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1. MACIIOPT KOMIUIEKTA
KOHTPOJIBHO-UBMEPUTEJIBHBIX MATEPHUAJIOB

B pesynbrare ocBoenust ydeOHOM mucuurmuHel  OIL07. Texuuueckas
TepMOJMHAMHKAa W  TeIUlolepenada  oOydaromuiics  JOJbKeH  oOJiajmaTh
npeaycmoTpeHHbiMH PI'OC CIIO mno cnermanbHocTy 26.02.03 «CynoBoxieHHe» 1

HarpaBjeHa Ha GopMUpOBaHUE OOLTUX U MPOPECCUOHATBHBIX KOMIIETEHIUH.

Kon
[K, OK YMeHus 3HaHusA

BriOupats ciocoObl pemeHnust | 3HaTh COCOOBI pelIeHUs 3a/1a4

OK 1 3a/1a4 npodeccuoHaIbHOM po(EeCCUOHATIBHOM €SI TEIbBHOCTU
NEATETLHOCTH MPUMEHUTEIFHO | MPUMEHHUTEIBHO K Pa3IMIHBIM
K Pa3JIMYHBIM KOHTEKCTaM; KOHTEKCTaM,;

Ocy1ecTBIATh MOUCK, aHATU3 | 3HATh, KaK OCYIIECTBIIATH IMOUCK,
U OLICHKY UH(OpMAaIIUH, aHaJIN3 U OLIEHKY UH(POpMaIIUH,
HEO0OXOMMOM ISl TOCTAHOBKHU | HEOOXOAMMOM JIJIs1 TOCTAHOBKH U

OK 2 Y pELLICHUS penieHus mpodeccuoHaIbHbIX
npodecCHOHANIbHBIX 3a/1a4, 3as1a4, mpohecCUOHATBHOTO U
pO(ECCUOHATBHOTO U JUYHOCTHOTO PA3BUTHS,
JMYHOCTHOTO Pa3BUTHS;

[ImanupoBats u 3HaTh, KaK MJIAHUPOBATH U

OK 3 peanr30BbIBaTh COOCTBEHHOE peaau30BBIBaTh COOCTBEHHOE
npo¢deCCUOHAIBHOE U poheCCUOHAIBHOE U IMYHOCTHOE
JIMYHOCTHOE Pa3BUTHUE; pa3BUTHE;

Paborarts B KoMaH/IE, 3HaTh, KaK paboTaTh B KOMaH/E,
o0ecrnieunBaTh €€ CIIOUEHNE, o0ecrneunBaTh €€ CIUIOUEHNUE,

OK 4 3¢ HEeKTUBHO 00IIATHCS C 3¢ HeKTUBHO 00IIATHCS C
KOJUIETaMH, PYKOBOJICTBOM, KOJUIETaMH, PYKOBOJICTBOM,
NOTPEOUTENSIMHU. NOTPEOUTENSIMHU.

Ocy1ecTBIATh YCTHYIO U 3HaTh, KaK OCYILECTBISATh YCTHYIO U
MMMCbMEHHYIO KOMMYHHKAITUIO | MTUCBMEHHYI0 KOMMYHHKAIIAIO HA
Ha TOCY/IapCTBEHHOM SI3BbIKE roCyAapCTBEHHOM S3bIKE

OK 5 Poccuiickon ®@enepanuu ¢ Poccniickoit @enepanuu ¢ yueTom
Y4€TOM OCOOCHHOCTEH OCOOCHHOCTEH COLIMAIBHOTO U
COIMAJIBHOTO U KYJIBTYPHOTO KyJIbTYPHOTO KOHTEKCTA,
KOHTEKCTA,

[TposiBASTH TpaXKAaHCKO- 3HaTh, KaK MPOSIBIIATH TPAKTAHCKO-
NaTPUOTUUYECKYIO TTO3HIIHIO, NaTPUOTHYECKYIO MTO3HIIMIO,
JEMOHCTPHUPOBATh OCO3HAHHOE | IEMOHCTPUPOBATH OCO3HAHHOE

OK 6 MOBEJECHUE HAa OCHOBE MOBEJCHUE HAa OCHOBE
TpaJAUIIMOHHBIX TPaJAUIIMOHHBIX 00IIeYEI0BEYECKUX
0O0LIEYeIOBEYECKUX LEHHOCTEH, MPUMEHSTh CTaH1apThI
LEHHOCTEH, MPUMEHSTh AHTUKOPPYIIIMOHHOTO MOBE/ICHUS;
CTaHapThI




AHTUKOPPYIIIUOHHOTO
MOBECHMUS;

ConeiicTBOBaTh COXPAHEHUIO
OKpYXalollen cpebl,

3HaTh, KaKk COICHCTBOBAThH
COXPaHEHUIO OKPY’KaIOIIeH cpeibl,

OK 7 pecypcocOepeKeHuIo, pecypcocbepexennio, 3hPEKTUBHO
3¢ (HEKTUBHO AEHCTBOBATH B JICVCTBOBATh B UPE3BbIYANHBIX
YPE3BBIYANHBIX CUTYAIIHSX; CUTYaINsIX;

Hcnonb30Bath cpencTa 3HaTh, KaK UCIOJIb30BaTh CPEACTBA
(bU3UIECKON KYJIbTYPBI IS (U3UYECKON KYJIbTYPBI IS
COXpaHEHUS U YKPEIUICHUS COXPAHEHUS U YKPEIUJICHUS 3J0POBbs

OK 8 3JI0POBBS B IIpoliecce B Mpoiiecce npodeccuoHaNbHON
npo¢ecCuOHaIbHON JIESATEILHOCTH U MOJIEPKAHUS
JESATEILHOCTH U MOAJICPKAHUS | HEOOXOIUMOTO YpOBHS (pr3ndeckoi
HEOOXOJMMOT0 YPOBHS FOTOBHOCTH;

(u3MYECKOI TOTOBHOCTH;

[Tonws3oBaThCA 3HaTh, KaK MOJIb30BATHCS
npodecCUOHATbLHON npodeCCUOHATIBHON IOKYMEHTAaIuen

OK 9 JNOKyMEHTAIMEN Ha Ha rOCyJJapCTBEHHOM U
rOCYJapCTBEHHOM U WHOCTPAHHOM SI3bIKAX;
WHOCTPAHHOM SI3bIKAX;

YIpaBIsATh (bu3nUecKue U TEOPETUUECKUE
PaarodIEKTPOHHBIMU U OCHOBBI, IPUHIIHUIIBI JCHCTBUA,
TEXHUYECKUMU CUCTEMaMU XapaKTEpHbIEC OTPAaHUYCHHUS U
CYJIOBOXKJICHHUSI U CBSI3U B TEXHUKO-IKCILTyaTallHOHHBIE
3aBUCHUMOCTH OT XapaKTEPUCTUKHU
CKJIaJIbIBaIONIEICS PAAMORJIEKTPOHHBIX U TEXHUYECKUX
HABUTAITMOHHOW U npuOOPOB U CUCTEM CYJOBOXKACHUS
TUAPOMETEOPOIOTHUECKOM Y CBA3U: MarHUTHOT'O KOMIIaca,
00CTaHOBKH B COOTBETCTBHUH C | TUPOCKOMMUYECKOIO KOMIIACA,
paBUJIaMH SKCIUTyaTaluu, CIyTHHUKOBOT'O KOMIIaca,
UHTEPIPETUPOBATH U rUpoa3uMyTa, THpOTaxoMeTpa, Jjiara,

K 1.3, oOpabaTbiBaTh MHPOPMALIMIO, | HXOJI0TA, aBTOPYJIEBOTO, CYJIOBOTO

oTOOpaxKaeMyro STUMHU
CHUCTEMaMU, KOHTPOJIUPOBATH
UCIIPABHOCTh U TOUHOCTh
CUCTEM, CAMOCTOATEIILHO
OCBanBaTh HOBBIE TUIIbI
CyJI0BOM HABUTAlIMOHHOM
amnmnapaTtypsl 10 ee
TEXHUYECKOMY OIMUCAHUIO;
¢ pexkTHBHO U 6€30MaCHO
HKCILTYaTUPOBATH
o6opynoBanue 'MCCB nns

npuemMa 1 nepeaadyu pa3inyHou

nH(popmarmu,

pagroIoKaTopa, NPUEMHHUKOB
Ha3€MHBIX 1 KOCMUYECKUX
PaJMOHABUT ALIMOHHBIX CUCTEM,
CHUCTEM aBTOMAaTU3UPOBAHHOMU
PaIMOIOKAIMOHHON TPOKIAAKH,
MIPUEMHHKA aBTOMAaTHYECKOU
UJIECHTU(DUKAITMOHHON CUCTEMBI,
aBapUIHBIX PaIno0yeB, ammapaTypbl
1J100aJIbHON MOPCKOW CUCTEMBI
CBSI3U NpHU O€CTBUM (11ajee -
I'MCCB), anmapatypsl
aBTOMATU3WPOBAHHOMW IIBAPTOBKHU
KPYITHOTOHHAXHBIX CYJIOB U CUCTEM




oOecrieunBaroIeit WUHTErPHUPOBAHHOTO XOJJOBOTO
0€30MacHOCTh MOPEIIJIABAHUS H | MOCTHKA;

KOMMEPYECKYIO IeSITEIbHOCTh | OCHOBBI aBTOMATH3AIlUH YIIPABICHHS
CY/IHa B YCIIOBHSIX JBIDKCHHUEM CYIIHA, CHCTEMY
HOPMaJIbHOTO YIIPaBICHHUS PYJICBBIM IIPHBOIOM,
pacrpocTpaHeHHs PAJHOBOIH U | SKCILUTyaTal[HOHHBIC TIPOLICAYPHI

B YCJIOBHUSX Pa3IMYHBIX [TIOMEX; | Iepexo/ia ¢ PyYHOTO Ha
JICCTBOBATH MIPH TIEpeadue WM | aBTOMATHYECKOE YIIPABICHUE U
MOJTy4YeHUU CUTHajia OeACTBUsl, | 0OpaTHO

CPOYHOCTH I O€30MaCHOCTH




2. MOACHUTEJIBHASA 3AIIMCKA

Cuctema KOHTpOJII KadecTBa 0Opa3oBaHUs KypCaHTOB (CTYACHTOB)
cnenuansHocTu 26.02.03 «CynoBoxaeHne» BKIIOYAET ONMUcaHue 3a1ad, QyHKIUH
U ycloBUH (QopMupoBaHUS (POHIA KOHTPOJIBHO- HM3MEPUTEIbHBIX MaTepUajoB,
packpbiBaeT cojAepKaHHe BUAOB M (HOPM KOHTPOJISA, BKIIOYAS TPaTUIHMOHHBIE,
KOMILJIEKCHBIE ¥ THHOBAITMOHHBIE U3MEPUTETLHBIE MaTepUaIbI.

KoHTpoNbHO-U3MepUTENbHBIE MaTepuaibl ONPEACISIIOT OpraHu3aluilo U
IUTAHUPOBAHKUE PE3YJbTATOB CAaMOCTOSATEIBHON pabOThl KYPCAHTOB (CTYJICHTOB) M
OILICHKY Ka4eCTBa OCBOCHHUSI IUCIUTIITUHBI.

Bce KOHTpOJIbHO-M3MEpUTENbHBIE MaTEepHallbl, a Takke onucanue (HopMm u
METOJIOB, NMpEAHA3HAUYEHHBIX Il ONpPEJEICHUsS KaueCcTBa OCBOCHHUSA KypCaHTOM
(ctyneHToMm) yueOHOTO marepuana, SBISIOTCS HEOThEMIIEMOW YacThIO OCHOBHOM
npodeCCUOHAIBHON 00pa30BaTEIbHON MPOrpaMMel B 1iejoM 1 Y MK nuciumninHeI.

dopmon aTTecTaluu o y4eOHOM JUCIUILINHE SIBJISICTCS
ouggepenyuposannwiii 3auem.

3. KOHTPOJIbHO-USMEPUTEJIbHBIE MATEPHUAJIBL /151 OHEHKH
OCBOEHUA YYEBHOU JMCIHUIIJIMHBI 1 UX KPATKASA
XAPAKTEPUCTHUKA

Ouenka Teopetudyeckoro kypca yueOHou aucuuruinabl OII. 07. Texnuueckas
TEPMOJIMHAMUKA U TEIIoNepeiaya OCYIIECTBISIETCS C UCIOIb30BAHUEM CIEAYIOIINX
dbopM 1 METOZ0B KOHTPOJISL:

—TEeKYIIUI KOHTPOJb — BBINOJIHEHUE TECTOBBIX 33JaHUW; PEIICHUE 3a7ad 1o
oOpasily; penieHue WHIMBUIYAIbHBIX 3a/1a4; BRIMOJIHEHUE, pPacueT U 3alluTa
OTYETOB MO MPAKTUYECKUM 3AHITHUSIM;

—PpyOEKHBIN KOHTPOJIb — BBIMOJIHEHUE KOHTPOJIBbHON PabOTHI;

—MPOMEKYTOUYHBIM KOHTPOJIb — AU PepeHIIMPOBAHHBIN 3a4eT.

3.1. TEKYIIIUH KOHTPOJIb

TexHUYeCKHI TUKTAHT

UYroObl BBICHUTH, KaK KypCaHTBl (CTYJCHTBI) YCBaMBAIOT TOT WJIM HWHOM
MaTepuaj, UM Tpeasiaraercs 3a onpeaeiéHHOe BpeMsi JaThb OTBETHI B (opMe «aa,
HET» Ha IIATh BONIPOCOB C MOMOIIBIO ONPENEICHHBIX 3HAKOB. [IprMeHeHue Takoro
METO/Ia CHOCOOCTBYET PAa3BUTHI0O BHUMAHHUS CTYJIEHTOB, TaK KakK OHM JOJIKHBI
BOCIIPUHSTH BOIIPOC MPENOJaBaTeNsl Ha CIyX, KPOME TOrO, IO3BOJISIET CTPOTO
periaMeHTUPOBATh BPEMS BBITIOJIHEHUS pa0OThI 1 BHOCUT HEKOTOPOE pa3HO0Opasue B
(dopMbl mexyueni nposepku 3HaHuil. Pabota npoxoauT B OBICTPOM TEMIIE U [TO3TOMY
TaKU€ TEXHUYECKUE IUKTAHTHI 3aHUMAIOT 5 — / MUHYT.

[IpaBUbHBIM OTBET HAa 5 BOINPOCOB COOTBETCTBYET OLIEHKE «OTJIIMYHO», HA 4
BOIIPOCA — «XOPOIIO», HA 3 BOMPOCA — «yIOBIETBOPUTEIHLHOY.



Texandeckue TUKTAaHTBI TPOBOIATCS 1O ABAIIATH OJTHON TEME:
3aKOHBI Ta30B U KUIAKOCTEH.
TennoeMKocTh ra3os.
OCHOBHBIE MMOJIOKEHUS TEPMOJIUHAMUKHU.
TennoeMKoCTb.
3aKOHBI TEPMOJIMHAMUKH.
DHTaNbIUS U SHTPOTIHSL.
Teopus TermmoodomMeHa.
TepMoauHaMHUYECKHE TApaMETPhl COCTOSTHUS.
. BozgHOM nap u ero CBOMCTBA.
10 TennooOMeH U3ITyYeHHUEM.
11.Buasl Te4eHU KUIKOCTH.
12.VineanbHbIN U peabHBIN Ta3.
13.TepmMoguHaMUYECKHUE MTPOIIECCHI.
14 TIpsimoit u 0OpaTHBIN ITUKIL.
15.T"a30BBIC CMeECH.
16.WcTeyenue u IpocceaupoBaHue Ta30B U MMapoOB.
17 Huxner TITY.
18.0OcHOBHBIE MOJ0KEHUSI KOHBEKTUBHOT'O TETJIOOOMEHA.
19.PexxuMbl T€UECHUS U KUTICHUS.
20.JIy4ncThIii TETIIOOOMEH.
21.TeriooOMeHHBIE anmapaThl.
TunoBsie TEXHUYECKUE TUKTAHTHI IpUBEACHBI B Ilpunoscenuu A.

CoNORODE

KpoccBopa

KpoccBop siBiisieTcst 01HOM U3 (hOPM meKyuiezo KOHmposn, KoTopas
MIO3BOJISICT MTOBBICHTH HHTEPEC KYPCAHTOB (CTYACHTORB) K TUCIUIUIMHE B MPOIIECCE
oOyJeHus.

B kaxIol TeMme BBIACISIOTCS KIIOUEBBIE MOHSATHUS W TEPMUHBI, KOTOPBIE
MOJIOKEHBI B OCHOBY KpoccBOp/ia. Pelienrne KpoccBopaa — 3aHATHE YBJIEKATEIbHOE U
M0JIE3HOE, TIO3BOJIIET TPEHUPOBAThH MAMSTh W BBIMOIHSICTCS HA Y4eOHOM 3aHSITHH B
teuenue 15-20 munyt. IlpaBmibHO pemeHHblii Ha 100% KpoccBOpn OllEHUBAETCS
«oTnuaHO», Ha 90% — «xopomoy, Ha 60-80% — «ynoBaeTBOpUTENHEHOY, MeHEee 60% -
«HEYJIOBJIETBOPUTEIILHOY.

Pemiennie kpoccBopAa BBIMIOJHIETCS KypcaHTaMu (CTyI€HTaMH) TIO TEMaM:

1. OCHOBBI TEPMOJIMHAMHUKA.
2. Tenmonepenaya.
3. TepmoarHaAMUKa.
4.T"a30BbI€ 3aKOHBI TEPMOJMHAMUKH.
Tunosble KpoccBOpbl NpuBeaeHbI B Ilpunoscenuu B.

Pemenue MHANBUAYAJIbHBIX 32124

Texywuit koumpoap GOPMHUPOBAHHUS YMEHHS CaMOCTOSITEIBHOIO PEIICHHS
WHIMBUAYAIbHBIX 3a7a4 IPOBOJUTCS BO BpeMs Y4YCOHBIX 3aHATHH, BBITOIHSS
camocTrosTenbHbIe paboThl 10 TeMaM (IIpunoscenue C).
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1. VI3meHeHne BHYTPEHHEN SHEPTHH MIPH TETII0O0OMEHE.

2. TeruioTra cropaHusi TOIUIMBA.

3. ®a3oBble NEPEXObI.

4. I3MeHeHre BHYTPEHHEH SHEpruM TeJla IPU COBEPLICHUU padOThI.
5. [lepBoIii 3aKOH TEPMOIUHAMHUKH.

6. Tenst0BOIT ABUTATEID.

CaMocTosiTenbHbIE padOThHI MPEACTABIAIOT COOON MPAKTUUYECKHE PACUECTHBIE UITU
rpaduueckue 3amanusi, 00bEAMHEHHBIE O0IIel TEeMAaTUKON U BbIIaBa€MbIe KaXIOMY
KypcaHTy (CTYJICHTY) WHAUBUIYAITBHO. BEITOTHAIOTCS CaMOCTOSATEIBHBIC pa0OThI HA
yueOHoM 3aHsTuu. [IpaBunsHo pemienHas Ha 100% paboTa oleHUBAETCS «OTIMYHOY,
Ha 90% - «xopomo», Ha 60-80% «ymoBnerBoputenrHO», MeHee 60% —
«HEYIOBJIETBOPUTEIBHOY.

PacuetHbie npaktiueckue 3ananus (IIpunoscenue D) o temam:

1. OcHOBHBIE Ta30BbIE 3aKOHBI.
2. [TapameTpbl cocTosiHUSL pabodero Tena. YpaBHEHHUs UACATBHOTO rasa.
OnpeneneHne TEMIOEMKOCTH HEAIbHBIX Ta30B.
HccnenoBanre TEpMOAMHAMUYECKUX MPOLECCOB UACAIBHOIO ra3a.
Pacuet nukioB napotypOounHbix ycraHoBok (IITY).
Pacuer mukioB nBurateneit BHytpeHHero cropanus (JIBC). Pacuer numkios
ra3oTypOuHHbIX ycTaHOBOK (I'TVY).
6. MccnemnoBanutio mpoIeccoB BOASHOTO Mapa.
7. VcTeueHue ra3zoB v Mapos.
8. TerooOMeH py BEIHYXACHHON KOHBEKIIUH.
9. TermmooOMeH mpu CBOOOTHON KOHBEKITHH.
10.TennmonpoBOAHOCTh Yepe3 IUIOCKME W HWIMHIPHUYECKHE OIHOCIOWHBIC H
MHOTOCJIOWHBIE CTEHKHU.
11.TermooOMeH U3ITyICHUEM.
12.PacueT Termio0OMEHHBIX anmnapaToB.

ok w

BoinosiHenue pedepara, cooduIeHUs1, TPEe3eHTANNH

Pegepam — nucbMeHHBIN TOKIA MO OMPEIEICHHON TeMe, B KOTOPOM coOpaHa
uHpopMaIusi W3 OJHOTO WIIM HECKOJBKUX WCTOYHUKOB. PedepaTsl mnumryTcs
CTaHJAPTHBIM SI3bIKOM, C UCIIOJIb30BAHUEM TUIIOJIOTU3UPOBAHHBIX PEYEBBIX 000POTOB
BpOJIE: «BAXXHOE 3HAUCHHE UMEET», «yAeNAeTcsl 0c000€ BHUMAHUEY», «IIOJJHUMAETCS
BOIIPOCY, «JI€JIaeM CJIEYIOIINE BBIBOJBDY, «UCCIeayeMas NpodiieMar, «OCBEIIaeMblii
BOIIPOC» U T.II.

Paznuyator 1Ba BuAa pedepaToB: nPOOYKmMuUGHvle W  PenpooyKmueHbule.
Penpooykxmusnwsiii  pedepar BOCIPOU3ZBOIUT COJIEPXKAHUE TMEPBUYHOTO TEKCTA.
IIpooykmusHovii pedepar COAEPKUT TBOPUYECKOE WM KPUTHUECKOE OCMBICIICHUE
pedepupyeMoro uCTOYHHKA.

Jloxnao, coriacHO TOJKOBOMY clioBapto pycckoro sizbika J[.H. VYmmakosa
«...COOOIIEHHE MO 3aJJaHHOM TeMe, C LENbI0 BHECTH 3HAHUS W3 JOMOJIHUTEIbHON
JUTEPATYPBI, CUCTEMATU3UPOBATh MAaTEPWI, NPOUJUIFOCTPUPOBATH HPUMEPAMH,
pa3BUBAaTh HAaBBIKM CaMOCTOSITENIBHOM  pabOTBl € HAy4yHOW JIMTEpATypoH,
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MO3HABATENIbHBIN MHTEPEC K HAYYHOMY TTO3HAHHIOY.

Tema pedepara, noknaga Wik COOOIIEHUS JIOJDKHA OBITh coOrjlacoBaHa C
npernoiaBaTesieM W COOTBETCTBOBaTh TeMe yueOHoro 3aHstus (Ilpunoscenue E).
Matepuaiibl pu ero noAroToBKe, A0HKHBI COOTBETCTBOBATh yU€OHO-METOIUYECKUM
TpeOOBaHMSIM U OBITh yKazaHbl B jokiazne. Heobxoammo coOmogaTh periameHt,
OTOBOPEHHBIM TMpU TOJydeHHH 3ajnaHud. Mmoctpauuu — AOMMKHBL  OBITH
JIOCTAaTOYHBIMH, HO HE YPE3MEPHBIMHU.

Pabora kypcaHnTa (cTymeHTa) HaJ COOOIICHHEM-TIPE3CHTAIIMCH BKJIFOYACT
OTpabOTKy YMEHHsSI CAMOCTOATEIILHO 00001I1aTh MaTEPHAI U IeTIaTh BHIBOJIBI, YMEHUS
OpHUEHTHPOBAThCS B MaTepuaje W OTBEYaTh HA JOIMOJHHUTEIBHBIE BOIPOCHI
ClIymiaTenei, oTpabOTKy HaBBIKOB OPaTOPCTBA, YMEHHUS MTPOBOAUTH JTUCITYT.

Cmpykmypa blcmynieHus

Berynenue JOMKHO colep:KaTh: Ha3BaHUE, COOOUIEHWE OCHOBHOM WJEH,
COBPEMEHHYIO  OIICHKY  TMpeaMeTa  H3JI0KEHUs, KpaTKoe  MEepeUHCIICHUe
paccMaTpuBaeMbIX  BOINPOCOB, JKMBYIO  HUHTEpPECHYI0  (OpMy  HBJIOKEHUS,
aKIIEHTUPOBAHUE BHUMAHUSI Ha BAXKHBIX MOMEHTAX, OPUTHHAIIBHOCTD MTOIX0/1A.

OcHOBHasi 4acTh, B KOTOPOW BBICTYMAIOUIUHN JIOJDKEH TIYOOKO PaCKpBITh CYTh
3aTPOHYTOM TEMBI, CTPOUTCS IO TPHUHIMIY OTYeTa. 3ajadya OCHOBHOM YacTu —
MPEACTaBUTh JIOCTATOYHO JIAHHBIX JUISl TOTO, YTOOBI CIyIIATEIN 3aWHTEPECOBAINUCH
TEMOM M 3aXOTeNId O3HAKOMUTHCS ¢ MaTepuanamu. [Ipu 3ToM Jiorudeckasi CTpyKTypa
TEOpPETUYECKOro OJoKa HEe [JOJ/DKHBI JaBaTthcsi 0€3 HAIVSIAHBIX  MOCOOUH,
ayJIMOBU3YaJTbHBIX U BU3YaJbHBIX MaTEPHAJIOB.

3axnouenue — sICHOE, YETKOE 00OOIIEHUE U KPaTKUE BBIBOJBI, KOTOPBIX BCErAa
XKIYT CITyIIATEIH.

IIpezenmayus, COTIIACHO TOJIKOBOMY CIIOBapro pycckoro si3bika J[.H. Ymakosa:
«... cnoco0 nojgayn nHGOpPMaIMH, B KOTOPOM MPUCYTCTBYIOT pUCYHKH, oTorpaduu,
aHUMAIIUS U 3BYK».

J171s TOATOTOBKH MPE3CHTALMU PEKOMEHIyeTCsl UCTOJIb30BaTh: Power Point, MS
Word, Acrobat Reader. Camas mpocTast mporpamma Ijsi CO3JaHUs IMPE3CHTAlNNA —
Power Point.

JI71st MTOATOTOBKY MPE3CHTAIIMN HEO0X0IUMO coOpaTh U 00paboTaTh HAYAIBHYIO
uHpopmaruto. [locnenoBareIbHOCTh MOATOTOBKH MPE3CHTAIIHH

— 4YeTKO c(opMymupoBaTh I€Jb MPE3EHTAIMU: Bbl XOTHUTE CBOIO AyJIUTOPHUIO
MOTHUBUPOBaTh, YOCAUTh, 3apa3uTh KaKON-TO MIeeH WM MPOCTO (PopMaibHO
OTYUTATHCS,

— ONpeAeuTh KakoB OyaeT dhopmaT Mpe3eHTaIlUU: )KUBOE BBICTYIUICHUE (TOT/a,
CKOJIBKO OYJIET €ro MpO0JDKUTEIFHOCTD) UK AJIEKTPOHHAS PACChUIKA (KaKOB
OyZIeT KOHTEKCT MPE3eHTAINN );

— 0TOOpPaTh BCIO COACPIKATEITHHYIO YaCTh JIJIsl IPE3CHTAIIUN u BBICTPOUTH
JIOTHYECKYIO LIEMOYKY TPECTaBICHHUS;

— ONPEIETUTh KII0UYEBbIE MOMEHTHI B COACPKAHUU TEKCTA U BBIJCINUTD UX;

— ONpEeNeIuTh BUABl BU3Yyadu3alMK (KAPTUHKH) JUIsI OTOOpaKeHUs HMX Ha
cllaiijax B COOTBETCTBUU C JIOTUKOMH, LIETBIO U cieln(PHUKOil MaTepuana,

— momo0parh au3aiiH U (HopMaTUPOBATH CHAWABl (KOMMYECTBO KAPTUHOK U
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TEKCTa, UX PaCMOJIOKEHUE, IIBET U Pa3MeD);

— MPOBEPUTH BU3YATIbHOE BOCIPHUSATHE IPE3CHTALINH.

K Bumam Bu3yanu3alMu OTHOCSTCA WIUIIOCTpaIldyd, o0pasbl, JuarpamMMbl,
TaOJIUILIBI.

Hnnrocmpayus — npeACTaBIeHUE PEAIBHO CYIIECTBYIOIIETO 3pUTEIBHOTO psijia.

Obpasvl — B OTIIMYKE OT WLTIOCTpauuii — metadopa. MIx HazHaueHue — BHI3BAThH
AMOIMIO U CO3/1aTh OTHOIIIEHUE K HEH, BO3JEUCTBOBATh HA ayUTOpHUi0. C MOMOIIBIO
XOpOUIO MPOAYMAHHBIX U MPEICTABISIEMbIX 00pa30oB, HH(OPMAIIMS MOKET HAJO0JIrO
OCTaThCA B IMAMSTH YEJIOBEKA.

Jluaepamma — BU3yanu3alusi KOJMYECTBEHHBIX M KauyeCTBEHHBIX CBsized. Mx
UCIIOJIB3YIOT ISl YOCAWTEIbHON MEMOHCTPAIMK JaHHBIX, JUIsl MPOCTPAHCTBEHHOTO
MBIIIJICHUS B JIONIOJIHEHUE K JIOTHUECKOMY.

Tabnuya — KOHKPETHBIN, HAIJISAHBIM M TOYHBIA IMOKa3 JaHHBIX. Ee ocHOBHOE
Ha3HAUCHHUE — CTPYKTYpHUpOBaTh MH(OOPMAIIMIO, YTO MOPOH oOJierdyacT BOCIIPHUSATHE
JTAHHBIX ayJIUTOPUCH.

[IpakTUYeCKHE COBETHI O MOJATOTOBKE MPE3CHTALINU:

— TOTOBHTH OTJICJILHO: ICYATHRIN mexcm + caaiiovl,

— Cclaiapl — BU3yallbHAs TojJada WHQOpPMAIUU, KOTOpasl JOJDKHA COJEpKaTh
MUHUMYM TEKCTa, MAKCUMYM H300paXXEHUM, HECYIIIUX CMBICIOBYIO HAarpy3Ky,
BBITJISAJIETh HAIJISITHO U MPOCTO;

— TEKCTOBOE COJICpKAHME IPE3EHTAIlMM — yCTHas pedb WM YTEHHE, KOoTopas
JOJDKHA BKIIFOYATh apTyMEHTHI, (DaKThI, I0Ka3aTeJIbCTBA U AMOITUH;

— PEeKOMEHAyeMoe Yuciio ciaigoB 17-22;

— oOs3aTenbHas UHGOpMAIUs Jis1 MPe3eHTAUK: TeMa, (paMuiiusg U UHUIIAAIIBI
BBICTYMAIONIETO; TJIaH COOOIIEHHUS;, KPATKHWE BBIBOJBI M3 BCETO CKa3aHHOTO;
CITMCOK HMCITOJIb30BAaHHBIX HCTOUYHHKOB.

BbinoJiHeHHE TECTOBBIX 3aJaHuM

TecroBoe 3amaHWe mMpeacTaBiIsieT COOOHW CIEMUAIbHO  ITOJATOTOBJICHHBIM
KOHTPOJIbHBIN HAa0Op 3aJaHuif, TO3BOJISIIONIUNA KAaYECTBEHHO M KOJUYECTBEHHO
OLICHUTh 3HAHHUS KYpPCAHTOB (CTYIEHTOB) MOCPEJICTBOM CTATHCTUYECKHX METOJIOB.
OCHOBHBIMM JIOCTOMHCTBAMU TECTOBOTO KOHTPOJS SIBJISIFOTCS: OOBEKTUBHOCTH
pe3yJIbTaTOB MPOBEPKH, IMOBBIINICHHE A(PPEKTUBHOCTU TPOBEPKU 3HAHUN 3a CUET
YBEIIMYCHUSI €€ YaCTOThl W PETYJSIPHOCTH, BO3MOKHOCTH IPOBEPKU 3HAHUN C
MCIMOJIb30BAaHUEM KOMIBIOTEPOB.

Texkywuit konmpoas B GopMe BBITIOJHEHHUS TECTOBBIX 3aJlaHUM Ha y4eOHBIX
3aHATHUSX TPOBOJAUTCS IO TEMAM:
TepmoguHaMuyeckas cCucTeMa.
["a30BbIE 3aKOHBL.
[{WKJIBI TEIUIOBBIX MAIIIUH.
OHTponus.
Iuxn Kapho.
Huxner [IBC.
ITopuiHeBbIE KOMIIPECCOPBI.

NogakowdE
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8. IIuKIIBI XONMOMUIBHBIX YCTAHOBOK.

9. Ilukix PenkuHa.

10. ITporeccel npeoOpazoBaHus U IIeperpena mnapa.
11. VicTeuenue u qpocceanpoOBaHUE ra30B U MapoB.
12. Bunas! temoooMeHa.

13. TenaonpoBOIHOCTS.

14. Tennootnaua.

15. Tlepenaya TEMIOTHI U3ITYYEHUEM.

16. TermooOMeHHBIE anmapaThl.

TecToBoe 3alaHuME COCTOMT W3 BOIPOCOB, BXOJAIIMX B COOpHUK TecTOBBIX
3amanuil. Ha BeImonHeHne tecTtoBoro 3aaanus orsogurcs 10-15 munyr. [IpaBunsHbiin
oTBeT Ha 9-10 BONPOCOB OLIEHUBAETCS «OTIUYHO», HA 7-8 BOIPOCOB — «XOPOILIO», HA
6 BOIIPOCOB — «YZOBJIIETBOPUTEIBHOY.

CaMOKOHTpOJIb IIPU MOJATOTOBKE K 3aHATUAM, JU(P(EpEeHIUPOBAHHOMY 3a4ETy
MOXXHO OCYILECTBIATH II0 BOIpocaM, BXOoadmmMM B DOHI TECTOBBIX 3aJaHUN
(Ilpunoscenue F).

Pemenue 3aga4 no oopasny

Texywuit koumpoas (GOPMUPOBAHUS YMEHHS CaMOCTOSTEIBHOTO pEeUIeHUs
3a/1a4 10 00pa3ily MPOBOJIUTCS BO BpeMs yUE€OHBIX 3aHATHH, BBIMOJHSS PacUETHHIC
3aJIaHUS TIO TEMAM:

1. TexHuueckas TEPMOJUHAMHUKA.
2. OCHOBBI TeIJIONEepeIadn.

Pemienrie 3amad BBIMOJIHIETCS MO WHAWMBUYATLHOMY BapHUaHTY, BBIIAHHOMY
KypcaHTy (CTyIeHTy) mpernoaaBareieM. Homep BapraHTa COOTBETCTBYET HOMEPY IO
CIUCKY B KypHaie ydeOHoW rpymnmbl. ConaepkaHUE 3aHATUS U1 TIPOBEICHUS
pyOEXKHOrO KOHTpOJII B (opMe permreHus 3amad mo obpasny B Ilpunoscenue G.
Pacuer wHAMBUIyanbHBIX 3aJaHUM TPOU3BOAUTCA C HCIOJIB30BAHHEM YYCOHOM
JUTEPATYpbl, KOHCMEKTAa JEKIMH, crpaBouHbIX AaHHBIX, ['OCTOB, MeTOAMYECKUX
nocoouit u T.x.

Bpewms Ha BbInonHEHNE KOHTPOILHOM paboThl 90 umu 180 munyt. Eciu xypcant
(cTynmeHT) He ycmeN BBIMOJHUTH PaboTy 3a BpeMs y4eOHOTo 3aHATHS, JaeTCs He
OoJiee IBYX JAHEH 111 ciadyu pabOThI.

OneHka 3a BBIMOJIHEHUE KOHTPOJILHON PaOO0ThI BHICTABIATHCS MO MATHOAIIIBHOM
CUCTEME€ U YYMTHIBAETCA TIPH BBICTABJIICHHMM WTOTOBOM OILIEHKH 3a CEMECTp.
[IpaBwibHO paccuuTaHHas W o(opMIIeHHas padoTa OIEHUBACTCA «OTIUYHO», C
HapylHICHUSIMU B O(DOPMIIEHUM — «XOpPOILIO», MPaBUILHO paccuutaHHas Ha 70%
paboTta — «ygoBIEeTBOPUTEILHO». ECiu nomyieHsl rpyObie om0k B 0pOpMICHUH U
pabora BeioiHEHa MeHee 4yeM Ha 70% BepHO, paboTa BO3BpAIIACTCS KYypCAaHTY
(ctynenty) Ha pnopabotky. Eciam oTdeT mo mpakTHYecKoW paboTe caaH TMO3kKe
YKa3aHHOTO CpOKa, TO TPH YCHENTHOM €€ BBIMOJHEHUH paboTa OIEHUBACTCS
«YIOBIETBOPUTEILHOY.

4.2. PYBEXXHBI KOHTPO.Ib
11



KourpouabHas padora

Kontponbnas pabota — omHa u3 ¢GopM pydexcHoil npoéepku U OICHKU
YCBOCHHBIX 3HAHMM, TMOJy4eHUss HHOOpMAIUU O XapakTepe MOo3HaBaTEIbHOU
JICSITEITIBHOCTH, YPOBHSI CAMOCTOSITCIbHOCTH U aKTHBHOCTH KYPCAaHTOB (CTY/ICHTOB) B
y4eOHOM Tpolecce.

B kypce muCUUIIIMHBI TPETYCMOTPEHO BBIMOJIHEHUE KOHTPOJIBHONU pabOThI MO
teMe «OCHOBBI TepMouHaMUKN (Tlpunoscenue H).

BrlnonHsieTcs: KOHTpoJibHAsg padoTa B MHAUBUAYAIbHBIX TETPAASIX B TE€UEHUE 2X
aKaJIEeMUYECKHUX YacoB.

[TpaBunbHO paccuntanHas Ha 100% wu odopmiieHHas paboTa OIEHUBACTCS
«otnuyHo». Eciu odopmieHue paboThl HE COOTBETCTBYET TpeOOBaHUSIM (HET
MOSICHEHUSI K pacyeTam, cxema BbinojHeHa 0e3 cobmoaeHuss 'OCTa, He yka3aHbI
HaIlpaBJI€HUs TOKOB) WJIM JOMyLIEHA OMIMOKA, HE3HAYUTEIbHO HCKAKAIOMIAs
pe3ynbTaT pacyeTa, To padoTa OLIEHUBAETCS Ha «XOPOIIO.

Ecmm npornieHT npaBuibHOCTHpemeHus Meree 60% pabdota OIICHUBACTCS
«HEYJIOBJIETBOPUTEIIbHO». BO BCEX OCTANBHBIX ClTydasx pabota OLICHUBAETCS
«YOBJIETBOPUTEIILHOM.

4.3. MPOMEXKYTOYHBI KOHTPOJIb

dopMoil MPOMEXYTOUHOM arTecTauuu U PepeHIMpOBaHHbIN 3a4eT 0 TeMaM
JTUCUUIUIMHBL, 111 KOTOPOTO pa3paboTaHbl TEOPETUYECKHUE BOMPOCHI U MPAKTUYECKHE
sananus (Ilpunoscenue ).

VYcnoBueM Jomycka K 9K3aMeHY SIBJISIETCSl YCHEIIHOE OCBOEHUE O0ydYaroluMcs
BCEX DJIEMEHTOB IPOrPAMMBI JUCLUIIIINHEI.

5. KOHTPOJIbBHO-OHEHOYHBIE MATEPHUAJIBI VI
IMPOMEXYTOYHOU ATTECTALINU 11O YYEGHOU JTUCIIUIIJIMHE

5.1. 3aoanue ona oughghepenyuposannozo zauema

BuumarensHo mpodecTh 3amanus. Ha moaroroBky orsera gaercs 40 MUHYT.
Ecau 1s oTBeTa HEOOXOAMMBI CIIPABOYHBIE JAHHBIE, CXEMBI, TAOIMIIBI, HATPAMMEI,
PUCYHKHM, TO KypcaHT (CTYIE€HT) MOXKET MMH BOCIOJB30BaTbCS, OHHU
IPEIOCTABIISIFOTCS MPETIOIaBATEIEM.

Bompocs! 1 auddepeHipoBaHHOro 3adera mo Jucuuiuinie « TexHuyeckas
TEpMOJIMHAMHKKa M Terutonepenada». ®opma Beaomoctu (Ilpunoscenue ).

5.2. ¥Ycnoeusn nposedenusn oughghepenyuposannozo zauema

HuddepeHunpoBanHblii  3a4eT  SABISETCS  (QOPMOU  mpomercymoynou
ammecmayuu W TPOBOJUTCA B CPOKH, YCTAHOBJCHHBIE Y4YEOHBIM IUIAHOM, H
oIpeenseMble KaJeHIapHbIM y4eOHbIM rpad)ukoM 00pa3oBaTEeIbHOIO Mpoliecca.
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Ha nuddepenmmpoBanHoM 3adeTe KypcaHTBI (CTYACHTHI) JTOJKHBI TOKAa3aTh:
3HAHUE OOIIMX 3aKOHOB CTaTHMKM W JMHAMUKU SKUJKOCTEH M Ta30B, OCHOBHBIC
TIOHSATHUS. TCOPHH TEIUIOOOMEHA, 3aKOHBI TEPMOIMHAMUKH, XapaKTEPUCTHKH TOTLIHB.
BBIMONHATE TEPMOJAMHAMHUYCCKUAE PACUYCTHl TEIUIOIHEPTETHYCCKUX YCTPOWCTB H
neuratesied. YeTko 3HAaTh OCHOBHbBIE (DOPMyJI Y4YEOHBIX pa3/CIIOB TUCIIMILIMHEI,
YBEpEHHOE BJIAQJICHUC OCHOBHBIMH YMCHHSIMH W TPAKTHYCCKUMH HaBBIKAMH,
IPEYyCMOTPSHHBIMH TIPOTPAMMO, YMEHUE TIPUMEHSITh UX MIPU PELICHUU 3a7ad.

Cnaya nuddepeHIIMpoBaHHOTO 3a4eTa OpraHu3yercs B (hopmMe yCTHOTO OTBETa
Ha JIBa TEOPETUYECKUX BOIPOCA.

[Tpr OArOTOBKE K OTBETY Ha 3aJIaHUs KypCaHT (CTYACHT) MOXET IOJIb30BaThCS
CIPaBOYHBIMU JIAHHBIMH, CXEMaMH, JWarpaMMaMu, TaOJunaMu H TpaduKamH,
PAacCIIONIOKEHHBIMHU Ha CTOJIE TIPETOIaBaTEeIIs.

Hrtorom nuddepeHIMpoBaHHOTO 3ayeTa SBIISACTCA  OICHKA  «OTIHYHOY,
«XOpOIIIO» WM «YJOBIICTBOPUTEIbHO». [IpW HEYJIOBIECTBOPUTEILHON OIEHKE,
KypcaHT (CTyIEHT) MMeeT MpaBo Ha mepecaady auddepeHIMpOBaHHOIO 3ayeTa B
Ha3HAYCHHBIN JICHb, TIPETIO1aBaTEIIEM.
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Kpum epuu ouyeHKu

OueHka

Ilokazarenp

«OTINYIHO»

. IIpaBHJIBHOCTB M MOJIHOTA PACKPBITUS TEOPETUUECKUX

HOHATHUH U TTOJIOKEHUM.

. Texanueckas I'paMOTHOCTDb M JIOTHYCCKAaA

IIOCJICA0OBATCIIBHOCTD OTBECTA.

. TouHOCTB IMPUMCHCHHA HAYYHBIX TCPMHHOB U

0003HAYECHU.

. Hanuumue CANMHUYHBIX OImMOOK U HCIOYCTOB.

«Xopouro»

[EEN

. HpaBI/IJ'II)HOCTL N CKATOCTb TCOPCTUYCCKUX TIOHSITUN 1

MOJIOYKEHUH.

. Texanueckas I'paMOTHOCTDb M JIOTHYCCKAA

II0CJIEIOBATENHLHOCTh OTBETA.
ToYHOCTH IPUMEHEHUS HAYYHBIX TEPMUHOB U
0003HAUEHUH.

Hannune equHUYHEBIX OMIMOOK UM HEJOYETOB B U3JIOKEHUH.

«Y10BJIETBOPH-
TEJIbHO»

W=

JlocTaTouHbIi 00BEM 3HAHUIN B paMKax JUCITUTLINHBI.
Hcnonb3oBaHne yCTAaHOBICHHOW TEPMHUHOJIOTHU.
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.

. HeKOMIETEHTHOCTH BYCTaHOBIICHHON TEPMHUHOJIOTUU U

0003HAYECHUIX.

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

3aganus 11 POBeAeHNs TEKYIero KOHTPOJIsi B (popMe TeXHUYeCKOro
TUKTAHTA

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

1.BHyTpeHHsAsI B3Heprusi JaHHOW MacChl pPEaJbHOrO ra3a HE 3aBUCHUT HU
OT TeMneparypbl, HI OT oObema?

2.B mporecce M30XOpHOrO HarpeBaHus ra3 mnomydmn 15 MJDK TemnoTsl,
M3MEHEHHE BHYTPEHHEN SHEPIUU ra3a paBHO HYJIO?

3.KonBekisi — »STO BHA TEIUIONEpEIadd, COIPOBOKIAFOIITAICS
EPEHOCOM BeniecTBa?

4.Bonopoa u renuid paBHOW MaccChl, B3SITbIE€ MPU OJUWHAKOBBIX JIABJICHUSX,
HarpesaroT Ha 20 K. OnunakoBas i paboTa COBEpIIaeTCs Ipyu 3TOM?

S5.BHyTpeHHsis sHeprus | MOJIb  OJHOATOMHOIO  HJI€aJIbHOrO  rasa,
Haxozsmerocs npu remmneparype 27°C, pasuo 3740 JIx?

aa f\ HEeT __
_ Y LN\

Texnuueckuti oukmanm no meme « Tennoemxocms 2a308»

IIpaBuIIbHBIN OTBET

1.BHyTpeHHI010 SHEPTUI0 CUCTEMBl  MOXHO W3MEHHUTh MYTEM
COBEpILEHUs pabOTHI U TeTIonepeaaun ?

2. TeronmpoBOAHOCT, — ATO BHJI TEIUJIONIEPEIadr, COITPOBOKIAFOIITUHACS
EPEHOCOM BeniecTBa’?

3.BHyTpeHHsI1 9SHEprusi HaHHOM MacChl HIACATHHOTO Ta3a 3aBUCHT
TOJILKO OT TeMHeparypbi?

4.B miporiecce aqnadaTHOTO PACIIMPEHUS Ta3 coBepinaeT padboTy, paBHYIO
3 « 10" k. U3menenue BHYTPECHHEW SHEPruv rasa paBHO -3 ° 10%°
JIx?

5.Bomopoa u a30T paBHOM MAacChl, B3ATbl€ NPU OJWHAKOBBIX JABJICHUSX,
HarpeBaroT Ha 15 K. OnunHakoBas nau paboTa cOBepIIaeTCs Ta3aMH IMPH
3TOM?

A
[IpaBubHBIN OTBET m_m_

15



Texnuueckuti Oukmanm no memam
«OcHoeHble NON0XMCeHUS MEeXHUYECKOl mepModuHaMuKu. Tennoemrxocmuv»

1.7Kunkoe unu razoo0pa3Hoe BEIIECTBO, MPUMEHSIEMOE NJisi Mepeaadn TEerIoBOM
SHEPTUH, HAa3bIBACTCA ... (menionocumens).

2.Hayka 0 3aKOHOMEPHOCTSX TMPEBpAICHUS DSHEPTHMH  HA3BIBACTCA
(mepmoounamuxa).

3. COBOKYITHOCTh MAaTE€pUATBHBIX TEJ, B3aMMOJICHCTBYIOIMNX, KaK MEXIy COOOMH,
TaK M C OKpYXalolmled cpemaod HaspBaeTcs ... (mepmoounamuyeckou
cucmemoi).

4. BennunHa oOpaTHasi TUIOTHOCTU T.€. OTHOIIEHUS 00beMa 3aHSTOTO BEIIECTBOM K
ero Macce, Ha3bIBACTCA ... (YOelbhblll 00beM).

5.1Iporecc mepexona TEPMOJMHAMUYECKOW CHUCTEMBI U3 OJIHOTO PABHOBECHOTO
COCTOSIHUA B JIPYroe€, CTOJIb MEJICHHBIN, YTO BCE MPOMEKYTOUHBIC COCTOSHUS
MOYKHO paccMaTpuBaTh KaK paBHOBECHBIC, HAa3bIBACTCAd ... (pasHosechwill
npoyecc).

6.1Iportecc, BKIIOUAIONMIUNM  HEPABHOBECHBIE  COCTOSIHMS,  Ha3bIBaCTCS
(repasnosecuwiii npoyecc).

7.1Iportecc, KOTOPBIH MOXET MPOUCXOIUTH KaK B MPSIMOM, TaK M B 0OpaTHOM
HaIlpaBJICHUH, MIPUYEM TMPU BO3BPAIICHUU B MEPBOHAYAIHHOE COCTOSHHE (TIPH
W3MCHCHUW BHEIIHUX YCJIOBHH B IPOTHUBOIIOJIOKHOM ITOCIIEIOBATEIHLHOCTH)
CHUCTEMa TIPOXOJIUT BCE PABHOBECHBIC COCTOSHHS TPSMOTO TIpoliecca, HO B
00paTHOM TIOpsIZIKE, Ha3bIBaCTCH ... (0Opamumvim npoyeccom).

8.1Iporecc, KOTOpBI MOXKET CaMOIPOHW3BOJIBHO MPOTEKATh TOJBKO B OJHOM
HarnpaBJICHUH, Ha3bIBACTCA ... (Heobpamumbill npoyecc).

9. VpaBHeHHe, BhIpaKaIOIIEe CBSA3h MEXKIY IMapaMeTpaMu PaBHOBECHOTO COCTOSIHUS
TEPMOJNHAMHYCCKOW CUCTEMBI, HA3bIBACTCA ... (VPABHEHUE COCMOSIHUSL).

10.Konu4decTBO TEIUIOTHI, TEPEIaHHOE Macce Marepuana MpH TOBBIIMICHHH €ro
TeMIepaTypbl Ha ouH rpaayc Llenscus HaspiBaeTcs ... (menioemrxocms).

Texnuueckuti ouxmanm no meme
«3axonvl mepMOOMHClMuKM. 3Hma]lbl’luﬂ, IHmMponus»

1.TTonsatue, BuepBbie BBeAECHHOE Kay3nycoM B TEpMOIUHAMUKE JJISI ONIPEACITICHHUS
MEphl HEOOPAaTHMMOTO pPACCEHBAHUS DSHEPTHHM, MEPbl OTKIOHCHHS PEabHOTO
nporiecca oT uacanbHoro. OnpenenéHHas Kak CyMMa IpUBEAEHHBIX 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 SHEpruu Teina U paboThl, KOTOPYIO HEOOXOIUMO 3aTPaTHUTh,
9TOOBI TEI0 00BEMOM V BBECTH B OKPYXKAIOIIYIO CPEAY, UMEIOIIYIO JaBJICHUE P
U HaXOMIIyIOCS C TEJIOM B PABHOBECHOM COCTOSHUM HA3bIBACTCS
(onmanvnus).

3. KonmuectBo TemnoTel, HeoOxXomumoe [uisi mepeBona | Moysi BemiecTBa B
COCTOSIHME Tiapa TpH Temneparype kuneHus. M3mepsiercs B JDKoymsx,
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Ha3zbiBaeTcs ... (Temnora mapoobpazoBanus).

4. Konmu4ecTBO SHEpPrUM, MOTYYCHHON TeJIoM B (pOopMe TEIIoThI, Ha3bIBACTCA ...
(noosedennoti mennomoii), a KOJIMYECTBO IHEPIHH, OTJAHHOE TEJIOM B (hopme
TEILUIOTHI ... (omeedennoil meniomoti).

5.1lepenaua sHEprUM B TEPMOJIMHAMUYECKOM IPOIIECCE OT OJHOTO Tela K IPYroMy,
CBSI3aHHAsg C M3MEHEHHEM oObeMa paboyero Tena, ¢ MEpPEeMEIICHHEM €ro BO
BHEIITHEM TPOCTPAHCTBE WJIM C M3MEHEHHUEM €T0 TOJOKCHUS Ha3bIBACTCS
(pabomoui npoyecca).

Texnuueckuti Ouxmaum no meme «Teopuﬂ menioooMeHay

1.CBoiicTBO MaTepuasia KOHCTPYKIIMM TIEPEHOCUTH TEIJIOTY TOJA JIEHCTBUEM
pasHocTu (epaduenma) TeMmIepaTyp Ha €€ IOBEPXHOCTAX, Ha3bIBACTCS
(mennonposoonocms).

2.1lepeHoc TEMIOTHI Yepe3 Orpa)KAatonlyr0 KOHCTPYKIIMIO OT B3aUMOJICHCTBYIOIIEH
C HeW cpenpl ¢ Oojiee BBICOKOM TEMIEpATypod K Cpelae C JpYyrod CTOPOHBI
KOHCTPYKIIUHU C 00Jice HU3KOM TeMITepaTypoi Ha3bIBaeTCs ... (menionepedaua).

3.Camomnpon3BONIbHBIN HEOOpaTUMBIN Tpoliecc MepeHoca sHepruu (B ¢opme
TEIUIOTHI) B IPOCTPAHCTBE OT O0Jiee HArPETHIX Tell (MM yJ4acTKOB Tejla) K MEHee
HarpeThIM, Ha3bIBacTCA ... (mennoobmern).

4. TlepeHOC TEIIOTHI C MOBEPXHOCTH KOHCTPYKIIMH B OKPY>KAIOIIYIO CPeIy 3a CUeT
KOHBEKTHBHOTO M JTYYHCTOTO TEIUIOOOMEHA Ha3bIBACTCA ... (menioomoaua).

S.IlepeHoc  TEmJIOTBI C TOBEPXHOCTH (HA TMOBEPXHOCTH) OTrpaKIaroIIeH
KOHCTPYKITUH OMBIBAIOIIM €€ BO3IyXOM HWJIH JKUIKOCTHIO HAa3bIBACTCS
(konsexmuemwlll menioobmen).

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

7.BekTop, HampaBJICHHBIN IO HOPMAJIHA K U30TEPMHUYECKON MOBEPXHOCTH B CTOPOHY
BO3pACTaHUs TEeMIEPATypbl U YUCIECHHO PABHBIM MPOU3BOJIHON OT TEMIIEPATYPHI
110 TOMY HampaBJCHUIO, Ha3bIBACTCA ... (epaduenm memnepamypot).

8.T'eomeTprueckoe MECTO TOUYEK TEMIIEPATyPHOTO TOJISl, HMEIOINUX OJUHAKOBYIO
TEMIIepaTypy, Ha3bIBaeTCA ... (U30mepmMu1eckol NOBEPXHOCIbIO).

9. DusnueckuM TapaMeTpPOM BEIIECTBA, XapaKTEPHU3YIOIIUM €ro CIHOCOOHOCTh
IIPOBOMTD TEIUIOTY ABIACTCH ... (Koaghguyuenm menionposoonocmu).

10.ITponecc mepenayu TEMIOTHI MEXKIY TBEPJOM MOBEPXHOCTHIO U OKPYKAIOIICH
CpPEeNoM, KOTOPBIA OCYLIECTBIISICTCS Yepe3 JaMUHAPHBIA MOTPAHUYHBIN CIIOM, B
OCTaJIbHOM 00BbEeMe MEPEHOC TETIOTHI OCYIIECTBISETCS KOHBEKITNEH HA3BIBACTCS
... (konsexmuenwviii menioobmen).

11.Konu4ecTBO TEIUIOTHI, TEPENaHHOE B EIWHUILy BPEMEHH 4Yepe3 EAUHUILY
IJIOMAAN TOBEPXHOCTH TBEPJOTO TeJa IyTEM KOHBEKIIMH TIPH PA3HOCTH
TEMIIEPATYp MEXAY MOBEPXHOCTBIO Tena u cpenou B 1K, HaspiBaercs
(koagppuyuenm mennoomoauu).
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Texnuueckuti ouxmanm no meme
«TepModuHaMuqu}cue napamempuvl COCMOAHRUA)

1. ®usnyeckass BeIMYMHA, XapaKTEPHU3YIOIIAs COCTOSHHE CIUIOIIHONW Cpeabl M
YUCJIEHHO paBHas cwie F, nelicTByromei Ha eIMHUIY [JI0IAau MOBEPXHOCTH S
HEPIICHIUKYJIIPHO STOW MOBEPXHOCTH, Ha3bIBaeTCs ... (Oasienue).

2. DHEpPrusi CUCTEMBI, 3aBUCSINAsS OT €€ BHYTPEHHETO COCTOSHHSI, HA3bIBACTCS ...
(6nympennsisa snepeus).

3. JlaBnenue, KOTOpoe UMeN ObI Ta3, BXOIAIINN B COCTAB Ta30BOM CMECH, €CJTU OBl
OH OJWH 3aHMMall 00bEM, PaBHBIH 00BEMY CMECH MPH TOW K€ TEeMIeparype,
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 JKUAKOW MM TBEPIOH (DazaMu TOro ke BEIECTBA,
Ha3bIBaeTCH ... (nap).

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

3.Ilepexoa BemecTBa B JKUAKOE WIM TBEPAOE COCTOSHHE H3 TIa3000pa3HOro
Ha3bIBacTCA ... (Kondencayus napos).

Texnuueckuii OuKmaHm no memam
«Tennoobmen uznyuenuem. Buovr meuenus scuoxocmuy

1. TerutooOMeH MeEXIy TellaMH, OCYIICCTBIISIOIIUNCS BCIICICTBUE HCIYCKaHHUS M

TOTJIOIIECHUS. UMM 3JICKTPOMArHUTHOTO M3JydeHHUsS] Has3bIBaeTCs ... (myuucmoiil
menioobmen).

2. Teuenune kuakoctT (WM rasza), XapakTepu3ylolieecs  OTCYTCTBHEM
NIepEeMEIIMBaHUS MEKIY COCETHUMH €€ CIO0sAMH, Has3bIBaeTCs ... (lamunaphoe
meuenue).

3.PexuM  ABMKEHUS, XapaKTEepPHOHM  OCOOEHHOCTBIO  KOTOPOrO  SIBJSIETCS
NepeMeIIMBAaHNE YacTHIl W  TMyJbCAlliM  CKOPOCTH, Ha3bIBaeTCsA
(mypbyrenmuoiii pesicum mevenust).

Texnuueckuti OUKManm no memam
«Hoeanvuvlii u peanvuwiii 2az. TepmoouHamuyeckue npoyeccol»

1. Marematuueckasi MOJI€JIb Ta3a, B KOTOPOU MPEIonaraeTcs, 4YTo MOTEHIHAIbHOM
SHEeprueil B3aMMOJCHCTBHUS MOJIEKYJ MOXHO MpeHeOpedb M0 CPaBHEHHUIO C UX
KUHETUYECKOW JHEpruerd. Mexnay MOJIeKylaMu HE  JEUCTBYIOT — CHUJIBI
NPUTSDKEHUS. WM OTTAJIKMBAaHUSA, COYJAPEHUs YacTULl MEXIy cO00H H CO
CTEHKaMH cocyAa aOCONIOTHO YOPYTH, a BpEeMsl B3aUMOACUCTBHUS MEXIY
MOJIEKYJIaMU TPEHEOPEKMMO Majo MO CPaBHEHUIO CO CpPEJHUM BpPEMEHEM
MEXy CTOJKHOBEHUSMU, Ha3bIBACTCA ... (Udeanvubiil 2a3).
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2. TepmouHAMUYECKH TIPOIIECC, TIPU KOTOPOM (pr3rdeckasi CUCTeMa He ToydaeT
TEIUIOTHl W3BHE W HE OTHAET €€; MOXKET OBITh OCYIICCTBJIEH MPU HAJIHYUU
TeIUION30JIMpYIoIe (T.H. aauadaTHON) 000JI0YKH, UCKITFOYAIOIIEeH TEII000MEH
MOMEIIEHHOTO BHYTPh HEE TeJa C BHEI. CPeoi, Ha3bIBaeTCs ... (aduabammbiil
npoyecc).

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

4. TepMOOUHAMUYECKUA TPOLECC, KOTOPBIA MPOUCXOJUT MPU MOCTOSHHOM
JIaBJICHUE HA3bIBACTCA ... (U300apHbILL).

5.1Iporecc u3MeHEHHs COCTOSHUS TEPMOIUHAMUYECKON CUCTEMBI ITPH MOCTOSTHHON
TEeMIIepaType, Ha3bIBaeTcs ... (usomepmuyeckuil).

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

1.TIporuecc, mpu KOTOPOM CHUCTEMA, IIPOXOII Yepe3 Pl COCTOSHHUI, BO3BPAIACTCs
B IICPBOHAYAIILHOEC, HA3BIBACTCA ... (KpY2osbim npoyeccom uii Yuxkiom).

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 COCMOAHULY

1. MamuHa 715t c)kaTvs BO3yXa WM rasza J0 U30bITOYHOro JaBieHust He Huxe 0,2
Mna Ha3bIBaeTcs ... (komnpeccop).

2.1leHTpOoOeKHBIA WM OCEBOM JIOMATOYHBIA KOMIPECCOP I CKATUS M TI0JIa4u
BO3/yXa WJIM T'a3a Ha3bIBaeTCA ... (mypboxkomnpeccop).

3.0T1HolIeHHe 00BEMOB B IWJIMHAPE JBUTATENSI TPU TOJOKEHUSX TMOPIIHS B
Havajie U KOHIIE TpoIiecca CyKaTHsl Ha3bIBaeTCs ... (cmenens cocamust).

4. OTHOIIIeHHE HAaMOOJIBIIETO JAABJACHUS B IWJIMHIPE ABUTATENs, 00pa30BaBIIETOCS
B pe3yibTaTe MOJBOJA TEIUIOTHI, K JABJIEHUIO B KOHIE IMpolecca CHKATHS
Ha3bIBaCTCA ... (cmenensb nosviuieHus: 0asietust).

5. OTHolIeHHEe 00BEMOB B KOHIIE U HayaJjle M0/IBOJa TEIJIOTHI K paboueMy Teily Mpu
NOCTOSIHHOM ~ JIaBJICHUU  Has3biBaeTcs ... (cmenenwv  npedsapumenbHozo
pacuupenus).

6. OTHOIIEHNE NaBlieHW B Hadalle ¥ KOHIIE OTBOJA TEIUIOTHI OT pabouero tena K
XOJIOHOMY HCTOYHHKY TMPH TOCTOSHHOM OObeMe HasbiBaeTcs ... (cmenems
naoenusi Oas/eHst).

7.0OTHoOMIEHHe 00BEMOB B Hadajie M KOHIIE OTBOJA TEIUIOTHI OT pabouero Tena K
XOJIOJTHOMY MCTOYHHKY IPH TOCTOSTHHOM JaBJICHUW Has3bIBaeTcs ... (cmenenn
COKpawjenus 0ovema).
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Texnuueckuti ouxmanm no meme
«Hcmeuenue u dpocceﬂupoeaﬂue 2a306 U naposy

1.Tlporiecc TOHMXKCHHUsS JaBICHHS MPH TMPOXOXJCHUM raza MM Iapa uepes
CY)KCHHBIC CEUYCHHsI B TpyOOmpoBomax O3 COBEpPIICHUS BHEIIHEH pabOThI
Ha3bIBaeTCA ... (Opoccenuposanuem).

2.Kanaji, B KOTOpPOM MpPOHMCXOJHMT pACIIUPEHHE Ta3a C YMCHBIICHHUEM |
YBEJIMUYCHUEM CKOPOCTH €r0 JIBHXKCHUS Ha3bIBaeTCs ... (Conio).

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

4.VI3MeHeHne TeMIeparypbl ra3a B pe3yibTaTe aJauadaTHOTO JPOCCETHPOBAHUS
Ha3bIBaeTCs ... (agppexm [ocoyns — Tomcona).

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

Texnuueckuti ouxmanm no meme «L{uxnol IITY »

1.UneanpHblil 3aMKHYTBIA MPOLIECC M3MEHEHHsI COCTOSIHUA pabdodyero Teia B
IIPOCTEHIIel TapOCHIIOBOM YCTaHOBKE — 3TO ... (yuxn Penkuna).

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

3.O0patHbIil KPyroBo# mporece, MpeAHa3HAYCHHBIA 71 TIEPeIadd TEIIOTHI OT TeJl
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).

Texnuueckuti ouxmanm no meme
«OcHoBHbIE NONOIHCEHUS KOHBEKMUBHO20 MENI000MEeHa)

1.Tlox peiicTBMEM HEOIHOPOJHOTO IIOJS BHENIHMX MACCOBBIX CHaI  (CHII
I'PaBUTALIMOHHOTO, WHEPIIMOHHOIO, MArHUTHOTO WM JJCKTPUYECKOIrO IIOJIf),
OPUJIOKEHHBIX K YacTHUIAM O KMIKOCTH BHYTPH CHCTEMBI BO3HHMKAET
(ecmecmeennas koneexyus).

2. TTox neiicTBHEM BHEIIHUX IMOBEPXHOCTHBIX CHJI, NMPHIOXKEHHBIX Ha I'PaHMIIAX
CHCTEMbI, WJIH TOJ JCHCTBHEM OJHOPOJAHOTO TOJS MAaCCOBBIX  CHII,
JCHCTBYIOIINX B KMIKOCTH BHYTPH CHUCTEMbI BO3HHMKAET ... (BBIHY)KICHHAs
KOHBEKIIHSA).

3. CooTBeTCTBHE MEKIY (U3MYSCKUMH  IPOIECCAMHU, BBbIpaKarolieecs B
TOXKJIECTBEHHOCTH HX Oe3pa3MEpHBIX MaTeMaTHUECKUX ONMMCAHHMU, Ha3bIBACTCS
... (pusuueckoe nooodue).

4. OTHOIIEHUST OTHOPOIHBIX (DH3MUYECKUX BEIMYHUH B CXOJCTBEHHBIX TOYKAX
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MOJICJIM M HATyPHOTO 00bEKTa, Ha3bIBACTCA ... (KoHCmanmol no006us).

. be3pasmepHbie uMcna, COCTaBIEHHBIC W3 Pa3MEPHBIX (PU3NYCCKUX BEIHYMH,
OTIPEMCTSAIONINX paccMaTpuBaeMble (U3NYECKUE SIBICHUS, HAa3bIBACTCS
(kpumepuu nooobus).

. Uucna momo0Ousi, COCTaBICHHBIC M3 BEIWYHMH, 3aIaHHBIX MPU MATEMaTHYECKOM
OIMCaHUU TIPOIIecca, Ha3bIBACTCA ... (onpedensiouue kpumepuu nooooOuUs).
.Uucna momoOusi, coaepikallue OMpPEeIIeMyl0 BEIWYMHY, Ha3bIBACTCS
(onpeoensiemvie be3pazmepHble KOMNAEKCHL).

. DyHKIIHOHAIBHBIC 3aBHCHMOCTH MEKTY KPUTEPHUSIMH 0100w,
XapaKTEPU3YIOMIUMHU SIBICHHE, HAa3bIBACTCA ... (KpumepuaivbHvle YPAGHEeHUs.
noooous).

Texnuueckuti ouxmanm no meme « Peacumor mevenusy

. PexxuM  NIBHODKEHHSI SKMJIKOCTH, TPU KOTOPOM BO3MOXHBI CTallHOHAPHBIC
TPAEKTOPUH €€ YACTHII, HA3bIBACTCA ... (IAMUHADHBLI PENHCUM MEYEHUSL).

. Y4acTok TpyObl, HA KOTOPOM IT0JI€ TEMIIEPATYPHI 3aBUCUT OT YCJIOBHM Ha BXOJ1€
B TpyOy, Ha3bIBACTCH ... (MepMuuecKuli HauaibHblil Y4aAcmoxK).

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

. PexxuM nBWKEHUS KUIKOCTH C XAOTHUYCCKH H3MEHSIOMUMHUCS BO BPEMCHH
TPAaCKTOPHUSIMU YACTHII, NMPH KOTOPOM B IOTOKE BO3HHKAIOT HEPETYJSIPHBIC
MyJbCallM  CKOPOCTH,  JaBJICHUS W TEMIIepaTypbl, HEPaBHOMEPHO
pacnpesielICHHBIC B IOTOKE, HA3BIBACTCA ... (MypOYIeHMHBIIL PENHCUM).

Texnuueckuti ouxmanm no meme « Pescumvl Kunenusiy

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

. PesxxuM, mipr KOTOPOM Ha MOBEPXHOCTH HarpeBa oOpa3yeTcs CIUIONIHAS IJICHKA
napa, MEepUOJNYCCKH TIPOPHIBAIONIETOCS B 00BEM JKHIKOCTH, Ha3bIBACTCS
(nenounwiil pesicum Kunenus).

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

. O6pa3oBaHue CIUIONTHOW TJIEHKH KOHJIEHCATa Ha CMAayMBaeMOW MOBEPXHOCTH,
HA3BIBACTC ... (NJICHOYHASA KOHOCHCAUUS).

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

Texnuueckuti oukmanm no meme «Jlyuucmolil meniooomen»

. KonmmuecTBo OHCPIrun HU3JIYUYCHUA, HNPOXOJAlIeC B CAWMHHIYY BPEMCHH 4YCPE3
CAWHNLY IUIoIaan ITOBECPXHOCTH B IIPCACiiax nonyccbeppmecxoro TCIICCHOI'O
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yIJIa, HA3bIBACTCS ... (MIOMHOCMb NOMOKA U3LYYCHUSL).

. OTHOIIIEHUE IIJIOTHOCTH ITOTOKA M3JIyYCHHUs, HMCIYCKAaeMOTO B OCCKOHEYHO
MaJioOM HHTEpBaJe JUIMH BOJIH, K BEJIMYMHE 3TOrO HHTEpBajia Ha3bIBACTCS
(cnekmpanvhas niomMHOCMb NOMOKA UTYYEHUSL).

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

. OTHOIIIEHHE TIOTHOCTEH MOTOKA U3IYUYCHHSI CEPOTo Tejla U a0COIIOTHO 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
U3JIy4CHHUs aOCOIOTHO YEPHOTO TeJla MPH TOW K€ TeMIepaType — 3TO 3aKOH ...
(Kupxeogha).

. OTHOIIIEHUE TOTOKA M3JIyYCHHs MEPBOI0 TENa, MaJarolIero Ha BTOPOE TEIO K
MOTOKY MOJHOTO MOJYC(HEPUUECKOro U3IyUYCHHS MEPBOTO Tea, Ha3bIBaeTC ...
(koogppuyuenm obnyuennocmu).

Texnuueckuti oukmanm no meme « Tenioobomennvie annapaniol»

. YCTPOMCTBO, B KOTOPOM OCYLIECTBIIIETCS II€pelada TEIUIOTBl OT TOpSYEro
TEIUIOHOCUTENS! K  XOJOJAHOMY  (HarpeBaeéMoMy),  Ha3bIBAETCS
(mennoobmennux).

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

Ilonydenue neperperoro mapa HPOUCXOAUT B CIIELUAIBHBIX YCTPOMCTBAX,
KOTOpBIC HA3BIBAIOTCA ... (naponepecpesamenu).

. Ucnionp30BaHue TEMIOTHl OTXOJAUINX ra3000pa3HbIX MPOAYKTOB CrOPAHUS IS
HOJIOTPEBa MOCTYMAIOIIEr0 ra3000pa3HOro TOIMJIMBA, BO3/AyXa WM HMX CMECH
Ha3bIBaeTCA ... (pecenepayusi).

. JIBI>KeHUEe NIByX TEIUIOHOCHUTEJEH B TEIIOOOMEHHOM ammapaTe MapaijiesIbHO
JpYT APYTY B OJTHOM M TOM JKE HAIlPaBJICHUH, HA3bIBACTC ... (npsimomor).

. JIBI>KeHHE NBYX TEIJIOHOCUTENEH B TEMJIOOOMEHHOM ammapare MnapajjieiabHo
Ipyr Opyry B  IPOTUBONOJIOKHBIX  HAIIPABICHUSX, HAa3bIBACTCS
(npomusomox).

. JIBMKeHHEe IBYX TEMJIOHOCHTENIEH B TEIUIOOOMEHHOM amnmapare BO B3aHUMHO
NePIICHINKYJIIPHBIX HANIPABJICHUSX, HA3bIBACTCA ... (nepekpecmublil mok).
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Ilpunoscenue B

3agaHus AJs MPOBeIeHUsI TEKYIIEro KOHTPOJIs B popMe KpoccBOpaa

Kpocceopo no meme « Tepmoounamuxuy

3aoanue: B mycThIe KIETKH KPOCCBOpA BIUCATH CIOBA, OYKBBI KOTOPHIX MAIOT
cioBo TEPMO/JIMHAMMUKA.

T
2 E

°p

4 M

5 o

6 ]|

7 U

8 H
9 A

10 M

11 u

12 K

13| A

1 — Yro sBHIAETCS DHEPTUEH JJIs TEIUIOBBIX JIBUTATEIICH

2 — CriocoOHOCTH Tena coBepIiaTh padoTy

3 — DHeprus TECHO CBsI3aHHAs ¢ (PU3UIECKOUN BEITMUYUHOM. . .

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

6 — dusnueckas BeIMUMHA, XapaKTepu3yromas 3PpGeKTUBHOCTh TETTOBBIX
JIBUTaTeneH

7, 8, 12 — BuanI TEIIOOOMEHA

9 — Ilepexoa BemiecTBa U3 TBEPJOTO COCTOSTHUS B XKHIKOE

10 — Kak Ha3bIBaeTCsl U30MPOIIECC, MPOUCXOIAIINMN MPU MOCTOSHHOU TeMIepaType
11 — Tlepexon BemecTBa U3 )KUJIKOTO COCTOSIHUS B Ta3000pa3HOe

13 — TenyoBo# mpoliecc, COMPOBOKIAIOIINIICS TOBBIILIEHUEM TEMIIEPATYPHI
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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
TEeMIIepaTyphl HIXKE TOYKU 3aMep3aHusi?
4 — Tlepexoy BelIECTBA U3 KUIKOTO COCTOSHUS B Ta3000pa3HOE, MIPOUCXOISIINA Ha
CBOOOJTHOM ITOBEPXHOCTH KUIKOCTH.
6 — becriopsiiouHOE IBM)KEHHUE YaCTHI], M3 KOTOPBIX COCTOST Tejia
7 — CBOWCTBO KaIleJbHBIX JKHJIKOCTEH HW3MEHATh CBOE arperaTHoe COCTOSHUE W
IIpEBpaIaThCs B map?
8 — Ilpomecc ¢a3zoBoro mnepexojaa BeEIIECTBA U3 KUJIKOTO COCTOSHUSI B TBEPIOE
KpUCTaJUTMYECKOe ¢ 00pa30BaHUEM KPHUCTAIIIIOB?
13 — Poccuiickuii yuenbii, xupimii B 1711-1765 rogax
14 — Tpertuii cioco0 Temnonepenadu
15 — Bropoii crioco6 Terionepeaadn
16 — I[pomecc n3MeHeHUs1 BHYTPEHHEH dHEPTUH O€3 COBEpIIECHUS pabOThl HAJl TEIIOM
WM CAaMHUM TEJIOM
17 — [Tpubop ass u3MEepeHust KOJIMYECTBO TETUIOThI, OTIAHHOE WIIH TTOJTYyYEHHOE TEJIO
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Ilo eepmukanu
1 — pa3gen ¢pu3MKHM, U3yHarOIMi COOTHOILIEHUSI U MPEBPAIICHUs TEIUIOTHI U APYTUX
dbopm sHEPTUH?
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 BeIMUMHA, XapaKTEPU3YIOIas MPUXOASIIYIOCS Ha OJHY
CTETIEHb CBOOOABI CPEAHIOI0 KWHETHYECKYIO IHEPrHI0 YaCTHUI[ MAaKPOCKOIMHMYECKOH
CHUCTEMBbI, HAXOIAIICHCS B COCTOSHUN TEPMOAMHAMUYECKOTO PaBHOBECHS?
12 — ledbopmanus Tena

[=4]
| I-:.|

=
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Obpazey omeema
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Kpocceopo no meme « Tepmoounamuxuy

il HEEEE
" HNEEEEEEEEE
1] HEEE IR EEE

Ilo copuzonmanu
1 — @wusnyeckas BeTWYWHA, OMpPENEISIONas OTHOIIEHHE OECKOHEYHO MaJioTo
KOJIMYECTBA TEIJIOTHI, TOJIYYEHHOT'O TEJIOM, K COOTBETCTBYIOIIEMY MPUPAILIEHUIO €T0
TeMnepaTypbl?
2 — DHeprus paBHa KHHETUYECKOM OHHEPrUM JBIDKCHHS 4YacTUIl Tejla W
MOTEHIMAJIBHOW YHEPTUU UX B3aUMOJICHCTBUS
3 — Ilpouecc (azoBoro nepexoaa BemIeCTBA U3 KUIAKOTO B TBEPIOE MPU MTOHWKESHUH
TeMIIepaTypbl HUKE TOUKHU 3aMep3aHusi?
4 — Cwia, BO3HHUKAIIas B pe3ylbrare AedopMalud Tejla W HalpaBlICHHas B
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CTOPOHY, TPOTHBOTIOJNOXKHYIO TIEPEMEIICHUIO YacTHI[ Teida Tpu AedOopMaiinu,
Ha3bIBACTCS CUIIOM. ..

5 — OpaHa 13 OCHOBHBIX YacTel TEIJIOBOM MAIlIUHBI

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

9 — Ilpouecc, mnpoTeKarOUMid MpU OTCYTCTBUM  TEII0OOOMEHA MEXITY
TEPMOJMHAMUYECKON CUCTEMOM U OKPYXKAIOUIEH CpeIon

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

11 — MWBomporecc mpu KOTOPOM BHYTPEHHSISI DHEPTUS HCATHLHOTO Tas3a He
U3MCHSIETCS

12 — Tlpu nepemade SHEPTUU TaKUM MYTEM, OHA TIEPEHOCHUTCS CTPYSIMH BO3IyXa WU
BOJIBI

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

14 — TemoBol mporecc, MPOXOIANMNA B Ta3e MNpPU HEU3MEHHOM KOJUYECTBE
BEII[ECTBA IMPU HEM3MEHHOM OJIHOM W3 MaKpOIapaMeTpoB

15 — [lepeHoc TemIOBOM HEPrUU CTPYKTYPHBIMHM YAaCTUIIAMU BEIIECTBA B MPOIECCe
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 KPUCTALINICCKOTO TBEPAOTO COCTOSHUS B KHUIAKOE?

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

21 — Temi0BO MpoILIECC, COMPOBOKIAIOMINIACS TTOBBIIIICHUEM TEMIIEPATyPHhI

1o sepmuxanu
1 — Pa3nen gusuku, u3yyaromuii COOTHOIIECHUSI U TIPEBPAILCHUS TETUIOTHI U APYTHUX
dbopm sHEeprun?
7 — CBOHCTBO KameNbHBIX KUAKOCTEH H3MEHSATH CBOE arperartHoe COCTOSIHUE U
IIPEBPAILIATHCS B NIap?
13 — M3omporiecc B KOTOPOM BCs TEIUIOTa, coobIaeMas razy, HIET Ha YBEIUUYCHUE
BHYTPEHHEU dHEPIUU ra3za
14 — TepMmoauHaMUYECKHE MPOIECCHI, BO BpeMsl KOTOPBIX KOJUYECTBO BEIIECTBAa U
en€ oaHa U3 (U3UYECKUX BEIUYMH — TApaMETPOB COCTOSHHMS: JIaBJICHHE, 00BEM
WJIU TEMIIepaTypa — OCTaIOTCSl HEU3MEHHBIMU?
15 — CkansipHas ¢pusznyeckasi BeTUIHHA, XapaKTePU3YIoIas MPUXOIAIIYIOCS Ha OJTHY
CTETNIEHb CBOOOJBI CPENHIOI0 KHMHETHYECKYH) SHEPTHI0 YaCTHI] MaKPOCKOIMMYECKOU
CUCTEMBbI, HaXOISIICICS B COCTOSSHUM TEPMOJIMHAMUYECKOTO PABHOBECHSA?
16 — TIlpubGop nns u3MEpEeHHs] KOJIMYECTBA TETUIOTHI, BBIACISIONMEHCS WU
MOTJIOMIAIONICHCST B KAKOM-JTHOO (PU3NYECKOM, XUMHUYECKOM WU OHOJIOTHYECKOM
npouecce?

28



Obpazey omeema
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Kpocceopo no meme « I'azosbie 3axonbl mepmMoOUHAMUKUY

[ | | ] |

i | il

1o copuzonmanu
2 — To, 9TO HaATJISTHO BRIPAYKAET 3aBUCUMOCTH OJTHOM BEJIMUMHBI OT JPYTOU
5 — 3meHenue pazmepoB uiu (popMel Temna
7 — IIpomnecchl, mpoTeKaroue Mpyu HEM3MEHHOM 3HAYEHUH OJTHOTO U3 NTapaMeTpOB

Ilo sepmukanu
1 — SIBneHue B3aMMHOTO MPUTSHKEHUS MEXKTY JTFOOBIMU TEIaMHU
3 — JIuHus, KOTOPYIO OMHUCHIBAET TEJIO, IPU CBOEM JIBXKCHUHU HA3BIBAIOT
4 — IIponecc U3MEHEHHSI CUCTEMBI TTPU TTOCTOSTHHOM JIaBJICHUU
6 — Otnen GpU3MKK, U3ydarOUUNA TETUIOTY M 3aKOHOMEPHOCTH TETUIOBOTO JIBUKEHUS
8 — dusuyeckas BeIUYMHa, KOJUYECTBEHHAsI Mepa JEHCTBHS OJHOTO Teja Ha APYTroe
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Obpazey omeema
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Ilpunoscenue C

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

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

Camocmoamenvras paboma no meme « MzmeneHue 6HymperHel SHepeuu
npu meniooomere. Tenioma ceopanusi monaiueay

3amauya 1

YcaoBue 3a1aum:

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

lano:

AT=5 K, Q=10 x/Ix, C—?

Pemienue 3agaumn:

Tennmoemkocth C — 93T0  (u3nMyeckas BeTWYMHA, IOKA3BIBAIONIAs —KAaKOE
KOJIMYECTBO TEIJIOTHI HY>KHO 3aTPAaTUTh, YTOOBI U3MEHUTH TemIiepaTypy Tena Ha 1 K
(mm 1° C). He myraiite TermmoeMKkocTh C ¢ yACIbHON TEIJIOEMKOCTBIO C — TepBas
OTHOCHUTCSI KO BCEMY Ty, a BTOpas — K E€IWHUIIE MacChl. 3HAYUT €€ MOXKHO
OTIPEICNUTH 10 (hopMyJIe:

C=QAT

[Tocuutaem otBetr: 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
kJIx Tera?
Hano:
m=0,5 kr, Q=16,8 xJx, At—?
Pemienue 3agaumn:
3anumiem GopMyIry KOIHMYeCTBa TEIUIOTHI TPU HArPEBaHUU TEJa:
Q=cmAt
VYnenpHas TETUIOEMKOCTh BOABI C — 3TO TabiuyHas BenudyuHa, paBHas 4200
Jx/(momb °C).
OTKy1a ICKOMOE U3MEHEHNE TeMIepaTypbl At paBHO:
At=Qcm
[TocunTaeM YMCIIEHHBIN OTBET K 3a7a4e:
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  — 3T0 TaOJIMYHAs BETUYMHA, HA3bIBaeMasi yIeJIbHON TEIUIOTOW CropaHus

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

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

3agaua 4
YcaoBue 3agaun:
Ha ckosbko yBenuuuiaach BHYTPEHHsISI SHEPrusi 1 KT BOJbI MPU HarpeBaHuu €€

Ha 2 °K?

lano:

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

Pemenue 3agaun:

Bcé mepemaHHOoe BOJE KOJHMYECTBO TEIJIOTHI MOMJAET 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 momyuyuM Takyio (Qopmyny s HaXOXKIACHUS M3MEHEHMUS

BHYTPEHHEW SHEPTUHU BOJBI:

°K?

AU=cmAT
IlocunTaeM unciIeHHBIN OTBET K 3aJ1a4e:
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:

ITockonbKyY JIbAMHKA HArpeaach, TO MOXKHO CJI€JIaTh 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 TEMI0eMKOCTh Jibjaa C paBHa 2100 JIx/(xr-K). MHTEpecHo, 4To OHa
POBHO B JIBa pa3a MEHBIIIE TEMIOEMKOCTH BOBI.

[lepeBeném wmaccy npauHKy B cucremy CH, TO ectb BbIpazuMm €€ B
KWJIOrpaMMax:

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

3agaua 6

YciaoBue 3a1aum:

Kakast ycraHOBUTCSI TeMIieparypa BOAbI mocie cMmemuBanusa 39 i Boasl npu 20
°Cu 21 o mpu 60 °C?

lano:

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

Pemienne 3agaum:

[lonatHo, 4TOo 00BEM BOABI V,, UMEIOLIMNA OOJiee BBICOKYIO TemIepatypy iy,
MOCJ€ CMEIICHUsI MepelacT 4YacTh TEIJIOThl 00BeMy BOAbI Vi ¢ 0ojee HUBKOU
TeMIiepaTypoil t;, Kotopas 3a C4ET 3TOH TemI0Thl HarpeeTcs. B koH1Ee Bcs Boga OyaeT
MMETh HEKOTOPYIO TeMIiepatypy t.

3anuiieM ypaBHEHHE TEIJIOBOro OajaHca:

Q1=Q;

3nech Q; — KOJIMYECTBO TEIJIOTHI, TMOJYYEHHOE BOJAOHM o0O0BemMoM Vi mpu
HarpeBaHUM 10 TemrepaTypblt, a Q, — KOJIMYECTBO TEMJIOThI, OTJAHHOE BOJOU
00beMOM V; P OXJIKICHUN 10 TeMiepatypsl t. cml(t—ty)=cmy(t—t)

BrIpazum Macchl Kak MPOU3BEACHHE TNIOTHOCTUA BOJIBI HA 00bEM:

val(t_tl):CpVQ(tz_t)
Vl(t_t1)=V2(t2_t)

Tenepb packpoeM CKOOKH, B OJJHOM 4YacTH PaBEHCTBAa cOOEpeM BCE WICHBI C

MHOXHUTeJEeM t, BBIHECEM ero 3a CKOOKH U BeIpa3zuM ero. Vi t—Vit;=V,,—Vot
V1t+V2t=V2t2+V1t1
t(V1+V2)=V2t2+V1t1
t:V1t1+V2t2V1+V2

[lepeBoauth 00BEMBI U TemIiepaTyphl B cucteMy CH HET cMbIciia — OTBET MBI
MoJy4yuM B rpaaycax Llenbcusi.

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

Otser: 307 K.

3agaua 7
YcaoBue 3agaun:
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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, ;=550 °C, 1=10 mun, t,=45 °C, N—?

Penienue 3agaumn:

B 3amaue cnpammBaeTrcs, CKOJIBKO TEIJIOTHI €KECEKYHIHO TEpSeT CTEPKEHb —
M0 CYTH HaM HY)KHO HAaWTH TETIOBYIO MOIHOCTH N. JIJIst 3TOr0 HY)KHO KOJUYECTBO
Ter10Thl Q MOIEeTUThL HA BPEMS T.

N=Qr1
KomndectBo TemmoTer Q, TepsieMoe KEJNe3HBIM CTEPKHEM IIPH OCTHIBAHHH,
onpenenum mno Gopmyiie:
Q=cm(t;—t2)
VY nenpHas TemoéMKOCTh xkene3a C paBHa 460 JIx/(kr-K).
B utore mMpl moyiy4rm Takoe penieHue 3aa4u B o0IIeM BUJIE:
Nzcm(tl_tz)’f

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

10Mur=600¢

[TocunTaem oTBET:

N=460-5-(550—45)600=1936B1~1,94xBt

OTtBet: 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, t,=20 °C, V=300 1, t=40 °C, V,—?

Pemenne 3agaum:

O6beM Boabl Vi ipu Temmepartype t; cMemmBaoT ¢ Bojol odbemom V; npu
temrepatype t,. Bcero npu cmenenuu noiayyutcs o0beM Bojbl V, KOTOPBIA OyneT
UMEThb Temneparypy t.

3anuiieM ypaBHEHHE TEIJIOBOrO OajaHca:

Q1=Q;
3nech Q; — KOJIMYECTBO TEIUIOTHI, OTJaHHOE BOJION 00beMOM Vi IpH OCTHIBAHUH
no temmeparypeit, a Q, — KOJIMYECTBO TEIUIOTHI, MOIy4eHHOE 00BeMoM V, mpu

HarpeBaHUM JI0 TeMIEpaTypshl L.
cmy (t;—t)=cmy(t-t,)
BrIpazuM Maccy Kak MpOW3BEACHHE IUIOTHOCTH BOJIBI HAa COOTBETCTBYFOIIHMA
o0BeM:
val(tl_t)chVQ(t_tz)
Vl(tl_t)=V2(t_t2)
CoBepiilieHHO 04eBUJIHO, 4TO V,=V—V 1, nostomy:
V1 (tl_t) = (V_Vl) (t_tz)
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MBI noJTy4nian Takoe paBeHCTBO C OJTHUM HEU3BECTHBIM. Jlanee octaércs ynucras
MaTeMaThKa: PacKpoeM CKOOKH, B OJHOW 4YacTH pPaBEHCTBA cOOEpeM BCe UJICHBI C
MHOHTeNIeM V1, BBIHECEM €T0 32 CKOOKH U BBIPa3UM €ro.

Vltl_Vltzvt_Vtg_V1t+V1t2
V1t1=Vt—Vt2+V1t2
Vltl—V1t2=Vt—Vt2
Vl(tl_t2)=V(t_t2)
V=V(t-t,)t,—t?

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

V1=300-(40—20)100—20=75x

Otsert: 75 a.

3agauya 9

YcaoBue 3agaum:

B crakane 6s110 50 r Bojbl ipu Temnepatype 20° C. B Hero momunu 100 T BoJIbI
npu Temreparype 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
BOJla MAaccoi My — OCTBIHET A0 TOM K€ TEeMIIepaTypbl. 3amuIIEeM YpaBHEHHE
TEeIJI0BOro OanaHca:

Q1=Q;

3nech Q; — KOJMMYECTBO TEIUIOTHI, TMOJYyYE€HHOE BOJOM Maccoit Ml mpu
TermooomMene, a Q, — KOJIMYECTBO TEIUIOTHI, OTIAHHOE BOJIOW Maccoi M.

cmy (t=t;)=cmy(t—t)
My (t—ty)=my(t—t)

Packpoem ckoOkH B 00€MX 4acTsX paBeHCTBa: Mpt—Mm;t;=m,t,—mst

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

mit+myt=m,t;+m,t,
t(my+m,)=myt;+myt,
t=mt;+m,tom;+m,

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

t=50-20+100-8050+100=60 °C=333K

Otser: 333 K.

3agaua 10

YciaoBue 3a1aumn:

PeakTuBHBIN caMOJIET MPOJIETAET C TOCTOSTHHON CKOpOocThio 250 m/c myTh 1800
KM, 3aTpadyuBas Ha 3TO Toprouee Maccoid 4 T. MONIHOCTh ABUTATEINS caMoJIeTa paBHA
5,9 MBrt, KIIJI nBuratenss — 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:
Koadduumrent mnonesnoro neiictBus (KIIJ[) nBurarens n— 3TO OTHOIICHHE
MOJIC3HOM paboThI ABUTATEN A, K 3aTpaueHHOU paboTe A,.
N=ArA(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
[Ipm 3TOM KOIMYEeCTBO TEIIOTH Q, BBIIEIAIONMICECS MPH CTOPAHWH TOIUIHMBA,
onpenenseTcs no popmyre:
Q=gm
A,=qm(2)
[Tonesnyro padoty A, onpenenu yepe3 moutHocTh N o popmyne: A, =Nt
Tak kak camoJieT JBUTAJICSI paBHOMEPHO, TO BpeMsl moJjeTa t JJIerko onpeneanTh
o dopmyiie:
t=Sv
A.=NSv(3)
[TonctaBum BeipaxkeHus (2) u (3) B hopmyiy (1), momyuum:
N=NSvgm
BripazuMm oTcrofia KICKOMYIO TEIJIOTBOPHYIO CIIOCOOHOCTH Troprouero 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 1x/kr=46,2M JI>x/kr
OtBet: 46,2 MJLx/KT.

3amaua 11

YcaoBue 3a1aumn:

['yceHn4HbI TPAKTOp pa3BUBAET HOMUHAJIbHYIO MOIIHOCTh 60 KBT u nipu 3T0i
MOITHOCTH pacxoayer B cpeaneM B yac 18 kr auzenpHoro Tormsa. Haittu KII/ ero
JBHTATEIIA. Y IeJIbHAS TEIIOTa CTOpaHus JU3eIbHOTo TotukBa 42 MJDK/KT.

Hano:

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

Penienue 3agaumn:

Ecnu B 3amaue ynomunaercs koadduiment nonesHoro aeiictus (KIIJ) yvero-
aubo, TO 3ajJadyy HAYMHAIOT peIIaTh, 3amnucaB (OpMyJNy €ro OIpeaeacHusl.

Hamomuaum, uro KIIJ] paBeH oTHOIIEHUIO MMOJE3HOM pabOThI K 3aTpauyeHHON padoTe.
N=AsA(1)
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[Tone3nyro paboTy ompenenuM dYepe3 HOMHHAIBHYIO MOIIHOCTH JBUTATEIS,
UCIIOJIBb3Ysl TaKyI0 GOPMYITY:
A.=Nt(2)
3aTpayeHHass paboTa paBHAa KOJUYECTBY TEIUIOTHI, BBIACIUBIICHCS TIPH
CrOpaHuM B JIBUTATEJE AU3EIHHOTO TOIIMBA, TO3TOMY €€ MOXKHO HalTH 1o (hopmyie:
A,=qm(3)
[ToncraBum Beipakenus (2) u (3) B dopmyiy (1), Tak MBI MOJYy4YUM peIICHUE
3a/1ayu B 00OIEM BHJIE:
n=Ntgm
[TepeBeném Bpemst paboThl B cucteMy CU, ganee nojacTaBuMm 3HAUCHUS! BEJIMYUH
B (hOpMyJTy U 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 Maccou 50
r npu Temneparype 293 °K?

lano:

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

Pemienue 3agaumn:

Korma B Bomy omyctar cepeOpsiHyl0 JOXKY, TO BOJa OCTBIHET [0
TEeMIIepaTyphl 1, a T0’KKa HarpeeTcs A0 TOM K€ TeMIlepaTyphl.

Boo011ie, uckoMmyto BenmuuuHy At ciielyeT HCKaTh U3 BhIPAKCHUS:

At:tl_t(l)

Haiinem st Hadana temriepaTypy U, s 4ero 3amuiineM ypaBHEHUE TEIIOBOTO
OanaHca.

Q:1=Q>

3nech Q; — KOJIMYECTBO TEIUIOTHI, OTJAHHOE BOJOM JIOKKE MPU OCTHIBAHUM IO
TeMriepaTypbl t, a Q, — KOJMYECTBO TEIUIOTHI, MOJYYEHHOE JIO)KKOM OT BOJIBI INPH
HarpeBaHUM JO TOH K& TeMIlepaTyphl. PacmuimemM KoJaudecTBa TEIUIOTHI TI0
U3BECTHBIM (POPMYJIaM.

Clml(tl_t)=C2m2(t_t2)

VYnenpHast TemoeMKocTh  Boabl C; paBHa 4200  JIx/(xr-°C), ynenbpHas
TEIJIOEMKOCTh cepedpa C, paBHa 250 J[x/(kr-°C).

PackpoeM ckoOku B 00euX 4acTsAX paBEHCTBA!

cimit;—cimyt=comyt—comot,

[lepenecem B mpaBylo 4aCTh BCE YJICHBI C MHOXHUTENEM [, BBIHECEM €ro 3a
CKOOKH, OCTAJIbHBIE YJICHBI IEPEHECEM B JIEBYIO YaCTh.

t(Cimy+comy)=Ccimyti+Comot,
t=c;m,t;+c,m,t,c;m+coms,

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

At=t;—c;m,t;+com,t,cymy+com,
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[TpuBeném mox o0 3HAMEHATEB:
At=c;m;t;+Ccom,t;—Cim t;—Comotocimy+coms,
At=C,m,t;—Com,t,c1M;+Comy
At=C2m2(t1_t2)Clm1+Cgm2
3ajaua perieHa B 00IEeM BHJIE.
[TepeBenéM Macchl B KMIIOTpaMMBI, a TEMIIEPATypy 1, — B rpaxychl Llenbcus:
50r=0,05kr
250r=0,25kr
293K=20 °C
[Ipou3sBeneM pacyueT YHUCIEHHOTO OTBETA:
At=250-0,05-(80—20)4200-0,25+250-0,05=0,7°C
OTtBert: 0,7° C.

3agaua 13

YcaoBue 3agaum:

Bony maccoii 4,65 kr, B3aryro npu temmeparype 286 °K, narpesatot g0 308 °K
NOTpYyKEHHEM Kycka jkenesa ¢ temneparypoit 773 °K. Haiitu maccy kycka xenesa.
TennooOMEHOM € OKPY’KaIOIIUMHU T€JIAMU U UCTIAPEHUEM MPEHEOPEYb.

lano:

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

Pemienne 3agaum:

[Ipu morpy>keHuM KycKa »ejie3a B BOJAY B Pe3yjibTaTe TEIIOOOMEHA IEpPBBIi
OCTBIHET JI0 TEMIEPATyphl |, a BTOpasi — HarpeeTcs 10 3TOM TeMIlepaTyphl. 3aruiieM
ypaBHEHUE TETUIOBOTO OayaHca:

Q1=Q;

3nech Q; — KOJMMYECTBO TEIUIOTHI, IOJIYYEHHOE BOJOW OT JKele3a TIpH
HarpeBaHuM, a Q, — KOJMYECTBO TEIJIOTHI, OTJAHHOE KYCKOM 3JKeJlie3a BOJE NpH
ocThIBaHUHU. PacmuiieM Koau4ecTBa TEIIOTHI 10 U3BECTHBIM (popMysiaM.

Clml(T_Tl):CZmz(Tz_T)

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

BrIpa3zum 13 paBeHCTBa Maccy Kycka keneza my:

m2=Clm1(T—T1)CZ(T2—T)

[TocunuTaem oTBeT:

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

Oteert: 2009 r.

3agaua 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.

ano:

m=5T, ;=700 C, t2=750 C, Q=50,6 M/, c—?

Pemienue 3agaumn:
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VY nenbHoM TEIUIOEMKOCTBIO C Ha3bIBAETCS busnaeckas BEJIMYMHA,
MOKa3bIBalOas KaKoe€ KOJMYECTBO TEIUIOTHI HEOOXOIUMO, YTOOBI HM3MEHHUTH
TeMriepaTypy enunHuilbl Macchl BemectBa Ha 1 °C (um 1 °K). CormacHo stoMy
OTIpEeICJICHUIO €€ MOXKHO HAWTH 110 Takou (popmy:ie:

Csz(tg_tl)

Takyto xe hopmyny Bel Obl momyunsnm, ecinu 3anucain GopMyily KOJIHMYeCcTBa
TEIUIOTHl MPU HArPEBAaHUM U JaJie€ BBIPA3WIM OTTyAa HCKOMYIO YIEIbHYIO
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, KIIJ cocraBisger 80%. CkoJIbKO BpeMeHU MOTpeOyeTCcs AJisl HarpeBaHuUs
BOJIbI B Oake BojoHarpesaress ot 25° 10 90 °C?

lano:

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

Pemienue 3agaumn:

3anumem Gopmyiy onpeneneHus kodddunuenta nonesnoro aecteus (KI1I).
KIIJI — aT0o oTHOIIEHHE MOJE3HON paboThl A K 3aTpaueHHOM padoTe A,.

N=ArA(1)

[Tone3nas pabora BojoHarpeBaTesst All 3aKII0YaeTCs B TOM, YTO OH HarpeBaeT
BOJy, MOATOMY TMoOJie3Hasi paboTa paBHAa KOJWYECTBY TEILJIOThI, HEOOXOIUMOE IS
HarpeBaHus BOJBI.

AH=Cm(t2—t1)

VY nenwHas TemioeMkocTh BojbI C paBHa 4200 JIx/(kxr-°C).

[TockosbKy B 3ajJau€ H3BECTHA BMECTUMOCTh 0aka, TO BBIpa3UM Maccy
HarpeBaeMoil BOJBI M uepe3 00beM Oaka V U IUIOTHOCTHh BOJBI P (TIJIOTHOCTH BOJIBI
pasHa 1000 kr/m°).

A=cpV(t,—11)(2)
3atpaueHnyro paboTy A, HaifleM 4epe3 TEIJIOBYI0 HArpy3Ky TOpPEIKH
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(t;—t)Nt
Tornma Bpemsi HarpeBaHUs BOJAbI MOXKHO HaWTH 110 hopmyIie:
1=cpV(t,—t)MN
[lepeBeném TemnoByro Harpy3ky, oobem 06aka u KII/I B cucremy CU:
25M/Tx/u=25-1063600BT1=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:

Koaddumuent mnonesnoro aeiictBus n (KIIJ]) paBeH OTHOIIEHHIO TMOJIE3HOM
pabotsl A, K 3aTpadeHHOM padbote A,.

N=AsA(1)

[Tone3nas pabGota wailHuka A, 3aKI04aeTcs B TOM, YTO OH HarpeBaeT BOAY,
O3TOMY TOJe3Has paboTa paBHA KOJMYECTBY TEIUIOTHI, TpeOyroumemycs Aiis
HarpeBaHus BOAbI 10 KuneHus. HanomuuMm, uyto Temneparypa kunenus t, pasaa 100°
C.

A =cm(t—t)

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

BoIpazuMm Maccy HarpeBaeMoil BOJBI M yepe3 IJIOTHOCTh BOJABI p U 00BeM V.
[InmoTHOCTE BOAKI paBHa 1000 K/,

A=cpV(t1)(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(t;—t)Nt
[lepeBeném o0ObeM yaitHuka V 1 BpeMs HarpeBaHus BoAbl T B cuctemy CH.
1,61=1,6-10-3m"
20mMuE=1200c¢

[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 kxr mpu temnepatype 288 °K. Jlo kakoil TeMneparypbl OXJIaJauTCs
CTaJbHas JIeTalb?

Hano:

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

Penienue 3agaumn:
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[Toce onmyckaHus CTaIbLHOM JIeTaau B BOAY JACTaJIb OCTHIHET JI0 TEMIEPATyphI T,
a BOJla Harpeercs M0 OTOM e TeMIlepaTyphbl. 3amuIleM ypaBHEHHE TEIIOBOTO
OajaHca:
Q:=Q;
3nech Q) — KOJMYECTBO TEIUIOTHI, OTJAAHHOE CTaJbHOM JI€Tallbl0 BOJIbLI IIPH
OCTBIBaHUH, a Q; — KOJIMUECTBO TEIUIOTHI, MOJYYCHHOE BOJAOM MPU HarpeBaHUH.
Clml(Tl_T)=CQm2(T_T2)
YnaenpHast TemmoeMkocTh cranmu Cl paua 460 JIx/(xr-K), a ynempHas
TEIUIOEMKOCTE BOJIBI
C, — 4200 Ix/(xr-K).
PackpoeM ckoOkH B 00€MX 4acTsAX paBeHCTBA!
cimTi—cimiT=comy, T—Ccom, T,
[lepeneceM B mpaByl0 YacTh BCE WICHBI C MHOXHTEIEM | M BBIHECEM €T0 3a
ckoOku. OcTajabHbIE YWICHBI IIEPEHECEM B JICBYIO YaCTh.
Clm1T1+C2m2T2:(C1m1+C2m2)T
T=cim;T;+com,Tocimy+Coms,
[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 JBUraTeNieM camoseTa Ha ckopoctu 900 km/4, paBHa 3
MBT. [Ipu 3Tom Ha iyt 10 kM pacxoayercs 8 kr 6ensuna. Havitu KITJ[ qurarens.
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 TIOJIe3HON paboThl A K 3aTpadueHHOM padote A,.
N=A:A(1)
[Tonesnyro padoty asuratens A, Haitnem dyepe3 MoiiHocTh N u Bpems t.
A, =Nt
Tak Kak caMOJIET ABUTAJICS PABHOMEPHO CO CKOPOCTHIO V 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
cropanuu OCH3MHA.
A,=qm(3)
VY nenwpHas TerioTa cropanus 6ensuna pasHa 46 MJIx/kr.
[ToncraBum Beipakenus (2) u (3) B dopmyny (1). Tak MBI TIOJIy4rM pEIICHHE
3a/1ayu B 00ILIEM BHU/IE.
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

YcaoBue 3axa4u:

Omnpenenure pacxon OeH3WHA aBTOMOOMJIEM Ha 1 KM MyTH MpU CKOPOCTH 72
kM/4. MomHocTh asuratens atomoomis 20 kBT, KIT pasen 25%.

lano:

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

Penienue 3agaumn:

CornacHo omnpezaenenuto kod¢dunuent nonesHoro aedctus (KIL) — srto
OTHOIIIEHUE TIOJIE3HON PabOThl aBTOMOOMIIA K 3aTpaueHHON paboTe.

N=ArA(1)

[Tonesnyo paboty A; MOXKHO OIpeAeIuTh uyepe3 ero MouHocTh N u Bpems
paboter t. TlocrmeqHee MOXKHO HaWTH KaK OTHOIICHHE NPONIEHHOTO MYTH S K
CKOPOCTH JIBMKEHUS V, [IOITOMY:

A=Nt=NSv(2)

3atpaueHHas pabora A, paBHa KOJIHYECTBY TEIUIOTH Q, BBIICTUBIICHCS TPHU
cropanuu OeH3uHa B aBuratene. [locienHiow HailieM Kak MpOU3BEACHUE YACIbHOM
TEIJIOTHI CTOpaHus (| Ha Maccy OeH3uHa M.

A,=gm

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

As=qpV(3)

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

n=NSvgpV

Bripa3zum nckomblit 00beM OeH3uHa V:

V=NSnvugp

IInoTHOCTH GensuHa p paBHa 700 Kr/M°, a yaenbHas TeIIOTa cropaxus o — 46
MJIx/xr. IlepeBenem ckopoctb u3 km/u B M/c, a KIIJl u3 mporeHToB B 10in
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
Otger: 124,2 em’,

3agaua 20

YcaoBue 3axa4u:

["opstuee Teno, TemrepaTtypa koroporo 70 °C, npuBeIeHO B CONPUKOCHOBEHHE C
XOJIOHBIM TeJOM, TeMmieparypa kotoporo 20 °C. B TtemmoBomM paBHOBECHH
ycraHoBuiachk temneparypa 30° C. Bo ckoJIbKO pa3 TEIJIOEMKOCTh XOJIOIHOTO Tena
00JIbIIIE TEIIIOEMKOCTH TOPSTYEro?
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Hano:

t;=70 oC, t,=20 oC, t=30 oC, C,C;—?

Penienue 3agaumn:

N3 ycioBusg yxe MOHSITHO, YTO MPOUCXOIWIIO C TEIaMH, IO3TOMY Cpas3y
3aMuIIeM ypaBHEHHE TEIIOBOTO OaiaHca:

Q:1=Q;

3nech Q; — KOJMYECTBO TEIUIOTHI, OTJAHHOE TOPSYHM TEJIOM XOJIOAHOMY TIPH
OCTBIBAaHUH JI0 TeMIiepaTyphl t, a Q; — KOJTUYIECTBO TEIUIOTHI, TIOTYYCHHOE XOJIOTHBIM
TEJIOM OT TOpAYEro NpPU HArpeBaHUM JO TOM XK€ TeMIeparypbl. Pacnumem 3tu
TEIUIOTHI IO M3BECTHBIM ¢dopMmyslaM — oOpaTuTe BHHUMaHHUE, YTO B YCJIOBHUU
burypupyer TeroeMKOCTh, a He yJIeJbHas TEIII0EMKOCTb.

C 1(t1_t) = C2 (t_tz)
Bripazum nckomoe otHomeHnue termioeMkocteit C,C;:
C2C1:t1_tt_t2
ITocunTaem OTBET K 3aja4e:
C,C,=70-3030—20=4
OTtBer: 4.

3agaua 21

YcaoBue 3a1a4u:

J{1s1 5)KOHOMHM SHEPIUU CTAbHON 0aK Maccoil 4 KT 3aMEHWIIA CTAIbHOM CETKOM
Maccon 1,5 kr u 3arpy3wim B TEPMHUUYECKYIO Teub. Ha CKOJIbKO MEHBIIE TEIIOTHI
noTtpedyercs aist e€ HarpeBanus ot 18° no 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 t; 10
TeMIiepaTyphl t, Tpedyercs KOJTUYECTBO TEIUIOTHI, onpeensieMoe (opMyIIou:

Q=cmy(t,—ty)
Ecnu 3aMeHUTH CTalbHOM 0ak CETKOW M3 TOTO K€ MaTepualia, TO KOJIUYECTBO
TEIUIOTHI, TpeOyeMoe JIsl €r0 HarpeBaHUsl, MO’KHO HaWTH 10 aHAJIOTUYHOU dopmyIie:
Q=cmy(t:—t;)
VY nenbHas TEII0EMKOCTh cTaiu C paBHa 460 Jx/(kr-°C).
Hckomyro Benmuuuny AQ ciienyer onpeaessiTh o ¢popmysie:
AQ=Q:—Q>
C y4€Tom BbIIIE TPUBEIEHHOTO, HMEEM:
AQ=cmy(t;—t;) —cmy(t,—ty)
AQ=c(m;—my)(t,—ty)
[TogpcTaBuM UCXOHBIC JaHHBIC 3a7a4K B OPMYITY U TIOCUUTAEM OTBET:
AQ=460-(4—1,5)(918—-18)=1,035-106 1x=1,035M JIx
OTtBer: 1,035 M I:x.

3agaua 22
YcaoBue 3agaun:

44



Cwmemanu 24 kr nementa npu temneparype 5 °C ¢ 30 1 Boasl npu TeMneparype
35 °C. Omnpenenutb Temneparypy pactBopa. llorepssmu npeHeOpeub. 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:

Q1=Q:
3nech Q; — KOJWMYECTBO TEIUIOTHI, MOJMYYCHHOE IIEMEHTOM OT BOJBI TIPH
HarpeBaHuM J0 TeMIeparypolt, Q, — KOIMYECTBO TEIUIOTHI, OTJAAHHOE BOJOMN

IEMEHTY MpU OXJKJACHUU 10 TOM K€ TemmepaTypbl. Pacmuinem kojuuecTBa
TEIUIOTHI IO U3BECTHBIM (hOPMYyJIaM:
Clml(t_tl):Cng(tg_t)

VY nenpHast TEII0EMKOCTh BOJIbI C; paBHa 4200 [Ix/(kr-°C).

Pacniummem Maccy BoJibl M, Kak MpoW3BeIeHUE TUIOTHOCTH BOJIBI P, HA 00BbeM V).
HanomMuuMm, 4T0 miI0THOCTH BOJibI paBHa 1000 KT/M .

C1my(t—t1)=Cop,Vo(to—t)

Packpoem ckoOKM B 00€MX YacTsX paBeHCTBA: C1Mt—CiM;t;=Cp,Vol,—Cop, Vot

Bce unensl ¢ MHOxwuTENEM t mepeHeceM B JIEBYIO CTOPOHY, BBIHECEM €r0 3a
CKOOKH, OCTAJIbHBIE YICHBI IEPEHECEM B MPABYIO CTOPOHY.

t(cimy+Cop,Vo)=Cimity+Cop,Vols
t=C1mjt;+CopoVot,Cimy+Cop, Vo
IlepeBeaéMm 00beM 13 IMTPOB B KyOmaeckue metpsr: 301=0,03m°
[TpousBeaém pacyeT YUCIICHHOTO OTBETA!
t=830-24-5+4200-1000-0,03-35830-24+4200-1000-0,03=31°C=304K
OtBer: 304 K.

3agaya 23

YcaoBue 3a1a4u:

JI71st npuroToBIE€HUs: BAHHBI HEOOXOIMMO CMelaTh X0n0AHyto Boay nipu 11 °C u
ropsiuyto — nipu 66 °C. Kakoe KoJIM4eCTBO ropsiueii BOJAbI HAI0 B3STh ISl TOTYyYECHUS
110 1 Boab! tipu 36 °C?

Hano:

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

Penienue 3agaumn:

3anuiieM ypaBHEeHHE TeruioBoro 6ananca: Q;=Q,

B 510 ypaBHeHun Q; — KOJIMYECTBO TEIUIOTHI, MOJYYEHHOE XOJOAHOU BOJION OT
ropsiueil Mpu HarpeBaHUMW N0 TeMmIiiepaTypsl t, Q, — KOIMYECTBO TEIUIOTHI, OTJAHHOE
ropst4ey BOJIOW XOJOJHOM IIPU OXJIAXKIAEHUU 10 TOU JKe TeMIlepaTypsl. PaciuimeM stu
KOJIMYECTBA TEIJIOTHI 110 U3BECTHBIM (hOopMyJiam:

cmy (t—t)=cmy(ta—t)

Maccsl 3anuimeM Kak IMPOU3BEAEHUs IJIOTHOCTH BOABI P HA COOTBETCTBYIOIIHM

00BeEM.
cpVi(t—t)=CpVa(t-1)
Vi(t=t)=V;(t-1)
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[ToHsiTHO, YTO cymMma 00BEMOB XO0yIoAHOW W ropstueid Boawl (Vi u V) paBHa
JTAHHOMY B YCJIOBUH 00beMY V, MO3TOMY OYEBHIHO CIICAYIOIIEE PABEHCTBO:
V1=V_V2
Torna umeewm:
(V_Vz) (t_tl) =V2 (tg_t)
Packpoem ckoOKHM B 00€MX YacTsIX TOr0 PaBEHCTBA.
Vt—th—V2t+V2t1=V2tg—V2t
Vi—V1;+Vot,=Vot,
BreiHecem  MHOXHTEIh VB JIGBOM  YacTH  3a  CKOOKM, WJEHBI C
MHOXUTENEM V;, IIepeHeceM B IIPaBYIO0 CTOPOHY M TaK¥Ke BBIHECEM €TI0 3a CKOOKH.
V(t-t1)=Va(t>—ty)
B utore nonyuum cieayromuyo UTOroByto Gopmyiy:
V2:V(t_t1)t2_t1
[lepeBeném o0beM V B KyOUUYECKHUE METPHI:
1101=0,11m°
ITocunTaeM YKMCICHHBIN OTBET K 3a7a4e:
V2:0,11'(36—11)66—11:0,05M3
OTtger: 0,05 M.

3anava 24

YcaoBue 3a1a4u:

ABTOMOOMIB pacxonyer 5,67 kr OensuHa Ha 50 km nytu. OnpenenuTthb
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 none3noro nedcTBUs IBUraTeNs 1) paBEH OTHOIICHUIO MOJIE3HOM
palboThI ABUTATENS K 3aTpauyeHHON padoTe.

N=A:A(1)

[Tonesnyto paboTy aBuratens A, MOXKHO Y3HATh Y€pe3 UCKOMYIO MOIIHOCTb IO
cienyrwlieit hopmyie:

A =Nt

3nech t — BpeMsl IBHXKEHHS aBTOMOOWIIA (TOYHEe Bpemsi paloThl JABUTATeNs),
KOTOpPOE, OYEBUTHO, MOXKHO OIPEACIUTh MO (opMyJie:

t=Sv
A,=NSv(2)
3atpauenHas pabota A, paBHa KOJIMYECTBY TEIUIOTHI, BBIACIAIONIEMYCS TIPH
cropaHuu O€H3WHA, TIOITOMY CIipaBeIuBa Gopmyra:
A,=qm(3)
B sT0ii hopmyne ( — yaenbHas TEIioTa cropanusi OensuHa, pasHas 46 MJx/kr.
[ToncraBum Beipakenus (2) u (3) B popmymy (1):
N=NSvgm
OcTanock TOJBKO BBIPA3UTh MOIIHOCTH ABHUraresns 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
[Ipon3sBeneM 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
YCTaHOBUBIIYIOCSI TEMIIEPATYPy, €ciu TermioeMKkocTh cocya 0,18 xkJhx/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 COCYIOM, BOJIOM M KYCKOM eje3a). B KoHIle KOHIIOB TeMIepaTyphbl
BCEX TPEX TEJ CTaHYT OJJMHAKOBBIMU U PaBHBIMH 1.

3anuiieM ypaBHEHHE TEIJIOBOro OajaHca:

Q1+Q=Qs

3neck Q1 — KOMMYECTBO TEIUIOTHI, MMOJIYYEHHOE COCYAOM TMpH HarpeBaHuu, Q2 —
KOJIMYECTBO TEIUIOTHI, MOJYYEeHHOE BOAOW TpW HarpeBaHuu, Q3 — KOJWYECTBO
TEIUIOThI, OTJAHHOE KYCKOM >KeJie3a MpHU OXJIKJICHUHU. PacmuiieM Bce KOJIMUYECTBA
TEIUIOTHI MO U3BECTHBIM (hopmysam. CTOUT OOpaTUTh BHUMAHUE, YTO Yy COCYJa JAaHa
TEIUIOEMKOCTh, a HE yJIeJIbHAs TEMI0EMKOCTh!

C(t=ty)+comy (t—t;)=Comy(t—t)

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

PackpoeM B 006enx 4acTsiXx paBeHCTBA CKOOKH:

Ct—Ct;+cymyt—cimyt;=comyt,—Comot

B neByro yacTe mepeHeceM Bce WICHBI ¢ MHOKUTENEM {, 4TOOBI BEIHECTH €T0 3a
CKOOKH, B TIPaBYIO YaCTh — BCE OCTABIIIHECS YJICHBI.

t(C+Clm1+sz2):Ct1+Clm1t1+C2m2t2

B utore nonyuum Takoe perieHue 3ajauu B o01eM BUIE:

t=Ct;+c,m,t;+com,t,C+cim;+com,

[epeBeném Maccy allFOMUHUEBOTO COCYyIa B KWiIOorpamMMel (B cucremy 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. Koadduiment monesHoro AecTBus ABUTATENsi aBTOMOOWJIS paBeH
25%. CxonbKO OH TpaTUT OeH3MHA B yac?

lano:

v=72 xm/4, F=2500 H, n=25%, t=1 4y, m—?

Penienue 3agaumn:

Ecnu B 3aaue roBoputcs o koaddunuente nonesnoro aeiictaus (KI1/), To mpu
pellIeHnH 33/1a4u MEPBBIM JesoM 3anuchiBaioT Gopmyny ompeneneHus KITJ. KIT
JIBUTATEJSI ] — 9TO OTHOIICHHE TMOJIE3HON paboThl A, K 3aTpadyeHHON pabdote A;, TO
€CTh:

N=AA(1)
Tak Kak KaXIbIi Majblid MPOMEXKYTOK BPEMEHH BEKTOP CHJIbI TSTU COHAIIPaBJIeH
C BEKTOPOM IEepEMELIEHUS, TO MOJIE3HYI0 padoTy A, MOXKHO HAiTH 1O GopMyJIe:
A=FS
B aToit hopmyie S — nmpolIeHHBIN My Th, KOTOPBIH JIETKO HAWTH U3 BHIPAXKCHHUS:
S=vt
A.=Fut(2)

3arpaueHHas pabota A, paBHa KOJUYECTBY TEIUIOTHI, KOTOPOE BBIAEISAECTCS MPU

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

[TonctaBum BeipakeHus (2) u (3) B hopmyiy (1), Toraa Mbl MOTyduM:

n=Fvtqm

BoIpa3zum nckomyro maccy OeH3uHa m:

m=Fvtnq
VYaenbHass TemnoTa cropaHus OeH3uHa ( paBHa 46 MJx/kr. Ilepeeném
ckopocTh aBToMoomiia B M/c, KT/ — B onm eguHUIBL, a BpeMs paboThl — B CEKYH/IbI:
72xm/u=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:

m,=80r, V1=3 1, AT=90 K, n—?

Penienue 3agaumn:

Koadduiment mnone3Horo AelcTBUS  HArpeBaTess 1) paBeH  OTHOIIECHHUIO
M0JIE3HOM paboThI K 3aTpayeHHOU padoTe.

N=ArA,(1)

[lonesnass pabota HarpeBarenst A, paBHa KOJUYECTBY TEIUIOThI, KOTOPOE

TpeOyeTcs UIsi K3MEHEHUS TeMIiepaTypbl Boabl Ha AT, TO ecTs:
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AH:C:LmlAT
B aT0i1 dhopmyiie C; — yaenbHas TEII0eMKOCTh BOjbI, paBHas 4200 Jlx/(kr-K).
Maccy BOJbI pacnuileM Kak MpPOU3BEJCHHE IUIOTHOCTH BOJbI p; (OoHa paHa 1000
kr/m°) Ha 06BeM V.
AH=Clp1V1AT(2)
3aTtpauenHas pabora A, paBHa KOJIMYECTBY TEIUIOTHI, KOTOPOE BBIJCISACTCS MPU
CrOpaHuM KEPOCHHA MAacCOU My, TOITOMY:
A3:qm2(3)
Y nenpHas TeIIoTa cropanus kepocuHa ( paBua 43 MJIx/kr.
[ToncraBuMm nonmyueHHbie BbipaxeHus (2) u (3) B popmymy (1):
n=C1p1V1ATqm2
[lepeBeném HEKOTOPBIE BETUYUHBI 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 cniupTtoBke HarpeBaiu Boy maccoit 100 r ot 16 °C go 71 °C. Ilpu 3Tom ObL1
coxokeH cnupT maccoi 10 r. Haitftu ko3 duumeHT nosie3Horo 1eicTBUsl CHUPTOBKHU.

Hano:

m;=100r, t;=16 oC, t,=71°C, m,=10r, T]_?

Pemienne 3agaum:

KoadduimeHT nonesHoro neicTBUsS COUPTOBKHU 1] PABEH OTHOILIEHUIO MOJIE3HOM
paboThl cIUPTOBKU A, K 3aTpaueHHON padbote A,.

N=A:A(1)

[lonesnass pabGota cOUPTOBKU A, paBHa KOJUYECTBY TEIJIOTHI, KOTOPOE
TpeOyeTcsl Uisl HarpeBaHusl BOJbI MaccoM My OT TeMmeparypsl t; 10 Temnepatypsl to,
TO E€CTb:

AHZle(tg—tl)(Z)

VY nenpHas TerioeMKocTh BoJibI C paBHa 4200 Jx/(kr-°C).

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

A3:qm2(3)

VY nenpHas TeruioTa cropanus cnupta ( paHa 29 MJx/kr.

[ToxcraBum Beipaxkenus (2) u (3) B popmymny (1):

n=Cm1(t2—t1)qm2

[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 Teno, Harperoe no 100 °C, omymeHo B BoAy, Macca KOTOpPOW paBHA
Macce Tena. TemnoBoe paBHOBecue HacTynuio npu temmeparype 30 °C. Onpenenure
NEepPBOHAYAIILHYIO TEMIIEPATypPy BOJIBI.

lano:

;=100 oC, t=30 oC, t,—?

Pemenne 3agaumn:

Teno, U3roTOBICHHOE U3 MEIU U MMEIOLIEe TeMIepaTypy i, OmycTHIM B BOIY
npu uckomor Temmeparype t,. Macchl Tenma W BOJbI OJAMHAKOBBL. B pesynbrare
TEIJI000MEHa YCTaHOBMJIOCH TEIIOBOE paBHOBecHE Ipu Temmeparype t. 3amuiem
ypaBHEHUE TEIUIOBOTO OayaHca:

Q1=Q;

3nech Q; — KOJIMYECTBO TEILJIOTHI, OTIAHHOE MEHBIM TEJIOM MPU OXJIAKECHUU B
pe3ynbTaTe TermnooomeHe, a Q; — KOJMYECTBO TEIUIOTHI, MOJYYEHHOE BOJION MpH
HarpeBaHUM B pe3yjibTaTe TeIuiooOMeHa. PacnuiieM KoOJW4yecTBa TEIJIOTHI IO
U3BECTHBIM (popMyam:

cim(t—t)=com(t—ty)
C1(ti—t)=cC,(t-t2)

B sTOM paBeHcTBe C; — yenbHas TEIIoeMKoCcTh Meau, paBHast 380 JIx/(kr-°C),
a C, — yJleJIbHas TEII0eMKOCTh BoIbl, paBHast 4200 [Ix/(kr-°C).

[Toxpenum 06e yacTu paBEeHCTBA Ha Cy, TOT/IA:

Cl(tl_t)szt_tZ
OcTanock TOJNBKO BBIPa3UTh TEMIIEPATYypy to:
tzzt_Cl(tl_t)Cz

[TocunTaeM 4KCIIEHHBIN OTBET K 3aJa4e:

t,=30—380-(100—30)4200=23,7 «C~297 °K

OTtBer: 297 K.

3agaua 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, N1=25%, S—?

Pemienne 3agaum:

3anumieM Gopmyny onpeneneHus koddduimenta nonesznoro aecteus (KITI).
Cornacno onpeznenennto, KI1/[ — 3To oTHOIIEHHE 1T0JIE3HOM pabOThI K 3aTpayeHHOM.

N=AsA(1)

[Tonesnyto paboTy A, IerkKo  ONpelNeNauTh uepe3 MOUIIHOCTb  JBUTATEINs
apromoOussi N u Bpemsi IBIOKEeHHMs I, MpuyeM MOCIEAHIO HaleM KaK OTHOIIECHHE
NyTH S K CKOPOCTU JBUKEHUS V.

A,=Nt=NSv(2)
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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 Mpou3BeIeHHE IIOTHOCTU OeH3MHa 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 OeH3uHa V B KyOMUYECKHE METPbI, CKOPOCTh aBTOMOOUJIS U —
B M/c, a KIIJ] nBuraresns n — B A0JU €UHUIL:
401=0,04m°
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

YciaoBue 3agaum:

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

ano:

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

Pemienue 3agaumn:

W3navansHo B BaHHE Haxoaujiachk Boaa obbemoM Vi mpu Temrmepatype t;. 3a
HMCKOMOE BpeMs T M3 KpaHa BbITeYeT oO0OBeM Bojbl V, mpu Temmepatype t,. B
pe3ysibTaTe CMEIICHUS W TEIIOOOMEHa YCTAaHOBUTCSA TEIJIOBOE PAaBHOBECHE IPHU
temrieparype t.

3anuiieM ypaBHEHHE TEIJIOBOTO OajaHca:

Q1=Q>
3nech Q; — KOJMYECTBO TEIJIOTHI, IMOJYYEHHOE BOAOH oO0bemMoM Vi mpu
HarpeBaHUM B pe3yJbTaTe TeruoooMeHa, Q, — KOJMYECTBO TEIJIOTHI, OTJAHHOE

BOJIOM 00BbeMoM V, (KoTopasi BBITEUET W3 KpaHa) MPHU OXJAXKICHUH B pPeE3ysibTaTe
TerioooMeHa. PacniuiiemM KoIu4ecTBa TeIUIOThI O U3BECTHBIM (hOpMYyJiaM:

le(t—t1)=cm2(t2—t)

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

00BeEM.

pV1(t—t)=pVa(t2—1)

Vi(t=t1)=Va(t-1)(2)
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Ecnu 3a enquHMIly BpeMEHU M3 KpaHa BBITEKAET OJIMHAKOBOE KOJUYECTBO BO/IBI,
TO €CTh PAaCX0]l KUJAKOCTH BCEr/1a OJMHAKOBBIM, TO UMEET MECTO PABEHCTBO:
Vo’Eo:VzT
V2=VOTTO
[ToacTaBuM noJsydeHHOE BbIpaskeHHe B paBeHCTBO (1).
Vl(t_t1)=VOTTo(t2_t)
OTKyaa KICKOMOE BpEMsI T PaBHO:
=V(t-t1)oVo(ta )
[TepeBeném o0wvemsbl V u VO, a taxoke Bpems 10 B cuctemy CU:
4001=0,4Mm°
101=0,01m°
Imua=60C
YucneHHBIN OTBET K 33/1a4€ PaBEH:
1=0,4-(35—30)-600,01-(60—35)=480c
Otser: 480 c.

3agaya 32
YcaoBue 3a1a4u:
YtoOb1 Harpeth 1,8 kr Bonbl oT 18 °C nmo kumnenus Ha ropenke ¢ KIIJ 25%,
notpedoBasioch 92 1 roproyero. HailTu yienpHyI0 TEIIOTY CrOpaHUs TOPIOYEro.
lano:
m;=1,8 kr, t;=18 oC, n=25%, m,=92 r, q—?
Pemienue 3agaumn:
anumeM popmyny onpeneneuus KIIJ (koaddurmenra moge3Horo AeicTBHs),
OH PaBEH OTHOIIIEHUIO MOJIE3HON padOTHI K 3aTpaueHHON pabdoTe.
N=A:A(1)
[Tone3nas paborta ropesku A, paBHa KOJIMYECTBY TEILJIOTHI, KOTOPOE TpedyeTcs
JUISL  HarpeBaHUs BOJBI OT TeMIepaTypsl 110 Temmeparypsl Kunenus t, (mpu
HOpMasTbHOM aTMocdhepHoM nasienun tk=100 oC).
Anzcml(t,(—tl)(Z)
VY nenpHas TerioéMKocTh BojIbI C paBHa 4200 Jx/(kr-°C).
3atpaueHHas paboThl A, paBHA KOJMYECTBY TEIJIOTHI, KOTOPOE BBIACIACTCS TIPH
CrOpPaHUH TOPHOYETO MACCOU My, TOAITOMY:
A3:qm2(3)
[ToncraBum Beipaxkenus (2) u (3) B popmyiy (1), Toraa umeem:
n=Cm1(tK—t1)qm2
BripazuM nckomyro yaelbHY0 TEIJIOTY CropaHus (:
g=cmy(t—ty)nm,
[TepeBeném KIIJIn B nmonu enuHuin, a Maccy roproyero m2 B KHJIOTPAMMBbI,
Jiajee MPOU3BEIeM pacueT YUCICHHOTO OTBETA.
25%=0,25
92r=0,092kxr
q=4200-1,8-(100-18)0,25-0,092=26953043,5 1x/kr~27M ] 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 OOJbIlIe U BO CKOJBKO pa3: y KyCKa CBHHIIA
Maccoi | kr unum y kycka xene3a maccoi 500 r?

lano:

m;=1 xr, m,=500r, C,C,—?

Pemenne 3agaumn:

Tennoemkocth C — 3TO ¢u3myueckas BETUYHHA, KOTOpas MOKAa3bIBACT CKOJIBKO
HY’KHO 3Hepruu Jyis u3MeHeHus temmneparypsl Tena Ha 1 °C (1 °K). E€ MmoxHO HaiiTh
KaK MPOU3BEACHUE YACIbHON TEIIOEMKOCTH C Ha Maccy Tejia M.

C=cm

C yué€rtom »9TOH (OpMyIBI TEIIOEMKOCTH Kycka cBuHIA C; Maccoir My u

TEIJIOEMKOCTh Kycka xene3a C, maccoit M, Haiiaem no popmynam:
{C1:C1m1C2:C2m2

VYnenpHast TerioeMKocTh  cBHHIA Cy 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 »eie3a TeIJIOeMKOCTh Oombine. Haitnem oTHoIIeHHE
TEIJIOEMKOCTEH, 4YTOOBl y3HAaTh BO CKOJBKO pa3 TEIUIOEMKOCTh KyCKa JKele3a
MPEBBIIAET TEMJIOEMKOCTh KyCKa CBUHIIA.

0201:230130=1,77
OtBer: 1,77.

3anaua 34

YciaoBue 3a1aumn:

[nsa onpenenenust yaenbHoM TerioéMkoctu 0,15 Kr BeliecTBa, B3ATOrO Ipu
temneparype 100 °C, omyctunu B JNaTyHHbIM Kanopumerp Maccoud 0,12 kr,
conepskarmuii 0,2 xr Boab! pu 16 °C, mpuyem o011as TemMneparypa yCTaHOBUIACH 22
°C. OnpenenuTs yaeIbHYI0 TEMI0EMKOCTh BEIIECTBA M0 JAHHBIM OIBITA.

Hano:

m;=0,15 kr, t;=100 oC, m,=0,12 kr, m3=0,2 kr, t3=16 oC, t=22 oC, c;—?

Penienue 3agaumn:

M3HavyanpHO TemIepaTypa KaJlopuMeTpa Maccoil M2 U cojaepikalieiics B HEM
BOJIbI MacChl M3 OJIMHaKOBa W paBHa t3. B Boxy omyckaloT HEKOTOpPOE BEIIECTBO
Maccoil m; mpu  temneparype t;. B pesynpraTe TemiooOMeHa  yCTaHOBUTCS
Temriepatypa t. 3anuiiem ypaBHEHHE TETIOBOTO OanaHca:

Q1=Q2+Q;3
3nech Q1 — KOIMYECTBO TEIUIOTHI, OTJAHHOE HEM3BECTHBIM BEMIECTBOM IIPH
terioooMene, Q, 1 Q; —  KojaMuyecTBa  TEIUIOTEHI, MOJIyYEHHOE  JIATYHHBIM
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KaJIOPUMETPOM M BOJIOU MPHU TEIIOOOMEHE COOTBETCTBEHHO. PacmuiiemM KoimyecTBa
TEIUTOTHI TT0 U3BECTHBIM (POPMYJIaM:
Clml(tl_t)=Cgm2(t_t3)+C3m3(t_t3)

B oTromM paBeHCTBE C; — WUCKOMas yIelbHAas TEIUIOEMKOCTh HEKOTOPOTO
BEIIECTBA, C, — yJEJIbHAS TEIUI0eMKOCTh JiaTyHu (oHa paBHa 380 JIx/(xr:-°C)), C3 —
yaelibHas TeII0eMKOCTh Bo/bI (oHa paBHa 4200 JIx/(kr-°C)).

Bripasum U3 paBeHCTBa HCKOMYIO BETUYHHY Cy:

C1=CoMy(t—t3)+Csma(t—tz)my(t—t)
C1=(Comy+Camg) (t—tz)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 HEOOX0IUMO CKeub, YToOkI 50 11 Boasl HarpeTh oT 20 °C 1o
kuneausi? KIIJ[ narpesarens 35%.

lano:

V=50 J, t;=20 oC, 1]:350/0, m,—?

Pemienne 3agaum:

3anumem Gopmyiy onpeneneHus kodddunrenta nonesnoro aecteus (KI1/):

N=AsA(1)

[Tone3nast paborta A, paBHa KOJUYECTBY TEILJIOTHI, KOTOPOE HEOOXOAMMO IS
HarpeBaHus BOJABI OT TeMmmepaTypsl t; 1o Temnepatypsl kurenus t, (t=1000 C mpwu
HOPMaJIbHOM aTMOC(HEPHOM JIaBJICHUH ).

Ar=cmy(t—ty)

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

Maccy BoabpI My 3anuIeM B BUJIE MPOU3BEICHUS TUIOTHOCTH BOBI P (OHA paBHA
1000 xr/m°) Ha 06BeM Vi.

AH:val(tK_tl)(Z)

3atpaueHHas xe pabora A, paBHa KOJMYECTBY TEIUIOTHI, KOTOPOE BBIACISICTCS
IPY CTOPAHUH KEPOCHHA MACCOH M.

A3:qm2(3)

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

[ToacraBum B Gopmyiny (1) BeipakeHus (2) u (3) 15 MOJAE3HOM U 3aTpayeHHOM
pabor:

n=cpVi(tc—t;)am,

OTtkyzna macca KepocrHa M, paBHa:

my=cpVi(t—t)ngq

[lepeBeném o0beM BOIBI M3 JAUTPOB B KyOuueckue metpsl, a KIIJ] — B momm
€AUHUIL.

50:1=0,05Mm"
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 BpeMsi BBIKUIUT 20 T BOABI, €CJIM B CIIMPTOBKE 32 MUHYTY cropaert 4
r crapra’?

lano:

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

Penienue 3agaumn:

Koadduumrent mnonesnoro naericteus 1 (KIIJI) paBeH OTHOIIEHHIO IOJE3HOM
pabotsl A, K 3aTpadeHHOM pabote A,.

N=ArA(1)

[lone3nass pabGoTa cnupTOBKU A, paBHa CyMME KOJUYECTBA TEIIOTHI Q,
KoTopoe TpeOyeTcsi JUisi HarpeBaHdhs BOJIBI Maccoil M; oT TemrepaTtypsl t; 10
temnepaTypbl kunenus t, (t,=100 oC), u xomudecTBa TeroThl Q,, KOTOPOE HYKHO
JUUIS. UICTIAPEHUS BOJIBI Macco Am.

A=Q1+Q>
Pacniuiem konudectBa TemioTel Q; u Q, Mo U3BeCTHBIM POpMyIIaM.
Anzcml(tK—t1)+LAm(2)

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

3atpauenHas pabora A, paBHa KOJIMYECTBY TEIUIOTHI, KOTOPOE BBIJIETSAETCS MPHU
CrOpPaHHUH COUPTA HEKOTOPOU MAacChl My.

A,=gm;,

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

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

MyTo=MyT
My=MgoTTo
A3=qmo’CTo(3)

B dopmyny (1) moacraBum Beipaxkenus (2) u (3):

n=(cmy(t—ty)+LAm)toqmot

OTKyJa Hy’KHOE HaM BpeMsl T PaBHO:

t=(cmy(t—t)+LAm)tongmo

ITepeBeném KIIJ[ B monm eauHuMIl, BCE MACChl — B KHJIOTPAMMBbI, BPEMS — B
CEKYH/IbI.

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

UucrneHHo BpeMsi 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. Cnycts 5 MuH
TeMmreparypa cocyga ¢ Boaou crtana paBHa 40 °C. Kakoe KOJWYECTBO TEMIOTHI
TEpSJIOCh B CAMHMUILY BPEMEHH, €CIM CKOPOCTh OXJaXKJEHUS MOCTOSHHA?
Tennoemxocth cocyma 840 JIx/(kr-°K).

lano:

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

Pemenue 3agaun:

[TockosibKy HEKOTOpasi 4acTh TEIUIOTHI MPHU TEIIOOOMEHE Obula MOTEpsiHA, TO
ypaBHEHHE TEIUIOBOTO OanaHca 371eCh HY>KHO MIPUMEHATh B CIAEAYIONIEH N3MEHEHHOMN

dbopwme:

Q1tAQ=Q;
3mech Q1 — KOIMYECTBO TEIUIOTHI, IOJAYYEHHOE COCYIAOM B PpE3yJIbTaTe
TemioobMena, Q; — KOIMYECTBO TEIUIOTHI, OTJAHHOE BOJOM B peE3yIbTare
TermroooMena, AQ — MOTEPSIHHOE KOJIMYECTBO TEIIOTHL. BeIpasum mocieanee:
AQ=Q;—Q4

Pacnmmem konnyectBa Teriothl Q; u Q, Mo u3BeCTHBIM (hOpMyJIaM:
AQ:CZmz(tz_t) _Clml(t_tl)(l)

VY nenbHast TEIIOEMKOCTD BOJIBI C; paBHa 4200 JIx/(kr-°C).

Tak Kak B YCJIOBHUM CIPAIIMBACTCS «KAKO€ KOJIMYECTBO TEIIOTHI TEPSUIOCH B
€IMHUILY BPEMEHW», TO TI0 CYTH HaM HY»XHO HalTH MOIIHOCTh. E€ crenyer uckarp 1o
dbopmyie:

N=AQrt
VYuutsiBas popmyiy (1), mosiyduM OKOHYATENbHYIO (POPMYITY:
N=c,my(t;—t) —c;m;(t—t;)t

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

120r=0,12kr
200r=0,2xr
Smua=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 Oarapeto BomsHOro ororieHus Boja noctymaer npu 80 °C mo Tpybe
IJI0IA/Ib0 TonepeyHoro ceueHus: 500 MM? CO CKOpocThio 1,2 cM/C, a BBIXOAWT W3
Oatapen, umes Ttemnepatypy 25 °C. Kakoe KoIMYeCTBO TEIJIOTHl MOIy4YaeT
OTaIUIMBA€MOE MTOMEIIEHHE 32 CYTKU?

Hano:

t,=800 C, S=500 mm?, v=1,2 cm/c, t2=25 oC, =1 cyt, Q—?

56



Pemienne 3agaum:

Ecnu Bonma moctynaer B O6aTtapero mpu Temmeparype tl, a BeixoguT u3 Gatapeu
npu Temneparype t2, To O4eBHIHO, YTO UCKOMOE KOJIMYECTBO TEIJIOTHl MOKHO HAUTU
0 BCEM U3BECTHOU (popmyre:

Q=cm(t;—t2)(1)

3nech C — yaenbHas TEII0eMKoCTh Boabl, paBHas 4200 J[x/(kr-°C), m — macca
BO/JIbI, KOTOPOE MPOXOIUT Yepe3 Oarapero 3a CyTKHU (TO €CTh 3a BPEeMs T).

Maccy M MOXHO HalTH TaKUM 00pa3oMm:

m=pV(2)

B 5ro0if (opMmyne p— IUIOTHOCTs BOABI, paBHas 1000 xr/m’,V — obbem
IpoIeAIe Boabl uepe3 0arapero. O0neM V paBeH 00beMy TpyObl, KOTOPBIN 3aHsIa
OBl BOJIa TIPH TIEPEIBMKCHUH B HEW CO CKOPOCTHIO L, TO €CTh €€ MOXXHO HAMTH TIO
dopmyie (I — aTo paccrosiHue, MPONWICHHOE BOAOH B TPYOE):

V=S5=Sv1(3)

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

Q=cpSvt(ti—tp)

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

500Mm*=500-10—6m°
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 I«
OtBet: 120 M I:x.

3agaya 39

YcaoBue 3axa4u:

['a30Bas HarpeBaTeibHas KoONOHKAa moTpebmser 1,8 m° merana (CH,) B wac.
Haiitu TemmiepaTypy BOJibl, BBITEKAIOIIEH U3 HEE, eCu CTpys uMeeT ckopocTh 0,5 M/c
u auamerp | cm, HavanpHas Temmepatypa Boabl W raza 11 °C, TemnoTBopHas
cnocobHocTh MeTaHa 55 kJ[xk/r. I'a3 B TpyOGe Haxomutcs nmox nasienueM 120 klla.
KIII narpeBatens 60%.

Hano:

Vo=1,8 M, 1o=1 g, v=0,5 m/c, d=1 cm, t;=110 C, q=55 kJIx/r, p=120 xI1a, n=60
%, t,—?

Pemienne 3agaum:

Koaddumment mnonesnoro nevictBust ropenku 1 (KIIJ) paBeH oTHomIeHHIO
MOJIE3HOM PabOTHI TOPEJIKH K 3aTpayeHHOU padoTe.

N=A/A,

[Tyctp 3a HEKOTOpPOE MAaJEHbKOE BpeMs T Yepe3 HarpeBaTeNbHYI0 KOJOHKY
IIPOTEYET BOJA MAcCOM My, U B TOpPEIKe CropuT ras maccou mp. Torma mosme3Has
pabota ropenku A, paBHa KOJIMYECTBY TEIIOTHI Q1, TpeOyeMol Ha HarpeBaHUE BOJIbI
Macchl My, a 3aTpadyeHHast pabota A, paBHa KOJUYECTBY TEIIOThI Qy, BhIACIAIONICHCS
IIPU CTOPAHUU raza Maccor M,. [Toatomy:
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n=Q:Q>=Q:=nQ,(1)
Pacniuiem konudectBo TerioTsl Q; Mo u3BecTHOM popmyie:
Q=cmy(t,—ty)
3nech C — ynenpHas TEIUIOEMKOCTh BOJIbI, kKoTopas paBHa 4200 JIx/(xr-°C).
BrIpa3um nckomyro temreparypy to:
t,=QiCmy+t;
YuureiBas (1), popmyrna u3sMeHUTCS ¥ TIPUMET TaKOM BUI:
t,=mQacmy+t1(1)
3a Masioe BpeMs T 4epe3 KOJIOHKY MPOTEYET BOJA MACCOM M;, KOTOPYIO MOYKHO
HaiTu 1o popmyie:
m1=pV
Il0THOCTS BOABI p paBHa 1000 Kr/m’.
O6bem mpotékiieit Boasl V paBeH o0beMy TpyObl, KOTOPBIA 3aMET BoAa 3a
BpeMms T, €€ MOKHO HailTH 1o gopmyre:

V:S|:Tl3d21)‘c4
[TosicHenue: S — 3TO IUIOMIAAb IOMEPEUHOro cedeHus TpyObl (S=mdys), | —
paccTosiHue, MPOoHIeHHOE BOI0M 110 TpyOe 3a BpeMs T (I=vt).

3HAYuUT:
ml=pnd2vt4(2)
Teneps pazdepémcs ¢ razom. Ecnu raz roput paBHOMEpPHO, TO €CTh KOJIMYECTBO
CropaeMoro rasa 3a €AMHUILy BPEMEHH OAMHAKOBO, TO CIIPABEJIMBO PABEHCTRO:
MyT=MgTo
3HAUNUT 3a MAJIOE BpPEMS T CrOPAET Macca raza My, KOTOPYK0 MOKHO HaWTH IO
bopmyie:
My=MyTTo
Maccy cropaemoii macchl ra3a 3a yac MO Halimem u3 ypaBHeHus: Knaneiipona-
Menneneesa:
pVOZmoMRTl
moszOMRTl
Torz[a: m2:pVoMTRT1TO
Momnsipnast macca merana M pasna 16 r/monb (wnu 0,016 kr/mons). Obparute
BHUMaHHE, YTO TEMIIEpATypy raza HY>KHO MOJCTABIISITh BHIPAKEHHOU B aOCOJIFOTHOM
nikasue remmneparyp (To ectb B KenbBuHax).
KonuuecTBO BbIIEISIEMOM NPU CrOpaHUy Tra3a TemioThl Q, HaleM Tak:
Q2=qm;
Q2=0pVeM1RT;10(3)
[ToxcraBum Beipaxkenus (2) u (3) B popmymny (1):
t,=4nqpVoM1cpnd2vtR Tyt H,
BunHo, 4TO B 4ucaMTElle M 3HAMEHATENE IMPUCYTCTBYET MaJlO€ BpPEMsS T, a
3HAYUT €r0 MOXKHO COKPATHUTh.
t,=4nqpVoMcprnd2uRT1tp+;
[epeseném KII/ n, yaenapHYIO TEIJIOTY CropaHus MeTaHa (, AuaMetp TpyOsr d,
HavyaJbHYIO TeMIepaTypy rasza [, Bpems 1o B cuctremy CU:
60%=0,6
55k ]1x/r=55-106J]x/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 ycrtaHoBka, Bblaesitomas MomHocTh 30 kBT, oxuaxmaercs
MPOTOYHOM BOJIOM, TEKyIIed Mo chnupaibHOM TpyOke nuamerpom 15 mm. Ilpu
YCTAaHOBHUBIIEMCS pPEXKHME MPOTOYHAs Boja HarpeBaetcss Ha 15 °C. Onpenenuthb
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 BpeMsl T yCTAHOBKA BBIJIETSET KOJUYECTBO TEIIOTHI Q,
KOTOpO€ MOKHO HaiiTh no popmyne: Q=Nt

Tak kak Bcsl TEIJIOTa UJIET HA WU3MEHEHHE TeMIepaTypbl BOABI B TPYyOKe, TO
cnpaBeiiBa Gpopmya:

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

3neck C — yaenabHas TerioéMKOCTh Bojbl, paBHas 4200 J[x/(kr-°C), m — macca
BOJIbI, KOTOpas MpoTeKiIa 1o TpyOke 3a Bpems At. [locnenHiowo cienyeTr onpeaensirb
TaK:

m=pV(2)

B oroif (opMmyne p— IIOTHOCTs BOABL, paBHas 1000 xr/m’,V — obbem
npotekmie Boabl. [locnenuuii paBeH 00beMy TpPYyOKH, KOTOPBIA 3alMET BOJA
3a BpeMs T, HO3TOMY:

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

[TonyyeHHOE BbIpaKeHUE MOJCTABUM B paBEHCTBO (1):
Nt=14pnd2vtcAt
N=14pnd2vcAt
OTKyAa KICKOMYIO CKOPOCTb BOJIBI V CJIEIYET UCKATh MO hopMyIie:
V=4Ncpnd2At
[TepeBeném auamerp d B cuctemy CU:
15Mm=0,015Mm

59



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

YcaoBue 3axa4u:

Teron30MMpoBaHHbIM  COCYJl pa3/ieIeH HAa JBE 4YacTH MEPErOPOAKOMN, HE
npoBojsAmed Temia. B olHOM YacTm HaxoAMTCs 2 KI BOJbI C TeMmeparypou T;.
Btopas 4dacTh 3amosiHeHa XKUIKOCThIO Maccoil 2,1 kr u temmnepatypou T,. Ecmu
neperopoaky yoparb, To Temmepatypa cmecu 1=(T,+T,)/2. Haiitu yneapHYyI0
TEIUIOEMKOCTh HEU3BECTHON KUJKOCTH.

Hano:

m;=2 xr, T1, my=2,1 kr, T», T:(T1+T2)/2, C—?

Pemenue 3agaun:

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

Q:1=Q>

3nech Q; — KOJIMYECTBO TEIJIOTHI, OTJTAHHOE BOJOU B XOIe TerioooMeHa, a Q; —
KOJIMYECTBO TEIIOThI, MOJYYEHHOE HEKOM J>XUAKOCTBIO B XOJI€ TEII0o0OMeHa.
Pacnumiem ykazaHHbIE KOJTUYECTBA TEIUIOTHI IO U3BECTHBIM (hOpMYJIaM:

C1My(T1=T)=Comy(T—T>)

VY nenpHas TemioéMKoCTh BojbI C; paBHa 4200 JIx/(kr:°C).

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

CiMa(T1—T1+T2)=Comy(T1+ T2~ T2)

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

Clml(ZTl_Tl_Tg):Cgmg(T1+T2_2T2)
Clml(Tl_Tz):CZmz(Tl_Tg)
C1m;=C>My
OTKyaa yAenbHYI0 TEIIOEMKOCTh HEU3BECTHOM >KUIKOCTHU C; MOKHO HAWTH 1O
bopmyie:
Co=C1mym,
YuciieHHBIN OTBET 33/1a4M PABEH:
C,=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, ucnosb3ys Boay ¢ temmeparypoi 80 °C u ey ¢ TeMnepaTypou,
pasHoit —20 °C. Haiitu Maccy jibaa, KOTOPbI HEOOX0IUMO TMOJ0KHUThH B BAHHY.

ano:

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

Pemienue 3agaumn:
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3anuinemM ypaBHEHHE TEIJIOBOTO OanaHca:
Q1=Q2+Q3+Q4

B sroii popmyie:

Q1 — KoIMYECTBO TEIUIOTHI, OTJAAHHOE TOPSYEH BOIOM HEKOTOPOM Macchl My IpH
OXJIQXKJICHUH OT TeMIrepartypsl t; 10 Temmneparypsi {;

Q2 — KOJIMYECTBO TEIJIOThI, HEOOXOAUMOE JUIsl HAarpeBaHUs JbJa HEKOTOPOU
Macchl M, OT TeMIepaTypsl t, 10 Temreparypsi wiasineHus t, (t,=0 oC);

Q3 — KOJIMYECTBO TETUIOTHI, HEOOXOAUMO JIJIS TUTABJICHHMSI JIbJIa MACCOM My;

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

PacnuiieM yka3zaHHbIE KOJIMYECTBA TEIUIOTHI MO M3BECTHBIM (hopMyjiaM, TOTrAa
MOJIYYHM TaKO€ PABEHCTBO:

CBml(tl_t):Cng(tH_tg)+7Lm2+CBm2(t_tH)

VnenpHast  Termo€MKOCTh  Jbjaa C; paBHa 2100  JIx/(kr-°C), ynenbHas
TEIJI0OEMKOCTh BOJBI C, paBHa 4200 Jx/(kr-°C), ynenpHash TEIJIOTa TUIABJICHUS
apaa A paBHa 330 x/[x/Kr.

Ham HeusBecTHa Macca ropsiueid BoAbl M. UTOOKI BBIpa3UTh €€, BOCIOIb3YEMCS
TeM (akToM, UYTO0 cymma oObeMa Topsued Boabl ViU o00beMa BoAbl Vo,
MOJTYYHBIIICHCS TIPH TasTHAH JIbJIa, paBHA 00heMY BaHHBI V.

V=V +V,

JloMHOkUM 00€ YacTH Ha MIIOTHOCTH BOJIbI p (oHa paBHa 1000 kr/m°), Torza:

pV=pVitpV,

pV=mi+m,
m=pV-m,

[TogcTaBuM 3TO BBIpaKEHHE B MOJTYUYEHHOE BBIIIEC PABEHCTBO:

CB(pV_mz)(tl_t):Cnmg(tn_t2)+;\,m2+CBm2(t_tn)
CBpV(tl_t) _CBmz(tl_t):Cnmz(tn_t2)+7\,m2+CBmg(t_tn)

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

Cop V (ti—t)=Comy(ti—t)+C,my(t,—t;) +Amy+c,my(t—t;)
Cop V (ti—t)=my(Ca(ti—t)+c,(t,—to) +A+c,(t-t,))
CBPV(tl_t)zmg(CB(tl_tH)+Cn(tn_t2)+>h)

B uTOore MBI OJIyYHM TaKyr0 OKOHYATEIBHYIO (hOPMYITY:

m2=CBpV(t1_t)CB(t1_tH)+Cﬂ(tn_t2)+>L

IepeBenéM 06beM U3 IUTPOB B KyOmdeckue merpsr: 1001=0,1m°

[TpousBeném pacdeT 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

YcaoBue 3agaun:

B xanopumetp Hanuau 500 r Boasl, uMmeromiei temnepatypy 40 °C, 1 noJ1oKuim
Kycok Jbaa Maccel 100 r, umeromeit temmneparypy —10 °C. Haittu Temnepatypy
COJIEP)KMMOr0  KaJOpUMeTpa IIOClie  YCTAaHOBJIGHHMS TEIUIOBOIO  PABHOBECHS.
TennoeMKoCThIO KaJIOpUMETPa U TETUIOOOMEHOM C BHEIIIHEH Cpeoi peHeOpedn.
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Hano:
m;=500 r, t;=40 oC, m,=100 r, t,=—10 oC, t-?
Penienue 3agaumn:
B ycnoBuu He yka3aHO SIBHO, YTO JIEJ BECh PAacTaeT, MOATOMY HaM CIEIyeT
MPOBEPUTH CIEAYIONIEe YCIOoBHUE (YCIOBUE TOTO, UTO BECH JIE PacTaeT):
Q1=Q2+Q3
B aToit popmyie:
Q1 — KOJNWMYECTBO TEIUIOTHI, BBIACIAIOMICHCS TPU  OXJIAXKIACHUU  BOJIBI
Maccoi M; OT TeMIepatypsl t; 10 TeMreparypsbl masiaeHus Jpaa t; (t,=0 oC);
Q2 — KOJMYECTBO TEIJIOTHI, HEOOXOAUMOE Ha HarpeBaHHE JibJla Maccod M, oT
TeMIeparypsl t; 10 Temiieparypsl 1aaBieHus t;;
Q3 — KOIMYECTBO TEIUIOTHI, HCOOXOIMMOEC Ha IIJIaBJICHUE JIbIa Maccor M2,
Pacnumem Koau4yecTBa TEIIOTHI IO U3BECTHBIM (OpMYJIaMm:
CBml(tl_tH)ZCan(tH_tZ)+}\‘m2
VYnenvbHas  TemIOEMKOCTh  BOAbI C, paBHa 4200  JIx/(xr-°C), ynenbHas
TEIIOEMKOCTH JibJia C; paBHa 2100 JIx/(kr-°C), yaenbHas TEIoTa 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
840001x>351001x
BuaHo, 4TO HEpAaBEHCTBO BBITIOJHACTCSA, 3HAYUT JIEJ BCE-TAKUM BECh pACTacT,
MOATOMY BOCTIOJI3yeMCSl YPaBHECHUEM TEILJIOBOTO OajiaHca:
Q1=Q2+Q3+Q4
3nech Q4 — KOJMYECTBO TEIJIOTHI, HEOOXOAMMOE Ha HAarpeBaHWE BOJBI MacCOM
M, (oOpa3oBaHHOM MPH TasHHUHM JIbJIa) OT TEMIIEpaTypsl 1, 10 Temreparypsi 1.
3HaAUUT:
CBml(tl_t):Cnmz(tn_t2)+}\,m2+CBm2(t_tn)
PackpoeM ckoOku B 00eMX 4acTsSX paBEHCTBA:
C.Mmt;—c,mst=c,m,t,—C,myt,+Am,+Cc,myot—C,mytm
Taxk kak t,=0 oC, To BCe 4ieHbl ¢ MHOXUTEJEM 1, paBHBI HYJIIO.
Cc.Mit;—C,m t=—C,m,t,+Am,+c,mt
Bce wiensl ¢ MHOKUTENIeM t iepeHecéM B MPaBylO0 CTOPOHY, OCTaJbHBIC UYJICHBI
— B JICBYIO CTOPOHY.
C.Myt;+c,Myto—Amy=Cc,myt+c,m;t
C,Mty+C,Moto—Am,=c,t(m+m,)
t=c,m;t;+c,m,t,—Am,C,(m;+m,)
ITocuutaem OTBET:
t=4200-0,5-40+2100-0,1-(—10) —330-103-0,14200-(0,5+0,1)=19,4 -C
OtBet: 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 Kakasi Macca JibJla B TBEPJOM COCTOSTHUU OCTaHETCS B
cocyae?

lano:

m;=1 xr, ;=0 oC, m,=330 r, t,=50 oC, m—?

Pemenue 3agaum:

B ycnoBum cka3aHo, 4TO 4acTh JbJa He pactaeT. Eciau HavyaibHas macca Jbaa
paBHa M;, B pe3yjibTare TEIUIOOOMEHAa C BOJIOM pactaer Ji€a maccod AM, To
OCTaBIIAsICsl ICKOMAasi Macca Jibjia M paBHa:

m=m;—Am(1)
3anuiueM ypaBHEHHE TEIJIOBOTO OaiaHca:
Q1=Q>

B aroit popmyne Q; — KOTUYECTBO TEMJIOTHI, HEOOXOAUMOE MJIsi TOTO, YTOOBI
pacraBuTh J€n Maccoit Am, Q, — KOJWUYECTBO TEIUIOTHI, BBIACISIONICECS MPU
OXJIQXJICHUH BOJIBI MaCCOM M2 OT TemMmeparypsl t, 10 TeMiiepaTypsl Jpa t;.

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)7»
[TonyyenHoe BbIpakeHue mnoactaBuM B ¢opmyny (1), Tak Mbl OyaemM HMETb
perieHue 3a1a4u B 00IIEM BUJIC.
m:ml_sz(tz_tl)}\,
IlepeBeném Maccy BOJbI M, B KMJIOTPAMMBI:
330r=0,33kr
ITocunraem OTBET:
m=1-4200-0,33-(50—0)330-103=0,79«r
OTtger: 0,79 kr.

3agaua 45

YcaoBue 3a1aumn:

Crnolt nbaa tonumHoi 4,2 cM umeet temneparypy 0 °C. KakoBa MUHMMaIbHas
TONIMHA c0si BoAbl npu Temreparype 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:

Q1=Q;
B »ToM paBencTBe Q; — KOJWYECTBO TEIJIOTHI, HEOOXOAMMOE IS TUTABJICHUS
JbAa HEKOTOpOW Macchl My, Q; — KOJMYECTBO TEIUIOTHI, BBIACISEMOE TIPH

OXJIAKICHHH BOABI HEKOTOPOHM MacChl M, OT TEMIEPaTyphl 1, 10 TeMIIepaTyphl
wiasiaeHus apaa T, (T,=273 °K).
Pacrumiem 3TH KOJIMYeCTBA TEIUIOTHI, TOT/IA IMOJIYIHM TaKOe PaBEHCTBO:
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Amy=cm,(T,—T,)
VnenpHas TemsoTa miaBlieHus Jbaa A paBHa 330  k/Dx/kr, ynenbHas
TerI0EMKOCTh BoibI C — 4200 Ix/(xr:°C).
PacniuiieM maccel JbAa U BOABI Y€pe3 UX IUIOTHOCTH M OOBEMBI, TIPU ITOM
OyZieM CUUTaTh, YTO IJIOIIA/IU JIbIa U BOJbI OJMHAKOBBI.
A SH=cp,Sh(T,—T,)
[InmoTHOCTH JIBAA P, paBHA 900 KI/M°, TIOTHOCTB BOJIBI pB paBHa 1000 Kr/M°.
ApiH=cp,h(T,—T,)
h:}\’pHHCpB(TZ_TH)
3anmaya pemieHa B o0mieM Bujae. YToObI MOMYyYUTh YUCICHHBIA OTBET, MEPEBEAEM
BBICOTY CJIOA JibJia H B MeTphI:
4,2cm=0,042m
[Ipou3BeAEM BBIYUCIICHUSA:
h=330-103-900-0,0424200-1000-(306—273)=0,09M=9cm
Oteet: 9 cm.

3agaya 46

YcaoBue 3a1a4u:

B kanopumerp, conepxamui 100 r gpna npu temneparype 0 °C, mvamm 150 r
BoJbI, wuMmeromerd tTemneparypy S0 °C. TemnoeMKOCThIO KalopuMeTpa U
TEIUIOOOMEHOM C BHeEIIHeH cpemoidt mnpeHeOpeusb. Halitu TtemmepaTypy mnocie
YCTaHOBJICHUSI TETJIOBOTO PaBHOBECHS.

Hano:

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

Pemienue 3agaumn:

JlaBailTe mpOBEPUM TaKOE€ YCIOBHE:

Q>Q1

3neck Q1 — KOJIMYECTBO TEIIOTHI, HEOOXOAMMOE JJisl TUIABJICHHS JIbJa MacCoi
m;; Q;— KONMMYECTBO TEIUIOTHI, BBIACIAIONICECS TIPH OXJIAKICHUU  BOJBI
Maccoil M, ot TemMnepaTypsl t, 10 TeMnepaTypsl IIaBIeHU Jba t;.

Pacnummem konnyectBa TemioThl Q; u Q, Mo u3BeCTHBIM (hOpMyJiaM:

Cmg(tg_t1)>)\,m1

VYnenpHas TemnoémkocTh Boabl C paBHa 4200 JIx/(xr-°C), ynenpHas TeruioTa
r1aBjieHus Jibaa A paBHa 330 kJk/Kr.

[TepeBeném maccel My u M, B cuctemy CU:

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

Torna:

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

VYcnoBue He BbimonHseTca. O yemM 3TO ToBOpUT? DTO 3HAYUT, YTO BOJA
OXJIAUTCA O TeMIEPATyphl JibJla, HO MPHU 3TOM YacTh Jibjla OCTAHETCS B TBEPAOM
COCTOSIHUU (TO €CTh OH HE BeCh pactaeT). [IockonbKy pa3HOCTH TeMiiepatyp OoJibliie
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 TpeOyercs SHEpPru s uchnapeHuss 4 Kr BOAbI, B3SATOM Mpu
TEMIIEpaType KUIEHUS?

lano:

m=4 xr, t=100 oC, Q—?

Penienue 3agaumn:

Jlnst Toro, 4TOOBI OMNPENEIUTh KOJUYECTBO TEIUIOTHI Q, HeoOxoaumoe st
UCIIAPEHUS] BOJBI, B3SITOM NpPU TEMIIEPATYpPE KHUIIEHHUS, HYKHO BOCIOJIb30BaThCS
dbopmyoii:

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 BogsiHoTO mapa ¢ temmeparypoit 373 °K oOpazoBanack Boja. CKOIBKO
TEIUIOTHI P 3TOM BBIJIEITUIIOCH?

Hano:

m=450r, T=373 °K, Q—?

Pemenne 3agaum:

VYka3zannas B ycnoBuu Temneparypa (T=373 °K) B mxkane Ilenscus paBua 100
°C. Ilpu oOpa3oBaHMM BOJbl M3 Mapa YyKa3aHHOW TeMIlepaTypbl BBIIEIAETCS
KOJIMYECTBO TEIIOTH Q, KOTOPOE MOYKHO HAWTH 1O (hopMyJIe:

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

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

OtBert: 1017 x/Ix.

3agaua 3

YciaoBue 3agaun:

CKOJIBKO Temuia BBIIAEIUTCA Npu KoHAeHcauuu 10 r mapa M OXJaXJIEeHUU
nosryuuBuieics Boast 10 60 °C?

Hano:

m=10 r, t=600 C, Q—?

Penienue 3agaumn:
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Hckomoe KonmdecTBO TerIoThl Q MOKHO HAWTH KaK CICAYIONIYIO CYMMY:
Q=Q1+Q2

3nech Q; — KOJIMUYECTBO TEIUIOTHI, BbIAENIAEMOE PU KOHJEHCAIIMU Mapa Maccoi
m, Q, — KOJIMYECTBO TEIUIOTHI, BBIACIAEMOE MPU OXJAXKJACHUH BOJBI Maccod M oT
TemriiepaTypbl koHaeHcamuu napa (t,=100 oC) go Temmnepatypsi t.

Pacrmmem konmdectBa TemioTel Q; u Q, Mo u3BecTHBIM PopMyIaM:

Q=Lm+cm(t—t)

VYnaenpHash TeruioTa KOHJEHCAlMM mapa (OHa JKe yJelbHas TeIuloTa
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 BemlecTBa ¢ WIOTHOCTBIO 9000 Kr/M° | YAEIBbHOU TEIIOEMKOCTBIO
0,22 xJx/(xkr-K) nonoxxunu Ha tarommidi 1€a. Kakyro MUHUMaIbHYIO TeMIIepaTypy
MMeJla MOHETA, €CIIA OHA MOJHOCTBIO MOrPYy3Uiach B JIEN?

Hano:

p=9000 kr/m°, ¢=0,22 kJIx/(kr-K), t—2

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 CJy4yar0, KOrJa IOCJI€ PacIUIaBICHHUS
JbJa TAKOTO e 00beMa, KaK 1 MOHETA, KOHEYHas TeMIlepaTypa MOHEThI Oy/IeT paBHA
0 °C (To ecTh TeMIepaType IIaBJICHUs Jbaa t;).

3anuiieM ypaBHEHHUE TEIIOBOro OajgaHca:

Q1=Q;
B sTtom paBeHcTBe Q; — KOJHMYECTBO TEILIOTHI, HEOOXOIUMOE IS IIJIABIICHHS
JbJla  HEKOTOpOHM Macchl My; Q, — KOJIMYECTBO TEIIOTHI, BBIACISIEMOE IIpHU

OXJIQKJICHUH MOHETHI HEKOTOPOM MacChl M, OT TeMIepatypsl t 10 TeMmepaTypsl L.
Pacriummem konmudectBa TetioTel Q; 1 Q, MO U3BECTHBIM opMyIIaMm:
Amg=cmy(t—t,)
VY nenbHas TETUIOTA IJIaBIICHMS Jbaa A paBHa 330 kJ[K/Kr.
HewnsBecTHbie Macchl My 1 M, BBIpA3UM 4Yepe3 TUIOTHOCTH COOTBETCTBYIOIIUX
BEILECTB U UX 00BEMBI (2 OHM PaBHBI, KaK ObLIO CKa3aHO BBILIE).
Ap1V=cpV(t-t1)
I110THOCTB JIbAA p1 paBHa 900 kr/M>. Api=cp(t—t;)
t=ApicpHtn
[Tpou3BenémM BbIYMCIICHUSA:
t=330-103-9000,22-103-9000+0=150C=423 °K
OTtBeT: 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 HEPruu B3aWMOJECHCTBUA (TO €CTh BHYTPEHHEU
sHeprun) AU paBHO mepeaHHOMY KOJUYECTBY TEIIOTHI Q:

AU=Q

KommuecTtBo Temnotsl Q, KOTOpoe HEOOX0AMMO IS TUIABJICHHS JIbJIa MacCcoil M,
MOXHO HalTH 1o hopmyiie:

Q=Am

B aToi1 hopmyiie A — ynenpHas TEIJI0Ta MIaBieHus Jibaa, paBHas 330 k/[x/kr.

3nauut: AU=Am

[IponsBeném pacyér YMCIEHHOTO OTBETA 3aJa4u:

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

Otser: 0,66 M /I:k.

3agaua 6
YcaoBue 3a1aun:
Kycok cBuHIla Maccoit 1,6 Kr pacruiaBuiCs HANOJIOBUHY IIPH COOOIICHUH €My
konnuecTBa TermioThl 54,5 k. KakoBa Obliia HavanbpHas Temneparypa cBUHIA?
Hano:
m=1,6 xr, 0=0,5, Q=54,5 xJIx, t—?
Pemienune 3apaum:
JlaHHOE B YCJIOBUH 3a7a49H KOJMYECTBO TEIUIOTH Q paBHO ClIeayIOMIEeH CyMMe:
Q=Q:+Q:
3nech Q; — KOJIMYECTBO TEIUIOTHI, HEOOXOAMMOE /I HarpeBaHWsS CBHWHIIAQ
Maccoi M oOT HMCKOMOW Temmeparyphl t 10 Temmeparypsl 1uiaBienus t, (t,=327
oC), Q; — KOJIMYECTBO TEILUIOTHI, HEOOXOIUMOE IS IUIABJICHHS TOJOBHHBI ((4ACTH)
CBHHIIA.
Pacriniiem ykazaHHbIe KOJTUYECTBA TETUIOTHI 110 U3BECTHBIM (popMysiam:
Q=cm(t,—t)+aAm
VYnenpHas TerioéMkocTh cBuHIA paBHa 130 Jlx/(kr-°C), ynembpHas TeruioTa
TIIJIABJICHHUS CBUHIIA paBHA 25 KJK/KT.
Bripazum HeoOxoaumyro Temneparypy t:
t,—t=Q—oimcm
t=t,—Q—oimcm
[ToncTaBuM 3HaYEHUS BEJITMYMH B UTOTOBYIO (DOPMYITY M TTOCUUTAEM YHUCIICHHBIN
OTBET 3aJa4U.
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 cocyne HaxoauTcs Boda mpu 273 °K. BrelkauuBas u3
cocylla BO31yX, MOOWJIHCH TOTO, YTO MPH HHTEHCUBHOM HCIIAPEHUHM YaCTH BOJBI
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—?

Pemienue 3agaum:

Cocyn TemiIoW30JUPOBAaH, 3HAYUAT TIOJIBOJ TEIUIOTHI HW3BHE OTCYTCTBYET,
MO3TOMY KOJIMYECTBO TEIUIOTHI Q;, HEOOXOIUMOE NJIsi MCHIAPCHHS BOJBI HEKOTOPOM
MaccChl My, PaBHO KOJIMYECTBY TEIIOTHI Q,, BRIIETAIOMICHCS MPY MTPEBPAIICHUH B JIE]
BOJIBI HEKOTOPOU Macchl M.

Q1=Q;

Pacniumem Q; u Q, mo u3BecTHBIM hopMyJIaMm:

Lm;=Am,

VYnenpHas TemjoTa KpucTaUIM3aluu (WM IUJIABJICHUS — 3TO TO K€ Camoe)

BOJIbI A paBHa 330 kJIX/KT.
m;=Am, L(l)

[TycTh U3HAYAJIBHO B COCY/E Haxoaujach Macca Bojabl M. Takast Bcst Boja Jin0o
MpeBpaTHIIach B MMap, JIMOO MPEeBPATUIIACH B JIEN, TO CIPABEIJINBO PABEHCTRBO:

m;+my=m

VYuuTtsiBas (1), paBeHCTBO pUMET BUI: AmyL+m,=m

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

VckoMyto BeTUUUHY O CIEAYeT UCKATh O (hopmysie: o=m,m

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

a=LA+L

[IpousBeném pacuér orsera:

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

3amaya 8

YciaoBue 3agaun:

Ha narpeBanue 5 kr Bogsl oT 303 °K 1o kunenust 1 Ha oOpallleHue B map mpu
TeMIepaType KUIEHUs HEKoTopol e€ Macchl 3arpadeHo 2,81 MJIx TeniaoTsl.
OnpenenuTh Maccy 0Opa30BaBIIETOCs Mapa.

Hano:

m=5 kr, T=303 °K, Q=2,81 M/I)x, Am—?

Pemienue 3agaun:

KonudectBo Temnotel Q paBHO cymMe KoiaumdecTBa TeoThl Q; 1 Q!

Q=Q:+Q;

B stoi1 Gopmyne Q; — KOJIMYECTBO TEIJIOTHI, HEOOXOAUMOE [IJIsi HArpeBaHUs
BOJIbI Maccoil M oT TtemmepaTypbl T g0 Temmeparypsl kunenus (Tk=373 °K), Q, —
KOJIMYECTBO TEIJIOTHI, HEOOXOIMMOE JIJIs TPEBPAIeHHs B IIap BOJbI Maccoi Am.
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Torna:
Q=cm(T,—T)+LAm
VYnensHas temnoémMkocTh Boabl C paBHa 4200 JIx/(kxr-°C), yaenbHas TemioTa
napooOpaszoBanus Bojibl L paBHa 2,26 MJIx/kr.
Bripaszum nckomyto maccy napa Am: Am=Q—Haiiiém BeIUUCICHUS:
Am=2,81-106—4200-5-(373—303)2,26-106=0,593kr
OtBer: 0,593 kr.

3amaya 9

YciaoBue 3agaun:

Ckonbko ObuTO 3aTpaueHo OenszuHa B HarpeBateine ¢ KIIJ 32%, ecnu c ero
nomoibio 4 kr Bojabl ObutH HarpeThl HAa 100 °C u mipu 3ToM 3% e€ npeBpaTuiIoch B
nap?

Hano:

n=32%, m;=4 kr, At=100 oC, a=3%, m,—?

Pemienue 3agaum:

KIIJI (x03gduuueHT nojae3Horo MAEeUCTBUS) paBEH OTHOIICHHIO MOJIE3HOM
paboThI HarpeBaTess K 3aTPaYeHHOM, TO3TOMY:

N=AsA(1)

[lone3nass pabGoTa HarpeBaTelisi paBHA CYMME KOJUYECTBAa TEIUIOTHI Q,
HEOOXOIMMOro I U3MEHEHHUSI TeMIIepaTyphl BOJBI MAaccoil M; Ha BeNWYUHY At, U
KOJIMYECTBa TEIUIOTHI Q,, HYXHOTO JUIS MCHApEeHMs oL YaCTH BOJBI Maccoul m;.
[TosTomy:

A=Q1+Q;
AnzcmlAtﬂmel(Z)

VYaenbHast termnoémMkocTs Boabl C paBHa 4200 JIx/(kr-°C), yaenbHas TemioTa
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
A,=qm,(3)
VY nenwpHas TeruioTa cropanus 6ensuHa ( paBaa 46 MJx/kr.
YuuteiBas Beipaxkenus (2) u (3), bopmyna (1) npumer Bu:
T|=Cm1At+0LLm1qm2
OTtkyna macca 6eH3uHA M, paBHA:
my=my(cAt+al)nq

[Tocuutaem otBet (KII/] m momro mpeBpatuBLIEkCS 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.

3amgaua 10
YcaoBue 3agaun:
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[Tpu oxnaxaennu 40 Kr >KHIKOTO 0JIOBA, B3ITOTO MIPHU TEMIIEpAType TUIABJICHHUS
505 °K, Bergemunock 4,62 Mx temnoTsl. OnpenenuTh KOHEUHYIO TeMIEparypy
ATOTO OJIOBA MOCJIE OXJIAKICHUS.

lano:

m=40 xr, T,=505 °K, Q=4,62 M/Ix, T—?

Penienue 3agaumn:

KonuuectBo Termnorsl Q MOXXHO ONPEIETUTh CIECTYIOINIUM 00pa3oM:

Q=Q:+Q;

B oroii  ¢dopmyne Q; — KOIMYECTBO  TEIUIOTHI, BBIACISAIONICECS  IIPH
KPUCTAJUTM3AIMN 0JI0Ba Maccoi M, Q, — KOJIMYECTBO TEIJIOTHI, BBIACTSIONIEECS TpU
OXJI@XKJIECHUH TBEPAOTO OJIOBA Maccod M oOT  TeMmrepaTypsl 1,0 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 KOHEUYHYIO TEMIIEpaTypy OJIOBa CJEAyeT HaXOAUTh 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 Temrnepatypbl ObuT Harpet Ky0? Temneparypa npaa 0 °C, motepsmu
Teria mpeHeopeyb.

Hano:

t,=0 °C, t=?

Pemenne 3agaum:

Ecnu ky0 MoMHOCTBIO MOTPY3HWIICS B JIEM, 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 OyJeT pacTorieH JEn
HY)KHOTO 00bemMa (TO ecTh TemIepaTypa Kyba CTaHEeT paBHOM TeMIieparype
TJTABJICHUS JIbJIa, KaK TOJBKO MOJHOCTBIO KyO TTOTPY3UTCS B JEN).

3anuiieM ypaBHEHHE TEIIOBOro OajaHca:

Q1=Q;

B »ToM paBeHcTBe Q; — KOJWYECTBO TEIJIOTHI, HEOOXOAMMOE IS TUIABJICHUS
JbAa HEKOTOpPOW Macchl My, Q; — KOMMYECTBO TEIUIOTHI, BBIJACISIONIEECS TIPH
OXJIAKJICHUH QIFOMUHUEBOTO Ky0a HEKOTOPOM MAacChl My 0T Temmeparypsl t 10
TEeMIEepaTyphl TUIaBJIEHU Jibaa t;.

[Toaromy: Am;=cm,(t—t,)

VnensHas TemsoTa miaBieHus Jbaa A paBHa 330  k/Dx/kr, ynenbHas
TerI0€MKOCTh amtoMuHus C paBHa 880 J[k/(kr-°C).
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Pacrmmem Macchbl yepes MIOTHOCTH COOTBETCTBYIOIIMX BEIIECTB U UX OOBEMBI
(a OHU paBHBI, KaK CKa3aHO BBIIIIE):
Ap1V=cpV(t-ty)
[ImotHOCTh JBIA pl paBHA 900 KI/M°, TUIOTHOCT ATFOMHHUS p2 paBHa 2700
KI/M.
Apr=cpa(t-ty)
Otkyna nckomas temneparypa t paBsa:
t=Apicpoti,
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 kr npu temnepatype 100 °C npomnyctuiu yepe3 Boay
npu temrneparype 20 °C. Macca Boasl 4000 kr. [lo kakoil TeMIiepatypsl Harpeiach
Bojga?

lano:

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

Pemenue 3agaun:

B 3amauax, rne mpoucxonar ¢aszoBble MEPEeXOJbl, MKeIaTeIbHO MPOBOJAUTH
CJIEAYIONIYIO OLIEHKY. B mpoTuBHOM citydae, eciu Bbl HauHeTe pemiats 3a1auy, cpa3y
UCIIOJIb3Ysl YpaBHEHUE TEIJIOBOro OanaHca, TO MOXETE TMOJYyYUTh HEBEPHBINH OTBET
(XOTs1 OH TOCTATOYHO JIETKO PACIO3HAETCS).

OnpenenuM KOJWYECTBO TEIUIOTHI Q;, KOTOPOE BBLACIUTCA MPU KOHACHCAIMH
BOJISIHOTO Mapa Maccoil M;. DTO JIErKo cAenaTh 1o cieayrile popmyre:

Q:=Lm,

3neck L — yaenbHas TeraoTa mapooOpa3oBaHus (KOHIEHCAIMKM) BOJbI, paBHas
2,26 MJIx/xkr.

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

Taxoke ompeaenuM KOJIHYECTBO TEIUIOTHI Q,, HEoOXoAMMoOe i HarpeBaHUS
BOJIBI MAacCcoii My OT TeMIepaTypsl t, 10 Temmeparypsl kumenus ty. Q,=cmy(t;—t,)

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

Q,=4200-4000-(100 —20)=1344-106 1x

Tak kak Q,>Q;, 3HAYUT KOHEYHBIM PE3yJIbTATOM MPOMYCKAHUS BOABI YEpe3 map
OyneT HarpeBaHue BOABI J0 HEKOTOPOW Temmeparypsll, jexaiieid B WHTEpBaJe
ot t; 1o t;. B mpuHIUTIE OT 3TOM OLIEHKHM MOXKHO OBLIO OTKa3aThCs, MOCKOJBKY B
YCJIOBUM SIBHO CIIPAILMBAETCS «J0 KaKOW TEMIIepaTypbl HAarpeiaach BoJa». MbI 3TO
C/IeJIay UCKITIOYUTENHHO B YICOHBIX IEIISX.

3anuinemM ypaBHEHHE TEIJIOBOTO OanaHca:

Q1+Q3=Q4(1)

B stom paBeHcTBe Q3 — KOJIMYECTBO TEIJIOTHI, BBIIEISEMOE MPU OXJIAXKIACHUU

BoAbl (OOpa3oBaBIlelics W3 TMapa) Maccod My OT TeMmIeparypbl KuUMeHus t; 10
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MCKOMOU TemriepaTypsl {, Q; — KOJMYECTBO TEIMIOTHI, HEOOXOIUMOE ISl HAarPEBAHUS
BOJIbI MAacCoit M, OT TeMIiepatypsl t, 10 TemmepaTypsi .
Pacniummem paBenctro (1):
Lm1+Cm1(t1_t)=Cm2(t_t2)
Packpoem ckoOku B 00€MX 4acTsIX paBEHCTBA:
Lm;+cm;t;—cmyt=cmyt—cmst,
ColGepeM B MpaBoi 4aCTH BCE YJIEHBI ¢ MHOKHUTENEM {, BEBIHECEM €ro 3a CKOOKH,
a B JPYrof — BCE OCTAJIbHBIE:
Lmg+cmyt+emyty=ct(my+m,)
B uTore Mbl MoJTy4yuM Takoe peIIeHUE 3a/1a4d B OOIIEM BUJIE:
t=Lm+c(m;t;+myty)c(my+my)
[TocunTaem 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

YcaoBue 3a1a4un:

Komoxk ™okporo chera maccoun 0,3 kr momectwsii B 1,2 1 BOAbl TIpHU
temneparype 21 °C. Ilocne Toro kKak Bech JIEN pacTasyl, TEMIIEpaTrypa BOJIbI
noHn3uiack 10 6 °C. CKOIBKO BOABI COIEPKAIOCH B KOMKE CHera?

lano:

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

Pemenue 3agaum:

IIycTh B KOMKE MOKPOTO CHETa COJECPXKUTCS KUJKas Boda Maccoll Am, Toraa
Macca Jiba B 3ToM KoMKke paBHa (M;—Am). IIpu 3TOM TemmepaTtypa U KUIAKOH BOJIBI,
¥ JIbJIa paBHA TeMIepatype 1iaBieHus jpaa t, (t,=00 C).

Tak kak Mbl SIBHO 3HAa€M, YTO BeCh JIEA pacTaeT (3TO CKa3aHO B YCIOBHUH), TO
3aMuIeM ypaBHEHHE TETUIOBOTO OaaHca:

Q1+Q2=Qs3

B paBencTBe Q; — KOJIMYECTBO TEILIOTHI, HEOOXOAUMOE IS IUIABJICHUS JIbJa
maccoit (M;—Am), Q, — KOJIHYECTBO TEIIOTHI, HEOOXOIUMOE IS HarpeBaHHUS BOIBI
Maccoit M1l or Temmepatypsl t; 10 Temmepatypsl {, Q3 — KOJWYECTBO TEIJIOTHI,
BBIJICTISIIONIECECS. TPU  OXJIAKICHUM BOJABI Maccoud My oT  TemmepaTypsl tp 10
TeMIiepaTypsl t.

Torma: A(m;—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 BozsI M, BEIPasHM 4epe3 IIOTHOCT BOIbI p (0Ha paHa 1000 kr/m’) i eé
00BeM Vs.

k(ml—Am)+Cm1(t—t1):ch2(t2—t)
BrIpa3um nckomyro Maccy Boabl Am, COIEpPKaBIIENC B KOMKE MOKPOT'O CHEra:
X(ml—Am)ZCsz(tz—t) _le(t_tl)
ml—Am=ch2(t2—t) —le(t—tl)k
Am:ml—chz(tz—t) —le(t—tl)k
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3amaua pemeHa. Jlns ToONydeHHWs YHCICHHOTO OTBETa TMepeBeAéM o0beM
BojibI V, B cuctemy CU:
1,21=0,0012n°
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. Onpenenute yCTaHOBUBLIYIOCS TEMIIEPATYPY, €CIU TEIUIOEMKOCTh Hapa
2,2 xIx/(xr-K).

Hano:

m;=1 kr, t;=—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
HEBEepHBIM oTBeT. JlI1 Hadama ompeaeauM KOJIMYECTBO TEIUIOTHI Q;, KOTOpoe
HE00XO0IMMO IS HarpeBaHUs JibJia 0 TeMrepatypsl miasieHus t; (t,=0 oC).

Q=cim;(t;—ty)
VY nenpHas TEmI0EMKOCTD Jibaa Cy paBHa 2100 [Ix/(kxr-°C).
Q;=2100-1-(0— (—40))=840001x=84xk /]
OnpenenuM KOJUYECTBO TETUIOTHI Q,, HE0oOXoaWMoe I TUTABJICHHS JIbJa
Maccoil my, mo gopmye:
Q2=Amy
VY nenpHas TeruoTa riaBieHus Jbaa A paBHa 330 k/[x/kr.
Q,=330-103-1=3300001x=330k []x

OnpenenuM KOAUYECTBO TEIWIOTHI Q3, BBIAEISAIONICECS MNP  OXJIAKICHHUH

BOJISIHOTO T1apa OT TeMIepatyphl t, 10 Temneparypsl konaeHcarm t, (t,=1000 C).
Qs=Csmy(t—t,)
Q3=2200-1-(120—100)=44000/1x=44k 1

OnpenenuM KOJUYECTBO TETUIOTHI Q4, BBIACISIONICECS TPH KOHACHCAIMY Tapa
Maccoi M2, o Takoi u3BecTHOU popmyine: Q,=Lm,

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

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

Teneps mpoBepUM BBITIOJHEHUE CIIEAYIONIET0 HEPABEHCTBA:

Q:1+Q2<Q4s+Q4
84+330<44+2260
414k ]J1x<2304x )]k

Tak kak paBEHCTBO BBITIOHIECTCS, 3HAYUT B XO0JI€ TETUIOOOMEHA BECh JIE]T TOYHO
NpPEBpPaTUTCS B BOJMY, HpPH O3TOM Kakas-TO 4YacTh Iapa CKOHJICHCHPYETCS
(mockonbky Q;+Q,>Q3). Torma paBaiite omnpeneauM KOJMYECTBO TEIUIOTHI Qs,
KOTOpo€ HEeoOXOoAMMO JUIsi HarpeBaHusi Bonbl (oOpa3oBaBlIelcs M30 JibJa) OT
TEMIIEPATYPhI IIABACHUS JIbAa ; 10 Temueparypbl KUICHUS L, (ta=100 oC).

Q5:C2m1(tKI/IH_tH)
VY nenpHas TEIOEMKOCTH BOJIBI C; paBHa 4200 [x/(xr-°C).
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Q5=4200-1-(100—0)=4200001x=4201x
[TpoBepuM Takoe HEPABEHCTBO:
Q1+Q2+Qs<Q5+Q4
84+330+420<44+2260
834k ]x<2304x/x
[TockonpKy HEpPABEHCTBO BBIMOJHAETCS, 3HAUYUT BOJA, OOpa30BaBLIAsCS H30
Jbla, Harpeercs A0 TeMmrepaTypbl KWUIIEHWS, NpPU H3TOM JIUIIb 4YacTh Mapa
CKOHAEHcUpyeTcs. TemiiepaTypa cMecH CTaHeT paBHOM t,, (wm ty), To ectb 100 °C
i 373 °K, 1 TennooOMeH NpeKpaTUTCs.
Orteert: 373 °K.

3agaua 15

YcaoBue 3agaum:

[To1 HEBECOMBIM TTOPITHEM B LMJIMHAPE HAXOAUTCS | KT BOJBI MPU TEMIIEpATypE
0 °C. B Bogy ommyckaroT Kycok >keyie3a maccoi 1 kr, HarpeTsiit 10 1100 °C. Ha kakyto
BBICOTY TTOAHUMETCS TopiieHb. ATMocheproe maBiaenue 100 kIla, momanb mopiiHs
1000 cM’. TermooTaaueii 1 TEMIOEMKOCTBIO IITHHAPA IPEHEOPEHb.

lano:

m;=1 kr, t;=0 oC, m,=1 xr, t*=11000 C, Pon=100 kIIa, S=1000 cm?, h—?

Pemenue 3agaun:

N3 ycinoBust MOHIATHO, YTO BOJA B pe3yJIbTaTe TEIJIOOOMEHA MPEBPATUTCS B TIap.
Ham HyXHO y3HaTh, NpeBpaTUTCS JIM BCS BOJA B Iap, €CIU Ja, TO OyJeT Ju
HarpeBaTbCs IMap BbIIIE TEMMEpaTypbl KUIEHHUS BOABL. JIJIsT ATOro BBINOJIHUM
CIEIYIOIINUE AEHUCTBHUS.

OnpenenuM KOJIWYECTBO TeruIoThl Q;, HEoOXoauMoe Il HarpeBaHHS BOJIBI
Maccoi M; oT Temmepartypsl {; 10 TemmepaTypsl KumeHus tq, (1, =100 oC). Bto
MOXHO C/IeJIaTh Mo GopmyIie:

Q1=cim; (teut1)
VY nenpHas TerIOoEMKOCTh BOJIbI C; paBHa 4200 [Ix/(kxr-°C).

Q;=4200-1-(100—0)=4200001x=420x /I x

Jlanee  ompenenuM  KOJMYECTBO  TEIUIOTHI Q,,  HeoOXxoaumoe s
napooOpa3oBaHus BOABI Maccoi My, o Gpopmyiie:
Q=L m,

VY nenbHas TemoTa napoodpasoBanus Bojabl L paBHa 2,26 MJx/Kr.
Q,=2,26-106-1=2260000/1x=2260x1x

Taxoke HalIEM KOJWYECTBO TETUIOTHI Q3, BBIAEISEMOE TPU OXJIAKIECHUU KyCKa

Kese3a Maccoil M, oT TeMIiepaTyphl b, 10 TeMrepaTypbl KUTIEHUS BOJIBI L.
Qs=CoMy(tr—tun)
VY nenbHas TEIIOEMKOCTS kKejiesa C, paBHa 460 J[x/(kr-°C).
Q5=460-1-(1100—100)=4600001x=460xI>x

Tak kak Q3>Q1, 3HauuT Boja craHeT mpeBpamiarbcs B map. Ho mockosibky
Q3<Q;+Q;, To nWmb 4YacTh BOABI MPEBpaTUThCA B map. Ha ocHoOBaHMM 3TOTO
3aMuIlneM ypaBHEHHUE TETUIOBOTO OanaHca:

Q1+Q4=Q3
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3nech Q4 (B orTiamume oT Q;) — KOJHMYECTBO TEILIOTHI, HEOOXOIUMOE IS
napooOpa3oBaHus 4acTu BoJbl Maccoit Am. Torga:
Clml(tKI/IH_tl)+LAm:CZm2(t2_tKHH)
3HauUT KcIapuiIach Macca BoJibl Am, KOTOPYIO MOKHO HalTH Mo popmyie:
Am=C2m2(t2_tKHH) _Clml(tmn_tl) L(l)
3anumeM ypaBHeHne Knanelipona-MeHaeneeBa 1l BOASHOTO Tapa:
PV=AmMRT,;

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

[TopmieHs TpUAET B paBHOBECHE, KOTrAa JaBJICHUE BOJSHOTO TMapa P CTaHET
pPaBHBIM aTMOC(EPHOMY Pary, MOCKOIBKY TOPIICHH HEBECOM. [Ipu 3TOM MOpPIICHD
NOJHUMETCST Ha BBICOTY N, © BomsgHOW map 3aWMET o00beM V, paBHBIH
npousseaeHuto Sh. [Tosromy:

paTMS h :AmMRTKI/IH

BrIpazum uckoMyro BbicoTy moabema mopiiras h: h=AmRT P.mSM

YuuthiBas paHee nojydyeHHOE BbIpakeHue (1), moayyuMm Takoe perieHue 3a1auu
B 00111eM BHJIE:

h:(CZmZ(tZ_tKHH) _Clml(tKI/IH_tl)) RTKHHpaTMS ML
[lepeBeném miomaap MOPIIHSI S ¥ TeMIepaTypy KUneHus [, B cuctemy CHU:
1000cm*=1000-10—4m°
100 oC=373 °K

[TocunTaeM 4KCIIEHHBIN 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 3axa4u:

CKOJIBKO PHEPTUU HYKHO 3aTpaTUTh, 4TOObI 6 Kr sbaa mpu —20 °C oOpatuth B
nap ¢ temreparypoiu 100 °C?

Hano:

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+Q4

B aToit popmyie:

Q1 — KOJIMYECTBO TEIUIOTHI, HEOOXOAMMOE JJIsi HArpEBaHMS JIbJJa MAcCo M OT
TeMIepaTypsl t; 10 Temmeparyps wiaBinenus t, (t,=0 oC);

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

Q3 — KOJMYECTBO TEIUIOThI, HEOOXOJUMOE JJii HarpeBaHUs BOJbI MacCOM
M (oOpa3oBaHHOW MpU TasSHUU JIbJA) OT TEMIIEpPATypHI I, 10 TeMmepaTypbl KUTICHUS
tKl/Il'I (tKHH:100 OC);

Qs —  KOJIMYECTBO  TEIJIOTHI, HeoOXoAuMOe it  MmapooOpa3oBaHUs
BOJIBI Maccou M.
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PacrmieM ykazaHHbIe KOJTUYECTBA TETUIOTHI, TOT/IA TTOTYIHM:
Q=c;m(t,—tl)+Am+com(t,,—t)+Lm
Q: m (Cl (tn_tl) +A+C (tmn_tl) + L)

3nech C; — ynenpHas TEIIOEMKOCTh Jbaa, paBHas 2100 Jlx/(xr-°C), A —
yaelbHas TeIUloTa IuiaBieHus Jbaa, paHas 330  kJDx/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 npaa npu 0 °C, Bimim 3 xr Boas! npu 90 °C. Kakas
YCTaHOBUTCS TeMIepaTypa B cocyae?

lano:

m1=10 KT, t]_:O °C, m2=3 KT, t2:90 OC, t—?

Pemenue 3agaun:

JlaBaiiTe ompenenuM KOJWYECTBO TeIIoThl Q;, HeoOXoaumoe M TUIaBICHUS
JpJa Maccor My, mo popmyre:

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

Taxoke onpee MM KOJUYECTBO TEIUIOTHI Qy, BBIACISIEMOE TMPU OXJIAKICHUU
BOJIbI Maccoil M, OT TeMrepartypsl t, 10 TeMrepaTyphl IJIaBICHUS Jbja iy, Mo Takoi
bopmyie:

Q=cmy(t,—ty)
VY nenpHas TernoéMKocTh BojibI C paBHa 4200 Jx/(kr-°C).
Q,=4200-3:(90—0)=1134000/1x=1134Kk/Ix

Tak kak Q,<Q1, 3HAYHUT BOJIa OCTHIHET JIO TEMITEPATyphl TUTABICHUS Jbaa {1, Ipu
ATOM JIMIITb YaCTh JIbJa pacTaeT. Termioo0MeH IpeKpaTUTCs, MOCKOJBKY TeMIlepaTypa
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 nonoxwumu 0,1 kr apaa npu temneparype 256 °K. Ckosibko BOJbI OyneT B
KaJIOPUMETPE MOCJI€ YCTAHOBJIEHHS TEIIOBOTO PABHOBECHS?

ano:

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

Penienue 3agaumn:
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Jnsa Hayana mnpousBeAEM CHEAYIOUIYI0 OLEeHKY. OnpeneiauM KOJIUYECTBO
Ter10Thl Q1, BBIJEISIEMOE TIPH OXJIAXKIEHUHU BOJIbI MAaCCOM My OT TeMIepaTypsl 1 110
TeMmreparypsl miasiaeHus apaa 1, (T,=273 °K), o caeayrorieit popmyiie:

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

Jlanee ompeneianM KOJIHYECTBO TEIUIOTHI Qp, HE0OXoauMoe Jisi HarpeBaHus
JbJAa Macco M, OT TeMIepaTypsl T, 10 TeMmIepaTyphl IUIaBIEHUS JbAa I, IO
aHAJIOTUYHOU (hopmyIe:

Qo=Comy(T,—T2)
VY nenbHas TEMIOEMKOCTD Jibaa C, paBHa 2100 [Ix/(kxr-°C).
Q,=2100-0,1-(273—256)=3570/1x=3,57x Ik

B  KkoHIE KOHIIOB  y3HAaeM KOJWYECTBO TETUIOTH Q3,  HEOOXOAMMOE st
TUTaBIICHUS JIbJIa Maccor My: Q3=Am,

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

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

Tak kak BugHO, uyTO Q1>Q,, 3HAUMT NE€M OYIET MIABUTHCSH, HO MOCKOJIBKY

Q1<Q2+Q3, 3HAYUT HE BECh JIEN pacTaeT. 3aluIlIeM YpaBHEHUE TEIJIOBOro OajaHca:
Q1=Q2+Qs4

3nech Q4 — KOJTUYECTBO TEIUIOTHI, HEOOXOAMMOE JUIsl TUIABJICHUS] YacTH JIbJa
Maccoir Am. Toraa numeem:

CimMy(T1=T,)=Comy(T,—T,)+AAm

BrIpa3um Maccy pacrtasBiiero jpaa Am:

Am=c;my(T1—T,) —Comy(T,—T2)A(1)

Hckomyro Maccy BOJBI M MOCJ€ YCTAHOBJICHUS TEMJIOBOIO PABHOBECHS MOKHO
HaiiTi o popmyie:

m=m;+Am

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

m:m1+C1m1(T1_TH) _szg(Tn_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 xonoaunbauk, notpedistonii MoutHocTs 200 BT, momecTunu 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 3amaue uet peub Npo XOJOJUIbHYIO MallMHY, U 0€3 3HAHUS ATOU
TeMbl Oy/IeT T0BOJILHO CJIOKHO pa3o0paThCs B HEH.

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

77



0oJiee XOJOMHOE, XOTA OHO OTHAAET TEIIO (B OTJIMYME OT XOJOAWIbHUKA B MPSIMBIX
IIUKJIax).

Pabouee Teno (’KMAKOCTh B CUCTEME KOHAEHCATOpa U UCHApUTENsl) MOIydaeT OT
XOJIOMUIIHUKA ~ KOJIMYECTBO  TEIIoThl Qp, OTIaBass  HarpeBaTelllo  KOJWYECTBO
Ter10Thl Q1, KOTOpoe OOJbIIIe MOTYYEHHOTO KOJIMYECTBA TEIUIOThl Q; HA BEIMYUHY
paboThI ANIEKTPOABUTATEIS XOJIOAMIbHUKA A.

3HAYUT:

Q1=Q2+A(1)

BennunHa oTIaHHOTO HArpeBaTeIt0 KOJIMYECTBA TEIIOTH Q) ¥ €CTh KOJIMYECTBO
TEIUIOTHI, BBIICJIUBIICECS B KOMHATE.

OdeBuHO, 9TO BenmmuuHy Q, CieayeT UcCKarth 1o Gopmysie:

Q2=Q21+Q2

3nech Qz; — KOJMYECTBO TEIIOTHI, BBIICIIEMOE MPU OXJIAKICHUU BOJIBI MAaCCOM
M ot TeMmmepatTypsl t 1o TemmepaTypbl Kpuctaumsaiuu Bojbl i (t=0 ©C); Qp —
KOJMYECTBO TEIJIOTHI, BBIACIAEMOE TIPU  KPUCTAIUIM3AIMK BOJBI  Maccou M.
PacniuieM yka3zaHHble KOJIMYECTBA TEIUIOTHI IO WM3BECTHHIM (opMyraMm, TOrnaa
MOJTYYUM:

Q,=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 HalTu 1o popmyiie:

A=N1(3)
[ToxcraBum Beipaxkenus (2) u (3) B popmyny (1):
lecm(t_t1)+;\,m+NT
[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, umeromyo temnepatrypy 10 C, nponmyckanT BOAsIHOM map npu
100 °C. Ckoabko

YciaoBue 3agaun:

Uepes Boay, uMmeromnyto temneparypy 10 °C, mpomyckaroT BOJASHOM Tap MpH
100 °C. CkoJIbKO MPOLIEHTOB COCTABUT Macca BOJbI, 00pa30oBaBIlElCs W3 Mapa, OT
BCEI1 Macchl BOJBI B COCYJI€ B MOMEHT, Korja e€ temmnepartypa pasia 50 °C?

Hano:

;=10 oC, t=100 oC, t=50 oC, a—?

Penienue 3agaumn:

3anuiieM ypaBHEHHE TEIIOBOro OajaHca:

Q1=Q21+Qs

B sTom paBeHcTBE:

Q1 — KOJIMYECTBO TEIUIOTHI, HEOOXOJMMOE JJisi HarpeBaHHsl BOJIbI HEKOTOPOU
Macchl M OT Temneparypsl t; 10 Temneparypsi t;
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Q2 — KOJMYECTBO TEIIOTHI, BBIACISAEMOE MPU KOHJICHCAIMHM Tapa HEKOTOPOU
Macchl Am;
Q3 — KOJIMYECTBO TEIUIOTHI, BBIACIAEMOE MPU OXJIAXKIACHUH BOJbBI HEKOTOPOU
Macchl Am, 00pa3oBaBIIeiics U3 mapa, oT Temneparypsl t; 70 TemmepaTtypsi t.
PacnucaB npuBen€HHbIE KOJIMYECTBA TEIIOTHI, TOJIYYHM 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—t,)
m=Am(L+c(t;—t))c(t—t1)(1)
Boo0111e HCKOMYIO BEJIMYMHY 0L HY’KHO UCKaTh Mo popmyiie: a=Amm+Am
[ToncraBum BeipaskeHue (1) B aty hopmyiy:
a=AmAm(L+c(t,—t))c(t—t))+Am
CokpaTuM U YUCIUTEND, U 3HAMEHATENh HA Am:
(l:1L+C(t2_t)C(t_t1)+1
JIOMHOXXUM M YHCJIUTEN b, U 3HAMEHATEIb Ha C(t—ty):
(X:C(t_tl) L+C(t2_t) +C(t_t1)
Taxke mpousBenEéM HEKOTOphIE TMpeoOpa3oBaHusi (packpoeM CKOOKH B
3HaMeHaTele):
a=c(t—t;)L+ct,—ct+ct—ct;
a=c(t—tl)L+ct,—ct;
(1=C(t_t1) L+C(t2_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 3a1aum:

Crpys cTOrpaayCHOTO BOJASHOIO IMapa HAIpaBISIETCA HA KyCOK Jpaa mMaccou 10
kr ¢ temmeparypoi 0 °C. Kakasg yCTaHOBUTCS TemmepaTypa IOciie TOro, Kak Jex
pacTaert, eciid Macca U3pacxoJ0BAHHOTO Mapa 2 Kr?

Hano:

m1=10 KT, t]_:O °C, m2=2 KT, t—?

Pemienne 3agaum:

OmnpenenuM komuuecTBO TeruioThl Q1l, HeoOxoaumoe i TUIABICHUS 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 Q,, HEOOXoauMoe Ui HarpeBaHus
BOJbI Maccoid My, oOpa3oBaBILIEHCA U30 JIbJIA, OT TEMIIEPATYyphl IUIaBICHUS Jbaa ty 10
Temrepatrypbl kunieHus Bojbl t, (tk=100 oC). D10 MOXKHO caenats 1o popmyie:

Q=cmy(t—ty)
VY nenbHas TEIIOEMKOCTB BOJIbI C paBHa 4200 JIx/(kr-°C).
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Q,=4200-10-(100—0)=4200-103/Tx=4200x ]x
W Takke ornpeaenuM KOJIWYECTBO TEIUIOTHI Qs, BBIIEISIEMOE NPU KOHACHCAIINH
napa mMaccou My, o gpopmyiie:
Qs=Lm;,
VY nenpHas TemoTa KoHaeHcanuu napa L pasna 2,26 MJIx/kr.
Q3=2,26-106-2=4520-1031>x=4520x JI>x
JlaBaiiTe mpoaHanM3upyeM MOJydeHHbIE pe3ynbTarbl. Tak kak Q3>Q;, 3HAUUT
Bech J€a pactaer. Ho Tak kak Q3<Q;+Q,, 3HaYuT Bech map CKOHACHCUPYETCS, a
nanee OyJeT MPOUCXOAUTH TEIJIO0OMEH MEXKIy BOAOW, 00pa3oBaBLIEHCS U30 JIbja, U
BOJI0H, 0OpasoBaBIeics 13 mnapa.
3anuiieM ypaBHEHHE TEIIOBOro OajaHca:
Q1+Q4=Q3+Qs
B stom paBeHcTBe Q4 — KOJMYECTBO TEIUIOTHI, HEOOXOAMMOE Il HArPEBaHUS
BOJBI Maccoi M; OT TeMmmeparypsl t; 10 uckomoit Temmnepatypsl {; Qs — KOIUIECTBO
TEIUIOThI, BBIJEISIEMOE MPHU OXJIAXKICHUU BOJABI MAcCOM M, OT TemImepaTrypsl t; 10
HMCKOMOU TeMIleparypsl t.
Pacnumem yka3aHHbIE KOJMYECTBA TEIUIOTHI MO (opMysiaM, TOTAA MOTyYUM
CIIEAYIOIIEE PABEHCTBO:
Amg+emy (t—t)=Lmy+cm,(t—t)
PackpoeM ckoOku B 00erX 4acTsSX paBEHCTBA:
Amg+ecmyt—cmit;=Lm,+cmytk—cm,t
[lepeHecem B JI€BYI0 4acTh BCE WIECHBI C MHOXHWTENEM I, BbIHECEM €ro 3a
CKOOKH, OCTAJIbHBIE YJICH TIEPEHECEM B MPABYIO YACTh.
ct(my+m,)=Lmy—Am+cmstr+cmsty
t=Lm,—Am;+cmj,t, +cm;t;c(m;+m,)
t=Lmy—Am;+c(myt +myty)c(m+m,)
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 Bonbl, Temmeparypa kotopod 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 KOJMYECTBO TEIIOThl Q;, KOTOpOE BBIACISACTCS MPU OXJIAKICHUU
BOJIBI Maccou m; ot TeMrepaTypsl 1 10 TEeMIIEPATYPhI TIJIaBJICHUS
apaa T, (T,=273 °K). Ucnoas3yem ciaenyroriyto Gopmyiy:

Q1=Ccimy(T1—T,)
VY nenpHas TEII0EMKOCTh BOJIbI C; paBHa 4200 [x/(xr-°C).
Q1=4200-5-(288—273)=315000/1x=315k]Ix
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Jlanee ompenenuM KOJMYECTBO TemIoThl Q,, KOTOpoe HEOOXOAUMO Jis
HarpeBaHUs JibJla MAcCoOil M, OT TeMIepaTypsl I, 10 TeMmeparypbl IUIABJICHUS
apaa T, MO aHAIOTHYHOU (opmyie:

Qo=Comy(T,—T2)
VY nenbHas TemoeMKocTh Jbaa €2 paBHa 2100 [Ix/(kxr-°C).
Q,=2100-1-(273—270)=6300/1x=6,3k ] x
Taxxe ornpenearm KOJIU4eCcTBO TEIOTh Q3, HEOOX0IUMOE ISl TUTaBJICHUS JIbJIa
Maccoit My, mo popmyre:
Q3=Am;
VY nenbHas TEIUIOTA MJIaBJIeHU Jibaa A paBHa 330 kJ[x/Kr.
Q3=330-103-1=330-103 1x=330k [>x

[IpousBeneM aHanu3 MOMYyYEHHBIX pe3ynbratoB. Tak kak Q;>Q,, TO néxn
HarpeeTcsl 10 TeMIlepaTypsl TaBleHus u HayHeT rmiaBuTcs. Ho Tak kak Q;<Q,+Qs,
TO BOJa, OCTHIB JI0 TEMIIEpATyphl I, HE CMOXXET pacTonmuTh Bech NEA. Tak Kak
TEeMIepaTypa BCeX KOMIOHEHTOB CTaHET OJAMHAKOBOM, TO TEMIIOOOMEH MPEKpPaTUTCS.
[ToaTomy Temneparypa TerioBoro pasHoBecus pasHa 0 °C (273 °K).

Otser: 0 °C.

3agaua 23

YcaoBue 3axa4u:

B mutp Boawl npu 20 °C O6pocmiin KOMOK MOKporo cHera maccoi 250 r. Korna
BEChb CHEr pacTasul, TO oOmas Temreparypa craiga pasHoi 5 °C. Omnpenenutb
KOJIMYECTBO BOJIbI B KOMKE CHETa.

Hano:

V=1 n, t1=20 oC, m,=250 T, t=5 oC, Am—?

Pemenne 3agaum:

[IycTh B KOMKE MOKPOTO CHEra COAEPKUTCS BOAA Maccor Am, Torna B HEM ke
cogepxkutcss n€n  Maccoit (M;—Am). Temmeparypa KOMKa OYCBHIHO paBHa
TeMIiepaTypa IMJIaBJIeHUs JIb/1a

t, (t,=0 oC).
3anuiieM ypaBHEHHE TEIIOBOro OajaHca:
Q1=Q21+Qs

3nech Q1 — KOJIMYECTBO TEIUIOTHI, BBIACIAEMOE TPU  OXJIAXKACHUH BOJbI
HEKOTOpOM Maccoil M; or Temmeparypsl t; 1o Temnepatypsl t; Q, — KoJIMYECTBO
TEIUIOTHI, HEOOXOIUMOE JIJIsl IJIABJICHUS Jbaa Maccoit (M;—Am); Q3 — KOIMYECTBO
TEIUIOThI, HEO0OXOoauMOe [IJIi HarpeBaHUsi BOJBI Maccoil M2 oT TemmepaTypbl
wiaBaeHus jbaa t, (t,=0 oC) no remnepatypsi t.

PacruiiieM 3Ti KoM4uecTBa TEIJIOTHI O (popMysiaM, TOTa TIOTyUUM:

cmy (t;—t)=A(my—Am)+cmy(t—t,)

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

Maccy My BBIPa3HM 4epes IIOTHOCTh Bojsl p (paBHast 1000 kr/m’) u 06beM V.

cpVi(ti—t)=r(mz—Am)+cmy(t-t,)

OcTanock TOJBKO BBIPA3UM HCKOMYIO MaccCy BOJIbl B KOMKE MOKpPOTO cHera Am:

mg—Am=ch1(t1—t) —sz(t—tH)K
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Am=my—cpV(t;—t) —cm2(t—tm)r
Mpb1 pemmmuin  3amady B oOmeMm Buae. Temepp mepeBeném obObem V1 u
Maccy m2 B cucremy CU:

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:

Konba, TenmoeMKocThi0 KOTOpOH MOXXHO MpeHeOpeub, cogaepkut 600 T BOJIbI
npu 80 °C. Kakoe koiudecTBo Jbjaa npu Temmeparype —15 °C HykHO 100aBUTH B
BOJY, YTOOBI OKOHYATENIbHAs Temneparypa cmecu Obuta 50 °C?

Hano:

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

Pemienne 3agaum:

3anuiieM ypaBHEHHUE TEIIOBOro OajgaHca:

Q1=Q2+Q3+Q4

3necb Qi — KOJMYECTBO TEIUIOTHI, BBIACISEMOE TPU OXJIAXKICHUU BOJIbI
Maccoit M; or  Temmeparypsl t; 1o Temmneparypsi {; Q, — KOJMYECTBO TEIJIOTHI,
HE0OXO0MMOe ISl HarpeBaHUs JibJa Maccoil M, OT TeMmneparypsl t; 10 TeMrepaTypsl
mwiaBienus  t, (,=0 oC); Qs — KOIMYECTBO TEIUIOTHI, HEOOXOAUMOE IS
TJTABJICHUS JIBIa Maccod My; Qg — KOJWYECTBO TEIUIOTHI, HEOOXOIUMOE IS
HarpeBaHWsi  BOABI  Maccoil M, (oOpa3oBaHHOM  TpW  TassHUM  Jiba)  OT
TemIieparypsl t; 10 temneparypsi t.

Pacnumem koauyecTBa TEIIOTHI IO U3BECTHBIM (OpMYyJIaMm:

Clml(tl_t):Cgmz(tn_t2)+}\,m2+clm2(t_tn)
Clml(tl_t):mz(Cg(tn_tz)'F}\,‘}'Cl(t_tn))

VnenpHast TtemnoémMkocTh  Boabl C; paBHa 4200  Ix/(xr-°C), ynenbHas
TEIIOEMKOCTh JibJia C, paBHa 2100 [Ix/(xr-°C), ynenpHash TEIUIOTa TUIABJICHUS
apaa A paBHa 330 x/[x/Kr.

my=Cymy (t;—t)Co(t,—t) +A+cy (tt,)
[TepeBeném maccy m; B cuctemy CHU: 600r=0,6kr
IlocunTaeM uncIEeHHBIN 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 snektpudeckoit miautke MomHOcThi0 600 BT HaxonuTcs 4allHUK C JBYMS
auTpamu Bobl. Kak monro Obuta BKIIFOUEHA TUTMTKA, €CJIM BOJAa U YalWHUK HATPEINCh
ot 20 mo 100 °C, u 50 r Boasl ucnapwiocsk? KII muutku 80%, TEmnoeMKOCTh
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, t—?
Penienue 3agaumn:
KII/[ »7eKTpUUYeCKOM TUIMTKH 1] MOKHO HAWTH KaK OTHOIICHHE €€ TMOJIE3HOM
paboTel A, K 3aTpadeHHOU padoTe A,.
N=A:A(1)
[Tone3nyro padoty A; MOKHO HANTH KaK CIEAYIONIYIO CyMMY:
A=Q:1+Q2+Qs3

3neck Q1 — KOMMYECTBO TEIJIOTHI, HEOOXOAMMOE JJisi HAarpeBaHUs YalHUKA OT
TeMIepaTypsl I 10 Temmeparypsl tp; Q, — KOIMUYECTBO TEIUIOTHI, HEOOXOAUMOE s
HarpeBaHus BOAbl HEKOTOPOM Macchl M OT TeMIiepaTypsl Iy 10 Temneparypsl ty; Qs —
KOJIMYECTBO TEIJIOTHI, HEOOXOIMMOE JIJIsl TPEBPAIICHHs B TIap BOJbI Maccoi Am.

PacnucaB ykazaHHbIE KOJIMUECTBA TEIJIOTHI IO (POpMyIiaM, OTYUHM:

AH:C(tg_t1)+Cm(t2_t1)+LAm

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

napooOpazoBaHus Bojbl L paBHa 2,26 M JIx/kr.

Maccy BOJIbI M pacnuiiemM Kak MIPOU3BEACHUE IJIOTHOCTH

Bozel p (p=1000 kr/m®) Ha 06Bem BoBI V.
AH=C(t2_t1)+CpV(t2_t1)+LAm(2)
3aTpayeHHyl0 pal0OTy IUIMTKUA A, JJErKO ONpPEeAeNuTh 4Yepe3  MOIIHOCTh
Utk N 1 BpeMst paboThl T 1o hopmyiie:
A,=N1(3)

[ToncraBum Beipaxkenusd (2) u (3) B popmyiny (1):
n:C(tg—tl)+ch(t2—t1)+LAmNr
1=C(t;—ty)+cpV(t,—t)+LAmmN

Mpsl pemmnu 3amgady B oOmem Buzae. llepen pacueTom YHCIEHHOTO OTBETa

nepeBeqiéM 00beM V B KyOmdeckue meTpbl, Maccy Am B kuinorpammbl, KIIIn — B
JIOJIA €IMHULBI.
21=0,002m3
50r=0,05kr
80%=0,8

IIpon3BenéM BbIUUCIICHUS:

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

Oteer: 1719 c.

3ampaua 26

YcaoBue 3axa4u:

B ycnoBusix CeBepa npecHyr0 BOJy MOIy4aroT U3 cHera. CKOJIBbKO JPOB HY’KHO
u3pacxoioBath, 4To0bl 1500 KT cHera, B3siTtoro npu temiepatype —10 °C, oOpaTuth B
Bony ¢ temneparypor 5 °C? KIIJl ycranoBku 30%. YaenpHas TemioTa CropaHus
npoB paBHa 10 MJx/kr.

ano:

mM;=1500 kr, t;=—10 oC, t,=5 oC, n1=30%, =10 MJx/xr, m,—?

Pemienne 3agaum:

KoaddurueHT none3Horo AelcTBUsS yCTAHOBKU 1] PABEH OTHOIICHUIO TMOJIE3HOM
paboThl yCTaHOBKH A, K 3aTpaueHHON padbote A,.
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N=A:A(1)
[Tone3nyto padboty A, MOKHO HANTH CIIEAYIOIIMM 00pa3oMm:
A,=Q:1+Q,+Q3

B aroit dopmyne: Q; — KOIUYECTBO TEIIOTHI, HEOOXOAMMOE JJIsi HArpeBaHMs
JbJIa Maccoi My oT Temmeparypsl {; 10 TemmnepaTypsbl miaBieHus Jybaa t (t,=0 oC);
Q, — KOJIMYECTBO TEINIOTHI, 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+02m1(t2—tn)
A= ml(Cl (tn_tl) +}L+C2(t2_tn)) (2)

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

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

A3:qm2(3)
[Tomyuennsie Boipaxkenus (2) u (3) noacraBum B popmyary (1):
n=my(Cy(t;—ty)+A+Cy(t—t,))gm;
My=m; (C1(t,—t1)+A+Co(t—t,))ng

[TocunTaem OTBET:

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

Otser: 186 kr.

3amava 27
YcaoBue 3a1a4u:
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 3agaun:
OnpenenuM KOJWYECTBO TEIUIOTHI Q1, KOTOpPOE€ HEOOXOIUMO JJIS TUIABJICHUS
JIbJAa Maccou My:
Q:1=Amy
VY nenbHas TemioTa riaByieHus Jbaa A paBHa 330 k/[x/kr.
Q:=330-103-0,5=165000/1>x=165x 1>k
Tenepr ompemenuM KOJWYECTBO TEIMJIOTH Q;, KOTOpOE BBIASHHUTCS TPHU
OXJIQXJEHUU BOJBI MAccOil M, OT TeMmeparypsl t, 10 TemmepaTypbl IJIaBICHUS
abaa t, (t,=0 oC).
DTO MOXKHO CAENAaTh MO0 cienytoue hopmyre:
Qo=cmy(t,—ty)
VY nenbHas TEIIOEMKOCTB BOJIbI C paBHa 4200 JIx/(kr-°C).
Q,=4200-0,3-(80—0)=100800/1x=100,8x 1«
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BunHo, dYTO maxke ecnM  BOJMAa OCTHIHET MAaKCHMaJIbHO, TO €CTh [0
TEMIEPATYPHI L, TO BBIICIUBIIETOCS KOJMYECTBA TEIUIOTHI BCE paBHO HE XBaTHT,
4YTOOBl PACTONHUTH Bech IEN, Tak Kak Q>Q,. 3HauuT TemrepaTypa TEMIOBOrO
paBHoBecus paBHa 0 °C (273 °K).

Otser: 273 °K.

3apaua 28

YcaoBue 3agaun:

[Ipu 3aMopakuBaHUM HEKOTOPOTO BEIIECTBA B XOJOAWIbHUKE OTpeOoBaIOCh 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
BEILIECTBA, €CJIU €r0 TEIIOEMKOCTh B KUAKOM cocTossHuM 4200 kJIx/(kr-K).

lano:

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

Pemenue 3agaun:

UtoObl  OXJIAIUTh  TEJIO  HEKOTOPOM  Macchl MoT  TemmepaTypsl ty 10
TeMITepaTyphlI L, Hy’)KHO OTBECTH KOJUYECTBO TETUIOTHI QQ;, KOTOpOE MOKHO HAWUTH 10
dbopmyie:

Qu=cm(t;—t2)(1)

YToObI NPEBPATUTH TEJIO U3 XKUJAKOCTU B KPUCTAILI, HY’KHO OTBECTH KOJIUYECTBO

TernoTel Q,, onpenenseMoe hoOpMyIIOi:
Q2=Am(2)

Hy>XHO mMOHMMaTh, 4YTO B XOJIOJWJIbHUKE OTBOJAMMAsi OT TeJla TemIoBas
MOITHOCTh N OCTaéTcss MOCTOSTHHOW. YUMTHIBAask TO, YTO KOJWYECTBO TEIUIOTHI PaBHO
MIPOM3BEICHUIO TEIIJIOBOM MOIIIHOCTH Ha BPEMS, UMEEM TaKyl0 CUCTEMY:

{Q:=N1;Q,=N1,

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

{N’Clzcm(tl_tg)Nngkm

[logenuM HUKHEE PpaBEHCTBO CUCTEMbl Ha BEpXHeEe, TOrjaa IMOJIyYuM:
}VC(tl_tz)z’Ele

}\;C(tl_tg)’fgfl

3agayva pelieHa B oOIIEeM BHUJIE.

ITepeBeném Bpems 11 U T, 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
YcaoBue 3agaun:
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B Benape naxomutcs cMech BOJIBI co JibaoM maccoit m=10 kr. Benpo BHecnu B
KOMHATy M cpa3y JK€ Hauajlu Uu3MepATb Temmeparypy cmecu. [lomyuuBinasics
3aBUCUMOCTh TEMIIEpaTyphl CMECH OT BpPEMEHH H300pakeHa Ha PHCYHKE.
OnpenenuTs Maccy JbJa B BEIpe B MOMEHT BHECEHUS €r0 B KOMHATY.

lano:

m=10 xr, Am—?

Pemienue 3agaun:

Bpemsi mnnaBieHuss npga B CMecH Tp paBHO S50 MMH, BpeMs HarpeBaHUS
BOJIBI T, paBHO 10 mwuH, Temmeparypa t; paaa 0 °C, remneparypat, paaa 2 °C
(cMoTpuTE CXEMY).

UtoObl pacmmaButh JEN Maccoil Am, cojepKamuics B CMECH, HYKHO
KOJIMYECTBO TEIJIOThl Q1, KOTOPOE MOXKHO OMPEAEIUTD MO GopMyJIe:

Q:=AAm(1)

VY nenpHas TeruioTa ruiaByieHus gbaa A paBHa 330 k/[x/kr.

Jlnst  HarpeBaHus ~ BOABI  Maccoil M (mociie  pacruiaBiieHHs]  JbJa)  OT
TEeMITepaTyphl I3 10  TemrepaTypsl {2 HEOOXOIUMO  KOJIMYECTBO  TEIUIOTHI Q2,
onpenensemMoe 1o popmyiie:

Qz2=cm(tx—t1)(2)

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

BooOmie, cmech BOAbl CO JbAOM OYyIET HarpeBaTbcs, MOCKOIbKY Oyaer
MPOUCXOJUTh TEIIOOOMEH C BO3yXOM KOMHAThI. [Ipu 3TOM HET MpPUYMH TOJararh,
4YTO mojBOAMMAs TerioBas MoIIHOCTH N (OT BO3ayxa KOMHATBI) MEHSETCS CO
BpeMeHeM. Tak Kak KOJIMYECTBO TEIUIOThl PAaBHO MPOU3BEACHUIO TEIUIOBOM
MOITHOCTH Ha BPEMs, TO MOXHO MOJIYYUTh TAKYIO0 CUCTEMY:

{Q:1=N1:Q,=Nr1;

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

{er=cm(t2—t1)Nr2=XAm
[Tonennm HUXKHEE PAaBEHCTBO HA BEpXHEE, TOTIa:
kAmcm(tg—t1)=rgrl
Amzcm(tg_tl)'fg}\,’fl
[lepeBeném Bpems 11 U T, B cuctemy CU:
S50mua=3000¢
10Munr=600c¢
[TpousBenémM BbIYMCIICHUSA:
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 nomectuiu S0 T pacriaBIeHHOTO
ceuHlla ¢ temreparypoir 400 °C. Kakas Temmeparypa yCTaHOBUTCS B pE€3yJIbTATE
TersiooOMeHa B cocyne? YenbHble TEIUIOEMKOCTH paciuiaBa U TBEPAOro CBHHIIA
CUUTATh OJMHAKOBBIMHU.

lano:

V1=0,25 n, t,=20 oC, m,=50r, t,=4000 C, t-?

Pemenne 3agaumn:

B sT1oit 3a1aue HyHO 00s3aTEeIbHO MPOU3BECTH OLICHKY. [/laBaiiTe nisi Hauvana
OTPEIEINM KOJUYECTBO TEIUIOTHI Q1, KOTOpoe HEO0OXOAUMO Jisi HarpeBaHUs BOJIbI
Maccoit My oT Temmepatypsl ty 10 Temmepatypsl kunerus t, (t,=100 oC). Dto MOKHO
cAenaTh 1o clieayroiien popmyre:

Q:=Cimy(t—ty)

VY nenpHas TemoéMKOCTh BOjbI C; paBHa 4200 JIx/(kr:°C).

Maccy m; npencTaBuM Kak NMPOU3BEIECHUE MJIOTHOCTU BoAbI p (oHa paBHa 1000
KF/M3) Ha 00beM V4, Tora:

Q:1=C1pVi(t—t1)

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

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

Tak kak TemmepaTypa pacIUIaBJIC€HHOTO CBHHIA t, OoJibllie TemmepaTyphbl €ro
wiasnienus t,; (t,=327 oC), To onpeaenuM KOJINYSCTBO TEIIOTH Q;, BBIACIAEMOE TIPH
OXJIQXKJICHUU pacIuiaBa CBUHIIA OT TeMIIepaTyphl t, 10 Temmneparypsl t,.

Q=Ccomy(tt,)

VYenbHasi TEIIOEMKOCTh paciijlaBa CBHHIA (M TBEPAOTO CBUHLA) C, paBHa 130
Jx/(xr-°C).

Q,=130-0,05-(400—327)=474,51x

KomndectBo  TeruoTer Qs,  BBIAEISAEMOE TIPH  KPUCTAUTM3AIlMKM  CBUHIIA
Maccoi My, onpeaenuM o Gopmyiie:

Qz=Am,
VnenbHas TEIIOTA KpUCTA/UIM3ALMK (TUIaBJICHUS ) CBUHITA A paBHA 25 KJK/KT.
Q3=25-103-0,05=12501x

KonudectBo Temnotsl Q4, BBIACISIEMOE TIPU OXJIKIESHWN CBUHIIA MAacCcoi M, OT
TeMrepaTypsl t, 10 TeMneparypsl t,, paBHO:

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

Bunno, uro Q1>Q,+Q3+Q,, 3HaUUT TeMriepaTypa TEIIOBOTO PaBHOBECHUS OyIeT

JeXaTh B mpeenax oT ty 1o 1. 3anuiieM ypaBHEHHE TETIOBOTO OayiaHca:
Q5=Q,+Q3+Qs

3nech Qs — KOTUYECTBO TEIIOTHI, HEOOXOIUMOE JIJIsSi HarpEeBaHUS BOJBI MACCOM
M; oT Temmepatypsl t; 10 Temmneparypsl t; Qg — KOTUYECTBO TEIUIOTHI, BEIACIIEMOE
MpU OXJIAXKJEHUH CBUHIIA Maccoil M, oT TemMriepatypsl t; 10 Temneparypsl t. Toraa:

C]_ml(t_t]_)=C2m2(t2_tn)+}\,m2+C2m2(tn_t)
Clml(t_tl)=C2m2(t2_t)+}\,m2
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Packpoem ckoOKu:
Cc,Mmjt—CciMm;t;=Comyt,—Com,t+Am,
Bce unensl ¢ MHOXUTEsIEM t IepeHeceM B JIEBYIO CTOPOHY, BBIHECEM €ro 3a
CKOOKH, OCTaJIbHBIC ITIEPEHECEM B IIPABYIO.
t(C1m1+Cgm2)=01m1t1+C2m2t2+7Lm2
t=c;m;t;+com,t,+Am,cim;+co,ms,
Maccy m; npeacTaBuM Kak MPOU3BeeHUE TUIOTHOCTU BOBI p Ha 00beM Vi, Kak
ATO Y€ OBbUIO CIEIaHO BHIIIIE:
t=C1pV;ti+Comyt,+Am,CipVa+com,
[lepeBeném HekOTOpbIE BEIMYHUHBI B cucteMy CU:
0,251=0,25-10-3m°
50r=0,05kr
YucnenHno Temrieparypa t paBHa:
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 CTalii, KOTOPbIi
nepenaér Boae 4,6 MJx sneprumn. Halimute maccy Bomabl, 0OpaTHUBIIEHCS B Tap.
TennoéMKOoCThIO cocyia MPeHeOpeyb.

ano:

m=2,3 kr, t=20 °C, Q=4,6 M]I>x, Am—?

Pemenne 3agaum:

[Tepenannyro Bome sHEPTHIO Q MOYKHO 3aIcaTh Kak CICAYIONYI0 CYMMY:

Q=Q:+Q;

3nech Q; — KOJNMYECTBO TEIUIOTHI, HEOOXOAUMOE IS HAarpeBaHUsS BOJIbI
Maccoii mor  rtemmnepatypbl t 1o Temmeparypbl  kunenwus t, (t=100 oC); Q, —
KOJIMYECTBO TEIUIOThI, HEOOXOAuMOe JUIsi TapooOpa3oBaHUS BOJAbI  HCKOMOM
Mmaccel Am. Torpa:

Q=cm(t,—t)+LAm

VnenbHast TemoéMKOCTh BOJbI C paBHa 4200 JIx/(xr-°C), yaenbHas TeIoTa
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

YcaoBue 3agaun:

Kanopumerp coaepxut 250 r Boabl nipu Temreparype 15 °C. B Boay 6pocuu
20 r mokporo cHera. B pesynbrare Temneparypa B KaJOpUMETpE MOHU3MWIACH HA 5
°C. CxkoJbpKo0 BOObI OBLIO B cHeEre?
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Hano:

m;=250r, t;=15 °C, m,=20 1, At=5 °C, Am—?

Penienue 3agaumn:

[Iyctb B KOMKE MOKpOro cHera Obula Boja Mmaccoid Am, Torma macca
cogepxamierocs B HéM sbaa — (M—Am). M3 yciioBUS TMOHSATHO, YTO KOHEYHAs
TemrepaTypa cMmecu paBHa (t;—At).

3amuiemM ypaBHEHHE TEIJIOBOTO OallaHca:

Q1=Q2+Qs

3nech Q; — KOJMYECTBO TEIUIOTHI, BBIICISEMOE TIPH OXJIKICHUU BOJIBI
Maccoi M; oT Temreparypsl t; 1o Temmneparypsl (t;—At); Q; — KOJUYEeCTBO TEILIOTHI,
HeoOXO0MMOe IS TUTIABJICHUS Jibaa Maccoit (M,—Am); Q3 — KOJWYECTBO TEIUIOTHI,
HEOOXOAMMOEe I HarpeBaHus BOJBI Maccoil M2 OT TemmepaTyphl IJIaBICHUS
abaa t; (t,=0 oC) mo remmnepatypsl (t;—At).

PacriuiieM Bce ykazaHHbIE KOJIMYECTBA TEIUIOTHI, TOT/A IMOJIYYUM TaKoe
PaBEHCTBO:

cmy(ti— (ti—At))=A(M~Am)+cmy((ti—At) —t,)

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

raBieHus abjaa L pasua 330 x/x/kr.
cmyAt=A(my,—Am)+cm,(t—At—t,)
A(my—Am)=c(m;At—my(t;—At—t,))
my—Am=c(mAt—m,(t;—At—t,))A
Am:mz_C(mlAt_mz(tl_At_tl))}»
3amaua pemiena B obmiem Buje. llepen moactaHoBkoi 3HaueHUit B hopmyiy,
nepeBesiEM HEKOTophIe BenunuHbl B cuctemy CHU:
250r=0,25kr
20r=0,02xr
CuuTaeM 4UCIICHHBIN 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

YcaoBue 3a1aumn:

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=30r, t;=24 °C, 1,=16 °C, Am—?

Pemienue 3agaumn:

3anuiieM ypaBHEHHE TEIIOBOro OajaHca:

Q:1=Q2+Qs(1)

B stoM ypaBHeHuu: Q; — KOJMYECTBO TEIJIOTHI, KOTOPOE BBIAEIUTCS IIPU
OXJIQXKJIEHUU KaJIOpUMETpa OT TeMIeparypsl t; 10 Temneparypsl tp; Q, — KoauyecTBo
TEIJIOTHI, HEOOXOIMMOE JJIS IIJIABJIECHUS Jib/1a UICKOMOU Macchl Am, coaepskalerocs B
MOKpOM cHere; Qz — KOJMYEeCTBO TEIJIOThI, HEOOXOJIMMOE MAJii HarpeBaHUs BObI
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Maccoi M, TOJIYYHMBIIEHCS W3 MOKPOTO CHEra, OT TeMIIepaTyphl IUIABJICHUS
abaa t, (t,=0 oC) no Temnepatypsi t.
PacnuiieM yka3zaHHbIE KOJMYECTBA TEIUIOTHI, TOrna ypaBHenue (1) mpumer
CHENYIOIINI BU:
C(ti—t)=AAm+c,m(t,—t,)
HanomHuio, 4yTo ynenpHas TemioTa IUlaBieHUs Jbaa A paBHa 330 xJ[K/kr,
yaelbHas TeI0EMKOCTh BobI C; paBHa 4200 JIx/(kr-°C).
Bripasum maccy fipfia B KOMKE MOKpPOTO cHera Am:
Al’l’l:C(tl_tz) _Clm(tz_tﬂ)x
[lepen pacueTom oTBeTa, epeBeaéM Maccy M B cuctemy CU:
30r=0,03kr
UuciieHHbIN OTBET K 3aJ1a4e 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:kamuil BOAY, BHECIH B TEIUIyK0O KOMHATy, Ipu4eM 3a 15 MuH
TeMIiepaTypa Bojbl noBbicuiiack Ha 4 °C. CKOJIBKO HY>KHO BPEMEHH, YTOOBI B ITOM
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 Benu4uHY At,
HE00XO0MMO KOJIMUYECTBO TEIJIOThI Q;, KOTOpOE omnpeaensercs no Gopmyiie:

Qi=cmAt(1)

VY nenvHas TemnoéMkocTh BojbI C paBHa 4200 JIx/(kxr-°C).

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

Q2=Am(2)

VY nenbHas TeIOTA MJ1aBJIeHus Jbaa A paBHa 330 kJ[x/kr.

Kak BbI 107>KHBI IOHMMAaTh, BOJia HarpeBaercs (a J€a — IMIaBUTCS) U3-3a TOTO,
YTO MPOUCXOJUT TETJIOOOMEH ¢ TETUIBIM BO3JyXOM KOMHAThI. HeT mpu4mH mosnarars,
YTO TOABOAMMAS TEIUIOBasi MOIIHOCTH OT Bo3ayxa N, T.e. KOJMYECTBO TEIJIOTHI,
KOTOpOE€ Mepenaércss BO3AYXOM 3a €JIMHHIYY BPEMEHH, MEHSAETCS CO BpPEMEHEM.
[TOCKOJIBKY KOJMYECTBO TEIJIOTHl PABHO MPOMU3BEACHUIO TEIUIOBOM MOIIHOCTH Ha
BpEMsI, Mbl MOKEM MOJYYUTh TAKYIO CUCTEMY:

{Q:1=N1:Q,=Nr1;
VYuuThiBas nojiydeHHble paHee BoipaxeHus (1) u (2), cucrema npuMeT BU:
{NT;=cmAtNT,=Am
[TopenuM HUXKHEE paBEHCTBO Ha BEpXHEe, TOTa:
ToT1=ACAt
To=T1ACAt

Mp1 pemvuii 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:

AmoMHHHUEBBIN YallHUK Maccoil 0,4 KT, B KOTOPOM HaXoauTcs 2 Kr Boabl ipu 10
°C, nomemiaroT Ha razoByto ropeiky ¢ KIIJ 40%. KakoBa MOIITHOCTh TOPENKHU, €CIH
yepe3 10 MuH Boaa 3akumnena, npudeM 20 T BOAbI BEIKUIIENIO?

lano:

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

Pemenue 3agaun:

KIIJI ropenku n ompeneistoT Kak OTHOIIeHHe e€ TMoje3Hoi pabdoThl Aj K
3aTpadeHHoi pabote A,.

N=ArA(1)
[Tone3nyto paboty ropenku A; MOXHO HAlTH KaK CICAYIONLYIO CyMMY:
A=Q:+Q2+Q5(2)

3mech Q; —  KOJWYECTBO  TEIUIOTHI, HEOOXOAWMMOE  JJIi  HarpeBaHUS
ATIOMUHUEBOT0 YallHUKa Maccod Mj OT TeMmreparypsl t, 10 TeMmnepaTypbl KUTICHHS
Boabl t, (tk=100 °C); Q, — KOJMYECTBO TEIUIOTHI, HEOOXOJUMOE JUIsl HarpeBaHUS
BOJIBI MacCOM M, OT Temmepatypsl t, 10 Temneparypsl kumneHus t; Q3 — KOIU4IecTBO
TEIUIOThI, HEOOXOAMMOE JIJIsSI Mapo0Opa30BaHUS YaCTH BOABI Macco Am.

Ecnu pacnucath Bce MEpEUYUCIICHHbIE KOJIMYECTBA TEIUIOTHI 1O (opmMyram,
torna hopmyna (2) npuMeT TaKo BU:

Anzclml(tk_tg)+Cgm2(tK_t2)+LAm
AH:(Clm1+C2m2)(tk—t2)+LAm(3)

VYnenpHas TemnoéMkocTh amtoMuHus Cl paBua 880 [Ix/(xr-°C), ynenbpHas
TEMJI0EMKOCTH BOJIbI C, paBHa 4200 JIx/(kr-°C), yaenbHas TeIioTa mapooOpa3oBaHUs
BoJbI L paBHa 2,26 MJIx/Kr.

3aTpadueHHYI0 palbOTy Topesku A, BbIpa3uM uepe3 HCKOMYH MOIIHOCTh N u
BpeMs paboThI T:

A3=N1(4)

[ToacraBum Beipaxkenusd (3) u (4) B popmyny (1):

T]=(C1m1+C2m2)(tK_tg)"'LAmN’C
N=(Clm1+02m2)(tK—t2)+LAmnr

Mps1 nonyuwnu pemieHue 3amaud B obmiem Buze. Temeps mepeBeném KIIJI n B

JIOJIM €IMHUIIBI, BpeMS T — B CEKYH/bI, a MacCy Am — B KHJIOTPaMMBI:
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, Temmneparypa Bojbl crana paBHoi 10 °C. Halitu Maccy omyieHHOTo B BOIY
JbJa.

lano:

m;=0,3 xr, m,=1 kT, t,=18 °C, t;=8 °C, t=10 °C, m3—?

Pemienue 3agaum:

[Toce omyckaHus JibJja B BOAY B CUCTEME OyJEeT MPOUCXOAUTh TEIIOOOMEH, B
pe3ynbTaTe KOTOPOTO JIEM pacTaeT, a TeMIepaTypa BOAbI (M KaJIOPUMETpPa) CTaHET
paBHOI1 . 3anuieM ypaBHEHHE TEIIOBOTO OalaHca:

Q1+Q2=Q3+Q4+Qs

3nech: Q; — KOJMYECTBO TEIJIOTHI, OTTAHHOE JTATYHHBIM KaJIOPUMETPOM MacCoi
M; OpU  OXJIAKJCHUU OT TeMIiepaTypsl I, 1o temmeparypsl t; Q, — KOJIMYECTBO
TEIJIOTHI,  OT/JAAHHOE  BOJOW M, MPU  OXJIAXKICHUU OT  TeMImeparypsl tp 10
temriepaTypbl ; Q3 — KOJIMYECTBO TEIJIOTHI, IOJYYEHHOE JIbJOM HCKOMOM
Macchbl M3 MpU HAarpeBaHUM OT TEMIIEPaTyphl {3 10 Temmeparypsl miaienus t, (t,=0
oC); Q4 — KOJIMYECTBO TEILIOTHI, HEOOXOAUMOE JIJIs IUTABIICHUS JIbIa Maccoi Mg; Qs —
KOJIMYECTBO TEIUIOTHI, MOJIYYEHHOE BOJIOM Maccoi Mz (00pa30BaHHOW MpHU TASTHUU
Jba) IPY HarpPEBaHUH OT TEMIIEPATYPHI IJIaBICHUS JIbaa 1, 10 Temmepartypsl t.

Pacrimmem Bce yka3aHHBIE KOJMYECTBA TEIUIOT, TOT/AA TOJYYHM TaKOE
PaBEHCTBO:

C1My (to—t)+Comy(t,—t)=Cams(t,—ts)+Ams+Coms(ts—t,)
(Cimy+comy)(t—t)=ma(Cs(ti—ta) +A+Co(ts 1))

B srom paBeHCTBe C; — yhenbHash TEIUIOEMKOCTh JaTyHu, paBHas 380 JIx/
(xr-°C); C; — ynenbHas Te0EMKOCTh BoJbl, paBHast 4200 [x/(kr-°C); C3 — yaenbHas
TeII0EMKOCTh Jbaa, paBHas 2100 J[x/(kr-°C); A — ynenpHas TEIJOTa TUTABJICHHUS
apaa, paHas 330 kJx/kr.

B utore pemenue 3agaun B 00111eM BUE BBITJISIUT TAK:

Mz=(C1My+CoMy) (to—t)Cs(t,—ts)+A+Co(ts—t,)

[ToxcTaBuB YKMCIICHHBIE 3HAYEHUS W3BECTHBIX BEJIUYHH, TOCYUTACM YHUCICHHBIHN
OTBET K ITOMU 3aJ1aye:

m;=(380-0,3+4200-1)(18—-10)2100-(0—(—8))+330-103+4200-(10—0)=0,089xr=89

r
Otser: 89 1.

3agaua 37

YcaoBue 3axa4u:

B xanopumertp, conpepxkammit 1,5 kr Boael npu 20 °C, nonoxunu 1 kr npaa,
umeromiero tremmeparypy —10 °C. Kakas temnieparypa yCTaHOBUTCS B KallOpUMETpe?

ano:

m;=1,5 xr, ;=20 °C, my=1 xr, t,=—10 °C, t-—?

Penienue 3agaumn:

N3 ycnoBust 3aayv COBEPIICHHO HEMOHSATHO, PAacTaeT JM JEA MOJHOCTBIO, a
MOXET OH BOOOINE Jake HE HAYHET TUTABUTHCA. 3HAYUT HAM HYKHO TPOBECTU
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OIeHKY. J[71s1 Havama ompenenuM YUCICHHO KOJMYECTBO TEIUIOTHI Qi, BBIAEISEMOE
BOJION Maccoil My Mpu OXJaKIESHUHU OT TeMmmepaTypsl t1 10 TeMreparypsl IIaBICHUS
abaa t, (t,=0 °C), no dpopmyse:
Q=cimy(ti—t,)
VY nenbHas TeroEMKOCTh BOJIbI C; paBHa 4200 [Ix/(kr-°C).
Q1:=4200-1,5-(20—0)=1260001x=126x ]Ik
Jlanee mocUMTaeM YHCICHHO KOJMYECTBO TEIUIOTHI Q,, HeEoOXomumoe s
HarpeBaHUs JIbJIa MacCOU M, OT TeMIIEPaTypsl t, 10 TeMIiepaTyphl TUIaBJICHHS Jbaa i,
o popMmyiie:
Q=Comy(t;—t,)
VY nenbHas TEMIOEMKOCTD Jibaa C, paBHa 2100 [Ix/(kxr-°C).
Q,=2100-1-(0— (—10))=210001x=21x/]x
W mamociemok ompeneauM KOJIHYECTBO TEIUIoThl Q3, HeoOXxoammoe Jis
TMJIABJICHUSI JIbJIAa MAaccoil My, MO CieayIolIeil u3BecTHOM hopmyiie:
Qz=Am;
VY nenbHas TemioTa miaBjieHus apaa A paBHa 330 k/[x/kr.
Q3=330-103-1=330000 1x=330x 1«
Buano, uto Q:>Q,, 3HaunT BCE-Taku A€ HauHeT TaiaTh. Ho Tak kak Q;<Q,+Q3,
TO TEIUJIOTHI, BBIJCISIEMON MPHU OXJIAXKJICHUHM BOJbI, HE XBAaTUT Ha IUJIABJICHHUE BCETO
apaa. llomydaercs, 4To BOJa OCTBIHET JI0 TEMIIEpaTyphbl IUIABJICHHS JbAa, U
TEIJIO00MEH MPEKPATUTCS. 3HAYUT B KAJIOPUMETpe ycTaHOBUTCS Temreparypa 0 °C
(wmm 273 °K).
OtBet: 273 °K.

3anava 38

YcaoBue 3a1a4u:

B cocya ¢ Bogoit oobemom 0,25 1 npu 20 °C nmomectriin 50 T pacIiyiaBIeHHOTO
ceuHila ¢ temmeparypoir 350 °C. Kakas TeMmmeparypa YCTaHOBUTCS B pe3yJIbTaTe
TeriooOMeHa B cocyzae? YienbHble TEIUIOEMKOCTH paciuiaBa U TBEPAOTO CBHHIIA
CUUTATh OJIMHAKOBBIMH.

Hano:

V,=0,25 71, =20 °C, m,=50, t,=350 °C, t—?

Pemienue 3agaumn:

[TomHOCTHIO aHANOTHUYHAS 3a/1aya y>ke ObLla MpejcTaBicHa Ha caiiTe, MpaBa B
HEW pacIulaBiIeHHbIM cBUHeElN uMmen temneparypy 400 °C. Moxere mpopeniatrs €€
MocJie 3TOU, a0kl 3aKPENUTH CBOM HABBIKH.

B »T0i1 3amaue HY)KHO 00s3aTeILHO MPOU3BECTH OIECHKY. JaBaliTe nijis Havasia
OTPENIeSIUM KOJIMYECTBO TEIUIOTH Q;, KOTOPOE€ HEOOXOAMMO JIJIi HarpeBaHUsS BOJIbI
Maccoit My ot temmnepatypsl t; 10 Temneparypsl kunenus t, (t,=1000 C). 3Tto MoxkHO
C/IeNaTh T0 CIEAYIONIeH popMmyie:

Q1=Cymy(t—ty)

VY nenpHas TeI0EMKOCTh BOJIbI C; paBHa 4200 [x/(xr-°C).

Maccy m; npencraBuM Kak MpoOU3BEICHUE IIOTHOCTH BOJIbI p (oHA paBHa 1000
KF/M3) Ha 00beM V4, TOrIa:

Q1=CipVi(t—ty)
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[Tocuntaem umciennoe 3HaueHue Q; (0ObeM mpu pacueTe MbI TEPEBETU B
KyOHUUYecKue MeTphl):
Q,=4200-1000-0,25-10—3-(100—20)=84000/1x
Tak kak Temmeparypa pacIIaBIEHHOTO CBHUHIIA {, OOJBIIIE TEeMIEpaTyphl €ro
iasiieHus t, (t,=327 °C), To onpeaenM KOJUIECTBO TEIIOTHI Q;, BBIACIIIEMOE TIPH
OXJIAKJICHUHU pacIiulaBa CBUHIIA OT TeMIlepaTypsl {, 10 remneparypsl t;.
Qa=Comy(t:—t,)
VY nenpHas TEmno€MKOCTh paciiaBa CBUHIIA (M TBEPAOrOo CBUHIA) C; paBHa 130
JIx/(xr-°C).
Q,=130-0,05-(350—327)=149,5/1x
KomuuectBo  TemnoTel Qs, BbIAENSiEMOE TPU  KPUCTAUIM3AIMM  CBHUHIIA
Maccoit M2, onpeaenum 1o hopmysie:
Qz=Amy
VY nenpHas TemioTa KpucTauin3aluuy (TJIaBJICHNs) CBUHIIA A paBHA 25 KJ[XK/KT.
Q3=25-103-0,05=12501x
KonuuectBo Ternotsl Qg, BIEISIEMOE MPU OXJIXKIEHUHA CBUHIIA MacCOM My OT
TeMIiepaTypsl t; 10 Temneparypsl ty, paBHO:
Qs=Comy(t,—ty)
Q,4=130-0,05-(327-100)=1475,51x
Buano, uro Q1>Q,+Q3+Q,, 3HAUUT TeMIiepaTrypa TEIIOBOTO paBHOBECHS OyaeT
JIeXaTh B mpejnenax ot t; 1o t,. 3anuiineM ypaBHEHHUE TEIJIOBOTO OanaHca:
Q5=Q2+Q3+Qs
3nech Qs — KOTUYECTBO TEIIOTHI, HEOOXOUMOE JIJIsi HarpEeBaHMS BOJIBI MACCOM
M; oT Temrepatypsl t; 10 Temneparypsl t; Qg — KOTUYECTBO TEIUIOTHI, BBHIACISIEMOE
P OXJIAKJEHUU CBUHIIA MacCOM M, OT Temneparypsl t, 10 Temnepatypsl t. Tormaa:
Clml(t_tl):Cgmz(tz_tn)+}\,m2+C2m2(tn_t)
Clml(t_tl):Cgmg(tz_t)+}\,m2
PackpoeMm ckoOku:
Cc,Myt—CciMm;t;=Comyt,—Com,t+Am,
Bce unensl ¢ MHOXuTeneM t mepeHeceM B JIEBYIO CTOPOHY, BBIHECEM €ro 3a
CKOOKH, OCTaJIbHBIE TTIEPEHECEM B IIPABYIO.
t(C1m1+C2m2)=C1m1t1+C2m2t2+>Lm2
t=c;m;t;+com,t,+Am,c;m;+coms,
Maccy ml npencraBuM Kak MpOW3BEICHUE TIJIOTHOCTH BOJIBI p HA 00beM V1,
KaK 3TO YK€ ObLIO C/IeJIaHO BHIIIIE:
t=C1pV1t1+02m2t2+kmgclpV1+sz2
[lepeBeném HekoTOpBIE BEIMUMHBI 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.

Camocmosmenvuas pa60ma no meme
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«H3menenue sHympenmei s3Hepeuy meia npu co8epuleHuu pabomsiy»

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 3amaun HE TOBOPUTCA O MOTEPSIX SHEPrUHU, MOITOMY COTJIACHO
3aKOHy coxpaHeHusi osHepruu (3CD) mnoTeHIUWanbHas DJHEPrUs IIapa Ha
BbICOTE h mepeiIET BO BHYTPEHHIOW SHEPTHIO MPH yIape O 3eMIII0. XOTs, €CIIA OBbITh
TOYHEE, MOTEHINAIbHAs PHEPrysl CHayajga IMOJHOCTHIO MEPEHIET B KUHETUYECKYIO
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
ITocunTaeMm ynciIeHHBIN OTBET K 3a/1aUe:
At=10-15460=0,33 -C=0,33 °K
OTtBert: 0,33 °K.

3amaua 2

YcaoBue 3agaum:

MHuorokpatHoe neperuoaHue aTrOMUHHUEBON MPOBOJIOKKM MAcCOil 2 T HarpeBaeT
e€¢ Ha 40 °C. Kakas Owuta comepiieHa pabora, eciu Tosnbko 30% e€ momuio Ha
HarpeBaHHe MPOBOJIOKU?

ano:

m=2 r, At=40 °C, a=30%, A—?

Penienue 3agaumn:

B ycrnoBum cka3zaHo, 4TO TOJIBKO 0O IPOIICHTOB COBEPIIEHHON padOThl A MOILIO
Ha HarpeBaHHUE MPOBOJIOKHU (T.€. U3MEHEHHE €€ BHYTPEHHEH IHEPTHH MOCPEICTBOM
nepeayu KoJaudecTBa TemioTel Q), M03TOMY CIIpaBeIJIuBO PABEHCTBO:

Q=0A

Otkyna: A=Qa

KomudectBo Termotel Q, HeoOXomammoe i  HW3MEHEHUS TeMIIepaTyphl
ITPOBOJIOKHU U3 aTFOMUHMS Maccoil M Ha BeIM4nHYy At, ompenenstor mo ¢popmyie:

Q=cmAt

3nech C — yaenbHas TeTI0EMKOCTh amoMmunws, paBHast 880 [[x/(kxr-°C).

OxonuatenpHast (opmysa Uil HAXOXKIEHUS OTBETAa K BOIPOCY 3aaadu OymaeT
BBITJISIZIETh TaK:

A=cmAta
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[lepeBeném wmaccy MPOBOJIOKM M B KHJIOTPAMMBI, a BEIMYHUHY 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.

3amauya 3

YciaoBue 3agaun:

Ha ckonbko TemmepaTypa BOABI y OCHOBaHUS Bojomaga ¢ BbeIcoTOod 20 M
Oonpiie yem y BepmuHbl? CUuMTaTh, YTO BCS MEXaHMYECKash HHEPrus HJET Ha
HarpeBaHHUE BOJBI.

Hano:

h=20 M, At—?

Pemenue 3agaun:

PaccMoTpuM NpOM3BOJIBHYIO MAIIyI0 MacCy BOJBI M, KOTOpas MaJaeT C
BOJIOMAJIA.

HauvanbHas noreHuuaibHasg SHEPTUsl 3TOM MACChl BOJbBI NEPEUIET MOTHOCTHIO ¥
OCHOBAHUS BOJONA/Ia B KHHETUYECKYIO SJHEPTHUIO, KOTOPasi B CBOIO OYEPEAb MEPEUAET
BO BHYTPEHHIOIO B3HEPTHI0 B pe3ysbTaTe yAapa. BuaHO, 4TO MPOMEKYTOUYHBIN
MEePEXO0]] SHEPTUU B KHUHETUUYECKYIO HE UMEET 3HAUYCHUS, IIOATOMY 3aKOH COXPAHEHUS
sHepruu (3CD) 3anuiercs B TAKOM BHJIE:

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

Otgert: 0,05 °C.

3amaua 4

YcaoBue 3axa4u:

[Ipu Tperun aByx Tten, TeruoéMmkoctu KoTopweix mo 800 JIx/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 HaiiiéM Kak OTHOIIEHHE paldOThl MpU TpeHHH A KO
BPEMEHHU T:

N=At
Pabota A paBHa cyMMapHOMY M3MEHEHUIO BHYTPEHHEN SHEPTUU JABYX TEJI:
A=2AW
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N3menenne BHyTpeHHel sHepruu AW jerko HaWTH 1o Takol Qopmyne
(oOpatuTe BHUMaHWE, YTO B YCIOBUU JaHa TEIUIOEMKOCTb, a HE YJelbHas
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

YciaoBue 3a1aum:

Haiitn BBICOTY, HA KOTOpPOHM MOTEHIMaNbHasi >HEprust rpyza maccoi 1000 kr
paBHa KOJMYECTBY TEIUIOTHI, BbLAEstoNIEcs npu 3amep3annu 0,1 Kr Boabl, B3ATON
IIpU TEMIIEpAType TIaBICHUS.

lano:

m;=1000 kr, m,=0,1 xr, h—?

Pemienue 3agaumn:

N3 ycnoBus 3a/1auu ICHO, YTO UMEET MECTO CIIEAYIOIIEe PABEHCTRO:

E.=Q(1)

[ToreHumanpHy0 dHEpruto E, rpy3a Maccoil M; 1 KOJWYECTBO TemIOTH Q,
BBIJICIISIFONIECECS] TIPU 3aMEP3aHUM BOJBI MACCOW My, MOXKHO HAWTH MO CJEAYIOIIUM
dbopmymnam:

{EH:mlghQ:ka

VYnenpHash TemjioTa KPUCTAUIM3AIMU BOJBI A (OHA JKe€ ynelbHas TeIuioTa
r1aBsieHus Jiba) paBHa 330 kJx/kr.

B takom ciydae paBenctBo (1) mpumeT Bu:

mlthXmZ

OTKy1a HICKOMYIO BBICOTY h MOskHO HaiTh 110 popmysie:

hZ?ngmlg

IlocunTaeM OTBeT K 3aj1a4e:

h=330-103:0,11000-10=3,3m

OTtBer: 3,3 M.

3anaua 6

YcaoBue 3a1aum:

Yemy paBHa BBICOTA BOJIONAJA, €CJIM TeMIEpaTypa BOAbl y €r0 OCHOBaHUS Ha
0,05 °C Oonpbiie, yuem y BepiiuHbl? CunuTaiTe, YTO BCS MEXaHUYECKasi YJHEPTUS UJIET
Ha HarpeBaHHE BO/IbI.

ano:

At=0,05 oC, h—?

Pemienue 3agaumn:
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PaccmoTpum oueHb MajeHBKHM 00BeM BoOabl Maccor M. I[loTeHrnumanpHas
OHEPrus STOM Macchl BOJIbI CHayajia MOJIHOCTHIO MEPEeUIET B KHUHETHUECKYIO 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 sauepruu (3CI):

En=Q

Pacriumem moTeHImanpHyr0 dHepruto Emu  kommdecTBO  TemioTh Q 1Mo

W3BECTHBIM (POpPMYyJIaM:
mgh=cmAt

Y nenpHas TemoéMkocTh BoAbl C paBHa 4200 Jx/(xr-°C).

Maccy M MOXHO COKpPaTUTh B 00€HMX YaCTSIX MOTYISHHOTO PaBEHCTBA, TIOITOMY:

gh=cAt

Torna BeIcOTY BojOMIaAa h MOXKHO HalTH 10 opmyie:

h=cAtg
[IpousBeEéM BHIYMCIICHUS:
h=4200-0,0510=21m
OtBert: 21 M.

3apaua 7/

YcaoBue 3a1a4u:

C KaxkoM BBICOTHI ymnaj CBHUHIIOBBIM IIap, €CIU IPU MMAJCHUM W3MEHEHHE €ro
temriepatypbl coctaBuwiio 1,5 °C, ymap aOCONIOTHO HEYNpyrui, a Ha HarpeBaHUE
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 SHEPTHUIO, MPUYEM TOJIBKO 0 YaCTh MOTEHI[MATIBHON YHEPTUU (2 3HAUUT
Y KUHETUYECKOM, COTJIACHO 3aKOHY COXPAaHEHUS SHEPIUsl) MOMAET HAa HArpEBaHUE.

Q=uE(1)

[pyras yacTb 3HEPTUM, BEPOSATHO, MOUAET HA U3MEHEHUE BHYTPEHHEW SHEPTUU
noJia (TpoIie TOBOPs, HarpeBaHUeE TMoJjia MPH yaape mapa), iHave el 0oJibIle HeKy1a
JEThCSA, TaK KaK yJaap aOCONIOTHO HEYNPYTHH, a 3TO 3HAYHT, 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).

HeusBecTHas Macca miapa M cokpaiiaercs 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 ckonbko TeMiiepatypa BOAbl BHU3Y BOJAOIMAAA
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 HEKOTOPHIM 00BEM BO/IBI OYE€Hb MaJIEHBKOM Macchl M.

[Ipn mageHuHn C BBICOTHI CUJa TSKECTH COBEPIIAET HAJ ATOM Maccod 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, KOJMYECTBO TEIIOTHI Q, KOTOpoe HEOoOXOAMMO 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 OCHOBAaHHS Bojomaaa At,
MOXHO HalTH 1o Takou popmyie:

At=aghc

OTBeT 3a7auM paBeH (BEJIMYMHY O [TOJICTABISIEM HE B MPOIEHTaX, a B JOJAX
€UHUIIbI):

At=0,7-10-604200=0,1 °C

OTtgert: 0,1 °C.

3amaua 9

YcaoBue 3a1aum:

CHexXOK, JIeTsIuil co ckopocThio 20 M/c, yaapsiercs B cTeHy. Kakas gacThb ero
paciiaBUTCs, €CiM TemIieparypa okpyxaromen cpeasl 0 °C, a BCsS KUHETHYECKas
DHEPI'Us NPEBPALIAETCA BO BHYTPEHHIOK?

ano:

v=20 m/c, a—?

Penienue 3agaumn:

99



Ilycte M — momHas macca CHEXKa, a Am — macca pacIuIaBUBILIEMCS 4YacTH
cHexXka. Toraa BeTuuuHy o clieayeT ucKaTh 1o hopmylie:

a=Amm(1)

B ycnoBum cka3zaHo, 4YTO BCSI KHHETHYECKas OHHEPrusl MpEeBpallaeTcs BO
BHYTPEHHIOIO, 3HAUYUT CIIPABEJIMBO PABEHCTBO:

E=Q(2)

Kunetnueckyro dHEprur0 CHeXka Maccod mpao yrmapaEwu  komudecTBo
TemioThl Q, He0OXOUMOE JIJIs IIJIABJICHUS YaCcTH CHEXXKa MacCod Am, MOXKHO HAWTH
o popMyJiam:

E:m022

Q=AAm
Kak u3BecTHO, yenbpHas TeIoTa IiaBjaeHus Jbaa A paBHa 330 kJ[x/kr.
Torna paBeHCTBO (2) MpUMET BU/I:

mv,y,=AAm
[Togenum 06e yacTu paBeHCTBA HA BETUYMHY Am, TOra:
DZZZKAmm
YyuutsiBas popmyny (1):
UZZZ}L(X

OTKy/aa 4acTh CHEXKKa 0, KOTOpas pacIyIaBUTCA MPH yAape O CTEHKY, MOXKHO
HalTH o popmyie:
(X:DQQ}\,
ITocunTaem yncineHHBIN OTBET 3aJa4H:
0=2022-330-103=6-10 — 4=0,06%
OTteer: 0,06%.

3anaua 10

YcaoBue 3axa4u:

CranpHOi#l mIap, magas cBOOOAHO, JOCTUT CKOpocTd 41 M/c U, yIapuBIIUCH O
3eMJII0, MOJICKOYMII Ha BhIcOTy 1,6 M. Omnpenenure U3BMEHEHHUE TEMIIEpaTyphl 1Iapa
IpU yaape, cuuTas, 4To MPHU yIape MEHSAETCS TOJIbKO BHYTPEHHsSI SHEprus Iiapa.
ConpoTuBiIeHHEM BO3/1yXa NPEeHEOpeUb.

Hano:

v=41 m/c, h=1,6 m, At=?

Penienue 3agaumn:

HyneBoii ypoBeHb NOTEHIMATIBHON YHEPTUU BHIOEPEM HA YPOBHE MOBEPXHOCTH
3eMuIH.

[Ipu ynmape wuacth HaudanbHOM KuHeTHueckou osHepruu Ex0 mepeinér Bo
BHYTPEHHIOIO (M3MEHEHHE BHYTPEHHEH 3HEPTUU PaBHO KOJIMYECTBY TEIUIOTHI Q), HO
4acTh — OCTaHETCS B BUJAE KHHETHYECKOW E,, KoTOpas B Xoz€ JajabHEHIIEro
JBIDKCHHST 10 BBICOTHI h mepeiin€ér B mnoreHnumanbHyro E;. 3anumem 3akoH
coxpaHeHus 3Hepruu (3CI) 11t MOMEHTa yiapa U JAJid JBUKEHUS [OCe yaapa:

{EKO:Q+EKEK:EH
OTH 1Ba paBEHCTBA, OYEBUIHO, MOYKHO 3aMCaTh B BUAE OJTHOTO:
EKO=Q+EH
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Pacrimimem HawanbHyI0 KMHETHUYECKYIO sHepruro Ex0, kommyecTBo Termmotsl Q,
HEOOXOAMMOE Il M3MEHEHUS TEeMIIepaTyphbl CTaJIbHOTO IIapa Ha HEU3BECTHYIO
BEJIMYMHY At, TOTEHIIMAIBHYIO 3Hepruto E; Ha BbicoTe h mo u3BecTHBHIM (hopmyiam,
TOT]1a TIOJTY4YHM:

mvy,=cmAt+mgh
VYnensHas TeroéMkocTh ctanu € 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 -C=1,8 °K
OTtBer: 1,8 °K.

3anaua 11

YcaoBue 3a1aum:

CuHuoBas mysst Maccoit 10 r, meTsdinas TOpUu30HTAIBHO 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
MOIJIO 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, UTO IIyJis MPOWAET HACKBO3b YEPE3
JIEPEBSIHHBIN OpyCOK, 3HAYUT BCE-Taku MyJis 3acTpsiia B Opycke. Ilomydaercs, 4ro
MMEET MECTO a0COJIFOTHO HEYNpyrui yaap (a ATo 3HAYUT, YTO YacCTh KMHETUYECKOM
DHEPTUU MEPEeUIéT BO BHYTPeHHIOK). [IycTh U — CKOpOCTh OpycKka mociie momna anus
(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): mu=(M+M)ux,+Q
[ToacraBum Beipakenue (1) B MogyyeHHOE YpaBHEHHUE:
1’1’11)22=(m+M)m21)22(m+M)2+Q
mv22=m21)22(m+M)+Q
Boipa3zum kosmdecTBO TEIUIOTHI Q, BbIAENMBILIEECS MIPHU yIape:
Q=m1)22 - m2D22(m+M)=mU2(m+M) - m2U22(m+M)
Q=mMuz,(M+M)(2)
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OOpatute BHMUMaHHWE, YTO JIMIIb 0L YACTh KOJWYECTBA TEIUIOTH Q momuia Ha
HarpeBaHue Mynu (OcTallbHasg 4YacTh MOIJIA, HampUMep, TMOWTH Ha HarpeBaHue
Opycka):

Q:1=aQ(3)
KonuuectBo Ternotel Qq, HEOOX0MMOE 711 U3MEHEHUS TeMIIEpaTyphl My Ha
BeNMUYUHY At, TaK)Ke OnpenenuM mo Gopmyiie:
Qi=cmAt(4)
Y nenpHas TemmoémkocTs cBuHIA C paBHa 130 JIx/(kr-°C).
VYuuteiBas (3) u (4), umeem:
cmAt=aQ
[ToacTaBuM B OJIy4EHHOE PAaBEHCTBO BbIpaykeHHUE (2):
cmAt=amM1)22(m+M)

CAt:(lMl)zz(m'l'M)

At:aMDZZC(m+M)
[lepeBeném Maccy myjau M B KUJIOTPaMMBI, & BETUYUHY O — B JTOJIU €TUHULIBI:

10r=0,01kr
70%=0,7
[TocurTaem 4MCIEHHBIN 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 €€ ymenbiaerca 10 200 M/c. Kakas dacTh mysiu mpu 3TOM pacrijiaBUTCs?
Hauanpnas temnepatypa mynu 50 °C, Ha HarpeBanue myiau 3arpauuBaercs 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
MpoOMBaHMK CTEHBI. TOraa MCKOMYIO BEIMYWHY [3, OYEBUAHO, OyJIeM HAXOIUThH IO
dbopmyre:

B=Amm(1)

BreinenuBiieecss npu  OPOXOXKACHUM TMYJIW CKBO3b CTEHY KOJIMYECTBO
TeI10Thl Q paBHO M3MEHEHUIO KHHETUYECKOW dHEPIUH MyJH (10 3aKOHY COXPaHCHHS
SHEPI'HH ), IOITOMY:

Q=mv,g, — mvy;
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Q=0,5m(v20 — v2)(2)

B ycnoBuu roBoputcs, 4TO Ha HarpeBaHHe MyJW 3aTPauUBACTCs JIHIIb O YACTh
NOTEPSHHON KMHETHUYECKOW SHEPruu (Apyras 4acTh, BEPOSITHO, KHArPEBAET» CTEHY),
MO3TOMY CHPABEIJINBO:

Q:1=aQ(3)

UToOBbl YacTh MyJM paciuiaBWIach, OHAa 0053aTENIbHO JOJHKHA HArpeThes [0
temriepaTypsl miaBieHus (1,=327 °C). KonmuuectBo TermnoTsl Q; 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 IPUMET BUI:

0,5am(v,9 — v2)=cm(t, — t))+AAm

OO6e yacTu MOIEIMM Ha BETUYUHY M

0,5a(v29 — v2)=C(t, — to)+AAmm
YyuuteiBas popmyany (1), umeem:
0,50(v20 — v2)=C(t; — to)+AB
B utore, penienue 3agaun B 00111eM BUE CIEAYIOLIEE:
B=0,50(v20 — v2) — C(t; — to)A

[ToxcTaBuB Bce BEMMUMHBI B MTOCIICIHION (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 yAAPUIACh O HEYIIPYroe
TEJI0 W pacmiiaBwiack. Ha Kakoil BbICOTE MPOM3OIUIO 3TO CTOJKHOBEHHE, E€CIH
HayasnbHas ckopocTh mynu 510 m/c, a temneparypa 27 °C. 50% BbiaenuBLIEHCS
TEIJIOTHI MOIILJIO Ha HarpeBaHUe.

Hano:

=510 m/c, ;=27 °C, a=50%, h—?

Penienue 3agaumn:

-7

| £
O/

BribepeM Hynb MOTEHLIMATBbHOW SHEPTUU HA YPOBHE HAYAJIBHOTO MOJOXKEHUS
ITYJIN.
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HavanpHast KuHEeTHUYeCKass 3Heprus myiau E o mepeiinér na BeicoTe h (TO ecTh
nepea ynapom) B NOTEHIMANbHYIO 3Hepruto E, u kuHetmyeckyto sHepruto E.. B
MOMEHT yJiapa O HEyNnpyroe Tejao KuHeTuueckasi sHeprus E, nepeiinér B terory Q,
4acTh KOTOPOH YBEJIMYMBAET BHYTPEHHIOI JHEPrUI0 IMydH (M3-3a 3TOTO OHA H
TIJIABUTCS).

3anuiieM 3aKOH COXpaHEHUs! YHEPTUU ISl IBYX OIHUCAHHBIX CITy4aeB:

{EKO=EH+EKEK=Q
O4eBHUIHO, YTO JIBA 3TUX YPABHEHUS MOXXHO 3aIMCaTh B BUJIE OJHOTO:
EKO:EH+Q(1)

OOpatute BHUMaHue, 41O Q — 93TO TMOJHOE BBIICIUBIICECS KOJIUYECTBO
ternoTel. Ilo ycmoButo ymmbs 50% (o 9acTh) BBIICIUBIICHCS TEIUIOTHI IONLIO HA
HarpeBaHue MyJu, TO3TOMY CIPABEIJIUBO:

Q1=aQ(2)

C nmpyroii CTOpOHBI, YTOOBI PACIUIABUTH ITYJIIO, €€ HEOOXOANMMO CHauaja HarpeTh
1o temreparypsl miaBienus (1,=327 °C). I[ToaTtoMy KOJIMYECTBO TEIIOTHI Q; Takxke
MO>KHO BBIPA3UTh CIEAYIOIIUM CIIOCOOOM:

Qi=cm(t, — to)+Am(3)

3nech C — ynenbHas TeINIOEMKOCTh 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=mao(c(t, — to)*+1)

[TomyumBiieecss BbeIpakeHUE i1 KommuecTBa TeruioThl Q momcraBum B (1),
Takke B paBeHcTBE (1) pacnuineM HayaabHYH0 KMHETHYECKYIO SHEPIHto Mmyiu E u
MOTEHIIUAJIBHYIO 2HEPTHIO E, 10 n3BecTHBIM (hopMyiam, TOTJa TOTYUUM:

muze=Mgh+moy(c(t, — to)+1)

O06e yacTu COKpaTUM Ha Maccy Iyiad M:

0,51)20:gh+1(1(0(tn - t0)+7\,)

OcTajoch TONBKO BBIPa3UuTh BBICOTY N:

hzlg(O,SUZO_l(X(C(tH - t0)+}n))

[TocunTaem OTBET, MOJACTABUB 3HAYCHUS BCEX BEJIMYMH B MOCIEAHIOW (HOPMYITY
(BeTMYMHBI, TaHHBIE B TIPOLICHTAX, CIIEYET MOJCTABISATh B JOJIAX CAMHUIIHI):

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 mymuu 27 °C.

Hano:

v9=400 m/c, v=200 m/c, t;=270 C, a—?

Penienue 3agaumn:

104



mn

(0]
I=
0]
|

CorymacHO  3aKOHY  COXpaHEHHUsS  DHEPrud,  KOJIMYECTBO  TerioTh Q,
BBbIICJIUBIIIEECS TIPU MPOOMBAHUU JIOCKU ITyJ€i, paBHO M3MEHEHHMIO KHHETHYECKOU
HHEPTUU IyJIU, TOATOMY BEPHO 3alUCaTh:

Q=mv,g, — mvy;
Q=0,5m(vz0 — v2)(1)

[Tycts M — monHas macca mynu, a Am — mMacca paciylaBUBIICHCS YacTH MYJIH.
Benuuuny o Torna ciemyeTr uckarthb rno ¢hopmysie:

a=Amm(2)

YToOBl paciaBUTh YacTh IyJH Maccod Am, HEOOXOAUMO CHayaia BCIO IMYIIO
Maccoit M HarpeTh 10 TemrepaTypbl MmiaBiaeHus (1,=327 oC). YuuTeiBas, d9TO
HarpeBaHUEM JIOCKHM MOKHO NpeHeOpedb, KOJUYECTBO TEIUIOTHI Q TakkKe 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.

[Tpupasnsiem (1) u (3), Toraa noayqum:

O,Sm(l)zo - Dz):Cm(tH - t0)+7»Am
Teneps nogennm o0e 4acTH ypaBHEHUS HA MAcCy MyJad M:
0,5(U20 - 1)2)=C(tn - t0)+XAmm

VYuuteiBas, uto a=Amm (cMoTpute Gopmyiny (2)), umeem:

0,5(v20 — v2)=C(t; — to)+Ara
OcTanock TOJIHKO BBIPA3UTh BEIUUUHY 0L

(1:0,5(1)20 - 1)2) - C(tH - to)}n
[Tpoun3BeEM BBIYUCIICHUS:

a=0,5-(4002 — 2002) — 130-(327 — 27)25-103=0,84

OtBer: 0,84.

3agaua 15

YciaoBue 3agaun:

JKeresHblIii MeTeopuT BiIeTacT B aTMocdepy 3emin co ckopoctsio 1,5:10° m/c,
umes: temnepatypy 300 °K. Ecau 80% KHHETHYECKOW J>HEPrUU METEOpUTA MPHU
JBIDKEHUU B aTMOC(epe MEepeXOoauT B €r0 BHYTPEHHIOK DHEPTHUIO, TO Kakas 4acTh
MacChl METEOPUTA PACTUIABUTCS.

Hano:

v=1,5-103 m/c, T=300 °K, a=80%, —?

Penienue 3agaumn:
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Ecimn 80% (0 yacTh) KMHETHYECKOW 3HEpruu Ex mMereopurta npu IBHKEHUU B
atMocepe TMEepexOoIuT B €ro BHYTPEHHIOI OHEPrui0 (B BUAEC KOJIWYECTBA
Ter1oThl Q), TO BEpHO 3amucaTh:

Q=0Exk
Kunernueckyro sHepruto Ek jierko ornpeaenuTs 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 — yaAelbHas TEIIOEMKOCTh xkene3a, paBHas 460 Jx/(xr-K), T, —
TeMIlepaTypa IUIaBiIeHUs >kene3a, paBHas 1673 °K (wm 1400 °C), A — ynenbHas
TEIJIOTA IJIAaBJIEHUs Kene3a, paBHas 270 kJx/kr.
[IpupaBusiem Boipaxkenus (1) u (2):
amv=cm(T, — T)+AAm
O0e yacTu paBeHCTBA MOJEIUM Ha Maccy MeTeopuTa M, Torja:
0,50v,=c(T,, — T)+AAmm
OTtHomeHnre Am (Macchl pacijlaBUBLICICS 4YacTH MeETeopuTa) U M (MOJTHON
Macchbl METEOpUTA) €CTh UCKOMasl BEJINYMHA [3, TOTOMY:
0,50v,=c(T, — T)+AB
B urore nomyuum:
B=0,5av, — c¢(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 IBHWXKYTCS 1O TOPU3OHTAIIBHOW CHEXKHOU
noBepxHoctu. Temneparypa cHera paBHa 0 °C, xk03(d(UIHMEHT TpEeHUs MOJO3hEB
caneil o cHer paBeH 0,033. CkonbKO CHETa pacIUIaBUTCS MOJ MOJO3bsIMU CaHEH Ha
yTH B | KM, €ciii BCE KOJIMYECTBO TEIJIOTHI OT TPEHUS MIET HA IJIABJICHUE cHEera?

Hano:

M=300 xr, t,=0 oC, p=0,033, S=1 km, m—?

Pemienne 3agaum:

v=canst
4 IV I
M M
o ~

x|
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KomunuectBo Temnotel Q, HeoOXoaumoe s TUIABJICHHUS CHEra HCKOMOI
Macchl M, paBHO MOJYIIO pabOThI CHJIBI TPEHUS CKOJBXKEHUS A, ACHCTBYIOIIEH Ha
CaHu.

Q=IllALll(1)

[ToHsTHO, YTO yKa3aHHOE KOJMWYECTBO TEIIOTH Q MOXKHO ONPEAEIUTh IO
dbopmyre:

Q=Am(2)

3neck A — ynenbpHas TEIJIoTa IUIaBlieHus cHera, paBHas 330 kJIx/KT.

Monynps (TO ecTh aOCOMIOTHYIO BEIMYMHY) PAaOOThI CHIIBI TPEHUS CKOJBKCHHS
Haiém mo popmye: |

|AplI=FTpS
Camy cwiy TpeHUs CKOJbXEHUA Haiaém ciaemyronmuMm obpazom (N=Mg no
nepBoMy 3akoHy HbIO0TOHA B MpoeKIuu Ha OCh Y):
Frp=uN=puMg
Torna:
A I=uMgS(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:

p
P
V 72
V=2 1, V,=3 n, p;=400 kIla. Haiitu paGoTy rasa, coBepiieHHyI B mpoiiecce 1-
2-3 (cxema K 3aj7a4e MpuBe/IeHa CIIpaBa).
Hano:
V=2 1, V,=3 n, p,=400 kIla, p,=600 xIla, A—?
Pemienue 3agaun:
yel |
ﬂ. - . — = e
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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 — wm3obapHbBIi, TO3TOMY paboTy raza A; — 2 B 3TOM Mpoliecce
CIIEyeT UCKaTh MO Takow (opMylie (YUCIEHHO paboTa paBHA TUIOIMIAIU (DUTYPHI TIO
rpaduKoM TpoIiecca, Ha CXeMe K PEIICHUI0 — 3allITPUXOBAHO):

Al — 2=p1(V2 - Vl)

[Ipomecc 2-3 — n30x0OpHBIH, paboTa Taza A, — 3 B 9TOM MPOIIecCe paBHA HYIIIO,
TaK KaK Tra3 He U3MEHIET cBoero oobema (Tuiomanb (GUrypsl moj rpadukoM 3TOTO
mpolecca B KoopnHaTax p-V Takke paBHaA HYJIIO).

Az —3=0
B urore ¢popmymna (1) npumer Takoi BU:
A=pi(V2—V))

[TepeBeném obbemnl raza Vi u V, B cuctemy CU: 2n1=2-10 — 3m°

31=3-10 — 3m3

[TocunTaem OTBET:

A=400-103-(3-10 — 3 — 2-10 — 3)=400/1x

OtBet: 400 T:x.

3anava 18

YciaoBue 3agaun:
o4
£*|

[ L 17
V v
V=15 1, V,=3,5 i1, p;=4-105 IIa, p,=5-105 [Ta. Haiitu paboTy raza B mporecce
1-2-3 (cxema, nmpuBeAEHHAS K YCIOBUIO 3a]]a4H, IPUBEICHA CITPABa).
Hano:
V=15 1, V,=3,5 i, p;=4-105 I1a, p,=5-105 ITa, A—?
Penienue 3agaumn:

Pabora raza A B npouecce 1-2-3 paBHa cymme pabot rasza B mporieccax 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 pabory razaA; — 2B TakoM IPOILIECCE MOXKHO
OTIPEJIEIIUTh TaK:

Al — 2=p2(V2 - Vl)

KcraTtu, padota raza A; — 2 4MCIIEHHO paBHA IUIOIIAAN (PUTYPHI MO TpapuKOM
mpoliecca, Ha CXeMe K PeIlIeHUIO OHa MTOKa3aHa 3allTPUXOBAaHHOM.

[Ipouiecc 2-3 mOpoXOauT MpPU HEU3MEHHOM OO0BEME, TO €CThb OH SIBIISAETCS
n30xopHbIM. Pabota raza A, — 3 paBHa HYJIO, TIOCKOJIbKY Ta3 HE MEHSIET CBOETO
oOweMa. Takxke Ha cxeMme BHJHO, UYTO W IUIONIAab (purypsl o rpaduxom mporecca
2-3 TaKk)Ke paBHA HYIIIO.

Az —3=0
C y4€TOM BBIIIECKA3aHHOTO UMEEM:
A=py(V2—Vy)

[TepeBeném o6bemnl Vi u V; B cuctemy CHU: 1,51=1,5-10 — M’

3,51=3,5-10 — 3w°

[IpousBeném pacyET YUCIEHHOTO OTBETA 3a/1A4H:

A=5-105-(3,5-10-3-1,5-10—3)=1000/1x
OtBet: 1000 Tx.

3agaua 19
YcaoBue 3a1aun:

e

a 7 R v
V=1 n, V,=2 n, p;=0,6-105 Ila, p,=105 I1a. Haiitu paboty rasza B mponecce 1-2
(cxema, mpuBeACHHAS K YCIIOBHUIO 3a/1a4M, TOKa3aHa CIIPaBa).
Hano:
V=1 n, V,=2 i, p;=0,6-105 IIa, p,=105 ITa, A—?
Penienue 3agaumn:
Y7,
Y7,

ye]

UtoObl HaliTu paboTy ra3a A B nporecce 1-2, HEOOX0AMMO 3HATh TOT (PaKT, 4TO
paboTa ra3a paBHa YHCIEHHO IUIOmMAAN GUTYpPBl MMOA TpaduKoM TMpolecca,
U300paXEHHOTO B KoopauHaTax p-V (Ha CcXeMe K peHIeHHIo 3ajadd —
3aIITPUXOBAHA).
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[Tpuuém ecnu ra3 pacmupsiercs, To padoTa UMEET MOJIOKUTEIHLHOE 3HAYCHHUE
(Kak B HaIIEM ciIydae), THauY€ — OTPULATENILHOE.

Qdurypa mnon rpauKoM YKa3aHHOIO IIpoliecca SIBJISETCS Tpaneuuen, eé
IUIOIIA/Ib HYKHO HAaXOJUTh KaK MPOU3BEACHUE MOTYCyMMbl OCHOBaHHMM Ha BBICOTY,
HO3TOMY:

A=(p1+p2)2-(V2 = Vi)
IlepeBeném o0beMsl raza Vi u V,, npuBeI€HHbBIE B IUTpax, B cuctemy 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 clydaeB pabOTy BHEUTHUX CHJI IO U3MEHEHHUIO COCTOSIHUS
ujeaNbHOro raza (M3 cocTtossHuss | B COCTOSSHME 2) MOXHO BBIYUCIATH TIO
dbopmyne A= — p(V, — V1), rae p — aaBienue, V — o0beM rasa.

Pemenne 3agaum:

Bo BpeMs uTeHuUs yCIoBUS 3a1a9d HY>)KHO 00paTUTh BHUMAaHKE HAa TOT (aKT, 4TO
UAET peub 0 padoTe BHEIIHMX CWI, a He o pabote raza! Kak u3BecTHO, padora
raza A, 1 paboTa BHEIIHUX cuJl A CBsi3aHbI COOTHOIIEHUEeM: A= —A

Ecnu o ycnoBuio pabora BHEITHUX CHJI onipeesisiercs mo popmyie A= —p(V; —
V1), TO paboTy ra3a MOKHO HANTH TaK:

A=p(V2—V))

[Tonyuyennast popmyna copmamaer ¢ Gopmynoil HaxoXaeHUs pabOTHl raza mpu
n300apHOM paciupenuu (ecimu Vo>Vy).

OTBer: H300apHOEe pacuIUpeHue ras3a.

Camocmosamenvuas paboma no meme
«Buympennusas snepeust udeanvnozo 2aza. Paboma eaza npu usmenenuu oovema

3agaua 1

YciaoBue 3agaun:

KakoBa TemmepaTypa OIHOAaTOMHOTO HAEaJbHOTO Ta3a, €CIM W3BECTHO, YTO
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 popmyiie:

U=32vRT(1)

VY yacTtuibl OJTHOATOMHOTO ra3a uUMeeTcs 3 CTeleHU CBOOOJbI, MO3TOMY B
dbopmyne urypupyet 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 njieaibHOro 0OJJHOATOMHOTO Ta3a MPHU YBEJIUYEHUU TEMIIEPATYPbl MOXKHO
OTIPEICNUTH 110 (hopMyJIe:

AU=32vRAT

B »atoit (dopmyne R — yHuBepcanbHas ra3oBas IOCTOSHHas, paBHas 8,31
Jx/(Momnb- °K).

Kak BuaHO, mpuBeneHHOW (OpMYJbI JOCTATOYHO, YTOOBI MOJYYUTh OTBET K
BOIIPOCY 3aJaUH.

[TocunTaem OTBET:

AU=32-1,5-8,31-40=747,9]1x
OTtBer: 747,9 JIk.

3amaya 3

YciaoBue 3a1aumn:

["a3, 3anumaronuii o0beM 6,6 J1, pacIIMpPSIETCs MPU MOCTOSTHHOM AaBiieHuu 515
klla 1o o6bema 33 5. Kakast paGoTa coBepiiaeTcs razom?

ano:

V1=6,6 1, p=515 «lIla, V,=33 1, A—?

Pemienue 3agaun:

CorynacHO YCIOBHIO, Ta3 pACIIUPSAETCS TPH TOCTOSHHOM JIaBJICHUH P OT
ooveMa Vi 1o oObema V,, TO €cTb MMEET MECTO H300apHOE paCIIMpPECHHUE Tasa.
PaGoty raza A B TakoM ciiydae MOKHO OTMPEICTUTh TaK:

A=p(V,—V))

[lepeBeném obbembl raza Viu V, B cuctemy CU (43 nuTpoB B KyOuueckue

METPBHI):
6,61=6,6-10 — 3m°
3371=33-10 — 3’

[IpousBeném pacy€T YUCIEHHOTO OTBETA!

A=515-103-(33-10 — 3 — 6,6-10 — 3)=13596 /1

OTtBer: 13596 /I:k.

3agaua 4
111



YcaoBue 3agaun:

[Ipu cxxatuu raza BHEIIHUMU CUJIaMH Obl1a coBepineHa padora 12 k/[x. Kakyro
paboTy Mpu 3TOM COBEPIIUT Ta3?

lano:

A..=12 x]Ix, A—?

Penienue 3agaumn:

Pabora raza Aum pabora BHEMHUX CHI A, CBI3aHBl OYEHBb IPOCTHIM
COOTHOIIIEHHUEM:

A= _ABH

To ecth paborta raza A m paboTra BHEIIHMX CWJ ABH paBHBI 10 BEJIMYWHE, HO

MIPOTHUBOIIOJIOKHEI 1O 3HAKY. [loaTOMYy:
A= — 12x]Ix
OtBert: —12 x/x.

3agaua 5

YcaoBue 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:

V=460 n, T,=280 K, T,=295 °K, p=999 kIla, A—?

Pemenue 3agaumn:

JlaBlieHue ra3a He MEHSUIOCh, 3HAYUT ObLT COBEPIIIEH N300apHbIN 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 cilydae MOXKHO HaWTu 1o popmyiie:

A=p(V2 - V1)(1)

Koneunsriit 00bem raza V, Hen3BeCTEH, HO €ro MOXHO BBIPa3UTh U3 3aKkoHa [ eii-

JIroccaka:
V1T1:V2T2
V2:V1T2T1(2)

[ToxcraBum Beipaxkenue (2) B popmymy (1):

A:p(V1T2T1 - Vl)
A=pV1(T2T1 - 1)

3agayva pelieHa B oOIIEeM BHUJIE.

Teneps nepeBeném HauadbHBIN 00beM raza Vi B cucremy CU:

460n1=0,46m"

[TocunuTaem oTBeT:

A=999-103-0,46-(295280 — 1)=24618,21x~24,6x ]

OtBeT: 24,6 k/I:k.

3amaua 6

YcaoBue 3agaun:

Vraekucneii ra3 maccod 220 r mmeer temmnepatypy 290 °K. Onpenenutb
paboTy rasa mpy H306apHOM pacIIMpeHnH ot 0obema 2,4 10 7,2 am°.
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Hano:

m=220 r, T=290 °K, V1=2,4 nm°, V,=7,2 nm°, 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-Meneneena LTSI HAYaJIbHOTO COCTOSIHUS
(temneparypa T yka3zaHa MMEHHO /I 3TOrO COCTOSIHHS, XOTS 3TO U HE COBCEM
MOHSTHO U3 YCJIOBUSA):

pVi=mMRT

3nece M — momnsapHas Macca yriieKucioro rasza, paBaas 44 r/monp wm 0,044
KI/MoJb, R — yHHBepcalibHasl ra3oBasi nocTosiHHas, paBHas 8,31 J{x/(moinb-K).

W3 ypaBHEHUs BhIpa3uM HEU3BECTHOE JIaBJICHHUE P U mojcTaBuM B popmyiy (1):

p=mRTMV,
A:mRTMV]_(Vg - Vl)
3amaua pemeHa. [lepeBenéM 3HaUEHHS MACChl ra3a U €ro 0ObEMOB B CHUCTEMY
CH:
220r=0,22xr
2,41m3=2,4-10-3m°
7,21m3=7,2-10-3wm°

[TpousBeném pacuer oTBeTA:

A=0,22-8,31-2900,044-2,4-10 — 3(7,2-:10 — 3 — 2,4-10 — 3)=24099 /T

OTtBer: 24099 [I:x.

3amaya 7
YciaoBue 3a1aumn:
Onpenenuts paboTy, KOTOPYIO COBEPINAET a3 MpU M300apHOM HArpeBaHUU Ha
50 °C, eciu o 3anumain rpu 17 °C u gasnenun 10° ITa 06bem 0,75 M.
Hano:
At=50 oC, t;=17 oC, p=105 ITa, V;=0,75 m°, A—?
Penienue 3agaumn:
Paboty raza A mpu n300apHOM HarpeBaHUW (PACUIMPEHHUH) OMPEIEISAIOT IO
bopmyie:
A=p(V2 — Vi)
Packpoem ckoOkwu, Toraa:
A:pV2 - le(l)
Tenepr 3anmmem JaBaxapl ypaBHeHue Kiranenpona-MenneneeBa s
Ha4yaJbHOTO U KOHEYHOTO COCTOSIHUS Ta3a:
{pV1:VRT1(2)pV2:VRT2
YuuThiBas 3TH JIBa ypaBHEHUs cCUCTEMBI, popmyina (1) mpumer BUI:
A=vRT, —VvRT;
A=vR(T,—T))
Pa3Hocth  koHeuHO#l T, M  HavanbHOM [ TeMmepaTyp €CTb  U3MEHEHHE
temriepatypbl AT, mostomy:

A=vRAT(3)
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OTnM4YHO, OCTaIOCh TOJIBKO BBIPA3UTh HEM3BECTHOE KOJMYECTBO BEIIECTBA 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 HAYaIbHYIO
TeMIiepaTypy rasat; mepeBectu B KenbBHHBI, TO €cTh B eauHuUIbl cuctembl CH.
WMHuTepecHo, HO BETUMYMHA W3MEHCHHS TeMIlepaTypbl At B pa3lIUYHBIX IIKaJlaxX
OJIMHAKOBA.

17 oC=290 °K
Yucnenno padora raza A paBHa:
A=105-0,75-50290=12931]1x~13k/]x
OtBeT: 13 kx.

3agaya 8

YcaoBue 3a1a4u:

["a3 Obu1 Harper uzobapHo ot 285 no 360 °K. Kakyro paboty coBepuiwi mpu
9TOM Ta3, eciau ero HadaiabHOoe AapieHue 0,19 Mlla, a HagaabHBII 00BEM 6 M3?

lano:

T,=285 °K, T,=360 °K, p=0,19 MIIa, V,=6 m°, A—?

Pemenue 3agaun:

['a3 wmarpeBasics u300apHO (P=const), a 3HAYUT €ro 0ObEM YBEIUUUBAJICS.
[ToaToMy, eciu OBITH TOYHEE, MPOUCXOAWIIO M300apHOE paciiupeHue raza. Padoty
raza A B TaKOM clIydac MOKHO HalTH 110 GpopmyJie:

A=p(V~Vy)

PackpoeMm ckoOku B 3T0# hopmyie:

A=pV1—pV,(1)
3anuiiem ypaBHenne Knaneipona-MenpaeneeBa s Ha4allbHOTO M KOHEYHOTO
COCTOSIHUSI Ta3a:
{pV1=VRT1(2)pV2:VRT2
C yuéroM »TuX IBYX ypaBHeHuUM, popmyna (1) npeobpasyercs B Takoil BUA:
A=VRT2 - VRT1:VR(T2 - Tl)(3)
KosruecTBo BemiecTBa v BbIpa3uM U3 ypaBHeHUs (2):
VzpleTl

[TomyyenHoe BbIpakeHHE mMoACTaBUM B ¢opmyny (3), Tak MbI TOJY4YUM

OKOHYATETHLHOE PEeIIeHUE 3a]]a4 B OOIIEM BUJIE:
A:pleTlR(Tz_Tl)
A=pV1(T2T1—1)
Uucnennoe 3HaueHne paboTel raza A paBHO:
A=0,19-106-6-(360285—1)=300000/1x=0,3M JI>x
Oteer: 0,3 M/I:x.

3amaua 9

YcaoBue 3a1aumn:

Ha ckonbkO W3MEHUTCS BHYTPEHHSISI DHEPrys BOCBMU MOJICH WIEATHHOTO
OJIHOATOMHOTIO rasza npu uzobapHom HarpeBanuu ot 350 qo 380 °K?
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Hano:

v=8 moub, T;=350 °K, T,=380 °K, p=const, AU-?

Penienue 3agaumn:

BHyTpeHHsi1 5Heprus HA€aJbHOrO Ta3a 3aBUCUT TOJIBKO OT TEMIIEpaTyphl.
[Tommyuaercs, ecnu Bbl 3HaeTe kak MeHseTCs TemiiepaTypa, To Bam coBepiieHHO
HEBAXXHO, KaKON MNpou3BoAWJCS mpouecc. VM3meHeHue BHyTpeHHed sHeprun AU
UJICAJILHOTO OJHOATOMHOI'O T'a3a MOXHO HaXOAUTH [0 popMyJIe:

AU=32vRAT

Wnu tak, 94T0 OJIHO U TO XKe€:

AU=32vR(T,—T,)

[IpousBeném BoluucieHus (YHHBEpcalibHas rasopas nocrosiHHas R paBna 8,31
Jx/(monb-°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 MOJII 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 yBenuuuBaercs. Padboty
raza nmpu n300apHOM paCIIMPEHUH ONPEACIISIOT M0 Takoi (popmyie:

A=p(V2~V1)=pV,—pV;(1)

3anumeM ypaBHeHue Knamneipona-MenpaeneeBa i1 HA4albHOTO M KOHEYHOTO

COCTOSIHUS Ta3a:
{pV1:VRT1pV2:VRT2
YHuBepcanpHas razoBas rnoctostuias R pasna 8,31 J[x/(mounb-K).
Torna popmyny (1) MokHO epenucaTh B CIEAYIOIEM BUJIE:
A=VRT2_VRT1:VR(T2_T1)
WNnu, 9To To ke camoe:
A=vRAT
IIponsBenémM pacu€r YUCIEHHOTO OTBETA:
A=2-8,31-1=16,62Tx
OtBeT: 16,62 JIx.

3amaua 11

YciaoBue 3agaun:

Ha ckojbko M3MEHHUTCS JaBJICHHE HACaJbHOTO OJHOATOMHOIO Ta3a, €CJIH €ro
BHYTPEHHIOIO SHEPruto0 yBeanuuTh Ha 78 JIk? ['a3 HaxoauTcs B OalNIOHE €MKOCTBIO
4,3 n.

ano:

AU=78 JIx, V=4,3 1, Ap—?

Pemienne 3agaun:
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N3menenue BHyTpeHHeH sHeprun raza AU omnpexaensercs mo Gopmyrie:
AU=32vRAT(1)
3anumem ypaBHenue Kianeiipona-MenpaeneeBa ajis Ha4aJIbHOTO M KOHEYHOTO
COCTOSIHUA ra3a, IPUHUMAas BO BHUMaHUE TOT (DAKT, 4TO OBLI MPOU3BEAEH U30XOPHBIN
nporiecc (V=const):
{p1V:VRT1p2V:VRT2
OT HIXKHETO YpaBHEHUSI OTHUMEM BEepXHEeE, TOT/1a:
(P2=P)V=VR(T, — Ty)
ApV=vRAT
Torma popmymna (1) mpumeT Takoi BUA:
AU=32ApV
OcTanoch TOJBKO BBIPA3HTh HCKOMOE M3MEHEHHUE 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.

3amava 11

YciaoBue 3a1aum:

Bo ckoyibKO pa3 M3MEHUTCS BHYTPEHHSSI SHEPTUs HUJICAIBHOTO Tas3a, €ClIU €ro
JaBJieHUE U abCOIOTHAS TeMIlepaTypa yBeaudarcs B 2 pasza?

Hano:

p2:2p1, T,=2T4, UU;—?

Pemienue 3agaumn:

BHyTpeHHSsIs SHEprusi UACaIIbHOTO Tra3a 3aBUCHT TOJBKO OT TeMIEpaTypbl H
OTIpEJIEIISIET YUCIIO CTETIEHEeW CBOOOBI (711 OTHOATOMHOTO Ta3a, HalpuMep, paBHOE
3), v — KOJIMYECTBO BellecTBa, R — yHuBepcaabHas ra3oBasi OCTOsIHHAs, paBHas 8,31
Jx/(monw-K), T — aGcontoTHast TemriepaTypa rasa.

Takum o6pazom, uckomoe otHomenue U,U; paBHo:

U2U1=i2VRT2i2VRT1=T2T1

[To ycnoBuro abcoiroTHas Temreparypa yBenuuutcss B 2 pasza (T,=2T,),
MOATOMY:

U2U1=2T1T1=2

OtBeT: yBeJMUMTCS B 2 pasa.

3anaua 12

YcaoBue 3a1aumn:

BruyTpeHnHnss DHEPTUA OHOATOMHOI'O rasa MAaccou M npu
temriepatype T paBHa U. CKOJIbKO MOJIEKYJI COIEPAKUT 3Ta Macca raza?

Hano:

m, T, U, N=?

Penienue 3agaumn:
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BHyTpeHHIOI0 SHEpPrui0 HACaNbHOTO OAHOATOMHOTO raza 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 Takou:
U=3N;NART
Bripazum nckomoe uncio mosekyn N:
N=2UNA;3RT
W3BecTHO, 4TO mpoW3BeneHHE TMOCTOSHHOW  bombiivana K Ha  gmcio
ABorazpo NA paBHO yHUBEpCaJIbHOU ra30Boi MOCTOSIHHOU R, mosTtomy:
R=KNA=NAR=1k
B KOHIIE€ KOHIIOB UMEEM:
N=2U3KT
OtBer: N=2U3KT.

3agauya 13

YcaoBue 3a1a4u:

Ha ckonpko rpaaycoB HaJ0 HarpeTh ras, 4ToObl €ro 00bEM YBEIUYMWIICS BIBOE
1o cpaBHeHUIO ¢ 00bemom mpu 0 °C?

ano:

t1:O OC, V2:2V1, AT-?

Pemienue 3agaun:

ABTOp 3aJ1auu MOAPa3yMEBAET, UTO HAJ[ Fa30M MPOU3BOIAT N300apHBIN MPOIIECC
(p=const). DTo najeko HE OYEBHUIHO, HO HE 3HAs AITOTO, PEIIMTh 3aJadyy He
MoJay4uTcd. 3anuiieM 3akoH [ 'eit-JIroccaka:

V1T1:V2T2
Torna koHeYHAs Temreparypa raza T2 paBHa:
T2:T1V2V1
[To ycrnoButo 06beM raza yBenuuubaetcs BiiBoe (V,=2V1), mosTomy:
T,=T1,V1V1=2T,

N3menenne temmepatypsl raza AT paBHO:

AT=T,—T;
AT:Tz_T1:2T1_T1:T1

[Tonyuyaercsi, 4To HCKOMOE U3MEHeHue Ttemiepatypbl AT paBHO HavyanbHOI
TeMmrepaTrype rasza, BbIpakeHHON B KenbBHMHAxX (M TOJIBKO B HHUX, MHOCKOJBKY
pesynbrar ObUT TIONydeH wu3 3akoHa ['eii-JIroccaka, B KOTOpOM TeMmIiepaTypa
burypupyer B aOCOIIOTHOM 1IKAJIE).

[lepeBeném Temriepatypy T; B aOCONIOTHYIO MIKATy TeMIEpaTyp:

0 oC=273 °K
AT=273 °’K=273 oC

W3meHeHue Temmneparypbl OAMHAKOBO, YTO BhIpakeHHas B KenbBuUHAX, YTO U B
rpaaycax Llenbcus.

Otser: 273 °C.
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3anaua 14

YcioBue 3aga4n:

OauH Moib raza, UMeBIIMKA HavanbHylo Temrepatypy 300 °K, uzobapho
pacummpuiics, copepmiuB padoty 1250 Ix. Bo ckonbko pa3 mpu 3TOM YBEIUUYUIICS
o0bem raza?

lano:

v=1 momns, T,=300 °K, p=const, A=1250 JTx, V,V,—?

Pemenne 3agaumn:

Paboty raza A mpu n3006apHOM pacITUPEHUN MOYKHO OTNIPEACIUTD 10 hopMyJIe:

A=p(V2=V1)=pV,—pVi(1)

3anmumeM ypaBHeHue Knanelipona-MeHneneeBa s JBYX COCTOSHMM rasza —
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 YyBEIMYUBAETCS, TO
ectb 1,>T;. Ilycte AT — 9T0 BenuunHa U3MEHEHUs a0COJIIOTHON TeMIlepaTyphl rasa,
TOT/1a:

A=vRAT
BoIpa3zum 310 n3MeHnenue temiepaTtypbl AT, oHO HaM OHAagOOUTCS ajee:
AT=AvVR(2)
3anumeM 3akoH ['eil-Jlroccaka, MOCKOJBKY B 3a7adye UAET peub 00 n300apHOM
nporiecce (p=const):
V1T1:V2T2
Torna uckomoe oTHoleHue 00beMoB V,V; paBHO:
V2V1:T2T1
OueBunHo, uto T,=T;+AT, mosTomy:
V2V1:T1+ATT121+ATT1
[ToacraBum B mociieHIO0 GOPMYITY paHee MoJyudeHHOe BhIpakeHue (2):
V2V1:1+AVRT1

Cuurtaem OTBET:

V,V;=1+12501-8,31-300=1,5

OtBer: 1,5.

3agaua 15

YcaoBue 3axa4u:

19 M° Bo3yxa nmerot Temmeparypy 50 °C. Kakyio paGoTy COBEpIIHT BO3IYX,
pacmmpsisich n306apuo npu gasiaenuu 200 klla, ecnu ero narpets Ha 17 °C?

Hano:

V;=19 v®, t,=50 oC, p=const, p=200 kIla, At=17 °C, A—?

Penienue 3agaumn:

Paboty raza A npu n300apHOM pacIIMPEHUU MOKHO ONPEIEIUTD 10 (HOpMyJIE:
A=p(V2-V1)(1)
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3anumeM nBa paza ypaBHeHue Knamneiipona-MenpeneeBa — JUisi Ha4albHOTO U
KOHEYHOT'O0 COCTOSIHUS Ta3a:
{pV1=VRT1pV2=VR(T1+AT)
[Togennm HUKHEE YPAaBHEHUE CUCTEMBI Ha BEPXHEE:
V2V1=T1+ATT1
V2V1=1+ATT1
OTtkyzaa BeIpa3uM KOHEUHbIH 00beM raza V!
V2:V1(1+ATT1)
[ToxcraBum nosydeHHOE BhIpakeHue B popmyiy (1), Torma:
A=p(V1(1+ATTy) = Vi)=p(V1+VIATT, — V)
B wuTore nony4nm Takoe pelieHue 3a1a4un:
A:pleTTl
IlepeBeném HavanbHy10 TeMmneparypy t; u3 rpangycos Llenscus B KenbBuHbI:
50 °C=323 °K
H3mMeHeHne TeMnepaTypsl B pa3HbIX LIKaJax PaBHO OJHOM U TOM K€ YUCICHHOU
BEJIMYMHE, II09TOMY €€ IEPEBOJUTH HE HYXKHO.
IlocuuTaem OTBET K 3a1a4e:
A=200-103-19-17323=2000001x=0,2M J1x
Oteer: 0,2 M/Ix.

3agaya 16
YcaoBue 3a1a4u:
O6bem 120 r kucmopoaa npu W300apHOM HArpEeBaHUM YBEIUYHIICS B JIBa pasa.
Omnpenenute padoTy npu pacmupenuu. HauaneHas temnepatypa 292 °K.
Hano:
m=120 r, p=const, V,=2V,, T;=292 °K, A-?
Pemienue 3agaun:
PaboTty mpu n306apHOM pacuipeHuu raza A onpeaensior o gopmyiie:
A=p(V,— V1)
[lo ycnoBuio 3amauu 00BEM KHCJIOpPOJA YBEJIMYMIICS B JBa pasza, ToO
ecTb V=2V, osTOMY:
A=p(2V: — V1)=pVi(1)
3anumeM ypaBHenue Kranelipona-MeHaeneeBa i HayajdbHOTO COCTOSHUS
rasa:
pV1=m|\/|RT1
Monspuas wmacca xucinopoaa M (xumudeckas ¢opmymna O,) paBna 0,032
Kr/MOb (32 1/MOJIB).
C yderom storo ypaBHenus popmyna (1) mpumer Bu:
A=mMRT,
Mps1 pemmnu 3amgady B oOmiem Buzae. llepeBeném maccy KHCIOpoOJa B CUCTEMY
CH u nocunTaem YUCICHHBIN OTBET:
120r=0,12xr
A=0,120,032-8,31-292=9099,451x
OTtBer: 909945 JIx.
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3amaua 17

YciaoBue 3agaun:

Ha nuarpamme T (Temmneparypa) — V (00bem) rpaduk mnpoiiecca mpeacTaBiseT
co0oit npsimyto, coequnstonyto Touku (300 °K; 0,1 i), (600 °K; 0,2 1). Onpenenutsb
paboTy 0JTHOTO MOJISl UeaabHOro raza npu pacmupenun ot 0,1 10 0,2 1.

lano:

T,=300 °K, V;=0,1 n, T,=600 °K, V,=0,2 1, v=1 mons, A—?

Pemienue 3agaum:

d
600 — — — — — 3
\
/
S (A
P [
/ [ \
| |
o ai az- "

Jlerko 3aMeTHTh, YTO OTHOIIIEHUE O0BEMA ra3a K TeMIlepaType BCeraa OcTaéTcs

MOCTOSTHHBIM:
V1T1:V2T2
[lepeBeném oObeMmsl raza B cuctemy CU:
1.0,11=0,1-10-3m°
0,21=0,2-10-3w"
Torna:
0,1-10—3300=0,2-10—3600=3,33-10—7

VYka3aHHOEe paBEHCTBO siBJsieTcs 3akoHoM [ eif-Jlroccaka, 3HauuT mpormecc 1-2
aBisieTcs u3o0apHbIM (p=const). Kcrtatu, 3T0 Takke 03Ha4aeT, 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)=pV, — pV4(1)

3anumeM ypaBHeHue Knanelipona-MeHeneeBa sl COCTOSIHUSA ra3a B TOukax |

u2:
{pV1:VRT1pV2:VRT2
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:

120


http://easyfizika.ru/wp-content/uploads/2017/06/Shema-k-resheniyu-zadachi-10.jpg

y
" -

Han wpeansHbIM Ta3oM MOPOBOAST JBa 3aMKHYThIX mporecca. Kakoe
COOTHOIIIGHHE MeXAy paboTamMu raza B OJTuUX Iporeccax BepHoe? (Cxema,
NpuBeIEHHAS K YCIOBHUIO 3aJ1auH, ITI0OKa3aHa CIIpaBa).

Penienue 3agaumn:

Vi

0 v

Haiitu cooTHOIIEHHE MEX Ty pab0oTaMu — 3TO 3HAYUT ONPEICTUTh, Kakas padoTa
OombIle, a Kakas — MEHbIIIE.

UToOBI y3HaTh, B KAKOM M3 IIMKIIOB T'a3 COBEpIIACT OOJIBIIYI0 paboTy, HYXKHO
MEPECTPOUTh ATH LHKJIBI B KoOpAuHaTax p-V. s 3Toro Hy>XHO pa3zo0patbes ¢
KQXXIbIM [TPOIECCOM.

[Ipouiecc 1-2 — wmzoxopubiii (V=CONSt), MOCKOJIBKY B KoopauHatax p-T oH
MPEACTABIACT COOOM MPSAMYIO, MPOJIODKEHUE KOTOPOM MPOXOAUT dYepe3 Hayajo
koopauHart. Ilostomy V=V,. Ha rpaduke BuaHO, 4yTO Po>P;1. AHAJIOTMYHO MPOILIECC
4-3 aBysIeTCA U30XOPHBIM, IIPU 3TOM Ps>P3 U V=V,

[Tpornecc 3-1 — nzo0apHkbIit (p=const), Tak ke Kak u nporecc 2-4 (a 3T0 3HAYUT,
4yTO P1=P3 ¥ P2=P4).Tak KaK T:>Tim T,>T)y, TO (0} 3aKOHY I'eit-
JIroccakaV3>Vi u V. >Vo.

W, makoner, mporecc 2-3 — wuzorepmudeckuii (T=const), mostomy T,=T3, TO
ecTh ToukH 2 U 3 Ha rpaduke p-V OyayT JiexkaTb Ha u3oTepme (rurepoore).

PaboTa nukia paBHa YMCJIEHHO TUIOMIAAM TOTO ITMKIIAa B KOOpJauHaTax p-V (Ha
CXEME K PEIICHUIO 3allITPUXOBAaHbI — Y KaXXJOro IHMKJIAa 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 rpaduky p-V BUAHO, 4TO pabora 1ukKiIa A;pz MEHbIE, YEM
paboTta nukia Ay, Tak Kak IUIOIIA/b, OTPAHUYCHHAS MOCAETHUM IUKIIOM, OOJIbIIIE.
[ToaTomy:

Az43>Asr

OtBet: A243>A123.

3agaua 19
YcaoBue 3agaun:
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Hekoropoe konmmyecTBo raza HarpeBaetcs oT temneparypsl 300 1o 400 °K. [Ipu
TOM 00bEM Ta3a U3MEHSETCA MPOIMOPIMOHATILHO TeMIiiepaType. HauanbHbiil 00beM
rasa 3 .

lano:

T,=300 °K, T,=400 °K, VT=const, V=3 1, p,=100 kIla, A—?

Penienue 3agaumn:

Ecnu 06bem raza MeHsieTcst mponopIHoHabHO TeMIIEpaType, To ecTh V T=CoNnst,
3HAUUT HaJ ra3oM MNpPOU3BOIAT M300apHbId mpouecc. [Ipu 3TOM jerko nmpuiiTh K
BBIBOJY, 4YTO JaBJEHUE Ta3a B IIPOLIECCE PABHO HU3BECTHOMY KOHEYHOMY
JABIICHUIO P2.

Eciu B wu300apHOM mpollecce Tra3 HarpeBaeTcs, 3HAYUT €ro o0beM
yBenuuuBaeTcs. Pabory raza Anmpu u300apHOM pacUIMpPEeHUU OMPEACNSIOT IO
dbopmyie:

A=p,(V2=V1)=p.V2—p2Vi(1)
3anumeM ypaBHeHue Knamneiipona-MeHpaeneeBa A1 HAYalIbHOTO M KOHEYHOTO
COCTOSIHHS ra3a:
{p2V1:VRT1(2)p2V2:VRT2
[IpuHuMas BO BHUMaHKE 3TH JBa ypaBHeHUs, popmyia (1) mpumer BuI;
A:VRTZ_VRT]_:VR(TZ_T]_)
HeunsBecTHOE KOJMYECTBO BEIIECTBA V BBIPA3UM U3 ypaBHEHHUS (2):
V:pzleTl
B KOHIIE KOHIIOB MTOTYYHM:
A=p,ViRTR(T; = T1)=p,VaT1(T, — Ty)
A=p,Vy(T,T1 - 1)
IlepeBenéM HauanbHbI 00beM raza V' B cucremy CU:
31=3-10 - 3m°

ITocunraem OTBET:

A=100-103-3-10 — 3:(400300 — 1)=100/]x=0,1x/]x

OtBet: 0,1 k/{x.

3agaua 20

YcaoBue 3a1aumn:

['a3 u300apHO yBenmuuwics B oobeme B Tpu pasza mpu nasienun 3000 xlla.
OnpenenuTh TMEepBOHAYAIBHBIH 00BEM Trasza, €clid JUIsl yBEJIMYEHUS €ro o0bhema
noTpeOoBaNIOCh COBEPIIUTH padoty 12,6 kJ[x?

JHano:

p=const, V,=3V,, p=3000 xIla, A=12,6 x]Ix, V,—?

Pemienue 3agaumn:

Paboty raza npu uzo6apHom yBeinyeHun o0beMa A onpenesnstor no Gopmysie:

A=p(V, — Vi)

B ycinoBum 3amaum CcKazaHo, 4TO O0BEM Ta3a yBENIWYWICA B 3 pasa, TO
ectb V=3V, TOorna:

Azp(BV]_ - V1)=2pV1

OTKyna MCKOMBIN Ha4aIbHBIN 00BbeM raza V1 paseH:

V1=Azp
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3amaua pemieHa B oomem Buje. [locuntaemM YuCIEHHBIN OTBET:
V,=12,6-1032-3000-103=0,0021m>=2100cM’
Otser: 2100 cv®.

3anaua 21

YcaoBue 3axa4u:

B mununape HaxomuTcs Tras, yAep)KuBaeMblii B oObeme 1 M° CHIION TSDKECTH
MOPIIHS U CHIION atMocepHoro nasieHus. [Ipu HarpeBanun o6beM raza Bo3pacTaer
B 2 pa3a, u ra3 cosepmiaer padory 110 k/[x. Halitu maccy mopiiHs, eciu ero
mwromans 0,005 M-, Parn—=100 kI1a.

lano:

V=1 v, V,=2V;, A=110 kI, $S=0,005 m?, patm=100 xITa, m—?

Pemienne 3agaum:

L 3 )|

V4|

Ha mnopmens JeHCTBYIOT TpW CHIIBL: CuJia JIaBlieHWs Taza PS, cuna
aTMOC(EPHOTO JABIEHUS Py U CHIIA TsDKECTH M (cMoTpute cxemy). Ecnu ras
HArpeBaroT MEJJICHHO, TO MOPIIEHb B KaXIbIi MOMEHT BpEMEHU OyAeT HaXOAUTHCS B
PaBHOBECHUU. 3alUIIEM TEpBbIN 3aKkOH HbIOTOHA B MPOEKIMU Ha OChb Y:

ParSTMY=pS

OTkyna BbIpa3uM JaBJIEHUE raza B IUIUHIPE P:

P=ParvtmMgS(1)

BuaHo, 4To AaBieHHWE ra3a MEHSIThCA B TEUCHHUE Mpollecca HarpeBaHUsl HE
Oyner, 3HAUUT Mbl UMEEM JIeJI0 ¢ Hu300apHbIM mporeccoM (p=const). Ecau ras
HarpeBaThb HM300apHO, TO OH Oyjaer pacmmpAtbes. PaboTy raza mpu u3zobapHOM
pacIIMpeHUH ONPEIESAIOT M0 U3BECTHOU popmyIie:

A=p(V2~Vy)

N3BecTHO, 4TO 00BEM Ta3a yBEIMUMUBAETCS B 2 pa3a, To ecTh V,=2V;. YuuThiBas

paHee nofydeHnyto popmyny (1), umeem:
A=(ParytMgS)(2V1—Vy)
A=(PantMgS) V4

B 3TOoM paBeHCTBE M3BECTHO BCE, KPOME MCKOMOM MAacChl MOPUIHSA M, MO3TOMY

OCTAJIOCh TOJIBKO BBIPA3UTH €€, YEM MBI CEMYaAC U 3aMMEMCH.
PartMgS=AV1
mgszAVl ~ Parm

M=Sg(AV1 ~ Parv)

[TpounsBeném pacdy€T YMCIEHHOTO OTBETA 3a/1a4H:

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 HavanbHOM Temmeparype 300 °K
OXJIAXKIAIOT M30XOPUYECKM TaK, YTO €ro JaBJEHUE MaJacT 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, T,=300 °K, V=const, p,=p.3, p=const, Ts=T,, A—?

Pemenne 3agaumn:

yed
7

e ‘\\ [.=const

\
N

~
~
P -5 -
2V i3
//
J [
Vi V: d

N300pasum mpom3BenEHHBIE HAJ Ta30M MPOLECCh B KoopauHaTax p-V
(cMOTpUTE CXEMY K PELIEHUIO).

[Tpomecc 1-2 — wm3oxopubii (V=const). Eciu paBiaeHue raza B H30XOPHOM
mporecce manaet, To mo 3akoHy lllapns Temmepartypa rasa ymenbinaercs. Paborta
raza Aj; B 3TOM TpoOIecce paBHA HYJIIO, MOCKOJIBKY ra3 HE U3MEHSET CBOETO 00beMa.
[Tnomans Gurypsl moa rpagukomM 3TOTO Mpoiiecca, KOTopas YUCIEHHO paBHA padoTe
rasa, TaK)Ke paBHa HYJIIO.

[Tpouecc 2-3 — n3zo0b6apHsIil (P=const), padoty raza A,z B 3TOM IPOIIECCEe MOKHO
HAaWTH Kak Tuiomaab GuUrypel moa Trpadukom dToro mpoiecca (Ha cxeme —
3alITPUXOBAHO).

Ax=po(V2 — V1)
Nckomas cymmapnas paborta raza A paBHa cymMMme paOoT rasa B npoiieccax 1-2 u
2-3:
A=A+As3
Tax kak A12=0, To nmeem:
A=po(V=V1)=p2Vo—paVa(1)
B ycnoBumu ckazaHo, 4TO KOHEUYHasl TeMIleparypa ras3a |3 paBHa HadalbHOU |1,
TO €CTh 3TH TOYKH JieXKaT Ha OJHOM m30TepMe (pasyMeeTcsi YCIOBHOM). 3amuiiem
3akoH boinsa-Mapuotra 1u1s Touek 1 u 3:
pP2V2=p1Vi(2)
YuuTteiBas, 4TO JaBJICHWE Ta3a P, B 3 paza MeHbIe aaBieHus Py (Pr=Pi1z), 4
paBeHCTBO (2), popmyna (1) mpumer BuA:
A=Az3=p:V:1—13p;V1=23p,V;
3anumeM ypaBHenue Knanelipona-MeHieneeBa AJisi COCTOSIHUS T'a3a B TOUKE 1:
p1V1=m MRT;
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Monsipras macca Bomopoaa (xumudeckas opmyna Hy) pasna 2 r/mons (B CU —
0,002 kr/™MO0JIB).

Torma penienue 3a1a4n MOTYYUTCS TAKUM:

A=23mMRT,

[TomcTaBUM 3HaYCHUS BEIUYUH B 3Ty (DOPMYITY U TIOCYMTAEM YUCIICHHBIA OTBET

3a/1auHn;
A=23-10,002-8,31-300=8310001x=831x/Ix
OtBeT: 831 k/Ix.

3agaua 23

/
0

Onpenenure padoTy, CcoOBeplIacMyld OJHHMM MOJEM Ta3a 3a IHKI,
ecmm Pop;=2, T;=280 °K, T,=360 °K (cxema K yCIIOBHIO MPUBEICHA CIIPaBa).

lano:

v=1 momnb, pPop1=2, T,=280 °K, T,=360 °K, A-?

Pemenue 3agaum:

o—v vV

[IpuBenéHHniii B ycioBuu rpaduk Jisi HAXOXIEHHUs paboOThl Ta3a B
nukie A nepectpouM B KoopauHartax p-V. JlJig 3TOro Hy»HO MPOU3BECTU AHAIIN3
Ka)KJIOTO U3 MIPOLIECCOB.

Utak, Hauném. [Iponecc 1-2 — uzoxopusiii (V=CONSt), mOCKOJIBbKY rpaduk 3TOTO
mpouecca B KoopAuHAatax p-T JEXHUT HAa NpAMOM, NPOXOIAILIECH Yepe3 Hadalo
KoopauHat. Tak Kak TemIiepaTypa ra3a B IMPOIECCe YBEIUYMBACTCSA, TO MO 3aKOHY
[apns naBneHwe pacT€T (XOTS OTO WMTAK MOHATHO W3 HMCXOAHOTO Tpaduka).
AHQJIOTUYHO, U30XOPHBIM SIBJISIETCS TIporiecc 3-4, HO TaK Kak TeMmIeparypa rasa B
TOM MPOLECCE YMEHBIIAECTCA, TO OYJET YMEHBIIATHCA U AaBJICHUE.

IMporiecc 2-3 — m3o0apHbIi (p=const). Temmeparypa rasa B mpoiiecce pactér,
no3toMy 1o 3akoHy ['eii-Jltoccaka Oyner yBenuuuBatbess U oObeM. Takxke
n300apHbIM sBIsieTcs mpolecc 4-1. O0beM raza B 3TOM IMpoIecce yMEHbIIAeTC s, TaK
KaK YMEHbIIIAETCs TEMIepaTypa.

C yué€ToMm BCEro BBIIIECKA3aHHOTO MOJYYUM Cieayrolui rpaduk (CMOTpUTE
CXEMY K PEIICHUIO).
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Pabora ra3a B mukie A paBHa IUIOIIAM 3TOTO IMKJIa B KoopauHatax p-V. Eciou
IUKJI 00XOAUTCS TI0 YaCOBOM CTpeJIKe, TO paboTa MOJ0KUTENbHA (YTO UMEET MECTO B
HaIlleM cilydae), MHaye — oTpuuareiabHa. Toraa:

A=(p2—p1)(Vs-V1)(1)
3anumem 3akoH ['eii-Jltoccaka aiis uzobapHoro npoiecca 4-1:
V3=V,
V3=V1T2T1(2)

YuauteiBas BeIpakeHue (2) u TO, 4TO MO yCIOBUIO P2P;=2, popmyna (1) mpumer
BU/I:

A=(2p; = p)(ViT2T1—V1)=p1 V(T T, — 1)

Teneps 3anumeM ypaBHeHue Kiranerpona-MeHnaeneeBa sl COCTOSIHUS ras3a B
Touke 1:

p1V1i=vRT;

Torna:

A:VRTl(Tng_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 TerIon30JIUPOBAHHBIX COCY/Ia COSUHEHBI TPYOKOU C 3aKphITHIM KpaHoM. B
MEPBOM COCyJie HaxoauTcst 2 Mo renus npu temrepatype 200 K, a Bo Bropom — 3
moust renus npu temnepatype 300 °K. Kpan otkpsiBator. OnipeaenuTs TeMnepaTypy
B cocyaax.

Hano:

v1=2 moub, 11=200 °K, v,=3 momb, T2=300 °K, T—?

Pemienue 3agaun:

[TockosbKy TMoOcCie OTKPBITHSI KpaHa rasy B cocydax He OyAeT mepeaaHo
KOJIMYECTBO TEIUIOTHI, WM HaJ HUM He OyJeT coBepiieHa paboTa, TO oOias
BHYTPEHHSISI SHEPrus MOJICKYJ Tenus OyAeT OCTaBaThCsd HEU3MEHHOM COTJIacHO
MEPBOMY 3aKOHY TE€pPMOJUHAMUKH. [1loaTOMY:!

U1+U2=U
Pacnuiem BHyTpeHHUE SHEPTUU 110 U3BECTHBIM (hOpMYyIiaM, TOTJa MTOTYYHM:
32viRT+32v2RT,=32(v;+v,)RT
ViT1+vaTo=(vi+vo) T
OTkyna uckomasi TeMreparypa rejivsi [ mociie OTKpbITUSI KpaHa paBHa:
T:V1T1+V2T2V1+V2
[Tpon3BeaEM BBIYUCIICHUS:
T=2-200+3-3002+3=260K= —13 °C
OtBer: —13 °C.
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Camocmosmenvuas paboma no meme
«llepsviii 3axkon mepmoounamuxu. Tennogoti ogueamensy

3agaua 1

YciaoBue 3agaun:

["a3 mpu n3zoTepmMudeckoM pacuumpernny noiayuui 10 k/[x terorel. Yemy paBHa
COBEpIIIEHHAs ra3oM padora?

lano:

T=const, Q=10 x/Ix, A—?

Pemenue 3agaum:

[lepBpiii 3aKOH TEPMOAUHAMHUKM TJIACHUT, UYTO KOJMYECTBO TEIUIOTHI Q,
IepejaHHOe ra3zy, HIET Ha U3MEHEHHWE €ro BHYTpeHHer »Hepruu AUwu Ha
COBEpILIEHKE ra30M padoThl A.

Q=AU+A(1)

Hanx razom npou3BoadT M30TEpMUUYECKUM Tpolecc, To ecTh =const umu AT=0.
Tak KaKk BHYTPEHHsISI SHEPTHsl 3aBUCUT TOJBKO OT TEMIIEPATypbl, & OHA MEHATHCS B
paccMaTpuBaeMoM Ipoliecce He OyeT, 3HaUuT:

AU=0

VYuureiBas 3710, 13 popmyisl (1) caenyer, 4To:

A=Q
A=10x/Ix
Oteer: 10 x/x.

3amaya 2

YcaoBue 3a1a4u:

Kakoe KOIMYEeCTBO TEIUIOTHI MOJIYYWJ reamid maccod 1,6 T mpu M30XOpPHOM
HarpeBanuu Ha 120 °K?

Hano:

m=1,6 r, V=const, AT=120 °K, Q—?

Pemienne 3agaum:

CorynacHO TEpBOMY 3aKOHY TEPMOJMHAMUKU KOJHMYECTBO  TEIUIOTHI Q,
NepeJaHHOE Ta3y, PacxoJyeTcs Ha M3MEHEHUE BHYTpeHHeW 3Heprum raza AU u Ha
COBepIlIeHHE 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)
MonsipHast macca renus (xumudeckasi popmyna He) pasua 0,004 kr/mMosb.
®opmyna (1) ¢ yu€tom 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 3a1aum:

B ammabatnueckoMm mporecce ra3 coBeprmur padory 50 x/[x. Uemy paBHO
MpupalieHue ero BHyTPEHHEN YHEPTUH?

Jano:

Q=0, A=50 xJIxx, AU-?

Penienue 3agaumn:

3anuueM MnepBblid 3aKOH TEPMOAUHAMHUKHU:

Q=AU+A(1)

CorynacHO 9TOMYy 3aKOHY KOJIMYECTBO TeIJIOTHl Q, mepenaHHoe Tasy,
pacxoayercs Ha U3MEHEHUE BHYTpPEHHEW 3Hepruu raza AU u Ha COBEPILIEHUE ra30M
paboTtsr A.

AnnabaTUdecKuid MpoIecC — 3TO MPOIECC, COBEPIIAEMBIN 0e3 Temioo0MeHa C
okpy»xaromen cpenoit, To ectb Q=0. Torma u3 paBenctna (1) cienyer:

Q=0=>AU+A=0
AU=-A
AU= —50k/]x
OtBet: —50 k/I:x.

3amava 4

YcaoBue 3agaum:

CKoJIbKO Terjia TOJY4Yus Ta3, €CAdW HW3BECTHO, YTO [JIsi €ro CxKaTusi Oblia
coBepiieHa padora 8 kJ[k, a mpupaileHrMe BHYTPEHHEH SHEpruu cocTaBuiio 24,5
kJ1x?

ano:

A...=8 xJx, AU=245 x]Ix, Q—?

Penienue 3agaumn:

Bocnonb3dyemcsi MepBbIM  3aKOHOM TEPMOAMHAMUKH, COTJIACHO KOTOPOMY
KOJIMYECTBO TETUIOTHI Q, COOOIIEHHOE ra3y, pacXoIyeTcs HA N3MEHEHHE BHYTPCHHEH
sHepruu raza AU u Ha coBepiieHne razoM padboTsr A.

Q=AU+A(1)

[Ipomry oOpatuth Baie BHMMaHWe Ha TO, YTO B JaHHOM CJlydae HE ras
coBepmian paboTy, a HajJ Tra3oM coBepmanu padory. Kcratu, ra3 HE MOXET
CKMMAThCS caM — 3TO emi€ OJWH JOBOJ B TOJB3y TOTO, YTO paboOTy COBepIIain
MMEHHO BHEITHUE CHUJIBI.

Mexnay pabotoii raza A u paboTol BHELIHUX CUJ Hald Tra3oM A,; CYHIECTBYET
CJIeIyIoLIee IPOCTOE COOTHOIIIEHHUE:

A= _AHan

Tornma paBeHCTBO (1) MpUMeET TaKoOH BHUI:

Q=AU-A..x
[Tocuntaem OTBET:
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Q=24,5-8=16,5k ]I
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 TEpBBIM 3aKOH TEPMOJIWHAMHKH, COTJIACHO KOTOPOMY KOJHUYECTBO
TermnoThl Q, cooOIEeHHoe Tra3y, pacxoayeTcs Ha M3MCHCHHE BHYTPCHHEH SHEPIHH
raza AU u Ha coBepileHne razoM padoTsl A:
Q=AU+A(1)
AnnabaTHBIA TIPOIECC — 3TO MPOLECC, MPOUCXOIANINN 0e3 TeriooOMeHa C
okpyxartoiei cpeaoi, To ectb Q=0. Torna paBenctso (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 »Hepruu HeoHa AU Mpu yBEIWYEHUU TEMIIEPATYPHI
Ha AT, yduTpiBasi TO, 4TO HEOH SIBJISIETCS OAHOATOMHBIM Ta30M (TO €CTh YHUCIO
CTEIEeHEeW CBOOOIbI aTOM HEOHA PaBHO 3), MOXKHO OMPEICIUTh 1Mo (popMyIie:

AU=32mMRAT(2)

B srtoit popmyne M — monsipHass macca Heona Ne, paBHas 20 r/moisb (0,02
KI'/MOJIb).

Pabora raza A B U30XOpHOM IIpoIlecCe€ paBHA HYJIO, TaK KaK ra3 HE U3MEHSET
CBOEro o0beMa.

A=0(3)
®opmyia (1) ¢ yuérom nosryueHHbIX BblpaxkeHui (2) u (3) npuMeT BUA:
Q=32mMRAT
[lepeBeném maccy HeoHa M B cuctemy CHU:
10r=0,01kr
[IpousBeném pacy€T YUCIEHHOTO OTBETA!
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Q=32-0,010,02-8,31-205=1277,7 1x
OtBert: 1277,7 k.

3agaua 7

YcaoBue 3a1a4u:

OnpenenuTp, KAaKO€ KOJIUYECTBO TEIUIOTHI HAJ0 cOOOIUTh HEOHY Maccoil 400 T,
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,
nepeJaHHoe razy, UIET Ha U3MEHEHHUE ero BHyTpeHHeu 3Heprun AU u coBepliieHue
ra3oM paboThl A MIPOTUB BHEITHUX CHUJI.

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 wuzoxopuom mporecce (V=const) paborta ra3a A paBHa HYyJIO, MOCKOJIbKY
00beM ra3a He U3MEHSIETCS.

A=0(3)

VYuutsiBas (2) u (3), popmyna (1) mpumer BuA:

Q=32mMRAT

[lepen mOACTAaHOBKOW BEIWYMH B TMOCJIEIHION (GOPMYITy H JadbHEHIINM
pacuéToM OTBeTa HEOOXOIMMO MEPEBECTH Maccy HeoHa M B cuctemy CU:

400r=0,4kxr

ITocunraem OTBET:

Q=32-0,40,02-8,31-10=2493 1k

OTtBer: 2493 JIxk.

3agaua 8

YcaoBue 3agaumn:

Kakoii mporecc mpou3omén mpu CKaTAM HASATLHOIO Ta3a, eciu padoTa,
coBeplIiacMas BHEIIHMMHU CHJIAMH HaJ Tra3oM, paBHA HU3MEHEHUIO BHYTPEHHEU
SHEpruu rasza?

Hano:

A.=AU

Pemienue 3agaun:

JlaBaiiTe 3amuineM TMEpBOE€ HAyajlo TEPMOJUHAMHUKH, COIJIACHO KOTOPOMY
KOJIMYECTBO TEIIOTH Q, COOOIIEHHOE ra3y, pacXoyeTcsl Ha U3MEHEHNE BHYTPEHHEH
sHepruu raza AU u Ha coBepIiieHHe razoM padoTsl A.

Q=AU+A(1)
[IpuBenéHHass B yCJIOBUM paboTa BHEIIHUX CHJ HaJ ra3oM A, CBSI3aHa C

paboToii raza A o dopmyiie:
A= A=>A=AL
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Torna paseHcTso (1) mpumer BU:
Q=AU-A..x
[To ycnmoBuio 3amaum paboTa BHEIIHUX CUJI paBHA HM3MEHEHUIO BHYTPEHHEU
DHEPIUU ra3a, To ecTb Ay, =AU, 03TOMY:
Q=AU-AU
Q=0
["a30BBI TIpoOIECC, MPOUCXOAIINM O€3 TEII000MeHa C OKpYKarolehd cpeoi
(Q=0), naspiBaeTCsa aguabaTHBIM.
OTtBeT: aaMa0aTHBIMN.
3agaua 9
YciaoBue 3a1aumn:
[Ipy MOCTOSIHHOM JaBJIEHMH 5 MOJISIM OJHOAQTOMHOI'O Ta3a COOOUIWIHM TEIUIOTY
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 OnpeaesstoT o Gopmyie:
A=p(V2—V1)=pV,—pV1(3)
3anuiiem ypaBHenne Knaneipona-MenpaeneeBa Jjis Ha4albHOTO M KOHEYHOTO
COCTOSIHMS Ta3a:
{pV1:VRT1pV2=VRT2
Torna dopmyiy (3) MOXKHO 3amMcaTh B CIEAYIOIIEM BU/IE:
A:VRTZ_VRle\/R(Tg_Tl)
A=vRAT(4)
[ToxcraBum nosydeHnHbie Beipakenus (2) u (4) B popmyny (1), Toraa:
Q=32vRAT+VvRAT
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 mpu temmeparype 17 °C u
naiaeHun 15 klla. I'enunit oxmaxxknaroT no 0 °C. BeluncianTh KOJIMYECTBO OTIAHHOTO
ra3oM TeIa.

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).
3anuueM MepBblid 3aKOH TEPMOAUHAMHUKHU:
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 Boipaxkenus (2) u (3) moxcraBuM B popmyiy (1), Toraa:
Q=32vR(T>~T4)(4)
YroObl HaWTH HEU3BECTHOE KOJUYECTBO BEILECTBA V, 3alMILIEM YpPaBHEHUE
Kianeitpona-Menzeneesa Jyisi HAYalbHOTO COCTOSIHUA rasa:
pV:VRTl
v=pVRT,
[locnennee mody4yeHHOE BBIpAKEHUE TMOJACTaBUM B dopmyrny (4), Toraa
MOJTYYUM:
Q:3pV2RT]_R(Tz_Tl):3pV2T1(T2_T1)
Q=32pV(T,T;-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
MBI noJyduiiv OTpHULATENIbHBIA OTBET, MOCKOJIBKY Ia3 OTAaBall Temio. B oTere
yKaxeM aOCOJIOTHOE 3HAYEHHUE, MOCKOJIbKY B YCJIOBHHM TPEOOBAIOCH «BBIYMCIHTH
KOJIMYECTBO OTJAAHHOIO ra30M TEIUIay.
OtBer: 3,3 /I:k.

3amaua 11

YcaoBue 3agaumn:

OnuH MOJIb MICAIBHOTO Ta3a, HAXOIAIIETroCsl IPU TemiepaTtype [, HarpeBaroT.
Kakoe KOnM4ecTBO TEIUIOTHI HYKHO TMOJBECTH K Ta3y, 4YTOObl H300apuyecKu
YBEJIUYUTH €r0 00beM BTpoe?

Hano:

v=1 moub, Ty, p=const, V;=3V,, Q—?

Penienue 3agaumn:

ABTOp 3a/1auM HE yKa3ajl KaKuM SIBJSIETCS Ta3, TOATOMY MBI OyJieM peliaTh 3Ty
3a7a4y U3 MPEANOJIOKEHUS, YTO OH OJJHOATOMHBIMN.

3amnuuiem HGpBBIfI 3aKOH TCPMOANHAMUKU:
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 HarpeBath n300apHO, TO €ro 00beM OyIeT YBEIUYUBATHCS (3TO BUIIHO
n3 3akoHa [I'eit-Jlroccaka, cmorpute Hmwke). Pabory raza Anpu wuzobapHOM
pacUIMPEHUH MOYXKHO HAlTH 10 (hopmyIie:

A=p(V1~Vo)=pV1—pV,(3)
3anumeM ypaBHeHue Knamneipona-MenjeneeBa i HaYaJIbHOTO M KOHEUYHOTO
COCTOSIHHS pacCMaTpUBAaEMOT0 ra3a:
{pVOZVRTOpV]_:VRTl
C momotibio 3TUX ypaBHEHUH Qopmymy (3) MOXKHO mepenucarh B BUJE:
A=vRT;—vRTy=vR(T1—T)y)
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:

VOT0:V1T1
Bripazum koHeuHy0 TemriepaTypy raza T1:

T]_:TonVo
B ycnoBum roBopuTtcs, uto 06beM yBenuuuBaetcs BTpoe (V1=3Vy), mostomy:

T1=T03VOV0:3T0
Torna nzmenenue tremneparypsl raza AT paBHoO:
AT:T]__TO:3TO_TO
AT=2T0

OT0 BBIpaXEHUE TOJCTaBUM B (opMyny (5), TakuMm 00pa3oM, MbI TMOJYyYUM
pelIeHue 3a7a4u B 00I1IEM BHJIE:

Q=52vR-2Ty=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 1, po=200 kIIa, Q=3 kI x, p1—?

Pemienue 3agaun:

3anuiieM nepBbIid 3aK0H TepMOoauHAMUKH. COTIIACHO 3TOMY 3aKOHY KOJIMYECTBO
TeroThl Q, cooOIIeHHOEe Tra3y, pacxoayeTcs Ha M3MEHEHHE BHYTPEHHEH SHEpPruu
ra3za AU u Ha coBepiieHre razom padotsl A.

Q=AU+A(1)
Apron A, — OJIHOAaTOMHBINA Tra3, U3MEHEHUE €r0 BHYTPEHHEH SHEPIUU MOXKHO

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€tom BeipakeHui (2) u (3) npuMeT BU/;
Q=32vRAT(4)

Kcratu, u3 stoit opmynbl BHUAHO, YTO MPU COOOLIEHUU Ta3zy B OallJIOHE
KOJIMYECTBA TEIJIOTHI €ro TemIieparypa OyJeT yBeInyuBaThcs. A 3HAYUT (IO 3aKOHY
[Tapns) OyAeT yBeIUUMBaThCA U JABJICHUE.

3anumeM ypaBHeHue Knamneiipona-MeHeneeBa il HAYaJIbHOTO U KOHEYHOTO
COCTOSIHUS ra3a:

{p()V:VRTOp]_V:VRTl

W3 HIKHETO ypaBHEHUS OTHUMEM BEpXHEE, TOT/Ia:

(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
OcTanock TOJIBKO BBIPA3UTh KCKOMOE KOHEUHOE JIaBJICHHUE ra3a P;:
P1=Po*+2QsV

[lepen mojacTaHOBKOW 3HaYeHUW BEIMYMH B (opMmyly TmepeBeaeM o00beM

Oainona B cucremy CU:
501=0,05m"

[TocunTaem OTBET:

p;=200-103+2-3-1033-0,05=2400001Ta=240kI1a

Oteert: 240 xIla.

3anaua 13

YcaoBue 3axa4u:

IIpu m306apHOM pacimpennn rasa Ha 0,5 M° emy Obut0 mepegano 0,26 Mk
TEIUTIOTHI. PaccunTarh M3MEHEHNE BHYTPEHHEN DHEPTUU rasa, eciu ero aasieHue 200
klIa.

Hano:

p=const, AV=0,5 m*, Q=0,26 M, p=200 kIla, AU—?

Penienue 3agaumn:

[lepBoe Hauyano TEPMOJMHAMHUKU TJACUT, YTO KOJUYECTBO TemIoThl Q,
COOOIIIEHHOE Ta3y, pacxXoayeTcs Ha W3MEHEHWEe BHyTpeHHel sHepruu 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

[ToncraBuMm 370 BeIpaxkenue B popmyimy (1), Toraa:
Q=AU+pAV

Tenepp oTCrO1a BBIPa3UM HCKOMOE U3MEHEHUE BHYTPEHHEN 3Heprun 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 wuzorepmuueckom mpoiiecce ra3 cosepuimia padoty 2 k/lx. Ha ckonbko
YBEIIUYUTCS BHYTPEHHSISI SHEPrusl 3TOr0 Tras3a, €CIM €My COOOIIUTh KOJIUYECTBO
TEIJIOTBI BTPOE OOJbIllee, YeM B TMEPBOM Cllydae, a TMpoIlecCc MPOBOAHTH
U30XOpUYECKH?

lano:

A1=2 KI[}K, Q2=3Q1, AUZ_?

Pemenue 3agaun:

[lepBbIii 3akOH TEPMOAMHAMUKA TOBOPUT, YTO KOJMUYECTBO TEIUIOTH Q,
COOOIIIEHHOE Ta3y, pacxXxoayeTcs Ha U3MEHEHUEe BHyTpeHHel sHepruu raza AU u Ha
CoBepIlieHHEe ra3oM paboTel A. 3amuiieM 3TOT 3aKOH JJIA MPOBOJAMMBIX HaJ ra3zoM
M30TEPMHYECKOTO U U30XOPHOTO MPOIIECCa:

{Q:=AU+A;Q,=AU,+A,

Tak Kak BHYTpEeHHssi »Heprus ra3a (MACAIBHOIO) 3aBUCUT TOJBKO OT
TeMMepaTypbl, TO B HM30TEPMUUYECKOM TMPOIECCEe U3MEHEHUE BHYTPECHHEH
sHeprun AU paBHO HyI1O.

AU]_:O
PaboTa raza B uzoxopHom mporiecce A2 paBHa HYJII0, TaK KaK B TAKOM IPOIIECCEe
ra3 He U3MEHSET CBOET0 00bheMa.
A2:O
Torma cucrema npuMeT TaKOW BHU/I:
{Q:=A.Q,=AU;,

ITo ycnoBum Q,=3Q;, mo3aTomy:

AU2:3A1
AU,=3-2-103=6000/]x=6x]Ix
OTtBer: 6 K/[:K.

3amgaua 15
YcaoBue 3agaun:

0 =i
Kakoit rtpaduk coOTBETCTBYeT IIporeccy, B KOTOPOM TeMmIeparypa rasa
WU3MEHSETCS TOJBKO 3a CU€T ero paboTsi?
Pemienue 3agaumn:
TemmepaTypy raza MOXXHO H3MEHUTh, JHOO COOOIIMB  KOJMYECTBO
TeroTel Q razy, nmubo coBepmuB paboty A. Tak kak B yCJIOBHUM CKa3aHo,
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YTO TEMIIepaTypa ra3a U3MEHIETCS TOJBKO 3a cuéT ero padotsl, 3HauuT Q=0, TO ecTh
HMEET MECTO aJiabaTHBIN Mpoliece.

['paduk aguabaTHOTO Mpoliecca MPEeACTaBIsAeTCs] COOOM KPHUBYIO B KOOpAMHATAX
p-V, mpudyem »5Ta KpuBas HAET Kpydye H30TEPMBI, TO €CTh D3TOMY IIPOIECCY
COOTBETCTBYET rpaduk 4.

OTtBer: 4.

3anaua 16

YcaoBue 3agaun:

KonuuecTBo TemioThl, MepenaBaeMoe rasy, OJMHAKOBO. B kakom razoBoMm
MPOIIECCE HArPEB ra3a MaKCUMAJICH?

Pemenue 3agaun:

Jns peiieHust 3TOW 3aaud HEOOXOIMMO BOCIIOIB30BaThCS IMEPBBIM 3aKOHOM
TepMoauHaMuKU. COrjlacCHO ATOMY 3aKOHY KOJIMUECTBO TEIUIOTHI Q, mepemaHHoOe
rasy, uaET Ha W3MEHEHHE BHYTpeHHeW sHepruum raza AU u Ha coBeplieHHE Ta3oM
paboTsl A. 3anuiiieM 3aK0H B MaTeMaTH4IeCKon popMme:

Q=AU+A(1)

Ecnu narpeB raza O0yeT MakCHUMaJIbHBIM (TO €CTh U3MEHEHHE €ro abCOMIOTHOM
temnepatypbl AT), To OyAeT MakCUMaJIbHBIM W HM3MEHEHHE €ro BHYTPECHHEH
snepruu AU. Cormacio ¢opmyne (1) MakcuMaabHO€ HW3MCHEHHE BHYTPEHHEH
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 MEHSIET CBOETO 00BhEeMa.

OTBeT: B H30XOPHOM IIpoLecce.

3apaua 17
YcaoBue 3axa4u:
Ckonbko MoJed oaHoaToMHOro rasza Harpenau Ha 10 K, ecnm koimuecTBo
MOABECHHOM TeroThl paBHO 249 JIx? [Ipouecc HarpeBaHusi N30XOPUUECKHUIA.
Hano:
AT=10 °K, Q=249 [k, V=const, v—?
Pemienne 3agaum:
UToOBI HAMTH KOJWYECTBO IMOJABEIAEHHOM TEIUIOTHI Q, 3amuIieM mepBoe Hadyasio
TEPMOIUHAMUKHU:
Q=AU+A(1)
M3MeHeHne BHYTPEHHEN SHEPrMU OJHOATOMHOIO HAcaIbHOro raza AU MOXKHO
OTPENICNIUTh MO Takoi dhopmyiie:
AU=32vRAT(2)
Pabota raza A B uzoxopudeckom npoiecce (V=CONnst) paBHa HyJI0, TOCKOJIbKY
ra3 He U3MEHsIET B TAKOM MPOIIECCE CBOEro 00bema.
A=0(3)
®opmyia (1) ¢ yuérom nosrydeHHbIX BelpaxkeHui (2) u (3) npumer BUA:
Q=32vRAT
OTkyzAa BbIpa3uM KOJIMYECTBO BELIECTBA V:
v=2Q3RAT
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3anmaya pelieHa, Terepb MOACTaBUM YHCIECHHbIC 3HAUCHHS BETUYUH B POpMYITy

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
obbeme 1m0 Ttemneparypbl 280 °K. Kakoe Koam4yecTBO TEIIOTH HEOOXOAUMO
COOOIIUTH €My, YTOOBI JJaBJIEHUE YBEJIUUUIIOCH B 3 pa3a?

Hano:

v=1 moms, V=const, T,=280 °K, p,=3p;, Q—?

Pemenne 3agaum:

CoryiacHo TeEpBOMY 3aKOHY TEPMOJMHAMUKH  KOJHMYECTBO  TEIuioThl Q,
MOABEEHHOE K ra3y, pacXolyeTcs Ha U3MEHEHUE BHyTpeHHeW 3Heprun 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 uzoxopsaom nporiiecce (VV=const) paBHa HyIIO:
A=0
YyuuThiBas Ba MOCIEAHUX MOTYYEHHBIX BhIpakeHus, popmyna (1) mpumet BUI:
Q=32vRAT(2)

Jlst onipesienieHust 3BMEHEeHHs a0COTIOTHOM TemmiepaTypsl raza AT B u30XopHOM
mpoiiecce HEoOXOIMMO HAaWTH HAYallbHYI0 TeMIeparypy Tasza [i, I 4ero
BOCIIOJIb3yeMcs 3akoHOM [apos:

P1T1=p2T>
Otkyna:

T1=Topip2
[To ycnoBuio 3a1auun AaBieHUE YBEIUYUIOCH B 3 pa3a, TO €CTh P=3pP;, IOATOMY:

T1=T5p13p:1=13T>
Haiiném nzmenenue remneparypsol raza AT:
AT:TZ_T1:T2_13T2

AT:23T2

Torna dopmyna (2) ¢ y4€TOM 3TOTO BBIPAKEHUS CTAHET TaKOM:
Q=32vR-23T,
Q=VRT2
IIponsBeném pacy€r YUCIEHHOTO OTBETA 3a4a4u:
Q=1-8,31-280=2326,8 1x

OTtBeT: 2326,8 JI:k.

3amaua 19
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N neanbHbli OQHOATOMHBIN T'a3 B KOJWYECTBE 5 MOJIb CHayala OXJIAXKAAIOT NPU
noctossHHOM o0beme oT Temmeparypel 600 °K nmo temmeparypsl 400 K, a 3atem
MPOAO0JDKAIOT OXJIAKIATh MPU MOCTOSIHHOM JaByieHuu 10 temieparypsl 300 K. Kakoe
KOJIMYECTBO TEIUIOTHI OTBOJAT MPU 3TOM OT rasza’?

lano:

v=5 Moz, 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 ciiydyae nepBblii 3aKOH TEPMOJUHAMHKHU IJIACUT, YTO KOJUYECTBO
TernoThl Q, MoABEAEHHOE K a3y, PacXoAyeTcsl Ha U3MEHEHUE BHYTPEHHEH 3HEpruu
raza AU u Ha coBepiieHue razom padoTsl A.

Q=AU+A(1)
[Tpouecc 1-2 — m3oxopubIi (V=CONSt), paboTa rasa B 3ToM mporecce A, paBHa
Hymo. 3menenue BHyTpeHHel sHeprun AU;, 1erko Hailtv no ¢popmysie:
AU12=32VR(T2_T1)
Torma konudecTBo TemoThl Q1, cormacHo hopmyse (1) MOKHO HATH Tak:
Q1,=32vR(T,—T)y)

[Mporiecc 2-3 — wu3o0apHBIH(P=CONSt). FI3MeHeHne BHYTPEHHEH OSHEPruu
AU,z Haiiném aHamoruyHo no popmyre:

AU23:32VR(T3_T2)

PaGoty raza A,z B 1300apHOM MPOIECCe OMPEESIIOT TaK:

A=p2(V3—V2)=p,Vs—p, Vo

HNuTepecHo, yTO aOCOMIOTHOE 3HAYEHHE ATOrO BBIPAKEHHUS YHCIEHHO PaBHO
riomaan Gurypsl mof rpadukom 2-3 (Ha cXxeme 3alTPUXOBAHO).

3amumem ypaBHeHnue Knaneiipona-MeHaeneeBa sl COCTOSHUS Ta3a B TOUKax 2
u 3:

{szZ:VRTZpZVQ,:VRTg

Tormga nmeem:

A23=VRT3_VRT2=VR(T3_T2)

KomnuectBo  Temnotel Q3 cornmacHo  ¢opmyne (1) MOXHO — ONpeAenuTh
CJIETYIOITUM 00pazoM:

Q23=32vR(T3—T,)+VR(T5—T))
Q23=52vR(T5—T>)
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HMckomMoe KOJIMYECTBO TEIIOThI Q pPaBHO CYMMC KOJIMYCCTB TCIJIOTBI B KaXX10M
H3 IIPOUCCCOB, TO CCTh.

Q=Q12+Q23

Q=32VR(T2_T1) +52VR(T3_T2)
Q=12vR(3T,—3T;+5T3—5T),)
Q=12vR(5T5—2T,~3T,)

Torna:

ITocuutaem OTBET:
Q=12-5-8,31-(5-300—2-400—3-600)= —22853 [Irx~—23k Ix
3HaK «MHUHYC» O3HAYaeT, YTO TEIJI0Ta OTBOJAUJIACH OT ra3a. B orBere 3anuiiem
a0COJIFOTHOE 3HAUCHHE, TaK KaK CIPAIIUBACTCS «KaKO€ KOJUYECTBO TETUIOTHI OTBOJIST
OT razay.
OtBeT: 23 kXK.

3agaua 20
YciaoBue 3agaun:

OauH MOJIb MIEANbHOTO OJHOATOMHOIO Ta3a HAXOJWUTCA MPU HOPMAJbHBIX
ycioBusiX. Kakoe KOJMYEeCTBO TEMJIOTHl HAAO COOOIIUTH raszy, 4ToObl MPOBECTH
mpoliecc, MoKa3aHHbIM Ha pucynke? N=1,2.

Hano:

v=1 momsb, N=1,2, Q—?

Pemienne 3agaum:

ol
o
Ot
Vi al:
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:
{pQVOZVRTl(B) NPo- nVy=vRT,

HwuxxHee ypaBHEHUE CUCTEMBI MTOJEIUM Ha BEPXHEE, TOT1A:

ToT1=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 miomanau Gurypsl moj rpadukoM mporecca (Ha cxeme K
pEelIeHUI0 — 3allTPUXOBaHO). DTa Qurypa sBiIsSeTcs Tpamnemnuei, e€ miomanb (a,
clieI0BaTeIbHO, M paboTy) HaaAEM 1o Gpopmyiie:

A=12(p0+np0)(nV0—Vo)
A=12peVo(n+1)(n—1)
A=12p0V0(n2_1)
A yuutbiBas ypaBHeHue (3), umeeMm:
A=12vRT;(n,—1)(5)
B dopmyny (1) moacraBum nomydeHHsie Beipaxenus (4) u (5):
Q:32VRT1(n2_1)+12VRT1(n2_1)
Q:2VRT1(n2_1)

HopmanibHBIM 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:

IIpy paciMpeHHH OmHOATOMHOro rasa or 0,2 10 0,5 M°ero maBieHHe pocio
muHeiHo ¢ oobemMoM or 400 mo 800 kIla coorBercTBeHHO. Kakoe kommuecTBO
TEIUIOTHI OBLJIO MOJIBEICHO K Tra3y?

Hano:

V,=0,2 M°, V,=0,5 M°, p;=400 kITa, p,=800 kITa, Q—?

Pemenue 3agaun:

['paduk nporiecca, MPOUCXOASAIICTO C Ta30M, H300paKEeH Ha CXEMe.

3anuueM MepBoe Havajao TEPMOJIUHAMUKH:
Q=AU+A(1)
N3meneHue BHYTPEHHEU DHEPIruun OJHOATOMHOI'O UJI€aIbHOTO
raza AUonpeaensitoT Tak:
AU=32VR(T2_T1):32(VRTZ_VRT]_)
3anuiieM ABaxabl ypaBHeHUe Knamneiipona-MenzaeneeBa AJjisi COCTOSIHHS Ta3a B
Toukax 1 u 2:
{pP1V1=vRT1p;V,=vRT,
Torma wu3smenenue BHyTpeHHed sHepruu AU MoxHO OyneT ONpeaenuTh II0
dbopmyre:
AU=32(p.V2—p1V1)(2)
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Pabory raza AB mpouecce 1-2 MOXHO HalWTH Kak IUIOMAAb (UTYpPHI MO
rpadukoM 3TOrO Tporecca (Ha cxeme — 3amTpuxoBaHo). Kcraru, 3ta pabota
MOJIOKUTENIbHA, TaK Kak OO0BeM Ta3a yBenmuuBaercs. Purypa mona rpaduxoMm
IpeCTaBIsIeT COO0H Tpamnenuio, e€ MIonaab HaliEM KakK MOTyIPOU3BEICHIE CYMMBI
OCHOBaHUI Ha BBICOTY.

A=12(p1+p2) (V2~V1)(3)

[ToncraBum Beipakenus (2) u (3) B dopmyiy (1), Tak MBI MOJYy4YUM peIICHUE
3a/1ayu B 00OIEM BHJIE:

Q=32(p2V2—p1V1)+12(p1+p2) (V2 V1)

[TocunTaeM YHCIIEHHBIN OTBET 3a/1a4H:

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 Ternotel. Onpenenure padoTy, COBEPUICHHYIO JIBUTAaTENEM 3a
ATO BpEMSI.

lano:

n=35%, Q=420 [Ix, A—?

Pemenue 3agaumn:

KIIJI TermoBoro nBuratessi OnpeaessitoT o Takou Gopmyie:

n=AQu

N3BecTHO, 4TO KOJIMYECTBO TerI0ThI Qy, NOABEIEHHOE
HarpeBaTesieM, KOJJMYeCTBO TEIUIOThI Qy, OTBEAEHHOE XOJOIWIHBHUKOM, U padoTa
nBurareis A cBs3aHbl GOPMYIION:

Qu=Qi*+A

N=AQx+A
[lepeMHOXUM «KPECT-HAKPECT», BCE UWICHbl C MHOXUTeJeM A mepeHecéM B
JIEBYIO CTOPOHY, a OCTaJbHbIC — B MPABYIO:
A=nQxtnA
AMA=NQx
A(1m)=nQ«
Otkyna uckomasi pabota asuraresns A paBHa:
A=NQx1
[Tocuutaem otBet (KII/ 1 moacTaBisieM B AOJAX €UHULIBI):
A=0,35-4201-0,35=226]1x~0,23k /]x

Tornma umeewm:

OtgBet: 0,23 x/I:x.

3agaua 23

YcaoBue 3agaun:

Koaddunment noneznoro aeiictBus tersoBoid MamuHbl 20%. Kakyio paboty
COBEpIIIaeT MaIINHA, €CJIM HarpeBaTenb cooduraet ei 102 k/[x temna?
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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 KOJIMYECTBY TEIUIOTH Q,, TOABEIEHHOE HArpeBaTEIIEM:

N=AQ;

A=nQu
3agaua pemena. [Tepeseném KIIJI u3 nponieHTOB B 1071 € AMHUIIBL:
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 JIEHCTBUSI TEIJIOBOTO JBUTATENS, €CIIU
Temrneparypa xonoauibHuka 280 °K, a TeMrneparypa HarpeBaTessi BTpoe OOJIblIIe.

lano:

T,=280 °K, T,,=3Tx, n—?

Pemenue 3agaumn:

KITJ (xoapdunmeHT mone3Horo AEHCTBHS) MOXKHO HAWTH MO CIEayrolen
dbopmyiie:

n:TH_TXTH

B ycioBum 3agaud  TOBOpPUTCS, YTO TEMIIEpaTypa HarpeBarelii BTPOE

OombIie Temneparypsl XxonoaunsHuka (T,=3T,), moaToMy:
N=3T,—T,3T,=2Tx3T,=0,667

3agaua pemieHa. IHTepecHO, HO PEIIEHUE HE 3aBUCUT OT JAHHOW B YCIIOBHUH
TEeMIIepaTyphl XOJIOIWIbHUKA T .

OtBer: 0,667.

3agaua 25

YciaoBue 3agaun:

WneanbHas TemoBas MallMHA coBeplIaeT 3a Huka padory 1 x/[x m ormaér
xonoaminbHUKy 650 [Ix Termiorel. Onpenenuts KII/[ TemioBoil MalinHbI.

Hano:

A=1 xJIx, Q=650 Ix, n—?

Pemienune 3agaum:

KoaddummeHT mone3Horo A1eMcTBUs TEIJIOBOM MaIlIUHBI (HE TOJILKO HICAIBHOM,
BOOOIIIE JTFO00) OMPEEISIOT MO CICAYIONICH hopMyIie:

n=AQy

N3BecTHO, YTO KOMMYECTBO TEIUIOTH Q,, OTIaHHOE HarpeBaTelieM, KOJIUYECTBO
TEIJIOThl Qy, MPUHATOE XOJOAWIBHUKOM, W paboTa TEMIoBOM MaIIuHBI A CBSI3aHbI
Takou hopmyJIIon:

Qu=Qx*+A
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Torna:
N=AQ«+A
3agadva peleHa B o0IeM BHUJIE, TEEPh MOCUUTAEM OTBET:
n=1000650+1000=0,606
OTtBert: 0,606.

3anaua 26

YcaoBue 3a1a4u:

B maeanpHOM TEIIOBOM MAalllMHE TEMIIEPATypa HArpeBaTels B TPU pa3a BBIIIE
TeMIlepaTypbl xonoauibHuka. HarpeBatens nepenan razy 42 k/x temnotsl. Kakyro
paboTy coBepiui ra3?

lano:

T,=3T,, Q=42 x]Ixx, A—?

Pemenue 3agaun:

B ob6mem caydae KIIJ[ mro0oit TeryioBod MaIlMHBI MOKHO OMPEACIUTH II0
bopmyie:

n=AQu
OTtkyna uckomasi pabota raza A paBHa:
A=nQx(1)

KIIJI wupeanbHOM TEIIOBOM MalMHBI (M TOJBKO Takoil!) Takke MOXKHO

OMPENIeNIUTh MO Takoul hopmyiie:
n:TH_TXTH
[lo ycnoBuio TeMieparypa HarpeBaTelsi B TpPU pas3a BBIINIE TeMIepaTypbl
XOJOIMIIbHUKA, TO ecThb |,=3T,, Torma:
N=3T,—T,3T,=2T,3T,=23
Tornma no hopmysne (1):
A=23Q,
Uucnenno paboTa TerioBoi MaHbl A paBHa:
A=23-42-103=280001x=28x]1x
OTtBer: 28 k/[:K.

3agaua 27

NneanbHas TemoBass MammMHa cosepmaer paodory 200 Ik, mpu 3Tom
X0JI0ANJIbHUKY

YciaoBue 3agaun:

UneanpHas TeryioBass wmammHa coBepmaer padoty 200 JIk, mpu >ToM
xonoauiabHUKy nepenaércs 300 I sneprun. Onpenenuts KII/] TeninoBoil MaluHeI.

Hano:

A=200 Ik, Q=300 Ix, n—?

Pemienne 3agaum:

Koaddumment monesnoro percTBus 000 TEMIOBOW MAIIUHBI MOXKHO
OTIPEJICNIUTH 110 TaKOH hopmyIie:

N=AQ,

143



M3BecTHO, dYTO KONMHMYECTBO TEIUIOTHI Q,, TIEpemaHHOe HarpeBareseM,
KOJIMYECTBO TEIUIOTHI Q,, TPHUHATOE XOJOMWIBHUKOM, M padoTa TeIIOBOU
MaiuHbl A cBsi3aHbl (POPMYIION:

Qu=QxtA

Torma nepBast hopMyia IpuUMeT BUT;:

N=AQ+A
3amaua pelieHa, MOCYUTaeM OTBET 3a/1aUu:
n=200300+200=0,4

OTtger: 0.4.

3anaua 28
YciaoBue 3agauu:
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 TEmaoBoro ABuratess (MaeaabHblid — 3HAYUT pabOTaOUIHI 110
nukiny Kapno) onpeznenstor u3 popmynsi:
n:TH_TXTH
Temnepatypsl B 3TOi popMmyne purypupyrot B KenpBuHAX, a B yCIOBUM JaHbI B
rpanycax Llenbcus, mo3TOMy HYKHO IEPEBECTH UX U3 OJHOW €JUHULIBI U3MEPEHHUS B
APYTYIO.
480 °C=753 °K
30 °C=303 °K
Yuciio ko3 (HULMEHT MONE3HOTO ACHCTBUS 1) pABEH:
n=753—-303753=0,598
OtBer: 0,598.

3apaua 29

YciaoBue 3agaun:

KII/I TermoBoii MamuHbl paBeH 15%. Kakoe Koan4ecTBO TEMIOTHI IIEpEIaHO OT
HarpeBaTelis pabodeMy BEIIECTBY 3a BpeMs, B TEUEHHE KOTOPOTO MAITUHOM
coBepIieHa mose3Has padora 150 [Ix?

Hano:

n=15%, A=150 /Ix, Q,—?

Pemenune 3agaum:

KoaddunmeHnr mone3Horo IelcTBUS 1 T000H TEIJIOBOM MAIIMHBI MOYHO
OTPENICNIUTh MO TaKoM mpocToi popmyse:

N=AQy

OTkyna HMCKOMOE KOJIMYECTBO TeIuloThl Q,, TepegaHHOe OT HarpeBarels
paboyemy BEIIECTBY, PaBHO:

Qw=An

Jns npaBunbHOrO pacuéra orsera KIIJ[ Hy>KHO MOACTABIISITh B IOSX €IUHUIIBIL:

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 copepmui padory 100 Ix u
nepeman xomoawibHuKy 400 JIx TtemmoTel. Onpenenuth KOAGOHUIMEHT TMOJIE3HOTO
JNIEUCTBUS [TUKJIA.

Hano:

A=100 JIx, Q=400 JIx, n—?

Pemienne 3agaum:

Koadduiment mnonesHoro neicTBHs UUKIA 1| OyeM ONpEeNsITh IO TaKOU
bopmyie:

n=AQ.(1)

M3BecTHO, YTO CcymMMa KOJIMYECTBA TEIUIOTHI Qy, TEpeaaHHOro Ta3oM
XOJIOMUIIBHUKY, U paboThl ra3a A paBHa KOJUYECTBY TEIUIOTHI Q,, mepenanHoe
HarpeBaTelieM rasy, TO eCTh:

Qu=Qi*+A

N=AQ,+A

Torna dopmymna (1) nmpumer BUI:

Yucnenno KIIJ[ nukna n paBeH:
n=100400+100=0,2
OTtgert: 0,2.

3apaua 31

YciaoBue 3agaum:

TernnoBas mammnaa paboraet no nukiny Kapuo. Temnepartypa narpesatenst 400
°C, xonomunpHuka 20 °C. Bpems BbllOIHEHUs OAHOrO nukia 1 cekynpa. Haiitu
MOIITHOCTh JIBUTATEJNs, €CIM KOJIMYECTBO TEIUIa, MOJIydaeMO€ OT HarpeBaTens 3a
uuki, pasio 1100 Tx.

Hano:

t,=400 °C, t,=20 °C, 1=1 ¢, Q,=1100 JIx, N—?

Penienue 3agaumn:

Mormrnocts nBurarens N — 3to paboTa, coBepiiaeMasi JBUTATENIeM 3a €AUHUILY
BpeMeHHU. Eciu 3a Bpems T MPOXOJUT OJIMH ITMKII, U Ta3 coBepiiaer pabory A, To
MOIITHOCTh JABUTATENISI MOXKHO HalTH 110 hopmyIie:

N=At(1)
KIIJI nro60i1 TemI0BOM MaIIMHBI 1] MOKHO OTIPEACIISITH IO (hopMyJie:
N=AQy
Otkyna:
A=1Q.(2)

Ecmm TemnoBass mammua paboraer mo 1ukiay KapHOo, TO OHa sBIsAeTcA
uneanbHoM. KIIJ[ maeanbHOM TEMJIOBOM MAIMHBI TAKXKE MOXHO OIPEICIUTh I10

dbopmyre:
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N=T,—TT.(3)

[TonctaBum (3) B (2), a monyderHoe — B (1), Toraa:
N=(T,—T,)QuTut

TemnepaTypsl HarpeBaTes U XOJIOAWIbHUKA CeayeT nepeBecTH 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 TemioBas maiuHa, pabotaromas no uukiay KapHo, momydaer ot
HarpeBaress 3a kKakapid nuka 2500 [k termotel. Temnepartypa narpesarens 400 °K,
xonoaunsHuka 300 °K. Onpeaenuts paboTy, COBEpIIAEMYIO MAITMHOM 32 1 IUKIL.

Hano:

Q,=2500 JIx, T,=400 °K, T,=300 K, A—?

Pemenue 3agaun:

Koaddumnument mnonesnoro medcTBus 1 000N TEIIOBOM MAIMHBI  JIETKO
OTIPEJICIIUTD 110 TaKoH dopmyie:

n=AQ;
OTtkyzaa uckomasi paboTa MaIIMHbI 32 OAUH LUK A paBHa:
A=1nQx(1)

Tak kak paccmMarpuBaemas TEIUIOBasl MaliuHa padotaeT mo uukiay Kapho, To
€CThb OHa fABIseTcs uacanbHoOM, 3HauuT €€ KIIJ| Takxke MOXKHO ONpeAeauTh IO
dbopmyie:

n:TH_TXTH
[ToncTaBum 3710 BBIpaxkeHue B hopmyiy (1):
A=(T,—T,)Q.T.

3amaua pemieHa B OOIIEeM BHJE, JaBaTe MPOU3BEAEM pPAcU€T YHUCICHHOTO
OTBETA:

A=(400—-300)-2500400=625Tx

OtBet: 625 /Ix.

3agaua 33

YciaoBue 3agaun:

TermoBas MammHa uMeeT MakcuManbHbii  KIII  35%. Omnpenenutsb
TEeMIIEpaTypy HarpeBaTessi, €Cu TeMiiepaTypa xonoauibauka 312 °C.

Hano:

n=35%, t,=312 °C, T,—?

Penienue 3agaumn:

TemnnoBas mamuHa OyneT UMETh HAaMOOJBIIUKM (MaKCUMaIbHBIN) KODPUIIUEHT
nonesnoro aevctBus (KIIM), ecnu ona Oyaer pabotath mo mukiy Kapuo. Torma

KIIJI MarmuHbI 1) MOKHO OIPEACTUTh U3 CIEIYIOMeH (OpMyJIb:
N=Ty T, Tu(1)
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B mpaBoii yactu GopMynbl NOAEIUM MOYJICHHO YUCTUTENb HAa 3HAMEHATeb!
N=1-T,T,
Torpa:
T,Ty=1—
T,=T1
3amaga pemena. Tak kak B ¢opmyiny (1) Temmeparypbl NOJCTaBISIFOTCS
BBIpQXEHHBIMU B a0OCOJIIOTHOM IIKajle TeMIlepaTyp, TO HEPEeBENEM TeMIepaTypy
xoJionuiibHUKA ty, B KenbBUHBL:
312 °C=585 °K
YucnenHo temmeparypa Harpesareins I, paBHa (KIIJ moacraBunm B AoJsix
CIMHUIIBI):
T,=5851-0,35=900 °K
Oteer: 900 K.

3anaua 34

YcaoBue 3a1a4un:

TemioBas MamuHa ¢ MakcuMaiabHO BO3MOXHBIM KIIJ[ mmeer B KauecTBe
HarpeBatelisl pe3epByap ¢ Kursiieil Bogoil pu temneparype 100 °C, a B kauectBe
xoJioauiibHUKa — 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 [Ix, m—?

Pemenue 3agaun:

Tak kak B TEIJIOBOW MalIMHE XOJOAWIBHHUKOM SIBIISIETCS COCYZ CO JIBIAOM, TO
npy  TIepefade XOJOTWIBHUKY KOJWYECTBA TEIUIOTHI Qy OyJmeT TIUIaBUThCS JEN
HeKkoTopoit Maccel M. [Ipu 3TOM cripaBeyBa popmyna:

Q,=Am
m=Q,A(1)

31ech A — yaenbHas TEIUI0Ta IJIaBJICHHS Jibaa, paBHa 330 kJK/Kr.

KoadduumeHnr mone3Horo MIeWCTBUS JHOOOM TEIUIOBOKM MAITUHBI 1) MOXKHO
OTIPEICNUTH 10 (hopMyJIe:

n=AQ.(2)
Pabora MmammHBI A, KOIMYECTBO TEIIOTHI Q,, IepelaHHOe HarpeBaTeieM,
U KOJIMYECTBO TEIIOTHI Qy, OTJaHHOE XOJOAUIBHUKY, CBSI3aHbI (POPMYIION:
Qu=Qx*+A(3)
[ToncTaBum BeipakeHue (3) B popmyny (2):
n=AQ,+A
[TepeMHOXKHUM 3TO PABEHCTBO «KPECT-HAKPECT:
A=nQxtnA

B 5ieByt0 CTOpOHY MEpeHEecEM BCE WIEHBbl ¢ MHOXKUTENIEM A, BBIHECEM €ro 3a

CKOOKH, OCTAJIbHBIE OCTaBHM B TIPABOM M BBIPA3UM KOJUYECTBO TEIIOTHI Q!
A(1m)=nQx
Q=A(l-n=A(In-1)(4)

[TockoJibKy paccMaTpuBaemas TEIUIOBasi MalllMHa SIBJISIETCS HMJICABHOM, TO €€

KIIJI n Takske MOKHO HaXxOJIUTh 110 hopMyIe:

147



n:TH_TxTH
[TocTaBuM mOJTydeHHOE BhIpaxkeHue B hopmyiy (4):
Q=A(T, T,—T,1)
QX=ATH_TH+TXTH_TX
QX=ATXTH_TX
W HakoHell, mOJICTaBUM 3TO BhIpakeHue B popmymy (1):
mM=AT,MT,—Ty)
[lepen pacuérom YHCICHHOTO OTBETAa, MEPEBEAEM TEMIIEpaTyphl W3 TPaTyCcoOB
[leabcus B KeabBUHBL:
0°C=273 °K
100 °C=373 °K
YwrciieHHO Macca pacTasBIIETO Jibla M paBHA:
m=10-106-273330-103:(373-273)=82,73kr
OTtBer: 82,73 kr.

3agaua 35

YcaoBue 3agaun:
Vi

N
oy

Vi

o 7 i

Han omHuM MojeM wuAeanbHOrO ra3a COBEpPLIAIOT LMK, IMOKAa3aHHBIM Ha
pucynke. Onpenenuts KITJ[ nukna, ecnu padota raza Ha yyactke 2-3 paBHa 2 k[, a
Ha yuyactke 1-4 paBHa 1,5 kJ[x. T;=300 °K, T,=2T;.

ano:

v=1 MOIJIb, A23=2 KI[)K, A14=1,5 KI[)K, T1:300 K, T2=2T1, T]_?

Pemenne 3agaum:

ol Q.

5
cansy
> &
7

% "

g — ¥

N306pa3umM mpoBOIMMBII Ha/l Ta30M ITUKII B KOOPAUHATAX P-V (CMOTPHUTE CXEMY
K PEILECHHIO).

KoaddummenT noneznoro aeiicTBrs nukIiIa 1 0yaeM onpenemsTh o CIeTyIOIIeH
bopmye:

N=AQ.(1)

N3 rpajduka nukia B koopauHarax p-V BUAHO, yTO padoTa ra3a B mpoieccax 1-

2 u 3-4 paBHa HyJIO (Tak Mmiomaas GuUryp noja rpadukaMu 3TUX IPOLECCOB paBHA

Hymo). Toraa pabora nukia A paBHa:
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A=Ant+Ay

[TonsatHo, yT0 As1=—A14, TOITOMY:

A=Ay—A1(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 BHyTpeHHEHW 3Hepruu ra3za AU cneayer uckath 1o Gopmysie

(Oynem cumTath, 4TO Ta3 OJTHOATOMHBIN, HHAYE 3a7]a4y PEIIUTh HE MOJTYIUTCS):
AU=32vRAT(4)

PaccmotpuMm m3oxophseiii mpomecc 1-2 (V=const). PabGora raza A;; B 3TOM
nporiecce paBHa Hymo. Torma mno Qopmynam (3) u  (4) KOJIUYECTBO
Ter10Thl Q1 paBHO:

Q12:32VRAT12(5)

Tak kak B HM30XOpHOM IMpolecce 1-2 naBiaeHUE YBEIMYHMBACTCS, 3HAYUT IIO
3akony lllapns yBenuuuBaercsa u Temneparypa (to ectb AT1,>0). [ToaToMy cornacHo
dbopmyre (5) MoxkHO caenath BbIBOJ, uTO Q12>0, TO ecThb B 3TOM mpoliecce Terio
MOABOAMUTCS K razy. Takxe:

Q12:32VR(T2_T1)

B ycnoBuu roBopurcs, uto T,=2T;, mo3ToMy:

Q1,=32vR(2T1—Ty)
Q12=32vRT,(6)

Ecou Bel mpoBenére aHaMOrMYHBIE PACCYKIECHUSA A APYrOro M30XOPHOTO
nporecca 3-4, To nmpuagTe K BeIBOAY, 4TO Q3,<0, TO €cTh B 3TOM IpoIiecce TeIrioTa
OTBOJIMUTCS OT rasa.

Tenepr paccMoTpum m3oTepmuueckuid mpomecc 2-3 (T=const). Tak kak
TeMIepaTypa raza B 3TOM IPOILIECCE IMOCTOSIHHA, 3HAYUT WU3MEHEHUE BHYTPEHHEHN
sHeprun raza AUy,zmo dopmyne (4) paBuo Hymo. [lo dopmynam (3) u (4)
KOJIMYECTBO TEII0Thl Q23 paBHO:

Q23=Ax(7)

Tak kak ra3 B 3TOM Tpoiiecce pacmupsiercs, To Ay3>0 (Takxke 3TO MOHATHO U3
YCIJIOBHUSI, TIOCKOJIBKY JaHO YHCIIEHHOE 3HaUYeHHne A3), 3HAUUT coryiacHo Gopmyiie (7)
B Ipolecce 2-3 TemioTa NoABOAUIAaCh K rasy.

[IpoBens aHaTOTMYHBIEC PACCYXKICHUS I APYTrOTO U30TEPMUUECKOTO Mpoliecca
4-1, Bel npuaéte k BeIBOAY, uTO Q4:<0, TO €CTh B 3TOM MpolIecce TEMIoTa OTBOJAUTCS
OT rasa.

[Tonyuaetrcsi, 4TO TEIJIOTa K ra3y MOABOAWIACH TOJBKO B mpoleccax 1-2 u 2-3,
MOATOMY KOJIMYECTBO TEIUIOTHI Q;, paBHO:

Qu=Q1,+Q2s

YuuteiBas hopmysl (6) u (7), momydum:

Q,=32vRT;+A(8)

Yr1oObl MOTyYuTh OKOHUYATENBbHYIO Qopmyny s pacuéta KIIJ] n, moacraBum B

dbopmyny (1) Bepaxkenus (2) u (8):
N=Az3~A132VRT1+As3
[TocunTaeM 4YHCIIEHHBINA OTBET:
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n=2000—150032-1-8,31-300+2000=0,0871=8,71%
OTtBer: 8,71%.

3anaua 36

YcaoBue 3a1a4u:

B HexoTOpOM mporecce BHYTPEHHsSI dHeprus raza ymensimiacs 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,
COOOILIEHHOE Ta3y, pacXOoAyeTcsl Ha U3MEHEHHe BHyTpeHHel 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 n306apHOM pacmipeHuu renus copepuieHa padora, pasHas 500 [x. Kakoe
KOJIMYECTBO TEIIOTHI ObLJIO MOJBEICHO K TeJni0?
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 mnpoiecce A MOKHO HallTH 1o popmyiie:
A=p(V2-V1)=pVo—pVi(3)
3anumeM ypaBHeHue Knamneipona-MenjaeneeBa i Ha4aJlbHOTO M KOHEYHOTO
COCTOSIHUS ra3a:
{pV1:VRT1pV2=VRT2
Torna dhopmyiy (3) MOXKHO 3anucaTh B BUJIE:
A=vRT,—VvRT;
A=vRAT(4)
[ToacraBum B hopmyny (1) Beipaxkenus (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.

3agaya 38

YciaoBue 3agaun:

Ecnu B HekoTOopoMm nporiecce ra3y coodueHo 900 Jx TernoTsl, a ra3 npu 3ToM
cosepumi padoty 500 Ik, TO Kak U3MEHWIACh BHYTPEHHSS SHEPIUs raza’?

lano:

Q=900 Ix, A=500 Ix, AU-?

Pemenue 3agaum:

[lepBpiii 3aKOH TEPMOAUHAMHUKM TJIACHUT, YTO KOJMYECTBO TEIUIOTHI Q,
NOABEAEHHOE K rady, MAET Ha HW3MEHEHUE BHYTpeHHed oSHeprum rasza AUwu Ha
COBEpILIEHUE ra30M padoThl 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 HekoTopoMm mporiecce ra3zy coobmieHo 800 [ TemnaoThl, a €ro BHYTPEHHSS
sHeprusi ymenbiuiach Ha 200 J[>x. Haiftu paGoTy rasa B 3ToM mpoiiecce.
ano:
Q=800 I, AU=-200 dx, A—?
Pemienue 3agaumn:
3anuieM nepBbiid 3aK0H TepMOAMHAMUKHU. COriacHO 3TOMY 3aKOHY KOJIMYECTBO
TerioThl Q, COOOIIEHHOE Ta3y, pacxXoJyeTcsi Ha U3MEHEHHE €ro BHYTPEHHEH
sHeprun AU u Ha coBepieHne razoM paboTsl A, TO €CTh:
Q=AU+A
Bripa3zum 13 paBeHCTBa HICKOMYIO paboTy raza A:
A=Q—-AU
[TocunTaeM 4YHUCIEHHBIN OTBET:
A=800 — (—200)=1000/1x
OtBet: 1000 k.

3amaua 40

YcaoBue 3a1aumn:

B nexoropoMm mporecce ra3zy coobmeHo 900 J[>k TErmoThl, a €ro BHYTPEHHSS
sHeprus ysenuumiack Ha 400 [[x. Halitu paboTy raza B 3ToM mpoliecce.

Hano:

Q=900 Ik, AU=400 JIx, A—?

Pemienue 3agaumn:
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[lepBbIil 3aKOH TEPMOJWHAMUKH TJIACHUT, YTO TOJABEAEHHOE K Ta3y KOJUYECTBO
TerioThl Q AET Ha M3MEHEHHME BHYTpeHHeW sHepruu rasa AU um Ha coBeplieHHe
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

YcaoBue 3a1a4u:

B uneanbHOM TEIJIOBOM JABUTATENE 3a CUYET KaXKIOTO KHWIOHKOYJS DHEPTHH,
MOJIYyYEeHHOU OT HarpeBaTelisi, mpou3BoaAuTCs padora, paBHas 450 JIx. Bo ckoybko
pa3 abconroTHash TeMIiepaTypa HarpeBaTess OoJibllie aOCOMIOTHOM TeMIlepaTyphbl
XOJIOOWJIbHUKA?

Hano:

Qu=1 xJx, A=450 Ix, T,T,—?

Pemenue 3agaun:

Koaddunuent nonesnoro nevictBust (KIIJ[) n mo6oro TemiaoBoro JaBUTaTENs
MOXHO OMPENIENUTh 1Mo hopMmyIie:

n=AQ.(1)
Ecnu TtemoBoit aBurarens paboraer no uukiy KapHo, TO ecTh sBIseTCS
uneanbHbiM, TO ero KIIJ[ Tak:ke BO3MOHO HaliTH 110 hopmyJie:
TI:TH _TXTH

[Togenum yucanTENh MOYJICHHO HA 3HAMEHATEIb B IPaBOil 4acTH (OPMYJIbIL:
N=1-T,T.(2)

[Tpupasusiem mpassie yactu popmyn (1) u (2), Toraa:
AQ,=1-T,T,
T, T:=1-AQ,
TXTH=QH_AQH

Tak kak HyXHO HaWTH 3Ha4eHHE T,[y, TO €cTh OOpaTHOE MOJYyYEHHOE HaMH,

nepeBepHEM Ipodu 1Mo 00e YacTH paBEHCTBA:
THTX=QHQH_A
IlocunTaeM unciIeHHBIN OTBET 3aJa4H:
T,T,=10001000—450-=1,82
Otger: B 1,82 pa3a.

3agaua 42

YcaoBue 3axa4u:

B mpeanpHOM TEmIOBOM ABUTATENE 3a CUET KAXAOrO KUJIOMKOYJS SHEPTHUH,
MOJIyYEHHOM OT HarpeBaTelss, Mpou3BoAuTca padoTa, paBHas 450 k. Bo ckonbko
pa3 abcoiroTHas TemrmepaTypa HarpeBaTens OoJibliie aOCONIOTHON TeMIepaTyphl
XOJIOIMJILHUKA?

Hano:
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Q.=1 x/JIx, A=450 JIx, T, T,—?
Penienue 3agaumn:

Koadduumrent monesnoro naeictBus (KIIM) n moboro TemioBoro aBUratess
MO>KHO OTIPENIETUTH 10 (popmyIe:
n=AQ.(1)
Ecnu temnoBoit aBurarens paboraer mno nukiy 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,T.(2)
[TpupaBnsiem mpassie yactu dhopmyd (1) u (2), Torma:
AQH:]'_TXTH
T, T,=1-AQn
TXTH:QH_AQH
Tak kak HyXHO HalTh 3HadeHUE [Ty, 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.

3agaya 43

YcaoBue 3a1a4u:

Temmneparypa HarpeBaTesns HICAIBHOTO TEMIOBOro Asurarens pasHa 327 °C, a
Temriepatypa xosuoawibHuka 27 °C. Ecnu 3TOoT ABurarens copepuiin padory B 700
JIX, TO 4yeMy paBHO ITOJIyYEHHOE OT HAarpeBaTensl KOJIUYECTBO TEIIIOTHI?

Hano:

t,=327 °C, t,=27 °C, A=700 I, Q,—?

Pemienne 3agaum:

KIIJI nro60oro TenaoBoro ABUraTessl | MOXKHO HAWTH 1O Takou (popmyrie:

N=AQy

Ecnu TtemnoBoit aBurarens paboraer no nukiy KapHo, TO ecTh sBIseTcCS

uaeanbHbIM, TO ero KIIJ[ Takke MOXKHO ONIPEAETUTh TaK:

n:TH - TXTH
Tormga nmeem:
AQ,=T,—T,T,
OTKkyaa KCKOMOE KOJIMYECTBO TETUIOTHI Qy, TOIy4YeHHOE OT HarpeBaTesi, paBHO:
Q.=AT,T,—T,

[lepeBeném gaHHbIE B yCIOBUM TeMIiepatypsl B cucteMy CHU:
327 °C=600 °K
27 °C=300 °K
ITocuutaem OoTBET:
Q,=700-600600—300=1400/1x=1,4x /]«
OTtBer: 1,4 kK.
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Ilpunoscenue D

3amaHus I NPOBEAEHUS TEKYIIEro KOHTPOJIsI 00y4alIUXCH B
(¢popme npakTUYECKUX 3AHATHH
YkazaHus 1o BBIOJIHEHUIO MPAKTUYECKOTO 3aHSTHS:
1. [ToBTOpUTH TEOPETUUECKUI MaTEpUall IO TEME 3aHSATHSI.
. O3HaKOMUTBCA C TTOPSIAKOM BBITIOJTHEHUS pa0OThI, pacu€THBIMU (OPMYyIIaMHu.
3. BoImomHuTh pacyeTr MHAMBUAYAIBHOTO 33JaHus COTJAacHO BapuaHty. [lpu
HEO0OXOIUMOCTH TOCTPOUTD TpadUKH U AUATPAMMBI.
. [1o momy4eHHbIM pe3ynbTaTaM cHOpMYIUPOBATh BHIBOJ IO padoTe.
. OdbopMuTh OTYET O MpoAETaHHON paboTe HA OTAENBHBIX JUCTaX (popmara
A 4 u cnath penoiaBaTeNto Ha MMPOBEPKY.

N

g1 b

Pasznes 1. Texuuuyeckass TepMOAMHAMUKA

Tema 1.2. I'azoBbIe 3aKOHBI
IpakTnueckasi padora Ne 1
OcHOBHBIC I'a30BbIe 3aK0HBI — 4 yaca

CocrosiHue Ta3a XapakTepus3yeTcs ero TeMIepaTypou, JaBICHHEM U O0OBEMOM.
Ecin Temmeparypa rasa pasia O °C, a HaBICHHE paBHO [aBICHHE PABHO
HOpMasibHOMY aTMocdepromy (101,325 klla unu 760 MM. PT. CT.), TO YCTIOBUS MPU
KOTOPBIX HAXOJIUTCA Ta3, HA3bIBAIOT HopMaibHbiMu. OO0beM, 3aHUMAaEMbIH Ta30M MPU
ATUX YCIIOBUSIX, PUHITO 0003HaUaTh uepe3 Vy, a n1aBiieHue — uepes Py .

CornacHo 3akoHa boins — MaproTra, npu OCTOSTHHOM TeMIIEpaType JaBJICHHUE,
MIPOU3BOAMMOE JTaHHOM Maccoil ra3a, oOpaTHO MNPONMOPLHMOHAIBHO O0BEMY rasa:
PQ/P]_:V]_/VZ nnu PV=const.

[TPUMEPHI PEHIEHU A TUTIOBBIX 3AIAY

Ipumep 1.1. Ilpu HExkoTOpOHM TeMmriiepaType IaBlEHHWE Trasa, 3aHUMAIOIIETO
ooweM 3 11, paBuHo 93,3 klla (700 mm. pT. ct.) Kakum craner nmaBneHue, eciiv, He
U3MEHSAS TEMIIEPATypbl, YMEHBIIUTH 00beM Ta3a 110 2,8 1?

Pemenune. O603Ha4YMB MCKOMOE aBiieHne yepe3 P, MOXHO 3amucaTh

P,/ 93,3=3/2,8. Orcrona: P,/ 93,3-3/2,8 = 100 kIla (750 mM. pT. CT.)

ITo 3akony I'eit — JIroccaka mpu MOCTOSTHHOM JIaBJICHUH 00BEM Ta3a U3MEHSETCS
npsMO  MponopiuoHanbHo abcomotHoit  Temmneparype (T): Vi/Ti= V[T, wm
VIT = const.

Mpumep 1.2. TIpu 27 °C o6bem rasa pasen 600 min. Kakoii o6beM 3aiimer ras
nipu 57 OC, €CJIM JaBjieHue OyeT 0CTaBaThCS MOCTOSHHBIM?

Pemenne. O603HauMM HCKOMBINH 00beM uepe3 V,, a COOTBETCTBYIOIIYIO €My
temreparypy uepes3 T,. ITo ycmosuro 3amaun Vi = 600 mi, T;=273+27=300 °K u
T,=273+57=330 °K. [loacraBnss 5TH 3HaYeHUs B BeIpaxkenue 3akoHa Ieii-JIroccaka,
nomyauMm: 60/300 = V,/300, otkyma V,=600-330/300 = 660 mu1.

[Ipu mocTossHHOM o0O0BEME JaBlIEHHWE Ta3a W3MEHSACTCS MPOMOPIHUOHATHHO
abcomotHo# Temneparype: P1/T; = P,/T,
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Mpumep 1.3. Ipu 15 °C nasnenue B Gamione ¢ kuciopogoM pasao 91,2-102
klla. I[Ipu xkakoii Temnepatype oHo cTaHeT paBHbIM 101,33-10% kI1a?

Pemenne. Ilycte wnckomas temmneparypa T,. Ilo ycnoBuro 3amauu
T,=273+25=258 °K, P;=91,2-102 xIIa, P,=101,33-102 xIIa. [Toxcrasiss 3TH 3HaYCHUS
B IIOC/IEAHEE ypaBHeHue, HaxomuM: T, = 101,33-102-288/ (91,2-102) = 320 °K wau 47
°C.

3aBUCUMOCTh MEXAY OO0BEMOM Ta3za, JABJICHHEM U TEMIIEpAaTypod MOXKHO
BBIPA3UTh OOIIMM YpaBHEHHEM, OOBEIMHSIONIMM 3aKoHbl boilisi-Mapuotra u I'eii-
Jroccaka: PV/T = PoV/ Ty

rae: P u V — naBnenue u o0beM rasza mpu gaHHoil Temneparype T; Po u Vg —
JaBJICHHE U 00BEM raza mpu HOPMAJIbHBIX YCIOBUSIX.

[IpuBeeHHOE YpaBHEHUE MO3BOJISIET HAXOUTh JIIOOYIO M3 YKa3aHHBIX BEJIUYMH,
€CJI U3BECTHBI OCTAJIbHBIE.

Mpumep 1.4. Hpu 25°C u masmenmm 99,3 kIla (745 MM.PT.CT.) HEKOTOPOE
KOJIMYECTBO Ta3za 3aHmMmaeT o0beM 152 mi. Haiitm, kakoii o0BEM 3aliMET 3TO Ke
KOJIMYECTBO rasa Ipu 0°C u naBiennu 101,33 xI1a.

Pemenue. [Toncrasiisas naHHbIE 3a1a4M B IOCIEAHEE YPAaBHEHUE, TIOJIyYaeM:
Vo =PVTy/PyT=9,3-152-273/(101,33-298) =136,5 M

Iapyuanvroe dasnenue eaza

IapuuanbHBIM JaBJIeHHEM ra3a B CMECH Ha3bIBA€TCAd [JaBJIEHUE, KOTOPOE
MPOU3BOAMII ObI ATOT ra3, 3aHMMasi IPHU TeX K€ (PU3MUECKUX YCIOBUAX 00bEM Bcel
ra3oBOM CMECH.

Hpumep 1.5. CmemmBarot 21 O, unu SO,, B3ATHIX NPU OJUHAKOBOM JaBJICHUH,
paBHoMm 100 xIla (750 mm. pt. cT.); 00BeM cmecu 6 1. OnpenenuTs NapLHaIbHOE
JTABJIEHUE Ta30B B CMECH.

Pemenue. Ilo ycnoButo 3aaun 00beM KUCIOPO/Ia YBEIMUMIICS MOCIIE CMEILICHUS
B 6/2=3 paza, oObeM auokcuga cepsl — B 6/4 = 1,5 paza. Bo crompko xe pa3
YMEHBIIWINCH NapIUaIbHbIC JaBJICHUS ra30B.

CrnenoBarensHo: Po, =100/3 =33,3 kIla, Pso,=100/1,5 = 66,7 I]a.

CornacHo 3aKOHY MaplHalIbHBIX JTABJICHHUH, oOwee OasieHue cmecu 2dasos, He
BCMYNUBUX Opye C OpPY2OM 6 XUMUYECKoe 63aumooelicmeue, pasHo CyMMe
napyuaIbHbX 0asleHul 24308, COCMABIAIOUUX CMECD.

Hpumep 1.6. Cmemmarot 31 COy; ¢ 41 O, u 61 N, Jlo cMemieHus JaBlieHHUE
CO,; O, u N, cocraBisizio coorBeTcTBEeHHO 96,108 1 90,6 xI1a. O6mmii 00beM cMecu
10 1. OnpeaenuTs 1aBICHUE CMECH.

Pemennue.

AHaIOrMYHO PELIECHUI0 MPEbIAYIIeH 3aaul HaXOAUM NaplaibHble JaBICHUS
OTJIEIbHBIX Ta30B:

Po, =108 - 4/10 = 43,2 xI1a Pco, = 96 - 3/10 = 28,8 kIla Py, = 90,6:6/10 = 54,4
klla

OO1iee naBeHuE ra30BOi CMECH PaBHO CyMMeE MapIHaIbHbIX JaBICHUM:

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 06beM 3aiiMyT TIpH HOpMaJbHBIX ycioBusax 120 mi a3oTa,
coOpaHHOrO HaJ BOJOW IMpHU 20°C u pmaBmenmum 100 «kIla (750 mMM. pr.
cT.)? JlaBieHWe HACHIIIEHHOTO Iapa BOJBI MpHU 20°C paBHO 2,3 klla.
Pemenne.
[lapuuansHOE€ JaBieHUE a30Ta pPaBHO pPa3HOCTH OOIIEro JaBJICHUS H
napIyagibHOrOo JaBieHus napa Boasl: Py, = P — Pyyo =100 - 2,3 = 97,7 klla
O603Ha4uB UCKOMBII 00BeM Yepe3 Vo U UCIOJNb3Yysl 00bEIMHEHHOE YpaBHEHHE

3akoHOB boisi-Mapuorra u ['eit-JIroccaka, HaxoauMm:
Vo=PVTy/TPy=97,7 - 120 - 273/(293-101,3) =108 mn

Bonpocwt u ynpasicnenus ons camonoo02omosku:
1. Tpu 17°C HexoTOpoe KOMHYECTBO rasa 3aHmMaeT obbeM 580 mir. Kakoii 06bem
3afiMer 9TO ke KommdectBo rasa mpu 100°C, ecinu maBieHHE €ro OCTaHETCS
HEW3MEHHBIM?
2. JlaBienne rasa, 3aHuMaromiero oorem 2,5 1 pasuo 121,6 xIla (912 mm. pT. cT)
Yemy Oynet paBHO JaBJICHHUE, €CIIM HE U3MEHSISI TEMIIEpaTyphl, CKaTh ra3 10 ooObema
Bl .?
3. Ha ckoinbko rpajtycoB Ha/io HarpeTh ra3, HaXOASIIMICS B 3aKPBITOM COCYJIE MPHU
0°C, 4TO6BI JABJICHIE E€rO YBEIMIHIOCH BIBOC?
4. TIpu 27°C u nmaBmenmu 720 MM. pT. CT. 0OBeM rasa paBen 5 1. Kakoil oGbem
3alMET 3TO K€ KOJMYECTBO raza npu 39°C u nasineanu 104 xIla?
5. [lpu 7°C naBienue raza B 3akpbIToM cocyae paBHo 96,0 klla. Kakum craner
JaBJICHUE, €CIIA OXJIATUTh COCY/ 10 — 33°C?
6. [Ipu HOpManbHBIX yCiIoBUAX | T Bo3ayxa 3aHumaeT oobem 773 mi. Kakoit o6beM
3alMET Ta K€ Macca BO3AyXa MpH 0°C u naBieHun, paBaom 93,3 klla (700 mm. pT.
cT.)?
7. NaBienue rasa B 3akpbitom cocyne mpu 12°C pasro 100 xIla (750 MM. cT. pT.)
KakiM CTaHeT JaBieHue Ta3a, el HarpeTh cocy g0 30°C?
8. B cranpHOM OaystoHE BMECTUMOCTBIO 12 JT HAaXOJUTCS TMPHU 27°C KHUCJIOPOJI TIOT
nasiennem 15,2 MIla. Kakoit 00beM KuCI0poaa, HaXOASIIETroCs MPpU HOPMaJIbHBIX
YCJIOBHSIX, MOYKHO MOJIYYUTh U3 TAKOTO OayuioHa’?
9. Temneparypa a30Ta, HaXOJAIIETOCS B CTaILHOM OayuIOHE TOJ JaBjieHHEM 12,5
MIla paBHa 17°C. [IpenenvHoe naBnenue mis Oaona 20,3 Mlla. Ilpu kaxoit
TeMIiepatrype JaBjieHUe a30Ta JOCTUTHET MPeeIbHOI0 3HAYEHUs?
10. Tlpu nmaBnenuun 98,7 klla u Temmeparypa 91°C HEKOTOPOE KOJWYECTBO Trasa
3aHumaeT oowrem 680 mi. HaliTu 00beM raza nmpu HOpMajabHBIX YCIOBHUSX.
11. Ilpu B3aumopeiicTBuu 1,28 r Metayia ¢ BoAoH BeiAenuaock 380 mi Bomoposa,
mmepersoro mpu 21°C u manenmm 104,5 xITa (784 mm. pr. cr.). Haifti
SKBUBAJICHTHYIO Maccy MeTajljia.
12. Kak cnegyeTr M3MEHHUTh YCJIOBHS, YTOOBI YBEIIMUEHHWE MACCHI JJAHHOTO Ta3a He
MPUBEJIO K BO3PACTAaHUIO €ro o0beMa: a) MOHW3UTH TeMIlepaTypy; 0) YBEITUYHUTH
JaBJICHUE; B) HEJIb3s MOA00PATh YCIOBUIA?
13. Kakue 3HaueHus TeMmIepaTypbl W JaBICHUS COOTBETCTBYET HOPMATbHBIM
YCJIOBUSIM JJIsl Ta30B: Q) t=250C, P=760 mm. cT. pT.; 0) tZOOC, P=1,013'105 ITa; B)

156



t=0 °C, P=760 mm. pr. cT.?

IIpakTuyeckas pab6ora Ne 2
IMapameTpsbl cocTosiHUS padoyero Teja. Y paBHEeHHUS HA€AJIbHOIO ra3a.
OnpenesieHue TEII0OEMKOCTH 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 pazauuMe MEXAy  aOCOJIOTHBIM,  aTMOC(hEpHBIM,
0apOMETPUUECKUM JIaBIICHUSIMU?

1. JlaitTe onpenesieHre UACILHOTO Tra3a.

2. laiite  ompeneneHue oOpaTUMOrO M HEOOpPAaTHMOIO PaBHOBECHOIO H
HEPABHOBECHOTO IPOLIECCOB.

3. Kakue mapameTpbl BXOJIAT B ypaBHEHUE COCTOSIHUSI HJI€aJIbHOTO Ta3a?

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  kMounei

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. Ma¥iTe onpeneneHue yAeIbHONU TEIIIOEMKOCTH.

12.3anmummTe COOTHOIICHHUS MEXK/Ty MacCOBOM, 0OBEMHOM M MOJIBHOM (MOJISIPHOM )
TETJIOEMKOCTSIMHU.

13.B dWem omimuuMe TOHATHH '"WCTUHHAS TEIJIOEMKOCTh' W '"cpemHss
TETUIOEMKOCTB"'?

14.Kak onpenenuTth CpeAHIOI TEIIOEMKOCTh B MHTepBajie Temmeparyp p..1,,

MOJTB3YSICh TAOJIUIICH TETJIOEMKOCTH?
15. O0BsicCHUTE CMBICH BEJIMYWH, BXOISAIIUX B ypaBHEeHHE Maiiepa.

[TPUMEPBI PEIHEHW A 3AJJAY
3agaua 2.1. PryTHBI BaKyyMMETp, NPUCOEAMHEHHN K COCyAy, MOKa3bIBaeT

paspexenne Pe = 60 xIla nmpu temmeparype prytm B Bakyymmerpe t;=25°C.
Hasnenue atMocdepsl no prytHomy O6apomerpy Pg= 102,4 xIla npu temmeparype

pryru t, = 20°C. Onpenenuts abCOMIOTHOE JaBICHUE B COCYJIE.

Pemenue. I[IpuBonum nokazanus pryTHbIX pruOopoB k 0 °C mo ¢popmyre:
Py=P-1-p-1), (21)
rae P - mokaszanus prytHoro npubopa mpu t °C, Ila ;
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t - Temneparypa pryru B nputdope, °C;
L =172 1074 l/rpan - ko3 puireHT 00BEMHOTO PACIIUPEHUS PTYTH.
[loncTaBrB MCXOHBIC JAHHBIE B POPMYITY, TOTYyUUM:

Psy =60-10>(1-1,72-10™%-25)=59740 «Ila;

Py =102,4-10%(1-1,72-10*20)=102050 «I1a;

AGCOIIIOTHOE JJaBJICHUE B COCY/IE PABHO PA3HOCTU MEXIAY aTMOC(HEPHBIM U

BaKyyMMETPUYECKUM JIaBJIEHUEM B COCY/IE:
Pa =102050 - 55740 = 42310 ITa = 42,31 xIla.

OTBet: abconroTHOE 1aBiieHHE B cocyne paBHO 42,31 kIla.
3amaya 2.2. [locnma nmycka JIBC nmaBneHue CXaToro BO3AyXa B ITyCKOBOM

bamione moHmsmwiock or Py=3,5 mo P,=29 MIla. Omnpenemurs o00beM
U3pacxXo/JI0BaHHOTO BO3AyXa MpU JaBICHUU M TEMIIEpaType OKpYKalolleld Cpelibl
coorBercTBeHHO P, =100,8 xIla u ty =18 °C, ecnu BMECTHMOCTH ITyCKOBOTO

Gamtona V =02 M’ Temmeparypa Bo3myxa B 6awione 10 mycka JJBC t; = 18°C, mocrne
mycka t, =10°C.
Pemienne. 3anuiiem ypaBHEHUs COCTOSHHS JJISI TPEX COCTOSIHUM rasa:
— cocTosiHUE ra3a B 6amnone a0 nmycka /IBC:

P]_V = mlRTl, (22)

— cocTostHHME ra3a B 6ayuione mocie nycka J[BC:
— COCTOSIHHMEC Ta3a B OKpY’Karoliei cpene: PV =mRT, (2.4)

rne R=287,3 Ii/xr-°K — yJaelbHas ra3oBas moctostHHas 11 Bozayxa (I1. «Ay);
M - Macca BO3lyxa B COOTBETCTBYIOIINX COCTOSIHUSIX, KT.
AOGcoiroTHas TemMIeparypa rasa:
71 =18+273=291 K; T»=10+273=283 °K.
OnpenenuM Maccy BO3ayxa, cojepkalierocs B 6ayone, 1o mycka JIBC:
RV 35.10°.0,2

my = =8,37 kr.
RTy  287,3-291

Macca Bo3nyxa, octasiierocsi B 6ayuione nocie mycka JBC:

6
my o P2V _20:10°:02 0
RT, 2873283

Macca u3pacxoI0BaHHOTO BO3/1yXa:
m,=m,—-m, =837—-713=124 kr.

o

O0BbeM M3pacxo0BaHHOTO BO3IyXa:
v _MRT, _124-287-291
TP 100,8-10°

3
OtBet: 00bEM H3pacXoq0BaHHOTO Bo3Ayxa paseH 1,027 m”.
3agaua 2.3. OGbeMHbIE J0JIM KOMIIOHEHTOB CMECH HMJEAbHBIX I'a30B PAaBHBL:

H,0 —40%,0, —10%, N, —50%. J[lapnenme cmecu P., =0,15 MIla upu
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temmneparype 100 °C. Haiitu maprmanbHbie TaBICHHS KOMIIOHEHTOB, MOJISIPHYIO
Maccy CMECH, MacCOBBIE J0JIM KOMIIOHEHTOB, Fa30BYI0 MIOCTOSIHHYIO CMECH, a TAKXKe
IUIOTHOCTh CMECH IIPH YCJIOBUSIX, YKa3aHHBIX B 3aja4e.

Pemenune. IlapruanbHble JaBIEHUS KOMIIOHEHTOB CMECH OINPEIEISAIOTCSA 110
dbopmyse:
I:)i =F- PCM’ (2-5)
rae I; - oobemHas 1075 | -ro KOMIOHEHTa CMECH.

Taxum obpasom: ry,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:
Hey =254, (26)
e A - MoJsipHas Macca | -ro KOMIIOHEHTa CMECH.
Torna:

Moy =2 TG = M0ty o 1 To, o, + TNy HN, =

=0,4-18+0,1-32+0,5-28 = 24,4 xr/KM0Jb
VY nenbpHas ra3oBasi IOCTOSIHHAS CMECH:

8314 8314
Rey =——=——=340,7 JIx/xrK.
Hey 244
ik
MaccoBble 1011 KOMIIOHEHTOB cMecH: Jj = ——
Hey
0,4-18 0,5-28
:—’ 20’3 :’—20,57
IH20 =944 IN2 =244
o, =5y =013

24,4
3 g; =0,3+013+0,57 =1.
IImoTHOCTE cMecH OIpCaACIINM U3 YPABHCHUSA COCTOSAHUA.
P v =R, T, (27

M

Tak xak V., =——, T0
Peu

P,  015.10°
Rey - Tey  340,7-373
Orser: Py,0 =60xIla; Po, =15 kIla; Py, =75 kIla; £, = 24,4 kr/kmons;
gHzO 20’3; gOZ 20’13; gN2 20’57; RCM :340’7 I[)K/KFK, Peu :1,18 KF/M3.

118 kr/ M.

Pem =
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3agaua 24, OnpenenuTs CpPEJHIOK MACCOBYIO TEIUIOEMKOCTh IPH
MOCTOSIHHOM JaBiieHuu i azota B mpenenax 300...600 °C, cuurtas 3aBUCUMOCTD
TEIUIOEMKOCTH OT TeMIepaTyphbl HeJTUHEHHOM.

Pemenne. CpenHee 3HaueHHE TEIUIOGMKOCTH B wmHTepBate or {; mo I,
ompenensieTcs no Gopmyie:

_ g
t, -t

rae 1y, 1, HavambHAs M KOHEYHAs! TEMIIEPATYPBI COOTBETCTBEHHO, “C i °K;

Cpy . (2.8)

q - KOJIHUYCCTBO TCIIJIOTHI, HOI[BOI[HMOﬁ K CIMHUIIC KOJHYCCTBA TIasa (I/IJ'II/I

OTBOJHMMOM OT HEr0) IPH M3MEHCHUM TeMIepaTyphl rasa mnpenenax ot iy no t,.
Konu4ecTBO TEIIOTHI, YYaCTBYIOLIEH B IPOLIECCE TIPU TIOCTOSIHHOM JIaBJIEHUH:

_ t 4
qp _Cpmz‘o 15 _Cpml‘o’tl, (2.9)
t t o o
e Cpmy 01 » Cpm2 02 - CPEJHHE 3HAYEHHUA MAcCOBOM M300apHOM TEIUIOEMKOCTH B

nHTepBanax Temneparyp ot 0 no t) u ot 0 o t, coorBeTcTBEHHO.
Torma MaccoBas wu300apHas TEIUIOEMKOCTh HpH HarpeBe oT 1t 10

t, .ompenensercs mo popmyie:

to 51
¢pmz|o 2 ¢ pml‘o !
Cpm = (2.10)
a4
[Tonp3ysicek Tabnuuei TeroeMkocTH st azota (I1. «By), momyunm:
Cpma |0 " = 1,0488 kbi/kr K;

C pm2 ‘ 800 = 1,076 x/[x/kr-K, mosTomy st a3oTa:

1,076 - 600 —1,0488 - 300
Cpm =
600 — 300

OTBeT: cpeqHee 3HaAYEHUE MACCOBOM M300apHOM TEIMJIOEMKOCTH JJIsl a30Ta MpH
uarpese ot 300 10 600 °C pasno 1,1032 xJ[x/kr-°K.

3amaya 2.5. Cwmecy wunmeampHoro raza Maccod m = 30 xr, 3agaHHas
00beMubIMU nossamu: H,0-40%, O,-10%, N,-50% u 3anmumarommas oosem Vi = 35
M°, HArpeBaeTcsi MPH MOCTOSHHOM aBICHHH OT Temmeparyps t; = 100 °C mo
temreparypbl 1= 200 °C, a 3areM OXJaKmaeTcs IPH IMOCTOSHHOM OOBEME JI0
HMCXOJHOU TeMIIEpaTyphl t;.

Onpenenuth Temwioty | kr cmecu B mpoileccax. Pacuer mpoOWSLTIOCTPUPOBATH
u300paxkeHHeM mporeccoB B VP- u ST-muarpammax. 3agady pemaTh € y4eTOM
HEJIMHEMHOW 3aBUCUMOCTH TEIUIOEMKOCTEN Ta3a OT TEMIIEPATYPHL.

Pemenue.

=1,1032kIx/kr-K.
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» »
» »

V1 Vo=V3 \" S

Pucynok 2.1 — K 3amaue 2.5.
MonsipHas Macca CMECH:

Hep = 2N = "Ha0H 0 + 10,40, + N ANy =

=0,4-18+0,1-32+0,5-28 = 24,4 xr/M0Jb
VY nenpHas ra3oBasi HIOCTOSIHHAS CMCCH:

8314 8314
R= = =340,7 JTx/xr-K.
ILICM 2414
MaccoBble 1011 KOMIIOHEHTOB CMECH: Jj = 2” i
CM
0,4-18 0.5-28
=——"-=0,3; == =2 _0,57;
91,0 244 gn, 241
0,1-32
=——=013. —0,3+013+057=1.
g02 24’4 Z gl

MaccoBble M300apHbIE TEIIOEMKOCTH KOMIIOHEHTOB CMECH IIPU HArpeBe OT
t; =100 °C mo t; =200 °C ompenensrorcs o Gopmysie:

i It it
 cp|g 2 —cplg
chy =
to -t
(H,0 _18937-200-18728-100 _ o\ <K
P 200 —100 ' ’
082 _ 09232-200-0,9353-100 _ 0,911 LT K:
200100
cr'?z _ 1,0434-200-1,0404-100 _ 10464 Tt K.
200-100

TemnoeMKOCTb Ta30BOM CMECH:
i H>,0 @) N
cp' =X cp i =¢p? 9,0 +¢p? 90, +¢p? -ON, =
=1,9146-0,3+0,9111-0,13+1,0464-0,57 =1,2893 «/loic/xz- K.
Temnora, nonseneHHas B npouecce 1-2:
thp =cpp” - (tp —t) =1,2893-100 = 128,93k JI/xr.
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MaccoByr0 H30XOpHYK) TEIUIOEMKOCTb CMECH OIPEACISIEM U3 ypaBHEHUSA
Mariepa:

o = C%M — R =1,2893-0, 3407 = 0,9486 k/Jorc/ k2 - K.
Temora, oTBeIeHHas B mpouecce 2-3:

Op_3 =" - (t3 —ty) = 0,9486 - (—100) = —94,86 K JIx/KT.
Otser: Q1_o =128,93xJlx/kr; (o_3 =—94,86 xJDK/KT.

SAHAYN A CAMOCTOATEJIBHOI'O PELIEHU A
3agaya 2.6. OmnpenenuTh aOCOMIOTHOE JAaBJIEHHWE B IAapOBOM KOTJIE, €CIIH
maHomeTp mnokasbiBaer 0,25 MIla, a armocdepHoe naBieHUE MO PTYTHOMY
O6apometpy coctasisieT 700 MM pT. cT. ipu Temneparype 20 °C.
OtBer: P=0,343 MITa.
3apava 2.7. B OamioHe eMkocThio 60 1 HAXOAUTCS BOJOPOJ MPH JABICHUU 5
MlIla B Temnepatype 30 °C. OnpenenuTs Maccy ra3a B OaJlioHe.

OTtBerT: My, = 0,24 xr.

3amaya 2.8. Macca BO3ayXxa, 3aKIIOUEHHOTO MEXKAY KPBIMIKOM IMWIMHAPA U
nopIHeM Kommpeccopa, paBHa 0,5 kr. Jluamerp umnuuiapa 0,5 M, naBieHue U
temreparypa BHyTtpu IwmuHapa 0,35 MIla u 400 °K coorBercTBenno. Ilpu
HEM3MEHHOM JIaBJIEHUU ABMXKYILUICS 0€3 TpeHus MoplleHb nepemeniaercs Ha 20 cM.

OnpenenuTh HaYaJlbHOE pACCTOSTHUE TMOPIIHS OT KPBIIKK UWIUHApPAa U
TEMIIepaTypy B LIJIMHIPE NOCIIE NEPEMEIICHHS TOPIIHS.

OtBer: X=0,64 m; T,=495°K; T, =305 °K.

3apaua 2.9. OObeMHBIN COCTaB CyXUX MPOAYKTOB CTOPAHMSI OPTraHUYECKOTO
tormBa cnenytommit: CO, = 12,3 %; O, =7,2%; N, =80,5 %.

Halith MOJISIpHYIO Maccy M ra3oBYIO ITIOCTOSIHHYIO CMECH, a TaKK€ IUIOTHOCTb U

yAENbHbIH 00BeM MpOMyKTOB cropanus npu aasienun 100 klla u tremmeparype
800 °C.

Oteer: 1 =30,3 xr/kmons; R= 274 x]x/xr-K; p=0,34 Kr/M3; V= 294
M°/KT.

3agaua 2.10. O0bemMHBIE JOJIM KOMIIOHEHTOB BJIAXKHOTO BO3JyXa: KHCIOPOJa
O, — 21 %, azora N,- 78,1 %; Bomssoro mapa H,O- 0,9 %. Onpenenurs
MacCOBBI€ JIOJIM, TapIMaNbHBIC NABICHHUS KOMIIOHEHTOB BO3AyXa MpH JaBICHUU
cmecu 0,1 MIla, ra3oByro MOCTOSIHHYIO BO3AyXa M €r0 INIOTHOCTh NMPU HOPMAaJIbHBIX
YCIOBUSIX.

Oteer:go, =0,234;9y, =0,76;9,0 =0,006;F,, =210xIIa;
Py, = 781 kITa; Py o = 0,9 ITa; R= 289 wllw/kr-K; p,.,, =118 kr/m’

ITPAKTUYECKOE 3AHATHE Ne 3
HccnenoBanue TepMoIMHAMHYECKHX NIPOLECCOB HACAJIBHOIO ra3a — 2 yaca

KOHTPOJIBHBIE BOITPOCHI 1 3AJJAHUA
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1. ChopmynupyiiTe TeEpBBI 3aKOH TEPMOJAMHAMUKA U  HAMWIIATE €r0

aHAITUTUYECKOE BhIpOXKCHHE.

OT KakuX MmapaMeTpoB COCTOSTHUS 3aBUCUT BHYTPEHHSS SHEPTUsI ra30B?

3. Uem sBisAmOTCS TeIuioTa W pabora - (YyHKIMEH Mpolecca WIM COCTOSHUS?
[Touemy?

4. Yto Takoe SHTaNbIUsi W HSHTponua? B dem 3akmrovaercss ux Qunyeckuii
cMbICIT?

5. Kak onpenenuTs mpupamieHne SHTPOIUHA UACATHHOTO Ta3a B 3aBUCUMOCTH OT
OCHOBHBIX TEPMHUYCCKHUX ITapaMETPOB COCTOSHUS?

6. Kax onpemenuts pabory u  Temiory mpomecca Ha VP-  m
ST - auarpammax?

/. B kxakom ciywae  TermoTa, paboTa, HW3MEHEHHE  BHYTpEHHEH
SHEPTHUU U SHTPOITUU CUYUTAIOTCS MOJOKUTEITHPHBIMA? OTPHUIATEITILHBIMU?

8. B xakoMm TepMOAMHAMHYECKOM TMPOIECCe BCSA TEIJIOTa WUIET Ha COBEpIICHUE
paboThI?

9. B xakoM TepMOJIMHAMHYECKOM IMpoIlecce paboTa He COBEpIIaeTCs?

10.B kakom TepMOJMHAMHUYECKOM TIpoliecce paldoTa COBEpIIAeTCs 3a CYET
U3MEHEHHS BHYTPEHHEH dHEepTrun?

11.B xakoMm TepMOJIMHAMUYECKOM TPOIECCE MOKA3aTeNb MOIUTPOIIBI PABEH HYIIO?

no

[TPUMEPHBI PELIIEHN A 3AJTAY
3agaya 3.1. Bosayx wmaccoit 10 kr pacmmpsieTcss H30TePMHYECKH TPHU
t; = 400°C ot HauansHOro AaBieHHs Py= 800 kIla 10 KoHeuHOro obbema Vo =5 M.

OnpenenuTs Ha4YaIbHBIN 00beM, KOHEYHOE JIaBJIICHHUE, pa00Ty pacIIMpPEHUs, TeIIOTY
IpoLecca, U3MEHEHUE SHTPOIINH, YHTAJIBIIMU U BHYTPEHHEW YJHEPTUU.

Pemenue. HauanbHbiil 00beM OrpeiesiieM U3 YpaBHEHHs COCTOSTHUS It M KT

rasa:

mRT; 10-287,3-673

Py 800-10°
KOHC‘-IHOC JAaBJICHHUC onpez:enﬂeM N3 COOTHOIICHUA HapaMeTpOB B

vy = =2,417 M°

HN30TCPMHUYICCKOM IIPOLCCCE:

izvil ' (31)

P Vo

V
Torma: P, =Py vl =800 - 24—517 =386,72 xlla

2
PaboTy pacmmpenus B ©30TEpPMHUYECKOM IIPOIIECCE OMpeessieM o popMyIie:

V
L1_2 = P]_Vl In —2 . (32)
Vi
HOCHe IIOJACTAHOBKHU JAHHBIX UMCCM:

L1_2 =800- 2,417 -In >

. =1405,6 xJ]x.

B n3orepMuueckoM mpoliecce BCs TEMIOTa pACXOAYETCsl HA COBEPILIEHUE

paboTEL, MOYTOMY B aHHOM ciydae Q1o = L1_» =1405,6 x/x.
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H3meHeHune 3HTPONTNHN B U30TEPMHUIECKOM MPOIECCe HAXOAUM 1o (popmyie:

AS]__Z =RlIn \\//—i, (33)

5
=0,21 x/Ix/kr-K.
17 A

torga AS1_p =0,2873-1In

OHTaIBIUS U BHYTPEHHSIS SHEPIUsl UACATBHOTO Ta3a B U30TEPMHUUECKOM IIpoIecce
HE U3MEHSIOTCs, TakuM obpazom, Al o =0 u AU1 5 =0,
Oteer: Vi = 2,417 % P, =386,72 klla; Qo = Ly_» =1405,6 «/Tx;
ASl—Z =0,21 KI[)K/KF‘OK;AH__Z =0 un AU]__Z =0,

3agaua 3.2. Cyxoi Bo3gyx Maccod 1 Kr coBeplIaeT mIpsiMOM
TEPMOJUHAMHYECKAA  LMKJ, COCTOSIIIMM M3  YETBIPEX  IOCIEI0BATEIbHBIX
TEPMOJUHAMHYECKUX MTPOLIECCOB.

3aganubie napameTpsl i Bosayxa: P =0,3MlIla, 7, =300 K, P> =0,2 MIlIa,
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, ynenbHbIE 00BeM Vv, Temmeparypy Bo3ayxa T mis
OCHOBHBIX TOUYEK ITUKJIA.

2. ]It KaKI0TO W3 MPOIIECCOB OMPEISTUTh 3HAUYCHUS TOKa3aTesiel MOJUTPOIIBI N,
TEIUIOEMKOCTH C, BBIYUCIINTh M3MCHEHHE BHYTPEHHEH sHepruu AU, SHTaIBINN
Al | suTponu  AS | Terumory mpornecca (, padory nponecca |, pacmonaraemyro
pa6ory lo.

3. OnpenenuTh CyMMapHble KOJIMYECTBA TMOJBEICHHON (; U OTBEAECHHOW ()
TernoTel, padory uukna |, tepmuueckuii KITJI nukmia 7.

4. TToctpouts tukia B VP - u ST - koopauHaTax.

[IpuHATL raszoByl0 nocTosHHylo R =2873 Jx/(xr’K), TemnoeMKocTb Hpu
nocTossHHOM gaBieHun Cp=1,025 kJIx/(krK), 9T0 COOTBETCTBYET CBOMCTBAM CYXOTO
Bo3ayxa npu T=273 °K.

Pemenue.

1. Onpenennm napameTpsl B XapaKTEPHBIX TOUKAX.

Pv; 0,2-10%.0,45

Touka 1. Tq = =313K.
R 287,3
Touka 2. IIpouiecc 1-2 — annabaTHbIM
c 1,025
p :
I1 bate: K =—="—"—-=14;
oKazarelb aanadaThl ¢, 0738
Cy =Cp —R=1025-0,2873=0,738 x[x/(xrK)
1 1
B il
Vo =vy | | = 0,45-(%}’4 = 0125 M/
P, 2
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k-1

— 0,286
P )
T,=Ty| 2| % —;3.[ 22| _sa3kc
P 0,2

1

Touxka 3. [Ipouecc 2-3 — H30XOpPHBIT => V, = V,=0,125 M%/kr.

P, T3 287,3-573

Py =
3Ty, 0125
1 1
P3 |k
Touka 4. V4 =V3 [—BJ =0,125-
Py :
k-1

=13 MI]a.

13V
’—3 L4 =0,5 M/xr.
0,2

— 0,286
T, _T3(ﬁj ‘ :573-(%j - 335K
P 3

3

Ta6nuna 3.1 — Pe3ynbTarsl BHIYUCICHUM

Touka nukIiIa
TepMuyeckue mapaMmeTpbl 1 2 3 4
P, MIla 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. PaccumTaem mapaMeTphl MPOIECCOB.
IIpouecc 1-2 — aguabarusiii: q=0.
[Toka3zaTenb MOJIUTPOIBI paccCurTacM 1o popmyie:
| P, 12
p 902
n= Vi =14. (3.4) Jlnst manHOTO TIpoliecca: N = ﬁlZS =14.
9 Vo 9 0,06
TenmmoeMKoCTb:
n—k
c=¢C, —h (3.5)

B agnabaTHOM Mpoliecce TEIIOEMKOCTh paBHa HyITO, T.K. N =K :

c=0,738-

14-14

=0.

30X0pHasi TEIIOEMKOCTb: Cy = Cp —R =1,025-0,2873=0,738 k/[x/kr K

N3MeHeHne BHYTpEHHEN SHEPTUH U YHTAJIBIINU:

Auj_p =cy(To —T;) =0,738- (523 - 313) =154,98 kJ[x/xT;
Aig_p =cp(Tp —Tp) =1,025- (523 - 313)=215,25 kJIx/xr.

N3menenue sHTponuu onpeaensercs no Gopmyie:

As = qu_—q (3.6)
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T.x. B anuabaTroM nporecce dq =0, To u As=0.
B ammabatHOM miporiecce paboTa coBepIaeTcs 3a CYeT M3MEHEHHsI BHYTPEHHEH
SHEPTUH:
| =-Au, (3.7)
torma: | =- Au=-154,98 xJ[x/kr.
Pacronaraemas pabora B aguabaTHoM nporecce B K pas Goublie paGoTHI
m3menenns oobema: lg= K- 1=1,4-(~154,98)= 216,98 xJIx/KT.

IIpouecc 2-3 — U30XOpHBIN: V) =V3.
B n30x0opHOM mpoIiecce mokas3aTeb TOTUTPOIIBl PaBeH OECKOHEUHOCTH:

Igv—3
VZ
c=c, ”;'; = ¢y = 0,738 kIx/(kr-K).

W3MeHeHne BHYTPEHHEN SHEPTUU U DHTAJIBIINAN:
Auy_3 =cy (T3 —T,) =0,738- (573 — 523) = 36,9k J[K/xT;
Aiy_3 =c(T3 —T2) =1,025- (573 -523)=51,25 k/lx/kr.

V3MeHeHre SHTPOIUU B U30XOPHOM TIPOIIECCe onpeesieTcs mo Gopmyre:

T
As=cy In—, (3.8)
Tj

T
Torna B manHOM ciydae: AS =C, In < 0,738-1In 2—2 =0,07 x/x/kr-K.

T2
B m30xopHOM TIporiecce BCS TEIIOTa PAcXOAyeTCs Ha M3MECHEHHE BHYTPCHHEH
sHepruu: =AU =36,9 xJ[x/kr.
PaGora B M30XOpHOM IIpoIlecce paBHA HYJIO 3a CUET TOro OOBEM OCTaeTCs
v
[IOCTOSIHHBIM: | = j?PdV: 0.
V1
Pacnonaraemas pabota: lg =—v- (P3 — P2)= -0,125- (1,3—1,2) =12 5k Jx/kr

ITpouecc 3-4 - anuabarueiii: 4 =0.

P 0,2
lg_—~ g
n—k
no—s__ L3 =14; c=c, —=0.
g2 Ig0,125 n-1
Vv, 0,5

Aug 4 =cy (T4 —T3)=0,738-(335-573)=—-175,6 k] x/x;
Aig_4 =cp(T4 —T3) =1,025-(335—573)=-243,95 kJI/xr;
| =-Au=175,6x1x/kr; lg= K -1=1,4-175,6 = 245,84 xJlx/kr; AS=0
ITpouecc 4-1 — uzobapusiii: P =const, r.e. Py =Py.
Taxkum o6paszom, n =0.
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TemnoemkocTs mpomecca: € =Cy, n- l](- =Cy -k=cp =1,025 k/Lx/(xrK).
n —

Auy 1 =cy(Ty —T4)=0,738-(313 - 335) = 16,24 KJx/xT;
Aig g =cp(Ty —T4)=1025-(313—335)=—22,55 kJx/Kr;

T
As=cpIn In —1025 In %——0,07 kJx/(xr-K);
Ty 335
Q4_1—Cp (Fl —T4) = AI4_1 =-22,55 xJx/Kr;
P3
| =P;-(v; —v4)=0,2-10%-(0,45-05) =10 K/lw/xr; lg =— [vdP=0.
P21

3. OnpeenuM CyMMapHbIe KOJIMYECTBA TOABEAEHHOM (; M OTBEICHHON (2 TEILIOTHI,
pabory nukia | e tepmuueckuii KIII nukia 7.

ITonseneHHas remnora: ¢ =0go_3 =36,9 k/[K/kT.
OtBeneHHas Temnora: gy = +‘q 4_1‘ = 22,55 K JIK/KT.
Pabota HI/IKJIaI|U :‘Qﬂ—‘QZ‘:36’9'22a55:14a35 kJK/KT.

Tepmuueckuit KITJ nukna ¢ : =Ii _1435 =39 %
qp 369

4. Jlns mocTpoeHMs LMKJIA B KoopauHatax ST HeoOXOAMMO ONpEeAeIuThb
3HaueHue oSHTponuu S; (Jx/kr-K) amd kaxknod XxapakTepHOW TOYKM LUKIA IIO
dbopmyie:

T P
sj=Cp InT—'—RInP—'. (3.9)

H H
[anee nomyyaem:
T1 P
S = In—— RIn —1 =1,025In §—02873| E——0,061<[[>1</(I<F-K);
TH PH 273 01
Ty P>
Sp =CpIn—=—-RIn—==1025In 023 0,2873In L2_ —0,06 x/Tx/(xr-K);
TH PH 273 01
T3
s3=CplIn—- Rln——1025l @—O 2873In E—001 kJIx/(kr-K);
TH Py 273 01

Ty P
34_cpInT——RIn 4 ~1,025In §—02873I %‘OO].KI[)K/(KFK)

H PH 273 :
Breruncimm 3HadeHUS U3MEHEHUS OHTPOIIMHU B TCPMOJNHAMHWYICCKOM IUKIIC!
AS1_5 =S9 —81 =—0,06+ 0,06 =0 xJIx/(xr-K);
A82_3 =83 —Sp = 0,01+ 0,06 =0,07 K]_—[)K/(KI“'K);
AS3 4 =S4 —S3=0,01-0,01=0 x/I/(xr-K);
AS4q =51 —S4 =—0,06 -0,01=-0,07 xJIx/(xr-K).

BrruncieHHbple 3HAUCHUS W3MEHCHMS OHTPOIIMKU COBIIAJA0OT CO 3HAYCHHIAMU,
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MNOJYUYCHHBIMH JJIsI IMPOHECCOB 1IHKJIA YCPE3 OCHOBHLIC TCPMOIMHAMHUYCCKUC

napameTphbl.

Ta6nuna 3.2 — Pe3ynbTaTsl BEIYMCICHUM SHTPOIIMU B TOUKaX MK

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, UCIOJIb3YsI pE3YyJIbTaThl BBIYMCIACHUN 1I.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
3aKpbITOM cocyne oosemom Vq =0,5 M°, ecl HadalmbHas Temmepatypa t; =100 °C |

nasinenne P1= 300 xIla, a koneunas temmeparypa t, =500 °C? Onpemenanuts TakKe

Maccy BO3/yXa MU KOHEUHOE JIaBJICHHE. 3aBUCUMOCTb TEILIOEMKOCTH OT TEeMIEPaTyphl
CUUTATh HEJIMHEWUHOM.

OtBer: m = 1,4 kr; Q=412 x/{x; P, =623 xIla.

3anaua 3.4. B ©30X0pHOM IIpOIIECCE TEMIIEpATypa OKUCH yIiiepo/ia Maccoi m =
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2,1 kr ¢ HauanbHBIM gasieHueMm P; = 0,12 MIla usmensercs ot t;= 25°C no t,=63°C.
OmnpeaenuTh mapaMeTpsl COCTOSHUSA pabodero Tejia B ToUkax 1 u 2, a TaKKe TEIUIOTY,
SHTAJIBIINI0O M M3MCHCHHE BHYTpPEHEH SHEpruu 1 Kr OKHCH YIJIepoja B IpoIiecce.
[punste ¢, = 1,0464 x/bx/kr-K, R=296,8 kJlx/kr-K. M300pasuts mnpouecc B VP- u
sT-nuarpamMmax.

OtBer: 77=298 K; v;=0735 m/kr; T9 =336 K; Vy =0,735 m/kr;
P> =135,69 «Ila;l=0;Aq=Au=39,76 xJx/xr.

3apauya 3.5. Bo3ngyx Maccoii m = 1,9 kr ¢ HayanabHbIM aaBienuem P; =0,22
MIla aguabatro pacmmpsiercs. [Ipu 3ToM ero temreparypa usmensercs ot t; =65 °C
1o t, =21°C. Onpenenurs mapaMeTpbl COCTOSHMS pabodyero teia B Toukax 1 u 2, a
TaK)K€ TEIUIOTY, SHTAJbIUI0O W W3MEHEHHE BHYTpeHeW »sHepruu 1 Kr azora B
npouecce. Ilpunsats ¢, = 1,0121 k/br/kr-K, R=287 xJLx/krK.
[IpencraBuTh mpoiiecc B vp- u ST-quarpammax.

Otser: 77 =338 K; vy =0,38 m%/xr; Ty =294 K; Vo =0,54 M*/kr;
P> =156,68 «Ila;Aq=0; Au=44,53 x/lx/kr; | = - 44,53 xJIx/kr.

HNPAKTHYECKOE 3AHATHE Ne 4

Tema 1.4. Huka Kapno
Pacyer uuki10B naporypOuHHbIX ycTaHOBOK (IITY) — 2 yaca

KOHTPOJIBHBIE BOITPOCHI 1 3AJAHUA

1. Yem otanuaercs napoTypOMHHAs YCTaHOBKa OT JABUTaTejed BHYTPEHHETO
cropanus?
UeMm oTinuaeTcst napoBoil 1k Penknna ot nmapoBoro nukia Kapuo?
N306pa3uth nuki Penkuna B B VP — u ST — U SIi — KoopAWHATAX.
KakoBo BnMsHME HadalbHOrO AaBieHUs napa Ha tepmuueckuid KIIJ[ nukia
Penknna?
5. KakoBo BiMsiHME KOHEUHBIX MapameTpoB napa Ha tepmuueckuid KIIJ] nukna

Penknna?

W

[TPUMEPBI PEHIEHW A 3AJIAY

3apaua 4.1. Onpenenuth napameTpbl paboyero Tejaa B XapaKTEPHBIX TOUKaX
1ykia PeHKHWHA, KOJMMYECTBO MOABEICHHOW M OTBEJIEHHON TEIUIOTHI, pabOoTy LMKIIA,
TEOPETUUECKYI0 MOITHOCTh TypOunbl, Tepmuueckuii KI1J[, ecnu naBmenue B KOTIie
P1 = 10 MIla, temneparypa mapa mnepex typounoit m t;= 500 °C, nmaBienue
koHeHcaruu napa P, = 0,005 MIla, pacxoxmapa M =1200 1/4.

Pemenne. Touka 1. Ha sSi-mmarpamme (I1. «M») omnpenmeniM Touky |,
XapaKTepU3YIOIIyI0 COCTOSIHUE U IMapaMeTpbl pabouero Tea nepe TypOUuHOM.

P;= 10 MIla, t;= 500 °C, i1 = 3375 x/Ix/kr, $1= 6,6 kK [x/krK.

Touka 2 XxapakTepu3yeT COCTOSIHUE U MapaMeTphl paboyero Teia Ha BBIXOJE U3
TypOuHsl. [Ipoliecc pacuivpenus nmapa Ha JionaTkax TypOUHbBI CUUTAIOT aina0aTHBIM,
nostomy S,= $;=6,6 klx/kr-K. [lanee no Si-auarpamme omnpenensem:

P,= 0,005 Mna, i, = 2010kJx/kr, V, = 22 m%/kr, t,= 32,88°C.

[Tap Bnaxusiii Touxa 3. Konzgencar (o tabnuue BoasgHoro napa, (I1. «JI»)

169



P3;= P,= 0,005 MIIa, $3=0,48 xJIx/xrK, is = 137,8 xJIx/xr, V, = 0,001 m*/kr,
t;= 1,=32,88°C, i's~iz= 137,8 xIK/KT.
Touka 4. Kursiimast >kuakocTs (1o TabJiviie BOASHOTO Tapa)
P,=P;=10 MI1a, S4=3,4 xx/xr K,
i3 = 1408 k/Ux/kT, V3 = 0,00145 m*/kr, t,= 311 °C.
Touka 5. Cyxoii HachlIeHHBIH nap (110 TabKLe BOASHOTO napa)
Ps=P;=10 MIla, Ss= 5,6 xJIx/krK, is = 2725 xJx/xr,
V2 = 0,018 m*/kr, ts=t,= 311 °C.
[TogBeaenHas TemioTa:
a1 =i1—i3f zil—ig; (41)
OTBEJCHHAs TEIIOTA:

Qg =iy —i3, (4.2)

torma: (g =3375-137,8= 3237,2 xdw/xr; (o =ip —i3 =2010-137,8= 1872,2
KJK/KT.

Pab6ora nukna: | =qq —qo =3237,2-1872,2= 1365 k/x/kT.

Tepmuueckuit KIIJI nukna: n; = L = & =0,42

qp 3237,2

Teopernyeckass MOLIHOCTb TYPOHHBI: Nyp=m-l= % 1365 =455

MBT.

| .
3 Jv & 8 8
Pucynok 4.1 — K 3agaue 4.1.
3apava 4.2. Onpenenuts KIIJ] maeanpsHoro nukina PeHknHa 1Ipu HaYaIbHOM
temreparype mapa t;= 500 °C u xoneunom namienuu P, = 0,01 MIla. 3amauy
pPELIUTH MPU YCIOBUU, YTO HAYAIIbHOE JIABJICHUE:
1) P,= 2,0 MIla; 2) P,= 5,0 MIla; 3) P,= 10,0 MlIla.
Pemenune. Tepmuueckuii K11/ npeansHoro nukina PenkuHa:
lp—1
m=1—2. (43)
=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/kr; ip = 2210 x/x/kr; i3=190 xJ[x/KT;

= 0,34,
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_3440-2210

M, = = 0,38.
3440-192
3) i1 = 3380 xlx/xr; ip =2100 xJx/kr; i3=190 xJ[x/KT;
" _3380-2100 _ 0.402
3 3380-192 o

Orser: 7y, = 0,34; 1, = 0,38, 77, = 0,402.

SAHAYN A CAMOCTOATEJIBHOI'O PELIEHU A

3apaua 4.3. OnpenenuTh mapameTpsl pabodYero Telia B XapaKTEPHBIX TOYKAX
nukiia PeHKrWHA, KOJTUYECTBO TMOJBEICHHON W OTBEICHHOW TETUIOTHI, pabOTy IHKIIA,
TEOPETUYECKYI0 MOIIHOCTh TypOuHbl, Tepmuueckuit KIIJ[, eciu  naBneHue B
KOTJIE
P; = 9 MIla, temneparypa mapa mnepex Typouuoir um t= 400°C, naBineHue
KoHJeHcauu napa P, = 0,005 MlIla, pacxon mapa M=1050 1/4.

Otser: 07=2972,21 xJ[x/kr, q2=1752,21 xJlx/xr, | = 1220 x/x/kr. 77y =0,41.

3anaua 4.4. B napoTypOMHHOM JIBUTaTese ONPEAEIUTh KOJTUYECTBO OTBOAMMOM
B KOHJICHCATOpPE TEIUIOThI, €CIu JaBiieHUWE B KoHueHcatope P, = 0,005 Mlla, a
CTEIIEHb CYXOCTH Tapa, mocrymaromero B kKoHaeHcarop x=0,9. KonmyecTBo mapa
MoCTynaromniero B kouaeHcarop G=6 kr/c.

Orser: Q2=13093,2 xJIx/xkr,

3agaua 4.5. Onpenenurs KIIJ[ upeansHoro nukia PeHKMHA IIPU HAaYalbHOM
nasiaennn mapa P = 4 MIla u nagansHoi Temneparype t;= 500 °C. 3agady permmTsh
IIPY YCJIOBHUH, UTO KOHeUHOe nasieHue: 1) P,= 0,2 Mlla; 2) P,= 0,05Mna;
3) P,= 0,005 MIla.

OT]?.eT:ntl =0,255; M, = O,?,~158;77t3 =0,387.

INPAKTUYECKOE 3AHSTHE Ne 5
Tema 1.5. Huxasl ABC

PacyeTr NMKJI0B ABUTaTeeil BHyTpeHHero cropanus (IBC).
Pacyer nuk10B ra3orypouHHbIX 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?
OnuIMTe MUK ABUTATENS ¢ M300apHBIM MTOABOAOM TEILIOTHI.
OnummuTe UUKI JBUTATENS ¢ U30XOPHBIM MOABOOM TEILIOTHI.
OnuuuyTe UUKJII JIBUTaTeNsl CO CMEIIaHHBIM TOJIBOIOM TEIIOTHI.
Omnwucarp uuki I'TY ¢ n306apHbIM MOABOIOM TEILJIOTHI.
B yem otnmune mukinoB I'TY ot nukiaos JIBC?

CoNOR~ODE
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10.1300pa3ute mukn ['TY ¢ uzobapubiM moaBogoM TemioTsl 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 TIO/IBOJIOM TEILUIOTHI M TTOJTHOM pereHepariie.

[TPUMEPBI PEIHEHW A 3AJJAY

3amaua 5.1. [[ns wugeasbHOr0 UMKJIA JABUTATENIsT BHYTPEHHEIO CrOpaHus C
M30XOPHBIM TMOJBOJOM TEIUIOTHI ONpEACIUTh MapamMeTpsl paboyero Teaa B
XapakTepHbIX TOYKAX IUKJIA, KOJUYECTBO IOJBEICHHOM U OTBEICHHOW TEIJIOTHI,
noJiyueHHyr padoty u tepmuueckuid KII/I, ecnu HayaibHble mapaMeTpbl paboydero
tena Pi= 0,1 MIla, t;= 17°C, crenenp cxarusd € =4,0 ¥ CTENEHb MOBBIIICHHUS
nasneHus A =3,5 pabouee teno — Bo3gyx. R=287,3 [x/krK, ¢,=1,01/x/krK, cy -
0,72 JIx/xr-K.

Pemrenue.

OnpenenuM napaMeTpbl B XapaKTEPHBIX TOUKaX IUKJIA.

Touka 1. Pi= 0,1 MIla, T;= 17+273=290 K.

VY nenbHbI 00bEM ONPENETUM U3 YPABHEHUSI COCTOSHHUS:
RTy  287,3-290

Vi = 5 = 0,83 m*/kr
P 01-10
Pa Ta
3 l‘h 3
—
0a 4
2 4 2
q l gz
2
1 > ' >
v S

Pucynok 5.1 — K 3agaue 5.1.

Touka 2. CteneHs cxaTus onpezaensercs no Gopmynie:

V1
£=— 5.1
o 6D
0,83
Torna Vo = 1_288_ 0,21 m%/kr
&

W3 cooTHouieHUs MapaMeTpoB B aauabaTHOM mporecce [-2 ompenenum

abcooTHOE naBiieHue: Py = P18k =0,1- 4,01’4 =0,7MI]a.
Temmeparypa u3 ypaBHEHHUS COCTOSHUS:
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Py, 07-10°.0,21

Ty =512K.
R 287,3
Touxka 3. IIponecc 2-3 — H30XOPHEI, T.€. V3 =V, =0,21 M°/kr. U3 coOTHOMIEHNS
P T
[apaMeTPOB B H30XOPHOM IPOIIECCE: P—3 = T_3 =A=>T s = A-Ty,P3=4-P,, rorna
2 2

T3 =35-512=1792K, P3 =35-0,7=2,45 MIla
Touka 4. V4 =V1=0,83 M*/kr.
B agnabatHom nponiecce 3-4:

k 14
P, = P3(V—3j _245. (0—23 — 0,36 MITa.

Vg ,
1 _Pavs _036-10°-083 040K
‘7R 287,3 '

[TonBenenHas remuora B mporecce 2-3:
a=c(3-T2); (5.2
OTBEJICHHAs TeIioTa B mpouecce 4-1:
d2=cy(T4-T1);  (5.3)

paboTa 1nukIiIa:

I =01 —az; (5.4)

tepmuueckui K1 nukia:

I
77t =—, (55)
01

Torma: gp =0,72-(1792-512)=921,6 xJlx/xT,
02=0,72- (1040 — 290) = 540 K JIx/xr.

| =921,6-540=381,6 xkIx/xr; 771 = I— = % =
qp 9216

Oteer: P, = 0,1 MIla, T= 17+273=290 K,Vq = 0,83nm*/kr; Vo =0,21 w/xr,
P,=0,7MIla, Ty =512K; v3 =0,21 vk, T3 =1792 K, P3 =2,45 MIIa; V4 = 0,83
MY/KT, P, =0,36 MIla, T4 =1040 K;q; =921,6 x/[x/kr; Qo =540 x/bx/kr; | =381,6
kJK/KT;
= 0,41

3agaya 5.2. Jlns uaeanbHOrO IUKIA ABUTATENs] BHYTPEHHETO CTOPaHHS C
M300apHBIM TIOJBOJIOM TEIUIOTHI OMNPENSIUTh MapaMeTpbl pabodero Tena B
XapaKTepHBIX TOYKAX IIMKJIA, KOJMYECTBO MOJBEACHHON U OTBEIECHHOW TEIUIOTHI,
nosyuyeHHyto padoty u tepmudeckuii KI1/1, ecnu HauanpHble mapamMeTpsl paboyero
tena Pi;= 0,16 MIla, t;= 27°C, cremenp cxatusg & =13,4 U cTeneHsb
MpeJIBAPUTEIBHOTO pacimmpenus p = 1,3, pabouee teno — Bo3ayx. R=287.3 Jlx/krK,
¢,=1,01/Lx/xrK, ¢,=0,72 Jix/krK.

Pemennue.

0,41.
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Y S

Pucynok 5.2 — K 3agaue 5.2.

Omnpeaenum mapaMeTpsl B XapaKTEPHBIX TOYKAX IUKJIA.
Touxa 1. Pi= 0,16 MITa, Ty= 27+273=300 K,

RT, _ 287’3.3(330 = 0,545 /xr
P 016-10
Vi . 0,54

V
Touka 2. € = é =Vy = L T 134 = 0,04 m*/kr

vy

6
P, = Plgk =0,16 -13,41’4 =6,05 MIla; T2 _ P2|;/2 _ 6,05 21807 30;04

Touka 3. Ilpomecc 2-3 — n3o0apHbIiA. COOTHOIIEHNE TTAaPaMETPOB B M300apHOM
nporecce: P, =P, =6,05 MIla
T3 Vs
e :>T = 'T,V =p-V,.
T, v, P s — P12,V =p-Vy

T, =13-842=1094,6 K, v, =1,3- 0,04 =0,052n*/xkr.

=842K.

k 14
Touka 4. V4 =Vv1=0,54 m*/kr, P, = P{V—3j = 6,05-(@j =0,23Ml]a.
Vv, 0,54

_ Pgvq 0,23-10°.0,54
R 2873

[TonBenennas remnora: ¢, =C » (T3 -T, ) =101- (1094,6 — 842) = 255 kJ[>K/KT

Orsenennas Temnota: q, =C, (T, —T,)=0,72- (429 — 300) = 93k I/kr

Pabora mukna: | =qp — o =255 - 93 = 162 k/Ix/kr

Tepmuueckuit KIIJI nukna: 1, = il = 162 =0,63.

g, 255

OtBer: P;= 0,16 MIIa, T;=300 K, Vi ==0,54m%/kr;Vy = 0,04 m*/kr,
P, = 6,05 MIla, To =842K; P3 =6,05 MIla, T3 =1094,6 K, v3 = 0,052 m%/kr;
V4=0,54 m°/xr, Py = 0,23MIla, T4 = 429K; oy = 255kJIx/kr; (y = 93 kJIx/KT;
| =162 xx/xr; 1y =0,63.

3agaya 5.3. /[ mpeanbHOro HMKIA Ta30TYpOMHHON YCTAaHOBKU C M300apHBIM

=429K.

Ty
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MO/IBOJIOM TEIUIOTHI OTIPEICTTUTh MapaMeTphl paboyero Teiaa B XapaKTEPHBIX TOUYKAX,
KOJIMYECTBO MOJIBEICHHON U OTBEICHHOM TEIIOTHI, MOJIE3HYI0 padoTy, TEPMUUYECKUN
KII/I, eciu HavanbHBIE TapaMeTpsl padodero Teiaa Pi= 0,1 MIla u t;= 15 °C, crenens
MOBBIIICHUS J1aBJIeHUs B Komrpeccope f = 6,0 u temmeparypa pabodero Teia B
KOHIIe moaBojaa TemwioThl t3 = 600 °C. PabGouee Teno — Bo3ayx. R=287,3 JIx/krK,
¢,=1,01 /x/kr-K
Pemenue. Touka 1. P;= 0,1 MIla, T;= 15+273=288 K,

_RTy  287,3-288

V1 5 - 0,83 m*/kr.
P 0.1-10
P
Touxa 2. ﬂ=32:> P,=P,-$=01-6,0=0,6 MIla.
1
1 1

Vy = Vl(lj k =0,83- (iJlA =0,23M°/xT.
B

P, 06-10°.0,23

T, = 480K.
R 287,3
Touka 3. T3=600+273=873K; P3 = P, = 0,6 MI1a;
RT; 287,3-873
Vg = 3 _ 5 = 0,42 m%/kr.
P;  06-10
Touka 4. P, =P =0,IMIIa.
k-1
— 0,286
P ! RT, :
T4 :T3[—4J “ =873-(i) _523K; v, =4 _ 2803 5623 150 kr
P3 6,0 P4 0110

TMossenennas Temora: gp =Cp (T3 —To)=1,01(873-480) = 396,93 kJIx/kT.
Orsestennas Temiota: , =Cp (T4 —Tq)=101-(523 - 288)= 237,35 = kJlx/kr.

Pabora mukna: | =g — qo =396,93-237,35= 159,58 x/x/kT.

Tepmuuecknit KITJ[ nukna: n; = 1 = 159,58 =04.
qp 396,93
S
P4y s 3 ™ q l 3
2 5 *
6
02
=7
4
1Cl2 | 6 R >
c > >
\Y S

Pucynok 5.3 — K 3amauam 5.3. u 5.4.
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Otser: P=0,1 MIIa, T;= 288 K, v; =0,83nm°/xr; P, =0,6 MIIa;V,=0,23m"/kr,
T, =480K;T; = 873 K; Py = 0,6 MIla; v3 =0,42m%/xr; P4 = 0,1MIla, T4 =523K;
Vg :1,5M3/1<r; gy = 396,93 I<J1>I</I<r;q2 = 237,35 kJIx/kT;
| =159,58 x/[x/kr; 17y =0,4.

3apaya 5.4. PemmTh mpeaplAyIIylo 3ajady HOpU YCJIOBHM, YTO HPOU3BOAUTCS

MOJIHAsl PEreHEPaLUs.
B nukne ¢ perenepaumen: 7, =T,; T,=T,

IlonBeneHHas TEIUIOTA: qlp “ =cp(T3 —Ts)=1,01(873-523) = 353,5 KIx/kr.

OrtsezieHHas TEIIOTA: qg “ =cp(Tg —Ty)=1,01(480-288)=193,92 k/K/kr.
Pabora nukna: 1’ =g/ —qf“ =353,5 -193,92= 159,58 xJ[x/Kr.

e 17% 15058

v . P
Tepmuueckuit KT/ nukna: ni = qlpeg = 3535 =0,45.

OTBert: qfee: 353,5 kJIx/kr; qge'e: 193,92 xJix/kr;1P% = 159,58 kJIK/KT;
nd* =045.

3ATAYN J1A CAMOCTOSATEJIBHOI'O PEIHEHU A

3amaua S5.5. J[ns waeanpbHOTO IMKJIA JBHTAarellss BHYTPEHHETO CrOpaHHs C
W300apHBIM TIOJIBOJIOM TEIJIOTHI ONPENCTUTh IMapaMeTphl pabodyero Tela B
XapaKTEPHBIX TOUYKAaX IMKJIA, KOJMYECTBO TMOJBEACHHOW M OTBEICHHOW TEIIOTHI,
noiayyeHHyro pabory u tepmuueckuid KIIJ[, ecnu HavanbHbIE MOapaMeTpsl
pabouero tema P;=0,15 MIla, t;= 25°C, cremenn cxarus & =13,6 u CcTeleHb
npeaBapuTeabHOro pacmupenus p = 1,4, pabouee teno — Bo3ayx. R=287,3 JIx/kr-K,
c,=1,01Ix/xrK, ¢,=0,72 Jlx/krK.

OtBer: O = 42,4x]Jlx/xr; p=131,8x [x/kr; | =210,6 x/x/xr; 17 = 0,61.

3amaya 5.6. CpaBHuTh UK 3amaud 4.1 ¢ mUKIOM ¢ M300apHBIM IOJABOJAOM
TEIJIOTHl TPU YCJIOBHM, YTO B CPaBHUBAEMBIX ITMKJIAX OJIMHAKOBBI OTBEICHHAS
TEIJIOTA U CTEMEHb CXKATHSI.

Oter: ¢ = 753 x/lx/kr; 17y =0,28.

3agaua 5.7. CpaBHuTh HUKI 3a1add 4.2 C IUKJIOM C HW30XOPHBIM MOJABOJOM
TEIJIOTHl TPU YCJIOBHM, YTO B CPaBHUBAEMBIX ITMKJIAX OJIMHAKOBBI OTBEICHHAS
TEIJIOTa U MaKCUMAaJIbHBIC TTapaMEeTPhl COCTOSIHHS pabodero Tena.

Otser: O =176,3 x/Ix/kr; 17y = 0,47 .

3apaua 5.8. /[ uaeanbHOro IUKIIA Ta30TypOMHHOW YCTAHOBKH ¢ M300apHBIM
MIOJIBOJIOM TEIJIOTHI M TTOJTHON pereHepalield OnpeaesuTh mapaMeTpsl padbodero Tea
B XapaKTEepHbIX TOYKAX, KOJMYECTBO IMOABEACHHOW M OTBEACHHOM TEIUIOTHI,
noJyie3nyto pabory, repmuueckuit KI1/1, ecnu HaganpHble mapaMeTpsl pabouero Tena
P1=0,15MIla u t;= 20 °C, crenens HOBBIIIEHUS AaBICHUS B KOMIIpeccope f= 6,5 u
TeMIieparypa pabodero Teia B KOHIE MoaBoja TemioThl t; = 650 °C.  Pabouee Teno
— Bo3ayx. R=2873 JIx/krK, ¢,=1,01/x/kr-K. CpaBHUTh NaHHBIA LMK C IUKIOM
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['TY 6e3 perenepanuu.
OtBet: (1 =428,24 kJIx/kr, Qp = 249,47 xJlx/kr, | =178,77 xIx/xr, ry =0,42;

qlpee =386,33 KI[)K/KF,qgeZ = 208,06 xJx/kr, | P = 178,77 xJIxK/KT, ntpee =0,45.

3apava 5.9. Jlns nmkia ra3oTypOMHHOTO JABUTATEN C U300apHBIM MPOILECCOM
MOJIBOJIa TEIUIOTHI OMPENENIUTh YJEIbHOE KOJIWYECTBO MOJBOAMMON TEIJIOTHI, €CIIU
HadasnbHOE naBieHue P; =0,1 MIlla, nauanenas temneparypa T; =300 K, creneHb
MOBBIIICHUS JIaBJICHUS] B KoMmmpeccope J = 6, MakcMMalibHas TeMIleparypa IHKJIa

T3=1500 K. B xauectBe pabouero tena npuHITh Bo3ayx R=287,3 'HHI(( k=14.
KT -

Otser: (1=1009 xJ[x/Kr.
3agauva 5.10. Pemmths mpempiaynryro 3agady MpH yCIOBUH, 9TO IUKI ['TY
MPOXOJUT C TTOJTHOM PEreHepaIuen.

Otger: qg “ =607 xJIx/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 3AJJAHUA
1. Yem oTiMyaeTcs UCNapeHUe OT KUIEHUS?
VYBENIUUUTCS UM YMEHBIIUTCA YIAEIbHBIH 00bEM CYyXOro HACBHIIIEHHOTO Mapa
[IPU TTOBBIIIEHUU €r0 JIaBICHUS?
UTto Takoe TernioTa napooopa3zoBaHus?
UTto Takoe CTeneHb CyXOoCTu?
Kak onpenenuTs napaMeTpbl KUTSIIEH BOAbI?
Kak onpenenuTs napaMeTpbl CyXOro HachIIEHHOTO napa?
Kak onpegenuts Temioty neperpesa napa’?
Kak wu3o0pakaloTcs  mporecchl  BOASHOrO Tmapa Ha  Si—, VP— u

N

0N O~ W

ST —nuarpammax?

[TPUMEPHI PEILIEHMA 3AIAY
3agaya 6.1. CocrosiHue BoASHOTO napa 3agaHo napamerpamu. P1=2 Mlla,

t;= 550 °C. OnpenenuTh, MONB3YICh Si — TUArpaMMON HaYaIbHOE COCTOSIHUE Mapa u
ero mapametpbl (i,S,v,P,t), a Takke mapaMeTpbl M COCTOSHHE IIapa, ecClu
IPOUCXOAUT €ro aauabaTtHoe pacmmpeHue a0 gasieHus P, = 0,02 Mlla.

Omnpenenutpb Takxke paboTy, COBEPIICHHYIO MapOM MPH aauabaTHOM paCHIMPEHUH.
Pemenue. Ilonp3ysice SI — mmarpammoit (I1. «M») ompenenum HadaibHOE
cocrosiaue Tapa. Ha mepeceuennu u3o0b6apsi P1= 2 MIla u uzorepmsr t;= 550 °C

0003HaYUM TOYKY |, OTIpEENSIONTYI0 Ha9albHOE COCTOSIHUE U TTapaMeTPhl BOJSTHOTO
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napa. B Touke 1 map meperpetsiii. [Tapamerpst mapa: P;= 2 MIla, t;= 550 °C, i,=
3600 xJIx/kr, S,= 6,7 kIx/kr-K, v=0,19 MY/KT.

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 ob6o3Hauum TOUKy 2,
ONPENEISIONIYI0 COCTOSHHE W IapamMeTpbl mnapa. B Touke 2 map BIiIaHBIM.
[Tapametpsl mapa: Py = 0,02 Mlla, i,= 2500 x/[x/kr, Sp =$1= 6,7 xkJIx/kr K,
Vo=17,5 m/kr. TeMrepaTypy mapa MOKHO OIpPEACIUTh U3 TAaGIHII BOSIHOTO mapa
(IT. «JI») wim mo auarpaMme Ha IMEpPEeCceYeHUH M300apbl C BEPXHEU MOTPAHUYHOM
kpuBoii. Takum o6pasom, ty= 60 °C. Crenens cyxoctu x = 0,95.

Paboty, coBepilieHHYIO B aJuadaTHOM IMPOIIECCE ONPEAEIUM 0 GOpMyIIe:

o =(i1 —Pvy)—(i2 —Pav2),  (6.1)
torna li_p =(3600 — 2000 - 0,19) - (2500 — 20 - 7,5) =870k Jlx/xT.

OtBer: Touka | — map meperpetsiii, P;=2 MIla, t;= 550 °C, i = 3600 xJ[x/kr, S ;=
6,7 xJIx/xr-K, v=0,19 M%/kr; Touka 2 — map Biaxkueiid, Pp = 0,02 MIla, t,= 60 °C,
i 1= 3600 kJIx/KT, S =S1= 6,7 KIK/Kr-K, Vo=7,5 MY/kr. l1_o =870k Ix/Kr.

Bapaua 6.2. B nuimuape noa nopiuHeM npu aasienun P;=9 MIla u crenenu
cyxoctu x; = 0,125 HaxoauTcs BOASTHOW Tap, MEpPBOHAYAIBHBIA 00BEM KOTOPOTO
V:=10,4 m°. K napy M30TEPMHYECKU TMOJABOJUTCS TEMJIOTa B  KOJHUYECTBE
Q = 6400 M/Ix. 3atem map aguabaTHO pacmmpsercs n1o gasieHus P = 0,01 MIla.

Onpenenuts mapameTpbl coctostuus mapa (P, t, v, i, S) B KOHIIE M30TEPMUYECKOTO
MOJIBOJIa TEIJIOTHI W aauabaTHOTO pAacUIMpPeHHs, CyMMapHOE€  HM3MEHCHHE €ro
BHYTPCHHEH SHEpruM W paboTy, MPOM3BEICHHYIO B Mpoleccax. lIpeacTaBuUTh
nporieccel B ST- U Si-auarpamMmax.

Pemenue. ITapamerpsl Bogsl (V',i',S") u cyxoro naceimensoro mapa (V',i",8")
npu P;=9MIIa onpenenum u3 tabmuus (I1 «JI»): t=303,3°C
(T =3033+273=576,3K), V' =0,0014 M¥/kr; i' =1364kJDk/xr; ' = 3,29 kJk/krK;
V" =0,0205Mm°/kr; i” = 2743k x/kr; 8" =5,68 kIx/kr-K.
[TapameTpsl BIaXKHOTO Mapa ONPeestoT 1Mo GopMyIaMm:
V, =(V' =V')-x+V';  (6.2)
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e =(@1"=1")-x+i'; (6.3)
s, =(s"—s)-x+s".  (6.4)
Onpenenum napaMeTphl Iapa B Hayase moABoAa TeioThl (Touka 1). [Tap BiakHbIH.
v, =(V" = V')- x +V'=(0,0205-0,0014)-0,125+0,0014=0,004 m*/kr;
i, =(@i"—1") - x+1"=(2743-1364)-0,125+1364=1536 K JIx/Kr;
s, =(s"—s')-x+s =(5,68-3,29)-0,125+3,29=3,59 kJlx/xr-K.
V; 10,4

Macca mapa: m=—=——=2600 kr.
v1 0,004
V3MeHeHre SHTPOIHHU B MTPOIIECCE TIOIBO/IA TETUIOTHI:
3
AS Q _ 6400-10 =4, 4 x]JIx/xr-K.

“m-T 2600-5588
DHTpoIUS Mapa B KOHIIE IMOJIBOJIA TEIIJIOTHI:
So =S1 + As=3,43+ 4,4 =7,83x/Ix/krK.
[To s, u t, =t, =const Ha Si -muarpamme ( [1. «M») onpenenum TouKy 2.
[TapameTphl apa B KOHIIE H30TEPMUUYECKOTO TOBO/IA TETUIOTHI:
1o =3080 k/Ix/kr, P, =0,21 MIla, v, —1,3M°/kT.
M3MeHeHne BHYTpeHHEH 3Hepruu napa: Auj_o = (i 2 —Povp )— (il - P1V1)
Au;_o =(3080—-210-1,3)—(1440,6 — 7000-0,004) =1394,4 .xJlx/xT.
AU 1-2 =M- AU]__Z =2600-1394,4 = 3625,4 MI[)K
Paboty mapa onpenenuM U3 nepBOro 3aKOHa TEPMOIUHAMUKH ;
Q 6,4-10°
oo =G ~AUp = — AUy =— 0
Li_o =m-11_»=2600-1067,1=2774,5 M1 x.
Touka 3. S3 =S = 7,83 k/[x/krK.
[TapameTphl apa B KOHIIE aIabaTHOTO PACIITUPECHUS:
i3 = 2490k]Ix/xr, P, =0,01 MIla, v, =15m%/xr.
Aup_3 = (i3~ Psv3)—(iz —Pov2)
Auy_3 =(2490-10-15)— (3080 —210-1,3) = . - 467 KJIA/KT.
AU 2.3 = Au 2-3 M= —467 - 2600 = -1214,2 M ]Tx
|2_3 =—AU 2.3 = 467 x[x/xr
L2_3 =m- |2_3 =2600-467 =1214,2 M]lx
CyMMmapHO€ U3MEHEHHE BHYTPEHHEH 2HEpruM U padoTa, MPOU3BEACHHYIO B
npoIieccax:

—1394,4 =1067 1k J{x/Kr.

Uy o =Uq » +U, 3 =36254—1214,2 = 2411,2 MTx
L1_2 = |_1_2 + L2_3 = 2774,5 + 1214,2 = 3988,7 MI[)K
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Pucynok 6.2 — K 3agaue 6.2.

SAHAYN UIA CAMOCTOSATEJIBHOI'O PELIEHUA

3agaya 6.3. OnpenenuTh, MOJNB3YACH Si -TUArpaMMOiA, SHTPOIHIO, SHTAIBITHIO U
yaeIbHbIH 00beM BojasiHOTO mapa npu aasienun P=0,01 MIla u crenenu cyxocTu
x =0,8.

OTBer: iy, =2108 KJIx/KT; Sy=6,65 KJIx/kr-K; vy = 13 MY/kr.

3apaua 6.4. Onpenenutb KOJIUYECTBO TEIUIOTHI, 3aTPAueHHON Ha noiydeHue 1
Kr mapa npu ngaBiaeHun 1,6 Mlla u crenenu cyxoctu 80%, ecin HayaabHas
Temmeparypa Bogsl 60°C.

Otset: =2154 xJ{x/kr.

3amaua 6.5. Ilpu masienun 0,8 MIla Boma marpera mo 140 °C. Ha ckojbko

IPagyCcoB HY)KHO HAIPETh BOLY, YTOOLI HAYAIOCH KUIIEHUE?
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 NEPBOro 3aKOHA TEPMOJUHAMUKY ISl TTIOTOKA.
Kakue xaHasbl Ha3bIBAIOT coriaMu U quddyzopamu?
N3o06pa3ute rpaduuecku pacronaraeMmyro paboty Ha VP - nuarpamme.
Kputnueckoe oTHOIIEHNWE AaBICHUIN U €Tr0 ONPEACICHHUE.
[TouemMy mpoliecc UCTEYEHHUS U3 COME M HACAJO0K CUYUTAIOT aiiabaTHBIM?
Kak onpenensiercss MakCUManbHbBIA pacxo]l UACAIBHOTO ra3a’?
Kaxkoli nmpornecc Ha3bIBa€TCs IPOCCETUPOBAHUEM?
Kak uzmensieTcst paboTocrmocoOHOCTh BOASHOTO Mapa MpHu APOCCEITUPOBAHNN?
Korma, mnpu Kakux YCIOBHSIX TEMIIEparypa peaJlbHOrO rasza Ipu
JPOCCETUPOBAHUH TIOBBIIIIAETCS, TOHMKAETCS, OCTaeTCs 0€3 M3MCHECHHMSI ?

LCoNOR~ODE

I[TPUMEPKEI PEIHIEHNW A 3AJ1AY
3amaua /.1. Bnaxuslil nap ¢ HadaibHBIM gaBineHueMm P;= 2,0 Mlla u creneHbio
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cyxoctu x1;=0,9 BBITEKaeT yepe3 CYKUBAIOIIEECS COIUIO C IUIOMIAJbI0 BBIXOJHOTO
ceuenus f = 34 mm? B armocdepy ¢ aaBieruem P, = 0,13 MITa.

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 pexXxuM UCTEUEHUS Tapa:

P 013
f =-2="""=0,065< Prp = PEKHM HCTCUCHHS KPUTHYCCKHIL, CKOPOCTH

R 20

3BYKOBas.
Py = Bep A =0577-2=1154 Mlla.

[TapameTpsl mapa Ha BBIXOAC M3 coIula ompeneiseM 1o Si —auarpamme (I1
«Mp»):

Ps,= 1,154 MIla, S5,=5,95 kK Ix/krK, 15,=2515kJIx/KT, V5,,=0,15 MY/KT,

Teopernyeckass CKOPOCTD I1apa Ha BBIXOJE U3 COILIA:

W, = 44,7 fip — g, 1)
W, =44,71/2610 - 2515 =436

JleficTBUTENIBHAS CKOPOCTH I1apa Ha BBIXOJE U3 COIUIA:
Wy =@ - Wy, =0,89-436 =388
M

/c.

/c

JlelicTBUTEIbHAS SHTAJIBIIN:
2 2
. . Wy 388 3
Iy=ip —| —— | =2610—| —— | =2535xk/x/kr, Torna vV,=0,16 Mm~/kr
o1 (44 7) (44 7] a e

L 1

J1eCTBUTENBHBIA PACXOLI:

G Wo f
Vo oo (7.2)
w, - f .34.1078
oWt _ 388-34-10 0082
Vo 0,16 Kr/c.
P, =1154 _
Otger: 2KP MITa; Vo =388 m/c; G =0,082 m/c.
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Pucynok 7.1. — K 3amauam 7.1 u 7.2

3anaya 7.2. PemuTh npenbayyto 3aaqy npu yCJIOBUH, YTO UCTEUCHHUE Mapa
MPOUCXONIUT uepe3 coruio JlaBams.

Pemenue. B aTom citydae ckopocTh ucTedeHus 60mbIe KpuTudeckoit. OHa
ONpENIEIIACTCS U3 YPABHCHUS:

Wo =447 il —i2 ’ (73)

npuyeM 12 OyIeT COOTBETCTBOBATh COCTOSIHMIO Iapa B KOHLE aauadaTHOro
pacumpenust npu P, = 0,13 MIIa. Takum o0pa3oM, M0OJB3ysich S -auarpamMMoi,

OIPENCIIAM: 122180 kJ[x/kT, TOra:

Wy = 44,7/2610- 2180 _gy7 1,/

OtBer: Wy =927 M/c.

3anaua 7.3. Bo3nyx u3 pesepByapa ¢ MOCTOSIHHBIM aaBieHueMm P; = 10 MlIla u
temneparypoii t;=15 °C BeiTekaeT B arMocdepy depe3 TpyOKy ¢ BHyTPEHHHM JHaMETPOM
10 Mm.

OnpenenuTh CKOPOCTh MCTEUEHHUS BO3AyXa M €ro CEKYHIHBINM pacxoi. Hapyxknoe
napnenne npuHATh paBHbIM 0,1 MIla. Ilpouecc pacmmpeHus BoO3ayXa CUUTATh
annabaTHBIM.

p=L2
Pemenune. OmnpenensieM OTHOIIEHUE P 1. Ono pasao 1/100 wu,
CJIEIOBATENIbHO, MEHBIIIE KPUTHYECKOTO OTHOIICHHUS JIaBICHWM Ui BO3IyXa,

coctapistomero 0,528. [Toatomy ckopocTh MCTedeHHUs! OyleT paBHAa KPUTUYECKOW U
orpeaenuTcs no Gopmyse:

W, =108-/RT; =108-/287-288 =310 m/c.  (7.4)

CexkyHIHBIN pacxoa Uisl KpUTHYECKOTO peKrMa TeUEHUSI:

P
Gnax = 0,686 |-
1, (7.5)
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HJ'IOI]_[aI[B MOMEPEYHOTO CCUHCHM A BbIXOJHOT'O OTBCPCTUS COILIA:
_m?  314.0,012

2
VYnenbHbIl 00bEM BO3yXa HAa BXOJI€ B COILIO:

= RTy = 2817288 = 8,27 1073 M°/KT;

P 10.10°
CJICA0BATCIIBHO, pacxozx BO3I[YX8,:

6
Gy, = 0,686-7,85-107° &03 ~187 xrlc.
8,27-10"

OtBer: W, =310M/c; Gy =187 xr/c.

f —7.85-10 2%

Vi

3apaua 7.4. B pesepByape, 3allOMHEHHOM KHCJIOPOJIOM, ITOJJICPKUBAIOT
nasineHue P; =5MIla. I'a3 BeITekaeT uepe3 CyKHUBarILeecs COILNIO B Cpeny ¢

nasnenneM Po= 4 MIla. HauanbpHas Temneparypa kuciaopoaa 100 °C.

OnpenenuTs TEOPETUYECKYIO CKOPOCTh UCTEYEHHUS M PACXOJl, €CIIU IUIOIIA/Ib BEIXOAHOTO
ceuennst comma f =20mm’. Mcredenne cumrath agmabarHeiM.  Haiité  Taoke
TEOPETUYECKYIO CKOPOCTh MCTEUEHUS] KUCIIOPOZA U €r0 pacxofl, €CM UCTeYeHHe Oyner
NPOUCXOIUTH B arMocdepy. bapomerpudeckoe nasnenue npuHaTh paBHbiM 0,1 MITa.

Pemenue.
OTHOILIEHHUE NaBIEHUN COCTABIISIET
P, 40 P
2 . | 2
=—==—=08; == =0,528, te. B> . CiremoBaTeIbHO, CKOPOCTH
p P 50 Py ( P )Kp P> ’

ucTeYeHus OyleT MEHbIIE KPUTHYECKOM U onpeensercs no Gpopmyre:

k-1
K

P | k
W= [2—Pvi|1-| = . (7.6
v [%J (7.6)

N3 ypaBHEHUS COCTOSIHUSA:
_RTy  259,8-373

P 5.10°

V1 =0,0194 m/kr.

Jlanee nmeem:

0,4
w= |23%5.10%.0,0194 1—@)1’4 — 205 m/c.
0.4 5

CexyHIHBIN pacXo;
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2 k+1

Got 2K R (i)k—[i]k (7.7)

k—1vy || P P,
[ 2 24
G=20.10"8 [p 14510 (fjl"‘ —(fj“ — 0175 kr/c.
040,0194|\ 5 5

OtBer: W=205 m/c; G=0,175 xr/c.
3apaya 7.5.Pemnth npeabIynyto 3a1a4y Ipu YCIOBUH, UTO HCTEUEHUE
KHCIJIOPO/Ia MPOUCXOIUT B arMoc(epy.

Pemenne. [Ipu ucreuenun B atmocepy OTHOUIEHUE JAABJICHHIA:

P, 1 P,
=—-==—=0,02; == =0,528, te. < . CiieqoBareibHO, CKOPOCTD
p P, 50 Py ( P JKp PP ’

HCTCUYCHUA B 9TOM CJIydac 6yz[eT paBHaA KpHTH‘—ICCKOfI, a pacxo — MaKCUMaAJIbHBIM.

W, =1,08,/RTy =108- /834373 = 336 mic.

MaxkcumanbHbINA PaCcXOX:

P 108
Gy = 0,686 f |1 —0,686.20-10~6 | > 10

~0,22 xrle.
v 0,0194 e

OtBet: W, =336Mm/c; Gmax =0,22 kr/c.

SAJAYN U CAMOCTOSATEJIBHOI'O PELHIEHU A
3agaya 7.6. Bo3nyx mnpu mnoctosHHOM aaBieHun Pj=6 Mlla wu

TemmepaTypoit t1=27 °C BeiTekaer B cpeny c maBienueM Pp= 4 MIla. Onpenenutsb
TEOPETUYECKYIO0 CKOPOCTh M KOHEUHYIO TeMIlepaTypy pu aanabaTHOM HUCTCYCHUH.

OtBer: W=257 m/c; t9 =—6 °C.

3agaya 7.7. HaiiTu TeopeTnyeckyro CKOpOCTh aiMabaTHOTO UCTEUEHUs a30Ta U
CEeKyHIHBII pacxo, eciau P1=7 MlIla, Po=4,5 MIIa, t;=50°C, F =10 MM,

OtBer: W =282 m/c; G =0,148 kr/c.

Pa3zgea 2. OcHOBBI Temonepeaavyu

Tema 2.1. Buasl TenyioooMeHa
IHPAKTUYECKOE 3AHATHUE Ne 8
Tenso000MeH Npu BHIHYKACHHONH KOHBEKIIUM — 2 yaca

KOHTPOJIBHBIE BOITPOCHI 1 3AJJAHU S
1. Yto Ha3pIBaeTCsI KOHBEKTUBHBIM TEIJI0O00MEHOM?
2. ChopmynupyiiTe OCHOBHOM 3aKOH TEIJIOOTAa49Hd KOHBEKITUCH.
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3. Jlaiite ompezneneHus AUHAMUYECKOTO M TETUIOBOTO TOTPAHWYHOTO CJIOEB U
00BbsICHUTE UX (PU3UYECKHUI CMBICII.
4. HazoBuTe BUJIbI JIBIXKCHUS KUJIKOCTU WM raza. O0bsicHuTe X (U3nYecKui

CMBICII.
5. Kakumu YUCIIaMUA nmonoous XapaKTepU3yeTCs KOHBEKTHUBHBIN
TerIoooMeH?

6. Uro HazeBaeTrcs kodpdunmueHTom  Termoornaun?  DyHKIHEH — KaKUX
napamMeTpoOB OH SIBJISETCSA?

7. KakoB MexaHu3M IMepefayd TEIUIOThl MpU JIAMUHAPHOM U TYpOYJIEHTHOM
JIBUKEHUSX KUJIKOCTH?

8. Uto xapakrepusytot uncna PeitHonbaca, Hyccenbra, Ilpanatns, I'pacroda u
KaK OHU ONPEAEATCS?

9. Jlo kakoro 3HadycHWS 4Ywuciia PeiiHonapaca ITOTOK JKHJIKOCTA HE MOXKET
MEPEXO0IUTh U3 JAMUHAPHOTO B TypOYJICHTHBIN PEXUM?

10. Kakue  ypaBHEHHS  MOJOOMS  PEKOMEHIyeTCsS IpH  HMCCISAOBAaHUU
JAMUHAPHOTO M TYPOYJICHTHOTO ABMYKEHUSI )KHIKOCTH ?

11.Kakas Temrieparypa sIBJISICTCS ONPEACIISAIONICH NP BBIHYKJICHHOM JIBHKCHUH
KUJIKOCTH?

12.Kakoii pa3mep SBISETCS XapaKTEPHBIM TIPH BBIHYXKJICHHOM JIBHKEHUU
KUJKOCTH B TpyOe?

[TPUMEPHI PEILIEHUA 3ATIAY
3amaua 8.1. Tlo TOpW3OHTAIRLHO PACIOJIOKCHHOW CTadbHOW Tpyde ¢
mamerpamu d,=110 mm, d,=130 MM u KO3(hPHUIMEHTOM TEIIONPOBOAHOCTH

marepuana Tpyosr 4= 50 B1/(M'K) co ckopocthio W=2 M/c TedeT Boma C
temmeparypoit t.,.4=100 °C. CHapyxu TpyOa OXJaXKIaeTCs OKPYKAIOIIMM BO3IYXOM,
TemrepaTypa Kotoporo pasHa 2 °C, a KOd(pQHIMEHT TEIUIOOTAaYd OT HapYKHOM
IIOBEPXHOCTH TPYOBI K BO31yXy a2 =10 B1/(M*K).

Onpenenuts K03(p(PUIHMEHT TEIUIOOTAAYM ¢¢{ OT BOJBI K BHYTPEHHEH NOBEPXHOCTU
TpyOBI, KO3 HUIHEHT Teruionepeaun K 1 TEIIOBO# MOTOK, OTHECEHHBIH K 1 M JUTHHBI

TpYyOBL.
Pemenue. [To tabmure (I1. «A») onpenenum Gpundeckre mapaMmeTpbl BOIbI TPH
t5,c1=100 °C: A,0q= 0,683 B1/(MK); V,ep =0,295 -10° M%/c; Pr,eq=1,75.
Omnpenenum gucio Peiinonbaca mo ¢popmyiie:
wi
Re,,. =—, (8.1)
1%
rae | - xapakrepnsiii pasmep.
Jlns maHHOTO Cityyas:

Re,q—"dB __ 2:011 7 6105

Vaeg  0,295-107°
Tak kak Re,,.1>10", To pexnm mBIKeHNS — TypOyICHTHBII.
Jnia ompeneneHus cpeaHero Kod(QUIMEHTa TEIIOOTAauYd TMPU Pa3BUTOM
TypOYJIEHTHOM ABM>KEHUU MOKET OBITh HCIIONIb30BaHa (popmyna:
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085 043 Pacy |2
: 43
NU,; = 0,021Re ,.{"® Pr,q [Pr:rcnﬂ . (8.2)

YyuteiBas, 9Yr0 KOA(QPUIMEHT TEIUIOOTAadYd OT BOABI K BHYTPCHHEH
MTOBEPXHOCTH TPYOBI OyIeT 3HAYMTEIHbHO OoJblie Kod(h(HIHEeHTa TeIIO0TIa4u OT

Hapy’>KHOW MOBEPXHOCTH TPYObI K BO3AYyXy, mpuMmeM lcm1 =~ 1,1 U, ciaenoBaresnbHo,
Pl = Plemy, Torma:

0,8
NUoq =0021Re®8 PrO43 — 0,021.(7,46105 "° 1,7604% ~1336 5.

ol —

KoadduumenT Termnootaauu onpeaensercs no gopmysie:
Nu -4,

o =—- 8.3)

I
o = Nup - A, _ 1336,5- 0,683
dg 0,11
Temnoornadya OT BHEIIHEW MOBEPXHOCTU K BO3/AYXY OCYIIECTBIISIETCS 3a CUET
€CTECTBEHHOW KOHBEKI[MH U 10 YCIIOBHUIO 3a1aun o =10 Bt/ (m*-K).

JIunenHpIi K03 PUIMEHT TerIonepeaayn paBeH:

1
k =
: e G
+—Int+ =
agfcldg 211 dg amde

= 8298,4 Br/(M*-K).

Ilocne moacTaHOBKU:

1
K = 1 1 I 130 1 =1,295 Br/(m'K).

+ n +
8298,4-011 2-50 110 10-013
TennoBo# MOTOK, OTHECEHHBIN K 1 M JUTMHBI TPYOBI, COCTaBJIISET:
0 =k7lt,q —they )=1295-314-(100—2) = 398,7 Br/m.
Otser: a7 =8298,4Br/(M*K); k =1,295 Br/(M'K); 4 =398,7 Br/m.
3anauva 8.2. [lununapuyeckas TpyOa ¢ HapykHbIM quameTpoM 100 MM mokpeiTa
OJHOCIOMHON M30JIAHEN ¢ KOI(PPUIUEHTOM TEIIONPOBOAHOCTH A5 =0,2 Br/(M-K).

KoaddummenT terioornaun ot Hapy>XKHOU MOBEPXHOCTH M3OJSIIUUA K OKPYXKAIOIIEH
cpene o =5 Br/(M*K).
[lenecooOpa3Ho M MPUMEHATh B JAHHOM CIliydae H3OJSAIMUOHHBIN MaTepuan ¢
3aIaHHBIMU CBOMCTBAMU JIsl YMEHBIIECHUS IOTEPh TETUIOTHI?

Pemenue. Jlyis 5 PEeKTUBHOTO WCIIONH30BAHUS U3OJSIUU C IETbI0 CHIDKCHUS
MOTEPh TEIJIOTHl HEOOXOAUMO, UTOOBI KPUTHUECKUHN JUAMETP U30JIALMU ObLT MEHBIIIE
BHEIIHETO JMaMeTpa OroJIeHHOro Tpyodomnposoaa: d Kp<d - YCIOBHE YMEHBIICHUS

TCINIOIIOTEPb BBIPAXKACTCSA COOTHOIICHUEM:!

2<% 9 g5

U3z —

OmnpenensieM KpUTHIECKUM TUAMETP U3OJISIIUU:
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- _ 2t 2202608\~ 80 wm
ay 5

Otser: B tanHOM citydae d,, <d, ¥ NpUMEHEHHE U30ISLMOHHOTO MaTepHala C

d

A3=0,2 B1/(M*K) nenecoobpasno.

3agaua 8.3. Omnpenenuts KodQPUIMEHT TEIIOOTAAYM U  KOJUYECTBO
nepeaHHOW TeIJIOTHI TpU TEYEHHH BOJBI CcO ckopocTthio W=0,08 w™/c B
ropu3oHTaIbHOU TpyOe nuamerpom 0 =0,008 mu mawHO# 3 M, ecnu Temmeparypa
Bosbl t,,. =90 °C, a TeMnepaTypa BHyTpEHHEH OBEPXHOCTU TPYObI tey =30 °C.

Pemenne. [Ipu temneparype Bogsi t,,. =90 °C mo tabmune (IT. «A») HaxoauM
dusznyecKre XapaKTepUCTUKH BOBIL:

Aye= 0,68 Br/(M'K); Vv, =0,326 -10° m%/c; Pr,,.=1,95.

I[Ipu temnepatype creHkn tem =30 °C uncno Ipauarus: Prg, =542,

C yderoM TNONYyYEHHBIX 3HAYEHUM OIpenensieM peXuM IBMWKEHHUS TpyObl B

wd _ 0,08-0,005(35 19632
Vae 0,325-10"
T.x. Re,,. <2300, To pexxuM ABHKEHHUS — JAMHUHAPHBIH.

[Ipn naMHHApHOM peXMME IBWXKEHUS B TpyOe M ompeneneHus kodpduimeHrta
TEIUIOOTIA4YH UCIIOJIb3YeM (POPMYJIBIL:

ropu3oHTalIbHOU TpyOe: Re . =

Pr.,,

0,25
P
Nu,,,. =0,15Re %33 pr0,43 Grg‘;’(;l(—rm J 66

NU - A (8.7)

o =

d
Uucno I'pacroda:

gd?

VDfC
rae At :tgfc _tcm= 60 °C.

9,81-0,008°
Gr,,. = 5 -6,95-10_4 .60 =197 108

(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 g%l (1,95 0.25
NU,.» = 0,15-(1963,2)%33 . (1,95) .(1,97.10 ) (%j 1276

_12,76-0,68

=1085 Br/(M*K).
0,008
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[TonpaBky Ha IIMHY TPyOBl BBOAUTDH HE CIIEAYET, T.K. ! = 3 =375>50.

d 0,008
KomnyectBo HepezxaBaeMoﬁ TCILJIOTHI YCPEC3 BCHO ITOBCPXHOCTDH pr6bli
Q=x-d-l1-a-(t,, —tgn)=314-0,008-8-1085-60 =13082 Br.
OtBet: o =1085 Br/(M*K); Q =13082 Br.

3AJIAYN JIUJIA CAMOCTOSATEJIBHOI'O PEHIEHM A
3amaya 8.4. Omnpenenutrh KOIPOUIMEHT TEIIOOTAAYU A KOJIMYECTBO
NEpPETAHHON TEIUIOTHI IIPU TEYEHUH BOABI B TOPU30HTAIBHON TpyOe nuamerpom 0,02
M., aauHOM 10 M U co ckopocteio W= 0,3 m/c, eciau Temmeparypa Boasl 80 °C,
Temmeparypa cTeHku Tpy6sr 30 °C.

OtBet: o =1879 Br/(M*K); Q =59 Br.

3agaua 8.5, 'mankas muactuHa mmpuHoi 1,5 M u mmHoi | =2,0 M o6Tekaercs
IPOJOJILHBIM TIOTOKOM Bo3ayxa ¢ Temmeparypoid t,. =20 °C u co CKOpPOCTBHIO
w= 4,0 m/c. Onpenenuts KO3(HGUIHEHT TEIUIOOTAAYN ¢ U TEIUIOBOM NOTOK Q , ecnu
TeMIIepaTypa NOBEPXHOCTHU IUIUTHI tey = 80 °C.

OtBer: o =13,5 Br/(M*K); Q = 2430 Br.

INPAKTUYECKOE 3AHATHUE Ne 9
Tennoo0MeH Npu cBO0OOAHON KOHBEKIMH — 2 Yaca

KOHTPOJIBHBIE BOITPOCHI 1 3AJAHUA

OnuiunTe MEXaHu3M BOZHUKHOBEHHUS CBOOOJHOIO MOTOKA KHUIKOCTH.
Yro siBNIsieTca onpeaensoned TeMnepaTypoi mpu cBOOOTHON KOHBEKIIUU?
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

BEPTUKAIBHOW CTCHKH.

oW

[TPUMEPHI PEHIEHUA 3AJIAY
3agaya 9.1,  OxnaxmeHue XKUIKOCTH OCYILECTBISAETCS B T'OPM30HTAIBLHO
pacroiokeHHbIX TpyOax auamerpom d=20,0 mM. TemmepaTypa »KHIKOCTH BAAIH OT
Kax o TpyOsI t, = 100 °C, Temneparypa Ha noBepxaoctu TpyOosi t.= 20 °C.
Onpenenuts KOAQPUIIMEHT TEIIOOTAAYM U OONIyI0 [JIMHY TpYyObl, eciu
HeoOxoauMo oTBoauTh Q = 8,0 kBT Temna. Termmonocurens — Boja.
Pemenne. Cpensis TemrepaTypa MOrpaHuYHOIO CIIOS:
t, +t. 100+20 o
tep = D’Cz €= > =60°C.
Io tep onpenennm napamerpal s Temonocutens (I1. «A»):

v=0,47810°m%c, B=511-10"K?* 1=65,9-10%Br/m'K, Pr=2,98
Kputepuit HyccenbTa mpu cBOOOIHOM KOHBEKITUU OMpeaesieTcs o ¢hopmyie
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MuxeeBa.
Nu =c(Gr-Pr)"  (9.1)

Kputepuii ['pacroda:
. 3 . . _4 . 3 .
ar.b d2 9, _t,)=>2A1 107002 : 98 (100 20)=1.4-107
v (0,478 107° )

[Ipoussenenue (Gr - Pr)= (1,4 107 2,98): 4,2-10"
[To mpoussenenwnto (Gr-Pr) onpenenmum (I1. «B»): ¢=0,135, n=0,33
Tornma kpurepuit Hyccenpra:

0,33
Nu =c(Gr - Pr)" =035 (4,2 -107) = 44,2

Koaddumment remnoornayu:

-2
g Nu-4_442-659-10 =\ pn 20

d 0,02
HJ]OHIaI[b ITOBCPXHOCTH TGHJIOO6M€HaZ
F.Q__Q _ 8010° ..,
q alt, —t.) 1456-(100-20)
Juna tpyOsL: | = F = 0,07 =11o5m
"z d 314.0020 T

OtBet:  =1456 Br/m*K; | =1,15 m.

Zamaua 9.2. Onpenenuts Kputepuii momoous Hyccenmbra mjis €CTECTBEHHOM
KOHBCHIIMM BEPTHKAJILHO PACIOIIOKEHHOTO MWJIMHIPA HAPYXKHBIM guamerpom 0
=0,25 M u mmuoit I= 1,5 M, ecnmn koadduimenT temiootaadd o= 50 Br/m*K, a
K03 ULHEHT TEILTONPOBOIHOCTH OTPAHIYHOTO CII0s KuakocTi A=2,9 10% Br/m
‘K.

Pemrenue. Ilpu eCTECTBEHHOM KOHBEKLUHUHM BEPTUKAIBHO PACIIOJI0KEHHOTO
MUINHAPA ONPENEISIONIUM pPa3MEpOM  SBIISIETCSI €ro BbICOTa. Torma KpuTepuid
noao6ust Hyccenbra:

Nu:all _ 50-15

A 291072
OtBer: Nu =2586.
3AJJAYN OJ1A CAMOCTOSTEJIBHOI'O PEIHEHU A

Bapaua 9.3. OxnaxkueHue XHMIAKOCTH  OCYIUECTBJISETCS B TOPU3OHTAIBLHO
pacnojiokeHHbIX TpyOax auamerpom d=19,9 mm. Temneparypa KHIKOCTH BIAIH OT
Kaxaoi Tpyower t, = 125 °C, temmeparypa Ha moBepxHOCTH TpyObl t.= 45 °C.

Onpenenuts KoO3(Q(UIMEHT TEMIOOTAAaYd U OOy JAIUHY TpYyOBl, eciu

HeoOXxoaumo oTBouTh Q = 7,9 kBT Temna. TemnoHocuTens — Boja.

Oter: @ =1904 Br/M*K; |=0,83 m.

3agaya 9.4. OmpenenuTh MNOTEPI0 TEIUIOTHI MHpU CBOOOJHON KOHBEKIUH
BEPTHUKAJIBHO PACTIOJIOKEHHBIM TPYyOOTpoBOAOM quameTpoM 150 MM 1 BBICOTON 5 M,

= 2586.
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ecaM TemIeparypa creHkd Tpybompooma 200 °C, TemmepaTypa OKPYXKaromero
Bo3ayxa 30 °C.

Ok wnE

Oteer: Q = 3613 kBt

Tema 2.2. Ten10npoBOAHOCTH

INPAKTHUYECKOE 3AHSTHUE 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?
Jaiite onpenenenue rpaarenTa Temmneparypsl. KakoBa ero paamepHoOCTh?
CdhopmynupyiiTe OCHOBHOM 3aKOH TEIJIONPOBOJHOCTH.
Uro xapakrepusyer KoapouuueHT TermionpoBogHoctu? KakoBa  ero
pa3MepHOCTh?
KakoB 3akoH pacmpeneneHus TemIepaTyp 1O TOJIIUHE IUIOCKOM H
WIMHIPUYECKON CTEHOK?
Kak ompenenuts Temmnepatrypy MEXAYy CIOSMHA B MHOTOCIOWHBIX TJIOCKHX H

HAJIMHIPUYECKUX CTEHKAX?
[TPUMEPDBI PEIIEHW A 3AJIAY

3agaya 10.1. TemmepaTypsl Ha BHEIIHUX MOBEPXHOCTAX  JIBYXCIOWHOMN

creaku t; = 1300 °C u t3 = 75 °C, TONMIMHEI IEPBOTO M BTOPOrO CJIOSA 01 =
225 MM # O = 425 MM, KO3(PPUITMEHTHI TETUIOMPOBOIHOCTH MaTepHalia CTCHOK Ay =
1,5 Br/mKui,=1,2 Br/mK.

OnpenenuTs BEIMYHMHY YACIBHOIO TEIUIOBOIO IOTOKA, TEMIIECPATypy Ha T'PaHMIIC
CI10eB, KO PHUITMEHT TEITIONPOBOHOCTH SKBUBAJICHTHON CTEHKH.

/A

/

[

{/
/L

L

& VLT,

Pucynok 10.1. — K 3agaue 10.1.

Pemenue. TepMudeckre COMPOTUBIICHUSI CTEHOK OTNpeiesisieM 1o hopMyIie:
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R =2 =022 _ 015,218y,
A, 15

y = 9, 0425 0,35 m>-K/Br.
A, 1,2

CyMMapHOE TepMHUYECKOEe COMTPOTHUBIICHHE:
Ry =R, +R,, =0,15+0,35=0,5m*K/BT.
VY IeNIbHBIN TEITOBOW MOTOK:
t; —t
g=1-23. (102
Ry
L1 :1300—75
Ry 0,5
TemmnepaTtypa Ha rpaHHIIE CIIOEB:
t, =t, —gR, =1300—-2450-0,15=932,5°C.
KoadduimeHT TermmonpoBoJHOCTH Y KBUBAJICHTHOW CTECHKU:
_ 8, +9, 0,225+0,425
K6 RZ 0’5
Otger: (= 2450 Br/™’, ty =932,5°C, A, =13 Br/mK.
3anaya 10.2. CranpHas Tpy0Oa ¢ auamerpamu 01=100 mm, do=110 mm (4= 50

= 2450 Bt/Mm°.

=13B1/Mm-K.

B1/(M°K)), nokpeiTa u3ossnuei B ABa €105 OJUHAKOBOW TONIIUHBEL O9 = O3= 50 MMm.
TemmepaTypa BHYTpPEHHEH MOBEPXHOCTH  TPyObl  tey=250°C,  HapyxHOI
MOBEPXHOCTH U30JSIIUH tomg = 50 °C.

Onpenenuts MOTEPH TEIUIOTHI Yepe3 U3OISAIUIO ¢ 1 M JJIMHBI TPYOBI 1 TEMITEPATYPY
Ha TPaHULIE CONPHUKOCHOBEHHUS CIIOEB M3OJSLUHU, €CIM MNEPBBIA CIOM W30S,
HAKJIQJbIBAEMbIi Ha TOBEPXHOCTh TPyOBlI, BBHINIOJHEH U3 Marepuaiza ¢
ko3pduunentom TemnonpooaHoctd Ao= 0,06 Bt/mM'K, Bropoil cioii — wu3
marepuana ¢ A3 = 0,12 Br/m-K.

Pemienue. B ciydyae MHOrOCIOMHOM UWJIMHAPUYECKOW CTEHKU JIMHEMHAA
IUIOTHOCTh TEIJIOBOTO IMOTOKa (] OJMHAKOBa JUIsl KaxJoro cios. B oOmeMm cioydae
JU1s N CIIOEB:

trm1 —1
q = ”( cml cm,n+1)’ (10.3)

%iln di+l
2% d

nq d:
rae Zﬂlné—ﬂ:RZ - MOJIHOE TEPMHUYECKOE COMPOTHUBJIIEHHUE TEILUIONMPOBOJIHOCTH
i+14M4 i

MHOT'OCJIOVWHOW HAJIMHIPUYECKOU CTEHKH.
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Pucynoxk 10.2. — K 3agaue 10.2.

I[JIH pacCcMaTpuBacMoOro ciryvdasd:

a ”(tcml _tcm4) _
1 e, 1 d3 1 dg
24 d, 21, dp 213 dj

B 314-(250-50) B

T 1,10 1 210 1 310 =89,557 Br/m.

n + n + In
2-50 100 2-0,06 110 2-012 210
TemnepaTypa Ha TpaHuUIEe COMPUKOCHOBEHHUSI CIIOEB ompeenseTcs no Gpopmyie:

i124  d;

} . (10.4)

tcm,n+1 =tem1 —

Torz[a B COOTBCTCTBHHU C YCIIOBHUCM 3adaun:

o] L Ind2+ L Ind—?’
229 dy 24 dy

tcm3 = tcml - ju
89’557[2 150 I 1(1)8 " 2 (:)L 06 In ﬁg }
' e — 96,28 °C

tem3 = 250 —

314
OtBet: (] =89,557 B1/™, t;m3 = 96,28 °C.

SAAYN UJTIA CAMOCTOSATEJIBHOI'O PELLIEHU A
3amaya 10.3. CreHbl CymIWIbHON Kamepbl BBINOJHEHBI U3 CJIOSI KPAacCHOTO

KUpNU4a TOMIMHUHOW 250 MM U CJOSI CTPOUTENBHOTO BoOiloka. Temmeparypa Ha
BHEILHEH MTOBEPXHOCTH KUPNUYHOTO ciosi tomp= 110 °C, Ha BHemIHeH MOBEpXHOCTH

Boinoka tey3= 25 °C. KoadduimeHTsl TEIUIONpOBOJHOCTH KPACHOTO KHPIHYa H

CTPOUTENBHOTO BOWIOKa cooTBeTcTBEHHO A1= 0,7 BT/(M'K) nu Ao = 0,0465 B1/(Mm°K)
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Y HE 3aBUCST OT TEMIEPaTypPHI.

OnpenenuTs TEMNEPATYPY B INIOCKOCTH COMPUKOCHOBEHUS CIOEB U ONPEEIINUTh
TOJIIMHY BOIIOYHOTO CJIOS TIPH YCIIOBHH, YTO TEIIOBBIC IIOTEPH depe3 1 M CTCHKH
KaMepsbl He npeBbimaer = 110 Br/™’.

OtBet: tyyo =70,7 °C, 52=19,3 mm.

3amaua 10.4. CranpHas Tpyba c¢ amamerpamu 01=100 mm, do=110 mMm
IOKpBITA CIIOEM H30JLIIUM TOJNMMHOW O,,= 80 Mm. Temneparypa BHyTpeHHEM
MOBEPXHOCTH TPYOBI tem1 =100 °C, HapyxHOi# moBepxHOCTH M30msiHU tem3z= 30 °C.
Koa¢ddumment reronpoBogHocTr Matepuana Tpyost 4= 50 Bt/m-K.

Omnpenenuts NMOTEPH TEIUIOTHI Yepe3 M30JIMHI0 ¢ | M JUIMHBI TpyOBl M
TEMIIepaTypy Ha TpaHHIle COIPUKOCHOBEHHS CIIOEB TPYOB! U M30JISAIMH, €CIIU CION
M30JIALIMM BBIMOJHEH W3 Marepuaiga ¢ Kod3()(QUIHEHTOM TerIonpoBOJAHOCTH
A>=0,15 Br/m"K.

f— 0

Otser: (| =73,4 Bt/™m, temo =99,93 °C.

Tema 2.5. Ilepena4a Temi0TbI U3.Iy4eHUEM

INPAKTHYECKOE 3AHATHE Ne 11
Temyi000MeH u3aydeHuem — 2 yaca

KOHTPOJIBHBIE BOITPOCHI 1 3AJIAHUA
Yro HazbiBaeTCA KOAXPPUITMEHTAMH MTOTIIONMIEHUS, OTPAKEHHUS U TPOIYCKaHUS?
Kakol criekTp u3inydeHus y TBEPABIX U Ta30BbIX TEN?
Yrto Ha3bIBACTCS JTYYHCTHIM TIOTOKOM Teja?
3akoH [lmaHka.
3akoH BuHa.
3akon Credana-bonpimana.
KoaddummenT uznyyenus abCoMOTHO YEPHOTO Tea.
Cepnie Tena. Uto HazbiBaeTcst KOAGOUIIMEHTOM YEPHOTHI?
. TermooOMeH U3TydeHHEM MEXTy TapaiIeIbHBIMU IIJIACTHHAMM.
0.9kpaHsl.

HoOoo~NooOkwWNE

ITPUMEPBI PEIIIEHNW A 3AJ1AY

3amaua 11.1. OmnpenenuTs MOBEPXHOCTHYIO IUIOTHOCTh IOTOKA HW3JIYYEHUS
CTEHKH ¢ Koa(hduimenToM usnydueHus c;= 4,53 Br/M*K* u MEXy TOBEPXHOCTSIMHU C
Kod(pdULIMeHTaMU U3ITYYEHHUS €1 = Cp, €CIIU TEMIIEPATyphl U3yYaIOIIUX CTEHOK t; =
1027 °C wu ty= 427 °C, a miomaau ux nosepxuocreii F = =F,=F=1,0 M.

HaiiTu cTeneHb 4YepHOTHI CTEHOK W JJIMHY BOJHBI, COOTBETCTBYIOIIYIO
MaKCUMAJIbHOMY H3JIyueHHI0. Kak U3MEHUTCS MOBEPXHOCTHAsl IUIOTHOCTh MOTOKA
MIPU YCTAaHOBKE MEXKAY MOBEPXHOCTAMH N = 1 1IT. 3KpaHOB NPU YCIOBUHU C1 = C = C».

Pemenune. T =1027 +273=1300K, To =427+ 273=700K.
CreneHp YEpHOTHI CTEHOK:
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c1 453
Co 567

OHeprus coOCTBEHHOTO M3JIYUYE€HUS CEPOro Tea onpezensercs no hopmye:

T 4
E:c(mj (11D

riae ¢ - Ko3h UIMEHT U3JIyYeHHs CEPOro Tea.
DHeprusi COOCTBEHHOI'0 U3TyYEHUS! CTEHOK:

A 4
E, - Cl(l%Oj _ 4,53.(%) —129381 Br/a?

4 4
.
£, :CZ(ﬁj :4,53.(%j ~10877 Br/wf

I[JII/IHI)I BOJIH, COOTBCTCTBYIOIINC MAKCUMAJIbHOMY H3JIYUYCHHUIO:

M _29_29 _ 223.107° .
T, 1300
d,=29_29 4140073,
T, 700
Ecnu aBa Tena ¢ temneparypamu 71 u 79 0OMEHHBAIOTCS JIyYHCTOM SHEPTHUCH,

pa3zeyIeHbl MPO3pPAYHOM CPENOM, TO YIEJIbHBIA TEIUJIOBOM IIOTOK, MEPEIaHHbIN
U3JIy4E€HHUEM, MOKET OBbITh OTNPEieieH 1o (popMmyie:

T 4 T 4
01,2 = €npC,, l:(l(;lb) —(1020] :|, (11.2)

rac gnp - IPUBEACHHAs CTCIICHb YCPHOTHI.

1

=08, rue ¢ 0= 5,67 Br/M>K* - nocrosuuas Bonbimana.

Enp = ) 11.3
"1 R(1 (11.3)
7+7 R
&g Fle
Ilocne moacTaHOBKU:
4 4
412 =0,786-5,67- (—13‘)0) —(@] = 98934 Bris
' 100 100
1 2
=0,667 Bt/™m".

E =
W1 o10(1

4 B ——

08 10 (08
TennoBol MOTOK MPU yCTaHOBKE 1 3KpaHa:
0, = 0,2 98934

127 ne1 141
Otger: 4 =2,23-10 3y; 2y =414-103y; gy » = 98934 Briv?;

= 49467 Bt/Mm°.
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0y, = 49467 Brif.

3agaua 11.2. OnpenenuTs TEIIOOOMEH M3JIYyYEHUEM MEXAY JBYMS
OOJBIIMMHU TapajyIeTbHO PACIOJIOKEHHBIMU TMOBEPXHOCTSIMH C TEMIIEpaTypaMu
79 =800 K u 75 =400 K. KospduuueHT usmyuyeHus NepBOH IOBEPXHOCTH
¢1 =51 Br/(m*K?), Bropoii - ¢o= 4,2 Br/(M*-K*).
[ToTepro TemnoTsl OOKOBBIMHU IMOBEPXHOCTSIMU HE YUMTHIBaTh. Kak W3MEHHUTCS
TEMJI0O0OMEH, €CIM TpPHU TeX K€ YCIOBUAX KOIPPULIUEHT H3IYYEHUS BTOPOH
MOBEPXHOCTH paBeH ¢y = 0,4 Br/(M*-K*)?

Pemenue. JlyuucThlil MOTOK MeXay HapauieIbHbIMUA IOBEPXHOCTSAMU:

o (mt (1)
E=cnp Klooj (100) ] (1L4)

TI€ Cyy - IPUBEICHHBIN KOIQDUIIUCHT U3TYICHHS.

1
Cp =T T (11.5)
o
HOCJIG IIOACTAaHOBKH HOJIyLII/IMI
4 4
1 800 400
E= : —| == |=14899,2 Br/M%
1,1 1 [ﬁwoj (100) } o
51 42 567

ﬂy‘II/ICTBIf/'I IMOTOK MCKAY MapalyiICJIbHBIMH ITOBEPXHOCTAMHU IIPU YCIOBHH, YTO
¢y = 0,4 Br/(M*-K*):

4 4
E=r—1 1 |(o) i) |15298 B
1,1 _ 1 |l10) (100

51 04 5,67
OTtBer: Pacuer nmoka3bIBaeT, 4TO 3aME€Ha OJHOM MOBEPXHOCTH MOJUPOBAHHBIM
MaTepUaioM BEJET K YMEHBIICHUIO TETUIOOOMEHA JIYYHCTBIM TMOTOKOM TouTd B 10
pas.

SATAYN 1A CAMOCTOATEJIBHOI'O PEIHEHUA

3agaya 11.3. Ompepenurs TMOBEPXHOCTHYIO IUIOTHOCTH MOTOKA HW3JTyYEHHS
CTEHKH ¢ KOd(duupenToM mnyderus ¢;= 4,9 Br/(M>K") 1 Mex/Iy MOBepXHOCTIMH C
KO3 PUIIMEHTaMU U3TYUEHUSI €1 = Cp, €CIM TEMIEPATYPhl U3IYyYalOlUX CTEHOK t; =
1057 °C wut,= 457 °C, a miomany ux mosepxHocreil F1= F,= F= 1,4 M’

HaiiTu crTeneHb 4YepHOThI CTEHOK W JUIMHY BOJIHBI, COOTBETCTBYIOIIYIO
MaKCUMaJlbHOMY H3JIydeHHi0. Kak M3MEHHMTCS MOBEPXHOCTHAsl TUIOTHOCTH MOTOKA
IIPU YCTAHOBKE MEKy MOBEPXHOCTSIMHU N = 1 IT. 3KpaHOB MPU YCIOBUU C1 = Cp = Cs.

Otser: } =218-10 °y; Ay =397-10 >y g, , =133926 B g7, = 66963
B,
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3agaya 11.4. Mexny [ByMs IOBEPXHOCTSMH  YCTAHOBIJIEH  JKpaH,
KOO GULMEHTBI U3IydeHns UX ¢; = ¢, = 4,8 Br/(M*K"), a Temneparypsr 71 =600 K u
T =300 K.

OmnpenenuTs TEMI000OMEH JIyYUCTHIM IIOTOKOM JIO H IIOCJIE€ YCTAaHOBKHU DKpaHa
M TEMIIEPATYPY DKPAHA, ECIH Cyppy = €1 = (2.

OtBet: E =5056 Boal: E° = 2528 Bond: T2 =512 K.
NMPAKTUYECKOE 3AHSTHUE Ne 12

Tema 2.6. TemmiooOMeHHbIE aNIIAPATHI
Pacuer Temjio00MeHHBIX anINapaToB — 2 yaca

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 rpadmku U3MEHEHHs TeMIIepaTyp pabounx KHUJIKOCTEH B anmaparax ¢
MPSIMOTOKOM M ITIPOTUBOTOKOM.

6.Hammmmre ypaBHEHUs CpeaHENIOrapuMUYECKOro TEMIIEpaTypHOTrO Haropa Jyist
anmnaparoB C MPSIMOTOKOM U IIPOTUBOTOKOM?

I[TPUMEPLI PEILIEHW S 3AJIAY
3agaua 12.1. Omnpenenuty  MUIOIMIAJb  MOBEPXHOCTH  TEIUIOOOMEHa
PEKYNEepaTUBHOTO BOJOBO3AYIIHOTO TETUIOOOMEHHUKA TIpH TPSIMOTOYHON CXeMe
JBYKEHUS TETUIOHOCHTENICH, €CIIM MacCOBBIM  pacXojl BO3MyXa MPH HOPMAIBHBIX

yenosusix m®°%= 20 xr/c, cpeunuii KOS(QUIMEHT TeIIONepeaun OT BO3LyXa K

Boge K =25 Br/(M°K), HauambHble H KOHEUYHBIC TEMIIEPATYPH BO3IyXa M BOJbI
PaBHBI COOTBETCTBEHHO ti =450°C, til=200°C, t|2 = 20°C, t; =100°C.

OnpeenuTs Takke pacxos Bl m®%% uepes TemnoobMenHuK. M306pasuTh

rpaduK U3BMEHEHHS TEMIIEPATYP TETIOHOCUTEIIEH.
MaccoBbie n300apHbIe TETIOEMKOCTH TEMJIOHOCUTENCH MPUHSTH:

c8939 21,01 kllw/(xr-K); 5% =419 wlw/(kr-K).

Pemenue. TennoBo NOTOK K BO3AYXY:

Q =m0 . 6030 -(ti —ti'): 20-1,01- (450 — 200) = 5050 KBr.

Pacxo BoJIbI B TEIIIOOOMEHHHUKE:
cod6r Q 5050-10°

= TR =15 kr/c.
¢80 {ty —tp) 419-10°-(100-20)

[Inomanb MOBEPXHOCTH TEMIOOOMEHA:
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A= Q :

(12.1)

rae Atep - cpeqHenorapupMIIecKuii TeMIepaTypHblil HaIop, OpeeseMbIi 110
bopmyie:

[Ipu nipsimoToKe:
Ats =t;-ty= 450 — 20 = 430°C; At,, = t; - t, = 200 — 100 = 100 °C.

Torna:
430-100
|n @
100
3
A= M — 894 M2
25-226

Oteer: m®%%" =15 kr/c; A= 894 M2

3agaua 12.2. TeriooOMEHHBIN amnmapar, COCTOAIINN U3 OBaJIbHBIX OPEOPEHHBIX
TpyOOK, cedenuem 13,5x2,4 MM, noimkeH pacceuBath 35 kK TEMIOTHI B CEKYHIY.
OnpenenuTh KOJNMYECTBO BOASHBIX TpyOOK npu ux mamae | = 045 M, ecim
Koa¢duitnent opedpenus @ = 2,18. Marepuan crenku — meap (A = 390 Br/(m-K),
K03 GULMEHTBI TEMIOOTAAYH: OT BOABI K cTenke a1 =2500 Br/(M*K); oT cTeHkH K
BO3yxy ¢p =185 Br/(M*K). Tommuma crenkn 6 = 3-10™ M.; cpennsis Temmeparypa
Boxel ) =87,5 °C, cpennss Temneparypa Bozayxa o =37,5°C.

Pemenne. OnpenensieM Kod(pGUIIMEHT TEMIoNepeaaun JIjsi peopucToi
MOBEPXHOCTH:

1 1
PP 3.10” 1
1 o ——-218+ 218+ —
o 2 2500 390 185
[Tnomans peOpucToil MOBEPXHOCTHU:
B Q _ 35000 2

] M

2 G -t,) 159.50
[Tnomans oOmiei MOBEpXHOCTH BOJSIHBIX TPYOOK:
Flzi:ﬁzz,o M.
o 218
[Tnomaasr MOBEpXHOCTH OJTHON TPYOKH:
f =2-(0,0135+0,0024)-0,45 = 0,0143 v".

KomudectBo TpyOoOK:
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/4 :i:i:139,8.
f 0,0143

Pacnonaras TpyOku B penieTke paadaropa B TpU psjia, mpuHuMaeM Z = 141 mir,
9TOOBI PACIOJIOKHUTH 11O 47 MITYK B OJTHOM PSTY.

Pacnonaras TpyOku B pemieTke TEIIOOOMEHHOro arapara B TpU psja,
MPUHUMAEM

OtBer: Z = 141 mr.

3AJTIAYN J1A CAMOCTOSATEJIBHOI'O PEINEHUA
3apaua 12.5. OnpenenuTh IUIOMIAAh MOBEPXHOCTH HArpeBa PEKYNEPATHBHOTO
BOJOBO3AYIITHOTO  TEINIOOOMEHHHWKA TPH  TPSIMOTOYHOW CXEME  JIBFDKCHHS
TEIJIOHOCUTENIEH, €Clih OOBEMHBIN pacxo1 BO3AyXa P HOPMAJbHBIX YCIOBUSX Vy =
5,0-10* M4, cpemmmit KO>(QHUIMEHT TerUIonepenayn oT Bo3ayxa K Boge k= 21
Br/(M**K), HayanpHble M KOHCUYHBIC TEMIEPATYphl BO3AyXa H BOIBI PABHbI

COOTBETCTBEHHO ti=500°C, til=250°C, tI2 =10°C, t£ = 90°C.

OnpenenuTs Takke pacxo Bogsl m°°%% uepes TermnoobMenHuK. M306pasuTs

rpadyKu U3MEHEHUS TeMIIEpaTyp TEIUIOHOCUTENEH Jisl 00€UX CXEM IMPHU Pa3InYHbIX
COOTHOUIIEHHUSIX UX YCIIOBHBIX YKBUBAJICHTOB.
MaccoBbie n300apHbI€ TEINIOEMKOCTH TEIUIOHOCUTENECH MPUHSATD:

0203‘) =1,01 xJIx/(xr-K); cgoabl =419 xJIx/(xr-K).

Oteer: A=732 Mm% m®% =132 xric.

3apaya 12.3. Pemmwmth npenpiaylnlyr 3anady MpU  YCIOBHHM, YTO CXeMa
JIBUKEHUS TETIJIOHOCUTENIEH B TETIIOOOMEHHOM arlapaTe — NPOTUBOTOYHAS.

OtBer: A=681 M% m®% =132 xr/c.

INMPAKTHUYECKOE 3AHSTHUE Ne 13
Pemenue 3agau — 4 yaca

3agaya 1. Omnpenenuth KOIQPHUIMEHT TEIUIONPOBOIHOCTH SKBUBAJICHTHOM
CTEHKH JJISI TPEXCIOMHOMN IJIOCKON CTEHKH TOJIIHUHAMH 01 =2 MM, O =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. Omnpenenutrb TEPMUYECKOE COMPOTUBICHUE LWJIUHAPUYECKOM
CTCHKH ¢ BHYTpeHHUM auamerpoM d ; =0,36 M, HapyxHbIM auamerpom O, =0,46 M,
eciau TpyOa M3roToBJI€HA U3 CTAlUd C KOA(DPUIMEHTOM TEIUIONPOBOIHOCTH A=48
Bt/m k.

3agauya 3. CreHbl CyIIMIBHON KaMEpPbI BBIITOJIHEHBI U3 CJIOS KPACHOTO KUpIU4a
TONIMUHON 250 MM M CJOSI CTPOMUTENBHOTO BOiJIOKAa. Temmeparypa Ha BHENIHEH
MOBEPXHOCTH KUPOUYIHOTO c0s Loy = 120 °C, Ha BHemIHe# MOBEPXHOCTH BOMIOKA

tem3= 30 °C. KoadduumueHTh TEmIonmpoOBOAHOCTH KPACHOTO —KHpIHYa |
CTPOUTENILHOTO BOMIOKa cooTBeTcTBeHHO 4= 1,0 B1/(M'K) 1 A9 = 0,07 Br/(M'K) 1

198



HE 3aBUCST OT TeMIEPATypPHI.

OnpenenuTs TEMNEPATYPY B INIOCKOCTH COMPUKOCHOBEHUS CIOEB U ONPEEIINUTh
TOJIIMHY BOIIOYHOTO CJIOS TIPH YCIIOBHH, YTO TEILIOBBIC TIOTEPH depe3 | M? CTCHKH
KaMephbl He npeBbimaer = 120 Br/™’.

3amaua 4. OnpeaenuTh KPUTUYECKUN TUAMETP U3OJSIHUH, €CId KOdPUITUEHT
TEIJIOMPOBOAHOCTH M3OJSIUU A,y = 0,175 BT/M K, a K03 GUIIUEHT TEMI00TAaYN CO
CTOPOHBI U30JALMHU oy =50 Br/M® - k.

3agaua 5. Onpenenutb ONTUMAIBHBIA KOIPPUIIMEHT OpeOpeHUs Ui TII0CKOM
peOprCTOi TOBEPXHOCTH €CIU KOI(DPHUITUEHTHI TETUIOOTIaYN COOTBETCTBEHHO PABHBI
o =2000 BT/m’" %, o =50 Br/m” k.

3agaua 6. Omnpenenuth kputepuit mnoaobusi HyccenbTa mjis ecTecTBEHHOM
KOHBCHIIMM BEPTHKAJIBHO PACIOJIOKEHHOTO MWJIMHIPA HAPYXKHBIM Jguamerpom O
=0,25 M 1 anuHoi |1= 1,5 M, ecin koadduiuent Temmooraadn o= 500 Bt/mM2-k, a
K03(UIHEHT TEILIONPOBOHOCTH MOTPAHIYHOTO CI0s Kuakoctd A=2,9 10? Br/m
‘K.

3anaua 7. OnpenenuTs NPUBEICHHBIN KOADOUIIMEHT U3TyYeHUs IBYX IUJIaCTHH,
pa3ieJICHHBIX MPO3PAYHON CPEIOH, €CITU CTEIICHb YePHOTHI INTACTHH COOTBETCTBEHHO
paBHHI €, =0,7, &, =0,5.

3agaua 8. OmpenenuTh TEIUIOTY, MEPEJAHHYIO0 H3JIYYEHHEM JBYX Tell C
Temieparypamu 11 =400 K, Tp=200 K, eciut ¢, = 0,7.

3agaua 9.Bo3nyx HarpeBaercsl mpH MocTossHHOM obbseme ot 400 mo 800 °C.
HauvaneHoe paBnenue Pj= 0,1 MIla. Onpenenutrh KONIMYECTBO MOJIBEACHHOMN
TEIUIOTBl AQ, U3MEHEHHWE BHYTPEHHEW JHEPTMU AU, WU3MEHEHHME HDHTAJbIHH  Ai,
SHTpONMU As, paboty AL 1 Kr asora, cuuTas 3aBUCUMOCTb TEIUIOEMKOCTH OT
TEMIIEPATYPbl HETUHEWHOM.

3amaua 10. Bo3nyx maccoit 1 kr comepmaer mnpsmoi 1ukn Kapao mpu
TEMIIEpAType TOPSAYEro M XOJNOJHOTO HCTOYHHUKOB COOTBETCTBEHHO 327 m 27 °C.
MunuManbsHOE J1aBiaeHue mpu 3ToM coctapisieT 0,12 MIla, makcumansHoe — 2 MI1a.
Onpenenuts mapametpsl B T. 1 u 2 u repmudeckuit KIIJ mukna Kapuao. M300pa3uth
UK B VP- 1 ST — Koop/iMHaTax.

3agava 11. K kumsmeir Boae npu naBienun P =2 MIla =const nmoaBoauTtcs
teriora. [Ipu 3TOM Boa mpeBpamiaeTcsi B IeperpeThiil map ¢ temneparypoi t =500
°C. OmnpenenuTs 3aTpauyeHHOE KOJUIECTBO TEILIOTHI.

3agaua 12. Bnaxkueiii BO3AyX ¢ HadanbHbIMH mapametpamu t; = 30 °C,
@ = 40%noforpesaercs B kajgopudepe mo temmeparypsl to= 90 °C. Omnpenenursb
KOHEUHbIE MapamMeTpbl BO3/yXa: BJIArocoAepkaHue,  NapiuaIbHOE JIaBJICHHUE,
SHTAIBIHIO, TOYKY POCHI U KOJMYECTBO TEIJIOTHI, HEOOXOAMMOM Jutsi HarpeBa | Kr.
BJIYKHOT'O BO3/yXa.

3amaua 13. Boagnoii map ¢ mapamerpamu: P; =1 Mlla, x=0,95 BbiTekaer

yepe3 CyKMBaroleecs COIuio B cpeny ¢ aasineHuem Pp =0,2 Mlla. Onpenenutsb
JEHCTBUTENBbHYIO CKOPOCTh M Pacxo] mapa Ha BbIXofe u3 comia, ecnu ¢ =0,85, a
Pip =0,577.Onpenenuts CKOPOCTH Mapa, eCIIH UCTCYCHUE MPOUCXOIUT Yepe3 COIIO
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JlaBans.
3anaua 14. Boggnoii map ¢ mapamerpamu: Pp =1 Mlla, x=0,95, a 3arem

BBITCKACT 4YEpe3 CYXKUBAIOLIEECS COILUIO B cpeny ¢ nasieHueM Pp =0,2 Mlla.

OnpenenuTs IEUCTBUTEIBHYIO CKOPOCTh U PACXOJ Mapa Ha BBIXOJE W3 COIIa, €CIU
@ =0,85, a ,BKp =0,577. OnpenenuTh AESHCTBUTEIBHYIO CKOPOCTh M PACXOJ, €CIU

nap nepej paclmpeHueM apoccenupyercs 1o nasiaenus P; =0,5 Mlla.

3anaua 15. J{ns nopuiaeBoro JIBC ¢ n306apHbIM MPOIIECCOM MOBOAA TEIIOTHI
HalTH MaKCHUMaJbHYIO TeMIeparypy IUKIa, €clii HadajibHoe napieHue P; =0,12
MllIa, nayansHas temmeparypa 1; = 300 K, cremens cxartus €=13,5, cTeneHb
npeaBapurenbHoro pacmupenus p=2,0. B kauectBe paboyero 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 MOJABOAUMON TEIIOTHI, €CIIN
HavyanpHOe nasieHue P; =0,1 Mlla, maganenas temneparypa 7; =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.
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IHpunoscenue E
Tembl pedepaToB

TepmoauHaMuueckas cuctema.

[TapameTpbl COCTOSIHUSI U]I€aTILHOTO Ta3a.

VYpaBHeHUE COCTOSIHUS UI€aIbHOTO ra3a. PV —koopauHaThI.
TennoeMkocThb razos. Onpeaenenue. Buabl TEMIOEMKOCTH.
N306apHast 1 U30XOpHas TEIIOEMKOCTH.

[lepBbIii 3aKOH TEPMOAUHAMHUKHU.

OHTanbnus, GU3NUIECKUl CMBICIT.

Tennora u paboTa B TEpMOJMHAMUYECKHUX ITPOLIECCAX.

. I3meHeHne BHYTpEeHHEH SHEPTHH B TEPMOJUHAMHYECKHUX POIeCcCax.
10 N30xopHBIi1 poriecc.

11.1306apHblii ipoiiecc.

12 .M3oTepmudeckuii mpoiiecc.

13.AnuabaTHbIN MpoIecc.

14.BTopoii 3axoH TepMoguHamMuKu. [IpsiMbie 1 0OpaTHbBIE IIUKIIBI.
15.I1psmoit nukn Kaprao. Tepmuueckuit KI1J] nukiia.

16.1uxn OtToO.

17.uxn Jn3zens.

18.0O6patusiit ukn Kapro. XonoaunsHelii K03 GUIIHEHT.

19.11uk1 BO3IyIIHOM XOMOAUIBFHONW MAIIHHBI.

20.1{yKJT TOPIITHEBOT'O KOMITPECCOPA.

21.OHTponus Kak nmapameTp COCTOSIHHS TEPMOTUHAMUYECKONH CUCTEMBI.
22 .BrnaxHblil Bo3ayX. OCHOBHBIE XapaKTEPUCTUKH BIAKHOTO BO3/yXa.
23.I1apocuioBbie YCTaHOBKH.

24 .11uxn PenkuHa.

25.Comno JlaBans. OCOO€HHOCTH KOHCTPYKITHH.

26.Termooomen. TemmeparypHoe nojie. TeMrepaTypHbIil TpaueHT.
27.OCHOBHO# 3aKOH TEIIONPOBOAHOCTH (3akoH Dyphe).
28.TemnonpoBOTHOCTh TUIOCKOW OTHOCTIOMHOW U MHOTOCJIOWHOM CTCHKHU.
29.TemnonpoBOTHOCTH OJTHOCIIOWHON M MHOTOCJIOWHOM MIJIMHIPUIECKON CTEHKH.
30.KonBekTuBHbIN TemiooOMeH. YpaBHenue Heiorona—Puxmana.
31.Teopust nogobus. Kpurepuu TennoBoro noaoous.

32.TennooTaaya Mpyu pa3iuuHbIX BUAAX JBUKECHUS.

33.Tennoo0MeH U3Ty4YeHHEM.

34.3akoH [1nanka.

35.3akoH Bunna.

36.0cHOBHOE ypaBHEHHE TeIuIonepeayu. TemioBoe CONpoTHURICHHE.
37.TenmooOMeHHbIE anmapaThl, X KJIacCU(UKAIIHSL.
38.9¢(heKTUBHOCTH TETNIOOOMEHHUKOB U CIIOCOOBI €€ TTOBBITICHHS.
39.TenaoHOCUTENN U UX CBOMCTBA.

LCoNoORrWLDE
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Ilpunosicenue F
@doHa TECTOBBIX 3aJaHUH

1. ITox mopimHeM, KOTOPBIH MOXKET CBOOOIHO MEepEMEIaThCs B BEPTHKAIBHOM
uMHape, Haxogutces 0,2 Mol MAealbHOrO0 OJHOATOMHOro rasza. JlaBieHue rasza
paBuo 40 kIla. Ha cKoOJIbKO JUTPOB YBEIHMYHUTCA OOBEM ATOrO Trasza, €CIId €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 KII] atoro neuratens (%)?
1) 60
2) 67
3) 40
4) 25

3. Kakum J10JKHO OBITH OTHOIIICHHE Macc my/M, TOPSYCH U XOJI0THOM BOBI JJIs
TOTO, YTOOKI 3a cueT oxaaxacHusa oT 50°C mo 30°C BoapI Macchl My, BOJIa MacCoM m,
Harpenacs ot 20° o 30°C?

1)4
2) 2
3)1
4) 1/2

4. TernoBot aBurarenb ¢ KITI 50% 3a oauH LUK OTIAET XOJOAUIBHUKY 56
k/[x Teruotel. Kakas pabora um (k) coBepiraetcs 3a 0JIMH ITUKII?

1) 40

2) 28

3)21

4) 56

S. YKaXuTe €IWHUIly H3MEPEHUS BEJIUYUHBI, U3MEPSEMOM NPOU3BEIACHUEM
pAV.
1) BarT
2) mackanb
3) nmutp
4) mKoyIb

6. Kakoili TOuke JuarpaMMbl HM3MEHEHHsS COCTOSHHS WACAIBHOIO Tras3a
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 kommuectBy TerioTel (M[x) skBHBajeHTHa padoTa, coBepilaemasi
3a | ¥ gBUTaTesIeM MOIHOCTEIO 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 uzoxopnom HarpeBanun Ha 50 K wmpaeanpHblid ra3 nomyumn 2 k/[x
TertoThl. Kakyro paboty coBepimi uaeanbHbii ra3 (Jx)?

1)0,8

2) 1

3)2

4)0

10. Kakoii momkHa OBITH TEMIEpaTypa XOJ0AuIbHUKA TerioBor MamuHbl (°C),
yToObI MakcumanbHoe 3HadeHue KIIJ[ paBasimock 50%? Temmeparypa HarpeBartens
327°C.

1) 35
2) 327
3) 27
4) 260

11. Temneparypa HarpeBareis peallbHOW TemioBod MamuHel 227°C,
xosnoauibHuKa - +27°C. 3a oOMH UMK ra3 mnojiydyaer oT HarpeBarenss 64 kJlx
TEIIOTHI, a oTAaeT XonoauibHUKY 48 k/[x. Onpenenure KI1/ mammns (%).

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 TETJIOEMKOCTH

13. Ilepexon raza u3 cocTosiHUSA A B COCTOSIHHE B MOKHO OCYIIIECTBUTH TPEMSI

cnocobamu (cm.puc). B kakom ciryqae pabota HaJl ra30M MUHUMAaTbHA?

‘R
% A
’V.
1)1
2) 2
3)3

4) BO BcexX CiTy4asix OHa OJIMHAKOBA

14. Yemy paBHa BHyTpeHHss dsHeprus (/I>k) ogHOro Mojs OIHOATOMHOTO

WJICJIbHOTO ra3a, KOTOPbIA HaXOoauTCs Ipu Temneparype -73°C, ?

Ej B E,
/ E E
1 — 3y "
E Ex
47 E | E
1) 830
2) 1246
3) 1660
4) 2490

15. BHyTpeHHss dHEprus 3alaHHOW MacChl M MJEaJIbHOIO ra3a 3aBUCUT TOJIBKO

oT ...

1) o6BeMa

2) naBlieHUS

3) bopmer cocyna
4) Temriepatypsl
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16. B Bony Temmniepatypoit 15°C u 06beMOM 2 J1 OIyCTHIIN HEU3BECTHBIN CILIAB
maccoit 1 kr m Temmneparypoir 90°C. B pesynbrare TemiooOMeHa YyCTaHOBUJIACh
temriepatypa 20°C. KakxoBa ynenpHas TeruoeMkocTh craBa (Jbx/kreK), ecmu
yAeNbHas TeII0eMKOCTh BObI 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
temrepatype? LB=2,3 MJx/kr

1) na 4,6 M/Ix OoJbIie
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. B3saTto mo ogHOMYy MOJIO Tenus, HEOHA M aproHa IpHU OJUHAKOBOMN
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° HyxHO Harpers 10 MiH. T BOABI, YTOOBI €€ Macca
yBenuumiach Ha 1 r? Y nenbHas TernoeMKocTh Bobl paBHa4200 J[x/kreK.
1) 41
2) 12
3)2,14
4)21,4

21. Azotr maccoir 20 Kr HarpeBaeTcs MpU MOCTOSHHOM pAaBiieHuun ot 0° 1o
200°C. OueHurte, HA CKOJIBKO HAHOTPAMMOB YBEIMYUTCA Macca azora? Y jaenbHas
TEIJIOEMKOCTh a30Ta MPHU MOCTOSTHHOM JaBiieHnu pasHa 1,05 kJIx/(kreK).

10
2) 4,7
3) 47
4) 470
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22. Kak m3Menutca Macca 1 xr Boasl npu HarpeBanuu Ha 80 K? VYnenbHas
TerIoeMKocTh Bos! 4,2¢10° x/(xr+K).
1) yBenuuutcs Ha 18,510 kr
2) HE UBMEHUTCS
3) YMEHBIIIUTCS Ha 18,510 kr
4) yBeIIMYUTCS HA 3710 kr

23. Ha ckonbko (Kr) Bo3pacTeT Macca | Kr BOJIbl IpPU TMOBBIIMICHUU €€
temrepatypbl Ha 81 K? ¢=4200 J[x(kreK).
1) 3,7810™"
2) 7,56107
3) 8,110
4) 3,78+10™

24. ITox mopirHeM, KOTOPBIA MOXKET CBOOOIHO ITEpEMEIIAThCS B BEPTHKAILHOM
nuuHaApe, Haxoautcs 0,6 MOJS HMIeaJbHOTO OJHOATOMHOTO rasa. JlaBieHwe 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. Kaxkas cuna (H) coBepmaet padoty 100 [Ix, paBHOMEpHO NepemMelnias Tejio
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 yBeauumiachk 10 5 M/c. Kakyro paboty
() coBepimia nanHas cumia?

1) 34
2) 42
3) 24
4) 50

27. Kakas pabora (J[>k) coBepiiaercs mpu H30XOpHOM HarpeBaHUH OHOTO MOJIS
uaeanpHoro raza Ha 20 K?
1) 4,05
2) TIp¥ U30XOPHOM TIpoIiecce paboTa He COBEpIIACTCS
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 TUIABJICHHUS 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 3aBUCHMMOCTH OT BHEUIHMX YCJIOBHMM MOXKET KaK IOTJIOIIAThCSA, TaK U
BBIICIISITHCS
4) He MOIJIOIIAETCS U HE BBIACISACTCS

30. Kakoe komudecTBO TeIOTHI (K/[) HEOOX0IMMO 3aTpaTUTh, YTOOBI HATPETh
2 Kr BOABI OT €€ TeMIeparypbl 3amep3anus Ao 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) ymensimnacsk Ha 100 [Tx
4) He n3MeHuIach

32. Kakoe xommuecTBO TeIOTH (kJ>k) HE0OXOAMMO 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 Boasl mpu 10°C u 50 1 Boasl temmepatyporr 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) miaBjieHue; 4) KpUucTauiu3amus; 5)
napooOpazoBaHue; 6) KOHJEHCalUs; 7) YCKOPEHHOE IBWXKEHHUE; 8) 3aMeJICHHOE
JIBYDKEHUE?

1)1,3us
2)1,3,5u7
3)2,4u6
4)2,4,6u7

35. Kakoll TOYKE W3MEHEHUWs COCTOSHHS HICAIBHOIO ras3a, NpUBEAEHHOM Ha

PUCYHKE, COOTBETCTBYET HAaMOOJbIIEE 3HAYEHUE BHYTPEHHEW SHEPTUH?
P

1)1
2) 3
3)2
4) 4

36. B3sAT0 MmO OAHOMY MOJIO Te€lHs, HEOHAa W aproHa Ipu OJMHAKOBOMU
TeMIiepaType. Y Kakoro rasa BHyTPEHHsIS dSHEpTus camasi 0obIas?
1) renust
2) HeoHa
3) y BceX ra30B OHA OJIMHAKOBA
4) aprona

37. Ilepexon raza u3 COCTOSIHUS A B COCTOSIHHE B MOKHO OCYIIECTBUTH TPEMSI
criocobamu (cm.puc). B kakom ciaydae paboTa HajJ ra30M MUHUMaJIbHA?

P B J |
\ 2 M
;) .LE
| vV
1)1
2) 2
3) 3

4) BO Bcex citydasix paboTa ouHaKOBa

38. Ilpu u30TEpMUUYECKOM paCHIMPEHUU OT Vi 10 V, OJUH MOJIb KUCIOpPOJa
coBepmma padoty 3 k/[x. Kakoe kommuecTBO TEMIOTHI MPU 3TOM MOTYIHII?
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 raza (k/[x) npu remnepatype 300 K. R=8,3 [x/(Mmonb*K).
1) 7,47
2) 3,74
3) 1,66
4) 0,83

41. IIpu agnabaTHOM pacIIMPEHUU UACAIbHBIN Ta3 coBepimi padoty 200 JIx.
Kak n3MeHuach npu 3T0M BHYTPEHHSISI SHEPTHSI 3TOrO ra3a’?
1) He u3MeHmIach
2) yBennumiiach Ha 200 JIx
3) ymenbpmuinach Ha 200 [k
4) ymenpiunacek Ha 100 [Ix

42. Temneparypa HarpeBaTens pealbHOM TemioBoM MamumHbl 227°C,
xonoguipHuKa - +27°C. 3a oauH LMK ra3 noiyyaer oT HarpeBatens 64 kJlx
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,
pacuupssach, copepi padoty 100 Ix. Kak u3meHunach npu 3T0M €ro BHYTPEHHSS
sHeprus?

1) He u3MeHunach

2) yeemmumiiack Ha 200 Ik
3) ymenbmmiiachk Ha 200 JIx
4) yBenuumiiach Ha 100 JIx

44. Kakyio pab6ory (/Ix) coepmator 80 T KHCIOpoga MpH €ro HU300apHOM
HarpeBanun Ha 10 K? AtomHas Macca kwuciopoma pasHa 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 MU €€ TeMmIeparype KUMeHus? YienbHas TersioTa mapooOpa3oBaHUS BOJbI
paBHa 2,2¢10° Jx/kr.

1) 2,2¢10’
2)2,2¢10°
3)2,2¢10°

4) 1010°

46. Ilpn m3oxopHom HarpeBanuu Ha 50 K wmueanbHbld ra3 nomyuun 2 k/[x
Ter1oThl Kakyro paboTy coBepimi uaeanbHbii ra3 (Jx)?
1)1
2) 2
3)0,8
4) 0

47. HarpeBaTenb uacaibHON TEIJIOBOM MalIMHBI UMeET Temrepatypy 527°C, a
xonoaunbHuK - +127°C. Onpeaenure KI1J[ nannoit mammnsl (%).
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 nenbpHas
TeIJIoTa TuTaBsieHus Jbaa paBHa 330 k/[x/Kr, yaenbHbIe TEINIOEMKOCTH JIbJIa U BOJbBI
paBHBI cooTBeTcTBeHHO 2100 1 4200 I/ (krK).

1) 465

2) 3600

3) 1866

4) 933

49. Kakol TOYKe JAuarpaMMbl HM3MEHEHHUSI COCTOSAHUS WJICAIBHOIO Trasa
COOTBETCTBYET HauOOJIbIIIee 3HAUCHUE BHYTPEHHEH 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/ Oosbiie
2) Ha 2,3 M]Ix O6obiie
3) HEe 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
temneparypa 20°C. KakoBa yxaenbHas TemioéMkocTh cruiaBa ([x/kreK), ecnu
yaelbHas TeoEMKOCTh BoAbl paBHa 4200 [Ix/kreK?

1) 1100

2) 400

3) 1300

4) 600

52. Kakoe xommuectBo TeruoThl (K/x) Bbiaensercs npu koHaeHcaruu 0,2 Kr
BOJsiHOTO Tapa npu temmeparype 100°C, ecnu yaenbHas TEIIoTa mapooOpa3oBaHus
BO/JIbI paBHa 2,2 10° JIx/xr?

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, neteBiiasi co ckopocthio 700 m/c, nomnagaetr B OETOHHBIM
0J10K 1 3acTpeBaeT B HEM. Kakoe KonnuecTBO TEMIOThI pu 3TOM BbiaeseTcs (Jx)?
1) 1225
2) 2450
3) 4900
4) 9800

55. Kamens maccoit 100 kr, copBaBIINCh CO CKalbl, YIald B YIIENbe TITyOMHON
200 M. Kakoe KOIMIECTBO TEIIOTHI IPH 3TOM BhiaenmIoch (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 s3Hepruu (k) comepxurcs B 1 kr yrisa? CkopocTb CBETa B
Bakyyme — 3+10° m/c, ynenpHas Temmora cropasus yris — 46 MJIDK/Kr.
1) 23+10°
2) 3+10°
3) 9+10™
4) 46+10°

58. Kak usmenurcs macca 1 kv BOJIbI pH HarpeBaHuu ee Ha 20°C? Y aenpHas
TEIJIOEMKOCTH BOJibI paBHa 4200 JIx/Kr.

1) yBenuuutes Ha 933 T

2) ymeHnbiuTcs Ha 933 1

3) HE UBMEHHTCS

4) yBennuutcst Ha 150 T

59. Ha cxonpko °C HyxHO Harperb 10 MIH. T BOJbl, 4ToOBI €€ Macca
yBenuuuiachk Ha 1 1?7 VaenbHas TeroéMkocTh BoAbl paBHa 4200 Jx/kreK.
1) 2,14
2) 12
3)21,4
4) 41

60. Haiimute paboTy, COBEpIIaeMyt0 IBYMsI MOJISIMHA HJI€aJTLHOTO Ta3a MPH €ro
nzo6aprom HarpeBanuu Ha 100°C ([Ix). R=8,3 Jl/mMonseK.
1) 1660
2) 83
3) 166
4) 830

61. CBuHuoBas myJsis Maccoit 10 T, ieTeBiasi TOpu30HTAIBHO CO CKOPOCTHIO S00
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
npoiecce nmpobuBaHusi Opycka? Y cBuHIA yaenbHas TeruioeMkocTh 130 J[x/kreK.
ynenpHas TemioTa IutaBneHus 25 kJDk/kr, TemmepaTtypa miaBienus 327°C, a
HavajbHas Temmneparypa 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 MO uaealbHOrO OJHOATOMHOIO rasa. JlaBimeHue rasa
paBHo 400 xIla. Ha ckombkO JUTPOB yBEIWYUTCS OOBEM 3TOr0O Tasa, €ClIM €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 Mo uAeanbHOrO0 OJHOATOMHOrO rasa. JlaBineHue rasa
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 CBOOOAHO MEPEMENIATHCSI B BEPTHKAILHOM
HWIMHAPE, HaXoauTcs 1,2 MOJns MAealbHOrO OJHOATOMHOrO rasa. /laBieHue rasa
paBHo 400 xIla. Ha ckoibkO JHUTPOB YBEIMUUTCA OOBEM ITOrO rasza, €Clid €My
cooOmmTh 3 KK TEII0ThI?

1)5

2) 3

3)4

4) 8

65. Ilox mopiHeM, KOTOPBIA MOKET CBOOOHO MEPEMEIATHCS B BEPTUKATHLHOM
UUJIMHIpE, HaxoauTcs 1,2 Moiisi MaeanbHOro OJHOATOMHOTrO rasa. JlaBimeHue raza
paBHo 400 xIla. Ha ckoJbKO JIUTPOB YBENMUUTCA OOBEM ITOTO Trasza, €Clid eMy
coOo0UTH 2 KJ[>K TEraoThI?

1) 3

2) 4

3)2

4)1

66. Ilox mopurHeM, KOTOPBIH MOXKET CBOOOIHO MEPEMEIIAThCS B BEPTUKATLHOM
WIMHApPE, HAaXonuTcs | Moyb HAeadbHOro OJHOATOMHOIrO rasa. JlaBimeHue rasa
paBHo 400 xIla. Ha ckombko JTUTPOB yBENIWYUTCS OOBEM 3TOTO Tas3a, €CiIu eMy
cooOmuTh 1 /K TeroTsI?

1)1
2) 4
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3)2
4) 3

67. Ilox mopurHeM, KOTOPBIA MOXKET CBOOOHO MEpPEeMEIIaThCsl B BEPTUKAIHLHOM
HWIMHAPE, HaXOOUTCs | MOJIb HMACaIbHOIO OJHOATOMHOTO Ta3a. [laBieHue rasa
paBHo 200 xIla. Ha ckombkO JTUTPOB yBEIWYUTCS OOBEM 3TOrO Tasa, €ClIM eMy
co00mMTh 5 KJ>K TEII0THI?

1)6
2) 16
3) 10
4)3

68. Ilox nmopuiHeM, KOTOPBIA MOXET CBOOOJHO MEPEMEIIATHCA B BEPTUKAIBLHOM
WIMHApPE, HAaXoauTcss | Mosib HMI€adbHOrO0 OJHOATOMHOIO rasa. JlaBineHue rasa
paBHo 200 kIla. Ha cKoONbKO JTUTPOB yBEIUYUTCS OOBEM 3TOTO Tas3a, €ClIU €My
coo0uTh 6 KJ[)K TErIoThI?

1) 48
2) 32
3) 12
4) 20

69. Kakoe xonnuecTBO TEIIOTHI () Hy>KHO COOOIIUTH KUCIOpOoay 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 TEmOThl (/I)k) HYy>KHO cOOOUIUTH a30Ty Maccou 14 r,
yTOOBI 1300apHO HarpeTh ero Ha 15 K? Monsphas macca a3ora paBHa 28 r/Moib. R =
8,3 Ix/kxreK.

1) 104
2) 51,9
3) 156
4) 208

71. Kakoe kommyecTBO TemioThl (/) Hy>XKHO cooOLIUTH a30Ty maccou 14 r,
yT0OBI N300apHO HarpeTh ero Ha 10 K? MosnspHast macca a3ota paBHa 28 r/mMoJib. 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? MonspHas macca a3ora paBHa 28 r/Moib. 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 koimM4uecTBO TEIIOTHI (J[’K) HYy>KHO COOOIIUTH KUCTOPOAY Maccou 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 TermioThl (J{’) Hy>KHO cOOOUIUTH KUCIOpOAYy Macco 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 xonmmnuecTBO TEIIOThI (J[K) HyKHO COOOITUTH KUCIOPOIAY Maccoi 15
r, 4ToOBl n300apHo HarpeTh ero Ha 10 K? Mounsipras macca kuciopoaa paBHa 32
r/mMomb. R = 8,3 JIx/kreK.
1) 194,8
2) 146,1
3) 48,7
4) 97,4

77. Kakoe xonuyecTBO TemI0THI (/Ik) Hy»KHO COOOLIUTH KHCIOpOaAy Maccoit 15
r, 9T00Bl M300apHO Harpeth ero Ha 5 K? Momspuas macca kucimopona 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, TpPOOUB JEPEBSHHBIN OpYCOK, BbIJIETAaeT U3 Hero co ckopocThio 200 M/c. Kakas
yacTh mynu (T) paciyiaBuiiach, eciid eil nepegaHo 60% sHepruu, BbIIETUBIICHCS B
nporiecce npoobuBanus Opycka? Y cBuHIA yaenabHas TerioeMKocTh 130 JDk/kreK,
yaenbHas TemioTa IaBleHus 25 kJDk/kr, Temmeparypa tuiaBienms 327°C, a
HavajabHas Temieparypa myiu - 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 TermnoThl (k) HY>)KHO cOOOHIMTH a30Ty Maccod 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 xonmnyecTBO TermoThl ([[) Hy>KHO COOOIMUTH KUCIOpOoy Maccoi 10
r, 4T0OBI M300apHO HarpeTh ero Ha 10 K? Monspras macca kuciopona 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 M300apHO Harpeth ero Ha 5 K? Momspuas macca kucmopoaa 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 TeOTHI (J[>kK) HY)KHO COOOIIUTH KUCIOPOIAY 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 konmmyecTBO TemIoThI (k) 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 kommyecTBO TemoThl (/) HyKHO COOOIIUTH KUCIOPOLy Maccoi 5 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 TeOThI (J>k) HY)KHO COOOIIUTH KUCIOPOAY Maccou 5
r, 4ToObl KM300apHO HarpeTh ero Ha 5 K? MosspHas macca kuciaopoja paBHa 32
r/mMomb. R = 8,3 JIx/kreK.

1) 16,2

2) 32,4

3) 48,6

4) 64,8

88. Ilox mopiiHeM, KOTOPBIH MOKET CBOOOIHO MepeMeNaTbCs B BEPTUKATEHOM
UUJIMHJPE, HAXOAUTCS 1 MOJb HJI€AIbBHOTO OJHOATOMHOrO raza. Kakoe KoJnuecTBO
TerI0Thl (K/[K) Hy’)KHO COOOIIUTH 3TOMY Ta3y, YTOOBI €r0 TeMIIepaTypa MOBBICHUIIACH
Ha 80 K? R = 8,31 Jl/monn K.

217



1) 1,66
2) 1,25
3) 1,04
4) 1,46

89. Ilox nopiiHeM, KOTOPBIH MOKET CBOOOIHO MEPEMEIATHCS B BEPTUKAIIBHOM
LUIMHAPE, HaxXoauTcs 1,2 MO MIeanbHOTO OJHOATOMHOTO rasa. JlaBieHue rasza
paBHo 400 xIla. Ha ckoyIbKO JIUTPOB YBEIMUYUTCA OOBEM 3TOrO rasza, €Clid €My
coo0muTh 6 KJ[>K TEerI0THI?

1) 4

2) 8

3)6

4) 12

90. Kakoe xonuuecTBO TEIUIOTHI (J[K) Hy»KHO COOOIIUTH KUCIopoay maccoi 10
r, 4ToOBI M300apHO HarpeTh ero Ha 25 K? MonspHas macca kuciopoja 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) HyKHO COOOIIMTH a30Ty Maccoil 84 r,
yT0OBI 1300apHO HarpeTh ero Ha 25 K? MossipHas Macca a3ota paBHa 28 r/Moib. R =
8,3 JIx/kreK.

1) 623
2) 935
3) 1246
4) 1558

92. CsuHuoBas myssa maccoil 10 T, neTeBiIasi TOPU3OHTAIBHO CO CKOPOCTHIO
500 m/c, mpoOUB nepeBsIHHBIA OPYCOK, BbUIETA€T M3 HETO CO CKopocThio 200 m/c.
Kakas wacte mnymu (r) pacmiaBuiack, ecian el nepeaaHo 80% sHepruu,
BBIJICJIUBIILICHCS B Mpoliecce MpoOuBaHus Opycka? Y CBUHIIA Y/eIbHas TEII0EMKOCTh
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. CunnoBas nyJist Mmaccoid 10 r, geTeBmast TOPU30HTAIBHO €O CKOPOCThIO 500
M/c, MpoOUB JEPEBSIHHBIN OpPYCOK, BBUIETAEeT U3 HEro co ckopocthio 200 M/c. Kakas
yacTh Iynu (T) paciuiaBwiachk, eciu el nepegaHo 50% sHepruu, BbIIEIUBIIEHCS B
npoiiecce nmpobuBaHusi Opycka? Y cBuHIA ynaenbHas TermoeMKocTh 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. CuHiloBas mynst Maccot 10 r, jieTeBias ropu30HTAIBHO 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
nporecce nmpobuBaHusi Opycka? Y cBuHIA ynaenbHas TermoeMKocTh 130 JIx/kreK,
yaelbHas TemoTta 1asleHus 25 kJk/kr, Temmnepartypa ruiaBienus 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 JEPEBSIHHBINA OpYCOK, BBLIETAET 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 JLx/kreK,
yaenbHas TemoTta MiuaBieHus 25 kJk/kr, Temmneparypa ruiaBienus 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 JEPEBSHHBIN OPYCOK, BBIJIETAET U3 HEro co ckopocThio 200 m/c. Kakas
yacTh nyau (T) paciuiaBwiach, eciu ei nepeaaHo 50% sHepruu, BHIACIUBIICHCS 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. CBunioBas mynst Maccoit 10 T, JieTeBiiasi FOpu30HTaIBLHO CO CKOPOCThI0 500
M/c, MpoOUB JEPEBSIHHBIN OpPYCOK, BBUIETAEeT U3 HEro co ckopocthio 200 m/c. Kakas
4yacTh Iynu (T) paciulaBWiach, eciu eil nepegaHo 60% sHepruu, BbIIEIUBIIEHCS B
npoiecce nmpobuBaHusi Opycka? Y cBuHIA yaenbHas TemioeMkocTbh 130 Jx/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. CBuHiOBas mynst Maccoit 10 r, neTeBmas ropu30HTaIbHO cO CKOpocThio 500

M/c, MpoOUB JEPEeBSIHHBIN OpYCOK, BBUIETAECT U3 HEro co ckopocthio 200 M/c. Kakas
4yacTh Iynu (T) paciiiaBwiack, eciu ei nepegaHo 70% sHepruu, BbIIEIUBIIEHCS B
nporecce nmpobuBaHusi Opycka? Y cBuHIA yaenbHas TermoeMKocTh 130 JIx/kreK,
yaenbHas TemioTa tiaBieHus 25 kJDk/kr, Temmeparypa tuiaBieHuss 327°C, a
HavdaJibHas Temreparypa myau - 57°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) paciiaBuiiachk, eciu eil nepegaHo 40% sHepruu, BbIICTUBIICHCS B
npoiiecce npodbuBanus Opycka? Y cBuHIA yaenbHas TemioeMkocTh 130 JLk/kreK,
yaenbHas TemoTta MiuasleHus 25 kJDk/kr, Temmnepartypa muasinenus 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 mnymu (r) pacmiaBuiack, ecin e nepepaHo 50% sHepruu,
BBIJICJIUBIIICHCS B TIpoliecce nmpoduBaHus Opycka? Y CBUHIIA yelbHAs TEITNIOEMKOCTh
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 (/) HY>)KHO COOOIIUTH a30Ty maccou 14 T,
9T00BI N300apHO HarpeTh ero Ha 20 K? Monspuas macca azota paBHa 28 1/mMojb. R =
8,3 JIx/xreK.

1) 51,9
2) 104
3) 156
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4) 208

102. CunuoBas mynst maccod 10 T, jeTeBlIas rOpU30HTAIBHO CO CKOPOCTBIO

500 M/c, mpoOuB JepeBSHHBIN OpPYCOK, BBIJIETAET 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 Termsora miaBieHus 25 k/[x/Kr, TemmnepaTypa IUIaBICHUS
327°C, a HauanbpHas 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 koiauuecTBO TEIOTHI ([{) HYKHO 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 TemioThl ([[) HY)KHO COOOImMUTH a30Ty maccoil 84 r,
yTOOBI 1300apHO HarpeTh ero Ha 15 K? Monsphas macca a3ora paBHa 28 r/Moib. R =
8,3 Ix/kxreK.

1) 623
2) 1312
3) 935
4) 1246

106. Kakoe konuuecTBO TEmIOThl () HYKHO COOOIIUTH a30Ty Maccoil 84 r,
yT0OBI N300apHO HarpeTh ero Ha 10 K? MosnspHast macca a3ota paBHa 28 r/moJib. 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? MonsipHas macca a3ora paBHa 28 r/mMounb. 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 (/[) HY>XHO COOOIIUTH a30Ty Maccoi 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 TerioThl (J>k) HYy>)KHO COOOIIUTH a30Ty Maccou 56 T,
yT0OBI N300apHO HarpeTh ero Ha 10 K? MosnsipHast macca a3ota paBHa 28 r/moJib. R =
8,3 JIx/kreK.

1) 415,5

2) 208

3) 623

4) 831

112. CBuHnoBas nynst Maccoit 10 r, jgeTeBiiasi TOPU30HTAIIBHO CO CKOPOCTHIO
500 m/c, mpoOWB nepeBsIHHBIA OPYCOK, BBUIETAET U3 HETO CO cKopocThio 200 wm/c.
Kakas wacte mynum (T) pacmiaBuiack, eciau el nepegaHo 70% sHepruw,
BBIJIETIUBIIICHCS B Mpoliecce MpoOuBanus opycka? Y CBUHIIA yAelbHas TEIUIOEMKOCTb
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 nymum () pacmiaBwiack, ecau e nepenaHo 40% sHepruw,
BBIJICTIUBIIICHCS B Mporiecce MpoOuBanus Opycka? Y CBUHIIA YAelbHas TEIUIOEMKOCTb
130 Tx/xreK, yaenpHas TeruioTa miaBieHus 25 kJK/Kr, Temreparypa IJIaBiICHUS
327°C, a HauanbHas Temneparypa mymnu - 77°C.
1)0,1
2) 3,8
3)6,9
4) 0,6

114. TIlon mnopmiHeM, KOTOpbII MOXET CBOOOAHO IHepeMelarbcsi B
BEPTUKAJIIBHOM LUIMHAPE, HAaXOAWUTCA 1 MOJIb HMAEATBHOTO OJHOATOMHOIO Tasa.
Kakoe konuuectBo TemnoThl (k) HyXHO COOOIIMTH 3TOMY rasy, 4TOOBI €ro
tTemriepaTypa nosbicriiack Ha 50 K? R = 8,31 J[x/monbeK.

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 paBao 200 klla. Ha ckonbko JTUTPOB yBETUYUTCS 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 xonuuectBo TemiaoThl (k/)k) HyXHO COOOIIMTH 3TOMY rasy, 4TOOBI €ro
tTemriepaTypa nobsicuiiach Ha 20 K? R = 8,31 J[>/momnbeK.

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 Termiothl (KX) HyXHO COOOIIUTH 3TOMY Traszy, YTOOBI €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 LMJMHAPE, HAXOAUTCS 5 MOJIEW HJI€aJbHOTO OJAHOATOMHOIO Trasa.
Kakoe kommuectBO TemnoThl (KJ[>K) HYKHO COOOIIUTH 3TOMY Tras3y, 4TOOBI €ro
TemriepaTypa nosbeicuiiach Ha 80 K? R = 8,31 J[xx/momnbeK.

1) 10,4

2) 8,31

3) 9,35

4) 7,28

119. Ilox mnopmHeM, KOTOpbII MOXET CBOOOAHO IepeMelarbcsi B
BEPTUKAJIIBHOM LWIMHAPE, HAaXOAWUTCA 1 MONb HMAEAIBHOIO OAHOATOMHOIO Tasa.
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 mnopimiHeM, KOTOPBI MOXET CBOOOJHO TIepeMeniaThCsi B
BEPTUKAJIBLHOM LWIMHIAPE, HAXOAUTCA | MOJb HICAIBHOTO OJHOATOMHOIO Tas3a.
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, 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
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
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BEPTUKAJIBLHOM LWJIMHJAPE, HAXOAUTCA 1 MOJb HJI€ATIBHOTO OJHOATOMHOIO Tas3a.
Kakoe xommuectBo Termiorhl (K/X) HyX HO COOOIIUTH 3TOMY Traszy, 4YTOOBI €ro
temmnepartypa nmosbicunach Ha 70 K? R = 8,31 Jx/Monb K.

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 xommuectBo TerminoThl (k/[)K) HyKXHO COOOIUTH 3TOMY Traszy, 4YTOOBI €ro
TemriepaTypa nobeicuiiachk Ha 70 K? R = 8,31 J[>/momnbeK.

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 konuuectBo TemnoThl (k) HYyXHO COOOIIMTH 3TOMY Trasy, 4YTOOBI €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
BEPTUKAJIBbHOM LWJIMHAPE, HAXOAUTCA | MOJb HAEAIBHOTO OJHOATOMHOTO Trasa.
Kakoe xommuectBo Teriorhl (KX) HyX)HO COOOIIUTH 3TOMY Traszy, 4YTOOBI €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 UWJIMHAPE, HAXOIUTCA 1 MOJb HACATbHOTO OJAHOATOMHOTO Tas3a.
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. Tlom moprmiHeM, KOTOPBIA MOXET CBOOOJHO TMepeMeniaThCsi B
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BEPTUKAJIBLHOM LWJIMHJAPE, HAXOAUTCA 1 MOJb HJI€ATIBHOTO OJHOATOMHOIO 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 TeEpeMenaTbes B
BEPTUKAJIBLHOM LWJIMHIAPE, HAXOAUTCA 1 MOJb HJI€AIIbHOTO OJHOATOMHOTO Tas3a.
Hanenue raza pasuo 200 xIla. Ha ckoiabko AUTPOB yBEIMUUTCS OOBEM 3TOTO rasa,
eciu emy cooouTh 4 k/[x Tennorsi?

1) 8
2) 4
3) 12
4) 16

129. Ilom mopuiHeM, KOTOpBIH MOXET CBOOOJHO THepeMeniarbcs B
BEPTUKAJIIBHOM LUIMHAPE, HAXOAUTCA 3 MOJI MICAIBHOTO OJHOATOMHOIO Tasa.
Kakoe konuuectBo TemnoThl (k) HyXHO COOOIIMTH 3TOMY rasy, 4TOOBI €ro
tTemriepaTypa nobicriiack Ha 50 K? R = 8,31 Jlx/monb K.

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 nossicuiach Ha 60 K? R = 8,31 J[x/MomnbeK.

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 klla. Ha ckoiapko JTUTPOB yBEIMUUTCS 00BEM 3TOTO rasa,
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 Terminorhl (KX) HyXHO COOOIIUTH 3TOMY Traszy, 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
BEPTUKAJIIBHOM LWJIMHAPE, HAXOIUTCA 3 MOJISI HACAITBHOIO OJHOATOMHOIO rasa.
Kakoe kommuectBO TemnoThl (KJ[>K) HYKHO COOOIIUTH 3TOMY Tras3y, 4TOOBI €ro
TemriepaTypa nobeicuiiachk Ha 60 K? R = 8,31 J[>/momnbeK.

1) 6,24
2) 5,61
3) 4,99
4) 7,28

134. Ilox cBOOOMHO ABHMOKYHIMMCS TOpPIIHEM Iuiomaaso 100 oM’ HaXoJJUTCs
WJIeIbHBIN OJHOATOMHBIA Ta3 moj pgasieHueMm 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
ujeabHOTO oaHoaToMHOro raza Ha 100°C mpu mMOCTOSSHHOM naaBjieHHH. 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 xommnuectBo Termnothl (K/X) HyXkHO COOOIIUTH 3TOMY Tras3y, 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 Temnothl (K/[X) HyXHO COOOMMTH 3TOMY Ta3zy, YTOOBI €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
BEPTUKAJIBHOM LWJIMHAPE, HAXOIUTCA 3 MOJISI HACATBHOIO OJHOATOMHOIO rasa.
Kakoe kommuectBO TeminoThl (KJ[>K) HYKHO COOOIIUTH 3TOMY Tras3y, 4TOOBI €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
BEPTUKAILHOM HWIMHJIpE, HaxoauTcs (0,2 MoJisl MJeallbHOTO OJHOATOMHOTO Trasa.
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 LWJIUHAPE, HAXOAMUTCS 5 MOJIEH HJEaIbHOIO OJHOATOMHOIO TIasa.
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. Tlom mopuiHEeM, KOTOPBIi MOXET CBOOOJHO TMepeMeniaTbCsi 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 mnopmiHeM, KOTOPBII MOXET CBOOOAHO TepeMeniarbcsi 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 Jx/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 nossicuiach 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) HYKHO COOOIIMTH 3TOMY Ta3y, 4YTOOBI €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. Tlopg mnopmHeMm, KOTOpbIA MOXET CBOOOAHO TMEpeMelarbcs B
BEPTUKAJIIBHOM ULWJIMHAPE, HAXOIWUTCA 3 MOJISI HMACAIBHOIO OJHOATOMHOIO rasa.
Kakoe konuuectBo TemnoThl (k) HyXHO COOOIIMTH ATOMY rasy, 4YTOOBI €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, npoOUB NEepeBSIHHBIA OPYCOK, BBUIETACT M3 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 Teruiota ruiaBieHus 25 k/[x/kr, TemnepaTypa miaBiIeHUS
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 (K/X) HyXHO COOOIIMTH 3TOMY Traszy, 4YTOOBI €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
BEPTUKAJIIBHOM LMJIMHAPE, HAXOAUTCS 5 MOJIEH HJI€aJbHOTO OAHOATOMHOIO Trasa.
Kakoe kommuectBO TeminoThl (KJ[)K) HYXKHO COOOIIUTH ITOMY Tras3y, 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 AepeBsIHHBIM OpPYCOK, BBUIETAET M3 HEro co ckopocthio 200 m/c.
Kakas wacte mnymu (T) pacmiaBuiach, eciu e mnepepaHo 60% sHepruu,
BBIJICTIUBIILICHCS B Mpolecce MpoOuBanus Opycka? Y CBUHIIA Y/eIbHas TEMI0EMKOCTb
130 x/xreK, ynenbHas Temsorta miaBieHus 25 k/[x/kr, TemmnepaTypa MIaBieHUs
327°C, a HauanpHas Temneparypa mynu - 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 JEpEeBSHHBIN OpPYCOK, BBUIETAaeT U3 HETO co ckopocThio 100 wm/c.
Kakas wyacte mnymu (T) pacmiaBuiach, eciu el nepegaHo 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. Tlom mnopmHeM, KOTOPbIi MOXET CBOOOAHO TepeMeniarbcsi B
BEPTUKAJIBHOM LMHApe, Haxoautcs 0,8 Moiid maeanbHOro OJHOATOMHOIO Trasa.
JlaBnenue raza paBao 200 klla. Ha ckonpko JTUTPOB yBETUYUTCS OOBEM ITOTO Trasa,

ecim emy cooOmuTh 1 kJ[>K TeninoTe?
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 e mnepenaHo 80% sHepruw,
BBIICTIUBIIICHCS B Mpoliecce MpoOuBanus Opycka? Y CBUHIIA yAelbHas TEIUIOEMKOCTb
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, KOTOPBIM MOXET CBOOOJHO TIepeMeniaThCsi B
BEPTUKAJIbHOM LWJIMHAPE, HAXOAUTCA | MOJb HIEAIBHOTO OJHOATOMHOTO 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. CeunnoBas myinst maccoi 10 r, jpereBmias rOpU30HTAIBHO CO CKOPOCTBHIO

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 mpoOuBaHus Opycka? Y CBUHIIA yAelbHAS TEIUIOEMKOCTh
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, jgeTeBiias rOPpU30HTAIBLHO CO CKOPOCTHIO
400 m/c, mpoOuB JIepeBsHHBIN OpPYCOK, BBLIETAeT U3 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 miuaBiaeHus 25 kJDK/Kr, TemmepaTypa MJIaBICHUS
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 JepeBSHHBIA OPYCOK, BBUIETACT M3 HEro co ckopocThio 100 m/c.
Kakas wacte mynm (T) pacmiaBuiach, eciau e mnepemano 70% sHepruw,
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 myau - 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 ckoiapko JTUTPOB yBEIUUYUTCS O0BEM ITOrO rasa,
eciu eMy cooOmuTh 2 K/ TernmoTsi?

1) 20
2) 12
3)8

4) 16

158. CBunnoBas myinst macco 10 r, jpereBmias rOpU30HTAIBHO CO CKOPOCTBHIO
400 m/c, mpoOUB JIepeBsIHHBIN OpPYCOK, BBUIETA€T U3 HEro co ckopocThio 100 m/c.
Kakas wacte mnymu (T) pacmiaBuiach, eciau el mepemano 60% sHepruw,
BBIJICTIUBIILICHCS B Mpolecce MpoOuBaHus Opycka? Y CBUHIIA YJeIbHas TEMI0EMKOCTb
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. CunnoBas nynst maccoi 10 T, jeTeBiias TOpU30HTAIBHO CO CKOPOCTHIO
400 m/c, mpoOuB JIepeBsHHBIN OpPYCOK, BBLJIETAeT U3 HEro co ckopocThio 100 m/c.
Kakass wacte mnymu (r) pacrmiaBuiach, eciau e mnepegaHo 80% osHepruu,
BBIICJIUBILIEHCS B TIpoliecce nMpoOuBaHus Opycka? Y CBUHLA yAENbHAS TEMIOEMKOCTh
130 Jx/kr K, yaenbHas temsota miuaBieHus 25 kJ[K/Kr, TemrepaTypa IUIaBICHHUS
327°C, a HauanpHas Temneparypa mymnu - 37°C.
1) 8,9
2)5,4
3)29
4) 6,4

160. CBunuoBas mynst maccoi 10 r, jgeTeBiiasi TOPU30HTAIBLHO CO CKOPOCTHIO
400 m/c, mpoOUB JEpEeBSHHBIN OpPYCOK, BBUIETAaET M3 HETO cOo ckopocThio 100 wm/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 Termsora ruiaBiaeHus 25 kJDK/KT, TemmnepaTypa IUIaBICHUS
327°C, a HauanbHasg Temneparypa mynu - 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, BBIJIETAET M3 HETO cO cKopocThio 100 m/c.
Kakas wacte mynm (T) pacmiaBuiack, eciaud e nepegaHo 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, nmpoOUB JIepeBsIHHBIN OpPYyCOK, BBUIETAeT U3 HEro co ckopocThio 100 m/c.
Kakas wacte mnymu (T) pacmiaBuiach, eciau el mnepegaHo 60% sHepruu,
BBIJICTIUBIILICHCS B Mpolecce MpoOuBanus Opycka? Y CBUHIIA Y/eIbHas TEMI0EMKOCTb
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. CBuHnoBas mynst Maccoit 10 r, neTeBiiasi 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 MpoIecce MpoOuBaHus Opycka? Y CBUHIIA YeIbHas TEIIOEMKOCTh
130 JIx/kreK, ynenbHas Teruiota ruiaBieHus 25 k/[x/kr, Temneparypa IUIaBIeHHS
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 rOPU30HTATBHO CO CKOPOCTHIO
400 m/c, mpoOUB JEpEeBSHHBIN OpPYCOK, BBIIETAET M3 HEro co 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 Termsora miaBieHus 25 kJ[x/Kr, Temmneparypa IJIaBICHUS
327°C, a HauanbpHasg Temneparypa mynu - 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.
Kakasgs wacte mymm (T) pacmiaBuiack, ecau e nepenaHo 80% sHepruw,
BBIJICTIUBILICHCS B Mpolecce MpoOuBaHus Opycka? ¥ CBUHIIA YJEIbHas TEII0EMKOCTh
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, KOTOPBI MOXKET CBOOOAHO TEpeMelarbcsi B
BEPTUKAJIbHOM LWiIMHApe, HaxomuTcs 0,8 MoJid MaeanbHOro OJHOATOMHOIO Tasa.
Hanenue raza paHo 100 xIla. Ha ckonbko AUTPOB yBEIMUUTCS O0BEM 3TOTO rasa,
eciu eMy coo0uTh 6 K/ TernnoTsi?

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 klla. Ha ckonbpko TUTPOB yBETUYUTCS OOBEM ATOTO rasa,
ecim eMy coo0uTh 4 kJ[>K TernoThI?

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 wacte mnymu (r) pacmiaBuiach, ecin ed  mnepemano 60% sHepruw,
BBIJIETIUBIIICHCS B Mpoliecce MpoOuBanus opycka? Y CBUHIIA yAelbHas TEIUIOEMKOCTb
130 Tx/xreK, yaenpHas TeruioTa miaBieHus 25 kJk/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 mnopuiHeM, KOTOPBIH MOXET CBOOOJHO TIepeMemaThcsl 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 mopmiHEeM, KOTOPbIM MOXET CBOOOJHO TEpeMeniaThCs 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. Tlox mopmiHeM, KOTOpbIH MOXET CBOOOJHO TepeMeniaThCsi B
BEPTUKAJIbHOM LWiIMHApe, HaxomuTcs 0,6 MoJid MaeanbHOro OJHOATOMHOIO Tasa.
Hanenue raza paHo 100 xIla. Ha ckonbko AUTPOB yBEIMUUTCS 0O0BEM 3TOTO rasa,
eciu emy cooOuuTh 3 K/ TernnoTsi?

1)4

2) 8

3) 12

4) 2

172. Tlong mnopmiHeM, KOTOPBI MOXKET CBOOOAHO TIEpeMemaThcsi B
BEPTUKAJIBHOM LUIUHJIpE, Haxoautcss 0,6 Moas uAeadbHOrOo OJHOATOMHOTO Tasa.
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
BEPTUKAJIBHOM LWMHApe, Haxoautcs 0,6 MoJid MaeanbHOro OJHOATOMHOIO Trasa.
JlaBnenue raza paBao 50 klIla. Ha ckoabko TUTPOB yBEIUUYUTCS O0OBEM ITOTO rasa,
ecim eMy coo0nuTh 6 KJ[K TermnoThI?

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.
HaBnenne raza paBHo 40 klla. Ha ckoiapko JUTPOB yBEeIWYUTCS 00BEM ITOTO rasa,
eciIM eMy coo0nuTh 5 K/ TernmoTsi?

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 klla. Ha ckoibko JIUTPOB yBeIMUUTCS OOBEM ITOTO rasa,
eciu emy cooOuTh 4 K/ TernnoTei?

1) 16
2) 24
3) 12
4) 32

176. Ilog mopiumHeM, KOTOPbIH MOXET CBOOOJHO TEpeMeniaThCsl B
BEPTHUKAJIbHOM LuJMHIApe, Haxomutcs 0,4 MOns MAeanbHOrO OJHOATOMHOTO Trasa.
Hanenne raza paBHo 50 klla. Ha ckoiabko JUTPOB yBEeIMYHUTCS 00BEM ITOrO 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 ULWIUHJIpE, Haxoautcs 0,4 Mois uAeanbHOrO OJHOATOMHOIO Trasa.
JaBnenue raza paBao 50 klla. Ha ckombko JTUTPOB yBENIUUUTCS O0OBEM ITOTO Tasa,
€CJIM eMy coOO0IUTh 2 KJ[’K TerioThl?

1) 20

2) 16

3) 12

4) 24

178. Ilog mopmiHeM, KOTOPBIH MOXET CBOOOJHO TIEpeMeniaThcs B
BEPTUKAJIIBHOM LinHApe, HaxoautTcss 0,4 MoJid MIeanbHOro OJHOATOMHOIO rasa.
JlaBnenue raza paBao 50 klla. Ha ckombko JTUTPOB yBEIUUYUTCS O0OBEM ITOTO Tasa,
ecim emy cooOnuTh 1 kK TermnoTe?

1) 8
2) 20
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3) 16
4) 12

179. TIlog mopiiHeM, KOTOPBIH MOXET CBOOOJHO TEpeMeniaThes B
BEPTUKAJIBLHOM IUIWHIpe, Haxoautcs (0,2 MO HaeadbHOTO OJHOATOMHOTO Tasa.
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, Haxoautcss 0,4 MoOns MAEaIbHOrO OJHOATOMHOTO Tra3a.
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

3amanus 1 npoBeaeHnst py0es;KHOro KOHTpoJis B popme
peleHus 3a/1a4 M0 00pa3my

VYka3zaHus 0 BBIOJHEHUIO KOHTPOJILHOM PabOTHI:
1. BHuMaTenbHO MPOYUTATH 33/IaHUE MTOTYYEHHOTO BapHaHTa.
2. BBINOTHUTH pacyeT 3a/laHus ¢ KPaTKUMU MOSICHEHUSIMH.
3. Pabora BBITIOJIHAETCS CaMOCTOSITENBHO!

OO0Opa3upbl 3a1aHNs ¥ pelIeHus]

3aoaua 1. Bo Bpems paclidpeHusl raza, BBI3BAHHOIO €ro HarpeBaHHEM, B
IAINHAPE C IUIOMANBI0 MOMepedrHoro ceuenns S = 200 cM®rasy 6bUIO MEpeIaHo
KOJIMYECTBO TEIIOTHI Q = 1,5 105I[>1<, NpUYEM JABIIEHUE Ta3a OCTABAIOCH
IIOCTOSTHHBIM M PaBHBIM p = 2 10" ITa. Ha CKOJBKO HM3MEHMIACH BHYTPEHHSA
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 pacmmpsercs or o0béMa Vim0 o0bémMa V,omuH  pa3
U30TEpPMUYECKH, APYTroi n300apHo U TpeTtuil agumadatHo. [Ipu xakoM mpouecce ras
coBepiiaeT O0JbIyI0 paboTy M MPU KaKOM razy Iepenaércs Ooblnee KOJIMYESCTBO
TEIUIOTHI?

Pemrenune: Ha nuarpamme p—V (prcyHOK) n300pa3uM Bce Tpu mpoiiecca. PadoTa
YUCJICHHO paBHa IUIOIIAAM KPUBOJMHEWHOW Tpaneuuu. M3 pucyHka O4E€BUIHO, 4TO
pabota mipu u300apHOM TMpollecce OyneT MaKCUMallbHOW, MpuU aauadaTHOM
MHHUMAaJBHOU, T. €. A'1.» > A'1_» > Ao

)\

1 2°
e —
:\\\\ :
o\ e Y :
| N2
E R l2"

0 Vi Va v

Temmnepatypa raza B cocTosiHuM 2' O0JbIle, 4YeM B COCTOSTHUM 2, a TeMIeparypa
B cocTtossHuM 2 Oousbire, yeM B coctosHuu 2" (T > T,> T,-). B srom nerko
yOenuThCsl, HAaUepTUB U30TEPMBI, Tpoxo e yepe3 Touku 2' u 2". [lpu npouecce
1-2' uszmenenue BHyTpeHHed sHepruu AU > 0, nmpu npouecce 1-2 AU = 0.
OueBuaHO, uTO MOCKOIBKY Q = AU + A' (mepBblif 3aKOH TEPMOJUHAMUKH ), TO Q10>

Q2.2> Q1.2 (Q1.2=0).
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CeOVIOWULl NPOEKm 8e4H020 08ULAMEJIS
cocyo0 pazoenén Ha 08e NoJ0GUHKU
2epMemuyHoll nepe2opooKol, CK803b KOMOPYIO
nponyujenvl mpyoxa u 8005IHASL MYPOUHA 8 KOJICYXe C 08YMS
omeepcmusMuU. aesnenue 6030yxa 8 HUdiCHell yacmu
bonvbuie, uem 6 gepxteti. Booa noonumaemces no mpybke u HanoIHAem OMKpPLIMYIO
Kamepy. B nuoicneti yacmu ouepeonas nopyust 600l GbLIUBAEMCSL U3 KAMEPDI
mypouHwl, noooueduieli K Omeepcmuro Koxicyxd.

3aoanue:

[Touemy nanHas MamuHa He OyJeT paboTaTh BEYHO?

ano: Ilpeonosicen
(pucyHnox). 3axpwimoiii

=

Jano: /[na uzobapnozo Hacpesarus 2asa, 83amozo 6 koauvecmee 800 monw, Ha
500 K 2a3zy cooowunu xonuvecmso meniomot 9,4 « 1 0° L.
3aoanue:
Onpenenute paboTy ra3a U U3MEHEHHUE €r0 BHYTPEHHEH SHEPTHUHU.

3

Jano: B yunundpuseckom cocyoe ¢ niowadwio ochoanus 250 cm*naxooumes
azom maccou 10 e, cocamvuli nopuiHem, Ha KOMOPOM Jedxcum cupsi maccou 12,5 xe.
3aoanue:
Kakyto paboTy coBepuT a30T npu HarpeBaHuu ero ot 25 1o 625 °C. Ha
KAaKyl0 BBICOTY IIPU 3TOM MOJIHUMETCS MOPIIeHb? ATMOc(epHOe AaBieHHe paBHO |
aTM™.

<

Hano: Hoeanvuwiii 00Hoamomuwlil 2az 8 Koauvecmeae 2 Moib, HAX0O0SUULLCS NPU
memnepamype 0 °C, cHauaia u30XxopHo nepesenu 8 COCMosHue, 8 KOMopom
oasnenue 6 2 pasa Oovuie NepeoHA4AILHOL0, A 3ameM U300APHO 8 COCMOsIHUE, 8
KOmopom 00wém 6 2 paza 6oavuie nepeoHauaIbHO2O.

3aoanue:

Onpenennre n3MEHEHNE BHYTPEHHEH SHEPTUU Ta3a.

S

Hano: B yununope noo nopwnem naxooumcs 6030yx. Ha eco nazpesanue npu
HOCMOSIHHOM 0A8IeHUU 3aMPayeHo KOIu4yecmeo meniomol, pagrnoe 5 k/xc.
3adanue:
Omnpenenure paboTy, COBEPIIEHHYIO MPU TOM BO3AYXOM. TerIoéMKOCTh
BO3JlyXa IIPH IIOCTOSIHHOM JABJICHUU C,, = 10° JTx/(kr * °K), MossipHast Macca 29
I/MOJIb.
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S

ano: B yununope komnpeccopa cocumarom uoeanbHuvlit 0OHOAMOMHbIU 2a3,
KOIUYeCma0 geuecmasad Komopozo 4 mMow.
3aoanue:
Ornpenenute, HACKOJBKO MOJIHSIIACH TEMIIEpATypa ra3a 3a OJuH X011 MOPIIIHS,
ecnu pu dToM OblTa coBepiiera padora 500 JIx. [Ipomecc cunraiite anrnabaTHBIM.

4

ano: B eaxyyme 3akpennén 20pu30HmanbHbli YUIuHoOp, 8 KOmopoMm Clesd
Haxooumcs cenuid 8 konuwecmee 0,1 monw, 3anepmoiti nopuinem. Ilopuens maccoii
90 2 yoepoicusaemcs ynopamu u MOMcem CKoJb3Umb 811€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 n3meHnurcs temreparypa rejidsi B MOMEHT OCTAaHOBKY MOPILHS B KpallHEM

7eBoM TosiokeHuu? CuuTaiiTe, 4TO ra3 He yCreBaeT 0OMEHSTHCS TEIJIOM C
MOPIIHEM U UIUHIPOM.

Jlano: Yoenvuas mennoémxocms 6000p0o0a npu NOCMOSHHOM OasieHuu pasua 14
kllic/(ke * °K).
3aoanue:
Brruncnure yBennueHne BHyTPEHHEN SHEPTUM BOAOPOAA MACCOM 2 KT IIPH
n300apHOM ero HarpeBanuu Ha 10 °K.

9

Hano: Ha oounaxosvle 2azosvie 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

Hano: Cmenka neuu uzeomosnena uz 08yx cioes Kupnuuda. Buympenuuii ciou —
ocHeynopuuiu kupnuy moawunou — 300 mm. Hapyascnwiii crou — Kpachwiil KUupnuy —
monwurou 150 mm.

3aoanue:

OnpenenuTh TeMIlepaTypy Ha HapyKHOW MMOBEPXHOCTU CTEHKU U KPACHOTO
KUPIIMYa, €CJIM Ha BHYTPEHHEH CTOPOHE CTEHKHU M Kupruya Temneparypa — 400 °C.
[Torepu Temna yepe3 1 Mm” miomaau coctapmusitoT 0,9 kB1/M?. Br/(MxK), Br/(Mx°K).
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Hano: Temnepamypa snympenneti nosepxrocmu cmenku — 600 °C, napyorcnoil —
80 °C. Tomwyuna cmenku — 0,6 m. Yoenvbnviti menio6oi nomox, npoxoosuull 4epes
cmeHnky, pagern 380 Bm/w*

3aoanue:

Onpenenutb KO3()PHUITUEHT TETUIOMPOBOTHOCTH KUPIIHYA.

A=
Hano: Temnepamypa cmen nomewenus 18 °C. Cmenenv uepHomvi no6epxHocmu
paouamopa.
3aoanue:

OIIpeneuTh TeIIonepeady H3nydeHneM ot 1 M? HOBEPXHOCTH
OTONUTEILHOTO PaaraTopa B OOJBIIIOM OMEIIEHUH. TeMIeparypa CTEHOK
pamuaTopa 90 °C.

13

Hano: Temnepamypa 600wt — 40 °C. Temnepamypa cmenxu — 45 °C.
Kospduyuenm mennoomoauu om cmenku x 60de 6500 Bm/(m**°C).
3aoanue:
Haiitu TennoBoii NOTOK, nepeiaBaeMblil OT CTEHKH KaHalla CIIUPAJIbHOIO

2
TEMI000MEHHUKA K BOJIE, €CJIM MOBEPXHOCTh CTEHKHU 30 M”,

A<k

Hano: Kospguyuenm mennonposoonocmu xupnuua — 0,7 Bm/(mx°C). Yoenvuviii

. 2
mMenosou nOmok uepe3 niockyro cmenky — 2000 Bm/m”.

3aoanue:
OmnpenenuTh TOIIUHY CTEHKH, €CIIH TEMIIEPATypa BO3AyXa BHYTPU
nomernerus — 30 °C; cuapyxu — (—10 °C). Onpenenurs TeMIepaTyphl

MMOBEPXHOCTEH KUPITUIHOU CTeHKH. KO3 UIIMEeHTHI TemI00TIau OT TEIJIOBOTO
BO31yxa K creHke — 8 BT/(Mx°C); OT CTEHKH K XOJ0AHOMY BO3ayXy 15 B1/(Mx°C)

1S

Hano: Cmenka neuu uzeomosnena uz 08yx cioes Kupnuuda. Buympenuuii ciou —
02HeynopHuill Kupnuy moawuro — 350 mm. Hapyoichwiii cioti — Kpachwiil Kupnuy —
moawuno 200 mm.

3aoanue:

OnpenenuTh TeMIlepaTypy Ha HapyKHOW MTOBEPXHOCTU CTEHKU U KPACHOTO
KUPIIMYa, €CJIM Ha BHYTPEHHEN CTOPOHE CTEHKH U Kupnrua temmeparypa — 450 °C.
Totepu Teruia yepes 1 M mromanu coctasmsitor 1 kBr/M2. Br/(Mx°K), B/(Mx°K).
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16

Hano: Temnepamypa enympenneti nosepxnocmu cmenku — 900 °C HAPYIHCHOU —
90 °C. Tonwuna cmenku — 0,8 m. Yoenvuwlii mennosoii nomox, npoxoosawul yepes
cmeHnky, pasern 600 Bm/wP.

3aoanue:

Onpenenuth KOAOPUITUEHT TETUIONPOBOJHOCTH KUPITHYA.

1’7

Hano: Temnepamypa cmenok paouamopa 80 °C. Temnepamypa cmen nomeujenus
15 °C. Cmenens uepromei nogepxnocmu paouamopa.
3aoanue:
OIIpeneuTh TeIIonepenady H3nydeHneM ot 1 M° HOBEpXHOCTH
OTOIUTEIHLHOTO PauaToOpa B OOJIBIIOM TOMEIICHHH.

1S

Hano: Paznocms memnepamyp cmenok paouamopa u nomeuenus 90 °K.
3aoanue:
OrnpeneauTs II0IIaAb MOBEPXHOCTH OTOMUTEIBLHOIO pagruaTopa B OOJIBIIOM
MMOMEIIEHUH U CTENEHb YEPHOTHI pajuaTopa Npu CIACTYIONIUX YCIOBUSIX: TEIJIOBOM
moTok paseH 500 Br.

19

Hano: Temnepamypa 6o30yxa enympu nomewenus — 40 °C, cuapyacu (-20 °C).
Tonwuna cmenxu 10 mm. Koagpgpuyuenmuol menioomoauu om meniogo2o 6030yxa K
cmene — 15 Bm/(m*x°C),; om cmenku k xon00nomy 6030yxy 40 Bm/(mx°C).

3aoanue:

Onpenenuth KO3QPUIMEHT TEITONPOBOAHOCTH KUPIIHUYA, €CIIH yAEIbHbBIN
TEIJIOBOM MOTOK Yepe3 MIIOCKYI0 cTeHKY paBeH 1100 Br/m°. Onpenenuts
TEMIIEPaTypbl IOBEPXHOCTEN KUPITUYHOM CTEHKH.

20

ano: Cmenka neyu uzeomoenena uz 08yx cioes Kupnuua. Buympennuii cioii —
02HeynopHblll Kupnuy moawunou — 350 mm. Hapyoichwiii crotl — Kpachwiil Kupnuy —
moawurou 200 mm.
3aoanue:
OnpenenuTh TeMIlepaTypy Ha Hapy>KHOW MTOBEPXHOCTH CTEHKU U KPACHOTO
KUPITHYa, €CJIM Ha BHYTPEHHEH CTOPOHE CTEHKH U Kuprnya temmeparypa — 450 °C.
Totepu Teria depes 1 M° mromanu coctasmsior 1 kKBT/M?. Br/(Mx°K), B/(Mx°K).
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21

Jlano: Pmymuviu 6axkyymemp, npucoeounennwlii Kk cocyoy ¢ memanom CH4,
noxazvieaem paspsicerue 0,056 MIla. Ammocgheproe oasienue no pmymHomy
bapomempy cocmasnsem 768 mm pm. cm. (0,102 Mlla).

3aoanue:

Omnpenenuts aOCOIIOTHOE JaBJICHUE B COCY/IE U IUIOTHOCTh METaHa, eCiu
Temiieparypa B cocye pasaa 20°C. ITokaszanus BakyymmeTpa u 6apomeTrpa
npuBenieHbl K Temneparype 0°C.

22

Jano: bannon ¢ kucnopooom emxocmoio 20 1 Haxooumcs noo dasnenuem 1,0
MIla npu t=15 °C. Ilocne uspacxooosanus yacmu KUCI0po0d 0a6ieHue NOHU3ULOCH
00 0,76 MIla, a memnepamypa ymenvuunace 0o 10 °C.,

3aoanue:

Onpenenuts Maccy U3pacxo0JOBAHHOTO KHUCIOPOa.

=23

Hano: Temnepamypa 2aza t=20 °C, manomempuueckoe dasienue 2aza 6 6aiione
5,6 Mlla, abconromnoe oasnenue 2aza 6 nomewjenuu pasto 0,099 Mlla.
3aoanue:
Onpenenuts yaenbHbi 00beM nponana (C3H8) kak naeansHOro rasa.

24

Jlano: Cpednee s¢ppexmusnoe dasnenue p, = 6,1x10°ITa, numpadic deucamens
iVi, = 32,6x10™%°, yenosas ckopocms epawenus xonenuamozo sana o = 314pad/c,
Huzwas menioma ceoparus monausa Q,” = 43900k ic/ke, yoenvHwiii
agppexmuenniil pacxoo monausa b, = 0,292ke/(kBmXxu) u konuuecmso menjiomel,
nomepsauHou ¢ ompabomanuwvimu eazamu Q, = 70k c/c.

3aoanue:

OnpenenuTh MOTEPU TEIJIOTHI B IPOIIEHTAX ¢ OTPabOTaBIIUMU Ta3aMU B
MICCTUIVIIMHIPOBOM YETHIPEXTAKTHOM KapOIOpaTOPHOM JIBUTATEIIE.

28

Hano: Inowaou koumaxma cmeHok annapama ¢ npooyKmom u napom,
Haxoosuyumcs 6 pyéawke, F = 2u%. Tomyuna cmansroti cmenku annapama o =
3mm, koappuyuenm mennonposoonocmu A = 50Bm/(mx°K), kosuyuenm
mennoomoauu om napa k cmenke a1 = 10000Bm/(m**°K) u kosppuyuenm
Menioomoayu Om CmeHKu K npooyKmy o = 2000Bm/(m*><°K).

3aoanue:

Kakyro cpennroo TemmnepaTtypy J0JKeH UMETh Tap B pyOallke amnmapara,
9TOOBI IPH pacxojie TEIoThl Ha mporiecc Q = 180k /[x/c mognepxuBath
TeMIIepaTypy MpOayKTa t, =90 °C?

243




26

Hano: Kucnopoonwvix bannona Vi =\, coeounenvt mpyoonposooom. Onpedenumo
oasnernue, komopoe ycmanosumcs npu T = 298 K, ecau 0o coeounenus p; = 8
Mlla, Ty = 303 K, p, = 6 Mna 2 kucnopoouwvix b6aniona Vy =\, coedunenvl
mpybonpoeoooM.

3aoanue:

Onpenenute gaBiaeHue, kotopoe yctaHoButcs npu T = 298 K, ecinu 1o
coenuuenns p; = 8 MIIa, T; = 303 °K, p, = 6 Mua, T, = 293 °K.

>2'd

Jlano: B cmanvnom pezepsyape oovemom 0,75 > naxooumes cyxou
naceiyennwlii nap npu oasnenuu py = 10° ITa, nap nodozpesaemcs npu neusmennom
00veMe U KOHYY HaZpesanus Oaenenue nosviuaenmcs 0o p, = 15x10° Ia.

3aoanue:

OnpenenuTh KOJTUYECTBO 3aTPAuYEHHOTO HA HATPEBaHUE TEILIA.

28

Hano: B npomueomoynom macirooxiaoumesne Macio OXaaxcoaemcs om
memnepamypor  t; =65 °C 0o t, =55 °C.
3aoanue:

OnpenenuTs CyMMapHbIN TEIIOBOM MOTOK, TJIOIIA/b TETNIOOOMEHHOTO
anmnapara, pacxoJi BTOpOro TEIJIOHOCUTENS, €CIIM TeEMIIEpaTypa BTOPOTo
TerionocuTens usmensercs orl6 °C go 25 °C, pacxox nepsoro Teronocutens 0,8
Kr/c, TermoeMkocTs Macia 2,45 kJx/(krx°K), k = 280 Br/(mM°x°K).

29

Hano: /[nuna mpyoku € = 2 m, napyoicholil ouamemp d, = 18 mm, memnepamypa
cmenxu t.= 100 °C. Ha mpybe koHOencupyemcst HacbliyeHHblLL 600AHOU nap, p, =
0,6 Mlla.

3aoanue:

Paccunrtath K03 PUIMEHT TEIO0TIaYN U TETIOBOM TTOTOK K
TOPU30HTAJILHON TPyOe MapoBOTO MOJOTPEBATENS BOABI ISl TOPSUETO
BOJIOCHA0KEHUSI.

30
Jlano: Ha yposne mops oasnenue cocmasnsiem 101325 Ila, a memnepamypa
273,15° 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  DHEPrUI0  OJIHOATOMHOIO
UJCAIBHONO Ta3a B  KOJMYECTBE 3  MOJb IpuU
temmepatype 127 °C.

B uunmuHape moa MOpIIHEM HAXOIWTCA Ta3, COCTOSHUE p |- - —
KOTOpPOrO  MEHSETCs, Kak Ioka3aHo Ha puc. Kak
u3MeHusacb  Temmeparypa  rasza? Kakyio — paboty
COBEpIIMII ra3?

[Ipy H30TEPMUYECKOM pACHIUPEHUU HJCAIbHBIA Tra3z ¢  ¥i 2oy
coBepumini paboty, paBuyro 20 JIx. Kakoe konnuecTtBo

TEIJIOTHl ObUIO COOOIIEHO Ta3zy?

KakoBa macca cTainpbHOM JAeTanu, HarpeTo mnpeaBapuresnbHo g0 500 °C, ecu
IpU OMYCKaHWHM €€ B COCYH, coaepkammii 18,6 1 Boael mpu 13 °C, mocnenmsis
Harpemnach 10 35 °Cc? HcnapenueM Bojabl MpeHEOPEYbD.

[Toe3n maccer 2000 T mpu TOpMOKEHHH C ycKopenwem 0,3 M/c? OCTaHOBHIICS
cnycts S50 ¢ mnocne Haydanma TOpMOKEeHUsA. Kakoe KOJMYECTBO TEIIOTHI
BBIJICTTUJIOCH TMPU TOPMOXKEHUU?

B pesynaprare uukimueckoro mpoiiecca raz cosepmun 100 Jx pabotel u
nepenan xonoawinbHuky 400 Ix Terotel. Onpenenure KIIJ mukna.

BAPUAHT 2

KakoBa Temmeparypa OJHOATOMHOIO UECAIbHOTO Tas3a,
€CIIM U3BECTHO, YTO BHYTPEHHSII DJHEprus 2 MOJb
coctapisier 831 x/[x?

Haiimute paboTy, KOTOpYIO COBEpIaeT ras, mepexoas U3 gyl - -
cocrosiHua 1 B cocrostHue 37 !
B BepTUKanbHOM UMIMHIPE TMOJ TSKEIbIM TMOPIIHEM Fj | - - 11 .
HAXOJUTCS KHUCIOpOoA Maccoil 2 kr. Jlyisi MOBBIIIEHUS ! :
Temneparypbl kuciaopona Ha 5 K eMmy Obuio coobmeHo , 5 vy ¥
9160 JIx TtemnoTel. Haliiure yIOenpHYI TEMJIOEMKOCTb

KUCJIOpOJa TMpPU TIOCTOSIHHOM JIaBJICHUHU, pabOTy, COBEpIIAEMyI0 UM TIpH
paclIMpeHun, U yBEJIUYEHUE €ro BHYTPEHHEH IHEPTUH.

Kakoe konu4ecTBO KepocHHa HEOOXOIUMO CKedb, YTOObI S50 1 BOJBI Harperhb
ot 20 °C mo xumenns? KIIJ[ marpesatens 35%.

HalimuTte KOIMYECTBO TEIJIOTHI, KOTOPOE BBIAEIMIIOCH TIpH  aOCOIIOTHO
HEYIIPYroM COYJapE€HUHM JBYX IIIAPOB, ABUTABIIUXCA HABCTpEUy HApPYyr Ipyry.
Maccol niepBoro u BTOoporo mapoB paBHbl 0,4 kr U 0,3 KT COOTBETCTBEHHO,
uX CKopocTH 3 M/c U 12 M/C COOTBETCTBEHHO.

p“:

2 3
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Onpenenure KIIJI waeanbHOM  TEmIOBOM — MalllMHBI, €CIM  TEMIIeparypa
HarpeBatens B 1,6 pa3 Oosblle TeMrepaTypbl XOJIOAWJIbHUKA.

BAPUAHT 3

HalimuTe KOHUEHTpamuio MOJIEKYJ HIEalIbHOIO ra3a B COCYIE€ BMECTUMOCTBIO
2 11 nipu Temmeparype 27 °C, ecim BHYTpeHHsAs 3Heprusa ero paBHa 300 JDx.
B BepTUKaNbHO pacnoJIOKEHHOM UWIMHAPE MOJ TMOPIIHEM HAXOJUTCA Tra3
oovemom 2,0 1 mpu Temmnepatype 299 K. Haitnute paboTy pacuupeHus rasza
narpesanni ero Ha 100 K. Macca mopmms 10 kr, ero mmomans 50 o’
aTMoc(epHOe JaBlIeHHE HOPMAaJIbHOE.

B Tennon3onuMpoBaHHOM HWIMHIPE € IOPIIHEM HaxoauTcs a3zorT Mmaccel 0,2
kr mpu Temmeparype 20 °C. Asor, pacumpsisics, coBepiraer 4,47 kJK paGoTBL.
HalinuTte W3MEHEHHE BHYTPEHHEH SHEPrMM a30Ta U €ro TeMIIepaTypy IOCie
pacmupeHus. Y ieiabHasi TEeIIOEMKOCTh a30Ta IpPHU IMOCTOSHHOM OOBEME paBHA
745 1x/(xr-K).

Kycok amomuans maccou 537 r, Harpereii o 200 °C, norpyswm B 400 r
BoAbl mpu 16 °C. [Ipr 5TOM 4YacTh BOJABI HMCIIAPWIIACH, & OCTABLIASICA BOJA
npuobpena Temmeparypy 50 °C. OmpexenuTe KOIMYECTBO —HCIAPHBIICHCS
BOJIBI.

[Iyna maccel M, JeTdmas co CKOPOCThbIO Vi, MOMAJaeT B JIEPEBSIHHBIA KyO
Maccel M, nexanuidi Ha TJIAJKOM CToJie, U mpoOuBaeT ero. Haiaure sHepruto
W, mpeBpatuBlIylOCsST B TEIUIO, €CJIM IyJA Mpola Yepe3 LEeHTp Kyba u
CKOPOCTb €€ IOCJI€ BbUIETAa CTala PaBHOHU V.

NneansHas TemioBas MallMHa MMEET TeMmIepaTrypy Harpesarens B 1,5 pasa
BBIIIIE, YeM TemIeparypa XoJoawibHUKa. Mammuae coobupmm 15 kJ[x
TernoThl. Kakyto pa®oTy coBeprimia MamuHa?

BAPUAHT 4

KakoBa BHyTpeHHssI SHEpPrHs HIEaJbHOIO Ta3a, HaXOJSIIErocs B 3aKPBITOM
cocyne obbemMoMm 1,5 1 TpH KOMHATHOM TeMIleparype, eclid KOHILEHTPAIUS
momeky1 pasaa 2-10"° cm>?

B uwnmmaape mona mopiuHeM Iiomaasio 1,0 I[MZ HaxoauTcss 1 Moib BO3ayXa.
K mopmHio yepe3 6ok mpuBemieH rpy3 maccoir 55 kr. [wmHnap oxnaxmaroT
Ha 100 K. Ha xakyro BeicoTy noaHumercs rpy3? Macca nopmHs 5,0 kr.
ATMmocdepHoe NaBiIeHUE HOPMaJIbHOE.

TeMmeparypa rasza, UMEIOIIETO0 Maccy M W MOJSIPHYHO MAaccCy /4, TOBBIIIAIOT
Ha BenuuuHy AT oauH pa3 mpu MOCTOSHHOM JAaBJIEHUU p, a IPYyrou pa3 mpu
noctossHHOM  obbeme V. Hackoiapbko  OTIMYarOTCS  COOOIEHHBIE  Ta3y
KomuuecTBa TemnoTel Qp, Qy M yAendbHBIE TEINIOEMKOCTH C,, Cy IpHU
MOCTOSIHHOM JaBJICHUU U IMOCTOSIHHOM 00beme?
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4 B xanopumetp, copepxautuii 0,25 kr Bogbl mpu Temmepatype 25 °C, BIyCKaroT
10 r BomsHoro mapa mnpu Temmneparype 100 °C. Kakas TeMIueparypa
YCTAHOBHUTCS B KaJIOpUMETpE, €CIM ero TermoeMkocth paBHa 1000 Jx/K?

5 bpycox Maccel M paBHOMEPHO TOJHMMAIOT 3a TMPUBA3AHHYI0 K HEMY
BEPEBKY Ha BBICOTY N Mo jgocke, KoTopas oOpa3yeT ¢ TOPU30HTOM YIoil «.
BepeBka mapamnenbHa gocke. Koagdumument tpeHuss Opycka O JOCKY paBeH
k. Hafiqure sHepruro, KoTopas HACT Ha HarpeBaHHWe JOCKH U Opycka.

6 B TerioBOM jBHraTene TemmepaTtypa xomommmbHuka 27 °C, Temmeparypa
HarpeBarels 327 °C. Ha CKOIBKO TPOLEHTOB YBEIMYHTCS MAKCHMAIbHO
Bo3MOXHBIM  KIIJ[ »sToro nBurarens, ecnu Temmeparypa XOJIOAWJIbHHKA
noHM3uTCcs Ha 5%7?
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Ilpunooscenue |

Bonpoce! 15 tuppepeHIUpPpOBAaHHOIO 3a4eTa M0 JUCUHUILINHE
«TexHn4yeckasi TEPMOJUHAMUKA M TEIIONEPeIaAva).

1. Tepmonunamuka. Metog u 3akoHbl. OCHOBHBIE TOHSATHSI U OTNPEIACICHUS
TEPMOIUHAMUKHU.

2. Tepmonunamuueckas cucreMa. [lapamerpsl cocTOSTHHUSL.

3. Temtora u pabota. BHyTpeHHss SHEPTHS.

4. TepmoauHaMuyeckass M NOTeHUUanbHass padoTel."P-v" koopauHaThI.
[IepBbIil 3aKOH TEPMOAUHAMUKH.

5.IlapameTpbl cOCTOSSHUSL W YypaBHEHUS COCTOSIHMS. OTIWYUS MEXIY
UJCAIbHBIM U PEAIbHBIM T'a30M.

6. TermmoéMkocTs  rasa. VYHuBepcaabHOE  YpaBHEHUE  COCTOSHHS
UJEAIBHOIO ra3a.

7.OCHOBHbIE TOJOXEHUS BTOPOTO 3aKOHA TEPMOJUHAMUKHU.

8. OHTpomnus.

9.luxun u Teopemsl KapHo.

10.130mpoiiecchl uaeanbHOro rasa.

11.TIlpuMeHeHue NepBOro 3aKOHA TEPMOJIMHAMUKH K U30IIPOLIECCAM.

12. Jlmarpamma  (a30BBIX COCTOSTHH. Kputnueckne  mapamerpsl.
Bongnoi map. XapakTEpUCTUKH BIAKHOTO BO3/1yXa.

13.OcHOBHBIE TOHATHS TEOPUH TEILIOOOMEHA.

14. Ter10eMKOCTb. Onpenenenne TEIUIOEMKOCTH BEILIECTB.
TennmonpoBOIHOCTS. Crammonapnas TEIUIONIPOBOJHOCTh yepes
IJIOCKYIO U Yepe3 UUIUHAPUYECKYIO CTEHKY.

15.PacueT xapakTepuCTUK CMECH.

16.Cmecu UeaIbHBIX " peaIbHBIX ra3oB.
KoHBeKTUBHBIN TETMJI000MEH. Kpurepuanbhbie YpaBHEHUS
KOHBEKTHBHOTO TeriooOMeHa. PacueTHrpie hopMyIIbL.

17.MaremaTu4eckoe BbIpa)K€HHE MEPBOTO Hayajaa TEPMOJAUHAMUKH.

18.IlepBoe Hauaao TEPMOAMHAMMKH IO BHELIHeMY OaysaHcy 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 Ilpouecchl HW3MEHEHHUs COCTOsHMS (M300apa, wu30XOopa, H30TepMa U
aguabata) B "P-v" u "T-s" koopauHaTax.

23.IlonuTtpona ¢ TOCTOSHHBIM W TEpPEeMEHHBIM mMoka3areneM. llokazarenu
HOJIATPOTIBI.

24.PaboTa B TEpMOJUHAMUYECKUAX TIPOIIECCAX MPOCTHIX TEI.

25.TennooOMeH B TEPMOIMHAMUYECKHX MTPOIIECCaX MPOCTHIX TETl.

26.TIponiecchl NI3MEHEHHS COCTOSHUS UJICAJIbHBIX 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 Hauaja TEPMOCTATUKH.

31.CnencTBust BTOpOro Havyajia TepMocTaTuku. "T-s" KOOpIUHATHI.

32.MareMaTuyeckoe BBIpRKEHHE BTOPOrO0  Hayalla  TEPMOJMHAMUKHU.
TemnoBoe usnydenue. 3akon Credana-bonbiimana.

33.Tumbl  TEMIOOOMEHHBIX  amNmapaToB. Pacuer  TemiooOMeHHBIX
anmnaparos.

34.Bompochl 9KOJIOTHUHN TP UCTIOIB30BAHUH TETIJIOTHI.

35.T1ocnencTBust mapHUKOBOTO A PeKTa.

36.[Taps1. [Ipormeccrsr mapoodpazoanust B "P-v" u "T-s" xoopaunartax. J1.V.
napooOpa3oBaHus.

37.0mpeaeneHne mapaMeTpoB BIAXKHOTO HACBHIIMIEHHOTO W MEPErpeToro mapa.
JlmarpaMMbl COCTOSTHHSI JIJIST TIAPOB.

38.Ucreuenue xuakoctel u ra3oB. OCHOBHBIE PACUETHBIE COOTHOIIICHUS.
Hcreyenne HeC)KMMAeMOM KUKOCTH.

39.0c00eHHOCTH HCTEUEHHUs CXKUMaeMOW KUAKOCTH. Kpusuc wucreueHwusl.
Pexumsbl ucreuenus. ®opma cora.

40.dpoccemupoBanue. Db dext xoyns-Tomcona. OCHOBHbIC TTOHSTHS.

41.Tennonepenaya. OcHOBHBIC (POPMBI Mepeauu TEIIOTH U 3aKOHBI.

42.TernnmonpoBogHOCTh. 3akoH Dypre. KoadduireHT TernnonpoBoHOCTH.

43. InddepennnanbHoe YPaBHEHHE TEIIONPOBOIHOCTH. YcnoBus
OJTHO3HAYHOCTH.

44, TennonpoBOJHOCTb YEPE3 OJHOCIONHBIC CTCHKHU.

45.TennonpoBOAHOCTh YEPE3 MHOTOCIOMHBIE CTEHKH.

46.Termoniepenaya yepes MIOCKAE CTEHKH.

47.Tennonepenaya yepe3 KpUBOJIUHEHHBIE CTEHKHU.

48.Kputnueckuii guaMmeTp TpyOoonpoBoa.

49 . MuteHcudukaiys mpoIeccoB TeIIoNnepeiayu.

50.Temnootnaua. 3akon Hetorona-Puxmana. Koaddunment remmooraaun.

51. luddepennnansubie ypaBHEHHUsS] KOHBEKTUBHOTO TerioooMeHa. OCHOBHbBIE
MOHSTHSL.

52.TloHATHS O TCOPHUH MOIOOUSI.

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 IBUKEHUHU KUJKOCTH MOMEPEK TPYOBI U IydKa TPyoO.

57.TemnoobmeH mpu CBOOOHOM JIBUKEHUU KUIKOCTH.

58.0cobeHHOoCTH TEMI000MEHa B Y3KUX LIENSIX.
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