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B pesynbrare
TEPMOJMHAMHUKA U

1. HACIIOPT KOMIUVIEKTA
KOHTPOJIBHO-UBMEPUTEJIBHBIX MATEPUAJIOB

TCILIONICPCaada

OCBOCHHS yY€OHOH JUCIUTIIUHBI
oO0yyaromuiics

OIL.07.
JOJDKEH

Texunueckas
o0J1a1aTh

npexycmotperabiMu OI'OC CIIO mo cnemumanpHOcTH 26.02.05 «Dxcrmmyaranus
CYJIOBBIX SHEPTeTHUYECKHX YCTAaHOBOK» W HaIpaBjcHa Ha (pOpMHUpOBaHUE OOIIUX H
po(hecCHOHATFHBIX KOMIICTCHIIHA.

B pamkax mporpamMmbl y4eOHOH MUCIUTUTMHBI OOYYarOIIMMHUCS OCBAaUBAIOTCS
YMCHHUSI U 3HAHUSA

Koo OK Ymers 3HaTh

OK.01 |- pacnosuaBath 3a1a4y u/uian npooieMy B — aKTyaJbHbII NPo(ecCHOHAIBHBIA U
poheCCHOHATILHOM /TN COIIMATBLHOM COLIMAJIbHBIA KOHTEKCT, B KOTOPOM
KOHTEKCTE, aHAJIM3UPOBATh U BBLACIATH €€ HOPUXOAUTCS pabOTaTh U JKUTh;
COCTaBHbIE YaCTH; — CTPYKTYpY IIaHa IJIsl pEeLICHUS
— ONPENEIIATh Talbl PELICHUS 3aa4H, 3aJa4, aITOPUTMBI BBIITOJTHEHHSI padoT
COCTABJIATH IUIAH JCHCTBUSA, peIN30BbIBATh | B IPOPECCHOHATIBLHON M CMEKHBIX
COCTaBJICHHBIH IUIaH, ONPENEIATh o0nacTsx;
HE00XO0/IUMBIE PECYPCHI; — OCHOBHBIE MCTOYHUKHU UH(OpMALIH
— BBIABIIATH M 9((EKTUBHO CKATh U pecypchl Ul peLIeHus 3aa4 U/ 1in
nHpOpMaIHIo, HEOOXOIUMYIO JJIs pelieHusT | mpoOiieM B Mpo(hecCHOHAITBHOM W/WITH
3aJjauu ¥/UIH IPOOJIEMBI; COLIMAJIbHOM KOHTEKCTE;
— BIIJIETh aKTyaJIbHBIMU METOAaMU pabOThl | — METO/Ibl pabOTHI B
B IIpoeccnoHaIbHOM U CMEXHBIX cepax; npodeccnoHaTbHON U CMEXHBIX
— OLIEHUBATh PE3yJbTAT U MOCIEACTBUS chepax;
CBOUX JIeHCTBUH (CaMOCTOATENBHO UITH C — [IOPSJIOK OLIEHKH PEe3yJIbTaTOB
MTOMOLUIbIO0 HACTABHUKA). pelieHus 3a1a4 npodeccuoHanIbHON

JESITEIBHOCTH.
OK.02 — HOMEHKJIATYPy HH()OPMAIHOHHBIX

— ONPENIEISITh 3a/1a49M JIJIS IIOMCKA
nH(pOpMalKH, TUIAHUPOBAThH IPOLECC
MOKCKA, BBIOMPATh HEOOXOIMMbIE
WMCTOYHUKH WH(OPMAIINH;

— BBIJIENIATh HauboJee 3HAaUMMOE B IepeUHe
nH(OPMAIIAU, CTPYKTYPUPOBATH
noJiydaeMyro HHGopMaIuio, opopmisaTe
PE3YIJIbTAThI IOUCKA;

— OIIEHUBATh MPAKTUYECKYIO 3HAYMMOCTh
PE3yIbTAaTOB MOUCKA;

— MPUMEHSATH CpeACTBa HH()OPMAITMOHHBIX
TEXHOJIOTUH JIJIS peIICHHS
npodecCHoHANBHBIX 3a]1a4;

— HCIIOJIB30BaTh COBPEMEHHOE MPOTPaMMHOE
oOecnieueHre B IpohecCuOHATBLHOM
JIEATEIIbHOCTH;

— HCIIOJIB30BaTh pa3jIMdHbIC TH(POBHIC
CpEICTBA JIJISl peHICHHUS MPOPECCHOHATBHBIX
3a7ad4.

HMCTOYHUKOB, IIPUMEHSEMBIX B
npodhecCuOHaNBHOM NesTeNbHOCTH;
— IIPUEMBI CTPYKTYPUPOBAHHUS
uH(popMaIuy,;

— ¢opMar opopmIIeHUS PE3YyITHTATOB
MoMCcKa MHPOpMAIUH;

— COBPEMEHHBIE CPEJICTBA U
ycTpoiicTBa HH(OPMATHU3AIINH,
MTOPSIJTIOK MX TPHUMEHCHUS;

— [IPOrpaMMHOE o0ecTeueHue B
npodeccroHabHOM 1eATENHHOCTH, B
TOM 4HCIIe TU(PPOBBIE CPENICTBRA.




OK.04

— OpraHU30BBIBATh pabOTy KOJJICKTUBA U
KOMaH/Ibl;

— B3aUMO/ICHCTBOBATH C KOJUICT'AMH,
PYKOBOACTBOM, KIIMCHTAMU B XO4€
poeCCUOHATTLHON IEATEIEHOCTH.

— IICHXOJIOTHYECKHE OCHOBBI
NEATEILHOCTH KOJUIEKTHBA;

— IICHXOJIOTHYECKHE OCOOECHHOCTH
JIMYHOCTU.

OK.05 — IPaMOTHO U3J1araTh CBOM MbBICIIU U — mpaBuia 0QpOPMIICHUS JOKYMEHTOB;
0(hOpMIISITH JOKYMEHTBHI 10 — TIpaBHJIA IOCTPOCHUS YCTHBIX
npoeCCHOHATBLHON TEMaTHKE Ha COOOIICHHUI;
roCy1apCTBCHHOM S3bIKE; — OCOOCHHOCTH COLMATBHOTO U
— IPOSBIIATH TOJIEPAHTHOCTH B pabodeM KyJIbTYPHOT'O KOHTEKCTA.
KOJUIEKTHUBE.

OK.07 |- coGmogath HOPMBI DKOJIOTHYECKON — TpaBMJIa YKOJIOTUYECKON
0€30MacHOCTH; 0€301MacHOCTH TP BEJCHUU

— OIpEEISTh HAIPABJICHUS npodeccroHaNbHON AEATEIPHOCTH
pecypcocOepexeHns B paMKax — OCHOBHBIC PECYpPCHI,
npodecCHOHATIBHOM ACATEILHOCTHU 110 3aJIeiCTBOBaHHBIC B
CIIeMaTIbHOCTH; npodeccruoHaNbHON AEATEIPHOCTH

— OpraHU30BBIBaTh MIPOPECCHOHATHLHYIO — IyTH 00eCTCYCHUs
JeSITENIbHOCTD C COOIIOZICHUEM MIPUHIIMIIOB | PECYpPCOCOEpeKEHHS
OepeKIIMBOTO MPOU3BOJICTBA; — TIPUHIIMIIBI OEPEKITUBOTO

— OpraHU30BBIBaTH MIPOPECCHOHATBHYIO IPOU3BO/ICTBA
JEATEILHOCTD C YYETOM 3HaHUH 00 — OCHOBHBIC HANPABJICHUS H3MCHCHHUS
WU3MCHEHUH KJIMMATUYCCKUX YCIOBHIA KJIMMAaTUYEeCKUX YCIOBHIA PErHOHA
pErroHa; — TpaBUJIa TIOBEICHHS B

— 3(QQeKTuBHO IeHCTBOBATH B YPE3BBIYANHBIX CHUTYAIUSX.
Ype3BBIYAHHBIX CHTYAIHIX.

OK.09 — MMOHUMATh OOIIUH CMBICIT YETKO

MIPOM3HECCHHBIX BBICKA3bIBAHUH HA
W3BECTHBIE TeMHI (MTpodeccroHalbHbIE U
OBITOBBIC), TOHUMATh TEKCTHI Ha Oa30BbIE
npodeccuoHanbHbIE TEMBI,

— y4acTBOBATh B JIMAJIOTaX HA 3HAKOMBIC
oOmue u mpoecCHOHANbHBIE TEMBI;

— CTPOUTH MPOCTHIE BBICKA3bIBaHU O cebe U
0 cBO€H PO eCCHOHATBHON IEATETLHOCTH;
— KpaTKO 00OCHOBBIBATh U OOBSACHSATH CBOU
NecTBUS (TEKYIINE U TUTAHUPYEMBIE);

— MHCATh TPOCTHIE CBSA3HBIC COOOIICHUS Ha
3HAKOMBIE WJIH UHTEPECYIOIIHE
npo¢eCCHOHATBHBIE TEMBI.

— TpaBWJIa TOCTPOEHHUSI MTPOCTHIX U
CJIOKHBIX IPEUIOKEHUN Ha
npogeccuoHaIbHbIE TEMBI;

— OCHOBHBIE 0011IeyIOTpeOUTEIbHbIE
ryarojsl (ObITOBAs U
npodeccuoHaIbHas JIGKCUKA);

— JIEKCUYECKUI MUHUMYM,
OTHOCSLIHNICS K ONHCaHUIO
MIPEIMETOB, CPEJICTB U TIPOIIECCOB
npo¢eCCHOHATBHON IEATETLHOCTH;

— 0COOEHHOCTH NMPOU3HOILICHHUS;

— TIpaBWJIa YTEHUS TEKCTOB
npodeCcCHOHATBHON HAMPABIEHHOCTH.

peanu30BbIBATH Ha MPaKTUKE
HallMOHAJILHBIC u MEKIyHApOIHbIE
TpeOOBaHUS IO IKCIUTyaTalluH CYIHA;
ONPEAENAThH TUIIBI CYIOB;
— OPUEHTUPOBATHCS B PACIIOJIOKEHUU
CY/IOBBIX IMOMEIICHUHN

KJIACCU(PUKAIIHMIO CY/IOB U
0003HauEHHS Ha CY/1ax;

HaBUTAIMOHHBIC Ka4eCTBa CY/IHA,
TEXHUKO-IKCIUTyaTalluOHHBIE
XapaKTEPUCTHKH CyJTHA, TJIABHBIC
pasmepeHust 1 KodpPpUInueHTHI
MIOJTHOTBHI, BOJIOU3MEIICHNS,
Ipy30I0IbEMHOCTH,




HETOTOIUIIEMOCTH M OCTOHYHUBOCTH;
APXUTEKTYPHBIN THII CYHA,
KOHCTPYKIIUIO KOPITyCa,
KOHCTPYKIIHUIO HAJICTPOCK M
000pyIOBaHUS CYOBBIX MIOMEIICHUIA;
KOHCTPYKIIUIO IPY30BbIX JIFOKOB;
KOHCTPYKIIMIO OT/ICIbHBIX y3JI0B
CynHa;
KOHCTPYKTHBHYIO
MIPOTHBOIOKAPHYIO 3aIUTY;
CY/IOBBIE YCTPOMCTBA;
Ha3HAYEHUE U KIIACCUPUKALIUIO
CY/IOBBIX CHCTEM;
— Ha3HaYeHUE, COCTaB,
(yHKIIMOHHPOBAHNE CHCTEMBI
NPEAYIPEKACHUS 3arpsI3HCHHS

BBITNOJIHATh TEPMOJUHAMMYECKUNA pacyeT
TEIUIOOHEPreTUYECKUX YCTPOMCTB u
IBUTaTEIIEH

OCHOBHBIE TIOHSTHS TEOPUHU
TEeII000MEHa;

TEOPETUUCCKUE OCHOBBI
MEXaHHUKH, CTATUKU U JUHAMHKHU
JKUJIKOCTEH U ra3os,
TEPMOJIUHAMHKHU U

THAPOMCXAaHHKH,
TEOPETUYECKHE OCHOBBI THPABIIUKH




2. MOACHUTEJIBHASA 3AIIMCKA

Cuctema KOHTpOJII KadecTBa O0Opa3oBaHUs KypCaHTOB (CTYACHTOB)
cnenuansHocT 26.02.05 «3Dkcmyaranus CyJOBBIX SHEPTeTUYECKUX YCTAaHOBOK)
BKIIIOYAET OINUCaHWe 3a4ay, (QYHKIMA U ycnoBuil QopmupoBanus ¢GoHIa
KOHTPOJIbHO- W3MEPUTENIbHBIX MaTepUaliOB, PACKPBIBAECT COJECp)KAaHUE BUIOB U
dbopM KOHTpPOJIS, BKJIIOYAs TPATUIMOHHBIC, KOMIUIEKCHbIE W HWHHOBAIIMOHHbIE
U3MEpUTETbHBIE MaTepUaJIbl.

KoHTpoNbHO-U3MepUTENbHBIE MaTepuaibl ONPEACNSIOT OpraHu3aluilo U
IUTAHUPOBAHKUE PE3YJIbTATOB CAaMOCTOSATEIBHON pabOThl KYPCAaHTOB (CTYJICHTOB) M
OILICHKY Ka4eCTBa OCBOCHHUSI IUCIUTIIIUHBI.

Bce KOHTpOJIbHO-U3MEpPUTENIbHBIE MaTepHallbl, a TakkKe onucaHue (HopMm U
METOJIOB, TpEAHA3HAUYCHHBIX IS OMPEICICHUS KauecTBa OCBOCHHUS KypCaHTOM
(ctyneHToM) yueOHOTO marepuana, SBISIOTCS HEOThEMIIEMOW YacThIO OCHOBHOM
npodeCCUOHANIBHON 00pa30BaTEIbHON MPOrpaMMel B 1iejoM 1 Y MK nuciumninHeI.

dopmon aTTecTaluu o y4eOHOI JUCLHUILINHE SIBJISIETCS
ouggepenyuposannviii 3auem.

3. KOHTPOJ/IbHO-U3MEPUTEJ/IBHBIE MATEPHUAJIBI VIS OHEHKH
OCBOEHMHA YYEBHOU JMCIHUIIJIMHBI 1 UX KPATKASA
XAPAKTEPUCTHUKA

Ouenka Teopetudyeckoro kypca yueOHou aucuuruinabl Ol 07. Texnuueckas
TEpPMOJMHAMUKA U TEIUIONEpeIadya OCYIIECTBISAETCS C UCTOIb30BAHUEM CIIEIYIOIINX

dbopM U METOZ0B KOHTPOJISL:

—TGKYHII/Iﬁ KOHTPOJIb — BBIIIOJJHCHHNC TCCTOBBIX SaﬂaHHﬁ; peuICHUC 3a1a4 II0
o6pa3uy; PCIICHUC MHINBUAYAJIbHBIX 3ad4; BBIIIOJIHCHUC, paCuCT U 3alllUTa

OTYETOB MO NMPAKTUYECKUM 3AHITHUSIM;
—pyOEKHBII KOHTPOJIb — BBITIOJIHEHHE KOHTPOJIBHON paboThI;
—POMEXKYTOUYHBIA KOHTPOJIb — TU(PPEPEHIIMPOBAHHBIN 3a4eT.



3.1. TEKYIIIUH KOHTPOJIb

TexHnuyecKNd TUKTAHT
YroObl BBISICHUTH, KaK KypCaHThI (CTYJCHTBI) YCBaWBalOT TOT WU HHOM
MaTepual, UM Tpejiaraercs 3a onpeneléHHOe BpeMsi JaTh OTBETHI B opMme «fa,
HET» Ha IATh BONPOCOB C MOMOIIBIO ONPENEICHHBIX 3HAKOB. [IpuMeHeHue Takoro
METO/Ia CIOCOOCTBYET Pa3BUTHIO BHUMAHHUSA CTYJIEHTOB, TaK KaK OHH JOJIKHBI
BOCIIPUHSTh BOINPOC TMpENojaBaTessi Ha CIyX, KpOME€ TOro, IO3BOJISIET CTPOro
pETIaMEHTHPOBATH BPEMSI BHITIOJIHEHUS PaOOTHI 1 BHOCUT HEKOTOPOE Pa3HOOOpaswe B
dbopmbl meKyueit nposepku 3uannii. Pabora mpoxoauT B OBICTPOM TEMITE B TIOATOMY
TaKue TEXHUYECKUE AUKTAHTHI 3aHUMAIOT 5 — / MUHYT.
[IpaBUbHBII OTBET HAa 5 BOINPOCOB COOTBETCTBYET OIIEHKE «OTIIMYHO», HA 4
BOIIPOCA — «XOPOIIO», HAa 3 BOIIPOCA — «yJAOBJICTBOPUTEIIHLHOY.
TexHuyeckue AUKTAHTBI IPOBOAATCA IO JBALATH OJTHOM TEME!
3aKOHBI Ta30B U KUJIKOCTEM.
TenmnoeMKoCTh ra3oB.
OCHOBHBIE MOJI0KEHUS TEPMOANHAMHUKHU.
TermnoemMKocTs.
3aKOHBI TEPMOJIMHAMUKH.
OHTAJIBIUS U SHTPONUSL.
Teopus TemnooOMeHa.
TepMoarHAMUYECKUE TTapaMETPhl COCTOSIHUS.
. BongHoi nap u ero cBOMCTBA.
10 TenmooOMeH U3ITyIeHHUEM.
11.Buasl TeueHUs KUIKOCTH.
12.VineanbHbIN U peabHBIN T'a3.
13.TepMoaguHaMUYECKHUE MTPOIIECCHI.
14 TTpsimoit 1 0OpaTHBIN UK.
15.T"a30BbIE cMecH.
16.VcTeyenue u IpoccenTupoBaHUe Ta30B U MMapOB.
17. Huxer TITY.
18.0OcHOBHBIE MOJOKEHUSI KOHBEKTUBHOTO TETJIOOOMEHA.
19.PexxuMbl T€UCHUS U KUTICHUS.
20.JIyuuncThlii TEMIIOOOMEH.
21.TenooOMEHHBIE aImaparsl.
TurnoBble TEXHUYECKUE JUKTAHTHI pUBeAcHBI B Ilpunoicenuu A.

CcoNORODE

KpoccBopa

KpoccBopa siBisieTcst oHOM 13 HOpM meKyuyezo KoHmpos, Kotopas
TI03BOJISICT MOBBICHTh HHTEPEC KYPCAHTOB (CTYACHTOB) K TUCIUILUIMHE B TIPOIIECCE
oOy4eHus.

B kaxmoil TeMe BBIIEISAIOTCS KIIIOYEBBbIE MOHSTUS U TEPMUHBI, KOTOPBIE
MOJIO’KEHBI B OCHOBY KpOCCBOpAa. Pelienne kpoccBopaa — 3aHATHE YBIIEKATEIbHOE U
MOJIE3HOE, TIO3BOJISIET TPEHUPOBATh MaMsTh U BBINIOJHSAETCS HAa y4eOHOM 3aHSITUU B
teyeHue 15-20 munyt. IlpaBunpHo pemennsiii Ha 100% kpoccBOpa OLEHUBAETCS
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«oTnuaHO», Ha 90% — «xopomoy, Ha 60-80% — «ymoBaeTBOpHUTENHEHOY, MeHEEe 60% -
«HEYIOBJIETBOPUTEIHHOY.
Pemenue kpoccBOp/ia BBITIOIHAETCS KypCcaHTaMu (CTYJIEHTaM1) MO TeMaM:
1. OCHOBBI TEPMOJIMHAMHUKA.
2. Termonepenaya.
3. TepmoauHaMUKa.
4.T"a30BbIe 3aKOHBI TEPMOJAMHAMUKHU.
Tunoseie kpoccBOpAbI IpuBeAeHBI B Ilpunoicenuu B.

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

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

PacuetHble npaktudeckue 3ananus (Ilpunoscenue D) no Temam:

1. OcHOBHBIE Ta30BbIE 3aKOHBI.
2. [TapameTpbl cocTosiHUSL pabodero Tena. YpaBHEHHMs UACATbHOTO rasa.
Omnpenenenue TEMIOEMKOCTH HIEATbHBIX Ta30B.
3. UccnenoBanue TepMOIMHAMUYECKUX MTPOLIECCOB MI€ATBHOIO rasa.
4. PacyeT UKJIOB MapoTypOMHHBIX ycTaHOBOK (IITY).
Pacuer umkinoB nBurateneil BHyTpeHHero cropanusi (JBC). Pacuer nmkinon
ra3oTypOouHHbIX ycTaHoBOK (I'TY).
6. VccienoBanuio mpoIeccoB BOASHOIO Mapa.
7. WcTeueHue ra3zoB M Mapos.
8. TemnooOMeH Mpu BbIHYKIEHHON KOHBEKIIMH.
9. TenooOMeH npu cBOOOHON KOHBEKIIUH.
10.TeryionpoBOAHOCTh Ye€pe3 IUIOCKHUE W IUIUHIAPUYECKUE OJHOCIONWHBIE U
MHOTOCJIOMHBIE CTEHKHU.
11.TermooOMeH U3TydeHUEM.
12.PacueT Termio0OMEHHBIX anmnapaTos.

o1

BeinosineHnue pedepara, cO001EHUS, IPE3eHTALIUH
Pegepam — nucbMeHHBIN TOKJIAA 1O OMPEAEICHHOW TeMe, B KOTOPOM coOpaHa
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uHpopMaIusi W3 OJHOTO WJIM HECKOJBKUX WCTOYHUKOB. Pedeparsl mnumryTcs
CTaHJApPTHBIM SI3bIKOM, C UCIIOJIb30BAHUEM THUIIOJIOTU3UPOBAHHBIX PEYEBBIX 000POTOB
BpOJIE: «BAXKHOE 3HAUCHHE UMEET», «YAENAeTCs] 0c000€ BHUMAHUEY», IIOJJHUMACTCS
BOIIPOCY, «JIeJIaeM CJIETYIOIINE BBIBOJBDY, «UCCIeayeMas MpodiieMay, «OCBEIIaeMblii
BOIIPOCY» U T.II.

Paznuyatror 1Ba BuAa pedepaToB: npoOYyKmuHvle W PenpoOoyKmueHwle.
Penpooykmuenwiti pedepar BOCHPOU3BOJUT COJEPKAHUE TEPBUYHOIO TEKCTA.
IIpooykmusHuvii pedepar COAECPKUT TBOPUECKOE HIIM KPUTHUECKOE OCMBICICHHE
pedepupyeMoro uCTOYHHKA.

Jloxnao, coriacHO TOJKOBOMY clioBapio pycckoro sizbika J[.H. VYmakosa
«...COOOIIEHHE MO 3aJaHHOM TeMe, C LENbI0 BHECTH 3HAHUS W3 JOMOJIHUTEIbHOU
JUTEpPaTypbl, CUCTEMATU3UPOBATH MAaTEPUJ, MNPOUIUTIOCTPUPOBATh MPUMEPAMH,
pa3BUBaTh HaBbIKM CAaMOCTOATENBbHON pabdOThl C HAy4YHOM JIUTEpaTypoil,
MO3HABATEIIbHBIN MHTEPEC K HAYYHOMY MTO3HAHUIOM.

Tema pedepara, noknaga Wik COOOIIEHUS JIOJDKHA OBITH cCOTJlacoBaHa C
npernoiaBaTesieM W COOTBETCTBOBaTh TeMe yueOHoro 3austus (Ilpunoscenue E).
Matepuaiibl pu €ro MoAroToBKE, JOHKHBI COOTBETCTBOBATh YU€OHO-METOIUYECKUM
TpeOOBaHMSIM U OBITh yKa3aHbl B jokiane. Heobxoaumo cobirogath periameHt,
OTOBOPECHHBIM TMpU  TOJydeHHH 3ajnanHusa. Mmoctpauuu — JAOMKHBL  OBITH
JIOCTaTOYHBIMH, HO HE YPE3MEPHBIMHU.

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

Cmpykmypa 8blcmynieHus

Berynenue JoMKHO colepiKaTh: Ha3BaHUE, COOOLIEHHWE OCHOBHOM WJEH,
COBPEMEHHYIO  OLIEHKY  MpeIMeTa  M3J0XKEHUs, KpaTKoe  IEepPEeUUCIICHHUE
paccMaTpUBaEMbIX  BOIIPOCOB, KUBYIO  HWHTEpPECHYIO  GOpMy  HU3JIOXKEHHS,
aKIIEHTUPOBAHWE BHUMAHUS Ha BAXKHBIX MOMEHTAX, OPUTHHAIBHOCTH MOIX0/1A.

OcHOBHasi 4acTh, B KOTOPOW BBICTYMAIONIUHN JIOJDKEH TIYOOKO PacCKpBITh CYTh
3aTPOHYTOM TEMBI, CTPOUTCS IO TPHUHIMIY OTYeTa. 3ajadya OCHOBHOM YacTu —
MPEACTaBUTh JIOCTATOYHO JIaHHBIX JUISl TOTO, YTOOBI CIYyIIATEIN 3aWHTEPECOBAINUCH
TEMOU M 3aXOTeJId 03HAKOMUTHCS ¢ MaTepuanaMmu. [Ipu sToMm jorudeckas CTpykTypa
TEOpPETUYECKOro OJoKa HEe [JO/DKHBI JaBaThcsi 0€3  HArJIAIHBIX  OCOOUH,
ayJIMOBU3YAJIbHBIX U BU3YaAJIbHBIX MAaTEpPUAJIOB.

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

Ilpezenmayus, COraacHO TOJKOBOMY CJIOBaprO pycckoro s3bika J.H. Ymakosa:
«... croco6 nmoaauu uHGOpMaIU, B KOTOPOM MPUCYTCTBYIOT PUCYHKH, oTOorpaduu,
aHUMAITUS U 3BYKY.

J171s TOATOTOBKH MPE3CHTALMU PEKOMEH/IyeTCsl UCIOIb30BaTh: Power Point, MS
Word, Acrobat Reader. Camas mpocrtas mporpaMma Ijisi CO3MaHHsI MPE3CHTAIUN —
Power Point.

JIy1st MOATOTOBKY MPE3CHTAIINHI HEOOX0IUMO cOOpaTh U 00padoTaTh HAYATHLHYIO
uHpopmaruto. [locinenoBaTeIbHOCTh MOATOTOBKH MPE3CHTAIIHH
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— 4YeTKOo c(opMymupoBaTh I€Jb MPE3EHTAIMU: Bbl XOTUTE CBOIO AYIUTOPHUIO
MOTUBUPOBaTh, YOCAUTh, 3apa3uTh KaKOH-TO HJEeH WM MPOCTO (PopMaibHO
OTYUTATHCH;

— OMNpeNeIuTh KakoB OyAeT GopMar MpEe3eHTAlUU: KUBOE BBICTYIUIEHHE (TOT/a,
CKOJIBKO OYZET €ro mpoJ0JKUTEIBHOCTD) UM AJIEKTPOHHAS PAcChlIKa (KaKOB
OyJeT KOHTEKCT IPE3EHTALlUN );

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

— ONpPEAECIUTH KIIFOUEBbIE MOMEHTHI B COAEPKAHUU TEKCTA U BBIACINUTD HX;

— ONpEeNeIUuTh BUABl BU3yalu3alMM (KAPTUHKH) JUIsI OTOOpaKeHUs HMX Ha
CJIaiflax B COOTBETCTBHH C JIOTUKOM, IIEIbIO U CIIEIU(UKON MaTepuraa,

— nojaoOparh nu3ailH U (popMaTtupoBaTh cCiaiabl (KOJWYECTBO KapTUHOK U
TEKCTa, UX PACIOJIOKEHUE, I[BET U pa3mep);

— MPOBEPUTH BU3YaJIbHOE BOCIIPUATUE PE3CHTALINY.

K Bugam Bu3yanmu3aluu OTHOCATCA WUIIOCTpAllU, 0Opasbl, JuarpaMmbl,
TaOJIHIIBI.

Hnnrocmpayus — npeicTaBlIeHUE PEANbHO CYIIECTBYIOIIETO 3PUTENBHOTO PAA.

Obpa3zvl — B OTIIMYME OT WUTIOCTpanuil — metadopa. X Ha3HaueHue — BbI3BATh
AMOIIMIO U CO3[1aTh OTHOIIEHHE K HEW, BO3AEHCTBOBATh Ha ayAUTOpHUI0. C MOMOUIBIO
XOpOIIO MPOAYMAHHBIX U MPEICTaBISEMbIX 00pa3oB, HHPOPMALMS MOXKET HAJIO0JIO
OCTaThCsl B MaMSITH YEJIOBEKA.

Jluacpavma — BU3yanu3anus KOJIMYECTBEHHBIX M KayeCTBEHHBIX cCBsizen. Mx
UCIIOJIB3YIOT ISl YOCAUTENbHON EMOHCTPAIMK JaHHBIX, ISl MPOCTPAHCTBEHHOTO
MBIIUIEHUS B IONOJIHEHUE K JIOTHYECKOMY.

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

[IpakTH4eCKHE COBETHI MO MOATOTOBKE MPE3CHTAIUU:

— TOTOBUTH OT/ENILHO: ICYATHBINA mexcm + cuauiowi;

— crHaiiapl — BU3yaJbHas Mojaya MH(POpMalMU, KOTOpas AOJDKHA COAEpXkaTh
MUHHAMYM TEKCTa, MAKCUMYM H300pa)KEHUH, HECYIIUX CMBICIOBYIO HArpy3Ky,
BBITJISIAETH HAMJISIAHO U MPOCTO;

— TEKCTOBOE COJICp’KaHHE MPE3CHTAIMU — YCTHAs peub WM YTEHUE, KOTopas
JOJDKHA BKJIFOYATh apTYMEHTHI, (PaKThl, I0Ka3aTEIhCTBA U DMOIINU;

— PEeKOMEHAyeMoe 4uciio ciaigoB 17-22;

— oOs3atenbHas uHGOpMAIU IJI MPE3CHTAMU: TeMa, (paMUIusg U WHULUAJIBI
BBICTYTIAIOIIETO; TUIAH COOOIICHMS; KPAaTKHUE BBIBOJBI M3 BCETO CKa3aHHOTO;
CIIUCOK MCIOJIb30BAHHBIX UCTOYHUKOB.

BbinoJiHeHHEe TECTOBBIX 3aJaHuM

TecroBoe 3amaHWe mpeacCTaBIsIeT COOOHM CIEHMUANIBHO ITOATOTOBJICHHBIM
KOHTPOJIbHBIN Ha0Op 3aJaHuii, TO3BOJISIIONIUNA KAYECTBEHHO M KOJMYECTBEHHO
OLICHUTh 3HAHHUS KypCAaHTOB (CTYIACHTOB) IOCPEJCTBOM CTATUCTHUYECKHX METOJOB.
OCHOBHBIMH JIOCTOMHCTBAMHU TECTOBOTO KOHTPOJS SIBJISIFOTCS: OOBEKTUBHOCTH
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pPE3yNbTaTOB TPOBEPKH, MOBHIICHUE A()PEKTUBHOCTH TMPOBEPKH 3HAHWKA 3a CYET
YBEJIMYEHHSI €€ YacTOThl M PEryJspHOCTH, BO3MOXKHOCTb IPOBEPKU 3HAHUM C
UCITI0JIb30BAHUEM KOMITbIOTEPOB.
Texywuit konmpons B GopMe BBITIOJHEHUSI TECTOBBIX 3aJaHUM Ha YYEOHBIX
3aHATHUSIX MPOBOJUTCS 110 TEMAM:
Tepmoaunamuyeckas cucrema.
["a30BbIC 3aKOHBI.
[{MKJTBI TETUTOBBIX MAIIIVH.
OHTponus.
uxn Kapho.
Huxner JIBC.
ITopiHeBBIE KOMIIPECCOPHI.
[{KITBI XOJIOIUIBHBIX YCTAHOBOK.
[uki Penkuna.
0. [Ipoteccol mpeoOpa3oBaHus U MEeperpea mnapa.
1. cTedenue u IpoccenTupoBaHe Ta30B U MapoB.
2. Buasl TermiooOMeHa.
13. TemnonpoBOHOCTD.
14. Tenmootnayva.
15. Tlepenaya TEmIOTHI U3ITYyYCHUEM.
16. TermmooOMeHHBIE anmapaThl.

PR BOONOOA~WNE

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

CaMOKOHTpOJIb IIPU MOJATOTOBKE K 3aHATUAM, TU(P(EpeHIMPOBAHHOMY 3a4eTy
MO>XHO OCYILIECTBJISITH IO BOIpOcaM, BXOMAIMM B @OHJ TECTOBBIX 3aJaHUN
(Ilpunoscenue F).

Pemenue 3aga4 no oopasny

Texkywuit koumpoab GOPMUPOBAHMS YMEHHS CaMOCTOSATEIIBHOTO PEIICHHS
3a/1a4y 1Mo 00pasily MPOBOJIUTCS BO BpeMsl YUCOHBIX 3aHSATHM, BBIIIOIHSIS pacUCTHHIC
3a/IaHUS TI0 TEMaM:

1. TexHuueckas TEPMOJUHAMHUKA.
2. OCHOBBI TEIJIONEPEIAUH.

Pemiennie 3amad BBIMOJHSIETCS MO WHAUBUYyaJIbHOMY BapUaHTY, BBIIAHHOMY
KypcaHTy (CTyaeHTy) mpernoaaBareiaeM. Homep BapriaHTa COOTBETCTBYET HOMEPY 10
CIIUCKYy B JXypHajie ydeOHOM rpynmnbl. Cojaep)kaHUe 3aHATHUS JJi1 MPOBEICHUS
pyOe)HOTO KOHTpOJs B (opMe pemieHus 3amgad 1o obpasity B Ilpunoscenue G.
Pacuer wHAMBHIyaNbHBIX 3aJaHUl TPOU3BOAMTCS C HCIOJIB30BAHHEM YUeOHOM
JUTEpaTypbl, KOHCIEKTa JEKIHUH, crpaBouHbIX AaHHbIX, ['OCTOB, mMeTOAMYECKUX
ocoOui u T.1I.

Bpems Ha BeinonHeHne KOHTPOIbHON paboTsl 90 mnu 180 munyT. Ecian kypcanT
(ctymeHT) He ycIiea BBITIOJHUTH pa0OTy 3a BpeMsl Y4eOHOTO 3aHSATHS, JTAeTCsS He
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OoJee ABYX AHEH 1S caauu padoThI.

O1ieHKa 32 BBIIOJHEHHE KOHTPOJIBHOM pabOThl BHICTABIATHCS MO MATHOAITEHON
CHCTEME U YYHUTHIBACTCS TPU BBICTABICHUUM WTOTOBOM OLIGHKH 3a CEMECTp.
[lpaBunbHO paccuuTaHHass W o¢popMIIeHHas pabdoTa OLEHUBACTCA «OTIMYHO», C
HapymIeHUsIMH B O(GOPMIIEHUH — «XOpOIIO», MpaBWIbHO paccuntanHas Ha 70%
paboTa — «yJOBIETBOPUTENbHOY. Eciiu nomyIieHsl rpyobie ommoKu B 0hOpMIICHUH
pabota BbmonHeHa MeHee yeM Ha 70% BepHO, paboTa BO3BpAIIAETCS KypCaHTY
(ctynenty) Ha pnopabotky. Ecim oTueT mo mpakThdeckod paboTe CHaH MO3kKe
YKa3aHHOTO CpOKa, TO TPH YCIEHIHOM €€ BBIIOJHEHWH paboTa OIEeHMBAETCS
«yIIOBJICTBOPUTEIHHO.

4.2. PYBEXXHBI KOHTPO.Ib

KounrpouabHas padora

KontponbHasg pabota — onHa u3 (GopM pyodedrcHoil npoeepku W OLEHKU
YCBOCHHBIX 3HaHWHW, TMONy4YeHHss HWHGOpMAlMKM O XapakTepe MO3HaBaTeIbHOM
JEeSTEIbHOCTH, YPOBHSI CAMOCTOSITEIBHOCTH U aKTUBHOCTH KYpPCaHTOB (CTYJICHTOB) B
y4eOHOM TIpolecce.

B Kkypce IUCHUIUIMHBI PEIYCMOTPEHO BBINOJHEHUE KOHTPOJIBHOW paboThI IO
teme «OcHOBBI TepMoauHaMuKny (IIpunoscenue H).

BrinosnHseTcss KOHTposibHAsE padoTa B MHAWBUYAJIbHBIX TETPAJAX B TEUCHHUE 2X
aKaJeMUYECKHUX YacoB.

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

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

4.3. MPOMEKYTOYHBI KOHTPOJIb

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

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

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

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

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

5.2. ¥Ycnoeusn nposedenusn oughghepenyuposannozo zauema

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

Ha nuddepenmpoBanHoM 3aueTe KypCaHThI (CTYACHTHI) JOJKHBI MOKA3aTh:
3HaHHE OONIMX 3aKOHOB CTATUKU M JUHAMHUKU >KUJIKOCTEH W Ta30B, OCHOBHbBIC
MOHATHUSL TEOPUH TEIIOOOMEHA, 3aKOHBI TEPMOJUHAMUKH, XapAKTEPUCTUKHU TOTLIUB.
BBINONHATE TEpMOAMHAMHYECKHE PACUYEThl TEIJIOIHEPTreTHUECKUX YCTPONCTB U
neurateneil. YeTko 3HATH OCHOBHBIE (DOpPMYJN yueOHBIX pa3JeioB UCHUILIUHBI,
YBEPEHHOE BJIAJCHUE OCHOBHBIMM YMEHUSMU M MPAKTUYECKUMH HaBBIKAMH,
PETyCMOTPEHHBIMU MTPOTPaAMMOi, YMEHHE MTPUMEHSTh WX MPU PEIICHUH 3a/1a4.

Cnaua nuddepeHIMpoBaHHOrO 3a4eTa opraHu3yercs B (opMe YyCTHOTO OTBETa
HAa JIBa TEOPETHUYECKHUX BOMPOCaA.

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

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

OueHka

Ilokazarenp

«OTINYIHO»

. IIpaBHJIBHOCTB M MOJIHOTA PACKPBITUS TEOPETUUECKUX

HOHATHUH U TTOJIOKEHUM.

. Texanueckas I'paMOTHOCTDb M JIOTHYCCKAasA

IHOCJICA0OBATCIIBHOCTD OTBECTA.

. TouHOCTB IMPUMCHCHUA HAYUYHBIX TCPMHUHOB U

0003HAYECHU.

. Hanuumue CANMHUYHBIX OImMOOK U HCIOYCTOB.

«Xopouio»

[EEN

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

OJIOYKEHUH.

. Texanueckas I'paMOTHOCTDb M JIOTHYCCKAs

II0CJIEIOBATENHLHOCTE OTBETA.
ToYHOCTH IPUMEHEHUS HAYYHBIX TEPMUHOB U
0003HAUEHHH.

Hannune equHUYHEBIX OMIMOOK UM HEJOYETOB B U3JIOKEHUH.

«Y10BJIETBOPH-
TEJIbHO»

W=

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

Bocnpoussenenue TeopeTuueckoro Mmarepuaia o6e3
0000111eHNIT U BHIBOIOB.

«HeynoBJjeTrBo-
PUTEJIBHO»

. CDpaFMeHTapHBIG HCB3aMMOCBA3aHHBIC 3HAHUA I10

JUCIHHITIINHE.

. OOpBIBOYHOE M3JI0KEHUE C HU3KOM CTENEHBIO

OCMBICJICHHUA.

3. OTCyTCTBHE OTBETOB HA HABOJIAIINE BOITPOCHI

IIpCIoaaBaTCJIA.

. HEeKOMIIETEHTHOCTPH BYCTaHOBIIECHHON TEPMHUHOJIOTUU U

0003HAYECHUIX.

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

3aganus 11 POBeAeHNs TEKYIero KOHTPOJIsi B (popMe TeXHUYeCKOro
TUKTAHTA

Texnuueckuti ouxmanm no meme « 3aKoHbl 2A308 U HCUOKOCMEL)

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

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

3.KonBekisi — 5TO BHA TeEIUIONEepeaadd, COIMPOBOKIAIOIIAICS
EPEHOCOM BeniecTBa?

4.Bonopon U renuid paBHOW MaccChl, B3SITbI€ NMPU OJMHAKOBBIX JABJICHUSX,
HarpesaroT Ha 20 K. OnunakoBas i paboTa COBEpIIaeTCs Ipyu 3TOM?

S5.BHyTpeHHsss sHeprus | MOJIb  OJHOATOMHOIO  HJI€aJIbHOrO  rasa,
Haxojserocs npu tremneparype 27°C, pasao 3740 J1x?

aa f\ HEeT __
_ Y LN\

Texnuueckuti oukmanm no meme « Tennoemxocms 2az08»

IIpaBuIIbHBIN OTBET

1.BHyTpeHHI010 AHEPTUI0 CHUCTEMBl  MOXHO U3MEHHUTh MYyTEM
COBEpILEHUs pabOTHI U TeTIonepeaaun ?

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

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

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

5.Bojmopoa u a30T paBHOM MAacChl, B3AThIE MPU OJMHAKOBBIX JABJICHUSAX,
HarpeBatoT Ha 15 K. OnunakoBas nu paboTa coBepiiaeTcs TazaMH TMpH
3TOM?

A
[IpaBubHBIN OTBET m_m_

15



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

1.Kunkoe unu razoo0pa3Hoe BELIECTBO, MPUMEHSIEMOE NJisi Mepeadyn TEeIrI0BOM
SHEPTUH, HAa3bIBACTCA ... (menionocumens).

2.Hayka 0 3aKOHOMEPHOCTSIX TMpEBpAIllEHUs OSHEPrUU  HA3BIBACTCS
(mepmoounamuxa).

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

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

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

6.1Ipouecc, BKIIOYAIOMIMA  HEPAaBHOBECHBIE  COCTOSIHMSI, Ha3bIBaeTCs
(repasnosecuwiii npoyecc).

7.1Ipormecc, KOTOpBI MOXKET MPOUCXOIUTH Kak B MPSMOM, Tak U B OOpaTHOM
HaIpaBIICHUH, MIPUYEM MPU BO3BPAIIECHUHN B MEPBOHAYAIIBEHOE COCTOSHUE (MIPH
W3MEHEHUU BHEIIHUX YCJIOBHA B TPOTHUBOIOJIOKHON MOCIEA0BATEIHLHOCTH)
CHUCTeMa MPOXOIUT BCE PABHOBECHBIE COCTOSHHUS MPSMOTO Ipoliecca, HO B
00paTHOM TIOpsIZIKE, Ha3bIBACTCH ... (0Opamumvim npoyeccom).

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

9. VpaBHeHHe, BhIpaKaIOIIEe CBSA3h MEXKIY IMapaMeTpaMu PaBHOBECHOTO COCTOSIHUS
TEPMOJJMHAMHYECKON CUCTEMBI, Ha3bIBACTCA ... (YpaGHeHUe COCMOsHUSL).

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

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

1.TTonsaTre, BepBbie BBeACHHOE Kiiay3mycoM B TEpMOIMHAMHUKE TSI OTIPECITICHHUS
MEphl HEOOPAaTUMOTO pPACCEHBAHUS SHEPTHH, MEPBl OTKIOHCHHS PEaJbHOTO
nporiecca oT uacanbHoro. OnpenenéHHas Kak CyMMa IpUBEAEHHBIX TEIUIOT, OHA
SIBIIICTCS (DYHKIIMEH COCTOSHHUS M OCTa€TCs IOCTOSHHON IpPU OOpaTHUMBIX
mpolieccax, Torja Kak B HeOOpaTuMbl — €€ M3MEHEHHE BCET/a TOJIOKHUTENBHO,
Ha3bIBACTCA ... (oHmponus).

2.CymMa BHYTpEHHEH dHEpPruM Telia U paboThl, KOTOPYIO HEOOXOIMMO 3aTPaTHUTh,
YTOOBI TEI0 00BEMOM V BBECTH B OKPYXKAIOIIYIO CPEY, UMEIOIIYIO JaBJICHUE P
U HaXOJAIIyIOCS C TEJIOM B PABHOBECHOM COCTOSHUM HAa3bIBACTCS
(ommanvnus).

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

4. Konmu4ecTBO SHEpPrUM, MOJTYYCHHON TeJIoM B (hOpMe TEIJIOTHI, Ha3bIBaeTCA ...
(noosedennoti mennomoii), a KOJIMYSCTBO IHEPIHH, OTJAHHOE TEJIOM B (hopme
TEIUIOTHI ... (omeedennoii 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 W3MEHEHHEM €ro TOJIOKCHHSI Ha3bhIBACTCS
(pabomoui npoyecca).

Texnuueckuti Oukmaum no meme «Teopuﬂ menioooMeHay

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

2.1lepeHoc TEMIOTHI Yepe3 Orpa)KAatonlyr0 KOHCTPYKIIMIO OT B3aUMOJICHCTBYIOIIEH
C HeHl cpenpl ¢ 0oyiee BBHICOKOM TEMIEpAaTypoil K cpele C JAPYyrod CTOPOHBI
KOHCTPYKIIUHU C 00Jice HU3KOM TeMITepaTypoi Ha3bIBaeTCs ... (menionepedaua).

3.Camomnpou3BONIbHBIN HEOOpaTUMBIN Tpollecc MepeHoca sHepruun (B dopme
TEIUIOThI) B IPOCTPAHCTBE OT 00JIee HArPEThIX TeJ (UM YYaCTKOB TeJia) K MEHEE
HarpeThIM, Ha3bIBacTCA ... (mennoobmern).

4. TlepeHoC TEIUIOTHI C MOBEPXHOCTH KOHCTPYKIIUU B OKPYKAIOIIYIO CPEly 3a CUeT
KOHBEKTHBHOT'O M JIyYHCTOr0 TEIFIOOOMEHA Ha3bIBaeTCs ... (menioomoaua).

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

6.KonnuecTBO TEIUIOTHI, MPOXOASINEe B EAUMHUILYy BPEMEHU Yepe3 EIUHUILY
IUIOIIAAM  M30TEPMHUYCCKOW  TMOBEPXHOCTH,  Ha3bIBaeTCH...(niomnocmoio
Menio68020 NOMOKQ).

7.BekTop, HampaBJICHHBIN IO HOPMAJIH K U30TEPMHUUECKOM MMOBEPXHOCTU B CTOPOHY
BO3pACTaHUs TEeMIEPATypbl U YUCIECHHO PABHBIM MPOU3BOJIHON OT TEMIIEPATYPHI
10 ATOMY HaNpPaBJICHUIO, HA3bIBACTCH ... (epaduenm memnepamypol).

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

9. ®dusnyecKkUM MapaMeTpOM BEIIECTBA, XapaKTEPHU3YIOIIUM €ro CroCOOHOCTh
IIPOBOMTD TEIUIOTY ABIACTCH ... (Koaghduyuenm menionposoonocmu).

10.ITpomecc mepenayu TEIJIOTHI MEXKIY TBEPJON MOBEPXHOCTHIO U OKPYKAIOIICH
CpPENoM, KOTOPBIA OCYLIECTBIISCTCS Yepe3 JaMUHAPHBIM IMOTPAHUYHBIN CIOH, B
OCTaJIbHOM 00BbEeMe MEPEHOC TETIOTHI OCYIIECTBISETCS KOHBEKITNEH HA3BIBACTCS
... (konsexmuenwviii menioobmen).

11.Konu4ecTBO TETUIOTHI, TEPENaHHOE B EIUHUILYy BPEMEHH Yepe3 CIUHUILY
IJIOMAN TIOBEPXHOCTH TBEPJOTO TeJa IMyTEeM KOHBEKIIMH TIPH PA3HOCTH
TeMIEepaTyp MEXAYy MOBEPXHOCThIO Tena M cpenoil B 1K, Ha3biBaeTcs
(kosppuyuenm mennoomoauu).
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Texnuueckuti ouxmanm no meme
«TepModuHaMuqu}cue napamempuvl COCMOAHRUA)

1. ®usuyeckas BeJIWYMHA, XapaKTepU3yIOllas COCTOSHUE CIUIOIIHOM Cpeabl U
YUCJIEHHO paBHas cwie F, nelicTByromeld Ha eqUHUIY TUIOIAAN TOBEPXHOCTH S
NEPIICHIUKYJIIPHO STOW MOBEPXHOCTH, Ha3bIBaeTCs ... (Oasienue).

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

3. JlaBieHue, KOTOpOe UMeEN ObI Ta3, BXOSIINI B COCTaB Ta30BOM CMECH, €CJIA 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, KOrja razoBas (asa MOXKeET
HAXOJUTHCS B PABHOBECHHM C JKUIAKOW WM TBEPIOH (DazaMu TOTo K€ BEIIECTBA,
Ha3bIBaeTCH ... (nap).

2.Tlap, HaXOmAIIMICS B TEPMOIUHAMHYCCKOM DPABHOBECHH C JKHUAKOCTBIO HIIH
TBEP/IBIM TEIIOM TOTO K€ COCTaBa, Ha3bIBACTC ... (Hacwvluennvill nap).

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

Texnuueckuii OuKmaHm no memam
«Tennoobmen uznyuenuem. Buovr meuenus scuoxocmuy

1. TerumooOMeH MeEXIy TellaMH, OCYIICCTBIISIOIIUNCS BCIICICTBHE HCIYCKAaHUS M

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

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

3.PexxuM  ABWKEHHSA, XapaKTepHOW  OCOOEHHOCTBIO  KOTOPOTO  SIBIISIETCS
NepeMeIIMBaHUEe YacTUIl W  TyJbCalldM  CKOPOCTH, Ha3bIBAaeTCs
(mypbyrenmuoiii pesicum mevenust).

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

1. Marematuueckasi MOJI€IIb Ta3a, B KOTOPOU MPEIOIaraeTcs, 4YTo MOTCHIIMATbHOMN
SHEeprueil B3auMOJCHCTBUS MOJIEKYJ MOXHO MpeHeOpeyb MO0 CPAaBHEHUIO C UX
KMHETUYECKOW DJHepruerd. Mexny MOJIeKylaMud HE  JEUCTBYIOT — CHUJIBI
OPUTSHDKEHUS WM OTTAJKUBAHUS, COYAApEHUs YacTUIl MEXAYy COo00H U co
CTEHKaMH cocyAa aOCONIOTHO YOpPYyTH, a BpeMs B3aUMOACHCTBHS MEXIY
MOJIEKYJIaMU TPEHEOPEKMMO Majo MO CPaBHEHUIO CO CpPEJHUM BpPEMEHEM
MEX/y CTOJKHOBEHUSMU, HA3bIBACTCA ... (Udeanvubill 2a3).
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2. TepmouHAMUYECKH TIPOIIECC, TIPU KOTOPOM (pr3rdeckasi CUCTeMa He ToydaeT
TEIUIOTHl W3BHE W HE OTHAET €€; MOXET OBITh OCYIICCTBICH MPU HAJIHMYUU
TeIUION30JIMpYIoleH (T.H. aauadaTHON) 000JI0YKH, UCKITFOYAIOIIEeH TEII000MEH
MOMEIIEHHOTO BHYTPh HEE TeJia C BHEII. CPeloi, 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
TeMIIepaType, Ha3bIBaeTcs ... (uzomepmuyeckuil).

Texnuueckuti Oukmanm no memam
«IIpamoii u obpamusiti yukn. I'azosvie cmecuy

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

2.MexaHn4deckasl CMECh YHCTBHIX BEIIECTB, HA3hIBAEMBIX KOMIIOHEHTAMH CMECH, HE
BCTYIAIOIIMX APYT C APYrOM B XMMHUYECKHE PEaKIIMH, Ha3bIBacTCA ... (eazoeas
cMech).

Texnuueckuii OuKmaum no meme
« Tepmoounamuueckue napamempobl COCMOAHUILY

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

2.11leHTpoOeKHBIA WM OCEBOM JIOMATOYHBIA KOMIPECCOp I CKATUS M TI0JIa4u
BO3/yXa WJIM T'a3a Ha3bIBaCTCA ... (mypboxkomnpeccop).

3.OTHolIeHHEe O0BEMOB B IWJIMHAPE JBUTATENS TPHU TOJOXKEHUSIX TMOPIIHS B
HavaJie M KOHIIE MPOIecca CKATUsl Ha3bIBAeTCs ... (cmenenv cocamust).

4. OTHOIIIEHHE HAaUOOJIBIIIETO JAABJICHUS B IUIMHIPE ABUTATENsA, 00pa30BaBIIETOCS
B pe3yibTaTe NOJABOJA TEIUIOTHI, K JABJIEHUIO B KOHLE IMpolecca CHKATHS
Ha3bIBaCTCA ... (cmenensb nosviuieHus: 0asietust).

5. OTHolIeHHEe 00bEMOB B KOHIIE U Hayaje MOoJIBOJa TEIUIOThHI K paboueMy Telly IpH
NIOCTOSITHHOM ~ JIaBJICHUU  Has3biBaeTcs ... (cmenenwv  npedsapumenbHo2o
pacuupenus).

6. OTHOIIEHNE NaBlieHW B Hadalle ¥ KOHIIE OTBOJA TEIUIOTHI OT pabouero tena K
XOJIONIHOMY HCTOYHUKY TPH TOCTOSSHHOM OOBeMe Ha3bIBaeTcs ... (cmenens
naoenusi Oas/eHst).

7.0OTHoOMIEHHe 00BEMOB B Hadajie M KOHIIE OTBOJA TEIUIOTHI OT pabouero Tena K
XOJIOAHOMY HCTOYHHKY TPH TOCTOSHHOM JaBJICHUM Ha3bIBaeTCs ... (cmenens
COKpaweHust 06vema).
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Texnuueckuti ouxmanm no meme
«Hcmeuenue u dpocceﬂupoeaﬂue 2a306 U naposy

1.Tlporiecc TOHMXKCHHUS MAaBICHHS MPH TMPOXOXJICHUM Trasza MM Tapa uepes
CY)KCHHBIE CEUEHHS B TpPyOOmpoBOJax O€3 COBEPIICHUS BHEIIHEH paboTh
Ha3bIBaeTCA ... (Opoccenuposanuem).

2.Kanan, B KOTOPOM TIPOMCXOJUT pacCIIUPEHUE Tra3a C YMCHBIICHHEM U
YBEITMYCHUEM CKOPOCTH €0 JIBIKEHHSI Ha3bIBaeTCs ... (Conio).

3.KoMOuHUpOBaHHOE COIUIO C CYXHBAIOUICHCS M paCHIMPSIOUICICS YacTsAMH,
NpUMEHSeMOe JUIS TIOMYYCHHsT CKOpPOCTEH ra3a OoJbllle CKOPOCTH 3BYKa
Ha3bIBaeTCA ... (conno Jlasans).

4.VI3MeHEeHHEe TEeMIIepaTyphl ra3za B pe3ysbTaTe aauadaTHOrO JIPOCCETUPOBAHHUS
Ha3bIBaeTCs ... (agppexm [ocoyns — Tomcona).

5. TemmiepaTypa, COOTBETCTBYIOIIAs COCTOSHHIO Ta3a, MPU KOTOPOM TEeMIIEpaTypa
rasa Inpv aauabaTHOM JPOCCEIIMPOBAHUM HE HM3MEHSICTCS, Ha3bIBACTCS
(memnepamypa unsepcuu).

Texuuueckuti ouxmanum no meme «L{uxnor IITY »

1.UneanpHblil 3aMKHYTBIM MPOLIECC M3MEHEHHsI COCTOSIHUSA padouyero Tena B
IPOCTEHIIel TapOCHIIOBOM YCTaHOBKE — 3TO ... (yuxn Penkuna).

2. TepMomuHAMUYECKH I[MKJ, OCYIIECTBIISIEMBbIM JByMs paOOdYMMU TEIaMH,
Ha3bIBaeTCA ... (OunapHwlll Yuksn).

3.O0patHbIil KPYyroBoil Ipoliecc, MpeTHa3HAYCHHBIN 71 TIEPeIaud TEIIOThI OT TeJ
MEHEE HarpeThiX K TellaM 0ojiee HarpeThiM, Ha3bIBaeTCs ... (XOJIOIUIIBbHBIM
IIUKJT).

4.OTHOIIIEHUE KOJIMYECTBA TEIUIOTHl (2, OTBOAUMON B OOpAaTHOM IMKJIE OT
OXJIAK/IaeMOM CHUCTEeMBbI, K 3aTpadyeHHol pabore I, Ha3wpIBaeTCs
(xonoounvuwiil kKosgpPuyuenm).

Texnuueckuii OuKmaum no meme
«OcHoBHbIE NONOAHCEHUS KOHBEKMUBHO20 MENI00OMEHA)

1.Tlonq neiicTBMEM HEOJHOPOJHOIO IIOJII BHEIIHMX MAaCCOBBIX CHI  (CHII
I'PaBUTAIMOHHOI0, WHEPIIMOHHOTO0, MArHUTHOTO WM 3JCKTPHUECKOIO ITOJIs),
NPWJIOKEHHBIX K YacTHI[AM JKHUJAKOCTH BHYTPH CHCTEMbl BO3HHKACT
(ecmecmeennas koneexyus).

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

3. CooTBercTBHE MEXAy (u3MUecKMMH  TIpolleccaMM, BBIpaXKaromeecs B
TOXKJECTBEHHOCTH HMX Oe3pa3MEepHBIX MAaTEMaTHYCCKUX OIHMCAHWH, Ha3bIBACTCS
... (pusuueckoe nooodue).

4. OTHOIIEHUSI OJHOPOMHBIX (PUINYECKUX BEIUYMH B CXOJCTBEHHBIX TOYKaX
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MOJICJIM M HATyPHOTO 00bEKTa, Ha3bIBACTCA ... (KOHCmanmol no0o6us).

. be3pasmepHbie uMcna, COCTaBIEHHBIC W3 Pa3MEPHBIX (PU3NYCCKUX BEIHYMH,
OTIPENETSIONINX paccMaTpuBaeMble (U3NYCCKUE SIBICHUS, HA3bIBACTCA
(kpumepuu nooobus).

. Uncna momo0Ousi, COCTaBICHHBIC M3 BEIWYHH, 3aIaHHBIX MPU MATEMaTHIECCKOM
OIMCaHUU TIPOIIecca, Ha3bIBACTC ... (onpedensiouue Kpumepuu nooooOus).
.Uucna momoOusi, coaepikallue OMpPEeIIeMyl0 BEIWYMHY, Ha3bIBACTCS
(onpeoensiemvie be3pazmepHble KOMNAEKCHL).

. DyHKIIHOHAIBHBIC 3aBHCHMOCTH MEIKTY KPUTEPHSIMHU 0100w,
XapaKTEPU3YIOIIUMHU SIBIICHUE, HAa3bIBACTCS ... (KpumepuanivHvle YpasHeHUs.
noooous).

Texnuueckuti ouxmanm no meme « Peacumor mevenusy

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

. Y4acTok TpyObl, HA KOTOPOM I10JI€ TEMIIEPATYPHI 3aBUCUT OT YCJIOBHI Ha BXOJIE
B TpyOy, Ha3bIBACTCH ... (MepMuuecKuli HauaibHblil Y4aAcmoxK).

. Y4acTok TpyObl, HA KOTOPOM II0JI€ TEMITEpaTyphbl MIPAKTUIECKA HE 3aBUCUT OT
pacmpezieieHusl TeMIIepaTypsl B HA4aJbHOM CEUYEHHU 00OTPEeBaeMOro ydacTKa,
Ha3bIBaCTCA ... (YUACMOK cmaduiu3uposanHo2o menioooMena).

. PexxuM nBWOKEHUS KUIKOCTH C XAOTHYCCKH H3MEHSIOMKAMHUCS BO BPEMCHH
TPAaCKTOPHUSIMU YACTHII, NMPH KOTOPOM B IOTOKE BO3HHKAIOT HEPETYJSIPHBIC
MyJbCalli  CKOPOCTH,  JaBJCHUS W TeMIlepaTyphl, HEPaBHOMEPHO
pachpesielICHHBIC B IOTOKE, HA3BIBACTCA ... (MypOYIeHMHDBIIL PENHCUM).

Texnuueckuti ouxmanm no meme « Pesicumvl Kunenusiy

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

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

. MakcumasibHO BO3MOXKHAs (TIPM JaHHBIX YCJIOBHSAX) IUIOTHOCTH TEIJIOBOTO
MOTOKAa TIPU ITy3BIPHKOBOM KHWIICHWHW, HA3bIBACTCA ... (nepeast Kpumudeckas
NJIOMHOCMb MEN08020 NOMOKA).

. OOpa3oBaHue CIUIONTHOW TJIEHKH KOHJIEHCATa HA CMAayMBaeMOUl TMOBEPXHOCTH,
HA3BIBACTC ... (NJICHOYHASA KOHOCHCAUUS).

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

Texnuueckuti oukmanm no meme «JIyuucmolil menioooMen»

. KonmmuecTBo OHCPIruM HU3JIYUYCHUA, HNPOXOAJglIIcC B CIAWMHHUIY BPEMCHH UYCPCE3
CAWHNLY IUIoIaan ITOBECPXHOCTH B IIPCACiiax nonycq)eppmecxoro TCIICCHOTO
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yIJIa, HA3bIBACTCS ... (MIOMHOCMb NOMOKA U3LYYCHUSL).

. OTHOIIIEHUE TIIJIOTHOCTH TIOTOKA W3JIYYCHHUS, HCIYCKAeMOro B OECKOHEYHO
MaJioOM HHTEpBaJe JUIMH BOJIH, K BEJIMYMHE 3TOTO HWHTEpBaJa Ha3bIBACTCS
(cnekmpanvhas niomMHOCMb NOMOKA UTYYEHUSL).

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

. OTHOIIIEHHE TJIOTHOCTEH MOTOKA U3IYYCHHS CEPOro Tejla ¥ aOCOTIOTHO YEPHOTO
TeJla MPH TOM JKe TeMIIepaType Ha3bIBACTCs ... (CmeneHb uepHomol meia).

. OTHOIIIEHHE TIOTHOCTH MOTOKA M3JIyUYEHHUS CEPOro Teja K €ro MmoriomareabHoR
CIIOCOOHOCTH HE 3aBUCUT OT MPHPOJALI TEda M PaBHO IUIOTHOCTH ITOTOKA
U3JTydeHust aOCOIFOTHO YEPHOTO Teja MPH TOH e TeMIeparype — 3TO 3aKOH ...
(Kupxeogha).

. OTHOIIIEHUE TOTOKA M3JIyYCHHsI MEPBOIO TENa, MaJaroliero Ha BTOPOE TEIOo K
MOTOKY MOJHOTO MOJYC(HEPUUECKOro U3IyUYCHHS MEPBOTO Tea, Ha3bIBaeTC ...
(koogppuyuenm obnyuennocmu).

Texnuueckuti ouxmanm no meme « Teniooomennvle annapamasl»

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

. Ilap, HarpeThIl 10 TeMNeparyphl, NPEBBIIAIOIEH TEMIIEPATYPY KUIIEHUS MPH
JTAHHOM JIaBJICHUU, HA3BIBACTCA ... (nepeepemulii nap).

ITomyyeHue neperpeToro mnapa MPOUCXOJHUT B CIEHHMAIBHBIX YCTPOWCTBAX,
KOTOpBIC HA3BIBAIOTCA ... (naponepecpesamenu).

. Ucnionp30Banue TEIMIOTHl OTXOIALINX ra3000pa3HbIX MPOAYKTOB CrOpaHUs AJIs
NOJIOTPEBa MOCTYMAOIIEr0 ra3000pa3HOro TOIJIMBA, BO3/AyXa WM HX CMECH
Ha3bIBaeTCA ... (pecenepayusi).

. JIBI>KeHUEe NIByX TEIUIOHOCHUTEJEH B TEIIOOOMEHHOM ammapaTe MapaijiesIbHO
JpYyT APYTY B OJTHOM M TOM K€ HaIlPaBIICHUH, Ha3bIBACTCH ... (npsimomox).

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

. JIBMKEeHHEe JBYX TEMJIOHOCHUTENIEH 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

3adanue: B MyCThlE KIETKH KPOCCBOpAA BIUCATh CIOBA, OYKBBI KOTOPBIX AKOT
cioo TEPMO/IUHAMMKA.

T
2 E

’p

4 M

5 )

6 |

7 "

8 H
9 A

10 M

11 "

12 K

13| A

1 — Yro sBHIAETCS DHEPTUEH JJIs TEIUIOBBIX JIBUTATEIICH

2 — CnocoOHOCTH TeJla CoOBepIIaTh padoTy

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

4 — ITapameTp, ABISIOMIUICS MEPOIl CpeTHEN KUHETUYECKOM SHEPTUU MOJIEKYJT
5 — I3MeHeHne BHYTpEHHEN SHEPTUHU

6 — dusnyeckas BeIMUMHA, XapakTepu3yromas 3PpGeKTUBHOCTh TETITIOBBIX
JIBUTaTeneH

7, 8, 12 — BuanI TEIIOOOMEHA

9 — Ilepexoa BemiecTBa U3 TBEPJOTO COCTOSTHUS B XKHIKOE

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

13 — TenoBoO# 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
TeMIIepaTyphbl HUXKE TOUYKH 3aMEpP3aHMs?
4 — Tlepexon BelIecTBa M3 KUJIKOTO COCTOSIHUS B ra3000pa3HOe, MIPOUCXOAIINA Ha
CBOOOJTHOM IMTOBEPXHOCTH KHUJIKOCTH.
6 — becropsimouHOE IBM)KEHHUE YaCTHI], M3 KOTOPBIX COCTOSIT TeJla
7 — CBOHCTBO KameNbHBIX KUAKOCTEW H3MEHSATH CBOE arperarHoe COCTOSIHUE U
IIPEBpAILATHCS B NIap?
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[Ipomecc u3MeHeHUs: BHYTPEHHEH dHEPTUH 0€3 COBEpIICHUSI padOTHI HAJl TEIOM
WU CAMHUM TEJIOM
17 — [Tpubop asis u3MEpEeHHs KOJIMYECTBO TETUIOThI, OTIAHHOE WIIH TOJTYyYEHHOE TEJIO
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Ilo sepmukanu
1 — pa3gen ¢pu3MKHM, U3yHarOIMi COOTHOILIEHUSI U MPEBPAIICHUs TEIUIOTHI U APYTUX
dbopm sHEpPTUM?
5 — Teno, ob6namaroiiee HauOOIbIIEH TEMIOTPOBOIHOCTHIO
6 — IlepBbIii crioco6 Temonepeaadn
9 — Mepa nopsiika CUCTEMBI, COCTOSIIICH U3 eTUHOTO IeMeHTa?
10 — KonBeH1ust ObIBa€T €CTECTBEHHOM U ...
11 — CxansipHas pusndeckasi BeIMUMNHA, XapaKTEPU3YIOIask MPUXOASIIYIOCS Ha OJIHY
CTETEHb CBOOOABI CPEAHIOI0 KWHETHYECKYIO JHEPrHI0 YaCTHUI[ MAaKPOCKOMHMYECKOH
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 — O®wusuyeckas BeIWYMHA, OMNPEICIAIONIAs OTHOIICHHE OECKOHECYHO MAaJIoro
KOJIMYECTBA TEIJIOTHI, OJYYEHHOT'O TEJIOM, K COOTBETCTBYIOIIEMY MPUPAILIEHUIO €T0
TeMnepaTypbl?
2 — DHeprus paBHa KUHETUYECKOM »HHEPrHMM JBWKECHHS 4YacTUIl Tejla H
MOTEHUIMAJIBHON SHEPTUU UX B3aUMOJICHCTBUS
3 — Ilpouecc (azoBoro nepexoaa BemIeCTBA U3 KUIAKOTO B TBEPIOE MPU MMOHWKEHUH
TeMIIepaTypbl HUKE TOUKHU 3aMep3aHusi?
4 — Cwia, BO3HUKAIIAs B pe3yibTaTe AedopManuu Tejda W HampaBjieHHas B
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CTOPOHY, MPOTHBOTIOJNOXKHYIO TIEPEMEIICHUI0 YacTHI[ Teia Npu jJaeGopMaiiuu,
Ha3bIBACTCS CUIIOM. ..

5 — OpaHa 13 OCHOBHBIX YacTel TEIJIOBOM MAIlIUHBI

6 — I[Ipouecc mepeaaun SHEPTUU OT OJHOTO TeJla K Ipyromy 6e3 CoBepIIeHUS pabOTh
8 — Ilpouecc dazoBoro mepexoja BelIECTBA M3 MKUIKOTO COCTOSIHUS B TBEPIOE
KpUCTAJUIMUECKOE ¢ 00pa30BaHUEM KPHUCTAILIIOB?

9 — [Ilpouecc, mnpoTekaroUMii MOpU OTCYTCTBHHM  TEIUIOOOMEHA MEXITY
TEPMOJMHAMUYECKON CUCTEMOM U OKPYXKAIOUIEH CpeIon

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

11 — MWM3ompomecc mnpu KOTOPOM BHYTPEHHSS SHEPIUs HJICAJbHOTO Ta3a He
U3MCHSIETCS

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

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

14 — TemoBol mporecc, MPOXOIANIUNA B ra3e IMPU HEU3MEHHOM KOJIMYECTBE
BEII[ECTBA IMPU HEM3MEHHOM OJIHOM W3 MaKpOIapaMeTpoB

15 — [lepeHoc TEIIOBOM PHEPrUU CTPYKTYPHBIMHM YAaCTHIIAMU BEIIECTBA B MPOIECCE
WX TEIUIOBOTO JABUKECHUS?

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

18 — Ilepexon BemecTBa B JKUAKOE UK TBEPIOE COCTOSIHUE U3 ra3000pa3HOro?

19 — Ilepexon Tena U3 KPUCTAIUIMYECKOTO TBEPOTO COCTOSHUSA B KHUAKOE?

20 — INepexon BemiecTBa U3 KUIKOTO COCTOSHUS B Ta3000pa3HOE, MPOUCXOAIIINN Ha
CBOOO/IHOM MOBEPXHOCTHU KUJIKOCTH.

21 — TemioBO# Mpo1IecC, COMPOBOKAAIOIINIACS TOBBIIICHHEM TEMITEPATYPhI

1o sepmuxanu
1 — Paznen pusuku, u3yyaromuii COOTHOIIECHUSI ¥ TIPEBPAIEHUS TEIJIOTHI U IPYTUX
dbopm sHEeprun?
7 — CBOHCTBO KameNbHBIX KUAKOCTEH H3MEHSATH CBOE arperartHoe COCTOSIHUE U
IIPEBPAILIATHCS B NIap?
13 — M3omporiecc B KOTOPOM BCs TEIUIOTa, cooOIIaeMast ra3y, HAET Ha YBEIHUCHHUE
BHYTPEHHEW DHEPTUHU raza
14 — TepMmoauHaMUYECKHE MPOIECCH], BO BPeMsI KOTOPBHIX KOJUYECTBO BEIIECTBA U
en€ oaHa U3 (U3UYECKUX BEIUYMH — TApaMETPOB COCTOSHHMS: JIaBJICHHE, 00BEM
WJIU TEMIIepaTypa — OCTaIOTCSl HEU3MEHHBIMU?
15 — CkansipHas ¢uznueckas BeTUINHA, XapaKTePU3YIoIas MPUXOIAIIYIOCS Ha OJTHY
CTETNIEHb CBOOOJBI CPEIHIOID KHHETHYECKYIO SHEPTHI0 YAaCTHI MAaKPOCKOIMMYECKOU
CUCTEMBbI, HaXOISIICICS B COCTOSSHUM TEPMOJIMHAMUYECKOTO PABHOBECHSA?
16 — TIlpubGop nns u3MEpEeHHs] KOJIMYECTBA TETUIOTHI, BBIACISIONMEHCS WU
MOTJIONIAIONICHCST B KAKOM-JTHOO (PU3UYECKOM, XUMHUYECKOM WU OHOJIOTHYECKOM
npouecce?
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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 HopMbl Tesna
7 — IIpomecchl, mpoTeKaroue Mpyu HEU3MEHHOM 3HAYEHUH OJTHOTO U3 TTapaMeTpOB

1o sepmuxanu
1 — SIBneHue B3aMMHOTO MPUTSHKEHUS MEXKTY JTFOOBIMU TEIaMHU
3 — JIuHus, KOTOPYIO OMHUCHIBAET TEJIO, IPU CBOEM JIBXKCHUHU HA3BIBAIOT
4 — IIponecc U3MEHEHUSI CUCTEMBI MTPY MMOCTOSSHHOM JIaBJICHUHT
6 — Otnen GpU3MKK, U3ydarOUIUNA 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 6HympenHeli S3Hepeuu
npu meniooomere. Tenioma ceopanusi monaiueay

3amauya 1

YcaoBue 3a1aum:

Teno wnarpenocs Ha 5 K, mormoruB 10 k/[x Temnotel. 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 TermmoeMKocTh C ¢ yACIBHON TEIJIOEMKOCTBIO C — TepBas
OTHOCHUTCSI KO BCEMY Ty, a BTOpas — K E€IWHUIIE MacChl. 3HAYUT €€ MOXKHO
OTIPEICNUTH 10 (hopMyJIe:

C=QAT

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

OTteer: 2 x/I:x/K.

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

YciaoBue 3agaun:

CKOJIBKO TerjIa BBIJCIUTCS IIPU CrOpaHUM 2 KI OeH3uHa?

lano:

m=2 kr, Q—?

Penienue 3agaumn:

3anumeM (opMysly KOJMYECTBA TEIJIOThI, OOpa3yrolencss MpU CropaHUM

TOIIJINBA:

Q=qm

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

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

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

3agaua 4
YcaoBue 3agaun:
Ha ckosbko yBenuuuiaach BHYTPEHHSSI SHEpPrusi 1| Kr BOJbI IPU 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 momyuuM Takyro (opmyny s HAXOXKIACHUS M3MEHEHMUS

BHYTPEHHEW SHEPTUHU BOJBI:

°K?

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

3amaua 5
YcaoBue 3a1aum:
CkoJbko Teria ObLIO MepeIaHo JIbIUHKE Maccoit 50 T, eciiu oHa Harpenach Ha 3

Hano:

m=50r, AT=3 °K, Q—?

Penienue 3agaumn:

[TockoJIbKY JIBAMHKA HArpesiach, TO MOXKHO CHEJATh BBIBO, YTO €€ TeMIlepaTypa

B Hauvaje Obuta HHKe 0 °C, XOTa 3TO HEBAXKHO B 3TOM 3aj1aye.
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3anumiem GopMyiy NIl ONpENeNeHUs KOJWYECTBA TEIIOTHl MPU HArpEeBaHUU

Tena:
Q=cmAT

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

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

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

3agaua 6

YcaoBue 3agaum:

Kakast ycraHoBUTCSI TeMIieparypa BOAbI mocie cMmemuBanusa 39 1 Boasl npu 20
°Cu 21 o mpu 60 °C?

lano:

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

Pemienne 3agaum:

[lonatHo, 4To 00BEM BOABI V2, UMEIOLIMNA OOJiee BBICOKYIO TemImepatypy to,
MOCJ€ CMEIICHUsI MepelacT 4YacTh TEIUIOThl 00beMy BOABI Vi ¢ 0Oojee HUBKOU
TeMIlepaTypoil t, KoTopas 3a C4€T 3TOH TeIIOThl HarpeeTcs. B koH1Ee Bcs Boga OyaeT
MMETh HEKOTOPYIO TeMIiepatypy t.

3anuiieM ypaBHEHHE TEIJIOBOro OajaHca:

Q:1=Q2

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

Bripazum mMacchl Kak MpOU3BEACHUE TNIOTHOCTH BOJIbI HA 00BEM:

Cle(t_tl):vaz(tz_t)
Vl(t—t1)=V2(t2—t)

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

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

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

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

Otser: 307 K.

3agaua 7
YciioBHe 3a1a4n:
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Kenesusblii crep:keHb Maccor S kr, HarpeThiil 10 550 °C, omyckaeTcs B BOaYy.
CKOJIBKO TEIJIOTHI €KECEKYHJIHO TEepSET CTep>KeHb, eciid 32 10 MUH OH OCTBIBAET A0
45 °C?

lano:

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

Penienue 3agaumn:

B 3amaue cnpammBaeTrcs, CKOJIBKO TEIJIOTHI €KECEKYHIHO TEpSeT CTEPKEHb —
10 CYTH HaM HY>KHO HaWTH TEIIOBYIO MOIIHOCTH N. JIJIst 3TOro HY>KHO KOJWYECTBO
Ter10Thl Q MOIEeTUThL HA BPEMS T.

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

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

10Mur=600¢

[Tocuntaem OTBeET:

N=460-5-(550—45)600=1936B1~1,94xBt

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 ipu 40 °C?

Hano:

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

Pemenne 3agaum:

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

3anuiieM ypaBHEHHE TEIJIOBOTo OajaHca:

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

HarpeBaHUHM JI0 TEMIIEPaTypshl t.
cmy(ti—t)=cmy(t—ty)
BripazuM Maccy kak NpOU3BEJEHHE IJIOTHOCTH BOJbI Ha COOTBETCTBYIOIIUMA
00BEM:
cpVi(ti—t)=cpV(t—t,)
Vl(tl—t)=V2(t—t2)
CoBepiilieHHO 04eBUIHO, 4TO V2=V—V1, nosTomy:
\1 (tl—t) = (V—Vl) (t—tz)
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MBI nosty4niam Takoe paBeHCTBO C OJTHUM HEU3BECTHBIM. [lanee ocTaércs uyncras
MaTeMaThKa: PacKpoeM CKOOKH, B OJHOW 4YacTH pPaBEHCTBa COOEpPEM BCE UJICHBI C
MHOHTeNIeM V1, BBIHECEM €r0 32 CKOOKH U BBIPa3UM €ro.

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

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

V1=300-(40—20)100—20=75x

Oteert: 75 a.

3agauya 9

YcaoBue 3axa4u:

B crakane 6110 50 r Bogs! ipu Temneparype 20° C. B nero gonunu 100 T BojbI
npu 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 JO TOM K€ TEMIIEpaTypbl. 3almuIIEM YpaBHECHHE
TEeIJI0BOro OanaHca:

Q:1=Q2

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

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

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

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

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

3amaua pemieHa B oOmeM Buae. MOXXHO TMOJCTaBUTh 3HAYCHHUS BEIUYUH 0€3
nepeBojia B cuctremy CHU, Torma oTBeT Mbl OaydnM B rpaaycax Llenscus.

t=50-20+100-8050+100=60 °C=333K

Otser: 333 K.

3agaua 10

YcaoBue 3a1aum:

PeakTuBHBIN caMOJIET MPOJIETAET C TOCTOSSHHON CKOpocThio 250 M/c myTh 1800
KM, 3aTpadymBasi Ha 3TO Toprouee Maccoi 4 T. MOIHOCTh IBUTATENsl caMoJieTa paBHA
5,9 MBt, KIIJI nBuratens — 23%. KakoBa TemnoTBopHas CHOCOOHOCTH
IPUMEHSAEMOT0 TOPIOYEro?
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Hano:
v=250 m/c, S=1800 kM, m=4 1, N=5,9 MBT, n=23%, q—?
Penienue 3agaumn:
Koadpduument mnonesnoro naeiictBus (KIIJ[) aBurarens n — 3TO OTHOIICHHUE
MOJIC3HOM paboThI ABUTATEN Ay K 3aTpadueHHOU paboTe A..
N=AsA(1)
Ecnmu cunrtate KIIJ[ mo Tako#t ¢opmyse, TO €ro 3HauY€HUE MOJIy4aeTCsl B JAOJSAX
CIUHMUIIBI (HE B TIPOIICHTAX ).
3atpauenHas pabora A, paBHA KOJIHYECTBY TEIUIOTH Q, BBIICTUBIICHCS TPHU
CTOpaHUH TOPIOYETO.
Az=Q
[Ipu 3TOM KONMM4YECTBO TEIIOTHI Q, BBIIEIAIONIEECS MPH CTOPAHWH TOIUIHMBA,
onpenenseTcs no popmyre:
Q=gm
A,=gqm(2)
[Tonesnyro padoty A, onpenenu yepes moutHocTh N mo popmye: A=Nt
Tak kak caMoJieT JBUTAJICS pAaBHOMEPHO, TO BpeMsl moJjieTa t JIerko onpeneanTh
o dopmyiie:
t=Sv
A,=NSv(3)
[TonctaBum BeipaxkeHus (2) u (3) B hopmyiy (1), momyuum:
N=NSvgm
BripazuM oTcrofia KICKOMYIO TEIJIOTBOPHYIO CIIOCOOHOCTH Toprouero g (e€ erne
Ha3BIBAIOT YJEIHLHOMN TEIJIOTOM CrOpaHusi):
g=NSnmv
[TepeBeném myth, Maccy roprouero u KIIJ[ B cucremy CH: 1800xkm=1,8-106m
41=4000kT
23%=0,23
[TocunTaeM 4KCIIEHHBIN OTBET K 3aJa4e:
0=5,9-106-1,8-1060,23-4000-250=46,2-106 1>x/kr=46,2M JI>x/kr
OTtBer: 46,2 M /I:x/kr.

3amaua 11

YcaoBue 3a1a4un:

['yceHn4HbI TPAKTOp pa3BUBAET HOMUHAIbHYIO MOIIHOCTH 60 KBT 1 npu »Toit
MOITHOCTH PacXoayeT B cpeHeM B yac 18 kr nuzensHoro Torumsa. 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 3amaye ynomunaerca ko3@duuuent nosesHoro aevictsus (KI1/) gero-
aubo0, TO 3ajJadyy HAYMHAIOT peliath, 3amucaB  (GoOpMyJsly €ro OmnpeacicHusl.
Hamomuauwm, uro KII] paBeH oTHOIIEHUO MMOJE3HOM pabOThI K 3aTpauyeHHON padoTe.

N=AnAs(1)
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[Tone3nyro paboTy ompenenuM dYepe3 HOMHHAIBHYIO MOITHOCThH JIBUTATEII,
UCIIOJIBb3Ysl TaKyI0 GOPMYITY:
A=Nt(2)
3aTpaueHHass paboTa paBHA KOJWUYECTBY TEIUIOTHI, BBIJACIUBIICHCS TIPH
CrOpaHuM B JIBUTATEJE AU3EIHHOTO TOIIMBA, TO3TOMY €€ MOXKHO HalTH 1o (hopmyie:
A,=gqm(3)
[TonctaBum Beipakenus (2) u (3) B dopmyiny (1), Tak Mbl MOJYy4YHM PEIICHHE
3a/1ayu B 00OIEM BHJIE:
n=Ntgm
[TepeBeném Bpems pabothl B cucteMy CU, nanee mojcTaBUM 3HAUEHUS! BEJIMYUH

B (DOpMYIIy U TIOCUUTAEM OTBET:
14=3600c

n=60-103-360042-106-18=0,286
OTtgert: 0,286.

3agaua 12

YcaoBue 3a1a4u:

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

lano:

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

Pemienue 3agaumn:

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

Boo011ie, nckoMmyto BenmnuuHy At ciielyeT UCKaTh U3 BBIPAKECHUSI:

At=t,—t(1)

Haiinem niist Havyana temmepatypy t, s 4ero 3amuiieM ypaBHEHUE TEIUIOBOTO
OanaHca.

Q:1=Q2

3nech Q1 — KOMMYECTBO TETUIOTHI, OTJAHHOE BOJOW JIOKKE MPH OCTHIBAHUH IO
TeMriepaTypbl t, a Q2 — KOJIMYECTBO TEIJIOTHI, MOJTYYEHHOE JIO)KKOW OT BOJBI TPH
HarpeBaHUM JO TOW ke TemmepaTypbl. Pacnuiiem KojiiMuecTBa TEIUIOTHI TIO
U3BECTHBIM (POPMYJIaM.

clml(tl—t)=cgm2(t—t2)

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

PackpoeM ckoOku B 00eMX 4acTsSX paBEHCTBA:

c1Mit;—CciMmit=comyot—Comoyts

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

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

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

At=t;—Ccimjt;+Ccomyt,comy+coms
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[TpuBeném mox o0 3HAMEHATEB:
At=cimit;+Ccomot;—Cimyt;—Comotocimy+Ccoms;
At=Cc,m,t;—CoMmot,c1My+Comy
Atzszg(tl—tz)Clm1+Cgm2
3ajaua pelieHa B 00LIEM BUJIE.
[epeBenéM Macchl B KHJIOIPAMMBI, @ TEMIIEPaTypy T2 — B rpaxychl Llenbcust:
50r=0,05kr
250r=0,25kr
293K=20 °C
[Ipou3BeeM pacueT YUCIEHHOTO OTBETA:
At=250-0,05-(80—20)4200-0,25+250-0,05=0,7°C
OTtBer: 0,7° C.

3agaua 13

YcaoBue 3agaum:

Bony maccoii 4,65 xr, B3dryro npu temrneparype 286 °K, narpesatot g0 308 °K
IIOTPYKEHUEM KycCKa Xkenesa ¢ temreparypou 773 °K. Hautu maccy Kycka xenesa.
TennooOMEHOM € OKPY’KaIOIIUMHU T€JIAMU U UCTIAPEHUEM MPEHEOPEYb.

lano:

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

Pemienne 3agaum:

[Ipy morpykeHuM KycKa »eje3a B BOJY B pe3yjibTaTe TEIIOOOMEHA IEpPBBIM
OCTBIHET JI0 TEMIEPATyphl |, a BTOpasi — HarpeeTcs 10 3TOM TeMIlepaTyphl. 3aruiieM
ypaBHEHUE TETUIOBOTO OayaHca:

Q:1=Q2

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

Clml(T—Tl):szz(Tz—T)

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

BrIpa3zum 13 paBeHCTBa Maccy Kycka xkenesa my:

m2=C1m1(T—T1)Cz(T2—T)

[TocunuTaem oTBeT:

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

Oteert: 2009 r.

3amava 14

YciaoBue 3agaun:

OnpenenuTs yAeIbHYIO0 TEIUIOEMKOCTh TpaHChOPMATOPHOTO Macha, €Cld JJis
HarpeBanus 5 T Macyia ot 70° no 75° C tpebyercs 50,6 MJ>x koinuecTBa TEMIOTHI.

Hano:

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

Pemienue 3agaumn:
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VY nenbHoM TEIUIOEMKOCTBIO C Ha3bIBAETCS busnaeckas BEJIMYMHA,
MOKa3bIBalOas KaKoe€ KOJMYECTBO TEIUIOTHI HEOOXOIUMO, YTOOBI HM3MEHHUTH
TeMriepatypy enunuiibl Maccel BemiectBa Ha 1 °C (um 1 °K). CormacHo stoMy
OTpeIeNICHUIO €€ MOKHO HaWTH 10 Takon hopMmyiie:

c=Qm(t—ty)

Takyto xe hopmyny Bel Obl momyunsnm, ecinu 3anucain GopMyily KOJIHMYeCcTBa
TEIUIOTHl MPU HArPEBAaHUM U JaJe€ BBIPA3WIM OTTyJAa HCKOMYIO YJIEJIbHYIO
TEIJIOEMKOCTH C.

[TepeBeném maccy TpanchopmatopHoro macia B cuctemy CHU:

51=5000kT

[TocunTaem OTBET:

¢=50,6-1065000-(75—70)=20241x/(xr-°C)

OtBet: 2024 JIx/(kr:-°C).

3agaua 15

YcaoBue 3axa4u:

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

lano:

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

Pemenue 3agaun:

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

N=AsA(1)

[Tone3nas pabota BojoHarpeBaTesst All 3aKII0YaE€TCs B TOM, YTO OH HarpeBaeT
BOAY, MO3TOMY TMoOJie3Has paboTa paBHA KOJIMYECTBY TEIUIOThI, HEOOXOAMMOE IS
HarpeBaHus BOJBI.

AH=cm(t2—t1)

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

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

A=cpV(t,11)(2)
3atpaueHnyro pabory A; HaifleM depe3 TEIJIOBYI0 HArpy3Ky TOpPENIKH
BogoHarpeBatens N (1o CyTu 3TO MOITHOCTh TOPEJIKH ) U UICKOMOE BpeMsi paboTHI T.
A,=N1(3)
[ToacraBum B hopmyny (1) Beipaxenus (2) u (3), Toraa:
n=cpV(t2—t1)Nt
Tornma Bpemsi HarpeBaHUs BOJAbI MOXKHO HaWTH 110 hopmyIie:
t=cpV(tz—t)MN
[lepeBeném TemnoByto Harpy3Kky, oobem 6aka u KIIJ[ B cucremy CU:
25M]1x/4=25-1063600B1=6944,4BT
80:1=0,08m3
80%=0,8
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[IpousBeaeM pacyeT YUCICHHOTO OTBETA!
1=4200-1000-0,08-(90—25)0,8-:6944,4=3931,2¢=65,5Muu
OTtBer: 65,5 MuH.

3ampaua 16

YcaoBue 3axa4u:

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

lano:

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

Penienue 3agaumn:

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

N=AsA(1)

[Tone3nass paborta uaiiHuka A, 3aKJIIOYae€TCsl B TOM, YTO OH HarpeBacT BOIY,
MO3TOMY TMOJie3Hass paboTa paBHA KOJMUYECTBY TEIUIOTHI, TpeOyromeMycs: s
HarpeBaHus BOJIBI 10 KurneHud. HamomuuMm, uto Temneparypa kunenus t, paaa 100°
C.

A=cm(t—t)

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

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

A=cpV(t—1)(2)

3aTpaueHHy0  pabory A; ompeienuM  KaK  IPOM3BEICHHE  MOIIHOCTH
yaitHuka N Ha Bpems T.

A,=N1(3)

[ToncraBuB Beipaxkenus (2) u (3) B dopmyny (1), moaydyuM TaKkyr0 KOHEUHYIO
bopmymy:

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

[Tocuntaem OTBET:

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

OtBert: 0,56.

3agaua 17

YciaoBue 3agaun:

JIns1 3akanku CTalibHYIO AeTaib, Harpetyto 10 1073 °K, maccoit 0,5 kr onycTunu
B Boay Maccoil 10 kxr npu temnepatype 288 °K. [{o kakoil TemnepaTypbl OXJIaauTcs
CTaJibHas JeTallb?

Hano:

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

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

3anava 18
YcaoBue 3a1a4u:
MorHOCTh, pa3BuBaeMas JBUTaTeNIeM camoseTa Ha ckopoctu 900 km/4, paBHa 3
MBT. [Ipu aTom Ha iyt 10 kM pacxoayercs 8 kr 6ensuna. Haiitu KI1J] nuraresns.
Hano:
v=900 km/4, N=3 MBTt, S=10 kM, m=8 xr, N—?
Pemienue 3agaun:
Koaddumument moneznoro aeiictBus n (KIIJ]) nurarenss MoXHO HaWTH Kak
OTHOIIIEHHUE TOJIe3HON paboThl A, K 3aTpadueHHOM padoTe As.
N=AsAs(1)
[Tonesnyto padoty asuratens A, Haitnem dyepe3 MoiHocTh N u Bpems t.
A,=Nt
Tak Kak caMoOJIET ABUTAJICS PAaBHOMEPHO CO CKOPOCTHIO U M MPOIIEN MyTh S, TO
BpeMsI MOXXHO HaWTH KaK OTHOIIEHHE MYTH K CKOPOCTH, TO €CTh MOJIE3HYIO paboTy
cleayeT UCKaTh 1o popmyie:
A.=NSv(2)
3atpauenHass paboTa A; paBHa KOJMYECTBY TEIUIOTHI, BBIACISIEMONU TIPH
cropanuu OCH3MHA.
A,=gm(3)
VY nenwpHas TerioTa cropanus 6ensuna pasHa 46 MJIx/kr.
[ToxpcraBum Boipakenus (2) u (3) B dopmyny (1). Tak MbI OTydrM perieHuUe
3a/1auu B 00IIeM BHUJIE.
N=NSvgm
ITepeBeném ckopocTh camoniera B cuctemy CU:
900xm/4=900-10001-3600m/c=250m/c
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Yucnenno KIIJ[ nBurarens camonera paBeH:
n=3-106-10-103250-46-106-8=0,326
OTtBer: 0,326.

3agaua 19

YciaoBue 3a1aumn:

Omnpenenure pacxoj OeH3MHA aBTOMOOWJIEM Ha 1 KM MyTH IpU CKOpOCTU 72
kM/4. MomaocTs asuratens apTomooust 20 kBt, KITJI paBen 25%.

lano:

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

Penienue 3agaumn:

CornacHo omnpezaenenuto kodpdunuent nonesHoro aedctsus (KILJ) — srto
OTHOIIIEHUE TOJIE3HON PabOThl ABTOMOOWIIS K 3aTpaueHHON padoTe.

N=AsAs(1)

[Tonesnyo paboTy Ay MOXKHO OIpeAeIuTh uyepe3 ero MourHocTh 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 TEIIOTH Q, BBIICTUBIICHCS TPHU
cropanuu OeH3uHa B ABuratesne. [locnenHion HalgeM Kak NpOU3BEICHHUE YAECIbHOU
TEIJIOTHI CTOpaHus (| Ha Maccy OeH3uHa M.

A;=gm

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

A=qpV(3)

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

n=NSvgpV

Bripa3zum nckomblit 00beM OeH3uHa V:

V=NSnvgp

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

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

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

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

3agaua 20

YcaoBue 3axa4u:

['opsuee Teno, Temneparypa kotoporo 70 °C, mpuBEeIEHO B CONMPUKOCHOBEHUE C
XOJIOJHBIM TeJoM, TeMmieparypa kortoporo 20 °C. B TemioBoM paBHOBECUU
ycraHoBwiIachk temneparypa 30° C. Bo CKOJIbKO pa3 TEIJIOEMKOCTh XOJOJHOTO TeJa
00JIbIIIE TEIIIOEMKOCTH TOPSTYEro?
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Hano:

t1=70 oC, t,=20 oC, t=30 oC, C,C,—?

Penienue 3agaumn:

N3 ycioBusg yxe TMOHITHO, 4YTO MPOUCXOAWIIO C TEJIaMH, IO3TOMY Cpas3y
3aluIIeM ypaBHEHHE TETIOBOTO OalaHca:

Q1=Q:

3nech Q1 — KOJMYECTBO TEIUIOTHI, OTJAHHOE TOPSYHM TEJIOM XOJIOAHOMY TIPH
OCTBIBAaHUH JI0 TeMIiepaTyphl t, a Q2 — KOTUYIECTBO TEIUIOTHI, TIOTYYCHHOE XOJIOTHBIM
TEJIOM OT TOpPAYETr0 NPU HArPEBAHUM A0 TOW XK€ TeMmreparypsl. Pacnuirem 3tu
TEIUIOTHI IO M3BECTHBIM ¢dopMmyslaM — oOpaTuTe BHHUMaHHUE, YTO B YCJIOBHUU
burypupyer TeroeMKOCTh, a He yJIeJbHas TEIII0EMKOCTb.

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

3amava 21

YcaoBue 3a1a4u:

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

Hano:

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

Pemienue 3agaumn:

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

lecml(tg—tl)

Ecnu 3aMeHUTH CTalbHOM 0ak CETKOM M3 TOTO e MaTepuana, TO KOJIHMYECTBO
TEIUIOTHI, TpeOyeMoe JIsl €r0 HarpeBaHUsl, MO’KHO HaWTH 10 aHAJIOTUYHOU (hopmyTie:

Qg=cm2(t2—t1)
VY nenbHas TEII0EMKOCTh cTaiu C paBHa 460 Jx/(kr-°C).
Hckomyro Benmuuuny AQ ciienyer onpeaessiTh o ¢popmysie:
AQ=Q1—Q:
C y4€Tom BbIIIE TPUBEIEHHOTO, UMEEM:
AQ=cmy(t;—t1) —cmy(t2—11)
AQ=c(m;—my)(to—t1)
[ToxpcTaBuM UCXOHBIEC TAaHHBIE 337]a49K B JOPMYITY U TIOCUUTAEM OTBET:
AQ=460-(4—1,5)(918—-18)=1,035-106 1x=1,035M JIx
OtBet: 1,035 Mx.

3agaua 22
YcaoBue 3agaun:
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Cwmemanu 24 kr nementa npu temneparype S5 °C ¢ 30 i1 BoJbl Ipu TeMIEpaType
35 °C. Ompenenutb Temmeparypy pactBopa. llorepsmu npeneOpeub. VY aenbHas
TertoeMKocTh IeMeHnTa — 830 JIx/(kr-K).

lano:

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

Pemenne 3agauu:

3anuiieM ypaBHEHUE TEIIOBOro OanaHca:

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

LEMEHTY MpU OXJIAXICHUU JO0 TOW ke TemiepaTypbl. Pacnumem konuuecTsa
TEIJIOTHI IO U3BECTHBIM (OopMyIam:
Clml(t—tl):szz(tz—t)

VY nenpHast TErI0eMKoCTh BOJIbI C2 paBHa 4200 [Ix/(kxr-°C).

Pacniuiem Maccy Bojbl My Kak MPOU3BEICHUE TIIIOTHOCTH BOJIBI P2 HA 00beM V.
HanomMuuMm, 4T0 miI0THOCTH BOJibI paBHa 1000 Kr/Mm°.

Clml(t—t1)=C2p2V2(t2—t)

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

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

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

3agaya 23

YcaoBue 3a1a4u:

JI71st npuroToBIE€HUs: BAHHBI HEOOXOIMMO CMelaTh X0n0AHyto Boay nipu 11 °C u
ropsiuyto — nipu 66 °C. Kakoe KoJIM4ecTBO ropsiueid BOAbI HAJI0 B3SITh JJISI TTOJTYyYEHUS
110 1 Boab! ipu 36 °C?

Hano:

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

Penienue 3agaumn:

3anuiieM ypaBHEeHHE TeruioBoro 6ananca: Q1=Q;

B 510 ypaBHeHun Q1 — KOJIMYECTBO TEIUIOTHI, MOJYYEHHOE XOJOAHOU BOJIOH OT
ropsiueil Mpu HarpeBaHUUW N0 TeMmriepaTypsl t, Q2 — KOIMYECTBO TEIUIOTHI, OTJAHHOE
ropst4e BOJIOW XOJIOAHOM IIPU OXJIAXKACHUHU 10 TOU K€ TeMIieparypsl. Pacniuiiem stu
KOJIMYECTBA TEIJIOTHI 110 U3BECTHBIM (hOopMyJiam:

cmy(t—t1)=cmy(t—t)

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

Cle(t—tl):CpVZ(tz—t)
Vl(t—tl):VZ(tz—t)
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[loHaTHO, YTO cyMMa 00BEMOB XOJIOAHOM W ropsiueil Boawl (Viu V) paBHa
JTAHHOMY B YCJIOBUH 00beMY V, MO3TOMY OYEBHIHO CIICAYIOIIEE PABEHCTBO:
V1=V—V2
Torna umeewm:
(V—Vz) (t—tl) =V, (tz—t)
Packpoem ckoOKHM B 00€MX YacTsIX TOr0 PaBEHCTBA.
Vi—=V1i—Vot+Vot1=Vot,— Vot
V=Vt +Vot1=Vot,
BeiHecem  MHOXHTENIh VB JI€BOM  YacTH  3a  CKOOKHM, 4JIeHBI C
MHOXUTENEM V7 IepeHeceM B IIPaBYIO0 CTOPOHY M TaK¥Ke BHIHECEM €TI0 3a CKOOKH.
V(t—t1)=V2(t2—t1)
B urtore moiayuuM ciaeayromyo uToroByto Gopmyiy:
V2=V(t—t1)t2—t1
[lepeBeném o0beM V B KyOUUYECKHUE METPHI:
1101=0,11m3
ITocunTaeM YMCIIEHHBIN OTBET K 3a7a4e:
V»=0,11-(36—11)66—11=0,05m°
Otser: 0,05 m°>.

3anava 24

YcaoBue 3a1a4u:

ABTOMOOWIB pacxonyer 5,67 kr OensuHa Ha 50 km nytu. OmnpenenuTthb
MOIIIHOCTb, PA3BUBAEMYIO JBUTATEIISIMH, €CITU CKOPOCTh ABKeHus 90 km/4, a KI1J]
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
paboThI IBUTATENs K 3aTpauyeHHOM padoTe.

N=AsAs(1)

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

A =Nt

3nechb t — BpeMsl OBUKEHUs aBTOMOOWJIS (TOYHee Bpemsi paboThl JBHUTrartess),
KOTOpPOE, OYEBUTHO, MOXKHO OIPEACIUTh MO (opMyJie:

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

3agauya 25

YciaoBue 3agaun:

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

lano:

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

Pemenue 3agaun:

B nauvane cocyng umen temmeparypy Boabl. Ilocie Toro, kak Kycok »keles3a
OIyCTAT B BOAYy, OyAeT NPOUCXOJUTHh TEIIOOOMEH MEXIy TpeMs TellaMu
(aJIFOMUHUEBBIM COCYIOM, BOJIOM M KYCKOM XkeJe3a). B KoHIle KOHIIOB TeMIepaTyphbl
BCEX TPEX TEJ CTaHYT OJJMHAKOBBIMU U PaBHBIMH 1.

3anuiieM ypaBHEHHE TEIJIOBOro OajaHca:

Q1+Q2=Qs

3neck Q1 — KOMMYECTBO TEIUIOTHI, MOJIYIEHHOE COCYAOM TpH HarpeBaHuu, Q2 —
KOJMYECTBO TEIUIOTHI, TOJYYeHHOE BOAOW Tpw HarpeBaHuu, Q3 — KOJWYECTBO
TEIUIOThI, OTJAHHOE KYCKOM >KeJie3a MpHU OXJIKJICHUHU. PacmuiieM Bce KOJIMUYECTBA
TEIUIOTHI MO U3BECTHBIM (hopmysiam. CTOUT OOpaTUTh BHUMAHHE, YTO Y COCYJla JaHa
TEIUIOEMKOCTh, a HE yJIeJIbHAs TEMI0EMKOCTh!

C(t—tl)+C1m1(t—t1)=C2m2(t2—t)

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

PackpoeM B 006eux 4acTsiX paBEeHCTBA CKOOKHU:

Ct—Cty+cimit—cimti=comyto—Comot

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

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

B utore nonyuum Takoe perieHue 3ajauu B o01eM BUIE:

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

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

118r=0,118kr

IlocunTaeM unciIeHHBIN OTBET K 3aJ1a4e:

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

Orteert: 300 K.

3agaua 26
YcaoBue 3agaun:
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ABTOMOOWMIIB, ABMKYIIMICS CO CpelHEH CKOPOCTbIO 72 KM/4, pa3BUBAET CHILY
taru 2500 H. Kosddumuent monezHoro aercTBusi ABUrarenss aBTOMOOWIIS paBeH
25%. CxonbKO OH TpaTUT OeH3MHA B yac?

lano:

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

Penienue 3agaumn:

Ecnu B 3agaue ropoputcs o koaddunuente nonesnoro aeiicraus (KI11), To npu
pellleHrH 33/1a4d MEPBBIM JesoM 3anucbiBaioT Gopmyny onpenenenus KITJ. KITJT
JBUTATEJISI ] — 3TO OTHOIICHHWE TMOJIE3HON paboThl Ay K 3aTpadeHHON pabdote A,, TO
€CTh:

N=AsAs(1)
Tak KaKk KaKJIbli MaJIbI IPOMEKYTOK BPEMEHHU BEKTOP CHJIbI TSTH COHAMPABIICH
C BEKTOPOM IEPEMEIICHUS, TO MOJIE3HYI0 padboTy Ay MOXKHO HalTH 1o popMmyIie:
A=FS
B aToit hopmyie S — nmpolIeHHBIN My Th, KOTOPBIH JIETKO HAWTH U3 BHIPAXKCHHUS:
S=vt
A,=Fut(2)

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

cropaHuu O€H3MHA, T0ITOMY BepHa Gopmyia:
Az=gm(3)

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

n=Fvtqm

BoIpa3zum nckomyro maccy OeH3uHa m:

m=Fvtnq
VYaenbHass TemnoTa cropaHus OeH3uHa ( paBHa 46 MJx/kr. Ilepeeném
ckopocTh aBTOMOOMIIst B M/c, KITJ[ — B 10111 euHUIIBI, @ BpeMs pabOThl — B CEKYH/IbI:
72xm/4=72-10001-3600m/c=20m/c
25%=0,25
19=3600c

YucneHHbIN OTBET K 3a/1a4€ PaBEH:

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

OTtBer: 15,65 Kkr.

3agaua 27

YcaoBue 3a1aumn:

Omnpenenute KIIJ[ HarpeBatens, pacxoayromiero 80 r kKepocuHa Ha HarpeBaHHE
3 11 Boaml Ha 90 K.

Hano:

my=80r, V1=3 1, AT=90 K, n—?

Penienue 3agaumn:

Koadduumrent mnose3Horo JeHCTBUS  HArpeBaTesisi 1 paBeH  OTHOIICHUIO
MOJIE3HOM paboTHI K 3aTpadyeHHOM pabdoTe.

n=AA(L)

[lonesnass pabora HarpeBarenst A, paBHa KOJUYECTBY TEIUIOTHI, KOTOpPOE

TpeOyeTcs UIsi K3MEHEHUS TeMIiepaTypbl Boabl Ha AT, TO ecTs:
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A,=Ctm;AT
B aT0i1 dhopmyiie C1 — yaenbHas TEII0eMKOCTh BOjbI, paBHas 4200 JIx/(kr-K).
Maccy Boabl pacnuileM Kak MPOW3BEICHHE IUIOTHOCTH BOJbI p1 (oHa paHa 1000
kr/M°) Ha 00beM V1.
ArFClprlAT(Z)
3arpaueHHas paboTa A, paBHa KOJMYECTBY TEIUIOTHI, KOTOPOE BBIIEISAETCS MPU
CrOpaHuM KEPOCHHA MAacCOM My, TOITOMY:
As=qm;(3)
Y nenpHas TeIIoTa cropanus kepocuHa ( paBua 43 MJIx/kr.
[ToncraBuMm nonmyueHHbie BbipaxeHus (2) u (3) B popmymy (1):
n=C1p1V1ATqm2
[lepeBeném HEeKOTOpbIE BEIUUHHBI B cucteMy CU:
80r=0,08kr
31=0,003m
[TocunTaem OTBET K 3a1aye:
n=4200-1000-0,003-9043-106-0,08=0,33
Otger: 0,33.

3anava 28

YcaoBue 3a1a4u:

Ha cniuptoBke HarpeBaiu Boay maccoit 100 r ot 16 °C go 71 °C. IIpu 3Tom ObLa
coxokeH cnupT maccoi 10 r. Hailti ko3 (puureHT moie3Horo 1eicTBUsl CHUPTOBKHU.

Hano:

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

Pemienne 3agaum:

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

N=AsAs(1)

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

A=cm;(to—t1)(2)

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

3arpauenHas pabota A, paBHa KOJUYECTBY TEIUIOTHI, KOTOPOE BBIIEISACTCS MPU
CrOpaHuM CIUpPTa Maccol My, TO €CTh:

A,=qm;(3)

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

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

n=cms(t—t;)gm,

[TepeBeném maccy Bojbl U Maccy cnupTta B cuctemy CU:

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

YcioBue 3aga4n:

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

lano:

;=100 oC, t=30 oC, t,—?

Pemenne 3agaumn:

Teno, U3roTOBIEHHOE U3 MEIHM M UMEIOLIEe TeMIepaTypy t1, OmycTuiau B BOIy
npu UCKOMOW Temmeparype t;. Maccel Tena W BOAbl OOWHAKOBBI. B pe3ynbrarte
TEMJI000MEHa YCTaHOBMJIOCH TEIJIOBOE paBHOBecHe Ipu Temmeparype t. 3anuiiem
ypaBHEHUE TEIUIOBOTO OayaHca:

Q:1=Q>

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

cim(t—t)=com(t—ty)
Cl(tl—t)=C2(t—t2)

B »TOM paBeHCTBe C1; — yAenbHas TeIoeMKocTh Meau, paBHas 380 J[x/(kr-°C),
a Cp — yZieJibHasl TeII0EMKOCTh BoAbl, paBHas 4200 [x/(xr-°C).

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

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

[TocunTaeM 4KCIIEHHBIN OTBET K 3aJa4e:

t,=30—380-(100—30)4200=23,7 «C~297 °K

OtBet: 297 K.

3amava 30

YcaoBue 3axa4u:

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

Hano:

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

Pemienne 3agaum:

3anumeM Gopmyny onpeneneHus kodddunmenta nonesznoro aecteus (KIII).
CornacHo onpeznenennto, KI1/[ — 3To oTHOIIEHHE 1O1€3HOM paboThI K 3aTpauye€HHOM.

n=AA(L)

[Tonesnyto pabotry A, JIETKO  ONpeAeauTh 4Yepe3 MOIIHOCTb  JIBUTATEJIs
aBTomoOmisi N 1 Bpemsi IBIDKEHUS t, MpUYeM MOCIEAHIO HaiIeM KaK OTHOIICHHE
NyTH S K CKOPOCTU JBUKEHUS V.

A;=Nt=NSv(2)
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3arpauenHas pabota A, paBHa KOJUYECTBY TEIUIOTHI, KOTOPOE BBIIEISACTCS MPU
cropaHuu O€H3UHa, OTOMY:
A;=gm
VY nenbHas TerioTa cropanus 6ensuHa ( paBHa 46 MJDx/kr.
Maccy OeH3uHa M 3anuIIeM Kak Mpou3BeIeHHE MIIOTHOCTU 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 OeH3nHa V B KyOMYECKHE METPBI, CKOPOCTh aBTOMOOMIIS U —
B M/c, a KIIJ] nBuraresns n — B A0JU €UHUIL:
401=0,04m3
54xm/4=54-10001-3600m/c=15m/c
25%=0,25
[IpousBeneM pacuer YUCIEHHOrO OTBETA 3a1a4u:
S=0,25-15-46-106-700-0,0446-103=105000m=105km
Oteert: 105 km.

3amava 31

YcaoBue 3agaum:

B Banne naxonutcs 400 1 Boasl npu temnepatype 30 °C. M3 kpaHa BbITEKAeT
ropsituast Boga nipu 60 °C. Ha kakoe BpeMs HaJi0 OTKPBITh KpPaH, YTOOBI YCTAaHOBUIIACH
temneparypa 35 °C, eciiu 3a OIHy MUHYTY U3 KpaHa BbITekaeT 10 1 Boab1?

ano:

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

Pemienue 3agaumn:

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

3anuiieM ypaBHEHHE TEIJIOBOTO OajaHca:

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

BOJI0OM 00beMoM V (KoTOpasi BBHITEUET W3 KpaHa) MPHU OXJAXKICHUU B pe3yJbTare
TerioooMeHa. PacniuiiemM KoIu4ecTBa TeIUIOThI O U3BECTHBIM (hOpMYyJiaM:

cmy (t—ty)=cmy(t—t)

ml(t—t1)=m2(t2—t)
Macchbl 3anuiiieM Kak MpOW3BEICHHE IJIOTHOCTH BOAbLI HA COOTBETCTBYIOIIHIA

00BeEM.

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

Vi (t—t1)=V2(t2—t)(1)
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Ecnu 3a enquHuIly BpeMEHU U3 KpaHa BBITEKAET OJIMHAKOBOE KOJUYECTBO BOJIbI,
TO €CTh PAaCX0]l KUJAKOCTH BCEr/1a OJMHAKOBBIM, TO UMEET MECTO PABEHCTBO:
VoTo=V2‘C
V2=VoTTo
[TopcTaBuM NOJTy4€HHOE BBIPAKEHHUE B paBEHCTBO (1).
Vl(t—t1)=VoTTo(t2—t)
OTKyaa KICKOMOE BpEMsI T PaBHO:
’E=V1(t—t1)T0Vo(t2—t)
[Tepeeném o0wvemsbl V u VO, a taxoke Bpems 10 B cuctemy CU:
400m1=0,4m°
101=0,01m3
1Mua=60c
YucneHHBIN OTBET K 33/1a4€ PaBEH:
1=0,4-(35—30)-600,01-(60—35)=480c
Ortser: 480 c.

3agaya 32
YcaoBue 3a1a4u:
YtoObl Harpeth 1,8 kr Bonbl oT 18 °C mo kumnenus Ha ropenke ¢ KITJ[ 25%,
notpedoBasioch 92 1 roproyero. HailTu yienpHyI0 TEIIOTY CrOpaHUs TOPIOYEro.
lano:
m;=1,8 kr, t1=18 oC, n=25%, m,=92 r, q—?
Pemienue 3agaumn:
3anumeM popmyny onpenenenus KIIJ[ (koaddunmenTa mone3noro nencTus),
OH PaBEH OTHOIIIEHUIO MOJIE3HOM padOTHI K 3aTpaueHHOMN padoTe.
N=AsAs(1)
[Tone3nas pabota ropesnku A, paBHa KOJIMYECTBY TEIJIOThI, KOTOPOE TpedyeTrcs
JUISL HarpeBaHUs BOJBI OT TeMIepaTypsl 1110 Temmeparypbl KuneHus t (nmpu
HOpMalTbHOM aTMochepHoM nasienun (k=100 oC).
A=cm;(t—t1)(2)
VY nenpHas TernoéMKocTh BojibI C paBHa 4200 Jx/(kr-°C).
3atpaueHHasi paboThl A, paBHA KOJMYECTBY TEIJIOTHI, KOTOPOE BBIACIACTCS TIPH
CTrOpPaHUH TOPHOYETO MACCOU My, TOATOMY:
A,=qmy(3)
[ToacraBum Beipaxkenus (2) u (3) B popmyiny (1), Toraa umeem:
n=cm;(t,—t;)gm;
BripazuM nckomyro yaelbHY0 TEIJIOTY CropaHus (:
g=cmy(ti—t)nm;
[TepeBeném KIIJIn B nmonu enuHuin, a Maccy roproyero m2 B KHJIOTPAMMBbI,
Jiajee MPOU3BEIeM pacueT YUCICHHOTO OTBETA.
25%=0,25
92r=0,092xr
q=4200-1,8-(100—18)0,25-0,092=26953043,5>x/kr~27M J]x/xr
BeposiTHee Bcero, 4To roprourM B FOPEJIKE SABJISETCS CIUPT.
OTtBer: 27 M /I:x/Kr.
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3amaya 33

YcioBue 3aga4n:

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

lano:

m;=1 KT, m,=500 T, C,C1—?

Pemenne 3agaumn:

Tenmnoemkocth C — 3T0 ¢u3myUeckas BeTUYNHA, KOTOpas MOKA3bIBAET CKOJIBKO
HY’KHO 3Hepruu 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€tom »9TOi (OopMyIBI TEIIOEMKOCTH Kycka cBuHIA C; Maccoit My u

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

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

[lepeBeném maccy Kycka »xene3a B cucteMy CHU u mocumtaem 3HayeHUs
TEILUIOEMKOCTEN:

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

BunHo, 4to y Kycka »eie3a TeIJIOeMKOCTh Oombine. Haitnem oTHoIIeHHE
TEIJIOEMKOCTEH, 4YTOOBl y3HAaTh BO CKOJBKO pa3 TEIUIOEMKOCTh KyCKa JKele3a
MPEBBIIIAET TEMJIOEMKOCTh KyCKa CBUHIIA.

C2C1=230130=1,77

OtBer: 1,77.

3anava 34

YcaoBue 3a1a4u:

[nsa ompenenenust ynenbHOM TeruioéMkoctr 0,15 Kr BeliecTBa, B3ATOrO NpHU
temneparype 100 °C, omyctunu B JNaTyHHbIM Kanopumerp Maccoud 0,12 kr,
conepskarmuii 0,2 xr Boabl pu 16 °C, mpuyem o6111ast TeMIeparypa yCTaHOBUIIACH 22
°C. OnpenenuTs yaeIbHYIO TEMJI0EMKOCTh BEIIECTBA M0 JJAHHBIM OIbITA.

Hano:

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

Penienue 3agaumn:

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

Q1=Q2+Q3
3mech Q1 — KOIMHYECTBO TEILIOTHI, OTIAHHOE HEM3BECTHBIM BEIIECTBOM IIPH
Temnoodmene, Q; 1 Qs —  KomuyecTBa  TEMIOTHI,  MOAy4eHHOE  JIATYHHBIM
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KaJIOPUMETPOM M BOJIOW TMPH TEIUIO0OOMEHE COOTBETCTBEHHO. PacrmuieM konmuecTBa
TEIJIOTHI IO U3BECTHBIM (OopMyIam:
C1ml(tl—t)zszg(t—t3)+C3m3(t—t3)

B »TOM paBeHcTBe C1 — HUCKOMasl yJejbHas TEIUIOEMKOCTh HEKOTOPOTro
BEIIECTBA, Cp — yJeNIbHAs TEII0eMKOCTh JiaTyHu (oHa paBHa 380 JIx/(kr:-°C)), C3 —
yaelibHas TeII0eMKOCTh Bo/bI (oHa paBHa 4200 JIx/(kr-°C)).

BrIpa3zum 13 paBeHCTBA UICKOMYIO BETUYUHY Ci:

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

[ToxcraBum maHHbBIC 33/1a4u B (GOPMYITY U IOCYUTAEM OTBET K 3aja4e:

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

OtBet: 454,2 JIx/(kr-°C).

3agaua 35

YcaoBue 3axa4u:

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

lano:

V=50 J, ;=20 OC, 1]:350/0, my—?

Pemienne 3agaum:

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

N=AsA(1)

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

AHZle(tK—tl)

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

Maccy BoabsI My 3anUIIeM B BUJIE MPOU3BEICHUS TUIOTHOCTH BOBI P (OHA paBHA
1000 kr/m®) Ha 06BeM V1.

An:val(tK—tl)(Z)

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

A,=qmy(3)

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

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

n=cpVi(tc—t)am

OTtkyzaa macca KepocrHa My paBHa:

mz=cpVi(t—t)ngq

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

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

[IpousBeném pacyer oTBeTa:

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

3agauya 36

YciaoBue 3agaun:

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

lano:

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

Penienue 3agaumn:

Koadduumnent mnoneznoro paericteus 1 (KIIJI) paBeH OTHOIIEHHIO IOJE3HOM
paboThl A, K 3aTpadyeHHOU padoTe A..

N=AsAs(1)

[Tone3nass pabGoTta cnupTOoBKU A, paBHA CyMME KOJUYECTBAa TEIIOTHI Q1,
KoTopoe TpeOyeTcsi JUisi HarpeBaHdhs BOJIBI Maccoil Mp oT TemrepaTtypsl t1 10
temnepaTypbl kunenus t, (t,=100 oC), u xomudecTBa TerioThl Q2, KOTOPOE HYKHO
JUUIS. UICTIAPEHUS BOJIBI Macco Am.

AH=Q1+Q2
Pacniuiem konudectBa TemioTel Q1 1 Q2 Mo U3BECTHBIM POpMyIIaM.
A,=cm;(t—t;)+LAm(2)

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

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

A;=gm;

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

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

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

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

n=(cmy (ty—t1)+LAm)toqmet

OTkyna Hy»KHOE HaM BpEeMs T PaBHO:

=(cm;(ty—t1)+LAm)tonqmg

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

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

YucineHHo BpeMs T paBHO:

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

OTtseT: 183.8 c.
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3anaua 37

YcioBue 3aga4n:

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

lano:

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

Pemenue 3agaun:

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

dbopwme:

Q1+AQ=Q;
3):[er Q]_ — KOJIHUYCCTBO TCIUIOTHI, IIOJIYYCHHOC COCyAOM B PC3YJIbTATC
TeriooOMeHa, Q; — KOJNMYECTBO TEIUIOTHI, OTAAHHOC BOJOW B pe3yJbTaTe
TGHHOO6MGH3, AQ — HOTCPSAHHOC KOJTUYCCTBO TCILIIOTHI. Bpra3HM IIOCJICIHEC:
AQ=Q2—Qu

Pacniuiem konmudectBa TerioTel Q1 1 Q2 MO U3BECTHBIM QOpMYyIIaMm:
AQ=c,my(t,—t) —cama(t—t1)(1)

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

Tak Kak B yCJIOBHUM CIIPAIIMBACTCS «KAKOE KOJMYECTBO TEIUIOTHI TEPSUIOCH B
€IVHHULLY BPEMEHW», TO 110 CYTU HAM HYKHO HAUTU MOIIHOCTB. E€ cieryer uckare 1o
dbopmyie:

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

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

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

[TocunTaeM 4KCIIEHHBIN OTBET K 3aJa4e:

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

OtBet: 161 Br.

3amaua 38

YciaoBue 3agaun:

B Oarapero BousHOro ororvieHus Boja mnoctymaeT npu 80 °C mo Tpyde
IIoIaApI0 Tornepedsoro cedennss 500 MM2 co ckopocTeio 1,2 cm/c, a BBIXOIMT U3
Oarapen, umes Ttemmepatypy 25 °C. Kakoe KOJIMYECTBO TEIUIOTHI MOTy4YaeT
OTaIUIMBA€MOE MMOMEILIEHHE 32 CYTKH?

Hano:

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

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

Q=cm(t:—t2)(1)

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

Maccy M MOXHO HalTH TaKUM 00pa3oMm:

m=pV(2)

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

V=S=Sv1(3)

C yu€tom Beipaxkenut (2) u (3) dopmyna (1) npumer cleayromIHiA
OKOHYATEJIbHBIN BUI:

Q=cpSvrt(ti—t2)

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

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

3agaya 39

YcaoBue 3axa4u:

la3oBast HarpeBaTenbHas KolnoHka motpebmser 1,8 m® merama (CHy) B uac.
Haiitu TemriepaTypy BOJibl, BBRITEKAIOIIEH U3 HEE, €CIIN CTPys uMeeT cKkopocTh 0,5 m/c
u auametrp | cm, HauvanpHas TemmnepaTypa BoAabl M raza 11 °C, TennorBopHas
crocobHoCcTh MeTaHa 55 kJ[k/r. ['a3 B TpyOe Haxomutcs mox gaBieHuem 120 xlla.
KIII narpeBatens 60%.

Hano:

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

Pemienue 3agaumn:

Koaddumment mnonesnoro nevicreusi ropenku 1 (KIIJ]) paBeH oTHoIIEHUIO
MOJIE3HOM PabOTHI TOPEJIKH K 3aTpayeHHOU padoTe.

N=AA;

[IycTh 3a HEKOTOpOE MAaJICHHKOE BpPEMs T Yepe3 HarpeBaTelbHYI0 KOJOHKY
MMPOTEUYET BOJIA MACCOM M1, U B TOPEJIKE CrOpUT ra3 Maccou Mp. Torma monesHas
paboTta ropenku A, paBHa KOJIMYECTBY TEIIOThI Q1, TpeOyeMol Ha HarpeBaHuEe BOJIbI
Macchl My, a 3aTpadyeHHast pabota A, paBHa KOJWYECTBY TEIUIOThI Q2, BbIACAIONIICHCS
IIPU CTOPAHMUU raza Maccor My. [Toatomy:
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N=Q:1Q:=>Q1=nQ(1)
Pacniuiem konudectBo TerioTsl Q1 Mo u3BecTHOM popmyie:
Qi=cmy(t;—ty)
3nech C — ynenpHas TEIUIOEMKOCTh BOJIbI, kKoTopas paBHa 4200 JIx/(xr-°C).
BrIpa3um nckomyro temrneparypy to:
t,=Qicmy+t;
YuureiBas (1), popmyrna u3sMeHUTCS ¥ TIPUMET TaKOM BUI:
t2=nQ2cm1+t1(1)
3a Masioe BpeMs T 4epe3 KOJIOHKY MPOTEYET BOJA MACCOM Mi, KOTOPYIO MOYKHO
HaiTu 1o Gopmye:
mi=pV
ITnoTHOCTB BOAKI p paBHa 1000 kr/m°.
O6bem mpotékiieit Boabl V paBeH 00beMy TpyObl, KOTOpHIM 3aliMET Boaa 3a
BpeMms T, €€ MOKHO HailTH 1o gopmyre:

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

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

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

=92,4°C=365,4°K
OTtBeT: 365.4 °K.

3anaua 40

YciaoBue 3agaun:

HekoTtopas ycraHoBka, BblAesomas MomHocTe 30 kBT, oxmaxknmaercs
MPOTOYHOM BOJIOM, TEKyIIed Mo chnupaibHOM TpyOke nuamerpom 15 mm. Ilpu
YCTAaHOBHUBIIEMCS PEXKHME MPOTOYHAs Boja HarpeBaercss Ha 15 °C. Onpenenuthb
CKOPOCTb BOJIbI, MIPEAIOIIAras, 4To BCS BBbIAENIIEMas MOIIHOCTh YCTAHOBKH UJIET Ha
HarpeB BOJbI.

lano:

N=30 kBrt, d=15 mm, At=15 oC, v—?

Pemenue 3agaun:

3a HEKOTOpOE Mayloe BpEeMsl T yCTAHOBKA BBIJIETSET KOJUYECTBO TEIIOTHI Q,
KOTOpO€ MOKHO HaiiTh no popmyne: Q=Nt

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

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

31ech C — yaenabHas TerioéMKOCTh Bojbl, paBHas 4200 J[x/(kr-°C), m — macca
BOJbI, KOTOpas MpoTeKiIa o TpyOke 3a Bpems At. [locnenHiowo cienyer onpeaensirb
TaK:

m=pV(2)

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

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

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

3apaua 41

YciaoBue 3a1aumn:

Teron30MMpoBaHHbIM  COCYJl pa3/ieIeH HAa JBE 4YacTH MEPErOPOAKOMN, HE
npoBojsAled Temia. B oIHOM YacTM HaxoAMTCs 2 K BOJBI C TeMIEpaTtypou Ti.
Btopas 4dacTh 3amosiHeHa XKUIKOCThIO Maccoil 2,1 kr u temmnepatypou T,. Ecmu
neperopoaky yoparb, TO Temmepatypa cmecu 1=(T;+T,)/2. Haiitu yneiapHYyI0
TEIUIOEMKOCTh HEU3BECTHON KUJKOCTH.

lano:

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

Pemenue 3agaun:

[Ipennonokum, 4TO TOCJIE H3BICUEHHUS MEPEropoOAKH BOJA OXJIa)xJanach, a
HEU3BECTHAs KUJIKOCTh HAarpeBajach. 3aluilieM ypaBHEHUE TEIUIOBOrO OanaHca:

Q:1=Q>

3nech Q1 — KOJIMYECTBO TEIJIOTHI, OTJIAHHOE BOAOU B XOJIe TEII00o0MeHa, a Qp —
KOJIMYECTBO TEIIOThI, MOJYYEHHOE HEKON J>XUAKOCTBIO B XOJIe¢ TEMI0oOMeHa.
Pacnumiem ykazaHHbIE KOJTUYECTBA TEIUIOTHI IO U3BECTHBIM (hOpMYJIaM:

camy(T1—T)=comy(T—Tp)

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

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

C1My(T1—T1+T22)=Coma(T1+T22—T2)

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

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

3anaua 42

YciaoBue 3agaun:

Banny emkocthio 100 nuTpoB HEOOXOAMMO 3amOJHUTH BOJOW, HMEIOIIEH
temneparypy 30 °C, ucnosnb3yst Boay ¢ temmeparypou 80 °C u neq ¢ TeMnepaTypou,
paBnoi —20 °C. Haiitu Maccy JibJia, KOTOPbI HEOOXOIMMO TOJIOKUTH B BAHHY.

lano:

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

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

B sroii popmyie:

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

Q2 — KOJIMYECTBO TEIUIOThI, HEOOXOAMMOE JUIsi HArpeBaHUs JIbJja HEKOTOPOil
Macchl My OT TeMIepaTypsl to 10 Temreparypsl wiaBieHus t, (t,=0 oC);

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

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

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

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

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

Ham HeusBecTHa Macca ropsiueid Boabl My, UTOOKI BBIpa3UTh €€, BOCIIOIB3YEMCS
TeM (akToM, UYTO0 cymma oObeMa Topsueid Boabl ViU o0beMa BoAbl Vo,
MOJTYYHBIIICHCS TIPH TasTHAM JIbJIa, paBHA 00heMY BaHHBI V.

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

[lepenecem Bce Wi€HBI ¢ MHOKUTENEM My B IPaBYIO YacCTh, IJI€ BEIHECEM €T0 3a
CKOOKHU.

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

B uTOore MBI OJIyYHM TaKyr0 OKOHYATEIBHYIO (hOPMYITY:

m2=CBpV(t1—t)CB(t1—tH)+Cn(tn—t2)+>u

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

[TpousBeném pacueT YMCICHHOTO OTBETA!

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

OTtBer: 29,7 Kkr.

3agaua 43

YciaoBue 3agaun:

B xanopumetp nanunu 500 r Boasl, umeroniel temmneparypy 40 °C, 1 monoxuinm
Kycok npaa maccel 100 r, umeromeit temneparypy —10 °C. Haiitu temnepatypy
COIEP)KUMOI0  KaJIOPUMETpa IIOCI€ YCTAHOBJICHHS TEIUIOBOIO  PABHOBECHS.
TennoeMKoCThIO KaJIOpUMETPa U TETUIOOOMEHOM C BHEIIIHEH Cpeoi peHeOpedn.

61



Hano:

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

Penienue 3agaumn:

B ycnoBuu He yka3aHO SIBHO, YTO JIEJ BECh pACTAaeT, MOATOMY HaM CJEAYeT
MPOBEPUTH CIEAYIONIEe YCIOoBHUE (YCIOBUE TOTO, UTO BECH JIE PacTaeT):

Q:1>Q2+Qs

B aToit popmyie:

Q1 — KOJWMYECTBO TEIUIOTHI, BBUICIAIONMICHCS TIPH  OXJIAXKIACHUU  BOJIBI
Maccoi My OT TeMIIepaTypsl ty 10 TeMieparyphl miasiaeHus Jbaa t; (t;=0 oC);

Q2 — KOJMYECTBO TEIJIOTHI, HEOOXOAUMOE Ha HarpeBaHHE JibJJa Maccod My oT
TeMIeparypsl tz 10 Temiieparypsl 1aaBiaeHus ty;

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

Pacnumem Koau4yecTBa TEIIOTHI IO U3BECTHBIM (OpMYJIaMm:

cemy(ti—ty)>Cma(t;—t2)+Am;

VYnenwbHas  TEmIOEMKOCTh  BOABI Cy paBHa 4200  JIx/(xkr-°C), ynenbHas
TEIUIOEMKOCTH JibJia C; paBHa 2100 JIx/(kr-°C), yaenbHas TEIIoTa IJIABJICHUS JbJa
paBHa 330 x/[x/kr.

IlepeBeném maccol B cucremy CHU:

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

[TpoBepuM, BBIMOJIHAETCS JIM HEPABEHCTBO:

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

BuaHo, 4TO HEpAaBEHCTBO BBITIOJHACTCSA, 3HAYUT JIEJ BCE-TAKUM BECh pACTacT,
MOATOMY BOCHOJIb3yeMCsl YPaBHEHUEM TEILJIOBOTO OajiaHca:

Q1=Q2+Q3+Qs4

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

3HAYUT:

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

PackpoeM ckoOku B 00eMX 4acTsAX paBEHCTBA:

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

Bce uniensl ¢ MHOXUTENIEM t iepeHecéM B MPaBylO0 CTOPOHY, OCTaJIbHbBIC YJICHBI
— B JICBYIO CTOPOHY.

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

[TocunuTaem OTBET:

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

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

lano:

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

Pemenue 3agaum:

B ycnoBum cka3aHo, 4TO 4acTh JibJa He pactaer. Eciu HavanbHas macca jbaa
paBHa M;, B pe3yibTare TEIIOOOMEHAa C BOJIOM pactaer Ji€a maccod Am, TO
OCTaBIIIAsICSl KCKOMAsi Macca Jibjia M paBHa:

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

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

PacnuieM KoaudecTBa TEIIOTHI 110 U3BECTHBIM (POpMyJiaM:

XAm=Cm2(t2—t1)

VYaenbHas Temora 1iaBieHus Jybaa A paBHa 330  k/Dx/kr, yzaenbHas

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

3amaua 45

YciaoBue 3agaum:

Crolt nbaa tonmuHoi 4,2 cm umeetr temreparypy 0 °C. KakoBa MUHUMasbHAas
TONIMHA ca0si BoAbl npu Temreparype 306 °K, KoTopyro HyXHO HaJuThb Ha JIEl,
YTOOBI OH BECh pacTasiyi’?

Hano:

H=4,2 cm, ;=0 oC, T,=306 °K, h—?

Penienue 3agaumn:

3anuiieM ypaBHEHHUE TEIIOBOro OajgaHca:

Q:1=Q>
B 9TOM paBeHCTBe Ql — KOJINYECCTBO TeHHOTI)I, HGO6XOI[I/IM06 JJI1 TIJIaABJICHUA
JIbJ1a HeKOTOPOﬁ MaACCBhI ml, QZ - KOJINYECCTBO TeHHOTBI, BBIJACIACMOC HpI/I

OXJIAKICHUHM BOABI HEKOTOPOW MAacChl My OT TEMIIEPATYpHI 12 10 TeMIIepaTyphl
wiaBiaeHus apaa T, (T,=273 °K).
Pacrumiem 3TH KOJIMYeCTBA TEIUIOTHI, TOT/IA MTOJIyYUM TaKO€ PaBEHCTBO:
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Km1=Cm2(T2—TH)
VnenpHas TemsoTa miaBlieHus Jbaa A paBHa 330  k/Dx/kr, ynenbHas
TerI0EMKOCTh BoibI C — 4200 Ix/(xr:°C).
PacniuiieM maccel JbAa W BOABI Y€pe3 UMX IUIOTHOCTU U OOBEMBI, TIPU HTOM
OyJZieM CUUTaTh, YTO IJIOIIA/IH JIbIA U BOJbI OJMHAKOBHI.
ApxSH=cpSh(T,—T,)
I[T10THOCTB JIbJA P, paBHa 900 Kr/M°, II0THOCTH BOABI pB paBHa 1000 Kr/m°,
ApH=cph(T—Ty)
h=ApnHcps(T2—Ty)
3anaya pemieHa B o0mieM Buje. YToObI MOMyUNTh YUCICHHBIN OTBET, IEPEBEIEM
BBICOTY CJIOA JibJia H B MeTphI:
4,2cm=0,042m
[Ipou3BeAEM BHIYUCIICHUS:
h=330-103-900-0,0424200-1000-(306—273)=0,09M=9cm
Oteet: 9 cm.

3agaya 46

YcaoBue 3a1a4u:

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

Hano:

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

Pemienue 3agaumn:

JlaBaiiTe IpOBEPUM TAKOE YCIOBUE:

Q2>Q1

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

Pacrmmem konmmdectBa TerutoTel Q1 1 Q2 1Mo u3BecTHBIM popMyTam:

sz(tz—t1)>7»m1

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

[TepeBeném maccel My 1 My B cuctemy CU:

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

Torna:

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

VcioBue He BbIMoJHAETCS. O 4YeM 3TO TOBOPUT? ODTO 3HAYUT, 4YTO BOJA
OXJIAUTCA 0 TeMIEpPaTyphl JibJia, HO MPU 3TOM YacTh JibJIa OCTAHETCSI B TBEPAOM
COCTOSIHUU (TO €CTh OH HE BeCh pacTaeT). [lockobKy pa3HOCTH TeMIiiepaTyp OoJbiie
He Oyzner, To TtemwrooOMeH mpekpatutcs. [losTomy TemmepaTypa TEIMJIOBOTO
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 ONpENEIUTh KOJUYECTBO TEIUIOTHI Q, HeoOxoaumoe st
WCIIAPEHUS] BOJBI, B3SITOM NIPU TEMIIEPAType KHUIEHUS, 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 BogsiHoro mapa ¢ temneparypoit 373 °K oOpazoBanack Boja. CKOIBKO
TEIJIOTHI TIPU 9TOM BBIIETUIOCH?

Hano:

m=450 r, T=373 °K, Q—?

Pemenne 3agaum:

VYka3zannas B ycnoBuu Temneparypa (T=373 °K) B mkane Llenscus paBuna 100
°C. Ilpu oOpa3oBaHMHM 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 mMaccy nmapa u3 rpaMM B KAJIOTPaMMBbI, TO €CTh B cuctemy CU:

450r=0,45kr

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

OtBert: 1017 x/Ix.

3amaya 3

YciaoBue 3agaun:

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

Hano:

m=10r, t=600 C, Q—?

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

3nech Q1 — KOJMUYECTBO TEIJIOTHI, BbIAENIAEMOE PU KOHJEHCAIIMU Mapa Maccoi
m, Q2 — KOJIMYECTBO TEIUIOTHI, BBIACIAEMOE MPHU OXJAXKIACHUH BOJBI Maccoi M oT
tTemriiepaTypbl konaeHcaruu napa (t,=100 oC) no temmnepatypsi t.

Pacrmmem konmudectBa TetuioTel Q1 1 Q2 MO M3BECTHBIM POpMYyIIaMm:

Q=Lm+cm(tt)

YaenpHash TeIUiOoTa KOHJEHCAIMM mapa (OHAa K€ yJAeldbHas TeIuioTa
napooOpazoBanusi Bojbl) L paBHa 2,26 MJDK/kr, yaenapHas  TEIUIOEMKOCTH
BozbI C paBHa 4200 Ix/(xr:°C).

[TepeBeném maccy m B cucremy CHU:

10r=0,01kr

[Tocuntaem OTBeET:

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

OTtBer: 24280 /I:x.

3anava 4

YcaoBue 3a1a4u:

MomneTy u3 BemecTBa ¢ MIOTHOCTBI0 9000 Kr/M° U yIeIbHON TEMIOEMKOCTEIO
0,22 xJx/(kr-K) nonoxxwim Ha taromwuit 1€a. Kakyro MUHUMaIbHYIO TeMIepaTrypy
MMeJla MOHETA, €CIIM OHA MOJIHOCTBIO MOTPY3WIACh B AEA?

Hano:

p=9000 xr/m*, ¢=0,22 xJ]x/(xr-K), t—?

Pemienne 3agaum:

Ecnu MoHeTa MOJHOCTHIO MOTPY3WIach B JEMN, 3HAUUT NPH TEIJIOOOMEHE ObLI
pacToIUieH 00bEM JIbJIa, PaBHbIA 00beMY MOHETHI. [Ipy 3TOM MUHHMYM HayajabHOU
TEMIIepaTypbl MOHETBI COOTBETCTBYET TOMY CIy4yar0, KOrJa IOCJ€ pacIUIaBICHHS
JIbJIa TAKOTO e 00beMa, Kak U MOHETa, KOHEYHasl TeMIepaTypa MOHETHI Oy/IeT paBHa
0 °C (To ecTh TeMIepaType IUIaBJICHUs Jbaa ty).

3anuiieM ypaBHEHHUE TEIIOBOro OajaHca:

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

OXJIQXKJICHUH MOHETHI HEKOTOPOM MacChl My OT TeMIepatypsl t 10 TeMmepaTypsl L.
Pacriuimem konmudectBa TerioTsl Q1 1 Q2 MO M3BECTHBIM opMyIIaMm:
Ama=cma(t—t,)
VY nenbHas TETUIOTA IJIaBIICHMS Jbaa A paBHa 330 kJx/Kr.
HewnsBecTHbie Macchl My ¥ My BBIPA3UM 4Yepe3 TUIOTHOCTH COOTBETCTBYIOIIUX
BEILECTB U UX 00BEMBI (2 OHM PaBHBI, KaK ObLIO CKa3aHO BBILIE).
Ap1V=cpV(t—t1)
I[TnoTHOCTH ba p1 paBHa 900 kr/M3. Api=cp(t—t;)
t=Apicp+tn
IIpon3Ben€M BBIUUCIIEHUS:
t=330-103-9000,22-103-9000+0=150C=423 °K
Otger: 423 °K.
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3agaua 5

YciaoBue 3agaun:

Ha ckosbkO BO3pacTET NOTEHUMAJIbHAs SHEPrUsl B3aUMOJCHUCTBUS MEXKIY
MOJIEKYJIaMU TIpU MNPEBpalIEHUU 2 Kr JbAa B BOAY IIPU TEMIIEPATypE ILUIABICHUS
apaa?

lano:

m=2 kr, AU—?

Pemienue 3agaun:

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

AU=Q

KommuecTtBo Temnotsl Q, KOTOpoe HEOOX0AMMO IS TUIABJICHHUS JIbJIa Maccol M,
MOXHO HalTH 1o hopmyiie:

Q=Am

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

3nauut: AU=Am

[IponsBeném pacyér YMCIEHHOTO OTBETA 3aJa4u:

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

Otser: 0,66 M /I:k.

3axava 6
YciaoBue 3a1aun:
Kycox cBunIa maccoii 1,6 Kr pacriaBuiICs HaIlOJOBUHY MPU COOOIIEHUU €My
KojmuecTBa TermioThl 54,5 k. KakoBa Oblia HayalibHast TeMIiepaTypa CBUHIIA?
Hano:
m=1,6 kr, a=0,5, Q=54,5 x/[x, t-—?
Pemienue 3agaun:
JlaHHO€ B YCJIOBUU 3aJ]a4l KOJIMYECTBO TETUIOTH Q paBHO Clienyrolel cyMMe:
Q=Q1+Q:
3nech Q1 — KOJIMYECTBO TEIUIOTHI, HEOOXOAMMOE /IS HarpeBaHWsS CBHWHIIA
Maccoi M oOT WMCKOMOW Temreparypsl t 10 Temmeparypsl IuiaBienus t, (t,=327
oC), Q2 — KOJIMYECTBO TEILUIOTHI, HEOOXOIUMOE JIUIS IUIABJICHHS TOJOBHHBI ((YACTH)
CBHHIIA.
Pacriuiiem ykazaHHbIe KOJTUYECTBA TEIUIOTHI IO U3BECTHBIM (POPMYJIIaM:
Q=cm(t,—t)+aAm
VYnenpHas TeroéMkocTh cBuHIA paBHa 130 Jlx/(kr-°C), yaenbHas TemioTa
TJTaBJICHUS CBUHIIA paBHA 25 kJ[x/Kr.
Bripazum HeoOxoaumyro Temneparypy t:
t—t=Q—oimcm
t=t,—Q—oimcm
[ToncTaBuM 3HaYEHUSI BEJIMYMH B UTOTOBYIO (DOPMYITY M TOCUUTAEM YUCIICHHBIN
OTBET 3a/Ia4H.
t=327-54,5-103-0,5-25-103-1,6130-1,6=161,1 o«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
cocylia BO31yX, JOOWJIMCh TOTO, YTO MPH HHTEHCUBHOM HCIIAPEHHHM YacTH BOJIbI
ocTaJlbHasl 4acTh €€ oOparwiiach B JIEA — ONPEACINTh, Kakas. YJelabHas TerioTa
napooOpazoBanus npu 273 °K — 2,5 MJIx/kr.

lano:

T=273 °K, L=2,5 MJIx/kr, oa—?

Pemenne 3agaum:

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

Q:1=Q:

Pacnumem Q; u Q2 o u3BecTHBIM hopMyJIaMm:

Lmi=Am,

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

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

[TycTh M3HAYAIBHO B COCYAC HaXoJuaach Macca Bojibl M. Takas Bcs Boga au0o0
MpeBpaTHIIach B MMap, JIMOO MPEeBPATUIIACH B JIEN, TO CIPABEIJINBO PABEHCTRBO:

mp+my=m

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

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

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

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

o=LA+L

[IpousBeném pacuér orsera:

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

3agaua 8

YciaoBue 3agaun:

Ha narpeBanue 5 kr Boasl oT 303 °K no kunenust 1 Ha oOpallleHue B map npu
TeMIepaType KHUIIEHHUsI HEKOoTopoill e€ Macchl 3arpadueHo 2,81 MJIx TemnoTsl.
OnpenenuTh Maccy 0Opa30BaBIIETOCs Mapa.

Hano:

m=5 kr, T=303 °K, Q=2,81 M/I)x, Am—?

Pemienune 3apaum:

KonudectBo Temnotsl Q paBHO cymMe KoiudecTBa TeioThl Q1 1 Q!

Q=Q:+Q:

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

3agaua 9

YciaoBue 3agaun:

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

Hano:

n=32%, m;=4 kr, At=100 oC, a=3%, my—?

Pemienue 3agaum:

KIIJI (x03gduuueHT Mnoae3Horo AeWCTBUS) paBE€H OTHOIICHHIO IOJE3HON
paboThI HarpeBaTess K 3aTPaYeHHOM, TO3TOMY:

N=AsA(1)

[lone3nass pabGoTa HarpeBaTessi paBHA CyYMME KOJUYeCTBa TeIIOTHI Q1,
HEOOXOMMOro I U3MEHEHHUSI TeMIlepaTyphl BOJBI MAaccoil M; HAa BeNWYUHY At, U
KOJIMYeCTBa TEIUIOTHI Q2, HYXHOTO JUIS MCHApEeHMs oL YaCTH BOJBI Maccoul Mj.
[TosTomy:

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

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

3atpaueHHass paboTa  HarpeBarels  paBHa  KOJWYECTBY  TEIUIOTHI Qs,
BBIJICJISIIOIICHCS TTPU CrOpaHuu O€H3MHA HEKOTOPOW MAcChl My, 3HAUUT:

A3:Q3
As=qm;(3)

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

YuuteiBas Beipaxkenus (2) u (3), bopmyna (1) npumer Bu:

n=Cm1At+aLmlqm2

OTtkyna macca 6eH3uHA My paBHA!

my=m;(cAt+al)nq

[Tocuutaem otBet (KII/ u momro npeBpatuBmIeiics B map BOJbI MOACTAaBISIEM B

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

3agaua 10
YcaoBue 3agaun:
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[Tpu oxnaxaennu 40 Kr >KHIKOTO 0JIOBA, B3ITOTO MIPHU TEMIIEpAType TUIABJICHHUS
505 °K, Beigemuiock 4,62 Mk temnorsl. OnpenenuTh KOHEYHYIO 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:1+Q:

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

[Tosromy: Q=Am+cm(T,—T)

VYnenpHas TemioTa KpucTauM3aluu (OHA K€ yJelbHas TEIUloTa IJIaBJICHUS)
oJioBa A paBHa 58 kJ/Kr, yenpHas TerI0€MKOCTh ojioBa C paBHa 250 [Ix/(kr-°C).

Torma HCKOMYIO KOHEUHYIO TEMIIEpaTypy OJIOBa CJEAyeT HaxOJWUTh IO
bopmyie:

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

3agaua 11

YcaoBue 3axa4u:

Harpetbiii amoMHUHUEBBIN KyO MOJTOKUIIN Ha JIEN, U OH TOJIHOCTBIO TOTPY3HIICS
B €. Jlo kakoi TemmepaTypsl ObuT Harpet Ky6? Temneparypa npaa 0 °C, morepsiMu
Teria mpeHeopeyb.

Hano:

t,=0 °C, t=?

Pemenne 3agaum:

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

[Ipy 5TOM MUHMMYM HadaJlbHOM TeMIepaTypbl Ky0a COOTBETCTBYET CIydalo,
KOI/Ia TEIIOOOMEH cpa3y K€ MPEKpPaTUTCSA, KaK TOJbKO OyAeT pacTorieH JEn
HY)KHOTO 00BbeMa (TO €CThb TemIepaTypa Kyba CTaHEeT paBHOM TeMIieparype
IUTABJICHUS JIbJIa, KaK TOJIBKO MOJHOCTBIO KO Orpy3uTCs B JEN).

3anuineM ypaBHEHHE TEIJIOBOTO OaiaHca:

Q:1=Q:

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

[Toatomy: Amy=cmy(t—t;)

VnenbHas TemsoTa miaBleHus Jbaa A paBHa 330  k/Dx/kr, ynenbHas
TerI0€MKOCTh 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):
AMp1V=cp,V(t-t,)
[TnotHOCTh nbja pl paBHa 900 Kr/M°, IIOTHOCTH ATIOMHUHMA P2 paBHa 2700
Kr/MC,
Apr=cpa(t-—ty)
Otkyna nckomas temneparypa t paBsa:
t=Apicpotty,
YucneHHbIN OTBET 33J]a4U PABEH:
t=330-103-900880-2700+0=125 °C=398K
Otser: 398 K.

3agaua 12

YcaoBue 3agaum:

Bonsanoii nmap maccoii 200 xr npu temnepartype 100 °C npormycTunu yepes Boay
npu temrneparype 20 °C. Macca Boasl 4000 kr. [lo kakoil TeMIiepatypsl Harpeiach
Bojga?

lano:

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

Pemenue 3agaun:

B 3amauax, rme mpoucxonar ¢as3oBble MEPEXOJbl, KEIaTeNbHO MPOBOAUTH
CJIEAYIONIYIO OIIEHKY. B mpoTUBHOM citydae, eciu Bbl HauHeTe pemars 3agady, cpasy
UCIIOJIb3Ysl YpaBHEHUE TEIJIOBOro OanaHca, TO MOXETE TMOJYyYUTh HEBEPHBINH OTBET
(XOTs1 OH TOCTATOYHO JIETKO PACIO3HAETCS).

OnpenenuM KOJWYECTBO TEIJIOTH Q1, KOTOPOE BBLACIUTCA MPU KOHACHCAIMH
BOJISTHOTO Mapa Maccoit My. DTO JIErKo cAenaTh Mo cieayroiie popmyre:

Qi=Lm;

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

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

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

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

Q2=4200-4000-(100 —20)=1344-106 1x

Tak kak Q2>Q1, 3HAYUT KOHEYHBIM PE3yJIbTATOM MPOIMYCKAHUS BOABI YEpe3 map
OyneT HarpeBaHue BOABI J0 HEKOTOPOW Temmeparypsl i, jexaiieid B WHTEpBaJe
ot tp 1o t;. B mpuHIUTIE OT 3TON OLIEHKHM MOXKHO OBLIO OTKa3aThCs, MOCKOJBKY B
YCJIOBUU SIBHO CIPAIIUBAETCA «IO KAaKOW TEeMIEpaTypbl Harpeiaach Bojia». MbI 3TO
C/IeJIay UCKITIOYUTENHHO B YICOHBIX IEIISX.

3anuiieM ypaBHEHHE TEIJIOBOro OajaHca:

Q1+Q3=Q4(1)

B stom paBeHcTBe Q3 — KOJIMYECTBO TEIJIOTHI, BBIJACISIEMOE MPU OXJIAXKICHUU

BoAbl (OOpa3oBaBilelics W3 TMapa) Maccod My OT TeMmIeparypbl KumeHwus ti 10
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MCKOMOU TemriepaTypsl {, Q4 — KOJMYECTBO TEIIIOTHI, HEOOXOIUMOE ISl HAarPEBAHUS
BO/JIBI MacCO My OT TeMIepatypsl ty 10 TeMnepaTypsi t.
Pacniummem paBenctro (1):
Lm1+Cm1(t1—t)=Cm2(t—t2)
Packpoem ckoOku B 00€MX 4acTsIX paBEHCTBA:
Lm;+cmst;—cmit=cmyt—cmst;
Co0GepeM B MpaBoi 4aCTH BCE YJIEHBI ¢ MHOXHUTENEM {, BBIHECEM €ro 3a CKOOKH,
a B JPYrof — BCE OCTAJIbHBIE:
Lms+cmaty+emoto=ct(m+m,)
B uTore Mbl MoJTy4yuM Takoe peIIeHUE 3a/1a4d B OOIIEM BUJIE:
t=Lm;+c(myt;+myty)c(mi+my)
[TocuuTaem OTBET:
t=2,26-106-200+4200-(200-100+4000-20)4200-(200+4000)=49,4 -.C=322,4 °K
OTtBer: 3224 K.

3agauya 13

YciaoBue 3a1aumn:

Komoxk Mokporo chera maccou 0,3 xr momectunu B 1,2 1 BOAbl mpu
temneparype 21 °C. Ilocne TOoro kKak BecCh JEN pacTasyl, TEMIIEparypa BOJbI
noHn3uiack 10 6 °C. CKOIBKO BOABI COIEPKAIOCH B KOMKE CHera?

lano:

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

Pemienue 3agaumn:

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

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

Q1+Q2=Qs

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

Torma: A(mi—Am)+cmy(t—t,)=cmy(t;—t)

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

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

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

3ampaua 14

YcioBue 3a1aun:

B kanopumerpe Haxonurcs 1 kr npaa npu —40 °C. B Hero Bmyckarot 1 kr napa
npu 120 °C. Onpegenute yCTaHOBUBLIYIOCS TEMIIEPATYPY, €CIU TEIUNIOEMKOCTh Hapa
2,2 xJIx/(xr-K).

Hano:

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

Pemienue 3agaun:

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

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

OnpenenuM KOJUYECTBO TEIUIOTHI Q3, BBIAEISAIONICECS TMPU  OXJIAKICHHUH

BOJISIHOTO T1apa OT TeMIepaTyphl t, 10 Temmneparypbl KoHaeHcarui t, (t,=1000 C).
Qs=Csmy(t,—t)
Q3=2200-1-(120—100)=44000/1x=44k I

OnpenenuM KOTUYeCTBO TEeTUIOTHI Q4, BBIACHSIONICECS TPH KOHACHCAIMY Tapa
Maccoil M2, o Takoit u3BectHoM hopmye: Qs=Lm,

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

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

Tenepb MpoBEpUM BBIIIOJHEHUE CIIECIYIOIIETO HEPABEHCTBA!

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

Tak kKak paBEHCTBO BBITIOHSIETCS, 3HAUYUT B X0JI€ TETUIOOOMEHA BECh JIEN TOUHO
MpeBpaTUTCsl B BOJY, NPU OTOM Kakas-TO 4YacTh Iapa CKOHIACHCHUPYETCS
(mockonbky Q1+Q2>Q3). Torma pgaBaiite omnpeaeauM KOJUYECTBO TEIUIOTHI Qs,
KOTOpO€ HEeoOXOoAuMO JUIsi HarpeBaHusl BOAbI (0Opa3zoBaBIIEHCS W30 JbJa) OT
TEMIIEPATYPhI MIABJACHUS Jiba t; 10 TeMueparypbl KHICHUS Ly (tam=100 oC).

QS:CZml(tKHn_tH)
VY nenpHas TEIOEMKOCTH BOJIbI C2 paBHa 4200 [x/(xr-°C).
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Q5=4200-1-(100—0)=4200001x=4201x
[TpoBepuM Takoe HEPABEHCTBO:
Q1+Q2+Q5<Q3+Qq4
84+330+420<44+2260
834k )x<2304x/x
[TockonpKy HEpPAaBEHCTBO BBIMOJHAETCS, 3HAYUT BOJAA, OOpa30BaBIIAsCS W30
Jdbla, Harpeercs A0 TeMmrepaTyphl KWUIIEHHs, NpPU H3TOM JUIIb 4YacTh Mapa
CKOHAEeHcupyeTcs. TemiepaTypa cMeCH CTaHET PaBHOM tiy (M ti), To ectp 100 °C
i 373 °K, 1 TennooOMeH NpeKpaTUTCs.
Orteert: 373 °K.

3agauya 15

YcaoBue 3agaum:

[To1 HEBECOMBIM TTOPITHEM B LMJIMHAPE HAXOAUTCS | KT BOJBI MPU TEMIIEpATypE
0 °C. B Bogy ommyckarT Kycok >kesie3a maccoi 1 kr, Harpetsiii 1o 1100 °C. Ha kakyto
BBICOTY TTOAHUMETCS TopiieHb. ATMocheproe maBiaenue 100 kIla, momanb mopiHs
1000 cm?. TemnooTaadeil U TEMIOEMKOCTHIO MIMHAPA IPEHEOPEYb.

lano:

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

Pemenune 3apaum:

N3 ycinoBust MOHIATHO, YTO BOJA B pe3yJIbTaTe TEIJIOOOMEHA MPEBPATUTCS B TIap.
Ham HyXHO y3HaTh, NpeBpaTUTCS JIM BCS BOJAa B Map, €Cld Aa, TO Oyaer jiu
HarpeBaTbCs IMap BbIIIE TEMMEpaTypbl KUIEHHUS BOABL. JIJIsT ATOro BBINOJIHUM
CJIEIYIOIINUE AEHUCTBHUS.

OnpenenuM KOJIWYECTBO TEIuIoThl Q;, HEoOXoauMoe Il HarpeBaHHS BOJIbI
Maccoi My oT Temmepatypsl t; 10 TemmepaTypsl KumneHUs tyyn (ta,=100 oC). Dto
MOXHO C/IeJIaTh Mo GopmyIie:

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

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

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

Taxoke HalIEM KOJWYECTBO TETUIOTHI Q3, BBIAEISAEMOE MPU OXJIAKIECHUU KyCKa

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

Tak kak Q3>Q1, 3HauuT Boja craHeT mnpeBpamiarbcsi B map. Ho mockoibKy
Q3<Q:+Q2, TO nMmb YacTh BOJABI MPEBpPATUThCA B map. Ha ocHoBaHWH 3TOTO
3alyiIeM ypaBHEHHE TEIUIOBOTO OaaHca:

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

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

[TopmieHs TpUAET B paBHOBECHE, KOTrAa JaBJICHUE BOJSHOTO TMapa P CTaHEeT
pPaBHBIM aTMOC(EPHOMY Pary, MOCKOJIBKY TMOPIICHH HEBeCOM. [Ipu 3TOM mMOpIICH
NOJHUMETCST Ha BbICOTY N, © BomsgHOW map 3alMET o00beM V, paBHBIHA
npousseaeHuto Sh. [Tosromy:

paTMS h :AHIMRTKI/IH

Bripazum uckoMyro BbicoTy moabema mopiiras N h=AmR T uPamSM

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

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

[TocunTaem YMCIIEHHBIN OTBET K 3aJa4e:

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

=0,305m

OTteet: 0,305 M.

3agaua 16

YcaoBue 3agaum:

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

ano:

m=6 kr, t;=—20 oC, t,=100 oC, Q—?

Pemienue 3agaumn:

Hckomoe kommdecTBO TErIoThl Q MOKHO HAWTH KaK CICAYIONIYI0 CYMMY:

Q=Q1+Q2+Q3+Qy4

B aToit popmyie:

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

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

Q3 — KOJMYECTBO TEIUIOTHI, HEOOXOAMMOE [Jii HAarpeBaHUs BOJBI MAacCOM
M (oOpa3oBaHHOW MpU TasHUU JIbJA) OT TEMIIEpPaTypHI L, 10 TeMrepaTypbl KUTICHUS
tim (tam=100 ©C);

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

3nech C1 — ynenpHas TEIIOEMKOCTh JbAa, paBHas 2100 JIx/(xr-°C), A —
yaelbHas TeIUloTa IuiaBlieHus Jbaa, paHas 330  kJDx/Kr, C; — yaenbHas
TEIIOEMKOCTh  BOJbI, paBHas 4200 JIx/(xr-°C),L— ynenpHas  Teruiora
napooOpa3oBaHus BOJIbI, paBHas 2,26 M JIx/kr.

[locunTaem OTBET K 3a1a4e:

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

3agaua 17

YciaoBue 3a1aumn:

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

lano:

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

Pemenune 3apaum:

JlaBaiiTe ompeneauM KOJWYECTBO TEIIOTHI Q1, HEOOXOoauMOe IS TIIaBJIICHUS
JBJa Maccor My, mo popmyre:

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

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

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

Tak kak Q2<Q1, 3HAUHUT BOJIa OCTHIHET JI0 TEMITEPATyphl TUTABJICHHS JIbaa 1, Tpu
ATOM JIMIITb YacTh JIbJa pacTaeT. Termioo0MeH IpeKpaTUTCs, MOCKOJIBKY TeMIIepaTypa
Y Jb1a, 1 Bojabl ctaHeT paBHoit 0 °C (273 °K).

Otger: 273 K.

3anaua 18

YcaoBue 3agaun:

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

Hano:

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

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

Q1=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 ompemenuM KOJIMYECTBO TEIUIOTHI Q, HEOOXOIMMOE JJIT HarpeBaHUS
JBJIa MacCo My OT TemImepaTypsl 12 10 TeMmmIepaTypbl IUJIaBJICHHUS JibAa [, MO
aHAJIOTUYHOU (hopmyIe:

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

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

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

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

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

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

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

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

BrIpa3um Maccy pacrtasBiiero jpaa Am:

Am=c1m1(T1—TH) —szz(TH—Tg)X(l)

Hckomyro maccy BOABI M MOCIe YCTAaHOBJICHHUS TEIJIOBOTO PABHOBECHS MOIYKHO
HaiiTi o popmyie:

m=m;+Am

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

m:m1+clm1(T1—TH) _szZ(TH_TZ)}L

ITocuntaem OTBET:

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

3agauva 19

YciaoBue 3agaun:

B xonoaunbhauk, notpedistoniuit MoutHocTs 200 BT, momecTuian Bogy mMaccoit 2
kr nipu temmneparype 20 °C. Uepe3 30 MuH Bcsi Boja mpeBpatwiach B s€n. Kakoe
KOJIMYECTBO TEIUIOTHI BBIICIMIIOCH ITPH 3TOM B KOMHaTe?

Hano:

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

Penienue 3agaumn:

Boo06iie, B 3aaue ueT peub Npo XOJIOJUIbHYIO MallMHY, U 0€3 3HAHUS TOU
TeMbl OyI€T TOBOJBLHO CJIOKHO Pa3o0paThCs B HEH.

B 00paTHBIX ITMKJIaX HarpeBaTejeM Ha3bIBalOT OoJiee ropsyee Teo, XOTS OHO
MoJIy4yaeT TeIio (B OTJIMYKME OT HarpeBaTelis B MPSMBIX ITUKJIAX), @ XOJOAMIBHUKOM —
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0oJiee XOJOMHOE, XOTS OHO OTJAET TEIUIO (B OTJAMYUE OT XOJOJWJIbHUKA B MPSIMBIX
IIUKJIax).

Pabouee Teno (KUAKOCTh B CHCTEME KOHJEHCATOpa U UCTIAPUTEIS) MOIYYaeT OT
XOJIOMUIIbHUKA  KOJIMYECTBO  TeIIoThl Qz, OTIaBass  HarpeBarelil0  KOJUYECTBO
Ter1oThl Q1, KOTOpoe OOJbIIE MOTYYEHHOTO KOJIMYECTBA TEIUIOThl Q HA BEIMUYUHY
paboThI ANIEKTPOABUTATEIS XOJIOAMIbHUKA A.

3HAYUT:

Q1=Q2+A(1)

BennunHa oTIaHHOTO HArpeBaTENI0 KOJIMYECTBA TEIIOTH Q1 ¥ €CTh KOJIMYECTBO
TEIUIOTHI, BBIICJIUBIICECS B KOMHATE.

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

Q2=Q21+Q22

3nech Q21 — KOJMYECTBO TEIJIOTHI, BBICIIEMOE MPU OXJIAKICHUU BOJIBI MaCcCOM
M ot Temmepatypsl t 1o Temmeparypbl Kpuctaumszaiud Bojbl t (=0 oC); Qa2 —
KOJMYECTBO TEIUIOTHI, BBIACIAEMOE TIPU  KPUCTAJUIM3ALUU BOJBI  Maccou M.
PacniuieM yka3zaHHble KOJIMYECTBA TEIUIOTHI IO WM3BECTHHIM (opMyraMm, TOrnaa
MOJTYYUM:

Qo=cm(t—t)+Am(2)

VnenvHas TemnoéMkocTh Boiwl C paBHa 4200 J[x/(kxr-°C), yaenbHas TeIioTa
KpucTau3anuu Bojabl A paBHa 330 k/[x/kr.

Paboty anexkTpoaBuraresns A jierko HaiTu o gopmyiie:

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

3agaua 20

Yepes Boay, umeronyo temnepatrypy 10 C, nponmyckanT BOASIHOM map npu
100 °C. Ckoabko

YciaoBue 3agaun:

Uepes Boay, uMmeromyto temneparypy 10 °C, mpornyckaloT BOASIHOM Map mpu
100 °C. CkoJIbKO MPOIIEHTOB COCTAaBUT Macca BOJbI, 00pa30BaBIICHCs U3 Tapa, OT
BCEI1 Macchl BOJBI B COCYJI€ B MOMEHT, Korja e€ temmneparypa pasaa 50 °C?

Hano:

t1=10 oC, t=100 oC, t=50 oC, a—?

Penienue 3agaumn:

3anuiieM ypaBHEHHE TEIIOBOro OajaHca:

Q1=Q2+Qs

B sTOoM paBeHcTBE:!

Q1 — KOJIWYECTBO TEIUIOTHI, HEOOXOAUMOE JIsl HarpeBaHUs BOJbI HEKOTOPOU
Macchl M OT TeMIepaTypsl t1 10 TeMnepaTypsi t;
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Q2 — KOJMYECTBO TEIIOTHI, BBIJCISAEMOE MPU KOHJICHCAIMHM Tapa HEKOTOPOU
Macchl Am;
Q3 — KOJIMYECTBO TEIUIOTHI, BBIACIAEMOE MPU OXJIAXKIACHUH BOJbI HEKOTOPOWU
Macchl Am, 0Opa3oBasIIeiics U3 mapa, oT Temneparypsl tz 70 Temmepatypsi t.
PacnucaB npruBeAEHHBIE KOTUYECTBA TEILIOTHI, IOJYYUM TaKOE PABEHCTBO:
cm(t—t))=LAm+cAm(t,—t)
VYnensHas temnoémMkocTh Boabl C paBHa 4200 JIx/(kxr-°C), yaenbHas TemioTa
KOHJeHcaluu napa L paBna 2,26 MJDx/kr.
BeIpa3um maccy m:
m=LAm+cAm(t,—t)c(t—ty)
m=Am(L+c(t;—t))c(t—t1)(1)
BooOr11e nckoMyto BeHMUMHY 0 Hy>)KHO MCKaTh 1o Gopmyne: a=Amm+Am
[ToncraBum BeipaskeHue (1) B aty hopmyiy:
a=AmAm(L+c(t,—t))c(t—t1)+Am
CokpaTuM U YUCIUTEND, U 3HAMEHATENh HA Am:
a=1L+c(t—t)c(t—t1)+1
JIOMHOYXUM M YHCJIUTE] b, U 3HAMEHATEINb Ha C(t—ty):
a=c(t—ty)L+c(t,—t)+c(t—t1)
Taxke mpousBenEéM HEKOTOphIE TMpeoOpa3oBaHusi (packpoeM CKOOKH B
3HaMeHaTele):
a=c(t—t;)L+ct,—ct+ct—ct;
a=c(t—tl)L+ct—ct;
a=c(t—ty)L+c(to—t1)
ITocunTaem yncineHHBINA OTBET K 3a1a4e:
a=4200-(50-10)2,26-106+4200-(100—10)=0,064=6,4%
OTtBer: 6,4%.

3amava 21

YcaoBue 3axa4u:

Crpys cTOrpaayCHOTO BOJASHOIO IMapa HAIpaBISIETCA HA KyCOK Jpaa mMaccou 10
kr ¢ temmeparypour 0 °C. Kakasg yCTaHOBUTCS TemmepaTypa IOcCie TOro, Kak Jek
pacTraeT, eciy Macca U3pacxoJ0BAHHOTO Mapa 2 Kr?

Hano:

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

Pemienne 3agaum:

Omnpenenum 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 Q2, HEOOXOIMMOE Ui HarpeBaHUus
BOJIBI Maccoil My, 00pazoBaBIIEiiCS U30 JIbJla, OT TEMIIEpaTyphl IJIaBICHUA Jbaa ty 10
TemrepaTypbl KurneHnus Bosl t (tk=100 oC). DTo MokHO caenath mo Gopmyie:

Q2=cmy(t—t1)
VY nenbHas Tero€MKOCTb BoJIbI C paBHa 4200 JIx/(kr-°C).
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Q2=4200-10-(100—0)=4200-103 Mx=4200k [Ix
W Takxe 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=4520-103 [1>x=4520x 1x
JlaBaiiTe mpoaHanM3upyeM MOJy4eHHbIE pe3ynbTarbl. Tak kak Q3z>Qi, 3HAUUT
Bech J1€n pacrtaer. Ho Tak kak Q3<Q:+Q2, 3HAYUUT Bech Map CKOHACHCHpYETCS, a
nanee OyJeT MPOUCXOAUTH TEIJIO0OMEH MEXKIy BOAOW, 00pa3oBaBLIEHCS U30 JIbja, U
BOJI0H, oOpa3zoBaBIelics U3 mnapa.
3anuiieM ypaBHEHHE TEIIOBOro OajaHca:
Q1+Qs=Q3+Qs
B stom paBeHcTBe Q4 — KOJIMYECTBO TEIUIOTHI, HEOOXOAMMOE /JIsi HarpeBaHUs
BOJIBI Maccoi My oT Temmepatypsl {; 10 uckomon Temmepatypsl ; Qs — KomMmuecTBO
TEIUIOTHI, BBIACISIEMOE MNPU OXJAKIECHUU BOABI MAacCO My OT Temmeparypsl i 10
HMCKOMOU TeMIleparypsl t.
PacnuineM yka3aHHbIE KOJMYECTBA TEIUIOTHI MO (hopmyjsiaM, TOrga MOJYyYUM
CIIEAYIOIIEE PABEHCTBO:
Amg+emy (t—ty)=Lmy+cmy(t—t)
PackpoeM ckoOku B 00erX 4acTsSX paBEHCTBA:
Amg+cmat—cmat; =L my+cmotk—cmot
[lepeHecem B JE€BYIO 4acThb BCE WIECHBI C MHOXHWTENEM {, BbIHECEM €ro 3a
CKOOKH, OCTAJIbHBIE YJICH TIEPEHECEM B MPABYIO YACTh.
ct(my+my)=Lmy—Am;+cmatk+cmsty
t=Lm,—Am;+cmjt,+cmstic(m;+m;)
t=Lm,—Am;+c(mat+mst;)c(m+my)
3agauva B 00111eM BUJIE pEIICHA.
[IpousBenem pacyeT oTBeTa:
t=2,26-106-2—-330-103-10+4200-(2-100+10-0)4200-(10+2)~41-C=314 °K
Otger: 314 K.

3agaua 22

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

Hano:

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

Penienue 3agaumn:

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

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

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

[IpousBeneM aHanM3 MOJYYEHHBIX pe3ynbTaToB. Tak kak Q1>Qz, TOo néxn
HarpeeTcs 0 TeMIepaTyphl TUTaBICHHUS ¥ HadHeT iaBuTcsa. Ho tak kak Q1<Q2+Qs,
TO BOJA, OCTHIB JO TEMIIEpaTyphl I, HE CMOXKET PacTONMHUTh BeCh JEM. Tak Kak
TEeMITepaTypa BCEX KOMIIOHCHTOB CTaHET OAMHAKOBOM, TO TEINIOOOMEH MPEKPATHTCS.
[ToaTomy Temneparypa TerioBoro pasHoBecus pasHa 0 °C (273 °K).

Otger: 0 °C.

3agaua 23

YcaoBue 3axa4u:

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

Hano:

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

Pemenne 3agaum:

[IycTh B KOMKE MOKPOTO CHEra COJIEpPKUTCS BOJAa Maccoi Am, Torna B HEM ke
cogepxkutcss n€n  Maccoit (M;—Am). Temmeparypa KOMKa OYCBHIHO pPaBHA
TeMIepaTypa IJIaBJICHHS JIbAa

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

3nech Q1 — KOJIMYECTBO TEIUIOTHI, BBIACIAEMOE TPU  OXJIAXKICHUH BOJbI
HEKOTOpOM Maccoil Mp oT Temmepartypsl t1 10  Temneparypsl t; Q2 — KoOJIUYecTBO
TEIUIOTHI, HEOOXOIUMOE JIJIsl IJIABJICHUS Jibaa Maccoit (My—Am); Q3 — KOJIMYECTBO
TEIJIOThI, HEOoOXOoJMMOE [JIsi HarpeBaHWs BOAbl MAaccOi M2 OT TeMIepaTypbl
iaBiaeHus Jbaa t, (t,=0 oC) no remnepatypsi t.

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

cmy (ti—t)=A(my—Am)+cmy(t—t,)

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

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

cpVi(ti—t)=A(my—Am)+cmy(t—t;,)

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

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

11=10—3m3

250r=0,25kr
ITocuuTaem OTBET:

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

OtBer: 75T.

3agaua 24

YciaoBue 3agaun:

Komnba, TeniaoeMKoCcThi0 KOTOPOM MOXKHO IpeHeOpeub, coaepkut 600 r BOJbI
npu 80 °C. Kakoe konudecTBo Jbjaa npu Temmneparype —15 °C HykHO 100aBUTH B
BOJY, YTOOBI OKOHYATENIbHAs Temneparypa cmecu Obuta 50 °C?

Hano:

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

Pemienne 3agaum:

3anuiieM ypaBHEHHE TEIUIOBOro OaiaHca:

Q1=Q2+Qs+Q4

3necb Q1 — KOJMYECTBO TEIUIOTHI, BBIACISEMOE TPHU OXJIKICHUU BOJIBI
Maccoit M or  Temmeparypsl t1 1o Temmeparypsl {; Q2 — KOJIMYECTBO TEIUJIOTHI,
HE0OX0AMMOe JUIsl HarpeBaHus JibJla Maccoi My OT TemMmneparypsl {2 10 TeMiepaTypsl
mwiaBienus  t; (t;=0 oC); Qs — KOJIMYECTBO TEIUIOTHI, HEOOXOAUMOE IS
TUTABJICHUS JIBIa Maccod My; Qs — KOJWYECTBO TEIUIOTHI, HEOOXOIUMOE JIs
HarpeBaHWsi  BOJbI  Maccoil My (oOpa3oBaHHOM  MpWU  TassHUKM  JibJla)  OT
Temieparypsl t, 10 temneparypsi t.

Pacnumem koauyecTBa TEIIOTHI IO U3BECTHBIM (hOpMYyJIaMm:

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

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

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

3agaua 25

YcaoBue 3agaumn:

Ha snektpudeckoii miautke MomHOcThi0 600 BT HaxoauTcss yalHUK C JIBYMsI
auTpaMu Boabl. Kak 1oiaro Oblia BKIIIOYEHA IIMTKA, €CIU BOJA M YaAWHUK HArPeJIHCh
ot 20 mo 100 °C, u 50 r Boasl ucnapwiocsk? KII muutku 80%, TenmnoemMKoCTh
yaiiauka 500 Ix/K.

ano:
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N=600 Br, V=2 1, 1;=20 oC, t,=100 oC, Am=50 r, n1=80%, C=500 J[>x/K, 1—?
Penienue 3agaumn:
KII/[ »7eKTpUYeCKOM TUIMTKH 1] MOKHO HAWTH KaK OTHOIICHHE €€ TIOJIE3HOM
paboTel A, K 3aTpadeHHON padbote A,.
N=AsAs(1)
[Tone3nyto padboty A, MOKHO HANTH KaK CIEAYIONIYIO CYMMY:
Ar=Q1+Q2+Q3

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

PacnucaB ykazaHHbIE KOJIMUECTBA TEIIOTHI IO POPMYIIaM, MOTYUUM:

AH:C(tz—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

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

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

Msl pemmnu 3amgady B oOmeM Buzae. llepenm pacueTom YHCIEHHOTO OTBETa

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

[TpousBeAEM BBIYUCIICHUS:

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

Oteer: 1719 c.

3anaua 26

YcaoBue 3axa4u:

B ycnoBusix CeBepa npecHyr0 BOIy MOIYy4aroT U3 cHera. CKOJBKO IPOB HYKHO
u3pacxoioBath, 4To0bl 1500 KT cHera, B3siTtoro npu temiepatype —10 °C, oOpaTuth B
Bony ¢ temneparypor 5 °C? KIIJ ycranoBku 30%. YaenpHas TemioTra CropaHus
npoB paBHa 10 MJx/kr.

Hano:

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

Pemienne 3agaum:

KoadduiuenT none3Horo AecTBUS yCTAHOBKU 1| PABEH OTHOIICHHIO MOJIE3HON
paboThl ycTaHOBKH A, K 3aTpaueHHON padbote A,.

83



N=AsAs(1)
[Tone3nyto padboty A, MOKHO HANUTH CIIEAYIOIIMM 00pa3oMm:
Ar=Q1+Q2+Q3

B aroit dopmyne: Qi — KOIMYECTBO TEIIOTHI, HEOOXOAUMOE JUIsl HarpeBaHUS
JbJIa Maccoi My OT Temmeparypsl {; 1o TemmnepaTypsl IuiaBjieHus Jybaa t, (t,=0 oC);
Q2 — KOJIMYECTBO TEILIOTHI, HCOOXOAMMOE IS INIABJICHUS JbJa Maccor My, Qs —
KOJINYECTBO TEIUIOTHI, HE0O0X0IMMOE TSt HarpeBaHus BOJIbI
Maccoid M1 (mosyuuBLIEHCS pu TastHUN JbJa) OT TeMIeparypsl t; 10
TemIieparypsi t.

Torna:

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

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

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

A,=qmy(3)

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

[TocunTaem OTBET:

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

Otser: 186 kr.

3agaua 27
YciaoBue 3a1aumn:
Tarommit n€x maccor 0,5 kr morpy3win B kajmopumerp ¢ 0,3 Kr BOIbI mpH
temneparype 80 °C. OnpenenuTts yCTaHOBUBIIYIOCS TEMIIEPATYPY.
ano:
m1=0,5 KT, m2=0,3 KT, t2=80 OC, t—?
Pemienue 3agaumn:
OnpenenuM KOJWYECTBO TEIUIOTHI Q1, KOTOPOE€ HEOOXOIUMO IS TUIABIICHUS
JIbJA Maccou My:
Q1=Amy
VY nenbHas TemioTa riaByieHus Jbaa A paBHa 330 k/[x/kr.
Q:=330-103-0,5=165000/1>x=165x 1>k
Tenepr ompenenuM KOJWYECTBO TEIJIOTH Qz, KOTOpOE BBIACIUTCS TIPH
OXJIQXJEHUU BOJBI MAcCcOMl My OT TeMmeparypsl t, 10 TeMmmepaTypbl IJIaBICHUS
abaa t, (t,=0 oC).
DTO MOXKHO CAENAaTh MO cienytoue popmyre:
Q2=cm2(t2—tn)
VY nenbHas TEI0EMKOCTb BOJIbI C paBHa 4200 JIx/(xr-°C).
Q2=4200-0,3-(80—0)=1008001x=100,8x 1«
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BunHo, dYTO nmaxke ecnu  BOJAa OCTBIHET MAaKCHUMaJbHO, TO €CTh [0
TEMIIEPATYPHI t;, TO BBIICTUBIIETOCS KOJMYECTBA TEIUIOTHI BCE pPaBHO HE XBAaTHT,
4YTOOBI pacTONHUTh Bech JIEN, Tak Kak Q1>Qz. 3HauuT Temmeparypa TEIJIOBOrO
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 KpUCTaILT. ONpeneauTh YACIbHYIO TEIUIOTY IUIaBICHUS 3TOTO
BEIIECTBA, €CJIM €T0 TeIUIOEMKOCTD B XKUAKOM coctossHnn 4200 xJIx/(kr-K).

lano:

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

Pemenue 3agaun:

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

Q:i=cm(ti—t2)(1)

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

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

Hy>XHO mMoOHMMaTh, 4YTO B XOJIOJAWJIBHUKE OTBOJAMMAs OT Teja TeIoBas
MOITHOCTh N OCTaéTcs MOCTOSHHOW. YUMTHIBAasK TO, YTO KOJWYECTBO TEIUIOTHI PaBHO
MIPOM3BEICHUIO TEIIJIOBOM MOIIIHOCTH Ha BPEMS, UMEEM TaKyl0 CUCTEMY:

{Q:1=N1:Q2=N1,

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

{erzcm(tl—tg)NQ:km

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

7\,=C(t1—t2)’52’51

3agayva pelieHa B oOIIEeM BHUJIE.

ITepeBeném Bpems 11 1 T2 B cuctemy CU:

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

[Tocuutaem OTBET K 3a7a4e:

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

3agaua 29
YciaoBue 3agaun:
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B Benape naxomutcs cMech BOJbI 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 3agaumn:

Bpemsi mnnaBienuss npga B cMecH Tp paBHO S50 MMH, BpeMs HarpeBaHUS
BOJIBI T2 paBHO 10 mwuH, Temmeparypa t; paia 0 °C, temneparypa t; papaa 2 °C
(cMoTpuTE CXEMY).

UtoObl pacmiaButh €N Maccol Am, cojepKamuics B CMECH, HYKHO
KOJIMYECTBO TEIJIOThl Q1, KOTOPOE MOKHO OMPENEIUTH MO (PopMyJIe:

Q1=AAm(1)

VY nenbHas TEIUIOTA IJIaBJICHHS Jibaa A paBHa 330 kJ[x/Kr.

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

Qz=cm(tz—t1)(2)

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

BooOmie, cmech BoAbl CO JbAOM OYyIET HarpeBaTbcs, MOCKOIbKY Oyaer
MPOUCXOJUTh TEIJIOOOMEH C BO3JyXOM KOMHAThI. [Ipu 3TOM HET MPUYUH MOJararth,
4YTO mojBOAMMAs TerioBas MoIIHOCTH N (OT BO3ayxa KOMHATBI) MEHSETCS CO
BpeMeHeM. Tak Kak KOJMYECTBO TEIUIOThl PAaBHO MPOU3BEACHUIO TEIIOBOM
MOITHOCTH Ha BPEMsI, TO MOXKHO MOJIYYUTh TAKYIO CUCTEMY:

{Q:1=N1:Q2=N1,

YuuteiBas hopmyssl (1) u (2), cuctema npuMeT BU:

{er=cm(t2—t1)Nrg=kAm
[Tonennm HUXKHEE PAaBEHCTBO HA BEpXHEE, TOTIa:
kAmcm(tg—t1)=rgrl
Am:cm(tg—tl)rgkrl
[lepeBeném Bpems 11 U T2 B cuctemy CU:
S50mua=3000¢
10muu=600c¢
IIpon3BenéM BBIUUCIICHUS:
Am=4200-10-(2—0)-3000330-103-600=1,27«r
OTtBer: 1,27 Kkr.
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3amgaua 30

YciaoBue 3agaun:

B cocyn ¢ Bogoii oosemom 0,25 11 ipu 20 °C nomectumnu S0 T pacruiaBieHHOTO
ceuHlla ¢ temreparypoir 400 °C. Kakas Temmeparypa yCTaHOBUTCS B pE€3yJIbTATE
TersiooOMeHa B cocyne? YenbHble TEIUIOEMKOCTH paciuiaBa U TBEPAOro CBHHIIA
CUMTATh OJJMHAKOBBIMHU.

lano:

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

Pemienue 3agaum:

B st1oit 3a1aue HyXHO 00s3aTeNIbHO MPOU3BECTU OLICHKY. [laBaiiTe nisi Hayana
OTIPEIEINM KOJIMYECTBO TEIUIOTHl Q1, KOTOpoe HEOOXOIMMO /JiIi HarpeBaHUs BObI
Maccoi My oT Temrmepatypsl ty 10 Temmepatypsl kuteHus t, (t,=100 oC). DT0 MOKHO
cAenaTh 1o clieayroiien popmyre:

Qr=Cimy(t—t1)

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

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

Q1=C1pVi(t—t1)

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

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

Tak kak TemmepaTypa pacIUIaBJICHHOTO CBHHIA ty OoJibllie TemmIepaTypbl €ro
wiaBnienus t,; (t,=327 oC), To onpeaenuM KOJINIECTBO TEIIOTHI Q2, BBIACIAEMOE TIPH
OXJIQXKJICHUU pacIuiaBa CBUHIIA OT TeMIIepaTyphl iy 10 Temmneparypsl t.

Q2=Coma(t2—ty)

VYienbHasi TEIIOEMKOCTh paciijlaBa CBHHIA (MU TBEPAOrO CBUHLA) C; paBHa 130
Jx/(xr-°C).

Q2=130-0,05-(400—327)=474,51x

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

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

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

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

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

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

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

C1m1(t—tl)=C2m2(t2—tn)+}um2+C2m2(tn—t)
Clml(t—tl)=C2m2(t2—t)+km2

87



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

3amava 31

YcaoBue 3agaum:

B cocya, conepxkamuit 2,3 xr Boasl mipu 20 °C, 6pocaroT KyCOK CTajiu, KOTOPHIi
nepenaér Boae 4,6 MJx snepruu. Halimute maccy Bonbl, 0OpaTHUBIIEWCS B Tap.
Tenno€MKoCThIO cocyia MPeHeOpeYb.

ano:

m=2,3 kr, t=20 °C, Q=4,6 M]I>x, Am—?

Pemenne 3agaum:

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

Q=Q:+Q:

3nech Q1 — KOJMYECTBO TEIUIOTHI, HEOOXOAUMOE I HAarpeBaHUsS BOJIbI
Maccoii m ot  rtemmnepatypbl t 1o Temmeparypbl  kuneHus t (=100 oC); Q; —
KOJIMYECTBO TEIUIOThI, HEOOXOAuMOe JUIsi TapooOpa30oBaHUs BOJAbI HCKOMOM
Mmaccel Am. Toraa:

Q=cm(t,—t)+LAm

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

Bripa3um maccy Am:

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

3agaua 32

YciaoBue 3agaun:

Kanopumetp comepxut 250 r Boas! npu temneparype 15 °C. B Bony Opocunu
20 r Mokporo cHera. B pesynbprare Temieparypa B KaJIOPUMETPE MOHU3WIACH HA S
°C. CxkoJbpKo0 BOObI OBLIO B cHeEre?
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Hano:

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

Penienue 3agaumn:

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

3amuiemM ypaBHEHHE TEIJIOBOTO OallaHca:

Q1=Q2+Qs3

3mech Q1 — KOJMYECTBO TEIUIOTHI, BBIICISEMOE TIPH OXJIKICHUU BOJIBI
Maccoi My oT Temrieparypsl t; 1o Temmneparypsl (t1—At); Q2 — KOJUYECTBO TEILIOTHI,
HEoOXO0MMOe IS TUIABJICHUS Jibaa Maccoit (M;—Am); Q3 — KOJWYECTBO TEIUIOTHI,
HEOOXOMMOe JUIsi HAarpeBaHHUsS BOJBI Maccoi M2 OT TeMIlepaTyphl TUIABJICHHUS
abaa t, (t,=0 oC) mo remmnepatypsl (t1—At).

Pacniumiem Bce yka3aHHBIE KOJMYECTBA TEIUIOTHI, TOTJA IOJIYYHM TaKOe
PaBEHCTBO:

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

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

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

3agaua 33

YciaoBue 3agaum:

B xamopumerp Temnoémkocteio 1254 JIx/K O6pocunu 30 r MOKporo cHera, T.c.
cMmecu cHera ¢ Bojoi. CKOJbKO ObUIO TaM COOCTBEHHO CHETa, €CJIM TeMmIiepaTypa B
KaJIOpuMeTpe noHu3miack ot 24 go 16 °C.

Hano:

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

Pemienue 3agaumn:

3anuiieM ypaBHEHHE TEIIOBOro OajaHca:

Q1=Q2+Qs(1)

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

3anava 34

YcaoBue 3a1a4u:

Cocyn, comep:kamui BOAY, BHECIH B TEIUIy0O KOMHATY, IpUYeM 3a 15 mMuH
TeMIiepaTypa Bojbl noBbicuiiack Ha 4 °C. CKOJIBKO HY>KHO BPEMEHH, YTOOBI B 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 BeaM4MHY At,
HE0O0XO0MMO KOJIMUYECTBO TEIJIOThI Q1, KOTOpOE omnpeaensercs no Gopmyiie:

Qi=cmAt(1)

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

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

Q2=Am(2)

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

Kak BbI 107>KHBI IOHMMAaTh, BOJla HarpeBaercs (a JIEA — IJIaBUTCS) U3-3a TOTO,
YTO MPOUCXOUT TETJIOOOMEH ¢ TETUIBIM BO3JyXOM KOMHAThI. HeT mpuyuH moiarats,
YTO TOABOAMMAS TEIUIOBasi MOIIHOCTH OT Bo3ayxa N, T.e. KOJIMYECTBO TEIJIOTHI,
KOTOpOE€ Mepenaércss BO3AYXOM 3a €JIMHHIYY BPEMEHH, MEHSAETCS CO BpPEMEHEM.
[ToCKOJIBKY KOJIMYECTBO TEIUJIOTHl PABHO MPOU3BEIACHUIO TEIUIOBOM MOIIHOCTH Ha
BpEMsI, Mbl MOKEM MOJYYUTh TAKYIO CUCTEMY:

{Q:1=N1:Q2=N1,
VYuuThiBas nojiydeHHble paHee BeipaxeHus (1) u (2), cuctema npuMeT BUI:
{NT1=cmAtNT,=Am
[TonenuM HUXKHEE paBEHCTBO Ha BEpXHEE, TOTA:
ToT1=ACAt
To=T1ACAt

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

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

3apaua 35

YcaoBue 3axa4u:

AmoMHHHUEBBIN YallHUK Maccoil 0,4 KT, B KOTOPOM HaXoauTcs 2 Kr Boabl ipu 10
°C, nomemaroT Ha razoByto ropeiky ¢ KITJI 40%. KakoBa MOIITHOCTh TOPEJIKH, €CIIH
yepe3 10 MuH Boga 3akumnena, npudeM 20 r BOAbI BEIKUIIEIO?

lano:

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

Penienue 3agaumn:

KIIJI ropenku n ompenesistoT Kak OTHOIIeHHE e€ TMoje3Hoi pabdoThl Ay K
3aTpadyeHHOU paboTe A,.

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

3nmech Q1 —  KOJIMYECTBO  TEIJIOTHI, HEOOXOAMMOE I  HarpeBaHUs
ATIOMUHUEBOT0 YallHUKa Maccod Mj OT TeMmIieparypsl t; 10 TeMmepaTypbl KUTICHHS
Boabl t, (tk=100 °C); Q2 — KOJMYECTBO TEIUIOTHI, HEOOXOIUMOE JUIsl HarpeBaHUS
BOJIBI MacCOM My OT Temmepatypsl i, 10 Temmneparypsl KumneHus t; Qs — KOIW4IecTBO
TEIUIOThI, HEOOXOAMMOE JIJI MapooOpa30BaHUsI YaCTH BOJBI Maccoil Am.

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

AH:Clml(tK—tz)+C2m2(tK—t2)+LAm
AH:(clm1+cgm2)(tK—t2)+LAm(3)

VYnenpHas TernoéMkocTh amtoMunus Cl paBHa 880 Jlx/(xr-°C), ynenbHas
TEMJI0EMKOCTH BOJIbI Cp paBHA 4200 Jx/(kr-°C), yaenbHas TerioTa mapooOpa3oBaHUs
BoJbI L paBHa 2,26 MJIx/Kr.

3aTpadueHHYI0 palboTy Tropesiku A, BbIpa3uM uepe3 HCKOMYH MOIIHOCTh N u
BpeMs paboThI T:

A3=Nt1(4)

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

1’]=(C1m1+C2m2)(tK—t2)+LAmN’C
N:(C1m1+C2m2)(tK—t2)+LAm1TE

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

JIOJIM €IMHUIIBI, BpeMS T — B CEKYH/bL, @ MacCy Am — B KHJIOTPaAMMBI:
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
91



YcaoBue 3ana4u:

B natynnsiil kanopumetp Maccsl 0,3 kr, cogepxanmii 1 xr Boasl ipu 18 °C,
OITyCKaeTCsl KyCOK Jibja, B3sAThIN mpu Temmneparype —8 °C. [locne Toro kak Bech i€
pacrasii, Temneparypa Bobl crana paBHoi 10 °C. Hailtu maccy omyIieHHOro B BOJLy
JbJa.

lano:

m1=0,3 KT, m,=1 KT, t,=18 OC, ;=8 OC, t=10 OC, ms—?

Pemienue 3agaum:

[Tocne onmyckaHus JibJa B BOAY B CUCTEME OyJeT MPOUCXOAUTh TEINIOOOMEH, B
pe3yabTare KOTOpOro JEN pacTaeT, a TeMIeparypa BOJIbI (M KaJlOpUMETpa) CTaHET
paBHOI1 . 3anuieM ypaBHEHHE TEIIOBOTO OalaHca:

Q1+Q2=Q3+Q4+Qs

3nech: Q1 — KOJMYECTBO TEIJIOTHI, OTTAHHOE JIATYHHBIM KaJOPUMETPOM MacCoi
Mi OpU  OXJIAKICHUU OT TeMIiepaTypsl I, 1o temmeparypsl t; Q — KOJIMYECTBO
TEIJIOTHI, OTJAAHHOE  BOJOW My IPU  OXJIAXKICHUU  OT  TeMIepaTypsl tp 10
temriepaTypbl ; Q3 — KOJIMYECTBO TEIJIOTHI, IOJYYEHHOE JIbJOM HCKOMOM
Macchbl M3 MpH HAarpeBaHUM OT TEMIIEPaTyphl {3 10 Temmeparypsl miaienus t, (t,=0
oC); Q4 — KOJIMYECTBO TEILIOTHI, HEOOXOAUMOE JIJIs IUTABIICHUS JIbIa Maccoi M3; Qs —
KOJIMYECTBO TEIUIOTHI, MOJIYYEHHOE BOJOM Maccoi Mz (00pa30BaHHOW MpPHU TASTHUU
JbAa) IPY HAarPEBaHUH OT TEMIIEPATYPHI IIaBICHUS JIbaa I 10 Temmepartypst t.

PacnumemM Bce yKa3aHHBIE KOJIMYECTBA TEIUJIOT, TOTAAa MOJYYUM TaKoe
PaBEHCTBO:

Clml(tz—t)+C2m2(t2—t)203m3(tn—t3)+km3+czm3(t3—tn)
(cmy+comy)(t—t)=mga(Cs(t—t3) +A+Co(ts—ty))

B srom paBeHCTBe C1 — yhenbHash TEIUIOEMKOCTh JaTyHu, paBHas 380 JIx/
(xr-°C); C2 — ynenbHas TeIIOEMKOCT BOJIbI, paBHast 4200 [x/(kr-°C); C3 — yaenbHas
TeII0EMKOCTh Jbaa, paBHas 2100 J[x/(kr-°C); A — ynenpHas TEIJIOoTa TUTABJICHHUS
apaa, paHas 330 kJx/kr.

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

m3:(C1m1+C2m2)(tz—t)Cg(tH—tg)+7\,+C2(t3—tn)

[ToxcTaBuB YKMCIICHHBIC 3HAYEHUS W3BECTHBIX BEJIUYHH, MOCYMTACM YHCIICHHBIN
OTBET K 3TOM 3a/1a4e:

m3=(380-0,3+4200-1)(18—10)2100-(0—(—8))+330-103+4200-(10—0)=0,089xr=89

r
Otser: 89 1.

3apaua 37

YcaoBue 3axa4u:

B kanopumertp, conepxkammii 1,5 kr Boael npu 20 °C, nonoxunu 1 kr nibaa,
umeromiero tremmeparypy —10 °C. Kakas temnieparypa yCTaHOBUTCSI B KATIOPUMETPE?

Hano:

m1=1,5 KT, t,=20 OC, my=1 KT, t,=—10 OC, t—?

Pemenue 3agaun:

N3 ycnoBust 3aayv COBEPIICHHO HEMOHSATHO, PAacTaeT JM JEA MOJHOCTBIO, a
MOKET OH BOOOIIE Jake HE HAYHET IUIaBUTHCS. 3HAYUT HAM HYKHO IPOBECTU
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OIleHKY. J[71s Havama ompenenuM YMCICHHO KOJMYECTBO TEIUIOTHI Q1, BBIAEISEMOE
BOJION Maccoil My Mpu OXJaXIEHUU OT TeMIrepaTypsl {1 10 TeMreparypsl MIaBICHUS
abaa t, (t,=0 °C), no dpopmyse:
Qr=cimy(t1—ty)
VY nenbHas Tero€MKoOCTh BOJIbI C1 paBHa 4200 [Ix/(kr-°C).
Q1=4200-1,5-(20—0)=1260001x=126x 1>k
Jlanee mocYMTaeM YHCICHHO KOJMYECTBO TEIUIOTHI Q2, HEOOXomuMmoe st
HarpeBaHMs JIbIa MacCOW My OT TeMIEpaTypsl 2 10 TeMIiepaTyphl TUIaBJICHUS JTIbaa iy,
o popMmyiie:
Q2=Coma(t,—t2)
VY nenbHas TEMIOEMKOCTD Jibaa Cy paBHa 2100 [Ix/(xr-°C).
Q2=2100-1-(0— (—10))=21000Tx=21k/Ix
W mamociemok ompeneauM KOJIMYECTBO TEIuloThl Qs, HeoOXxoammoe IS
TMJIABJICHUSI JIbJIAa Maccoil My, MO CleAyIolIei u3BecTHOM hopmyIie:
Qs=Am>
VY nenbHas TemioTa miaBjieHus apaa A paBHa 330 k/[x/kr.
Q3=330-103-1=3300001x=330x 1
Bunano, uto Q1>Q2, 3HaunT BC€-Taku n€ HauHeT TasaTh. Ho Tak kak Q1<Q2+Qs3,
TO TEIUIOTHI, BBIJEISIEMON TP OXJIAXKJACHUHM BOJbI, HE XBAaTUT Ha IUIABJICHUE BCETO
apaa. llomydaercs, 4To BOJa OCTBIHET JI0 TEMIIEpaTyphbl IUIABJICHHS JbAa, U
TEIJIO00MEH MPEKPATUTCS. 3HAYUT B KAJIOPUMETpe ycTaHOBUTCS Temreparypa 0 °C
(mmm 273 °K).
OtBet: 273 °K.

3anava 38

YcaoBue 3a1a4u:

B cocya ¢ Bogoit oobemom 0,25 1 npu 20 °C nomectunu 50 r pacriaBI€HHOTO
ceuHila ¢ temmeparypoir 350 °C. Kakas TeMmmeparypa YCTaHOBUTCS B pe3yJIbTaTe
TerooOMeHa B cocyzae? YenbHble TEIUIOEMKOCTH paciulaBa W TBEPIOTO CBHUHIIA
CUUTATh OJIMHAKOBBIMH.

Hano:

V1=0,25 n, t1=20 °C, mp=50, t,=350 °C, t—?

Pemienue 3agaumn:

[TomHOCTHIO aHANOTHUYHAS 3a/1aya y>ke ObLla MpejcTaBicHa Ha caiiTe, MpaBa B
HeW paciuiaBieHHbId cBUHel uMmen temneparypy 400 °C. Moxere npopemath €€
MOCJIE ATOM, 1aObl 3aKPENUTH CBOM HABBIKH.

B »T0i1 3amaue HY)KHO 00s3aTeILHO MPOU3BECTH OIECHKY. JaBaliTe nijis Havasia
ONPEIEINM KOJMYECTBO TEIUIOTHl Q1, KOTOpoe HEOOXOIMMO AJIi HarpeBaHUs BObI
Maccoit My ot Temmepatypsl t1 10 Temmeparypsl kunenus t; (t;=1000 C). 3To MokHO
C/IeNaTh T0 CIEAYIONIeH popMmyie:

Qi=cimy(t—ty)

VY nenpHas TernoéMKocTh BojbI C1 paBHa 4200 [x/(xr-°C).

Maccy m; npeicTaBUM Kak NMPOU3BEICHNE MIIOTHOCTU BOJbI p (oHA paBHa 1000
kr/M°) Ha 06beM V1, TOra:

Q1=C1pVi(ti—t1)
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[Tocuntaem umciennoe 3HaueHwe Q1 (0ObeM mpU pacueTe MbI TEPEBETU B
KyOHUUYecKue MeTphl):
Q1=4200-1000-0,25-10—3-(100—20)=84000/1x
Tak kak Temmeparypa pacIIaBJIEHHOTO CBHUHIIA {; OOJBIIIE TEeMIEPaTyphl €ro
iaBiieHus t,; (t,=327 °C), To onpeaeinM KOJUIECTBO TEIIOTHI Q2, BBIACIIIEMOE TIPH
OXJIAKJICHUH pacIulaBa CBUHIIA OT TeMIlepaTypsl {, 1o remneparypsl t.
Q2=Comy(t2—ty)
VY nenpHas TEmno€MKOCTh paciiaBa CBUHIIA (M TBEPAOro CBUHIEA) C paBHa 130
JIx/(xr-°C).
Q2=130-0,05-(350—327)=149,5/1x
KomuuectBo  TeruoTel Qs, BbIAEAsiEMOE TPU  KPUCTAUIM3AIMU  CBHUHIIA
Maccoi M2, onpenenuM 1o Gopmyiie:
Qs=Amy
VY nenpHas TemioTa KpucTauin3aluuy (TJIaBJICHNs) CBUHIIA A paBHA 25 KJ[XK/KT.
Q3=25-103-0,05=12501x
KonuuectBo Terotsl Qa, BhIZEISIEMOE MPU OXJIKICHUM CBHHIIA MACCOM My OT
TeMIiepaTyphl t; 10 Temneparypsi t, paBHO:
Qs=Coma(t,—ty)
Q4=130-0,05-(327-100)=1475,51x
Bunno, ato Q1>Q2+Q3+Q4, 3HAUMT TEeMIIepaTypa TETUIOBOTO paBHOBECHS OyAeT
JIeXaTh B mpejnenax ot {1 1o ty. 3anuiineM ypaBHEHHUE TEIJIOBOTO OanaHca:
Q5=Q2+Q3+Qs
3nech Qs — KOTUYECTBO TEIIOTHI, HEOOXOUMOE JIJIsi HarpEeBaHMS BOJIBI MACCOM
M1 oT TemriepaTypsl t1 10 Temneparypsl t; Qs — KOTUYECTBO TEIUIOTHI, BBIACISIEMOE
P OXJIAKJEHUU CBUHIIA MacCOM My OT Temmeparypsl t, 10 Temnepatypsl t. Toraa:
Clml(t—tl):szz(tz—tn)'l‘?»mz'l‘szz(tn—t)
Clml(t—tl):szz(tz—t)'l‘?\,mz
PackpoeMm ckoOku:
C1Mit—cimst;=Comoto—Comot+Amo
Bce unensl ¢ mMHOXuUTeneM t mepeHeceM B JIEBYIO CTOPOHY, BBIHECEM €ro 3a
CKOOKH, OCTAJIbHBIE TICPEHECEM B MPABYIO.
t(C1m1+C2m2)=C1m1t1+C2m2t2+7\,m2
t=cimt+Comsto+AmoCimy+Com,
Maccy ml npencraBuM Kak MpOW3BEIECHUE TJIOTHOCTH BOJIBI p HA 00beM V1,
KaK 3TO YK€ ObLIO C/IeJIaHO BBIIIE:
t=C1pV1t1+C2m2t2+7\,m2C1pV1+C2m2
[lepeBeném HekoTOpBIE 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.

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

3agaua 1

YciaoBue 3agaun:

CranpHoil map nagaet ¢ BoICOTHI 15 M. [lpu ynape o 3emitto BCs HaKOIUICHHAS
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) mnoTeHUUManbHash DJHEPrUs IIapa Ha
BbICOTE h epeiIET BO BHYTPEHHIOW SHEPTHUIO MPH yIape O 3eMIII0. XOTs, €CIIA OBbITh
TOYHEE, MOTCHLIHAIbHAS YHEPrys CHayajaa IMOJHOCTHIO MEPEHIET B KMHETUYECKYIO
DHEPruIo (Tepes] y1apoM O 3eMJII0), a TIOCIEHsS MPU yaape MoAET Ha U3MEHEHUE
BHYTPEHHEU HEPTUU.

mgh=cmAt
gh=cAt
B 510 paBeHCTBE C — yaeiabHas TEIIOEMKOCTh cTaiu, paBHas 460 Jx/(kr-°C).
At=ghc
ITocunTaem ynciIeHHBIN OTBET K 3aJ1aUe€:
At=10-15460=0,33 -C=0,33 °K
OTtBert: 0,33 °K.

3amaua 2

YcaoBue 3agaum:

MHorokpatHoe neperudaHue alFOMUHUEBON MPOBOJIOKK MAcCoil 2 T HarpeBaet
e€¢ Ha 40 °C. Kakas Obuta comepmieHa pabora, eciu Tonbko 30% e€ momio Ha
HarpeBaHHUe MPOBOJIOKU?

ano:

m=2 r, At=40 °C, a=30%, A—?

Pemenue 3agaumn:

B ycnoBum ckazaHo, 4TO TOJIBKO 0O TIPOIICHTOB COBEPIIEHHON padOThl A MOIILIO
Ha HarpeBaHHUE MPOBOJIOKHU (T.€. UBMEHEHHE €€ BHYTPEHHEW SHEPrUU MOCPEIACTBOM
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 TeIIoEMKOCTh amoMunus, paBHast 880 [Ix/(kr:°C).

OxonuatenbHas (opMmysa Juisl HAXOXKICHUS OTBETAa K BOIPOCY 3aaadu Oyjaer
BBITJISZIETh TaK:

A=cmAta
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[lepeBeném wmaccy MPOBOJIOKM M B KHJIOTPAMMBI, a BEIMYUHY 00— B JIOJH
CAUHUIL;
2r=0,002kr
30%=0,3
OcTaltoch TOJNBKO IMOCUUTATh YHCIICHHBIN OTBET:
A=880-0,002-400,3=234,7 1«
OTtBer: 234,7 JIk.

3agaua 3

YciaoBue 3agaun:

Ha ckonbko TemmepaTypa BOABI y OCHOBaHUS Bojomaga ¢ BbeIcoTOod 20 M
Oonpiie yem y BepmuHbI? CUMTaTh, YTO BCS MEXaHMYECKash HHEPrus HIET Ha
HarpeBaHHUE BOJBI.

Hano:

h=20 m, At—?

Pemenue 3agaun:

PaccMoTpuM NpOM3BOJIBHYIO MAyl0 MacCy BOJBI M, KOTOpas MaaaeT C
BOJIOMA/IA.

HauvanbHas noreHuuaibHasg SHEPTUsl 3TOM MACChl BOJbBI NEPEUIET MOTHOCTHIO ¥
OCHOBAHUS BOJONA/Ia B KHHETUYECKYIO SJHEPTHUIO, KOTOPasi B CBOIO OYEPEAb MEPEUAET
BO BHYTPEHHIOIO S3HEPTUI0O B pe3ysibTaTe yaapa. BuaHo, 4TO NPOMEKYTOUYHBIN
MEPEXO]] SHEPTUM B KHUHETUYECKYIO HE UMEET 3HAYCHUS, TOITOMY 3aKOH COXPAaHECHUS
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 BBITTISIIUT TaK:

At=ghc
[IpousBeném pacuér oreera:

At=10-204200=0,05 °C

Otger: 0,05 °C.

3amaua 4

YcaoBue 3axa4u:

[Tpu Tperun aByx Tten, TeruoéMmkoctu kKoTopeix mo 800 Ix/K, temmeparypa
yepe3 1 mun nossicwiiach Ha 30 °K. HailTu cpeiHIOr0 MOIIHOCTD MPU TPEHUH.

Hano:

C=800 JIxx/K, t=1 mun, AT=30 °K, N-?

Penienue 3agaumn:

Cpeantoro momHocTh N HailiéM Kak oOTHOIIEHHE paldOThl MpU TpeHHH A KO
BPEMECHHU T.

N=At
PabGora A paBHa cyMMapHOMY U3MEHEHHUIO BHYTPEHHEH YHEPTUH JIBYX TEI:
A=2AW
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W3menenne BHyTpeHHel sHeprun AW jerko HalWTu 1O Takoil Qopmyne
(oOpatuTe BHUMaHWE, YTO B YCIOBUM JaHa TEIUIOEMKOCTb, a HE YJeibHas
TEMJI0EMKOCTb, MOATOMY (hOpMYyJia BBITIISIUT UMEHHO TaK):

AW=CAT

Ecnu noacraButh a8e nocienHue GopMysibl B IEPBYIO, TO MOTYUHUM:
N=2CATt

[TepeBeném Bpems T B cuctemy CU:
1Mua=60c

[Tocuntaem OTBET:

N=2-800-3060=800B1=0,8xBT

OTtBer: 0,8 kBT.

3agaua 5

YcaoBue 3agaum:

Haiitn BBICOTY, HA KOTOpPOHM MOTEHIMaNbHasi >HEprust rpyza maccoi 1000 kr
paBHa KOJMYECTBY TEIUIOTHI, BbLAEIsONMIEcs npu 3amep3annn 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 CJIEAYIOIIee PaBEHCTRBO:

E.=Q(1)

[ToreHnmanpHy0 dHEpruto E, rpy3a Maccoil M; M1 KOJWYECTBO TeIIOTH Q,
BBIJICTISIFOIIEECS] TIPU 3aMEP3aHUM BOJBI MACCOW My, MOXKHO HAWTU MO CJEAYIOIIUM
dbopmymnam:

{EH:mlghQ:kmz

VYnenpHash TemjioTa KpPUCTAUIM3AIMU BOJBI A (OHA >Ke€ ynaelbHas TeruioTa
r1aBsieHus Jiba) paBHa 330 kJx/kr.

B takom ciydae paBenctBo (1) mpumeT Bu:

mlgh=Xm2

OTKyaa UCKOMYIO BBICOTY h MOkHO HaiiT 10 hopmye:

h=Xm2m1g

IlocunTaeM OTBeT K 3aj1a4e:

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

OTtBer: 3,3 M.

3anaua 6

YcaoBue 3a1aum:

Yemy paBHa BBICOTA BOJONAja, €CJIM TEMIIEpaTypa BOAbl y €r0 OCHOBaHUS Ha
0,05 °C Oonpbiie, yuem y BepiiuHbl? CunuTaiTe, YTO BCS MEXaHUYECKasi YJHEPTUS UJIET
Ha HarpeBaHKE BOJIbI.

Hano:

At=0,05 oC, h—?

Pemienue 3agaun:

97



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 PHEPTUU HET (TAK KaK BCS DHEPrHs UJIET HA HArpEeBaHUE
BOJIbI), 3aIMIIIEM 3aKOH coxpaHenus suepruu (3CD):

En=Q

Pacriumem moTeHImanpHyr0 dHepruto Emu  kommdecTBO  TemioTh Q 1Mo

W3BECTHBIM (POpPMYyJIaM:
mgh=cmAt

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

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

gh=cAt

Torna BeIcOTY BojOIaAa h MOXKHO HalTH 10 opmyie:

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

3apaua 7/

YcaoBue 3a1a4u:

C KaxkoM BBICOTHI ymnaJl CBHHIIOBBIM IIap, €CIM IIPU MAJACHUM W3MEHEHHUE €ro
temriepatypbl coctaBuiio 1,5 °C, ymap aOCONIOTHO HEYNmpyruil, a Ha HarpeBaHHe
nonuio 40% HavyanbHOUN 3HEPruu mapa’?

Hano:

At=1,5 oC, 0=40%, h—?

Pemenne 3agaum:

[TycTh Macca CBUHLIOBOTO Iapa paBHa M.

HavanbHast mnoTeHUManbHas »JHEPrus CBUHLOBOTO Iapa TMeEpea  yAapoMm
MOJIHOCTBIO NEPEUIET B KMHETHYECKYIO SHEPIHIo, a MOCIEAHss MpU yAape — BO
BHYTPEHHIOIO SHEPTHUIO, MPUYEM TOJIBKO 0 YaCTh MOTEHIMAIBHON YHEPTUU (a 3HAUUT
Y KUHETUYECKOM, COTJIACHO 3aKOHY COXPAaHEHUS SHEPIUsl) MOMAET Ha HAarpEBaHUE.

Q=uE(1)

[pyras yactb 3HEPTUU, BEPOSATHO, MOUAET HA U3MEHEHUE BHYTPEHHEW SHEPTUU
noJia (TpoIie TOBOPs, HarpeBaHMUE ToJIa TIPH yIape mapa), nHave el 0oJibIle HeKy1a
JEThCSA, TaK KaK yJaap aOCONIOTHO HEYNPYTHH, a 3TO 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).

HewusBecTHas Macca mapa M cokpaiaercs B 00eMX 4acTsAX paBeHCTBA!

cAt=ogh
h=cAtag
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[IpousBenéM  BBIMKCICHHE  OTBETAa  (BEJIMUMHY O CIEAYET  TMOJCTABIATH
BBIPOKCHHOMW B JOJISAX CAMHUIIBI):
h=130-1,50,4-10=48,75m
OTtBert: 48,75 m.

3agaua 8

YciaoBue 3a1aun:

Bona nmagaer ¢ BeicoTel 60 M. Ha ckonbko TeMiiepatypa BOAbl BHU3Y BOJAOIMAAA
BbIIlIE, YeM HaBepxy? Cunrtarh, 4TO Ha HarpeBanue BoAbl UAET 70% Bceil padoOTHI,
COBEpILIAEMOM TIPU MaJICHUU.

lano:

h=60 m, a=70%, At—?

Pemenue 3agaun:

PaccMoTpuM HEKOTOPHIN 00BEM BOJIBI OUYE€Hb MaJICHBKOW Macchl M.

[Ipn mageHuHn C BBICOTHI 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, KOJIMYECTBO TEIUIOTHI Q, KOTOpoe HEOOXOAMMO IS
YBEJIMYEHHS TEMIIEPATyphl BOABI MacCOM M Ha BeIMUMHY At, MOKHO HAWTH TaK:
Q=cmAt(2)
VY nenpHas TernoéMkocTh BojbI C paBHa 4200 J[x/(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=o0ghc

OTtBeT 3afauu paBeH (BEJIMYUHY O MOJCTABISIEM HE B MPOIEHTaX, a B JOJIX
€UHUIIbI):

At=0,7-10-604200=0,1 °C

OTtgert: 0,1 °C.

3amaua 9

YcaoBue 3a1aum:

CHexXOK, JIeTsIuil co ckopocThio 20 M/c, ynapsiercst B cteHy. Kakast yacTpb ero
paciiaBUTCs, €CiM TemIieparypa okpyxaromen cpeasl 0 °C, a BCsS KUHETHYECKas
SHEPrus MPEBpaIIaeTCsS BO BHYTPEHHIOK?

Hano:

v=20 m/c, a—?

Penienue 3agaumn:
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IIycte M — momHas macca CHEXKa, a Am — Macca pAacCIUIABUBIIEWCS YacTH
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)

KuneTtnueckyro dHEprur0 CHeXka Maccod mpao yrmapaEwu  komudecTBo
TemioTel Q, He0OXOUMOE JIJIs IIJIABJICHUS YAaCTH CHEXXKa MacCoOr Am, MOXXHO HAWTH
o popMyJiam:

Ezml)zz

Q=AAm
Kak u3BecTHO, yienpHas TeIioTa MmiaBiaeHus jabpaa A paBHa 330 kJx/Kr.
Torna paBeHCTBO (2) MpUMET BU/I:

muz=AAm
[Toxenum 06e yacTu paBeHCTBA HA BETUYMHY Am, TOra:
DzzZKAmm
YyuutsiBas popmyny (1):
V22=A0

OTKy/aa 4acTh CHEXKKa 0, KOTOpas pacIyIaBUTCA MPH yAape O CTEHKY, MOXKHO
HalTH o popmyie:
OL=1)227\,
I[TocunTaem yncieHHBINA OTBET 3aJa4UU:
0=2022-330-103=6-10 — 4=0,06%
OTteer: 0,06%.

3anaua 10

YcaoBue 3axa4u:

CranpHOi#l mIap, magas cBOOOAHO, AOCTUT cKopocTu 41 M/c u, ynapuBIIUCH O
3eMJII0, MOJICKOYMII Ha BhIcOTy 1,6 M. Omnpenenure U3BMEHEHHUE TEMIIEpaTyphl 1Iapa
pU yAape, CUMTas, 4To MPHU yAape MEHAETCS TOJIbKO BHYTPEHHSSI SHEPrus Iiapa.
ConpoTuBiIeHHEM BO3/1yXa NPEeHEOPEYb.

ano:

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

Penienue 3agaumn:

HyneBoii ypoBeHb NOTEHIIMATILHON YHEPTUU BHIOEPEM HA YPOBHE MOBEPXHOCTH
3eMuIH.

[Ipu ynmape wuacth HaudanbHOM KuHeTHueckou osHepruu Ex0 mepeinér Bo
BHYTPECHHIOIO (M3MEHEHUE BHYTPEHHEW SHEPTHH PAaBHO KOJUYECTBY TEIIOTH Q), HO
4acTb — OCTaHeTCsl B BHUJE KUHETUYECKOU E,, KoTopas B Xone HalibHEHIIEro
JBWOKEHUST 710 BBICOTHI h mepeiinér B moreHumansHyto E,. 3amuineM 3akoH
coxpanenus 3Hepruu (3CD) 11t MOMEHTA yaapa U Jis JBHXKEHUS MOCIIe yaapa:

{Exo=Q+EE=E,
DTH IBa paBEHCTBA, OUYEBUIHO, MOXKHO 3allMCaTh B BUJIE OJHOTO:
EKO=Q+EH
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Pacrimimem HawanbHyI0 KMHETHUYECKYIO sHepruro Ex0, kommyecTBo Termmotsl Q,
HEOOXOAMMOE Il M3MEHEHUS TEeMIIepaTyphbl CTaJIbHOTO IIapa Ha HEU3BECTHYIO
BEIMYMHY At, TOTEHIIMAIBHYIO 3HEpruto E; Ha BbicoTe h mo u3BecTHBIM (hopmyiiam,
TOT]1a TIOJTY4YHM:

mv=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 oC=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
MOILJIO HA €€ HarpeBaHUe?

lano:

m=10 r, v=100 m/c, M=1 xr, 0=70%, At—?

Penienue 3agaumn:
Mem
m v M U
o— =

X

Tak kak B YCIIOBMM HE€ TOBOPUTCS O TOM, UTO IIyJis MPOWAET HACKBO3b YEPE3
JIEPEBSIHHBIN OpyCOK, 3HAUUT BCE-TaKu MyJisl 3acTpsia B Opycke. [lomydaeTcs, 4To
MMEET MECTO a0COJIFOTHO HEYyNmpyrui yaap (a 3TO 3HAYUT, YTO YaCTh KMHETUYECKOU
OHEPTUU MEpeIéT B0 BHYTpPeHHIOK). [IycTh U — CKOpoCcTh OpycKka mocie 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): muz=(M+M)ux+Q
[ToncraBum Beipaxkenue (1) B monyyeHHOE ypaBHEHUE:
m1)22=(m+M)m21)22(m+M)2+Q
mD22=m21)22(m+M)+Q
BrIpazum kommdecTBO TEIUIOTHI Q, BBIACIMBIIIEECS MPHU yIape:
szl)zz — mzl)zz(m+|\/|)=ml)2(m+|\/|) — m2v22(m+M)
Q=mMuvz(Mm+M)(2)
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OOpatute BHMUMaHHWE, YTO JIMIIb 0L YACTh KOJWYECTBA TEIUIOTH Q momuia Ha
HarpeBaHue Mynu (OcTallbHasg 4YacTh MOIJIA, HampUMep, TMOWTH Ha HarpeBaHue
Opycka):

Q1=aQ(3)
KonuuectBo Ternotel Q1, HEOOX0MMOE 711 U3MEHEHUS TeMIIEPaTyphl My Ha
BeNMUYUHY At, TaK)Ke OnpenenuM mo Gopmyiie:
Qi=cmAt(4)
Y nenbHas TemmoémkocTs cBuHIa C paBHa 130 J[x/(kr-°C).
VYuuteiBas (3) u (4), umeem:
cmAt=aQ
[ToacTaBuM B OJIy4EHHOE PAaBEHCTBO BbIpaykeHHUE (2):
cmAt=amMuv,2(M+M)

cAt=aMuvz(m+M)

At=oMvzc(Mm+M)
[lepeBeném Maccy myau M B KUJIOTPaMMBI, & BETUYUHY O — B JTOJIU €TUHULIBI:

10r=0,01kr
70%=0,7
[TocurTaem YMCIEHHBIN OTBET 3a/1a4U:
At=0,7-1-10022-130:(0,01+1)=26,7 «C=26,7 °K

OTtBert: 26,7 °K.

3agaya 12

YcaoBue 3axa4u:

CBuHIIOBas MyJis, JIETAMAas co CKopocThio 430 M/c, MpoOUBaeT CTeHy, MpUueM
ckopocTh €€ ymenbiaercsa 10 200 M/c. Kakas dacth myiau mpu 3TOM pacrijiaBUTCs?
Hauanpnas temnepatypa mynu 50 °C, Ha HarpeBanue mnynu 3atpauuBaercs 50%
MOTEPSHHON KUHETUYECKOU YHEPTUU.

Hano:

=430 m/c, V=200 m/c, t,=50 °C, a=50%, B—?

Pemenne 3agaum:

[Iycth m — Macca mynud, a Am— mMacca 4acTH MyJd, pacIUlaBUBIICIHCS TpHU
MpoOMBaHWK CTEHBI. TOraa MCKOMYIO BEIUYWHY 3, OY€BUIHO, OyJIeM HaXOIUTh IO
dbopmyre:

B=Amm(1)

BreinenuBineecs TmNpu  TPOXOXKIASCHUW Iy CKBO3b CTEHY KOJHUYECTBO
TermI0Thl Q paBHO M3MEHEHHUIO KHHETHUECKOW SHEPTHH TyJH (110 3aKOHY COXPaHCHHUS
SHEPIHH ), IOITOMY:

Q=m0202 — Moz
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Q=0,5m(v20 — v2)(2)

B ycnoBuu roBoputcs, 4TO Ha HarpeBaHHe MyJW 3aTPayMBAETCS JIUIIb O YACTh
NOTEPSHHONW KMHETHUYECKOW SHEPruu (Apyras 4acTh, BEPOATHO, KHArpeBaeT» CTEHY),
MO3TOMY CHPABEIJINBO:

Q1=aQ(3)

UToOBbl YacTh MyJM pacIulaBWIach, OHAa 00S3aTENIbHO JOJKHA HArpeThbesl 0
temriepaTypsl miaBieHus (t,=327 °C). KomnuectBo TermnoTsel Q1 HEOOX0UMO UCKATh
o popmyiie:

Qi=cm(t, — t))+AAm(4)

3mech C — ynenpHas TEINIOEMKOCTh cBHWHIA, paBHas 130 JIx/(xr-°C), A —
yleabHas TeII0Ta TJIaBJICHUs CBUHIIA, paBHas 25 kJK/KT.

[IpupaBusiem (3) u (4), Toraa NOJy4IuM:

aQ=cm(t, — to)+AAm

Taxoke, yuutbiBas (2), 3T0O ypaBHEHUE PUMET BUI:

0,5am(v2 — v2)=cm(t, — to)+AAm

OO6e yacTu MOIEIMM Ha BETUYUHY M

0,5a(v20 — v2)=C(t; — to)+AAmm
YyuuteiBas popmyany (1), umeem:
0,5a(v20 — v2)=C(t; — to)+AP
B utore, penienue 3agaun B 00111eM BUE CIEAYIOLIEE:
B:0,50L(1)20 — 1)2) — C(tn — to)?x

[TopcTaBuB Bce BEMMUMHBI B MTOCIIEIHIOWN (HOPMYITY (BEIMUMHY 0 TIOJICTABIISIEM B

JOJISIX CAMHUIIBI), TTIOCYUTAEM OTBET:
$=0,5-0,5-(4302 — 2002) — 130-(327 — 50)25-103=8,6-10 — 3=0,86%
OTteer: 0,86%.

3anaua 13

YcaoBue 3axa4u:

[Ipu BeICTpENE BEPTHKAIBHO BBEPX CBHMHIIOBAs MyJs yJapuiach O HEyIpyroe
TEJI0 W paciuiaBuwiack. Ha Kakoil BBICOTE MPOU3OILIO 3TO CTOJIKHOBEHHUE, €CIIH
HayasnbHas ckopocTh mynau 510 m/c, a temneparypa 27 °C. 50% BbaenuBiIencs
TEIJIOTHI MOILJIO Ha HarpeBaHUe.

Hano:

=510 m/c, =27 °C, a=50%, h—?

Penienue 3agaumn:

£=0

om
BribepeM Hynb MOTEHLMAIBHOW SHEPTUU HA YPOBHE HAYAJIBHOTO TOJIOKEHHS
ITYJIN.
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HavanpHast KuHeTHUYeCKass 3Heprus Iy E. mepeiinér na BeicoTe h (TO ecTh
nepea ynapom) B NOTEHIMANbHYIO 3Hepruto E, u kuHetmyeckyro sHepruto E.. B
MOMEHT yJiapa 0 HeyNnpyroe Tejao KuHeTuueckas 3Heprus E, nepeiinér B Temiory Q,
4acTh KOTOPOH YBEJIMYMBAET BHYTPEHHIOI JHEPrUI0 MydH (M3-3a 3TOTO OHAa H
TIJIABUTCS).

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

{EKO=EH+EKEK=Q
Od4eBuHO, YTO JBA ATUX YPAaBHEHUS MOKHO 3aIMCaTh B BUJE OJTHOTO:
Exw=E.+Q(1)

OOpatutre BHUMaHue, 41O Q — 3TO TMOJHOE BBIACIUBINCECS KOJIUYECTBO
ternoTel. Ilo ycmoButo ymmbs 50% (o 9acTh) BBIICIUBIICHCS TEIUIOTHI IONLIO HA
HarpeBaHUE MyJIu, ITO3TOMY CIIPaBEINBO:

Q:1=0Q(2)

C nmpyroii CTOpOHBI, YTOOBI PACIUIABUTH MYJII0, €€ HEOOXOUMO CHavalla HarpeTh
1o temmneparypsl miasieHus (t,=327 °C). [loatomy KoamdecTBO TEruIoThl Q1 Takxke
MO>KHO BBIPA3UTh CIEAYIOIIUM CIIOCOOOM:

Qi=cm(t, — to)+Am(3)

3nech C — ynenbHas TEIUIOEMKOCTh cBHUHIA, paBHas 130 [Ix/(xr-°C), A —
yJelibHas TEIUIOTa IUIABJICHUs CBUHIIA, paBHas 25 KJK/KT.

[Tpupasusiem (2) u (3) u Beipazum Q:

aQ=cm(t, — to)+Am
Q=may(c(t; — to)+A)

[TomyumBiieecss BbeIpakeHUE i1 KommuecTBa TeruioThl Q momcraBum B (1),
Takke B paBeHCTBE (1) pacnuineM HayaabHYH0 KMHETHYECKYIO SHEPIHI0 MyiH E u
MOTCHITMATBHYIO SHEPTHIO E; O M3BECTHBIM (pOopMyIIaM, TOTIa TTOJTYIHM:

mU202=mgh+ma(C(tH - to)+7\,)

O06e yacTu COKpaTUM Ha Maccy Iyiad M:

0,5v0=gh+1a(c(t, — to)+A)

OcTajoch TONBKO BBIPa3UuTh BBICOTY N:

h=19(0,5va0—1a(c(t; — to)+1))

[TocurTaem OTBET, MMOJACTABUB 3HAYCHUS BCEX BEITUYHMH B MOCIEIHION (HopmMyITy
(BeIMYMHBI, TaHHBIE B TIPOLICHTAX, CJIEIYET MOACTABIAThH B JOJSX €IUHUIIBI):

h=110(0,5-5102 — 10,5(130:(327 — 27)+25-103))=205m

Otger: 205 m.

3agaua 14

YcaoBue 3axa4u:

CBuHILIOBas MyJisi MPOOUBAET JOCKY, PHU 3TOM €€ ckopocTh naaaet ¢ 400 go 200
M/c. Kakast gacth mynu pacrutaButcsi? HarpeBanunem nocku npereOpeds. HauanpHas
temriepatypa mymiu 27 °C.

Hano:

vo=400 m/c, V=200 m/c, to=270 C, a—?

Pemenue 3agaun:
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CoryacHO  3aKOHY  COXpaHEHHUS  DHEPruu, KOJIHYECTBO  TeIuioTh Q,
BbIJICJIUBINIEECS TPU MPOOMBAHUU JTOCKU IyJIe, paBHO M3MEHEHUIO KMHETHUYECKOM
HHEPTUU IyJIU, TOATOMY BEPHO 3alUCaTh:

Q=muv20; — muy
Q=0,5m(vz0 — v2)(1)

[IycTe M — monHas Macca Mmyiu, a Am — Macca paciUIaBUBLIEHCS YacTH ITyJH.
Benuuuny o Torna ciemyeTr uckarthb rno ¢hopmysie:

a=Amm(2)

YToOBl pacuiaBUTh YacTh IyJdH Maccod Am, HEOOXOJUMO CHayana BCHO ITYJIHO
Maccoil M HarpeTh 10 TeMmrepaTypbl MmiaBiaeHus (1,;=327 oC). YuuTeiBas, d9TO
HarpeBaHUEM JIOCKHM MOKHO TMpeHeOpedb, KOJUYECTBO TEIUIOTHI Q Takke MOMKHO
BBIPA3UTh CJIEAYIOIIUM 00pa3oM:

Q=cm(t; — to)+AAm(3)

VYnenpHas TeroéMkocTh cBUHIA C paBHa 130 JIx/(xr-°C), yaenbHas Teruiora
TIIJIaBJICHUs CBUHIIA A paBHA 25 KJ[X/KT.

[Tpupasusiem (1) u (3), Toraa noxydum:

0,5m(v20 — Dz)ZCm(tH — to)+7\.A1’n
Teneps nogennm o0e 4acTH ypaBHEHUS HA MAcCy MyJad M:
0,5(1)20 — Dz)zC(tH — to)+7»Amm

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

0,5(1)20 — Dz)zC(tH — to)'l'}\.(l
OcTanock TOJIHKO BBIPA3UTh BEIUUUHY 0L

(1:0,5(1)20 - 1)2) - C(tn - to)}u
[Tpon3BeaEM BBIYUCIICHUS:

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

OtBer: 0,84.

3agaua 15

YciaoBue 3agaun:

XKenesuslil MeTeoput BieraeT B armocdepy 3emiu co ckopocTsio 1,5-10% m/c,
umes: temneparypy 300 °K. Ecin 80% KUHETHYECKOM SHEPrUU METEOPUTA IIPHU
JBIDKEHUU B aTMOC(epe MEepeXOoauT B €r0 BHYTPEHHIOK DHEPTHUIO, TO Kakas 4acTh
MacChl METEOPUTA PACTUIABUTCS.

Hano:

1v=1,5-103 m/c, T=300 °K, a=80%, p—?

Penienue 3agaumn:
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Ecmu 80% (o wacTh) KMHETHYECKOW PHEpruu Ex mereopura mpu IBUKCHUU B
atMocepe TMEepexoIuT B €ro BHYTPEHHIOI »JHEprui0 (B BUAE KOJIWYECTBA
Ter1oThl Q), TO BEpHO 3amucaTh:

Q=0Exk
Kunernueckyro sHepruto Ek jierko onpeaenuTs mo dhopmyie: Exk=mvy;
Torna:
Q=0mvy,(1)

C npyroii CTOPOHBI, KOJIMYECTBO TETUIOTHI Q MOXKHO BBIPA3HUTh TAK:
Q=cm(T, — T)+AAm(2)
3mech C — yhAelbHas TEIIOEMKOCTh xkenme3a, paBHas 460 Jx/(xr-K), T, —
TeMIlepaTypa IUIaBiIeHHUs >kene3a, paBHas 1673 °K (wm 1400 °C), A — ynenbHas
TEIUIOTA TJIaBJICHHUS JKene3a, paBHas 270 kJx/kr.
[TpupasusieM Boipaskenust (1) u (2):
amuz=cm(T, — T)+AAm
O0e yacTu paBEeHCTBA MOJEIUM Ha Maccy METEOpUTa M, Torjaa:
0,5av2=c(T,; — T)+AAmm
OtHomeHnre Am (Macchbl pacijlaBUBLICICS 4YacTH MeTeopuTa) U M (TOJTHON
Macchbl METEOpUTA) €CTh UCKOMasl BEJINYMHA [3, TOTOMY:
0,50v=c(T, — T)+AB
B urore nomyuum:
B=0,50v, — (T, — T)A
[ToncraBum Bce BenuuuHbI B (popmyiy (00 — B JOJISIX €IMHHULBI!) U MMOCUUTAEM
YUCJIEHHBIN OTBET 3a1a4H:
$=0,5-0,8:(1,5-103)2 — 460-(1673 — 300)270-103=0,994
[TosryueHHOE YMCIO OYEHb OJM3KO K €IMHUIE, 3HAUUT METEOPUT MPAKTUUYECKU
MOJIHOCTBIO PACIIaBUTCH.

OTtger: 0,994.

3agaya 16

YcaoBue 3a1a4u:

Cann maccel 300 Kr paBHOMEpPHO IBHXKYTCS IO TOPHU3OHTAIBHOW CHEKHOU
noBepxHoctu. Temneparypa cHera paBHa 0 °C, xk03(p(ULHEHT TpEeHUs MOJO3bEB
caneil o cHer paBeH 0,033. CkolbKO CHEra pacIUIaBUTCS MO IMOJIO3bSIMU CaHEW Ha
yTH B | KM, €ciii BCE KOTUYECTBO TEMJIOTHI OT TPEHUS UAET Ha IJIaBJICHUE CHEra?

Hano:

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

Penienue 3agaumn:
v=Canst

% W IV
M M
£ £
W M

x|
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KomunuectBo Temnotel Q, HeoOXoaumoe s TUIABJICHHUS CHEra HCKOMOI
Macchl M, paBHO MOJAYIIO PabOThI CHJIBI TPEHUS CKOJIBXKEHUS Aq,, ACHCTBYIONICH Ha
CaHu.

Q=I1AlI(1)

[ToHSATHO, YTO yKa3aHHOE KOJMWYECTBO TEIJIOTH Q MOXKHO ONPEAEIUTh T10
dbopmyre:

Q=Am(2)

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

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

|Ampl[=FTpS
Camy cwiy TpeHUs CKOJbXEHUA Haiaém craemyronmuMm obpazom (N=Mg no
nepBoMy 3akoHy HbI0TOHA B MpOeKIuu Ha OCh Y):
Frp=uN=puMg
Torna:
Al I=puMgS(3)

[ToacraBum Beipaxkenus (2) u (3) B paBenctBo (1): Am=pMgS

m=puMgSA

3aiava pelieHa B 001IeM BHUJIE, TENEPh NOCUUTAEM YUCICHHBIA OTBET:

m=0,033-300-10-103330-103=0,3kr

OTtBer: 0,3 kr.

3agaua 17

YciaoBue 3agaun:
il
2

V1=2 n, V=3 n, p1=400 kIla. Haiitm paboTy raza, CoBepIIeHHYIO B mpoiiecce 1-
2-3 (cxeMa K 3aja4de MpUBEcHA CIIPaBa).
Hano:
V1=2 1, V,=3 n, p1=400 kIla, p,=600 xIla, A—?
Pemienue 3agaun:
Yol

(.

4 Z
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Pabora raza A, coBepuieHHast B mpouecce 1-2-3, paBHa cymme paboT rasa B
nporieccax 1-2 u 2-3.

A=A; - 2+A; — 3(1)

[Tpomiecc 1-2 — wmzobapHBIi, O3TOMY paboTy raza A; — 2B 3TOM Mpoliecce
CIIEyeT UCKaTh MO Takow (opMylie (YUCIEHHO paboTa paBHA TUIOIMIAIU (DUTYPHI TIO
rpaduKoM TIporiecca, Ha CXeMe K PEIICHUI0 — 3allITPUXOBAHO):

Al — 2=p1(V2 — V1)

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

Az —-3=0
B utore ¢popmyna (1) npumer Takoi BUI:
A=pi(V2—~V))

IlepeBeném oowemsl raza Vi u V; B cucremy CH: 21=2-10 — 3m°

31=3-10 — 3m3

[TocunTaem OTBET:

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

OtBet: 400 T:x.

3agaua 18
YcaoBue 3a1aun:
2l

2 L 7
v A
V1=1,5 1, V,=3,5 i1, p1=4-105 IIa, p,=5-105 [Ta. Haiitn paboTy raza B mporecce
1-2-3 (cxema, mpuBeAEHHAS K YCIOBUIO 3a]]a4H, IPUBEJICHA CITPaBa).
Hano:
V1=1,5 1, V,=3,5 1, p1=4-105 I1a, p,=5-105 ITa, A—?
Pemenue 3agaumn:

Pabora raza A B nporecce 1-2-3 paBHa cymme pabot rasza B mpoiieccax 1-2 u 2-

3, IO3TOMY BEPHO 3alKCaTh:
A=A; —2+A; -3
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[Ipouiecc 1-2 sBasieTcss n300apHBIM, TO €CTh MPOUCXOASIIUM IO/ TOCTOSHHBIM
naBineHueM. M3BecTHo, yTo pabotry razaA; — 2B TakoM IIPOILIECCE MOXKHO
OTIPEJIEIIUTh TaK:

Al — 2=p2(V2 — V1)

KcraTtu, padora raza A; — 2 4iCIIEHHO paBHA ILIOMAAN (GUTYpHI M0 TpaduKOM
mpoliecca, Ha CXeMe K PeIlIeHUIO OHa MTOKa3aHa 3allTPUXOBAaHHOM.

[Ipouiecc 2-3 mOpoXOauT MpU HEU3MEHHOM OO0BEME, TO €CThb OH SIBIISAETCS
n30xopHbIM. Paborta raza A; — 3 paBHa HyIIO, MOCKOJBKY ra3 HE MEHSET CBOETO
oOweMa. Takxke Ha cXxeMme BHJHO, UYTO W IUIONIAab (purypsl o rpadukom mporecca
2-3 TaKk)Ke paBHA HYIIIO.

Az —-3=0
C y4€TOM BBIIIIECKA3aHHOTO UMEEM:
A=py(V2 — V1)

Ilepeseném oowemsl Vi u V; B cuctemy CH: 1,51=1,5-10 — 3m®

3,51=3,5-10 — 3m3

[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:
ol

p /
P — 3
g V VIR
V1=1 n, V=2 n, p1=0,6-105 Ila, p,=105 I1a. Haiitu paboty rasza B mpomecce 1-2
(cxema, mpuBeACHHAS K YCIIOBHIO 3aJ]a4M, ITOKa3aHa CIIpaBa).
Hano:

Vi=1 1, V=2 7, p1=0,6105 I1a, p2=105 ITa, A—?
Pemenue 3agaum:

0

YroOsl HaiiTH paboTy raza A B npouecce 1-2, He00X0AuMO 3HaTh TOT (AKT, 4TO
paboTa raza paBHa 4YHCICHHO Iulomaad ¢Gurypsl moa TpaduKoM Mpolecca,
U300paXeHHOTO B KoopauHaTax p-V (Ha cXeMe K pelleHHIo 3ajaud —
3aIITPUXOBAHA).
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[Tpuuém ecnu ra3 pacmupsercs, To paboTa UMEET MOJIOKUTEIbHOE 3HAYCHHE
(Kak B HaIIEM ciIydae), THauY€ — OTPULATENILHOE.

Qdurypa mnox rpauKoM YKa3aHHOIO IIpoliecca SIBISETCS Tpaneuuen, eé
IUIONIA/(b HY’KHO HAaXOJUTh KaK MPOU3BEACHUE MOITYCyMMbl OCHOBaHHMM Ha BBICOTY,
HO3TOMY:

A=(p1+p2)2-(V2 — V1)
[lepeBeném oObeMsl raza Vi u Vo, npuBe€HHBIE 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 ClIy4aeB pabOTy BHEUTHUX CHJI TIO U3MEHEHUIO COCTOSIHUS
ujeaNbHOro raza (M3 cocTtossHuss | B cOCTOSHME 2) MOXHO BBIYUCIATH TIO
dopmyne A= — p(V2 — V1), roe p — aaBienue, V — o0beM rasa.

Pemienue 3agaumn:

Bo BpeMs uTeHus yclioBUs 3aa9d HY>KHO 00paTUTh BHUMAaHHUE Ha TOT (DaKT, 94TO
UAET pedb 0 paboTe BHEIIHMX CWJI, a HE 0 pabote raza! Kak u3BecTHO, padora
raza Ar u pabota BHEIIHUX CHJI A CBsI3aHbI COOTHOIIEHUEM: A= —A

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

A=p(V2— V)

[Tonyuennas gopmyrna copnagaeT ¢ GOpMyJIOH HAXOXJICHHS pabOThI Ta3a MpH
n300apHOM paciupenuu (ecimu Vo>Vi).

OTBer: H300apHOEe pacuIUpeHue ras3a.

Camocmosamenvuas paboma no meme
«Buympennuss snepeust uoeanvnozo 2aza. Paboma eaza npu usmenenuu oovema

3agaua 1

YciaoBue 3agaun:

KakoBa Temmeparypa OJHOAQTOMHOTO HJACAJIILHOTO Ta3a, €CIIM HW3BECTHO, UYTO
BHYTPEHHSIS DHEPTHS 2 MOJIb cocTaBisieT 54,2 k/[x.

Hano:

v=2 moxb, U=54,2 xJIx, T—?

Pemienne 3agaum:

BHyTpeHHIOI0 SHEPTHI0 OJTHOATOMHOTO HIealbHOTO Ta3a U MOXKHO ompenenuTh
o popMmyiie:

U=32vRT(1)

VY dacTumpl OJTHOATOMHOTO Ta3a WUMEETCS 3 CTENMeHH 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 tremmeparypy 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 0OJHOATOMHOIO Ta3a MPU YBEIMYEHUU TEMIIEPATYPHI MOKHO
OTIPEICNUTH 110 (hopMyJIe:

AU=32vRAT

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

Kak BuaHO, mpuBeAeHHOW (POPMYJIBI HOCTATOYHO, YTOOBI MOJYYHUTh OTBET K
BOIIPOCY 3aJaUHU.

[TocunTaem OTBET:

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

3amaya 3

YcaoBue 3a1a4u:

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

ano:

V1=6,6 n, p=515 «Ila, V,=33 1, A—?

Pemienue 3agaun:

CorynacHO YCIOBHIO, Ta3 pACIIUPSAETCS TPH TOCTOSHHOM JIaBJICHUH P OT
ooveMa Vi 10 oO0bema Vy, TO €CTh HMMEET MECTO H300apHOE€ pacIHIMpEeHHUE Trasa.
PaGoty raza A B TakoM ciiydae MOKHO OTPEICTUTh TaK:

A=p(V2—Vy)

[TepeBeném obbembl raza Viu Vy B cuctemy CU (U3 nuTpoB B KyOuueckue

METPBHI):
6,61=6,6-10 — 3m°
331=33:10 — 3m°

[IponsBenémM pacu€r YUCIEHHOTO OTBETA:

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

OtBet: 13596 [Ix.

3agaua 4
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YcaoBue 3agaun:

[Ipu cxxatuu raza BHEIIHUMU CUJIaMH Obli1a coBepineHa padora 12 x/[x. Kakyro
paboTy Mpu 3TOM COBEPIIUT Ta3?

lano:

A=12 xJIx, A—?

Penienue 3agaumn:

Pabora raza Au pabora BHEMHUX CHJI Ay, CBSI3aHBI OYEHb  IIPOCTHIM
COOTHOIIIEHHUEM:

A= _ABH

To ectp paborta raza A m paboTra BHEIIHMX CHJ ABH paBHBI 10 BEJIMYWHE, HO

MIPOTHUBOIIOJIOKHEI 1O 3HAKY. [loaTOMY:
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 JIaBJICHUE HE MEHSUIOCh U OBLJIO PAaBHO
999 «lla.

Hano:

V1=460 1, T;=280 K, T»,=295 °K, p=999 lla, A—?

Pemienue 3agaumn:

JlaBlieHue ra3a He MEHSUIOCh, 3HAYUT ObLT COBEPIIIEH N300apHbIN MPOIIECC
(p=const). ITpruém U3 yca0BHsI MOHATHO, YTO T'a3 HAIPEBAIOT, 3HAYUT €r0 00bEM
YBEIIUYUTCSI, TIOITOMY, €CJIM ObITh TOUHEE, TPOUCXOIUIIO H300apHOE paCIIMpPEHUE.
Paboty raza A B TakoM cilyyae MOXKHO HalTu 1o Gopmyiie:

A=p(V2 — V1)(1)

Koneunsriit 00bem raza V, Hen3BeCTEH, HO €ro MOXKHO BBIpa3uTh U3 3aKkoHa [ eii-

JIroccaka:
ViT1=V, T,
V2:V1T2T1(2)

[ToacraBum Beipaxkenue (2) B popmyiny (1):

A=p(ViT,T1— V1)
A=pV1(T2T1 — 1)

3agayva pelieHa B oOIIEeM BHUJIE.

Teneps nepeBeném HauaabHbIN 00beM raza Vi B cucremy CU:

4601=0,46Mm°

[TocunuTaem oTBeT:

A=999-103-0,46-(295280 — 1)=24618,21:)x~24,6x ] x

OtBeT: 24,6 k/I:k.

3amaua 6

YciaoBue 3ajaum:

Vraekucneii ra3 maccod 220 r mmeer temmnepatypy 290 °K. Onpenenuthb
paboTy ra3a pu n306apHOM PACIIMPEHUH OT obbeMa 2,4 1o 7,2 am3,
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Hano:

m=220 r, T=290 °K, V1=2,4 am3, V,=7,2 nm3, A—?

Penienue 3agaumn:

Paboty raza A mipu n300apHOM pacHIUpPEHUHN ONPEACIISIOT 10 hopMyJie:

A=p(V2 — V1)(1)

Mpbl He 3HaeM JaBJieHHE razap, HO €ro MOXHO BbIPa3UTb, €CIH 3aMKUCATh
ypaBHEHUE Knanelipona-Menieneena LTSI HAYaJIbHOTO COCTOSIHUS
(temneparypa T yka3zaHa MMEHHO /IS 3TOrO COCTOSIHHS, XOTS 3TO M HE COBCEM
MOHSTHO U3 YCJIOBUSA):

pVi=mMRT

3nece M — momnsapHas Macca yrJIeKUCIoro rasza, paBHas 44 r/monp wm 0,044
Kr/Moib, R — yHHUBepcanbHast ra3oBasi moctosiHHasi, paBHas 8,31 JIxx/(moinb-K).

W3 ypaBHEHUS BBIpa3UM HEU3BECTHOE JaBIICHUE P U TIOJCTaBUM B popmyiy (1):

p=mRTMV;
A:mRTle(Vz - V1)
3anava pemieHa. [lepeBeném 3HaueHHs] Macchl Ta3a U €ro 0OBEMOB B CHCTEMY
CH:
220r=0,22xr
2,41m3=2,4-10—3m°
7,2mm3=7,2-10-3m°

[TpousBeném pacuet oTBeTa:

A=0,22-8,31-2900,044-2,4-10 — 3(7,2-:10 — 3 — 2,4-10 — 3)=24099 /1

OTtBer: 24099 [I:x.

3anaua 7
YcaoBue 3agaumn:
Onpenenuts padoTy, KOTOPYIO COBEpIIIAET a3 Mpu W300apHOM HArpeBaHUU Ha
50 °C, eciu on 3aauman 1pu 17 °C u gasnenun 10° ITa 066em 0,75 M3,
Hano:
At=50 oC, t;=17 oC, p=105 Ila, V,=0,75 m3, A—?
Pemenue 3agaun:
PabGoty raza A mpu u300apHOM HarpeBaHuU (pPacUIMPEHUHU) OMPEIEISIOT IO
bopmyie:
A:p(V2 — V1)
Packpoem ckoOkwu, Toraa:
A=pV: - pVi(1)
Teneppr 3anmmem JaBaxapl ypaBHeHue Kiranenpona-MenneneeBa s
HAYaJIbHOT'O M KOHEYHOI'0 COCTOSIHUS ra3a:
{lezvRTl(Z)pVFvRTg
YuuThiBas 3TH JIBa ypaBHEHUs cCUCTEMBI, popmyina (1) mpumer BUI:
A=vRT, - VvRT;
A=vR(T,—T))
Pa3Hocth  koHeuHO# To M HavanbHOM [ TeMmmepaTyp €CTb  U3MEHEHHE
temnepatypsl AT, moaTomy:
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 pemmim 3a1a4gy B oomeM Buze. [lepen pacuéTom oTBeTa HY)KHO HA9alIbHYIO
TeMIiepaTypy rasat; mepeBectu B KenbBHHBI, TO €cTh B eauHUIBI cuctembl CU.
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

YciaoBue 3a1aun:

["a3 Obu1 Harper uzobapHo ot 285 mo 360 °K. Kakyro pabory coBepuiwi mpu
3TOM Ta3, eciiu ero HauanbHoe fasienue 0,19 MIla, a HayanbHBIIH 00BEM 6 M>?

lano:

T1=285 °K, T,=360 °K, p=0,19 MIla, V;=6 m*, A—?

Pemenue 3agaun:

['a3 wmarpeBasics n300apHO (P=const), a 3HAYUT €ro 0ObEM YBEIUUUBAJICS.
[ToaToMy, eciu OBITH TOYHEE, MPOUCXOAMIIO M300apHOE pacuiupeHue raza. Padoty
raza A B TaKOM clIydac MOKHO HalTH 110 GpopmyJie:

A=p(V2-V1)

PackpoeMm ckoOku B 3T0# hopmyie:

A=pV1—pV2(1)
3anuiiemM ypaBHenue Knaneitpona-MenpaeneeBa s Ha4albHOTO M KOHEYHOTO
COCTOSIHUSI Ta3a:
{pV1=VRT1(2)pV2=VRT2
C yuéroM »TuX IBYX ypaBHeHuUM, popmyna (1) npeobpasyercs B Takoil BUA:
A=vRT; — VRT1=VR(T2 - T1)(3)
KomnuecTBo BemiecTBa v BeIpa3uM U3 ypaBHeHUS (2):
VzpleTl

[TomyyenHoe BbIpakeHHE mMoACTaBUM B ¢opmyny (3), Tak MbI TOJY4YUM

OKOHYATETHLHOE PEIICHUE 3a7]a4u B OOITIEM BUJIE:
A=pVRT;R(T>—T))
A:pV1(T2T1—1)
Uucnennoe 3HaueHne paboTel raza A paBHO:
A=0,19-106-6-(360285—1)=300000/1x=0,3M JI>x
OtBet: 0,3 M k.

3amaua 9

YciaoBue 3a1aun:

Ha ckonpko W3MEHWUTCS BHYTPEHHSISI JHEPrUsi BOCBMH MOJICH UICAIBHOTO
OJTHOATOMHOTO Ta3a Mmpu u3o0apHoM HarpeBaHuu ot 350 g0 380 °K?
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Hano:

v=8 moub, T1=350 °K, T,=380 °K, p=const, AU—?

Penienue 3agaumn:

BHyTpeHHSs 3HEprus MICAIBHOTO ra3a 3aBUCUT TOJIBKO OT TEMIIEpaTypBl.
ITomywaercs, ecnmu Bbl 3HaeTe Kak MEHSETCS TeMmIileparypa, To Bam coBeplieHHO
HEBAKHO, KaKOM mpom3BOAMICSA Ipouecc. M3meHeHue BHyTpeHHel 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 BbluMcieHus (YHHBEpcalibHas rasopas noctosHHas R paBna 8,31
JIx/(momb-°K)):

AU=32-8-8,31-:(380—350)=2991,6 /1

OtBeT: 2991,6 /I:x.

3anaua 10

YcaoBue 3a1a4u:

Boruncnuts paboTy, KOTOPYIO COBEpIIAIOT 2 MOJIS HICAIbHOIO rasza IpH
n300apHOM HarpeBaHuu Ha 1 °K.

lano:

v=2 monb, AT=1 °K, p=const, A—?

Pemenne 3agaum:

[Tpu nzobapHom HarpeBanuu (P=CONSt) raza ero o0beM yBenuuuBaercsa. Pabory
raza nmpu n300apHOM paCIIMPEHUH ONPEACIISIOT M0 Takoi (popmyie:

A=p(V2—V1)=pV—pV(1)

3anumeM ypaBHeHue Knaneiipona-MeHpeneeBa il HAYaJIbHOTO M KOHEYHOTO

COCTOSIHUS Ta3a:
{lezvRTlpVZZVRTg
YHuBepcanpHas razoBas rnoctostuias R pasna 8,31 Jx/(mounb-K).
Torna popmyny (1) MokHO epenucaTh B CIEAYIOIEM BUJIE:
A=VRT2—VRT1=VR(T2—T1)
Wnu, uto TO K€ camoe:
A=vRAT
IIponsBenémM pacu€r YUCIEHHOTO OTBETA:
A=2-8,31-1=16,62Tx
OtBeT: 16,62 JIx.

3agaua 11

YciaoBue 3agaun:

Ha ckoJIbKO W3MEHUTCS AABICHUE HUIICAUIHBHOTO OJHOATOMHOIO Ta3a, €CJU €ro
BHYTPEHHIOIO dHEPruio yBenuuuTh Ha 78 JIk? ['a3 HaxoauTcs B OajsioHE €MKOCTBIO
4,3 n.

lano:

AU=78 JIx, V=4,3 1, Ap—?

Pemienue 3agaumn:
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N3menenue BHyTpeHHeH sHeprun raza AU omnpeaensercs mo Gopmyre:
AU=32vRAT(1)
3anumem ypaBHenue Kiamnelipona-MenpaeneeBa aJjis HA4aJIbHOIO M KOHEYHOTO
COCTOSIHUA ra3a, IPUHUMAas BO BHUMaHUE TOT (DAKT, 4TO OBLI MPOU3BEAEH U30XOPHBIN
nporiecc (V=const):
{p1V:VRT1p2V:VRT2
OT HIXKHETO YpaBHEHMsI OTHUMEM BEepXHeEe, TOT/Ia:
(P2—P1)V=VR(T2 — T1)
ApV=vRAT
Torma popmymna (1) mpumer Takoil BUA:
AU=32ApV
OcTanoch TOJBKO BBIPA3UTh HCKOMOE U3MEHEHUE TaBICHUS Ap:
Ap=2AU3V
3anaua pemiena B oomem Buje. [lepeeném oobem 6amiona B cuctemy CHU:
4,31=0,0043m3
[TocunTaeM YKCIIEHHBIN OTBET:
Ap=2-783-0,0043=12093I1a
Otset: 12093 Ila.

3agava 11

YcaoBue 3a1a4u:

Bo cKoJbKO pa3 M3MEHHUTCS BHYTPEHHSS SHEPIHsl MIICaJbHOTO Ta3a, €Cld €ro
JaBJieHUE U abCOIOTHAS TeMIlepaTypa yBeaudarcs B 2 pasza?

Hano:

p2:2p1, T2:2T1, U,U,—?

Pemienue 3agaumn:

BHyTpeHHsisl 5HEprusi WACAJIbHOTO ra3a 3aBUCUT TOJBKO OT TEMIIEpaTypbl H
OTIpEJIEIISIET 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 otHowmenue U,U; paBHo:

U2U1=i2VRT2i2VRT1=T2T1

[To ycnoBuro abcoirOTHas Temreparypa yBenuuutcss B 2 pasza (T2=2T,),
MO3TOMY:

U2U1=2T1T1=2

OtBeT: yBeJMUMTCS B 2 pasa.

3anaua 12

YcaoBue 3a1aumn:

BruyTpeHnHnss DHEPTUA OJHOATOMHOT'O rasa Maccou M npu
temneparype T paBHa U. CKOJIBKO MOJIEKYJI COAEPKUT 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 OMPEIETUTh KaK OTHOIICHHE
obmero uncia mojiekys N k urcity Aporajpo NA:
v=NNA
Tornma popmyia (1) craHeT Takoi:
U=3N2NART
Bripazum nckomoe uncio mosekyn N:
N=2UNA;3RT
W3BecTHO, 4TO mpoW3BeneHHE TMOCTOSHHOW  bombiivana K Ha  gmcio
ABorazpo NA paBHO yHUBEpCaJIbHOU ra30Boi MOCTOSIHHON R, mosTtomy:
R=KNA=NAR=1k
B KOHIIE€ KOHIIOB UMEEM:
N=2U3KT
OtBer: N=2U3KT.

3agaya 13

YcaoBue 3a1a4u:

Ha ckonpko rpaaycoB HaJ0 HarpeTh ras, 4ToObl €ro 00bEM YBEIUYMWIICS BIBOE
1o cpaBHeHUIO ¢ 00bemom mpu 0 °C?

lano:

t1:O OC, V2:2V1, AT-?

Pemienue 3agaun:

ABTOp 3a/1auu MOAPa3yMEBAET, UTO HAJ[ Fa30M MPOU3BOIAT N300apHBIN MPOIIECC
(p=const). DTo nmajgeko HE OYEBHJIHO, HO HE 3Has JTOrO, PEIIUTh 3a7ady He
MoJay4uTcd. 3anuiieM 3akoH [ 'eit-JIroccaka:

V1T1=V2T2
Torna koHeYHAs Temreparypa raza T2 paBHa:
T2=T1V2V1
[To ycnoButo 06beM raza yenuunBaetcs Basoe (Vo=2V1), mosromy:
To=T1V1Vi=2T,

N3menenue temmepatypsl raza AT paBHO:

AT=T,—T;
AT=T,—T1=2T,—T:=T;

[Tonyuyaercsi, 4To HCKOMOE U3MEHeHue Ttemiepatypbl AT paBHO HavyanbHOI
TeMmrepaTrype rasza, BblpakeHHON B KenbBHHaxX (M TOJIBKO B HHX, MOCKOJIBKY
pesynbrar ObUT TONy4eH w3 3akoHa ['eit-Jlroccaka, B KOTOpOM TeMmIiepaTypa
burypupyer B aOCOIIOTHOM LIKAJIE).

[lepeBeném Temriepatypy T1 B aOCONIOTHYIO MIKATy TeMIEpaTyp:

0 oC=273 °K
AT=273 °’K=273 oC

N3meHeHne TemiiepaTypbl OJMHAKOBO, UTO BhIpakeHHasi B KenbBuHaAx, 4TO U B
rpaaycax Llenbcus.

Otser: 273 °C.
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3anaua 14

YcioBue 3aga4n:

OauH MoJib raza, UMeEBIIMKA HavalbHylo Temiepatypy 300 °K, uzobapho
pacummpuiics, copepmiuB padoty 1250 Ix. Bo ckonbko pa3 mpu 3TOM YBEIUUYUIICS
o0bem raza?

lano:

v=1 momns, T1=300 °K, p=const, A=1250 [, V,V1—?

Pemienue 3agaum:

Paboty raza A mpu n306apHOM pacIIMPEHUN MOKHO OTIPEICIUTH 10 (OpMyJIe:

A=p(V2-V1)=pVo—pVi(1)

3anuiem ypaBHeHue Knaneilpona-MeHnzeneeBa sl IBYX COCTOSSHUM rasa —
Ha4yaJbHOTO U KOHEYHOTO:

{pV1:VRT1pV2:VRT2

Torna dopmyiy (1) MoxkHO mepenucath B BUJIE:

A:VRTZ - VRT1:VR(T2—T1)

[Ipn wu300apHOM pacHIUpeHUH Ta3a €ero TeMmIeparypa yBEIUYHMBACTCS, TO
ectb 12>T1. Ilycte AT — 9T0 BenuunHa U3MEHEHUs a0COIIOTHON TeMIIepaTyphl rasa,
TOT/1a:

A=vRAT
BoIpa3zum 310 n3MeHnenue temiepaTtypbl AT, oHO HaM OHAagOOUTCS ajee:
AT=AVR(2)
3anumeM 3akoH ['eil-Jlroccaka, MOCKOJBKY B 3a7adye UAET peub 00 n300apHOM
nporiecce (p=const):
V1T1=V2T2
Torna uckomoe oTHoleHue 00beMoB V,V1 paBHO:
V2V1:T2T1

OueBunHo, uTo T2=T1+AT, mosToMmy:

VoV i=T1+ATT=1+ATT,

[ToacraBum B mociieHO0 GOpMyITy paHee MOJydeHHOE BhIpakeHue (2):

V,V1=1+AvRT,

Cuurtaem OTBET:

V,7V1=1+12501-8,31-300=1,5

OtBer: 1,5.

3agaua 15

YcaoBue 3axa4u:

19 M3 Bozmyxa umeror Temneparypy 50 °C. Kakyro paGoTy COBEPIIUT BO3ILYX,
pacmmpsisich n306apuo npu gasiaenuu 200 klla, ecnu ero narpets Ha 17 °C?

Hano:

V=19 m3, ;=50 oC, p=const, p=200 kIla, At=17 °C, A—?

Penienue 3agaumn:

Paboty raza A npu n300apHOM pacIIMPEHUN MOKHO ONPEAEIUTD 10 (HopMyJIe:
A=p(V-V1)(1)
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3anumeM nBa paza ypaBHeHue Knamneiipona-MenpeneeBa — JUisi Ha4albHOTO U
KOHEYHOT'O0 COCTOSIHUS Ta3a:
{pV1=vRT1pV=vR(T1+AT)
[Togennm HUKHEE YPAaBHEHUE CUCTEMBI Ha BEPXHEE:
VoV i=T1+ATT,
V,V1=1+ATT,
OTtkyzaa BeIpa3uM KOHEUHbIH 00beM raza V!
V2:V1(1+ATT1)
[ToxcraBum nosydeHHOE BhIpakeHue B popmyiy (1), Torma:
A:p(Vl(l"'ATTl) — Vl):p(V1+V1ATT1 — V1)
B wutore nony4nm Takoe pelieHue 3a1a9u:
A:pleTTl
[lepeBeném HavanbHy10 Temneparypy t1 u3 rpangycos Llenscus B KenbBuHbI:
50 °C=323 °K
M3MeHeHne TeMIeparypsl B pa3HbIX IIKajJaX PaBHO OAHOUN M TOM K€ YHCICHHOU
BEJIMYMHE, II09TOMY €€ IEPEBOJUTH HE HYXKHO.
ITocunTaeM OTBET K 3aJaue:
A=200-103-19-17323=2000001x=0,2M J1>x
Oteer: 0,2 M/Ix.

3agaya 16
YcaoBue 3a1a4u:
O6bem 120 r xucmopoaa mpu W300apHOM HArpeBaHWU YBEJIMYUIICSA B JIBA pasa.
Omnpenenute padoTy npu pacmupenuu. HauaneHas temnepatypa 292 °K.
Hano:
m=120 r, p=const, V=2V, T1=292 °K, A-?
Pemienue 3agaun:
PaGoTty mpu n306apHOM pacimvpeHuu raza A onpeaensior o Ggopmyiie:
A=p(V2 — V1)
[lo ycnoBuio 3amauyu 00BEM KHCJIOPOJA YBEJIMYMIICS B JBa pasza, ToO
ecTb V,=2V1, mo3TOMYy:
A=p(2V1 - V1)=pVi(1)
3anumeM ypaBHenue Kranelipona-MeHaeneeBa i HayajdbHOTO COCTOSHUS
rasa:
pV1=mMRT1
Monspuas wmacca xucinopoaa M (xumudeckas ¢opmymna O,) paBaa 0,032
Kr/MOb (32 1/MOJIB).
C yderom storo ypaBHenus popmyna (1) mpumeT Bu:
A=mMRT;
Mpu1 pemmnu 3amgady B oOmiem Buze. [lepeBeném maccy KHUCIOpoja B CUCTEMY
CH 1 nocunTaem YUCICHHBIN OTBET:
120r=0,12kr
A=0,120,032-8,31-292=9099,45 1«
OTtBer: 909945 JIx.
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3amaua 17

YciaoBue 3agaun:

Ha nuarpamme T (Temmneparypa) — V (00bem) rpaduk mnpoiiecca mpeacTaBiseT
co0oit psimyto, coeaunstonyto Touku (300 °K; 0,1 1), (600 °K; 0,2 1). Onpenenutsb
paboTy 0JIHOTO MOJISI MeadbHOro ra3a npu pacmmpenuu ot 0,1 mo 0,2 7.

lano:

T,=300 °K, V1=0,1 n, T,=600 °K, V,=0,2 1, v=1 monn, A—?

Pemienue 3agaum:

4
| 5
!
/
300 A |
0 \
/7 ‘
/ | ‘
| |
o ar_az "

Jlerko 3aMeTHTh, YTO OTHOIIIEHUE 00BEMA ra3a K TeMIlepaType BCeraa ocTaércs

MOCTOSTHHBIM:
ViT1=V,T;
[lepeBeném oObeMmsl raza B cuctemy CU:
1.0,1n=0,1-10—-3m3
0,21=0,2:10-3m°
Torpa:
0,1-10—3300=0,2-10—3600=3,33-10—7

VYka3aHHOEe paBEHCTBO siBisieTcs 3akoHoM I eif-Jlroccaka, 3HauuT mpomecc 1-2
aBisieTcs u3o0apHbIM (p=const). Kcrtatu, 3T0 Takke 03Ha4aeT, YTO MPOJOJIKEHUE
rpaduka npoiecca 1-2 monaJeT B HaUaI0 KOOPAUHAT (CMOTPUTE CXEMY K PEILICHHUIO).

PaboTy wupeanmpbHOro raza mnpu HW300apHOM pacIMPEHUH A HaAXOIAT TaKUM
obOpazom:

A=p(V2 — V1)=pV2 — pV(1)

3anumeM ypaBHeHue Knanelipona-MeHeneeBa sl COCTOSIHUSA ra3a B TOukax |

u2:
{lezvRTlpVZZVRTg
Torna dopmymna (1) craner Takoii:
A=vRT, — vRT;=vR(T, — Ty)
3agaua peieHa B oOmieM Buje. [IpousBeném pacuét yuCIeHHOTO OTBETA!
A=1-8,31-(600 — 300)=2493 1x=2,49x /] x
OtBet: 2,49 x/Ix.

3anaua 18
YcaoBue 3agaun:
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Han wpeansHbIM Ta3oM MOPOBOAST JBa 3aMKHYThIX mporecca. Kakoe
COOTHOIIIGHHE MeXAy paboTamMu raza B OJTuUX Iporeccax BepHoe? (Cxema,
NpuBEIEHHAS K YCIOBHIO 3aJ]a4uH, TTI0OKa3aHa CIIpaBa).

Penienue 3agaumn:

/]

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 ITH LHKJIBI B KoopauHatax p-V. s 3Toro Hy>XHO pa3zo0partbes ¢
KQK]IBIM MPOIECCOM.

[Tpouiecc 1-2 — wmzoxopubiii (V=CONSt), MOCKOJIBKY B KoopauHatax p-T oH
MPEACTABIIET COOOW MPSAMYIO, MPOJOKEHHE KOTOPOM MPOXOAUT 4epe3 Hayajo
koopauHar. Ilostomy V1=V,. Ha rpaduke BuaHO, 4yTO P2>P1. AHAJIOTMYHO MPOILIECC
4-3 sBnsieTCA U30XOPHBIM, MPU 3TOM Ps>P3 U V4=Vs.

[Tpornecc 3-1 — uzo0apHkbIit (p=const), Tak ke Kak u nporecc 2-4 (a 3TO 3HAYUT,
4yTO P1=P3 U P2=pP4).Tak Kak T3>Tim T4>T)y, TO 10 3aKOHY I'ent-
JIroccakaVs>Vi u Vi>Vo.

W, makoner, mporecc 2-3 — uzorepmudeckuii (T=const), mostomy T,=Ts, TO
ecTh ToukH 2 U 3 Ha rpaduke p-V OyayT JiexkaTb Ha u3oTepme (rurepoore).

PaboTa nukia paBHa YMCJIEHHO TUIOMIAAM TOTO ITUKJIA B KoopAauHaTax p-V (Ha
CXEME K PEIICHUIO 3allITPUXOBAaHbI — Yy KaXKJOro IMKJIa B pa3Hyl0 CTOpoHY). Ecnu
IIUKJI OOXOMUTCSA TIO YacOBOM CTpenke (a y HamuX JABYX ITUKIOB 3TO TaK U
MIPOUCXOJINT), TO paboTa ra3a MoJIOKHUTENIbHA, B IPOTUBHOM CIIy4ae — OTpHUIlATeIbHA.

[To momydyenHoMy rpaduxy p-V BUAHO, 4TO padoTa 1ukiIa Ajzz MEHbIE, YEM
paboTta nukia Az, TaK Kak IUIOIIA b, OTPAHUYCHHAS MOCAEIHUM IUKIIOM, OOJIbIIIE.
[ToaTomy:

Aos3>An23

OTtBet: Axz>Al0s.

3agaua 19
YcaoBue 3agaun:
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Hekoropoe konmmyecTBo raza HarpeBaetcs oT remneparypsl 300 1o 400 °K. [Ipu
TOM 00bEM Ta3a U3MEHSETCA MPOIMOPIMOHATILHO TeMIiiepaType. HauanbHbiil 00beM
rasa 3 .

lano:

T:=300 °K, T,=400 °K, VT=const, V1=3 n, p,=100 kIla, A—?

Penienue 3agaumn:

Ecnu 06bem raza MeHsieTcst mponopiHoHabHO TeMIIepaType, To ecTh V T=Const,
3HAYUT HaJ Ta30M MPOU3BOAAT M300apHbIM mporecc. [Ipu 3ToM nerko mpuiitu K
BBIBOJY, 4YTO JaBJEHUE Ta3a B IIPOLIECCE PABHO HU3BECTHOMY KOHEYHOMY
JABIICHUIO P2.

Ecniu B wu300apHOM mpouecce ra3 HarpeBaercs, 3HA4uT €ro o0beM
yBenuuuBaercs. Pabotry raza Ampu u300apHOM paCIIMPEHUH OMPEACISAIOT II0
dbopmyie:

A=pa(V2-V1)=p2Vo—p2Vi(1)
3anuiiem ypaBHeHue Kilanelipona-Menpaeneesa Al HAYAJIBHOIO U KOHEYHOTO
COCTOSIHHS ra3a:
{p2V1:VRT1(2)p2V2:VRT2
[TpuHMMas BO BHUMaHUE 3TH JiBa ypaBHeHUsI, popmyna (1) mpumer Bun:
A:VRTZ—VRle\/R(Tz—Tl)
HeunsBecTHOE KOJMYECTBO BEIIECTBA V BBIPAa3UM U3 ypaBHEHHUS (2):
V:pzleTl
B KOHIIE KOHIIOB MTOTYYHM:
A:pzleTlR(Tz — T1)=p2V1T1(T2 — Tl)
A=p2V1(T2T1 — 1)
[lepeBeném HauanbHbIH 066eM raza V! B cuctemy CU:
3n1=3-10 — 3m®

ITocunraem OTBET:

A=100-103-3-10 — 3:(400300 — 1)=100/]x=0,1x/]x

OtBet: 0,1 k/{x.

3agaya 20

YciaoBue 3agaum:

['a3 u300apHO yBenmuuwics B oobeme B Tpu pasza mpu nasienun 3000 xlla.
OnpenenuTh TMEpBOHAYAIBHBIA 00BEM Trasza, €Cld JJIs YBEJIMYCHUS ero oObeMa
noTpe0oBaIOCh COBEPIIUTH padoty 12,6 kJIx?

JHano:

p=const, V,=3Vi, p=3000 xIla, A=12,6 x]Ix, V1—?

Pemienue 3agaumn:

Paboty raza npu uzo6apHom yBeinyeHun o0beMa A onpenesnstor no Gopmyse:

A:p(V2 - V1)

B ycnoBum 3amaum ckazaHo, 4TO O0BEM Ta3a yBeNMWYWICS B 3 pasa, TO
ectb V,=3V1, TOorna:

A:p(3V1 - Vl):2pV1

OTKyna MCKOMBIN Ha4aIbHBIN 00BbeM raza V1 paseH:

V1=A2p
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3amaua pemieHa B o0mem Buje. [locuntaemM YuCIEHHBIN OTBET:
V,;=12,6-1032-3000-103=0,0021m3=2100cm>
Otger: 2100 cm3.

3anaua 21

YcaoBue 3axa4u:

B mwimMHApE HaXOMWTCS a3, yAEpKHUBAeMblil B o0beMe | M3 CHJIOH TsKeCTH
HOPIIHS ¥ cUIIoi atMocepHoro nasnenus. [Ipu HarpeBanuu o0beM ra3a Bo3pacTaer
B 2 pa3a, u ra3 cosepmiaer padory 110 k/[x. Halitu maccy mopiiHs, eciu ero
momazns 0,005 M2, Parn=100 kI1a.

lano:

V=1 M3, V,=2V;, A=110 kI, S=0,005 m?, parm=100 xI1a, m—?

Pemienne 3agaum:

V4|

Ha mnopmens JeHCTBYIOT TpW CHIIBL: CUJla JIaBlieHHWA Taza pPS, cuna
aTMOC(EPHOTO JABIEHUS PuryS U CHIIA TsDKECTH MQ (cMoTpute cxemy). Eciu ras
HArpeBaroT MEJJICHHO, TO MOPIIEHb B KaXIbIi MOMEHT BpEMEHU OyAeT HaXOAUTHCS B
pPaBHOBECHUU. 3anuIIeM epBbli 3ak0H Hbl0TOHA B MPOEKIMYU Ha OCh Y:

ParnS+MY=PS

OTkyzAa BeIpa3uM JaBJICHHE ra3a B LHJIMHIPE P:

P=ParvtmgS(1)

BunHo, yTo AaBieHHe ra3a MEHSAThCA B TEUEHUE MPOLECCa HArpeBaHUs He
Oyner, 3HAUUT Mbl UMEEM JIeJIo0 ¢ Hu300apHbIM mporeccoM (p=const). Ecau ras
HarpeBaThb HM300apHO, TO OH OyjaeT pacmmpATbes. PaboTy raza mpu u3zobapHOM
pacCHIMPEHUH ONPENIENSAIOT 110 U3BECTHOU (hopmyJie:

A=p(V2—V1)

N3BecTHO, uTO 00BbEM ra3a yBelnyuBaeTcs B 2 pasa, To ecTb V=2V, YuutbiBas

paHee nofydeHnyto popmyny (1), umeem:
A=(paTM+mgS)(2V1—V1)
A=(PartMgS)Vy

B 3TOoM paBeHCTBE M3BECTHO BCE, KpOME MCKOMOM MAacChl MOPUIHSA M, MO3TOMY

OCTAJIOCh TOJIKO BBIPA3UTh €€, YEM MbI CEMYac U 3aMMEMCH.
ParntMgS=AV1
mgszAVl - paTM

mzsg(Avl - paTM)

IIponsBeném pacyér YUCIEHHOTO OTBETA 3a4a4u:

m=0,00510-(110-1031-100-103)=5kr
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OTBerT: 5 Kr.

3anaua 22

YciaoBue 3agaun:

["a3000pa3ubIii Bogopoa maccod 1 kr mpu HavaibHOW Temmepatype 300 °K
OXJIAXKIAIOT M30XOPUYECKM TaK, YTO €ro JaBJEHUE MaJacT B 3 pasza. 3aTeM ras
paCUIMPSIIOT MPHU TMOCTOSIHHOM JaBiieHud. Haitu mpousBeAEHHYIO Tra3oMm pabory,
€CJIM B KOHEUHOM COCTOSIHUM €T0 TeMIIepaTypa 0Ka3ajioCh paBHOM NMepBOHAYAIHHOM.

Jano:

m=1 kr, T1=300 °K, V=const, p,=pi13, p=const, T3s=T1, A—?

Pemenne 3agaumn:

)|
L_Y
= \ /=const
\
\
~
/ |
Pl A
2 %

N300pasum mpom3BenEHHBIE HAJ Ta30M MPOLECCh B KoopauHaTax p-V
(cMOTpHUTE CXEMY K PELIEHUIO).

[Tpomecc 1-2 — wm3oxopubii (V=const). Eciu paBiaeHWe raza B H30XOPHOM
npolecce majaaer, To no 3akony llapms Temneparypa rasa ymeHsliaetcs. Pabora
raza Ai2 B 3TOM IPOLIECCE paBHA HYIIIO, TOCKOJIBKY ra3 HE U3MEHSET CBOEr0 00bema.
[Tnomans Gurypsl moa rpagukomM 3TOTO Mpoiiecca, KOTopas YUCIEHHO paBHA padoTe
rasa, TaK)Ke paBHa HYJIIO.

[Tpouecc 2-3 — nzob6apHsIil (P=const), padoty raza Ayz B 3TOM IPOIIECCE MOKHO
HAaWTU Kak Tuiomaab GUrypel moa TpaduKoM HTOro Tmpoiecca (Ha cXeme —
3alITPUXOBAHO).

Axz=p2(V2 — V1)
Hckomas cymmapnas pabota raza A paBHa cymMMme pa0boT rasa B npoiieccax 1-2 u
2-3:
A=Ap+Ax
Tax kak A12=0, To nmeem:
A=p2(V2-V1)=p2V2—p2Va(l)

B ycnoBum ckazaHo, 9TO KOHEYHas TemIiepaTypa ras3a 3 paBHa HaudaabHOU 1,
TO €CTh 3TH TOYKH JieXKaT Ha OJHOM m30TepMe (pasyMeeTcsi YCIOBHOM). 3amuiiem
3akoH boinsa-Mapuotra 1u1s Touek 1 u 3:

P2V2=p1V1(2)

YuuTeiBas, 4TO JaBJACHHE ras3a P B 3 pa3a MeHbIe aaBieHus Pi1 (P2=Pi3), H

paBeHCTBO (2), hbopmymna (1) mpumer Bu:
A:A23:p1V1—13p1V1:23p1V1

3anuiiem ypaBHenue Knanelipona-MeHieneeBa uisi COCTOSIHUS Ta3a B TOYKE 1:

p1V1=mM RT;
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Monsipras macca Bomopoaa (xummaeckast popmyna Hp) 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

Onpenenure paboTy, CcoBepIIacMyld OJHHMM MOJEM Ta3a 3a  IUKI,
ecm P2Pp1=2, T1=280 °K, T,=360 °K (cxema K yCIIOBHIO PUBEICHA CIIPaBa).

lano:

v=1 momnb, p2p1=2, T1=280 °K, T,=360 °K, A—?

Pemenue 3agaum:

| | —
0y, % v

[IpuBenénupiii B yciaoBuM TpaduK I8 HaxoXIeHus paboTel raza B
nukie A nepectpouM B KoopauHartax p-V. i1 3TOro Hy»HO MPOU3BECTU AHAIIN3
Ka)KJIOTO U3 MPOLIECCOB.

Utak, Hauném. [Iponecc 1-2 — uzoxopusiit (V=CONSt), moCKOJIbKY rpaduk 3TOro
mpouecca B KoopAuHATax p-T JEXHUT HAa NpAMOM, NPOXOMAILIECH Yepe3 Hadaylo
KoopauHat. Tak Kak TeMIiepaTypa ra3a B IPOLIECCE YBEJIMYUBAETCA, TO MO 3aKOHY
[Mapnsa naBneHwe pacTET (XOTs 3TO MTAK IOHSITHO M3 HCXOJHOrO Tpaduka).
AHQJIOTUYHO, U30XOPHBIM SIBJISIETCSL TIpoliecc 3-4, HO Tak Kak TemIepaTypa rasa B
TOM MPOLECCE YMEHBIIAECTCA, TO OYJET YMEHBIIATHCA U AaBJICHUE.

[Mporiecc 2-3 — m300apHbIi (p=const). Temmeparypa rasa B mpoiiecce pactér,
no3toMy 1o 3akoHy [Ieii-Jltoccaka Oyner yBenuuuBatbess W o0ObeM. Takxke
n300apHbIM sBIsieTcs nponecc 4-1. O0beM raza B 3TOM MPOLIECCE YMEHBIIAETCS, TaK
KaK YMEHbIIIAeTCs TEMIepaTypa.

C yuérom BCero BBIIIECKa3aHHOTO MOJYYUM Cileayrolui rpaduk (CMOTpUTE
CXEMY K PEIICHUIO).
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Pabora ra3a B mukie A paBHa IUIOIIAM 3TOTO IMKJIAa B KoopauHatax p-V. Eciou
IUKJI 00XOAUTCS TI0 YaCOBOM CTpEJIKE, TO paboTa MOJI0XKUTEIbHA (UTO UMEET MECTO B
HaIlleM cilydae), MHaye — oTpuuareiabHa. Toraa:

A=(pz2—p1)(Vs—V1)(1)
3anumem 3akoH ['eii-Jltoccaka aiis uzobapHoro npoiecca 4-1:
V3T=ViTy
V3=V1T2T1(2)

YuauteiBas BeIpakeHue (2) u TO, YTO MO yCIOBUIO P2P1=2, popmyna (1) mpumer
BU/I:

A:(Zpl — pl)(VszTl—V1)=p1V1(T2T1 — 1)

Teneps 3anumeM ypaBHeHue Kiranelpona-MeHnaeneeBa sl COCTOSIHUS ras3a B
Touke 1:

p1V1:VRT1

Torna:

A:VRTl(Tle—l)
A:VR(TZ—Tl)

[Tocuntaem OTBET:

A=1-8,31-(360—280)=664,8 1x

OTtBer: 664,8 JIk.

3agaua 24

YcaoBue 3a1a4u:

JIBa TErIon30JIMPOBAHHBIX COCY/Ia COEAMHEHBI TPYOKOM 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. OnpeaenuTs TeMnepaTypy
B COCYJIax.

Hano:

v1=2 moub, 1:;=200 °K, v,=3 momb, T2=300 °K, T—?

Pemienue 3agaun:

[TockosbKy TMoOcCiie OTKPBITHSI KpaHa rasy B cocydax He OyAeT mnepeaaHo
KOJIMYECTBO TEIUIOThl, M HaJd HUM He OyJer coBepiieHa pabora, TO oOImIas
BHYTPEHHSISI SHEPIrHsi MOJIEKYJ reiusi OyleT OCTaBaThbCsli HEM3MEHHOM COrjacHo
MEPBOMY 3aKOHY TepMOJAUHAMUKH. [ToaTOMY:

U;+U,=U
Pacnuiem BHyTpeHHUE SHEPTUU 110 U3BECTHBIM (hOpMYyIiaM, TOTJa MTOTYYHM:
32viRT1+32v2RT,=32(v1+v2)RT
ViT1+voTo=(vit+vy) T
OTkyna uckomasi TeMreparypa reiust I mocie OTKpbITUSI KpaHa paBHa:
T=viT1+voTovitv,
[Tpon3BeaEM BBIYUCIICHUS:
T=2-200+3-3002+3=260K= —13 °C
OtBet: —13 °C.
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Camocmosmenvuas paboma no meme
«llepsviii 3axkon mepmoounamuxu. Tennogoti ogueamensy

3apaua 1

YciaoBue 3agaun:

["a3 mpu n3oTepmMudeckoM pacmmpernu noayduna 10 k/[x termorsl. Yemy paBHa
COBEpIIIEHHAs ra3oM padora?

lano:

T=const, Q=10 x/Ix, A—?

Pemenue 3agaum:

[lepBpiii 3aKOH TEPMOJUHAMHUKU TJIACHUT, UYTO KOJMYECTBO TEIUIOTHI Q,
IepejaHHoe raszy, HIET Ha U3MEHEHHWe ero BHyTpeHHeu osHepruu AUu Ha
COBEpILIEHHE ra30M paboThI A.

Q=AU+A(1)

Hanx razom npousBoadT M30TepMUUYECKUI Tpolecc, To ecTh =const umu AT=0.
Tak KaKk BHYTPEHHsISI SHEPTHs 3aBUCUT TOJBKO OT TEMIIEPATypbl, & OHA MEHATHCS B
paccMaTpuBaeMoM Ipoliecce He OyeT, 3HaUuT:

AU=0

VYuureiBas 3710, 13 popmyisl (1) caenyer, 4ro:

A=Q
A=10x/Ix
Oteer: 10 k/Ik.

3amaya 2

YcaoBue 3a1a4u:

Kakoe KOJM4YeCTBO TEIUIOTHI MOJy4YWJI Teauid maccor 1,6 T mpu M30XOpPHOM
HarpeBanuu Ha 120 °K?

Hano:

m=1,6 r, V=const, AT=120 °K, Q—?

Pemienue 3agaun:

CorynacHO TEpBOMY 3aKOHY TEPMOJMHAMUKH KOJHMYECTBO  TerioThl Q,
NepeJaHHOE Ta3y, PacXoJyeTcs Ha M3MEHEHUE BHYTPEeHHEW 3Heprum raza AU u Ha
COBEpIIIeHHE Ta30M paboThI A.

Q=AU+A(1)

B uzoxopnom nporecce (V=const) paboTa raza paBHa HyJO, TOCKOJIBKY 00BbEM
ra3a He U3MEHSIETCS.

A=0(2)

M3meHeHne BHYTPEHHEH SHepruu ojHoaToMHOro rasza AU (renmil TakoBBIM H
SBJISIETCSI) MOXKHO HaWTH 110 hopmyIie:

AU=32mMRAT(3)
Monsipraas macca renust (xumudeckas popmyna He) pasua 0,004 kr/mModb.
®opmyna (1) ¢ yu€rom BeipaxkeHu (2) u (3) cTaHET TaKOM:
Q=32mMRAT

[lepeBeném maccy renusi M U3 rpaMMOB B KUJIOTPAMMBI:

1,6r=0,0016xkr
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ITocuuraem oTBeT:
Q=320,00160,004-8,31-120=598,3 /1
OtBeTt: 598,3 Ix.

3agaua 3

YciaoBue 3a1aumn:

B ammabatnueckoMm mporecce ra3 coBeprmur padory 50 x/[x. Uemy paBHO
MpupalieHue ero BHyTPEHHEN YHEPTUH?

Jano:

Q=0, A=50 xJIxx, AU-?

Penienue 3agaumn:

3anuiieM nepBbiii 3aKOH TEPMOJIUHAMUKU:

Q=AU+A(1)

CorynacHO 9TOMYy 3aKOHY KOJIMYECTBO TeIJIOTHl Q, mepenaHHoe Tasy,
pacxoayercsi Ha U3MEHEHUE BHYTPEHHEN 3Hepruu raza AU u Ha COBEpIIEHUE ra3oM
paboTtsr A.

AnnabaTuuecKuid poIeccC — 3TO MPOIIECC, COBEPIIAEMBIN 0e3 TermiooOMeHa C
okpy»xaromei cpenoit, To ectb Q=0. Torma u3 paBenctna (1) crenyer:

Q=0=>AU+A=0
AU=-A
AU= —50k/]x
OtBet: —50 k/I:k.

3amava 4

YcaoBue 3agaum:

CKoJIbKO Terjia TOJY4Yus Ta3, €CIM HU3BECTHO, 4YTO [JIsi €ro Ckartusi Oblia
coBepiieHa padora 8 kJ[k, a mpupaileHue BHYTPEHHEH SHeprum cocraBmwio 24,5
kJ1x?

ano:

Aa=8 kI, AU=24,5 xJIx, Q—?

Pemenue 3agaumn:

Bocnonb3yemcsi MepBbIM 3aKOHOM TEPMOJAMHAMUKH, COTJACHO KOTOPOMY
KOJIMYECTBO TETUIOTHI Q, COOOIIEHHOE Ta3y, pacXoyeTcsl Ha H3MEHEHUE BHYTPECHHEH
sHepruu raza AU u Ha coBepiieHne razoM padboTsr A.

Q=AU+A(1)

[Ipomry oOpatuth Bamie BHMMaHWe Ha TO, YTO B JIaHHOM CJlydae HE ras
coBepmian paboTy, a HajJ ra3oM coBepmanu pabory. Kcratu, raz He MoOXeT
CKMUMATBhCS caM — ATO emié OJWH JOBOJ B TMOJB3Yy TOTO, YTO pabOTy COBEpIIaId
MMEHHO BHEITHUE CHUJIBI.

Mexay paboToil raza A u paboTol BHEUIHUX CHUJ HaJ ra3oM Ay,; CYIIECTBYET
cJIeIyIouIee IPOCTOE COOTHOIIEHHUE:

A= _AHan

Torna paBeHcTBO (1) mpuUMeET TakoW BU/L:

Q=AU-Ayax
[Tocuntaem OTBET:
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Q=24,5-8=16,5k]Ix
OtBet: 16,5 k/I:x.

3amavya 5
YciaoBue 3agaun:
[Ipu aguabaTHOM paclIMpeHUN BHYTPEHHSSI SHEPIHs raza yMeHbluiaach Ha 120
JIx. Kakyto paboTy coBepiui raz?
lano:
Q=0, AU=-120 JIx, A—?
Pemienue 3agaum:
3anumieM TEpBBIM 3aKOH TEPMOJWHAMUKH, COTJIACHO KOTOPOMY KOJHUYECTBO
TeroThl Q, cooOImEeHHoe Tra3y, pacxoayeTcs Ha M3MECHEHHE BHYTPEHHEH SHEpPrUu
raza AU u Ha coBeplleHHe razoM padboTsl A:
Q=AU+A(1)
AnnabaTHBIA TIPOIECC — 3TO MPOLECC, MPOUCXOIANINN 0e3 TeriooOMeHa C
okpyxartoieit cpenoi, To ectb Q=0. Torna paBeHcTBo (1) mpumer BUI:
AU+A=0
OTtkyna uckomasi pabota raza A paBHa:
A=—AU
A=— (—120)=120/Tx
OtBet: 120 k.

3axava 6

YcaoBue 3agauu:

[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)

N3menenue BHyTpeHHeW »Hepruu HeoHa AU mpu yBeIHMYEHUU TEMIIEpaTyphl
Ha AT, yduTpiBasi TO, 4TO HEOH SIBJISIETCS OAHOATOMHBIM Ta30M (TO €CTh YHUCIO
CTEIEeHEW CBOOOIbI aTOM HEOHA PaBHO 3), MOXKHO OMPEEIUTh 1Mo hopMmyIie:

AU=32mMRAT(2)

B srtoit popmyne M — monsipHass macca Heona Ne, paBHas 20 r/moisp (0,02
KI/MOJIb).

Pabora raza A B U30XOpHOM IIpoIlecCe€ paBHA HYJIO, TaK KaK ra3 HE U3MEHSET
CBOEro o0beMa.

A=0(3)
®opmyna (1) ¢ yau€Tom nosiydeHHbIX BeIpakenuil (2) u (3) mpumMer 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:

Omnpenennutpb, KAKOE€ KOJUYECTBO TEIUIOTHI HAJI0 cOOOIUTH Heony maccoi 400 r,
yTOOBI H30XOPHO HarpeTh ero Ha 10 K.

lano:

m=400 r, V=const, AT=10 K, Q—?

Penienue 3agaumn:

[lepBblii 3akOH TEPMOAMHAMUKH TOBOPHUT, YTO KOJMYECTBO TEIIOTHI Q,
NepeJaHHoOe razy, UIET Ha U3MEHEHHUE ero BHyTpeHHen 3Heprun AU u coBeplieHue
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 H3MeHeHHe ero BHyTpeHHel sHepruu AU npu HarpeBaHUU
Ha BesinuuHy AT MOXXHO onpeAeuTh o GpopmyJie:

AU=32mMRAT(2)

B wuzoxopHom mporecce (V=const) paborta ra3a A paBHa HYyJIO, MOCKOJIbKY
00beM ra3a He U3MEHSIETCS.

A=0(3)

VYuuteiBas (2) u (3), bopmyna (1) npumeT BUI;

Q=32mMMRAT

[lepen mOACTAaHOBKOW BENWYMH B TOCIEIHIOW (GOPMYITy H JadbHEHIINM
pacdy€ToM OTBETa HEOOXOIMMO TIEPEBECTH Maccy HeoHa M B cuctemy CU:

400r=0,4kxr

ITocunraem OTBET:

Q=32-0,40,02-8,31-10=2493 1k

OTtBer: 2493 JIxk.

3agauya 8

YcaoBue 3axa4u:

Kakoii mpouecc npous3omén mHpu CKaTUU HIACATBHOTO Tras3a, eciu padora,
COBEpIIacMas BHEUIHUMHM CHJAMU HaJ Ta30M, paBHAa HW3MEHEHUIO BHYTPEHHEH
SHEpruu raza?

Hano:

Aua=AU

Pemienne 3agaum:

JlaBaiiTe 3amuieM TMEpBOE€ HAYyalo TEPMOAMHAMHUKH, COTJIACHO KOTOPOMY
KOJIMYECTBO TEIUIOTHI Q, COOOIMIEHHOE ra3y, pacXoyeTcsi HA U3BMEHEHHE BHYTPEHHEH
sHepruu raza AU u Ha coBeplieHne razoM padboTsl A.

Q=AU+A(1)
[IpuBenénnass B ycnoBuM pabOTa BHEIIHMX CHUJ HaJ Ta30M Ay, CBS3aHa C

paboToii raza A o ¢popmyiie:
Ano=— A A=A
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Torna paseHcTso (1) mpumer BU:
Q=AU-Ayax
[To ycrmoBuio 3amauu paboTa BHEIIHMX CHUJI pPaBHA M3MEHEHUIO BHYTPEHHEM
HHEPrUU raza, To ecThb Ay =AU, mosToMmMy:
Q=AU-AU
Q=0
["a30BBI TIpoOIECC, MPOUCXOAIINN 0€3 TEII000MeHa C OKpYKaroIleh cpeioi
(Q=0), naspiBaeTCsa aguabaTHBIM.
OTtBeT: aaMa0aTHBIMN.
3agaua 9
YciaoBue 3a1aumn:
[Ipy MOCTOSIHHOM JaBJIEHHHM 5 MOJIIM OJTHOQTOMHOIO Ta3a COOOLIMIM 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 ra3a AU MOXKHO JETKO
OTIPEJICNUTH 10 (hopMyJIe:
AU=32vRAT(2)
Paboty raza A B n300apHOM Mpoliecce OnpeaestoT o Gopmyie:
A=p(V2—V1)=pV—pVi(3)
3anuiiem ypaBHenne Knaneipona-MenpaeneeBa Jjis Ha4albHOTO M KOHEYHOTO
COCTOSIHMS Ta3a:
{pV1=VRT1pV2=VRT2
Torna dopmyiny (3) MOXKHO 3amucaTh B CJIEAYIONIEM BU/IE:
A:VRTZ—VRle\/R(Tz—Tl)
A=vRAT(4)
[ToxcraBum nosrydeHnble Beipakenus (2) u (4) B popmyiy (1), Torga:
Q=32vRAT+vRAT
Q=52vRAT
OTkyzaa Hy»KHOE HaM U3MEHEHHE TeMIiepaTypsbl raza AT paBHO:
AT=2Q5vR
[TocunTaeM 4KMCIEHHBIN OTBET:
AT=2-10-1035-5-8,31=96,3K=96,3 -C
OTtBeT: 96,3 °C.

3anaua 10

YcaoBue 3agaumn:

B 3akpeiToM cocyne oobemoM 2,5 1 HaxoauTcs renuit pu temmeparype 17 °C u
naieHun 15 klla. I'ennit oxmaxknaroT 1o 0 °C. BeluucianTh KOJIMYECTBO OTIAHHOTO
ra3oM TeIia.

ano:

V=257, ;=17 oC, p=15 klla, t,=0 oC, Q—?
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Pemienne 3agaum:
[TOCKOJIBKY OXJa)XJAEHUE TeIUsl MPOBOASAT B 3aKPBITOM COCYJIE, 3HAUUT UMEET
MECTO U30XOpHBIH mporiecc (V=const).
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 BeipaxkeHus (2) u (3) moacraBum B popmyny (1), Toraa:
Q=32vR(T>—T1)(4)
YroObl HaWTH HEU3BECTHOE KOJUYECTBO BEILECTBA V, 3alMILIEM YpPaBHEHUE
Kianeitpona-MenzeneeBa /il HAYaIbHOTO COCTOSIHUS rasa:
pV=vRT;
v=pVRT;
[locnennee mody4yeHHOE BBIpAKEHUE TMOJACTaBUM B dopmyrny (4), Toraa
MOJTYYUM:
Q:3pV2RTlR(Tz—Tl):3pV2T1(T2—T1)
Q=32pV(T,T1-1)
3anaua pemena. IlepeBeném 00beM — B KyOMUECKHE METPBI, a TEMIIEPATYPhl — B
KenbBUHBL
2,51=2,5-10-3m°
17 °C=290 °K
0°C=273 °K
[Ipon3BeaEM BBIYUCIICHUSA:
Q=32:15-103-2,5-10—3:(273290-1)= —3,3/1
MpbI nosydnivi OTpULATENbHBIA OTBET, MOCKOJBKY ra3 OT/aBall TeIio. B oTere
yKaxeM aOCOJIOTHOE 3HAYEHHUE, MOCKOJIbKY B YCJIOBHHM TPEOOBAIOCH «BBIYMCIHTH
KOJIMYECTBO OTJAAHHOIO ra30M TEIUIay.
Otser: 3,3 /I:k.

3amaua 11

YcaoBue 3agaumn:

OnuH MOJIb HICAIBHOTO Ta3a, HAXOIAIIETOCs IPU TemiepaTtype [o, HarpeBaroT.
Kakoe KOnM4ecTBO TEIUIOTHI HYKHO TMOJBECTH K Ta3y, 4YTOObl H300apuyecKu
YBEJIUYUTH €r0 00beM BTpoe?

Hano:

v=1 moub, Ty, p=const, V1=3V,, Q—?

Penienue 3agaumn:

ABTOp 3a/1auM HE yKa3aj KaKuM SIBJISIETCS Ta3, TOATOMY MBI OyJieM pemniath 3Ty
3a/1a4y U3 NPEANOI0KEeHHUS, YTO OH OJHOATOMHBIM.

3anuiieM nepBblid 3aKOH TEPMOAUHAMUKHU:

Q=AU+A(1)
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W3MeHeHne BHYTpPEHHEH BHEpruM OJHOAaTOMHOro raza AU ompenensroT o

dbopmyiie (y 0IHOATOMHOTO Ta3a — 3 CTENEeHH CBOOO/IbI):
AU=32vRAT(2)

Ecnu ra3 marpeBath n300apHO, TO €ro 00beM OyIeT YBEIUYUBATHCS (ITO BUIHO
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 Knamneiipona-MenjeneeBa i HaYalbHOTO M KOHEYHOTO
COCTOSIHHSI paCCMaTPUBAaEMOTO rasa:
{pVo=vRTopV1=vRT1
C momoipio 3TUX ypaBHEHHUH Gopmyy (3) MOKHO Mepenucarb B BUJE:
A=vRT1—vRTo=vR(T1—Ty)
A=vRAT(4)
[Tony4yennsie Boipakenus (2) u (4) moactaBuM B popmyny (1), Toraa:
Q=32vRAT+VvRAT
Q=52vRAT(5)
N3meHeHne temmepaTypel U oObeMa B H300apHOM IIPOLIECCE OIUCHIBACTCS
3akoHOM [ eit-JIroccaka:

VoTo=V1Ty
Bripazum koHeuHy0 TemriepaTypy raza T1:

T1:T0V1Vo
B ycnoBuu roBoputcs, uto 06beM yBennuuBaetcs BTpoe (V1=3Vy), mostomy:

T1=T03VOV0=3T0
Toraa nsmenenue remneparypsl raza AT paBHoO:
ATZTl—To=3T0_TO
AT=2T0

OT0 BBIpaXKeHUE TOJCTaBUM B ¢opmyny (5), Takum 00pa3oM, MbI MOJYyYUM
pelIeHue 3a7a4u B 00I1IEM BHJIE:

Q=52vR-2T(,=5vRTO

OtBet: 5VRTO.

3agaua 12

YciaoBue 3agaun:

3akphIThI 0aIoH eMKOCThIO 50 11 comepkuT aprod noja aaieHuem 200 klla.
Kakum Oynet naBieHue rasza, eciim emy cooommTh 3 k[ TenioTs?

Hano:

V=50 11, po=200 kIIa, Q=3 kI x, p1—?

Pemienue 3agaun:

3anuiieM nepBbIid 3aK0H TepMOoauHAMUKH. COTIIACHO 3TOMY 3aKOHY KOJIMYECTBO
TerIoThl Q, cooOIIeHHOEe Tra3y, pacxoayeTcs Ha M3MEHEHHE BHYTPEHHEH SHEpPruu
raza AU u Ha coBepiieHue razom padoTsr A.

Q=AU+A(1)
Aprod A, — OJIHOATOMHBINA ra3, U3MEHEHUE €ro BHYTPEHHEH SHEPruu MOMKHO

JIETKO HAWTHU IO Takou Gopmyie:
AU=32vRAT(2)
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Takske JIerko 10rajaTeCs, 4TO HaJ ra30oM MPOU3BOIAT U30XOPHBIN MPOIIECC, TaK
Kak OaJIJIOH 3aKphIThIM. PaboTa raza A B H30XOpHOM MPOLIECCE paBHA HYIIIO.
A=0(3)
®dopmyna (1) ¢ yau€rom BeipaskeHuit (2) u (3) npumeT BU/;
Q=32vRAT(4)

Kcratu, u3 stoit opmynbl BHUAHO, YTO MPU COOOLIEHUU Ta3zy B OallJIOHE
KOJIMYECTBA TEIJIOTHI €T0 TeMIiepaTypa OyJeT yBeIuuuBaThcs. A 3HAYUT (IO 3aKOHY
[Tapns) OyAeT yBeIUUMBaThCA U JABJICHUE.

3anumeM ypaBHeHue Knamneipona-MenjeneeBa il HaYaJlbHOTO M KOHEUYHOTO
COCTOSIHUS ra3a:

{poV=vRTop1V=vRT1

N3 HuKHEro ypaBHEHUSI OTHUMEM BEpXHEE, TOTa:

(P1—Po) V=VR(T1~To)
(P1—Po)V=VRAT
C y4€ToM mocneaHero MmoJy4eHHOro BeIpaxkeHus Gopmyiny (4) MOXKHO 3arucaTthb
B BUJIE!
Q=32(p1—po)V
OcTanoce TOJNBKO BBIPa3UTh HCKOMOE KOHEUYHOE JIABJIICHUE Ta3a P1:
P1=po+2QsV

[lepen mojacTaHOBKOW 3HaYeHUW BEIMYMH B (opMmyly TmepeBeaeM o00beM

Oainona B cucremy CU:
50:1=0,05m°

[Tocuntaem OTBET:

p1=200-103+2-3-1033-0,05=2400001Ta=240kI1a

Oteert: 240 xIla.

3anaua 13

YcaoBue 3axa4u:

I[Ipu uzobapHOM pacumpenur raza Ha 0,5 m® emy Obu10 mepenano 0,26 Mk
TEIUTIOTHI. PaccunTarh M3MEHEHNE BHYTPEHHEN DHEPTUU rasa, eciu ero aasieHue 200
kl1a.

ano:

p=const, AV=0,5 M3, Q=0,26 M/Ix, p=200 xITa, AU-?

Penienue 3agaumn:

[lepBoe Hauano TEPMOJMHAMHUKU TJACUT, YTO KOJUYECTBO TEIIOTHI Q,
COOOIIIEHHOE Ta3y, pacxXoayeTcs Ha M3MEHEHWEe BHyTpeHHel sHepruu raza AU u Ha
COBEpIIICHHE Ta30M pabOThl A MPOTHB BHEITHUX CHJL.

Q=AU+A(1)

Paboty raza A B n3o0apHOM Mporiecce JIeTKo HaiTh no popmyre:

A=pAV

[ToxpcraBum 3710 BBIpakenue B popmyiy (1), Toraa:
Q=AU+pAV

Ternepp 0TCrOAa BBIPa3UM HCKOMOE U3MEHEHNE 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 Mx.

3agaua 14

YciaoBue 3a1aumn:

B wm3orepmuueckoM mporecce raz coBepmma padory 2 kJlx. Ha ckombko
YBEIIUYUTCS BHYTPEHHSISI SHEPrUsl 3TOr0 ras3a, €ClId €My COOOIIUTh KOJIUYECTBO
TEIJIOTBI BTPOE OOJbIllee, YeM B TMEPBOM Cllydae, a TMpoIlecCc MPOBOAHTH
U30XOpUYECKH?

lano:

A1=2 KI[)K, Q2=3Q1, AUZ_?

Penienue 3agaumn:

[lepBbIii 3akOH TEPMOAMHAMUKA TOBOPUT, YTO KOJMUYECTBO TEIUIOTH Q,
COOOIIIEHHOE Ta3y, pacxXoayeTcs Ha M3MEHEHUEe BHYTpeHHed sHepruu raza AU u Ha
CoBepIlieHHEe ra3oM paboTel A. 3amuiieM 3TOT 3aKOH JJIA MPOBOJAMMBIX HaJ ra3zoM
M30TEPMHUYECKOTIO U H30XOPHOTIO Mpolecca:

{Q:1=AU1+A1Q:=AU+A;

Tak Kak BHYTpEeHHssi »Heprus ra3a (MACAIBHOIO) 3aBUCUT TOJBKO OT
TeMrepaTypbl, TO B HM30TEPMUUYECKOM TMpPOIECCEe UM3MEHEHUE BHYTPEHHEH
sHeprun AU paBHO HyI1O.

AU1=0
PaGoTa raza B uzoxopHom mpoiiecce A2 paBHa HYJIIO, TaK KaK B TAKOM IPOIIECCe
ra3 He U3MEHSET CBOET0 00bheMa.
A2:O
Torma cucrema npuMeT TaKOW BHU/I:
{Q:=A:1Q:=AU;

[To ycnouu Q2=3Q1, moaTOMYy:

AU2:3A1
AU»=3-2-103=60001x=6x I
OTtBer: 6 K/[:K.

3agaua 15

YcaoBue 3agaun:
2\

0
Kakoli rpaduk cOOTBETCTBYeT mpolieccy, B KOTOPOM TemIepaTypa Tasa
U3MEHSAETCS TOJBKO 3a CUET ero paboThI?
Pemienne 3agaum:
TemnepaTypy rasa MOXHO HW3MEHUTh, JIMOO COOOUIMB  KOJUYECTBO
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, 3HaYuT Q=0, TO ecTh
MMEET MECTO aJinabaTHBIN MpoIIece.

['paduk aguabaTHOTO Mpoliecca MPEeACTaBIsAeTCs] COOOM KPHUBYIO B KOOpAMHATAX
p-V, mpudyem »3Ta KpuBas HAET Kpyde H30TEPMBI, TO €CTh 3TOMY IPOIIECCY
COOTBETCTBYET rpaduk 4.

OTtBer: 4.

3anaua 16

YcaoBue 3a1a4n:

KonnuecTBo TemioThl, MepenaBaeMoe rasy, OJMHaKoBO. B kakoMm rasoBom
MPOIIECCE HArPEB ra3a MaKCUMAJICH?

Pemenne 3agaum:

Jns pelieHust 3TOM 3aaud HEOOXOJIMMO BOCIIOIB30BAThCS MEPBBIM 3aKOHOM
TepMoauHaMuKU. COrjlacCHO ATOMY 3aKOHY KOJIMUECTBO TEIUIOTHI Q, mepemaHHoOe
razy, uaET Ha W3MEHCHHE BHYTpeHHeW sHepruum raza AU m Ha cOBepIlIeHHE Ta3oM
paboTsl A. 3anuiiieM 3aK0H B MaTeMaTH4IeCKon popMme:

Q=AU+A(1)

Ecnu narpeB raza O0yzeT MakCUMaJIbHBIM (TO €CTh U3MEHEHHE €ro abCOIOTHOM
temnepatypbl AT), To OyAeT MakCUMaJIbHBIM W HM3MEHEHHE €ro BHYTPECHHEH
snepruu AU. CormacHo ¢opmyne (1) MakcuMalbHOE€ H3MEHEHHE 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 Ta3
HE MEHSET CBOETo 00bema.

OTBeT: B H30XOPHOM IIpoLecce.

3apaua 17
YcaoBue 3axa4u:
Ckonbko MoJed oaHoaTOMHOro ra3za Harpenau Ha 10 K, ecnum koimuecTBo
MOABEICHHOM Ter1oThl paBHO 249 JIxk? [Ipouecc HarpeBaHusi N30XOPUIECKU.
Hano:
AT=10 °K, Q=249 Ik, V=const, v—?
Pemienue 3agaun:
UToOBI HAMTH KOJWYECTBO IMOJABEIAEHHOM TEIUIOTHI QQ, 3amuIieM mepBoe Hadyaso
TEPMOIUHAMUKH:
Q=AU+A(1)
W3MeHeHne BHYTPEHHEN SHEPrMU OJHOATOMHOIO HAcaIbHOro raza AU MOXKHO
OTPENICNIUTh MO TaKou dopmyiie:
AU=32vRAT(2)
Pabota raza A B uzoxopudeckom npoiecce (V=CONnst) paBHa HyJI0, TOCKOJIbKY
ra3 He U3MEHSIET B TAKOM MPOIECCE CBOETO 00BheMa.
A=0(3)
®opmyna (1) ¢ yau€Tom nosiydeHHbIX BeIpakeHuil (2) u (3) mpumMer BUA:
Q=32vRAT
OTKyJa BbIpa3uM KOJIMYECTBO BEIIECTBA V:
v=2Q3RAT
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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
obobeme 1m0 Ttemmeparypbl 280 °K. Kakoe KOIMYECTBO TEIUIOTHI HEOOXOJAMMO
COOOIIUTH €My, YTOOBI JJaBJIEHUE YBEJIUUUIIOCH B 3 pa3a?

lano:

v=1 Mo, V=const, T,=280 °K, p,=3p1, Q—?

Pemienne 3agaum:

CoryiacHo TeEpBOMY 3aKOHY TEPMOJMHAMUKH  KOJHMYECTBO  TEIuioThl Q,
MOABEIEHHOE K ra3y, pacXoayeTcs Ha U3MEHEHHE BHyTpeHHeW sHeprun raza AU u Ha
COBEpILIEHKE Tra30M padoThl A. 3anuiieM 3aKOH B MaTEMaTUYECKON (opme:

Q: AU+A(1)
BHyTpeHHSI1 3HEprusi MACATBHOIO Ta3a 3aBHCHT HUCKIIOUUTEIBHO OT
TeMIiepaTypsl, €€ nsmeHenne AU BO3MOKHO HailTH no (opmyIe:
AU=32vRAT
Pabota raza A B uzoxopsHowm nporiiecce (VV=const) paBHa HyIO:
A=0
YyuuThiBas Ba MOCIEAHUX MOTYYEHHBIX BhIpakeHus, popmyna (1) mpumet BUI:
Q=32vRAT(2)

Jlist onipesienieHust 3BMEHEHHs aOCOMIOTHOM TemmiepaTypsl raza AT B M30X0pHOM
mpoiiecce HEoOXOIMMO HaWTH HAYalbHYIO TeMIeparypy rasza [i1, nis 4ero
BOCIIOJIb3yeMcs 3akoHOM [apos:

P1T1=p2T>
Otkyna:

T1=T,p1p>
[To ycrnoButo 3a1a4un 1aBleHUE YBEIHMUMIIOCH B 3 pasa, TO eCTh P2=3P1, IOITOMY:

T1=T5p13p1=13T>
Haiiném nzmenenue remneparypsol raza AT:
AT:TZ—T1:T2—13T2

AT=23T,

Torna dopmyna (2) ¢ y4€TOM 3TOTO BhIPAKEHUS CTAaHET TAKOM:
Q=32vR-23T;
Q=VRT2
IIponsBeném pacy€r YUCIEHHOTO OTBETA 3a4a4u:
Q=1-8,31-280=2326,8/1x

OTtBeT: 2326,8 /I:k.

3amaua 19
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N neanbHbli OQHOATOMHBIN T'a3 B KOJWYECTBE 5 MOJIb CHayanaa OXJIAXKAAIOT NPU
noctossHHOM o0beme oT Temmneparypel 600 °K mo temmepatypel 400 K, a 3arem
MPOAO0JDKAIOT OXJIAKIATh MPU MOCTOSIHHOM JaByieHuu 10 temieparypsl 300 K. Kakoe
KOJIMYECTBO TEIUIOTHI OTBOJAT MPU 3TOM OT rasza’?

lano:

v=5 mozb, 11=600 °K, T,=400 °K, T3=300 °K, Q—?

Penienue 3agaumn:

Ha cxeme mnoka3zaH rpauk @pOUM3BOJUMBIX HAJ Ta30M IPOLECCOB B
KOoopJiMHaTax p-V.

B o6mem ciydyae nepBblii 3aKOH TEPMOJMHAMHMKHU TIJIACUT, YTO KOJUYECTBO
TernoTel Q, MoABEAEHHOE K Tra3y, PacXOAyeTcsl Ha U3MEHEHUE BHYTPEHHEH 3HEpruu
raza AU u Ha coBepleHHE ra3oM padboTsl A.

Q= AU+A(1)
[Tpouecc 1-2 — m3oxopubIi (V=CONSt), paboTa raza B 3Tom mporecce A paBHa
Hymo. M3menenue BHyTpeHHel sHeprun AU1, 1erko HaTu no ¢popmysie:
AU12=32VR(T2—T1)
Torma konuaecTBo TemoThl Q12 cormacHo hopmyse (1) MOKHO HATH Tak:
Q12=32VR(T2—T1)

[Mporiecc 2-3 — wu3o0apHBIH(P=CONSt). FI3MeHeHne BHYTPEHHEH OSHEPruu
AUs3 HaliIéM aHAJIOTUYHO TI0 opMyIe:

AU23:32VR(T3—T2)

PaboTy raza Ays B 1300apHOM MpOIecce ONMPEEsIOT TakK:

Axz=p2(V3—V2)=p2Vs—PpaV2

HNuTepecHo, yTo aOCOMIOTHOE 3HAUYEHHWE ATOTO BBIPAXKEHHUS YHCJICHHO DPAaBHO
riomaan Gurypsl moj rpadukom 2-3 (Ha cXeme 3aITPUXOBAHO).

3anumiem ypaBHenune Knaneiipona-MeHeneeBa Jjisi COCTOSHUS T'a3a B TOUKAX 2
u 3:

{p2V2:VRT2p2V3=VRT3

Tormga nmeem:

A23:VRT3—VRT2=VR(T3—T2)

KomuuectBo  Temnotsl Q3 cormacHo  ¢gopmyne (1) MOXHO — omnpeneauThb
CJIETYIOITUM 00pa3oM:

Q23:32VR(T3—T2)+VR(T3—T2)
Q23:52\/R(T3—T2)
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HMckomMoe KOJIMYECTBO TEIIOThI Q pPaBHO CYMMC KOJIMYCCTB TCIUIOTBI B KaXXI0M
H3 IIPOUCCCOB, TO CCTh.

Q=0Q12+Q23

Q=32VR(T2—T1) +52VR(T3—T2)
Q= 12VR(3T2—3T1+5T3—5T2)
Q=12vR(5Ts~2T—3T1)

Torna:

ITocunTaem OTBET:
Q=12-5-8,31-(5-300—2-400—3-600)= —22853 [Irx~—23kIx
3HaK «MUHYC» O3HA4aeT, 4YTO TEIIoTa OTBOAMJIACH OT raza. B oTBeTe 3amuiiem
a0COJIFOTHOE 3HAUYCHHE, TaK KaK CIPAIIUBACTCSA «KaKOe KOJIUYECTBO TEIUIOTHI OTBOJSIT
OT razay.

OtBeT: 23 kXK.

3agaua 20
YciaoBue 3agaun:

4 nV.

OauH MOJIb MAEANbHOTO OJHOATOMHOIO Ta3a HAaXOAWUTCA IMPU HOPMAJIBHBIX
ycioBusiX. Kakoe KOJMYEeCTBO TEMJIOTHl HAAO COOOIIUTH raszy, 4ToObl MPOBECTH
mpoliecc, MoKa3aHHbIi Ha pucynke? N=1,2.

Hano:

v=1 momsb, N=1,2, Q—?

Pemienne 3agaum:

2l
Z
T | 1/
oLl j
0,
Vi nv;
Bocnonbe3yemcs nepBbIM 3aKOHOM TEPMOJIUHAMUKU:
Q=AU+A(1)

W3menenue BHyTpeHHeH sHeprun raza AU onpeaennm 1o u3BecTHou Gopmyre:
AU=32vR(T,—T1)(2)
UtoOBl ompenenuTh KOHEYHYIO TeMIlepaTypy Trasa |2, 3amuimeM Jjsi raza B
coctostHusAX | u 2 ypaBHenune Knanelipona-MeHieneena:
{poVo:VRT1(3) NPo- NVo=vRT,

HuxHee ypaBHEHHE CUCTEMBI IOACIUM HA BEPXHEE, TOTAA!

T2T1=n;

To=n, T,
Toraa popmyna (2) craHeT Takou:
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AU:32VR(n2T1_T1):32VRT1(n2_1)(4)

Pabora raza A paBHa miomaau Gurypsl moa rpagukoM mpoiiecca (Ha cxeme K
pEelIeHUI0 — 3allTPUXOBaHO). DTa Qurypa sBiIsSeTcs Tpamnemnuei, e€ miomanb (a,
clieI0BaTeIbHO, M paboTy) HaaAEM 1o Gpopmyiie:

A=12(po+npo)(NVo—Vo)
A=12poVo(n+1)(n—1)
A=12poVo(n—1)
A yuutbiBas ypaBHeHue (3), umeeMm:
A=12vRTi(n—1)(5)
B dbopmyny (1) moacraBum nomydennsie Beipaxkenus (4) u (5):
Q=32vRT1(n,—1)+12vRT1(n,—1)
QZZVRTl(nz—l)

HopmasibHBIM yclioBUSAM COOTBETCTBYET Temmeparypa T1, pasHas 273 °K (0
°C). Ilocuntaem oTBeT:

Q=2-1-8,31-273:(1,22-1)=1996,1 1K

OtBet: 1996,1 /I:x.

3agaua 21

YcaoBue 3agaun:

[Ipu pactumpennun oxHoaTtoMHoro rasa or 0,2 mo 0,5 M3 ero maBnenme pocio
muHeiHo ¢ oobemMoM or 400 mo 800 kIla coorBercTBeHHO. Kakoe kommuecTBO
TEIUIOTHI OBLJIO MOJIBEICHO K Ta3y?

Hano:

V1=0,2 M3, V»,=0,5 M3, p1=400 kIla, p,=800 xIla, Q—?

Pemienne 3agaun:

['paduk nporiecca, MPOUCXOSAIICTO C Ta30M, H300paKEeH Ha CXeMe.

3anuiieM nepBoe Hayajao TEPMOAUHAMUKHU:
Q=AU+A(1)
N3meneHue BHYTPEHHEU DHEPIruun OJHOATOMHOI'O UJI€aIbHOTO
raza AUonpeaensitoT Tak:
AU:32VR(T2—T1):32(VRTZ—VRTl)
3anuiieM ABaxabl ypaBHeHUe Knamneiipona-MenzaeneeBa AJjisi COCTOSIHHS Ta3a B
Toukax 1 u 2:
{p1V1:VRT1p2V2=VRT2
Torna w3Menenue BHyTpeHHEH sHeprur AU MOXXHO OyJeT ONpeAeiuTh II0
dbopmye:
AU=32(p2V2—p1V1)(2)
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Paboty raza AB mpouecce 1-2 MOXHO HaWTH Kak IJIOWAAb (UTYpPHI TOJ
rpadpkoM 3TOro mpolecca (Ha cxeme — 3amTpuxoBaHo). Kcratu, 3ta pabota
MOJIOKUTENIbHA, TaK Kak o0beM Tra3a yBenuuuBaercs. durypa moa rpadukom
MpeCTaBIIsAeT CO00M Tpaneluto, e€ miIomaab HaléM Kak MoJyIPOU3BEICHHE CYMMBI
OCHOBAHUI Ha BBICOTY.

A=12(p1+p2)(V2—V1)(3)

[ToncraBum Beipakenus (2) u (3) B dopmyiy (1), Tak MBI MOJYy4YUM peIICHUE
3aJ1a4d B OOIIEM BUJIC:

Q=32(p2V2—p:1V1)+12(patp2)(V2— Vi)

ITocunTaem 4MCIEHHBIN OTBET 3a4a4H:

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 JIBUTaTENEM 3a
ATO BpEMSI.

lano:

N=35%, Qx=420 [Ix, A—?

Pemienue 3agaumn:

KIIJI TermoBoro nBuratesst OonpeaessioT Mo Takoi popMyiie:

nN=AQu

N3BecTHO, 4TO KOJIMYECTBO TerI0ThI Qy, NOABEIEHHOE
HarpeBaTelieM, KOJJMYeCTBO TeIIOThl Qx, OTBEAEHHOE XOJOIWIHBHUKOM, U padoTa
nBurareis A cBs3aHbl GOPMYIION:

Qu=Qx*+A

N=AQx+A
[lepeMHOXUM «KPECT-HAKPECT», BCE WICHbl C MHOXHUTEJeM A mepeHecéM B
JIEBYIO CTOPOHY, a OCTaJbHbIE — B IPABYIO:
A=nQxtnA
A—A=NQx
A(1m)=nQ«
Otkyna uckomasi pabota aBuraresns A paBHa:
A=1Qx1
[Tocuutaem 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

YciaoBue 3axaum:

Koaddunment noneznoro aeiictBus tersoBoid MamuHbl 20%. Kakyio paboty
COBEpIIIaeT MaIINHA, €CJIK HarpeBaTenb coobmaet e 102 k/[x rerna?
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Hano:

n=20%, Q,=102 Ix, A—?

Penienue 3agaumn:

KoaddunmeHt mose3Horo AeWCTBUS TEIIOBOM MAIlIMHBI MOYKHO ONPEICIIUTh
KaK OTHOIIIEHUE PaboThl A K KOJIMYECTBY TEIUIOTHI Qy, TOABEIEHHOE HArPeBaTEIIEM:

N=AQx

A=nQu
3anaua pemena. [Tepeseném KIIJI u3 nporneHTOB B 1071 € AMHULIBL:
20%=0,2
[IpousBeném pacy€T YUCICHHOTO OTBETA!
A=0,2-102-103=204001x=20,4x ]x

OTtkyna pabota mMamvHbl A paBHa:

OtBet: 20,4 x/I:x.

3anaua 24

YcaoBue 3a1aum:

Onpenenuts K03POUIIMEHT MOJE3HOTO JAEHCTBUSI TEIJIOBOTO JBUTATENS, €CIIU
Temrneparypa xonoauibHuka 280 °K, a TeMrneparypa HarpeBaTessi BTpoe OOJIblIIe.

lano:

T,=280 °K, T4=3Tx, n—?

Pemenue 3agaumn:

KIIJI (x03@@puuueHT Mnone3Horo AeHCTBUA) MOXKHO HAaWTH MO CIEAYIOIIeH
dbopmyiie:

n:TH_TXTH

B ycioBum 3agauM  TOBOPUTCS, YTO TEMIIEpaTypa HarpeBarelii BTPOE

OombIie Temneparypsl XonoauiasHuka (T,=3Ty), mo3TOMY:
N=3Tx—Tx3Tx=2Tx3T=0,667

3agaua pemieHa. IHTepecHO, HO PEIIEHUE HE 3aBUCUT OT JAHHOW B YCIIOBHUH
TEeMIIepaTyphl XOJIOUIbHUKA Ty.

OtBer: 0,667.

3amaua 25

YciaoBue 3agaun:

WneanbHas TemoBasi MalllMHA cOBepIlaeT 3a LUK padoty 1 kJlx u oTmaér
xonoaminbHUKy 650 [Ix Termiorel. Onpenenuts KII/[ TemioBoil MalinHbI.

Hano:

A=1 xJIx, Qx=650 Ix, n—?

Pemienune 3agaum:

KoaddunmeHT mone3Horo A1eiMcTBHUs TEIJIOBOM MAaIIMHBI (HE TOJILKO HICAITBHOM,
BOOOIIIE JTFO00) OMPEEISIOT MO CICAYIONICH hopMyIie:

n=AQu

N3BeCTHO, 4TO KOJWYECTBO TEIUIOTHI Qy, OTAaHHOE HarpeBaTeiieM, KOJTHYECTBO
TeII0Thl Qx, MPUHATOE XOJOAMWIHBHUKOM, W paboTa TENmaoBON MaIIuHBI A CBSI3aHbBI
Takou hopmyJIIon:

Qu=Qx*+A
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Torna:
N=AQ«+tA
3agadva peleHa B o0IeM BHUJIE, TEEPh MOCUUTAEM OTBET:
n=1000650+1000=0,606
OTtBer: 0,606.

3anaua 26

YcaoBue 3a1a4u:

B maeanpHOM TEIIOBOM MAalllMHE TEMIIEPATypa HArpeBaTels B TPU pa3a BBIIIE
TeMIlepaTypbl xonoauibHuKa. HarpeBatens nepenan razy 42 kJlx temnotsl. Kakyro
paboTy coBepiui ra3?

lano:

T,=3Ty, Qu=42 x]Ixx, A—?

Pemenue 3agaun:

B ob6mem caydae KIIJ[ mro0oit TerioBol MaIlMHBI MOXKHO OMPEICIUTHh II0
bopmyie:

N=AQx

OTtkyna uckomasi pabota raza A paBHa:

A=nQx(1)

KIIJI wupeanbHOM TEIUIOBOM MalMHBI (A TOJBKO TaKoM!) TakXke MOXKHO
OMPENIeNIUTh MO Takoul hopmyiie:

TI:TH_TXTH

[lo ycnoBuiO TeMIiepaTypa HarpeBaTesisi B TpPU pas3a BBIINIC TEMIIEPATYPHI
XOJOIMIIbHUKA, TO €CThb |,=3T,, TOr1a:

N=3Tx—Tx3T=2T,3Tx=23
Tornma no hopmysne (1):
A=23Qy
Uucnenno paboTa TerioBoi MaHbl A paBHa:
A=23-42-103=280001x=28x]1x
OTtBer: 28 k/[:K.

3agauva 27

NneanbHas TemioBass MammMHa cosepmaer paodory 200 Ik, mpu 3Tom
X0JI0ANJIbHUKY

YciaoBue 3agaun:

UneanpHas TeryioBass wmammHa coBepmaer padoty 200 JIk, mpu >ToM
xonoauinbHUKy nepenaércs 300 Ix sueprun. Onpenenuts KII/] TennoBoil MalIuHBbI.

Hano:

A=200 Ik, Qx=300 Ix, n—?

Pemienue 3agaun:

Koadpdunmenr mnone3Horo aedcTBUS 000N TEIJIOBOM MAaITMHBI  MOXKHO
OTIPEJICIIUTH 110 TaKOH dhopmyIie:

N=AQx
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M3BecTHO, dYTO KONMHMYECTBO TEIUIOTHI Qu, TIEpemaHHOE HarpeBareleM,
KOJIMYECTBO  TEIUIOTHI Qx, TMPHUHATOE XOJOIMIBHUKOM, ¥ pabdoTa TETIOBOM
MaiuHbl A cBsi3aHbl (POPMYIION:

Qu=QxtA

Torma nepBast hopMyia IpuUMeT BUT;:

N=AQxtA
3amava pelieHa, MOCYUTaeM OTBET 3a/1auu:
n=200300+200=0,4

OTtger: 0.4.

3anaua 28
YcaoBue 3a1a4u:
Kaxos KIIJ[ nneanbHO# mapoBoil TypOUHBI, €CIIM Nap NOCTYNAaeT B TypOUHY IIpH
temneparype 480 °C, a octasiser e€ — ipu 30 °C?
Hano:
t,=480 °C, t,=30 °C, n—?
Pemenne 3agaum:
KII/] naeansHOro TEMmaoBOro ABUratens (MaeaabHblidi — 3HAYUT pabOTaIOUIMi 110
nukiny Kapno) onpeznenstor u3 popmynsi:
n:TH_TXTH
Temnepatypsl B 3TOi popMmyiie purypupyror B KenbBruHax, a B yCJI0OBUM JaHbI B
rpagycax llenscus, m0o3TOMYy HYKHO IIEPEBECTH UX U3 OJHOW €IUHULIBI 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 3a1aumn:

KII/ TenoBoii MaiuHbl paBeH 15%. Kakoe KoinuecTBO TEMIOTHI MEpeIaHo OT
HarpeBaTelis pabodeMy BEIIECTBY 3a BpeMs, B TEUCHHE KOTOPOTO MAITMHOM
coBepIieHa mose3Has padora 150 [Ix?

Hano:

n=15%, A=150 I, Qs—?

Pemienue 3agaumn:

KoaddunmeHnr mone3Horo IelcTBUS 1 T000H TEIJIOBOM MAIIMHBI MOYHO
OTPENICNIUTh MO TaKoM mpocToi popmyse:

N=AQx

OTKkyna HMCKOMOE KOJIMYECTBO TeIoThl Qy, TepejlaHHOe OT HarpeBaTels
pabouemy BEIIECTBY, PaBHO:

Qu=An

Jns npaBunbHOrO pacuéra orsera KIIJ[ Hy>KHO MOACTABIISITh B 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 copepumuia padory 100 JIx wu
nepeman xomoamwibHuKy 400 JIx temmoTel. Onpenenuth KOAGOUIMEHT MOJIE3HOTO
JNIEUCTBUS [TUKJIA.

Hano:

A=100 [T, Qx=400 Ix, n—?

Pemienue 3agaum:

Koadduiment mnonesHoro nelcTBHs LUKIA 1| OyJeM ONpEeeNsITh IO TaKOU
bopmyie:

n=AQ.(1)

M3BecTHO, YTO CcymMMa KOJMYECTBA TEIUIOTHI Qy, TMEpeaaHHOro Ta3oMm
XOJIOMUIIBHUKY, U paboThl ra3a A paBHa KOJUYECTBY TEIUIOTH Qy, TMepenanHoe
HarpeBaTelieM rasy, TO eCTh:

Qu=Qx*+A

N=AQ«+A

Torna dpopmymna (1) npumet BUL:

Yucnenno KIIJ[ nukna n paBeH:
n=100400+100=0,2
OTtgert: 0,2.

3apaua 31

YcaoBue 3axa4u:

TernoBas mammna pabotaet no nukiny Kapuo. Temneparypa narpesatens 400
°C, xonomunpHuka 20 °C. Bpems BbllOIHEHUs OAHOrO nukia 1 cekynpa. Haitu
MOIITHOCTh JIBUTATEJNs, €CIM KOJIMYECTBO TEIUIa, MOJydaeMOE€ OT HarpeBaTens 3a
uuki, pasao 1100 Ix.

Hano:

t,=400 °C, t,=20 °C, t=1 c, Q,=1100 Tx, N—-?

Penienue 3agaumn:

Momnocts asuratenst N — 3to pabota, coBepiaemasi ABUTaTeNIeM 3a €IUHUILY
BpeMeHu. Ecam 3a Bpems T MPOXOAMT OJMH LIMKJI, M Ta3 coBepuiaer padory A, To
MOIITHOCTh JABUTATENISI MOXKHO HalTH 110 hopmyIie:

N=At(1)
KIIJI nro60ii TemoBoi MaIlIMHBI 1] MOKHO OTIPEACIISITh IO (hopMyJie:
N=AQs
Otkyna:
A=1nQu(2)

Ecmu TemnoBass mammna paboraer mo 1ukiy KapHo, TO OHa sABIsSEeTCS
uneanbHoM. KIIJ maeanbHOM TEMJIOBOM MAIIWHBI TAaKXE MOXHO OINPEICIIUTh IO

dbopmyre:
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N=T,—TxTu(3)

[TonctaBum (3) B (2), a monyderHoe — B (1), Toraa:
N=(T,—Tx)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 TemyioBas mariuHa, padoTaromas no uukiay KapHo, mosydaer ot
HarpeBaress 3a kKakapid nuka 2500 [k termotel. Temnepatypa narpesarens 400 °K,
xonoaunbHuKka 300 °K. Onpeaenuts paboTy, COBEpIIAEMYIO MAITUHOM 3a 1 UK.

Hano:

Qx=2500 /I, T,=400 °K, T,=300 K, A—?

Pemenue 3agaun:

Kosddumnument mnonesnoro medcTBus 1 000N TEIUIOBOM MAIMHBI  JIETKO
OTIPEJICIIUTD 110 TaKoH dopmyie:

N=AQx
OTtkyzaa uckomasi paboTa MaIlIMHbI 32 OAUH LUK A paBHa:
A=nQx(1)

Tak kak paccMarTpuBaemas TEIUIOBas MallMHa paboTaeT mo nukiy Kapno, To
€CThb OHa fABIseTcs uacanbHoOM, 3HauuT €€ KIIJ| Takxke MOXKHO ONpeAeauTh IO
dbopmyiie:

n:TH_TXTH
[ToncTaBum 3710 BBIpaxkeHue B hopmyiy (1):
A:(TH_TX)QHTH

3amaua pemieHa B OOIIEeM BHJE, JaBaTe MPOU3BEAEM pPAcU€T YHUCICHHOTO
OTBETA:

A=(400—-300)-2500400=625Tx

OtBet: 625 /Ix.

3anaua 33

YciaoBue 3agaun:

TerioBas MammHa uMeeT MakcuManbHbIi  KIII  35%. Omnpenenutsb
TEeMIIEpaTypy HarpeBaTessi, €Cu TeMiiepaTypa xonoauibauka 312 °C.

Hano:

n=35%, t,=312 °C, T,,—?

Penienue 3agaumn:

TennoBas mamuHa OyAeT UMETh HauOOJbIINKA (MaKCUMaIbHBIN) KODPUITUEHT
nosiesHoro aeiictBusa (KIIM), ecnu ona Oyner paborars mo uukiy Kapno. Tornma

KIIJI MarmuHbI 1) MOKHO OIPEACTUTh U3 CIEIYIOMeH (OpMyJIb:
N=TuTxTu(1)
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B mpaBoii yactu GopMynbl NOAEIUM MOYJICHHO YUCTUTENb HAa 3HAMEHATeb!
N=1-T«T,
Torpa:
T:Tw=1
T.=T1
3amaga pemena. Tak kak B ¢opmyiny (1) Temmeparypbl NOJCTaBISIFOTCS
BBIpQXCHHBIMU B a0OCOJIFOTHOM IIKaje TeMIeparyp, TO IEpEeBEIEM TeMIlepaTypy
xoJionuiibHUKA ty B KenbBUHBL:
312 °C=585 °K
YucnenHo temmeparypa Harpesarens I, paBHa (KIIJ moacraBunm B AoJsix
CIMHUIIBI):
T,=5851-0,35=900 °K
Oteer: 900 K.

3anaua 34

YcaoBue 3a1a4un:

TemoBas MamuHa C MakcuMaiabHO BO3MOXHBIM KIIJI mMMeeT B KkadecTBe
HarpeBatelisl pe3epByap ¢ Kursiieil Bogoil pu temneparype 100 °C, a B kauectBe
XoJioauiIbHUKa — cocyn co japaoMmM mnpu 0 °C. Kakas macca Jbaa pacTaer Ipu
COBEpIIICHUY MamKUHOU padoTel 10 M/JIx?

lano:

t,=100 °C, t,=0 °C, A=10 M [T, m—?

Pemenue 3agaumn:

Tak kak B TEIJIOBOW MalIMHE XOJOAWIBHHUKOM SIBIISIETCS COCYZ CO JIBIAOM, TO
npy  TIepefade XOJOTWIBHUKY KOJWYECTBA TEIUIOTHI Qx OymeT TIIaBUThCS JIEN
HeKkoTopoit Maccel M. [Ipu aTOM cripaBenBa popmyna:

Qx=Am
m=Q,A(1)

31ech A — yaenbHas TeIUIoTa IJIaBJIeHUs Jbaa, paBHa 330 kJK/Kr.

KoadduumeHnT monae3Horo MIeWCTBUS JIOOOM TEIUIOBOKM MAITUHBI 1) MOXKHO
OTIPEICNUTH 10 (hopMyJIe:

n=AQu(2)
Pabora MammHBI A, KOIMYECTBO TEIIOTHI Qy, IEpeIaHHOEe HarpeBaTeseM,
1 KOJIMYECTBO TEIIOTHI Qx, OTJaHHOE XOJOAUIBHUKY, CBSI3aHbI (POPMYIIOi:
Qu=Q:*+A(3)
[TonctaBum BeipakeHue (3) B popmyny (2):
n=AQ,+A
[TepeMHOXKHUM 3TO PABEHCTBO «KPECT-HAKPECT:
A=nQxtnA

B 5ieByt0 CTOpOHY MEpeHEecEM BCE WIEHbl ¢ MHOXKUTENIEM A, BBIHECEM €ro 3a

CKOOKH, OCTAJIbHBIC OCTABHM B IIPABOM 1 BBIPA3UM KOJHUYCSCTBO TEIIOTHI Qx:
A(1-n)=nQx
Q=A(l-n=A(In-1)(4)

[TockosibKy paccMaTpuBaemas TEIUIOBasi MalllMHa SIBJISIETCS HMJICAIBHOM, TO €€

KIIJI n Takske MOKHO HaXxOJIUTh 110 hopMyIe:
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n:TH_TXTH
[TocTaBuM mOJTydeHHOE BBIpaxkeHue B popmyiy (4):
Qx=A(T,T,—Ti1)
QX=ATH_TH+TXTH_TX
QX=ATXTH_TX
W HakoHell, mOJICTaBUM 3TO BhIpakeHue B popmymy (1):
M=ATMT,—Tx)
[lepen pacuérom YHCICHHOTO OTBETAa, MEPEBEAEM TEMIIEpaTyphl W3 TPaTyCcoOB
[leabcus B KeabBUHBL:
0°C=273 °K
100 °C=373 °K
YwuciieHHO Macca pacTasiBIIETO Jibjla M paBHA:
m=10-106-273330-103:(373-273)=82,73kr
OTtBer: 82,73 kr.

3agaua 35
YcaoBue 3agaun:

Han onHuM MoneM uAeanbHOrO rasa COBEpPIIAIOT LMKIJ, IMOKAa3aHHBIM Ha
pucynke. Onpenenuts KITJ[ nukna, ecnu padota raza Ha yyactke 2-3 paBHa 2 k[, a
Ha yuactke 1-4 paBHa 1,5 kJ[x. T1=300 °K, T,=2Tj.

ano:

v=1 MOIJIb, A23:2 KI[)K, A14:1,5 KI[)K, T1=300 K, T2=2T1, T]—?

Pemenne 3agaum:

p B
qu

sy
l:>
7 sy | 7 &

U
s ‘
-

g

N306pa3umM mpoBOIMMBII Ha/l Ta30M ITUKII B KOOPAUHATAX P-V (CMOTPHUTE CXEMY
K PEILECHHIO).

KoaddummenT noneznoro aeiicTBrs nukIiIa 1 0yaeM onpenemsTh o CIeTyIOIIeH
bopmyie:

n=AQ.(1)

N3 rpaduka nukia B KoopauHaTax p-V BUIHO, 4TO paboTa rasza B mpoiieccax 1-
2 u 3-4 paBHa HyJIO (Tak Miomwaas Guryp noj rpadukamMu 3TUX MPOLECCOB paBHA
Hymo). Toraa pabora nukia A paBHa:
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A=AzstAn

[TonsatHo, yT0 As1=—A14, TOITOMY:

A=A23—-A14(2)

UToO0BI HANTH KOMMYECTBO TEMIOTH QH, HY’)KHO HAalTH BCE MPOLIECCHI B IIUKJIE, B
KOTOPBIX TEIUJIO MOJBOJUIOCH K Ta3y. Jljisi 3Toro Ham MoHajgo0uTCS NEPBBIA 3aKOH
TEPMOIUHAMUKHU:

Q=AU+A(3)

Taxke n3mMeHeHue BHyTpeHHEH 3Hepruu raza AU ciegayer uckaTth 1o Gopmysie

(Oynem cumTath, 4TO Ta3 OJTHOATOMHBIN, HHAYE 3a7]a4y PEIIUTh HE MOJTYIUTCS):
AU=32vRAT(4)

PaccmotpuMm wm3oxopHseiii mpomecc 1-2 (V=const). PabGora raza Aj;z B 3TOM
mporecce paBHa Hymo. Torma mo dopmyram (3) um  (4) KOJIMYECTBO
Ter10Thl Q12 paBHO:

Q12:32VRAT12(5)

Tak kak B HM30XOpPHOM mporecce 1-2 naBiieHHe YBEIUYUBAETCS, 3HAYUT IIO
3akony lllapns yBenuuuaercs u temneparypa (to ectb AT12>0). [ToaToMy cornacHo
dbopmyre (5) MoxHO caenarh BbIBOJ, uTO Q12>0, TO €cThb B 3TOM Mpoliecce TEIIo
MOJBOJIUTCSA K razy. Takxke:

Q12:32VR(T2—T1)

B ycnoBuu roBopurcs, uto T,=2T1, mo3aToMy:

Q12=32VR(2T1—T1)
Q12:32\/RT1(6)

Ecau Bel mpoBenére aHaNOrMYHBIE PACCYXKAECHUSA I APYTrOro M30XOPHOTO
nporiecca 3-4, To mpunére K BeIBoAy, 4To Q34<0, TO ecTh B 3TOM Ipoliecce TEerIoTa
OTBOJIMUTCS OT rasa.

Tenepr paccMoTpum m3oTepmuueckuid mpomecc 2-3 (T=const). Tak kak
TeMIlepaTypa raza B 3TOM MPOIECCe MOCTOSHHA, 3HAYUT HM3MEHEHWE BHYTPECHHEH
sHeprun raza AUz o dopmyne (4) paBuo Hymo. [lo dopmynam (3) u (4)
KOJIMYECTBO TerIoThl Q23 paBHO:

Q23=Ax3(7)

Tak xak ra3 B 9TOM Tpoiiecce pacmupsiercsi, To Az3>0 (Takxke 3TO MOHATHO U3
YCIIOBHS, TIOCKOJIBKY JIaHO YHCIICHHOE 3HaYeHUEe Ay3), 3HAUHUT coryiacHo dopmyie (7)
B Ipolecce 2-3 TemioTa NoABOAUIAaCh K rasy.

[IpoBens aHaTOTUYHbBIEC PACCYXKICHUS JJI APYTOro U30TEPMUUYECKOTO Mpoliecca
4-1, Bel npuaéte k BeIBOAY, uTO Q41<0, TO €CTh B 3TOM MpolLIecCce TEMI0Ta OTBOAUTCS
OT rasa.

[Tonyuaercsi, 4TO TEIJIOTa K ra3y MOABOAWIACK TOJBKO B mpoiieccax 1-2 u 2-3,
MOATOMY KOJIMYECTBO TEIUIOTHI Qy paBHO:

Qu=Q12+Q2s

YuuteiBas hopmynsl (6) u (7), momydnm:

QH=32VRT1+A23(8)

Yto06b! NOTYYUTh OKOHUATENbHYIO opMyiy uist pacuéra KIIJI n, moacrasum B
dbopmyay (1) Beipakenus (2) u (8):

1‘|=A23—A1432VRT1+A23

[TocunTaeM 4YHCIIEHHBINA OTBET:
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n=2000—150032-1-8,31-300+2000=0,0871=8,71%
OTtBer: 8,71%.

3anauya 36

YcaoBue 3a1a4u:

B HexoTOpOM mporecce BHYTPEHHsSI dHeprus raza ymensimiacs Ha 300 [Ix, a
ra3 coepurui padory 500 [Ix. Kakas temnora coobiiena rasy?

Hano:

AU=-300 Idx, A=500 Ix, Q—?

Penienue 3agaumn:

CornacHO TmEpBOMY 3aKOHY TEPMOJMHAMUKH, KOJMYECTBO TEIIOTHI Q,
COOOIIIEHHOE Ta3y, pacXOAyeTcsl Ha U3MEHEHUe 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 n3006apHOM paciipeHuu renus copepuieHa padora, pasaas 500 JIx. Kakoe
KOJIMYECTBO TEIUIOTHI ObLIO MOJBEICHO K Teni0?
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 popmyie:
A=p(V—V1)=pV—pVi(3)
3anumeM ypaBHeHue Knamneipona-MeHaeneeBa /i HAYaJIbHOTO M KOHEYHOTO
COCTOSIHUS ra3a:
{pV1:VRT1pV2=VRT2
Torna dhopmyiy (3) MOXKHO 3anucaTh B BUJIE:
A=vRT,—vRT;
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&HHoi TemnoTsl Q paBHoO:
Q=52-500=1250/1>x
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OtBeTt: 1250 k.

3anaua 38

YciaoBue 3agaun:

Ecnu B HekoTOopoMm nporiecce ra3y cooOuieHo 900 [k TerioTsl, 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 TEPMOJUHAMHUKM TJIACHUT, UYTO KOJMYECTBO TEIUIOTHI Q,
NOABEAEHHOE K rasy, MAET Ha W3MEHEHUWE BHYTpeHHEN dHepruu rasa AUwu Ha
COBEpILIEHKE ra3oM padoTsl A.

Q=AU+A
BeIpazum 13 3TOro paBeHCTBAa U3MEHEHUE BHYTPEeHHEN aHeprun AU:
AU=Q-A

[IponsBeéM BBIYMCIICHHUSA:

AU=900-500=400/1x

Tak kak BemmuuHa AU noisiydanach MOJOKHTEIBHOM, 3HAYNUT BHYTPEHHSA
DHEPrUs yBEIUYHIIACh.

Otger: yBesanmuniach Ha 400 JI:k.

3apaua 39
YciaoBue 3a1aumn:
B HexoTopoMm mporiecce razy coobmieHo 800 [k TemioTel, a €ero BHYTPEHHSS
sHeprusi ymenbiuiach Ha 200 J[>x. Haiitu paboTy raza B 3ToM mpoiiecce.
ano:
Q=800 I, AU=-200 dx, A—?
Pemienue 3agaumn:
3anuuieM NnepBblid 3aKOH TEPMOJIMHAMUKHU. COIIACHO 3TOMY 3aKOHY KOJIMYECTBO
TeroThl Q, COOOIIEHHOE Ta3y, pacxXoayeTcsi Ha U3MEHEHHE €ro BHYTPEHHEH
sHeprun AU u Ha coBepIleHue razoM paboTsl A, TO €CTh:
Q=AU+A
Bripa3zum 13 paBeHCTBa HICKOMYIO paboTy raza A:
A=Q—-AU
[TocunTaeM 4KMCIEHHBIN OTBET:
A=800 — (—200)=1000/1x
OtBet: 1000 k.

3amaua 40

YcaoBue 3a1a4un:

B nexoropoMm mporecce razy coobmieHo 900 J[>k TErUIoThI, a €ro BHYTPEHHSS
sHeprus yBenuumiach Ha 400 JIx. Halitu paboTy rasa B 3ToM mporiecce.

Hano:

Q=900 Ik, AU=400 JIx, A—?

Pemenune 3apauum:

151



[TepBbIil 3aKOH TEPMOJWHAMUKH TJIACHUT, YTO MOJABEAEHHOE K Ta3y KOJUYECTBO
TerioTel Q UAET Ha M3MEHEHHE BHYTpeHHeW sHepruu rasza AU u Ha coBeplieHUE
razoM paboTsl A:

Q=AU+A

Bripazum paboty raza A:

A=Q —AU

[Tpou3Ben€M BBIYMCIICHUSA:

A=900 — 400=500/1x

OTteer: 500 I:x.

3agaua 41

YciaoBue 3a1aumn:

B uneanbHOM TEIJIOBOM JABUTATENE 3a CUYET KaXKIOTO KHWIOHKOYJS DHEPTHH,
MOJIYYCHHOU OT HarpeBaTelisi, mpou3BoaAuTCs padora, paBHas 450 JIx. Bo ckonbko
pa3 abconroTHash TeMIlepaTypa HarpeBaTess OoJblle aOCOMIOTHON TeMIlepaTyphbl
XOJIOOWJIbHUKA?

Hano:

Qu=1 x/Ix, A=450 JIx, T, T,—?

Pemenue 3agaun:

Koaddunuent nonesnoro nevictBust (KILJ[) n mo6oro TemiaoBoro aBuUraTesis
MOXHO OMPENIENUTh 1Mo hopMmyIie:

N=AQx(1)
Ecnu TenmoBoi nBurarens paboraer mo uukiay KapHo, TO ecTh sIBsieTCs
uneanbHbiM, TO ero KIIJ[ Takyke BO3MOXXHO HalTH 10 hopmyie:
n:TH _TXTH

[Togenum yucanTENh MOYJICHHO HA 3HAMEHATEIb B IPaBOil 4acTH (OPMYJIbIL:
N=1-T\Tu(2)

[Tpupasusiem mpassie yactu popmyn (1) u (2), Toraa:
AQ,=1-T,T,
TxTw=1-AQy
TXTH:QH_AQH

Tak kak HyXHO HalTH 3Ha4deHHUE [,ly, TO €CTh OOpaTHOE MOJYYEHHOE HaMH,

nepeBepHEM Ipodu 1Mo 00e YaCTH paBEHCTBA!
THTX=QHQH_A
IlocunTaeM unciIeHHBIN OTBET 3aJa4H:
T,Tx=10001000—450=1,82
Otger: B 1,82 pa3a.

3agaua 42

YcaoBue 3a1aumn:

B uneanbHOM TEIUIOBOM JBUTATENE 3a CYET KaKIOTO KHIIOHKOYJS DHEPTHH,
MOJIYYCHHOW OT HarpeBaTesisi, Mpou3BoaAuTCs padota, paBHas 450 JIx. Bo ckosbko
pa3 alcoyfoTHasi TeMIlepaTypa HarpeBaTessi OoJbIle aOCOTIOTHON TeMIlepaTyphl
XOJIOIMJILHUKA?

Hano:
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Q=1 xJIxx, A=450 JIx, T, Tx—?
Penienue 3agaumn:

Koadduumnent monesnoro naeictus (KII) n moboro TemioBoro IBUratess
MO>KHO OTIPENIETUTh 10 (popmyIe:
n=AQ.(1)
Ecnu temnoBoit aBurarens paboraer mno nukiy KapHo, TO ecTh sBISETCS
uneanbHbIM, TO ero KIIJI Takxke BO3MOXKHO HalWTH 110 opMyIie:
n:TH_TxTH
[Togenum yucIUTENb TOWISHHO Ha 3HAMEHATEh B TIPABOM 4acTH (hOPMYJIBI:
N=1-T«Tx(2)
[TpupasusieM mpassie yactu hopmyn (1) u (2), Torma:
AQ,=1-TT,
TTw=1-AQn
TXTH:QH_AQH
Tak kak HyXHO HalTH 3Ha4yeHUE 4TIy, TO €CTh OOpaTHOE MOJYYEHHOE HaMH,
nepeBepHEM 1podu 1o 00e YacTH paBEHCTBA!
THTX:QHQH _A
[TocurTaem YMCIEHHBIN OTBET 3a/1a4U:
T,T,=10001000—450-1,82
Otger: B 1,82 pa3a.

3agaua 43

YcaoBue 3a1a4u:

Temmneparypa HarpeBaTesns HICAIBHOTO TEMIOBOro Asurarens pasHa 327 °C, a
Temriepatypa xosoawibHuka 27 °C. Ecnu 3T0oT nBurarens cosepiiui padoty B 700
JIX, TO 4YeMy paBHO MOJIYYEHHOE OT HarpeBaresis KOJUYECTBO TEIIOTHI?

Hano:

t,=327 °C, t,=27 °C, A=700 Ik, Qs—?

Pemienne 3agaum:

KIIJI nro60oro TenaoBoro ABUraTessl | MOXKHO HAWTH 1O Takou (popmyrie:

N=AQx

Ecnu TenmoBoit nBurarens paboraer mo uukiay KapHo, TO ecTh SBIsETCS

uaeanbHbIM, TO ero KIIJ[ Takke MOXKHO ONIPEAETUTh TaK:

nzTH - TXTH
Tormga nmeem:
AQ,=T,— T\Ty
OTKyaa KCKOMOE KOJIMYECTBO TETUIOTHI Qy, TTOIYYEeHHOE OT HarpeBatTesi, paBHO:
QH:ATHTH _Tx

[lepeBeném gaHHbIE B yCIOBUM TeMIiepatypsl B cucteMy CHU:
327 °C=600 °K
27 °C=300 °K
ITocunTaem OTBET:
Q4=700-600600—300=1400/1x=1,4x /]
OTtBer: 1,4 kK.
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Ilpunoscenue D

3agaHus 1)1 NPOBeleHUs TEKYIIero KOHTPOJIs 00y4aloluxcs B
(¢popme npakTUYECKUX 3AHATHH
YKka3zaHus MO BBITOJHEHHUIO TPAKTHYECKOTO 3aHATHUS:
1. IToBTOPUTH TEOPETUYECKUI MaTepUall O TEME 3aHATHSI.
. O3HAaKOMHTBCS C MOPSKOM BBIMOJHEHUS pabOThI, pacuéTHBIMHU (hOpMyTIaMH.
3. BoImomHuTh pacyeT MHAMBUAYAIBHOTO 33/IaHUs COTJIacHO BapuaHty. [Ipu
HEO0OXOIUMOCTH TOCTPOUTD TpadUKH U AUATPAMMBI.
. [1o momy4eHHbIM pe3ynbTaTaM cHOpMYIUPOBATh BHIBOJ IO padoTe.
. OdbopMuTh OTYET O MpoAETaHHON paboTe Ha OTAENBHBIX JUCTaX Gopmara
A 4 v ciaTh mpenogaBaTesnio Ha MPOBEPKY.

N

g1 b

Paszneua 1. Texuuuyeckass TepMOAMHAMUKA

Tema 1.2. I'azoBbIe 3aKOHBI
IpakTnueckasi padora Ne 1
OcHOBHBIC I'a30BbIe 3aK0HBI — 4 yaca

CocTosiHUE Ta3a XapaKTepU3yeTcsl ero TeMIIepaTypo, AAaBICHUEM U OOBEMOM.
Ecin Temneparypa rasa pasHa O °C, a gaBleHHMe paBHO JaBJEHHE PaBHO
HOpMasibHOMY aTMocdepromy (101,325 klla unu 760 MM. PT. CT.), TO YCIOBUS MPHU
KOTOPBIX HaXOJUTCS ra3, Ha3bIBalOT HOpManbHuimu. OObeM, 3aHUMAeMbIil Ta30M MpU
ATUX YCJIOBHSIX, IPUHATO 0003HaYaTh uepe3 Vo, a naBieHue — uepes Py .

CornacHo 3akoHa boinsg — MaproTra, pu IOCTOSIHHOM TeMIepaType AaBJEHHUE,
MIPOU3BOAMMOE JTaHHOM Maccoil ra3a, oOpaTHO MNPONMOPLHMOHAIBHO O0BEMY rasa:
P2/P1=V1/V2 i PV=const.

[TPUMEPBI PEITEHW A TUTTOBBIX 3AJAY

Ipumep 1.1. Ilpu HeExkoTOpOM TeMmriiepaType IaBlEHUE Trasa, 3aHUMAIOIIETO
ooveM 3 11, paBHo 93,3 klla (700 mMm. pT. ct.) Kakum cTaHeT naBiieHHe, €CJH, HE
U3MEHSSl TEMIIEPAaTyPhl, yMEHBITUTH 00beM Ta3a jo 2,8 1?

Pemenune. O603Ha4YMB MCKOMOE JaBiieHHnEe yepe3 Py, MOXHO 3amucaTh

P2/ 93,3=3/2,8. Orcrona: P,/ 93,3-3/2,8 = 100 kIla (750 mM. pT. CT.)

I[To 3axony I'eit — Jltoccaka mpu MOCTOSSHHOM JABJIEHUU O0BbEM Ta3a U3MEHSETCS
npsMO  MponopiuoHanbHO abcomotHoit  Temmneparype (T): Vi/Ti= V[T, wim
VIT = const.

Ipumep 1.2. Ipu 27 °C 06bem raza pasen 600 mi. Kaxoii 00beM 3aiimeT ras
nipu 57 C, ecnit maBneHue OyJIeT 0CTaBaThCs MOCTOSTHHBIM?

Pemenne. O603HauuM HCKOMBIM 00beM uepe3 V2, a COOTBETCTBYIOIIYIO €My
temriepatypy depe3 To. [lo ycnoBuio 3amaun Vi = 600 wmn, T1=273+27=300 °K u
T»=273+57=330 °K. [loacrapmiss 3Tu 3HaUCHUS B BhIpakeHHue 3akoHa [ eii-JIroccaka,
nomyuyuMm: 60/300 = V,/300, otkyma V2= 600-330/300 = 660 mi1.

[Ipu mnoctossHHOM o0OBEME [JaBl€HHWE Ta3a HU3MEHSAETCS MPOMOPIUOHATIBHO
abcomotHo# Temnepatype: P1/T1 = Po/T,
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IMpumep 1.3. Ilpu 15 °C nasnenue B Gamione ¢ KuciaopogoM pasHo 91,2:102
klla. I[Ipu xkakoii Temnepatype oHo cTaHeT paBHbIM 101,33-10% kI1a?

Pemenne. Ilycte wuckomas temmneparypa Tz, Ilo ycnoButro 3amaudu
T,=273+25=258 °K, P1=91,2-10? kIla, P,=101,33-10? xI1a. [loacrasissa 3Tu 3HaUE€HUS
B noclieHee ypaBHeHue, HaxoauM: To = 101,33-10%-288/ (91,2-102) = 320 °K unu 47
oC.

3aBUCUMOCTh MEXAY OO0BEMOM Ta3a, JaBICHUEM W TEMIIEpaTypodl MOKHO
BBIPA3UTh OOIIMM YpaBHEHHEM, OOBEIMHSIONIMM 3aKoHbl boilisi-Mapuotra u I'eii-
JIroccaka: PV/IT = PoVo/To

rae: P u V — naBnenue u o6bem raza mpu ganHoi temmneparype T; Po u Vo —
JaBJICHHE U 00BEM raza mpu HOPMAJIbHBIX YCIOBUSIX.

[IpuBeneHnHoe ypaBHEHHE MO3BOJISET HAXOAUTH JIIOOYIO U3 YKa3aHHBIX BEITUYHH,
€CJI U3BECTHBI OCTAJIbHBIE.

Ipumep 1.4. Ilpu 25°C u nmasnenum 99,3 kIla (745 MM.PT.CT.) HEKOTOpOE
KOJIMYECTBO Ta3za 3aHmMmaeT o0beM 152 mi. Haith, kakoli o0BEM 3aliMET 3TO JKe
xommdectso rasza npu 0°C u nasnennu 101,33 kIla.

Pemenue. [Toxcrasiisst faHHbIE 3a1a41 B IOCIEAHEE YPABHEHUE, TIOJIYYAEM:
Vo = PVTo/PT=9,3-152-273/(101,33-298) =136,5 mu

Iapyuanvroe dasnenue eaza

IapuuanbHBIM JaBJIeHHEM ra3a B CMECH Ha3bIBA€TCAd JABJIEHUE, KOTOPOE
IPOU3BOAMII ObI ATOT ra3, 3aHMMas IPHU TeX K€ (PU3MUECKHX YCIOBHUSAX 00BEM BCEH
ra3oBOM CMECH.

Hpumep 1.5. CmemmBarot 21 Oy unu SO», B3ATHIX MPU OJUHAKOBOM JaBJICHUH,
paBHoMm 100 xITa (750 mm. pT. cT.); 00BeM cMecu 6 . OnpenenuTh mapluraibHOE
JTABJIEHUE Ta30B B CMECH.

Pemenue. Ilo ycioButo 3a1aunt 00beM KHUCIOPOAA YBEIMUUIICS MOCTE CMEIICHUS
B 6/2=3 paza, oObeM auokcuga cepsl — B 6/4 = 1,5 paza. Bo crompko xe pa3
YMEHBIIWINCH NapIUaIbHbIC JaBJICHUS ra30B.

CnenoBareinbHo: Po, =100/3=33,3 kIla, Ps0>,=100/1,5 = 66,7 xI1a.

CornacHo 3aKkOHY MaplHUalIbHBIX JTaBJICHUN, oOwee OasieHue cmecu 2a3os, He
BCMYNUBUX Opy2 C OpPY2OM 6 XUMUYEcKoe 63aumooelicmeue, pasHo CyMMe
napyuaIbHbX 0asleHul 24308, COCMABIAIOUUX CMECD.

Ipumep 1.6. CmemmBaroT 31 COy2; ¢ 41 Oz u 61 N2 Jlo cMmelieHus gaBieHUe
COy; Oy u Ny cocraBisizio coorBeTcTBeHHO 96,108 1 90,6 xIla. O0mmit 00beM cMecH
10 1. OnpeaenuTs 1aBICHUE CMECH.

Pemennue.

AHQJIOTUYHO PEIICHUIO MPEIbIAYIIeH 3alaud HaXOIuM MaplraibHbIe AaBJICHUS
OT/ICJIbHBIX Ta30B:

Po, =108 - 4/10 = 43,2klla Pcor = 96 - 3/10 = 28,8 kI1a Pnz = 90,6-:6/10 = 54,4
klla

OO6miee maBieHrEe Ta30BOM CMECH PAaBHO CyMME MapIMAIbHbBIX JTaBJICHUN:

P=28,8+43,2+54,4=126,4 xlla

Ecnu ra3 coOpan Hax )KHIKOCTHIO, TO MPHU pacyueTax CIeAyeT UMETh B BHIY, YTO

€r0 JaBJICHUE SIBIISICTCS MapIHATbHBIM U PABHO PA3HOCTH OOIIETO JTaBJICHUS Ta30BOM
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CMECH U MapLHAIBHOTO AaBIEHUS Mapa KUJIKOCTH.
Ipumep 1.7. Kakoit 00beM 3aiiMyT TIpH HOpMaJbHBIX ycioBusax 120 mi a3oTa,
cobpannoro Hax Bomoii mpu 20°C wm  pmaememum 100 xIla (750 mm. pr.
ct.)? JlaBnenue HachimenHoro mapa soasl mpu 20°C pasno 2,3 kIla.
Pemenne.
[lapimanbHOE€ JaBieHWE a30Ta paBHO PA3HOCTH OOLIErO JaBJICHHUS U
napIyagibHOro JIaBiaeHus napa Boasl: Pno = P — Poo = 100 - 2,3 = 97,7 klla
O603HauuB UCKOMBII 00BeM Yepe3 Vo U UCIOJNIb3Yysl 00bEIMHEHHOE yYpaBHEHUE

3akoHOB boisi-Mapuorra u ['eit-JIroccaka, HaxoauMm:
Vo=PVTo/TPy=97,7 - 120 - 273/(293-101,3) =108 mn

Bonpocwt u ynpasicnenus ons camonoo2omosku:
1. Ipu 17°C HexoTOpOE KOMMYECTBO rasa 3aHuMaeT oobeM 580 mu. Kakoit 06bem
3aiiMeT 3To e KonmuecTBo rasza npu 100°C, ecnu naBlneHHMe €ro ocTaHeTcs
HEW3MEHHBIM?
2. JlaBienue rasa, 3aHuMaromiero oorem 2,5 1 pasuo 121,6 xlIla (912 Mm. pT. cT)
Yemy Oynet paBHO JaBJICHHUE, €CIIM HE U3MEHSSI TEMIIEpaTyphl, CKaTh ra3 10 oo0bema
Bl .?
3. Ha ckoibko rpajlycoB HaJ0 HarpeTh ra3, HaXOISIIMNCS B 3aKPBITOM COCYJE MpU
0°C, 4T06BI HAaBIEHHE ETO YBEIMUUIOCH BIBOE?
4. TIpu 27°C u maBnenmu 720 Mm. pT. cT. 00beM rasza paseH 5 1. Kakoil o0bem
3alMET 3TO K€ KOJINYECTBO ra3a npu 39°C u maBnenun 104 xI1a?
5.TIpu 7°C nasnenue rasza B 3akpeIToM cocyae pasHO 96,0 kIla. Kakum craner
NaBIICHHE, ECIIN OXJIAAUTH cocya 10 — 33°C?
6. [Ipu HOpManbHBIX yCiIOBUAX | T Bo3ayxa 3anumaeT o0wvem 773 mit. Kakoit o0bem
3aiimeT Ta ke Macca Bosayxa npu 0°C u nasnenuu, pasaoM 93,3 kIla (700 mm. pr.
cT.)?
7. Nasnenue rasa B 3akpbitoM cocyne npu 12°C pasro 100 xIla (750 MM. cT. pT.)
KakuM CTaHeT JaBleHME rasa, eciu HarpeTs cocyn 1o 30°C?
8. B craibHOM OansioHe BMeCTUMOCTBIO 12 11 Haxomurcs mpu 27°C xuciaopos mof
nasiennem 15,2 MIla. Kakoit 00beM Kuciaopoja, HaXOASIIerocs Mpyu HOPMaJbHBIX
YCIIOBUSX, MOXKHO TIOJIYYHTh M3 TAKOTO OayioHa?
9. Temneparypa a30Ta, HaXOJAIIETOCS B CTaIbHOM OayuIOHE TOJ JaBjieHHEM 12,5
MIla paBHa 17°C. [Ipenenvnoe naBnenue mna Oamnona 20,3 MIla. Ilpu kakoit
TeMIiepatrype JaBJieHUe a30Ta JOCTUTHET MPeeIbHOI0 3HAUYeHUs?
10. IIpu nasnenun 98,7 xIla m Temmeparypa 91°C HekoTOpoe KOJIMYECTBO rasa
3aHumaeT oowrem 680 mi. HaliTu 00beM raza nmpu HOpMajabHBIX YCIOBHUSX.
11. Ilpu B3aumonercTBum 1,28 r MeTaia ¢ BoJoH Beiaeamioch 380 M1 BOaopoa,
m3mepenHoro npu 21°C u pmapnemmm 104,5 kIla (784 mm. pr. cr.). Haiitm
SKBUBAJICHTHYIO Maccy MeTajljia.
12. Kak cnegyer M3MEHHUTh YCJIOBHS, YTOOBl YBEIMUEHHWE MACChl JJAHHOTO Ta3a He
MPUBEJIO K BO3PACTaHUIO €ro o0beMa: a) MOHH3UTh TeMIeparypy; 0) yBEIUUWTH
JIaBJICHUE; B) HEJIB35 TOI00PATh YCIOBUIA?
13. Kakue 3HaueHus TeMmIepaTypbl W JaBICHUS COOTBETCTBYET HOPMAJIbHBIM
ycnosuaMm st ras3os: a) t=25°C, P=760 mm. ct. pt.; 6) t=0°C, P=1,013-10° Ila; B)
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t=0 °C, P=760 mm. pr. cT.?

IIpakTuyeckas pab6ora Ne 2
IMapameTpsbl cocTosiHUS padoyero Teja. Y paBHEeHHUS HA€AJIbHOIO ra3a.
OmnpenesieHue TEIIOEMKOCTH HAealbHBIX ra3oB — 2 yaca

KOHTPOJIBHBIE BOITPOCHI U 3AZJAHUA

1. Yto noHnMaeTcs Moj TEPMOAMHAMUYECKON CUCTEMOM?

2. HazoBuTE OCHOBHBIE TEPMUYECKHE MapaMeTpbl COCTOSHHUS paboyero Tena u
HaIMIIUTE UX PA3MEPHOCTb.

3.B dyem cocrouT pazauuMe MEXAy  aOCOJIOTHBIM,  aTMOC(hEpHBIM,
0apOMETPUYECKUM JaBICHUSIMU?

1. JlaitTe onpenesieHre UACILHOTO Tra3a.

2. laiite  ompeneneHue oOpaTUMOro M HEOOpPAaTHMOIO PaBHOBECHOIO U
HEPABHOBECHOTO IPOLIECCOB.

3. Kakue mapameTpbl BXOJIAT B ypaBHEHUE COCTOSIHUSI UJ1€aJIbHOTO Ta3a?

4. O0bsicHUTE (PUBUUECKHUIM CMBICIT yIENbHON Ta30BOM M YHUBEPCAIbHON ra30BOM
MOCTOSTHHBIX Y HAITUIIUTE UX PA3MEPHOCTH.

5. Hanumure ypaBHeHue coctosHusa s 1 kr, M xr, [ kmomsa, 4  kMousei

HJICaJIbHOTO rasa.

6. laiiTe onpeaeneHnss OCHOBHBIX 3aKOHOB JIJIS MEATBHOTO Tasa.

7. Uto Ha3bIBaeTCs Tra30BON CMEChIO?

8. B uem cymnocTh 3akoHa JlansToHa?

9. HanmummmTe COOTHOIICHHS MEXKIy MaCCOBBIMU U 0OBEMHBIMU JIOJISIMHU.

10.Kak omnpenenuTs CpeaHIO MOJSPHYIO MacCy U YICIbHYIO Ta30BYIO
MOCTOSTHHYIO CMeCH?

11. Ma¥iTe onpeneneHue yAeIbHONU TEIIIOEMKOCTH.

12.3anummTe COOTHOIICHHUS MEK/Ty MacCOBOM, 0OBEMHOM M MOJIBHOM (MOJISIPHOM )
TEITIOEMKOCTSIMHU.

13.B dWem omimune TOHATHH "WCTUHHAS TEINIOEMKOCTH' W "CpemHss
TETUIOEMKOCTB"'?

14.Kak onpenenuTh CpeAHIOI0 TEIIOEMKOCTh B MHTepBajie Temmeparyp {p..0,,

MOJTB3YSICh TAOJIUIICH TETJIOEMKOCTH?
15. O0BsicCHUTE CMBICH BEJIMYWH, BXOISAIIUX B ypaBHEeHHE Maiiepa.

[TPUMEPBI PEIHEHW A 3AJJAY
3agaua 2.1. PryTHBI BaKyyMMETp, NMPUCOEAMHEHHN K COCydy, MOKa3bIBaeT

paspexxenne Pe = 60 klla mpu temmeparype prytd B Bakyymmerpe ;=25°C.
Hasienue armocdeps! mo pryrHomy 6apomerpy Ps= 102,4 kIla npu temmeparype

prytu t, = 20°C. Onpeznenuts abCOMIOTHOE AABICHUE B COCY/IE.

Pemenue. IlpuBogum nokaszanus pTyTHbIX mpudopoB k 0 °C mo ¢opmyie:
Py=P-1-p-1), (1)
rae P - mokasanust pryTHOro npubdopa mpu t °C, Ila ;
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t - remneparypa prytu B npudope, °C;
p=172 1074 l/rpan - ko3 puireHT 00BEMHOTO PACIIUPEHUS PTYTH.
[ToncTaBuB HCXOAHBIE JaHHBIE B (HOPMYITY, TIOTYUIHM
Pgy =60-10%(1-1,72 1074 -25)=59740 «lla;

P =102,4:103(1-1,72-10%20)=102050 «Ila;

AGCOIIIOTHOE JJaBJICHUE B COCY/IE PABHO PA3HOCTU MEXAY aTMOCHEPHBIM U
BaKyyMMETPUYECKUM JaBJICHUEM B COCY/IE:
Pa = 102050 - 55740 = 42310 Ila = 42,31 xIIa.
OTBet: abconroTHOE 1aBiieHHE B cocyne paBHO 42,31 kIla.
3amaua 2.2. [locna nycka JIBC naBneHue ckaToro BO3AyXa B IYCKOBOM

bamione moHmsmwiock or P;=35 mo P,=29 MIla. Ompenemurs o00beM
U3pacXxo/J0BaHHOTO BO3AyXa MpU JAaBICHUU M TEMIIEpaType OKpYKarolleld cpelibl
cootBerctBeHHO P, =100,8 xIla m ty =18 °C, ecim BMeCTHMOCTb ITyCKOBOTO
6awona V =02 M® Temrieparypa Bosiyxa B Gawione 10 mycka IBC t; = 18 °C, mocrie
mycka 1, =10°C.
Pemienne. 3anuiiem ypaBHEHUs COCTOSHHS JJISI TPEX COCTOSIHUM rasa:
— cocTosiHUE rasa B 6aiione a0 nmycka /IBC:

— cocTostHHME ra3a B 6ayuione mocie nycka J[BC:
— COCTOSIHHMEC Ta3a B OKpY’Karoliei cpene: PN, =mRT, (2.4)

rie R=2873 Jx/kr-°K — ynenbHas razoBas moctossHHas J1s Bozayxa (I1. «Ay);
M - Macca BO37yXa B COOTBETCTBYIOIIMX COCTOSIHUSX, KT.

AOGcoinoTHas Temneparypa rasa:

Ty =18+273=291 K; T =10+273=283 °K.

OmnpenenuM Maccy Bo3ayxa, cojepikarierocs B 6anone, 1o mycka JIBC:
RV 35.10°.02
~RT, 287,3-291
Macca Bo3nyxa, octasiierocsi B 6ayuione nocie mycka JBC:

6
my o PV 2910002 L0
RT, 287,3-283

Macca u3pacxoI0BaHHOTO BO3/1yXa:
m, =m,-m, =837 -713 =124 kr.
O06BeM U3pacxoI0BAaHHOTO BO3IyXa:

- m,RT, 124.287-291
°° P, 1008-10°
OtBer: 00beM H3PACXOI0BAHHOTO BO3ayXa pasen 1,027 m°,
3apaua 2.3. OObeMHBIE J0JIA KOMIIOHCHTOB CMECH HJCaJbHBIX I'a30B pPaBHBI.

H,0 —40%,0, —10%, N, —50%. JlaBnemue cmecu £P., =0,15 MIla npu
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temriepatype 100 °C. Haiitu napuuanbHble JAaBJIEHHS KOMIIOHEHTOB, MOJSIPHYIO
Maccy CMECH, MacCOBBIE JI0JIM KOMIIOHEHTOB, Fa30BYIO ITOCTOSIHHYIO CMECH, a TAKXKe
IUIOTHOCTh CMECH IIPH YCJIOBUSIX, YKa3aHHBIX B 3aja4e.

Pemenne. IlapuuanbHble JaBiI€HHS KOMIIOHEHTOB CMECH ONPEIEISIIOTCS IO
dbopmyse:
I:)i =1 PCM’ (25)
rae I; - oobemHas 1075 | -ro KOMIOHEHTa CMECH.

Taxum obpasom: fy,0 =0,4; o, =01 ry, =05.
[Mapuuanbuble naBiaenus komrnoneHTos: Py,0 =0,4-0,15- 10° =60 klla;

Po, =01-015-10° =15 «TTa; Py, =0,5-015-10° =75 kITa.
MossspHas Macca cMecu:
Moy =251, (2.6)
e A - MoJspHas Macca | -ro KOMIIOHEHTa CMECH.
Torpa:

Moy =2 N1 = M0ty o 1 To Mo, + TNy HN, =

=0,4-18+0,1-32+0,528 =24,4 Kr/KM0/Ib
VY nenpHas ra3oBas MOCTOSIHHAS CMECH:

8314 8314
Rey = =222 23407 Jiac/krK.
Hey 244
_ Gy
MaccoBble 101M KOMIIOHEHTOB cMech: Jj = ——
Hey
0,4-18 0,5-28
= It = 0’3 = ! == 0,57
0H0 =44 N2 =244
o, %1% o3

24,4
3 9; =0,3+013+057=1.
[T10THOCTH CMecH OTPEICTTUM U3 YPaBHEHUS COCTOSTHHS:

P v, =R, T. (7

M

Tak xak V., =——, T0
Pem

P, 0,15-10°
Rey Ty 340,7-373
Oreer: Py, o =60kIla; Po, =15 kIla; Py, =75 xIla; t,, = 24,4 xr/kmorb,
94,0 =03:90, =0,13;9N, =0,57;R,,, =340,7 Jix/xrK; pey =118 kv,

=118 xr/m°.

Pem =
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3agaua 24, OnpenenuTs CpPEJHIO MACCOBYIO TEIUIOEMKOCTh IPH
MIOCTOSIHHOM JaBiieHuu i azota B npenenax 300...600 °C, cuurtas 3aBUCUMOCTD
TEIUIOEMKOCTH OT TeMIepaTyphbl HeJTUHEHHOM.

Pemenne. CpenHee 3HadeHHWEe TemIoeMKocTn B wmHTepBane or {; mo i,
ompenensieTcs no Gopmyie:

__ 9
t, -1

rae 1y, 1, HavampHAs M KOHEYHas TeMmIepaTypsl cOOTBETCTBEHHO, °C miH °K;

Cpy C(2.8)

q - KOJIHUYCCTBO TCIIJIOTHI, HOI[BOI[HMOﬁ K CIMHUIIC KOJHYCCTBA TIasa (I/IJ'II/I

OTBOJMMOM OT HEr0) IPH M3MEHEHUHM TeMIepaTypsl rasa mpenenax ot iy no t,.
KonruecTBO TEIIOTH, y4acTBYIOIIEH B POIIECCE TPH TIOCTOSIHHOM JaBJICHUN:

t t
p = C|om2‘o2 Ty - Cpml‘&'tl’ (2.9)

t t o o
01 , 02 - cpejHHe 3HAYEHHsS MAacCOBOH M300apHOH TEMIOEMKOCTH B

rae Cpmi|g » Cpm2

nHTepBaiax Temreparyp ot 0 1o {; mor 0 no 1, coorBercTBEHHO.

Torzxa MaccoBasin I/1306apHaH TCINIOCMKOCTL IIPpHM  HAIrpeBC OT tl a0

t, .onpenensiercs o hopmyre:

o 51
pmz|o 2 ¢ pml‘o !
Cpm = (2.10)
t2—Y
[Tonp3ysicek Tabnuuei TermoeMkocTH st azota (I1. «By), momyunm:
C om0 = 1,0488 kIbi/kr K;

C pm2 ‘ 800 = 1,076 x/[x/kr-K, mosTomy st a3oTa:

1,076 - 600 —1,0488- 300
Cpm =
600 —300

OTBeT: cpeaHee 3HAUECHUE MACCOBOM M300apHOM TEMIOEMKOCTU JJIsi a30Ta MpH
Harpese ot 300 no 600 °C pasno 1,1032 x/]x/kr-°K.

3amaya 2.5. Cwmecyp wunmeampHoro raza wMaccod m = 30 xr, 3amaHHas
00beMHBIMH goisiMu: H»0-40%, O,-10%, N,-50% u 3annmaromias o0seMm Vi = 35
M°, HarpeBaeTcs NPHM MOCTOSHHOM JaBjieHuM oT Temmeparypel t; = 100 °C mo
temriepatypbl = 200 °C, a 3aTemM oxJaXmaeTrcs MpPU TMOCTOSHHOM OOBbEeMe [0
HMCXOJHOU TeMIIEpaTypHl ti.

Onpenenuth Temwioty | kr cmecu B mpoileccax. Pacuer mpoOWSLTIOCTPUPOBATH
u300paxkeHHeM MmpoieccoB B VP- u ST-muarpammax. 3agady pemaTh € y4eTOM
HEJIMHEMHOW 3aBUCUMOCTH TEIUIOEMKOCTEN Ta3a OT TEMIIEPATYPHL.

Pemenue.

=1,1032kIx/xrK.
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T1=Ts

»
»

V1 Vo=V3 \Y S

Pucynok 2.1 — K 3agaue 2.5.
MonsipHas Macca CMECH:
Hep = 2N Hj = "Ha08y 0 + 10,40, + N HNp =

=0,4-18+0,1-32+ 0,528 = 24,4 xr/M0JIb
VY nenpHas ra3oBasi HIOCTOSIHHAS CMCCH:

8314 8314
R= = = 340,7 Jix/xr-K.
Mo 24,4
MaCCOBBIC J0JIM KOMITIOHECHTOB CMCCH: g| = Zlul
CM
04-18 0.5.28
_ 2003 _ 9228 557,
9H,0 244 g, 214
01-32
=——=013. =03+013+057=1.
gOZ 24’4 z gl

MaccoBble H300apHBIC TEIUIOEMKOCTH KOMIIOHCHTOB CMECH IPH HarpeBe OT
t; =100 °C mo t, =200 °C onpenenstorcs mo hopmyIie:

Y A

. ep|dt2—ep|g
Cp =
-4

(1120 _ 18937-200-18728-100 | (e oo
200-100

ng _ 0,9232-200-0,9353-100 — 0,911 1K br/xrK:
200-100

Ne 10434:200-1,0404-100 e o o
200-100

TenmoeMKOCTh ra30BOM CMECH:
i H,0 O N
=1,9146-0,3+0,9111-0,13+1,0464-0,57 =1,2893 x/lc/xe- K.

Temora, moaBeneHHas B mporiecce 1-2:
th—p = Cp" - (tp —t1) = 1,2893-100 = 128,93k [/
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MaccoByr0 H30XOpHYHK) TEIUIOEMKOCTb CMECH OIPENCISIEM U3 YpPaBHEHUSA
Mariepa:

oM = C%M —R =1,2893-0,3407 = 0,9486 k/[oc/ ke - K.
Temnnota, oTBeieHHas B nporecce 2-3:

Oy_3 = C" - (t3 —t ) = 0,9486 - (—100) = —94,86 Kk JK/kT.
OtBet: (1_» =128,93 k/Ix/kr; (o_3 =—-94,86 kJK/KT.

3AJIAYN JIJIA CAMOCTOSATEJIBHOI'O PEHIEHM A
3agaya 2.6. OmnpenenuTbh aOCOMIOTHOE JaBJCHHE B IapOBOM KOTJIE, €CIH
MaHoMmeTp mokaszeiBaeT 0,25 MIla, a atrMocdepHoe npaBiaeHHE TO PTYTHOMY
O6apometpy coctasisieT 700 MM pT. cT. ipu Temneparype 20 °C.
OtBer: P=0,343 MI]a.
3apava 2.7. B OamioHe eMkocThio 60 1 HAXOIUTCS BOJOPOJ MPH JABICHUU 5
MlIla B Temnepatype 30 °C. OnpenenuTs Maccy rasa B OaJJIoHE.

Orser: my, = 0,24 kr.

3amaya 2.8. Macca BO3ayXa, 3aKIIOYEHHOTO MEXKAY KPBIMIKOM MWIMHAPA U
nopiHeM Kommpeccopa, paBHa 0,5 kr. Jluamerp umnuniapa 0,5 M, naBieHue U
temriepatypa BHyTpu mwiuaAapa 0,35 Mlla u 400 °K coorBerctBenHo. Ilpu
HEM3MEHHOM JIaBJICHUU ABMXKYILUICS 0€3 TpeHus MoplleHb nepemeniaercs Ha 20 cM.

OnpenenuTe Ha4YaJlbHOE pACCTOSHUE TMOPIIHS OT KpPBIIKK LWIUHApPA U
TEMIIepaTypy B LWIMHAPE NOCIIE TEPEMEICHHS TOPIIHS.

OtBer: X=0,64 m; T7=495°K; T, =305 °K.

3apaua 2.9. OObeMHBIN COCTaB CyXUX MPOAYKTOB CTOPAHMSI OPTraHUYECKOTO
torumsa ciexyromuii: CO, = 12,3 %; O, =7,2%; N, =80,5 %.

Halitn MOJISIpHYIO Maccy M ra3oBYIO ITIOCTOSIHHYIO CMECH, @ TaKK€ IUIOTHOCTh U

yAENbHbIH 00BeM MpOMyKTOB cropanus npu aasienun 100 klla u tremmeparype
800 °C.

Otreer: 1 =30,3 xr/kmoms, R= 274 xJlx/xkr-K; p=034 kr/m®, V= 2,94
M3/KT.

3apaua 2.10. O0beMHBIE J0JIM KOMIIOHEHTOB BJIAXKHOT'O BO3[yXa: KMCIOPOJa
O, — 21 %, azora N,- 78,1 %; Bomsmoro mapa H,O- 0,9 %. Onpenenurs
MacCOBBI€ JIOJIM, TAapIMaNbHBIC NaBICHHUS KOMIIOHEHTOB BO3AyXa MpH IaBICHUU
cmecu 0,1 MIla, ra3oByro MOCTOSIHHYIO BO3AyXa M €ro IUIOTHOCTh MPU HOPMAJIbHBIX
YCIOBUSIX.

OtBer:g, =0,234;9y, =0,76;9,0 =0,006;P,, =210xIIa;
PN2 =781 xIla; PHzo =0,9 kIla; R =289 x/Ix/kr-°K; P, =118 Kr/m°

ITPAKTUYECKOE 3AHATHE Ne 3
HccaenoBanue TepMOIMHAMHYECKHX MPOLECCOB HAEAIBLHOIO ra3a — 2 yaca

KOHTPOJIBHBIE BOITPOCHI 1 3AJJAHUA
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1. ChopmynupyiiTe TeEpBBHIA 3aKOH TEPMOAWHAMUKA ¥  HAIMUIIUTE €r0

aHAITUTUYECKOE BhIpOXKCHHE.

OT KakuX MmapaMeTpoB COCTOSTHUS 3aBUCUT BHYTPEHHSS SHEPTUsI ra30B?

3. Uem sBisAmOTCS TeIuioTa W pabora - (YyHKIMEH mporecca WM COCTOSHUA?
[Touemy?

4. Yto Takoe SHTaNbIUsi W HSHTponua? B dem 3akmrovaercss ux Qunyeckuii
cMbICIT?

5. Kak onpenenuTs nmpupamieHne SHTPOIUNA UACATHHOTO Ta3a B 3aBUCUMOCTH OT
OCHOBHBIX TEPMHUYCCKHUX ITapaMETPOB COCTOSHUS?

6. Kax onpemenuts, pabory U Temnory mpomecca Ha VP-  m
ST - auarpammax?

/. B kxakom ciywae  TemioTta, paboTa, HU3MEHEHHE  BHYTPEHHEH
SHEPTHUU U SHTPOITUU CUYUTAIOTCS MOJOKUTEITHPHBIMA? OTPHUIATEITILHBIMU?

8. B xakoMm TepMOAMHAMHYECKOM TMPOIECCe BCSA TEIJIOTa WUIET Ha COBEpIICHUE
paboThI?

9. B xakoM TepMOJAMHAMHYECKOM IMpoIlecce paboTa He COBEpIIacTCs?

10.B kakom TepMOJMHAMHYECKOM TIpoliecce padoTa COBEpIIAETCS 3a CYeT
U3MEHEHHS BHYTPEHHEH dHEepTrun?

11.B xakoMm TepMOJIMHAMUYECKOM TPOIECCE MOKA3aTeNb MOIUTPOIIBI PABEH HYIIO?

no

[TPUMEPHI PEHIEHUA 3AJJIAY
3agaya 3.1. Bosayx wmaccoit 10 kr pacmumpsieTcss H30T€PMHUYECKH TpU

t; =400°C ot navaneHoro pasnenus P;= 800 klla 10 koHeuHoro oovema Vo =5 M3,

OnpenenuTs Ha4YaIbHBIN 00beM, KOHEYHOE JaBJICHHUE, pa0OTy pacIIMPEHUs, TeIJIOTY
IpoLecca, U3MEHEHUE SHTPOIINH, YHTAJIBIIMU U BHYTPEHHEW YJHEPTUU.

Pemenue. HauanbHbiil 00beM OmpeiesisieM U3 YpaBHEHHs COCTOSTHUS Jjist M KT

rasa:

mRT; 10-287,3-673

P 800-103
KOHG‘-IHOC JAaBJICHHUC onpez[enﬂeM N3 COOTHOIICHUA HapaMeTpOB B

Vg = =2,417 M3

HN30TCPMHUYICCKOM IIPOLCCCC:

RP_YM 0 @y
PV
V
rorna: P, = Py L =800 2417 _ 38672 «ITa
Vs 5
PaboTy pacmmpenus B U30TEpMUYECKOM TIPOIIecce OmpeiessieM o GpopMmyiie:
v

L1_2 = P]_Vl In —2 . (32)
Vi
HOCHe IIOJACTAHOBKHU JAHHBIX UMCCM:

Ly, =800-2,417 - In—>
2,417

=1405,6 xJIx.

B n3orepMuueckoM mpoliecce BCs TEMIOTa paCXOAyeTCsl Ha COBEPILICHUE

paboThI, MO3TOMY B aHHOM ciydae Q1 o =Ly o =1405,6 x[x.
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H3meHeHune 3HTPONTNHN B U30TEPMHUIECKOM MPOIECCe HAXOAUM 1o (popmyie:

ASy 5 = Rln\\//—i, (3.3)

5
Torma ASy » =0,2873-In
Ad 8912 2,417

=0,21 xJIx/kr K.

OHTaIBIUS U BHYTPEHHSIS SHEPIUsl UACAITHHOTO Ta3a B U30TEPMHUUECKOM IpoIecce
HE U3MEHSIOTCs, TakuM obpazom, Al » =0 u AU1 o =0,
Otser: Vq =2,417M%;, P, =386,72 kIla; Q_» = Ly_p =1405,6 xJ/Ix;
AS1_o =0,21 xJ/xr-°K;Al1_2o =0 u AUq_» =0,

3agaua 3.2. Cyxoi Bo3gyx Maccod 1 Kr coBeplIaeT mIpsiMOM
TEPMOJUHAMHYECKAA  LMKJ, COCTOSIIIMM M3  YETBIPEX  IOCIEI0BATEIbHBIX
TEPMOJUHAMHYECKUX MTPOLIECCOB.

3aganubie napaMeTpsl i Bosayxa: P1=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, ynenbHBI 00BeM Vv, Temmeparypy Bo3ayxa T ms
OCHOBHBIX TOYEK IIUKJIA.

2. J1ns1 KaKJI0TO U3 MPOIIECCOB OMPEEIUTh 3HAUCHUS TOKa3aTeNed MOJUTPOIIbI N,
TEIUIOEMKOCTH C, BBIYUCIIUTh M3MCHEHUE BHYTPEHHEH sHepruu AU, SHTAIBIINU
Ai, sarpormuu  AS, Temiory mporecca ¢, padory mnpoiecca |, pacmonaraemyro
pa6ory lo.

3. OnpenenuTh CyMMapHbBIE KOJIMYECTBA TOJBEACHHONW (1 W OTBEIECHHOW (2
TernoThl, padory nukna | u, repmuueckuii KITJI nukia 7.

4. Tloctpouts nukia B VP - u ST - koopauHaTax.

[MpunsTh TazoByio mocTosHHyr0o R =287.3 JIx/(kr°K), TemoeMKoCTh mpu
noctostHHOM aaBieHuu Cp=1,025 kJx/(krK), 4T0 COOTBETCTBYET CBONCTBAM CYXOTO
Bo3ayxa npu T=273 °K.

Pemenne.

1. Onpenenum napameTpsl B XapaKTEPHBIX TOUKAX.

Py 0,2-10°.0,45

T 1. T = =313K.
Tt 1T R 287,3
Touka 2. IIponecc 1-2 — annabaTHbIH
C 1,025
p )
I Garsik == 0 =14;
OKa3artellb aguadaThl ¢, 0738
Cy =Cp —R=1025-0,2873=0,738 x/[x/(xrK)
1 1
5 -
Vo =V - |k =0,45- 0,214 =0,125m%/xr.
P, 1,2
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k-1

— 0,286
P )
T, =Ty 2| % —a13.[22] —sa3k
P 0,2

Touxa 3. IIpouecc 2-3 — U30XOpHBIH => V,; =V,=0,125 M>/kT.
_Pp-T3 287,3-573

P3 = 1,3 Ml]Ia.
V3 0,125
1 1
Touka 4. V4 =V3 [&Jk = 0,125-(£j1’4 =0,5 m%/kr.
Py 0,2
= 0,286
T =T3£ﬂj “ =573-(%j ~335K
P3 3
Ta6nuna 3.1 — Pe3ynbTarsl BHIYKMCICHUM
Touka nukIiIa
Tepmudeckue mapameTpbl 1 2 3 4
P, Mlla 0,2 1,2 1,3 0,2
V, M/KT 0,45 0,125 0,125 0,5
T,K 313 523 573 335

2. Paccumnraem mapameTphl IMpOIECCOB.
Ipouece 1-2 — agnabarusiii: 4 =0.
[TokaszaTeis MOJUTPOIIBI PACCUUTAEM I10 POPMYIIE:

P, 1,2
90 '9 0,2
n= Vl =14. (3.4) Husa nanHoro mporecca: N = 0 ’45 125=14.
Ig-1 g~
J Vo J 0,06
TemnmoeMKkoCTb:
n —
c=C, ——. 3.5
L)
B agnabaTHOM Mpoliecce TEIIOEMKOCTh paBHa HyITo, T.K. N =K :
c=0,738- La-14 o

130X0pHasi TEIIOEMKOCTb: Cy = Cp — R =1,025-0,2873=0,738 k/[x/kr K

N3MeHeHne BHYTPEHHEN SHEPTUH U YHTAJIBIINU:
Aup_o =c,(Tp —T;) =0,738- (523 — 313)=154,98 kJIx/KT;
Aig_p =cp(Tp —Tp) =1,025- (523 - 313)=215,25 kJIx/xr.

N3menenue sHTponuu onpeaensiercs no Gopmyie:

As=j$. (3.6)
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T.x. B aguabaTaoM mpouecce dq =0, ro u As=0.

B ammabatHOM mpoliecce paboTa coBepIIaeTcs 3a CYeT U3MEHEHUSI BHYTPCHHEH
SHEPTUH:
| =-Au, (3.7)
torma: | =- Au=-154,98 xJ[>x/Kr.
Pacronaraemas pabora B aguabaTHoMm mporecce B K pas Goublie paGoTHI
m3menenns oobema: lg= K- 1=1,4-(~154,98)= 216,98 xJIx/KT.

IIpouecc 2-3 — U30XOpPHBIN: V) = V3.
B n30xopHOM Mpoliecce mokas3aTellb TOJUTPOIBI PaBeH OECKOHEUHOCTH:

C=Cy r:];l; =cy = 0,738 x/Ix/(xr-K).

W3mMeHeHne BHYTPEHHEN SHEPTUU U DHTAJIBIINAN:
Auy_3 =c, (T3 = T,)=0,738- (573 — 523) = 36,9 K JIK/KT;
Aiy_3 =cp (T3 —T2)=1,025-(573-523)=51,25 kJlx/xr.

W3meHenue HTPONUHU B U30XOPHOM MPOIECCe onpeesieTcs no Gpopmyie:

T.
As:cVInT—J, (3.8)
i

T
Torma B nanHOM ciydae: AS = C,, In_I_—3 =0,738- Ing—;g =0,07 x/x/kr-K.

2
B m30xopHOM TIpolriecce BCS TEIIOTa PacXxOAyeTCs Ha M3MEHEHHE BHYTPCHHEH
sHepruu: =AU =36,9 xJ[x/kr.
PaGora B M30XOpHOM IIpoIlecce paBHA HYJIO 3a CYET TOTO O0BEM OCTaeTCs
v
[IOCTOSTHHBIM: | = szdV =0.
V1
Pacnonaraemas pabora: lg =—v- (P3 -P ) =-0,125- (1,3 —1,2) =125k /x/kr

ITpouecc 3-4 - anuabarueiii: 4 =0.

P 0,2
lg_—*~ g~
P, 13 _on-k_
n= v 0125 1,4,c_cvn_ =0
g~ g
Vv 0,5

Aug 4 =c, (T4 —T3)=0,738-(335-573)=-175,6 xJIx/Kr;
Aiz_g = cp(T4 —T3) =1,025-(335-573)=-243,95 kJI/xr;
| =- Au=175,6x x/xr; lg= k-1=1,4-175,6 = 245,84 xJ[x/kr; AS=0
Ilpouecc 4-1 — uzoGapuwiii: P =const, T.e. Py =Py.
Taxkum oOpazom, n = 0.
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TemnnoemkocTs mpouecca: € =C, ;1 =cy -k=cp =1,025 k/L/(xrK).
n —

Auy_q =cy(Ty —T4)=0,738-(313 - 335) = —16,24 KJIx/KT;
Aigg =cp(Ty —T4)=1025-(313-335)=—22,55 kJLx/KT;

T
As=cp In —1025 In %——0,07 kJx/(xr-K);
Ty 335
C]4_1=Cp (Tl —T4) = Ai4_1 =-22,55 xJx/Kr;
Ps
| =Py -(v; —v4)=0,2-10%-(0,45-05)=-10 KJlx/xr; lg =— [vdP =0.
P21

3. OnpeenuM CyMMapHbIe KOJIMYECTBA TOABEAEHHOM (1 M OTBEICHHON (2 TEILIOTHI,
pabory nukia | I tepmuueckuii KIII nukia 7.

ITonBenennas remnora: 01 =(Qo_3 =36,9 kJx/Kr.
OTBeneHHas TeIioTa: (y = +‘q 4_1‘ = 22,55 kJIx/xr.
Pagora wikna:l = |oy|—|d2=36,9-22,55=14.35 k/lac/xr.

'y 1435
369

4. Jlns TOCTpOoeHWs LUKIa B KoopAuHaTtax ST HEoOXOIuMO OIpeAeIuTh
3HaueHue sHTpornuu S; (JK/kr-K) nmns kaxaoll XapakTepHONM TOYKHM LMKJIA IO

dbopmyie:

Tepmuueckuit KIIJI nukina ;@ ¢ = =39 %

T; P
Sj :cpln—'—RInP—'. (3.9)

TH H

[anee nomyyaem:
T P

Sp=Cp In—X —RIn—1 =1,025In 313 0,2873In 92_ = —0,06 xJTx/(xr-K);
TH PH 273 01
Ty P

Sp =Cp In—2 —RIn—2 =1,025In 523 0,2873In L2 _ =-0,06 xJIx/(xr-K);
TH PH 273 01
T3

$3=Cp In—3 — Rln—_1025ln5—73—0 2873In g-OOl kJIx/(kr-K);
TH PH 273 01

S4=Cp In——RIn 4 ~1025In §—02873I %_001KI[)K/(KFK)
TH PH 273 01

Breruncimm 3HadeHUS U3MEHEHUS OHTPOIIMHU B TCPMOJNHAMHWYICCKOM IUKIIC!
AS1_ o =Sy —51 =-0,06+0,06 =0 xJ[x/(xr-K);
ASp_3 =83 —S9 =0,01+0,06=0,07 xJIx/(xrK);
As3 4 =S4 —S3=0,01-0,01=0 x[Ix/(xr'K);
ASg 1 =51 —S4 =-0,06-0,01=-0,07 xJx/(xrK).
BreruncieHnple 3HA4YCHUS H3MEHEHMS OHTPOIIMU COBIIAJar0T CO 3HAYCHUAMU,
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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

[{uki B VP — KOOpAMHATaxX CTPOUM, UCHOJIb3Ysl PE3YIbTaThl BBIYMCICHUH II.1

(Tabnuma 2):

SATAYN 1A CAMOCTOATEJIBHOI'O PEIHEHUA

1.2 1

N L

0,1

02 0.3

v

Pucynox 3.1 — Iluxn B VP-koopaunarax

3

-0.07

-0,03 -0,03 -0,

s

0,01

Pucynok 3.2 — Iluxn B ST — quarpamme

0,03

3agauya 3.3. Kakoe KOJMYECTBO TEIJIOTHI HEOOXOAMMO MOJBECTH K BO3AYXY B
3aKkpheITOM cocyze oobemom Vq =0,5M°%, ecnu HauanbHas Temmeparypa t; =100 °C |

nasienne P1= 300 klla, a xoHeunas Temreparypa t, =500 °C? OnpeaenuTb Takke

Maccy BO3/yXa MU KOHEUHOE JIaBJIICHUE. 3aBUCUMOCTbH TEILUIOEMKOCTH OT TEMIEpaTyphl
CUUTATh HEJIMHEWHOM.

OtBer: m = 1,4 kr; Q=412 x/[x; P, = 623 xlla.

3anaua 3.4. B ©30X0pHOM IIpOIIECCE TEMITEpATypa OKUCH yIiiepo/ia Maccoi m =
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2,1 kxr ¢ HayaneHBIM AaBienueM P; = 0,12 MIla usmensercs ot t1= 25°C go 1,=63°C.
OmnpeaenuTh mapaMeTpsl COCTOSHUSA pabodero Tejia B ToUkax 1 u 2, a TaKKe TEIUIOTY,
SHTAJIBIINI0 M H3MCHCHHE BHYTpPEHEH SHEpruM 1 KI OKHCH YIJIepoja B IIPOIECCE.
[punsts ¢, = 1,0464 x/bx/xr-K, R=296,8 x/x/xr-K. M300pa3uts nponecc B VP- u
sT-nuarpamMmax.

Oteer: 71=298 K; vy =0,735 wm¥kr; T5 =336 K; Vv, =0,735 wm%Kr;
P> =135,69 «lIla;l =0;Aq=Au=39,76 xJ[x/xr.

3apaua 3.5. Bo3agyx Mmaccoii m = 1,9 kr ¢ HavanbHbIM gaBieHuemM P; =0,22
MlIla agunabatao pacmmpsiercs. [Ipu 3ToM ero tremneparypa usmensiercs ot t; =65 °C
1o t; =21°C. Onpenenuth mapaMeTpbl COCTOSIHUS pabouero Tena B Toukax 1 u 2, a
TaK)K€ TEIUIOTY, SHTAJbIUI0O W HW3MEHEHHE BHYTpeHed sHepruu 1 Kr azora B
nporiecce. I[lpuusts ¢, = 1,0121 xJLx/kr-K, R =287 xJlx/krK.
[IpencraBuTh mpoiiecc B vp- u ST-quarpammax.

Otser: Ty =338 K; vq =0,38 M¥xr; Tp =294 K; vy =0,54 mM¥xr;
P, =156,68 «lIla;Aq=0; Au = 44,53 x/x/kr; | = - 44,53 xJx/kr.

HNPAKTHYECKOE 3AHATHE Ne 4

Tema 1.4. Huka Kapno
Pacyer uuki10B naporypOuHHbIX ycTaHOBOK (IITY) — 2 yaca

KOHTPOJIbHBIE BOITPOCHI U 3AJAHUA

1. Yem oTnuuaercs mapoTypOMHHAsT yCTaHOBKAa OT JBUTATeNied BHYTPEHHETO
cropanus?
UeMm oTinuaeTcst napoBoil 1k Penknna ot nmapoBoro nukia Kapuo?
N306pa3uth nuki Peakuna B B VP — u ST — u Si — KoopAWHATaX.
KakoBo BiMsHHE Ha4aJbHOTO MOaBJcHUs Mapa Ha tepmuueckuii KII/ mukia
Penkuna?
5. KakoBo BiMsiHME KOHEUHBIX MapameTpoB napa Ha tepmuueckuid KIIJ] nukna

Penkuna?

W

[TPUMEPBI PEHIEHW A 3AJIAY

3apaua 4.1. Onpenenuth napameTpbl paboyero Tena B XapaKTEPHBIX TOYKaX
1nukia PeHKrWHA, KOJIMYECTBO MOABEJCHHON U OTBEACHHON TEIUIOTHI, paboOTy IMKIIA,
TEOPETUUECKYI0 MOITHOCTh TypOunbl, Tepmuueckuii KI1J[, ecnu naBmenue B KOTIie
P; = 10 MlIla, temneparypa mapa mepen typounorr m ti= 500 °C, naBienue
koHaeHcaruu napa P, = 0,005 MIIa, pacxox mapa M =1200 1/4.

Pemenne. Touka 1. Ha sSi-mmarpamme (I1. «M») omnpenmenuM Touky |,
XapaKTEPU3YIOIIYI0 COCTOSIHUE U TTapaMeTphl pabodero Tesa nepen TypOruHOM.

P1= 10 MIIa, t;= 500 °C, i1 = 3375 x/Ix/kr, $1= 6,6 kJ[x/kr-K.

Touka 2 xapakTepu3yeT COCTOSHHE U MMapaMeTpbl pabouero Tteja Ha BBIXOJIE U3
TypOuHsl. [Ipoiiecc pacuivpenus nmapa Ha JionaTkax TypOUHbBI CUUTAIOT aina0aTHBIM,
nostoMy S;= $;=6,6 kJ[x/kr-K. [anee mo Si-quarpamMmme onpenensiem:

P,= 0,005 Mma, iz =2010x/x/kr, V2 = 22 m¥/kr, t,= 32,88°C.

[Tap Braxusiii Touxa 3. Konzgencar (o tabnuue Bogsuoro napa, (I1. «JI»)
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P3= P,= 0,005 MIla, $3=0,48 xJx/kr-K, i3 = 137,8 x/Ix/kr, V, = 0,001 m3/kr,
t3= t,=32,88°C, I'3~i;=137,8 kJK/KT.
Touka 4. Kursiias skuaKocTh (1o TabJiMiie BOASHOTO Tapa)
P4=P1=10 MI1a, S4=3,4 xx/xr K,
I3 = 1408 xJx/kr, vz = 0,00145 m®/kr, t4= 311 °C.
Touka 5. Cyxoii HachlIeHHBIH nap (110 TabKLe BOASHOTO napa)
Ps=P;=10 MIla, Ss= 5,6 xx/krK, is = 2725 xJx/xr,
V2 = 0,018 m%/kr, ts=t4,= 311 °C.
[TogBeaenHas TemioTa:
a1 =i1—i3' zi1—i3; (41)
OTBEJCHHAs TCIIOTA:

Qg =iy —i3, (4.2)
torma: (g =3375-137,8= 3237,2 xxw/xr; (Qp =ip —izg =2010-137,8= 1872,2
KJK/KT.
Pa6ora mukna: | =0 — gy =3237,2-1872,2= 1365 kJK/KT.
Tepmuueckuii KIIJ] uukna: 7 = 11365 _ 0,42
01 3237,2
Teopernyeckass MOLIHOCTb TYPOHHBI: Np=m-I= 1200-1000 1365 =455

MBTT.

| ,
3 Jv & 8 8
Pucynok 4.1 — K 3agaue 4.1.
3anaua 4.2. Onpenenuts KIIJl wneansHoro mukia PeHkuHa mpu HAYaIbHOM
temneparype mapa t;= 500 °C u xoneunom naBimenun P, = 0,01 MIla. 3agauy
PEIINTh MPU YCIIOBUU, YTO HAYAIHHOE JIaBJICHUE:
1) P,= 2,0 MIla; 2) P,= 5,0 MIla; 3) P,= 10,0 MI]a.
Pemenune. Tepmuueckuii K11/ npeansHoro nukina PenkuHa:
l—1
m=r—%. (43)
I =13
DHTanbIUU onpeersieM U3 Taduilbl U auarpammbl BosiHoTo niapa (I1. «Jby, «My»):
1) iy =3470 x/x/kr; ip = 2360 xx/kr; 13=190 k/x/KT;
~3470-2360

" " 3470-192
2) i1 = 3440 xJx/xr; 19 =2210 x/Dx/kr; i3=190 xJ[x/KT;

= 0,34,
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~3440-2210

N, = = 0,38.
2 3440-192
3) iy = 3380 xlx/xr; ip = 2100 xx/kr; 13=190 xJx/KT;
—_ 3380—2100 _ 0.,402.
3  3380-192

Orser: 7y, = 0,34; 1, = 0,38, 7, = 0,402.

SAHAYN A CAMOCTOATEJIBHOI'O PELIEHU A

3apaua 4.3. OnpenenuTh mapameTpsl pabodYero Teia B XapaKTEPHBIX TOYKAX
nukia PeHKHMHA, KOJMMYECTBO MOABEICHHON M OTBEICHHOW TEIIOTHI, padOTy LMKIIA,
TEOPETUYECKYI0 MOIIHOCTh TypOuHbl, Tepmuueckuit KIIJ[, ecnu  naBieHue B
KOTJIe
P1 = 9 Mlla, temneparypa mapa nepen TypOounoit u t= 400°C, naBneHue
KoHJeHcauu napa P, = 0,005 MlIla, pacxon mapa M=1050 1/4.

Oteer: 07 =2972,21 xJIx/kr, (p=1752,21 xJLx/xr, | = 1220 x/Ix/kr. 17y = 0,41.

3anaua 4.4. B napoTypOMHHOM JIBUTaTese ONPEAEIUTh KOJTUYECTBO OTBOAMMOM
B KOHJICHCATOpPE TEIUIOThI, €ClIu JaBiieHWe B KoHuaeHcarope P, = 0,005 Mlla, a
CTEIIEHb CYXOCTH Tapa, moctymaromero B KoHaeHcarop x=0,9. KonmyecTBo mapa
MOCTYIIAIOMIETO B KoHAeHcaTop G=6 Kr/c.

Otser: Q2=13093,2 x/[x/kr,

3agaua 4.5. Onpenenurs KIIJ[ upeansHoro nukia PeHKMHA ITPU HAaYalbHOM
nasieann mapa Pi = 4 MIla u nagansHoi Temnepatype t;= 500 °C. 3amgauy pemuTh
IIPY YCJIOBHUH, UTO KOHeUHOE nasieHue: 1) P,= 0,2 Mlla; 2) P,= 0,05Mna;
3) P,= 0,005 MITa.

OT]?.eT:nt1 =0,255; M, = O,?,~158;77t3 =0,387.

INPAKTUYECKOE 3AHSTHE Ne 5
Tema 1.5. Huxasl ABC

Pacuer nuki10B ABUraTesieid BHyrpensero cropanus (JIBC).
Pacuer uuki10B ra3oTypoOMHHBIX ycTaHOBOK (I'TY) — 2 yaca

KOHTPOJIBHBIE BOITPOCHI 1 3ATIAHU S
Ha3zoBute OCHOBHBIE XapaKTEPUCTUKHU IIUKIIOB.
UYto Takoe cTeneHb CoxaTus?
UYto Takoe cTerneHb NOBBIIICHUS JaBJICHUS ?
UYto Takoe CTENeHb MPEABaAPUTEILHOTO PACIIUPECHUS?
OnuIrTe MUK ABUTATENS ¢ U300apHBIM MTOABOJIOM TETUIOTHI.
OnummuTe UUKI JBUTATENS ¢ U30XOPHBIM MOABOAOM TEILIOTHI.
OnuuuTe UUKJII JIBUTaTENsl CO CMEIIaHHBIM MTOJIBOJOM TEIIOTHI.
Omnucate 1wk ['TY ¢ u306apHBIM MOABOIOM TETUIOTHI.
B yem otnmune mukinoB I'TY ot nukiaos JIBC?

CoNOR~ODE
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10.1300pa3ute muka ['TY ¢ uzobapHbM moaBoAoM TemioTel B VP — u ST —
KOOpJAMHATaXx.

11.1306pa3uth muka ['TY ¢ wu300apHBIM MOJABOJOM TEIUIOTHI W TOJIHOM
perenepanueit B VP — u ST — KoopauHaTax.

12. Onucarp mukin I'TY ¢ n306apHBIM TIOIBOJIOM TEIUIOTHI M TTOJTHOM pereHeparve.

[TPUMEPBI PEIHEHW A 3AJJAY

3amaua 5.1. [[ns wugeasbHOr0 UMKJIA JABUTATENIsT BHYTPEHHEIO CrOpaHus C
M30XOPHBIM TMOJBOJOM TEIUIOTHI ONpEAEIUTh MapaMmMeTpsl paboyero Tena B
XapaKTepHBIX TOYKAX IHKJIA, KOJUYECTBO IOJBEICHHOM U OTBEICHHOW TEIUIOTHI,
noJiyueHHyro padoty u tepmuueckuid KII/I, ecnu HavaibHble mapaMeTpbl paboydero
tena Pi= 0,1 MIla, t;= 17°C, crenenp cxkatugd & =4,0 U CTENEHb IMOBBIIICHUS
nasienus A =3,5 pabouee teno — Bozayx. R=287.3 Jlx/kr-K, c,=1,01x/kr-K, cy -
0,72 JIx/xr-K.

Pemrenue.

OnpenenuM napaMeTpbl B XapaKTEPHBIX TOUKaX IUKJIA.

Touka 1. P;= 0,1 MIla, T;= 17+273=290 K.

VY nenbHbI 00bEM ONPENIETUM U3 YPABHEHUSI COCTOSHHUSL:
RT;  287,3-290

Vi = = 0,83 m%/xr
P 0110
Pa Ta
3 l(h 3

—

0x 4

2 4 2
q g
2
1 > ' >
Y S

Pucynok 5.1 — K 3agaue 5.1.

Touka 2. CteneHs cxaTus onpezaensercs no Gopmynie:

V
g=-1 (5.1)
V2
vi 0,83
tTorma Vo = L =270 0,21 M¥kr
£

W3 cooTHomeHUs TapaMeTpoB B aauabaTHOM mporecce 1-2  ompenennum

abcosrotHoe naBienue: Py = Pe K=01.4,04* =0,7MITa.
Temneparypa u3 ypaBHEHHSI COCTOSIHUSL:
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Pov, 0,7-10%.021

Ty = =512K.
R 287,3
Touka 3. IIporecc 2-3 — H30XOPHBIH, T.€. V3 =Vo = 0,21 M%/kr. Y3 COOTHOMICHHMS
P T
rapaMeTpoB B H30XOPHOM ITpoIiecce: P—3 = T—3 =A=T s = A-Ty,P3=4-P,, Torna
2 2

T3 =35-512=1792K, P3 =35:0,7=2,45 MIIa
Touka 4. v, =Vv1=0,83 M3/kr.
B agnabatHom nporniecce 3-4:

k 14
P, = p3{"_3j - 2,45.(0’_231)} = 0,36 MTTa.

Vg ,
P 108 .
1, - Pava_036:10°-083 00
R 287,3

[TonBenenHas remaora B mpouecce 2-3:
a=cy(3-T2);  (5.2)
OTBEJICHHAs TeIioTa B mpouecce 4-1:
d2=cy(T4-T1);  (5.3)

paboTa 1nukIiIa:

I =0y -02; (54)

tepmuueckui K1 nukia:

I
M =—, (5.5)
01

Torma: ¢y = 0,72-(1792-512) = 921,6 xJIx/xr,
02=0,72- (1040 — 290) = 540 K JIx/xr.
| =921,6-540=381,6 xkIx/xr; 7 = 1 = 3816 =
qp 9216
Oter: P, = 0,1 MIla, T;= 17+273=290 K,v1 = 0,83m%kr; Vo =0,21 M3k,
P,=0,7MIla, T, =512K; v3 =0,21 m¥kr, T3 =1792 K, P3 =2,45 MIIa; v4 = 0,83
me/kr, Py =0,36 MIla, T4 =1040 K;q; =921,6 xJ[x/kr; o =540 xJ[x/kr; | =381,6
kJK/KT;
n = 0,41
3agaua 5.2. Jlng uaeaqbHOrO IMKJIA JBUTATENsl BHYTPEHHETO CrOpaHus C
M300apHBIM  TOJBOJOM TEIUIOTH ONpPENETuTh IapaMeTpbl padodero Teiaa B
XapaKTEPHBIX TOYKAaX ILMKJIA, KOJWYECTBO IMOJBEJACHHOW M OTBEIECHHOM TEIUIOTHI,
nosydyeHHyto padoty u repmudeckuii KI1/1, ecnu nHauanbHble mapaMeTpsl pabodero
tena Pi= 0,16 MlIla, t;= 27°C, cremeup cxatus & =13,4 u cTeneHb
NpeJIBAPUTEIBHOTO pacimpenus p = 1,3, pabouee teno — Bo3ayx. R=287.3 Jlx/krK,
c,=1,01Lx/krK, cy=0,72 Hx/kr-K.
Pemennue.

0,41.
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Pucynok 5.2 — K 3amaue 5.2.

Onpenenum nmapaMeTpsl B XapaKTEPHBIX TOUKaX IIUKJIA.
Touka 1. P1= 0,16 MIla, T:= 27+273=300 K,
287,3-
=R _ 287330040y o
R 016-10

Vv vi 054
Touka 2. & =+ = Vo = 1200 0,04 M3 kr

Vo & 13,4

Pv, 6,05-10°.0,04
R 2873
Touka 3. Ilpomecc 2-3 — n3o0apHbIiA. COOTHOIIEHNE TTAaPaMETPOB B M300apHOM
nporecce: P; =P, =6,05 MIla
%:://_z:p:”s =p-To,V3=p-V,.
T,=13-842=1094,6K, v, =1,3-0,04 = 0,052 m>/kr.

P, =P&¥=0,16-13,4"" =6,05 MIla; T, = =842K.

v, )" 0,052

Touka 4. vgq =Vv1=0,54 m¥xr, P, = P{i} = 6,05-('—4] =0,23MI]a.
_ Pgvq 0,23-10°-0,54
R 2873

IloxBenenHas Temwiora: g, =C, (T, - T,)=101-(1094,6 — 842) = 255 kJIx/kr

Otsenennas Temnota: g, = C, (T, —T,)=0,72- (429 — 300) = 93k JI/kr

Pa6ora nmukna: | =qq — o =255 - 93 = 162 k/x/kr

Tepmuueckuit KIIJI nuxna: n, = 1 _162_ 0,63.

g, 255

OtBet: P1= 0,16 MIlIa, T;=300 K, Vq ==0,54m%kr;Vy = 0,04 Mm%kr,
P2 = 6,05 MIla, T2 = 842K; P3 26,05 MIla, T3 21094,6 K, V3 = 0,052M3/KF;
V4=0,54 m%/kr, Py =0,23MIla, T4 = 429K; ¢ = 255k]xk/kT; qp = 93 kJIK/KT;
| =162 xIx/xr; 1t =0,63.

3agaya 5.3. [[ns mpeanbHOro MMKIA Ta30TYpOMHHON YCTAaHOBKU C M300apHBIM

=429K.

Ty
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MO/IBOJIOM TEIUIOTHI OTIPEETUTh MapaMeTphl pabovero Tena B XapaKTePHBIX TOYKaX,
KOJIMYECTBO MOJIBEICHHON U OTBEICHHOMN TEIIOTHI, MOJIE3HYI0 padoTy, TEPMUUYECKUN
KIIJI, eciu HauanbHbIe TapameTpbl padouero Tena P1= 0,1 MIla u t1= 15 °C, crenens
MOBBINICHUS J1aBJieHUs B KoMiipeccope f = 6,0 u Temmeparypa pabouero tena B
koHIe moaBoaa teroTel t3 = 600 °C. PaGouee temo — Bo3myx. R=287,3 JIx/krK,
cp=1,01x/xr-K

Pemienne. Touka 1. ;= 0,1 MIla, T,= 15+273=288 K,
_ RT1 _ 287,3-288 — 083 ¥kr

PP 01.10°

Vi

P
Touxa 2. ﬂzFZ: P,=P,-$=01-60=0,6 MIla.
1
1 1

Vo = Vl(lj k =0,83- [ile = 0,23 Mm3/xT.
B

P, 06-10°.0,23

T, = 480K.
R 287,3
Touxa3. Ts=600+273=873K; P3 = P, = 0,6 MIla;
RT :
AL I 287,3 8;3 0423 hr,
Ps  06-10
Touka 4. P, =P, =0,1MIIa.
k-1
— 0,286
P ! RT :
T4 =T3(—4J : =873-(ij —523K; vy =ro =SO85
P 0 P4 01-10

TMossenennas Temora: qp = Cp (T3 — To )=1,01(873-480) = 396,93 kJIx/kT.
Orsestennas Temiota: ¢, = Cp (T4 —Tq)=101-(523 - 288)= 237,35 = kJlx/kr.

Pab6ora nukna: | =qp — o =396,93-237,35= 159,58 k/x/kT.

Tepmuueckuii KIIJI nukna: 7 = 1 15958 04.
0 396,93
Q1
Pa 5 5l 3 Ta " l 3
2 5 *
6
[
4 1
V' SV

Pucynok 5.3 — K 3amauam 5.3. u 5.4.
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OtBet: P1= 0,1 MIIa, T:= 288 K, V1 =0,83m%kr; P, =0,6 MIla;Vy=0,23m%kr,
T, = 480K;Ts = 873 K; P3 = 0,6 MITa; V3 = 0,423k Py = 0,1MITa, T4 = 523K;
V4 =15m%xkr; Oy = 396,93 kJlx/kr;q, =237,35 KJK/KT;
| =159,58 x/x/kr; 7y =0,4.

3agaua 5.4. PemmTs NpeaplAyLIylo 3a1ady HOpPH YCJIOBHH, Y4TO MPOU3BOIUTCS

IIOJIHAsI pEreHePaLHsL.
B nukne ¢ perenepaumen: 7, =T,; T,=T,

IlonBeneHHas TEIUIOTA: qf “ =cp(T3 —T5)=1,01(873-523) = 353,5 KI/kr.

OtBeneHHAs TEIIOTa: qg “ =cp(Tg —T1)=1,01(480-288)=193,92 k/LK/Kr.
Pabora mukna: 17 = g/* —q/* =353,5 —-193,92= 159,58 x/[>x/kT.

. 17% 15958

v . pe
Tepmuueckuit KT/ nukna: ng = qlpee = 3535 =0,45.

OtBer: qfez: 353,5 kJ[K/KT; qgee: 193,92 xJIx/xr;1 7% = 159,58 kJIx/KT;
nf“ =0,45.

3ATAYN J1A CAMOCTOSATEJIBHOI'O PEIHEHU A

3apaua 5.5. J[ng wpeanbHOro IMKIA JBHIaTelli BHYTPEHHETO CrOpaHHs C
W300apHBIM TIOJIBOJIOM TEIUIOTHI ONPENETUTh IapaMeTphl pabodero Teiaa B
XapaKTEPHBIX TOUYKAaX IMKJIA, KOJMYECTBO TMOJBEACHHOW M OTBEICHHOW TEIIOTHI,
noiayyeHHyro pabory u tepmuueckuid KIIJ[, ecau HavanbHbIE MNapaMeTpsl
pabouero Tema P1=0,15 Mlla, t;= 25°C, crenens cxatus & =13,6 U CTENCHb
MpeaBapuTeNLHOTO paciupenus p = 1,4, pabodee teno — Bo3ayx. R=287,3 Jlx/kr K,
cp=1,01/x/krK, ¢y=0,72 J[x/kr-K.

Oter: 1 = 42,4x]Jlx/xr; 9 =131,8 xJlx/kr; | =210,6 xJx/xr; 77 = 0,61.

3amava 5.6. CpaBHuTh UK 3amaud 4.1 ¢ OUKIOM ¢ M300apHBIM IOJABOJIOM
TEIJIOTH TIPU YCJIOBUM, YTO B CPAaBHUBAEMBIX IMKJIAX OJIMHAKOBBI OTBEIICHHAS
TEIJIOTA U CTENEHb CXKATHSI.

OtBet: (; = 753 x/x/kr; 77y =0,28 .

3agaua 5.7. CpaBHuTh HUKJI 3a7add 4.2 C IUKJIOM C HM30XOPHBIM IMOJBOJAOM
TEIJIOTHl TPU YCJIOBHM, YTO B CPaBHUBAEMBIX ITMKJIAX OJIMHAKOBBI OTBEICHHAS
TEIJIOTa U MaKCUMAaJIbHBIC TTapaMEeTPhl COCTOSIHHS pabodero Tena.

OtBet: (1 =176,3 x/[x/kr; 77y = 0,47 .

3apaua 5.8. /[ uacanpHOrO IMKIIA Ta30TYPOMHHOW YCTaHOBKH C M300apHBIM
MIOJIBOJIOM TEIJIOTHI ¥ TTOJTHOM pereHepalield ONpeaesuTh mapaMeTpsl pabodero Tela
B XapaKTePHBIX TOYKAX, KOJWUYCCTBO TOJABCACHHOW ¥ OTBEACHHOW TEIJIOTHI,
noJsie3Hyr paboty, repmuueckuii KII, ecnmu HadanpHbIe mapaMeTpsl pabodero Tena
P1=0,15MIla u t1= 20 °C, crerneHb MOBBIIIECHUS aBJIEHUs B KoMIipeccope = 6,5 u
TeMrepaTypa pabodero Tejaa B KOHIIE 1mojiBoja TerioTsl t3 = 650 °C.  PaGouee Teno
— Bo3ayx. R=287,3 JIx/kr-K, c,=1,01/[xk/kr-K. CpaBHUTh NaHHBIA LUK C LUKIOM
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['TY 6e3 perenepanuu.
OtBet: () =428,24 xJlx/xr, (p = 249,47 x/Ix/kr, | =178,77 x/[x/kr, n; =0,42;

qlpea =386,83 x/x/kT, qgee: 208,06 xJIx/xr, | 7% = 178,77 xJIx/xkr, 77tpe'2 =0,45.

3apaua 5.9. [l nukia ra3oTypOMHHOTO ABUTATENS C U300apHBIM MPOILECCOM
MOJIBOJIa TEIUIOTHI OMPENENIUTh YJEIbHOE KOJIWYECTBO MOJBOAMMON TEIJIOTHI, €CIIU
HadasnbHOE nasieHue P =0,1 MIlla, nauanenas temneparypa Ti =300 K, creneHb
MOBBIIICHUS JIaBJIICHUS] B KoMmmpeccope J = 6, MakcuMalibHas TeMIleparypa ILHKIa

T3=1500 K. B xauectBe pabouero Tena npuHATH Bo3ayx R=287,3 JLI;( k=14,
KT -

OtBert: (1=1009 x/x/kr.
3apauva 5.10. Pemmths mpempiaynryro 3agady MpH yCIOBUH, 9TO UK ['TY
MPOXOJUT C MTOJTHON PEreHepaue.

OTtBerT: qg =607 xJx/KT.

INPAKTHYECKOE 3AHATHUE Ne 6

Tema 1.9. IIpoueccol npeodOpazoBanus U eperpesa mapa
Boasinoii map. Ilapamerpsl cocTosiHMSA.
HccaenoBanuio npoueccoB BOASHOIO mapa — 2 yaca

KOHTPOJIBHBIE BOTIPOCHI U 3AJJAHU A
1. Yem oTiMyaeTcs UCNapeHUe OT KUIEHUS?
YBEIUYUTCS WM YMEHBIIUTCS yNETbHbII 00BEM CYyXOr0 HACBILIEHHOTO mapa
[IPU TTOBBIIIEHUU €r0 JIaBICHUS?
Yro Takoe TerioTa napoodpa3oBaHus?
UTto Takoe CTeneHb CyXOoCTu?
Kak onpenenuTs napaMeTpbl KUTSIIEH BOAbI?
Kak onpenenuts mapaMeTpsl CyxXoro HachIIEHHOTO napa’?
Kak onpenenuts TemioTy neperpesa napa?
Kak wu300paxkaroTcs  mporecchl  BOASHOrO Tmapa Ha  Si—, VP— u

N

0N OEA W

ST — quarpammax?

[TPUMEPHI PEILIEHMA 3AIAY
3agaya 6.1. CocrosiHue BoASHOTO napa 3agaHo napamerpamu: P1=2 Mlla,

t;= 550 °C. OnpenenuTs, MOJIB3YAICh Si — AUarpaMMoOi Ha4aJabHOE COCTOSIHUE TTapa
ero mapametpbl (i,S,Vv,P,t), a Takke mapaMeTpbl M COCTOSHHE Iiapa, ecCliu
IPOUCXOAUT €ro aauabaTtHoe pacmmpeHue a0 agasieHus P, = 0,02 Mlla.

OnpenenuTs Takke paboTy, COBEPIICHHYIO MapOM MIPH aIadaTHOM PaCITUPEHUH.
Pemenue. Ilonp3ysice Si— auarpammoit (I1. «My») ompenenum HadalbHOE
cocrosinue napa. Ha nepecedennn nzobapsl Pp= 2 Mlla u uzorepmsl t1= 550 °C

0003HaYUM TOYKY |, OTIpEENSIONTYI0 Ha9albHOE COCTOSIHUE U TTapaMeTPhl BOJSTHOTO
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napa. B Touke 1 map meperpetsiii. [lapamerpst mapa: Pp= 2 Mlla, t;= 550 °C, i1=
3600 kJIx/kr, S1= 6,7 kIx/kr-K, v= 0,19 m¥/kr.

Pucynok 6.1 — K 3agaue 6.1.

Jlns onpeneneHus napaMeTpoB Mapa nociie aainadaTHOTO paclIupEeHHs] HAHECEM
Ha nuarpammy agmabary 1-2 (Sq =S9=06,7 x/[x/kr-K) u ob6o3Hauum TOUKy 2,
ONPENEISIONIYI0 COCTOSHHE W IapamMeTpbl mnapa. B Touke 2 map BIiIaHBIM.
[Tapamerpsr mapa: Py = 0,02 MlIla, i,= 2500 k/[x/kr, Sp =S1= 6,7 xx/krK,
Vo= 7,5 mM*/kr. TemmepaTypy mapa MOKHO ONPEIENUTh U3 TaOJIUIBI BOASHOTO Mapa

(IT. «JI») wim mo nuarpaMme Ha IMEpeceYeHUH H300apbl C BEpXHEW MOTpaHHUYHON
kpuBoil. Takum oOpazom, to= 60 °C. Crenens cyxoctu x = 0,95.

Paboty, coBeplilieHHYIO B aJuadaTHOM IMPOIIECCE ONPEAEIUM 10 hOopMyIIe:

Iy 2 =(ig —Pvi)—(i2 —P2v2),  (6.1)
torma li_p = (3600 —2000-0,19) - (2500 — 20 - 7,5) =870k Jlx/xT.
OrtBer: Touka 1 — map neperpetsiid, P1= 2 Mlla, t;=550 °C, i1= 3600 k/[x/kr, S 1=
6,7 xJlx/xr-K, v= 0,19 M%xr; Touka 2 — nap Bnaxusiii, Po = 0,02 MlIa, to= 60 °C,
i 1= 3600 xJIK/KT, Sp =S1= 6,7 KIx/kr K, Vo= 7,5 M¥/kr. l1_5 =870k x/xr.

3amaya 6.2. B mwmungpe noj nopiiHeM npu gasienun P1=9 MIla u crenenu
cyxoctu x1 = 0,125 HaxoauTcs BOJASIHOW Tap, MepBOHAYAIBHBIA 00BEM KOTOPOTO
Vi =104 M3 K mapy HU30T€PMUYECKH MOABOAMTCH TEIUIOTA B  KOIMYECTBE
Q = 6400 M/Ix. 3atem map aguabaTHO pacmmpsercs n1o0 gasieHus P = 0,01 MIla.

Onpenenuts mapameTpbl coctostaus mapa (P, t, v, i, S) B KOHIIE H30TEpPMUYECKOTO
MOJBOJIa TEIJIOTHI W aauabdaTHOTO pAacHIMpPEHHUs, CyMMapHOe  H3MEHEHHE ero
BHYTPCHHEH SHEpruM W paboTy, MPOM3BEICHHYIO B Mpoleccax. lIpeacTaBuUTh
nporieccsl B ST- U Si-auarpamMmax.
Pemenue. Ilapamerpsl Bogsl (V',i',S") u cyxoro naceimennoro mapa (V',i",s")
npu P1=9MIIa onpenenum u3 tadnums (IT «JI»): 1=303,3°C
(T =303,3+273 =576,3K), v' =0,0014 m*/kr; i’ =1364 kJ[/kr; S’ = 3,29 k[x/kr-K;
v" =0,0205M%/kr; i" = 2743k Ix/kr; S" = 5,68 kK Ix/Kkr- K.
[TapameTpsl BIaKHOTO Mapa ONpeestoT 1Mo GopMyiam:
v, =(V'=V')-x+V'; (6.2
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i, =@{"—1")-x+i"; (6.3)
s, =(s"—s')-x+s".  (6.4)
OnpenenuM napaMeTphl Iapa B Hayaje moABoAa TeioThl (Touka 1). [Tap BiakHbIH.
v; = (V" = V') x +Vv'=(0,0205-0,0014)-0,125+0,0014=0,004 m%/xr;
i, = (" —i") - X +i" = (2743 —1364 )-0,125+1364=1536 KJIK/KT;
s, =(s"—5')-x+5" =(5,68-3,29)-0,125+3,29=3,59 kJlx/kr-K.
Vi 10,4

Macca mapa: m=-—==——=2600 kr.
v1 0,004
V3MeHeHre SHTPOIHHU B MIPOIIECCE MOBO/IA TETUIOTHI:
Q  6400-10°

S= = =4, 4k ]JIx/kr-K.
m-T 2600-558,8

DHTpoInus napa B KOHIE MOJBOJIA TEMJIOTHI:
So =81 + As=3,43+ 4,4 = 7,83k Ix/krK.
ITo s, u t, =t, =const Ha si-muarpamme ( I1. «M») onpenenum Touky 2.
[TapameTpbl napa B KOHIIE ©30TEPMUYECKOTO MOABO/IA TETUIOTHI:
i» =3080k/[x/kr, P, =0,21 Mlla, v, =13Mm/kr.
Vi3MeHeHne BHYTpeHHEH sHepruy mapa: Aly_o = (ip —Povy )= (i — Pvp )
Auj_5 =(3080-210-1,3)—(1440,6 —7000-0,004) = 1394,4 .k Jlx/kT.
AU1_2 =m-Auq_p =2600-1394,4 =3625,4 M/ x.
PaGoTty nmapa omnpeaenum U3 nepBoro 3aKk0Ha TEPMOTUHAMUKH:
Q 6,4-10°
|1_2 =012 Au1_2 = E AU]__Z = W 1394,4 =1067 1k JIx/xr.
Li_o> =m-11_»=2600-1067,1=2774,5 MIx.
Touka 3. S3 =Sy = 7,83 kJ[xk/krK.
[TapameTpsl mapa B KOHIIE ai1a0aTHOTO PACIIUPEHUS:
i3 = 2490k ]x/xr, P, =0,01 MIla, v, =15m%/kr.
Aup_3 = (i3 —P3v3)—(i2 — Pov2)
Auy_3 =(2490-10-15)— (3080 - 210-1,3) =.- 467 kJIx/xr.
AU 2.3 = Au 2-3 -M= —467 - 2600=-1214,2 MI[)K
|2_3 =—AU 2.3 = 467 K}l)K/KF
L2_3 =m- |2_3 =2600-467=1214,2 MI[)K
CyMMmapHO€ U3MEHEHHE BHYTPEHHEH 2Hepruu U padbora, MPOU3BEACHHYIO B
npoIieccax:
U1_2 = U1_2 +U 2.3 = 3625,4 - 1214,2 = 2411,2 MI[)K
Lo =L1_o + Ly_3=2774,5+1214,2 =3988,7 M Ik
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Pucynok 6.2 — K 3amaue 6.2.

SAHAYN UIA CAMOCTOSATEJIBHOI'O PELIEHUA

3agaya 6.3. OnpenenuTh, MOJB3YACH Si-TUarpaMMOi, SHTPOIHUIO, SHTAIBITHIO U
yAeIbHbIN 00beM BojasiHOTO mapa npu aasienun P=0,01 MIla u crenenu cyxocTtu
x=0,8.

OtBet: iy, =2108 kJ/Ixk/kr; Sy=6,65 k/x/kr-K; vy = 13 M/kr.

3apaua 6.4. OnpeaenuTb KOJIUYECTBO TEIUIOTHI, 3aTPAueHHON Ha noiydeHue 1
Kr mapa npu aaBiaeHuud 1,6 MIla u crenenu cyxoctu 80%, ecnu HavanbHas
temmneparypa Boasl 60°C.

OtBet: (=2154 xJIx/Kr.

3apaua 6.5. [Ipu maBnennm 0,8 MIla Boga Harpera go 140 °C. Ha ckombko

IpaaycoB HYKHO HarpeTh BOMY, YTOOBI HAYAJIOCh KUTICHHE?
OtBer: At=30,41°C

INPAKTHYECKOE 3AHATHUE Ne 7

Tema 1.10. UcTeuenue u apocceiupoBaHue ra3oB U NapoB
HcTeuenue ra3oB u mapoB — 24aca

KOHTPOJIbHBIE BOITPOCHI U 3AJAHUA
Hanummre ypaBHEHHE MTEPBOro 3aKOHA TEPMOAUHAMUKY ISl IOTOKA.
Kakue xaHasbl Ha3bIBAIOT coriaMu U quddyzopamu?
N3o06pa3ute rpaduuecku pacronaraemyro paboty Ha VP - nuarpamme.
Kputnueckoe oTHONIEHWE AABJICHUH U €r0 ONPEACTICHHUE.
[TouemMy mpoliecc UCTEYEHHUS U3 COME M HACAJO0K CUYUTAIOT aiiabaTHBIM?
Kak onpenensiercss MakCUManbHbBIA pacxo]l UACAIBHOTO ra3a’?
Kaxoii po1iecc Ha3bIBaeTCA IpOCCETUPOBaHUEM?
Kak uzmensieTcst paboTocrmocoOHOCTh BOASHOTO Mapa MpHu APOCCEITUPOBAHNN?
Kormpa, mnpu Kakux YCIOBHSIX TEMIIEpaTypa peaJibHOTO rasza Ipu
JPOCCETUPOBAHUH TIOBBIIIAETCS, TOHMKAETCS, OCTaeTCs 6€3 N3MECHEHHUSI ?

LCoNORODE

I[TPUMEPKEI PEIHIEHNW A 3AJ1AY
3amaua /.1. Bnaxuslil nap ¢ HauaibHBIM JgaBienuem Pi= 2,0 Mlla u creneHpio
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cyxoctu x1=0,9 BBITEKaeT yepe3 CYKHUBAIOIIEECS COIIO C IUIOMIA/IbI0 BBIXOAHOTO
ceuenns f = 34 mm? B atmocdepy ¢ nasnennem P, = 0,13 MI]a.

OnpenenuTh KPUTHUECKOE JIaBJICHUE, EUCTBUTEIbHYIO CKOPOCTh MUCTEUEHUS U
CEeKYyHIIHBI pacxo]l TMapa, €CIH CKOpPOCTHOW KOA(P(UIIMEHT coIia paBeH .
CKopoCThIO Tapa Ha BXOJE B COIIO MPEHEOpEUb.

Pemenue. OnpenennM pekuM UCTEUEHUS Mapa:

P, 013
p = —2 =22 _0,065< Bxp = PEKHMM HUCTEUEHUS KPUTUYECKUM, CKOPOCTH

R 20

3BYKOBas.
Poyp = Bp - R = 0,577-2 = 1154 MITa.

[TapaMeTphl Hapa Ha BBIXOJE M3 comula ompenenseM 1o Si—amarpamme (I1
«Mp»):

Pr= 1,154 MIla, $,=5,95 kJIx/kr-K, i2,=2515kJIk/KT, V2, =0,15 M3/KT.

TeopeTndeckas CKOPOCTb IAPa HA BBIXOJIE U3 COILIA:

W, = 44,7 fi — g, 1)
W, =44,77/2610 2515 =436

JleficTBUTENBHAS CKOPOCTH 1apa Ha BBIXOJE U3 COIUIA:
Wy =@ -W,, =0,89-436 =333 "

/c.

/c

JlelicTBUTEIbHAS SHTAJIBIIN:

2 2
iy =i — (%) =2610— (%} = 2535 kJI/KT, Torna Vy=0,16 m>/kr

J1eCTBUTENBHBIA PACXOLI:

oW f
Voo, (7.2)
w, - f .34.107°
goWor T _ 388-34-10 — 0,082
Vo 016 KT/C.

P, =1154 _
Otser: °KP MITa; Wo = 388 m/c; G =0,082 m/c.
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Pucynok 7.1. — K 3amauam 7.1 u 7.2

3anauya 7.2. Pemuth npenpaynyto 3ajady npy yCJIOBUU, YTO UCTEUCHUE Mapa
MPOUCXONIUT uepe3 coruio JlaBams.

Pemenue. B aTom citydae ckopocTh ucTedeHus 60mbIe KpuTudeckoit. OHa
ONpENIEIIACTCS U3 YPABHCHUS:

Wy = 447 il - i2 (73)

npuyeM 12 OyIeT COOTBETCTBOBATH COCTOSIHMIO I1apa B KOHLE a/1nabaTHOTO
pacumpenust npu P, = 0,13 MIla. Takum obpaszoM, mojb3ysichk S!-mauarpamMmoi,

OIPEIEITHIM: 122180 kJIK/KT, TOT/IA:

Wy = 44,7/2610-2180 _gy7 /e

OtBer: Wy =927 M/c.

3anaua 7.3. Bo3nyx u3 pesepByapa ¢ MOCTOSHHBIM nasieHueM P; = 10 MlIla u
temrepatypoit t1=15 °C BreiTekaeT B arMochepy uepe3 TpyOKy ¢ BHYTPEHHUM JTMaMETPOM
10 Mm.

OrnpenenuTs CKOPOCTh MCTEUEHHUS! BO3AYyXa M €ro CeKyHAHBIM pacxon. HapyxHoe
napinenne npuHATH paBHbIM 0,1 MIla. Ilpouecc pacmmpenuss Bo3myxa CUUTATh
annabaTHBIM.

p="2

Pemenune. OmnpenensieM OTHOIIEHUE Py . Ono paBuo 1/100 w,
CJIEIOBATENIbHO, MEHBIIIE KPUTHYECKOTO OTHOIICHUS [JaBICHUW [JIs1 BO3AYyXa,
coctapistomero 0,528. [Toatomy ckopocTh MCTedeHHUs! OyleT paBHAa KPUTUYECKOW U
oIpeaenuTcs no Gopmyse:

WKp =1,08-,/RT; =1,08-4287-288 =310 wm/c. (7.4)
CexyHAHBIN pacxoj AJIsI KpUTUUYECKOTO PeKUMa TCUCHUS:
Py

Vi (7.5)
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HJ'IOI]_[aI[B MOMEPEYHOTO CCUHCHM A BbIXOJHOT'O OTBCPCTUS COILIA:
_m?  314.0,012

2 4
VYnenbHbIl 00bEM BO3yXa HAa BXOJI€ B COILIO:

v = _ 287 2§8 =8,27-10 3 M¥/kr;
P 10-10
CJICO0BATCIIbHO, PAaCXoa BO3AyXa:

6
Gy = 0,686-7,85-107° LO?) ~187 xrlc.
8,27-10

OtBer: Wy, =310M/c; Gax =187 xr/c.

f —785-10 Mm%

3apaua 7.4. B pesepByape, 3alOIHEHHOM KHCJIOPOJOM, MOIJIEPKUBAIOT
nasineHue P; =5MIla. I'a3 BbITeKkaeT uyepe3 CyKHMBAKOIIEECS COILNIO B Cpeay ¢
nasinenueM Po= 4 Mlla. HauanpHas Temneparypa kuciaopona 100 °C.

OnpenenuTs TEOPETUUECKYIO CKOPOCTh UCTEUEHUS M pacXO, €CIH TUIOMIAAb BEIXOAHOTO
cedenuss comma f =20mm? Mcreyenwe cuurtarh aguabatHbIM.  Haiftm  Taxke
TEOPETUUYECKYIO CKOPOCTh MCTEUEHHUSI KUCIIOPOJIa U €T0 pacxo, €ClIM UCTeUYeHUe OyaeT
NPOUCXOIUTH B arMoc(epy. bapomerpudeckoe nasnenue npuHaTh paBHbiM 0,1 MITa.

Pemenue.
OTHoOIlIEHUE JTaBJICHUN COCTABIISIET
P, 40 )

:————0,8, = — :0,528, .C. > .C eaoBare 0, CKOpOC
P 50 P (Pljkp r.e. f > fyp- Crenosareicy POCTEb

ucTeYeHus OyleT MEHbIIE KPUTHYECKOM U onpeensercs no Gpopmyre:

k-1
w= X puli-[ P21k | 76
k-1 P
N3 ypaBHEHUS COCTOSIHUSA:
RT; 259,8-373
PL 5.10°

V]_—

=0,0194 m%/xr.

Jlanee nmeem:

04
w= |23%5.10%.0,0194 1—(% L4 1 _ 205 wm/c.
04 5

CexyHIHBIN pacXo;
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2 k+1

Got o K P (i}k _(ijk (7.7)

k—1vy || Py P,
N Y
G=20.1076 [p14 510" (fjl"‘ —(fjl"‘ — 0175kr/c.
0,40,0194| (5 5

Otet: W =205 mM/c; G =0,175 kr/c.

3apaya 7.5.Peminth npeaplIynyto 3a1a4y Ipu YCIOBUH, UTO UCTEYEHUE
KHCJIOPOJia IPOUCXOIUT B aTMOchepy.

Pemenne. [Ipu ucreuenun B atmocepy OTHOUIEHUE JAABJICHHIA:

P P.
e 2 _ i =0,02 ;ﬂKp |2 =0,528, 1e. S <ﬁKp . CnenoBarenbHO, CKOPOCTh
P, 50 P kp

HCTCUYCHUA B 9TOM CJIydac 6YI[CT paBHa KpHTHHGCKOﬁ, a pacxo — MaKCUMaAJIbHBIM.

W, =1,08,/RT; =1,08- ,/%373 = 336 m/c.

MaxkcumanbHbINA PaCcXOX:

P [5.108
Grax = 0,686 |-+ —0,686.20-1076 |29 _g25 e
Vi 0,0194

OtBer: W,,;, =336Mm/c; Gmax =0,22 kr/c.

SAJAYN U CAMOCTOSATEJIBHOI'O PEHIEHUA
3agaya 7.6. Bo3agyx mnpu mnoctosHHOM naBieHuun Pyj=6 Mlla u

temrepatypoit t1=27 °C BbITeKkaeT B cpeny ¢ aaBieHueM Po=4 MIla. Onpenenutsb
TEOPETHUECKYI0 CKOPOCTh M KOHEYHYIO TEMIIepaTypy MpH a1nadaTHOM UCTCUCHHH.

OtBer: W=257 M/c; tp =6 °C.

3anaua 7.7. Haiitu TeopeTHYECKyI0 CKOPOCTh auabaTHOrO0 MCTEYEHUS a30Ta U
CEKYHAHBIN pacxon, ecnu Py=7 MIla, Po= 4,5 MIla, t;=50°C, F =10 mm?.

OtBer: W =282 m/c; G =0,148 kr/c.

Pa3zgea 2. OcHOBBI Temonepeaavyu

Tema 2.1. Buasl TenyioooMeHa
IMPAKTHYECKOE 3AHSATHUE Ne 8
Tenyioo0MeH NPy BHIHYKACHHOH KOHBEKIIUU — 2 Yaca

KOHTPOJIBHBIE BOITPOCHI 1 3AJJAHU S
1. Yto Ha3pIBaeTCsI KOHBEKTUBHBIM TEIJI0O00MEHOM?
2. ChopmynupyiiTe OCHOBHOM 3aKOH TEIJIOOTAa4l KOHBEKITHEH.
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3. Jlaiite ompezneneHus AUHAMUYECKOTO M TETUIOBOTO TOTPAHWYHOTO CJIOEB U
00BbsICHUTE UX (PU3UYECKHUI CMBICII.
4. HazoBuTe BUJIbI JIBIXKEHUS KUJIKOCTU WM raza. O0bsicHuTe X (pU3ndecKui

CMBICII.
5. Kakumu YUCIIaMUA nmonoous XapaKTepU3yeTCs KOHBEKTHUBHBIN
TerIoooMeH?

6. Uro HazpiBaeTcss Koddduimentom  temnoornaun?  DyHKIMEH ~— KaKux
napamMeTpoOB OH SIBJISETCSA?

7. KakoB MexaHu3M IMepefayd TEIUIOThl MpU JIAMUHAPHOM U TYpOYJIEHTHOM
JBHXKCHUSX KUIAKOCTHU?

8. Uto xapakrepusytot uncna PeitHonbaca, Hyccenbra, Ilpanatns, I'pacroda u
KaK OHH OIpenensaTcs?

9. Jlo kakoro 3HadycHWS 4Yuciia PeliHonabaca ITOTOK JKHJIKOCTA HE MOXKET
NePEeXOAUTh U3 JAMUHAPHOTO B TYpPOYICHTHBIN PEKUM?

10. Kakue  ypaBHeHuss 1OAo0OUs  PEKOMEHAYETCS TMpU  HCCICAOBAHUU
JJAMUHAPHOTO U TYpOYJIEHTHOTO JIBHXKEHUSI KUJIKOCTH ?

11.Kakas TemriepaTypa sIBJII€TCS ONPEACIISIONICH MpU BHIHYKJICHHOM JIBUKEHUU
KUJIKOCTH?

12.Kakoil pa3mep sBISETCS XapaKTEPHbIM IPH BBIHYXJICHHOM JB>KEHUU
KUJKOCTH B TpyOe?

[TPUMEPHI PEHIEHUA 3AJJIAY
3amaua 8.1. Tlo TOpPW3OHTAIBLHO pACIIOJIOXKEHHOW CTATBLHON TpyOe ¢
maamerpamu d,=110 mm, d, =130 MM ¥ K03(h(PUIHEHTOM TEIUIONPOBOIHOCTH

marepuana Tpyosl A= 50 B1/(M'K) co ckopocthio W=2 wMm/c Teder Boma C
temnepatypoil t,.1 =100 °C. CHapyxu TpyOa OXJaXIaeTCsi OKPYKAIOLMM BO3TYXOM,
Temrieparypa koroporo paBHa 2 °C, a kKOd3()PUIMEHT TEMI00TAa4Yu OT HAPYKHOU
TIOBEPXHOCTH TPYOBI K BO3AyXy o = 10 Br/(M*K).

Onpenenuth KO3(QPUUUEHT TEMIOOTAAYH ¢¢1 OT BOAbI K BHYTPEHHEH MOBEPXHOCTU
TpyOBbI, K03 UIHEHT Teronepeaadn K U TEIIOBOM MOTOK, OTHECCHHBIH K 1 M JIJIMHBI

TPYOBL.
Pemenue. [To Tabnure (I1. «A») onpenenum Gpundeckre mapameTpsl BOJIbI IPH

ty1=100 °C: 4,,.1= 0,683 Br/(M'K); V,,1 =0,295 -10° m%/c; Pr,.;=1,75.
Omnpenenum gucio Peiinonbaca mo ¢popmyiie:
wi
Re,,. =—, (8.1)
1%
rae | - xapakrepnsiii pasmep.
Jlns maHHOTO Cityyas:
wdg  2-011
Vaer 0,295-107°
Tax xax Re,1>10% 10 pesxum ABUKEHUS — TypOYIEHTHBIN.

Jnia ompeneneHus cpeaHero Kod(QUIMEHTa TEIIOOTAauYd TMPU Pa3BUTOM
TypOYJIEHTHOM ABM>KEHUU MOKET OBITh HCIIONIb30BaHa (popmyna:
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Pr 0,25
0,8 0,43 1
NU e =0,021Re .1 Pr,q (W"’;J . (8.2)

YyuteiBas, 9Yr0 KOA(QPUIMEHT TEIUIOOTAadYd OT BOABI K BHYTPCHHEH
MOBEPXHOCTU TPYOBI OyAeT 3HAYMTEIBHO O0JbIe KOdh(UIMEHTa TEeIUIO0TIa4l OT

Hapy>KHOW TOBEPXHOCTH TPYOBI K BO3AYyXy, nmpumeM lcm1 =~ 1,.1 U, cienoBaTeNbHO,
Pr,. = Prem1, Torma:

0,8
NU,,q = 0,021Re28 pr043 0,021-(7,46-105) 1,76%43 =1336,5.

KoadduumenT Termnootaauu onpeaensercs no gopmysie:
Nu -4,

a = Er— (8.3)

B NU1 - Ayeq ~1336,5-0,683
-~ d, ol

Temmoornaya OoT BHEINIHEH MOBEPXHOCTH K BO3AYXY OCYIIECCTBIISETCS 3a CUET
€CTECTBEHHOI KOHBEKIIMH | 10 YCIOBHIO 3amaun oo = 10 B1/(Mm?-K).

JIunenHpIi K03 PUIMEHT TerIonepeaayn paBeH:

1
k:
1 1 ,.d, 1 (84)
+ In—+——
ayels 241 dg  ayeody,

ay = 8298,4 Br/(M%K).

Ilocne moacTaHOBKU:

1
=—— i 0 =1,295 Br/(m-K).

+ n +
8298,4-011 2-50 110 10-013
TennoBo# MOTOK, OTHECEHHBIN K 1 M JUTHHBI TPYOBI, COCTaBIISET:
0 =krlt,q —they )=1295-314-(100-2) = 398,7 Br/m.

Otger: a1 =8298,4B1/(M*K); k =1,295 Br/(m-K); 4 =398,7 Br/m.

3agaua 8.2. [lunmmuapuueckas TpyOa ¢ Hapy HbIM quameTpom 100 MM mOoKpbITa
OJHOCIIOMHOMN M30JIAIHEN ¢ KO(PPUIUEHTOM TEIIIONPOBOAHOCTH A5 =0,2 Br/(M-K).
KoaddummenT terioornaun ot Hapy>XHOU MOBEPXHOCTH M3OJSIIUNA K OKPYXKAIOIIEH
cpene az =5 Br/(m?*-K).

[lenecooOpa3Ho M MPUMEHATh B JAHHOM CIliydae H3OJSAIMUOHHBIN MaTepuan ¢

3aIaHHBIMU CBOMCTBAMU JIsl YMEHBIIICHUS IOTEPh TEIIOTHI?

Pemenue. Jlns 3hPeKTUBHOTO MCIIONB30BAHUS H3OJSIUN C IEJIBIO CHIDKCHHUS

MOTEPh TEIJIOTHI HEOOXOAUMO, YTOOBI KPUTHUECKHUIN AUAMETP U30JISIHUHN ObLT MEHbIIIE
BHEILHEr0 Juamerpa orojeHHoro tpybomnposona: d,,<d,. Ycinosne ymeHbleHus

TCINIOIIOTEPb BBIPAXKACTCA COOTHOICHUEM:

2<% % g5

U3z —

OmnpenensieM KpUTHIECKUM TUAMETP U3OJISIIUU:
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o = 2t _ 202408\ = 80 ww.
as 5

Otser: B tanHOM citydae d,y, <d, ¥ IpUMEHEHHE H30ISLMOHHOIO MaTepHala C

d

Auz=0,2 Br/(M*K) nenecoobpasno.

3agaya 8.3. Ompenenuts Kod(QPUIMEHT TEIIOOTAAYM U KOJUYECTBO
nepeaHHOW TeIJIOTHI TpU TEYEHHH BOJBI CcO ckopocthio W=0,08 w™/c B
ropu3oHTabHON TpyOe auamerpom d =0,008 mu miawHO#M 3 M, ecnu TemmepaTypa
BoJibl t,,.=90 °C, a TeMiieparypa BHYTpEHHEH MOBEPXHOCTU TPYOBI oy =30 °C.

Pemenne. IIpu remneparype Boas! t,,. =90 °C no tabmuue (I1. «A») Haxomum
dusznyecKkre XapaKTepUCTUKH BOBIL:

Are= 0,68 Br/(Mm'K); v, =0,326 -10° m?/c; Pr,.=1,95.

[Tpu Temmeparype crerku tey =30 °C uncno Ipangrs: Pre,, =5,42.

C yderoM TNONYyYEHHBIX 3HAYEHUI OIpenensieM pPEeXUM JBUKEHHUS TpyObl B

wd _ 0,08-0,00§ 19632
Vaue  0,325-10
T.x. Re,,. <2300, To pexxuM ABHKEHHUS — JAMHUHAPHBIH.

[Ipn naMUHApHOM peXMME ABWXKEHUS B TpyOe mis ompeneneHus kodpduuueHTta
TEIUIOOTIA4YH UCIIOJIb3YeM (POPMYJIBIL:

rOpU30HTaJIbHOU TpyOE: Re,,. =

rC m

0,25
Pr
NU,,. =015Re%33 prd:43 Gr:,(fc’l[—"*" ] 86)

NU,,- A (8.7)

o=

d
Uucno I'pacroda:

gd®
Grye :TﬂZ -At, (8.8)

VOfC
rae At = tgfc _tcm: 60 °C.

9,81-0,008°
Gr,,. = > +6,95-107* 60 =197-10°.

(0,0326 -10—6)

[To ¢opmynam (8.6) u (8.7) onpenensem umciao Hyccenbra u ko3dduiimeHt
TEIJIOOTAAYH OT BOJIBI K IOBEPXHOCTH TPYOBI:

0,33 0,43 %1 (195 0.25
NU = 015-(19632)°% . (195)°43 (197 108 (EJ 1276

_12,76-0,68

=1085 Br/(M>K).
0,008
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3

I
[TonpaBky Ha AnuHYy TpyObl BBOJUTH HE ClIEyeT, T.K. — = ——— = 375>50.

d 0,008
KomnyectBo nepez:aBaeMoﬁ TCILJIOTHI 4CPEC3 BCIO ITOBCPXHOCTDH pr6BII
Q=7z-d-l-a-(t,, —tey)=2314-0,008-8-1085-60 =13082 Br.
Oteer: o =1085 Br/(M?-K); Q =13082 Br.

3AJAYN I CAMOCTOMATEJIBHOI'O PEHIEHU A
3amaya 8.4. Onpenenutrh Ko3POUIMEHT TEIIOOTAAYU A KOJIMYECTBO
NEPETAHHON TEIUIOTHI IPU TEYEHUH BOBI B TOPU30HTANBHOU TpyOe nquamerpom 0,02
M., muHOM 10 M u co ckopocteio W= 0,3 m/c, eciiu Temmeparypa Boasl 80 °C,
TemriepaTypa cteHku TpyOsI 30 °C.

Oteer: o =1879 B1/(M?-K); Q =59 Br.

3agaua 8.5, 'mankas muactuHa mupuHoi 1,5 M u mmHoi | =2,0 M o6Tekaercs
POAOIBHBIM TIOTOKOM Bo3nmyxa ¢ Ttemreparypoid t,. =20°C m co CKOpOCThIO
w= 4,0 m/c. Onpenenuts KO3(HGUIHEHT TEIUIOOTAAYN ¢ U TEIUIOBOM NMOTOK Q , ecnu
TeMIIepaTypa NOBEPXHOCTH IUIUTHI t.y, = 80 °C.

Oteer: o =135 Br/(M*-K); Q = 2430 Br.

INPAKTUYECKOE 3AHATHUE Ne 9
Tenmnoo0MeH Npu cCBOOOAHON KOHBEKIINH — 2 Yaca

KOHTPOJIBHBIE BOITPOCHI 1 3AJAHUA

OnuiunTe MEXaHu3M BOZHUKHOBEHHUS CBOOOJHOIO MOTOKA KHUIKOCTH.
Yro siBNsieTca onpeaensoneid TeMinepaTypoi npu cBOOOIHON KOHBEKIIUHU?
Kak onpenenuts XapakTepHblil pa3Mep Mpu cBOOOAHOW KOHBEKIIUU
Kakumu ypaBHEHUSAMH NOJ0OMS ONpenesnsseTcs TemIooTaAada npyu cBOOOAHOM
JNBU>)KECHUU KUIKOCTH?
5. OnuiuTe XapakTepHYI0 KAapTUHY CBOOOJHOTO JBM)KEHHS JKHJIKOCTH Y

BEPTUKAIBHON CTECHKH.

oW

[TPUMEPHI PEHIEHUA 3AJJIAY
3agaya 9.1,  OxnaxmeHue XUIKOCTH OCYLIECTBISETCS B TOPU30HTAIBLHO
pacmoyiokeHHbIX TpyOax auamerpom d=20,0 mM. TemnepaTypa *HIKOCTH BIAIH OT
Kax 01 TpyOsl t = 100 °C, Temneparypa Ha moBepxHoctu TpyOsI t.= 20 °C.
Onpenenuts KO3QUIMEHT TEIIOOTAAYM U OONIyI0 JUIMHY TpYyOBl, €ciu
HeoOxoauMo oTBoauTh Q = 8,0 kBT Temna. Termmonocurens — Boja.
Pemenne. Cpequsis TemrepaTypa MorpaHuIHOrO CJIOS:

t, +t. 100+ 20 .

Io tep onpenennm napameTpsl st Temonocutens (I1. «A»):

v=0,478-10%m%c, B=511-10*K?, 1=659-102Br/M'K, Pr=2,98
Kpurepuit Hyccenbra rpu cBOOOJHOM KOHBEKIIMH ONpeaessieTcs 1o popmysie
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MuxeeBa:
Nu =c(Gr-Pr)"  (9.1)

Kputepuii ['pacroda:
3 —4 3
Gr :&29-@% _t, )= 10 7002 : 98 100 20)=14.107
v (0.478-107 )

[poussencuue (Gr - F’r)=(l,4-107 . 2,98)= 4,2 107
[To mpoussenenwmto (Gr-Pr) onpenenum (I1. «B»): ¢=0,135, n=0,33
Tornma kpurepuit Hyccenpra:

0,33
Nu =c(Gr - Pr)" =o,135-(4,2-1o7) = 44,2

Koaddumment remnoornayu:
_Nu-7_442.659-10~°
d 0,02
[Tno1aap MTOBEPXHOCTH TETIOOOMEHA:

103
. @ 8010 =0,07 M2,
q alt, —t.) 1456-(100-20)
F 007
7 d 314.0,020

OtBer: o =1456 Br/M*K; | =1,15 m.

Zamaua 9.2. Onpenenuts kKputepuii momodus Hyccenbra miis ecTECTBEHHOM
KOHBCHIIMM BEPTHKAJILHO PACIOJIOKEHHOTO MWJIMHIPA HAPYXKHBIM guamerpom Oy
=0,25 M u mmHo# |= 1,5 M, ecim kospduuuent temnoornaun o= 50 Br/mM* K, a
K03 (PHUIHUEHT TEMIONPOBOIHOCTH MOIPAHUYHOTO cJIost kuakoctu A=2,9 102 Br/m 2
‘K.

Pemienue. Ilpu ecTECTBEHHOM KOHBEKUMHM BEPTUKAIBHO PACIIOJI0KEHHOIO
MUJIMHAPA ONPENEISIONIUM pa3MEpPOM SBIIETCSI €ro BbICOTa. Torma Kputepuid

noao6ust Hyccenbra:
a-l 50-1,5
Nu = =

A 29.107°

OtBer: Nu = 2586.

3AJJAYN OJ1A CAMOCTOSTEJIBHOI'O PEIHEHU A

3agaya 9.3. OxjaxieHue >XHIAKOCTH  OCYINECTBISETCS B T'OPM30HTAIBHO
pacnojiokeHHbIX TpyOax auamerpom d=19,9 mm. Temneparypa KHIKOCTH BIAIH OT
Kaxa0i TpyObl t, = 125 °C, temmeparypa Ha mnoBepxHocTH TpyOwl t.= 45 °C.

Onpenenuts Kod3(QUIHMEHT TEIIOOTAaYd U OOyl JAJIUHY TpyOBl, €ciu

HeoOxoauMo otBoIuTh Q = 7,9 kBt Temna. TermroHocHTenbs — BOJA.

Oteer: @ =1904 Bt/M?K; 1=0,83 m.

3agaya 9.4. OmpenenuTh MNOTEPIO TEIUIOTHI TpPU CBOOOAHON KOHBEKIUU
BEPTHKAJIBHO PACMOJIOKEHHBIM TPyOOTpoBoIoM AuamMeTpoM 150 MM U BBICOTOM 5 M,

=1456 Br/m*K.

115m.

Juna tpyOsL: | =

= 2586.
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ecnu Temmeparypa cTeHku TpyOompoBoga 200 °C, Temmeparypa OKpPYXKaroIIero
Bo3ayxa 30 °C.

Ok wnE

Oteer: Q = 3613 kBt

Tema 2.2. Ten1onpoBOAHOCTD

INPAKTHUYECKOE 3AHSTHUE Ne 10
Term1onpoBOAHOCTD Yepe3 IJIOCKHE U HWIHHAPUYECKHE
OTHOCJIOMHBIC U MHOT'OCJIOMHBIE CTEHKH — 2 yaca

KOHTPOJIBHBIE BOITPOCHI U 3AJIAHUA
HazoBuTe BuabI nepeHoca TeIioThl. B yem nx paznuune?
Uro Ha3bpIBaeTCs TEMIEPATYPHBIM MOJIEM?
JlaiiTe onpenenenye rpaiueHTa TeMieparypsl. Kakosa ero pasmepHocTb?
CdhopmynupyiiTe OCHOBHOM 3aKOH TEIJIONPOBOJHOCTH.
Uro xapakrepusyer Koadp¢uuueHt TermaonpoBogHoctu? KakoBa  ero
pa3MepHOCTh?
KakoB 3akoH pacnpelnencHuss TeMIlepaTyp II0 TOJIIMHE IUIOCKOH U
HAJIMHIPUYECKONU CTEHOK?
Kak onpenenuts Temneparypy MeXAy CIOSAMH B MHOTOCIIOMHBIX IJIOCKUX U

HAJIMHIPUYECKUX CTEHKAX?
[TPUMEPDBI PELIIEHW A 3AJJAY

3agaya 10.1. TemmepaTypsl Ha BHEIIHUX MOBEPXHOCTAX  JIBYXCIOMHOMN

creakn t; = 1300 °C m t3 = 75 °C, TONMMUHBI IEPBOTO U BTOPOTO CIOSI O1 =
225 MM u Oy = 425 MM, KO3(PPUITMEHTHI TETUIOMPOBOIHOCTH MaTepHalia CTCHOK Aq =
1,5 Br/mKu A,=1,2 Br/mK.

OnpenenuTs BEJIMYUHY YACIBHOTO TEIJIOBOIO TMOTOKA, TEMIEPATypy Ha TpaHHIIC
CI10eB, KO PHUITMEHT TEITIONPOBOIHOCTH SKBUBAJICHTHON CTEHKH.

/A

/

[

{/
/L

L

& VLT,

Pucynok 10.1. — K 3agaue 10.1.

Pemenue. TepMudeckre COMPOTUBIICHUSI CTEHOK OTpeiesisieM 1o popMyIie:
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R, = 5 0225 _ 0,15m%K/Br;
A 15

§ = 9, 0425 _ =0,35M%K/Br.
A, 1, 12

CyMMapHO€ TepMUYECKOE COITPOTUBIICHUE:

Ry =R, +R;, =015+ 0,35=0,5m%K/Br.
VYV nenbHbINA TeNJI0BOM ITOTOK:

=13 (102)
Ry
q= Lot _1300=75_ o450 g
Ry 0,5
TemnepaTypa Ha rpaHHUIIE CIIOEB:
t, =t, —gR, =1300 - 2450-0,15=932,5°C.

KoaddunueHT TenmonpoBoIHOCTH SKBUBAICHTHON CTEHKHU:

}\'BKE? = 61 i 82 = 0’225 al 0’425 :l,3BT/M'K.
Ry 05
Otser: ( = 2450 Br/m?, tp =932,5°C, A, =13 Br/™mK.

3agaua 10.2. CranpHas Tpy6a ¢ quamerpamu dq =100 mm, do=110 mm (A1 =50

B1/(M°K)), nokpeiTa n3ossnue B ABa €105 OJUHAKOBOW TONIIUHBEL O9 = 03= 50 MMm.
TemnepaTtypa BHYTpEHHEH MOBEpXHOCTH TpPyObl 1oy =250°C, HapykHOM
HOBEPXHOCTHU M30JALHH tema = 50 °C.

Onpenenuts MOTEPH TEIUIOTHI Yepe3 U3OISAIUIO ¢ 1 M JJIMHBI TPYOBI 1 TEMITEPATYPY
Ha TPAHUIIE COMPUKOCHOBEHHUS CJIOE€B H3OJISALUM, €CJIM TEPBBbI CION H30JISINH,
HAKJIQJbIBAEMbIi Ha TOBEPXHOCTh TPyOBI, BBHINIOJHEH U3 Marepuaiga ¢
ko3¢ unmeHToM TterionposoaHoctd Ap= 0,06 Bt/m-K, BTOpOil cmoit — wu3

matepuana ¢ A3 = 0,12 Br/m K.

Pemienue. B ciydyae MHOrOCIOMHOM UWJIMHAPUYECKOW CTEHKU JIMHEMHAA
IUIOTHOCTH TEIJIOBOTO MOTOKa (] OAMHAKOBA JJIsi KaxJaoro cios. B oOmiem ciydae

IJIST N CIIOEB:

”(tcml —tem, n+1)

zi 1+1
i+124i dj
r;lezy1 d(i;l =Ry - monHoe TepMHUECKOE COMPOTUBIIEHUE TEIUIONPOBOJHOCTH
i+1 i

MHOT'OCJIOVWHOW HAJIMHIPUYECKOU CTEHKH.
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Pucynoxk 10.2. — K 3agaue 10.2.

I[JIH pacCMaTpuBacMoOro Cirydasd:

al ”(tcml _tcm4) _
i'ndi_ki nd73+i|nd74

2% d, 24y dy 213 dg

B 3.14-(250-50) B

T 1,110 1 210 1 310 =89,557 Br/u.

n + n + n
2-50 100 2-0,06 110 2-012 210
TemnepaTypa Ha TpaHuUIEe COMPUKOCHOBEHHUSI CIIOEB ompeenseTcs no Gpopmyie:

i124  dj

} . (10.4)

tcm,n+1 = tcml -

Torz[a B COOTBCTCTBHHU C YCIIOBHUCM 3adaun:

o] L Ind2+ L Ind—3
24 dy 24y dy

tcm3 = tcm1 - jn
89’557{2 l50 Iniég T (:1; 06 n ﬁg }
' = — 96,28 °C

314
Oteer: (;=89,557 BT/M, tym3 = 96,28 °C.

SAAYN UJTIA CAMOCTOSATEJIBHOI'O PELLIEHU A
3amaya 10.3. CreHbl CymIWIbHON Kamepbl BBINOJHEHBI U3 CJIOSI KPAacCHOTO

KUpNU4a TONIMMUHOW 250 MM U CJOSI CTPOUTENBHOTO BOiIoka. Temmeparypa Ha
BHEIIIHEH MOBEPXHOCTH KMPHUYHOTro ciosl tymp= 110 °C, Ha BHemHel moBepXHOCTH

Boilloka typm3= 25 °C. KoadgpuuueHTsl TEmIonpoBOJHOCTH KPACHOIO KUpIHYa U

CTPOMUTENBHOTO BoOisIoKa coorBeTcTBeHHO A1= 0,7 BT/(M'K) 1 A5 = 0,0465 B1/(M-K)
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Y HE 3aBUCST OT TEMIEPaTypPHI.

OnpenenuTs TEMIEPATYPY B INIOCKOCTH COMPUKOCHOBEHUS CIIOEB U ONPEIEIIUTD
TOJIIMHY BOMIOYHOrO CJIOS NPH YCJIOBHUH, YTO TEILIOBLIE HOTEPH depe3 1 M? CTEHKH
KaMepbl He ipesbimaer (= 110 Br/m2,

Otsert: t.y2 =70,7 °C, 62=19,3 mwm.

3agaya 10.4. Crampnas Tpyba ¢ numamerpamu d1=100 mm, dp=110 mm
IOKpBITA CJIOEM M30JSILMM TONIMMHON O,,= 80 mm. Temmeparypa BHyTpeHHEMH
HOBEPXHOCTH TPYOBI try1 =100 °C, HapykHON noBepxHOCTH M3oisiuu tey,3= 30 °C.
Koaddumment remnonpoBoaHocty Marepuaia Tpyost 4= 50 Br/m-K.

OmnpenenauTs MOTEpPH TEMJIOTHl 4Yepe3 M30JALUI0 ¢ 1 M AnuHBl TpyOBl U
TEeMIIepaTypy Ha I'PaHULIE COIPUKOCHOBEHMS CIOEB TPYOBl M U30JIALUU, €CIIU CIOU
U30JIIUM  BBIMOJHEH U3 Marepuaiga ¢ KO3(Q(QULIUEHTOM TEIUIONPOBOJHOCTH
A>=10,15 Br/m"K.

Otser: () =73,4 Bt/™, tepo =99,93 °C.

Tema 2.5. Ilepena4a Temi0TbI U3.Iy4eHUEM

INPAKTHYECKOE 3AHATHE Ne 11
Temyi000MeH u3aydeHuem — 2 yaca

KOHTPOJIBHBIE BOITPOCHI 1 3AJJIAHUA
Yro HazbiBaeTCa KO GUIIMEHTAMH TTOTJIONMIEHHUS, OTPAKEHHUS U TPOITYCKaHUS?
Kakol criekTp u3inydeHus y TBEPABIX U Ta30BbIX TEN?
Yrto Ha3bIBACTCS JTYYHCTHIM TIOTOKOM Teja?
3akoH [lmaHka.
3akoH BuHa.
3akon Credana-bonpumana.
KoaddummenT uznyyenus abCoMOTHO YEPHOTO Tea.
Cepnie Tena. Uto HazbiBaeTCs KOAGOUIIMEHTOM YEPHOTHI?
. TermooOMeH U3ITydeHHEM MEXy NapalIeIbHBIMU MIJIACTUHAMHU.
0.OkpaHsl.

HoOoo~NooOkwWNE

ITPUMEPHBI PEINEHM A 3A1AY
3amaua 11.1. OmnpenenuTs NOBEPXHOCTHYIO IUIOTHOCTh IOTOKA H3ITY4YCHHS
CTeHKHU ¢ Kod(pPuIuenToM nsnydenus c1= 4,53 Br/m?>K* n Mexy IIOBEPXHOCTAMU C
Kod(pdULIMeHTaMU U3TYYEHHUSI €1 = C2, €CJIU TEMIIEPATyphl U3IyYaIOIIUX CTEHOK t; =
1027 °C wu t,= 427 °C, a muromaau ux nosepxnocrei F1= =F,= F= 1,0 M
HaiiTu cTeneHb YepHOTHI CTEHOK M JJIMHY BOJHBI, COOTBETCTBYIOIIYIO
MaKCUMAJIbHOMY H3JIyueHHI0. Kak U3MEHUTCS MOBEPXHOCTHAsl IUIOTHOCTh MOTOKA

MIPU YCTAaHOBKE MEXKAY MOBEPXHOCTAMH N = 1 1IT. 3KpaHOB NPU YCIOBUH C1 = C2 = C».
Pemenne. Tq =1027 +273=1300K, Ty =427+ 273=700K.

CreneHb YepHOTHI CTEHOK:
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ct 4,53
g1 =6y =—2="""-08, rie ¢, =567Br/M*K* - nocrosuuas bonbimana.

co 5,67
DHeprus COGCTBEHHOTO M3JTyYEHHS CEPOTO TeNa ONPENEISETCs 1o hopMyIie:

4
-
E=c — |, 11.1
(100) (11.1)

rjae ¢ - Ko3hOUIMEHT U3ITyYeHUs! CEpPOoro Tena.
DHeprusi COOCTBEHHOI'0 U3TyYEHUS! CTEHOK:

4 4
T
El = Cl(ﬁ] = 4,53 . (%j =129381 BT/M2

4

T, 700
E-, =c =453.| — | =10877 Br1/m?
2 2( j (moj v

100
I[.HI/IHI)I BOJIH, COOTBCTCTBYIOIINC MAKCUMAJIbHOMY H3JIYUYCHHUIO:
J=29_29 5931073y
T, 1300
dp =222 29 4141072
T, 700

Ecnu aBa Tena ¢ temneparypamu 717 u T) 0OMEHHBAIOTCS JTyYHCTOW SHEPTHUCH,

pa3[elieHbl MPO3PAYHOM CPEIOH, TO YIEJIbHBIA TEIUIOBOM IIOTOK, MEPEIaHHbBIN
U3JIy4E€HHUEM, MOKET OBbITh OTNPEieieH 1o (popMmyie:

4 4
T T
ql’zzg”pc{(loloj _(mzoj } (L2

rac gnp - IPUBEACHHAs CTCIICHb YCPHOTHI.

1

& = .
1 OR(1

7+ - P

g Fyle

Ilocne moacTaHOBKU:

(11.3)

4o =0,786-5,67- (130()) (700) — 98934 Brir
100 100
1
Enp = =0,667 Br/m?.

1 1 of1 1
0 8 1 0 0,8
TennoBol MOTOK MPU yCTaHOBKE 1 3KpaHa:

q2, =2 _ 98934 _ 15067 Brive
< n+l 141

Otger: 1 =2,23-10 3y; 2y =4,14-103y; gy » = 98934 Briv?,
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07, = 49467 BAz

3agaua 11.2. OnpenenuTs TEIMIIOOOMEH M3JIYYEHUEM MEXAY JBYMS
OOJBIIMMHU TapajyIeTbHO PACIOJIOKEHHBIMU TMOBEPXHOCTSIMH C TEMIIEpaTypaMu
79 =800 K u 79 =400 K. Ko>pduuueHT wu3iryyeHUs MEpBOH MOBEPXHOCTH
c1 =5,1 Br/(M*-K%), BrOpoii - co= 4,2 Br/(M?-K*).
[ToTepro TemnoTsl OOKOBBIMHU IMOBEPXHOCTSIMU HE YUMTHIBaTh. Kak W3MEHHUTCS
TEMJI000OMEH, €CIM MPHU TeX K€ YCIOBUAX KOIPPUIMEHT H3IYyUYECHHUS BTOPOU
IIOBEPXHOCTH paBeH co = 0,4 B1/(M?-K*)?

Pemenue. JlyducThlil MOTOK MeXay HapajuieIbHbIMUA IOBEPXHOCTAMU:

o | (1) (2
E=cnp [(100) (100) } (114

II€ Cpy - IPUBEICHHBIN KOOQOUIMCHT U3y ICHNUS.
1
Cop =7 1 1 (11.5)
g €2 <

ITocne IMOACTAHOBKH ITOJIYUYHM!

4 4
P 1 . (800) _(‘L'o) —14899,2 Br/w?
1,1 _ 1 |l0) \100

51 42 567
JIy4uCTHIM MOTOK MEXIY MapaleIbHBIMA IIOBEPXHOCTSAMHM IIPH YCIOBUH, YTO
co = 0,4 Br/(m?-K*):

4 4
E=t 11| (2] laeg) | 15238 Boae
1,1 _ 1 |l100) 100

51 0,4 5,67
OTtBer: Pacuer mokas3pIBaeT, 4TO 3aMEHA OJIHOM MOBEPXHOCTU MOJHMPOBAHHBIM
MaTepUaioM BEJET K YMEHBIICHUIO TETNIO0OOMEHA JIYYHCThIM MOTOKOM TouTd B 10
pas.

SATAYN 1A CAMOCTOATEJIBHOI'O PEIHEHUA

3agaya 11.3. Omnpepenurh TMOBEPXHOCTHYIO IUIOTHOCTH MOTOKA HW3JTyYEHHS
crenku ¢ Koo duumentom usnyuenus c= 4,9 Br/(m?K*) u Mex 1y moBepxHoCTAMU ¢
KO3 PUIIMEHTaMU U3TYyUYEHUS C1 = C2, €CIM TEeMIEPATYPbl U3IyYalOlUX CTEHOK 1 =
1057 °C wu t,= 457 °C, a muromaau nx nosepxuocrei F1= Fo= F= 1,4 M2

HaiiTu crTeneHb 4YepHOThI CTEHOK W JUIMHY BOJIHBI, COOTBETCTBYIOIIYIO
MaKCUMaJIbHOMY H3JIydeHHI0. Kak M3MEHHUTCS MOBEPXHOCTHASI MJIOTHOCTh MOTOKA
IIPU YCTAHOBKE MEKy MIOBEPXHOCTSIMHU N = 1 MIT. 3KpaHOB MPU YCIOBUU C1 = C2 = C>.

Orser: Ay =218-10 3y 45 =3,97-10 3y ,, =133926 B2 7, = 66963
BTV
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3agaua 11.4. Mexny JByMs IOBEPXHOCTSMH  YCTAHOBJIEH 3KpaH,
K09 QUIMEnTHI H3TydeHHs UX ¢1 = ¢, = 4,8 B1/(M*K*), a remneparypsr 77 =600 K u
T2 =300 K.

Omnpenenuts TEMIO0OOMEH JYYHUCTHIM IIOTOKOM JI0 M TOCJI€ YCTAaHOBKU 3KpaHa
¥ TEMIIEPATYPY DKPAHA, ECIHU Cyy = €1 = Co.

OtBet: E =5056 BoaZ E° = 2528 BonvZ T° =512 K.
MPAKTUYECKOE 3AHSITUE Ne 12

Tema 2.6. TemmiooOMeHHbIE aNIIAPATHI
Pacuer Tenmji000MeHHBIX aNMAPaTOB — 2 4aca

KOHTPOJIbHBIE BOIIPOCHI U 3AJJAHU A

1.Yto Ha3bIBaeTCS TEINIOOOMEHHBIM armapaTom?

2.Ha xakue rpynmnsl JesTcs TeTUI00OMEHHBIC armapaThl?

3.ITo KakuM cxXeMaM OCYIIECTBIIICTCS IBIKCHHE KUIKOCTEH ?

4. Harnummute OCHOBHBIE YPAaBHEHUS TEILIONIEPEIaur U TEIIOBOTO OajaHca.

5.M300pa3ure rpadmku U3MEHEHHs TEMIIEpaTyp pabounx KHUIKOCTEH B anmaparax ¢
MPSIMOTOKOM M ITIPOTUBOTOKOM.

6.Hammmmre ypaBHEHUsI cpeHEIOrapu(MUYECKOro TeMIIEpaTypHOTo Haropa st
anmnaparoB C IMPSIMOTOKOM U IIPOTUBOTOKOM?

I[TPUMEPLI PEILIEHW S 3AJIAY
3agaua 12.1. Omnpenenuty  MUIOIMIAJb  MOBEPXHOCTH  TEIUIOOOMEHa
PEKYMEepaTUBHOTO BOJIOBO3AYIIHOTO TETUIOOOMEHHHUKA TIPH TPAMOTOYHOH CXeMe
JBMKCHUS TETUIOHOCHUTENICH, €CIIM MAacCOBBIM  pacxXoj BO3MyXa IMPH HOPMAJTbHBIX

yenousx m®%° = 20 xr/c, cpeaHuil kod(QQULHEHT TEIUIONEpEIatl OT BO3AYXa K

Boge k =25 Br/(M?-K), HayanbHble M KOHEYHBIE TEMIIEPATYpPhl BO3MyXa U BOMBI
PaBHBI COOTBETCTBEHHO ti =450°C, ti'=200°C, t'2 = 20°C, tg =100°C.

OnpenenuTs TakKe pacxold BOIbI m5o%! yepe3 TemiooOMeHHuK. M300pa3uTh

rpaduK U3BMEHEHHS TEMIIEPATYP TETIOHOCUTEIIEH.
MaccoBbie n300apHbIe TETIOEMKOCTH TEIIIOHOCUTENEH MPUHSTh:

¢80 21,01 kr/(kr-K); c%% = 419 wllwc/(xr-K).

Pemenue. TennoBoi NOTOK K BO3AYXY:

Q =m0 . 6030 -(ti —ti'): 20-1,01- (450 — 200) = 5050 KBr.

Pacxom BOIBI B TEINIOOOMEHHUKE:
mgodbl _ Q 5050 * 103

= Tt =15 kr/c.
¢80 {ty ~t,) 419103 -(100- 20)

[Inomanb MOBEPXHOCTH TEMIOOOMEHA:
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A=

(12.1)

rae Atgp - cpeaHenorapupMUICCKHii TEMIICPATYPHBIii HAllop, ONPEACISIEMBIH 110
bopmyie:

[Ipu nipsimoToKe:
Atg =t;-t,= 450 — 20 = 430°C; At,, = t; - t, = 200100 = 100 °C.

Torna:
430-100
Atcp =——— =226°C.
|n@
100
3
A= —5050 10 = 894 m2.
25-226

Oteer: m®°% =15 kr/c; A= 894 M2,

3agaua 12.2. TeriooOMEHHBIN ammapar, COCTOAIINN U3 OBaJbHBIX OPEOPEHHBIX
TpyOOK, cedyenuem 13,5x2,4 MM, nomkeH pacceuBaTh 35 kK TEMIOTHI B CEKYHIY.
OnpenenuTh KOJNMYECTBO BOASHBIX TPYOOK npu ux mampe | = 045 M, ecim
k02 durent opedpenns @ = 2,18. Marepuan crenku — meas (A4 = 390 Br/(m-K),
K03 QHUIUEHTHI TEILIOOTAAYM: OT BOIABI K cTeHke ¢ =2500 Br/(M?K); oT cTeHKH K
Bo3ayxy a2 =185 Br/(M*'K). Tonmuna crenku 0 = 3-10™ m.; cpennss reMneparypa
Boxel ) =87,5 °C, cpennss temneparypa Bosayxa tr =37,5 °C.

Pemenne. OnpenensieM Kod(pGUIIMEHT TEMIoNepeaaun JIjsi peopucToi
MOBEPXHOCTH:

1 1
o+ o+ — 1 3-10 1
o3¢ ——.218+ 218+ —
o @2 2500 390 185
[Tnomans peOpucToil MOBEPXHOCTHU:
Q 35000 )
Fo = = =44 m

k-(f—f,) 159-50
[Tnomans oOmiei MOBEpXHOCTH BOJSIHBIX TPYOOK:
F =i=£:2,0 M2,
o 218
[Tnommanb MOBEPXHOCTH OJTHOUN TPYOKH:
f =2.(0,0135+0,0024)-0,45 = 0,0143 M.

KomudectBo TpyOoOK:
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/4 =E:A:139,8.
f 00143

Pacnonarast TpyOKku B perieTke paauaropa B TpU psijia, npuHuMaeM Z = 141 mir,
4TOOBI PACIOJIOKHUTH 1O 47 MITYK B OJTHOM PSAJTY.

Pacnonaras TpyOku B pemieTke TEIIOOOMEHHOro arapara B TpU psja,
MPUHUMAEM

OtBer: 7z = 141 mr.

3AJTIAYN J1A CAMOCTOSATEJIBHOI'O PEINEHUA
3apaua 12.5. OnpenenuTh IUIOMIAAh MOBEPXHOCTH HArpeBa PEKyNEPATHBHOTO
BOJOBO3AYIITHOTO  TEINIOOOMEHHHWKA TPH  NPSIMOTOYHOM  CXEME  JIBHDKCHHS
TEIJIOHOCUTENIEH, €ClIh 0OBEMHBIN pacxo1 BO3AyXa P HOPMAJbHBIX YCIOBUSIX Vi =
5,0-10* M3, cpennmii ko>QPUIMEHT TemIonepenadyn OT Bo3myxa K Boge K= 21
Br/(M*K), HauyanbHble M KOHEYHBIE TEMIIEPATyphl BO3AyXa M BOALI PAaBHEI

COOTBETCTBEHHO ti=500°C, t1”=250°C, t‘2 =10°C, t; =90°C.

OnpeaeuTs Takke pacxoa Boasl m*°%% uepes TermnoodMenHuk. M306pasuts

rpaduKu U3MEHEHHUSI TeMIIEpaTyp TEIIOHOCUTENEH Il 00€MX CXEM MPHU Pa3IUUHbBIX
COOTHOUIIEHHUSIX UX YCIIOBHBIX YKBUBAJICHTOB.
MaccoBbie n300apHbI€ TETNIOEMKOCTH TEIUIOHOCUTENICH MPUHSATD:

cf,“a =1,01 xJIx/(xr-K); cfyoabl =419 xJIx/(xr-K).

Oteer: A =732 M% m®%" =132 xr/c.

3apaya 12.3. Pemmwmth nOpenpayllyr 3anady MpU  YCIOBHH, YTO CXeMa
JIBIKEHUS TETIJIOHOCUTENIEH B TETNIOOOMEHHOM arlapaTe — NPOTUBOTOYHASI.

Oteer: A =681 Mm% m®% =132 xr/c.

IMMPAKTUYECKOE 3AHATHUE Ne 13
Pemenue 3agau — 4 yaca

3agaua 1. Onpenenuth KOIQPUIMEHT TEIUIONPOBOIHOCTH ASKBUBAJICHTHOM
CTEHKH JJISI TPEXCIOMHOM TIOCKON CTEHKH TOJIIMHAMH O1 =2 MM, &2 =5 MM, &3 =50
MM, KO3(QHUIIMEHTHI TEIIONPOBOJIHOCTH CJIOCB KOTOPOW COOTBETCTBEHHO pPaBHEI,
2=0,15 Bt/™M'k, A,=45,5 Bt/™m'k, A3=0,23 B1/™M K.

3agaya 2. Onpenenutrb TEPMUYECKOE COMPOTUBICHUE LWJIUHIAPUYECKOM
CTCHKH ¢ BHyTpeHHUM auametpoM d 1 =0,36 M, HapyxHbIM auameTpom dp =0,46 M,
eciau TpyOa M3roToBJI€HA U3 CTAlUd C KOA(DPUIMEHTOM TEIUIONPOBOIHOCTH A=48
Bt/m k.

3agaua 3. CTeHbl CyIIMIIBHOW KaMepbl BHIMOTHEHBI U3 CJI0S1 KPACHOTO KUpIHYa
TONIMHON 250 MM M CJO0SI CTPOMUTENBHOTO BOiJIoKa. TemmepaTypa Ha BHEIIHEHR
IIOBEPXHOCTU KUpHHUYHOIO ciosl temp= 120 °C, Ha BHelIHEell MOBEPXHOCTU BOMIIOKA

tem3= 30 °C. KoapduuueHTsl TEMIONPOBOJHOCTH KpPAaCHOTO KHpIUYa U
CTPOUTENBHOTO BoiNoka cooTBeTcTBeHHO A= 1,0 B1/(M'K) 1 19 = 0,07 B1/(M'K) 1
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HE 3aBUCST OT TeMIEPATypPHI.

OnpenenuTe TEMNEPATYPY B INIOCKOCTH COMPUKOCHOBEHUS CIOEB U ONPEEIINUTD
TOJIIMHY BOMIOYHOrO CJIOS NPH YCJIOBHUH, YTO TEILIOBLIE HOTEPH depe3 1 M? CTEHKH
KaMephl He TIpesbimaer (= 120 Br/m2,

3amaua 4. OnpeaenuTh KPUTUYECKUN TUAMETP U3OJSIHUH, €CId KOdPUITUEHT
TEIJIOMPOBOHOCTH U3OJSIUN Ay = 0,175 BT/M K, a K03 dUIIUEHT TErI00TAaYN CO
CTOPOHBI U304 a2 =50 Bt/™M? - k.

3amaua 5. Onpenenutb oNTUMAIBHBIA KOIPPUIIUEHT OpeOpeHus IS TUIOCKOM
peOpUCTOi TOBEPXHOCTH €CITU KOI(DPHUITMEHTHI TETUIOOTAaYl COOTBETCTBEHHO PaBHBI
o1 =2000 B1/M? k, 0, =50 B1/™M? ‘K.

3agaua 6. Omnpenenuth kputepuit mnoaobuss HyccenbTa miis ecTecTBEHHOM
KOHBCHIIMM BEPTHKAJIHHO PACIOJIOKECHHOTO MWJIMHIPA HAPYXKHBIM JguaMerpom Oy
=0,25 M 1 anuHoi |1= 1,5 M, ecin koadduiuent Temmooraadn o= 500 Bt/mM2-k, a
K03 (QHUIHUEHT TEMIONPOBOIHOCTH IOIPAHUYHOIO ¢JI0st Kuakoctu A=2,9 102 Br/m 2
‘K.

3anaua 7. OnpenenuTs NPUBEICHHBIN KOADOUIIMEHT U3TyYeHus IBYX TUIACTHH,
pa3zieleHHBIX MTPO3PAYHON CPEIOM, €CITN CTENEHb YePHOTHI TJIACTHH COOTBETCTBEHHO
paBHsI €1 =0,7, €2 =0,5.

3agaua 8. OmpenenuTh TEIUIOTY, MEPEJAHHYIO0 H3JIYYEHHEM JBYX Tell C
Temieparypamu 71 =400 K, To=200 K, eciu ¢,,, = 0,7.

3agaua 9.Bo3nyx HarpeBaercs npu noctossHHoM oobeme ot 400 mo 800 °C.
HauvaneHoe paBnenue Pi= 0,1 MlIla. Onpenenutrb KOJIMYECTBO MOJIBEACHHOMN
TEIUIOThl AQ, U3MEHEHUE BHYTPEHHEW SHEPrUU AU, U3MEHEHHE HSHTAJIbIHUHU  Ai,
SHTpONMU As, paboTy A/ 1 Kr a3zora, cUMTas 3aBHCHUMOCTb TEIJIOEMKOCTH OT
TEMIIEPATYPbl HETUHEWHOM.

3amaua 10. Bo3nyx maccoit 1 kr comepmaer mnpsmor 1ukn KapHo mpu
TeMIEpaType TOpsSYero M XOJOJAHOTO MCTOYHUKOB cOOTBETCTBEHHO 327 u 27 °C.
MunuManbsHOE J1aBiaeHue mpu 3ToM coctasisieT 0,12 MIla, makcumansHoe — 2 MI1a.
Onpenenuts mapametpsl B T. 1 u 2 u repmudeckuit KIJ mukna Kapao. M3o00pa3uth
ik B VP- u ST — Koop/iMHaTax.

3agava 11. K kunsmeit Boae npu naBiennu P =2 MIla =const moaBoaurtcs
teriora. [Ipu 3TOM Boa mpeBpamiaeTcsi B IeperpeThiidl map ¢ temneparypoi t =500
°C. OnpenenuThb 3aTpavyeHHOE KOJIUYECTBO TETUIOTHI.

3agauya 12. Brnaxueiii Bo3ayx ¢ HaudanbHbIMM mapamerpamu t; = 30 °C,
@ = 40% nogorpeBaercs B kKaopudepe no temmeparypbl tp= 90 °C. Onpenenutsb
KOHEUHbIE TMapamMeTphl BO3/AyXa: BJIArocoJep:kaHue,  MNaplUalbHOE aBJICHUE,
SHTAJIBIHIO, TOYKY POCHI U KOJUYECTBO TEIJIOTHI, HEOOXOAMMOM /i HarpeBa | Kr.
BJIYKHOT'O BO3/yXa.

3amaua 13. Boaggnoii map ¢ mapamerpamu: P; =1 Mlla, x=0,95 BbITekaer

4yepes3 CyKUBAIOIIEecs: COII0 B cpeny ¢ nasineHueM Po =0,2 Mlla. Onpenenurs
JEHCTBUTENLHYIO CKOPOCTh M Pacxoj IMapa Ha BeIXOAE u3 cora, ecnu ¢ =0,85, a
By =0,577.0Onpenenuts CKOPOCTh Mapa, eCIU UCTCUCHHE MPOUCXOAUT Yepe3 COILIO
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JlaBans.
3anaua 14. Boggnoii map ¢ mapamerpamu: P; =1 Mlla, x=0,95, a 3arem

BBITCKACT 4YEpe3 CYXKUBAIOLIEECS COILUIO B cpeny ¢ nasieHueM Pp =0,2 Mlla.

OnpenenuTte JEHCTBUTEIBHYIO CKOPOCTh M Pacxoj Napa Ha BBIXOJE U3 COIUIA, €CIH
¢ =0,85, a ﬁKp =0,577. OnpenenuTs AEHCTBUTEIBHYIO CKOPOCTh M PACXO]l, €CIH

nap nepej paclmpeHueM apoccenupyercs 1o nasiaenus P; =0,5 Mlla.

3anaua 15. [{ns nopuneBoro JIBC ¢ n3006apHbIM MpoiieccoM MOBOAA TEIIOTHI
HalTH MaKCHUMaJbHYIO TeMIeparypy IMKIa, €clid HadajabHoe naBieHue P =0,12
MIlIa, nayansHas temmeparypa 71 = 300 K, cremens cxartus €=13,5, cTeneHb
npeaBaputenbHoro pacmupenus p=2,0. B kauectBe pabouero Tena NpUHATH BO3AYX
R=287,3 JIx/(xkr-K), k=1,4.

3amaya 16. J{nsg mukina ra3oTypOMHHOTO ABUTATENS C M300apHBIM MPOIIECCOM
MOABOAA TEIUIOTHI ONPENEIUTh YACIbHOE KOJIMYECTBO MOABOJUMON TEIUIOTHI, €CIIH
HavyanpHOe nasienue Pi =0,1 Mlla, maganenas temneparypa 71 =300 K, crenens
MOBBIIIIEHUS JABJICHUs] B KoMmIpeccope P=6, MakcuMmasabHas TeMIeparypa Iukia 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 COCTOSIHMSI HJI€aTILHOTO Ta3a.

VYpaBHeHUE COCTOSIHUS UI€aIbHOTO ra3a. PV —koopauHaThI.
TennmoemMkocTh razoB. OnpeaeneHue. Buabl TEMI0EMKOCTH.
N306apHast 1 U30XOpHas TEIIOEMKOCTH.

[lepBbIii 3aKOH TEPMOAUHAMHUKHU.

DHTanbenus, GU3NIECKUN CMBICIL.

TennoTa 1 paboTa B TEpMOJUHAMUYECKHX MPOIIECCAX.

. VI3MeHeHne BHYTpEHHEH YHEPTUU B TEPMOIMHAMUYECKHIX MTPOIIECCax.
10 N30xopHBIi1 poriecc.

11.1306apHblii ipoiiecc.

12 .M3oTepmudeckuii mpoiiecc.

13.AnuabaTHbIN MpoIecc.

14.Bropoii 3akoH TepMoarHaMUKU. [IpsiMbie 1 0OpaTHbBIE ITUKIIBI.
15.I1psmoit nuxn Kapuo. Tepmuueckuit KI1J] nukiia.

16.1uxn OtToO.

17.uxn Jn3zens.

18.0O06patusiit mukn Kapro. XonoaunsHelid K03 GUIIAEHT.

19.11ux1 BO3IYIIHOM XOIOAUIFHOM MaITHBI.

20.1{yKJT TOPIITHEBOT'O KOMITPECCOPA.

21.DHTpOTNHS KaK MapaMeTp COCTOSHUS TEPMOJTMHAMUYIECKON CHCTEMBI.
22 .BrnaxHblil Bo3ayX. OCHOBHBIE XapaKTEPUCTUKH BIAYKHOTO BO3yXa.
23.I1apocuioBbie YCTaHOBKH.

24 .11uxn PenkuHa.

25.Comno JlaBans. OCOO€HHOCTH KOHCTPYKITHH.

26.Termmooomen. TemmepatypHoe moje. TemMrepaTypHbIi rpaueHT.
27.OCHOBHOM 3aKOH TEIUIOMPOBOIHOCTH (3aKoH Dypbe).
28.TemnonpoBOIHOCTh TUIOCKON OJHOCTIOMHONW W MHOTOCJIOMHON CTEHKH.
29.TemnonpoBOTHOCTH OJTHOCIIOWHON M MHOTOCJIOWHOM MIJIMHIPUIECKON CTEHKH.
30.KonBekTuBHbIN TemiooOMeH. YpaBHenne HororoHa—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.TennooOMeHHBIE anmapathl, UX Kiaccu(uKaius.
38.9¢dpekTUBHOCTD TEIITIOOOMEHHUKOB U CITOCOOBI €€ IMTOBBIIICHHUS.
39.TenaoHOCUTEIN U UX CBOMCTBA.

CoNoORrLDE
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Ilpunosicenue F
@doHa TECTOBBIX 3aJaHUH

1. ITox mopimHeM, KOTOPBIH MOXET CBOOOAHO IMepEeMENIaThCs B BEPTHKAIBHOM
uMHape, Haxogutces 0,2 Mo WAealbHOrO0 OJHOATOMHOro rasa. JlaBiaeHue rasa
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. TemnoBoit nBUraTenb 3a OAMH IUKI moiydaeT oT HarpeBarens 100 x/[x
TEIIOTHI M oTaeT xonoauibHuKky 60 k/[x. Yemy paBen KIIJl atoro neuraresns (%)?
1) 60
2) 67
3) 40
4) 25

3. Kakum J10JKHO OBITH OTHOIIICHHE Macc mMi/M; TOPSYCH U XOJIOTHOM BOBI JJIs
TOTO, YTOOBI 3a cueT oxaaxacHus oT 50°C mo 30°C BoapI Macchl M, BOJa MacCoM my
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/[x) coBepriaeTcs 3a 0IUH UKI?

1) 40

2) 28

3)21

4) 56

5. YKaxXuTe €IWHUIly W3MEPEHUS BEIMYUHBI, M3MEPSEMON NPOU3BEIACHUEM
pAV.
1) BarT
2) mackanb
3) nmutp
4) mKOYIh

6. Kakoii TOuke JuarpaMMbl M3MEHEHHsS COCTOSHHS WACAIBHOIO Tas3a
COOTBETCTBYET HaMOOJbIIEE 3HAYEHUE BHYTPEHHEN SHEPTHH.
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Pas

3
1 4
I ’V
1)3
2) 2
3)4
4)1

7. KakoMy konmuectBy TernoTel (M]Ik) skBUBaJieHTHa paboTa, coBepliaeMast
3a 1 9 nBUTaTeneM MOIIHOCTRIO 2 KBT?
1)0,2
2) 2
3) 3,6
4)7,2

8. Haiimure paboty, coBepiiaeMyto IByMs MOJSIMUA UJI€aIbHOTO Tra3a MpU €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
TeroThl. Kakyro paboTy coBepiuni uaeanbHbii ra3 (Jx)?

1)0,8

2) 1

3)2

4)0

10. Kakoit nomkHa ObITH TEMIEpaTypa XOJ0AuIbHUKa TerioBor MamuHbl (°C),
yToObI MakcumanbHoe 3HadeHue KIIJ[ paBasmocsk 50%? Temmeparypa HarpeBartens
327°C.

1) 35
2) 327
3) 27
4) 260

11. Temneparypa HarpeBareiss peaJlbHOW TemIoBOW MamuHbel 227°C,
xonoawibHuka - +27°C. 3a oaMH LMK ra3 moiydaer oT HarpeBarens 64 k/[x
TEIUIOTHI, a OTAaeT XoaoamnbHuKy 48 k/[x. Onpeaenute KIIJ[ mammnsbt (%).

1) 35
2) 25
3) 15
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4) 40

12. Kaxkoii mporiecc Ha3piBaeTcs n3orepmuieckum? IIporece, mpoucxoasmui. . .
1) npu MOCTOSTHHOM TeMIepaType
2) Ip¥ MMOCTOSIHHOM JIaBJICHUH
3) npu NMOCTOSSHHOM 00BeMeE
4) Ipu MOCTOSIHHOM TEMII0OEMKOCTH

13. Ilepexon raza u3 cocTosiHUSA A B COCTOSIHHE B MOKHO OCYIIIECTBUTH TPEMSI

cnocobamu (cm.puc). B kakom cirydae pabota HaJl ra30M MUHUMAaTbHA?

2 A
< A
: 3
V
11
2)2
3) 3

4) BO BcexX CiTy4asix OHa OJIMHAKOBA

14. Yemy paBHa BHYTpeHHsAs sHeprus (k) ogHOro MOJs OJHOATOMHOIO

WJICJIbHOTO ra3a, KOTOPbIM HaXOouTCs pu Temneparype -73°C, ?

R i Ep Ey
/ / E E
1) 2)
Lk ‘ Ep
AS E E
4) 5)
1) 830
2) 1246
3) 1660
4) 2490

15. BHyTpeHHsIs dHEprus 3alaHHOW Macchl M UAEAJIbHOIO T'a3a 3aBUCUT TOJIBKO

oT ...

1) oobema

2) naBJIeHUS

3) dopmer cocyna
4) Temriepatypsl
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16. B Bony Temmniepatypoit 15°C u 06beMOM 2 J1 OIyCTHIIN HEU3BECTHBIN CILIAB
maccoit 1 kr m Temneparypoit 90°C. B pesynbrare TemiooOMeHa yCTaHOBHIIACH
temriepatypa 20°C. KakoBa ynenpHasi TeruioeMkocTh craBa (Jbx/kreK), ecmu
yAeNbHas TeII0eMKOCTh BOoAbI paBHa 4200 JIk/kreK?

1) 400

2) 600

3) 1100

4) 1300

17. Ha CKOIBKO MErajpKoyiaen OTINYaeTCs BHYTPEHHSSA SHEPTUs 2 KI' BOJSHOTO
napa npu temreparype 100°C oT BHyTpeHHEW »HEpruuM 2 Kr BOABI IPU ITOH Ke
temneparype? Le=2,3 MJx/kr

1) na 4,6 M/Ix 0oJbIiIe
2) Ha 2,3 Ml Gosbliie
3) He OTIIMYAIOTCA

4) na 2,3 Ml meHbIIe

18. Ckomnbko JbJia (KI) pacTaer, eciu Jjea Maccod 5 xr u temmneparypoit 0°C
OmyCTUTh B BOy Maccol 10 kr u remnepatypoi 0°C?
1)3
2) 2
3)1
4)0

19. B3saTt0 mo OgHOMY MOJIO Tenus, HEOHa M aproHa Ipu OJUHAKOBOU
TeMIiepaType. Y Kakoro rasa BHyTPEHHsIA SHEprus camasi OosbIas?
1) y Bcex razoB OJMHaKOBa
2) y aprona
3) y renus
4) y HEeoHa

20. Ha ckompko C° nHykHO Harpeth 10 MiH. T BOABI, 4TOOBI €€ Macca
yBenuumiach Ha 1 r? Y nenbHas TernoeMKkocTh Boasl paBHa4200 Jx/kreK.
1) 41
2) 12
3)2,14
4)21,4

21. Azotr maccoii 20 Kr HarpeBaeTcsi MpH MOCTOSSHHOM AaBiieHMu ot 0° 1o
200°C. OueHurte, Ha CKOJIBKO HAaHOTPAMMOB YBEIMYUTCS Macca a3ora? Y aenbHas
TEIMJIOEMKOCTh a30Ta MPHU MOCTOSTHHOM JlaBieHuu paBHa 1,05 kJx/(kreK).

1)0
2) 4,7
3) 47
4) 470
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22. Kak m3Menutca Macca 1 xr Boasl npu HarpeBanuu Ha 80 K? VYnenbHas
TernoeMkocThb Boabl 4,2¢10% x/(kreK).
1) yBenuunTest Ha 18,5107 kr
2) HE UBMEHUTCS
3) ymenbmmTes Ha 18,5102 kr
4) yeemuuutes Ha 3721071 kr

23. Ha ckonbko (Kr) Bo3pacTeT Macca | Kr BOJIbl IpPU TMOBBIIMICHUU €€
temnepatypsl Ha 81 K? ¢=4200 dx(xr<K).
1) 3,781012
2) 7,56°1012
3) 8,110
4)3,781013

24. ITox mopirHeM, KOTOPBIA MOXKET CBOOOHO IepEMENIaThCS B BEPTHKATIHLHOM
nunHaApe, Haxoautes 0,6 MOJS HMIeaJbHOTO OJHOATOMHOTO rasa. JlaBieHwe rasza
paBHo 50 kIla. Ha ckoOgbKO JMTPOB YBEIWYUTCS OOBEM 3TOrO Tas3a, €CIU EMYy
coo0IUTh 5 KJ[)K TErIoThI?

1) 40

2) 30

3) 50

4) 60

25. Kaxkas cuna (H) coepmaet padoty 100 [Ix, paBHOMEpHO TepeMeriiasi 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 pe3ynbTare 4ero CKOpocTh Tejia yBeauumiach 10 5 M/c. Kakyro padboty
() coBepimia nanHas cumia?

1) 34
2) 42
3) 24
4) 50

27. Kakas pabora (/I>x) coBepiaercs mpyu U30XOPHOM HarpeBaHWH OJHOTO MOJIS
naeagpHoro rasa Ha 20 K?
1) 4,05
2) TIp¥ U30XOPHOM TIpoIiecce paboTa He COBEpPIIACTCSI
3) 8,31
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4) 16,62

28. Kak u3MeHseTCsl TeMIlepaTtypa KPUCTATIMYECKOTO Tejla ¢ MOMEHTa Havajia
TUTABJICHUS JI0 €r0 OKOHYAHUS?
1) OCTETEHHO MOBBIIIACTCS
2) B HayaJIe TUIABJICHUS TTOHUKAETCS, 3aTEM TOBBIIIIACTCSI
3) B HauaJIe TUIABJICHHUS TIOBBIIIACTCS, 3aTEM ITOHIKACTCS
4) He U3MEHACTCS

29. Bopa mpeBpamaercs B Jen Ipu noctosiHHoW Temmepatype 0°C.
[Tornomaercs UM BbIACIAETCS PU TOM SHEPIHs?
1) mornomaercs
2) BBIICISACTCS
3) B 3aBUCMMOCTH OT BHEUIHMX YCJIOBMM MOXET KakK IOTJIOLIAThCs, TaK U
BBIJIETISITHCS
4) He MOIJIOIIAETCS U HE BBIACISACTCS

30. Kakoe komudecTBO TeIOTHI (K/[) HEOOX0IMMO 3aTpaTUTh, YTOOBI HATPETh
2 Kr BOABI OT €€ Temmeparypbl 3amep3aHust 10 TemrepaTypsl kuneHus (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 SHEPTUS 9TOTO Tra3a’?
1) yBenmumnack Ha 50 [Ix
2) yeenmuuuiachk Ha 100 Ik
3) ymenpmmiack Ha 100 Jx
4) He U3MEeHUIach

32. Kakoe xommuecTBO TeIOTH (kJ>k) HE0OXOAMMO 3aTpaTuTh, YTOOBI
paciuiaBuTh 3 Kr Jpaa, B3sToro npu temmeparype 0°C? VYaenpHas Termiora
niaBiieHus Jibaa paBHa 330 k/[x/kr.

1) 660
2) 330
3) 110
4) 990

33. Cmemanu 30 n Boabl mpu 10°C m 50 n Boasl temmepatypor S50°C.
Onpenenute TeMIeparypy CMeCH.
1) 40
2) 25
3) [+]35
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4) 30

34. Kakue u3 cieayrolux MpOILECCOB NMPHUBOAAT K YBEIUYEHHIO BHYTpPEHHEH
sHEpruM Tena: 1) HarpeBaHue; 2) oxJjaxaeHue; 3) miaBieHue; 4) KpucTauii3anus; S5)
napooOpazoBaHue; 6) KOHJEHCalUs; 7) YCKOPEHHOE IBWXKEHHUE; &) 3amMeJICHHOE
JIBYDKEHUE?

1)1,3us
2)1,3,5u7
3)2,4u6
4)2,4,6u7

35. Kakoil TOYKE W3MEHEHUs COCTOSHHs HICAIBHOIO ras3a, NMpUBEAEHHOM Ha
PUCYHKE, COOTBETCTBYET HAaMOOJIbIIIEE 3HAUEHUE BHYTPEHHEW SHEPTUn?
P

1)1
2) 3
3)2
4) 4

36. B3sAT0 MmO OAHOMY MOJIO TE€lMsl, HEOHA WU aproHa MpU OJMHAKOBOW
TeMIiepaType. ¥ Kakoro rasa BHyTPEHHSS 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 :
A 2 A
{’ A
! : ¥,
\.
11
2) 2
3)3

4) BO Bcex citydasix paboTa ouHaKOBa

38. IIpu U30TEepMHYECKOM paclIUpeHur OT Vi 10 V2 OJAMH MOJIb KHMCJIOpPOJia
coBepimi padoty 3 k/[x. Kakoe KoJIMuecTBO TETIOTHI IIPU 3TOM MOJTyqrII?
1)3
2) 2
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3)1
4) 0

39. KIIJI wunmeampHOro TEIJIOBOro JBWUrarens 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
uaeansHoro rasa (k) npu temneparype 300 K. R=8,3 J[x/(monp*K).
1) 7,47
2) 3,74
3) 1,66
4) 0,83

41. IIpu agnabaTHOM pacIIMPEHUHN HACAbHBIN Ta3 coBepiui padory 200 Jx.
Kak n3MeHuach npu 3T0M BHYTPEHHSISI SHEPTHSI 3TOrO ra3a’?
1) He u3MeHmIach
2) yBennumiiach Ha 200 JIx
3) ymenbpmmitach Ha 200 Ik
4) ymenpiunacek Ha 100 [Ix

42. Temneparypa HarpeBaTens pealbHOM TemioBoM MamumHbl 227°C,
xonoguipHuKa - +27°C. 3a oauH LMK ra3 mnoiy4yaeT 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,
paciupssich, coBepin padoty 100 JIx. Kak usmeHunach npu 5ToM €ro BHyTPEHHSS
sHeprus?

1) He u3MeHunach

2) yeemmumiiack Ha 200 Ik
3) ymenbmmiiachk Ha 200 JIx
4) yBenuumiiach Ha 100 JIx

44. Kakyro pab6oty (/Ix) coepmator 80 r KuCIOpojga MpH €ro M300apHOM
HarpeBannn Ha 10 K? Atomuas wmacca kuciopona paBHa 16 a.em. R=83
JIx/(monbeK).

1) 166
2) 83
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3) 415
4) 208

45. Kakoe konnuectBo TeioThl () Heooxoaumo st moaydeHus 10 kr mapa
BOJBI MpPU €€ TeMmIeparype KHUMeHHs? YienbHas TersioTa mapooOpa3oBaHUS BOJbI
paBHa 2,2¢108 JTx/kr.

1) 2,2107
2)2,2¢10°
3)2,2:10°

4) 10106

46. Ilpu uzoxopHom HarpeBanuu Ha 50 K wuaeanbHbiii ra3z nmomyuun 2 kJ[x
Ter1oThl Kakyro paboTy coBepimi uaeanbHbii ra3 (Jx)?
11
2) 2
3)0,8
4)0

47. HarpeBaTenb uacanbHON TEIJIOBOM MallMHBI UMeeT temnepatypy 527°C, a
xonoaunbHuK - +127°C. Onpeaenure KI1J[ nannoit mammnsl (%).
1) 60
2) 50
3) 40
4) 25

48. Kakoe koinuecTBo TemnoThl (k) HE0OX0AMMO 3aTpaTUTh, YTOOBI HAIPETh

2 xr npaa, B3AToro npu temmneparype -15°C, mo temmneparypsl +25°C? VY nenpHas
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 COCTOSAHMS HWJICAIBHOIO Trasa
COOTBETCTBYET HauOOJIbIIIee 3HAUCHUE BHYTPEHHEU SHEPTHUH.

Pao 3
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50. Ha ckoibpko Meramxoysieil oTiinM4aeTcs BHYTPEHHIS SHEPTHsl 2 KT BOASHOTO
napa npu temreparype 100°C oT BHyTpeHHEW »HEpPruM 2 KIr BOABI IIPU ATOH ¥Ke
temmneparype? Lg=2,3 MJx/Kr.

1) na 4,6 M/ Oosnbliie
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 TermiooOMeHa YCTaHOBUJIACH
temriepatypa 20°C. Kakxoma ynenpHas TeruoéMkocth cmiaBa (Jx/kreK), ecmm
yaelbHas TeoEMKOCTh BoAbl paBHa 4200 [Ix/kreK?

1) 1100

2) 400

3) 1300

4) 600

52. Kakoe xommuectBo TeruioThl (k) Bbiaensercss npu koHaeHcaruu 0,2 Kr
BOJsTHOTO TMapa npu Temmeparype 100°C, ecnu yaenbHasi TEIIoTa mapooopa3oBaHus
BO/bI paBHa 2,2 10° JIx/kr?

1) 220
2) 660
3) 440
4) 880

53. Kakoe konmuectBo TermnoTel (MJIk) Bblaensiercss nipu cropanuud 10 kr
KEpOCHHA, €CIIM y/ieNibHas TeIJIoTa Cropanus kepocruHa paBHa 46 MJx/kr?
1) 460
2) 230
3) 920
4) 92

54. Ilyns maccoit 10 r, neteBias co ckopoctbio 700 m/c, ronagaetr B OETOHHBIM
0J10K 1 3acTpeBaeT B HEM. Kakoe KonnuecTBO TEMIOThI pu 3TOM BbiaeseTcs (Jx)?
1) 1225
2) 2450
3) 4900
4) 9800

55. Kamenp maccoit 100 kxr, copBaBIINCH CO CKalbl, YAl B YLIEIbE NTyOMHON
200 m. Kakoe KOIM4EeCTBO TEIIOTHI IPH 3TOM BhLAEIHIOCh (KJIx)? g=10 m/c?
1) 200
2) 400
3) 50
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4) 100

56. Ckonbko nbaa (Kr) pacraer, eciu Jéa Maccol 5 kr u temneparypoit 0°C
OomycTUTh B BOy Maccol 10 kr u remnepartypou 0°C?
11
2) 0
3)3
4) 2

57. Ckonpko Beero sHepruu (/x) conepxurcs B 1 kr yris? CkopocTh CBeTa B
Bakyyme — 3108 m/c, ynensnas Temnora cropanus yris — 46 MJIx/kr.
1)23-10°
2) 3108
3) 9-10%°
4) 46°10°

58. Kak usmenurcsa macca 1 kM3 Boasl mpu HarpeBanuu ee Ha 20°C? YV nenbHas
TEIJIOEMKOCTH BOJibI paBHa 4200 JIx/Kr.

1) yBenuuutes Ha 933 T

2) ymeHnbiuTcs Ha 933 1

3) HE UBMEHHTCS

4) yBenuuurcs Ha 150 ©

59. Ha cxonpko °C HyxHO Harperb 10 MIH. T BOJbl, 4ToOBI €€ Macca
yBenuumiach Ha 1 r? Y aenbHas TemnoéMkocTh Bobl paBHa 4200 JIx/kreK.
1) 2,14
2) 12
3)21,4
4) 41

60. Haiimute paboTy, COBEpIIaeMyI0 JIBYMsI MOJISIMUA HUJI€aJLHOTO Ta3a MPH €ro
nu3zobaprom HarpeBanuu Ha 100°C (Ix). R=8,3 Jlxx/mMomnbeK.
1) 1660
2) 83
3) 166
4) 830

61. CBuHuoBas mysa maccoit 10 r, siereBias TOpu30HTAIBHO CO CKOPOCThIO S00
M/c, TpOOUB JEPEeBSHHBIN OpYCOK, BbIJIETAaET U3 Hero co ckopocthio 200 m/c. Kakas
yacTh nyiau (T) paciuiaBwiach, eciu eil nepenano 50% sHepruu, BbIACIUBILICHCS B
npoiiecce nmpobuBanusi Opycka? Y cBuHIA ynenbHas TermoeMKkocTs 130 Jhx/kreK.
yaenbHas TemioTa riaBlieHus 25 kJDk/kr, Temmeparypa tuiaBnenus 327°C, a
HavajbHas Temneparypa myau - 77°C.
1)5,8
2) 7,5
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3) 2,5
4)6,9

62. ITox mopurHeM, KOTOPBIH MOXKET CBOOOIHO MEePEeMEIIaThCsl B BEPTUKATIBHOM
HWIMHAPE, HaxoauTcs 1,2 MOJsi MACalbHOTO OJHOATOMHOIO rasa. /laBieHue rasa
paBHo 400 xIla. Ha ckombKO JUTPOB yBEIWYUTCS OOBEM JTOr0 Tasa, €CIM €My
co00mMTh 5 KJ>K TEII0THI?

1)8
2) 4
3)5
4) 2

63. Ilox nmopiiHeM, KOTOPBIA MOXET CBOOOJHO MEPEMEIIATHCA B BEPTUKAILHOM
WIMHApPE, HaxoauTcs 1,2 Mo uAeanbHOrO0 OJHOATOMHOrO rasa. JlaBineHue rasa
paBHo 400 klIla. Ha ckonbkO JTUTPOB yBEIUYUTCS OOBEM 3TOTO Tas3a, €ClIu €My
cooOuTh 4 KJ)K TErI0ThI?

1)1
2) 2
3)3
4) 4

64. ITon nopiHeM, KOTOPbIA MOKET CBOOOJHO MEPEMEIIATHCS B BEPTUKATBHOM
HWIMHAPE, HaXoauTcs 1,2 MOJs MACalbHOTO OJHOATOMHOrO rasa. /laBieHue rasa
paBHo 400 xIla. Ha ckoJIbKO JIUTPOB YBENIMUUTCA OOBEM ITOrO rasza, €Civ emy
cooOmmTh 3 KK TEII0ThI?

1)5

2) 3

3)4

4) 8

65. Ilon mopiHeM, KOTOPBIA MOKET CBOOOIHO MEePEMENIAThCSl B BEPTUKATHBHOM
UUJIMHIpE, HaxoauTcs 1,2 Moiisl MaeanbHOro OJHOATOMHOTrO rasa. JlaBneHue rasza
paBao 400 xIla. Ha ckoibkO JUTPOB YBENMUUTCS OOBEM OTOTO Ta3a, €CIU €My
coOo0UTH 2 KJ[>K TEraoThI?

1) 3

2) 4

3)2

4)1

66. Ilon mopurHeM, KOTOPBIN MOXET CBOOOJHO MEPEMENIAThCA B BEPTHKAIHLHOM
MUINHAPE, HAXOAWTCs | MOJbh WIOealbHOTO OJHOATOMHOTO rasa. JlaBieHue rasza
paBHo 400 xIla. Ha ckoibkO JUTPOB YBEIUYHUTCS OOBEM OTOTO Ta3a, €CIH €My
cooOmuTh 1 /K TermmoTeI?

1)1
2) 4
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3)2
4) 3

67. Ilox mopurHeM, KOTOPBIH MOXKET CBOOOIHO MEePEeMEIIaThCsl B BEPTUKAIBHOM
HWIMHAPE, HaXoauTcs | MOJIb MAeabHOIO OJHOATOMHOTO Ta3a. [laBieHue rasa
paBHo 200 kIla. Ha ckoibKO JUTPOB yBEIUUUTCS OOBEM ITOTO Trasza, €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, HaxoauTcss | Moyb HMI€adbHOrO0 OJHOATOMHOIO rasa. /laBieHue rasa
paBHo 200 klIla. Ha ckonbko JUTPOB yBEIMYUTCS OOBEM 3TOTO Tas3a, €CIU €My
coo0uTh 6 KJ[)K TErIoThI?

1) 48
2) 32
3) 12
4) 20

69. Kakoe xonnuecTBO TEIIOTHI () Hy>KHO COOOIIMTH KUCIOpOoay Maccoi 10
r, 4ToOBl U300apHO HarpeTh ero Ha 15 K? Mounsipras macca kuciopoja paBHa 32
r/mMonb. R = 8,3 JIx/kreK.
1) 97,5
2) 2,5
3) 130
4) 65

70. Kakoe komuyecTBO TEmioThl (/)kK) HYy>XKHO cOOOUUTH a30Ty maccoi 14 r,
4yTOOBI M300apHO HarpeTh ero Ha 15 K? MonsipHas macca azorta paBHa 28 r/moib. R =
8,3 Ix/kxreK.

1) 104
2) 51,9
3) 156
4) 208

71. Kakoe kommyecTBO TemioThl (/) Hy>)XHO cooOLuUTh a30Ty maccou 14 r,
yT0OBI N300apHO HarpeTh ero Ha 10 K? MosnspHast macca a3ota paBHa 28 r/moJib. R =
8,3 Ix/kxreK.

1) 51,9
2) 208
3) 156
4) 104
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72. Kakoe xonumdectBO TemioThl (/>k) HyKHO cOOOIIUTH a30Ty Maccoil 14 r,
4yT00BI N300apHO HarpeTh ero Ha 5 K? MonspHast macca a3ota paBHa 28 r/mMoib. R =
8,3 JIx/kreK.

1) 104

2) 51,9

3) 156

4) 208

73. Kakoe xonuyecTBO TemIoTh (/Ik) Hy»KHO COOOLIUTH KHCIOpOaAy Maccoit 15
r, 4T0OBI M300apHO HarpeTh ero Ha 25 K? MonspHas macca kuciaopoaa 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? Monspraas macca kuciaopoaa paBHa 32
r/monb. R = 8,3 JIx/kreK.

1) 194.8

2) 146,1

3) 48,7

4) 97,4

75. Kakoe konuuecTBO TEmioThl ([{’) Hy>)KHO COOOUIUTH KUCTOPOAY Maccou 15
r, 4ToOBl U300apHO HarpeTh ero Ha 15 K? Mousipras macca kuciopoaa paBHa 32
r/Moib. R = 8,3 JIx/kr<K.

1) 97,4

2) 48,7

3) 146,1

4) 194,8

76. Kakoe xonmuuecTBO TEIWIOTHI (J[’K) Hy)KHO COOOIIUTH KUCIOPOy Maccou 15
r, 4ToOBl 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 xonuuecTBO TEIWIOTHI (J[’K) Hy)KHO COOOIIUTH KUCIOPOy Maccou 15
r, 4T00Bl M300apHO HarpeTh ero Ha 5 K? MonspnHas macca kuciopona 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. CBuHILOBas 1myns Maccou 10 r, neTeBmas ropu30HTaIbHO ¢O CKOPOCThIO 500
M/c, TpOOUB JEPEBSHHBIN OpYCOK, BbIJIETAET U3 HEro co ckopocThio 200 m/c. Kakas
yacTh mynu (T) paciyiaBuiiach, eciid eil nepegaHo 60% sHepruu, BbIIETUBIICHCS B
nporiecce npoouBanus Opycka? Y cBuHIA yAenbHas TemioeMKocTh 130 JIx/kreK,
yaenbHas TemioTa IaBleHus 25 kJDk/kr, Temmeparypa tuiaBienms 327°C, a
HavajbHas Temieparypa myau - 67°C.
1) 0,6
2) 3,5
3) 5,7
4)0,1

79. Kakoe xonuuecTBO TEIUIOTHI () Hy>KHO COOOIIUTH KUCIOPOoy Maccoi 10
r, 4ToOBI M300apHO HarpeTh ero Ha 20 K? MonsipHas macca kuciopoaa paBHa 32
r/monb. R = 8,3 JIx/kreK.
1) 32,5
2) 65
3)97,5
4) 130

80. Kakoe konmuuectBO TemnoThl (k) HY>)KHO cOOOHIMTH a30Ty Maccou 56 T,
yT0oOBI N300apHO HarpeTh ero Ha 5 K? MousipHast macca a3zota paBHa 28 r/Monb. R =
8.3 JIx/kreK.

1) 415,5
2) 831
3) 623
4) 208

81. Kakoe xonuyecTBO TermnoThl (/) Hy>KHO COOOIIUTH KUCIOPOy Maccoi 10
r, 4ToOBI M300apHO HarpeTh ero Ha 10 K? Monspnas 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? MonspHas macca kuciopona 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 TemnoThl ([) Hy’KHO COOOIIMTH KHCIOPOAY Maccou 5 T,
yT0oOBl M300apHO Harpetrh ero Ha 25 K? MonspHas macca Kuciiopojaa paBHa 32
r/mMomb. R = 8,3 JIx/kreK.

1) 48,6
2) 64,8
3) 81

4) 32,4

84. Kakoe xommuecTBO TeTUIOTH (J)K) HY>)KHO COOOIHUTH KHCIOPOTY Maccou 5
r, 4T00bI M300apHO HarpeTh ero Ha 20 K? MomnspHas macca xucimopoaa 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,
4yTOOBI M300apHO HarpeTh ero Ha 15 K? Momnsapuas macca kuciopona paBHa 32
r/monb. R = 8,3 JIx/kreK.

1) 32,4
2) 48,6
3) 64,8
4) 16,2

86. Kakoe konmmyecTBO TemoThI ([[X) Hy’KHO COOOIINUTH KUCIOPOYy 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 TetioThl (J>k) HYy)KHO COOOIMIUTH KUCIOPOIY Maccoi 5
r, 4ToObl M300apHO HarpeTh ero Ha 5 K? MossipHass macca kuciaopoga paBHa 32
r/mMomb. R = 8,3 JIx/kreK.

1) 16,2

2) 32,4

3) 48,6

4) 64,8

88. Ilox mopirHeM, KOTOPBIH MOXKET CBOOOHO TIEpEMENIAThCsl B BEPTUKAITBHOM
MUJINHAPE, HaXOAUTCA 1 MOJb MeanbHOTO OJTHOATOMHOTO Ta3a. Kakoe KoimuecTBO
Ter10Th (K/[K) Hy’)KHO COOOIINUTH 3TOMY Ta3y, 9YTOOBI €r0 TeMIlepaTypa MOBBICHUIIACH
Ha 80 K? R = 8,31 Jl/monn K.
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1) 1,66
2) 1,25
3) 1,04
4) 1,46

89. Ilox nopuiHeM, KOTOPBIN MOKET CBOOOIHO MEPEMEIIATHCSA B BEPTUKAIBHOM
LUIMHAPE, HaxoauTes 1,2 Mo MaeanbHOro OJHOATOMHOTO rasa. JlaBieHue rasa
paBHo 400 xIla. Ha ckoJIbKO JIUTPOB YBEIMUYUTCA OOBEM 3TOrO rasza, €Clid €My
coo0muTh 6 KJ[’K TeII0THI?

1) 4

2) 8

3)6

4) 12

90. Kakoe xonuuecTBO TEIWIOTHI ([[’K) HY>KHO COOOIIUTH KUCIOPOoy Maccoi 10
r, 4ToOBI M300apHO HarpeTh ero Ha 25 K? MonspHas macca 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) HyHO COOOIIUTH a30Ty Maccoil 84 T,
yTOOBI 1300apHO HarpeTh ero Ha 25 K? MossipHas Macca a3ota paBHa 28 r/Mob. R =
8,3 JIx/kreK.

1) 623
2) 935
3) 1246
4) 1558

92. CBuHuoBas mynsa maccoit 10 r, jeTeBlIasi TOPU3OHTAIBHO CO CKOPOCTBIO
500 M/c, mpoOUB AepeBSIHHBIM OpPYCOK, BBUICTAET M3 HETo co cKopocThio 200 m/c.
Kakas wacte mnymu (r) pacmiaBuiack, ecin e nepepaHo 80% sHepruu,
BBIJICJIUBILICHCS B TIpoLiecce npoOuBaHus Opycka? Y cBUHIA ylelbHAs TEIIOEMKOCTh
130 JIx/kreK, ynensHas Terora ruiaBieHus 25 kJ[x/Kr, TemmnepaTypa IUIaBICHUS
327°C, a HauanpHas Temneparypa mymnu - 37°C.

1) 10

2) 8,7

3)2,4

4)5,3

93. CBuHioBas mynst Maccoit 10 T, jieTeBiasi Fopu30HTaIBLHO CO CKOPOCThIO 500
M/c, IPOOUB JIEPEBSHHBIN OpPYCOK, BBIJIETAaCT M3 HEro co ckopocThio 200 m/c. Kakas
4yacTh Iynu (T) paciiiaBwiack, eciu ei nepegaHo 50% sHepruu, BbIIEIUBILIEHCS B
npoiiecce nmpobuBaHusi Opycka? Y cBuHIA ynenbHas TerioeMKocTh 130 JIx/kreK,
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ynenpHas TemoTa IuiaBneHus 25 kJDk/kr, TemmepaTrypa mnaBienus 327°C, a
HavaJibHas Temieparypa mnyiu - 47°C.

1) 10

2) 6,4

3) 8,7

4) 5,8

94. CuHioBas mynst Maccot 10 T, jieTeBmiasi Fopu30HTaIBLHO CO CKOpPOCThIO0 500
M/c, MpoOUB JEPEBSIHHBIN OpYCOK, BBUIETAEeT U3 HEro co ckopocthio 200 M/c. Kakas
4yacTh Iynu (T) paciiiaBwiach, eciu ei nepenaHo 60% sHepruu, BbIACIUBIICHCS B
npoiecce nmpobuBaHuss Opycka? Y cBuHIA ynenbHas TermioeMKocTh 130 JIx/kreK,
yaenpHas Temota IutaBneHust 25 kJDk/kr, TemmepaTrypa mnaBienus 327°C, a
HavdaJibHas Temrmeparypa myau - 47°C.
1) 8,7
2) 7.9
3)2,4
4) 10

95. CBunioBas mynst Maccoit 10 r, ereBmiasi FOpu30HTAIBHO CO CKOPOCThIO 500

M/c, TpoOUB JEPEBSIHHBIN OpYCOK, BBUIETAET 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 TerioeMkocTh 130 JDx/kreK,
yaelbHas TemoTta miuasineHus 25 kJk/kr, Temmnepartypa muasinenus 327°C, a
HavdaJibHasA Temmeparypa mnyau - 47°C.

1)6,4

2) 3

3)7,8

4) 9,8

96. CeuHnioBas myns Maccoit 10 r, ereBmasi ropu30HTaIBLHO CO CKOPOCThIO0 500

M/C, IPOOUB JEePEBSIHHBIN OpPYCOK, BBIJIETAET M3 HEro co ckopocthio 200 m/c. Kakas
yacTh mynu (T) paciyiaBuiiachk, eciu eil nepegaHo 50% sHepruu, BbIICTUBIIEHCS B
npoiiecce npobuBanus Opycka? Y cBUHIA yaelbHas TermoeMkocTh 130 Jx/kreK ,
yaelbHas TemioTa 1iaaeieHus 25 kJDk/kr, temmeparypa maBiaeHuss 327°C, a
HaudaJibHas Temneparypa mnyiu - 57°C.

1)9,2

2) 3

3) 6,96

4)9,8

97. CBuHnioBas mynst Maccoit 10 T, sieTeBiiasi FOpu30HTAIBLHO CO CKOpPOCThIO 500
M/c, IPOOUB JIEPEBSHHBIN OpPyCOK, BBIJIETACT U3 HETo co ckopocThio 200 m/c. Kakas
yacTh nyau (T) pacIuiaBuwiach, eciu el nepenano 60% sHepruu, BbLACIUBLICHCS B
npoiiecce nmpobuBaHusi Opycka? Y cBuHIA ynenbHas TermioeMKocTh 130 JIx/kreK,
ynenpHas TemiuoTa IuiaBneHus 25 kJDk/kr, TemmepaTtypa mnaBienus 327°C, a
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HavajabHas Temneparypa myau - S7°C.
1)3
2) 9,2
3)9,8
4) 8,5

98. CeuHioBas myns Maccoit 10 r, ereBuiasi FOpu30HTAIBHO CO CKOPOCThIO 500

M/c, MpoOUB JEPEeBSIHHBIN OpYCOK, BBUIETAECT U3 HEro co ckopocthio 200 M/c. Kakas
4yacTh Imynu (T) paciuiaBwiachk, eciu €l nepegaHo 70% sHepruu, BbIIECIUBIIEHCS B
nporecce nmpobuBaHusi Opycka? Y cBuHIA ynenbHas TeroeMKocTh 130 JIx/kreK,
yaenbHas TemioTa IiaBleHus 25 kJDk/kr, Temmeparypa turaBienums 327°C, a
HavajbHas Temmneparypa myau - S7°C.

1)9,8

2) 8,4

3)6,4

4) 3

99. CBunioBas myns Maccoi 10 r, neTeBias rOpu30HTAIBHO €O 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 npobuBanusi Opycka? Y cBuHIA yAenbHas TemioeMkocTh 130 Jx/kreK,
yaelbHas TemoTta IasleHus 25 kJk/kr, Temmnepartypa rmuiaBienus 327°C, a
HavdaJibHas Temrmeparypa mnyau - 67°C.
1)1,6
2) 3,3
3)6,9
4)0,1

100. CunuoBas mynst maccod 10 T, jeTeBiIas rOPU30HTAIBHO CO CKOPOCTBIO
500 M/c, mpoOUB AepeBIHHBIM OPYCOK, BBIJIETAET M3 HEro co ckopocthio 200 m/c.
Kakas wacte mynm (T) pacmnaBuiack, eciau ed  mepemano 50% sHepruw,
BBIICJIUBIIICHCS B TIpoliecce nmpoOuBaHus Opycka? Y CBUHIIA yelbHAs TETIOEMKOCTh
130 JIx/kreK , ynenbHas Teriora miuaBiaeHus 25 kJ[K/Kr, Temneparypa IJiaBiIeHUs
327°C, a HauanpHas Temneparypa mymnu - 67°C.
1)5,2
2) 1,6
3)6,9
4)0,1

101. Kakoe konuuecTBO TemioThl (/) HY>KHO COOOIIUTH a30Ty Maccoi 14 T,
yTOOBI N300apHO HarpeTh ero Ha 20 K? MomnspHuas macca a3ota paBHa 28 r/Moib. R =
8,3 Ix/kxreK.

1) 51,9
2) 104
3) 156
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4) 208

102. CunuoBas mynst maccod 10 T, jeTeBlIas rOpU30HTAIBHO CO CKOPOCTBIO

500 M/c, mpoOUB JepeBSIHHBIM OpPYCOK, BBUIECTAET M3 HEro co ckopocThio 200 m/c.
Kakas wacte mynm (T) pacmiaBujiach, eciau e mnepemaHo 60% sHepruw,
BBIJICJIUBIIICHCS B TIpoliecce nmpoOuBaHust Opycka? Y CBUHIA ylelbHas TEINIOEMKOCTh
130 Ix/kreK, ynenbHas Temsora ruiaBiaeHus 25 k/[xk/Kr, TemmepaTypa IJIaBICHUS
327°C, a HauanbpHas Temneparypa myiau - 77°C.

1) 3,5

2) 6,2

3)4

4) 2,9

103. Kakoe koiudecTBO TEemOThl (JIK) HYy>KHO COOOIIMTH a30Ty Maccoi 14 T,
4yTOOBI M300apHO HarpeTh ero Ha 25 K? MonsipHas macca azorta paBHa 28 r/moiib. R =
8,3 JIx/kreK.

1) 156
2) 208
3) 104
4) 260

104. Kakoe konuuecTBO TEIIOTHI ([{) HY>KHO COOOIIMUTH a30Ty mMaccoil 84 r,
yT0OBI N300apHO HarpeTh ero Ha 20 K? MosnsipHas Macca a3ota paBHa 28 r/Moib. R =
8,3 JIx/kreK.

1) 312
2) 623
3) 935
4) 1246

105. Kakoe konudecTBO TemioThl ([[) HY)KHO COOOImMUTH a30Ty maccoil 84 r,
4yTOOBI M300apHO HarpeTh ero Ha 15 K? MonsipHas macca azorta paBHa 28 r/moib. R =
8,3 Ix/kxreK.

1) 623
2) 1312
3) 935
4) 1246

106. Kakoe konuuecTBO TemIOTHI ([K) HYKHO COOOIIHUTH a30Ty mMaccoil 84 r,
yT0OBI 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? MomnspHas macca a3ora paBHa 28 1/mMoub. R =
8,3 JIx/kreK.

1) 1246
2) 623
3) 935
4) 311

108. Kakoe xomumdecTBO TemioThl ([[x) HYy>XHO COOOIIUTH a30Ty Maccou 56 r,
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,
4yT0OBI M300apHO HarpeTh ero Ha 20 K? Momnsipuast Macca a3ota paBHa 28 r/Moib. 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 TermioThl (J[>k) HYy>)KHO COOOIIUTH a30Ty Maccoi 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 Mmaccoit 10 r, jgeTeBiiasi TOPU30HTAIBHO CO CKOPOCTHIO
500 m/c, mpoOUB nepeBsIHHBIA OPYCOK, BbUIETA€T M3 HETO CO CKopocThio 200 m/c.
Kakas wacte mnymu (r) pacmiaBuiack, eciu e nepepaHo 70% sHepruu,
BBIICJIUBIIICHCS B TIpoliecce mpoOuBaHus Opycka? Y CBUHIIA yAETbHAS TETIOEMKOCTh
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 mynst maccor 10 r, neTeBmIas TOPU30HTAIBHO CO CKOPOCTBIO
500 m/c, mpoOWB mepeBsIHHBIA OPYCOK, BBUIETA€T W3 HETO cO cKopocThio 200 m/c.
Kakas wacte mnymm () pacmiaBuiack, eciau e nepenano 40% sHepruw,
BBIJICTIUBIIICHCS B Mporiecce MpoOuBanus Opycka? Y CBUHIIA YAelbHas TEIUIOEMKOCTb
130 Tx/xreK, yaenbHas TeruioTa miaBieHus 25 kJDK/Kr, TemmepaTypa MUIaBICHHUS
327°C, a HauanpHas Temneparypa myiau - 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 ATOMY Trasy, 4TOOBI €ro
TemriepaTypa nobeicuiiach Ha 50 K? R = 8,31 J[x/momnbeK.

1) 1,46
2) 1,25
3) 1,04
4) 1,66

115. TIlog mopmiHeM, KOTOPBIH MOXET CBOOOJHO TIEpeMeniaThcs B
BEPTUKAJIBHOM LWIUHJIpE, Haxoautcs 0,8 Mois MIeadbHOrO0 OJHOATOMHOTO Trasa.
JaBnenue raza paBHo 200 klla. Ha ckoibko JTUTPOB YyBETUYUTCS OOBEM ATOTO rasa,
ecim eMy cooOmuTh 2 K/ Termnorsi?

1) 12
2) 4
3)8
4) 2

116. Ilog mopiiHeM, KOTOPbIH MOXET CBOOOJHO TEpeMeniaThcsl B
BEPTUKAJIbHOM UWJIMHAPE, HAXOIUTCA 3 MOJISI HMACATbHOIO OJHOATOMHOTO Tas3a.
Kakoe xommnuectBo Termiorhl (k/[X) HyX HO COOOIIUTH 3TOMY Traszy, 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. Tlom mopmiHeM, KOTOPBIA MOXET CBOOOJHO TEpEeMEemaThCs B
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BEPTUKAJILHOM LWJIMHJPE, HAXOAUTCS 3 MOJS HJICAJIbHOTO OJHOATOMHOIO Tas3a.
Kakoe xommuectBo Termiorhl (K/X) HyX HO COOOIIUTH 3TOMY Traszy, 4YTOOBI €ro
temrnepartypa nmosbicuiach Ha 10 K? R = 8,31 JIx/MonbeK.

1) 1,25

2) 0,83

3) 1,04

4) 0,62

118. Tlom mopiiHeM, KOTOpPHIM MOXKET CBOOOJHO TEpEMEIIaThCs B
BEPTUKAJIIBHOM LWJUHAPE, HAXOAMUTCS 5 MOJIEd HJEaIbHOrO OJHOATOMHOIO Trasa.
Kakoe kommuectBO TemnoThl (KJ[>K) HYKHO COOOIIUTH 3TOMY Tras3y, 4TOOBI €ro
Temneparypa nossicuiach Ha 80 K? R = 8,31 Jx/monbeK.

1) 10,4

2) 8,31

3) 9,35

4) 7,28

119. Ilox mnopmHeM, KOTOpbII MOXET CBOOOAHO IepeMelarbcsi B
BEPTUKAJIIBHOM LUIMHAPE, HAaXOAWUTCA 1 MOJIb HMAEATBHOTO OJHOATOMHOIO Tasa.
Kakoe konuuectBo TemnoThl (k) HyXHO COOOIIMTH 3TOMY rasy, 4TOOBI €ro
temriepaTypa nosbeicriiach Ha 100 K? R = 8,31 J[x/MonbeK.

1) 2,49
2) 2,08
3) 1,87
4) 1,66

120. Tloxg mnopriHeM, KOTOPBI MOXKET CBOOOAHO TEepeMeniaTbcsi B
BEPTUKAJIBLHOM LWIMHIAPE, HAXOAUTCA | MOJb HICAIBHOTO OJHOATOMHOIO Tas3a.
Kakoe xommuectBo TerminoThl (k/)k) Hy)HO COOOIIMTH 3TOMY Traszy, 4TOOBI €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 xomunuectBo Termiorhl (K/X) HyXkHO COOOIMUTH 3TOMY Traszy, 4YTOOBI €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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BEPTUKAJIBHOM LWJIMHAPE, HAXOAUTCA | MOJIb HACAIBbHOTO OJHOATOMHOIO rasa.
Kakoe xommuectBo Termiorhl (K/X) HyX HO COOOIIUTH 3TOMY Traszy, 4YTOOBI €ro
temmnepartypa nosbicuiach Ha 70 K? R = 8,31 JIx/MonbeK.

1) 1,04

2) 1,25

3) 1,46

4) 0,83

123. Tloxg mnopuiHeM, KOTOpPBIA MOXET CBOOOAHO TIEpeMenmarbcsi B
BEPTUKAJIBHOM LUJUHAPE, HAXOAMUTCS 5 MOJIEH HJIEaJbHOTO OJHOATOMHOrO Trasa.
Kakoe kommuectBO TemnoThl (KJ[>K) HYKHO COOOIIUTH 3TOMY Tras3y, 4TOOBI €ro
Temneparypa nossicuiach Ha 70 K? R = 8,31 Jx/monbeK.

1) 4,99
2) 7,28
3) 5,61
4) 6,24

124. Tlox mnopmiHeM, KOTOpPbII MOXET CBOOOJHO TepeMeniarbcsi B
BEPTUKAJIIBHOM LUIMHAPE, HAaXOAWUTCA 1 MOJIb HMAEATBHOTO OJHOATOMHOIO Tasa.
Kakoe konuuectBo TemnoThl (k) HyXHO COOOIIMTH 3TOMY rasy, 4TOOBI €ro
TemriepaTypa nobeicuiiach Ha 40 K? R = 8,31 J[x/momnbeK.

1) 0,62
2) 0,42
3) 0,83
4) 1,04

125. Tloxg mnopmiHeM, KOTOPBI MOXKET CBOOOAHO TEepeMeliaTbcsi B
BEPTUKAJIBLHOM LWIMHIAPE, HAXOAUTCA | MOJb HICAIBHOTO OJHOATOMHOIO Tas3a.
Kakoe xommuectBo Teriorhl (KX) 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 UWJIMHApPE, HAXOIUTCAd 1 MOJb HAEATbHOTO OJHOATOMHOTO Tasa.
Kakoe xommnuectBo Termiorhl (k/[X) HyX HO COOOIIUTH 3TOMY Traszy, 4TOOBI €ro
tTemriepaTypa noBbicuiiach Ha 10 K? R = 8,31 Jlx/monbeK.

1) 0,11
2) 0,21
3) 0,32
4) 0,42

127. Tlopg mnopmiHeM, KOTOPBI MOXKET CBOOOAHO TIEpeMeraThCcs B
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BEPTUKAJIBLHOM LWJIMHJAPE, HAXOAUTCA 1 MOJb HJI€ATIBHOTO OJHOATOMHOIO Tas3a.
Kakoe xommuectBo TermiaoThl (k/)K) HyKHO COOOIIMTH 3TOMY Tra3zy, 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.
JlaBnenue raza paBHo 200 xlla. Ha ckonpko JIUTPOB yBETUYUTCS 0OBEM ATOTO rasa,
ecim eMy cooO0nuTh 4 kJ[K TermnoThI?

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 COOOIIUTH 3TOMY rasy, 4TOOBI €ro
TemriepaTypa nobeicuiiach Ha 50 K? R = 8,31 J[x/momnbeK.

1) 2,49

2) 3,12

3) 3,74

4) 4,37

130. Ilog mopmHeM, KOTOPBIH MOXET CBOOOJHO TIEpeMeniaThcs B
BEPTUKAJIILHOM IWJIMHAPE, HAXOIWUTCA 3 MOJS HACAIBHOTO OJHOATOMHOTO Trasa.
Kakoe xommuectBo Teriorhl (KX) HyX)HO COOOIIUTH 3TOMY Traszy, 4YTOOBI €ro
TemriepaTypa noeicuiiachk Ha 60 K? R = 8,31 J[x/momnbeK.

1) 2,49
2) 3,12
3) 3,74
4) 4,37

131. Ilog mopiiHeM, KOTOpbIH MOXET CBOOOJHO TIEpeMeniaThcsi B
BEPTUKAJIBLHOM LWJIMHJAPE, HAaXOAUTCA 1 MOJb MJICAIBHOTO OJHOATOMHOIO Tas3a.
Hanenue raza pasuo 200 xlla. Ha ckonbko AUTPOB yBEIMUUTCS 00BEM 3TOTO rasa,
eciu emy cooOuTh 3 K/ Ternnorsi?

1)5
2) 6
3)4
4) 2

132. Tlom mopmiHEM, KOTOPBIA MOXET CBOOOJHO TMEpeMemaThCs B

226



BEPTUKAJIBHOM LWIMHAPE, HAXOAUTCA 5 MOJIEM HIEaJbHOI0 OJHOATOMHOIO TIasa.
Kakoe xommuectBo Termiorhl (K/X) HyX HO 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. Tlom mopmHEM, KOTOPBIH MOXET CBOOOJHO TIEPEMEIIaThCs B
BEPTHKAIBHOM IIWIMHJIpPE, HAXOAUTCA 3 MOJS HUACATBbHOTO OJHOATOMHOIO Trasa.
Kakoe kommuectBO TemnoThl (KJ[>K) HYKHO COOOIIUTH 3TOMY Tras3y, 4TOOBI €ro
Temneparypa nossicuiach Ha 60 K? R = 8,31 Jx/monbeK.

1) 6,24
2) 5,61
3) 4,99
4) 7,28

134. Ilox cBOOOMHO ABHMOKYHIMMCS TOpPIIHEM Iuiomaaso 100 cM? HaXOauTCA
WJIeJIbHBINM OJHOATOMHBIM Ta3 moj pgasiaeHueM 150 klla. Ilpu mnepemade 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 oJHOoaToMHOro raza Ha 100°C mpu mocTosHHOM naaBieHHM. R=8,3
Jx/MonseK

1) 104

2) 415

3) 207

4) 1660

136. Ilox mopmiHeM, KOTOpPBIH MOXET CBOOOJHO TiepeMeniaThcsi B
BEPTUKAJIbHOM UWJIMHAPE, HAXOAUTCA 3 MOJIS MJI€aTbHOTO OJHOATOMHOrO Tasa.
Kakoe xomunuectBo Termiorhl (k/[X) HyX HO COOOIIUTH 3TOMY Traszy, 4TOOBI €ro
TeMIiepaTypa

1) 4,99

2) 4,37

3) 3,74

4) 5,61

137. Tlom mopmiHeM, KOTOPBIA MOXET CBOOOJHO TEpeMemaThCs B
BEPTUKAJILHOM LWJIMHJPE, HAXOAUTCS 3 MOJS HJICAJIbHOTO OJHOATOMHOIO Tas3a.
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Kakoe xommuectBo Terminothl (K/[K) HyX)HO COOOIUTH 3TOMY Traszy, 4YTOOBI €ro
temmnepatypa nosbicuiach Ha 30 K? R = 8,31 Ix/MonbeK.

1) 1,87

2) 1,46

3) 1,66

4) 2,08

138. Ilom mopmHEeM, KOTOPBIH MOXET CBOOOJHO TIEPEMEIIAaThCs B
BEPTUKAJIIBHOM LWIMHAPE, HAXOAUTCA 3 MOJII MJICATBHOTO OJHOATOMHOIO Tasa.
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
BEPTUKAIBLHOM LWIMHJApE, HaxoauTcs (0,2 Moy uIealbHOTO OJHOATOMHOTO Trasa.
JaBnenne raza paBHo 40 klla. Ha ckoiapko JTHTPOB yBEIMYHUTCS 00BEM 3TOrO rasa,
eciu emy cooOuTh 1 K/ TernmoTsi?

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 nosbicmiiach Ha 100 K? R = 8,31 Jlx/MonbeK.

1) 11,5
2) 13,2
3) 10,4
4) 15,0

141. TIlox mopmiHeM, KOTOpBIH MOXET CBOOOJHO TepeMeniaThCs B
BEPTUKAJIbHOM LUJUHAPE, HAXOAMUTCS S5 MOJIeH HJIeaJbHOr0 OJHOATOMHOIO Tasa.
Kakoe xommnuectBo TemiaoThl (k/)k) HyXHO COOOIIUTH 3TOMY Traszy, 4YTOOBI €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, YTOOBI €ro
temmnepartypa nosbicuiach Ha 20 K? R = 8,31 JIx/MonbeK.

1) 2,08

2) 1,87

3) 3,74

4) 3,12

143. Ilog mopiHeM, KOTOPBIH MOXET CBOOOJHO TeEpeMenaTbcs B
BEPTUKAJIIBHOM LMJMHAPE, HAXOAMUTCS 5 MOJIEW HACATBHOTO OJHOATOMHOIO ra3a.
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 MOXET CBOOOJHO TMepeMeniaThCs B
BEPTUKAJIBbHOM LWIMHAPE, HAXOAUTCA 5 MOJIEH HIEaJbHOrO0 OJHOATOMHOIO Ta3a.
Kakoe xommuectBo Teriorhl (KK) HyX)HO COOOIIUTH 3TOMY Traszy, YTOOBI €ro
TemriepaTypa nosbicuiiach Ha 40 K? R = 8,31 J[>x/momnbeK.

1) 5,20
2) 6,24
3) 4,16
4) 7,28

145. Tlopg mnopmHeM, KOTOPBIA MOXET CBOOOAHO TMepeMenaTbcsi B
BEPTUKAJIBHOM LWIMHAPE, HAXOAUTCA 3 MOJI MICAIBHOTO OJHOATOMHOIO Tasa.
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, mpoOuB JIepeBsHHBIN OpPYCOK, BBLJIETAeT U3 HEro co ckopocThio 100 m/c.
Kakass wacte mnymu (r) pacrmiaBuiach, eciau e mnepegaHo 70% osHepruu,
BBIJICJIUBILICHCS B MpoIecce MpoOuBaHus Opycka? Y CBUHIIA YeIbHas TEII0EMKOCTh
130 JIx/kreK, ynenbHas Teruiora ruiaBieHus 25 k/[x/kr, Temneparypa IUIaBIeHUS
327°C, a HayanbHas Temneparypa myau - 47°C.
1) 8,9
2) 2,9
3)9,4
4) 6,4
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147. Tlonm moprmiHEM, KOTOPBIA MOXET CBOOOJHO TEpeMEmaThCs B
BEPTUKAJIBbHOM LWIMHAPE, HAXOAUTCA 5 MOJIEM HIEaJbHOrO0 OJHOATOMHOIO Ta3a.
Kakoe xommuectBo Termiorhl (KX) HyX HO COOOIIUTH 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. Tlom mopmHeM, KOTOPBIE MOXET CBOOOJHO TIepeMenaTbcsi B
BEPTUKAJIBHOM LUJUHAPE, HAXOAMUTCS S5 MOJIEH HJEaTbHOrO OJHOATOMHOIO Trasa.
Kakoe kommuectBO TeminoThl (KJ[>K) HYKHO COOOIIUTH 3TOMY 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 nepeBsIHHBIA OPYCOK, BbUIETA€T M3 HETO cO cKopocThio 200 m/c.
Kakas wacte mnymu (T) pacmiaBuiach, eciu e mnepepaHo 60% sHepruu,
BBIJICTIUBILICHCS B Mpolecce MpoOuBaHust Opycka? Y CBUHIIA YJeIbHas TEIIOEMKOCTh
130 Ix/kreK, ynenbHas Termsorta muiaBiaeHus 25 k/[k/kr, TemmnepaTypa IUIaBieHUS
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, jeTeBlIasi TOPU3OHTAIBHO CO CKOPOCTHEO

400 m/c, mpoOuB JIepeBSHHBIN OPYCOK, BBIJIETAeT U3 HEro co ckopocthio 100 m/c.
Kakas wacte mynm (T) pacmiaBuiach, eciau ed  mepemaHo 60% sHepruw,
BBIJICJIUBIIICHCS B TIpoliecce nmpoOuBaHus Opycka? Y CBUHIIA yelbHAs TEITIOEMKOCTh
130 JIx/kreK, ynensHas Terora riaBieHus 25 kJK/Kr, TemrepaTypa IUIaBiICHUS
327°C, a HauanpHas Temneparypa mymnu - 5S7°C.

1)5,3

2) 4

3)7

4)9,9

151. TIlog mopmHeM, KOTOPBIH MOXET CBOOOJHO TIEpeMeniaThcs B
BEPTUKAJIBHOM LWIUHJpE, Haxoautcs 0,8 Mois uaeanbHOrO OJHOATOMHOIO Trasa.
JaBnenue raza paBao 200 klla. Ha ckonbpko JTUTPOB yBETUYUTCS OOBEM ITOTO rasa,

ecim emy cooOmuTh 1 kJ[K TermnoTe?
1) 12
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2) 2
3)4
4)8

152. CunuoBas mynst maccod 10 T, jeTeBlIas rOPU30HTAIBHO CO CKOPOCTBIO

400 m/c, mpoOuB JIepeBSHHBIN OPYCOK, BBUIETACT M3 HEro co ckopocThio 100 m/c.
Kakas wacte mynm (T) pacminaBuiach, eciau ed  mnepemaHo 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 - 57°C.

1) 9,96

2) 7

3)4

4) 5,3

153. Tloxg mnopmiHeM, KOTOPBI MOXKET CBOOOAHO TEepeMelaTbcsi B
BEPTUKAJIbHOM LWJIMHAPE, HAXOAUTCA | MOJb HIEAIBHOTO OJHOATOMHOTO Ta3a.
Kakoe xommuectBo TermiaoThl (k/)K) HyHO COOOIIUTH 3TOMY Ta3y, YTOOBI €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, mpoOuB NepeBsIHHBIN OPYCOK, BbUIETA€T U3 HEro co ckopocthio 100 wm/c.
Kakas wacte mynm (T) pacmnaBuiack, eciau ed  mepemano 70% sHepruw,
BBIJICJIUBIIICHCS B TIpoliecce nmpoOuBaHust Opycka? Y CBUHIIA yelbHAs TETNIOEMKOCTh
130 JIx/kreK, ynenpHas Teruiota ruiaBieHus 25 k/[x/kr, Temmneparypa IUTaBJICHHS
327°C, a HauanbHasg Temneparypa myiau - S7°C.

1)9,9

2) 7

3)4

4) 5,3

155. CunuoBas myiss Maccoit 10 T, jgeTeBias rOpU30HTAIBHO CO CKOPOCTHIO
400 m/c, mpoOuB JIepeBsHHBIN OpPYCOK, BBLIETAeT U3 HEro co ckopocthio 100 m/c.
Kakass wacte mnymu (r) pacrmiaBuiach, eciau e mnepegaHo 80% osHepruu,
BBIJICJIUBILICHCS B TIpoliecce npoOuBaHusi Opycka? Y cBUHIA ylelbHAs TEINIOEMKOCTh
130 Tx/xreK, yaenpHas TeruioTa miaBieHus 25 kJx/kr, Temieparypa IJIaBiICHUS
327°C, a HayanbHas Temneparypa myau - 47°C.

1) 2,9

2)9,4

3)79

4) 6,4

231



156. CunuoBas myns maccor 10 T, meTeBuIass TOPU30HTAIBHO CO CKOPOCTBEO
400 m/c, mpoOuB JIepeBsSHHBIN OPYCOK, BBIJIETAeT U3 HEro co ckopocThio 100 m/c.
Kakas wacte mynm (T) pacmiaBuiach, eciau e mnepemano 70% sHepruw,
BBIJICJIUBIIICHCS B TIpoliecce nmpoOuBaHus Opycka? Y cBUHIA ylelbHas TEINIOEMKOCTb
130 Ix/kreK, ynenbHas Temsora muiaBiaeHus 25 k/[k/Kr, TemmepaTrypa IJIaBICHUS
327°C, a HauanbpHasg Temneparypa myiu - 67°C.
1)34
2) 10
3)7,5
4) 4,5

157. Tlog mopiiHeM, KOTOPbIH MOXET CBOOOJHO TMEpeMeniaThcs B
BEPTUKAJIBHOM LWIUHJIpE, Haxoautcs 0,2 MO MIEaJbHOIO0 OJHOATOMHOTO Tras3a.
JaBnenue raza pasao 40 klla. Ha ckoiabko JTUTPOB yBEIUUYUTCS O0OBEM ITOrO rasa,
eciu eMy cooOmuTh 2 K/ TernmoTsi?

1) 20
2) 12
3)8

4) 16

158. CeunnoBas myinst macco 10 r, jnereBmias rOpU30HTAIBHO CO CKOPOCTBHIO
400 m/c, mpoOUB JepeBsIHHBIA OPYCOK, BBbUIETA€T U3 HEro co ckopocthio 100 m/c.
Kakass wacte mnynu (T) pacmiaBuiach, eciu el mnepegaHo 60% sHepruu,
BBIJICTIUBIILICHCS B Mpolecce MpoOuBaHus Opycka? Y CBUHIIA YJeIbHas TEMI0EMKOCTb
130 JIx/kreK, ynensHas Teruiora miaBieHus 25 k/[x/kr, TemmepaTypa IiiaBiIeHUS
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 (T) pacmiaBuiach, ecau e mnepenaHo 80% osHepruu,
BBIICJIUBILICHCS B TIpoLiecce npoOuBaHus Opycka? Y CBUHIA ylelbHAs TEINIOEMKOCTh
130 Jx/kr K, ynenbHas temnoTa miuaBieHus 25 kJDK/Kr, TemriepaTypa IUIaBICHUS
327°C, a HauanpHas Temneparypa mymnu - 37°C.
1) 8,9
2)5,4
3)2,9
4) 6,4

160. CBunnoBas mynst maccod 10 T, jeTeBiasi rOpU30HTATBHO CO CKOPOCTBIO
400 m/c, mpoOUB JEpEeBSHHBIN OpPYCOK, BBUIETAaET M3 HETO cOo ckopocThio 100 wm/c.
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Kakas wacte mynum (T) pacmiaBuiack, eciau el nepegaHo 70% sHepruw,
BBIJICJIUBIIICHCS B TIpoliecce nMpoOuBaHust Opycka? Y CBUHIA ylelbHAs TEITIOEMKOCTh
130 Ix/kreK, ynenbHas Temsora muiaBiaeHus 25 k/[x/Kr, TemmepaTypa IJIaBICHHUS
327°C, a HauanbHasg Temneparypa mynu - 37°C.

1)8,4

2) 4,4

3)24

4)59

161. CunnoBas mynst maccoi 10 1, meTeBiIas TOPU3OHTAIBHO CO CKOPOCTHIO
400 m/c, mpoOUB JEpEeBSHHBIN OpPYCOK, BBUIETACT M3 HETO CO ckopocThio 100 wm/c.
Kakas wacte mynm (T) pacmiaBuiack, eciaud el nepegaHo 60% sHepruw,
BBIJICTIUBIILICHCS B Mpolecce MpoOuBaHus Opycka? Y CBUHIIA Y/eTbHas TEIIIOEMKOCTh
130 JIx/kreK, ynenpHas Teruiora ruiaBiaeHus 25 kJK/Kr, TemmepaTypa IUIaBICHHS
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, npoOuB JIepeBSHHBIN OPYCOK, BBUIETAET M3 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 myiau - 27°C.
1) 6,9
2)5,4
3)2,4
4) 8,4

163. CBuHnoBas nyns maccoit 10 r, jgeTeBiiasi TOPU30HTAIIBHO CO CKOPOCTBIO
400 m/c, mpoOUB JEpEeBSHHBIN OpPYCOK, BBUIETAaeT U3 HETO co ckopocThio 100 wm/c.
Kakass wacte mnymu (T) pacmiaBuiiach, eciau e mepemano 80% sHepruw,
BBIJICJIUBILICHCS B IIpoLiecce npoOuBaHus Opycka? Y cBUHIA yelbHAas 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 rOpU30HTAIBHO CO CKOPOCTBIO
400 m/c, mpoOUB JEpEeBSHHBIN OpPYCOK, BBUIETAaeT M3 HETO cOo ckopocThio 100 wm/c.
Kakas wacte myaum (T) pacmiaBuiack, eciau el nepegaHo 70% sHepruw,
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BBIJICJIUBIIICHCS B TIpoliecce mpoOuBaHus Opycka? Y CBUHIIA yAETbHAS TEITUIOEMKOCTh
130 Ix/kreK, ynenbHas Temsora muiaBiaeHus 25 k/[x/Kr, TemmepaTypa IUIaBICHUS
327°C, a HauanbpHasg Temneparypa mynu - 27°C.

1)2,4

2) 8,4

3)54

4)6,9

165. CunuoBas mynst maccoi 10 r, jeTeBiias TOPU30HTAIBLHO CO CKOPOCTHIO
400 m/c, mpoOUB JEpEeBSHHBIN OpPYCOK, BBUICTACT M3 HETO CO ckopocThio 100 wm/c.
Kakas wacte mynm (T) pacmiaBuiack, eciaud e nepenaHo 80% sHepruw,
BBIJICTIUBIIICHCS B Mpoiiecce MpoOuBanus Opycka? Y CBUHIIA yAelbHas TEIUIOEMKOCTb
130 JIx/kreK, ynensHas Teruora raBiaeHus 25 kJ[K/Kr, TemiiepaTypa IUIaBiIeHUS
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 ckoibko AUTPOB yBEIMUUTCS OOBEM 3TOTO rasa,
eciu eMy coo0uuTh 6 K/ Ternnorsi?

1) 32
2) 24
3) 40
4) 16

167. TIlog mopmiHeM, KOTOPBIH MOXET CBOOOJHO TIEpeMeniaThcs B
BEPTUKAJIILHOM IWiIMHApe, HaxomauTcs 0,8 MoJisd uaeanbHOr0 OJTHOATOMHOIO Trasa.
JaBnenue raza paBao 100 xlla. Ha ckonbko TUTPOB yBETUYUTCS OOBEM ATOTO rasa,
eciau emy cooOnuTh 4 K/ Ternnorsi?

1) 12
2) 16
3)8

4) 20

168. CBunnoBas myinst maccoid 10 r, jgeTeBmias ropu30HTAIBHO CO CKOPOCTBHIO
400 m/c, nmpoOuB JIepeBSIHHBIA OPYCOK, BBUIETACT M3 HEro co ckopocthio 100 m/c.
Kakas wyacte mnymu (r) pacmiaBuiack, ecin el mnepegaHo 60% sHepruu,
BBIJIETIUBIIICHCS B Mpoliecce MpoOuBaHus Opycka? Y CBUHIIA YelbHas TEINIOEMKOCTb
130 Tx/xreK, yaenpHas TeruioTa miuaBieHust 25 kJK/Kr, TemrmepaTypa IUIaBICHUS
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 mopmiHEeM, KOTOPBIH MOXET CBOOOJHO TepeMeniaThcs B
BEPTUKAIBHOM LWIMHJApE, Haxoautcs 0,8 Mo MIeaqbHOTO OJHOATOMHOTO Trasa.
Hasnenue raza paao 100 xlla. Ha ckoibpko JUTpPOB 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 paBHo 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, KOTOpbIM MOXET CBOOOJHO TepeMeniaThCs B
BEPTUKAJILHOM LWiIHHApe, HaxoauTcs 0,6 MoJisd MAeanbHOro OJHOATOMHOIO Trasa.
Hanenue raza paHo 100 xIla. Ha ckonbko AUTPOB yBEIMUUTCS 0O0BEM 3TOTO rasa,
eciu emy cooouTh 3 k/[x Ternnorsi?

1)4

2) 8

3) 12

4) 2

172. Tlong mnopiiHeM, KOTOPBI MOXKET CBOOOAHO TEepeMeniaTbcsi B
BEPTUKAJIBHOM LWIUHJIpE, Haxoautcss 0,6 Mons MAeanbHOrO OJHOATOMHOIO Trasa.
JlaBnenue raza paBao 100 klla. Ha ckonbpko TUTPOB yBETUYUTCS OOBEM ATOTO rasa,
eciu emy cooommTh 1 k[ TernnoTel?

1) 10
2) 6
3)4
4) 16

173. TIlog mopmHeM, KOTOPBIH MOXET CBOOOJHO TIEpeMeniaThcs B
BEPTUKAJIILHOM IIWIHHApE, HaxomauTcs 0,6 MoJis uaeanbHOrO0 OJHOATOMHOTO Tasa.
JaBnenue raza paBao 50 klla. Ha ckombko JUTPOB yBENIUUUTCS O0BEM ITOTO Tasa,
ecim eMmy cooOuTh 6 kJ[>K TermioThI?

1) 32
2) 60
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3) 48
4) 40

174. Tlog mopiiHeM, KOTOPBIH MOXET CBOOOJHO TEpeMeniaThcs B
BEPTUKAIBHOM LWIMHJApE, Haxoautcs (0,2 Moyl MIealbHOTO OJHOATOMHOTO Trasa.
JaBnenne raza paBHo 40 klla. Ha ckoiabko JTUTPOB yBEIMYHUTCS 00BEM 3TOrO rasa,
eciIM eMy coo0nuTh 5 K/ TernmoTsi?

1) 50
2) 40
3) 30
4) 20

175. TIlog mopiiHeM, KOTOPbIH MOXET CBOOOJHO TIEpeMENIaThCcsl B
BEPTUKAJIBbHOM LUIUHJIpE, Haxoautcss 0,4 Mons MAEadbHOrO OJHOATOMHOTO Tra3a.
JaBnenue raza pasao 50 klla. Ha ckoiabko JTUTPOB yBEIUUYUTCS O0BEM ITOTO rasa,
eciu emy cooOuTh 4 K/ TernnoTei?

1) 16
2) 24
3) 12
4) 32

176. Ilog mopiHeM, KOTOPbIH MOXET CBOOOJHO TIepeMellaThcsl B
BEPTHUKAJIbHOM LuJMHIApe, Haxomutcs 0,4 MOns MAeanbHOrO OJHOATOMHOTO Trasa.
Hanenne raza paBHo 50 klla. Ha ckoiabko JIUTpOB yBeIMYHUTCS 00BEM ITOrO rasa,
eciu emy cooouTh 3 k/[x Ternnorsi?

1) 16
2) 12
3) 24
4) 32

177. Tlom mopuiHeM, KOTOPBIH MOXET CBOOOJHO TIepeMelaThcsl B
BEPTUKAJIBLHOM LUIUHIpE, Haxoautcs 0,4 MoOis MAEadbHOrO OJHOATOMHOTO Tra3a.
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
BEPTUKAJIBLHOM LUIUHJIpE, Haxoautcs 0,4 Mois MAeadbHOrO OJHOATOMHOTO Tra3a.
JaBnenue raza paBao 50 klla. Ha ckombko JUTPOB yBENIUUUTCS O0BEM ITOTO Tasa,
eciu emy cooOruTh 1 kJ[K TermioTe?

1)8
2) 20
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3) 16
4) 12

179. TIlog mopiiHeM, KOTOPBIH MOXET CBOOOJHO TEpeMeniaThes B
BEPTUKAJIBLHOM LMUJIWHJIpe, Haxoautcs (0,2 MO ueadbHOIO OJHOATOMHOTO Tasa.
JaBnenne raza paBHo 40 klla. Ha ckoiabko JTUTPOB yBEIMYHUTCS 00BEM 3TOrO rasa,
eciu emy cooonuTh 4 k/[x TernmoTs?

1) 20
2) 30
3) 40
4) 50

180. Ilog mopimHeM, KOTOPbIH MOXET CBOOOJHO TMEpeMeniaThcsl B
BEPTUKAJIBbHOM LUIUHJIpE, Haxoautcss 0,4 Mons MAEadbHOrO OJHOATOMHOTO Tra3a.
JaBnenue raza pasao 40 klla. Ha ckoiabko JTUTPOB yBEIUUYUTCS O0OBEM ITOrO rasa,
eciIM eMy coo0IuTh 6 K/ TermoTsi?

1) 50
2) 60
3) 30
4) 40
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Ipunoscenue G

3amanus 1 npoBeAeHns py0e;KHOro KOHTPOoJis 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!

OO0Opa3upl 3a1aHNs ¥ pelIeHus]

3aoaua 1. Bo BpeMms paclidpeHUs] rasza, BBI3BAHHOIO €ro HarpeBaHHEM, B
IMIMHIPE C IUIOMAABI0 IonepedHoro cedenus S = 200 c¢m?rasy ObUIO MEPENaHO
KonmuuecTBO Temwiotel Q = 1,5 « 10°/, nmpuuéM [gaBlIeHHE Ta3za OCTaBallOCh
IIOCTOSHHBIM M paBHEIM p = 2 107 Ila. Ha CKOIBKO M3MEHWJIACH BHYTPEHHSS
AHEpPrusd rasa, eciu MoplieHb nepeaBunyIcs Ha pacctosiHue Ah = 30 cm?

Pemenne: CornacHo nepBomy 3akoHy TepmoauHamMuku Q = AU + A', rne A' =
pSAh — pabora, coBepménnas razom. Orcrona AU = Q - pSAh = 30 k/[x.

3aoaua 2.Ta3 pacmmpsiercs oT o0béMa Vim0 o0bEMa Vo omuH pa3
U30TEpPMUYECKH, APYTroi n300apHo U TpeTtuil agumadatHo. [Ipu xakoM mpouecce ras
coBeplIaeT OONbIIyI0 paboOTy M MpHU KakoM Tra3y mepenaércst 0oJbliee KOJIUYECTBO
TEIUIOTHI?

Pemrenune: Ha nuarpamme p—V (prcyHOK) n300pa3uM Bce TpH mporiecca. Pabota
YUCJICHHO paBHa IUIOIIAAM KPUBOJMHEWHOW Tpaneuuu. M3 pucyHka O4E€BUIHO, YTO
pabota mipu u300apHOM TMpoliecce OyneT MaKCUMalbHOW, MpuU aaunadaTHOM
MHHUMAaJBHOU, T. €. A'1.2 > A'1_2 > A1 o

rh
L — D
N ]
|
I ; - 1]
: 2"
0 Vl Vg ¥V

Temmneparypa raza B cocTossHUU 2' 00JIbIlie, YeM B COCTOSIHUM 2, a TeMIIepaTypa
B cocTossHMH 2 Oombiie, yeM B coctosauu 2" (T > Ty> Tyv). B aToM nerko
yOenuThCsl, HAaUepTUB U30TEPMBI, Ipoxosauue yepe3 Touku 2' u 2". Ilpu npouecce
1-2' uszmenenue BHyTpeHHed sHepruun AU > 0, npu npouecce 1-2 AU = 0.
OueBuaHO, uTO MOCKOIbKY Q = AU + A' (mepBbiii 3aKOH TEPMOJUHAMUKH ), TO Q12>

Q2-2> Q127 (Q1-2-=0).
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D §

CeOVIOuULl NPOEKm 8e4H020 08ULAME]IS
cocyo0 pazoenén Ha 08e NoJ0GUHKU
2epMemuyHoll nepe2opooKol, CK803b KOMOPYIO
nponyujenvl mpyoxa u 8005IHASL MYPOUHA 8 KOJICYXe C O8YMS
omeepcmusMuU. aesnenue 6030yxa 8 HUdiCHell yacmu
bonvbuie, uem 6 gepxteti. Booa noonumaemces no mpybke u HanoaHsAem OmKpblmyo
Kamepy. B nuoicneti yacmu ouepeonas nopyust 600l GbLIUBAEMCSL U3 KAMEPDI
mypouHwl, noooueduieli K Omeepcmuro Koxicyxd.

3adanue:

[Touemy nanHast MammHa He OyaeT paboTaTh Be4HO?

Jlano: Ilpeonosicen
(pucyHnox). 3axpwimoiii

=

Jlano: /{na uzobapnozo nacpesanus 2aza, 831moezo 6 koauvecmae 800 monv, Ha
500 K 2azy coobuunu xonuuecmeo meniomoi 9,4 « 10° Jluc.
3aoanue:
Onpenenute paboTy ra3a U U3MEHEHHUE €r0 BHYTPEHHEH SHEPTHUHU.

3

Hano: B yununopuueckom cocyoe ¢ naowaovio ocnosanus 250 cm*naxooumcsi
azom maccou 10 e, cocamvuli nopuinem, Ha KOMOPOM Jiexcum aups maccou 12,5 ke.
3aoanue:
Kakyto paboTy coBepmuT a3oT npu HarpeBaHuu ero ot 25 1o 625 °C. Ha
KaKyl0 BBICOTY IIPU ATOM MOJHUMETCS MOpIIeHb? ATMOoc(epHOe naBieHue paBHO |
aTM.

<

Jano: HoeanvHwiti o0HoamoMHblll 2a3 8 Koauwecmee 2 MOJlb, HaX00AWUUCsL npu
memnepamype 0 °C, cHauana u30xopHo nepeseiu 8 COCMosHue, 8 KOmopom
oasnenue 6 2 pasa O6onvule Nep8OHAUAILHOZO0, A 3ameM U300apHO 8 COCMosHUe, 8
KOmMopom 00vém 6 2 paza O6oabuue nepeoHayaIbHO2O.

3aoanue:

Ornpenenure U3MEHEHUE BHYTPEHHEN YHEPTUH rasa.

S

Hano: B yununope noo nopwnem Haxooumcs 6030yx. Ha eco nazpesanue npu
NOCMOSIHHOM 0A8IeHUlU 3aMPAayeHo KOIUYecmeo meniomsl, pasgHoe 5 K/oic.
3aoanue:
Omnpenenure paboTy, COBEPIIEHHYIO MPU TOM BO3AYXOM. TeMI0EMKOCTh
BO3/yXa IPH OCTOSHHOM JaBjienuu ¢, = 10° [lx/(xr * °K), Mmonspras macca 29
I/MOJIb.
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S

Jlano: B yununope komnpeccopa coucumarom uoeanbHulil 0OHOAMOMHbIU 2A3,
KOIUYeCma0 eeuecmsa Komopo2co 4 mob.
3aoanue:
Ornpenenute, HACKOJBKO MOJIHSIIACH TEMIIEpATypa ra3a 3a OJuH X011 MOPIIIHS,
ecau pu 3ToM ObL1a coBepiieHa padbora 500 [Ix. [Ipoiiecc cunraiite aquadaTHBIM.

4

lano: B eaxyyme 3akpennén 20pu3oHmanvbHblil YuiuHop, 8 KOmopoMm Clesd
Haxooumcs cenuid 6 konuwecmee 0,1 monwv, 3anepmoiti nopuinem. llopuiens maccoiu
90 2 yoepoicusaemcst ynopamu u MOMCem CKOJb3UmMb 871€80 8001b CIEHOK YUTUHOPA
be3 mpenus. B nopwenv nonadaem nyna maccoiu 10 e, riemsawas 20pu30HmMaibHoO 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.

Hano: Yoenvuas mennoémxocms 6000pooa npu nOCmMossHHOM OasneHuu paena 14
K/Dic/(ke * °K).
3aoanue:
Brruncnure yBennueHre BHyTPEHHEN SHEPTUU BOAOPOJA MAacCOr 2 KT ITPH
n300apHoM ero HarpeBanuu Ha 10 °K.

9

Hano: Ha oounaxogule eazosvle copenku nocmaguiu 08a 00UHAKOBbIX NIOMHO
3aKYNOPEHHbIX cOCyoa emecmumocmoio no 1 1. B oonom cocyoe naxooumcs 600a, a
8 OPY2OM — BO30YX.

3aoanue:

Kaxoit cocyn ObicTpee HarpeBaercs Ha 50 °C? [Touemy?

10

Jano: Cmenka neuu uzeomognena uz 08yx ciloee kupnuia. Buympennuii ciou —
ocHeynopubslu Kupnuy moawunou — 300 mm. Hapyasicnwiii crou — Kpachwiil Kupnuy —
monwurou 150 mm.

3aoanue:

Onpenenuth TeMIlepaTypy Ha HapY>KHOU MMOBEPXHOCTH CTEHKU U KPACHOTO
KHUpIIUYa, €CJIM Ha BHYTPEHHEH CTOPOHE CTEHKH M Kupnu4da temreparypa — 400 °C.
[Totepu Temna uepes 1 m? mnomaau cocrapusor 0,9 kBr/m2. B1/(MxK), B1/(Mmx°K).
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D §

Hano: Temnepamypa enympenneii nosepxnocmu cmenxku — 600 °C, napyarcrnou —
80 °C. Tomyuna cmenxu — 0,6 m. Yoenvnwviti meniogoi NOMoK, NPOXoOsuuULL yepe3
cmenxy, pasen 580 Bm/m?

3aoanue:

Onpenenuth KO3OPUITUEHT TETUTONPOBOJHOCTH KUPITHYA.

A
Hano: Temnepamypa cmen nomewenus 18 °C. Cmenens yepHomul n08epxXHOCMU
paouamopa.
3aoanue:

OnpenenuTs TemIonepeady u3ydeHreM oT 1 M? IIOBEpXHOCTH
OTOIUTEIBHOTO paguaTopa B OOJIBIIOM OMEIICHUH. TeMIiepaTypa CTEHOK
panuaropa 90 °C.

13

Jano: Temnepamypa 600wl — 40 °C. Temnepamypa cmenxu — 45 °C.
Koaghpuyuenm mennoomoauu om cmenku x 600e 6500 Bm/(m?x°C).
3aoanue:
Haiitu TennoBoi NOTOK, NeperaBaeMblii OT CTEHKU KaHAJIA CIIMPAIIBHOTO
TEII000MEHHUKA K BOJIE, ECIIU TIOBEPXHOCTh CTEHKHU 30 M2,

A<k

Jano: Koaghguyuenm mennonposoonocmu xupnuua — 0,7 Bm/(mx°C). YoenvHuwiii
mMeni0601i NOMoK 4epes naockyio cmenxy — 2000 Bm/m?,

3aoanue:
OnpenenuTs TOJNIUHY CTCHKH, €CJIM TeMITepaTypa BO3lyXa BHYTPH
nomenienus — 30 °C; cuapyxu — (=10 °C). Onpeneauts TeMreparyphbl

MMOBEPXHOCTEH KUPITUIHOU CTeHKU. KO3 (HUIIMEHTHI TETI00TIau OT TEIJIOBOTO
BO3ayxa K cTeHke — 8 BT/(Mx°C); OoT cTeHKH K X0J01HOMY Bo3ayxy 15 B1/(M*x°C)

1S

Jano: Cmenka neuu uzeomognena uz 08yx cjiloee kupnuia. Buympennuii ciou —
02HeYnopHulll Kupnuy moawuro — 350 mm. Hapyoichwiii cioti — KpacHwiil Kupnuy —
moawunoi 200 mm.

3aoanue:

Onpenenuth TeMIlepaTypy Ha Hapy>KHOW MTOBEPXHOCTU CTEHKU U KPACHOTO
KHpITNYa, €CJIM Ha BHYTPEHHEH CTOPOHE CTEHKH M Kupmnu4da Temiiepatypa — 450 °C.
IMotepu Tenna uepes 1 M2 muomaau coctasnsor 1 kBr/m?2, Br/(mx°K), Br/(Mmx°K).
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16

Hano: Temnepamypa suympenneii nosepxnocmu cmenxu — 900 °C, napyacnoii —
90 °C. Tonwuna cmenxu — 0,8 m. YoenvHviii mensiogoii NOMoK, npoxoosuull 4epes
cmenxy, pasen 600 Bm/m2.

3aoanue:

Onpenenuth KOAOPUITUEHT TETUIONPOBOJHOCTH KUPITHYA.

1’7

Jlano: Temnepamypa cmenox paouamopa 80 °C. Temnepamypa cmen nomeujeHus
15 °C. Cmenenv uepromsi nogepxHocmu paouamopa.
3aoanue:
OnpenenuTs TemIonepeady u3ydeHreM oT 1 M? IIOBEpXHOCTH
OTOIUTEIHLHOTO PauaToOpa B OOJIBIIOM TOMEIICHHH.

1S

Jlano: Paznocms memnepamyp cmenox paouamopa u nomeuiernuss 90 °K.
3aoanue:
OrnpeneauTs 101 b MOBEPXHOCTH OTOMUTEIBLHOIO pagrdaTopa B OOJIbIIOM
MMOMEILEHUH U CTENEHb YEPHOTHI pajuaTopa Npu CICAYIOIMNX YCIOBUIX: TETIOBON
moTok paseH 500 Br.

19

Jano: Temnepamypa eo30yxa enympu nomewenusi — 40 °C, cnapyorcu (-20 °C).
Tonwuna cmenxu 10 mm. Koagpgpuyuenmuol menioomoasu om meniogo2o 6030yxa K
cmene — 15 Bm/(m*x°C); om cmeHku K X0100HOM) 8030YXy 40 Bm/(m x°C).

3aoanue:

Onpenenuth KO3QPUIMEHT TEIIONPOBOAHOCTH KUPIIHUYA, €CJIH yAEIbHBIN
TEIIOBOM IIOTOK Yepe3 IIOCKYIo cTeHKy paseH 1100 Bt/m?. Onpenenurs
TEMIIEPaTypbl IOBEPXHOCTEN KUPITUYHOM CTEHKH.

20

Jano: Cmenka neuu uzeomoenena uz 08yx cloee Kupnuia. Buympennui crou —
02HeynopHblll Kupnuy moawunou — 350 mm. Hapyoichwiii crotl — Kpachwiil Kupnuy —
moawurou 200 mm.

3aoanue:

Onpenenuts TeMIlepaTypy Ha Hapy>KHOU MTOBEPXHOCTU CTEHKU U KPACHOTO
KHUPIIUYa, €CJIM Ha BHYTPEHHEH CTOPOHE CTEHKH M Kupmnu4da temreparypa — 450 °C.
[Motepu Temna uepes 1 M? muomanu coctapisror 1 kBr/m?, Br/(mx°K), Br/(mx°K).
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21

Jlano: Pmymuoiil 6axyymemp, npucoeoutnennsii Kk cocyoy ¢ memarnom CH4,
noxasvieaem pazpsicerue 0,056 MIla. Ammocgheprnoe oasnenue no pmymHomy
bapomempy cocmasnsem 768 mm pm. cm. (0,102 Mlla).

3aoanue:

Omnpenenuts aOCOIIOTHOE JaBJICHUE B COCY/IE U IUIOTHOCTh METaHa, eCiu
teMriepatypa B cocyne paBHa 20°C. [loka3anust Bakyymmerpa u 0apomeTpa
npuBenieHbl K Temneparype 0°C.

22

Jlano: bannon c xucnopooom emxkocmoio 20 1 Haxooumces noo oasnenuem 1,0
MTlla npu t=15 °C. Ilocne uspacxodosanus wacmu KUCI0pooa 0agiieHue NOHU3UNOCh
0o 0,76 MIla, a memnepamypa ymenvuiunaco 0o 10 °C.

3aoanue:

Onpenenuts Maccy M3pacxoJOBAHHOTO KHUCIOPOa.

=23

Jano: Temnepamypa 2aza t=20 °C, manomempuueckoe oasieHue 2asa 8 OaiioHe
5,6 Mlla, abconromnoe oasnenue 2aza 6 nomewjenuu pasto 0,099 Mlla.
3aoanue:
Onpenenuts yaenbHbi 00beM nponana (C3H8) kak naeansHOro rasa.

24

Hano: Cpeodnee s¢hgpexmusnoe dasnenue p, = 6,1x10°I1a, rumpasic deuzamens
iVl = 32,6x10%43, yenosas ckopocms epawenus xonenuamozo éana w = 314padlc,
Huzwas menioma ceoparus monausa Q,7 = 43900« ic/xe, yoenvHwiii
agppexmuenwiil pacxoo monausa b, = 0,292ke/(kBmXxu) u konuuecmso meniomeol,
nomepsauHou ¢ ompabomanuwvimu eazamu Qr = 70xuc/c.

3aoanue:

OnpenenuTh MOTEPU TEIJIOTHI B TIPOIIEHTAX C OTPabOTaBIINMU Ta3aMU B
MICCTUIMIIMHIPOBOM YETHIPEXTAaKTHOM KapOIOpaTOPHOM JIBUTATEJIE.

28

Hano: Ilnowaou konmaxma cmeHok annapama c npooyKmom u napom,
Haxoosuyumcs 6 pybawe, F = 2u?. Tomyuna cmanvHoll cmenxu annapama o =
3mm, koaghpuyuenm menionposoonocmu A = S0Bm/(m*x°K), koagpguyuenm
mennoomoayu om napa k cmenxe a1 = 10000Bm/(m*<°K) u koagppuyuenm
Menioomoayu Om CmeHKu K npooyKmy az = 2000Bm/(m**<°K).

3aoanue:

Kakyto cpennroro TemrepaTtypy J0JKEH UMETh Tap B pyOallke amnmapara,
9TOOBI IPH pacxojie TeIoThl Ha mporecc Q = 180k /[x/c mognepxuBath
TEMIEpPaTypy NPOAYKTa t, = 90 °C?
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26

lano: Kucnopoonwvix bannona Vi =V, coedunenvt mpyoonposooom. Onpedenumo
oasnernue, komopoe ycmanosumcs npu T = 298 K, ecau 0o coeounenus p1 = 8
Mlla, T1 = 303 K, p2 = 6 Mna 2 kucnopoouwix b6aniona Vi =\, coedunenvl
mpybonpoeoooM.
3aoanue:
Onpenenute gaBiaeHue, kotopoe yctaHoButcs npu T = 298 K, ecinu 1o
coequHenus pi = 8 MIla, T1 = 303 °K, p2 = 6 Mma, T, = 293 °K.

>2'd

Hano: B cmanvrom pezepsyape obvemom 0,75 m® naxooumcs cyxoii
nacviwyennvii nap npu oasrenuu py = 10° I1a, nap nodozpesaemcs npu neusmenmnom
obveme u Konyy Hazpeéanus oasneHue nogviuaemcs 0o p; = 15x10° Ia.

3aoanue:

OnpenenuTh KOJTUYECTBO 3aTPAUYEHHOTO HA HATPEBAHKE TEILIA.

28

lano: B npomueomounom maciooxaaoumene Macio oxXaaxcoaemcs om
memnepamypur  t1 =65 °C do t; =55 °C.
3aoanue:

OnpenenuTs CyMMapHbIN TEIIOBOM MOTOK, TJIOIIA/b TETNIOOOMEHHOTO
anmnapara, pacxoJi BTOpOro TEIJIOHOCUTES, €CIIU TEMIIEpAaTypa BTOPOTO
TeroHocutens usmensercs orl6 °C no 25 °C, pacxon nepsoro teronocurens 0,8
Kr/c, TemnoeMkocTh Macna 2,45 kJIx/(krx°K), k = 280 B1/(M?*x°K).

29

Hano: J[nuna mpyoku € = 2 m, napyscnwiti ouamemp d, = 18 mm, memnepamypa
cmenxu t. = 100 °C. Ha mpybe konoencupyemcs HacblyeHHbll 800SHOU Nap, p, =
0,6 Mlla.

3aoanue:

Paccunrtats K03 PUITMEHT TEMI00TIaYN U TETIOBOM MOTOK K
TOPU30HTAJILHON TPyOe MapoBOTO MOJOTPEBATENS BOABI ISl TOPSUETO

BOJIOCHAOKEHUS.

30
Jlano: Ha yposne mops oasnenue cocmasnsiem 101325 Ila, a memnepamypa
2713,15° K.
3aoanue:
Onpenenuts 6apoOMeTPUUECKOE JIaBJIEHUE, TUIOTHOCTh U TEMIEPATYPyY
aTMocepHoro Bozayxa 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
temmneparype 127 °C.

B uunmuHape moa MOpIIHEM HAXOIWTCA Ta3, COCTOSIHHE  p |- - —
KOTOpPOrO  MEHSETCs, Kak Ioka3aHo Ha puc. Kak
u3MeHusacb  Temmeparypa  raza? Kakyio — paboty
COBEpIIMI Ta3?

[Ipy H30TEPMUYECKOM pACHIUPEHUU HJCAIbHBIA Tra3z ¢  ¥i 2oy
coBepmini paboty, paBuyro 20 JIx. Kakoe konnuecTBo

TEIJIOTHl ObUIO COOOIIEHO Ta3zy?

KakoBa Macca CTalbHOW jaeTand, Harperoil npeasapurensHo no 500 °C, ecim
IpU OIyCKaHWU €€ B cocyj, copepkamuii 18,6 1 Boasl mpu 13 °C, mocnennss
Harpenack 10 35 °C? McnapenueM Boibl MpeHeOpEdb.

IMoesn maccel 2000 T mpu TopmoxkeHuu ¢ yckopennem 0,3 M/c? ocTaHOBHIICA
cnycts S50 ¢ mnocne Haydanma TOpMOKEeHUsA. Kakoe KOJMYECTBO TEIIOTHI
BBIJICTTUJIOCH TMPU TOPMOKEHUU?

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 BHYTPEHHSISI DJHEpPrusi 2 MOJb
coctapisier 831 x/[x?

Haiinute paboTy, KOTOpYIO COBEpIaeT ras, mepexoas u3 gyl - -
coctostHusi 1 B cocrosiHue 37 !
B BepTHKalbHOM UMIMHIPE TOJ TSKEIbIM TMOPIIHEM Fj | - - 11 .
HAXOJUTCS KHUCIOpOoA Maccoil 2 kr. Jlyisi MOBBIIIEHUS ! :
TeMneparypbl kuciaopona Ha 5 K emy ObUIO coOOmIEHO 4 4 vy ¥
9160 JIx TtemnoTel. Haliiure yIOenpHYI TEMJIOEMKOCTb

KUCJIOpOJa TMpPU TIOCTOSIHHOM JIaBJICHUHU, pabOTy, COBEpIIAEMyI0 UM TIpH
paclIMpeHuu, U yBEJIUYEHUE €r0 BHYTPEHHEH IHEPTUH.

Kakoe konn4ecTBO KepocHHa HEOOXOIUMO CKedb, 4TOObI 50 J1 BOJBI HArpeTh
ot 20°C no xumenms? KI1J marpeBatens 35%.

HalimuTte KOIMYECTBO TEIJIOTHI, KOTOPOE BBIACIMIIOCH TP  aOCOIIOTHO
HEYIIPYroM COYJApE€HHUHM JBYX IIApOB, ABUTABIIMXCS HABCTpPEdy ApPYyr IpYry.
Maccol niepBoro u BTOporo mapoB paBHbl 0,4 kr U 0,3 KI' COOTBETCTBEHHO,
uX CKopocTH 3 M/c U 12 M/C COOTBETCTBEHHO.

2 3
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Onpenenure KIIJI waeanbHOM  TEmIOBOM — MalllMHBI, €CIM  TEMIIeparypa
HarpeBatens B 1,6 pa3 Oosbliie TeMiepaTypbl XOJIOAWIbHUKA.

BAPUAHT 3

HalimuTe KOHUEHTpalMi0 MOJIEKYJ HIEalIbHOIO Tra3a B COCYJE BMECTHMOCTBHIO
2 1 mpu temneparype 27 °C, ecniu BHyTpeHHss sHeprus ero pasHa 300 JIx.
B BepTHKanbHO pAaCHOJIOKEHHOM LWIMHAPE IO TMOPIIHEM HAaXOAUTCA Ta3
oovemom 2,0 1 mpu Temmnepatype 299 K. Haitnute paboTy pacuupeHus rasza
Harpesanun ero Ha 100 K. Macca mnopmms 10 kr, ero mwiomazns 50 cm?,
aTMoc(epHOe JaBlIeHHE HOPMAaJIbHOE.

B Tennon3onupoBaHHOM LWIMHIAPE € IOPIIHEM HaxoauTcs a3or maccel 0,2
kr npu Temneparype 20 °C. Asor, pacumpsscek, copepmaer 4,47 xJlkx paGoOTHL.
HalinuTte W3MEHEHHE BHYTPEHHEH SHEPrMM a30Ta U €ro TeMIepaTypy IOCie
pacmupeHus. Y ieiabHasi TEeIIOEMKOCTh a30Ta IpPHU IMOCTOSHHOM OOBEME paBHA
745 JTx/(xr-K).

Kycok amromuumst maccoii 537 r, Harpersiii g0 200 °C, morpysmwm B 400 T
Boasl mpu 16 °C. Ilpu 5TOM uacTh BOABI HMCHAPUIACh, & OCTABIIAACS BOJA
npuobpena Ttemmeparypy 50 °C. Ompenennre KONMYECTBO —MCIAPHMBINEHCS
BOJIBI.

[Iyna maccel M, JeTsAmas co CKOPOCThbIO Vi, MOMAJaeT B JIEPEBSIHHBIA KyO
Maccel M, nexaliuii Ha IJIaJKOM CToJie, U IpobOuBaer ero. Haiinure sHepruto
W, mpeBpatuBlIylOCsST B TEIUIO, €CJIM IyJA Mpola Yepe3 LEeHTp Kyba u
CKOPOCTb €€ TOCJI€ BbUIETAa CTala PaBHOM V..

WNneansHas TemoBas MallMHa MMEET TeMmIlepaTypy Harpesarens B 1,5 pasa
BBIIIE, YeM Temreparypa XoJoawibHUKa. Mammue coobmmmm 15 x/[x
TernoThl. Kakyto pa®oTy coBeprimia MamuHa?

BAPUAHT 4

KakoBa BHyTpeHHssI SHEpPrHs HIAEATbHOIO Ta3a, HaXOJMSIIErocs B 3aKPbITOM
cocyne obbemMoMm 1,5 1 mpH KOMHATHOM TeMIeparype, €Clii KOHILECHTPAIUS
mosexyn pasHa 2-10%° cm3?

B uwnmmaape mona mopiuHeM Iiomaasio 1,0 Mm% HaxomuTcs 1 MOJIb BO31yXa.
K mopmaio yepe3 6ok mpuBemieH rpy3 maccou 55 kr. wmHap oxiaxmaror
Ha 100 K. Ha xakyro BeicoTy noaHumercs rpy3? Macca nopmHs 5,0 kr.
ATtMochepHoe NaBiieHue HOpPMAaJbHOE.

TemnepaTypa rasa, UMEIOIIET0 Maccy M W MOJSPHYIO MacCy /i, MOBBIIIAIOT
Ha BenuuuHy AT oavH pa3 Opu NOCTOSHHOM JABIICHUU p, a IPYyrOoW pa3 Ipu
noctossHHOM  obbeme V. Hackonbko  oTimMuarTCs  COOOIEHHBIE — Ta3y
KonuuectBa TemwnoTel Qp, Qv M ynenpHBIE TEIUNIOEMKOCTH Cp, Cy IIpHU
MOCTOSTHHOM JaBJIGHUM U TOCTOSSHHOM O0Bbeme?
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4 B xanopumerp, copepakammii 0,25 kr Boasl npu Temneparype 25 °C, Brmyckaror
10 r BomsaHoro mapa mnpu Temmeparype 100 °C. Kakas Temmepatypa
YCTAHOBUTCS B KaJIOpUMETpE, €CIu ero TermioemMkocTh paBHa 1000 [Ix/K?

5 bpycox Maccel M paBHOMEPHO TOJHMMAIOT 3a TMPUBA3AHHYI0 K HEMY
BEPEBKY Ha BBICOTY N Mo jocke, KOTOpas 00pa3yeT ¢ TOPU30HTOM YIOJd «.
BepeBka mapamnenbHa gocke. Koagdumment tpeHuss Opycka O JOCKY paBeH
k. Hafiqure sHepruro, KoTopas HACT Ha HarpeBaHHWe JOCKH U Opycka.

6 B remmoBom aBuratene Temmeparypa xojomwisHuka 27 °C, Temmeparypa
HarpeBares 327 °C. Ha CKOJBKO NpOIEHTOB yBEIMYUTCS MAKCUMAIBLHO
Bo3MOXHBIM  KIIJ[ »sToro nBurarens, eciu TemImeparypa  XOJIOAWJIbHHKA
noHM3uTCcs Ha 5%7?
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Ilpunooscenue |

Bonpoce! 15 tuppepeHIUpPpOBAaHHOIO 3a4eTa M0 JUCUHUILINHE
«TexHn4yeckasi TEPMOJUHAMUKA M TEIIONEPeIaAva).

1. Tepmonunamuika. Metog u 3akoHbl. OCHOBHBIE TOHSTHSI U OTNPEICICHHUS
TEPMOIUHAMUKHU.

2. Tepmonunamuueckas cucreMa. [lapamerpsl cocTOSTHHUSL.

3. Temtora u pabota. BHyTpeHHss SHEPTHS.

4. TepmoauHaMuyeckass M NOTeHUUanbHass padoTel."P-V" koopauHaTHI.
[IepBbIil 3aKOH TEPMOAUHAMUKH.

5.ITapameTpbl COCTOSIHMS M ypaBHEHUS COCTOSHHS. OTIHYUS MEXIY
UJICANbHBIM U PEATbHBIM Ta30M.

6. TermmoéMkocTs  rasa. VYHuBepcalibHOE  ypaBHEHUE  COCTOSHUSA
UJICAJIbHOTO Tra3a.

7.OCHOBHbIE TOJOXEHUS BTOPOTO 3aKOHA TEPMOJUHAMUKHU.

8. OHTpomnus.

9.1lukn u Teopemsl KapHo.

10.130mpoiiecchl uaeanbHOro rasa.

11.TlpuMeHeHuEe epBOTo 3aKOHA TEPMOJIMHAMUKHU K U30IIPOLIECCaM.

12. Jlmarpamma  (a30BBIX COCTOSTHH. Kputnueckne  mapamerpsl.
Bongnoi map. XapakTEpUCTUKH BIAKHOTO BO3/1yXa.

13.OcHOBHBIE IOHATHUS TEOPUH TEIJIO0OMEHA.

14. Ter10eMKOCTb. Onpenenenne TEIUIOEMKOCTH BEILIECTB.
TennmonpoBOIHOCTS. Crammonapnas TEILIONPOBOIHOCTD qyepes
IJIOCKYIO U Yepe3 UUIUHAPUYECKYIO CTEHKY.

15.PacueT xapakTepuCTUK CMECH.

16.Cmecu UeaIbHBIX " peaIbHBIX ra3oB.
KoHBeKTUBHBIN TETMJI000MEH. Kpurepuanbusie ypaBHEHUS
KOHBEKTHBHOTO TeriooOMeHa. PacueTHrpie hopMyIIbL.

17.MaTtemaTu4eckoe BhIpaKEHUE TIEPBOT0 Hauajaa TePMOJUHAMUKH.

18.IlepBoe Havayl0 TEPMOJWHAMHKHM TI0 BHEIIHEMY OallaHCy H 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 HM3MEHEHUsI COCTOSHMS (M300apa, H30XOopa, H30TepMa U
aguabata) B "P-v" u "T-s" koopauHaTax.

23.IlonuTtpona ¢ TOCTOSHHBIM W TEpPEeMEHHBIM mMoka3areneM. llokazarenu
MOJIUTPOIIBL.

24.PaboTa B TEpMOJUHAMUYECKUAX TIPOIIECCAX MPOCTHIX TE.

25.TennooOMeH B TEPMOJIMHAMUYECKHUX MPOIIECCcaxX MPOCTHIX TET.

26.ITponeccrl 3MEHEHHUs COCTOSHUS UI€aTIbHBIX Ta30B.

27.PaboTa u Terna000MeH B MOJUTPOIHBIX MPOIECCaxX UACaTbHBIX Ta30B.

28.Kpyrossie mpoueccol. KIT/] 1 xomoaunbHelid K03hHULIHUEHT.
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29.06patumslii nuka Kapao. KIT/1 u xonoaunbHbIH KO3 PUITHEHT.

30.Marematuyeckoe BhIpaKEHHUE BTOPOTO Hauajaa TePMOCTATUKH.

31.CnencTBust BTOpOro Havyajia TepMoCcTaTuku. "T-s" KOOpIUHATHI.

32.MareMaTuyeckoe BBIpRKEHHE BTOPOrO0  Hayalla  TEPMOJMHAMUKHU.
TemnoBoe usnydenue. 3akoH Credana-bonbimana.

33.Tunbel  TEIOOOMEHHBIX  ammapaToB. Pacder  TemnooOMEHHBIX
anmnaparos.

34.Bompochl 9KOJIOTHUHU TIPH UCTIOIH30BAHUH TEIIJIOTHI.

35.T1ocnencTBust mapHUKOBOTO A PeKTa.

36.[Taps1. [Ipormeccrsr mapoodpazoanust B "P-v" u "T-s" xoopaunartax. J1.V.
napooOpa3oBaHus.

37.0mnpeaenenne mapaMeTpoB BIAXKHOTO HACHIIIEHHOTO W MEPErPeToro mapa.
JlmarpaMMbl COCTOSTHHSI JIJIST TIAPOB.

38.Ucreuenue xuakocte u razoB. OCHOBHBIE pPaCUETHBIE COOTHOIICHUS.
Hcreyenne HeC)KMMAeMOM KUKOCTH.

39.0co00eHHOCTH HCTEUEHHUs CXKUMaeMoW KUAKOCTH. Kpusuc ucreueHus.
Pexumsbl ucreuenus. @opma coruia.

40.dpoccemupoBanue. Db dext xoyns-Tomcona. OCHOBHbIC TTOHSTHS.

41.Tennonepenaya. OcHOBHBIC (DOPMBI ITepeaun TEIJIOTHl U 3aKOHBI.

42.TernnmonpoBogHOCTh. 3akoH Dypre. KoadduireHT TernnonpoBoHOCTH.

43. Iuddepennmansaoe YpaBHEHHUE TETUIONPOBOIHOCTH. YcnoBus
OJTHO3HAYHOCTH.

44, TennonpoBOJHOCTb YEPE3 OJHOCIONHBIC CTCHKHU.

45.TennonpoBOAHOCTh YEPE3 MHOTOCIOMHBIE CTEHKH.

46.Termoniepeiadya yepes MIOCKHUE CTCHKH.

47.Tennonepenaya yepe3 KpUBOJIUHEHHBIE CTEHKHU.

48.Kputnueckuii guaMmeTp TpyOoonpoBoa.

49 . MuteHcudukaiys mpoIeccoB TeIIoNnepeiayu.

50.Temnootnaua. 3akoH Hetorona-Puxmana. Koaddunment remmooraaun.

51. Tuddepennransupie ypaBHEHHUS] KOHBEKTUBHOTO TeriooOMeHa. OCHOBHbIE
MOHSTHSL.

52.TloHsATHS O TEOPHUH TTOI00USI.

53.11onsATHS 0 METOIE aHATTN3a PA3MEPHOCTH.

54.YpaBHeHusI MoJI00MsI KOHBEKTHMBHOIO TeruiooomeHa. OOumumid U 4acTHBIE
clIyJau.

55.TemnooTnava npu IBMKEHUU KUJTKOCTH B TPyOeE.

56.TemnooTaava npu IBMKEHUH KUJIKOCTH MOMEPEK TPYObI U MMyyKa TpyoO.

57.TemnoobmeH mpu CBOOOHOM JIBUKEHUU KUIKOCTH.

58.0cobeHHOoCTH TEMI000MEHa B Y3KUX LIENSIX.

249



