioBas myns Maccoit 10 r, ereBmasi FOpu30HTAIBLHO CO CKOPOCThIO 500
M/c, TpoOUB JEPEBSIHHBIN OpYCOK, BBUIETAET U3 HEro co ckopocthio 200 M/c. Kakas
yacTh mynu (T) pacijiaBuiiach, eciiu eil nepegaHo 40% sHepruu, BbIICTUBIIEHCS B
npoiiecce npoouBanus Opycka? Y cBuHIA yAenbHas TemioeMKocTh 130 JIx/kreK,
yaelbHas TemoTta IasleHus 25 kJk/kr, Temmnepartypa rmuiaBienus 327°C, a
HavdaJibHas Temrmeparypa mnyau - 67°C.
1)1,6
2) 3,3
3)6,9
4)0,1

100. CunuoBas mynst maccod 10 T, jeTeBiIas rOPU30HTAIBHO CO CKOPOCTBIO
500 M/c, mpoOUB AepeBSIHHBIM OpPYCOK, BBUICTAET M3 HETO cO CKopocThio 200 m/c.
Kakas wacte mynm (T) pacmnaBuiack, eciau ed  mepemano 50% sHepruw,
BBIJICJIUBIIICHCS B TIpoliecce nmpoOuBaHust Opycka? Y CBUHIIA yAENIbHAS TETIOEMKOCTh
130 JIx/kreK , ynenbHas Teriora miuaBiaeHus 25 kJ[K/Kr, Temneparypa IJiaBiIeHUs
327°C, a HauanbpHas Temneparypa mymnu - 67°C.
1)5,2
2) 1,6
3)6,9
4)0,1

101. Kakoe komuuecTBO TemioThl (/’k) HY>KHO COOOIIUTH a30Ty Mmaccoil 14 T,
yTOOBI N300apHO HarpeTh ero Ha 20 K? MomnspHuas macca a3ota paBHa 28 r/Moib. R =
8,3 Ix/kxreK.

1) 51,9
2) 104
3) 156

224



4) 208

102. CunuoBas mynst maccod 10 T, jeTeBlIas rOpU30HTAIBHO CO CKOPOCTBIO

500 M/c, mpoOUB JepeBIHHBIM OpPYCOK, BBUIETAET M3 HEro co ckopocthio 200 wm/c.
Kakas wacte mynm (T) pacmiaBujiach, eciau e mnepemaHo 60% sHepruw,
BBIJICJIUBIIICHCS B TIpoliecce npoOuBaHusi Opycka? Y CBUHIA ylelbHAs TEITNIOEMKOCTh
130 Ix/kreK, ynenbHas Temsora ruiaBiaeHus 25 k/[xk/Kr, TemmepaTypa IJIaBICHUS
327°C, a HauanpHas Temneparypa myiau - 77°C.

1) 3,5

2) 6,2

3)4

4) 2,9

103. Kakoe konuuecTBO TEmIoThl ([[») HY>KHO cOOOIUTH a30Ty maccoil 14 r,
4yTOOBI M300apHO HarpeTh ero Ha 25 K? MonsipHas macca azorta paBHa 28 r/moiib. R =
8,3 JIx/kreK.

1) 156
2) 208
3) 104
4) 260

104. Kakoe konuuecTBO TEIIOTHI ([{) HY>KHO COOOIIMUTH a30Ty mMaccoil 84 r,
yT0OBI N300apHO HarpeTh ero Ha 20 K? MosnsipHas Macca a3ota paBHa 28 r/Monb. R =
8,3 JIx/kreK.

1) 312
2) 623
3) 935
4) 1246

105. Kakoe konudecTBO TeroThl (JI>K) Hy>KHO COOOIIMTH a30Ty Maccoit 84 T,
4yTOOBI M300apHO HarpeTh ero Ha 15 K? MonsipHas macca azorta paBHa 28 r/moib. R =
8,3 Ix/kxreK.

1) 623
2) 1312
3) 935
4) 1246

106. Kakoe konuuecTBO TemIOTHI ([K) HYKHO COOOIIHUTH a30Ty mMaccoil 84 r,
yT0OBI M300apHO HarpeTh ero Ha 10 K? Mosnspraast macca a3ota paBHa 28 r/moiib. R =
8,3 Ix/kxreK.

1) 1246
2) 623
3) 935
4) 312
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107. Kakoe komuuecTBO TemioThl (/) HY>KHO COOOIIUTH a30Ty maccou 84 T,
4yT00BI N300apHO HarpeTh ero Ha 5 K? MomnspHas mMacca a3ora paBHa 28 1/mMoib. R =
8,3 JIx/kreK.

1) 1246
2) 623
3) 935
4) 311

108. Kakoe konumdecTBO TemioThl (/[k) HYy>XKHO COOOIIUTH a30Ty Maccoi 56 T,
yTOOBI N300apHO HarpeTh ero Ha 25 K? MomnspHas Macca a3ota paBHa 28 r/Moib. R =
8,3 JIx/xreK.

1) 1039
2) 623
3) 4155
4) 831

109. Kakoe konuuecTBO TemioThl ([IK) HYKHO COOOIIUTH a30Ty maccoil 56 r,
4yTOOBI M300apHO HarpeTh ero Ha 20 K? MonsipHas macca azorta paBHa 28 r/moiib. R =
8,3 JIx/kreK.

1) 208
2) 831
3) 415,5
4) 623

110. Kakoe komudecTBO TemioThl (/[) HyKHO COOOIIMTHL a30Ty mMaccou 56 T,
4yT0OBI U300apHO HarpeTh ero Ha 15 K? Mounsiprast Macca azota paBHa 28 r/moiib. R =
8,3 Ix/kreK.

1) 4155
2) 623
3) 208
4) 831

111. Kakoe konudectBo TermioThl (J[>k) HYy>)KHO COOOIIUTH a30Ty Maccoi 56 T,
yT0OBI N300apHO HarpeTh ero Ha 10 K? MosnspHast macca a3ota paBHa 28 r/mMoiib. R =
8,3 JIx/kreK.

1) 415,5

2) 208

3) 623

4) 831

112. CBuHnoBas nynst Mmaccoit 10 r, jgeTeBiiasi TOPU30HTAIBHO CO CKOPOCTHIO
500 m/c, mpoOUB nepeBsIHHBIA OPYCOK, BbUIETA€T M3 HETO cO CKopocThio 200 wm/c.
Kakas wacte mnymu (r) pacmiaBuiack, eciu e nepepaHo 70% sHepruu,
BBIJICJIUBIIICHCS B TIpoliecce nmpobuBaHust Opycka? Y CBUHIIA yAelbHAS TEITIOEMKOCTh
130 JIx/kreK., yaenbHas Temnora ruiaBineHus 25 k/x/Kr, Temmneparypa MiaBiIeHHs
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327°C, a HauanbpHas Temneparypa myiau - 37°C.
1)2,4
2)5,8
3) 10
4)7,3

113. CunuoBas myns maccod 10 T, jeTeBlIas rOpU30HTAIBHO CO CKOPOCTBIO
500 m/c, mpoOWB mepeBsIHHBIA OPYCOK, BBUIETA€T W3 HETO cO cKopocThio 200 m/c.
Kakas wacte mnymum (T) pacminaBuiack, eciau e nepegaHo 40% osHepruu,
BBIJICTIUBIIICHCS B Mporiecce MpoOuBanus Opycka? Y CBUHIIA YAelbHas TEIUIOEMKOCTb
130 Tx/xreK, yaenpHas TeruioTa miaBieHus 25 kJK/Kr, Temreparypa IJIaBiICHUS
327°C, a HauanpHas Temneparypa myiau - 77°C.
1)0,1
2) 3,8
3)6,9
4) 0,6

114. TIlon mnopmHeM, KOTOpPbIH MOXET CBOOOJHO TIiepeMeniaTbcsi B
BEPTUKAJIIBHOM LUIMHAPE, HAaXOAWUTCA 1 MOJIb HMAEATBHOTO OJHOATOMHOIO Tasa.
Kakoe konuuectBo TemnoThl (k) HyXHO COOOIIMTH 3TOMY rasy, 4TOOBI €ro
TemriepaTypa nobeicuiiach Ha 50 K? R = 8,31 J[x/momnbeK.

1) 1,46
2) 1,25
3) 1,04
4) 1,66

115. TIlog mopmiHeM, KOTOPBIH MOXET CBOOOJHO TIEpeMeniaThcs B
BEPTUKAJIBLHOM LWJUHJIpE, Haxoautcss 0,8 Mois uaeadbHOro OJHOATOMHOTO Tra3a.
JaBnenue raza paBHo 200 klla. Ha ckoibko JTUTPOB YyBETUYUTCS OOBEM ATOTO rasa,
ecim eMy cooOmuTh 2 K/ Termnorsi?

1) 12
2) 4
3)8
4) 2

116. Ilog mopiiHeM, KOTOPbIH MOXET CBOOOJHO TEpeMeniaThcsl B
BEPTUKAJIbHOM UWJIMHAPE, HAXOAUTCA 3 MOJIS MI€aTbHOTO OJHOATOMHOrO Tasa.
Kakoe xommnuectBo Termiorhl (k/[X) HyX HO COOOIIUTH 3TOMY Traszy, 4TOOBI €ro
tTemriepaTypa noBbicuiiach Ha 20 K? R = 8,31 Jlx/monbeK.

1) 1,87
2) 1,46
3) 1,66
4) 1,25

117. Tloxg mnopmHEM, KOTOPBIA MOXKET CBOOOAHO TIEpeMeNaThCcs B
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BEPTUKAJILHOM LWJIMHJPE, HAXOAUTCS 3 MOJS HJICAJIbHOTO OJHOATOMHOIO Tas3a.
Kakoe xommuectBo TermiaoThl (k/)X) HyHO COOOIIMTH 3TOMY Tra3y, 4YTOOBI €ro
temrnepartypa nmosbicuiach Ha 10 K? R = 8,31 JIx/MonbeK.

1) 1,25

2) 0,83

3) 1,04

4) 0,62

118. Ilom mopumHeM, KOTOpPBIA MOXET CBOOOJHO II€peMeniaTbCcsi B
BEPTUKAJIIBHOM LWJUHAPE, HAXOAMUTCS 5 MOJIEd HJEaIbHOrO OJHOATOMHOIO Trasa.
Kakoe kommuectBo TemnoThl (kJ[K) HyXHO COOOIIUTH ATOMY Trasy, 4TOOBI €ro
Temneparypa nossicuiach Ha 80 K? R = 8,31 Jx/monbeK.

1) 10,4

2) 8,31

3) 9,35

4) 7,28

119. Ilox mnopmHeM, KOTOpbII MOXET CBOOOAHO IepeMelarbcsi B
BEPTUKAJIIBHOM LWJIMHAPE, HAXOAWUTCA 1 MOJb HACAIBHOIO OJHOATOMHOIO Trasa.
Kakoe konuuectBo TemnoThl (k) HyXHO COOOIIMTH 3TOMY rasy, 4TOOBI €ro
temriepaTypa nosbeicuiiack Ha 100 K? R = 8,31 JIx/MonbeK.

1) 2,49
2) 2,08
3) 1,87
4) 1,66

120. Tloxg mnopriHeM, KOTOPBI MOXKET CBOOOAHO TEepeMeniaTbcsi B
BEPTUKAJIBLHOM LWJIMHAPE, HAXOAUTCA | MOJb HAEAIBHOTO OJHOATOMHOIO Ta3a.
Kakoe xommuectBo Teriorhl (KX) HyX)HO COOOIIUTH 3TOMY Traszy, 4YTOOBI €ro
tTemriepatypa noBeicuiiachk Ha 90 K? R = 8,31 J[»/momnbeK.

1) 1,87
2) 2,08
3) 1,66
4) 2,49

121. Tlox mopmiHeM, KOTOpPBIH MOXET CBOOOJHO TepeMeniaThCsi B
BEPTUKAJIbHOM UWJIMHAPE, HAXOAUTCA 3 MOJIS MI€aTbHOTO OJHOATOMHOrO Tasa.
Kakoe xommnuectBo Termiorhl (k/[X) HyX HO COOOIIUTH 3TOMY Traszy, 4TOOBI €ro
TemriepaTypa nobsicuiiach Ha 40 K? R = 8,31 J[>x/momnbeK.

1) 3,12

2) 2,49

3) 1,87

4) 3,74

122. Tlom mnopmHeM, KOTOPbIi MOXET CBOOOAHO TepeMeniarbcsi B

228



BEPTUKAJIBLHOM LWJIMHJAPE, HAXOAUTCA 1 MOJb HJI€ATIBHOTO OJHOATOMHOIO Tas3a.
Kakoe xommuectBo Termiorhl (K/X) HyX HO COOOIIUTH 3TOMY Traszy, 4YTOOBI €ro
temmnepartypa nosbicuiach Ha 70 K? R = 8,31 JIx/MonbeK.

1) 1,04

2) 1,25

3) 1,46

4) 0,83

123. Tloxg mnopuiHeM, KOTOpPBIA MOXET CBOOOAHO TIEpeMenmarbcsi B
BEPTUKAJIIBHOM LWJUHAPE, HAXOAMUTCS 5 MOJIEd HJEaIbHOrO OJHOATOMHOIO Trasa.
Kakoe kommuectBO TemnoThl (KJ[>K) HYKHO COOOIIUTH 3TOMY Tras3y, 4TOOBI €ro
Temneparypa nossicuinach Ha 70 K? R = 8,31 /x/monseK.

1) 4,99
2) 7,28
3) 5,61
4) 6,24

124. Tlon mnopimiHEeM, KOTOPbII MOXET CBOOOAHO IepeMelarbcsi B
BEPTUKAJIIBHOM LUIMHAPE, HAaXOAWUTCA 1 MOJIb HMAEATBHOTO OJHOATOMHOIO Tasa.
Kakoe konnuectBo TemnoThl (k) HyXHO COOOIIUTH 3TOMY Ta3y, 4TOOBI €ro
TemriepaTypa nobeicuiiach Ha 40 K? R = 8,31 J[x/momnbeK.

1) 0,62
2) 0,42
3) 0,83

4) 1,04

125. Tloxg mnopmiHeM, KOTOPBI MOXKET CBOOOAHO TEepeMeliaTbcsi B
BEPTUKAJIBLHOM LWIMHIAPE, HAXOAUTCA | MOJb HICAIBHOTO OJHOATOMHOIO Tas3a.
Kakoe xommuectBo Teriorhl (KX) HyXHO COOOIIUTH 3TOMY Traszy, YTOOBI €ro
temriepatypa nobsicuiiach Ha 30 K? R = 8,31 J[x/momnbeK.

1) 0,83
2) 0,62
3) 0,42
4) 1,04

126. Ilog mopiiHeM, KOTOPbIH MOXET CBOOOJHO TEpeMeniaThcs B
BEPTUKAJIbHOM UWJIUHAPE, HAXOIUTCA 1 MOJb HACATIBHOTO OJHOATOMHOIO Trasa.
Kakoe xommnuectBo Termiorhl (k/[X) HyX HO COOOIIUTH 3TOMY Traszy, 4TOOBI €ro
TemriepaTypa nobsicuiiachk Ha 10 K? R = 8,31 J[>x/mMomnbeK.

1) 0,11
2) 0,21
3) 0,32
4) 0,42

127. Tlopg mnopmiHeM, KOTOPBI MOXKET CBOOOAHO TIEpeMeraThCcs B
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BEPTUKAJIBLHOM LWJIMHAPE, HAXOAUTCA |1 MOJb HI€ATIbHOTO OJHOATOMHOTO Tas3a.
Kakoe xommuectBo Termiorhl (K/X) HyX HO COOOIIUTH 3TOMY Traszy, 4YTOOBI €ro
temrnepatypa nmosbicuiach Ha 60 K? R = 8,31 JIx/MomnbeK.

1) 1,46

2) 1,66

3) 1,25

4) 1,04

128. Ilog mopiiHeM, KOTOPbIH MOXET CBOOOJHO TIEpeMelaThesl B
BEPTUKAJIBLHOM LWJIMHIAPE, HAXOAUTCA 1 MOJb HJI€AIIbHOTO OJHOATOMHOTO Tas3a.
Hanenue raza pasuo 200 xIla. Ha ckoiabko AUTPOB yBEIMUUTCS OOBEM 3TOTO rasa,
ecim eMy cooO0nuTh 4 kJ[K TermnoThI?

1) 8
2) 4
3) 12
4) 16

129. Ilom mopuiHeM, KOTOpbIH MOXET CBOOOJHO TIiepeMeliaTbcsi B
BEPTUKAJIIBHOM LUIMHAPE, HAXOAUTCA 3 MOJI MICAIBHOTO OJHOATOMHOIO Tasa.
Kakoe konuuectBo TemnoThl (k) HyXHO COOOIIMTH 3TOMY rasy, 4TOOBI €ro
TemriepaTypa nobeicuiiach Ha 50 K? R = 8,31 J[x/momnbeK.

1) 2,49

2) 3,12

3) 3,74

4) 4,37

130. Ilog mopmHeM, KOTOPBIH MOXET CBOOOJHO TIEpeMeniaThcs B
BEPTUKAJIILHOM IWJIMHAPE, HAXOAUTCA 3 MOJIS HJICATbHOTO OJHOATOMHOrO Tasa.
Kakoe xommuectBo Teriorhl (KX) HyX)HO COOOIIUTH 3TOMY Traszy, 4YTOOBI €ro
tTemriepatypa noBbeicmiiack Ha 60 K? R = 8,31 Jlxx/monbeK.

1) 2,49
2) 3,12
3) 3,74

4) 4,37

131. TIlog mopiiHeM, KOTOPbIH MOXET CBOOOJHO TEpeMeniaThcsl B
BEPTUKAJIBLHOM LWJIMHJAPE, HAaXOAUTCA 1 MOJb MJICAIBHOTO OJHOATOMHOIO Tas3a.
Hanenue raza pasHo 200 xlla. Ha ckonbko AUTPOB yBEIMUUTCS 00BEM ITOTO Tasa,
eciu emy cooOuTh 3 K/ Ternnorsi?

1)5
2) 6
3)4
4) 2

132. Tlog mnopmiHeM, KOTOPBIA MOXKET CBOOOAHO TIEpeMeNaThcs B
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BEPTUKAJIBHOM LWIMHAPE, HAXOAUTCA 5 MOJIEM HIEaJbHOI0 OJHOATOMHOIO TIasa.
Kakoe xommuectBo TermiaoThl (k/)K) HyKHO COOOIIMTH 3TOMY Tra3zy, 4YTOOBI €ro
temrnepartypa nmosbicuiach Ha 90 K? R = 8,31 Ix/MomnbeK.

1) 9,35

2) 8,31

3)10,4

4) 11,5

133. Ilog mopiiHeM, KOTOPbIH MOXET CBOOOJHO TeEpeMenaTbcs B
BEPTUKAJIBbHOM LWJIMHIPE, HAXOAUTCA 3 MOJSA HICAIBHOIO OJHOATOMHOIO Tasa.
Kakoe kommuectBo TemnoThl (kJ[K) HyXHO COOOIIUTH ATOMY Trasy, 4TOOBI €ro
Temneparypa nossicuiach Ha 60 K? R = 8,31 Jx/monbeK.

1) 6,24
2) 5,61
3) 4,99
4) 7,28

134. Ilox cBOOOMHO ABHMOKYHIMMCS TOpPIIHEM Iuiomaaso 100 cM? HaXOauTCA
WJIeJIbHBIN OJHOATOMHBIM Ta3 mnoj aAasienueM 150 klla. Ilpu mnepenade raszy
TEIUIOTHl TIOPIIEHb TOJMHsUICS Ha BbICOTY 3 cM. Omnpenenure paodory (Ix),
COBEPIIEHHYIO Ia30M.

1) 450
2) 45
3) 90
4) 180

135. Haitngure pabory (/x), coBepiiaemyro MpuU HarpeBaHUU 2 MoJieil
uJeaibHOTO OJiHOaToMHOro ra3za Ha 100°C mpu mocTostHHOM JAaBiieHMH. R=8.3
Jx/MonseK

1) 104

2) 415

3) 207

4) 1660

136. Ilox mopmiHeM, KOTOpPBIH MOXET CBOOOJHO TepeMeniaThCsl B
BEPTUKAJIbHOM UWJIMHAPE, HAXOAUTCA 3 MOJIS MJI€aTbHOTO OJHOATOMHOrO Tasa.
Kakoe xomuuectBo TemiaoThl (k/)K) HyXHO COOOIIMTH 3TOMY ras3y, 4YTOOBI €ro
TeMIiepaTypa

1) 4,99

2) 4,37

3) 3,74

4) 5,61

137. Tlomg mopmiHEM, KOTOPBI MOXKET CBOOOAHO TEpeMeraThCcs B
BEPTUKAJILHOM LWJIMHJPE, HAXOAUTCS 3 MOJS HJICAJIbHOTO OJHOATOMHOIO Tas3a.
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Kakoe xommuectBo TeminoThl (k/[)K) Hy)HO COOOIMUTH 3TOMY rasy, 4YTOOBI €ro
temmnepatypa nosbicuiach Ha 30 K? R = 8,31 Ix/MonbeK.

1) 1,87

2) 1,46

3) 1,66

4) 2,08

138. Ilog mopiuHeM, KOTOPbIH MOXET CBOOOJHO TeEpeMenaTbcs B
BEPTUKAJIBbHOM LWJIMHIPE, HAXOAUTCA 3 MOJSA HICAIBHOIO OJHOATOMHOIO Tasa.
Kakoe kommuectBo Temnothl (kJ[K) HyXHO COOOIIUTH ATOMY Trasy, 4YTOOBI €ro
Temneparypa nossicuiach Ha 70 K? R = 8,31 Jx/monbeK.

1) 4,99
2) 4,37
3) 5,61

4) 6,24

139. TIlog mopiiHeM, KOTOPBIH MOXET CBOOOJHO TIEpeMelniaThes B
BEPTUKAIBLHOM HWIMHApE, HaxoauTcs (0,2 Moy MIealbHOTO OJIHOATOMHOIO Tasa.
JaBnenne raza paBHo 40 klla. Ha ckoiapko JTHTPOB yBEIMYHUTCS 00BEM 3TOrO rasa,
eciau emy cooOuTh 1 K/ Termmorsi?

1) 6
2) 10
3)3
4) 16

140. TIloxg mnopmHeM, KOTOpPBIA MOXKET CBOOOAHO TMEpeMelarbcs B
BEPTUKAJIIBHOM LHJIMHAPE, HAXOAMUTCS 5 MOJIEW HMICAIBHOIO OJHOATOMHOIO Tra3a.
Kakoe konuuectBo TemnoThl (k) HyXHO COOOIIMTH ATOMY rasy, 4YTOOBI €ro
temriepatypa nosicuiiach Ha 100 K? R = 8,31 [x/MonbeK.

1) 11,5
2) 13,2
3) 10,4
4) 15,0

141. Ilox mopmiHeM, KOTOPBIH MOXET CBOOOJHO TepeMeniaThCsl B
BEPTUKAJIbHOM LUJUHAPE, HAXOAMUTCS S5 MOJIeH HJIeaJbHOr0 OJHOATOMHOIO Tasa.
Kakoe xomunuectBo Termiorhl (k/[X) HyX HO COOOIIUTH 3TOMY Traszy, 4TOOBI €ro
TemriepaTypa nobsicuiiachk Ha 10 K? R = 8,31 J[>/monbeK.

1) 0,83

2) 0,42

3) 0,62

4) 1,04

142. Tlom mnopmHeM, KOTOPbIH MOXET CBOOOJHO TiepeMenaTbcsi B
BEPTHUKAJIBbHOM LWIMHAPE, HAXOAUTCA 5 MOJIEM HIEaJbHOIO0 OJHOATOMHOIO TIasa.
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Kakoe xommuectBo Terminothl (K/[K) HyX)HO COOOIUTH 3TOMY Traszy, 4YTOOBI €ro
temmnepartypa nosbicuiach Ha 20 K? R = 8,31 JIx/MonbeK.

1) 2,08

2) 1,87

3) 3,74

4) 3,12

143. Ilog mopiHeM, KOTOPBIH MOXET CBOOOJHO TeEpeMenaTbcs B
BEPTUKAJIIBHOM LUJIUHAPE, HAXOAMUTCS S5 MOJIEH HJEaIbHOrO OJHOATOMHOIO Tra3a.
Kakoe kommuectBO TeminoThl (KJ[>K) HYKHO COOOIIUTH 3TOMY Tras3y, 4TOOBI €ro
Temneparypa nossicuinach Ha 30 K? R = 8,31 Jx/monbeK.

1) 3,74
2) 2,08
3) 3,12
4) 1,87

144. Tlop mnopmiHeM, KOTOPBIM MOXKET CBOOOAHO TEepeMelaTbcsi B
BEPTUKAJIBbHOM LWIMHAPE, HAXOAUTCA 5 MOJIEH HIEaJbHOrO0 OJHOATOMHOIO Ta3a.
Kakoe xommuectBo Teriorhl (KK) HyX)HO COOOIIUTH 3TOMY Traszy, YTOOBI €ro
TemriepaTypa nosbicuiiach Ha 40 K? R = 8,31 J[>x/momnbeK.

1) 5,20
2) 6,24
3) 4,16
4) 7,28

145. TIlog mopiumHeM, KOTOPBIH MOXET CBOOOJHO TMeEpeMeniaThcsl B
BEPTUKAJIBbHOM LWJIMHIPE, HAXOAUTCA 3 MOJS HJICAJIBHOTO OJHOATOMHOIO Tasa.
Kakoe xommuectBo Termiorhl (KX) HYKXHO COOOIIMTH 3TOMY Ta3y, YTOOBI €ro
tTemriepatypa nobsicuiiach Ha 80 K? R = 8,31 J[x/momnbeK.

1) 4,99
2) 5,61
3) 6,24

4) 4,37

146. CBunnoBas myinst maccoid 10 r, jgeTeBmias ropu30HTAIBHO CO CKOPOCTHIO
400 m/c, mpoOuB JepeBsIHHBIN OPYCOK, BBUIETACT U3 HEro co ckopocthio 100 m/c.
Kakass wacte mnymu (r) pacrmiaBuiach, eciau e mnepegaHo 70% osHepruu,
BBIJICJIUBILICHCS B TIpoLiecce npoOuBaHus Opycka? Y cBUHIA ylelbHAs TEIIOEMKOCTh
130 JIx/kreK, ynenbHas Teruiora ruiaBieHus 25 k/[x/kr, Temneparypa IUIaBIeHUS
327°C, a HayanbHas Temneparypa myau - 47°C.
1) 8,9
2) 2,9
3)9,4
4) 6,4
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147. Tlopg mnopmiHEM, KOTOPBI MOXKET CBOOOAHO TEpeMeNiaThCcs B
BEPTUKAJIBbHOM LWIMHAPE, HAXOAUTCA 5 MOJIEM HIEaJbHOrO0 OJHOATOMHOIO Ta3a.
Kakoe xommuectBo Termiorhl (KK) HyX’HO COOOIIUTH 3TOMY raszy, 4TOOBI €ro
temrnepartypa nosbicuiach Ha 50 K? R = 8,31 JIx/MonbeK.

1) 3,74
2) 4,37
3) 5,20
4) 5,61

148. TIlog mnopmiHeM, KOTOpPBIA MOXET CBOOOAHO TNEpeMemarbcs B
BEPTUKAJIBHOM LUJUHAPE, HAXOAMUTCS S5 MOJIEH HJEaTbHOrO OJHOATOMHOIO Trasa.
Kakoe kommuectBO TeminoThl (KJ[)K) HYKHO COOOIIMTH ATOMY Ta3y, 4TOOBI €ro
TemMriepaTypa nobeicuiiachk Ha 60 K? R = 8,31 J[x/momnbeK.

1) 5,61
2) 6,24
3) 4,99
4) 7,28

149. CunuoBas mynst maccod 10 T, jeTeBIIas rOpU30HTAIBHO CO CKOPOCTBIO

500 m/c, mpoOUB nepeBsIHHBIA OPYCOK, BbUIETA€T U3 HEro co ckopocThio 200 m/c.
Kakas wacte mnymu (T) pacmiaBuiach, eciu e mnepepaHo 60% sHepruu,
BBIJICTIUBILICHCS B Mpolecce MpoOuBaHus Opycka? ¥ CBUHIIA YJEIbHas TEIIIOEMKOCTh
130 Ix/kreK, ynenbHas Termsorta muiaBiaeHus 25 k/[k/kr, TemmnepaTypa IUIaBieHUS
327°C, a HauanpHas Temneparypa mymnu - 37°C.

1)4

2)5,3

3)9,9

4) 7,4

150. CunuoBas mynst maccod 10 T, jeTeBiIas rOPpU30HTAIBHO CO CKOPOCTBIO

400 m/c, mpoOuB JIepeBSHHBIN OPYCOK, BBIJIETAeT U3 HEro co ckopocthio 100 m/c.
Kakas wacte mynm (T) pacmiaBuiiack, eciau e mepemano 60% sHepruu,
BbIJIETIUBIIIEHCS B Mpoliecce MpoOuBaHus Opycka? Y CBUHIIA YelbHAs TEIUIOEMKOCTb
130 JIx/kreK, ynenbHas Teruiora ruiaBieHus 25 k/[x/kr, Temneparypa IUIaBIeHHS
327°C, a HauanpHas Temneparypa mymnu - 5S7°C.

1)5,3

2) 4

3)7

4)9,9

151. TIlom mopmiHEM, KOTOPBIM MOXET CBOOOJHO IIepeMelaThCs B
BEPTUKAJIBLHOM LUIUHJIpE, Haxoautcs 0,8 Mo uaeadbHOro OJHOATOMHOTO Trasa.
JaBnenue raza paBao 200 klla. Ha ckonbpko JTUTPOB yBETUYUTCS OOBEM ITOTO rasa,

ecim emy cooOmuTh 1 kJ[K TermnoTe?
1) 12
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2) 2
3)4
4)8

152. CunuoBas mynst maccod 10 T, jeTeBlIas rOPU30HTAIBHO CO CKOPOCTBIO

400 m/c, mpoOuB JIepeBsSHHBIN OPYCOK, BBIJIETAeT U3 HEro co ckopocThio 100 m/c.
Kakas wacte mynm (T) pacminaBuiach, eciau ed  mnepemaHo 80% sHepruw,
BBIJICTIUBIIICHCS B poliecce MpoOuBanus 6pycka? Y cBUHIA y/elIbHAS TEIJIOEMKOCTh
130 Tx/xreK, yaenpHas TeruioTa miaBieHus 25 kJK/Kr, Temieparypa IJIaBICHUS
327°C, a HauanpHas Temneparypa myiau - S7°C.

1) 9,96

2) 7

3)4

4) 5,3

153. Tloxg mnopmiHeM, KOTOPBI MOXKET CBOOOAHO TEepeMelaTbcsi B
BEPTUKAJIbHOM LWJIMHAPE, HAXOAUTCA |1 MOJb HIEAIBHOTO OJHOATOMHOIO Ta3a.
Kakoe xommuectBo Teriorhl (KX) HyX HO COOOIIUTH 3TOMY Traszy, 4YTOOBI €ro
TemriepaTypa nosbicuiiach Ha 20 K? R = 8,31 J[x/momnbeK.

1) 0,32
2) 0,21
3) 0,42

4) 0,62

154. CunnoBas nynst maccoit 10 r, mereBmias ropu30HTAIBHO CO CKOPOCTHIO

400 m/c, nmpoOUB JepeBsIHHBIN OpPYCOK, BBUIETA€T U3 HEro co ckopocThio 100 m/c.
Kakas wacte mynm (T) pacmnaBuiack, eciau ed  mepemano 70% sHepruw,
BBIJICJIUBIIICHCS B TIpoliecce nmpoOuBaHus Opycka? Y cBUHIIA yJIeTbHAs TEIJIOEMKOCTh
130 JIx/kreK, ynenpHas Teruiota ruiaBieHus 25 k/[x/kr, Temmneparypa IUTaBJICHHS
327°C, a HauanbHasg Temneparypa myiau - S7°C.

1)9,9

2) 7

3)4

4) 5,3

155. CunuoBas myiss Maccoit 10 T, jgeTeBias rOpU30HTAIBHO CO CKOPOCTHIO
400 m/c, nmpoOuB JIepeBsHHBIN OPYCOK, BBUIETAET M3 HEro co ckopocthio 100 m/c.
Kakass wacte mnymu (r) pacrmiaBuiach, eciau e mnepegaHo 80% osHepruu,
BBIJICJIUBILICHCS B TIpoLiecce nMpoOuBaHus Opycka? Y cBUHIA ylelbHAas TEIIOEMKOCTh
130 Tx/xreK, yaenbHas TeruoTa miaBieHust 25 kJK/Kr, TemnepaTypa IUIaBICHUS
327°C, a HayanbHas Temneparypa myau - 47°C.

1) 2,9

2)9,4

3)79

4) 6,4
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156. CBunuoBas mynst maccod 10 T, jeTeBlIas TOPU30HTAIBHO CO CKOPOCTBIO
400 m/c, mpoOuB JIepeBsSHHBIN OPYCOK, BBIJIETAeT U3 HEro co ckopocThio 100 m/c.
Kakas wacte mymum () pacmiaBuiach, ecinu e nepenano 70% sHepruu,
BBIJICJIUBIIIEHCS B TIpoliecce npoOuBaHus Opycka? Y cBUHIA ylelbHAs TEIIOEMKOCTh
130 Ix/kreK, ynenbHas Temsora muiaBiaeHus 25 k/[k/Kr, TemmepaTrypa IJIaBICHUS
327°C, a HauanbpHasg Temneparypa myiu - 67°C.
1)34
2) 10
3)7,5
4) 4,5

157. Tlog mopiiHeM, KOTOPbIH MOXET CBOOOJHO TMEpeMeniaThcs B
BEPTUKAJIbHOM LUIUHJIpE, Haxoautcss 0,2 MOds MAEaIbHOrO OJHOATOMHOTO Tra3a.
JaBnenue raza pasao 40 klla. Ha ckoiabko JTUTPOB yBEIUUYUTCS O0OBEM ITOrO rasa,
eciu eMy cooOmuTh 2 K/ TernmoTsi?

1) 20
2) 12
3)8

4) 16

158. CeunnoBas myinst macco 10 r, jnereBmias rOpU30HTAIBHO CO CKOPOCTBHIO
400 m/c, mpoOUB JIepeBsIHHBIN OpPYCOK, BBUIETA€T U3 HEro co ckopocThio 100 m/c.
Kakass wacte mnynu (T) pacmiaBuiach, eciu el mnepegaHo 60% sHepruu,
BBIJICTIUBIILICHCS B Mpolecce MpoOuBaHus Opycka? Y CBUHIIA Y/ETbHAs TEII0EMKOCTh
130 JIx/kreK, ynensHas Teruora miaBiaeHus 25 k/[x/Kr, TemmnepaTypa IUIaBICHHS
327°C, a HauanbHasg Temneparypa myiu - 37°C.
1) 8,9
2) 2,9
3)9,4
4) 6,4

159. CunuoBas mynst maccod 10 r, neTeBiiass TOPU3OHTAIBHO CO CKOPOCTHEO
400 m/c, mpoOuB JIepeBsHHBIN OpPYCOK, BBLJIETAeT U3 HEro co ckopocThio 100 m/c.
Kakass wacte mnymu (r) pacrmiaBuiach, eciau e mnepegaHo 80% osHepruu,
BBIICJIUBILICHCS B TIpoLiecce npoOuBaHus Opycka? Y CBUHIA ylelbHAs TEINIOEMKOCTh
130 Jx/kr K, ynenbHas temnoTta miuasieHus 25 kJDK/Kr, TemiepaTypa IUIaBiICHUS
327°C, a HauanpHas Temneparypa mymnu - 37°C.
1) 8,9
2)5,4
3)2,9
4) 6,4

160. CBunnoBas mynst maccod 10 T, jeTeBiasi rOpU30HTATBHO CO CKOPOCTBIO
400 m/c, mpoOUB JepeBsSHHBIN OpPyCOK, BBUIETAET M3 HEro co ckopocthio 100 m/c.
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Kakas wacte mynum (T) pacmiaBuiack, eciau el nepegaHo 70% sHepruw,
BBIJICJIUBIIIEHCS B TIpoliecce npoOuBaHusi Opycka? Y CBUHIA ylelbHAs TEIIOEMKOCTh
130 Ix/kreK, ynenbHas Temsora muiaBiaeHus 25 k/[x/Kr, TemmepaTypa IJIaBICHHUS
327°C, a HauanpHasg Temneparypa myiu - 37°C.

1)8,4

2) 4,4

3)24

4)59

161. CBunnoBas mynst maccod 10 T, jeTeBiasi rOpU30HTAIBLHO CO CKOPOCTHIO
400 m/c, mpoOUB JEpEeBSHHBIN OpPYCOK, BBUIETACT M3 HETO CO ckopocThio 100 wm/c.
Kakas wactp mnynum (T) pacmiaBunach, eciu el mepenaHo 60% sHepruw,
BBIJICTIUBIILICHCS B Mpolecce MpoOuBaHus Opycka? Y CBUHIIA Y/eTbHas TEIIIOEMKOCTh
130 JIx/kreK, ynenpHas Teruiota ruiaBiaeHus 25 k/[x/kr, Temmneparypa IUIaBJICHHUS
327°C, a HauanbpHasg Temneparypa mynu - 47°C.
1) 10
2) 7,5
3)34
4) 4,5

162. CeunnoBas myinst maccod 10 r, jpereBmias rOpU30HTAIBHO CO CKOPOCTBHIO
400 m/c, mpoOuUB JIepeBsIHHBIN OpPYyCOK, BBUIETA€T U3 HEro co ckopocThio 100 m/c.
Kakas wacte mnymu (T) pacmiaBuiach, eciau el mnepegaHo 60% sHepruu,
BBIJICTIUBILICHCS B Mpolecce MpoOouBanus Opycka? Y CBUHIIA Y/eTbHAs TEMI0EMKOCTh
130 JIx/kreK, ynensHas Teruora miaBiaeHus 25 k/[x/Kr, TemmnepaTypa IUIaBICHHS
327°C, a HauanpHas Temneparypa mynu - 27°C.
1) 6,9
2)5,4
3)2,4
4) 8,4

163. CBuHuoBas nyns Maccoit 10 r, jgeTeBiias TOPU30HTAIIBHO CO CKOPOCTBIO
400 m/c, mpoOUB JEpEeBSHHBIN OpPYCOK, BBUIETAaeT U3 HETO co ckopocThio 100 wm/c.
Kakass wacte mnymu (r) pacrmiaBuiach, eciau ed mnepegaHo 80% osHepruu,
BBIJICJIUBILICHCS B IIpoLiecce npoOuBaHus Opycka? Y cBUHIA yelbHAas TEIIOEMKOCTh
130 JIx/kreK, ynenpHas Teruiora rmaBiaeHust 25 kJ[K/Kr, TemiiepaTypa IiaBiIeHUS
327°C, a HauanbpHas Temneparypa mymnu - 27°C.

1) 6,9

2) 8,4

3)2,4

4) 5,4

164. CunnoBas mynst maccod 10 T, jeTeBiIas rOpU30HTAIBHO CO CKOPOCTBIO
400 m/c, mpoOUB JepeBsSHHBIN OpPYCOK, BBIJIETAET M3 HEro cOo CkopocThio 100 m/c.
Kakas wacte myaum (T) pacmiaBuiack, eciau el nepegaHo 70% sHepruw,
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BBIJICJIUBIIICHCS B TIpoliecce nmpobuBaHus Opycka? Y CBUHIIA yAelbHAS TETIOEMKOCTh
130 Ix/kreK, ynenbHas Temsora muiaBiaeHus 25 k/[x/Kr, TemmepaTypa IUIaBICHUS
327°C, a HauanbpHasg Temneparypa myau - 27°C.

1)2,4

2) 8,4

3)54

4)6,9

165. CunnoBas nynst maccod 10 T, jeTeBias rOPpU30HTATBLHO CO CKOPOCTHIO
400 m/c, mpoOUB JEpEeBSHHBIN OpPYCOK, BBUICTACT M3 HETO CO ckopocThio 100 wm/c.
Kakas wacte mynum (T) pacmiaBuiack, eciau e nepegaHo 80% sHepruw,
BBIJICTIUBIIICHCS B Mpoiiecce MpoOuBanus Opycka? Y CBUHIIA yAelbHas TEIUIOEMKOCTb
130 JIx/kreK, ynensHas Teruora miaBiaeHUs 25 k/[x/Kr, TemmnepaTypa IUIaBICHHS
327°C, a HauanbpHasg Temneparypa myiu - 67°C.
1) 3,4
2) 7,5
3)4,5
4) 10

166. Iloxg mnopmiHeM, KOTOPBIM MOXET CBOOOJHO TMepeMeniaTbcsi B
BEPTUKAJIbHOM LWiIMHApe, HaxomuTcs 0,8 MoJid MaeanbHOro OJHOATOMHOIO Tasa.
Hanenue raza paHo 100 xIla. Ha ckoibko AUTPOB yBEIMUUTCS OOBEM 3TOTO rasa,
eciu eMy coo0uuTh 6 K/ Ternnorsi?

1) 32
2) 24
3) 40
4) 16

167. TIlog mopmiHeM, KOTOPBIH MOXET CBOOOJHO TIEpeMeniaThcs B
BEPTUKAJIILHOM IWiIMHApe, HaxomauTcs 0,8 Mol uaeanbHOro OJHOATOMHOTO Tasa.
JaBnenue raza paBao 100 xlla. Ha ckonbko TUTPOB yBETUYUTCS OOBEM ATOTO rasa,
eciau emy cooOnuTh 4 K/ Ternnorsi?

1) 12
2) 16
3)8

4) 20

168. CBunnoBas myinst maccoid 10 r, jgeTeBmias ropu30HTAIBHO CO CKOPOCTBHIO
400 m/c, mpoOuB JIepeBsIHHBIN OpPYCOK, BBUJIETAeT U3 HEro co ckopocThio 100 m/c.
Kakas wyacte mnymu (r) pacmiaBuiack, ecin el mnepegaHo 60% sHepruu,
BbIJIETIUBIIICHCS B poliecce npoOuBanus Opycka? Y cBUHIA yJeNbHAs TEIJIOEMKOCTh
130 Tx/xreK, yaenpHas TeruioTa miaBieHus 25 kJx/kr, Temieparypa IMJIaBiICHUS
327°C, a HauanbpHas Temneparypa myiau - 67°C.
1) 7,5
2) 3,4
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3) 4,5
4) 10

169. Ilox mopmiHeM, KOTOpBIH MOXET CBOOOJHO TMepeMelmaTbcs B
BEPTUKAIBHOM LWIMHJApE, Haxoautcs 0,8 Mo MIeaqbHOTO OJHOATOMHOTO Trasa.
Hanenue raza pauo 100 xIla. Ha ckonpko AUTPOB yBEIMUUTCS 00BEM 3TOTO rasa,
eciIM eMy coo0nuTh 5 K/ TernmoTsi?

1) 20

2) 30

3) 40

4) 50

170. Ilox mopmiHeM, KOTOpPBIH MOMKET CBOOOJHO TEepeMeniaThCsl B
BEPTUKAJIbHOM LUIUHJIpE, Haxoautcss 0,6 MOns MAEaIbHOrO OJHOATOMHOTO Trasa.
JaBnenue raza paBao 100 klla. Ha ckoibko JTUTPOB yBETUYUTCS OOBEM ATOTO rasa,
eciu eMy cooOmuTh 2 K/ TernmoTsi?

1)8

2) 16

3)4

4) 12

171. Tlom mnopuiHeM, KOTOPBIH MOXET CBOOOJHO TEepeMeniaThcsi B
BEPTUKAJIbHOM LWiIMHApe, HaxomuTcs 0,6 MoJid MaeanbHOro OJHOATOMHOIO Tasa.
Hanenue raza paHo 100 xIla. Ha ckonbko AUTPOB yBEIMUUTCS 0O0BEM 3TOTO rasa,
eciu emy cooouTh 3 k/[x Ternnorsi?

1)4

2) 8

3) 12

4) 2

172. Tlong mnopiiHeM, KOTOPBI MOXKET CBOOOAHO TEepeMeniaTbcsi B
BEPTUKAJIBLHOM LUIUHJIpE, Haxoautcs 0,6 MOIs MAEadbHOrO OJHOATOMHOTO Tra3a.
JlaBnenue raza paBao 100 klla. Ha ckonbpko TUTPOB yBETUYUTCS OOBEM ATOTO rasa,
eciu emy cooommTh 1 k[ TernnoTel?

1) 10
2) 6
3)4
4) 16

173. TIlog mopmHeM, KOTOPBIH MOXET CBOOOJHO TIEpeMeniaThcs B
BEPTUKAJIILHOM IWIHHApEe, HaxoauTcs 0,6 Mo WIaeanbHOTO OJHOATOMHOTO Tasa.
JaBnenue raza paBao 50 klla. Ha ckombko JUTPOB yBENIUUUTCS O0BEM ITOTO Tasa,
ecim eMy coo0uTh 6 kJ[>K TerninoTh?

1) 32
2) 60
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3) 48
4) 40

174. Tlog mopiiHeM, KOTOPBIH MOXET CBOOOJHO TEpeMeniaThcs B
BEPTUKAIBHOM LWIMHJApE, Haxoautcs (0,2 Moyl MIealbHOTO OJHOATOMHOTO Trasa.
JaBnenne raza paBHo 40 klla. Ha ckoiabko JTUTPOB yBEIMYHUTCS 00BEM 3TOrO rasa,
eciIM eMy coo0nuTh 5 K/ Ternnorsi?

1) 50
2) 40
3) 30
4) 20

175. TIlog mopiuHeM, KOTOPbIH MOXET CBOOOJHO TEpeMeniaThcsl B
BEPTUKAJIBbHOM LUIUHJIpE, Haxoautcss 0,4 Mons MAEadbHOrO OJHOATOMHOTO Tra3a.
JaBnenue raza pasao 50 klIla. Ha ckonbko JTUTPOB YBEIUYUTCS O0OBEM ITOTO rasa,
eciu emy cooOuTh 4 K/ TernnoTei?

1) 16
2) 24
3) 12
4) 32

176. Ilog mopiiHeM, KOTOPbIH MOXET CBOOOJHO TMEpeMeniaThcsl B
BEPTHUKAJIbHOM LuJMHIApe, Haxomutcs 0,4 MOns MAeanbHOrO OJHOATOMHOTO Trasa.
Hanenue raza paBHo 50 klla. Ha ckonbko MUTpOB yBenU4YuTCS 00bEM ATOTO rasa,
eciu emy cooouTh 3 k/[x Ternnorsi?

1) 16
2) 12
3) 24
4) 32

177. Tlom mopmiHEM, KOTOPBIH MOXET CBOOOJHO TIepeMeniaThcs B
BEPTUKAJIBLHOM LUIUHIpE, Haxoautcs 0,4 MoOis MAEadbHOrO OJHOATOMHOTO Tra3a.
JlaBnenue raza pasao 50 klla. Ha ckombko JTUTPOB yBEMHUUTCS OOBEM ITOTO rasa,
€CJIM eMy coOO0IUTh 2 KJ[’K TerioThl?

1) 20

2) 16

3) 12

4) 24

178. Ilog mopmiHeM, KOTOPBIH MOXET CBOOOJHO TIEpeMeniaThcs B
BEPTUKAJIBLHOM LUIUHJIpE, Haxoautcs 0,4 Mois MAeadbHOrO OJHOATOMHOTO Tra3a.
JlaBnenue raza paBao 50 klla. Ha ckombko JTUTPOB yBENIUUUTCS O0OBEM ITOTO Tasa,
eciu emy cooOruTh 1 kJ[K TermioTe?

1)8
2) 20
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3) 16
4) 12

179. TIlog mopiiHeM, KOTOPBIH MOXET CBOOOJHO TEpeMeniaThes B
BEPTUKAJIBLHOM ULMJIUHJIpe, Haxoautcs (0,2 Mois ueadbHOTO OJHOATOMHOI'O Trasa.
JaBnenne raza paBHo 40 klla. Ha ckoiabko JTUTPOB yBEIMYHUTCS 00BEM 3TOrO rasa,
eciu emy cooonuTh 4 K/ Ternnorsi?

1) 20
2) 30
3) 40
4) 50

180. Ilog mopimHeM, KOTOPbIH MOXET CBOOOJHO TMEpeMeniaThcsl B
BEPTUKAJIBbHOM LUIUHJIpE, Haxoautcs 0,4 Mons MIOeadbHOrO0 OJHOATOMHOTO Trasa.
JaBnenue raza pasao 40 klla. Ha ckoiabko JTUTPOB yBEIUUYUTCS O0OBEM ITOrO rasa,
eciIM eMy coo0muTh 6 K/ TernmoTsi?

1) 50
2) 60
3) 30
4) 40
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Ipunoscenue G

3ananus 11 npoBeaeHns py0e;KHOro KOHTPOoJis B popme
peleHus 3a/1a4 M0 00pa3my

VYka3zaHus 0 BBIOJHEHUIO KOHTPOJILHOM PabOTHI:
1. BHuMaTenbHO MPOYUTATH 33/IaHHUE MTOTYYEHHOTO BapHaHTa.
2. BBINOTHUTH pacyeT 3a/laHus ¢ KPaTKUMU MOSICHEHUSIMH.
3. Pabora BBITIOJIHAETCS CaMOCTOSITENBHO!

OO0Opa3upl 3a1aHNs ¥ pelIeHus]

3aoaua 1. Bo Bpems paclidpeHus] raza, BBI3BAHHOIO €ro HarpeBaHHUEM, B
IMIMHIPE C IUIOMAABI0 IonepedHoro cedenus S = 200 c¢m?rasy ObUIO MEPENaHO
KonmuuecTBO Temwiotel Q = 1,5 « 10°/, nmpuuéM [gaBlIeHHE Ta3za OCTaBallOCh
IIOCTOSHHBIM M paBHBIM p = 2 ¢ 107 Ila. Ha CKONBKO W3MEHWIACH BHYTPEHHSS
AHEpPrusd rasa, eciu MoplieHb nepeaBunyIcs Ha pacctosiHue Ah = 30 cm?

Pemenne: CornacHo nepBomy 3akoHy TepmoauHaMuku Q = AU + A', rae A' =
pSAh — pabora, coBepménnas razom. Orcrona AU = Q - pSAh = 30 k/[x.

3aoaua 2.Ta3 pacmmpsiercs oT o0béMa Vim0 o0bEMa Vo omuH pa3
U30TEpPMUYECKH, APYTroi n300apHo U TpeTtuil agumadatHo. [Ipu xakoM mpouecce ras
COBepIIaeT OONbIIYI0 padOTy U MPH KaKOM Ta3y mnepefa€rcst 00Jbliee KOJINYECTBO
TEIUIOTHI?

Pemrenune: Ha nuarpamme p—V (prcyHOK) n300pa3uM Bce TpH mporiecca. Pabota
YUCJICHHO paBHa IUIOIIAAM KPUBOJIMHEWHOMN Tpaneuuu. M3 pucyHka OYE€BUIHO, YTO
pabota mipu u300apHOM Tpollecce OyneT MaKCUMallbHOM, MpuU aauadaTHOM
MHHUMAaJBHOU, T. €. A'1.2 > A'1_2 > A1 o

rh
L — D
N ]
|
I ; - 1]
: 2"
0 Vl Vg ¥V

Temmneparypa raza B cocTossHUU 2' 00JIbIlie, YeM B COCTOSIHUM 2, a TeMIIepaTypa
B cocTossHMHM 2 Oombine, yeM B coctossHuM 2" (T2 > Ty> Tyv). B aToM nerko
yOenuThCsl, HAaUepTUB U30TEPMBI, Tpoxo e yepe3 Touku 2' u 2". [lpu npouecce
1-2' uszmenenue BHyTpeHHed sHepruun AU > 0, npu npouecce 1-2 AU = 0.
OueBuaHO, uTO MOCKOIbKY Q = AU + A' (mepBblii 3aKOH TEPMOJUHAMUKH), TO Q12>

Q2-2> Q127 (Q1-2-=0).
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Jlano: Ilpeonosicen CRedYIoWUll NPOeKm 8e4H020 08ucames
(pucyHnox). 3axpwimoiii cocy0 pazoenén Ha 08e NOJOBUHKU
2epMemuyHoll nepe2opooKol, CKB03b KOMOPYIO NPONYUEHbl
mpyoxa u 600sHas. MYpOUHa 8 KodCyxe ¢ 08YMs OMEEPCMUIMU.
Jlaenenue 6o30yxa 6 HUJICHel Yacmu Oonbule, Yem 8 6epXHell.
Booa noonumaemcs no mpybke u Hanoixsem omkpbimyio kamepy. B nusicnetl
yacmu ouepeoHas NOpYus 600bl BLLIUBAEMCS U3 KAMepbl MYPOUHbBL, NOOoweoulell K
0MBEPCMUI0 KOHCYXA.

3adanue:

[Touemy nanHas MammHa He OyJeT paboTaTh BEUHO?

=

Jlano: /{na uzobapnozo nacpesanus 2aza, 831moezo 6 koauvecmae 800 monv, Ha
500 K 2azy coobwunu xonuuecmeo meniomul 9,4 * 10° /.
3aoanue:
Onpenenute paboTy ra3a U U3MEHEHHUE €r0 BHYTPEHHEH SHEPTHUHU.

3

Hano: B yununopuueckom cocyoe ¢ naowaovio ocnosanus 250 cm*naxooumcsi
azom maccou 10 e, cocamvuli nopuiHem, Ha KOMOPOM Jedxcum cupsi maccou 12,5 xe.
3aoanue:
Kakyto paboTy coBepmuT a3oT npu HarpeBaHuu ero ot 25 1o 625 °C. Ha
KaKyl0 BBICOTY IIPU ATOM MOJHUMETCA MopIiieHb? ATMochepHoe TaBiIeHUEe paBHO |
aTM.

<

Jano: HoeanvHwiti o0HoamoMHblll 2a3 8 Koauwecmee 2 MOJlb, HaX00AWUUCsL npu
memnepamype 0 °C, cHauana u30xopHo nepeseiu 8 COCMosHue, 8 KOmopom
oasnenue 6 2 pasa Oonvule NepeOHAYAIbHO20, A 3ameM U300aPHO 8 COCMOsHUE, 8
KOmMopom 00vém 6 2 paza O6oabuue nepeoHayaIbHO2O.

3aoanue:

Ornpenenure U3MEHEHUE BHYTPEHHEN YHEPTUH rasa.

S

Hano: B yununope noo nopwnem Haxooumcs 6030yx. Ha eco nazpesanue npu
NOCMOSIHHOM 0A8IeHUlU 3aMPAayeHo KOIUYecmeo meniomsl, pasgHoe 5 K/oic.
3aoanue:
Omnpenenure paboTy, COBEPIIEHHYIO MPU TOM BO3AYXOM. TeMI0EMKOCTh
BO3/yXa IPH OCTOSHHOM JaBjienuu ¢, = 10° [lx/(xr * °K), Mmonspras macca 29
I/MOJIb.
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S

Jlano: B yununope komnpeccopa coucumarom uoeanbHulil 0OHOAMOMHbIU 2A3,
KOIUYeCma0 geuecmasad Komopozo 4 mMow.
3aoanue:
Ornpenenute, HACKOJBKO MOJIHSIIACH TEMIIEpATypa ra3a 3a OJuH X011 MOPIIIHS,
ecau ipu 3ToM ObLia coepieHa padora 500 [Ix. [Ipouecc cunraiite aquabaTHBIM.

4

lano: B eaxyyme 3akpennén 20pu3oHmanvbHblil YuiuHop, 8 KOmopoMm Clesd
Haxooumcs cenuld 6 konuwecmee 0,1 monwv, 3anepmotti nopuinem. Ilopuiens maccoi
90 2 yoepoicusaemcst ynopamu u MOMCem CKOJb3UmMb 871€80 8001b CIEHOK YUTUHOPA
be3 mpenus. B nopwenv nonaoaem nyna maccou 10 e, nemawas 2opu30HmMaIbHoO co
ckopocmuwio 400 m/c, u 3acmpesaem 8 HEM.

3aoanue:

Kak n3MeHnuTcs teMreparypa rejiusi B MOMEHT OCTaHOBKH MOPIIHS B KpailHEM

7eBoM TosiokeHuu? CuuTaiiTe, 4TO ra3 He yCreBaeT 0OMEHSTHCS TEIJIOM C
MOPIIHEM U UIUHIPOM.

Hano: Yoenvuas mennoémxocms 6000pooa npu nOCmMossHHOM OasneHuu paena 14
K/Dic/(ke * °K).
3aoanue:
Brruncnure yBennueHne BHyTPEHHEN SHEPTUM BOAOPOAA MACCOM 2 KT IIPH
n300apHoM ero HarpeBanuu Ha 10 °K.

9

Hano: Ha oounaxogvle eazosvie copenku nocmaguiu 08a 0OUHAKOBLIX NIOMHO
3aKYNOPEHHbIX cOCyoa emecmumocmoio no 1 1. B oonom cocyoe naxooumcs 600a, a
8 OPY2OM — BO30YX.

3aoanue:

Kaxoit cocyn ObicTpee HarpeBaercs Ha 50 °C? [Touemy?

10

Jano: Cmenka neuu uzeomognena uz 08yx ciloee kupnuia. Buympennuii ciou —
ocHeynopubsiu Kupnuy moawunou — 300 mm. Hapyaicnwiii crou — Kpachwiil KUupnuy —
monwurou 150 mm.

3aoanue:

Onpenenuts TeMIlepaTypy Ha Hapy>KHOW MTOBEPXHOCTU CTEHKU U KPACHOTO
KHUpIIUYa, €CJIM Ha BHYTPEHHEH CTOPOHE CTEHKH M Kupnu4da temreparypa — 400 °C.
[Totepu Temna uepes 1 M? mnomaau cocrapasor 0,9 kBr/m2. B1/(MxK), B1/(Mmx°K).
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Hano: Temnepamypa enympenneii nosepxnocmu cmenxku — 600 °C, napyarcrnou —
80 °C. Tomyuna cmenxu — 0,6 m. Yoenvnwviti meniogoi NOMoK, NPOXoOsuuULL yepe3
cmenxy, pasen 580 Bm/m?

3aoanue:

Onpenenuth KO3OPUITUEHT TETUTONPOBOJHOCTH KUPITHYA.

A
Hano: Temnepamypa cmen nomewenus 18 °C. Cmenens yepHomul n08epxXHOCMU
paouamopa.
3aoanue:

OnpenenuTs TemIonepeady u3ydeHreM oT 1 M? IIOBEpXHOCTH
OTOIUTEIBHOTO paguaTopa B OOJIBIIOM OMEIICHUH. TeMIiepaTypa CTEHOK
panuaropa 90 °C.

13

Jano: Temnepamypa 600wl — 40 °C. Temnepamypa cmenxu — 45 °C.
Koaghpuyuenm mennoomoauu om cmenku x 600e 6500 Bm/(m?x°C).
3aoanue:
Haiitu TennoBoii NOTOK, nepeiaBaeMblil OT CTEHKH KaHalla CIIUPAJIbHOIO
TEII000MEHHUKA K BOJIE, ECIIU TIOBEPXHOCTh CTEHKHU 30 M2,

A<k

Jano: Koaghguyuenm mennonposoonocmu xupnuua — 0,7 Bm/(mx°C). YoenvHuwiii
mMeni0601i NOMoK 4epes naockyio cmenxy — 2000 Bm/m?,

3aoanue:
OnpenenuTs TOJNIUHY CTCHKH, €CJIM TeMITepaTypa BO3IyXa BHYTPH
nomenienus — 30 °C; cuapyxu — (=10 °C). Onpeneauts TeMreparyphbl

MMOBEPXHOCTEH KUPITUIHOU CTeHKH. KO3 UIIMEeHTHI TemI00TIau OT TEIJIOBOTO
BO3ayxa K cTeHke — 8 BT/(Mx°C); OoT cTeHKH K X0J01HOMY Bo3ayxy 15 B1/(M*x°C)

1S

Jano: Cmenka neuu uzeomognena uz 08yx cjiloee kupnuia. Buympennuii ciou —
02HeYnopHulll Kupnuy moawuro — 350 mm. Hapyoichwiii cioti — KpacHwiil Kupnuy —
moawunou 200 mm.

3aoanue:

Onpenenuth TeMIlepaTypy Ha Hapy>KHOW MTOBEPXHOCTU CTEHKU U KPACHOTO
KHpITNYa, €CJIM Ha BHYTPEHHEH CTOPOHE CTEHKH M Kuprrda Temieparypa — 450 °C.
IMotepu Tenna uepes 1 M2 muomaau coctasnsor 1 kBr/m?2, Br/(mx°K), Br/(Mmx°K).
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16

Hano: Temnepamypa enympenneii nosepxnocmu cmenxu — 900 °C, napyacnoii —
90 °C. Tonwuna cmenxu — 0,8 m. YoenvHviii mensiogoii NOMoK, npoxoosuull 4epes
cmenxy, pasen 600 Bm/m?.

3aoanue:

Onpenenuth KOAOPUITUEHT TETUIONPOBOJHOCTH KUPITHYA.

1’7

Jano: Temnepamypa cmenox paouamopa 80 °C. Temnepamypa cmen nomeujeHus
15 °C. Cmenenv uepromsi nogepxHocmu paouamopa.
3aoanue:
OnpenenuTs TemIonepeady u3nydeHreM oT 1 M? IIOBEpXHOCTH
OTOIUTEIHLHOTO PauaToOpa B OOJIBIIOM TOMEIICHHH.

1S

Jlano: Paznocms memnepamyp cmenox paouamopa u nomeuiernuss 90 °K.
3aoanue:
OrnpeneauTs 101 b MOBEPXHOCTH OTOMUTEIBLHOIO pagrdaTopa B OOJIbIIOM
MMOMEIIEHUH U CTENEHb YEPHOTHI pajuaTopa Npu CIACTYIONIUX YCIOBUSIX: TEIJIOBOM
moTok paseH 500 Br.

19

Jano: Temnepamypa eo30yxa enympu nomewenusi — 40 °C, cnapyorcu (-20 °C).
Tonwuna cmenxu 10 mm. Koagpgpuyuenmuol menioomoauu om meniogo2o 6030yxa K
cmene — 15 Bm/(m*x°C); om cmeHku K X0100HOM) 8030YXy 40 Bm/(m x°C).

3aoanue:

Onpenenuth KO3QPUIMEHT TEIIONPOBOAHOCTH KUPIIHUYA, €CIIH yAEIbHBIN
TEIIOBOM IIOTOK Yepe3 IIOCKYIo cTeHKy paseH 1100 Bt/m?. Onpenenurs
TEMIIEPaTypbl IOBEPXHOCTEN KUPITUYHOM CTEHKH.

20

Jano: Cmenka neuu uzeomoenena uz 08yx cloee Kupnuia. Buympennui crou —
02HeynopHblll Kupnuy moawunou — 350 mm. Hapyoichwiii crotl — Kpachwiil Kupnuy —
moawurou 200 mm.

3aoanue:

Onpenenuth TeMIlepaTypy Ha Hapy>KHOU MOBEPXHOCTU CTEHKH U KPACHOTO
KHUPIIUYa, €CJIM Ha BHYTPEHHEH CTOPOHE CTEHKH M Kupmnu4da temreparypa — 450 °C.
[Motepu Temna uepes 1 M? muomanu coctapisor 1 kBr/m?, Br/(mx°K), Br/(mx°K).
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21

Jlano: Pmymuoiil 6axyymemp, npucoeoutnennsii Kk cocyoy ¢ memarnom CH4,
noxazvieaem paspsicerue 0,056 MIla. Ammocgheproe oasienue no pmymHomy
bapomempy cocmasnsem 768 mm pm. cm. (0,102 Mlla).

3aoanue:

Omnpenenuts aOCOTIOTHOE JABJICHHUE B COCYE U MJIOTHOCTh METaHa, €CIIU
teMriepatypa B cocyne paBHa 20°C. [loka3anust Bakyymmerpa u 0apomeTpa
npuBenieHbl K Temneparype 0°C.

22

Jlano: bannon c xucnopooom emxkocmoio 20 1 Haxooumces noo oasnenuem 1,0
MTlla npu t=15 °C. Ilocne uspacxodoganus wacmu KUCI0pooa 0asieHue NOHU3UIOCh
0o 0,76 MIla, a memnepamypa ymenvuiunaco 0o 10 °C.

3aoanue:

Omnpenenuts Maccy M3pacxoJOBAHHOTO KHUCIOPO/Ia.

=23

Jano: Temnepamypa 2aza t=20 °C, manomempuueckoe oasieHue 2asa 8 OaiioHe
5,6 Mlla, abconromnoe oasnenue 2aza 6 nomewjenuu pasro 0,099 Mlila.
3aoanue:
Onpenenuts yaenbHbi 00beM nponana (C3H8) kak naeansHOro rasa.

24

Hano: Cpeonee s¢hgpexmusnoe dasnenue p, = 6,1x10°I1a, rumpasic deuzamens
iVl = 32,6x10%43, yenosas ckopocms epawenus xonenuamozo éana w = 314padlc,
Huzwas menioma ceoparus monausa Q,7 = 43900k ic/xe, yoenvHwiii
agppexmuenwiil pacxoo monausa b, = 0,292ke/(kBmXxu) u konuuecmso meniomeol,
nomepsauHou ¢ ompabomanuvimu eazamu Qr = 70xc/c.

3aoanue:

OnpenenuTh MOTEPU TEIJIOTHI B TIPOIIEHTAX C OTPabOTaBIINMU Ta3aMU B
MICCTUIVIIMHIPOBOM YETHIPEXTAKTHOM KapOIOpaTOPHOM JIBUTATEIIE.

28

Hano: Ilnowaou konmaxma cmeHok annapama c npooyKmom u napom,
Haxoosuyumcs 6 pybawke, F = 2u?. Tomwyuna cmansHoli cmenxu annapama o =
3mm, koaghpuyuenm menionposoonocmu A = S0Bm/(m*x°K), koagpguyuenm
mennoomoayu om napa k cmenxke a1 = 10000Bm/(m*<°K) u kosgppuyuenm
Menioomoayu Om CmeHKu K npooyKmy az = 2000Bm/(m**<°K).

3aoanue:

Kakyto cpennroro TemrepaTtypy J0JKEH UMETh Tap B pyOallke amnmapara,
9TOOBI IPH pacxojie TeIoThl Ha mporecc Q = 180k /[x/c mognepxuBath
TEMIEPaTypy MPOAYyKTa t, = 90 °C?

247




26

lano: Kucnopoonwvix bannona Vi =V, coedunenvt mpyoonposooom. Onpedenumo
oasnenue, komopoe ycmanosumcs npu T = 298 K, ecau 0o coedunenus p1 = 8
Mlla, T1 = 303 K, p2 = 6 Mna 2 kucnopoouwix b6aniona Vi =\, coedunenvl
mpybonpoeoooM.
3aoanue:
Onpenenute gaBiaeHue, kotopoe yctaHoButcs npu T = 298 K, ecinu 1o
coequHenus pi = 8 MIla, T1 = 303 °K, p2 = 6 Mma, T, = 293 °K.

>2'd

Hano: B cmanvrom pezepsyape obvemom 0,75 m® naxooumcs cyxoii
nacviwyennvil nap npu oasérenuu py = 10° I1a, nap nodozpesaemcs npu neusmennom
obveme u Konyy Hazpeéanus oasneHue nogviuaemcs 0o p; = 15x10° Ia.

3aoanue:

OnpenenuTh KOJTUYECTBO 3aTPAuYEHHOTO HA HATPEBaHUE TEILIA.

28

lano: B npomueomounom maciooxaaoumene Macio oxXaaxcoaemcs om
memnepamypor  t1 =65 °C do t; =55 °C.
3aoanue:

OnpenenuTs CyMMapHbIN TEIIOBOM MOTOK, TJIOIIA/b TETNIOOOMEHHOTO
anmnapara, pacxoJi BTOpOro TEIJIOHOCUTENS, €CIIM TeEMIIEpaTypa BTOPOro
TeroHocutens usmensercs orl6 °C no 25 °C, pacxon nepsoro teronocurens 0,8
Kr/c, TemnoeMkocTh Macna 2,45 kJIx/(krx°K), k = 280 B1/(M?*x°K).

29

Hano: J[nuna mpyoku € = 2 m, napyscnwiti ouamemp d, = 18 mm, memnepamypa
cmenxu t. = 100 °C. Ha mpybe konoencupyemcs HacvlyeHHbll 800SHOU Nap, p, =
0,6 Mlla.

3aoanue:

Paccunrtats K03 PUITMEHT TEMI00TIaYN U TETIOBOM MOTOK K
TOPU30HTAJILHOM TPyOE MapoBOTO MOOTPEBATENS BOABI JJISI TOPSUETO

BOJIOCHAOKEHUS.

30
Jlano: Ha yposne mops oasnenue cocmasnsiem 101325 Ila, a memnepamypa
2713,15° K.
3aoanue:
Onpenenuts 6apoOMeTPUUECKOE JIaBJIEHUE, TUIOTHOCTh U TEMIEPATYPyY
atMocepHoro Bo3ayxa Ha BeicoTe 9500 M.
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Ilpunoscenue H
KonTposabnass pab6ora Ha Ttemy «OCHOBbI TE€PpMOIUHAMMKID)
BAPUAHT 1

PaccuuTtaiiTe =~ BHYTPEHHIOIO JHEPIHI0  OJHOATOMHOTI'O
UJeaNbHOrO Ta3a B  KOJMYECTBE 3  MOJb MpHU
temmneparype 127 °C.

B umnuHape moa mMOpIIHEM HAXOOUTCA Ta3, COCTOSHUE  p |- - —
KOTOpPOrO  MEHseTcs, Kak Toka3aHo Ha puc. Kak
u3MeHunacb  Temmeparypa  raza? Kakyio ~— paboty
COBEpIIMI Ta3?

[Ipy H30TEPMUYECKOM pACIIMPEHUM HACAIBHBIA Ta3z ¢  ¥I 2oy
coBepmna paboty, paBuyro 20 JIx. Kakoe konuuecTtBo

TEIJIOTHl ObUIO COOOIIEHO Ta3zy?

KakoBa Macca CTalbHOW jaeTand, Harperoil npeasapurensHo no 500 °C, ecim
IpU OIYyCKaHWU €€ B cocyj, coaepxkamuii 18,6 1 Boasl mpu 13 °C, mocnennss
Harpenack 10 35 °C? McnapenueM Boibl MpeHeOpEdb.

IMoesn maccel 2000 T mpu TopmoxkeHuu ¢ yckopenmem 0,3 M/c? ocTaHOBHIICA
cnycts S50 ¢ mnocne Haydanma TOpMOKEeHUsA. Kakoe KOJMYECTBO TEIIOTHI
BBIJICTTUJIOCH TMPU TOPMOKEHUU?

B pesynaprare uukimueckoro mporecca raz cosepmms 100 Ix paGoTel u
nepenan xonoawinbHuky 400 Ix Terotel. Onpenenure KIIJ mukna.

BAPUAHT 2

KakoBa TeMnepaTypa OJIHOATOMHOTO UJCAJIbHOTO Ta3a,
€CJIM M3BECTHO, YTO BHYTPEHHSSI OJHEprus 2 MOJb
coctapisier 831 x/[x?

Haiimute paboTy, KOTOpYIO COBepIIaeT ra3, mepexons u3 gyl - -
cocrosiaus 1 B cocrosiHue 37 :
B BepTukaibHOM HWIMHIAPE TMOJ TSOKEIbIM TOPIIHEM pjf - - 11 .
HAaXOJUTCS KUCIOpoa Maccorl 2 kr. JlJisi TOBBIIEHUA ! :
Temneparypbl kuciopona Ha 5 K emy Obuto coolmieHo o 5 vy ¥
9160 JIx TemnoTel. Haiiiute yaenbHYH TEIMIOEMKOCTh

KUCJIOpOJa TMpPU TIOCTOSIHHOM JIaBJICHUHU, pabOTy, COBEpIIAEMyI0 UM TIpH
paclIMpeHun, U yBEJIUYEHUE €ro BHYTPEHHEH IHEPTUH.

Kakoe konn4ecTBO KepocHHa HEOOXOIUMO CKedb, 4TOObI 50 J1 BOJBI HArpeTh
ot 20°C no xunenms? KIIJ] narpepatens 35%.

Haiinure KOIWMYECTBO TEIUIOTHI, KOTOPOE BBIACIWIOCH IIPH  aOCOIIOTHO
HEYIIPYroM COYJApE€HUH JBYX IIAPOB, ABUTABIIUXCA HABCTpEUy JpPYyr IpYry.
Maccol niepBoro u BTOporo mapoB paBHbl 0,4 kr U 0,3 KI' COOTBETCTBEHHO,
X CKOpocTH 3 M/c U 12 M/C COOTBETCTBEHHO.

2 3
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Onpenenure KIIJI waeanbHOM  TEmIOBOM — MalllMHBI, €CIM  TEMIIeparypa
HarpeBatens B 1,6 pa3 Oosblle TeMrepaTypbl XOJIOAWJIbHUKA.

BAPUAHT 3

HalimuTe KOHUEHTpalMi0 MOJIEKYJ HIEalIbHOIO Tra3a B COCYJE BMECTHMOCTBHIO
2 1 npu temneparype 27 °C, ecniu BHyTpeHHsis sHeprus ero pasHa 300 JIx.
B BepTHKambHO pACHOJIOKEHHOM UIWIMHAPE IIOJ TMOPIIHEM HAXOAUTCSA Traj3
oovemom 2,0 1 mpu Temmnepatype 299 K. Haitnute paboTy pacuupeHus rasza
HarpeBanun ero Ha 100 K. Macca nopmms 10 kr, ero mmomans 50 cm?,
aTMoc(epHOe JaBlIeHHE HOPMAaJIbHOE.

B Tennon3onupoBaHHOM LWJIMHIAPE € IMOPIIHEM HaxoauTcs a3or maccsl 0,2
kr npu Temneparype 20 °C. Asor, pacumpsscek, copepmaer 4,47 xJlkx paGoOTHL.
HalinuTte W3MEHEHHE BHYTPEHHEH 3HEpPrMM a30Ta M €ro TEeMIIepaTypy Iocie
pacmupeHus. Y ieiabHasi TEeIIOEMKOCTh a30Ta IpPHU IMOCTOSHHOM OOBEME paBHA
745 1x/(xr-K).

Kycok amromuumst maccoii 537 r, Harpersiii g0 200 °C, morpysmwm B 400 T
Boasl mpu 16 °C. Ilpu 5TOM uacTh BOABI HMCHApUIACh, @ OCTaBHIASCA BOIA
npuobpena Ttemmeparypy 50 °C. Ompenennre KONMYECTBO —MCIAPHMBINEHCS
BOJIBI.

[Iyna maccel M, JeTdmas co CKOPOCThbIO Vi, MOMAJaeT B JIEPEBSIHHBIA KyO
Maccel M, nexaliuii Ha IJIaJKOM CToJie, U IpobOuBaer ero. Haiinure sHepruto
W, mpeBpatuBlIyiocss B TEIUIO, €CIM IyJd Mpolja Yepe3 LEeHTp Kyba u
CKOPOCTb €€ TOCJI€ BbUIETAa CTala PaBHOM V..

NneansHas TeruioBas MallMHAa MMEET TeMmIepaTypy Harpesarens B 1,5 pasa
BBIIIE, YeM Temreparypa XoJoawibHUKa. Mammue coobmmmm 15 x/[x
TernoThl. Kakyto pa®oTy coBeprimia mamyHa?

BAPUAHT 4

KakoBa BHyTpeHHssI SHEpPrus HICAIbHOIO Ta3a, HaXOMSIIErocs B 3aKPHITOM
cocyne obbemMoMm 1,5 1 mpH KOMHATHOM TeMIeparype, €Clii KOHILECHTPAIUS
mosexyn pasHa 2-10%° cm3?

B umwmmaape mox mopiiHeM rmiommansio 1,0 am? Haxomutcs | Moib BO31yXa.
K mopmHio yepe3 6ok mpuBemieH rpy3 maccoir 55 kr. [wmHnap oxnaxmaroT
Ha 100 K. Ha xakyro BeicoTy noaHumercs rpy3? Macca nopmHs 5,0 kr.
ATtMochepHoe NaBiieHue HOpPMAaJbHOE.

TemnepaTypa rasa, UMEIOIIET0 Maccy M W MOJSPHYIO MacCy /i, MOBBIIIAIOT
Ha BenuuuHy AT oauH pa3 mpu MOCTOSHHOM JAaBJIEHUU p, a IPYyrou pa3 mpu
noctossHHOM  obbeme V. Hackonbko  oTimMuarTCs  COOOIEHHBIE — Ta3y
KonuuectBa TemwnoTel Qp, Qv M ynenpHBIE TEIUNIOEMKOCTH Cp, Cy IIpHU
MOCTOSTHHOM JIaBJICHUM WU TOCTOSSHHOM O0Bbeme?
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4 B xanopumerp, copepakammii 0,25 kr Boasl npu Temneparype 25 °C, Bryckaror
10 r BomsaHoro mapa mnpu Temmeparype 100 °C. Kakas Temmepatypa
YCTAHOBUTCS B KaJIOPUMETPE, €CIM ero TermioemMkocTh paBHa 1000 Ix/K?

5 bpycox Maccel M paBHOMEPHO TOJHMMAIOT 3a TMPUBA3AHHYI0 K HEMY
BEPEBKY Ha BBICOTY N Mo jgocke, KoTopas oOpa3yeT ¢ TOPU30HTOM YIoil «.
BepeBka mapamnenbHa gocke. Koagdumment tpeHuss Opycka O JOCKY paBeH
k. Hafiqure sHepruro, KoTopas WAECT Ha HarpeBaHHWE JOCKH U Opycka.

6 B remmoBom aBuratene Temmeparypa xojomwisHuka 27 °C, Temmeparypa
HarpeBarels 327 °C. Ha CKOJBKO NpOIEHTOB yBEIMYUTCS MAKCUMAIBLHO
Bo3MOXHBIM  KIIJ[ »sToro nBurarens, eciu TemImeparypa  XOJIOAWJIbHHKA
noHu3uTca Ha 5%7?
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Ilpunooscenue |

Bonpoce! 15 tuppepeHIUpPpOBAaHHOIO 3a4eTa M0 JUCUHUILINHE
«TexHn4yeckasi TEPMOJUHAMUKA M TEIIONEPeIaAva).

1. Tepmonunamuika. Metog u 3akoHbl. OCHOBHBIE TOHSTHSI U OTNPEICICHHUS
TEPMOIUHAMUKHU.

2. Tepmonunamuueckas cucreMa. [lapamerpsl cOCTOSTHHUSL.

3. Temtora u pabota. BHyTpeHHss SHEPTHS.

4. TepmoauHaMuyeckass M NOTeHUUanbHass padoTel."P-v" koopauHaThI.
[IepBbIil 3aKOH TEPMOAUHAMUKH.

5.ITapameTpbl COCTOSIHMS M ypaBHEHUS COCTOSHHS. OTIHYUS MEXIY
UJICANbHBIM U PEATbHBIM Ta30M.

6. TermmoéMkocTs  rasa. VYHuBepcalbHOE  ypaBHEHUE  COCTOSIHUSA
UJICAJIbHOTO Tra3a.

7.OCHOBHbIE TOJOXEHUS BTOPOTO 3aKOHA TEPMOJUHAMUKHU.

8. OHTpomnus.

9.luxun u Teopemsl KapHo.

10.130mpoiiecchl uaeanbHOro rasa.

11.TlpuMeHeHuEe epBOTo 3aKOHA TEPMOJIMHAMUKHU K U30IIPOLIECCaM.

12.Jlmarpamma (dhazoBbIX COCTOSIHUM. Kputnueckne  mapametpsl.
Bongnoi map. XapakTEpUCTUKH BIAKHOTO BO3/1yXa.

13.OcHOBHBIE TOHATHS TEOPUH TEILIOOOMEHA.

14. Ter10eMKOCTb. Onpenenenne TEIUIOEMKOCTH BEILIECTB.
TennmonpoBOIHOCTS. Crammonapnas TEILIONPOBOIHOCTD qyepes
IJIOCKYIO M Yepe3 UIUIUHAPUYECKYIO CTEHKY.

15.PacueT xapakTepuCTUK CMECH.

16.Cmecu UeaIbHBIX " peaIbHBIX ra3oB.
KoHBeKTUBHBIN TETMJI000MEH. Kpurepuanbhbie YpaBHEHUS
KOHBEKTHBHOTO TeriooOMeHa. PacueTHrpie hopMyIIbL.

17.MaTtemaTu4eckoe BhIpaKEHUE TIEPBOT0 Hauajaa TePMOJUHAMUKH.

18.1lepBoe Havamo TEPMOJMHAMUKH IO BHEIIHEMY OanaHCy u OanaHcy
pabouero Tena.

19.11epBoe HauanO TEPMOJAMHAMUKY B aHATTUTHYECKOUN opMe.

20.TlepBoe HayaI0 TEPMOAUHAMUKH JJIS1 UCATBHOTO rasa.

21.IlpuHuuI CylecTBOBaHUS SHTPONUHU UACAIBHOIO rasa.

22.1lpoueccyl HW3MEHEHUsI COCTOsHMS (M300apa, H30XOpa, H30TepMa U
aguabata) B "P-v" u "T-s" koopauHaTax.

23.IlonuTtpona ¢ TOCTOSHHBIM W TEpPEeMEHHBIM mMoka3areneM. llokazarenu
MOJIUTPOIIBL.

24.PaboTa B TEpMOJUHAMUYECKUAX TIPOIIECCAX MPOCTHIX TE.

25.TennooOMeH B TEPMOJIMHAMUYECKHUX MPOIIECCcaxX MPOCTHIX TET.

26.I1poneccryl M3BMEHEHHUsI COCTOSTHUS UI€aTbHBIX Ta30B.

27.PaboTa u Terna000MeH B MOJUTPOIHBIX MPOIECCaxX UACaTbHBIX Ta30B.

28.Kpyrossie mpoueccol. KIT/] 1 xomoaunbHbiii KO3 UITUEHT.
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29.06patumslii nuka Kapao. KIT/1 u xonoaunbHbIH KO3 PUITHEHT.

30.Marematuyeckoe BhIpaKEHHUE BTOPOTO Hauajaa TePMOCTATUKH.

31.CnencTBust BTOpOro Havyaia TepMOCTaTUKU. "T-s" KOOpIUHATHI.

32.MareMaTuyeckoe BBIpRKEHHE BTOPOrO0  Hayalla  TEPMOJMHAMUKHU.
TemnoBoe usnydenue. 3akon Credana-bonbiimana.

33.Tunbel  TEIOOOMEHHBIX  ammapaToB. Pacder  TemnooOMEHHBIX
anmnaparos.

34.Bompochl 9KOJIOTHUHU TIPH UCTIOIH30BAHUH TEIIJIOTHI.

35.T1ocnencTBust mapHUKOBOTO A PeKTa.

36.[Taps1. [Ipormeccrsr mapoodpazoanust B "P-v" u "T-s" xoopaunartax. J1.V.
napooOpa3oBaHus.

37.0mnpeaenenne mapaMeTpoB BIAXKHOTO HACHIIIEHHOTO W MEPErPeToro mapa.
JlmarpaMMbl COCTOSTHHSI JIJIST TIAPOB.

38.Ucreuenue xuakocte u ra3oB. OCHOBHBIE PAaCUETHBIE COOTHOIIICHUS.
Hcreyenne HeC)KMMAeMOM KUKOCTH.

39.0co00eHHOCTH HCTEUEHHUs CXKUMaeMoW KUAKOCTH. Kpusuc ucreueHus.
Pexumsbl ucreuenus. ®opma cora.

40.dpoccemupoBanue. Db dext xoyns-Tomcona. OCHOBHbIC TTOHSTHS.

41.Tennonepenaya. OcHOBHBIC (DOPMBI ITepeaun TEIJIOTHl U 3aKOHBI.

42.TernnmonpoBogHOCTh. 3akoH Dypre. KordduireHT TermnonpoBogHOCTH.

43. Iuddepennmansaoe YpaBHEHHUE TETUIONPOBOIHOCTH. YcnoBus
OJTHO3HAYHOCTH.

44, TennonpoBOJHOCTb YEPE3 OJHOCIONHBIC CTCHKHU.

45.TennonpoBOAHOCTh YEPE3 MHOTOCIOMHBIE CTEHKH.

46.Termoniepeiadya yepes MIOCKHUE CTCHKH.

47.Tennonepenaya yepe3 KPUBOJIUHEHHBIE CTEHKHU.

48.Kputnueckuii guaMmeTp TpyOoonpoBoa.

49 . MuteHcudukaiys mpoIeccoB TeIIoNnepeiayu.

50.Temnootnaua. 3akon Hetorona-Puxmana. Koaddunment remmooraaun.

51. Tuddepennransupie ypaBHEHHUS] KOHBEKTUBHOTO TeriooOMeHa. OCHOBHbIE
MOHSTHSL.

52.TloHsATHS O TCOPHUH TTOIOOUSI.

53.11onsATHS 0 METOIE aHATTN3a PA3MEPHOCTH.

54.YpaBHeHusI MoJI00MsI KOHBEKTHMBHOIO TeruiooomeHa. OOumumid U 4acTHBIE
cIIy4au.

55.TemnooTnava npu IBMKEHUU KUJTKOCTH B TPyOeE.

56.TemnooTaava npu IBMKEHUH KUJIKOCTH MOMEPEK TPYObI U MMyyKa TpyoO.

57.TemnoobMeH mpu CBOOOTHOM JABUKEHUU JKUJIKOCTH.

58.0cobeHHOoCTH TEMI000MEHa B Y3KUX LIENSIX.
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