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Hpe}lI/ICJIOBI/Ie K 4YeTBEePTOMY HU3JAaHUIO

B HacTosilleM H3aHHHU pasfes TEPMOAMHAMHKH W MOJIEKYJSIPHOH (pH3H-
KW 33Ja4HHKA BBIXOAUT OTAEJbHOH KHUTOH. [lo cpaBHEHHMIO ¢ MpeAb Ay LIUM
U3faHHeM 00beM 3TOro pasjiesa yBeJHuuJcs mpuMepHo BaBoe. K aBrop-
CKOMY KOJIIEKTHBY npucoenuHuicsi M. A. fIkoBseB, npennoxusiuuii 57 3a-
nau. Heckosbko 3anau npencrasaeno B.JI. Tunsbyprom. 3amauu 37, 131,
189, 338, 416 orobpaHbl U3 MaTepHasioB, NMpHCAaHHbIX npodeccopom Okc-
(opACKOro yHUBepcUTeTa Tep XaapoM BO BpeMsl MOATOTOBKH aHIVIMHCKOTO
U3laHus 3Toro 3ajauHuka. OcTasnbHble 3a1a4u A00aBJeHbl MHOM, YacTb
MX 3aUMCTBOBaHa (4acTo B mepepaGOTaHHOM BH[E) W3 BTOPOIO TOMAa MOErO
«O611ero Kypca (guauku». Jpyrue 3agauu ny6aukyoTcs Brepsble. MHorue
U3 HHX NIpeasiarajuch cTyfeHTaM MOoCKOBCKOTO (hPM3UKO-TEXHHUECKOTrO HH-
cTuTyTa. Men HeKOTOpbIX M3 3THX 3ajad NPUHALJEXKAT [PernofaBaTessiM
Kacenpbl (PU3MKH TOTO Ke HMHCTUTyTa. BceMm sMuam, crnoco6CTBOBABIIUM
VJYYLIEHHUIO U MOTONHEHHUIO 3TOrO TPyNa, aBTOPCKHE KOJIEKTHB 3aJauHHKa
TIPUHOCHUT TJ1yOOKYI0 GJ1arogapHOCTb.

Bech TekcT 3amauyHKMKa 3aHOBO MPOCMOTPEH MHOIO, & PACIOJIOKEHHe 3a-
na4 cTasno 6osiee JJOTMYHBIM M CHCTEMAaTHUHBIM. B KHUre nmpHHfATa CKBO3HAS
HyMepauusi GopMyJ AJIs KaxKAOH 3aJadyH, NpHUYEeM HadaJjgo HyMepaluHud Mo-
XeT OBbITb JaHO B YCJOBHHU 3a[ay, a MPOJOJKeHHe — B OTBeTe (Hampumep,
dopmyaibl (269.1)-(269.3) npuBeneHbl B ycjoBuH 3amnadd 269, a dopmyJibl
(269.4)-(269.6) — B oTBeTe K 3TOM 3amaue).

3afayHUK pacCUMTAaH HAa CTYNEHTOB W MpernonaBaTesedl (DU3HUECKHX
(haKyJbTETOB YHHBEPCHTETOB, (DH3HKO-TEXHUYECKUX HHCTHUTYTOB H BCEX
MPOYMX BBICIIMX Y4eOHBIX 3aBeleHHH, Iie (PU3HKA SIBJSETCS OCHOBHOH
pucuunianHou. Ilo cTeneny TPyAHOCTH 3aJayd OXBATbIBAIOT LIMPOKHH oHa-
Ma30H — OT CaMbIX JIETKHX [0 3aJay, CTOSIIMX HA YPOBHE OPHI'MHAJbHBIX
Hayu4HBIX paboT.

ABTOpBI BEIPaXKaloT NIyOGOKYI0 0/1aronapHOCThb 3aBefyoleMy Kadeapo
obuiedt (usnku KHUprusckoro rocyfapcTBEHHOrO YHHBEPCHTETa [OLEHTY
k. Y. UbpanmoBy, 3aBenymouiemy kadeapol (pU3UKH TBEPHOTO TeJa Mpo-
¢eccopy JI. B. Tysosy, mouenty to#t xe kadenper I1. M. Kosnosy u npy-
THM COTPYAHHKaM 00eux Kadenp 3a BHUMATEJNbHbIH IPOCMOTP PYKOIHCH,
lleHHble 3aMeYaHHUsl U PelleH3HPOBAHHe HOBOTO M3[aHHs Hallero COOPHHKA
3ajau.

A. B. Cusyxun



3AJ1AYN

§ 1. Temneparypa. Tepmuueckne cBOMCTBa TeJl

1. B 1829 r. Bo ®nopeHunu 6bls1 ciydyailHO HalleH SIIIMK, HATOJHEeH-
HbIH TepmoMeTpamu (opeHTHHCKUX akameMHKoB (1660 r.) co mikasamu
B 50 ° P (dpsopent). Okazanoch, uto 50 °Da coorBetcTBY0T 44 °K 11 0 ° Dt
= —15°R. HaiiTu BbIpakeHHe AJisl NepeBOAa LIKaJbl (DJIOPEHTHHCKUX Ipa-
nycoB B rpanycel Llenbcus.

2. Unen C.-Ilerep6yprckoit Axapemuu nayk W.H. denusns B 1733 r.
OMMcaJ CBOIO TEPMOMETPHYECKYIO LIKa/ly. B KauecTBe TepMOMETpHYECKOrO
TeJ1a OH MPUMEHSJ PTYTb W NPHHUMAJ 32 HyJb TEMIIEPATYphbl TEMIEPATypy
kunsie# Boabl. O6beM pTyTH npu 3Tod Touke oH Aesu Ha 100000 gacreit
(6osbiroi TepmMomerp) W Ha 10000 (manbiit) ¥ HAaHOCHJI COOTBETCTBEH-
Hble JeJleHHsl Ha IIKaJy; 0Kas3alocCb, YTO PTYTh MaJsleHbKOTO TEepMOMeETpa
B TalwlleM Jbje onycTuaach 10 150-ro nenenus. HaiiTu BblpaxeHHs AJs
nepeBopa rpaaycoB Ileauas (Maneiii TepmoMeTp) B rpapychl Llenbcus.

3. Akanemuky C.-IlerepOyprckoit Akanemun Hayk M. Bpayny 25 ne-
Kabpsi 1759 r. BHepBbIE yIaJ0Ch 3aMOPO3HUTb PTYTh MPH MOPO3€ Ha YJIHIE
B 199°D (1.e. no wkane [lenuns, cM. mpeabiayliyio 3agady). O6 sTom
Bb.H. Menwytkun B cBoell kKHure «M. B. JlomoHOCOB» nuiieT:

«[Torpy:keHHBIH B XOJIONHJBHYIO CMeCh PTYTHBIH TepMoMeTp Oblal pas-
61T, 1 DBpayH BmepBele mosy4yus LIAapUK TBepHoH pTyTH. OHa oKasajach
MATKOH, KaK CBHHEIl, U TOX0XKEH Ha MoJHpoBaHHOe cepebpo. 26 nekadps
OMBITHl MPOAOJKANUCH y2Ke BMecTe ¢ JIOMOHOCOBBEIM; MOpPO3 BCe Kpemdal
u k 10 yacam ytpa 26 nekabpsi moctur 212°D... B xononHyio cmech U3
cHera, Kpenkod BOAKH (a30THOM KHCJOTBI) W KYMOPOCHOTO MacJja (CepHOM
KHUCJIOTBI) ObL MOMelleH PTYTHbIH TepMmomeTp. JlasbHeHIIHH X0 OMbITOB
JlomoHocoB omnuchiBaeT Tak: «He comHeBasich, 4TO OHa yXKe 3aMep3Ja,
BCKOpE YAAPHJI 5 110 LIAPUKY MEIHBIM, IPH TOM OBIBLIMM LUPKYJIOM, OT YEro
TOTYAC CTEKJISTHHAsS CKOpJyNa pacliubaach W OT PTYTHOH MyJH OTCKOYMJIA,
KOTOpast 0CTaJjach ¢ XBOCTUKOM OBIBLIHS B TpyOKe TEPMOMETpA AOCTAJbHBIE
PTYyTH, HamomoOue YUCTOH cepeOpPsSHOHM MPOBOJIOKH, KOTOpas Kak MSITKOH
MeTaJsJl CBOOOIHO Harubasach, OyIydH TOJILIMHOI B YeTBEPTb JHHHUH. YIa-
PHUB 10 PTYTHOH IIyJie MOCJe TOro 00yXOM, MOYYBCTBOBAJ §, UYTO OHA UMeEeT
TBEPIOCTb, KaK CBHHell MK osoBo. OT nepBoro ynapa, faxe 10 4eTBEpPTOro,
CTUCKHBAJach OHa 0e3 CelWH, a OT MSTOro, LIECTOr0 W CeIbMOro yaapa
MOSIBUMIUCE 1IesH... M Tak mepectaB GoJibllie PTyTb KOBaTb, pe3aTh CTaJl
HOXKOM, W MO BpeMeHH 0KoJ10 20 MUHYT CTaJa OHA MOXOAHTb HA aMaJjibramy
WJIH Ha TECTO, ¥ BCKOpPE MOJyUYHJ/a MOTEPSHHYI CBOK KUAKOCTb, TO €CTb
pacTomu/Iach NMpH TakoM BeJHKOM Mopo3e B 208 rpamycoB».

Haiinure u3 onsitoB M. B. JloMoHOCOBa Temmepatypy 3amMep3aHust pTy-
TH B rpanycax Lenbcus.
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4. TepMoMeTp B TawIleM Jble MOKA3BIBAET TeMIepaTypy tp, B mapax
BOABI, KUIMseH npu aaBieHnd H [mm prt. cT.], — tg. Haiitu Beipaxenue
HUCTHHHOH TeMIlepaTypsl ¢ NpH J1000M TPOMEKYTOYHOM MOKA3aHWH TepPMO-
MeTpa t, B NPeNNoNOXKeHHH, YTO TPyOKa TepMOMeTpa AEJIHMTCS JUHHSMU
IIKaJbl HAa paBHble 00beMbl. TeMnepaTypa KHIEHHs BOAbI NPH AaBjaeHHU H
paBHa Tg.

5. TepmoMeTp B TawlieM Jble MoKasbiBaeT typ = —3,0°C, B mnapax
Kunsied npu pasiaeHun H = 760 mm pT. cT. Bogsl — tp = 101,4°C. Ka-
KyIO TeMIepaTypy t; MOKaxKeT TePMOMETP B MapaxX KHISIIIEro METHJOBOTO
cniupra (t = 66,9°C)?

6. JlBa coBeplleHHO ONMHAKOBBLIX TepMoMmeTpa HamosHeHbl npu 0°C
PaBHBIMH O 00beMY KOJHYECTBAMH PTYTH M Toayosa. HalTH oTHoLleHHe
IJHHBl | [esieHus, COOTBETCTBYIOLIero 1 rpapycy, Ha IiKaje PTYyTHOTO
TEepMOMETpa, K IJHHe [ [eJleHUs Ha LIKaJje ToJyosoBoro tepmomerpa. Ko-
3(hrHeHT 06bEMHOT0 PaCIIMPeHHsT PTYTH (v, TOJYOJa (], KOI(PPHUIIUEHT
JIMHEHHOTO pacIIHUpeHUs cTekJaa [3.

7. Pasobpatb, Kak GyneT BecTH ceOsi pU pasHbIX TeMmnepaTtypax ot 0 1o
10°C TepMoMeTp, HAaMOMHEHHbIH BOLOH. Jl/f KaKUX TeMMepaTyp MoKa3aHus
3TOro TepMoMmeTpa OyayT OfMHAKOBBIMU? [lJisi o6beMa BOJbl B 3aBUCUMOCTH
OT TeMIIEPaTyphl MOXKHO NMPUHATb (HOPMYJIY

V =1-0,00006105t 4 0,000007733 t2,

rie V' — o6bem npu temneparype t. O6bem npu 0 °C npuHAT 32 eOUHHULLY.

8. BogoponHelit TepMOMETp ¢ MOCTOSTHHBIM 00beMOM V| pH HarpeBaHUH
ot tg = 0°C po t| usmensiet napjeHue ot Py 1o P MM prt. cT. Onpenenutsb
TeMIepaTypy rasa ty, ecau Ko3(G(pHUIHEHT 00bEMHOrO PacIIMpeHHs COCya
o, BOLOPOAA (.

9. TepmoMeTp, NOrpyKEHHBIH B BOLY Macchl m = 6,7 T, MOBBICHJ CBOIO
tTemnepatypy Ha At = 14,6°C u mokaseiBaeT Temmnepatypy t = 32,4°C.
KakoBa TemmepaTypa BOAbl = Iepel H3MepeHHeM. BoasiHOM 3KBHBaJsieHT
tepmomerpa k = 0,46 kan/°C ).

10. TemnepaTypHas 1iKa/ja rasoBoro TepMomMeTpa OOBIYHO CTPOUTCS Ta-
KHM 00pa3oM, YTO PaBHBIM MpHpaLIeHUSIM 00beMa UK JaBJEeHHS] TEPMOMET-
PHUUECKOTO Tesla COOTBETCTBYIOT PaBHble MpHpalleHHs Temnepatypbl. Jlasb-
ton (1802 r.) mpemsoKu/a HHYIO LKAy, B KOTOPOH PaBHBIM MpHPAIeHHSIM
TeMIIepaTypbl COOTBETCTBYIOT PaBHBIE OTHOCHUTEJNbHbIE NPHUpallleHHs 06beMa
MIeaJbHOrO rasa Mpd MOCTOSIHHOM [aBjeHHH. B nanbTOHOBOH IiKase, Kak
¥ B liKase llesbcusi, 3a Hy/lb TeMIepaTypbl NMPUHUMAeTCs TeMIlepaTypa
TAIOLIEro JIbJa, a TEMIIepaTypa NapoB KUIMsileHd NpH HOPMAJIbHOM AaBJEHHH
Boabl npuHsita 3a 100 °C. BbipasuTb TemmnepaTypy T MO AaJbTOHOBOH ILIKaJe
yepes TeMmnepatypy t nmo wkane Llenbcus.

') BonsHbIM 9KBMBA/JEHTOM KaJOPUMETPA HA3BIBAETCSl Macca BOJbI, TeIIOeM-
KOCTb KOTOPOH paBHA TEMJOEMKOCTH KaJOpHMETpA.
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11. lns u3MepeHHs TeMIepaTypbl TEPMOCTATa MPHUMEHHJH JKEeJIE3HYIO
MPOBOJIOUKY, UMemwlyo npu Temneparype 18°C comporusienue 15 Owm.
B TepmocTate ee compoTuBieHHe OKasajoch paBHbiM 18,25 Owm. Ompe-
JeJUTh TeMIepaTypy TepMmocTata t, ecsd TeMIepaTypHbIH KO3((pUIHEHT
conpoTuBJieHus xejesa x = 0,006 ocI,

12. ComnporuBieHue JHHeHHOro GoJoMeTpa M3 3auepHEHHOH MJaTH-
HoBOH mosockn R = 108 Om. C Kako#é TOYHOCTbIO MOXHO TPOU3BOIHUTD
HU3MepEeHHs TeMIepaTyp MPH TOMOIIH TAaKOro GOJOMETpa, €C/H BCe COMpo-
THBJIEHUs onpelensioTes ¢ ToyHocTeio AR = 0,001 Om, a TemnepatypHblit
KO3((HUIMEHT COMPOTHBIEHHs MaaTHHB » = 0,0039°C~!?

13. O6bemuoe pacuiupenue prytd mexay 0 u 100°C onwuceiBaercs
ypasrenueMm V = Vo(1 + ait + ast?), rae xosbduunents o = 1,82 x
x 1074°C~1 ay =7,8-1079°C~2, a nuHeiiHoe paclIHpeHHe CTEK/Ia B TOM
Xe TeMrepaTypHOM WHTepBane — ypasHenuem [ = lo(1 4 Bit + (Bot?), rne
B =8-1076°C~! By =3,5-1079°C~2. HaiiTu cBA3b MeX1y TeMIepa-
Typoll ¢ U TemmepaTypoil © mo wikase pTyTHOro Tepmomerpa. [Ipu Kakoi
TemnepaType t OTKJOHeHHe © — ¢ B paccMaTpPHBaeMOM TeMIIE€PaTypHOM
MHTepBaJjie MaKCUMaJbHO?

14. MmeroTcs Ba ra3oBBIX TEPMOMETPA C MOCTOSIHHBIM 00BEMOM, B KO-
TOPBIX 332 Mepy H3MeHeHMs TeMIepaTypbl NMPHHUMAETCs HU3MEHEeHHe JaBJe-
Hus rasa. OouH TepMOMETp HANOJIHEH HAeaJbHBIM ra3oM, APYroi — rasom,
MOAYMHSIOUIMMCS YPABHEHHIO COCTOSIHHS BHIA

P+a(V)=9p(V)O(t),

rae ©(V), ¢(V) u ©(t) — npousBosibHble PYHKUHH, 3aBUCSIIHE TOJBKO OT
oO6beMa W TeMIepaTypbl ras3a COOTBETCTBEHHO. TepMOMeTphl IpafyHpyloTcs
OObIYHBIM CIOCOOOM MO [BYM penepHbIM To4dkKaM. [lokasartb, 4To ecsu
B 0060HX TepMOMETpaX TeMIIepaTypbl perepHbIX TOYeK BblOpaHbl OfHMHAKO-
BBIMH, TO MOKa3aHHS TEPMOMETPOB COBNALYT IPH JIOOBIX TeMIeparypax.

15. Kakum o6pasom ¢ MOMOLIbI0 MEAHIHHCKOrO TEPMOMETpPA MOXKHO
U3MEpHUTb TEMIEPATYPY UeJIOBEYECKOrO TeJsa, eC/IM OHA HHXKE TeMIIepaTypbl
OKPY2KAIOIIero BO3AyXa, B KOTOPOM HaXOAUTCs desioBek? [IpenBaputesnbHoe
OXJIaXK/IeHHEe TepMOMeTpa IMepel U3MepeHHeM He JOMYyCKaeTcsl.

16. [dnsa onpenenenus: KodppuinueHTa 06beMHOr0 pacIiUpPeHUs (¢ CTeK-
Jla B3BELIMBAIOT HEeOOJBbIIOH CTEKJSHHbIH Oa/lJIoH C OTTAHYTHIM KOHYH-
KOM — CHa4aJsa MyCTOH, a 3aTeM C KOJHYeCTBaMH PTYTH, HEOOXOIUMBIMU
IJ1s HalroJIHEeHHs1 Bcero 0aJsijloHa MpH ABYX TeMneparypax, Hanpumep 0°C
u t. Ilyctb mg 1 m; — Macchl PTYTH IIPH YKA3aHHBIX TeMIepaTypax.
Onpenenutb KO3((PUIHEHT 0OBEMHOTO pACLIUPEHUs CTEKJa (v, eCJH Ko3(h-
(bUIHEeHT 06beMHOT0 pacIihpeHUs: PTYTH .

17. CrekJsiHHBIH 1APUK C KO3(P(PHUIHEHTOM 00BEMHOr0 PACLIMPEHHsT (v
B3BELIMBAETCS B KUAKOCTH NPU TeMIepatypax t u tj. Macchl BbITeCHEHHOH
YKHAKOCTH COOTBETCTBEHHO M U M. Onpenesutb Ko3QPUIHEHT 06bEMHOTO
pacLIMpeHHs XHUIKOCTH (v B UHTEpBaJie TeMIepaTryp oT ¢ 10 t.

18. IIukHOMETp NIPH HEKOTOPOH TeMIepaType t 3amoJiHeH CIUPTOM, Mac-
ca KOTOpOro paBHa m. 3aTeM MHKHOMETP BMeCTe CO CIIHPTOM HarpeBaeTcs



8 3adauu

IO TeMIepaTypsl tj, U H3JHIIEK CIOUPTA TPOTHUB TPEKHETr0 YPOBHs yaa-
Jsietcsi GuapTpoBasbHOH Oymaro#. Ilocse sToro macca crnupra okasanach
paBHOH mj. OmnpenenauTb cpefHHH KO3(D(hHIHEHT 06bEMHOr0 pacLIMpeHHs
CMUPTa v, ecaH KO3 UIHEHT JHHEHHOr0 pacIilpeHHs CTeKnaa [3.

19. KoapduineHT JHHEAHOTO pacliupeHns Hel3uabOepa [ onpenensi-
csl MpH MOMOLIM pblyaxkHoro npubopa (puc. 1). HnuHa crepxkHs A mnpu
temnepatype to = 0°C paBna [y = 23,02 cMm. [lpu HarpeBanuu mo t; =
= 99,3°C cTpesika BTOPOro pbiyara OTKJOHHJAch Ha yroa ¢ = 9°30'.
Kopotkoe msedo BToporo phiuara DE = a = 2,5cM. OTHollleHHe M€Y
nepsoro peiuara BC : BD =1 : 10. OnpeznenuTb Bequ4uHy [3.

E D
o > o
II I

Puc. 1

20. Insa onpenesneHuss K03(h(HUIHEHTOB OOBEMHOIO pACLIMPEHUS pas-
HBIX METAJ/IJIOB MOXKET ObITb PHMEHeH caeylouui Mmeton. MeTtannnueckui
CTep:KeHb Macchl M ¢ MIOTHOCTbIO p npH 0°C mnomeltaeTcs B CTEKJSHHBIH
6a/JIoH ¢ OTTAHYTBIM KOHUHMKOM. basnson 3anonusiercss prytbio. Koaddu-
[IMEHTbl 00BEMHOTO PACLIMPEHHUs] PTYTH (¢ U CTeKJa 3 CYMTAIOTCS H3BECT-
HbIMU. Macchl pTyTH, 3aNoNHSIOUIEH TPOCTPAHCTBO B GaJJIOHE, He 3aHATOe
merajioM, npu 0°C u t paBHbl coorBercTBeHHO My u M. IlnoTHocThb
prytu nipu 0°C paBHa dy. Ha ocHOBaHUMM 3TUX JaHHBIX HAUTH KO3(D(HUIIHEHT
00bEMHOr0 paCLIMPEHHUs] T MeTaJla.

21. [lns onpeneneHUsi HCTHUHHOTO KO3(dHIIMEeHTa 0ObeMHOro pacliu-
peHHsl KHUAKOCTEH NpUMeHsieTcsl caeqylolmui MeTon. [IBa coobuaomuxces
COCyZa HAMOMHSIOTCS KHUIKOCTBIO, pAaCLIMpPeHHe KOTOPOH HCCJ/IenyeTcs]; MPH
OIMHAKOBOH TeMIepaType 00OHX COCYIOB JKHAKOCTb B HHMX HAXOAWTCS Ha
onHO# BeicoTe. EC/iM OIMH U3 COCYIOB OXJIaXK/AaTh TAIOLIUM JIbIOM, a 1PyroH
HarpeBaTb B Mapax KHOsIIeH NPH HOPMaJbHOM aTMOC(HEPHOM MAaBJIEHHH
BOJBI, TO MPH PABHOBECHH YPOBHH XKHUAKOCTEH OyoyT pasjudHbl. JTa pas-
HOCTb YPOBHEH [aeT BO3MOXKHOCTb BBIYHCJUTb KO3(P(PUUHEHT 0OBEMHOro
paciuupeHus «. BeiBecTH BblpaxkeHHe 1Sl (.

22. BapomeTp umeeT jaTyHHyIO wwKajay. [Ipu Temneparype t; = 27 °C
BbICOTA PTYTHOrO CcTO/M0a, OTCYMTAHHAs MO WiKase, paBHa H| = 751, 3 mMm.
Onpepenutb BoicoTy ctonba Hy npu tg = 0 °C. KoadduiueHT nuHelHOrO
paciupenus gatyHu 3 = 0,000019°C~! kosdduuuent o6bemMHOro pac-
wupenus prytd o = 0,000182°C~ 1.

23. Koseco napoBosa umeer paauyc 1o = 1 M npu ty = 0°C. Onpegne-
JIUTh PasHUIy B dHcAax oOOPOTOB KoJjeca JIETOM IpH TeMmImepatype t; =
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= 25°C u 3uMoit mpu Temmneparype to = —25°C Ha myTH npobera napoBosa
[ =100 xm. KoapdpuuueHT NTHHEHHOTO pacliHpeHHst MeTajsia Kojeca (§ =
=0,000012°C~".

24. B cocyne, HamnoJHEHHOM BOIOH, MJaBaeT KyCoK Jbia. VameHutcs
JM YPOBEHb BOABI MOCJE TOTO, KaK Jie[l pAcTaeT, eCJH OKOHYaTesbHasi
TeMIeparypa Boibl octaHercsi paBHoH 0°C?

25. M3 kBapua mapaJsijiesibHO €ro OCH Bbipe3aHa Kpyriasi MJacTHHKA,
pagMyc KOTOpPoH INpH TeMmmnepatype t; paBeH r. OmnpenesuTb MJOLIAAb
nacTUHKK S mnpu Temneparype to. KoadduuueHTt paciinpeHus kKBapua
napaJs/esqbHo ocH 3, a mepneHfMKyaspHO K Hel 3] .

26. M3 kBapua Bblpe3aH LHJIHHAP, OCb KOTOPOTO MapaJJesbHa OCH
kBapua. [Ipu remneparype t; = 18°C panuyc uuaunapa r = 10 MM, a BbI-
cota | = 50 mm. OnpenenuTb 06beM TOTO HHJIHHAPA Vo MPH TeMIeparype
to = 300°C. Ina xBapua Ko3(QHIMEHT JMHEHHOro pacuupenus () =
=0,000072°C~!, a 8, =0,0000132°C~!,

27. KoappuuneHTsl THHEHHOTO pacCIUPEHUs] KPUCTAJLIa MO TPeM IJaB-
HbIM HaNpaBJEHHAM PaBHBI COOTBETCTBEHHO (3, (y, 3.. (InaBuble Hanpas-
JIEHHs1 TPUHATBHI 3a KoopauHatHbie ocu X, Y, Z.) Haiitu koadduiineHt
00beMHOr0 pacLIMpeHHs] KPUCTAMIa (v, a TaKXKe KOI(P(PUIHEHT JMHEHHOro
pacuivpeHusi s BHOJb MNPSIMOH, HampaBieHHe KOTOPOH XapaKTepH3yeTcs
eIMHUYHBIM BEKTOPOM S.

28. JlokasaTb, 4TO €CJIH TPH BEJHUYHHBIL X, Y, 2 CBsI3aHbl (PYHKIHOHAJIb-
HbIM ypaBHenueM f(z,y,z) = 0, To ux npoussonusie (0x/dy),, (0y/0z),,
(0z/0x), ynoBIeTBOPSIOT COOTHOLIEHHIO

(5).(3).(5), = @

29. [lokasatb, 4TO KO3(PPHUIHEHT 0ObEMHOr0 pPacCIIMpeHHsl «, TeMIle-
paTypHbBIH KO3()(HUIHUEHT HaBJEHHS A U HU30TepMHUYeCKas CKHUMaeMOCTb Y
(bU3HUECKH OIHOPOAHOTO W M30TPOIMHOrO TeJsa CB3aHbl COOTHOLIEHHEM

Voa = BV Ay, (29.1)

rne Vo u By — o6bem u nasjenue teqa npu 0 °C.
30. Kosdpduuuent obbemMHOro pacuvpeHudss prytd « npu 0°C

M atmocgepHoM maBieHuu paseH 0,00018°C~!. Cxumaemocts v =
= 0,0000039 atmM~!. Boiuncauth TemnepatypHbiii KO3DMUIHEHT NaBAeHUS
A LSS PTYTH.

31. Ha cko/bKO Hal0 yBEJUYHTb BHELIHee JaBjeHHe, YTOObl COXPAHHUTh
TIOCTOSTHHBIM 00beM pTyTH NpH HarpeBaHud ee oT 0 no 10°C. (Cm. mpexbi-
OYULYIO 3a71auy.)

32. Kakyio cuny F' Hafio NIPUJIOXKHUTE K CTaJbHOMY CTEPXKHIO CeueHHeM
B 1 cM?, 4TOGBI PacTAHYTb €ro HACTOJIBLKO Ke, HACKOMbKO OH YAJMHSeTCS
npu HarpeBanuu Ha At = 1°C. Koaduuuent nuneiHoro paciuupenus § =
=12-107%°C~!. Monysb IOnra £ = 2,1- 10" H/em?.

33. CranbHo# 6GaHia)K HAaroHsieTCs Ha BarOHHOE KOJIECO ITIPH TeMIle-
patype t; = 300°C. Omnpemenutb cuay HaTskeHuss 1 B OaHOaxe IpH
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temneparype to = 20°C, eciu cedenue Ganmaxka S = 20cm’. Monyib

IOnra E = 2,1- 10" H/cm? u ko3hduIMeHT JHHEHHOTO paciIHpeHus 3 =
=12-1076°C~ !

34. Haiiti mioTHOCTE p MOPCKOH BOMBI Ha TJyOWHE O KM, eCJIH Ha
MOBEPXHOCTH OKeaHa MOTHOCTE p = 1,03 r/cM®, a CKHMAaeMOCTb BOJIbI
B mpefenax Aasaenuii ot 1 o 500 atm paHa v = 47,5 10 % arm—!.

35. Kakoe makcumasbHOe NaBjeHHE MOXKET TPOM3BECTH BOAA MPH 3a-
Mepsanuu? [lmotHocTs sbaa p = 0,917 r/em®, monysb IOHra nns apna E =
= 2,8 10" qun/cm?, kospduument Iyaccona o = 0, 3.

36. meeTcss HECKOJIBKO 4acoB C MasTHHKAMM W3 OJHHAKOBOI'O MaTe-
puana, Ho pa3HOU AJuHbL. [lokasaTb, YTO ecsqd BCe 3TH Yachl BbIBEPEHHI
NpY HEKOTOPOH TemmepaType tj, TO NpH TemmepaType ty OTHOCHTENbHOE
U3MEHeHHe XOfa ONMHAKOBO MJISi BCEX YaCOB W He 3aBHCHT OT MIJIHHbI
MasiTHHKA.

37. KomneHcauMoHHBIH MasiTHUK COCTOWT W3 JJMHHOH TOHKOH HHKe-
JIeBOH TPYOKH mNpeHeOpeKHMO MaJiol Macchl, HeboJjbliasi 4acTb obbema
KOTOpPOH 3amnosnHeHa pTyTblo. KoadpuuueHT JHHEHHOro pacliMpeHHs HH-
kens 3= 1,0-107°°C~! kosppHIHEHT 06BEMHOTO pPACIIMPEHHS PTYTH
a=18,0-107°°C~!. Kakywo 4acTh o6bema TPyOKH c/efyeT 3amoJHHTb
PTYTbIO, 4TOOBI MIEPHOA KOJeOaHHH MasiTHMKA He H3MEHSJICS ¢ U3MEHEHHeM
TeMnepatypbl? [/ NPOCTOTHI CHa4Yasla paccMaTpPUBaThb MasTHUK KakK MaTe-
MaTHYeCKHH, T.e. CUMTATh, YTO LIEHTP KAauaHHH ero CoBNafaeT C LIEHTPOM
Macc pPTYTH. 3aTeM y4eCTb HeCOBIMAJeHHe LeHTPa KauaHHs ¢ LEeHTPOM Macc
PTYTH.

38. JlioGonbiTHOE sIBJEeHHE, 3aMedyeHHOe U 00bsicHeHHoe KanoHom Mo-
3eq, onucaHo JlxoHom Tunpanem B kHure «Temsora, paccmaTpuBaemas
Kak pon nBHKeHUs». TuHmamab nucan: «Xopsl bpucronbekoro co6opa 6biiu
MOKPbITHl CBHUHIOBBIMHM JiucTaMu. [launa kpeimu 60 ¢yToB, wupuHa 19
¢ytos 4 mioiima ). Ceunen 6bl1 nosoxken B 1851 ., u aBa roma cmycrs
OH Bcell Mmaccoil momBuHYJCs BHU3 Ha 18 mioiimoB. [loHuXKeHHe CBHHIA
MPOUCXOAMJIO TIOCTOSIHHO € TeX CaMbIX MOP, KaK UM OBIJIH MOKPHITHl XOPbI.
[TorbiTKa OCTAHOBHUTbH €r0 ABHXKEHHE BKOJNAUMBAHHWEM I'BO3JeH B CTPOMHJA
He yHajacb, MOTOMY YTO CHJIa, ¢ KOTOPOH OIYCKaJCs CBHHEL|, BBIPBIBAJA
rBo3fd. Kpblla Obljia HEKpyTas M CBHHeLl MOT Obl OCTaBaTbCsl Ha HeH,
He CKOJIb3si BHH3 H3-3a NeHCTBUS CHJIbI TsiKecTH». OObSCHUTb OMHCAHHOE
sSIBJIEHHE.

§ 2. UpeanbHbie ra3bl

39. BbluMcnuTh AM5 MAEANBHOTO rasa CJeylollihe BeJHYHHBL KO3phU-
LIMEHT 00bEMHOr0 PACIIMPEHHs (v, TEMIIEPATYPHBIH KOI(D(DUIMEHT NaBleHHs
A, U30TEPMHUECKYIO CKHMAEeMOCTb Y7, U30TePMUUYECKHUH MOIY/b OObEMHOH
ynpyroctd K = =V (OP/0V ). (Cm. 3anaay 29.)

D1 gyt = 0,3048 M, 1 mioiim = 25,4 MM.
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40. ITonbsysich ypaBHeHHeM Kuiamneiipona PV = RT, y6enuTbcsi Herno-
CPeNCTBEHHBIM PAcUeTOM B CIPABEMJHBOCTH cooTHoueHui (29.1) u (29.2).
41. Hmeercss cMechb pas3iHuHBIX HOeaNbHbIX rasoB ¢ Maccamu M,
My, Ms, ... U OTHOCUTEJbHBIMH MOJIEKYJISIPHBIMH MacCaMu [ii, (9, M3,
. cooTBeTcTBeHHO ). TTokasaTh, 4TO ypaBHeHHe COCTOSIHHS TaKOH CMecH

MOXKHO 3amnucatb B Bume PV = %RT, rne M =M, + My + M3+ ... —

TOJIHAsi Macca CMECH, a MOCTOSIHHASL (4 UT'PAET POJib CPeIHEH OTHOCUTEIbHOM
MOJIEKY/ISIPHOH Macchl cMecH. Haltu p.

42. HailiTu n/IOTHOCTb p JBYXaTOMHOTO KHUCJOPOAA MpH NaBjeHuu P =
= 50atm u temnepatype t = 27 °C.

43. [Ins ompeneneHUsl MJIOTHOCTH Tasa MOCTYIMHUJIH CJAEAYIONIUM 00pa-
3oM. Bousbiioil cTeknsTHHBIA 6a/I0H eMKOCTBIO V' OBIJ HATIOJHEH HCIBITYye-
MbIM ra3om 10 gaBjienusi H [mMm pt. cT.] u B3BeweH. Ero macca okasanachk
paBHOM M. 3aTeM dacTb rasa Oblia yaajeHa, U [aBJeHHe ero ymajo M0
h [mMm pt. c1.]. HoBasi macca Gasnmoda — m. KakoBa MJIOTHOCTb rasa MpH
aTMOC(HEPHOM JaBJIEHHH?

44. DnekTpuueckasi ra3oHanoJiHeHHasl JiaMIla HaKaJWBaHHsl HaroJiHeHa
asoToM TpH naBieHuH B 600 MM pT. cT. Emkoctb gammbi 500 em?. Kakoe
KOJIMUECTBO BOJbl BOHJET B JIAMITY, €CJIH y Hee OTJIOMUTb KOHYHK TOJ, BOIOH
NpY HOPMAJIbHOM aTMOC(EpPHOM NaBJEHHH?

45. Haiitu 4uc/io X010B 1 MOPILIHS, YTOObI MOPIIHEBbIM BO3IYLIHbIM Ha-
COCOM OTKadaTb COCYA eMKOCTbIO V' OoT nmaBJsenus Py no nasnenus P, ecin
€MKOCTb XOfia MOPLIHS paBHA v. BpenHbIM MpoOCTPaHCTBOM MpeHeOpeub.

46. Y3kas UUAMHApPUYecKas TPyOKa, 3aKpbiTasi ¢ OAHOTO KOHIA, COLEep-
JKHT BO3[YX, OTAEJNEHHbIH OT HAPYKHOr0 BO3AyXa cTos6uKoM pTyTH. Korna
TpyOKa obpallleHa 3aKPbITBIM KOHIIOM KBepXY, BO3AYX BHYTPH Hee 3aHHMaeT
IJIMHY [; Korja e TpyOka obpallleHa KBepPXY OTKPbITHIM KOHIIOM, TO BO3IyX
BHYyTpU Hee 3anumaer aiuHy [’ < [. JlnuHa prytHOro crosbuka h [mm].
OnpepenuTb atMochepHoe AaBJeHHUE.

47. bapoMerpuryeckasi TpyOKa MorpykeHa B NJIyOOKHH COCY[ CO PTYTbIO
TaK, 4TO YPOBHH PTYTH B TPyOKe W B cocyne coBnaaaioT. [Ipu aTom Bo3nyx
B TpyOKe 3aHumaeT ctosb mauHow [cM. TpyOky momnumaior Ha I’ cm. Ha
CKOJIbKO CaHTHMeTpoB Al mogHuMaeTcs pTyThb B TpyOKe? ArmocgepHoe
nasjeHue paBHo H [cm pT. cT.].

48. [uaunnpuyeckas MUNEeTKAa OJWHOH [ HAMOJNOBHHY TOrPyKeHa
B pTyTh. Ee 3aKpBIBAIOT NasblieM U BIHUMAIOT. YacTb pTyTH BbiTeKkaeT. Ka-
KOH MJIMHBI CTOJIOMK PTYTH OCTaHeTcsl B mumeTke? ATmocdepHoe AaBJ/eHHe
paBHo H.

49. Manometrpom Mak-Jleoga HYXHO H3MepsiTb OABJEHUS 10
0,1 MM pr. cT. EMKOCTD 11apa MaHOMeTpa He AO/KHA npebbiath 150 cm®,
a JJIMHA Kanujjispa He Ao/KHA npeBbliaTh 20 cM. KakoBO MO/KHO ObITH
MHHHUMaJIbHOE CeYeHHe KaIuJJsipa?

') Tlo cTapoii TepMHHOMOTHE OTHOCHTEJbHBIE MOJEKY/ISPHAs H aTOMHAS MacChl
Ha3blBaJUCh MOJIEKY/SPHBIM M aTOMHBIM BeCaMH.
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50. Ha kakoM paccTOSHHH OT KOHIA KamWJ/Ispa MaHOMeTpa TMpelbl-
Oylled 3amaud GyAeT HaXOOUTbCS YepTOuKa, COOTBETCTBYIOULAs NABJEHHIO
0,00005 mm pT. CT.?

51. B myoxo mpocyiieHHoMm 6Gajione npu Temmnepatype t = 20°C co-
JEeP’KUTCST CMeCh BO3[yXa W BOASIHOTO Tapa, MapliuajibHble AaBJEeHHS KO-
TOpBIX cooTBeTcTBeHHO paBHBI 0,25 u 0,1 MM pt. cT. OnpenenuTs OWHOKY
B MOKa3aHWU MaHoMmeTpa Mak-Jleona, momcoenrHeHHOTO K OaJIIOHY [IJIs
M3MepeHHs JaBJeHHs, eci o0beM OasoHa MaHoMeTpa V = 50cm’, pa-
ouyc Kamuaispa r = 1 MM. Yrnpyroctb BoasiHoro mapa npu 20°C paBHa
17,5 MM pr. CT.

52. Kako#i o6beM 3aHMMaeT MOJb HeasbHOrO rasa Mnpu JaBJeHHH 3 aTM
u temnepatype 7' = 400 K?

53. [IlnotHocts Bo3myxa mnpu Temnepatype 0°C W naB/ieHUH
760 Mm pT. ct. paBHa 0,001293r/cm3. OnpenenuTh Maccy JMTpa BO3LyXa
npu temnepatype 27,3 °C u naBaenuu 750 MM pT. CT.

54. Aspoctar o6bemoM V M® HaNoMHEH BOJOPONOM IpH TeMIepaType
t; = 15°C. Ilpu Heu3MeHHOM [aBJEHUH aTMOCGHEpPBI MOM BJIMSHHEM COJI-
HeYHOH pafiMallid ero Temneparypa MopHsaach 1o te = 37 °C, a usnuilex
rasa BbllleJ 4yepe3 amlmeHAHKC, OJarofaps ueMy Mmacca aspoctarta ¢ ra3om
yMeHblingach Ha M = 6,05 kr. [TnotHocTb Bomopona py = 0, 000089 r/cMs.
Onpenenutb 00beM aspoctara V.

55. JleiicTBHEM KHCJOTBHI Ha HeKOTOpoe KojudecTBo Mpamopa (CaCOs)
nonyyeHo V = 1320 cm® yriekucaoTsl npu Temmepatype t; = 22°C u nas-
gennn P = 1000 mum prt. cT. Onpenenutb Maccy M BOLIEALIEro B peakIlHio
mpamopa. [lnotHocte COy npu 0°C u maBaenuu 760 MM pPT. CT. paBHa py =
=0,001977 r/cm3.

56. ®abpuunasi Tpyba BbiCOTOH [ = 50 M BBIHOCHUT [bIM MPH TEMIIEpaTy-
pe t; = 60°C. Onpenenutb craTudeckoe AaBjaeHue P, mpousBofsiiiee TATy
B TpyOe. Temnepatypa Bo3myxa ty; = —10°C. [lnoTHOoCTh BO3ayxa py =
=1,29-10~°%r/cm3.

57. B pryTHOM GapoMeTpe C MpaBHJbHON LHJIHHIPHYECKOH GapoMeT-
puyeckoil TPyOKOH paccTosiHWe OT YPOBHSI PTYTH B 4YallKe N0 3amasHHOro
KoHLA TpyOKH paBHO L. B TpyOGKy mnpu HOpMajbHOM 6apoMeTpHUECKOM
naBjeHud H u temmepatype t; momaJ mysblpek Bo3ayxa, GJarogapsi uemy
IJHHA PTYTHOTO CTO/10a YMEHbLIWJIACh U CTasa paBHOH hj. HaiitTu BbIpa-
XKeHHe [/ TIONPaBKU Py, MPHOaBJsis KOTOPYIO K MoKaszaHHio h Gapomerpa,
MOXKHO OblI0 OBl MOJMb30BAThCs MOC/ENHUM IMPH JIOOBIX TeMmIepatypax t
1 JI0OBIX BBICOTaX h PTYTHOTO CTOJMOA.

58. JlaB/ieHue BO3MyXa, 3aKJIOYEHHOTO B 3aKPLITOM KOJIeHe MaHOMETpa
OJUHBL [, YPABHOBELIMBAeT CTOJIO PTYTH AJMHOH h MpH GapoMeTpHUIecKOM
nasneHud Hy u abcosioTHol Temmepatrype 7p. Kakoiét ctonb prytu h
Gy#eT ypaBHOBELIHWBATb [aBJeHHe 3TOrO BO3AyXa INpPH OapOMETPHIECKOM
naBnenud H; u temnepatype 17?

59. B toHKocTeHHBIH cheprudeckuil 6anaoH mMaccel M = | Kr HarHera-
ercs a3oT npu Temneparype 1 = 300 K. Haiitu makcumasibHOe KOJHUECTBO
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a30Ta, KOTOPOE MOXKHO MOMECTHThb B COCY/, €CJIU AOMYCTHMOE HampsKeHHe
B cTeHKax 6asoHa o = 50 H/mm?. TlnotHoeTs ctamu p = 7,8 /M.

60. Mol HOCTbIO HACOCA WM CKOPOCTBIO OTKauKKW K Ha3biBaeTcsl BeJIM-
yiHa oO0beMa rasa, OTKadyWBaeMmasi HacOCOM B 1 ¢ W u3MepsieMasi MpU TOM
JaBJEHUH, KOTOPOE MMeeTCsl B pacCMaTpPUBaeMbldi MOMEHT BpEMEHU B Ha-
coce. Boo6iiie roBopsi, oHa 3aBUCUT OT jAaBJjenus. Cuutass K MOCTOSHHOH,
HaUTU U3MeHeHHe [aBJieHUs P BHYTPU OTKAUMBAeMOro COCYAa, €CJIH HACOC
¥ cocy coobIIanTest KamuaaspoM AJUHb [ ¥ nuametpa D, a ra3 B cocyue
HaCTOJIbKO PA3peXKeH, YTO AJHHA CBOOOMHOTO Mpobera MOJMEKY/ B OTKauH-
BaeMOM COCYJe OYeHb Besuka mo cpaBHeHuio ¢ D. CornacHo KHyaceny
(cMm. 3amaun 425 u 426), npu TakUX yCJOBHSX Macca rasa, mpoTekarlias
€XeCEeKYHIHO M0 KaMWJJIspy, Ha KOHIAX KOTOPOro [aBJjieHus paBHbl P
M, rie w=2,18- 104L \/T,

D3\ n
T — abcosoTHasi TeMIepaTypa rasa, i, — ero OTHOCHTEJIbHAsI MOJEKYJIsIp-

Hasi Macca. Bce BesnnmuuHbl usmepsitoresi B cucreme CI'C.

61. CkopocTh OTKAauKH BpallaioIerocs MacasHoro Hacoca 150 cm®/c.
CkoJibko moTpebyeTcsi BpeMeHH, 4ToObl KOJIOy B 5J1 OTKayaTh OT HOPMaJib-
HOTO aTMOC(epHOro AaB/eHus 10 AaBaeHus B 1- 1072 MM pr. c1.?

62. UYepes kaxoe Bpemsi 7 Hacoc JleHrmiopa oTKadaeT IBYXJUTPO-
Bbli Ga/JJOH C BO3AyXoM OT gaaBieHus Py = 1073mmpr.cT. g0 P =
= 1075 MM pT. CT., ecaM Oa/JOH COeJMHEH C HACOCOM TPYOKOH M-
Hol [ = 25cM W puamerpa D = 7wmm? CKopocTb OTKaykKH Hacoca K =
= 1000 cm®/c. Temneparypa Bosnyxa t = 18°C.

63. [IBa cocyna A u B ¢ BO3LYXOM COeIUHEHbl MeXAy CO00H KamuJ-
asipom ¢ KpaHoMm. Cocyn A morpykeH B BOASIHYI0 BaHHY TeMIepaTypoH
t; = 100°C, a cocyn B — B 0XJIaXKJAWILYI0 CMeChb C TEMIEepaTypo ty =
= —20°C. Bnauase cocyabl Oblid pasoOlieHbl IPYyr OT ApPYyra KpaHOM,
U JaBjieHHsi Bo3ayxa B cocyaa A u B Oblid paBHBI COOTBETCTBEHHO P =
= 400 MM pt. cT. U Py = 150 mm pT. cT. HaiiTu naBjeHue, ycTaHOBHBILEECS
rnoc/se OTKPbITHS KpaHa, eciu oobeM A pasen V) = 250cm?, a o6bem B
paseH Vi = 400 cm®.

64. IlokasaTb, 4TO pe3y/abTHUPYIOLIAsi BCeX CHJI [aBJEHHs pPeasbHOro
rasa Ha CT€HKH BEPTHKAJbHOTO 3aKPBITOTO LIUJIMHAPHYECKOTO COCYAa, B KO-
TOPOM 3aKJ/IIOUeH Ta3, MpH J000H NJMHe UMIHHAPA TOTAA U TOJNbKO TOrAa
paBHa Becy rasa, KOrja IJIOTHOCTb rasa OMpeessieTcsi 6apoMeTpHUecKOH

hopmyJion

u P,, onpenensieTcss BblpaXKeHHEM

_ [
p—poexp{—ﬁg:c}, (64.1)
rae /. — OTHOCHMTeJbHasi MOJEKyJsipHas Macca rasa, R — rasoBas Io-
crosinasi, T — TeMmmepaTypa W g — YyCKOpeHHe CBOGOLHOTrO MafeHHs.

Temmnepatypa rasa mpennoJsiaraetcst OAHHAKOBOH BO BCeM LMJIHHApPe, a ras
HAXOIHUTCS B PABHOBECHH.
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§ 3. Pa6ora u KoanyectBo Tenua. Ileppoe Hauago
TepPMOANHAMUKY

65. B kasopumerp ¢ BOmOH Macchl m; MOTPYKeH KYCOK JibJa MacChl
mg. OnpenesuTb TEMIEPATYPY BOIBI ¢ MOCJE TOrO, KaK Jie[ pacTasiji, ecjau
HayaJsibHasi TeMrepaTypa Boibl Oblia paBHa ti, a apga — 0°C. YnenbHas
TEIJIOTa MJABJEHUs JbJa PaBHA (.

66. Kakoe kosudecTBO BOAbl M MpH Temmepatype ty = 20°C M0OxHO
3amopo3uth ucnapendeM M = 100r cepHoro adupa, UMewllero Teminepa-
Typy t; = 20°C, ynenbHbE TEMIOeMKOCTb ¢; = 0,5 kan/(r-°C) u temnory
ucrnapeHusi ¢ = 90 kas/r (Mpu yCJI0BHH, YTO TENJIOTAa MCMapeHHsi Gepercs
UCKJIIOUUTEbHO 3a c4eT Bombl)? CYuTaTh TENJOTY HCNapeHHsi s¢upa He
3aBUCSLIEH OT TeMmIepaTyphl.

67. nsi onpeneseHus yoeabHOH TEMIOEMKOCTH LMHKA Cy KYCOK €ro
maccel mg = 235, 6T Harpet mo Temnepatypsl to = 99,3 °C u onylieH B Ja-
TYHHBIH KaJOpUMeTp. YaesbHast TernaoeMKocTh Jatyuu ¢ = 0,093 kan/(r X
x °C), macca kajopumerpa u Memanku m; = 100r, macca Bombl m =
= 209, 3r; HauajbHasi TeMmIepatypa Kajopumerpa u Boabl tyo = 20,5°C.
Temnepatypa Boabl B KajopuMeTpe mnoBbicusach no t = 27,6°C. Onpene-
JIUTh YAEJbHYIO TEMJIOEMKOCTb LIHHKA.

68. [lBe KMAKOCTH HArpeBalOTCs B OAMHAKOBBIX COCYAaX OAHHM H TeM
e JIEKTPUUECKUM TOKOM, [JIsi Yero B KaXKAbIH COCY[ BCTaBJIEHbl OHHAKO-
Bble TIPOBOJIOUHbIE COMPOTHBJIEHHS. B mepBoM cocyne »KHAKOCTb Harpesachb
ot tp no t;. Macca XHIKOCTH B MEPBOM COCYLEe ", yAesbHas TemJoeM-
KOCTb ¢, TIOJIHAs TEIMJI0eMKOCTb nepBoro cocyna Cp. OnpenenuTb yaeapHy0
TEIJIOEMKOCTb JKHAKOCTH ¢/, HaJWTOH BO BTOPOH COCYI, €C/JH 3a TO Ke
BpeMsi OHa Harpesach oT t' 10 t{, MoJHAas TEMJIOEMKOCTb BTOPOTO COCYAa

[, a Macca KHIKOCTH B HeM m/.

69. Bona npu cobuiogeHHr HeoOXOOUMBIX MPENIOCTOPOKHOCTEH MOXKeT
ObiTh mMepeoxJaxiaeHa go Temmnepatypbl t = —10°C. Kakas macca Jbaa
m obpasyercss u3 M = | Kr Takodl BOAbl, eCid OPOCHTb B Hee KycOYeK
JbJa U TeM BbI3BaTb 3aMep3aHHe? TenoeMKOCTb MepeoxJaXKAeHHOH BOMIbI
CUMTATb HE 3aBUCAILLEH OT TeMIlepaTypbl U PAaBHOH TENJOEMKOCTH OObIUHOH
BOJIbI.

70. 1 BOmOpona, cropasi M mpespallasch B Bony, BoiaeasieT 34 000 kan
tensa. CKOMbKO TPaMMOB YIJIsi Haf0 CxkKedb AJs1 AMCCOLMAlUu 1T BOAHI,
€CJIM M3 BbLAENSEMOH YrieM TemnoThl ucrnodb3yercsi 50 %? YoeabHas Ten-
JoTa cropausi yrasi pasda 7000 kas/r.

71. B npuGope, mpenHasHaueHHOM [Jisl ONpeJeseHHs] MeXaHHYeCKo-
r0 5KBHBAJIEHTA TEMJIOTbl, MellajKa, CHaGXeHHasi JIonaTKaMH, BpalllaeTcs
BHYTPH HAIOJHEHHOr0 BOAOH KaJsopuMeTpa. TpeHue BOAbl O CTEHKH KaJlOpH-
MeTpa BbI3bIBAET CHJIY, CTPEMSIIIYIOCS BpallaTh KaJOPUMETP B HalpaBJ/eHHUH
BpallleHHss MellaJku. Ho BpallleHHIO ero MpensTCTBYeT IPy3 MacChl m,
BUCSIIMH Ha HUTH, NepPeKHHYTOH uepe3 OJIOK U NMPUKPEMJIEHHOH K KpBILIKe
KaJiopuMeTpa Ha wWKuBe pamuyca R. [Ipu TakoMm ycTpoHCTBE MOMEHT CHJIbI
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TSIKECTH I'Py3a MOCTOSIHEH W MPOTHBOMOJOXKEH MO 3HAKY MOMEHTY CHJI Tpe-
HUs, JEHCTBYIOLUIMX HA CTEHKH KaJOPUMETPa CO CTOPOHBI KHUAKOCTH. [py3
NpU Bpallalollelics MellajKe He MagaeT U He MoAHUMaeTcs. OnpenesnuTb
MeXaHHYECKHI 3KBUBaNeHT F, ec/iu TeMmepaTypa nmoBbicHaach Ha At mocse
TOTO, Kak Melianka ciaenana N o6opotoB. Macca Boabl B Kajopumerpe M,
W — €ro BOASIHOHM 3KBHBAJIEHT.

72. Kakyto CKOpPOCTb ¥ IOJI)KHA HMETb CBHHIIOBast MyJist, YTOOBI TIpH yaa-
pe O cTaJbHYIO IJIMTY OHA pacmsaBujach? Temmeparypa myiau ty = 27 °C,
Temreparypa njaasgaenus t; = 327 °C, yhesbHas TeNJoTa IJaBJieHHUsi CBUH-
1a ¢ = 5KkaJ/r, ynenbHasi ternoeMkocTb csuHia ¢ = 0,03 xkan/(r-°C).

73. Boipasuts B cucteme CI'C temsioty (), 3aTpadeHHYIO Ha HarpeBaHuHe
CBHHIIOBOrO waprka maccel m = 100t Ha (] — tg) = 10°C. YnmenbHas
TemioeMKocTb ¢BuHIA ¢ = 0,0307 xkaa/(r - °C).

74. Ha nuarpamme P, V, u3o6pakeHHOH Ha pHUC. 2, MOKa3aHbl pa3J/uy-
Hble 00paTHMble MPOLECCH U3MEHEHHS COCTOSIHHSI HEKOTOPOK TePMOIHHAMMU-
yecKOH cucTembl. M3BeCcTHO, 4TO KOrga CH-
cTeMa MEePeXOfHT U3 COCTOsIHUSE | B COCTOSI- P
Hue 2 no nyTH 132, To oHa mosydaet (Qi3g = 3 )
= 80 JI>k Temsa ¥ MpPH 3TOM COBEpIIAeT pa-
6oty Ajse = 30 JIxk.

1) Kakoe kosuuecTBO Temsa Qg9 MO-
JYYUT CUCTEMa, Mepexoisl U3 COCTOsHUS [
B COCTOsIHMeE 2 1o myTH /42, ecsiu H3BECTHO, ] 4
YTO MPU ITOM OHA COBepIIaeT padoTy Ajg9 =
= 10 Ix? 4

2) CucteMa BO3BpalllaeTcst U3 COCTOSHUS
2 B cocrosinue I no nytu 21. CoeplieHHast Puc. 2
MpU 3TOM Hal CHCTEMOH BHellHsst paboTa
paBHa Ag; = 20 JIx. Kakoe KonndecTBo Temaa (), OTAACT CHCTeMa B Xofle
3TOTO Mpoliecca?

3) Haiitu konuvectBa Temna Q4 U (49, MOIVIOLIAEMbIE CHCTEMOH B MPO-
neccax /4 u 42, ecqu pasHOCTb BHyTpeHHUX 3Hepruil Uy — Uy = 40 IIx ).

75. Tlpu cropanuu 12 r TBepmoro yriepona B yriekucsablii raz COqg
Boigensiercss Q1 = 97000 kan, a npu cropanuu 28 r okucu yraepona CO
BoLIesieTcs (9 = 68 000 kas. Kakoe KoanuecTBO Temaa () BbIAEJIHIOCH Obl
Mpu cropaHuu 12 T TBepooOro yriepona, eciau Obl B pe3yjbTaTe CropaHwus
MoJiy4asach TOJMbKO YHCTasi OKHCh yTJIepoaa’

') PaGoty, mpoM3BONMMYIO CHCTEMOH, H KOJMHYECTBO TelJa, MOJyuaeMoe eio,
Mbl 0603HauaeM uepe3 A U () COOTBETCTBEHHO; PAbOTy 2Ke, MPOM3BOAUMYIO Hal
CHCTEMOH, H KOJHYECTBO TemJa, oTaasaemoe e, — yepes A’ u Q. Ecin A u Q —
BEJIMYUHBl OTpULIATeNbHbIE, TO 3TO O3HA4yaeT, YTO B [eHCTBUTEJBHOCTH pabdora
TNIPOU3BOAMTCS HAJA CHUCTEMOH M MocjefHss OTAaeT Temso. Ec/M e oTpHLaTe/bHbI
A" u Q', To cucTeMa TPOM3BOAMT MOJOXKHMTEJbHYIO PaGOTy M el coobliaeTcs
TOJIOKHUTENbHOE TEIIO.
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76. Ipu cropanuu Bomopoaa npu 100°C ¢ o6pa3oBaHHeM OIHOTO MOJIst
BoAsiHOro mapa BoigessieTcs Q) = 58000 kan. Ilpu KoHOeHCalHWH OIHOTO
moJist BoasiHoro mapa npu 100 °C Beipensietcss Qo = 9700 kan. Haiitu Ten-
JIOTY 00pa30BaHHUs OIHOTO MOJISI JKHAKOH BOIBI () M3 BOLOPOAA U KHCJIOPOAA
NpU TOH XKe TeMIepaType.

77. Ilpy MoJHOM CropaHHWH MOJS MeTaHa B YIJIEKHCJOTYy M BOAY BBI-
neqasiercs @ = 887 xJIxk. [lpu 006pa3oBaHUH M3 3JEMEHTOB MOJISI BOMIbI
BoifessteTcst Qo = 287 k[, a MpH MOJHOM CrOpaHUM yriepona ¢ o6pa3oBa-
Huem mossi COg BhifensieTcss Temno (J3 = 407 kJ[x. Onpeneynutb TEMaoTy
() o0pa3oBaHHsi MOJIsI MeTaHa W3 TBEpPIOTO YIJepoga M ra3oo0pasHoro
BOJIOPOZA.

78. CorsacHo 3akoHy JI2KOyJisi BHYTpPeHHSiIS HEPrUsl HAeaJbHOTO rasa
3aBHUCHT TOJIBKO OT €r0 TeMIIepaTypbl U He 3aBUCHT OT naBJjeHHus. [1osb3y-
SCb 3TUM W ypaBHeHUueM KiamneiipoHa, mokasaTb, 4To 3HTanbnusg [ = U +
+ PV upeanpHOro rasa He 3aBHCHUT OT AaBJIEHHS, a sBJseTCS (QyHKUHeH
TOJIBKO €r0 TeMIEPATYpHI.

79. JloxasaTb, 4TO eCJM Hada/bHble W KOHEYHble MPOAYKTH PeaKIHH
SBJASIOTCA HAEaJbHBIMH Ta3aMu, TO 1) TemnoBoM 3PQeKT peakUuH MpH
NIOCTOSTHHOM 00beMe He 3aBUCHT OT 00bEMOB Ta30B MOCJE pPeaklHHu, 2)
TemaoBOH 3((PeKT peakllMd MpPU MOCTOSIHHOM [AaBJE€HHH He 3aBUCHUT OT
laBJIEHUH Ta30B.

80. PaccmatpuBasi BO3nyX Kak HieasbHBIH ras, MOKas3aTb, YTO IPH
HarpeBaHUM BO3/yXa, HAXOASIIErocsi B KOMHATE, ero BHYTPEHHSsST SHeprus
He U3MEHsIeTCs, €CJIH TOJNBKO BHELIHee NaBjeHHe OCTAeTCsl MOCTOSTHHBIM.

81. B kKoMHaTe B TeueHHe HEKOTOPOrO BpeMeHH Obljl BKJIIOUEH Harpe-
BaTesb. [Ipy 3TOM TeMmepaTypa BO3ayxa MOAHSJIACH OT t; 1O t9, AaBJeHHe
’Ke ero He H3MEeHHJIOCh M OCTaJoCh PABHBIM JAaBJEHHIO BHe 31aHus. Cunras
BO3IYX HJeasbHbIM ra3oM, HAHTH KOJUYECTBO Telja (), KOTOpoe MOLLIO Ha
yBeJHUeHHe BHyTPEHHeH 3Hepruy BO3[4yXa, HAXOASIIErocs B KOMHATe.

82. MouJib HeanbHOro ra3a U30TepMHUYECKH paclinupsieTcsi (MK CxKHUMa-
ercs1) oT oobema V) mo o6wvema Vo, Onpenenuth coBepllaeMyio UM paGoTy
A ¥ KonMyecTBO Temiaa (), COOOLIEHHOE rasy.

83. Onpenenuth KOJMYECTBO Temiia (), BbIIEJSIONIEECs IPH U30TEPMH-
4eCKOM CKAaTHH M = 7T a30Ta, €CJ/IM IIPH 3TOM JaBJeHHe ras3a MOBbILIAeTCS
B n = 50 pas. Onpenesnuts Takxke padory A’, KOTOPYH HAIO 3aTPATHTh Ha
310 cxkaTtue. Temneparypa rasa t = 27 °C.

84. HaiiTn MexaHU4YecKMH KBMBAJIEHT TelJa, 3Has, UTO MJIS BO3AyXa
cp =0,237kan/(r-°C) u v = cp/c, = 1,41. OTHOCHTE/IbHAS MOJIEKYJISID-
Hasi Macca Bo3ayxa pu = 28, 84.

85. IlonuTponUuecKUM IPOLECCOM Ha3bIBAETCs MPOLEcC, NPOHCXOAS-
WHHA ¢ nocTossHHOH Temsoemkoctbio C. KpuBasi, uzobpaarouiasi MmoJuT-
pOMHYEeCKHH Mpolecce, Ha3blBaeTcs MojauTponoid. HalTu ypaBHeHHe MOJUT-
pOMBl A/ MAEAJbHOTO rasa, Tem1oeMKocTb Cy KOTOPOrO He 3aBHCHT OT
TeMmrnepatypbl. Paccmotpers yacTheie cayuau: 1) C = Cy, 2) C = Cp, 3)
C=04) C=oc0.
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86. Ilpy KakMX 3HAUEHMSX IMOKa3aTessl MOJHUTPONbl 1 WAeaNbHBIH Ta3
HarpeBaeTcs MPH CXKATHH, a MPU KAKUX OXJIAXKAAETCS?

87. 1) HarpeBaetcs uu oxsaxaaeTcs HaeanbHbli ras, €Cjau OH paciiiu-
psetcs no 3akoHy PV? = const? 2) Kakoa ero monspHas TemIoeMKOCTb
MpU 3TOM Tpolecce?

88. Pewntb npenpiayiyto 3agady AJsi HAeasbHOTO rasa, pacliupsiole-
rocsi no 3akony P’V = const.

89. Ilpu HeKOTOpPOM MOJUTPOMUUECKOM Ipoliecce TeJNui Obla CXKAaT OT
HayaJsibHOro o6bema B 4 J1 10 KOHeuHoro o6bvema B 1.1. JlaBseHue npu 3Tom
Bo3pocJso ot 1 no 8 atm. Haiitu tenso-
eMKOoCTb C' BCell MaccChl Te/iHsl, eCJH ero
HauaJibHasi TeMmnepatypa 6Obl1a 300 K.

90. BbluuCIUTD MOJISIPHYIO TEMJIOEM-
KOCTb HJIeaJbHOr0 rasa [Js Mpollecca,
B KOTOPOM JaBJieHHe P nponopiiuoHasb-
Ho obwemy V. Tensnoemkocts Cy He
3aBUCHT OT TeMIIepaTyphl.

91. Ha pmuarpamme P, V (puc. 3)
yepe3 MPOU3BOJIbHYIO TOUKy A mposene-
Ha uszorepma 17T u anuabara SS ns
UJeabHOrO rasa, TemjaoeMkoctb Cy KO-
TOPOrO He 3aBHCUT OT TEMIEpaTyphl.
[TokasaTk, YTO MOJUTPOIE, NPOXOASIIEH
uyepe3 A W Jexaliedl B 3alITPUXOBAHHOH 00JACTH, COOTBETCTBYET OTPHU-
1aTesNbHask TEMJOEMKOCTb, a MOJHUTPONEe B HE3AIUTPUXOBAHHOH 00/1aCTH —
TIOJIOXKUTE/IbHAS TENJIOEMKOCTb.

92. Haiitu ypaBHeHHe mpolecca IJisi UIeaJbHOrO rasa, mpu KOTOPOM
TEMJOEMKOCTb Ia3a MeHsieTCsl ¢ TeMIepaTypo# no 3akony C' = o7, rae o —
MOCTOSIHHASI.

93. CocTosiHMe HI€aNbHOTO ra3a U3MEHSIETCs 10
noautpone P = kV. Haiitu paGoty, coBepiiaeMyio
MOJIeM Tas3a MpH MOBBILIEHHH €ro TeMIepaTypbl OT
Tl no TQ.

94. Mosb uIeasbHOrO rasa HarpeBaloT B LH-
JIUHApE TOJ TOpIIHEM, YAEPXKHBAaeMbIM B MOJOXKe-
HUU PAaBHOBECHS NMPYXKHHOH, NMOAUMHAIOLIEHCS 3aKO-
Hy ['yka (puc. 4). CTeHKH UMJHMHAPA W MOPLIEHD
anuabaTuyeckye, a AHO NMPOBOAMUT Temso. Hauasb-
Held oObeM rasa V[, NpH KOTOPOM TMpyKHHA He
neopMHUpOBaHa, MopoOpaH Tak, 4uTo PyS? = kV,
rie Py — HapyxHoe aTMocdepHoe naBjeHuHe, S —
MJIOIA/lb MOPIIHS, Kk — KO3(P(HUIHUEHT MXECTKOCTH
npy>KuHbl. HallTu TemnsoeMKoCcTb rasa s 3TOrO
npoiecca.

95. bokosble crenky uuauuapa AC u BD, ero kpbiika C'D U moplieHb
MN cpenaHbl U3 Matepuasia, He mpoBofsiiero temio (puc. 5). Jno AB

Puc. 3

sl

Puc. 4
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nposonut temnJo. [lopmens M N MoKeT ABHTaTbCs B LHJIHHIPE 6€3 TPEHHUS.
CBepxy W CHM3Y INOPLIHS HAXOOUTCS MO OJHOMY MOJIIO OFHOTO H TOTO XKe
UJIeabHOTO T'a3a ¢ MOJISIPHOH TeMJIOeMKOCTBIO
c ===y ) npu nocrosinHoM o6beme Cy M TOKasaTeseM
\ anuabatbl 7. IlepBbili ra3 B HHXKHEH 4YacTH
IMJMHAPA KBa3UCTaTHYECKH HArpeBawT (WM
OXJIAXKJAI0T), BCJIEACTBHe dero nopuieHb M N
nepemeniaetcs. BopasuTh TEMI0EMKOCTb Mep-
M y & Boro rasa C| mpu TakoM mporecce d4epe3 00b-
\ embl rasoB Vi u Vo. Uemy paBHa mnpu 3TOM
TEeMNJI0eMKOCTb BTOporo raza Cy?

96. Kak usmeHHTCS OTBET MNpenblaylled

Vi 3a/1a4M, ec/M BEpXHIOI0 KPbILIKY CD cpe-
\ JlaTh TENJIONPOBOASIIEH, a TeMmIleparypy ra-
3a B BEpXHeH 4acTH LUHUJHHIPA MOAAEPXKHUBATb
\ MOCTOSIHHOM?
4" 4 g 97. BoiancnTb paboTy OQHOrO MOJIS HIe-
aJbHOTO Ta3a B MOJHTPONHYECKOM Ipolecce,
Puc. 5 ecad oObeM rasa H3MeHsIeTCsl OT HadasbHOro
3HaueHHs1 V| 10 KOHeuHOro 3HauyeHus V.

98. [lyrem npepesnbHOro nepexona n — 1 MOJNYy4HUTb U3 OTBETA MPEMbl-
OylIed 3afa4d BblpaxkeHHe AJsi paboThl MIeasbHOrO rasa Mnpu H3oTepMuye-
CKOM Mpoliecce.

99. Haiitu usMeHeHue BHyTpeHHel aHepruu AU macchl a3oTa Mpu €ro
KBa3UCTATHYECKOM aaHab0aTHUeCKOM paclidpeHdd oT obwvema Vi = 10,
3aHMMaeMoro npu HOpMaJbHOM AaBJjeHHH Pj, no oobema Vo = 320.1.

100. Haiitu usMeHeHue BHyTpeHHe#l 3Heprud AU MoJisi HA€aJbHOTO
OZIHOATOMHOTO rasa, u306apHuecKu pacliupusiierocst ot oovema Vi = 101
1o oobema Vo = 2041 npu paBienuun P = 5atu.

101. Kakoe xomuyecTBo Temnia () motpeGyeTcs Ha Harpeanue | m°
Bosayxa oT 0 no 1°C mpu mocTosiHHOM 00beMe M HayaJbHOM JaBJEHHH
P =760 MM pt. cT.? [110THOCTb BO3AyXa MPH HOPMAJIbHBIX YCJOBHUSX Py =
=0,001291/c™?, cp = 0,237 xan/(r-°C), v = cp/c, = 1,41.

102. Pewutp npeablAyUIyIO0 3anady B MPeANOJNOXKEHHWH, UTO BO3MYX
Harpebaetcst He oT 0 mo 1°C, a ot 91 no 92°C.

103. Kakoe KonnuecTBO Temja () Hy>KHO COOOIIUTb 75 T BOAHBIX MapoB,
uto0Obl Harpetb ux oT 100 mo 250 °C npu moctosiHHOM o6beme?

104. 1v° Bonopona mpu 0°C HAXOAMTCS B LMJMHIPHYECKOM COCYIE,
3aKPbITOM CBEPXY JIETKOCKOJIb3SIIMM HEBECOMBIM MopiHeM. ATmocepHoe
nasjenue 730 MM pt. cT. Kakoe kosmuuecTBO Temsa () motpebyeTcss HA Ha-
rpeBaHue Bogopoaa no 300 °C?

105. Cwmewano m = 4,032r Bomopoma ¢ m; = 32r kucjopopa. Mx
yaeabHble Temoemkoctd cp = 3,50kan/(r-°C) u cp; = 0,218 kan/(r X
x °C). OmnpenennTb yMmeHblieHue BHyTpeHHed sHeprud AU 3rtoii cmecH
npu oxJaxaeHunu ee Ha At = 20°C npu nocrosinHoM oobeme. Il 060ux
razos v = 1,40.
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106. B oobeme V) mpu temnepatype t = 0°C comepxkuTcst v MoJiel
BOZOpONa U v/2 mMosiedt kucsopoaa. HaliTu BbipakeHue /i MaKCHMaJIbHOTO
IaBJeHHs P, mpu TOH XKe TeMIepaType BOASHOTO Mapa, MOJYYeHHOTO MpH
B3pblBE CMECH, eCJIM MOJISIpHAasl TeMJI0eMKOCTb BoasiHoro napa C, a moJsp-
Has TelJIoTa 00pa3soBaHMs BOAbI M3 KHUCJIOPOAA U Bojopona (J?

107. [IBa Tensou30JUPOBaHHBIX cocyfa ¢ obveMamu Vi =1au Vo =
= 371 coefiMHeHBl TPYOKOU ¢ KpaHOM. [lo OTKPBITHS KpaHa B MEPBOM COCYIE
cozepxaJicsl a3oT nof gasseHueM P = 0,5 atm npu temnepatype t; = 0°C,
a BO BTOPOM — aproH mnoj faasjeHHeM P» = 1,5aTm mpu Temmnepartype
to = 100°C. Omnpenenuth, KakKHe NaBJEHHE W TeMIepaTypa yCTAHOBSTCS
B CMECH T'a30B, €CJH OTKPHITb KPaH.

108. Ilokasarb, uTo 3akoH JlasbTOHa [AJS1 CMeCH Tras30B, UMEIOLIHUX
onuHakoBoe 3HadeHue ¥ = Cp/Cy ¥ XUMHUYECKH HE pearupymlHx APyT C
IPYroM, €CTb CJIeACTBHE 3aKOHA COXPAHEHHS HEPrHH.

109. OmnpenenuTb yAEJbHYIO TEMIOEMKOCTb C,cMecu 50% Mo Becy
BOJIOPOJIA U TeJiusl, 3aKJ04eHHOH B 00beMe V = 141 npu Temneparype 27 °C
u paieHud P = 800 MM pT. ct. MoussipHble TemyoeMKocTH Bogopona Hg
Cy1 = 5kaa/(moab - °C) u requsi Cyo = 3 Kaga/(moab - °C).

110. ITpy HEKOTOPBIX YCJOBHSAX (¢ % MOJIEKYJ BOLOPOAA AHCCOLHHPOBA-
HO Ha aToMbl. Hafiti MosisipHylo TensoemkocTh Cy 3TOrO rasa npu o = 25.
MouisipHble TeMI0eMKOCTH aTtoMapHoro Bogopoxa Cy = 2,94 kan/(mosb X
x °C), monekyJsiproro Bogopona Cyo = 4,9 kan/(mosb - °C).

111. Kakoe kosmuuecTBo Temsa (' OTHAaeT MOJb ONHOATOMHOIO HJe-
aJIbHOTO rasa MpHU ero U3o0apHueckoM OOpPaTHMOM OXJIAXKAEHHH, eCJH Ha
CXKaTHe rasa B XOJle 3TOro mpolecca 3atpadeHa padora A = 10 JIx?

112. Kakoe KosandecTBO Temsa () noTpeOOBaJOCh MOABECTH K MOJIO
OJIHOATOMHOTO rasa IpH ero “u3o6apuyeckoM o6paTHMOM HarpeBaHUH, e€CJH
B Ipolecce HarpeBaHHs a3 COBEPLIMJI
BHellH0W0 padoty A = 10 J[xk? P

113. Kakoe xomndecTBO Temsa () OT- Y| 3 2
JlaeT MOJIb ONHOATOMHOIO MIeasbHOrO ra- !
3a TpU ero M306apHUecKoM OOpaTHMOM
OXJIaXKAE€HUH OT TeMmmepatypbl 1] [0 TeM-
nepatypbl T, €C/IM Ha CXKaTHe rasa B Xofe Bl /
3TOrO Mpollecca 3aTpadeHa padota A = L :]
=12 Ix? 7 :

114. Mousb uaeanbHOro rasa ¢ MoJsip- P !

Holi Teroemkocthio Cy = %R Tpu pasa Ii/ 7
00paTUMO TEepPeBOAUTCS H3 COCTOSIHUS [ : :
B COCTOSIHHE 2 B pe3yJ/ibTaTe M0OuepeHO- Puc. 6
rO BBHINOJIHEHHSI TPeX PasJM4YHbIX TepMO-
IUHAMUYECKHX mpotieccoB: 132, 142 u 12 (puc. 6). Haiitu kosnudectBa
Temsa QQi32, Q42 M @19, TOJydaeMble Ta30M B XOf€ KaXAOTO H3 3THX
npouieccoB. Ha#iTu MousipHylo TensoeMkocTb Clo rasa ajs mpoiecca 12.
Bce pesysbraThl BblpasuTb uepe3 ra3oBYIO NOCTOSHHYIO R U TeMmmepatypy
T} raza B COCTOSIHUH 1.

=Y
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115. B cocyne emkocteio V' = 1051 Haxomutest Kucjopon Og mox nas-
genveM Py = 1 atm. CTeHKH cocyna MOTYT BbIAEpXKaTh JaBJjeHue 1o P =
= 10arm. Kakoe makcumasibHOe KOJIMYECTBO Temsa () MOXHO COOOIIUTDH
rasy?

116. Bosnyx, Haxonsuuics B TpyOKe «BO3AYLIHOTO OTHHMBA» TPHU TEM-
neparype t; = 17°C, nonBepraercsi anuabaTHOMY CXKATHIO OT JAaBJEHHs
P; = lat™ no nasaennss Py = 10arm. Haiiti Temnepatypy Bosayxa mocJe
cxkartus, ecau ortHowenue v = Cp/Cy nast Bosgyxa paHo 1,4. CuutaTh
MPUMEHUMBIM ypaBHeHHe anuHabaThl. «Bo3myliHbIM OTHHBOM» Ha3blBaeT-
Csl 3aKPBITHIH C OMHOTO KOHIA HMJIMHADP C TOJNCTHIMH anrabGaTHUeCKHMH
CTEHKaMH, BHYTPb KOTOPOrO MOXHO OBICTPO BIBHTaTh MOPLIEHb M TAKHUM
MyTeM BOCIJIAMEHSITh Mapbl 3(upa, MoaMeliaHHbie K Bo3ayxy. (Bmecro
3(pupa MOXKHO B3SITb KyCOUeK NMHPOKCHJHHOBOH BaTbl, MOJOMXKEHHBIH HA THO
LUUJIHHAPA UK PUKPEIJIEHHBIH K MOPLIHIO. )

117. O6bem Bo3ayxa, Haxonsillerocss B TpyOKe «BO3AYLIHOIO OTHHUBA»,
yMenbiraetcss B 10 pas. Haiitu TemmepaTypy Bo3myxa mocje yMeHblile-
HUSI ero oObeMa, ecjJM HadajbHasi TeMmIepatypa Bo3ayxa Obia 17 °C.
(Cwm. mpenblayiyto 3amaqy.)

118. Haiitu aguabatuyecKuil MOAYJb OObEMHOTO CXKATHSI MIeabHOr0
raza K, = —V(OP/OV ), ¥ CPaBHHTb €ro ¢ H30TEPMHUYECKHM MOLYJIEM
o6bemHoro cxarus Ky = —V(OP/OV)p. (Cum. 3agauy 39.)

119. Yemy paBHo otHouwenue 7y = Cp/Cy nisi aproHa, ecid mpw
HarpeBaHuu | kr aproHa Ha 2°C mpu MOCTOSIHHOM JaBJjieHHH 760 MM pT. CT.
tpebyetest 250 Kan, a npu oxJaaxaeHuu ero ot 100 go 0°C npu naBjeHUH
10 at™ B moctosiHHOM 0ObeMe 1 Bbigessercs 500 kaJ?

120. [ast aprona otHoienue v = Cp/Cy = 1,68. Onpenenuts gaB-
JeHue Py, mosyuuBiieecs mocje agudadaTHUeCKOro pacIIHpeHHsT HTOTO rasa
oT obbema Vi = 1o no obbema Vo = 2.1, ecsam HavajJbHOe faBjeHue P =
= larm.

121. [lnst onpepenenusi v = Cp/Cy WHOTAA NPUMEHSIETCS CJIELY IOIHH
meton. OmnpenesieHHOe KOJHYECTBO Tas3a, HauajbHasi TeMmIepaTypa, 00beMm
U JIaBJieHHe KOTOPOIO COOTBETCTBEHHO paBHbl ty, Vo W Py, HarpeBaercs
MJIATHHOBOH MPOBOJIOKOH, Yepe3 KOTOPYH MPOXOAMUT 3JEKTPHUECKHE TOK
B TeueHHe ONpeleseHHOTO BpeMeHH: OAHMH pa3 MpH MOCTOSIHHOM 00beMe,
TIPUUEM a3 JOCTHUTaeT TeMIepaTyphl t| U aasjeHus Py (o6bem Vj), apyroi
pa3 TpH TMOCTOSIHHOM J[aBJEHHH, MPHYEM TeMlepaTypa CTAHOBHTCS paB-
HOM t9, a oObeM V) (naBjenue Pp). [lokasartb, 4To

_ (A -P)%
Vi =Vo)Ry'

122. Nlns onpenesenuss Cp/Cy mertopom Knemana—[lesopma (puc. 7)
B cocyn A depe3 KpaH B HarHertawrT ras, 4ToObl JaBjeHHe B HeM P Oblio
HECKOJIbKO BbIlle aTMoc(depHoro. 3ateM OblcTpo OTKpbiBaloT KpaH C. Ilpu
3TOM ras pacluupsieTcsi aguabaTudeckd A0 aTtMocepHoro aasieHus F.
Uepes HekoTOpoe BpeMs, KOrAa ra3 B COCylde NPUMET CHOBA TeMIIepaTypy
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KOMHATLbI, OaBJIEHHE €ro CTaHeT PQ. Ha ocHoBanuu 3Tux NAHHBIX HaHTH

Boipaxkenue st v = Cp/Cly .
B
'z

Puc. 7

123. [lns onpenesieHust OTHOLIEHHUS] YIEJbHBIX TEMJIOEMKOCTEH Cp U Cy
rasa uaMepusu nepuon 1) Masbix KojedaHuit pryTu B U-006pasHoit cTek-
JSTHHOH TpyOKe C HesamasiHHbIMH KoHIamu. [locse atoro Ha obe BeTBH
TPYOKH OblM HacaKeHbl OOJbIINE OJWHAKOBBIE TMOJIble CTEKJSTHHbIE IIaphl
C HCCJeIyeMbIM Ta30M, BCJEACTBHE UYEro MepHoi KoseGaHWH H3MeHHJCS
U ctan paBHbiM To. CunTasi Mpolece CKATHS W pa3pekeHHs rasa B Liapax
anuabaTHYeCKHUM, BBIBECTH (QOPMYy AJst ¥ = cp/c,. O6beM KaXKIOTo 1apa
paBen V [cM?], naBieHMe rasa B HHX B COCTOSHHM NOKos h [cM pT. cT.],
a TJIoMmaAb MomnepeuHoro cedenusi TpyokH S [cm?]. O6beMOM He3anomHeH-
HOM YacTH TPyOKH MOXKHO MpeHeOpeub MO CPaBHEHHIO ¢ o6beMoM Miapa V.

124. Jlns mojydyeHHsi ra3oB MPH CBEPXBBICOKMX TeMMEpaTypax H [aB-
JIEHHSIX HHOT[A MPHUMEHSIeTCs YCTaHOBKa, COCTOsIIIAsi W3 3aKPHITOrO C Ofi-
HOTO KOHIIA [MJHHAPA-CTBOJA M MOPIIHS-MY/IH, BJAETAUEH B IHJIHHAP
¢ OTKpbITOH cTopoHbl. [Ipu xopoiel 06paboTKe CTBOJA M MyJaH yAaeTcs
NOOHUTbCSA MaJIoOH yTeuKH rasa depes 3a3op. busaromapsi oueHb BBICOKHM
TeMIepaTypaM CHJIbHO CXKaTble ra3bl B 3THX YCJIOBHUSX ellle MOXKHO CUHTATb
uneanbHbiMiH. OUEHHTb BepXHUH mpenen Temmnepatypbl 1), maBjenuss P
¥ TJIOTHOCTH p aproHa, MOABEPTHYTOr0 CXKATHIO B TAKOH YCTAHOBKE, €CJH
nyns maccsl m = 100 BjieraeT B cTBOJ, UMetIHi 06beM V = 200 eM®, ¢
HavaJbHOH cKopocTbio v = 250 m/c. HauanbHble TemnepaTypa W naBjeHHe
cootBeTcTBeHHO paBHbl Ty = 300K u Py = 1 atwm.

125. Jlns usMepeHUs TeNJOEMKOCTH rasa HcCjeflyeMblid HarpeTblii ras
3aCTaBJ/SAIOT MPOTEKATh uepe3 CMHPaJbHYI MeTaHuecKylo TPyOKy (3me-
eBHK), OMYILIEHHYI0 B BOAY Kasopumerpa. Ha omHOM KOHIle 3MeeBHKa
MOAAEPKHUBAIOT MOCTOSIHHBIME naBsaeHue P u temnepatypy 17. Ha Bbixone
3MeeBUKa MOAIEPXKUBAIOT HaBjeHue P u HaMepsiioT Temmepatypy rasa Ty.
[To MoOBHILIEHHIO TeMIMepaTypbl BOAbl B KaJOPHMETPE MOXKHO OMPEAeSHTb
KOJIMYECTBO TelJia, OTHAHHOe ra3oM. Pa3je/inB MoJyueHHYI0 BEJHYHHY Ha
MOHHKEHHE TeMIepaTypbl M Ha UYHCJO MOJiel TMpOoLIeAllero rasa, Haiaem
€ro MOJISIPHYIO TelJ0eMKoCTh. Kakasi TemaoeMKOCTb H3MepsieTcsi TaKHM
METOLOM?

126. B pnuHHON BepTHKAJNbHOH LHIHHAPUUECKOH TPyOKe, 3aKPHITOH C
HU2KHETro KOHIIA, MOXKET XOOUTb 0e3 TpeHHs MoplieHb, Macca M KOTOpOro
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BEJMKa 10 CPaBHEHHWIO C MAacCOHM rasa, 3aKJ/JIOYeHHOrO BHYTPH TPYOKH.
B mnosioxkeHUH paBHOBECHs PACCTOSIHHE MEXKAY TOPLIHEM W IHOM TPYOKH
paBHO ly. OnpenesuTh NepUOA MaJsbiX KoJeOaHHH, KOTOpPble BOSHUKHYT MpPH
OTKJIOHEHUH MOPLIHSA W3 IOJIOXKEHHs PABHOBECHs, B NPEAINOJOXKEHHH, 4TO
OHU SBJSIOTCS H30TEPMHUYECKMMH, a ra3 uieanpHbM. [lnomane nomnepeu-
HOTO cedyeHHs] TPYOKH paBHA S, HOpMaJbHOe aTMoc(epHoe AaBjeHHe Fp.
PaccMorpetb mpefesibHBIN caydait, korna Py = 0.

127. Pewnth npenblayllylo 3amady B IMPEANOJIOXKEHHH, 4TO Koseba-
HHA — anvabatudeckue. DymeT JM CKas3blBaTbCsl HA pes3y/bTaTe 3aBHCH-
MOCTb TIOKa3areJs anvabatsl vy AJs ra3a OT TEMIepaTyphbl?

128. [lBa GansnoHa c o6bemamu V| u Vo, HamoJiHeHHble pPa3HbIMU
raszaMH, COeIHMHEHBbl LHJIHHAPHYIECKOH TPyOOH C MJIOLIAAbI0 MONEPEYHOro
ceueHusi, paBHoi S. B Tpyb6e HaxomuTcs mopiieHb maccesl M. B nosoxe-
HHH PaBHOBECHsl AaBJieHHe Ta3oB [0 00eHM CTOPOHAM MOPLIHS OLUHAKOBO
u paBHo Fp. Haiitu mepuon 7 ManblXx KoseGaHHMH, KOTOpble BO3HHKHYT
PH OTKJIOHEHHH MOPIIHS W3 IIOJIOKEHHS DPABHOBECHUS] B MPENINOJOXKEHHH,
4TO ITIPOLleCC CXKATHS M pacliMpeHHs rasoB anuabdarthdeckui. [Tokasatesu
afuabat [/ ra3oB paBHbl COOTBETCTBEHHO Y| U Yo. O6beMoM TpyOHl 1O
cpaBHeHHI0 ¢ oO6bemaMu V| u V, npeHeGpeub, TpeHHE MeXAy MOPILIHEM
U CTeHKaMH TPyObl HE YUHTBIBATb.

129. VneanbHblll Ta3 HaXOAWTCS B 3JaCTHYHOH anuabaThdecKod 060-
JIOUKe NOJ AaBJjeHueM Pj, nmes temnepatypy 1. OnpeznenuTtb Temneparypy
raza Ty, KOTOpas yCTaHOBUTCS IOCJE TOrO, KaK BHeIIHee [aBJeHHE Ha
ra3 CKaukoOOpa3HO H3MEHHUTCS A0 BeJuuHHbl FPy. CpaBHHTb H3MeHeHHe
TeMIIepaTypbl B 3TOM Mpolecce ¢ H3MEHEHHEM ee, KOTOPOe MOJYy4HJIOCh Obl,
ecau Obl anuabaTHYECKUH Mpollece NMPOXOAUS KBa3HCTAaTHYECKH.

130. Boipasuth nokasaresb aguadaThl Y CMECH HECKOJIbKHX HJeabHbIX
ra3oB uepes NnoxkasaTesu aguabdar i, e, ... U NaplLHajbHble NaBjeHUs P,
Py, ... 3TUX rasos.

Ykazanue. Bocriosnb3oBaTbesl BblpaXkeHUeM [JIs1 BHYTPEHHEH 3Hepruu
upeanbHoro raza U = PV/(y — 1).

131. [IByxcTymeHuaThli KoMIpeccop andabaTHUYeCKW M KBa3UCTaTH-
YECKH CXKHMaeT HEKOTOpPOe KOJHUYECTBO HIeasbHOTO Tasa, TelNJOeMKOCTH
koroporo Cp u Cy He 3aBHUCAT OT TeMnepaTypbl. CHauasa ras CKUMaeTcs
OT naBJeHHs Py 10 MpoMexyTOYHOro naBieHHs Pj. 3aTeM cxKaTblii ra3 mpu
MOCTOSIHHOM JaBJeHHH P| oxsaxpaeTcs A0 HavyasbHOH Temmepatypbl 1.
Haxonen, ras cxxumaeTcsi 10 OKOHUaTeJbHOro nAaBjeHuss Po. Ilpu kakom
3HAYeHUM TMPOMEXYTOYHOTrO MHaBJeHus P; mosHas paboTa Kommpeccopa
MHHMMaJIbHA U yeMy oHa paBHa? [laBjeHuss Py u Pj, a TakKe HadasbHbIH
o6beM rasa V| cuuratorcs 3agaHHbIMH. Kak cBsizaaHa MUHHMaJsbHas pabora
Ay ¢ paboToii A, KOTOPYIO Hamo OblIO Gbl 3aTPATHTh Ha CXKaTHe rasa [0
TOTO JKe JaBjeHUs P, mpuMeHsis OfHOCTyINeHdYaThli Kommpeccop? Haiitu
3Ty CBSI3b AJIS TeJIMs W BO3ayxa, ecau Py = larm, P» = 200 aTMm.

132. JIByxcTymeHUaThlii KOMIpeccop anHabaTHUYeCKW M KBa3UCTATH-
YeCKH CXXHMaeT HEeKOTOpOe KOJMYECTBO HIEasNbHOTO Iasa, TelJOeMKOCTH
koroporo Cp u Cy He 3aBHUCAT OT TeMnepaTypbl. CHauasa ras CKUMaeTcs
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oT o6beMa Vj no mpomexyTodHoro oobema Vi. 3aTeM cxKaThlii ra3 mpu mo-
CTOSIHHOM 00beMe V| oxJsaxknaercsl 10 HauaabHOH Temnepatypsl 1p. [Tocae
3TOro ras cxkumaercst 10 oobema Vo. Ilpu KakoM 3HaYeHHU NPOMEXKYTOYHO-
ro oobeMa V| mosiHasi paboTa KoMIpeccopa MHHHMaJ/bHA H Y€MY OHa paBHa?
O6bembl Vy u Vo, a TakKe HavaJbHOe JaBjeHHe Py CUMTAIOTCS 3aJaHHBIMH.
Kak cBsizaHa MuHHMMasbHasi pa6ota Ay, ¢ padotoit Aj, KoTopyl Hano
6b1J10 OBl 3aTPATHTh, YTOOBI TPOU3BECTH TAKOE XKe CXKATHE rasa C MOMOLILbIO
OIHOCTYIEeHYaToro Kommpeccopa? Ha#TH 3Ty cBsi3b [/ aproHa W asora,
ecau Vy/Vy = 50.

133. 3emnas aTmMocdepa HarpeBaeTcss B OCHOBHOM OT KOHTAKTa C 3€M-
HOM TOBEPXHOCTBIO, MOTJIOLIAIOIIEH SHEPTHIO COJHEUHOro H3JaydeHus. Eciu
TeMIlepaTypa BO3[yXa HOCTATOYHO OBICTPO yObIBAeT C BLICOTOH, TO Harpe-
Tble Macchl BO3AyXa OyoyT MOAHHMATbCS BBepX, afiHabaTHUYeCcKH paclInpsi-
SChb M OXJIAXKAAsICh TPH 3TOM. DTO TMPHUBOAHUT K KOHBEKIIHH U CBSI3aHHOMY C
Hell HapyLIeHHI0 MeXaHHYeCKOH YCTOMYMBOCTH aTMocdepsl. KakoBo momx-
HO ObITb MaKCHMaJsbHOe 3HauYeHHe TeMIIepaTypHOro rpajueHTa aTMmocgep-
HOTO BO3AyXa, YTOOBl OH MOT HAaXOOUTbCS B YCTOHUHMBOM MEXaHHUECKOM
paBHOBecHH? BiiMsiHHe BJIa)KHOCTH BO3AyXa HE YUHTbIBaTh. AGCOJIOTHYIO
TeMIIepaTypy BO3AyXa Yy 3eMHOH MOBEPXHOCTH MPHUHSATH paBHOH 1T = 273 K.

134. Haiity 3aKoH M3MeHeHUs NaBJeHHs BO3AyXa C BHICOTOH B MPEAIO-
JIOXKEHHH, UTO TeMIepaTypa BO3AyXa PaBHOMEPHO TMOHHXKAETCS C BBICOTOH,
TaK 4TO TeMIIePAaTypPHBIH I'PAfMEHT MOCTOSIHEH U paBeH —a. HaliTH Takxke
JaBJeHHe BO3AyXa KakK (yHKUHUIO Temnepatypsl. [Tomyuuts oTciona gopmy-
JIbl /ISl TIPEIeJIbHOTO CJydasi H30TepMudeckoit atmocdepsl (a = 0).

135. KakoBa 6bilia 66l BbICOTAa 3eMHOM aTMOc(epbl, ecjau Obl TeMIepa-
TYPHBIH I'pafiHeHT ee OblJ MOCTOSIHEH W paBeH —a? BbIYMC/AUTD 3TY BBICOTY
IJ151 9acTHOrO caydasi afdabaTH4eCKOro paccioeHHst aTMocdepsl, Npeirno-
Jlarast, YTo TeMIepaTtypa Bo3ayxa y 3eMHo# noBepxHoctu Ty = 273 K.

136. HMcxonss u3 mepBoro Havasa TepMOOMHAMHKH, HAaHTH Pa3HOCThb
temyoemkocted Cp — Cy past mo6oro (pU3UYeCKH OIHOPOLHOTO M M30-
TPOMHOTO BellecTBa. [Ipeanosaraercsi, 4To U3BECTHO YPAaBHEHHE COCTOSHHS
f(P,V,T) =0, a TakKe 3aBUCHMOCTb BHyTPEHHEH SHEPTHHU Tesa OT TeMIle-
patypel u oovema: U = U(T, V). (Cm. Takxke 3amaun 146, 147, 182, 231.)

137. lokasatb, 4yTo aguabatuyeckasi ¥ U30TepMHUECKAsl CKHUMAeMOCTH
(bHU3HUYECKH OJHOPOIHOIO H U30TPOIHOI'O BEIIeCTBA CBSI3aHBl COOTHOLIEHHEM

1 (8V) L1 jov

VNP yV (a_P)T‘
rae v = Cp/Cy. Ilokasatb, 4TO 9TO COOTHOLIEHHE SIBJSETCS CJEACTBHEM
TOJIBKO NEPBOTrO Hayasla TePMOAHHAMUKH M (DYHKIMOHAJBbHOH 3aBUCHMOCTH
mexay P, V u T (ypaBHeHHs] COCTOSIHHUS).

138. IlpuHumasi, 4TO mpolecc pacnpoCTpaHeHHs 3BYKa B BO3JyXe
usoTepMudeckui, HbioTOH mosydna caenymouyio (GopMyay AJs CKOPOCTH
3ByKa:

v=1P/p,
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rie P — naBjeHue, p — MJIOTHOCTb BO3AyXa. DTa (opMyJia JaBaja CJHLI-
KOM MaJjble 3HaueHWs Ajs v. Jlamaac MpUHSJI, 9TO NpOIEcc pacrnpocTpa-
HeHHUsl 3ByKa B BO3/yXe aqudabaTHUeCKHWH, W MOJYYHJ COIJACYIoUlylocs ¢

onbITOM (hopmyaty
v=+/vP/p,

rie 7 = Cp/Cy. OObSACHUTL KaueCTBEHHO, MOYEMY CKOPOCTh 3ByKa IO
dopmyJse Jlannaca Gosbiue, yeM no (opmyne HoioToHa. B mMectax cxartus
BO3IYyX HarpeBaeTcsi, BCJEICTBHE HYero ero YIPYyrocTb MO CPaBHEHHIO ¢
YNPYTOCTBIO IIPH TAKOM 2K€ U30T€PMHUUECKOM C2XKATHH yBeJHuHBaeTcs. B Me-
CTax Ke paspexkeHHus BO3AYX OXJAXKAAETCs, a €r0 YIPYroCTb COOTBETCTBEH-
HO yMeHbluaetcsi. Kasanock Obl, UTO BAMSHHE HATPEBAHHS B MECTAX CXKATHS
JOJPKHO KOMIIEHCHPOBATbCsl BAHSHHUEM OXJAaXKIEHHS B MECTaX paspekeHus,
U CKOPOCTH 3ByKa IpPH H30TEPMUYECKOM H afHabaTHYeCKOM Mpoleccax
JOJI2KHBI ObITE OIMHAKOBBIMH.

139. [lokasaTb, 4TO CKOPOCTb 3BYKa B H€aJbHOM ra3e ecTb (hyHKIHS
OHOH TOJIbKO TeMIMEepPATypbl.

140. Haiiti npou3BOAHYIO CKOPOCTH 3ByKa v B HI€ajbHOM rase Mo
temneparype 1.

141. Haiitu yBesudyeHHe CKOPOCTH 3ByKa B BO3AyXe INPH HarpeBaHHH
nocsegnero ot 0 go 1°C.

142. Ckopoctb 3ByKa B Boznyxe npu 0°C cocraBasier 332 m/c. Onpe-
JeIUTb CKOPOCTb 3BYKa B BOAOPOJE MPH TOH Ke Temnepatype. OTHOCHTENb-
HYI0 MOJIEKYJ/ISIPHYIO Maccy BO3AyXa MpUHsTb paBHoi M = 28, 8.

143. 3Hasi CKOPOCTh 3ByKa B BOOpoae (CM. MPEABIAYILYH 3amady),
BBIYHUCJUTb CKOPOCTb 3ByKa B resind npu 0°C.

Ykaszanue. [IpuHsiTb BO BHUMAaHHe, UTO BOLOPOA — JOBYXaTOMHbIH
ras, a reJUd — OJHOATOMHBIH.

144. Onpenenuts v = Cp/Cy, ecau CKOPOCTb 3ByKa B BO3AYXe MPH
temnepatype 0°C u HopmaJsbHOM faBjeHHH P = 76cM pT. CT. paBHa v =
= 332 m/c u miotHoCTh Bosayxa p = 0,001292 r/cm?.

145. Haiitu oTHoLIeHHe CKOpPOCTel pacnpocTpaHeHHsi 3ByKa B BOMO-
pole v U B YIJIEKHCJOTe v| NMPH paBHBIX TeMmnepartypax. [lis Bomopona
v=Cp/Cy = 1,4, nas yraekucqaorsl v, = Cp/Cy = 1,3. IliorHoctu
Bozopona p = 0,0000899r/cm?, yriekucaotsl p; = 0,001977 r/cm® (mpu
HOPMAaJIbHBIX YCJIOBHSIX).

146. [lokasatb, 4TO [Jis JMHO6G0r0 (PHU3HUECKH OJHOPOLHOTO Tesa HUMeeT
MECTO COOTHOLIEHHe

2 o8l Vo8l
oot (5, (98), (%), (28), =1
OPOV oP Jv \oV/p oV Jp \OP)v

ITO COOTHOILIEHHE CMPABENJUBO [JIsi BCSIKOH SMIHPHUYECKH OMpeAeJeHHOM
TemnepaTypel T W B TPUHIIMUIE MOMXKET CJYXKHUTb [AJsi MMPOBEPKH MEPBOrO
HayaJjia TePMOJHHAMHUKH.

147. I'a3 nonuuHsieTcst ypaBHeHHUIO cocTosiHus Knaneiipona PV = RT.
Haiitu nna Hero pasHocth TemsoeMkoctedt Cp — Cyy, HCIOJb3YsT TOJBKO
MepBoe Havyaso TepMOAHHAMHKH.
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148. Haiitu KoHeuyHyl0 Temnepatypy 1» ¥ BepXHHUH Npefes CKOPOCTH v
CTAllMOHAPHOTO MOTOKA yriiekucoro raza COq, BHITEKAIIIETO Yepe3 COMII0
B aTMoc(epy U3 OanjoHa, rae oH uMes Temneparypy 17 = 300K u Haxo-
nujcs nop nasieHueM P; = 10arM, eciud naBjieHHe HApy»KHOTO BO3AyXa
Py = larm. Tlokasarens aguabatsl mas COg paBen v = 1,30, ynenbHas
temoeMkocTb cp = 0,202 kaa/(r - °C).

Ykaszanue. [Ipumenurs ypaBHenue bepnyiiu.

149. Bosnyx, cxatblii B GosiblioM 6asjioHe NMpu Temmeparype 17 =
= 273 K, BbiTekaeT B atMocdepy no TpyOKe, B KOHIlE KOTOPOH OH MPHOO-
peraet ckopoctbh v = 400 m/c. HaiiTu Temneparypy BbITEKAIOIIEr0 BO3AyXa
T, B KoHlle TPyOKH, a Takke AaBjeHve P, Bosnyxa B Gansone. [Ipouecc
UCTEUEHHs ra3a CYUTaThb afiHabaTHUECKUM.

150. OnpenesuTb MaKCHUMaJbHYIO CKOPOCTb, KOTOPOH MOXET JOCTHI-
HYTb ra3 Mpu afgHabaTUyeckoM HCTeYeHHH M3 0asjioHa, ecau abCcofoTHAs
TeMIepartypa rasa B 6ajsoHe paBHa 1.

151. Haiitu xoHeuHyio Temnepatypy 1h W BepXHHUH Mpefies CKOPOCTH
U CTALlHOHAPHOTO MOTOKA IMEeperpeToro napa, BBITEKAIOLIEro 4epe3 COIMJIo
B aTMocdepy M3 Kamepbl, rae oH umen temnepatypy 1) = 600K u Ha-
XONMJICS TOA HaBjeHueM P; = 5arM, ec/d [aBJjieHHe HApyKHOTO BO3AyXa
paBHO % = | atm. [leperperblii map cuuTaTh HAEAJbHBIM Fa30M C MOJSIPHOH
TernoeMkocthio Cp = 4R.

152. JlomycTuM, 4TO TeMmepaTypa ropeHHst XHMHUUECKOTr0 roplovyero s
pakeTHbix apurareseit T = 3000 K, cpennsisi oTHOcHTe IbHASI MOJIEKYISIpHAS
Macca NpoAyKToB ropenus p = 30 U 9TO HCTeyeHHe MPOLYKTOB TOPEHHS
MPOUCXOIUT B BakKyyMm anuabatudeckd. HalTH, BO CKONbKO pa3 cTtapToBas
Macca OQHOCTyNeH4YaTo# pakeTbl My [NOJKHA MPEBLILIATH €€ KOHEYHYIO
maccy M, 4yToObl pakeTa MoOr/a AOCTHYb MEPBOH KOCMHMYECKOH CKOPOCTH
v = 8KM/c. MOJSIPHYIO TeNJI0eMKOCTb NMPOAYKTOB OPEHHs] OPHUEHTHPOBOY-
HO TpuHATb paBHOH Cp = 8kaja/(monb-°C). [lpy BHIYUCIEHHH CKOPOCTH
PaKeThl CHJIYy TS2KECTH W TPEHHE O BO3AYX HE YUHUTHIBATb.

153. Teso (Hampumep, KOCMHUECKHH KOpaOJib) ABHUXKETCS B HIea]bHOM
rase co CKOpocThbio v. B Kakoil Touke Tesa TemnepaTypa rasa OyieT MaKkCH-
ManbHOH? OnpenenuTb 3Ty TEMIEPATYpy, €CIH TeMIepaTypa OKPYKaroLIero
rasa pasHa 7T

154. Mosb HpealbHOro rasa ¢ MOCTOSHHOM TemsmoeMKocTbio Cy 3a-
KJIOYeH B LMJHHAD ¢ afiHabaTHYeCKHMMH CTEHKaMH W MOpIUHEM, KOTOPbIH
MOXKET TepeMellaThcsl B UUAHHAPe Oe3 TpeHHs. [lopiieHb HaXOMUTCS MOA
MOCTOSIHHBIM BHEIUIHUM JaBjeHHeM Pj. B HeKoTOpelii MOMEHT BpeMeHH
BHeLlIHee JaBJieHHe CKAuKOOOpPA3HO YMEHbLIAIT WJH YBEJIHYHBAIOT A0 P;.
(DTOro MOXKHO JOCTHUTHYTb, CHHMAsl YacTb I'Py3a C MOPLIHS HJIH N00aBJsis
HOBHIH Tpy3.) B pesynbraTe ras agnabaTHYeCKU H3MEHSIET CBOH OOBEM.
BbluncauTh TemIepatypy M 00beM rasa IocjJe TOro, Kak YCTaHOBHTCS
TepMOAHHAMHUECKOe PaBHOBECHE.

155. B mpenbigyiieil 3agade, mocje TOrO Kak YCTAHOBHUJIOCH COCTOS-
HHe paBHOBECHs, NaBJeHHe rasa CHOBA MEHSIOT CKauKooOpasHO 10 mep-
BOHAYa/IbHOrO 3Ha4eHUs Pj. Beluuc/anTbh oKOHYaTesbHYIO Temmepatypy 13
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U OKOHYAaTesbHBIH oObeM rasa V3, Korga OH OMNSIThb MPUIET B COCTOSIHHE
TepMOAMHAMHUYeCKoro paBHoBecHsi. [lokasaTb, uTO B pe3yJbTaTe OGOHX
anuabaTHYeCKHX INIPOLECCOB TeMIlepaTypa M o0beM rasa BCerjga BO3pacTa-
1oT. PaccMoTpeTh crenuanbHO ciydai, KOrna W3MeHeHHe AaBjeHus Po —
— P, mMand. Ompenenuts [Js 3TOrO caydasi MOPsSIOK MaJoCTH H3MeHeHHUH
temnepatrypsl 13 — 11 u obvema V3 — V.

156. a3 HaxomuTCsl B UMJHHApE C MOPLIHEM, HArPy>KEeHHBIM TECKOM.
CTeHKM UMJIHHAPA W NoplleHb — anuabaTtHueckue. CHUMasi MECUUHKY 3a
MeCYMHKOH, MPOHU3BOAAT aguabaTHyecKoe paclIMpeHHe rasa. 3aTeM ras
anuMabaTHYeCKH CXKUMAIOT, KJafs OOpaTHO HAa MOpILUEHb MOCJEN0BATENbHO
no opHo# mecuuHke. [lonb3ysich pe3ysbTaTaMH pelleHHs NpenblAylel 3a-
144, MOKas3aTb, YTO B MpPefebHOM C/yuyae, KOrga Macca MecYnHKH Hcue-
3aiolle Maja, a MX 4HCJI0 GeCKOHEUHO BEeJHMKO, ra3 B 00pPaTHOM Mpolecce
MpOHAET Yepes Ty Ke MOC/e[0BATEbHOCTh PABHOBECHBIX COCTOSIHHE, UTO H
B MPSIMOM Ipoliecce.

§4. Bropoe HayaJo TepMOAMHAMUKH

157. TlpuBecTdt mpuMep TMpoliecca, MPH KOTOPOM BCsl TEIJOTa, 3aMM-
CTBOBaHHAsl U3 TEMJOBOTO pe3epByapa, MpeBpailaetcs B paborTy.

158. Ilokasarb HenmocpenctBeHHbIM pacuetoM, uto KITJ nukna KapHho,
MPOBEIEHHOrO C ra30M, TEPMHUYECKH HA€a/bHbIM, HO KaJOPHUYECKH He Hje-
AJIbHBIM, OHpeL[eJIHeTCH Bblpa}KeHI/IeM

_61-6

=5

rae O 1 ©9 — abCOMIOTHBIE TEMIepaTypbl HarpeBaTessl M XOJOLHJIbHHKA
10 LIKaJle Ta30BOr0 TEPMOMETPA, HATIOJHEHHOTO PacCMaTpPHBAEMbIM Heallb-
HbIM razoM. [lokasatb, 4To ecsau TemmepaTypy © B TPOHHOH TOYKe BOMbI
npuHATb paBHO# 273,16 °C, To TemmepaTypHasi IlIKaja 3TOrO TepMOMETpa
OyneT coBmagaTh ¢ abCOMIOTHOH TepMOAMHAMHUYECKOH IKanol KesabBHHA.

[Ipumeuvanune. a3 HasbiBaeTcs TepMHUUECKH HAEAJbHBIM, €C/JIH OH
nonuuHsieTcs: ypaBHeHuto Koanelipona. Tepmudecku uieasbHbIH ras Hasbl-
BaeTCsl KaJIOpUYeCKH He HIeasbHBIM, €CJH ero TeNJOeMKOCTb He 3aBHCHT
oT 00beMa, HO 3aBUCHUT OT TEMIEPaTyphl.

159. Kakum nyrtem Teoperuueckd sddextrBHee moBbicuTb KIIJ ma-
wuHbl KapHo: yBenuuuBas Temmepartypy HarpeBatess 17 Ha AT mpu
(PMKCUPOBAHHOM 3HAYEHHH TEeMIIEepaTypbl XOJOAUJbHHUKA 1o WM TOHHKAA
TeMIlepaTypy XoJonu/bHUKa Th Ha Takylo ke BeanduHy AT npu (ukrcupo-
BAaHHOM 3HaUYeHWH TeMIepaTypbl Harpesatess 177

160. Tensosast mamuHa Kapho, umeiomas KITI n = 40 %, nauunaer
UCIIO/Ib30BATbCS MPH TeX 2Ke TENJIOBbIX pe3epByapax Kak XOJONHJbHAs Ma-
wrHa. CKOMBKO Temsa (Jo 3Ta MallWHAa MOXET NePeBeCTH OT XOJIOAHIbHUKA
K HarpeBaTeJl0 32 OOWH LHKJ, €CJIH K HeH 32 KaXKIblH LUK/ MOLBOAUTCS
pabora A = 10k Jx?

Ui
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161. OmyH MOJb OIHOATOMHOTO HJeasbHOro rasa (v = °4) coBepiuaer
B TEMJNOBOM MalvHe [HKJA KapHO MeX1Iy TemJoBbIMH pe3epByapamu ¢
temneparypamu t|; = 127 °C u tg = 27 °C. HaumMeHblIHi 06beM rasa B Xofe
nukaa Vi = 5, nauboabummii — Vo = 20 1. Kakyio pab6oty A cosepiiaer
3Ta MallidHa 3a ofuH UUKJ? CKOMbKO Termsa () GepeT OHA OT BBICOKOTEM-
MepaTypHOro pe3epByapa 3a OfMH UMKJP? CKOJMBKO Temna (Yo MOCTyNaeT 3a
LUK/ B HU3KOTEMIIEpaTypHBIH pe3epByap?

162. TensoBasi mawuHa KapHo ucnosib3yercsi B KauecTBE XOJOIHJIb-
HOU MallWHBI [J1s TOAAePKAHHS TEMIEPAaTypbl HEKOTOPOTO Pe3epByapa MpH
temneparype to = —3 °C. Temnepatypa okpyxKatoiero Bozayxa t; = 27 °C.
Kakast mexanuueckasi pabota TpeOGyeTcsl [Jisi BBIMOJHEHHS OTHOTO IHKJA
MalllMHbI, €CJIH MPH 3TOM OT 000JI0UKH pe3epByapa oTBoguTcs Qo = 900 kau
TemnJa?

163. Haiitu KITJ[ uukaa, coctosiiiero U3 AByX U30TePM U ABYX H300ap,
npenrnosaras, 4To pabouuM BeleCTBOM SIBJSIETCS HIeasbHbIH ras.

164. Haiitu KIIJl uukmaa, mpoBOIMMOro ¢ HIEAJbHBIM Ta3oM H CO-
CTOSIILIETO W3 [BYX HM30TepM C Temmepatypamu 1| u Ty ¥ ABYX H30X0p C
oovemamu Vi u Vo (17 > Ty, Vi > V3).

165. Ha puc. 8 uszobpaxena puarpamma o6paTHMOrO IHUKJA, BBIMNOJ-
HSIEMOTO MOJIEM H[IeaJbHOrO rasa B HEKOTOPOH TernsioBod MariiuHe. Haiitu:
paboTbl A;k, BEITIONHSIEMblE MALIMHON HA KaXKJIOM 3Tare LHKJA; KOJHYeCTBa
Temsa ik, MoJydaeMble ra3oM Ha Kaxkjaom 3tane W KIIJ[ uuknaa, Bblpasus
ero kak QyHkuuio remnepatryp 11, Ty, T3. [lpouece 31 — aguabaTuueckui.

P P

\ AN

V Vv

Puc. 8 Puc. 9

166. Ha puc. 9 usoOpakeHa auarpamMma oOpaTHUMOTO IIHMKJA, BBINOJ-
HSIEMOTO MOJIEM HI€aJIbHOrO rasa B HEKOTOPOH TemsoBoH MaluiuHe. Haftu
pa6oThl A, BBIMONHSIEMblE MAIIWHOH, M KOJMYecTBa Temia (i, mojyda-
emMble rasoM Ha kKaxaom srtane uuksaa. Haitu KIIJ| umkna, Beipasus ero
B (yukuuu 11 u Ty. Ilpouecc 3/ — H30TepMHUECKHH.

167. TemsoBas MamuHa ¢ HAeaJbHbBIM Ta3oM B KauecTBe pabouero
BEIlleCTBa COBepLIaeT 0OPAaTHMbIH LHKJ, COCTOSIIIMA M3 H30XOphl 12, anua-
6atel 23 u usorepMmbl 31 (puc. 10). Paccuurath KosuuecTBa TemJja, Io-
JydaeMble pabouMM BelIECTBOM Ha Kaxkaom 3tame uuknaa. Haiitu KILIL
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MAaIIWHBI KaK (QYHKIHMIO MAKCUMAJbHOH T u MUHUManbHOU 1| TeMmeparyp,
JOCTUTAEMBIX I'a30M B 3TOM I[HKJIE.

pP AP
2ND
3
n

/

T )

1 3 2 1
v v
Puc. 10 Puc. 11

168. TemnoBas MamuHa ¢ HAeaJbHbBIM Ta3oM B KadecTBe pabouero
Bell[eCTBA COBepLIAET LMKJ, COCTOSIIIMN M3 U30TepMbl 31 TpH Temmeparty-
pe T, uzobapbl 12 u usoxopnl 23 (puc. 11). Ha#iTh KosmuuecTBa Temsa,
nosiydaeMble pabouyMM BeLECTBOM Ha KaxK[IOM 3Tamne LMKJaa. HalTh Takxe
KIILZ 3Ttoro uuk/aa Kak (pyHKUHIO MakKCUManbHOH 1] W MUHHMaJbHOH T)
TeMmIepatyp pabouero BelecTBa, YYaCTBYIOLETO B LHUKJE.

169. TemnsoBas MamuHa ¢ HAeaJbHbBIM Tra3oM B KadecTBe pabouero
BEIlleCTBA COBEpLIAeT 0OPAaTUMBbIH LMKJ, COCTOSILME U3 u300apel 12, anua-
6atbl 23 u usotepmbl 31 (puc. 12). Haiitu KITJ[ mamubbel Kak QyHKIHIO
MakcuManbHOH T ¥ MUHHMaJbHOU T TeMmmepaTyp pabouero BellecTBa, UC-
MoJIb3yeMOro B 3TOM LiMKJe. HalTH Takxke KosM4yecTBa TelJa, NoJydyaeMble
pabourM BeleCTBOM Ha KaxKJOM 3dTare LHKJA.

P
3

bo
~

V g V

Puc. 12 Puc. 13

170. Haittu KI1[I o6patumMoro LuKJa, 1300paxKeHHOro Ha puc. 13, Kak
(YyHKUMIO MakcUMasibHOM 1] W MHUHHUMaJbHOH Th TeMmmepaTyp BellecTBa
B 3TOM LHKJe. LIUKJ coBeplIaeT MallWHA C MOeaJbHbIM [a30M B KauyecTBe
pabouero Tesa. HaliTh Taxkxke KosudyecTBa Temsa, Mojydaemble pabodHM
BelLeCTBOM Ha Ka)KJOM 3Tare LHKJA.
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171. Ha#itn KIIJ] o6paTrmoil TenyoBOH MAIIKMHBEI C HAEaJbHBIM Ta30M
B KadecTBe pabouero BemecTBa. MamnHa coBepIlaeT LUK/, COCTOSIIUE U3
anuabatel 12, uzobaper 23 u usoxopsl 31 (puc. 14). Beipasuts KI1[1 nukna
4epe3 MakcUMaJsbHYyIO 1| U MUHHMasbHyl0 13 Temmepartypbl padodero Be-

1[eCTBA.
AP

“w

Puc. 14 Puc. 15

172. Haiitu KIT[ o6patumMoro TemaoBoro iukjaa OTTo, COCTOSIIEr0 U3
anuabar 12, 34 v uzoxop 23, 41 (puc. 15), ecniu B KauecTBe pabouero Tesa
Ucrosb3yercs: uaeanbHbidl ras. Boipasuts KITJ umkiaa uepes temmepartypbl
rasa T) u Ty B cocTositHusax [ u 2.

AP

V Vv

Puc. 16 Puc. 17

173. OGpaTuMblii TEPMOAMHAMHUECKHUH LMK/, BBITIONHSEMbIH ¢ MOJEM
U/IeaJIbHOT'O Ta3a B KauecTBe pabodero BelecTBa, COCTOUT M3 ABYX H30Tep-
MHUYECKHX TpoleccoB /2, 34 v AByX MOJUTPONHUYECKHUX mpoueccoB 23, 41
¢ TensoeMKocTbio rasa Cy (puc. 16). Haiitu paGoTel, coBepiiiaemMbie ra3om,
U KOJIMYECTBA IMOJYyYyaeMOro UM Tellja Ha Bcex dTanax uukjaa. Haitu KITI
TEMNJIOBOH MAallKHbI, paboTaLIEed 10 3TOMY LHKJY.

174. Haittu KIIJ uukaa KnanefipoHa, cocTosiliero U3 ABYX H30TEPM
12, 34 w nByx usoxop 23, 41 (puc. 17), ¢ ugeanbHbIM Tra30M B KayecTBe
paboyero BellecTBa.
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175. PaccmoTpeB 6eckoHeYHO MaJibli 1IMKJ KapHo ¥ BOCMO/Ib30BABIINCD
TeopeModl KapHo, n0Ka3aTh, YTO BHYTPEHHSISI HEPTHS U TEIJOEMKOCTb (hH-
3HYECKH OfHOPOLHOTO U H30TPOIHOTO TeJja YIOBJETBOPSIIOT COOTHOLIEHHSIM:

(g—‘[i)T =T (%)v - P (%L‘}/)T - T(%)V (175.1)

C noMmolIbio 3THX COOTHOLIEHHH W ypaBHEHHS COCTOSIHMS MAJISI HAEAJbHBIX
ra3oB JI0Ka3aTb, YTO BHYTPEHHS IHEPrusi M TeMJIOeMKOCTb HIeaJbHOro
rasa 3aBHCSIT TOJbKO OT TeMIepaTypel, HO He OT 00beMa, 3aHHMMaeMOro
NAaHHOM Maccoy rasa.

176. DHranbnued WM TeMOBOH (PYHKIHEH (U3HUECKH OIHOPOILHOTO
¥ H30TPOIHOTO BelIeCTBA Ha3blBaeTCsl (PYHKLHS COCTOSIHHS, ONpelenseMas
BolpaxkeHueM I = U + PV. PaccmoTpeB GeckoHedHO Masibli LHKA Kapho
U IPUMeHHB K HeMy TeopeMy KapHo, mokasaTb, 4To 3HTanbNHs I U TemJo-
eMKocTb C'p YIOBJIETBOPSIIOT COOTHOLIEHHSIM:

(o= ()= (5), oo

177. Mcxons M3 BTOPOro Hayaja TEPMOAMHAMMKH, [10KA3aTb, YTO BHYT-
PEHHSIST SHEPTHsl NaHHOH Macchl MIeasNbHOr0 ra3a He 3aBHCHUT OT ero o0be-
Ma, a siBJsieTcss (pYHKIMeH ToMbKO TeMmepatypsl (3akoH Jlxoyist).

178. Ucxons 13 BTOpOro Hadasa TePMOIMHAMHKH, MOKa3aTb, YTO 3H-
TaJbNUs NAHHOH MacChl MIEaJbHOTO Ta3a He 3aBHCHT OT ero JaBJIeHHs,
a ABJsgeTcs (PYHKIHEH TOJNbKO TeMIIepaTypbl.

179. Haiitn o6wuMi BUI ypaBHEHHUsS] COCTOSIHHSI BEIECTBA, TeMJOeM-
KocTb Cy KOTOPOTO He 3aBHCHUT OT 00beMa, a 3aBUCHUT TOJNBKO OT TeMIepa-
TYpBL.

180. Haiitn o6uwuil BUA ypaBHEHHUsS] COCTOSIHHSI BEIECTBA, TeNJOeM-
KoCTb C'p KOTOPOTO He 3aBHCHT OT [JABJIEHHs], & 3aBUCHT TOJBKO OT TeMIle-
paTypsl.

181. IIpu 25°C o6bem omHOro MoJas Boabl (BcM®) aas gaBieHuii ot 0
1o 1000 atm ompenessieTcsi ypaBHEHHEM

V =a+bP+cP?,

NPUYEM B TOM 2Ke MHTepBaJse AaBJeHHH

ov
(8T > po o7 AT,
rie a = 18,066, b= —7,15-107% ¢=4,6-10"% a=4,5-10"3, g =
= 1,4-107% Onpenenuts pabory A, HEOOXOZMMYIO AJs CXKATHS MOJS
Boabl oT O mo 1000atm npu 25°C, ¥ HalTH NpHpallleHHe ee BHYTpeHHe#H
suepruu AU.

182. UsBecTHO ypaBHEeHHe COCTOSIHUSI (PU3UYECKH OJHOPOIHOTO M H30-
TponHoro BeliecTBa. Haiiti pasHocTs Temmoemkoctelt Cp — Cy [t 3TOr0O
BeLIeCTBA.

Ykasauue. BocnonbsoBatbes dopmymnoi (136.1).
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183. BripasuTh pa3HOCTh yIEJIbHBIX TEMJIOEMKOCTEH Cp — ¢, PU3NIECKH
OIHOPOTHOTO W M30TPOIHOTO BEIIECTBA Uepe3 TeMIepaTypHBIH Koahduuu-

€HT paClIUupeHusa & = VO 8_T P’ I/I3OTepMI/I‘-IECKI/Iﬁ MOAYJib BCECTOPOHHETO

oP
cxkartusg K = -V P U MJIOTHOCTb BeleCcTBa p.
T

184. Ha#itu pasHOCTb YAENBHBIX TEIJIOEMKOCTEH Cp — ¢, IS
Bombl ¥ prytd mpu t = 0°C (T = 273,15K). [das Bogbl « =
= —6,10-10°K-!, K =2-10°H/m?, p = 103xr/M>. Jlna pryTH
cp = 140 x/(xkr-K), a = 1,81 - 107*K~!, K = 2,6 - 10°°H/M?, p =
= 13,6 - 10° kr/m®. B uem npuyMHa MasIoil pasHOCTH Cp — C, IS BOABI?

185. IlpuuuHa pasnnuus MeXOy TEeNJOeMKOCTSMH Cp H C, COCTOWT
B TOM, YTO [IPH HarpeBaHHWH BeIIeCTBA MPHU MOCTOSHHOM MAABJEHHH Tpe-
GyeTcsi MOABOAMTBH TeMJO, HAyllee HA 1) MPOU3BOACTBO PabOTHl MPOTHB
BHELIHEero AaBjeHusi P W 2) mpupalleHue BHYTpPEHHEH 3Hepruu Tesa MpH
U3MEHEeHUH ero odbeMa, Torna Kak [J/si HarpeBaHHs Tesa MPH MOCTOSHHOM
obbeMe 3TOro He Tpebyetcs. BoisicHHTb (Ha mpHMepe BOAbI U PTYTH) OTHO-
CHUTEJIbHYIO POJIb 000MX 3THX (haKTOPOB MAJISl XKMIAKOCTEH, a TaKKe TBEpPABIX
TeJs U rasos.

186. Kak nokasbiBaeTcsi B TepMOIUHAMHUKE, HEOOXOAUMBIMH YCJOBUSAMHU
CTaOHIbHOCTH (PU3HUECKH OJHOPOLHOIO M H30TPOIHOTO BelleCTBA SIBJISIOT-
o aP

(5), <0 Cv>o.

Hcnonb3ys ux, nokasatb, uto aJsi Jiwoboro Beulecta Cp > 0, npuuem
Cp > Cy.

187. BHewHee naBjeHue, NeHCTBYIOLEe HA BOAY, YBEJIHUUBAIOT, OLHO-
BPEMEHHO MOABOASI WJM OTBOAS TEMJIO TaKUM 06pa3oM, YTO 0ObEM BOAbI
ocTaeTcsi HeM3MeHHbIM. Harpeercst uiu oxJaauTcst Boda, €CIM HadajbHas
Temnepatypa Obiia: 1) Hike 4 °C; 2) Bbiute 4 °C?

188. TemnsoBasi MaliMHA COBeplIAeT KPYroBOH MpOLECC, 0OMEHHBAsICh
TEMJIOM C HECKOJIbKUMHU TEIJIOBBIMH pe3epByapaMu (HarpeBaTessiMH H XO0JIO-
nunbHukamu). [losb3ysice HepaBeHcTBoM Kiaysuyca, mokasath, uto KIT[L
TAaKOHW MalllMHbl HE MOXKET MPEBOCXOAUTb BEJHUHHY

m
Makce — MHH

T ’
MaKe

rae Tyaxe — MakcuMasbHas, a Ty, — MHHHMaJbHasi TeMIepaTypbl TEIJO-
BbIX PE3epBYyapoB, ¢ KOTOPbIMH MalllMHA OOMEHHBAETCS TEMJIOM.

189. Kakyio MakcuMa/abHY10 paboTy MOXKHO MOJYYHUTh U3 CHCTEMbI BYX
TeJl, HarPeThiX N0 pasHbix abcosoTHeIX Temnepatyp Tig u Too (Ti0 > Too),
€CJIM 3TH TeJia HCIOMb3YIOTCS B KauecTBe HArpeBaTessi U XOJOLUJIbHHKA
B TeroBod MamuHe? Temsoemkocth Test Cp U Cy cUUTaTh HE 3aBUCSILIUMH
ot TeMnepatypbl. Ha#iTu okoHuartesbHyl TeMmnepatypy 1', KOTOpyio GYayT
MMeTb TeJla, KOIJa YCTAHOBHUTCS TENJOBOE PaBHOBECHE MEXAY HUMH.

190. PaccmoTpeTh mNpefesbHBIN Ciydail NMpeablAylIed 3ajadd, KOrjaa
TENMJI0eMKOCTb XosonunbHuKa Coy GeCKOHEYHO BesJHKa (Harpetoe TeJjo, Io-
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rpykeHHOe B OECKOHEUHYIO cpely, TeMIepaTypa KoTopoi Tyy Mopaep:KuBa-
eTCsl TOCTOSTHHOM).

191. Paccmotperb npyro# mnpenenbHblil caydait 3amauu 189, korpma
6eCKOHEUHO BeJIMKa TeljoeMKocTh Harpesarens C| (X0M0QHOe TeJo, MOrpy-
JKeHHoe B 0oJiee TemIylo OeCKOHEUHYIO cpely, TemiepaTypa Kotopod 7o
MO IEPKHUBAETCS TTIOCTOSIHHOM).

192. Vpes nuMHaMU4ecKoro OTONJEHUs, BbickaszaHHas B. TomcoHom
(1852 r.), sakmouaercsi B cjaenyioieM. TOMIHMBO CXKHUraeTcs B TOMKe Terl-
JIOBOTO JBHUTrATeJsl, KOTOPbIH NMPUBOAUT B NEHCTBHE XOJOAUJIBHYIO MAILIHHY.
XoslofM/IbHAS MallMHA OTHHMAeT TEIJIOTY OT MPHPOAHOrO pe3epByapa BO-
Ibl (HampuMep, OT TPYHTOBOH BOAbI) U OTHAeT ee BOIE B OTOMHTEJbHOH
cucteMe. OnHOBpEMEHHO BOHA B OTOMMTEJbHOH CHCTEME CJYyXKHUT XOJO-
JUJIbHUKOM TeMioBoro aBurartesisi. OnpenesuTb TeopeTHueckoe (6e3 yuera
NOTEPb) KOJHYECTBO TeMJa, KOTOPOe MOJNydaeT OTalJMBaeMOe MOMelleHHe
OT CXKHUTaHUs | KI' KAMEHHOTO yIJisl, IPHHSAB CJeAYyIOLHe YCAOBUS: yaeabHast
TemaoTa cropanus yras ¢ = 8000 KkaJi/Kr, TemnepaTypa B KOTJie MapoBOH
mawuHbl t] = 210 °C; TemnepaTypa BOIbl B OTONUTENbHOH CHCTEME tg =
= 60°C; temnepaTypa rpyHToBO# Bomibl t3 = 15°C.

193. TensioBoil nBUraTesb COBepIIaeT KPYroBO# mpolecc, 00MeHHBAsICh
TenJoM ¢ HarpesaTesem (temmnepatypa 1) = 500 K) u npupoaHbsimM pesepBy-
apom Bonsl (Temmeparypa Ty = 290 K). INonyuenHasi paboTa HCMOJb3yeTCs
[UJIs1 TIPUBEJEHHs] B AeUCTBHE XOJIOAUJbHON MalllMHbI, COBEpLIAIOIIEH TaKxkKe
KPyToBOH mpotiecc. X0J0AH/IbHAS MalllMHA 3a0HpaeT TEMJIO OT OXJ1aXK1aeMo-
ro pesepByapa (temmnepatypa 13 = 250 K) u nmepenaer Tenso Tomy e MpH-
POLHOMY pe3epByapy Boibl. HalTH MUHHMAa/NbHYIO MOLIHOCTD MOTOKA TelJa
OT HarpeBaTeJisi (], €CJIH MOUIHOCTb TEMJa, OTBOAUMOrO OT XOJIOAHJIbHHUKA
NJIs1 TIOAIEPXKAHHUST €r0 TeMIepaTypbl MOCTOSIHHOM, paBHa ()3 = 100 Br.

194. Ilokasatb, uTo AJs JIOOOrO BellecTBa I0-
P 1 2 JuTpoma MOXeT MepecekaTh H30TepMy He GoJsiee yeM
B OJHOH TOUKe.
195. IlokasaTb, 4TO AJis JIIOOOTO BeleCTBa aaua-
f6ata MOXeT IepeceKaTb H30TepMy He OoJjee 4eM
B OIHOH TOuKe.
4 3 196. L{uKJ COCTOUT U3 ABYX M30XOP U ABYX H30-
y 6ap (puc. 18). IlokasaTs, uTo AJs MOGOrO BelleCTBA
¢ noctossHHBIMH TemsoeMkocTsMU Cy U Cp TewmIe-
Puc. 18 patypsl B Toukax I, 2, 3, 4 cBsI3aHbl COOTHOLIEHHEM
T'T5 = TvTy.

197. Lluka cocTtouT u3 I/I3O64apbl 12, usoxopbl 23 u amuabatbl 31
(puc. 19). ITokasaTb, yTo AJs JMIOGOrO BElECTBA C MOCTOSHHBIMH TEIIOEM-
koctssMu Cy u Cp TeMnepatypsl B TouKax [, 2, 3 cBsI3aHbl COOTHOLIEHHEM
T/Ts = (I3/T)7, tne v = Cp/Cy.

198. Omnpenenutb paboTy IMKJA, COBEPLIAEMOro JIOObIM BEIIECTBOM
M COCTOsIIero U3 uzotepMbl /2, nonutponsl 23 u aguabatol 31 (puc. 20).
M3BecTHO, 4TO TeMmI0EMKOCTb Tesa Ha moJsutpore 23 paBHa C, a TeMmmnepa-
TYpbl Ha U30TepMe /2 U B COCTOSSHHU 3 paBHBI COOTBeTCTBeHHO 17 u T3.
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199. Lluka cocToUT U3 ABYX H3oTepM /2, 34 ¢ Temneparypamu 1| u Tp
U aByx uzoxop 23, 41 (puc. 21). Ha usorepme ¢ temneparypoit T noJy-
4eHo Temo (1. Onpenenuts paGoTy 1MKJA, €CIH TEMIOEMKOCTb paboydero
BellecTBa Cy 3aBHCUT TOJNBKO OT €ro TEMIEPATypbl, HO He 3aBHCHUT OT
o6beMa.

AP r P

7,

4 3 Vv 3y

Puc. 19 Puc. 20 Puc. 21

200. IlpousBosibHAsE TepMOAMHAMHUECKAss CHCTEMa KBa3UCTATHUECKH
TNIePeXOIHUT U3 PABHOBECHOTO COCTOSIHHS [ B PaBHOBECHOE COCTOsIHME 2 NBY-
Ms crioco6amu. B nepBoM crocobe cucTeMa anvabaTHUECKH OXJaXKAaeTcs
10 TeMnepatypsl 1, 3aTeM H30TepMHYECKH MOJydyaeT TEIJO W, HaKOHell,
anuabaTUYeCcKH MepexoiuT B cocTosiHue 2. Bo BTopom crocoGe mepexofn
OCYIIECTBJSIETCS 10 TPOM3BOJBLHOMY MYTH, OfHAKO TaK, UYTO Ha KaXAOM
y4acTKe 3TOTO MYTH CHCTEMA MOJydYaeT TEMJo, a ee TeMIepaTypa OCTaeTcs
Bbille Tp. [lokasatb, 4To B mepBoM crocobe O NMepeBOfa CHCTEMBl H3
coctosinust I B cocTosiHHe 2 TpebyeTcs MeHblluas 3aTpaTa Teja, 4eM BO
BTOPOM.

201. IlpousBosibHasE TepMOAMHAMHYECKas CHUCTEMa KBa3HCTATHYECKH
NIePEXOIUT W3 PABHOBECHOTO COCTOSIHUSI /| B PaBHOBECHOE COCTOsiHME 2
IByMs criocobaMu. B mepBom crocofe cucTeMa CHaya/ja H30TEpMHYECKH
npu Temnepatype 1j MepPeXOOUT B KaKOe-TO MPOMEXYTOUHOE COCTOSIHHE,
MorJIolasi MPH 3TOM TemIo, a 3aTeM afHa0aTHYeCKH OXJaxKAaeTcs, Ie-
pexonsi B coctosiHve 2. Bo BTOpoMm ciydyae mepexoi OCYIIECTBJSETCS IO
MPOU3BOJILHOMY MYTH, OIHAKO TaK, UYTO HAa KaXKIOM ydyacTKe 3TOro MyTH
cHUCTeMa MoJIydaeT TEemJo, a ee TeMepatypa octaetcs Hixke 1. [Tokasats,
4TO B MepBOM crocobe /s MepeBOfa CHCTEMBI U3 COCTOsSIHUSI | B COCTOSI-
HHe 2 TpebyeTcsl OOJbILIAs 3aTpaTa TemJa, YeM BO BTOPOM.

202. [lokasaTb, YTO Pa3HOCTb FHTPOMHUH CHCTEMbl B COCTOSIHUSAX 2 U [
(mpu ycJoBuH, 4To Sy > S|) MOXKeT ObITh ONpefeseHa KakK HaWMeHbliee
KOJIMYECTBO TEIJa, KOTOpoe TpedyeTcsl COOOIIUTb CHCTeME, YTOOBl KBAa3H-
CTaTHYECKH IepeBeCTH €€ U3 COCTOSIHUS [/ B COCTOSIHHEe 2 W NPUTOM Tak,
4ToObl IIPH Iepexoe TeMIepaTypa CHCTeMBbI He omycKasach HHuxe 1 K.

203. Ecsiu BO Bcex TOYKaX H30TEPMbl TEMIEPATYPHBIH KOI(P(PHIIUEHT
pacIMpeHHs] paBeH HYJIO, TO TaKas H30TepMa COBMAafaeT ¢ anuadaTol.
Jlokasarthb.

204. B uukne KapHo B kauecTBe X0JIOAMJIBHUKA BbIOpaHa BoAa MpH
4°C. Tak Kak TeMrnepaTypHblH KO3(D(MUIMEHT pacLIMpeHHs] MPH ITOH TeM-

2 Tlox pen. O.B. CuByxuna
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nepatype paBeH HYJIO, TO IJs OCYLIECTBJeHUs LHKAa KapHo He Hamo
coo0LIATh TEMJO XOJNONUJBHUKY (CM. mpenblayliyw 3agady), T.e. KILIL
IUKJa PaBeH efHHUIE. B ueM omIHGOYHOCTD 3TOTO pacCykKAeHHs?

205. B kauecTBe OCHOBHBIX T€PEMEHHBIX, XapaKTEPHU3YIOLIHX COCTOSIHHE
TeJia, MOXKHO MPUHSATb €ro TeMIepatypy H aHTpomuio. M306pasute rpadu-
YyecKH UMK KapHo Ha nuarpamme, OTKJaqbpIBasi MO OCH abGCIUCC SHTPOIIHIO,
a Mo OCH OpPIOMHAT TeMIepaTypy. BBIYHCIHUTL ¢ MOMOLIbIO 3TOTO rpaduka
KIT[ uukaa.

206. TemnsoBble MalIMHbI C MPOW3BOJbHLIM BEIECTBOM B KayecTBe pa-
fouyero Tesa COBepLIAIOT OOpAaTHMble TEPMOAMHAMHUECKHE LHKJIbI, Mpei-
craBjieHHble Ha pucyHkax 22 u 23. Beipasuth KIIJl 3TUX 1HKJOB uepe3
MakcuManbpHylo T W MHHMMaJbHYIO 1o TeMIepaTypbl rasa.

AT T

hif--- -

Lp - Typ---

Puc. 22 Puc. 23

207. Haiitit usmenenue suTponun AS BellleCcTBa MPU HATPEBAHHH, €CJIH
€ro yjesbHas TEIJIOEMKOCTb ¢ IOCTOSIHHA, a KO3((HIHEHT 0OBEMHOro
pacIMpeHHsl PaBEH HYJIIO.

208. IlpuBonuMble B TEINJIOBOH KOHTAaKT OAMHAKOBble MacChl BelleCcTBa
uMeloT pasHble Temmnepatypsl 1} u Tp. Cuurtas, uto Cp = const, HalTH
TpHUpALlleHHe SHTPOIMUH B pe3ysbTaTe yCTAHOBJEHHS TEIJIOBOIO PABHOBECHS
npu P = const.

209. HaiiTu BblpaxKeHHe Ui SHTPOIMH ¥ MOJIEH HJeasbHOro rasa.

210. Ha#iTy u3MeHeHHUs] SHTPONHH MOJIsl HJEAJbHOIO rasa MpH H30XO-
pHYECKOM, H30TEPMHUYECKOM H M300apHUeCKOM IMpoleccax.

211. Hatitu yBesnnuenue sntponuu AS ugeanbHoro rasa maccel M,
3aHHMamouero oobeM Vi, NMpH pacliHpeHHH ero B MycTOTy H0 oObeMma Vo
(mpouecc Teit-JTioccaka).

212. BblUuMCIHTD H3MEHEHHUs] BHYTPEHHeH HEprHH W HTPOIMHH OHOTO
MOJIS MIeasbHOro rasa MpH pacliupeHHH no nosautporne PV™ = const ot
obbema V| no o6bema V. PaccMoTpeTh YacTHBIE C/IydaH M30TEPMHUECKOTO
M anuabaTHuecKoro Mpoueccos.

213. BbluHCIHUTD H3MEHEHHS] BHYTPEHHEH 3HEPTHH W SHTPOMHH ONHOTO
MOJISl H€AJbHOTO OfHOATOMHOIO ra3a M KOJHYeCTBO IOIVIOLIEHHOrO TelJa
NMpH paclIMpeHHH Tasa mo nosutpore PV? = const ot o6bema V) = la
u passaenus P; = 20atm po o6wvema Vo = 3.1, TemmepaTypa Bo BpeMs
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npoliecca TakoBa, YTO AJIsl MOJISIPHOH TEMIOEMKOCTH MOXKHO NpUHSATh Cy =
=3%hR.

214. Tlpu HeKOTOPOM MOJHUTPOMHYECKOM [pollecce OaBJjieHHe U 00beM
ompele/ieHHOM Macchl KUcjaopona MeHsilotess oT Pp =4atm u V) = 1o no
Py =1larmu Vo = 2a. Temneparypa B Hauasie mpotiecca T = 500 K. Kakoe
KOJIHYECTBO TelJia MOJIYyUHs KHCJIOPOL OT OKpy2Kalolieit cpensl? Hackombko
M3MEHHU/IUCh SHTPOMHUSI U BHYTPeHHsIsi SHeprus rasa’

215. Haiitu usmeHenue sutponud AS 5 r© Bomopona, H30TepMHYECKH
pacinpuBiierocss ot oobema 101 10 o6bema 25 1.

216. B nByx cocymax omHoro W Toro e o6beMa HaxoisTcs pas-
JUYHble HAeasbHble rasel. Macca rasa B mepBoM cocyne Mj, BO BTOpOM
My, naBieHHsl ra30B U TeMIepaTypbl WX OaMHAaKOBbl. COCyIbl COEAHHHIH
IPYyT ¢ APYrom, W Hadajcsi npouecce audpdysuu. Onpenenntb cymMmapHoe
usMeHeHne AS SHTPONHH pacCMaTPHBAEMOH CHCTEMbI, €CJIH OTHOCHTE/IbHAS
MOJIEKYJISIpHAsI Macca MepBOro rasa fi, a BTOPOro [ig.

217. [1a 6annona ¢ o6beMamu V' = | J1 KaXablil coeiliHEHbl TPYOKOU C
KpaHOM. B ofHOM M3 HHX HaXOOMTCS BOLOPOL MPH AaBJeHHH | aTM U TeMIle-
parype t; = 20°C, B 1pyrom — TeJiMil NpPH AaBJEHHH 3 aTM U TeMIlepaType
ty = 100°C. Ha#itu usmeHenue sHTponuu cuctembl AS mocje OTKPHITHS
KpaHa M IOCTHXKEHHs] paBHOBeCHOro coctosiHus. CTeHKH 6aJioHa U TpyOKH
00ecneyrBaloT MOJHYO TEMNJIOU30JSLHI0 Ta30B OT OKPY2KAIIeH CPeabl.

218. Tenson30JMPOBAHHBIN LHUJIHMHIPHYECKUH COCYA pasfeseH MOopll-
HeM TNpeHeOPeXHUMO MaJioll Macchl Ha 1Be paBHble yacTH. [lo omHy cToO-
POHY TMOPILUHSI HAXOOUTCS HAeasbHBIH ra3 ¢ Mmaccod M, OTHOCHTE/JbHOH
MOJIEKYJISIPHOH Maccoil p u MoJsipHbiMu TeryoeMkoctsiMu Cy u Cp, He
3aBHUCSILIMMH OT TeMIepaTypel, a MO APYrYld CTOPOHY MOPILIHS CO3/aH
BBICOKHH BakyyM. HauanbHble TemmepaTypa W maBjeHue raza 1y u Fp.
[TopiieHb oTmyckamT, U OH, CBOOOAHO ABHIasiCh, [aeT BO3MOMKHOCTb rasy
3aNOJIHUTh BeChb 00beM UuauHApa. [loc/e 3TOro, MocTeneHHO yBeJNHUYHBas
JlaBJeHHe Ha MOpLIeHb, MeNJIEHHO NO0BOAST 00beM rasa A0 MepBOHAYa/bHOU
BeJIMUMHbl. HaliTH W3MeHeHUs] BHYTpPeHHEH 3HEpPrUH W SHTPOMMH rasa IpH
TaKOM IpoLecce.

219. Haiitu usmenenuie sutponuu AS 30T Jboa mpu NpeBpallieHUH
ero B Mmap, ecJM HauaJjbHas TeMmmepatypa sapia —40°C, a Temmeparypa
napa 100°C. TemaoeMKOCTH BOAbl U JbJa CYUTAThb MOCTOSHHBIMH, a BCe
NPOLeCChl — MPOUCXOASLIMMH TPH aTMOC(EPHOM AaBJIeHHH. YIesbHasi Tel-
JoeMKocTh Jbja ¢ = 0,5 kana/(r-°C).

220. Haiiti cymmapHoe uaMeHeHue sHTponuu AS (BObl H XKeJsie3a) Tpu
norpyxenud 100 r xenesa, Harperoro g0 300°C, B Bofy mpu TeMmmepatype
15°C. YnenbHasi TemnoeMKoCTb xKeqesa paBHa ¢ = 0, 11 kaq/(r-°C).

221. HaliTh ypmesbHYI0 SHTDPONHIO S HEOLHOPOLHOH CHCTEMBI, COCTO-
e M3 XKHUIKOCTH M €€ HACBIIEHHOro mapa. TemyoeMKOCTb KHAKOCTH
CUMTATh HE 3aBHCSIIEH OT TeMIepaTyphl.

222. Jlsa tena A u B, HarpeTble [0 pa3HbIX TEMIEPATyp, MOMeleHbl
B 2KECTKYIO afinabaTHUeCKy 00O0JIOUKY W NpPUBEIEHbl B TENJIOBOH KOHTAKT
apyr ¢ apyrom. Temso nepexomuTt ot GoJiee Harperoro Tejaa A K MeHee Ha-

9%
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rpetoMy Teny B, moka TeMmmepaTypsl 000UX TeJs He cpaBHsitoTcs. [lokaszats,
YTO MPH 3TOM MPOIECCe IHTPOMUsS cucTeMbl A + B yBeauuHBaeTcs.

223. UpeanbHblii 0MHOATOMHBIHA ra3 B KosaudecTBe v = 10 mousielt, Ha-
xonsuuiics npu temnepatype 17 = 300K, pacuupsiercsi 6e3 momBoma u
OTHAUH TeIJa B MyCTOH COCYH depe3 TypOUHY, HEOOpAaTHMBIM 06pPa3oM Co-
Bepiiasi paboty (puc. 24). [locse yctaHoBIeHHS paBHOBECHS TeMIepaTtypa
rasa nonuxaercsi 10 1 = 200 K. ITocsie 3TOro ras KBasucTaTHUECKH CXKH-
MaeTcsl: CHavaja M30TEPMHYECKH, a 3aTeM aJudabaTHUeCKH, BO3BpallasiCh
B NepBOHadasbHOe cocTosiHWe. [Ipu 3TOM cxkKaTMM 3aTpadrBaercs padoTa
A = 15k /Ix. Ha#iTh n3MeHeHHe SHTPOMHH rasa MpH paclIHpPeHHH.

_m

—— )| me—

R

Puc. 24

224. B pacnoJ/io;keHHOM TOPU30HTAJbHO TENJOU30JHPOBAHHOM KECTKOM
LHJUHADPE MOXKET [epeMellaThCs MOopIieHb, N0 OAHY CTOPOHY OT KOTOPOTO
HaxomsTCsl ¥ = 2 MOoJisl ABYXaTOMHOIO MIeaJbHOrO rasa, a no Apyryio —
BaKyyM. MexXay MOpIIHEM W IHOM UHUJIHHIpPA HAXOAWTCS MpyxHHA. B Ha-
YaJbHbIH MOMEHT [OpLIeHb 3aKpelJseH, a NpyXKHHA He Ne(OopMHPOBAHA.
3ateMm nopiueHb ocBoGoxknawT. [locse ycTaHOBJEeHHS paBHOBeCHs 00beM
rasa ysejuuusics B n = 2 pasa. OnpenejauTb H3MeHeHHe SHTDPOINHH rasa.
[Ipu pacueTe mpeHeOpeub TpeHHEM, a TAKXKe TEMJNOEMKOCTSMH LHJIHHIPA,
MOPLIHSA Y NpyKHHBL. CYHTaTb, YTO K AeOpPMALHAM NPYKHHbl IPHMEHHM
3akoH ['yka.

225. Hapsiny ¢ BHyTpeHHe# sHepruedd U u surtanenuedd I =U + PV
B TEPMOJMHAMHKE LIHPOKO MoJb3ylTes GyHKuuaMd ¥V =U —TS u ¢ =
= U + PV. IlepBas U3 HUX Ha3bIBAaeTCSl CBOOONHOM HEpruei, a Bropas —
TepMOAHHAMHUYECKUM TOTEHIIHAJIOM CHCTeMBl. JloKa3aTh, 4TO 3TH (YHKUHH
YIOBJETBOPSIIOT COOTHOLIEHUSM

dU =TdS - PdV, d¥=-SdT —PdV,

d® = —SdT +V dP, dI =TdS+V dP, (225.1)

7= (G5 T=(5)r 5= (5r)

s=-(50)p P="(r)e V=(5p)s (225.2)
P==(r) V=G

226. JlokasaTb COOTHOILLIEHUS

_y_7 (% _p_T1(2%
U=10 T(M)V, [=d T(m,)P. (226.1)
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227. JlokasaTb cooTHolleHuss MakcBeJia
()= (Gs)h (5p)s = (5s)
V)]s aS/)v’ \opPJ)s \aS/p’

5v)e= (o) o)~ (G

228. Ilosb3ysicb METOLOM TEPMOAMHAMHYECKHX (PYHKIHH (COOTHOLIe-
HusiMu MakcBesnia), Hailtu npoussopubie (OU/OV ) u (0I/OP)r. (Cp. ¢
sagayamu 175 u 176.)

229. B yeM OlIHGOYHOCTb CJEAYIOLUIETO pPACCyXKAEHHUsI? DieMeHTapHOoe
KOJIM4ecTBO Temna d(), mosyueHHOe (DPU3HYECKH ONHOPOLHBIM TEJIOM IpH
KBa3UCTAaTHUECKOM Ipolecce, paBHO

dQ =dU + PdV =dI —V dP,

(227.1)

HJH ol ol
dQ = (8_T)P T + [(O_P)T B V] dp;
oTCloia
() - (), 22-(2),-v
ar ar)p’ 9P oP)r
*Q &I ’Q _ 91 [(oV
oroP — 9T oP’ 0Pl OPIT (a_T)p'

[MpupaBHuBas 06a Bbipaxenusi, nonyuum (OV/0T)p = 0; otciopa cienyer,
4TO TEMJIOBOE PACLIHPEHHE Tesl HEBO3MOXKHO.

230. TIlosb3ysice ycgaoBueMm, 4YTO AU(GdepeHIHaIbHOEe BblpaXKeHHe
X(z,y)dx + Y(z,y)dy ectb noaHblil auddepeHnran, A0Kasatb, UYTO
sJeMeHTapHasi pab6ota JA He MOXKeT ObITb MONHBIM AH((EPEHIIHATOM.

231. Vcnonb3ysi moHATHE SHTPONUM M COOTHOLIeHUs MakcBedana, mo-
JYYUTb BblpaxkeHHe 1Jis pasHocTH TemyoeMkoctedl Cp — Cy . (Cp. ¢ perie-
HueM 3amaud 182.)

232. JlokasaTb COOTHOILLIEHUS

(32), =0 (20),-r. (28),=-r (%), +¥

233. MeTonoM AKOOMAHOB [0Ka3aTb COOTHOLLIEHHS

(57)e = o) o) (5 = o) G

234. JlokaszaTb, UTO €CJI BHYTPEHHSIST SHEPTHST PU3UIECKH OTHOPOLHO-
ro TeJia He 3aBHCHUT OT ero 00beMa, a 3aBUCHT TOJIbKO OT TeMIEPATYypPhbl, TO
OHa He 3aBHUCHUT W OT JaBJjeHHs. To »Ke CIpaBeNJIMBO U JJIsT SHTAJbIIHH.

235. [lonb3ysich MeTONOM SIKOOMAHOB, HAWTH OTHOILEHHe afuadaTHue-
CKOT'O MOJYJ/ISi BCECTOPOHHEr0 CXKATHSI K €ro H30TepPMHUYECKOMY MOMIY.JIIO.

(Cp. ¢ petiennem 3agauu 137.)
Ce (o)
T \ov)p’

236. Jloka3aTb COOTHOILIEHHS

(Gr) =7 (35)y (%)
op)v — 1 \ap)v \av/)p
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237. Tlokasatb, 4TO MpPH KBAa3UCTATHUECKOM pPACLIMPEHHH (PH3MYECKH
OJIHOPOJIHOTO TeJ1a NPH MOCTOSTHHOM [aBJIEHUH €ro HTPOMNHS BO3PaCTaer,
€CJIM TeMIIePaTYPHBIH KO3((HULHEHT pacIlHpEeHHs MOJOXKHTeNeH, H yObIBa-
€T, eCJIM 3TOT KO3 (PHULUHEHT OTPULIATEJIEH.

238. I[lokasaTb, YTO MpPH KBA3UCTATUUECKOM YBEJHUYEHHUH MaBJIEHUS
Ha (PU3HUECKH OJHOPOLHOE TEeJO IPH IMOCTOSHHOM OOBEMe ero HTPOMHS
BO3pacTaeT, €C/IH TeMIIepaTypHbIH KO3(D(UIUEHT NaBJAEHHS MOJOXKHUTENEH,
U yObIBaeT, ec/au 3TOT KOI(PPUIIUEHT OTpULIATeNEeH.

239. MeTonoM KOOMAHOB NOKa3aTb COOTHOLIEHUS

(8’1') T <8V) (8’1‘) _ T (8P)
oP)s  Cp \oT)p’ \oV)s  Cv \oT')v’
(Cp. ¢ 3anauamu 243 u 246.)

240. V3 onbiTa U3BECTHO, UTO PE3UHOBLIH XKIYT YAJHHSIETCS TP OXJa-
KIEeHUU (eC/H ero HaTsKeHHe OCTaeTcsi MoCTOsiHHBIM). [losb3ysick 3THM,
JI0Ka3aTb, UTO XKTYT HATPeeTCsi, €CJH ero aauabaTHUeCKH pacTsHYTh.

241. VI3 u3MepeHu# Hal[eHO, YTO HATsS2KEHHE PE3WHOBOTO KTyTa OIpe-
nensiercsi BoipaxkenueM 7 = A(I)T, rone T — abcosioTHasi TeMmmeparypa,
a ¢yukuust A(l) saBucuT TosibKO OT mauHbL KryTta (A > 0). ITokasars,
4TO BHYTPEHHSIS 3Heprus Takoro Xryta U He 3aBHCHT OT €ro [JHHBI,
a BHTPOIMUS NPH U30TEPMHUUECKOM yBEJHUEHHH IJHMHBl YMEHbILIAETCS.

242. Jloka3aTb COOTHOLIEHHS

(%)T =T (%)T -P ((%_IE)T - _T(()g_;)lj a ng—g)T’
(g% =T (W)T ;—VV (W)Talz T (W)v v gg_‘/)T
(52)r = =P (55)p (or)y =4V (5r),

av\ _  (8S\ _ (8S\ (OT\ _ Cp (oT\ _
(W)p_ (ﬁ)T_(W)P (ﬁ)s_ T (ﬁ)s_
Cp (oTy (v
T (W)s (ﬁ)s
(59)s = (55)p + (57)0 (55)s =
0P /s oP )T o1 )p \OP)s

= (57}, + (50 (55), = (50 & ()
OP )T or)p \dS/p aP)r  Cp \oT')p’
9P\ _ (9P\ _ T (0P\?
(5v)s= ()~ o ()
(57, (50w + (5) (57~ e (55), =
or)v \or/)porav = \oP Jv\oV/)p Ve \OP)v

243. PusuyeckKH OTHOPOLHOE H H30TPONHOE BELIECTBO PACLIMPSETCSs
(naM cxKuMaeTcsl) anuMabaTHYeCKH M KBA3HCTATHYECKH OT JaBjeHusi P
no nasjieHusi Pp. Haiitn usmenenue ero temnepatypol 1o — T} B 3TOM
npouecce.
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244. Bony, Haxomsuryiocs npu 0°C u paBnenun P = 100 atwm, pac-
IUPSIOT afina0aTHUECKH U KBAa3UCTATHUYECKHU N0 aTMOC(HEPHOTO MABJEHHUS.
Haiitu usmeHeHue TeMmepaTypbl BOAbl B 3TOM Mpoliecce, ecau Koahduiu-
eHT 00bEeMHOr0 paclIMpeHHst BOIbl B 3THX YCJIOBHSIX OTPUIATEJeH U paBeH
a=-6,1-10"°°C !

245. Prytb, Haxogsuytocs npd 0°C u naBnennn P = 100atmM, pac-
IUPSIOT afinabaTHUEeCKH W KBAa3UCTATHUYECKU N0 aTMOC(HEPHOTO NABJEHHUS.
Haiitu n3meHeHue TeMmepaTypsl PTYyTH B 3TOM Tpolecce, ecau Ko3phuiu-
€HT 06'b€MHOTO PACILIHUPEHUS] PTYTH B 3THX YCJOBUSX MOJOXKHUTENEH U pPaBeH
a=1,81-10"*°C!, yaenbHasi TengoeMkocts pryTH cp = 0,033 kaq/(r x
x °C), MIOTHOCTb p = 13,6 /cmd.

246. JlokasaTb COOTHOLIEHHE

(57)s = & (57)
V)]s  Cy \oT)v’

247. IlokasaTb, 4TO NPH KBa3WCTATHYECKOM afHa0aTHYECKOM pacllIH-
PEHMH TeJjla ero TeMIeparypa MOHHXKAeTCs], eC/d TeMIepaTypHbli Koaddu-
IHMEHT [aBJEHHs MOJOXKHTENEH, W MOBBILAETCS, €ClH 3TOT KO3(P(OUIHUEHT
OTpHILATENEH.

248. [lokasaTb, 4YTO MPH KBA3UCTATHUECKOM aqHabaTHIeCKOM yMeHblie-
HHUHU [ABJIEHHUs HA TeJIO ero TeMIepatypa MOHHKAeTCs, e KO3(p(UIHeHT
pacLIMPEHHUs IONOXKUTENEH, U TOBBILIAETCS, €CIH 3TOT KO3 HUIHEHT OTPH-
aTeJseH.

249, XKenesnast mpoBoJioka paguyca r = | MM KBa3UCTaTUYECKU U aJlHa-
6aTHuecku Harpyxaetcs npu temnepatype 1 = 273 K. HauanbHoe 3Haue-
HUe pacTATHBAIOLIEH CHJIbI PaBHO HYJI0, KoHeuHoe F' = 10 H. Onpenenutsb
u3MeHeHHe TemrepaTypsl npoBosokd AT. KoadduuueHT JuHeiiHoro pac-
wupenus xenesa (= 1,2-107°°C~!, ynenpHas TemnoeMKocTh kesesa
c = 0,44 JIxx/(r-°C), nnotHocTs p = 7,9r/cm?.

250. B ob6veme V| = 31 Haxomutes vy = 0,5 moasi kucjopona O,
a B oobeme Vo =2 1 — vy = 0,5 moas aszora Ny npu Temneparype T =
= 300 K. Haiitu MakcuMa/ibHy10 pabGoTy, KOTOpasi MOXKET ObITh MPOH3BeIeHa
3a CueT U30TEPMHYECKOr0 CMelleH sl THUX ra30B B CyMMapHOM o0beme V) +
+ Vs

251. Pewutb npeablayllyto 3afady B MPEANONOXKEHHH, UTO CMELIHBa-
HHe Ta30B MPOM3BOAMUTCS afuHabaThdeckd. HauasnbHas TeMmnepaTypa rasos
T) = 300K.

252. B npouecce Jxoyns—TomcoHa 3HTanbnus rasa He H3MeEHsETCS.
[Tonb3ysich 3TUM, HallTH OOlllee TepMOIHMHAMHUYECKOE BbiPaXKeHHe MJIsI H3-
MeHeHHUs1 TeMIepaTtypbl B TakoM mpouecce (3pdext xoynsi—TomcoHa).

253. [lokasatb, uto mJsi uneanbHbeix razoB a¢ ekt Lxoyns—TomcoHa
He umeer Mecta (AT = 0).

254. B onHOM M3 MeTOHNOB MOJIyYEHHS HHU3KHX TEMIepaTyp HCIOJb3y-
IOT OXJIaXKJeHHe rasa MpH ero APOCCENHPOBAHHH yepe3 BEHTHJb (3(deKT
Ilxoynsi-Tomcona). B npyroM meronme HMCMOJIb3YIOT OXJaXKIeHHe rasa mpu
ero obpatuMoM anuabatuyeckoMm pacuivpeHdd. Ilokasatb, 4To NpH OfHHX
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U Tex XKe HadajbHOM P, ¥ KoHeuHoM P, maejenusix (P; > P;) MoHHXKeHHe
TeMIepaTypsl BO BTOPOM MeTofie 00Jblie, YeM B NEPBOM.

255. Ilokaszath, yto B mpouecce [[xoynasi—TomcoHa sHTponusi rasa
YBEJUYUBAETCS.

256. Cocyn ¢ TBepbiMH afuHabaTHUECKUMH CTEHKAMHU pasjesieH Ha 1Be
YacTH TBeEpHOH amuabaTuueckod meperoponkod. Ilo omHy crTopoHy mepe-
TOPOIKH HAaXOAUTCS ras, MO APYryl — BakyyM. BeiBecTH ofuiyo Tep-
MOIMHAMHYECKYI0 (DOPMYJY 1Jis TEMIEPATyphbl rasa, KOTopas yCTAHOBUTCS
B HeM [ocJie yaaseHus neperopoaku. [IpuMeHUTh nosydeHHYIO QOpMyay K
UJeaJbHOMY rasy W MOKasaTb, UTO B 3TOM CJydae WU3MeHeHHUs] TeMIepaTypbl
He MIPOU30HIET.

257. C mnoMmollbl0 BTOPOTO Hauaja TEePMOAMHAMHUKH HAHTH YCJIOBHE
KOHBEKTHBHOH YCTOHUYHMBOCTH HEPAaBHOMEDHO HArpeTod »KMAKOCTH MJH pe-
aJIbHOrO ra3a B OLHOPOJAHOM TOJIe TS?KEeCTH. TemnsonpoBOAHOCTb KHUAKOCTH
WJIM Ta3a CUUTaTh npeHebpexumo manoi. (Cm. 3apauy 133.)

§ 5. TennonpoBogHOCTH

258. CranbHOl cTepeHb AJHHBL [ = 20CM C MJIOLIAAbIO MOMEPeuHOro
ceuenus S = 3cm? HarpeBaeTcs C OJHOTO KOHLIA 1O TeMIepaTypsl t| =
=300°C, a npyrumM KoHIOM yrupaetcs B Jel. [Ipennonarasi, 4To nepenada
Tenja MPOUCXOAUT HCKJIOYHTEJBbHO BIOJAb CTepxkHs (6e3 moTepb uepes
CTEHKH), MOACUYUTATb Maccy m Jibja, pacraspiuero 3a Bpemsi 7 = 10 muH.
TennonpoBoaHocTs ctanu » = 0, 16 kasn/(c-cm-°C).

259. MenHblil KopeliHUK HarpeBaeTcsi Ha mpumyce. Boxa noBeneHa no
KUTIEHHUs U BblEJsIeT KaXKAYI0 MUHYTY m = 21 napa. TonuuHa nHa Kogei-
Huka | = 2 MM, a momanb S = 300 cm?. OnpenesuTh pasHOCTb TeMIepaTyp
to —t1 MeXay BHYTpeHHeH M Hapy»XHOH MOBEpPXHOCTSIMH AHa Ko(elHHKa,
npenrnosiaras, 4To BCe OHO HArpeBaeTCsl PaBHOMEPHO. TensonpoBOAHOCTD
meau s = 0,92 «kan/(c-cm-°C).

260. Pewutb npeablayllyto 3anady, ecad OHO KOpeHHHKA ¢ BHYTpeH-
Hell CTOPOHBI MOKPBHITO CJI0e€M HAaKWnW TojuuHbl [; = 1 mM. Temsonposon-
HocTh Hakunu »; = 0,003 kas/(c-cm-°C).

261. Tpu nJacTHMHKM ONMHAKOBOTO pasMepa CJIOXKEHbl BMeECTe,
obpasyss cTosi6uK. B cepennHe — CBHHILOBasi MJAaCTHHKA, MO Kpa-
M — cepeOpsiHble. BHelHsis cTOpoHa ORHOH cepeOPSHON MJIACTHHKH
MOAJEPKUBAETCST MPH  MOCTOsiHHOM Temnepatype t = 100°C. Brew-
Hsss CTOPOHA [OpYyro#l cepeOpsiHOM MJIACTHHKH HMeeT TeMIepaTtypy
t3 = 0°C. Haiitu Ttemnepatypsl t; W t9 B MecTaX CONPHUKOCHO-
BeHHUsI CBHHLOBOM MJIACTHHKH C cepeOpsiHbIMH. TemIonpoBOAHOCTH
ceuHia s = 30 kkan/(u-m-°C), cepebpa »x = 360 kkasa/(d-Mm X
x °C).

262. Ky6uk cpesaH U3 uyepeqyHOUIMXCS TMJIACTHHOK Pa3HOU TOJIIMHbI
U pasHOM TemJoNnpOBOAHOCTH. TOJIIMHA TMJACTHHOK OJHOrO THMA paBHA
b1, TemJOMpOBOAHOCTb MaTepHasa, M3 KOTOPOrO OHH CHeJiaHbl, paBHA o,
YHCJIO BCEX IJIACTHHOK 3Toro THna nj. COOTBETCTBYIOLIME BEJUYHMHBI [JIs
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MJIACTHHOK BTOPOrO THINA PaBHBI by, 79 U Mg. HaliTH TemonpoBogHOCTH
MaTepuana KyOMKa BLOJIb MJACTHHOK | U TEPNeHIHKY/ISPHO K HHM 3 .
Kakasi U3 3TUX TemnuonpoBogHOCTeH 6oJblie?

263. IlpocTpaHCTBO MexAy ABYMSI KOAKCHaJbHBIMH LHJIUHIPAMH C
paguycamu R; u Ry 3amoJHEHO MPOBOASLIMM TeMJO ONHOPOAHBIM Bellle-
ctBoM. HaliTu pacrnpeneseHde Temmeparypbl B 3TOM IPOCTPAHCTBE, €CJH
TeMIlepaTypa BHYTPEHHEr0 UUAWHAPA t|, a BHEIIHETO to.

264. Haiitu pacnpeseneHye TeMIepaTyphl B IPOCTPAHCTBE MEXIY ABY-
Msl KOHIIEHTPHYeCKHMH cepamu ¢ papuycaMH R; v Ry, 3anosHeHHOM
MPOBOASIIMM TEIMJIO ONHOPOAHBIM BELIECTBOM, €CJH TEMIEPATyphl 00eHx
cthep MOCTOSIHHBI U pPaBHBI t] U to.

265. YpaHoBbl#i wap paguyca R = 10cM, momelieHHBIH B cocyn ¢
BOJIOH, 00JyuaeTcsi paBHOMEPHBIM MOTOKOM HEHTpoHOB. B pesynbrate pe-
aKUMi JeleHus slep ypaHa B 1ape Bhifessercss sHeprus g = 100 Br/cm?.
Temnepatypa Bogsl T' = 373 K, temsionpoBogHocTs ypana » = 400 Br/(m x
x °C). Haiitu crauuoHapHoe pacnpeiesieHHe TeMIepaTyphl B Liape, a Tak-
e TeMIepaTypy B ero LeHTpe.

266. [To onHOpOAHOMY LIMJIMHIPUYECKOMY MPOBOAY 0€3 U30JSLHH TeUeT
MOCTOSIHHBIE 3/eKTpUdYecKHit TOK. OnpenenuTh CTallMOHAPHOE pacrpefesie-
HHe TeMIIepaTypbl B NPOBOJE, €CJIH €ro MOBEPXHOCTb MOIAEPKUBAECTCS MPH
TIOCTOSTHHOH TeMmepatype 1.

267. [lns nonyyeHHs: CaMOMOAePKHUBAIOLILEHCS TEPMOSIAEPHOH peakuu
B JelTepHH (MJIM B CMeCH AEHTepHs C TPUTHEM) HEOOXOAMMO HarpeThb Bellle-
cTBO j10 TemmepaTypsl nopsaka 108 K. Ipu Takux TemmepaTypax BelecTBO
HAaXOOHUTCS B COCTOSIHHH IJIa3Mbl, T.€. IOJHOCTBIO HOHHM30BAaHHOTO Tas3a.
[Ipu 3TOM CHJIBHO BO3pPACTAOT MOTEPH IHEPIHH 32 CUET TEMJIONPOBOAHOCTH.
Kak nokasbiBaeT Teopus (cM. 3anady 449), TenonpoBogHOCTD Ma3Mbl MPO-
MOPIHOHAMbHA aGCOMIOTHON TeMmepaType B cTereHu 5/2, T.e. »x = aT°/?,
rae AJs OeHTepueBOM WJM TpUTHeBOUM miasMbl B cucteme CIC a ~ 10-5,
BHyTpu mMasoro o6bema, BbIIENEHHOTO B MJIa3Me U UMeIoIero ¢GopMy apa
paguyca 1o = 1 cM, mopaepxupaetcsi Temneparypa I' = 108 K. Bue mapa
TeMIepaTypa yOblBaeT B COOTBETCTBHH C 3aKOHAMHU TeMJIONpoBogHOCTH. Ka-
KY10 MOLIHOCTb HAaJ0 MOABOAHTb K 3TOMY 0ObeMy, 4TOObl KOMIIEHCHPOBATb
MOTEPH SHEPrUH 3a CUET TEMJIONPOBOAHOCTH? K 0CTa/IbHBIM YaCTAM MJa3Mbl
9Heprus He MOABOLMTCS.

268. CrepxeHb ceueHHs1 S ymupaeTcs KOHUAMH B TBepible MJIaCTHHBI,
paccTosiHue L MeXAy KOTOPBIMH MONNEPXKHBAETCsS MOCTOSHHBIM. 3aTeM
TeMIepaTypy OFLHOH U3 IJIACTHH IMOBBILIAIOT, U B CTEP:KHE YCTAHABJHMBAETCS
MOCTOSIHHBIA MOTOK Temsa (). Kakoe naBneHune P neHCTBYeT Ha eIUHHILY
TIONIEPEYHOr0 CeYeHUs CTepXKHS, eC/H HadyajbHOe HaMpsiKeHHe B CTepXKHe
OblIO paBHO HYJ/I0? TennonpoBOAHOCTb CTEPXKHS ¢, KOIP(HUIHEHT JHHEH-
HOTO pacliupeHus «, MoayJib IOHra E.
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269. ITlokasaTb, UTO pellleHHE OTHOMEPHOTO YPaBHEHHS TEIJIONPOBOLI-
HOCTH B OJHOPOAHOH Cpenie

or  o*r
peogy = %g— + q(z,T) (269.1)
e[MHCTBEHHOE, eC/IM 3a/laHbl HauajlbHOE U KPaeBble YCJIOBHS:
Ti=o = f(z), (269.2)
To—o = @1(t), Tuzi = @olt). (269.3)

[l0THOCTD MOLIHOCTH HCTOYHHKA Terna q(x,t), a Takxke (yHKuud f(z),
©1(t) u @o(t) npennosaraoTcsi 3aaHHBIMH.

270. Jla Temnsion30/MpOBaHHbIX Teja [ U 2 ¢ GeCKOHEYHBIMH TerJIo-
MPOBOAHOCTSIMU (HANpUMep, IBa KyCcKa MeTajsa) CoeIMHeHbl Mexay coboit
OHOPOAHBIM, TaKXKe TeNJOH30JUPOBAHHBIM CTEepPXKHEM IJHHBEI | ¢ mJjolia-
IbI0 TIONEPeYHOro ceyeHust S U TEMJONPOBOAHOCTBIO 2. TemaoeMKOCTH TeJ
C) n Cy 04eHb BeJIHKH MO CPABHEHHUIO C TEMJIOEMKOCTbIO cTepxKHs. Haiitu
temnepatypel Teq 17 u Ty B n060# MOMEHT BpeMeHH t, ecau mpu t =0
oHU ObliK paBHBI cooTBeTcTBeHHO 19 U Toy. HaiiTu Takke pasHoCTb 3THX
TemMrneparyp ¥ Bpems ti/y, 10 UCTEUEHHH KOTOPOTO OHa yMeHbIIAeTCs B Ba
pasa.

271. OnpenenuTs TOMIMHY JbJa, 00pa3ylollerocs B TeueHHe 3alaH-
HOTO BpeMeHH ! Ha CIIOKOHHOH MOBepXHOCTH o3epa. CUUTaTb, UTO TeMIle-
patypa T okpy»Kalollero Bo3fyxa BCe BpeMs MOCTOSIHHA M paBHA TeMIle-
paType HapyxXHoH mnosepxHoctH Jabaa (1" < Ty, tme Ty, — Temmepatypa
nJaBJjeHus Jbaa). [Ipor3BecTr YHC/IeHHBIE pacueT, npeanonaras, 4yro 1’ =
= —10°C. Ins abaa » = 2,22 - 10° spr/(c-cm-°C), ¢ = 3,35 10° spr/r,
p=0,9 r/cm®,

272. Cdepuuecknil Kycok sbaa (¢ HadajabHbIM paguycom Ry = 1cm)
norpykeH B 6oJibliyio Maccy Bombl ¢ Temmepatypod 10°C. Ilpennonaras,
4TO TeIJIONepenaya B JKHUAKOCTH CBsi3aHa TOJBKO C ee TeMJONPOBOLHO-
CTbIO, ONpeNeNUTb BPEMS T, B TeYeHHe KOTOPOTO Je[ MOJHOCTbI pacTaer.
TennonpoBonHocTh BoAb » = 6 - 1073 JIxk/(c - em - °C), yaesbHas Temnora
naaBsaeHust abaa q¢ = 330 JIx/T.

273. Teso, momellleHHOe B CPeLy C MOCTOSIHHOH TeMIepaTypoii ty, oxJa-
nunoch oT Temnepatypsl t; = 80°C no Temneparypsl to = 64 °C B TeueHHe
BPEMEHU T W 10 TeMmImepatypbl to = 52°C B TeueHue BpeMmeHH 27. CuuTtas
CTpaBelMBbIM 3aKOH OXJsaxaeHuss HbloToHA, HAlTH TeMIepaTypy OKpyxka-
olel cpensl to. Jlo Kakoi TemmepaTtypbl t4 TENO OXJAaAUTCS B TeueHHe
BpPEMEHH 377

274. OnpepnenuTb KOJWYECTBO Temsa (), TepseMoe 1 M2 cTeHbl B Te-
YyeHHe BpPEeMEeHH T, PaBHOTO ONHUM CyTKaM, NpH TeMIepaType BO3Ayxa
B noMeleHuu t; = 20°C u TemnepaType HapyxKHoro Boznyxa ty = —10°C.
Tonumuua crensl | = 20 cm. TennonpoBOAHOCTb MaTepHasna CTEHbl »x =
= 0,003 kan/(c-cm-°C). Koa(b%munem TernsooOMeHa Ha I'paHHIle CTeHa—
Bo3ayx o« = 0,0002kan/(c-cm”-°C). OmnpemesuTb TakxkKe TeMIepaTyphl
BHYTpeHHel t9 U BHelLIHeH t3 MOBEPXHOCTEH CTEHbI.
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275. CKOJIbKO KaMEHHOTO YIJIsi HY?KHO CXKUraTh B TeYeHHEe BPEMEHHU T,
PaBHOT'O OfHUM CYTKaM, Ha BOISIHOE OTOIJIEHHE AOMa, IJIOUIab NIOBEPXHO-
CTH CTeH M KPBIK KoToporo pasHa S = 10000 mM?, 4T06H MONNEepXKHBATH
B KBapTHpax Temiepatrypy t; = 18°C, ecsu TeMnepatypa CHapykH 30aHHs
ty = —22°C? Tommuua cteH L = 60cM, TenjonpoBOAHOCTh MaTepHasa
cren 2 = 0,002 kan/(c-cm-°C), a yTeuka Temaa ¢ eIHHUIBI TTOBEPXHOCTH
KPBIILIK Takasi e, KakK C eIUHHIbl MOBEPXHOCTH cTeHbl. KoadduuneHt
Temnoo6MeHa Ha TpaHHuIe Bo3nyx-cTeHa o = 0,00025 kan/(c-cm?-°C),
yaeJbHast Temjora cropanust yras ¢ = 7500 kaJs/r.

276. B TOHKOCTEHHBIH 3aMKHYTbHIH MeTaJJUYECKUH COCYI HAJUTa KU -
KOCTb, UMelomas Temnepatypy t;. TemmepaTtypa Bo3ayxa BHe cocyna ts.
Haiitu Temmnepatypy to BHeLIHeH CTEHKH, €CJH H3BECTHO, YTO TEMJIOMNpPO-
BOAHOCTb MeTajsa 7, KO3(P(UIHUEHT TemIooOMeHa Ha TpaHULE MeTasl—
BO3AYX (v, 4 HAa TPaHHIE MeTaJ—KHUAKOCTb 00. ToslinHa cTeHKU paBHa L.

[Tpumeuanue. Cocyl CUMTaeTCsi TOHKOCTEHHBIM, KOT[A TOJIIHHA
CTEHOK MaJia M0 CPABHEHHIO C €ro JIMHEHHBIMH pa3MepaMH.

277. Onpeneautb TeMnepatypy to B Mpeabiayliei 3agaue B IBYX Mpe-
JIeJIbHBIX caydasix: 1) oueHb TOHKOrO MeTaJJIMYecKoro cocyaa u 2) cocyna
U3 MaTepuala ¢ OueHb MaJsiod TEemJONPOBOLHOCTHIO.

278. B TOHKOCTEHHBIH 3aMKHYTHIH MeTasIMUeCKHH cocyn ¢ oOleH
TIOBEPXHOCTBIO S Ha/MUTa XUAKOCTb MpH TemmepaType t;. Uepes CKOJbKO
BPEMEHH T KHUIKOCTb OXJAAUTCS OO TEMMepaTypsl to, €cju Macca ee m,
yIesbHas TEMJOEMKOCTb ¢, TeMIlepaTypa BO3lyxa BHe cocyna ts, a Ko3(-
(UIMEHT TemJooOMeHa Ha TpaHHile MeTaaJ—BO3AYyX paBeH «?

279. llo pauHHOM TOHKOCTEHHOH MenHOH Tpybe paauyca r = lcwm,
MOKPLITOH [HUJIMHIPUYECKUM TEIMJOU3OJUPYIOIIMM CJI0OEM, Te4eT ropsiuas
Boga. TemnonpoBomHOCTb M30AMpYOllero cjosi » = 6 - 10~ kan/(c-cm x
x °C), K03pPHUIHEHT TemaooOMeHa TPYObl C HM30JHUPYIOUIUM CJ0EM (v =
=5-10"*kan/(c-cm?-°C). 1) Ilpu KaKoM 3HAaYeHHM BHeLIHEro pauHyca
R usonupyiollero cJjosi moTepu Temna makcumanbHbl? 2) Ilpu kakom R
MOTEPH TeMJa YMeHbLIATCs BABOE M0 CPaBHEHHIO C MOTEPSIMH [Jsi TPYObI,
JIMILIEHHOH TEMJIOBOH H30JSLHH?

280. Ha xoHUaX AJHHHOTO OOHOPONHOTO CTEPIKHS, MOMepeyuHble pasMe-
pbl KOTOPOTO MaJibl MO CPaBHEHHIO C ero IJMHOH, 3a4al0TCsi TeMIepaTyphl
t| u ty, KOTOpble MOT'YT MEHSITbCS BO BpeMeHH. TemmepaTypa OLHOPOAHOH
Cpenbl, OKpyXKalollled cTepKeHb, paBHa t3. [lokasaTh, uTo Gaaromapsi Ten-
JIOOOMeHy TeMIlepaTypa B CTepaKHe MOAUHHSETCS] YPaBHEHHIO

ot 8t
—=a’g — bt —t3),
or oz
r 2\ X 2 ap N
e a” =x = —, b= "z, p — NePUMETp NONEPEIHOro CEHeHHS CTePXKHS,
cp cp
S — Ijouiaab 3TOro cCedyeHud, ¢ — leeJIbHaﬂ TEIJIOEMKOCTb BelleCTBa
CTepXKHS, p — €ero IJIOTHOCTb, & — KO3(P(PULHEHT TemjoobMeHa, »x —

TENJIONPOBOAHOCTb.
281. Haiitu ycraHOBUBIIeecsl paclipeleieHHe TeMIepaTypbl BIOJb
IJHHHOTO M OYeHb TOHKOTO CTEPXKHS MJMHBL [, €CJH TeMIepaTypbl ero
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KOHIIOB t| U t9, a TaKxXKe TeMIlepaTypa OKpYyzKawllel cpelbl t3 NOAAepPKHUBA-
FOTCS1 TOCTOSIHHBIMH. OcTajibHble BEJHUHHBI TaKHe XK€, KaK B Mpeablaylies
3ajaue.

282. PemnTh mpenblayllyl0 3aiady B INPENINOJOKEHHH, 49TO t3 = to.
PaccMoTpeth caydail oueHb HJHHHOTO CTEPIKHS.

283. BoiuucauTh TeMnepaTypy CpeiHel TOYKH KPYIJIOTO CTEpXKHs AJIH-
uel [ = 80cmM, paguyca r = 2cM ¢ TemaonpoBogHocTeio 2 = 0, 8 kan/(c X
x cM-°C) u KosdduuueHToM TenoobMena a = 5 - 10~% kan/(c - ecm? - °C),
ecid 06a KOHIIA CTEPXKHS TONAEPKHUBAIOTCS MPH ONHOH W TOH XKe TeMmIepa-
Type t; =ty = 100°C, a temneparypa KomHaThl t3 = 20°C.

284. CypbMsiHBIH ¥ MEIHBIH CTEPKHH MOKPBITH OYeHb TOHKHUM CJIOEM
napadiHa W CBOMMH KOHI[AMH YMHPAIOTCS B CTEHKY METaJIHYeCKOro CO-
CyJa, HAaNOJHEHHOTO KUIsllel Bomod. Yepe3 HEKOTOpOe BpeMs, MO NOCTH-
JKEHHH CTallHOHAPHOTO COCTOSIHUS, MJaBJaeHHe napaduHa mpekpaliaercs Ha
PaCCTOSIHHHU X| OT CTEHKH COCY[a Ha CYPbMSHOM CTEepXKHE W Ha PaCCTOSIHUH
To Ha MenHOM. TemnsonpoBOAHOCTb CypbMbl 7). ONpeneSUTb TEMJIONPOBOA-
HOCTb MEH .

285. [lns onpenesieHUs TEMJNONPOBOAHOCTEH KUIKOCTEH HCIIONb3YIOTCS
TPH MeJIHble MJIACTHHKH, PACMOJIOXKEHHbIe TOPU30HTANBbHO OHA HAJ JPYTOH.
HikHsist 1acTHHKA OMbIBaeTCsl TOTOKOM XOJIONHOM BOAbI (TeMmepartypa ti),
BepxHssi — Temynoi (temmepatypa t3). [IpocTpaHCTBO MeXAy HUXKHeH
¥ CpeHed MIAaCTHHKAMH 3aMOJHEHO KHUAKOCTBIO C TEIMJIOMPOBOAHOCTBIO |,
a MPOCTPAHCTBO MEXKAY CpefHed W BepxHeH — KHAKOCTbIO C TEJOoMNpo-
BOJHOCTBIO 7r9. PaccTosiHue cpefiHeil MJAACTHMHKH OT HHXXHEH paBHO d,
a OT BepxHed — dy. BbIpasuTh TemJONpPOBONHOCTb 79 uepe3 |, €CJH
B YCTAHOBHBIIEMCSI COCTOSIHHM TeMIlepaTypa CpelHel MIaCTHHKH paBHa tg.
B cayuae, Korma B KauyecTBe H3BECTHOM >KHIKOCTH B3sitTa Boma () =
= 0,00143 kan/(c-cm-°C), a B KauecTBe HCIBITYyeMOH — OGEH30J, MJist
paccrostHuil dj = | MM u do = 1, 2 MM mosyuyusnck Temnepatypsl ¢t = 80°C,
to = 68,6°C, t3 = 10°C. Ha#itu s nns 6eH3oua.

286. Temmepatypa OIHOrO KOHIIA OJHOPOLHOTO CTEPXKHS paBHa ti,
a Jpyroro to, MpHYeM TeMmmepaTypa OKpy»Kaillled cpeabl paBHA HYJIO.
[TokasaTk, YTO B CTALIHOHAPHOM COCTOSIHHH MeXIY TeMmrepatypaMu O, Oq
U O3 Tpex PaBHOOTCTOSIIMX APYT OT Apyra CeueHHH CTepxKHs, HaXons-
IUXCST HA PACCTOSIHUAX X, T +d ¥ x + 2d OT ero Hayaja, CyIIECTBYeT
cJeflyiollee COOTHOIIEHHE:

©1+0O3 _ pd, —pd
1T — Py ehd
S2)
rae
g=,/2
»S’
npuueM o — KO3(P(GHUUHEHT TenjaooOMeHa, » — TeMJONPOBOIHOCTb, P —
nepuMeTp ¥ S — MJIOIIAfb MOMNEPEYHOr0 CeUeHUs CTEPKHS.
287. [lnsa omnpenesieHusl TEMJIONPOBOAHOCTEH CTepKHEH MHOTIA MpUMe-
HSAIOT CJeAyIoUKN MeTon. Ecau TeMmnepatypy okpyKarolield cpeabl MPUHSATh



§5. Tenaonposodrocmeo 45

3a HyJib, TO MeXJy Temmepatypamud O, Oy u O3 Tpex PaBHOOTCTOSIIHUX
JIPyT OT ApYyra ce4eHHUU CTEpKHsI, HArPEBAEMOrO C OfHOrO KOHIlA, B CTallU-
OHAPHOM COCTOSIHUM CYLIECTBYET 3aBUCHMOCTB:

©1+0; _ pd e Pl —op
(S}
rae
: B=,/22
%S

(cM. mpembiayiiyio 3anauy). BenuuuHy 2n MOXKHO ONMpeneUTh HEMoOCpen-
CTBEHHBIMHU U3MEPEHUSAMHU. Ecau umerorcs ABa CTEPXKHA U3 PA3HBIX MATEpPH-
aJloB, TO, OTMPENEJIUB U3 HECKONBKHX H3MEpPEHHH BEeJUUUHY 2n [/t OMHOrO
U3 HUX W 2n| AJs1 APYTOTO, MOXKHO OMPENESUTh OTHOIIEHHe TEeMJIOMpPOBO/-
HOCTeH Mo opmyJie

2 _ | In(n+vn?-1) :

7 In(n; 4+ 4/n? — 1)

€CJIM TOJNBKO CTEpPKHH HMEIOT OfHMHAKOBBIE IMONEepeYHble pa3Mepsl S W pas-
Hble KO3(PUIHMEHTHl TermaooOMeHa «. BriBecTu 3ty dopmyay.

288. IlonynpoctpancTBo & > 0 3amMo/IHEHO BEIECTBOM C TEMIIEPATYpo-
npoBomHOCTbIO a’ = s/(cp). B maockoetn & = 0 MPOMCXOAAT rapMOHMue-
CKHe KosieGaHUs TeMIepaTypel ¢ nepuoxom 1

t =ty +t coswr,

roe to u t; — mocTosiHHble, a w = 27w /T. Haiitu Temmeparypy cpembi
B 3aBHCHMOCTH OT KOODPIHHATHI T U BPEMEHH T. ot

yKZasaHne. Hckath pelueHre ypaBHEHHs TEMJIONPOBOLHOCTH 3 =
= aQ% B KOMMJeKCHOEH (opme t —tg = X ()™, a 3aTeM nepelitu K
Bemec%CBeHHoﬁ thopme.

289. Haiitu BblpakeHue AJsi (Pa30BOH CKOPOCTH ¥ U KO3 HUIIHEHTA
3aTyXaHHs Y TeMIIePaTyPHBIX BOJH.

290. OnbIT MOKAa3bIBAET, YTO TEMIEPATyPHbIe BOJHBI C EPHOAOM B OIHH
CYTKH pPaclpOCTPaHSIOTCsS BHYTPb 3eMJd €O cKopocTbio 1 m/cyr. Haiitu
CKOPOCTb PAcMpOCTPaHeHHs] BOJH C MepuoaoM B 1 rof.

291. Bo ckosbKO pa3 KO3(PPUIHEHT 3aTyXaHHs TOJOBLIX TeMIepaTyp-
HBIX BOJIH Y| MeHblle K03 (ULHEHTa 3aTyXaHHsl CYTOUHBIX TeMIepPaTypHbIX
BOJIH Y9?

292. Ilpu KakoM YCJIOBUM paclpoCTpaHeHHe 3ByKa B Oe3rpaHHYHOU
OIHOPOIHOH cpejlle MOXKET pacCMaTPUBAaThCsl KaK afHabaTHUeCKUi mpouecc?

293. Ilpu KakoM YCJOBHM paclpoCTpaHeHHe 3ByKa B CTEpXKHE paauyca
7 MOXKET pacCMaTPUBATbCsl KaK afdabaTHUECKHH MPOoLece, ecyid TeMIepaTy-
POMPOBOIHOCTb OKpPY2KaloLleH cpenbl MpeHeOpeKHMO Majia 110 CPABHEHHIO C
TEeMIIePaTyPONPOBOAHOCTBIO CTEPKHS?

294. OpnHoponHasi cpefia 3aloJHsIeT MOJIYNPOCTPAHCTBO, OrpaHUYEHHOe
miaockocTblo & = 0. B HauasnbHbIl MOMeHT Bpemenu t = O Temmeparypa
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Cpelbl BCIOAY ofMHaKoBa U paBHa 1. TeMnepaTypa Ha MOBEPXHOCTH CpebI
BCe BpeMsl MOALepXKUBaeTcs MOCTOsHHOH W paBHoit 1) # Tp. Hatitu pac-
npepesenve temnepatypel T'(x,t) B cpeie BO BCe MOCJEAYIOIHE MOMEHThI
BpeMeHH. HaliTi TakKe rpagueHT TeMrepaTypbl BOJHU3H PAHUIIBI CPEMBI.

295. B. TomcoH BbUMCIHJ BO3pacT 3eMJiHM, HUCXOASl W3 CJEIYyHOUIMX
NpennoNoKeHUH: 3eMasi IBJsieTCs ONHOPOAHBIM TEJIOM, TeMIepaTypa KOTo-
poro B MOMEHT 3aTBepleBaHHs MO BCeH Macce Obla paBHA TeMIepaTtype
3arBepieBaHusi ropubix mnopox Tp ~ 4000°C, a temmepaTypa MOBEpPXHO-
cTH 3eMJIM ¢ MOMEHTa ee 3aTBepleBaHHs OCTaBaslach MOCTOSIHHOH M paB-
Hoit 0°C. Ilpu BbIYMCJIEHHH TeMIepaTypHOrO rpajueHTa BOJH3H MOBEpX-
nHocty 3emsn B. TomMcoH 3aMeHHsT ee OZHOPOAHOH Cpemol, OrpaHUYEHHOMH
MJIOCKOH MOBEPXHOCTBIO U 3aHUMaMlleld OeCKOHEYHOEe TMOJYMPOCTPAHCTBO
x >0 (cM. mpenblayulyo 3angady). BeUHCAWTb B 3THX MPENONOKEHHSIX
Bo3pacT 3emJin (C MOMeHTa 3aTBepAEBaHHs), €CIU BOJHU3U 3eMHOH MOBEpX-
HOCTH TeMmepaTypa 3eMJiu moBelllaetcss Ha 1 °C mpu yrayG/eHUH B Hee
Ha Kax/ple 25 M, a CKOPOCTb PACIPOCTPaHEHHs] CYTOUHBIX TeMIePaTypPHbIX
BOJIH cocTaBJisteT v = 1 m/cyT.

§ 6. KuHetnueckas teopus BelecTBa

296. CKOJIbKO MOJIEKYJ a30Ta HAXOOUTCS B cocyne o6beMoM B 11, ecin
Temmnepatypa asota 27 °C, a gasaenue pasHo 10~°wmm pr. c7.?

297. CKoJIbKO MOJIEKYJ HAXOAMUTCSl B OHOM TpaMMe BOJbI?

298. CKOJMbKO MOJIEKYJ HAaXOAWTCS B OTHOM KyOHUECKOM CAHTHMETpe
BO3/lyXa NP HOPMaJibHOM JaBjeHuH u Temmneparype 0°C?

299. [lonycTHM, YTO BCE€ MOJIEKYJbl BOJABl B CTaKaHe KaK-TO OTMEYEHHbI.
[Tocne 3TOro Boma Oblia BHIJIMTA B BOAONPOBOAHBIA cTOK. [lo mpouiecTBuu
IJHTENBbHOTO BPEMEHH BbIIMTAs BOAA PAaBHOMEPHO IlepeMellajach CO BCeH
BOJOH, HMerolleiics Ha 3emie. Kakoe KOJMYECTBO OTMEUEHHBIX MOJEKYJI
OKaXKeTCsl B CTaKaHe, €CJIM ero BHOBb HAMOJHHTb BOLONPOBOLHOH BOLOH?

300. KakoBo naBseHHe cMecH ra3os B KoJsbe o6beMoM 2,5 J1, ey B Hel
naxonurest 10'° mosexysn kucaopona, 4 - 10'° mosekyn asora u 3,3- 1077
aprona? Temneparypa cmecu 150 °C.

301. BeiuucauTh CpeHIon KBaAPATUUHYIO CKOPOCTh TEIJIOBOTO JBHXKe-
Hust MoJiekyJs1: 1) Bomopona, 2) asota, 3) kKucaopona npu 0°C.

302. Macca KpymHO# MOJIeKYJ/Ibl OpraHHdeckoro serectsa m = 10718,
HaiiTu mosiHy10 CpeaHIon KHHETHYECKYI0 3Hepryio K TennoBOro ABHXKEHHs
TaKOHM MOJIEKYJbl, B3BeLIeHHOH B Bo3ayxe npu Temmepatype 27 °C. Haiitu
TaKXe CPeNHIOI KBAaAPATUYHYIO CKOPOCTb MOJIEKYJBI IIPH 3TOH TeMIeparTy-
pe.

303. Haiitu cpenHuil KBaipaTHUHBIE UMITYJAbC MOJeKyabl Ho mpu Tem-
nepartype 27 °C.

304. Onpenenutb MOPSIOK BeJHUHHBI MaKCHMaJbHOH CKOPOCTH, C KO-
TOPOH apTUJJIEPHUHCKUH CHApsSi MOXKeT BblJIeTeTb U3 CTBOJIA opyausi. Kakum
JIOJ2KEeH OBbITh TMOPOX, YTOObI 3Ta BeJUYHHA OblJa BO3MOXKHO OOJIbILEH?
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305. HaiiTh 3aBUCUMOCTb MeXIYy CpeqHed KBaIpaTHUYHOH CKOPOCTBHIO
TEINJIOBOTO [BHKEHHs MOJIEKYJIbl ra3a Tz U CKOPOCTBIO 3BYKA B HEM Cgp.

306. Nmmysnbc GOTOHA CBSI3aH C €r0 HEPTHEH COOTHOIIEHHEM £ = PC.
Hanucatb BelpaxeHue 1Jis naBjeHust P (oToHHOro rasa.

307. IlokasaTb Ha OCHOBAaHMM KMHETHUECKOH TEOPHH, UTO NMPH KBa3H-
CTaTHYeCKOM IepelBHKEeHHH MOPIIHS B LHUAHHAPE, HAMOJHEHHOM HIeaJb-
HBIM OJIHOATOMHBIM T'a30M, JaBJeHHe U 00beM ras3a CBsi3aHbl COOTHOLIEHHEM

PV®/3 = const.

CTeHKI/I HUJAHWHAPA U MOPLIEHDb TENJOHENPOHHIIAE€MBbI.

Ykazauue. PaccMoTpeTb yaap MOJIEKYJbl O IBHKYIUIHHCS MOPILEHb
U yUeCTh, 4TO CKOPOCTh MOPIIHS rOpa3ao MeHbllle CKOPOCTeH yaapsiommuxcs
MOJIEKYT.

308. Pewruts npenblAyuyto 3agady IJs ABYXaTOMHOTO rasa. [lokaszars,
YTO B TOM CJjyuae gaBjeHue P u o6bem V CBsi3aHbl COOTHOIIEHHEM

PV7/5 = const.

Ykaszanue. [Ipu pelieHnd BoCHONb30BaThCsI TEOPEMOH O PABHOMEPHOM
pacrpeneneHHd KUHETHYECKOH SHEPTHH MO CTEMeHsM CBOOOJBI.

309. Jlis1 MpUMEHHMOCTH KJaCCHUECKOro crocoba paccMOTpeHHs rasa
Heo6XoqUMO, 4TOOBl ero Temneparypa 1’ Obljla BbICOKA MO CPAaBHEHHIO C
TaK HasblBaeMoOH TeMmmepaTypoil BeipoxieHus. [locmenHsiss onpenessiercs

BhIpaXKeHHEM
B hZ (3_71)2/3
€7 2km \8r ’

TAe M — YMUCJIO MOJIEKYJ B e€IHHHIlEe 00beMa, m — Macca MOJeKyJbl, h —
nocrosiiHas Ilnanka, k — nocrosHuas Boabiimana ). Borauceauts Temmnepa-
TYpy BhIpoxAeHUs aas: 1) reaus (m =6,6 x 107241, n =2,7- 10 cn—3),
2) snexTpoHHOro rasa B cepedpe (m =9, 1110722, n ~6- 10?2 cm™3).

310. Bocemb rpammoB Kucjopona 3aHumaioT oobem V' = 560.1. Ompe-
JeJUTh JaBJeHHe ITOr0 rasa B TOM ke oObeMe mpu Temmeparype: 1) T' =
= 820K, 2) T = 10k3B, kKorna aToMbl KMCJIOPOA MOJHOCTbIO HOHH30BAHBI.

311. Haiiti oTHOLIEHHe 4YHCJ/Ia MOJIEKYJ] BOLOPOAA 7|, CKOPOCTH KO-
Topbix Jexar B npefesax ot 3000 po 3010m/c, K ducay MOJIEKysa ng,
MMEOIIHX CKOpocTH B mpenenax oT 1500 mo 1510 mM/c, ecnu Temmepartypa
Bomopona 300 °C.

312. Ucxons us pacnpenenenuss MakcBesnsna, HalTH CpeaHHH KBanpar
Z-KOMIIOHEHTBl CKOPOCTH MOJIeKys rasa. HallTu orciona cpenHIo KHHETH-
YeCKYI0 9HEPrHIo, IPUXOASILYIOCS HA OIHY CTeNeHb CBOOOAbI MOCTYNATeNb-
HOTO [BHKEHHs MOJIEKYJIbl ra3a.

') Yenosue T > T, o3HauaeT, uTO CpeJiHee PACCTOSHUE MKy MOJeKyJaMH
rasa JO/2KHO ObIThb BEJMKO MO CPAaBHEHHUIO C JJMHOH BOJHBI Ae-Dpoist moseky:,
IBHKYUIMXCS C TEMJIOBBIMH CKOPOCTSIMH.
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313. Haiitu Hanbosiee BEpOSITHYIO Uy, CPEMHIO U U CPENHIOI KBaapa-
THUHYIO Tyxs CKOPOCTH MOJIEKYJT XJiopa mpH Temmepartype 227 °C.

314. Ilpy kako#l TemIepaType CpefHss KBaipaTH4HAas CKOPOCTb MoJle-
KyJ KHCJIOPOAA PaBHA TAKOBOH K€ CKOPOCTH MOJIEKYJ a30Ta NP TeMIlepa-
Type 100°C?

315. IloxkaszaTb, 4TO €C/M 32 €AMHHUILY CKOPOCTH MOJIEKYJ ra3a MpUHSITh
HanboJlee BEPOSTHYIO CKOPOCTh, TO YHCJIO MOJIEKYJ, a0COMIOTHBIE 3HAUEHHS
CKOPOCTEH KOTOpBIX JIeKaT MeXAy v u v + dv, He OyIeT 3aBHCETb OT
TeMIlepaTyphl rasa.

316. Kax 3aBUCHUT OT 1aBJeHHs CPeIHSsI CKOPOCTb MOJIEKYJ HEabHOTO
OIHOATOMHOTO Ta3a NpH aguadaTHYeCKOM CXKATHH MJIM PACILIHPEHHH?

317. Hanucarb BbipakeHue A cpenHero uyucsaa dN MoJiekys rasa,
KHHEeTHYECKHe SHEPIMH KOTOPBIX 3aKJIOYEeHBl MEXIY € U € + de.

318. Haiitu HauBeposiTHeiilllee 3HaYeHHe KHHETHYECKOH IHEPTHH &
TNOCTYNATE/bHOTO ABHKEHHS MOJIEKYJ/ Tasa, T.e. TaKoe 3HaueHHe &, NpH
KOTOPOM B (DUKCHPOBAHHBIH MHTEPBAJ HEPrHH de B rase HAXOLMUTCS Mak-
CUMaJIbHOE YHUCJIO MOJIEKYJI.

319. Ilpu kKakoM 3HAUEHHH TEMIMEPATypPbl UUCJO MOJIEKYJ, HAXONSIHUX-
csl B MPOCTPAHCTBE CKOpOCTeH B (pUKCHpOBaHHOM HHTepBaste (v,v + dv),
MaKCHMaJIbHO?

320. BeruncauTh CKOPOCTD ¥y/9 TEMJIOBOTO ABHUXKEHHsI MOJIEKYJIbl ra3a,
onpenensseMyl0 YCIOBHEM, UTO MOJOBHHA MOJIEKYJ ABHKETCS CO CKOPOCTbIO,
MeHblIed, YeM vj/y, a Apyras MOJOBMHA — CO CKOPOCTbIO, GoJblued,
qyeM 1}1/2.

321. Halitu cpenHee 3HayeHHe 0OpaTHOH BEJMYMHbBI CKOPOCTH MOJIEKY-
JIBl B rase.

322. Haiitu cpenHee 4UCIO MOJIEKYJ, KOMIIOHEHTbl CKOPOCTH KOTOPBIX,
napasiiie/sibHble HeKOTOPOH OCH, Jiexar B uHTepsase (v, v + dv)), a a6co-
JIIOTHblE 3HAYeHHUs MeprNeHIUKY/ISPHOH COCTABMSIONIEH CKOPOCTH 3aKJrYe-
Hbl MEXIY V] WU v +dv].

323. B nuome 3JeKTPOHbl, 3MHUTTHPyeMble
HaKaJIeHHbIM KaToIOM, MONAajaloT B 3alep:KHBa-
jouee nose aHoma. Jlo aHoma MOXOOAT JIHMIIb
JOCTATOYHO OBbICTPble 3JeKTpoHbl. CuuTasi, uTO
TENJIOBble CKOPOCTH SMHUTTHPYEMBIX 3JIEKTPOHOB
(BBIIEAIIMX M3 KaTOda) paclpejesieHbl MO 3a-
KoHy MakcBessa ¢ temneparypoil T = 1150K,
OTpelesNuTb JOJI0 3JEKTPOHOB (v, MPEOL0JeBal0-
KX 3ajepKuBatoiui norenuuan: 1) V =0,2B;
2) V =0,4B. Katonom siB/isieTCsi TOHKasi MPsiMO-
JIMHEeHHasl HUTb, HATSHYTasl [0 OCH LIMJIUHADPHYE-
CKOTO aHOJA.

Puc. 25 324. Ha puc. 25 u306pakeHO rOPH30HTAJb-

HOe cedeHHe INpHOOpa, HCIOJIb30BAHHOTO B H3-

BecTHOM omnbiTe llITepHa 1o onpenesieHHI0O CKOPOCTH MOJIEKYJ H aTOMOB.
HaiitTn ckopocTb atoMoB cepefpa, HCHNApSIOLIMXCS C LEHTPAJbHOH HHUTH
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npubopa, ecau npu n = 5006/c Ha BHELIHEM LUJIHHAPE CMELIEHHE CJefa
MOJIEKYJ/ISIDHOTO TTyYKa NP BpallaiolieMcs Npuoope Mo OTHOLIEHHIO K CJle-
Ly My4Ka B HEMOABHKHOM mpuOope cocTaBuio & = 4,8 Mmm. ComocTaBUTh
pe3ysbTaThl pacyeTa CKOPOCTH aTOMOB cepeOpa M3 MpPUBENEHHBIX NAHHBIX
C pacdeToM TOH e CKOPOCTH INpPH MOMOIIH COOTHOLIEHHS MeXIy Cpef-
Hell KBaJipaTHUHOH CKOPOCTBIO aTOMOB M TeMIlepaTypol rasa. Temmneparypa
HUTH B ToM ombitTe lllTepHa, O/ KOTOPOrO MpPHUBENEHBl YKa3aHHbIE BhILIE
nauHble, Obia paBHa 1607 °C (1880K), R = 10cwm.

325. B ombite Ilrepna (puc. 25) Ha MOBEPXHOCTH BpalllaONIEroCs
uununapa C KOHAEHCHPYIOTCS MOJIEKYJIB cepeOpa ¢ pasjMYHbIMH CKOpO-
cramu. Kakum CKOpOCTSIM MOJIeKyJ, MOMafaiolinX Ha maactuHky DD,
COOTBETCTBYET ee HauOOJIbllee MoUepHeHHe?

326. Bbipa3uTh UKCJIO MOJIEKYN 2, YAAPSIOUIMXCS O KBAAPATHBIH CAaHTH-
METp CTEHKH COCYAa B OOHY CEKYHIY, uepe3 CPeAHIOI0 CKOPOCTb ABHKEHHS
ra3oBbIX MOJIEKYJ, €CJAH (PYHKIHUSI pacrpefesieHUsi MOJIEKYJ M0 CKOPOCTSM
U30TponHa (T.€. 3aBUCHT TOJBKO OT aGCOJIOTHOTO 3HAUeHHs CKOPOCTH
MOJIEKYJ/Ibl, HO He OT ee HampaBjeHHs). PaccMoTpeTb 4acTHBIH ciyuait
MaKCBeJIJIOBCKOTO pacIpefeleH s .

327. Ha#iTh nosHy10 KHHETHUeCKYyl 3Hepruio E MoJjieKya ogHOaTOM-
HOTO rasa, yHApsIOIMXCS O KBAAPATHBIH CAHTUMETDP CTEHKH B €IHHHIY
BpeMeHH. 3aJauy peliuTb cHadyasa B oOlleM BHAE IJs U30TPOMHOH (PyHK-
UMK paclpelesieHusi, a 3aTeM NPUMEHUTb pPe3y/bTaT K YACTHOMY CJydalo
MaKCBeJIJIOBCKOTO pacrnpeleseHusl.

328. B TOHKOCTEHHOM cOCyAe, COAepKallleM HAeasbHbIH ras mpu TeM-
nepatype 1, uMeeTCsi 0O4eHb MaseHbKOE OTBEPCTHE, Uepe3 KOTOPOe MOJIEKY-
JIbl BBIJIETAIOT B BaKyyM. OmnpenenuTb CpefHee 3HaUeHHe £ KMHETHYECKOH
SHEPruH BbLJETEBLIEH MOJIEKYJbl B MPENNONOXKEHHH, YTO 32 BpeMs OINbITA
U3MEHEHHUs 9HMCJ/a MOJIEKYJ W TeMIIepaTyphl rasa B cocyle NpeHeOpeXHMo
Masbl ).

329. B toHKkocTeHHOM cocyne ob6bema V', CTEHKH KOTOPOrO MOJAEPXKH-
BAIOTCS MPH MOCTOSIHHOH TeMIepaType, HaXOAMUTCS WAeasbHbIH ra3. Cocyn
nomelleH B BakyyM. Kak OymeT MeHATbCS ¢ TeueHHEM BpPeMEHH KOHIIEH-
Tpalys MOJIEKYJ 1 ra3a BHYTPH COCYZa, €CJH B €r0 CTEHKe CAeJaTh OYeHb
MaJjioe oTBepcTHe miowanu S? Onpenenutb Bpems ¢y, 0 HCTEUEHHH KOTO-
poro IaBJ/ieHHe ra3a BHYTPH COCylAa yMEeHbIIHTCS B ABa pasda. CuuTarh, 4TO
HCTeUeHHe rasa MPOUCXOOUT HACTOJbKO MENJIEHHO, YTO OHO MPaKTHUECKH
He HapyllaeT PaBHOBECHOCTb COCTOSIHHSI BO BCEM COCYIE, 32 HCKJIOYeHHEM
MaJsioll 06s1acTH BOJMH3KM OTBepCTHsi. TemmepaTypy rasa B cocyle CUHTATb
MOCTOSIHHOM U PaBHOM BHELUHEH TeMIepaType.

330. OTkauaHHBIH TOHKOCTEHHbIH COCYHA, CTEHKH KOTOPOTO MO AEp:KH-
BAIOTCS MPY MOCTOSIHHOM TeMIlepaType, NOrpyKeH B aTMOC(epy HAeabHOTO
rasa ¢ MOCTOSIHHOH KOHIeHTpaLHel MoJIeKyJ N, NOAAepKHBAeMOro IpHu ToH

') B sanauax 328-336 npeanonaraeTcsi, 4TO pasMepbl OTBEPCTHS H TOJIIIMHA
CTEHOK MaJlbl 110 CPaBHEHHIO C AJHHOH CBOOOAHOTO Mpobera MoJeKyJs rasa.
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X)e TeMnepatype. Kak OyneT MeHsITbCs ¢ TeYeHHEeM BpeMeHH KOHIEHTpallHs
MOJIEKYJl Ta3a BHYTPHU COCYHa, €CJAH B €ro CTeHKe CHeJaTb OueHb MaJjioe
0TBepCTHE?

331. Uepes kakoe BpeMs [aBjieHHe BO3[AyXa B TOHKOCTEHHOM OTKa-
YaHHOM COCYyIe, B CTEHKE KOTOPOTO HMMeeTCsl OTBEpPCTHe MJolanbilo S =
= 10~%cm?, Bospactaer or P; = 10~*mm pr. cT. 10 P, = 102 MM pr. cT.,
€CJIM JaBJieHHe HapyxKHOro Bo3nyxa Fy = 760 MM pT. cT., a Temmeparypa
20°C? O6bem cocyna V = 1. Uepes kakoe BpeMsi [aBJeHHE B COCYIE
CTaHEeT PaBHBEIM IMOJIOBHHE aTMOC(HEPHOro AaBJEHHUS?

332. Cocyn pasjeJsieH Meperopojikoil Ha JBe paBHble 4acTH oObeMoM V'
Kaxgas. B omHOH 4YacTH HaxoguTcsi a3oT, a B APYroi KHUCJOPOH TMpH
ONMHAKOBBIX JAaBjaeHusax P u temmeparypax 1'. a3l B cocyne CHJIBHO
paspexxeHbl (cpenHsisi AJMHA CBOOOAHOTO Mpodera BesJHKa MO CPABHEHHIO C
pasMepamu cocyna). B momenT ¢t = 0 B meperoposike OTKpbIBaeTCsi HeGOJb-
moe otBepctre miowanu S. Halitu naBseHve B 06eux yacTsix cocyia B 3a-
BUCHMOCTH OT BpeMeHH. TeMmepatypy rasa Bo Bce BpeMsi POIIeCCa CUUTATD
HeHW3MeHHOH. Pe3ysbTaT BEIPa3HUTh Yepe3 cpeqHHe CKOPOCTH MOJEKYJ a30Ta
U KHCJIOpOJA Uy U Uk.

333. IlosHOCTBIO 3BAKYHPOBAHHBIH TIepMeTHYeCKHH coCyl MOMelleH
B aTMoc(epy, COCTOSIIYI0 M3 CMeCH ABYX Ta30B, MOJEKYJ/spHble MaccChl
KOTOPBIX OTHOCATCS Kak 1:4, a OTHOLIeHHe KOHUEHTpauui (T.e. yuces
MOJIEKYJ B eIHHHIle 00beMa) paBHO a.. CMech ra30B BHE COCYAa MOAAEPIKHU-
BaeTCsl MPH MOCTOSIHHBIX NaBJEHHH U TeMmIepatype. B cTeHke cocyna oka-
3aJ10Chb MaJjioe OTBEpPCTHE, uepe3 KOTOpoe 00a rasa CTajd OueHb MelJIEHHO
HatekaTb B cocyn. OnpenesnuTbh MakCHMaJbHOE U MHHHMMAJbHOE 3HaueHHs
OTHOLUEHHUS] KOHIIeHTpPaU Ui JerKOH M TsXKeJO0H KOMIOHEHT ra3oBOH CMeCH
B COCY/le ¥ MOMEHTBI BPEMEHH, KOrja AOCTUTAIOTCsl 3TH 3HAUYEHHUS.

334. IlonHOCTBIO 3BAKYHPOBAHHbBIH TOHKOCTEHHBIH TepMETHUECKHH CO-
CYZ TIOMEIlleH B aTMoc(epy KHUCJIOpPOAa, MOAAEPXKUBAEMOr0 MPH MOCTOSTHHOU
TeMIepaType U HeBLICOKOM JaBjeHud P. B creHke cocyna okasasnock MaJjoe
OTBEpCTHE, Yepe3 KOTOPOEe OKPYKAIOUIHN KUCJIOPOM, CTaJl HATeKaTb B COCYI.
Yepes yac maBjieHHe rasa B COCye MOBBICHJIOCH OT Hysasi no P/2. Kakoe
JaBjeHue Oblo Obl B TOM 2Ke COCYZe uepe3 TO Ke BpeMsi, ecsid Obl 1ocJie
OTKauK4 cocy[ Oblyl MOMellleH B aTMOC(epy BOAOPOIA MPH TeX XKe NaBJeHHH
U TemIeparype?

335. ToHkocTeHHBIH cocyn o6bema V, HAmNONHEHHbIH WIeasbHBIM ra-
30M, TMOIAEP:KUBAETCs MPH MOCTOSIHHOM Temmnepatype 1. B crteHke cocyna
UMeeTCsl MaJieHbKOe OTBEPCTHe MJIOLAH S, uepe3 KOTOpoe MOJIEKYJIbl rasa
BbIJIETAIOT B BakyyM. Kakoe kosuuectBo Temna ) = Q(t) HaLO MOABOAUTH
K COCYLy B €IMHMIYy BpPEMEHH [Jisi MOAJEepPKAHHUSI B HEM MOCTOSIHHOH TeM-
nepaTypsbi?

336. B ToHKOCTEHHOM cocy/ie, MOMElIEHHOM B BaKyyMe, HMeeTcsi O4eHb
MaJjioe OTBEPCTHE, Ha KOTOpOe HM3BHE HAINpaBJsIeTCs MapasijiesbHbIE My4YOK
OJIHOATOMHBIX MOJIEKYJI, JIETSIIUX C OLHOM W TOH K€ CKOPOCTBbIO vy, Mep-
MEHAUKYJSPHOH K TJIomand otBepcTHsi. KoHIeHTpalus MOJIeKya B MyuKe
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paBHa mo. HaliTu cpenHIOI0 CKOPOCTb U, KOHIEHTPAIMIO MOJIEKYJ 1 U TeM-
nepatypy 7' rasa B COCyJe B YCTAHOBHBIUEMCS PABHOBECHOM COCTOSIHHH.

337. Omnpenenuts, Kakasg 4yacTb MOJIEKYJ HAEAJbHOTO ras3a, CTONKHYB-
LIMXCSl CO CTEHKOH cocyna 3a ompefesieHHOe BpeMsi (HampuMmep, 3a OLHY
CEeKYHIY), UMeeT KHHETHUECKYI0 SHEPTHI0, MPeBOCXOASIIYIO €.

338. BosbdpamoBasi HUTb, UCMApPsAsICb B BBICOKWH BaKyyM IpHU TeMIle-
parype T = 2000 K, ymeHbluaeTcs B Macce, Kak MOKa3ajd M3MEPEHHUs, CO
ckopocTbio ¢ = 1,14 - 10713 r/(c - cmM?). BoluMc/IUTD 1aB/eHHe HACBIIEHHOTO
napa BoJb(pamMa IpH 3TOH TeMIlepartype.

339. Kakosa 6bl1a 6bl MIHOBEHHAsi CKOPOCTb HCMAPEHHUs] BOIbI C KaX-
JOT0 KBaJpaTHOrO CAaHTHMeETpPa ee IMOBEPXHOCTH, eCaH Obl Hajl 3TOH IIo-
BEPXHOCTbIO ObL BaKyyM, a TeMIlepaTypa BOAbl B 3TOT MOMEHT PaBHsJIaCh
T = 300 K? TabsuuHoe 3HaUYeHHe yNPYroCTH HACBILIEHHOTO BOASIHOTO Mapa
npu 3Toi Temneparype P = 27 MM pt. cT. CpaBHUTb MOJYYEHHYIO BEJHUHHY
C BeJMYHHOH CKOPOCTH HCIAPeHHsl BOABI MPH OOBIYHBIX YCJAOBUSX (T.e€. KO-
IJla Hal ee [TOBEPXHOCTBbIO HAXOAMTCS BO3AYX IPH HOPMAaJbHOM AaBJIEHHH)
1 OOBSCHUTDb MOJyUYHBLIEECS PACXOXKIEHUE.

340. OTHolleHHe MOJIEKYJSIPHBIX MacC PasjM4YHbIX [a30B MOXKHO H3Me-
PATh MO CKOPOCTH 3((Y3HH HX, T.€. 0 CKOPOCTH HCTEUEHHs M3 cocyna C
OdeHb MaJsblM OTBepcTHeM. JloKasaThb, 4TO BpeMs, B TeueHHe KOTOPOro H3
cocyna BbITEKaeT ONpelesieHHBbIH 00beM ras3a, MpPONoplLHOHANbHO KBaApaT-
HOMY KOPHIO U3 MOJIEKYJ/ISIDHOH MaccChl rasa.

341. Jlns onpenesnenust urcaa Asoragpo [leppen uamepsini pacrpene-
JIEHHe MO BbICOTE 11apo0Opa3HbIX YACTHI[ TYMMHIYTa, B3BELIEHHBIX B BOJE.
OH Halles, YTO OTHOLIEHHE (v YWCJA YACTHIL B CJOSIX, OTCTOSILIUX APYT
oT apyra Ha paccrosinue | = 30 Mmkm, paBHo 2,08. [lnoTHOCTH HacTull p =
= 1,194 r/cM®, BoOmbI po = 1r/cm3. Panguycsl wactuu r = 0,212 vMxm. Ha
OCHOBAHHMH 3TUX NAHHBIX BBIUHCAUTH uucsio ABoragpo N. Temnepatypa
Bozbl t = 18°C.

342. Jlns ompepnesieHUs] OTHOCHUTEJbHBIX MOJIEKYJ/SIPHBIX Macc KOJJO-
MIAJbHBIX YACTHI[ HCCJAEAYIOT pacrpefesieHHe MX KOHUEHTPALHH B TOJe
1leHTpoOeXHOH CHJbl, BO3HUKAIOIIEH TPH BpallleHuH LeHTpudyru. Haitu
OTHOCHUTEJIbHYIO MOJIEKYJISIPHYO Maccy [t KOJJIOMIAJbHBIX YacTHI, €CJH
M3BECTHO, YTO OTHOLIEHHE MX KOHIEHTPAUHH B MeCTaX, PacloJjOKeHHbIX OT
OCH LEHTPHU(YTH HA PACCTOSIHUAX T'9 U 7|, paBHO <. [lnoTHOCTH YacTHll p,
pacTBOPUTEJNST — pp. YTJIOBask CKOPOCTb BpallleHHs LEHTPUPYTH w.

343. [Ipu TepMopHHAMUYECKOM PABHOBECHH TeMIIEpaTypa rasa, HaxoJs-
LIEr0Csl B MMOJIE TSXKECTH, NMOCTOsSIHHA MO BbicoTe. C MOJIEKY/ISIPHO-KHHETH-
4eCKOH TOUKH 3pEeHHsl KaXKeTCsl Ha MepBbli B3I/, YTO TeMIepaTypa rasa
JOJKHa yObIBaTh C BBICOTOH, TaK Kak JeTsllas BBEPX MOJEKYJa 3aMelJisi-
eTcs MoJIEM TSIXKECTH, a JlieTsllas BHU3 — ycKopsiercs. JlaTh KauecTBeHHOe
MOJIEKY/ISIPHO-KHHETHYECKOe OObsSCHEHHe IIOCTOSHCTBA TeMIlepaTypbl rasa
I10 BBICOTE.

344. Tenon30MMpOBaHHBIH COCYL C HOeaJbHbIM a30M IOABELIeH Ha
HHTH B ToJie TsiKecTH. M3-3a2 [NEHCTBHSA CHJIBl TSXKECTH IJIOTHOCTh Trasa
BHH3Y cocyna GoJblie, 4eM HaBepxy. HUTb mepexwuraiot, U cocyn cBOGOIHO
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nanaetr. [lpennosarasi, 4to BO BpeMsl MaJeHHs YCIEBAET YCTAaHOBHUTHCS
TEPMOIMHAMHWYECKOe PAaBHOBECHE, OMpEeJUTb PABHOBECHYIO TEMIEPaTypy
rasa, KoTopasi B HeM YCTaHOBHUTCS IIPH TaJeHHH.

345. Toabsysich dopmysioit BosibliMana, HAUTH CPEAHIOI MOTEHIHAJb-
HYI0 SHEPTHIO Epop MOJIEKYJBl [a3a B 3eMHOH aTMocdepe, cyuTas MOCJHEN-
HIOI0 H30TepMHUYecKo# (¢ Temmepatypoil T'), a mose TSKEeCTH OQHOPOMHBIM.
Bbluucaute TenoeMkocTh raza C NpU 3TUX YCJAOBHSX.

346. Tennon30/MpPOBAHHBIN TePMETHYECKHH LHMIHHIPUIECKHH COCY
BBICOTBI H, HAamlONHEHHBIH Tra3oM, MOABEIIEH B BEPTHKAJbHOM IOJIOXKEHHH
B OJHOPOLHOM IOJIe TS2KeCTH. TeMrepaTypa rasa B cocy/e Be3jie OIMHAKOBa
u paBHa 1. HaliTu cpenHIO0 MOTEHIHAIbHYIO SHEPTHIO MOJIEKYJIBI I'a3a Eqor.

347. B uuiauHape mpenplaylled 3agadd IMOMEIIeH MOJb HIeaJbHOTO
rasa C OTHOCHTENbHOH MOJEKYJIpHOH Maccod p. HaliTh tensoeMkocTb
ITOTO rasa, yUUTbIBasi BJAUSHHE TOJS TSKECTH W npennosaras, uyto ug H <
< RT.

348. UHumunnp panuyca R u naunbl H, HanoJHEHHBIH XUMHUYECKH
OZIHOPOJHBIM Ta30M, PABHOMEPHO BpAIlAeTCsl B OAHOPOLHOM TOJIE TS?KECTH
BOKPYT' CBOEH reoMeTpPHYecKOH OCH C YIJoBOH cKopocThio w. Hailitu pac-
npejesieHHe KOHIEHTPALHWH MOJIEKYJ ra3a BHYTPH LHMJIHHAPA, €CJH €ro 0Cb
HarpasJeHa BepTHKAJIbHO.

349. VMpneanbHo ynpyruil mapuk IBUXKETCS BBEPX W BHU3 B T0JI€ CHJIBI
TSDKECTH, OTPaXasich OT I0JIa M0 3aKOHAM ymnpyroro yaapa. Haltu cBsisb
MEXAY ero CPeAHHUMH MO BpeMeHH 3HAUeHHSMH KHHETHYECKOH W MOTEeHIIH-
aJbHOM 3Hepruil. Pe3ysnbTaT HCMONB30BaTh [J/151 YCTAHOBJIEHHUS CBSI3H MEXIY
CPeAHUMH 3HAUEHHUSIMH KHUHETUYeCKOHW W MOTEHIMAJbHOW IHEPrud MOJEeKy-
JIbl BO3[yXa B II0Jie 3eMHOro TAroTeHus. [lo/ib3ysicb 3THM pesy/bTaToM,
MONYUHUTb (POPMYJIY MAJs Pa3HOCTH MoJisipHBIX TemnoeMkoctedl Cp — Cy,
a Tak»e JaTb HOBOe pelleHHe 3afgaud 345.

350. JlokasaTh, 4TO I'DaBUTALIMOHHOE MOJIe TJIAHEThl HE MOXKET yIep-
’KHBaThb HEOI'PAHHUUEHHO J0Jr0 MJaHeTHYI0 atMocdepy. [Tocnennss nonxHa
paccesiTbCsl B OKpy2Katolllee MpOCTPAHCTBO.

351. CkopocTb paccesiHUs MJIAaHETHOH aTMOc(epbl B MHPOBO€E MPOCTpPaH-
CTBO MOXKHO XapaKTepH30BaTb BpeMeHeM paccesiHusi atmocdepsl 7. Tak
Ha3blBAIOT BpeMsl, M0 HCTEUYEHHUM KOTOPOTrO UHCJO YacTHIl B aTMocdepe
yobiBaeT B e pa3. OueHHUTb BpeMsi paccesiHUs MJAaHETHOH aTMmocdepsl T,
npenrnoJaras, 4to arMocdepa H30TepMHUUYECKAss H COCTOUT M3 ONMHAKOBBIX
gacTul. Atmocdepy cuuTaTb GECKOHEUHO paspexkeHHOH. B 3THx ycsoBHsix
B3aUMHBIMH CTOJKHOBEHUSIMM MOJIEKYJ MOXKHO IpeHeOpeub — MAaKCBeJ-
JIOBCKOE paclipeieleHHe CKOPOCTeH yCTaHABJIMBAETCs B pe3y/bTaTe CTOJK-
HOBEHHH MOJIEKYJ C TOBEPXHOCTbIO MJaHeTbl. MoJieky/ibl BbIOBIBAIOT H3
aTMocdepbl U YJeTalT B MeXIJIaHeTHOe MPOCTPAHCTBO, €CJH B pe3yJb-
TaTe CTOJKHOBEHUH C MOBEPXHOCTbIO MJIAHETbl OHH MOJYYAIOT CKOPOCTH,
MpeBbIILIAIOIIMEe BTOPYIO KOCMHUECKYI0 cKopocTh. (B mpoGneme paccesHus
MJIAaHETHBIX aTMoc(ep BTOpasi KOCMHYecKass CKOPOCTb HAa3blBaeTCsl CKOpPO-
cTblo yGeraHus vys.) HalTh BpeMsl T 1/ aTOMapHOTO M MOJIEKYJSPHOTrO
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BOIOPOAA 3eMHOH aTMOC(epbl, Tpearnosaras, 4To TeMIEpATypa MocaenHel
T = 300K. B

352. Haiitu sHauenue cpenHedt sHepruu F, npuxopsiiieicsi, COrJacHO
KJIACCHUECKOH KHHETHYEeCKOH TEOpHHM Ta30B, HAa OIHY CTeleHb CBOOOMbI
BpalllaTe/IbHOTO JIBUXKEHHST MOJIeKYJbl ra3a npu t = 27 °C. Haiitu 3HadyeHue
CpefiHel KBaJpaTHUHOH YacTOThl BPALeHHS] MOJIEKYJ/Ibl KUCJIOPOAA MPH THX
yc/I0BUAX. MOMEHT MHEPUHH MOJIEKYJBl KUCIOPOAA BOKPYT OCH, MepreHau-
KYJISPHOE K OCH CHUMMeTpHH Mosekyasl, 1| = 19,2104 1. cm2,

353. HaiitTu cymMmMapHyi KHHETHYeCKyI 3Hepruto K TemjoBOro IBU-
JKeHHUsT Bcex MoJiekysa kucjopopa Og, 3aHuUMaIUX 00beM V' = 5,57 npu
naBneHud P = 2atm. CyurtaTb, 4TO TeMIlepaTypa ra3a HACTOJNbKO HM3Ka,
YTO KoJie0aHHS aTOMOB B MOJIEKyJiaX ellle He BO30OYXKIeHBl, a BpalleHHs
BO30Y2KA€HbI MOJHOCTbIO.

354. KakoBa OyzmeT cpepiHsisi KHHeTHUeCKasi SHEPrusl BPallaTesbHOrO
IBWXKEHUS] MOJIEKYJIBl BOAOPOAA, €C/IM MepBOHAYaJbHO OH HAXOLMJCS IpH
HOpPMAaJIbHBIX YCJIOBHSIX, a 3aTeM Obll afdabaTHYeCKH CXKAaT B 32 pasa’?

355. Cmech paBHBIX (M0 Macce) KOJHUeCTB Bomopona u requsi npu 0°C
rMoMelleHa B IMJIMHAPHYeCKHi cocyn o6beMoM V = 1 M3, 3aKkphiThIil cBEpXY
IOBHXKYIIUMCs 6e3 TpeHHs] HeBeCOMbIM MopliHeM. AtmocgepHoe naBieHHe
P = 740 MM prt. ct. Kakoe KOJHYECTBO Temja MO KJACCHUECKOH TeOpHH
notpebyercs A/s1 HarpeBaHusi cmecu no 200°C?

356. IloncuuTaTh MO KNAaCCHUECKOH TEOPHUH YIEJbHYIO TENJOeMKOCTb
TIPH TIOCTOSIHHOM J@BJIEHHH ras3a CjedYIOLIero MOJISPHOTO COCTaBa:

He — 20%; Hy — 30%; CH; — 50%.

(MonsipHBIE COCTaB YKa3blBaeT OTHOLIEHHE KOJHYeCTBa MOJIEH NaHHOTO
rasa K oblieMy KOJHYecTBy MOJIEH BCeH CMeCH rasos.)

357. BblUHCAUTD MO KJAaCCUYECKOH TEOPUH KOJHUECTBO Temsa (), Heob-
XO[MMOe JUJISl HarpeBaHUs Bo3ayxa oT Temnepatypbl 1) = 273 K no temme-
patypel Ty = 298 K mpu noctosHHoM o6beme Vi = 30M°, eciu mepsoHa-
4aJIbHO OH HaXOIMJICS NPH HOPMasJbHOM aTMOC(EepHOM AaBjeHHH P.

358. BbluHCAUTD M0 KJAaCCHUECKOH TEOPUH KOJHUECTBO Tema (), Heob-
XO[UMOe JUJISl HarpeBaHUs Bo3ayxa oT Temnepatypbl 1) = 273 K no temme-
patypbl 75 = 303K mnpu moCTOSIHHOM [aBJIEHHH, €CJH MepPBOHAYaJbHO OH
HaXOIHJICS NPU HOPMaJIbHOM aTMoc(epHOM AaBjeHHH P, U 3aHMMas 06beM
Vi = 50 m°.

359. BbluucaUTh MO KJIaCCHUECKOH TEOPHHM KOJIMYECTBO Temja (), KO-
TOPO€ HAJ0 MOABECTH K MOJIO JBYXaTOMHOTO HIEasbHOTO ras3a IpH ero
u3006apruecKoM OOpaTHMOM HarpeBaHUM, €C/M B IIpOllecce HarpesBa ras
coBeplUUs BHellHwW0 padory A = 20 JIx.

360. BbluucauTh MO KJAaCCHUECKOH TEOPHHM KOJIMYECTBO Temaa (), KO-
TOpOe HAJO MOABECTH, UTOObl KBA3HCTATHUECKH IIOBBICHTH TEMIIEPATYpY
B komHaTe oT 17 = 290K no Ty = 294 K. (M3-3a Hanuuus 1ieed 4 mop
B CTeHaX KOMHATBl [aBJIeHHE BO3[AyXa B HeH B KaxKIblH MOMEHT DaBHO
BHemHeMy AaBaeHio P = 1atm.) O6beM komHaThl V = 30 M.
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361. YnenbHble TEMI0EMKOCTH KO0OasbTa U 30J10Ta COOTBETCTBEHHO €] =
=0, 104 xan/(r-°C) u ¢g = 0,0312 kan/(r-°C). OnpenesuTb UX aTOMHbIE
terioeMkocTd Cp u Co.

362. OnpenenuTb MOJSPHYIO TEMJOEMKOCTb MPH MOCTOSHHOM 00beMe
TBepAbIX coefrHeHud tuna XV u XVy, cuutas crnpaBeHBOi KJaccHye-
CKYIO CTaTHCTHKY.

363. Onpenenutb yHesbHYI TeMJOEMKOCTb MPH IMOCTOSIHHOM 00beMe
KHCJIOPOJA, HATPETOro 0 OYeHb BBICOKOH TeMmepaTyphl (MOopsiika HeCKOJb-
KHX KHJIO3JIEKTPOHBOJIBT).

364. Ilpu B3pbiBe aTOMHOH (ypaHOBOH) GOMOBI B ee IEHTpPe MOCTH-
raiotcsi Temmnepatypbl nopsinka 1 =~ 10k3B. [lpuHumasi opHeHTHPOBOYHO
MJIOTHOCTb ypaHa B IleHTpe 6oMObl paBHOH p = 20T/cM®, HAlTH AaBJeHHe
BHYTpH O0MOBI IpH 3To# Temneparype. CpaBHHTb 3TO AaBJjeHHe C fAaBJe-
HHeM B LEHTPe 3eMJIH, BbIUHC/JEHHBIM B MPEANOJNOKEHHH, UYTO IMJIOTHOCTb
3eMJIH OCTOsIHHA U paBHa p3 = 5, 5r/cM>. JlaBjieHue CBETOBOrO H3/yUeHHs
HEe YUHTbIBATb.

365. Ilo onnoit u3 crapsix Teopuit (lesbmrodbir, 1854 r.; sopn KenbBus,
1861 r.) cosHeuHOe H3JyUeHHE MOANEPIKHUBAETCS 3a CUET Temaa, o6pasy-
routerocst npu cxkatuu Cousnua. [Ipepnonarasi, uto CosHlie MpeacTaBiseT
co60H ONHOPOAHBIN 1P, MJIOTHOCTb BelleCTBa KOTOPOTO Ha J0OBIX paccTo-
SHUSX OT LIEHTPA OflHA M Ta Ke, MOACUMTATh, KAKOE KOJHUYECTBO Temia ()
obpasyercsi, ecan paguyc CosHia ymeHbiiutesi ot Ry 1o Rye. Ha ckosbko
JIET XBATHUT BBIAEJMBLIEroCs Tesa, €CJAU MPEANOJOXKHTb, UTO HHTEHCHB-
HOCTb COJIHEUHOT'O H3JyUeHHs OCTOSTHHA BO BpeMeHH U ecau paguyc CosH-
ua ymenbiintes Ha 1/10 cBoe#t nepBoHauasibHOH Bequunubl (Ry = 0,9R;)?
Macca Connna M = 2-10%r, cpenuuii paguyc Ry = 6,95 - 10'% cm, rpa-
BHUTAlHOHHAsH NOCTOsIHHAsA G = 6,67 - 10~8 qun - cm2/r2, cosiHeuHasi mocTo-
auHas A = 1,39 - 109 spr/(c - cm?), cpennee pacctosuue 3emu or CosHia
1,5 10" cm. OueHHTb TaK:Ke, HACKOJMBbKO MOBbICHJACh OB TeMIepaTypa
CoJiHla, ecsi Obl C2XKaTHe MPOU30LII0 BHe3aMnHO. Tena0eMKOCTb COJHEYHO-
r0 BelecTBa MOXHO rpy6o OlEHHTb, Npeanodsaras, uto CoJiHIE LeJHKOM
COCTOMT U3 Bofopoaa. (JTo naeT 3aBbilIEHHOE 3HAUYEHHE [JI5 TEMIOEMKOCTH.
[To coBpemeHHbIM HaHHBIM Macca COJIHIA COCTOUT MPHOMH3UTENbHO Ha 70-
80 % wu3 Bomopona.)

366. OnpenesuTb MOCTOSIHHYIO afuadaThl /51 Ta30BOH CMeCH, COlepKa-
el v| MoJiel BOIOpoaa U Ve MoJsiel renus. PaccMoTpeTh YacTHbIH caydai,
KOIZla CMeChb COIepXKUT OJMHAKOBbIe (M0 Macce) KOJIWYECTBa 3THX Ta30B.

367. HaiiTu BbIpa)keHHe MJisi CKOPOCTH 3BYyKa B CMeCH vy, Vg, U3, ...
MoJiel pa3HUHBIX HIeasbHbIX Ta30B NpH TeMmmepatype 1.

368. BbluucauTh CKOPOCTb 3ByKa B KHUCJIOPOAE MpU Temmepatype 1 =
= 1 k3B.

369. Haiitu 3HauyeHusi cpenHedl KoJieGaTeJbHOH 3SHEPrHM TEMJIOBOTO
IBHKEHHs JJIs1 ABYX Pa3iHUHbIX aTOMHBIX OCLHJJISITOPOB NIPH TeMIepaType
27°C. Yactora KoneGanuii ogHoro ocuuaastopa v = 1013 ¢=! a npyroro
vo = 10" ¢~!. CpaBuuTh HaiinenHble 3HaUEHHS 3THX SHEPIHil CO 3HAYEHHEM
cpenHed 3Hepruu FEy,, Npuxoasiueiics Ha ONHY CTelmeHb CBOOOAbI KoJie-
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6aTeJIbHOTO JBHKEHHS, COTJIACHO TEOpeMe O PABHOMEPHOM pacrhpeleseHHH
9HEPTHH M0 CTeNeHs M CBOOOMIBI.

370. Hatitn xapakTepucTHYeCKHe TeMIepaTypsl /s KoneOaHUH aTOMOB
B MoJjiekynax Hg, Oy u HCI, ecsiu yactoThl KosebGaHUi aTOMOB B 3THX MO-
JIeKyJ1ax paBHbl COOTBETCTBEHHO vy, = 12,7 - 1018 ¢! vp, =4,7- 108 ¢!,
vher = 8,75 - 1013 ¢~!. Xapakrepuctuueckoii TemmepaTypoil # B Teopuu
TEIJIOEMKOCTH MPUHSTO HA3bIBATh Ty MHUHHUMAaJBHYIO TEMIepaTypy, MpH Ko-
topoit AE = kf, rne AE — MUHHUMAaJIbHAsT SHEPTHsT BO3OYKAEHHUS] CUCTEMBbI
" k — noctosinHas BoJbiMaHa.

371. Haiitu MossipHyto KoJieGaTesbHYIO0 TemnoeMKocTb Cy KHCa0poaa
npu temmnepatype 27 °C, eCld 4acTOTa BAaJIEHTHBIX KOJeOaHHH MOJIEKYJIbI
Oy paBHa v = 4,7 - 1013 ¢~!. (Cm. npeabiaymyio sanauy.)

372. HaiitTu xapakTepuCTHYeCKYIO TeMIepaTypy AJsl BpallleHHs Mo-
aekyn Ho u Og, ecnd MOMEHTb HHEpPUHH 3THX MOJIEKYJ HMEIOT 3Haue-
HHSl COOTBeTCTBeHHO [y, = 0,47 - 1009 r.cm? u Io, =19,2- 10740 . cm2.
(Cp. ¢ 3apaueit 370.)

373. Ilokasath, 4TO NpH JOCTATOUYHO BBICOKOH TeMIEpaType aToM-
Hasi TeMJOEeMKOCTb TBEpAOro Tesaa Jo/kHa ObTb paBHa Cy = 3R =~
=~ 6 KaJ/(mouib - °C).

374. Ilo xyiaccUUeCKOH TEOpHM MOJSIPHAS TEMJI0eMocTh Bopopona C =
=5 R. Kakue OTKJIOHEHHS OT 3TOTO 3HAYEHHs HYXKHO OXKHAATh MIPH J0CTa-
TOYHO HHU3KHX TeMIepaTypax?

375. BbiuMC/IUTb CPEHIO SHEpruio F MOJs OXHOATOMHOTO rasa, Co-
CTOSIILIETO W3 MOJIEKYJ, MMEIOUIMX ABa AMCKPETHBIX YPOBHS 3IHEPrHH: &)
U €9 > €. [lokasarb, 4YTO NIpH OUEHb HU3KHUX TEMIIEPATYpax TENJ0eMKOCTb
TaKoro rasa pasHa /s R. Bpaiienuem mosekys npene6peun. Jlis ympotue-
HHS 3aIHUCH (opMyJ NpuHsTh £ = 0, g9 = €.

376. BbluncauTh MO KBaHTOBOH TeOpUH MOJsipHble TersoeMkocTH Cy
u Cp yraekucyaoro raza COg npu 0°C. Mosekyna COq sBisieTcss -
weitnoit (O-C-0), T.e. Tpu aromMa, M3 KOTOPbIX OHA COCTOMUT (TOUHee,
UX TOJIOXKEHHs PaBHOBECHs), PACIONOXKEHbl Ha OfHOH mpsiMoil. MoMeHT
uHepuuu Mosekyasl I = 7,2 - 107391 cm?. YacToThl HOpMAIbHBEIX KoseGa-
HUH MOJIEKYJIbl TI0 CHEKTPOCKOMMYECKUM AAHHBIM: V] = Uy = 667,3cm !,
U3 = 1388,3cm™!, 7y = 2349,3cv~!. Yactotram ; M Uy COOTBETCTBYIOT
rnornepeuHble KosebaHUsl, COBEPIIAIONIHECs] BO B3aUMHO MePIeHIUKYIsPHbIX
MJIOCKOCTSIX; YacTOTe V3 — MPOAOJbHbIE KoJeOaHHs, B KOTOPBIX aTOMb
KHCJI0pPoaa Ko/1eO/I0TCsl CHH(pA3HO; 4acToTe V4 — TaKKe MPOLOJIbHBEIE KO-
Jie0aHusi, HO B HHMX aTOMbl KHCJIOPOAA KOJEOJIOTCS B MPOTHBOIMONOXKHBIX
dasax (puc. 26).

[Ipumeuanue. [lon V 3nech moHUMaeTcs Tak Has3biBaeMasi CIIEKTPO-
CKOMHYeCKasl 4acToTa, T.e. U = 1/\, rne A\ — pnuHa BoJiHbL. Benuunna v
CBsi3aHa ¢ OOBIYHOM YacTOTOH ¥ COOTHOLUEHHEM V = cU, Ilie ¢ — CKOPOCTb
cBerTa.

377. Vcnosb3ysi perienusi 3agad 369-376 u pe3ysnbTaTbl H3MEpEHHSs
termioeMkocTH Hy, Og u COg mnpu HOpMa/bHBIX YCJAOBHUSAX, MOCTPOUTD
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HpH6J1H3PITeJ'IbeII>i Fpaq)I/IK 3aBUCHMOCTH OT TEeMIIepaTyphbl MOJ'[HPHOI‘/JI TeIl-
JIOEMKOCTH CV OJis1 3THUX T'a30B.
? VI 3:"2

<—O e ~ <—O\N

O e O v
Puc. 26

378. CorsacHo Teopuu TemnsnoeMkoctel [lebasi cBoGonHAsI SHEPTHs TBEp-
JIOTO TeJsla MPH HU3KHUX TEMIIEPaTypax BblpaxkaeTcsi popMyJioi

U = U, — AT*,

rie Uy — BHYTpeHHsil SHeprusi Tesa NpU abCOMIOTHOM HyJse (HyseBas
SHeprus), a A — TNOJNOXKUTEJbHBIH KOI(PPUIHEHT, 3aBUCALIUHA TOJBKO OT
obobema V. Ilosb3ysicb aTol (opMyJioH, MoKasaTb, 4TO MPH HHU3KUX TeM-
nepatypax OTHOLIeHHe K03((ulMeHTa 00beMHOr0 paclIMpeHHs Tesaa & K
temsoeMkocTH Cy He 3aBUCHT OT TeMmepaTypbl (3akoH [pioHeiizeHa).

379. 3epkasblie BUCHT Ha KBaplleBOH HUTH, MOAYJb KPY4eHHs] KOTOPOH
paBeH D, U ocBelllaeTcsi TAKUM 00pa3oM, YTO €ro MOBOPOTbI, BbI3BAHHbIE
yloapaMH OKPYKalOLIMX MOJEKYJ ra3a, MOXKHO PErHCTPUpOBaTh Ha LIKAJe.
[TonoxkeHuI0 TIOKOS COOTBETCTBYeT yroJa nosopota ¢ = 0. Kak usmensiercs
CpefHHE KBaJpaT yIIOBOH CKOPOCTH (? W CPeIHHH KBaipaT yIJOBOTO OT-
KJIOHEHHSI 2, €CJIM MOMEHT MHEpIMH 3€PKaJIblia, IJHHY HUTH U ee THAMEeTp
yBEJHYUTb COOTBETCTBEHHO B «, (3, 7 pa3? Kakoe 3HaueHHe moJydutcs
nas yncna Asoragpo N u3 usmepenui mpu temneparype 1 = 287 K, ecsu
D =9,43 - 10~ quu - cm, 0?2 =4,18 - 10-6? ([laHHble B3SITBI H3 OIBITOB
[epsaxa u KanmnJepa.)

380. PaccmatpuBasi 3epkasblie, MOABELIEHHOE Ha KBapleBOH HHUTH
(cM. mpenpImylIyIO 3aady), KaK TapMOHHYECKHH OCLHJISITOP C He3aTyXa-
IOLIUMH  KOJIeOaHUsAMH, HaWTH ©? W (H? B KBaHTOBOM caydae. HanwucaTb
yCJIOBHE MPUMEHHMOCTH KJIAaCCHYECKUX BblpaxKeHUH. HaliTn KBaHTOBbIE T1O-
MpaBKH, UCIOMb3Ys AaHHblE NpelblAylleld 3anadu. g MOMeHTa HHEpLHH
sepkasbla B3ath I ~ 0,01 r-cm2.

381. Ilycts f 1 g — npousBosibHEle (DU3HUECKHE BeJUYHMHbI, QIYKTY-
HpyIOlLlMe BOKPYT CBOMX CPeNHHX 3HadeHWi f u g, tak uto f = f + Af,
g =g + Ag. Haiitu cpentee 3HaueHHe mpousBeleHus fg.
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382. BuipasuTh cpennuil kBaapat daykryauun Af? = (f — f)2 mpous-
BOJILHOH (DU3MUECKOH BeJMuMHbl [ uepes f2 I/I?Q.

383. BesuuuHbl f W g Ha3BIBAIOTCS CTATHCTHYECKH HE3aBHCHUMBIMH,
ecin AfAg = 0. Tlokasarb, 4To AJIs1 CTATHCTHYECKH HE3aBHCHMBIX BeJH-
anH fg = fg.

384. Ilycte F' — kakas-nubo afguTHBHAs (pU3HUECKasi BeJHUHHA, Xa-
pakTepusylollas cucteMy N MOJIeKy/ HI€aNbHOro rasa, Tak uro F' =" f;,
Te BeJHYMHBl f; XapaKTepU3yIOT i-10 MOJIEKYJy TOTrO Ke rasa. Bblpasutb
cpenHUH KBaapat GJAYKTYallld BeJUYUHbl F' yepe3 cpeqHUE KBaapat (Qayk-
TYallid BEJUUYUHBI f, a TaKkKe HAUTH OTHOCHTENbHYIO (QJIYKTYallHIO TOH XKe
BEJIMYHHBI.

385. B sakpeiToM cocyne o6bema V' B OTCYTCTBHE CHJIOBHIX MOJIEH HaX0-
asitesi N Mosiekys1 uaeasbHoro rasa. Onpefe/iuTh CpefHee YUCIO0 MOJIEKYJI
U ero QJyKTyaluu B o6beMe v, SBJSIOLIEMCS MaJoH 4acTbio obbema V.

386. T'azoobpasubiit Bogopon mnpu Temnepatype 7' = 300K u nasije-
Hut P = 107%atm BLITeKaeT B BaKyyM M3 TOHKOCTEHHOTO COCyAa uepes3
otBepctHe ¢ muomaznpio S = 0,1 Mm?. Uepes onpese/sieHHble NPOMEXKYTKH
BPEMEHH Ha ONbITe H3MepsieTCsl TOJHbIH MOTOK AaTOMOB uepe3 OTBEepPCTHe
3a uHTepBas Bpemenu t = 1073 c. Ilpennonaras, 4To AaBJeHHe BOAOPO.A
B COCYJI€ OCTAeTCs MOCTOSIHHBIM, HAUTH OTHOCUTENbHYIO (DJIYKTYaIHI0 3TOTO
MOTOKA.

387. B kybOuueckoMm cocyne eMKOCTbio V' = 11 mpu KOMHATHOH TeMIe-
parype Haxoputcsi N MoJiekysa Bonopona. Haiitu BepositHocTb P TOro, uto
3TH MOJIEKYJIbl COOepyTCsl B OfHOM MoJsioBHHe cocyfa. OUEHUTb BEJHUYHHY
N, npu KOTOpPOH Takoe COOBITHE MOXKHO OXKMIAThb OAMH pa3 Ha MPOTSKEHHH
3M0XH MOpsifKa BozpacTa Habmogaemol yacti Beenennoit (T ~ 10'9 ger).

388. Omnpenenutb BesuunHy oO6beMa V' B uleasbHOM rase, B KOTOPOM
CpeHsis KBaApaTHUHAs (IYKTyallMsl YHCJa 4acTHI cocTaBaseT o = 1076
OT CpeHero YucJ/a 4acTull B TOM ke oObeMe. OnpenennTb Takxke CpeiHee
YUCJIO YAaCTHIL B TaKoM oObeMe 7. [a3 HaXOMUTCS MPH CTAHAAPTHBIX YCJO-
BUSIX.

389. Cocyn ¢ N mMoJsieKy/JlaMU MeaJjibHOrO rasa pasjie/ieH Meperopoakon
Ha nBe 4yactu ¢ oobemamu Vi u Vo, HaliTu BepossiTHOCTb TOro, YTO B MepBOU
yacTtu Oynet comepxkatbest Ny, a BO BTOpoi Ng MOJIEKYJI.

390. Yo6enutbcs, uto BhipaxkeHue (389.1) ynoB/eTBopsieT YCJAOBHIO HOP-
MHUpPOBKH Y, Pn,n, = 1, rle CyMMHpOBaHHe NPOU3BOAUTCS MO BCEM YHC/IAM
N u Ny, ynosaetBopsiioiiuM ycgaouio Ny + No = N. ([las onpepnesieHHO-
CTH BepoSITHOCTb P Mbl cHaOnuau HHAekcaMud Ni U Ny, CMBICJ KOTOPBIX He
HYXKAa€TCsI B MOSICHEHHH.)

391. [IBa 0oMHAKOBBIX COCY[a, B KOTOPBIX HAXOOUTCS MO MOJIIO OLHOTO
M TOTO 2Ke HIeaJbHOro rasa MpH ONHHAKOBBIX YCJOBHSAX, COOOIIAITCS
MeXAay co0oi yepe3 oTBepcTHe. Kakoe 4Hc/I0 MOJIEKYS N TOJKHO MepeHTH
U3 OJHOTO COCYAa B JIPYroi, uroObl BO3HHUKIIEE COCTOSIHHE CTa/l0 B (¥ = €
pas MeHee BepPOSITHBIM, YeM HCXOAHOE?
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392. Pewuth mpenpiayliylo 3amady, UCmnosb3ys dopmynay Bosbiimana
S =klnP u TepMOoIMHAMHUECKOE BBIPAaXKEHHE IJis SHTPONHH HAEAJbHOTO
raza. CpaBHUTb pe3y/bTaT C MPeIbAYLIMM pelieHHeM H OOBSCHHUTb pac-
XOXKJIEHHE.

393. Iloayuuth pesynbrathl (385.1) u (385.2) ¢ momotibio GopMyJIbl
(389.1).

394. Onpenenutb aCUMITOTHYECKOE BbIpAXKEHHE, B KOTOPOE MEPEXOIUT
tdopmyna (393.1), korma N — oo mpu (QUKCHPOBAHHBIX 1 H 7. Takoe
BBIPAXKEHHE OMpPEEJsieT BEPOSITHOCTb TOTO, YTO YHCJO MOJIEKYJ B 00BbeMe
v PaBHO M TPH YCJIOBHH, 4TO OOBEM U OKPYXKEH ONHOPOAHBIM Tra30M,
MPOCTHPAIOIIMMCS GECKOHEUHO BO BCEX HAIpaBJEHHSIX.

395. [IpeobpasoBath Beipaxkenue (394.1) ¢ MOMOIIbIO ACUMIITOTHYECKOM

dopmybl CTupJ/HHTA N
N!'= 27N (g) . (395.1)

396. Ecnu 7 Besnko, TO BeposTHOCTb (395.2) HMMeeT oueHb pe3KHil
MaKCHMyM MPH M & 7. DTHM MOXKHO BOCIOJIb30BaTbCsl MAJISI YIPOLIEHHS
dopmyabl (395.2), pasnaras InP, B psax Teiisopa no cremensm (n —
—T) u o0pbiBasi 3TO pA3JIOXKEHHe Ha YJjieHe BTOPOM cremeHu. [1oJyduTh
BbIpaXKeHHe [1Jis1 BEPOSITHOCTH P, B 3TOM NPUOJIHKEHHH.

397. INoayuuts pacnpenenenue laycca (396.1) u3 dopmyssl Bosbiima-
Ha S = kln P, ucnosb3yss TepMOIHUHAMHYECKOE BblPaXKeHHE [ SHTPOIMHU
1IealbHOrO rasa.

398. TemsoBble (hayKTyaluuu Masoro o6bema, 3amoJHEHHOTO XKHUIKO-
CTbIO HJIH T'a30M M OKPY?KEHHOT'O Cpenoi, Temnepatypa I’ KOTOpoi mommep-
XKHUBAeTCsl TOCTOSTHHOM, MOXKHO pacCuUTaTh caenymomnM obpasom. [Ipenrmo-
JIOXKHM, 4TO paccMaTpuBaeMasi 4aCTb XKHIKOCTH WJIH rasa 3aKJjueHa B I1U-
JIMHAP, CTEHKH KOTOPOT'O HIeasibHO MpoBOAAT Temo. OfHa U3 CTEHOK —
MoplIeHb — MOXeT CBOOOAHO 6e3 TpeHHs TMepeMelllaTbCcsi B LUAHHApe. K
IBHXKEHHIO TIOPLIHS MOXHO MPUMEHHUTh TEOpeMy O PAaBHOMEPHOM pacripe-
JeIeHHH KHHETHUEeCKOH SHEPrHH MO CTeNeHsM CBOOOABl W TaKHM 00pa3oM
Ha#iTH uckoMylo ayktyauuio. [IpoBectr 3TOT pacuer.

399. Haiitu cpenHIOI0 KBaJpaTHYHYI OTHOCHTENbHYIO (JYKTyalHIiO
o6beMa Kamnesabku pryT paguyca r = 0,01 MM B Bo3ayxe mpH TeMIepaType
T = 300 K. M3orepmuyeckas c:kMMaeMoCTb pTyTH yr = 3,9 - 107 %arm~ .

400. Haiiti BbpaxeHue s (QIYKTYalLHH MJIOTHOCTH KHUAKOCTH HJH
rasa, BO3HHMKAIOLIeH H3-3a TEIJIOBOTO JBHKEHHsI B MajoM oObeme V, Mbic-
JIEHHO BbIJI€JIEHHOM B paccMaTpUBaeMOH cpefe.

401. Boiuucautb GayKTyaluuio KHHETHYeCKOH SHEPrUU MOCTYNaTebHO-
TO ABHXKEHHS MOJIEKYJ/bl HAEaJbHOTO rasa.

402. Manasi MaKpOCKOMHYeCKasi 4aCTb CHCTeMbI (MOACHCTEMA) SIBJISIET-
sl 4acThlo OOJbLION 3aMKHYTOH cucTeMbl. DyKTyallMu SHEPrUH U SHTAJb-
MHU TAKOH MOACHCTEMbl B MPHHIMIE MOXHO BBIYMCJHTbL TaK XKe, KaK 3TO
OBLIO CeNaHO 1/ MOJIEKYJbl HAEAbHOTO ra3a (CM. MpeAblAYILYIO 3a1a4y).
TosbKO BMECTO MAaKCBeJIJIOBCKOTO paclpelesieHHst Halo MO0Jb30BATbCsl €ro
060011eHHeM Ha MaKpOCKONMHYeCKHe MOACHCTEMbl (TaK Ha3blBaeMbIM pac-
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npeneneHneM [n66ca). TakuM myTeM MOXKHO MOKa3aTb, 4TO (JIYKTyalllH
BHYTpeHHel SHePrUH W HTAJbIHH MOICHCTEMBI OMPEIENsIOTCS] BbIPAXKeHH-
MU

(AU?)y = kT?Cy, (402.1)
(AI?)p = kT?Cp, (402.2)

rne Cy u Cp — TenJ0eMKOCTH TOACHCTEMBI, a HHAeKCh V U P, Kak Bceraa,
03HAUAIOT, UTO B MEPBOH (POPMYyJie OCTAETCS MOCTOSIHHBIM O0BbeM MOACH-
creMbl V, a Bo BTopoil — paBjeHue P. [losb3ysich 3TUMH BblpaKeHUsIMH,
Haiiti 1iist noacueremsl (AT?),,,(AS?),,, (AS?)p, (AP?), u (AP?),.

403. 15 ynpolieHUs: BbIUUCIEHHH CpeqHed NJHHBl CBOOOIHOTO Mpode-
ra A\ MOJIEKYJIbl Fa3a MOXHO IMPEINOJOXKUTb, YTO BCE MOJEKYJbl HAXOASTCS
B MIOKO€, 338 MCKJ/IOUeHHEeM paccMaTpUBaeMOH MOJIEKYJIbl, CKOPOCTb KOTOPOH
TIPUHUMAETCS PABHOH CpelHEeH CKOPOCTH TEMJIOBOro ABHkKeHHs U. [losb3y-
ICb HTUM YIPOILEHHEM, BBIUHCIUTb A, & TAKXKe CpelHee YUCJIO CTONKHOBe-
HHH 2, HCTIBITBIBAEMOE MOJIEKYJIOH B €IMHHILY BpeMeHH. MoJieKyJibl CYUTaTh
TBEPAbIMH LIApUKaMH AHamMeTpa d.

404. Knaysuyc ycoBepLIeHCTBOBaJ MOfe/b MpeabAyllell 3anaqn, cuu-
Tasi MPH BBIYHUCJAEHHH Z W A, UTO BCE MOJIEKYJbl ra3a MMEIT ONMHAKOBBIE
no abCoJIIOTHOH BeJIMUHHE CKOPOCTH, PaBHble U W paclpefie/ieHHble B MPO-
CTPAHCTBE M30TPOMHO. BBIUMCIAUTD 2 U A B 3TOM MPeNONOKEHHH.

405. Hcnonbsys ¢opmyas (403.1) u moHsTHE TPUBEAEHHOH MacChl,
MOJYYUTb TOYHbIE BbIPAXKEHUS IJ Z H A C y4eTOM MAaKCBEJJIOBCKOTO
pacrpenesieHUsi CKOPOCTeH.

406. [lns Bomopopma mpu aTMOC(epHOM [aBJeHHH AJHHA CBOOOXHOrO
npobera A = 1,28 - 107 cm. HaiiTy rasokuHeTHueCKHEl [MaMeTp MOJIEKYIbl
Boopona d.

407. CKOJIbKO CTOJKHOBEHHH 2z 3a | C HCMBITBIBA€T MOJIEKYJa HeOHa
npu temnepatype 600K u naBneHuu 1 MM prT. CT., €C/IM ra30KHHETHUECKHH
JMaMeTp MOJIeKysibl HeoHa paBeH d = 2,04 - 1078 cm?

408. CKo/MIbKO CTONIKHOBEHHH 2z HCMBIThIBaeT B cpenHeM Mosekyaa COqg
3a OHY CEeKyHIy NpH HOPMaJbHOM JAaBJEHHH U TeMmepaType? [a3oknHeTH-
yeckuil quametp Mosekyibsl COy d = 1077 cm.

409. CKOJIbKO CTOJKHOBEHHH v POUCXONHT exKeceKyHaHo B 1 cm® Mex-
Iy MOJIEKYlaMH KHCJIOPOAA, HAXOMSIIErocs MpPH HOPMAJbHBIX YCJIOBHSX?
Ta3okHHeTHYECKHH [uamMeTp MoseKyabl Kucaopoaa d = 3, 1- 1078 em.

410. HMpeanbHblil Ta3 HAarpeBalT MPH MOCTOSIHHOM naBjeHWH. Kak u3-
MEHSIIOTCSl JJIMHA CBOOOAHOrO mpobera A M 4YHCJIO z CTOJKHOBEHHH ero
MOJIEKYJl B OIHY CEKYHIY C H3MeHeHHeM TeMIepaTypbl?

411. UpeanbHblil Ta3 CKUMAIOT U30TepMUUecKd. HaliTu 3aBUCHMOCTb A
U Z OT JaBJIeHHS.

412. VneanbHbiil ras cxxumaiooT aguabatuuecku. Haiitu 3aBucumocTh A
U Z OT JaBJIeHHS.
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413. Ha#iTy MOJSIpDHYIO TENJOEMKOCTb MpOLEecca, COBEPIIAEMOro Hie-
aJbHBIM Ta30M, MPH KOTOPOM YHCJO CTOJKHOBEHHH MEXIY MOJEKYJaMH
rasa B elMHHIE 00beMa B €IMHHILY BPEMEHH OCTAeTCs HEH3MEHHbIM.

414. Ha#iTn MosipHYIO TeNJOEMKOCTb Mpollecca, COBepLIaeMoro Hjie-
aJIbHBIM T'a30M, NIPH KOTOPOM YHCJIO CTOJKHOBEHHH MeXIY MOJEKY/JIaMH BO
BceM oObeMe rasa B eHHHIYy BPeMeHH OCTaeTCs HEH3MEHHBIM.

415. Bsskoctb asota npu Temmepatype 0°C 1 = 16,8 - 107° qun x
x ¢/cm?. Haiitu 3Hadenue cpenHeil IJHHBI CBOGOJHOTO MPOGera A MOJEKYJ
a30Ta MpH ITUX YCJIOBUSAX.

416. Bsskoctb aproHa (oTHocHTesbHasi aToMHass macca A = 40) mpu
0°C n=21- 10~° qun - ¢/cm?. BbiYHCIUTS CJIeyIolHe BEJUUHHBL /IS
aproHa npy HOpPMaJIbHOH TeMIepaType W AaBJeHHH: 1) CpeaHIo CKOPOCTh
TEINJIOBOTO [ABHXKEHHsI aTOMOB, 2) CpefHIO [JHHY CBOGOZHOro mnpobera
aToMa, 3) CpelHee YHCJIO U CTOJKHOBEHHH aTOMOB B lem® B 1 ¢, 4)
rasokvHeTHUecKoe 3((peKTHBHOE CeueHHe aToMa o, D) Fa30KMHETHUeCKHH
panuyc aToMa aprosa r.

417. HaiitTu cpefHIO0 AJHHY CBOOOAHOrO Mpobera A MOJIEKYJbl KUCJIO-
poia MpH HOPMAJIbHOM NaBJIEHHH, eCIH KOI(D(DHUHEHT AUPPY3HH KHCI0PO-
Jla TIpY TOM ke naBJjeHHH U Temnepatype 0°C pasen D = 0, 19 em?/c.

418. Omnpenenutb pacxo Macchl rasa () Mpu CTallHOHAPHOM H30TEPMHU-
4eCKOM Myas3eH/eBOM TEUYEeHHH ero BJOJb LHJIHHIPHYECKOH TPyOBl IJHHBI
[ W pamuyca r, Ha KOHLAX KOTOPOH MOANEP:KHUBAIOTCA HaBieHHs Py u Po
(P > PQ).

419. Jlns onpeneseHUsl BSI3KOCTH 1) YIJIEKHUCJIOTO ra3a UM HaroOJHHUIIN
Kosby ¢ obvemoMm V = 1g mpu pasnenun P; = 1600 MM pT. cT. 3arem
OTKPBIIH KpaH, mospojsionnil COg BbiTEKaTb U3 COCyHa uepe3 KalUJJIsip
pavboo [ = 10cem u puamerpom D = 0, I mm. YUepe3 BpeMst 7 = 22 MuH
JaBJeHHe B KoJj0e MmoHusuiaochb a0 P = 1350 MM prt. cT. Boiuncants u3
3TUX JAHHBIX BA3KOCTb M Ia3oKHHeTH4YecKHH nuametp d moJekysabl COs.
HapyxHoe atmocepHoe naBieHue Py = 735 wMm pr. cT. [Iporiecc MOxHO
CUMTATh U30TEPMHUUECKHM, Mpoucxoasimum mnpu 15°C.

420. [lns u3MepeHHs TEMNJONPOBOAHOCTH a30Ta MM HAMOJHHJHU MPO-
CTPAHCTBO MEXIY ABYMsl IJHMHHBIMH KOAKCHAJbHBIMHM LIUJIMHAPAMH, pagu-
ycbl KOTopeiX 71 = 0,5¢M U 19 = 2cM. BHYTpeHHHE UHIUHADP PaBHOMEPHO
HarpeBaJiCsl CIIUPAJIbIO, IO KOTOPOH mpoxonaus Tok cujoi ¢ =0, 1 A. Compo-
TUBJIEHHE CIMpPaJH, NPUXOAsLIENHCS HA €AMHUIY OJHHbI LHUJHHIPA, PABHO
R =0,10wm. BHewHuil UHAMHAD TOAAEPKHUBAJCS TPH TeMIepatype ty =
= 0°C. [1pu ycTaHOBHBILEMCS TPOIECCE 0KA3a/M0Ch, YTO TeMNEPATypa BHYT-
peHHero uuauHapa pasHa t; = 93 °C. Ha#itu razokuHeTHuecKHi nuametp d
MOJIEKYJIbl a30Ta. J[aB/eHue rasa B TAKHUX OIbITaX OepeTcs MaJbiM (Mopsiaka
LEeCSITKOB MUJIIUMETPOB), U [0ITOMY KOHBEKIMeH MOXKHO MpeHeOpedb.

421. Cuurtas, 4TO ra30KMHETHYECKOE MONEepeyHoe CeyeHHe He 3aBUCHT
OT TeMIIepaTypbl, ONPEAEIHTb 3aBUCHMOCTb TEIJIONPOBOLHOCTH ra3a OT TeM-
neparypbl. [losb3ysich MosiyueHHOH 3aBHCHMOCTBIO, HaWTH CTalMOHApHOE
pacrpenesieHde TeMIepaTypbl B MJIOCKONApasJeslbHOM CJIO0€ rasa TOJLIH-
Hbl [, Ha TpaHHUIIAX KOTOPOrO MOMAEPKUBAIOTCS MOCTOSIHHblE TEMIEpary-
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pol 11 u T,. HarpeBanue mpon3BOAHTCS TAKUM 00pa3oM, 9TO KOHBEKIIHUS He
BO3HHKaeT. HaliTu Take cTallMOHapHOe paclpelesieHHe TeMIepaTyphl [Js
cepuueckoro u nuauHApUdeckoro cjoes. (Cp. ¢ 3agauamu 263 u 264.)

422. Haiitn BepxHMH Tpenes nasjeHHs P Boxopona B cocyne 00beMOM
V = 15, npu xoTopoM HnJMHA CBOOOAHOrO MpoOera MOJIEKYJbl OOJIbIle
pasMepos cocyna. I'asokuneTudeckuii quamerp sogopona d = 2,2 - 10~8 cm,
a temneparypa ero T = 300 K.

423. TensonpoBOAHOCTh T'a3a, KAK U3BECTHO, HE 3aBUCHT OT JABJIEHHUS.
OO6bscHUTD, 3aueM K3 MPOCTPAHCTBA MEXAY NBOHHBIMH CTEHKAMH COCYyHa
Jlbloapa BBIKAQUUBAIOT BO3MYX, CO3/aBas B 3TOM IMPOCTPAHCTBE BO3MOXKHO
6oJsiee BBICOKHH BaKyyMm?

424. Ouenutb Maccy M XKUAKOTO BO3AyXa, UCMAPUBIIErOCs 3a BPEMSsI
7 = | "ac U3 mIoXo oTKauaHHoro cocyna Jlproapa, eciau naB/eHHe BO3AyXa
(mpu komHaTHOM TeMnepatype Ty = 293 K), octaBiiierocst Mexay CTeHKaMH,
paBHo P = 1072 mm pr. c. IToBepxHocTh cocyna S = 600cm?, ynenbHas
TeIJIOTa WCTAapeHUs XKUIKOro Bo3ayxa q = 48,4 kaJj/r, a ero temneparypa
T =93 K. 3a3op mMexay CTeHKaMH cocyga MaJj MO CPaBHEHHIO C JJIMHOU
cBoGonHOrO mpobera.

Yxkaszanue. Jlas ynpoueHuss cYUTaTh, 9YTO MOJIEKYJ/Ibl BO31yXa, MOIe-
PEMEHHO yHapsisich O XOJOOHYIO W TEIyl0 CTEHKH, KaXKAblH pa3 oTpaxka-
I0TCSl OT HHUX CO CPEIHUMH KHHETHYECKHMH HEpPTHsIMH MOCTYNaTeJbHOTO
IBHKEHHSI, COOTBETCTBYIOUIUMH TeMIepaTypaM CTeHOK. PasinuueM Mmex-
Iy cpenHell W cpenHeH KBaJpaTUYHOH CKOPOCTSAMH MOJEKYJ INpeHeOpeub,
pPacCUMTBIBAsi CKOPOCTb MOJIEKYJ MO (popmyJie 1Jisl cpefHel KBaApaTUYHOH
CKOPOCTH.

425. TeueHue yJbTpapaspexeHHOro rasa uepes TpyOy MOXKHO paccMmart-
puBath Kak mnpouecc nuddysuu. Kosdduuuent nuddysun onpenenser-
CSl HCKJ/IIOUYHTEJNbHO CTOJKHOBEHHSIMH MOJIEKYJ ra3a CO CTEHKaMH TPYOBI.
CTOJIKHOBEHHSIMH MOJIEKYJl MEXKAy COOOH MOXKHO MOJNHOCTbIO MpeHeOpeyb.
Posb pavHbEl cBOGOAHOrO mpobera urpaer nuamerp Tpyowl 2r. Mcxons w3
ITHUX [IPeNCTaBJEHUH, OUEHHUTb YHCJI0 MOJieKyn N, eXeCeKyHIHO MpOXoms-
IMX Yepe3 IMoMepevyHoe ceueHHe UUAHHAPHUECKOH TPyObl MLJIHHEI [, ecJd Ha
OJIHOM KOHIIe TPYObl KOHLEHTPALMS MOJIEKYJ ra3a paBHA Ny, a Ha JPyroM —
HyJ10. TeuyeHHe CYUTATb H30TEPMHYECKHM.

426. Pewnth Ty Xe 3a1ady B NPeANOJNOXKEHHH, YTO HA OLHOM KOHLE
TpyObl KOHLEHTPALMsl MOJIEKYyJ] PaBHa 1y, a Ha APYroM — no. Pesyabrar
cpaBHUTb ¢ opmyJon (418.1).

427. JlBa cocyna OnMHAKOBOro oObeMa coeluHeHbl TpyOKamu. [lua-
METpP OLHOH M3 TPyOOK OYeHb BeJIMK, a IPYrod O4eHb MaJ M0 CPaBHEHHIO
C IJIMHOH cBOGONHOro mpobera MOJIeKy/ rasa, HaxONSIIErocss B COCYZE.
[TepBblii cocyn mopnep:kuBaeTcs Npu noctosiHHod temneparype 17 = 800 K,
a BTOpoH — mpu noctosiHHo# Temmnepatype Ty = 200 K. B kakom Hanpas-
JleHu OyneT IepeTeKaTtb ra3 Mo y3KOH TpyOKe, eCsH IEPeKpbiTb KPaHOM
wK1poKylo Tpyoky? Kakas macca m rasa nepeiuger npd 3TOM M3 OLHOTO
cocyna B IpyroH, ec/u oblias Macca rasa B o00MX cocynax paBHa M?
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428. CTeKJsHHBIH COCYA C TOJIUIMHOH CTEHOK | = HMM U 06beMoM
V = 11 HamosiHEeH a30TOM W OKPYXKeH BakyyMoM. B cTeHke cocyma obpa-
30Bajics y3KMH LUUJAMHAPUUECKHH KaHaa paauyca a = 0, I mm. Havanbhoe
JaBJeHHe Ta3a B COCYJe HACTOIbKO MaJo, UTO pafuyC KaHasa mpeHeOpeKu-
MO MaJ 10 CpPaBHEHMIO ¢ AJIMHOH CBOOOMHOTO mpobera MoseKys rasa. Kak
MeHsieTCsl BO BpEMEHH KOHIIEHTpAllUst MOJIeKyJ ra3a B cocyne? Onpenenutsb
BpeMsi 7, 10 MCTEUEHHH KOTOPOrO NaBJeHHe ra3a B COCYAe YMEHbLIHUTCS
B e pas3, ecJqd TeMIepaTypa MOIAEPKUBAETCs MOCTOSHHOM W paBHa 1 =
= 300K.

429. TlonHOCTBIO 3BAKyHPOBAHHBIH CTEKJASHHBIH COCYH C TOJIIMHOH
cteHok | = 3 MM U oObeMoMm V' = 1.1 morpykeH B aTMocdepy yIJI€KHCJIOro
raza (COg). B cTeHke cocyna o6pasoBaJicsi Y3KHH LHUIHHIPHUECKHE KaHAJ
nuametpa D =0, 1 Mmm. [laBjieHHe OKPY2KaIOIEro ra3a HacTOMbKO MaJo, 4YTO
IUaMeTp KaHaJja MpeHeOpexKUMO MaJl [0 CPAaBHEHHIO C IJIHHOH CBOGOLHOrO
npobera MoJiekys rasa. Kak MeHsieTcst BO BpeMEHH KOHIEHTPALUS MOJEKYJI
rasa B cocyne? Onpenesautb BpeMs T, N0 HCTEUEHUH KOTOPOrO AaBJEHHE
rasa B cocyne Oyner coctaBasth (e — 1)/e = 0,628 or naBseHust OKpyKa-
IOLIETO rasa MpH YCJAOBHM, YTO TeMIepaTypa MOAJEPKHBAETCS TOCTOSHHOH
u paBHa T = 300 K.

430. Cocynbl ¢ obbemamu V| u Vo coenuHeHbl MeXay COOOH HHJIMH-
JAPUYECKHUM KaNWJISPOM pajuyca a ¥ AJHMHBL [, MO0 KOTOPOMY MPOHCXO-
IUT M30TEPMHUECKOe KHYICEHOBCKOE MepeTeKaHHe rasa M3 OfHOro cocyna
B npyro#. Kak 6ynyT MeHSTbCS BO BpeMeHHM KOHILEHTpALUH MOJEKYJ rasa
B COCylaX M| Y Ng, €CJIH UX HauyajbHble 3HAYeHUs OblIH PaBHBI Mjg U Noo?

431. Usorepmuueckas 3¢¢ysusi rasa uyepe3 MOPHUCTYIO TePErOpPoOAKY
(mopbl KOTOpPOH MaJjibl MO CPaBHEHHIO ¢ OJHHOH CBOOOLHOrO mpobera)
UCIIONb3yeTcsl 178 pasfesieHdsl H30TonoB. EcTecTBeHHas cMecb M30TOIOB
TIOMEIaeTcsl B COCYA ¢ MOPUCTBIMH CTeHKaMHU. ['a3, npoulenuuii yepes nopol
cocyna B pedysbrare 3QpQy3uu, 0TKaYMBaeTCsl U COOMPAETCs B ClEllHaJbHOM
pesepByape. C HUM NPOU3BOAHTCS BTOPOH LMK 3(PQy3HH, 3aTeM TpPeTHH
U T.[I., I0Ka He OyfeT NOCTUrHyTa TpedyeMmasi CTeleHb pasfieseHHUst H30TO-
noB. CKOJMIbKO LHKJIOB 3(PPy3unu HeoOXOAUMO MPOU3BECTH, YTOObI OTHOILLeE-
HHe KOHLEHTPALMH 9acTHIL JIEFKOTO W TSXKeJI0r0 H30TONOB yBeauduTsh B 10
pas, ecsi OTHOCHTEJNbHble MOJIEKYJISIDHbIE MACChl KX PaBHBI COOTBETCTBEHHO
1 W pg?

432. OueHUTb MO MOPSIAKY BEJIMYMHBl YCTAHOBHBILYIOCS CKOPOCTb, C
KOTOpOH OYyHEeT IBUraThCsl B CHUJbHO Pa3pexKeHHOM BO3[yXe IJIOCKHH AHCK,
OllHa U3 CTOPOH KoToporo Harpera jao tTemnepatypbl 1} = 310K, a npyras
no temnepatypsl Ty = 300 K. Temnepatypa Boznyxa T = 300 K.

433. OnpenenuTb, Ha KaKOH yros ¢ NOBEPHETCS IHCK, MOJBELIeHHBIH
Ha yNpyrod HHTH, eCJM MOA HUM Ha paccTosHUM h = lcm Bpauaercs
BTOPOH TakKoH Ke IHUCK C YIJIOBOH cKopocThio w = 50 panp/c. Pamumyc
nuckoB R = 10 cM, monynb Kpydenusi Huti f = 100 quH - cM/paf, BSI3KOCTb
BO3/yXa cuuTaTh paBHOi ) = 1,8 - 10~% nun - ¢/cm?. KpaesbiMu sddextamu
npeHebpeub. JIBHKeHHe BO3AyXa MeXAY AHCKAMH CYMTATb JIAMHHAPHBIM.
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434. Pewutb npepblayllylo 3a1ady B MPEANONOKEHUH, YTO OUCKH T10-
MellleHbl B CHJILHO pa3perkeHHblil BO3AyX ¢ naBaenuem P = 10~ mm pr. c1.,
KOTZa AJIMHA cBOOOAHOro mpobera MoJieKys BO3AyXa BeJHKa M0 CPaBHEHHIO
C paccTosiHMeM MexAay auckamu. s yrmpoluieHuss pacdeta CYMTaTh, 4TO
BCE MOJIEKYJBl ABMXKYTCS C OAMHAKOBBIMH MO abCOJIOTHOMY 3HAa4YeHHIO
CKOPOCTSIMH, PaBHBIMH CpelHel CKOpPOCTH MoJieKyJs Bo3ayxa v = 450 m/c.

435. B XXMIKOCTH HaXOAATCS ONHMHAKOBble OPOYHOBCKHE YaCTHILbl, KOH-
[EHTPAlUs KOTOPBIX 3aBUCHUT TOJNBKO OT OfIHOH KOOPAWHATH Z. BrIpaBHUBA-
HUe KOHIEHTPALMK 9acTHI MPOUCXOIUT BCJaencTere nuddysnn. Beipasutsb
Ko3(puiiHeHT nUdPy3un 6pOyHOBCKUX 4yacTull D uepe3 cpeiHHU KBajpaT
CMeIlleHHsl 9acTHIbl B HaMpaB/eHUH ocH X 3a BpeMs T.

436. IlogBuxHOCTbIO B GpoyHOBCKOH (MM Kako#-1100 ApYroi) da-
CTHLb Ha3bIBaeTCsl KOI(P(MHUUHEHT MPONOPLUHOHAIBHOCTH MEXIY CKOPOCTbIO
U YCTaHOBHUBILUEroCsl NBHKEHHS ee TMON JAeHCTBHEM MOCTOSHHOH CHJBl f
W BEJIMUMHOW CAMOW CHJIBL:

u = Bf.

B3Becbh 0n1HMHAKOBBIX OPOYHOBCKHUX YACTHILL B XKHAKOCTH HAXOLHUTCS B I1O-
Jie cusipl TskecTH. Hamueatp BbpaxkeHHe 17151 CyMMapHOTO MOTOKA YaCTHIL
BCJIeACTBHE TU(P(Y3UU U NeHCTBUS CHUJIbI TSKeCTH. B cTaimoHapHoM cocto-
SIHUU CYMMAapHbIH TIOTOK JOJIXKEeH PaBHATbCS HYJ0. B To e Bpems crauuo-
HapHOe pacrpeeseHHe OPOYHOBCKHX YacTHIL 10 BHICOTe HaeTcs (hopMyJoH
Bonbumana (6apometpuueckoit popmy.ioit). Mexons U3 atux coobpaxeHHH,
YCTAHOBHTb CBSI3b MEXKAY MOABHKHOCTbIO YACTUIB U KOIPPHUIHEHTOM AU(D-
(hy3uu.

437. Vcnonb3ys pe3ysnbTaThl pellieHUs ABYX NMpeAblIyLIHUX 3a1a4, HAHTH
CBI3b MEXJy CPeIHHMM KBajpaToOM CMelleHHs OPOYyHOBCKOH dYacTHIb 3a
BpeMsi T B KaKOM-JIMOO ONpeJie/eHHOM HarnpaBaeHuH Ax? ¢ MOIBHKHOCTHIO
sTol yacTuubl. Kakoli BUI NMpUHHUMaeT 3Ta CBA3b [JIs1 LIAPOOOPA3HOH ua-
cruupl paauyca a? (ITo popmysne Crokca B = 1/(67na), rne n — BA3KOCTb
JKHIKOCTH.)

438. OnpenenuTb cpefiHee KBaApaTHYHOE TOPH30HTAJIbHOE IMepeMelle-
HHe 3epeH rymmuryta B Bome mpu temnepatype 20°C 3a 1 MuH, ecsu u3-
BECTHO, uTo paauyc ux a = 0,5 MKM, a BA3KocTb Boibl 1) = 0, 01 auH - ¢/cm?.

439. CorsacHo JitHiuteitHy u CmosyxoBckomy, uucsao Asoragpo N
MOXKHO OINpenesnTh, HabJ/ionass OPOyHOBCKOE JBHXKEHHE 3epeH 'yMMHIyTa
U U3Mepsisi CpefHee KBaApaTHYHOe MepeMelleHHe WX B HEKOTOPOM (DHKCH-
pPOBaHHOM HanpaBjeHHH. UeMy paBHO 3TO YHCJO, €C/IH CpelHee KBaapa-
THUYHOE MepeMelleHre 3a 5 MUH 3epeH ryMMHryTa paguyca a = 0, 385 MkM
B rauliepuHe npu temneparype 20°C paBHo 1,5 MKM? BsskocTb rudiieprHa
n = 1,49 nun - c/cm?.

440. Tlpu o6paboTKe 3KCNepHMEHTaNbHBIX AAHHBIX, OTHOCSIIIMXCH K
GpPOYHOBCKOMY JIBH2KeHMI0, ya06Hee W mpolle BhiuMcaaTh He Az?, a |Ax|.
[Ipenmosiaras, 4to pacrnpenejeHue cMelleHHH Az MONYMHSETCS 3aKOHY
own6ok l'aycca, HaliTH BbpaxkeHHe [/ CPeIHEro CMellleHHsi 6POYHOBCKOH
gactuusl |Az| 3a Bpems 7.
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441. Kanenbka macsaa maccel m = 10719t nagaer B BO3J[yXe C BHICOTHI
h =1 M, cosepias npu 3ToM GpPOyHOBCKOe IBHKeHHe. [Ipeamnosarasi, uto
K ee MajieHuto npumenuma popmynsa CTOKca, HAWTH CpPelHMH KBanpaT 12
OTKJIOHEHHS KaleJbKH OT 0XKHMIAeMOH TOUKH MajfeHHs, eclH TeMIepaTypa
Bo3ayxa 1" = 300 K. IIpoBepuTh, BHIMOMHSIOTCS JIH YCJIOBHS IPUMEHUMOCTH
dopmyner CToKca, ecau mIoTHOCTh Macaa p = 0,9r/cm?, a BA3KoCTh BO3-
ayxan=1,8-10"% qun-c/cm?.

442. Tlpy M3MepeHHH 3apsia 3JeKTPoHA Mo MeTony MusnukeHa Ha-
6mtonaercss OpPOYHOBCKOE MNBHUIKEHHE MAcJ/sHBIX Kanejb. Habsomas 3To
IBUXKEHHe, MOXKHO HAaHTH He TOJIbKO 3apsili 3/1EeKTPOHa, HO U 4duciao ABo-
ragpo. IlycTb v; — CKOpPOCTb yCTAaHOBMBLIErocsi MajfieHHsl Kaljld B I0OJe
TS’KECTH TIPH OTCYTCTBHM 3JeKTpHuecKoro mnoJsi. IlycTb B 3/eKTpruecKoM
noJie Hampsi>keHHOCTH E Kamnss TmogHMMaeTcsi BBepX C yCTAHOBHBIIEHCS
CKOPOCTBIO v9. M3 3THX HaOsioneHUH, KaK H3BECTHO, MOXKHO BBIYHCJHTD
sapsan kanau e. [lycts (Az)?2 — cpenHuil KBagpaT CMelleHHsl YaCTHIbl 3a
BpeMsi T B HanpaB/eHHH (ropu3oHTanbHOM) ocu X. CuuTas, 4TO yCTaHO-
BHUBILAsICS CKOPOCTb YACTHILbI MPOTOPIIMOHANbHA IPUJIOKEHHOH CHJIe, HAWTH
BoIpaxkeHue 1y Ne, rie N — uncgao Asorazpo.

443. Tlpu HabnoaeHHH OpPOYHOBCKOTO [BHXKEHHS MAaCJsHOH Kariu
B KoHIeHcaTope MuJsinnkeHa (CM. MpebAyLIYI0 3afady) OblIo HalaeHo
(Az)? = 1,05-107%cm?, 7 =10 ¢, v + vy = 0,0268cm/c, T = 300K.
HanpsixkeHue Ha oOk/aankax koHuaeHcatopa V' = 940 B, paccrosiHue Mexny
nJIacTHHAMH KoHzeHcatopa d = 0, 7 cM. BbIUMCAUTD O 3TUM AAHHBIM YHCJIO
ABoranpo. M3mepeHHbI# Ha ombiTe 3apsif KAl OKa3aJscs paBHbIM 3apsiiy
snektpoHa e = 4,8 - 10710 CI'Ca.

444. Kocmuueckue Jy4u 0/1yxKaat0T B [anakTHKe, OTKJOHSSCh B MeX-
3Be3/HbIX MArHUTHBIX MOJSX. DTOT mpouecc nopobeH auddysuu. Haritu
BpeMsl T, 32 KOTOPOe YaCTHILbl IPOUAYT MYTh MOPsSiiKA pa3sMepoB [anakTHKU
R~ 5-10% cM, eciu s¢dekTHBHAs AaMHA CBOGOAHOrO mpobera [ ~ 3 X
x10%0 cm.

445. 3ByK KaKOH NJIMHBl BOJIHbl HaYMHAeT CHJIbHO 3aTyXaTb IPH pac-
MPOCTPAHEHUH B OIHOATOMHOM rase?

446. KakoBo mo TOpSiAKY BeJHYHHBl 3P(PEKTHBHOE CeYeHHe [Jsi CO-
yIoapeHHH 3JeKTPOHOB C HOHAMM IIJIa3Mbl, HarpeToil oo Temmnepartypbl 17?7
MMeltoTcst B BULY COYHapeHHs ¢ Nepefadell UMITY/bca, CONPOBOXK AAIOIIHECS
CUJIbHBIMH OTKJIOHEHHSIMH 3JIEKTPOHOB.

447. Vicnionb3ysi pe3yabTaT pelLIeHHs] MPeAbIAyIIEH 3aJaud, MOJYy4YHUThb
npUOJIMKEHHOE BbIPaXKEHHE MJI yIeJbHOH 3JEeKTPHYECKOH MPOBOLHUMOCTH
A W ynesbHOTO 3/1EeKTPUYECKOrO CONPOTHBJ/IEHHSI p BOLOPOLHON WM AefiTe-
pHeBOH MJasMbl, Harpetol fo abcosoTHOH Temmnepatypbl 1. Kak 3aBucuT
yIesbHas 3JEKTPHYECcKas MPOBOLHMOCTDb IIJIa3Mbl OT €€ IJIOTHOCTH H TeM-
nepaTypsbi?

448. Tlpu kaxoil temneparype 7' ynesbHasi 3JeKTpHUECKasi MPOBOIU-
MOCTb BOIOPONHOH W/ NeHTepHeBOH MJjasMbl OyfeT paBHA YAEJbHOH 3JeK-
TPUYECKOH NMPOBOAMMOCTH MeIH IIpH KOMHATHOH TeMmIeparype? YiesbHas
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3JeKTpUdecKas MpPOBOAMMOCTh Menu b, 14 - 1017 ¢=1 =572 10°0m~! x
x el

449. Tlonyuutb npubIMKEHHOE BbIPaXKEHHe [JIsl TeMJIONPOBOAHOCTH
BOJOPONHON W/ JeHTepueBOH MJa3Mbl i, HATPETOH A0 aOCOMIOTHOH TeM-
nepatypel 1T'. Kak 3aBUCHT TeNJIONPOBOAHOCTb MJAa3Mbl OT €€ MJIOTHOCTH
U TeMIepaTyphbl?

§ 7. PeanbHble ra3bl

450. YpaBuenue Ban-nep-Baanbca nss ongHoro moJisi rasa 3amnuchbiBaeT-
csl B BUIE

a
(P + W) (V —b) = RT. (450.1)
3anucarb 3TO ypaBHEHHe JJIS Fa3a, COLEpXKAlLero v MoJeH.
451. Haiitu BbipaxKeHHs 1Js1 IaBJEeHHs, TEMIepaTypel U o0bema rasa
U YCTAHOBUTb CBSI3b MEXIY 3THMH BeJHUHHAMH B KPUTHYECKOH TOUKeE,
npejmnoJarasi, 4To BellleCTBO MOMUYMHSIETCsl ypaBHeHHIO Ban-nep-Baasnbca.
452. 3anucatb ypaBHeHue BaH-nep-Baasbca B mpuBefeHHbIX mapameT-

T P |4
T:_’ m = =

m

" A
T.€. TAKUX MapaMeTpax, KOTJa 3a eIMHHUIIbl MPUHATb KPUTHYECKas TeMIle-
paTypa, KpUTHUECKOe NaBjeHHe U KPUTHUYECKHH 00beM MOJs rasa.

453. Ecau Ttemmepatypa rasa HHXe TaK Ha3blBaeMOH TeMIepaTypsbl
Bofins, To Npu H30TePMHYECKOM CXKATHH ero npousBefeHve PV cHauana
yOblBaeT, IPOXOAUT Yepe3 MHHHMYM, a 3aTeM HauMHaeT Bo3pacTtaTh. Eciu
e TeMmIepaTtypa rasa Bblillle TeMrnepaTypbl Boiijisi, To npyu H30TepPMHUUECKOM
cKathd mnpousBeneHne PV MOHOTOHHO Bo3pacTaeT. YOeAHTbCS B 3TOM
¥ BbIPasUTb Temiepatypy Doiisi depe3 KpUTHUECKYIO TeMmepaTypy s
rasa, MOAUUHSIIOLIErocst ypaBHeHHI0 BaH-nep-Baasbea.

454. Kputuueckas temneparypa yraekucaotsl (COy) pasua 31 °C, kpu-
THUecKoe jabjeHde 73 aTtMm. OmpefesquTh KpuTHYeckuit obbem Vi, Mois
COsq.

455. Huxke npuBeneHbl 3HaueHHs! MOCTOSIHHBIX Ban-nep-Baanbca pis
HEKOTOPbIX Ta30B:

pax

Tas a, 106 arm - cm8/mosp? | b, cM2/Moutb
Tenuit 0,034 23,7
Bonopon 0,24 26,6
Asor 1,39 39,1
Kucaopon 1,36 31,8
COq 3,60 42,7

[Tonb3ysicb 3TUMH 3HAYEHHSIMH, BBIUHCJAHTb KDPUTHUECKOE JaBJIEHHE,
KPUTHUECKYIO TeMIepaTypy, KPUTHUECKHH 00beM, a TaKXKe TeMIepaTypy
Bo#ins n/1st mpuBefeHHBIX TA30B B MPEANOJIOKEHHH, YTO OHH MOAYHHSIOTCS
ypaBHeHHI0 BaH-nep-Baasbca.

3 Tlox pen. O.B. Cubyxuna
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456. Haiitn noctosiHHble YpaBHeHHUs1 BaH-nep-Baanbca nast asora, eciu
txp a3oTa paBHa —146°C, P, = 33 aTm.

457. HaliTi KpUTUYECKYIO MJIOTHOCTb BOMbI, €CJIH KPUTHUECKOE [aBJie-
HHe N8 BOAbl paBHO P, = 195armM, a xputuueckas temmnepatypa Ty, =
= 374°C, npennoJgaras, 4To BOAA MOAUYHHSIETCS ypaBHeHHIO BaH-nep-Ba-
ajbea.

458. [lpunumas nocrosiHHy o Bau-mep-Baanbca ngst Bombl paBHO#
5,47 - 10% atm - cm®/monb?, HaiiTh BHYTpeHHee AaBJjieHue Boibl P.

459. Bblno mpefsioKeHO MHOIO 3MMNHUPUYECKUX W IOJYy3IMIHPHUECKHX
YpaBHEHHH COCTOSIHUS pealibHbIX ra3oB. Huxke npuBonsitcs npocTeiine us
HHX.

YpaBHenue Beptio:

a —
(P+m> (V —b) = RT.
YpaBHenue Kinaysuyca:
a —
(P+m)(V—b) — RT.
[TepBoe ypaBHeHnue lutepuuu:
_ _ a
PV —b) = RTexp{ _RTV} .
Bropoe ypaBHenue [lutepuuu:
(P+ %) (V —b) = RT,
rme a, b, ¢ — mnocrtosHHble. HaliTi a/s 3THUX ypaBHEHHE KpHTHYe-
cxue mapametphl B, Tip, Vip, 3HaueHHe KpPHTHUECKOro KosddHIHeHTa
RT.,/(PpVip) u Temnepatypsl boiins Tg.
460. Haiiti BhIpaXkeHue /51 H30TEPMHUECKOH CKHUMAEeMOCTH ~yr Tasa
Ban-nep-Baasbca.

461. Haiitu TemnepaTypHbld KO3((UIMEHT pacllUpeHust < 1Jis rasa
BaH-nep-Baasbca npu mocTOsSiHHOM [aBJIEHUH.

P

Puc. 27
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462. Ha puc. 27 kpuas CLMGD npenctaBasieT OfAHY H3 peasibHBIX
H30TEpM BelllecTBa, a wTpuxoBast KpuBasgs ALK GB otnensier 06/acTb Of-
HO(ha3HOrO COCTOSTHHSA BelllecTBa OT 00sacTH AByxdasHoro. [lokasarte, uto
B COCTOSIHHH, H300pakaeMoM TOd-

Kol M, mMacchl KHAKOH W rasoobpas- AP
HOM (Da3 OTHOCATCS KakK My /m, =
= MG/LM (npaBujio pbiuara).

463. Ha puc. 28 mnpencrab/ieHbl
IBE H30TEPMBI, TePeBOASIIHe Belle-
CTBO M3 XKHJKOTO COCTOsiHHSA L B ra-
3000pasHoe (: peasibHAasi H30TepMa,
u3oOparkaemMasi TOPHU3OHTAJBHBIM OT-
peskoMm LCG, u TeopeTHyeckas H30-
tepMa LACBG, comepxatiiasi mogHu-
Marotuicst yuactok AC B, KOTopomy Puc. 28
COOTBETCTBYET a0COJIOTHO HEYCTOH-
4HBOE cOCTOsiHMeE BelecTBa. Pacemotpum 1tuka LACL v npUMEHHUM K HEMY
paeeHcTBo Kiaysuyca. Tak kak Bposnb uuknaa I = const, TO paBeHCTBO
Knaysuyca npumer sun § 6Q = 0, uu §dU + § P dV = 0. ITockonbky U —
dynkuust cocrositusi, § dU = 0 u, cnenosarensto, § PdV = 0. A rtak kak
usorepMmbl LAC u CL B paccMaTpUBaeMOM LHKJIe He MepeceKalTcs, TO
OHM IOJIKHBI COBIaaTh MeXAy co0oH. B 4em omnG0YHOCTD NPHBEAEHHOTO
paccyKaeHus?

464. Yemy paBHa TemnoeMkocTb Cp BelllecTBa B IBYX(A3HOM COCTOSI-
HHH, H300pakaeMoM To4YKou non Kpuod ALKGB (puc. 27)?

465. Haiitu pacnpenesieHde IMJIOTHOCTH B TOJI€ CHJIBl TSIXKECTH (DU-
3MYECKH OJHOPOAHOTO BellecTBa, MONUHHSIONIErocsi ypaBHeHHIO BaHu-mep-
Baanbca, B OKPeCTHOCTH KPUTHYECKOH TOYKH.

466. Kak Brepsbie ykasan A.I. Croneros (1892 r.), a/s npuseneHus
JKUIKOCTH, 3aKJIOYEeHHOH B NaHHBIH 00beM, B KPHUTHYECKOE COCTOSIHHE
JOJDKHO OBIThb B3SITO BIIOJIHE OMpeleseHHOe KoJu4yecTBO ee. PaccMoTpeThb
caenyromuii mpumep. Cocyn, o6beM Kotoporo Vi = 15cM®, 1o/keH GBITb
HanoJiIHeH BOAOH mpu Temmneparype t; = 18°C ¢ TakuMm pacueTom, 4TOObI
MPH HAarpeBaHUM ee B NAHHOM cocyZe (MpenBapUTeNbHO OTKAYaHHOM M 3a-
MassHHOM) [0 KPUTHUYECKOH TeMMepaTypbl B HEM YCTAHOBHJIOCh KPUTHUECKOE
naBjeHue. B mpeanosioxeHWH, U4TO BOAA MOAUHHSETCS YPaBHEHHIO COCTO-
sHusi Bau-nep-Baanbca, HaliTH, Kakoil 0ObeM BOIBl HOJI’KEH ObITb HAJUT
B COCYJl, €CJIM U3BECTHO, UTO KPUTHYECKAs TeMNepaTypa Boabl ty, = 374 °C,
KpHTHUecKoe naBjeHue Fy, = 205,5aTM, OTHOCHTe/bHas MOJEKyJspHas
macca i = 18, maotHoctsh mpu 18 °C paBha p = 1 r/cwm.

467. [loueMy B M3BECTHBIX NEMOHCTPALMOHHBIX OMNbITAX C HAarpeBaHH-
eM XXHAKOCTEH B 3alasHHBIX aMIyJax AJs NPHBENEHUS 3THX KHUAKOCTeH
B KPUTHUYECKOE COCTOsIHME He TpefyeTcs 3aloJHATb aMIIy/y CTPOro ompe-
JeJIEHHBIM KOJIMYEeCTBOM KHIKOCTH (CM. TpeAbIAyllylo 3amady)? MeHHCK
MeXAY KUAKOH M mapooOpasHoH (ha3aMu NMPH HArpeBaHHH HCUE3aeT, a MpH

3
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OXJIaXKJeHUHU TIOSIBJISIETCS] BHOBb B TpelesaxX aMIyJbl, 1aXKe eCJIH 3TO YCJOo-
BHE He BBITMIOJIHEHO.

468. PaccmaTpuBasi yiesnbHYIO TEMJIOTY HCMapeHUs ¢ Kak pabdoTy, 3a-
TPauMBaeMyl0 Ha MPEOAOJEHHe BHYTPEHHEro AaBjeHHs P, HalTH 3aBHCH-
MOCTb MeXAY P;, ¢ U MJIOTHOCTBIO XUAKOCTH p. CUHUTATh, UTO KHUAKOCTb
noqurHsIeTCsl ypaBHeHHI0 Ban-nep-Baanbca.

469. [lokasatb, 4yTo TemaoeMkocTb Cy rasa, MOAYUHSIONIETOCsS ypaB-
HeHHio BaH-nep-Baasnbca, He 3aBHCUT OT oObeMma, a siBaseTcss (PyHKIHEH
TOJIbKO TeMmrepatypbl. HallTi BbipakeHue 11 BHYTPeHHeH 3HepruM rasa
Ban-nep-Baanbca, TemmoeMKOCTb KOTOPOTO He 3aBHUCHT OT TEMIIEPATYPHI.
(Cwm. samaun 175, 179.)

470. BpraucauTb BHYTPEHHIOI 3Hepruio rasa BaH-nmep-Baasnbca kak
TEIJIOTY, COOOUIEHHYI0 ra3y MpH HarpeBaHWH TMpPHU MOCTOSTHHOM OOBEME,
3a BBIYETOM pPabOThbl, MPOU3BEIEHHOH ra3oM MPH H30TEPMHUYECKOM PACLIU-
penuu. [lpy 3TOM Hamo yd4ecTb, YTO MPH H30TEPMHUECKOM pACIIHPEHHH
ras, KpoMe BHeEIUIHed paboThl, MPOM3BOAUT PabOTy MPOTHB BHYTPEHHETO
naBjeHus. B yem HemocTaToOK 3TOro cnocoba Mo CPaBHEHHIO C TePMOAMHA-
MHUYECKUM CMOCOOOM MpeAbIAyIIeH 3a1auun?

471. Mosb asora paclidpsieTcsi B MYCTOTYy OT Hayda/JbHOrO oObeMa
11 no xoneuHoro 10.. Haiitu moHuxenue Temnepatypbl AT mpu Takom
npollecce, eCld MOCTOsIHHAs ¢ B ypaBHeHHM Bau-nep-Baanbca nsst asora
pasHa 1,35 - 10% atm - cm®/moup?.

472. ]IBa cocyna ¢ obvemamu V| u Vo coenuHeHbl TpyOKOH ¢ KpaHOM.
B KaXaoM M3 HHUX TNpH 3aKpbITOM KpaHe HaXOOUTCS MO OAHOMY MOJIO
OIHOTO W TOrO Ke rasa, MOAYMHSIOLIErocsi ypaBHeHHIO BaH-nep-Baasbca.
Jlo OTKpBITHSI KpaHa TeMIepaTypa rasda B 000MX cocynax Oblia OfHHAKOBA
u paBHa 1. Harpeercs uau oxJaagutcs ras, ecau OTKpeITh KpaH? Ha
CKOJIBKO ITIPH 3TOM H3MeHUTCs TeMiepaTypa rasa? OmnpenesuTb AaBjeHHe
rasa rnocje OTKpbITHSl KpaHa. CTeHKH cocyla U COeAHHSIOUIEH UX TPYOKH
CUMTaTb anuMabaTHYeCKHMM, a TemynoeMKocTb Cy — He 3aBuUCALIeH OT
TeMIIepaTypbl.

473. JIBa 6annoHa ¢ o6bemamu V) = Vo =V = 1 a1 coenuHeHbl TPyOKOi
¢ KpaHoM. B ob6beme V| HaxomuTcs BO3LYX MOX aTMOC(EPHBIM [aBJIEHH-
eM, a o6beM V5 OoTKayaH 10 NpefesbHOro Bakyyma. CuuTasi, 4To BO3LYX
MOAYMHSETCS ypaBHeHHI0 BaH-zmep-Baanbca, a cTeHKH 6aJ/ioHOB U TPyOKH
afrabaTuyeckue, ONpelesuTb, Ha CKOJbKO H3MEHHUTCS TeMIleparypa rasa
nocsie OTKpbITHS KpaHa. HauanbHasi Temnepatypa T = 290K, nast Bo3nyxa
a=1,39- 106 arm - cm®/mouin?.

474. Asor mpu kpurHueckoil Temmeparype Ty, = 147 °C umeer Kpu-
THyeckHit o6veM Vi, = 0,12 n/mosb. CuMras, 4TO a30T MOMUHHSETCS
ypaBHeHHI0 BaH-nmep-Baasbca, HaliTH NMOHMXKeHHe TeMIepaTypsl 7 T a3oTa
MpH paclIMPeHHH B MYCTOTY OT 00beMa v; = 5J1 10 o0beMa vy = 50 1.

475. Kakoe KOJMYECTBO TelJsa HaXO MOABECTH K ONHOMY MOJIIO rasa
Ban-nep-Baasnbca, 4ToOBl NpH pacliHpeHUH B IycTOTY OT obbvema V) 1o
ob6bema V5 ero temmepaTypa He U3MEHHJIAChH?
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476. Kakoe KONHWYECTBO TelJsa HANO TOABECTH K ONHOMY MOJIO Trasa
BaH-nep-Baasbca, 4To6bl mpu pacuidpeHuu B myctoTy oT obbvema Vi mo
o6beMa V4 ero naBsieHHe 0CTaJOCh MOCTOSTHHBIM U paBHbIM P?

477. Ha#itTu BolpakeHue [JIs1 YAENbHOU TEMJIOTHl UCTIAPEHHUST MOJS XKHJI-
KOCTH TIpU MOCTOSIHHOW TeMmmepatype 1 TOJ AaB/eHHEM ee HAChIIEHHOTO
napa B MPEANOJIOXKEHHH, UTO YPaBHEHHEM COCTOSIHHS YXKUIKOCTH W ee Mapa
sBJsieTcst ypaBHeHue Bau-nep-Baanbca. CurTaTh H3BECTHBIMH TEMIEPATYPY
T v moJisipHble 00beMbl XKHIKOCTH Vi W ee HacblllleHHOro napa Vg npu aTol
Temreparype.

478. Haittu Cp — Cy nast mosist rasa Bau-nep-Baasnbca.

479. HaiitTu BelpakeHHe JJIs1 SHTPONUM ¥ MoJied ra3a Bau-nep-Baasbca.

480. Haiitu ypaBHeHHe moJjuTponbl Ans ra3a Bau-nmep-Baanbca, cuwm-
Tasi, 4TO ero TemaoeMkocTb C' He 3aBUCHUT OT TEMIepaTYphl.

481. [lokasaTh, 4TO B KPHUTHUECKOH TOYKe JJsi JIIOOOrO BelecTBa
pastocth Cp — Cy, a Takxke TemnoeMkocTb Cp oOpaliaioresi B 6eCKOHed-
HOCTb.

482. TlokasaTb HemocpeACTBEHHBIM JAeTajsbHbIM pacuetoM, uto KIIIL
nukna KapHo He 3aBucHT OT mapameTpoB rasa Bau-nep-Baanbca, ncnoss-
3yeMOoro B KaudecTBe pabouero Tesa B 3TOM IHKJe. BHyTpeHHsiss 3Heprus
Mouist rasa BaH-nep-Baanbca naercs BblpaxKeHHEM

U= 51— 8,
rae (ydkuusi f(T) 3aBUCHT TosbKO OT TemmepaTypsl. (B mpemsaraemom
pacuete 3Ty (popMyJsy 6€CCMBICJEHHO pacCMaTPUBaTh KaK TepMOIHHAMHYE-
CKYIO, TTOCKOJIbKY TepMOAHMHAMHUYECKHUH BBIBOJI €€ MO CYLIECTBY HCIOJb3YeT
tTeopemy Kapno o HesaBucumoctu KIIJI nmkna KapHo ot poma pabouero
BellecTBa. [IpensnaraemMblii pacyeT HMeeT CMBICJ, €C/IH BblpaxkeHue ais U
000CHOBAHO KaK-TO HHaye, HANpHMep, SMIHUPHYECKH HJH MOJEKYJSpHO-
KHMHETHYECKH. )

483. Tlonyuuthb hopMysy 1Jsi U3MEHEHHs TeMIepaTyphl rasza B audde-
peHuMasbHOM 3ddexte Ixoyns—ToMmcona, nmpeanosaaras, 4to ras nofg4uHs-
eTcs ypaBHeHHIO cocTosiHusl BaH-nep-Baanbca. (CM. peluenue 3anaun 252.)

484. PaccmoTpeth npenebHbid cayuait popmyast (483.1), npeanonaras
rasz HacTOJbKO PAa3peXKEHHbIM, YTO KBaApaTaMH M BBHICIIUMH CTENeHSIMH
nonpaBoK @ U b MoxkHO mpeHebpeub. [lokasaTh, YTO MpH TemmepaTypax
Bblllle TAK HAa3blBaeMOH TeMIepaTypbl MHBEPCHH 1us AH((EpeHIHaIbHOTO
apdekra Jxkoyns—TomcoHa ras mnpu gpoccesdpoBaHHH OylneT HarpeBaTh-
csl, a NIpU TeMIepaTypax HUXKe TeMIepaTypbl MHBEPCHH — OXJAXAaThCs.
[Tonyuuth BhipakeHue Ajs T,ys U YCTAHOBUTh CBSI3b 3TOH TEMIEpaTyphbl ¢
KPUTHYECKOH TemnepaTypo# Tip.

485. Tlokasatb, 4TO ra3, NOAUMHSIOLIHUICS ypaBHeHHIO Ban-nep-Baasb-
ca, ¢ a = 0 B onbiTe J[>koyssi—-TomcoHa Bcerna HarpeBaetcsi. OnpenennTb
TIOBbILIEHHUE TEMIIepPaTypbl IPH PACILHPEHHUH.
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486. Tlokasatb, 9TO Ta3, NONUMHSIOIIMNCA ypaBHeHUIO Ban-nep-Baanb-
ca, ¢ b =0 B onbite J[koysasi—Tomcona Bcerna oxJaxpaaercsi. OnpenenuThb
MOHMKEHHEe TeMIepaTypbl MPH PacIIHpPeHHH.

487. llpu xakoil Temmneparype 1 remuit B omnbiTe [Lx)oysis—TomcoHa
HauHeT OXJIaXKJAaTbCsl, €C/IH H3BECTHO, YTO KPHUTHUecKasl TeMllepaTypa re-
s Ty, = 5, I K? CuuraTb, 4TO COCTOSIHHE T'eJIHSI OMUCHIBAETCST YPaBHEHHEM
Ban-nep-Baasibea.

488. Haiitu Temnepatypbl HHBEPCHH T ys AUD(DEpEHIIHATBHOTO 3P dek-
ta Jlxoynsi-ToMcoHa fJisi pa3pexeHHBIX BOAOPOAA, BO3AYyXa H YIJIEKHCJ/IOTHI
B NPEAINONOXKEHHH, YTO 3TH ras3bl MOAYMHSIOTCS ypaBHeHHIO Bau-nep-Ba-
anbca. OnpenenuTb Takxke H3MeHeHHe TeMnepatypsl AT B onbiTe JIKoyiisi—
Tomcona ¢ stumu rasamu, ecau 1 = 300K, a naBieHue noHuKaercs Ha
|AP| =0, 1 atm. Iloctosinubie Ban-nep-Baasbca ykazaHHbIX ra3oB HpuBe-
JeHbl B YCJOBHM 3ajaud 455 (mjsi Bo3ayxa a U b B3iThb TaKUMH XKe, Kak
JJIST a30Ta).

489. [Ipennonarasi, uto ras nofuuHsiercs: ypaBHeHuto Ban-nep-Baasbca,
HalTH ypaBHeHHe KPHBOH MHBEPCHH, T.e. TaKOH KpHBOH B mimockoctd V7T,
npu nepexofie yepes Kotopyio apdekt Jxkoyas—TomcoHa MeHsieT 3HaK.

490. To xe [/ rasa, MOAYMHSIONIErOCs YpaBHEHHIO cocTosiHUs [luTe-
pHYH.

491. lasbl B 3anaue 488 B HAUAJBHOM COCTOSIHHH OBIJIH CHJIBHO CXKATbI
110 MoJisipHbIX 06beMoB V' = 100 cM®, a 3areM B npouecce J>koynsa—Tomcona
pacIIHMpUIUCh 10 aTMoc(epHoro aapjeHus. [Ipennosarasi, 4yTo rasbl Mmop-
YHHSAIOTCSl ypaBHeHHIO BaH-nep-Baasbca, HallTH H3MeHeHHe TeMIepaTyphl
AT =T’ — T B TakoM mpolecce.

[Ipumeyanue. [Ipu cTOMb CUABHOM CXKATHH HeJb3sl MOJb30BAThCS
dbopmyson ans nuddepenunansuoro addexra [Ixoynasi—Tomcona. [Ipu at-
MOC(EPHOM AaBJIEHHH ra3bl MOTYT CYUTATbCS HIEATbHBIMH.

492. Pacuupenue rasa B npouecce Jxoynsi—TomMcoHa MPOM3BOAHTCS
OT HayasJbHOro cocTostHusi T, V' 10 CHJIBHO pa3pexeHHOTO COCTOSHHS,
B KOTOPOM Ta3 MOXET CYMTAThCs HIeasbHbIM. EC/H HayasbHOEe COCTOSIHHE
rasa uzobpaxatb Ha auarpamme 1, V, To Ha HeH MOXHO HA4YepTHTb
KpPHBYI0, KOTopasi JIeJuT mjaockocTh 1’V Ha nBe 06/acTH: TOYKAM OLHOH
obnactu coorserctByer AT < 0 (ras oxsnaxnaercs), a apyrod AT > 0 (ras
HarpeBaeTrcsl). DTa KpHUBasi Ha3blBAeTCS KPUBOH HHBEPCHH HHTErpPasibHOTO
apdekra [xkoynsg—Tomcona. Hailitu ee ypaBHeHHe W HAYepTUTb KPHUBbIE
MHBEPCHU JJIS1 a30Ta, BOLOPOAA W TeJIUs B MPEANOJIOXKEHHH, UTO 3TH rasbl
MOAUMHSIOTCA ypaBHeHUI0 BaH-nep-Baasnbca.

493. Tennon3oJHPOBAHHBIH COCYZA HAMOJHEH Ta3000pasHbIM TrejueM
npu temnepatype Top = 10K (Bbiiie KpuTHueckod ToukH). [a3 MenseHHO
BbITEKAeT uepes3 KalHJIIPHYIO TPyOKY 10 TeX MOop, M0Ka AaBJeHHe B COCYAe
He craHeT paBHbIM P} = l atm, a Temnepatypa 1) = 4,2 K (Touka KuneHus
residsi IpY HOPMAJIbHOM 1aBjeHuH). HaliTi HauaspHOe naBieHHe rasa B co-
cyzme P, ecu B KOHIle Tpollecca COCYM OKa3aJjcs MOJHOCTBIO 3aMOJHEHHBIM
XKUAKUM resqueM. MoussipHas Temsora ucnapeHusi requs npu 4,2 K pasHa
q = 20 xan/mosb. [a3006pasHblii TeJMH CUUTATh WIEaJbHBIM Fa30M.
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§ 8. IloBepxHOCTHOE HaTsiKeHHe

494. [lns onpeneseHHs TOBEPXHOCTHOTO HATSKEHHS BOAbI B3BELIHBAIOT
KallJM, OTPbIBAIOLIMECS OT KamHWJIspa, U H3MepsioT AvameTp d LIEHKH
Kanad B MOMeHT orpeiBa. Okasajoch, 4yTo Macca 318 kamnesap Bombl paBHA
51, ad=0,7mM. HaiiTi n10BepXHOCTHOE HATSI2KEHUE BOJbI.

495. Bepruka/ibHasg KamujjsipHasi CTeKJIsiHHas TPyOKa MOABelleHa K
KOPOMBICJTy BECOB W ypaBHOBelleHa THpsiMu. UTO TMpoOM30HIEeT ¢ BecaMm,
€CJ/IM MOJ, KaNUJASPHYI0 TPYOKY OCTOPOXKHO TOAHECTH COCYA C BOLOH Tak,
9TOObl KOHYHK KalMJL/Igpa KOCHYJICS ee MOBEPXHOCTH?

496. Kak BesMKO MOBEPXHOCTHOE HATSXKEHHE 0 KUAKOCTH, €CJIH MeTJs
U3 Pe3UHOBOro IIHYpa IJIMHOH [ C MOMepeuHbIM cedeHHeM .S, MOJI0KEHHAs
Ha MJEHKY 3TOH XKMIKOCTH, PACTSAHY/IACh B OKPYXKHOCTb panuyca R mnocie
TOr0, KaK IJIeHKa Obly1a IPOKOJIOTa BHYTPH NMeTH? CUUTATh, YTO NPH MaJbIX
pacTsKEeHUSIX 115 pe3UHbl CripaBelJiuB 3aKoH ['yka u Mmonysb fOHra pesuHsl
paBeH E.

497. Kanss HecxKMMaeMOH KHIKOCTH COBEpIIAET IMyJbCAlHOHHbIE KO-
Jie6aHHs, CTAHOBSACH IOCJENOBATEbHO BBITAHYTOH, C(epHUECKOH, CIJIOC-
HYTOH, ceprdecKol, CHOBA BHITAHYTOH W T. 1. Kak 3aBUCHT mepuop 3THX
nynbcauuil I OT MJIOTHOCTH p, MOBEPX-
HOCTHOT'O HATSI2KEHUS] 0 W pajguyca Kal-
Ju r?

498. CTpys KMIKOCTH BBITEKAeT ue-
pe3 TOPHU30HTAJbHYIO TPYOKYy B OOKOBOH  |—— - ——
creHke cocyna (puc. 29). Iomepeunoe -
ceyeHue TPyOKU HMeeT (DOPMY IJJHUIICA,
BBITAHYTOTO B T'OPH30HTAJbHOM HaIpaB-
Jgenuu. CTpys npuHUMaer ¢opmy uemd, | - _— -
3BeHbsl KOTOPOH IMOINepeMeHHO TO BBITS-
HYTBI, TO CIJIIOCHYTbl B FOPU30HTAJbHOM Puc. 29
HanpasjeHud. O6bsicHUTD ABaeHHe. Kak
3aBHCHUT JJIMHA 3BeHa [ B HAYaJbHOH YaCTH CTPYH OT IUIOTHOCTH KHMIKO-
CTH p, TIOBEPXHOCTHOT'O HATS2KEHHS 0, PACCTOSIHHS h OT OCHOBaHUS TPYOKH
J0 YPOBHSI KHIKOCTH M YCKOPEHHSI CBOOOLHOrO MaleHHsl g, €CIH ceueHHe
TPYOKH OCTaeTcsl HeusMeHHbIM? Pajiell HCMo/b30Bas OMHCAHHOE SIBJIEHHE
IJ151 CPaBHEHHS TI0OBEPXHOCTHBIX HATSXKEHHH Pa3/IMYHBIX KUIAKOCTEH.

499. PaccmotpeB uuksa KapHo 151 MJIeHKH XHUAKOCTH B MPEANOJIONKE-
HHH, 4TO TeMIlepaTypbl HarpeBaTesis M XOJONUJIbHUKA OECKOHEYHO MaJjo
OTJIHYAIOTCS IPyT OT APYyra, ¥ NMPUMEHUB K 3TOMY LHKJY TeopeMmy KapHo,
HAaHTH MPOM3BOLHYIO MOBEPXHOCTHOTO HATSXKEHHS 0 KHIKOCTH IO TeMIle-
patype T.

500. Haiitu BblpaxkeHHe ajsi BHYTpeHHeH sHepruu U MJIEeHKH.

501. Onpenenutb U3MeHEHHe TeMIepaTypbl MJEHKH NpH aguabaThue-
CKOM pacCLIHpEeHHH.

502. MbiibHas MJeHKa uMeeT ToiukHy h = 1072 MM u Temmepatypy
T = 300K. BblunciuTbh NMOHHKEHHE TeMIepaTypbl 3TOH MJEHKH, eClIH ee
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pacTsiHyTh anuabaTHUECKH HACTOJBKO, UTOObI MJIOLIAAb TJIEHKH YIBOUJIACh.
[ToBepxHOCTHOE HaTs?KeHHe MBIIBHOrO pactBopa yObiBaeT Ha 0,15 muH/cm
TpH NOBbILIEHHH TeMnepatypbl Ha 1 K.

503. B cocyne ¢ annabaTiyecKMMH CTEHKAMH HAXOMUTCS MbLIbHBIH My-
3bipb paguyca r = 5cM. OOliee KOMHMYECTBO BO3AyXa B COCYE U B IMy3bIpe
v =0,1 moas, ero temneparypa I = 290K (mpenmoJsiaraercsi, 4to OHa
OMHAKOBA BHYTPH W BHe my3bipsi). [Ipu 3ToH TeMmeparype MoBepXHOCTHOE
Hatskenue o = 70 gun/cem, do/dT = —0, 15 pun/(cm - K). Kak usmenntes
TeMIepaTypa BO3AyXa B COCYIe, €CJH My3blpb JIOMHET? TennaoeMKOCThbio
00pa3oBaBIINXCS KameJsek npeHedpeusb.

504. [loxasarb, 4yTo BOJIH3H a0COMIOTHOTO HYJsS MOBEPXHOCTHOE HATS-
’KeHHe XHUAKOCTH [epecTaeT 3aBUCETb OT TEMIEepPaTypHl, T.e.

lim do

T—0 dT’ =0

(KoHKpeTHO peub MOXKET MATH TOJBKO O IeJIMM — €IHHCTBEHHOM BEILECTBE,
OCTAIOLIEMCS KHUAKUM TPH aOCOIIOTHOM HYJIe TeMIepaTyphbl.)

505. Uemy paBHO KamuJJIsipHOe naBjeHHe P B Kamejbke PTYTH C
nuameTpoM d = 1 MkM npu Temmnepatype 15°C, eciu MOBEPXHOCTHOE HATS-
JKeHHe PTYyTH TpH 3ToH Temmnepatype o = 487 nun/cm?

506. Yemy paBHO 100aBOYHOe AaBjeHHe P BHYTPH MbIJIBHOIO IMy3bIpS
¢ nuametpom d = 0, 8 cM, ecjii MOBEPXHOCTHOE HATSIXKEHHE MbIJIbHOH BOMIbI
o = 40 guu/cm?

507. B nHe cocyna umeercs TpelidHa wupuHoit a = 0,02 mm. Jlo kakoi
BBICOTBl h MOXHO HaJHUTb PTYTb B COCYH, 4TOObl OHA elle He BhITEKa/a
yepes TperuHy? [1noTHOCTL pTyTH p = 13,6T/cM?. TloBepxHOCTHOE HaTs-
xkenue (npu 15°C) o = 487 nuu/cwm.

508. OueHUTb MaKCHMaJibHOE KOJMUECTBO BOMbI, KOTOPOE MOXKHO Ha-
JUTb B peleTo ¢ napaduHUpPOBaHHBIM AHOM auamerpa D = 20cwm, ecau
nocJeHee CIENAHO U3 METaJIMUeCcKOro JHUCTa ¢ KPYIJbIMH OTBEPCTHSIMH
nuametpa d = 1 mM. [ToBepxHocTHOe HaTskeHue Boubl o = 70 quH/cM. Kak
3aBHCUT MAaKCHMaJslbHOE KOJNHYECTBO HAJIMBAEMOH XKHIKOCTH OT €€ IJIOTHO-
CTH?

509. CTonGHK XHUAKOCTH, MOMELIEHHbIH B KOHHYECKYI0 TPYyOKy, cam
IBIHKETCS K 0oJiee Y3KOH 4acTH, KOTa OH CMauWBaeT CTEHKHU TPYyOKH, U K
6oJsiee MIMPOKOH YaCTH, KOrna He cMaunBaeT. OOBSCHUTD SBJEHHE.

510. Ecau B TpyOKe HaxXOmMTCs psifi Kamesb (CTONOHKOB) KaKOH-HOO
KUIKOCTH, TO TpeOyeTcsl 3HAYUTEJbHOE NaBJjeHHe, YTOObl MPOABHHYTb HX
BIOJIb TPYOKH, HE3aBUCHMO OT TOTO, CMAa4YHBAIOT OHU CTEHKH TPYOKH HJIH
He cMauyuBaloT. CONPOTHB/IEHHE CMAYUBAIOIMX Kamesb elle 6oJjee yBesu-
4HBaeTcs, KOraa KaHas TPyOKH MONepeMeHHO CYKHBAeTCs W paclIupseTcs.
[Ipy 3TOM Kamiu coOMpalTcs B CyXKeHHBIX 4YacTaxX KaHasia. OObsICHHTD
sSIBJIEHHE.

511. Yro06bl CTPSXHYTb PTYTb B MEAHLHMHCKOM TepMOMETpE, HYXKHO
yckopeHue ¢ ~ 10g. OueHUTb [HaMeTp NePeTs KKK B KaNHUJ/IsSpe TepMOMET-
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pa. TlosepxHocTHOe HaTsikeHue pTyTH o = 490 nuH/cM, mNJIHHA CTOJOHKA
PTYTH Bbillle MepeTssKKU h ~ 5cM, JIOTHOCTb PTYTH p = 13,671/cM?.

512. Ha pHe mpyna riny6uHOH h = 2 M BBIIENSKTCS My3BIPbKH rasa
¢ nuamerpoM di = 0,05 mMm. Uemy GynyT paBHbl AHAMETpPHl dy 3THX My-
3bIPBKOB, KOTA OHH MOTHHUMYTCSl K TMOBEPXHOCTH Boabl? [loBepxHocTHOE
HaTs2KeHHe BOABl 0 = 73 MUH/CM.

513. Ha kakywoo Bequunny AT Temnepatypa BO3AyXa BHYTPH MBLJIb-
HOTO My3bIPsl JOJI?KHA MPEBHIIIATh TeMIIEPATypy OKpyKaioluiero Bosnyxa 1,
4TOObl My3bIPb CTaJ MOIHMMATbesA? Panuyc myselps paBeH 7, MOBEPXHOCT-
HOe HaTs2KeHHe MBIJIbHOH IJIEHKH ¢. Maccoil NieHKH MOXKHO TpeHeOpedb.
Y4ecTb, UTO HaBJeHHE BO3AyXa BHYTPH My3bIPsi MaJi0 OT/IHYAETCS OT aTMO-
cepHoro nasnieHusi P.

514. B unanHape ¢ MOABHXKHBIM MOPIIHEM 3aKJI0UeH MbIIbHBIN My3bIPb
pajuyca r, HaloJHeHHBI Bo3ayxoM. BHauasie naB/eHre Bo3fyxa BHe My3bl-
psi paBHO atMoc(epHOMY AaBjeHHI0 . MenjieHHBIM BABHTaHMEM MOPLIHS
MBIJIbHBIH My3bIpb CXKHUMAKOT, TaK YTO PagUyC €ro yMeHbLIAeTCsl BIBOE.
OnpenenuTh AaB/eHHe HAPYKHOTO BO3AyXa B LUJIHHAPE B 3TOT MOMEHT.

515. Ha ckosnbko u3MeHuTCs 0 cpaBHeHHIo ¢ C'p MOJISIpHAsl TEIJIOoeM-
KOCTb HJeasbHOro rasa C, ec/H ero HarpeTb BHYTPH MbIIBHOTO My3bIps
paguyca r = 1cm? [loBepxHOCTHOE HATsKEHHe MBIIBHOrO PAcTBOpa o =
= 50 guH/cM. 3aBUCHMOCTbIO 0 OT TeMIepaTypbl NpeHeOpedb. JlaBieHue
BHe my3bipsg Py = 1 aTMm.

516. MblbHBIH My3bIPb BBIAYT Yepe3 HUJHHAPHUECKYIO TPYOKY C BHYT-
peHHUM paaunycoM r = | MM U anuHou | = 10cM. B ToT MomeHT, Korpa pa-
JIHUyC My3blpsi JOCTHraeT 3HaueHuss Ry = 10cM, mepecTtaioT AyTh, U BO3AYX
U3 My3bIpsl HAUMHAET BBIXOAUTDb Yepe3 TpyOKy. Uepes Kakoe BpeMsi, HauHHasi
C TOTO MOMEHTa, My3bipb HcUe3HeT? [I0BEpXHOCTHOE HATSI2KEHHE MBIJIBHOTO
pactBopa ¢ = 50 muH/cM, Bsi3kocTb Bo3ayxa n = 1,8 - 10~* pun - ¢/cm2.
l3meHeHHeM TJIOTHOCTH BO3AyXa 3a BpeMsl Mpollecca MpeHebpeub.

517. B cTeHKe 1IAapOBOrO MBIJIBHOTO MY3bIPsi CAENAHO KPYTJOE OTBep-
CTHE ¢ paguycoM a = | MM (Takoe OTBEpCTHe, HANPHUMep, MOXKHO MOJYYHTb,
MIOMECTHB Ha CTEHKY Ny3bIpsl MeTeJbKYy H3 HUTH, a 3aT€M MPOTKHYB MblJlb-
HYI0 TJIEHKY BHYTPH 3TOH mNeTesbKH). HaliTh Bpemsi, B TeueHHe KOTOPOTO
BeCb BO3AYX BbIHAET M3 My3bips, €CJU €ro HadaabHbli paguyc ro = 10cm.
Temnepatypa Bo3myxa BHe u BHyTpH my3bips t = 20°C. IloBepxHOCTHOe
HaTsDKEHHE MbLIBHOTO pacTBOpa MpH 3TOH Temmepartype ¢ = 50 guH/cM.
ArmocdepHoe naBnenne P = 760 MM pt. ¢T. CpenHIO OTHOCHTENbHYIO MO-
JIEKYJSIPHYIO Maccy BO3Ayxa NpuUHATb paBHOH p = 29. [lpu ucreueHuu
yepe3 OTBEPCTHE BO3AYX pAcCMaTPUBaThb KaK HIEaJbHYIO HECXKHMaeMYIo
XKHUIKOCTb.

518. Kanss Bogbl paBHOMepHO MajfaeT B Bo3ayxe. Ha ckosbko oTinua-
eTcsl paguyc KpUBH3HBI | ee MOBEPXHOCTH B HHXKHEH TOUKe OT paguyca
KPHUBH3HBI Ry B BepxXHeH TOUKe, €CJAM PACCTOSIHHE MEXAY 3THMH TOUKaMH
d = 2 mm? TloBepxHocTHOE HaTskeHue o = 70 quH/CM.

519. BHyTpH MBIIBHOTO My3bIpsl pajilyca ry HAXOAMUTCS BO3AYX (Hne-
aJbHBIM ras) npu Temmepatype Ty W nasnenun Pp. [loBepxHocTHOE HaTs-
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JKEHHe MBIJIBHOTO PAcTBOpAa MPH 3TOH TeMIepaType PaBHO (. YIesbHas
TEIJIOTa H30TEPMHUUECKOTO 00pPA30BaHHS €IHHUIBI MOBEPXHOCTH MbIJIbHOH
MJIEHKH TP TOH 2Ke Temmepartype paBHa qo. Haiitu npoussomuywo dr/dT
(pammyca myseips r no temnepatype 1) nas T = Ty. HapykHoe naBseHue
0CTaeTCsl TOCTOSHHBIM.

520. HaiiTu noBepXHOCTHOE HATSKEHHE O YKUIKOCTH, €CJIU B KalHJ-
Jasipe ¢ auametpoM D = | MM OHa mogHUMaeTcsi Ha BbicoTy h = 32,6 MmM.
[lnoTHOCTh XHAKOCTH p = 1 1/cM®. KpaeBoil yros MeHHCKa paBeH HYJIO.

521. KakoBa pasHOCTb ypOBHEH XHAKOCTH B JABYX COOOIIAIOUIUXCS
Kanuajsipax ¢ guametpamu d; U deo? [IoBEpXHOCTHOE HATSI2KEHHE KUIKOCTH
paBHO o. KpaeBble yriibl MEHMCKOB paBHbI HYJ/I0. [IJIOTHOCTD XKHIKOCTH
paBHa p.

522. Hackosibko H3MEHHUTCSI pa3HOCTb ypoBHeH hj — hg BOIBI B ABYX
coobuatonxes kKanuaiasipax ¢ adamerpamu d; = 0, 1mMm u dy = 0,3 MM
npu HarpeBaHuu ot 20 no 70°C, ecau MOBEPXHOCTHOE HATs2KEHHe BOJbI
IJIsT TUX TEMIIEPaTyp PaBHO COOTBETCTBEHHO 73 W 64 nuH/cMm?

523. BepTHKa/JbHO PACMOJIOXKEHHBIH CTEKJSHHBIA KANUWJJISIP AJHHBL [
M pajivyca r 3amasH ¢ BepxHero KoHua. Ha kakyio BblcoTy h mopHuMeTcs
BOJA B KaNHUJJIsIpe, eCJH ero HHKHHE KOHell IPHUBECTH B CONPHKOCHOBEHHE
C MOBEPXHOCTbIO BOIBI?

524. Ha kakyio BblcOTy h mMogHUMaeTcsi BOAA MeXIy [BYMs BepTH-
KaJIbHBIMH CTEKJSHHBIMH MJACTMHKAMH, YAaCTHYHO MOTPYXKEHHBIMH B 3Ty
KHUAKOCTb, €CJIM paccTosiide Mexay HumMu d = 0,5mm? Jas Bomsl o =
= 73 nun/cm. Kpaesoit yros 6 B 3ToM c/aydae MOXKHO cuuTaTh paBHbIM 0°.

525. [IBe CTekJIsiHHble BepPTHKAJbHblE IJACTHHKH, MOTPyXKeHHble Ya-
CTUYHO B XKMIKOCTb, 00PasyloT APYT C APYrOM OuYeHb MaJjbli IBYrpaHHBIN
yrod «. HalTH BBICOTY NOAHSATHS XKHUAKOCTH h KaK (DYHKLHIO PAacCTOSHHS
2 oT pe6pa ABYTPaHHOTO yrJa.

526. Kanussa Boxsl ¢ maccoit m = 0, I r BBeieHa MeX 1y NBYMs MJIOCKHMH
¥ napajjiebHbIMH MeXAy CO00H CTeKJSHHBIMM MJACTHHKaMH, CMayuBae-
MBbIMH BOJOH, npuueM KpaeBoi yroa 6 = 0°. Kak BesiMKa cusa NpUTsSKEHUs
MeXAy MJIacTHHKaMU F', ecid OHH HaXo[sITCS APYT OT APYra Ha PACCTOSTHUU
d = 10~* cm? ToBepxHoCcTHOe HaTsxeHHe Bonkl (pu 18°C) o = 73 auH/cM.

527. I'paMM pPTYTH MOMEIEH MEXIY NBYMsl MJOCKHMH CTEKJSIHHBIMH
niacTiHKaMu. Kakywo cuny F' Hano TPHUJIOXKHTb K BepXHeH MJIacTHHKe,
4TOObl PTYTb MPHHSAAA (OPMY KPYIJIOH JeMelKH OLHOPOLHOH TOJIIHHbI
u paguyca R = 5cMm. [loBepxHocTHoe HaTskeHue pTyTH (mpu 15°C) o =
= 487 nuu/cM, KpaeBOH yroJa MexAy pTyTbio U cTekjoMm 6 = 40°.

528. C kako#l cujofi F' MpUTATMBAIOTCS [BE BEPTHKAJbHblE W Mapas-
JlelbHble CTEKJ/SIHHble MJIACTHHKH, YAaCTHYHO IOTpyXKeHHble B BOLY Tak,
4TO paccTosiHue Mexny HUMH paBHO d = 0, 1 mm? IllupuHa niacTuHOK | =
= 15¢M, 0 = 73 ntus/cM, § = 0°. BricoTa MmaacTHMHOK TAaKOBa, YTO MMOAHSAB-
asicss BOAA He NOXONHMT 10 HX BEPXHHX KPaeB.

529. JlBe BepTHKAaJ/bHble MapajijiesbHble MJACTUHKH YaCTHYHO MOTPY-
JKeHbl B XXHAKOCTb. [loKasaTb, 4TO MeXay HUMH OyneT HaGJIOAATbCS NpPH-
TsI2KeHHe, KOra ofe MIACTHHKH JHO0 cMayuBaloTcs, MO0 He CMAayMBalOTCH
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JKHUAKOCTBIO, ¥ OTTaJKMBaHHe, KOTAA OHA MJIACTHHKA CMAaYHBaeTCs KHIKO-
CTbIO, a APyrasi HeT.

530. DeckoHe4yHO [NJIMHHAs MPSMOYTrOJbHAs MJAACTHHKA KJafeTcs Ha
TOBEPXHOCTh CMAuWBAWIIEH ee KHUIKOCTH, a 3aTeM CJierka MPUIIOIHHU-
MaeTcsl, yBJeKas 3a co0oil HeKOTOpoe KoJuuecTBO Xuukoctu (puc. 30).
Ha#itu ypaBHeHHe GOKOBOH MOBEPXHOCTH KHIKOCTH, YCTaHaBJHBAIONIEHCS
TNOJ, BAUSIHUEM KANHJISPHBIX CHJ U CHJIbl TSKECTH.

531. Ompenenuth B MNpenblAylied 3ajade MAaKCHMasJbHO BO3MOXKHYIO
BBICOTY MOAHATHS MJACTHHKHM HaJ YPOBHEM XKHAKOCTH h W TOJIIHHY MpH-
noAHsATOro cronba xkuakoctd D B HaubGosee yskom mecte M N (puc. 30)

Puc. 30

npu 3TOH BbicoTe mMomHsTHsA. HaliTu Takxke cusny F, KOTOPy HE0OXOIHMO
MPUJIOXKUTh K €MHHUIIE [IJIHHbI MJACTHHKH, 9TOOBl OTOPBATh MOC/EAHIOK OT
XKHUIKOCTH. Bec eIMHHUUbl OJHHBI IACTUHKH PaBEH ¢, ee LIHPHHA .

532. DeckoHe4HO AJMHHAS MPSMOYTOJibHAS MJIACTHHKA LIMPHUHBI ¢ MO-
JIOKeHA Ha TMOBEPXHOCTb HECMAYMBaIolIel ee XKHUAKOCTH C MOBEPXHOCTHBIM
HatsKeHHeM o. [IJOTHOCTb BelllecTBa MJACTHHKH po OOJblIe MJIOTHOCTH
XKUIKOCTH p. HallTh MakcHManbHYIO TOJIMHY MJIACTHHKH h, MPH KOTOPOH
OHa ellle HE YTOHET.

533. Omnpenenuts cuny F', HeOOXOAUMYIO AJis OTPbIBA KPYIJIOH HeBe-
COMOH MJIACTHUHKH paguyca r = 8 cM, MOJOXKEHHOH Ha MOBEPXHOCTb BOJBI.
[ToBepxHOCTHOE HaTsiKeHHe BOAbl 0 = 73 nuH/cM. [lnacTuHKa cmMaunBaercst
BOJOH.

534. Ha#itn BbICOTY MOXHSATHS h KHAKOCTH Yy BEPTHKAaJbHOH OeckKo-
HeYHOH IJIACTHHKH, CMauHMBaeMOH XKHUIKOCTblo. KpaeBod yros paseH 6.
(Cm. pemienue 3amaun 530.)

535. Omnpenenutb ray6uUHy h PTYTHOH JYXKHIBl HA MJIOCKOM TOPH3O0H-
TanpHOM cTekJe. [lomepedHble pasmepsl JMYXKHIbl BEJIHKH [0 CPaBHEHHIO C
ee rayOuHOi. [ToBepXHOCTHOE HATsXKeHHe PTYTH Ha TpaHHIE C BO3LYXOM
o =490 nuH/cM, KpaeBoit yros Ha ctekie § = 140°. lnoTHOCTE pTYTH p =
= 13,6 r/cm3.

536. CrasnbHasi wroska (/yuile, ecid ee TMPedBaPHUTENbHO MOKPHITh
TOHKHM CJI0eM Mapa)MHa) MOXKeT IJ1aBaTh Ha MOBEPXHOCTH Bombl (puc. 31).
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Ha#itu pamguyc wronku r, wupuHy 3asopa D = MN wmexny GOKOBBIMH
MOBEPXHOCTSAMH KHAKOCTH B Haubosee Y3KOM MeCTe, a Takxke TIIyOHHY
norpyxenuss H n17s pasindHblX 3Ha4eHUH yrya 6, ob6pasyemoro oOueH
KacaTesbHOH K NOBEPXHOCTH MT'OJKH M XKUIKOCTH C FOPH30HTAJbHOH MJOC-
KocTbio. I1OTHOCTL cTanmu py = 7,8T/cM®, TNOBEPXHOCTHOE HaTsXKeHHe

Puc. 31

Boabl ¢ = 73 aun/cM. OnpenenuTb MaKCHMaJbHBIE PafHyC HIOJKH, MpH
KOTOPOM OHa ellle He yToHeT. HalTW MakCHMasbHO BO3MOXKHYIO T1yOHHY
MOTPY2KEHHSI U COOTBETCTBYIOLIMH el panuyc uroaku. [Ipu pacuere urosky
3aMeHHUTb OECKOHEYHO JJIMHHBIM LHJIHHIPOM.

537. Onpenenuth GopMy MbIIBHOH TMJIEHKH, Kpasi KOTOPOM 3aKpeIJieHbl
Ha JBYX OIMHAKOBBIX KOJbllaX pajuyca R, ynajeHHbIX IPyr OT Apyra Ha
pacctosinue 2h. LleHTpbl KoJsell JiexaT Ha oOllel MpsiMOii, MeprneHAnKYJIsip-
HOM K MX MJIOCKOCTSIM. [IJOCKOCTH KoJiel| He 3aTsHYThl MJeHKAMH.

538. Mexnay nByMsl KpPyrJbIMH KOJIbIIAMH OJHMHAKOBOTO paguyca 006-
pasoBaJsiach LMJMHAPHYECKasi MblJbHAsl MJEHKA, IPHYeM OCHOBAHHUS KOJell
TaKKe 3aTSIHyThl MbLJIbHBIMH MJIEHKAMH, UMEIOLIMMH, KaK JIerKO MMOKa3aTh,
cepuueckyto popmy. HallTu cooTHolIeHHe MEXKIY pagHycaMu LHJHHIPH-
4ecKol U c(epryecKol YacTel MJEHOK.

539. Pewuth 3agauy 537 B MpPeANoNOKEHUH, YTO He TOJbKO OOKOBas
MOBEPXHOCTh, HO M IMJIOCKOCTH KOJell 3aTSHYThl MBIJIbHBIMH TJIEHKAMH.

540. B sapnaue 538 naBjeHHe BO3AyXa BHYTPH My3blpsi CJierka H3Me-
HsIeTCsl, BCJIEICTBHE Yero NpsIMOJIHHeHHble 00pasyiolie LHIHHIPHYECKOH
MOBEPXHOCTH HCKpUBJsOTCS. [1oKa3aTh, 4TO ecjayu MCKPUBJIEHHE MaJjo, TO
obpasyiouias npuMmer (GopMy CHHYCOMMB, NpHUeM ee mepuop OymeT pa-
BeH [JIHHE OKPYXXHOCTH 277 OCHOBAHHSI HEBO3MYILEHHOH LHJIHHIPHYECKOH
niaeHKH. [losb3ysich 3THM pe3y/bTaToM, A0KAa3aTh, 4TO IMPH YBEeJHYEHHH
JaBJeHHsl BO3[yXa BHYTPH Ny3bIpsi, KOTJA €ro AJHHA MeHblle 77, My3bipb
OymeT BBIMYy4YMBATbCS, a MPU YMEHbIIEHUH [NaBJeHHs cyxaTbesi. Ecan ke
IJIMHA My3bipsi OyneT GoJiblle 777, HO MeHble 2777, TO YBeJHUeHHe BHYTPeH-
HEero JaBJieHHs] 3aCTAaBUT OOKOBYIO TMOBEPXHOCTb MJIEHKH CHEJAaTbCsl BOTHY-
TOH, a yMeHbllleHHe — BBIIYKJOH. (M0OXKHO BOCMO/IB30BATbCS Pe3yNbTaTOM
pelLlleHHst Ipenblayliel 3a1a4u.)
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§ 9. Pasosbie npeBpaumenus. PacTBopsl

541. B sakpsiTom cocyne npu 0°C Haxonurtcst onus mosb (18 r) BombI.
Kakoe Ko/sM4ecTBO Temsa HafO 3aTPaTHTb, YTOObI NMOBBICUTH TEMIIEPATYPY
cuctembl 10 100°C 1 4ToOH MU 3TOM BCsl BOAA MPEBPATHIACH B HACHIIEH-
HbIH map. YmeabHas TemsjoTa ucnapeHus: Boael npu 100°C u mocTosiHHOM
JaBJeHud cocTabasieT 539 KaJ/T. YpyrocThio HackiieHHoro mapa mnpu 0°C
U TEMJOEMKOCTbIO CTEHOK cocyna npeHeOpeus. [IpeHebpeun Takke 06beMOM
BOJbl 110 CPABHEHHIO ¢ 0OBEMOM €€ HACHIIEHHOTO Mapa.

542. Kakyto paboTy coBepliaet 3a oouH UHKJA 1234561 mawuna KapHo,
pabouuM TeJOM KOTOPOH SIBJISETCS OOWUH MOJIb BOABI, HCIBITBIBAKIIHEA BO
BpeMsi paboThl MallWHbI (Pa30Bble TIPeBpallleH|s B ap U o6paTHo (puc. 32)?

Puc. 32

Hzotepmam 1234 u 56 cootsetcTBytoT Temnepatypbl 17 = 500K u Tp =
= 373 K. HuxHss nsorepma 56 (ITp = 373 K) uesnnkom jexuT B nByxdas-
HOH 00/IaCTH BeILeCTBa, TaK UYTO B 6 HMEETCS TOJNBKO *KHAKOCTb, @ B & —
Tosbko nap. Kpusele 16 u 45 — anuabaTbl. YiesbHasi TemjoTa napoodpa-
3oBanus Boabl ¢ = 2,25 kJIx/r (nmpu T = 373 K).

543. Ha pnHe cocynma, OTKauMBaeMOro [0 BBICOKOIO BaKyyMa, HaMo-
pOXKEeH MJOCKONapaJsJiesbHbIH CJIOH JbAA TOJLIMHOH | = 7 MM, HHXKHSSA
I0OBEPXHOCTb KOTOPOIO MOAJAEPKHUBAETCS IPH MOCTOSTHHOH TeMIeparype to.
OnpenenuTb 3Ty TeMIepaTypy, €C/aH H3BECTHO, UTO NPH OTKAa4YKe COCy[a Ha
BepXHeH NOBEPXHOCTH CJI0f JIbJa yCTAaHOBHJACh TeMneparypa t; = —50°C.
TenonpoBonHOCT Jbaa 2 = 5,3 - 1073 kan/(c - em - °C). YiesbHas Tensiota
cybanmanuu Japaa ¢ = 680 kas/r. YpyrocTb HaChIEHHOTO apa Haf JbIOM
npu t; = —50°C B oTcyTcTBHe 0TKauKH paBHa P = 0,03 MM pT. CT.

544. Hailitu Ko3(ppUUMEHT 00BEMHOr0 pACIIMPEHHs v, H30TepMHUe-
CKYI0 C’KHMaeMOCTb <yr M TennoeMKocTb Cp HEONHOPOAHOH pPaBHOBECHOH
CUCTEMBI, COCTOSALIEH M3 XKUIKOCTH U ee HACBILIEHHOro napa.

545. PaccmotpeB 1uka KapHo aJisi cucTeMbl, COCTOSIIEN U3 XKHUAKOCTH
M ee HACBHIIEHHOrO Napa, U NPUMEHHB K HeMy TeopeMy KapHo, BblpasuTb
MPOU3BOAHYIO [aBJIEHHsI HACHIIIEHHOrO napa no temneparype dP/dT uepes
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yaesapHble 00beMBI Napa ¥ XKHUAKOCTH Uy, Uy H YAEJbHYIO TEMJOTY Mapoos-
pa3oBaHus q.

546. Haiitu usmenenue temmepatypbl AT maB/ieHus Jbda MPH MO-
BbIllIeHHH faBjeHuss Ha AP = latm. YmenabHbi#i o6beM Bombl mpu 0°C
vy = 1em3/T, yaesbHbii 06beM Jbaa v, = 1,091 oM/, yIeJbHAS TeTIoTa
miaBaenust abaa ¢ = 80 kan/r. [lo Halimennomy 3Hauenuio AT paccunTarth
NPHOJIMKEHHO TEMIEPATypy TPOHHOH TOYKH BOMBI.

547. PombGuueckasi cepa MpeBpallaeTcsi B MOHOKJHHHYIO MpH ¢ =
= 96,5°C. Ilpu armocdepHOM AaBJIEHHH yIesbHasi TEMJIoTa MpeBpalleHHUs
q = 2,2 kajn/r. Ckauok yaesbHOTo oObeMa cepsl TpH (a3oBOM IPeBpaIeHHH
Av = 0,014 cv®/r. Haiitn cventenve AT ToukM (pa3oBoro mepexona cephbl
NpY U3MeHeHHU naBjeHus Ha AP = 1aTm.

548. Haiiti naBJjieHHe HACHILIEHHOrO BOASIHOTO Mapa IMpH TeMIlepaType
101 °C. Cuyurath nap uaeanbHbIM Ta30M.

549. B 3akpbiTom cocyze ¢ o6bemom V) = 51 HaxoauTcst | KT BOAbI MPH
temneparype t = 100°C. [IpocTpaHcTBO Haja BOAOH 3aHATO HACHIIIEHHBIM
BOISIHBIM MapoM (BOo3AyX BeiKauaH). HailiTw yBesudeHHe MacChl HACHILEH-
Horo mapa Am mpu NoBbilIeHHH TemnepaTypsl cucteMbl Ha AT = 1 K.
YnesnbHasi Tensota napoo6pasoBanust ¢ = 539 Kas/r.

Yxkasanue. [Ipu pacuerax map cuuTaTh HAeaJbHBIM ra3oM. YIeJ bHBIM
00beMOM BOIbI TIpeHeOpeUb M0 CPABHEHHIO ¢ YAeJbHBIM 00beMOM Mapa.

550. Ilpu 0°C ympyrocTb BOASHOrO Tapa Hax JbaoM P
= 4,58 MM pT. CT. YhenbHast Temjota mjaBieHuss Jbna npu 0°C g
= 80«kan/r. Tennora ucnapenus Bomel mpu 0°C g9 = 596 kan/r. Haiitu
YIPYTOCTh BOASIHOTO Mapa Haj JbIOM Mpu Temnepatype t = —1°C.

551. HaiiTu ymenbHyWO TEmIOTy HcrnapeHHs 0eH30Ja ¢c; BOMH3U ero
TPOMHOHM TOYKH, €CJM H3BECTHO, YTO MPHU ITHX YCJOBUSIX €ro yaesbHas
TeNoTa MJaBJeHUs ¢n, = 30,2 Kaji/r, TeMneparypa TpoiHO#H Touku 1 =
= 279K, paBHOBecHOe naBjieHHe Mapa B TPOUHOH Touke P = 36 MM pT. CT.
M 1Js KPHBOH BO3TOHKH B To# ke Touke dP/dT = 2,43 mwm pt. c1/K.
CuuntaTh nap 6eH30/a UO€aNbHbIM FA30M.

552. YKcycHasi KMCJOTa MPH aTMOC(EepHOM NaBJEHUH IJaBUTCS MPH
temneparype t = 16,6 °C. PazHocTb yaesbHbIX 00bEMOB XKHAKOH ¥ TBepIOH
das ykcycHoil kucsaotel Av = 0, 16cm3/r. Touka nuaBieHHs YKCYCHOH
kucjoTel cMemtaercss Ha AT = 1 K npu usmeHeHud pnaBjieHusi Ha AP =
=41arm. HaliTu ynenbHyl0 TENJOTY NMJABJEHHS ¢ YKCYCHOH KHCJOTHI.

553. B crnenytoie tTabauile NpUBeLeHbl 1aBJEHHs HACHIIEHHBIX MapoB
a30Ta MpH TPeX TeMIepaTypax:

t,°C | P,mm pr. cT.

-195 833
—196 741
—-197 657

[Tosb3ysichb UMH, BBIYHCJHMTD YAENbHYIO TEIJIOTY UCIAPEHHS ¢ XKHUIKOTO
azora npu Ttemmeparype t = —196°C. CuuTath, uTO rasoo0pas3Hbiii a3oT
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BIJIOTb JIO TEMIMEPaTypbl KOHAEHCAIMU MOA4UHsIeTcsl ypaBHeHuio Kiamei-
poHa. YmesbHbIM 00bEMOM KHUAKOTO a30Ta MO CPABHEHHIO C ra3000pa3HbIM
npeHe6peyb.

554. Kycok sibia nomeliieH B afuabaTHueckyo 000J0UKY NP Temiepa-
type 0°C u armocdepHoM AaBjeHUH. Kak M3MeHHTCS TeMmmepaTypa JbAa,
ecJii ero aguMadbatudecku cxatb no gasieHus P = 100artm? Kakas nons
Jbga Am/m npH 3TOM pacmiaBuTcs? YieabHble 06beMbl BOIb vy = 1 cM>/T,
ab1a v, = 1,09 cM?/r. TennoeMKOCTH BOAbl M JIbAa CBA3aHbl COOTHOLIEHHEM
¢, =~ 0,6¢,.

555. Tlokasatb, 4To BOJH3M aOCOJIOTHOTO HYJSl KacaTesbHasi K KPUBOH
naaienuss P = P(T) na nunarpamme P, T CTaHOBHTCSI TOPH3OHTAJBHOM.

Tounee, %imod_T = 0. Dro yTBepXJIeHHe CIIPaBeNJIHBO, KOTAA YyIeJbHble

00beMbl TBEPIOH U XKHUAKOH (ha3 pasnuuHbl. KOHKPETHO peub MOMKET HATH O
requu Il — eIHHCTBEHHOM BellleCTBE, KOTOPOE MOXKET OCTABAThCS KHIKHUM
BIJIOTh 10 abcosoTHOro HyJst temnepatyp. (Cp. ¢ 3anadeit 504.)

556. Kuescku#t ¢usuk M.I1. ABeHapuyc mokasas, uyTo TPH KPHUTH-
4ecKOH TeMIlepaType TeMNsoTa HcrapeHusi paBHa Hyuqo. [IpoBeputb 3TO
T0JIOXKEHHE, T0Jb3ysch ypaBHeHHeM Knanetipona—Kanaysuyca.

557. Kak nokasan J[. 1. MeHpeneeB, MOBEPXHOCTHOE HATSI2KEHHE 2KH[I-
KOCTH MPH KPUTHYECKOH TeMIepaType paBHO Hy/0. Kak MOXHO 3TO noKa-
3aTb?

558. HailiTu 3aBUCHMOCTb HaBJIEHHSI HACHILIEHHOrO Mapa OT TeMIlepa-
TYpbl B CJEAYIOUIMX YNPOIIAIOUKX MPEANONOXKEHUAX: YIENbHYIO TEIIOTY
napoo0pa3oBaHUsl ¢ CYUTATh He 3aBHUCSAILEH OT TeMIepaTyphl; YAEJbHbIH
00beM KHUAKOCTH NPeHeOPeXHMO MaJl 10 CPABHEHUIO C YAENbHBIM 00beMOM
napa; K XKHMAKOCTH NMPUMEHHUMO ypaBHeHue coctosiHusi Kiamneiipona. (dtu
YIPOLIEHHs] IOMYCTHMbI BAAJMH OT KPUTHUECKOH TeMIepaTypbl, €ClH HHTEep-
BaJl U3MEHEHHsI TEMIepaTyp He CJHLIKOM LIHPOK.)

559. BriBecTu (opMysay, BbIpaXKawllyl0 3aBUCHMOCTb [ABJIEHHS] HACHI-
IL[EHHOrO Mapa OT TeMIIEPATyphl NPH CAeAYIOIHX NpeanonoxeHusx: 1) nap
TIOAUHHSIETCSl ypaBHeHUIO cocTosiHus KuoaneiipoHa; 2) ynesbHasi Temsora
UCTapeHHusl ¢ fBJSETCS JUHeHHOHW (DyHKIMel TeMmmepaTyphl, T.e. ¢ = ¢y —
—aT'; 3) ynenbHbll 06beM XKHUAKOCTH IPEHEOPEKUMO MaJl 10 CPABHEHHIO C
yIeJbHBIM 00bEMOM HACHIIEHHOTO Mapa.

560. HatiTu noBsblllieHHe TeMIepaTypbl KUIEHUsST BOJAB! TPH yBeJHYeHHH
LaBJIeHHsl ee HACBILIEHHOI'0 Napa Ha ONHY H30BLITOYHYIO aTMoc(hepy BOMH3H
TOYKH KHIIEHHS] BOIbl B HOPMAJIbHBIX YCJOBUAX. YIeJbHas TEIJIOTa HClape-
HHSI BOIBI B 3THX YCJOBUSX ¢ = 539 KaJ/T.

561. Haiitu ynenbHbiii o6bem BopsiHoro mapa v, mpu 100°C u Hop-
MaJIbHOM [aBJIeHHH, €CJIH H3BEeCTHO, YTO NpPH AaBJEHHH 735,5 MM pT. CT.
Temnepatypa KuneHusi Boabl paBHa 99,1 °C. YnenbHasi Tensora napoo6pa-
3oBanus npu 100°C ¢ = 539 kan/r.

562. B zakpeitom cocyne npu temnepatype t = 20 °C HaxoqUTCs BJaXK-
HBIH BO3LYX ¢ OTHOCHTeJbHOH BjaaxHocTbio f = 80%. Ha ckosbko rpa-
IYCOB Hal0 NMOHU3UTb TEMIIEPATypy CTEHOK cOCyna, uToObl Ha HHUX HadaJa
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BBINAfaTh poca? YuesbHasi Temaota napoodpasoBanusi Boabl npu 20°C ¢ =
= 600 kas/r. BoxsiHo#t map paccMaTpuBaTh Kak MAeaJbHBIH ras.

563. B caenyroleil Tabnulle npuBeleHbl 3HAUEHUs ABJEHHsT HACHIIIEH-
HBIX [1apPOB Haj BOAOH M JIbIOM IIPH TPeX TeMIepaTypax:

t,°C | P, mMm pT. CT.
Jlen —10 1,950

0 4,579
Bona 0 4,579
10 9,209

Hcnonb3ys 9TH JaHHbIE, BBIUUCAUTD YAEJBHYIO TEMJOTY 3aMep3aHHsi BOIbI
npu 0°C.

564. B ToHKOCTeHHBIH MeTajndeckui wap paauyca r = 10 cm, U3 Ko-
TOPOrO BblKayaH BO3MYX, Ha/luTa Boja. JlaB/jeHuHe BO3ayxa BHe Lapa PaBHO
aTmocdepHoMy. Jlo Kakoil MaKCHMaJ/bHOU TeMIepaTypbl MOXKHO HarpeTb BO-
Iy, 4TOOBI CTEHKH Llapa He Pa3opBaJsIUCh, €CJIH MpelesbHOe HATsKeHHe Ha
pa3pbiB, KOTOpPOE OHHM MOTYT Bbiiepxkath, 0 = 88 H/cm. KosnuectBo Bombl
B LlIape TaKOBO, YTO IPH 3TOH TeMIepaType ellle He BCsl BOdAa HUCMapsieTcs,
OHaKO 00bEM BOIbI MaJl [0 CPaBHEHHIO C 0OBbEMOM Mapa.

565. [lo onHo#i M3 Teopuil reii3epbl MpPEACTABJSIOT COO0H GoJibline
MOA3EMHBIE pPe3epByaphl, HAMOJHEHHble IPYHTOBOH BOLOH W MpPOrpeBaeMble
MOA3EMHBIM TeNJOM. BbIXOL M3 HMX Ha MOBEPXHOCTb 3eMJIH OCYIIEeCTBJIS-
eTcst yepes Y3KHE KaHas, KOTOPbIH B «CMOKOHHbBIF» MEepUOA MPaKTHUECKH
MOJIHOCTBIO 3amoJjiHeH Bojo#. CuuTasi, 4TO «aKTHBHBIE» MEepHO HACTyIaer,
KOTZla 3aKWIaeT Boda B NOJ3EMHOM pe3epByape, W UTO BO BpeMs H3Bep-
JKeHUsl rel3epa KaHas MPAKTHYECKH 3aMoJIHEH TOJBKO MapoM, KOTOpBIM
¥ BbIOpACBIBAETCS HAPYKY, OLIEHHTb, KaKyl0 YacTb BOIbI TEPSET pe3epByap
refizepa BO BpeMsi OIHOTO H3BepxkeHHs. [J1yOMHA KaHauja, T.e. PACCTOsIHHE
OT TOJ3eMHOT0 pe3epByapa [0 MOBepXHOCTH 3eMid, h = 90 M.

566. OrmnpenenuTbh yaeJdbHYIO TEMJOEMKOCTb ¢ HACHILIEHHOrO TMapa,
pacuiupsifoierocss (MM CXKHUMAIOLIErocsi) TAKHM 00pa3oM, 4TO BO BpeMs
mpolecca OH BCce BpeMsl OcTaeTcsl HackllleHHBIM. [IpeHeOpeub yaesnbHBIM
06beMOM KHUAKOCTH 0 CPABHEHHIO C yIeJbHBIM 00bEMOM €€ HACBIILEHHOTO
napa. CuuTaTh, 4TO NMap MOLUMHSIETCS ypaBHEHHIO cocTosiHUsi KmanefipoHa.
[IpousBecTH 4MC/IeHHBIH pacueT AJs Boabl npu Temmnepatrype 1 = 373K,
CuMTasi, YTO K BOJASHOMY Mapy NpHMEHHMa KJacCHYecKasl TeOpHsl TelJoeM-
KoCTel. YnesbHas TelsoTa napoodpasoBaHusi Ajs Boabl mpu 373 K paBHa
q = 539 kasn/r.

567. PewnTb npeablayulyo 3agady, 3Has yAeJbHYIO TEIJIOTY HCHape-
HHSl ¢ U ee MPOU3BOAHYIO no Temnepartype dq/dT’, HO He mpeamnosaras, 4To
nap MoguHHseTCsl ypaBHeHHIo cocTosiHus Knaneiipona. Pesysnbrat cpaBHUTD
¢ npubauxkeHHo# dopmysoi (567.1). Has sons npu t = 100°C dq/dT =
= —0,64kan/(r-K), c¢§ = 1,01 kan/(r - K).

568. HacblueHns#t BogsiHoit nap npu temnepatype 7' = 300 K nonsep-
raeTcsl afiabaTHIeCKOMY CXKATHIO U afHabaTHUeCKOMY pacliupeHHio. B ka-
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KOM M3 3THX MPOLECCOB Map MpeBpallaeTcsi B HEHACHIIIEHHBIH U B KaKOM
B TEPEeChIIEeHHbIH?

569. OnpenenuTb H3MeHeHHEe SHTPOMUU CUCTEMbI, COCTOSIIIEH M3 BOMIbI

M HACBIIIEHHOTO Tapa, Mpd Mepexofie ee B HachilleHHbH map. HauasnbHas
TeMmnepaTypa cuctembl 1], KOHeu-
Hasi Ty. HauasnbHasi macca mapa my, P P,(T)
KOHEYHast Myg. 3aBUCHMOCTbIO YIeJb-
HOH TeMJOThl MapooGpa3oBaHHst BOAL ¢
oT Temrepatypsl npeHebpeun. [lap pac-
CMaTpUBaTh KakK WeasbHbIH ras.

570. Tpu daser I, 2, 3 Haxo-
JSTCS B pPaBHOBECHH Jpyr ¢ MApY-
roMm B TpoiHOU Touke (puc. 33). Ux
yaesbHble 00bEMBbl B 3TOH TOYKe paB-
Hbl COOTBETCTBEHHO V|, Vg, v3. LlycTh
Py = Ppo(T), Pz = Po3(T), P31 =
= P3;(T) — ypaBHeHHs] KPHUBbIX PaBHO-
Becust Mmexny ¢asamu I u 2, 2 u 3, 3 u 1. [lokasaTb, 4TO B TPOHHOH TOUKe
UMeeT MeCTO COOTHOLIeHHe

Py3(T)

Py(T)

Puc. 33

(v — Uz)% + (v — U3)% + (v3 — Ul)%

571. OnpenenuTbh NpUO/IMAKEHHO [aBJaeHUe U TeMrepaTypy (Mo LiKaje
[lesbcusi) B TPOUHOH TOUKE BOMbI, MOJb3YSCh CJAEAYIOUIMMH AaHHBIMH.
JlaBJieHHs1 HACBILIEHHOTO Tapa Hal XKUAKOH Bomo#: P = 4,579 mm pT. CT.
npu t =t; = 0°C, Py, = 4,926 MM pt. cT. ipu t =ty = 1°C. YneabHbill
o6beM spna npu 0°C u HopmajbHOM aTMocepHoM faBjeHud (Fy =
= 760 mm pT. cT.) v; = 1,091 em?/r, yIeNbHbId 0ObeM BOABI MPH TEX XKe
yenosusax ve = 1em3/r. Ynenbuas tensora nnasnenus abaa ¢ = 80 Kaj/T.

572. Temnepatypa Bombl B TpoiiHod Touke t = 0,0075°C, ymenbHas
TENJ0Ta MJaBJAeHHs JbAa MPH 3TOH Temmepatype ¢qio = 80 KaJj/T. YnebHbiit
06beM BOASIHOTO Tapa B TPOiHOI Touke vz = 206 000 cm®/r. [To cpaBHeHHIO
C HUM yIeJbHbBIMH 00beMaMH JbJA U] U BOIbl Uy MOXKHO npeHebpeub. UTo
GoJibllle — NaBJIEHHe HACBIIIEHHOTO Mapa Haj Bomod P, uiau Han Jbaom P
npu temnepatype 0°C? Uemy paBHa pasHoctb P — Py?

573. CrakaH HanosHeH BogoH no BoicoThl 10cM. Ha mHe ero Jsexar
KanuJyisipHble TPYOKH, 3amasitHHble ¢ OIHOIO KOHIlA M 3aMOoJIHEHHbIE BO3MY-
xoM. Korma Boma KHIMT, Ha OTKPBITBIX KOHI[@X KaMHJJSPOB 00pa3yloTcs
My3blpbKH Mapa, JUaMeTp KOTOpPbIX B MOMeHT oTpbiBa paBeH 0,2 mm. Ye-
My paBHa TeMmIlepaTypa BOAbl Ha JHE COCYAa BO BpeMsl KHIIEHHS, €CJH
aTMocdepHoe naBjeHHe paBHO 760 MM pT. cT.? [ToBepXHOCTHOE HATSIKEHHE
KUMsiied BoAbl 57 AWH/CM, a YIpyrocTb BoasiHoro mapa BOsausu 100°C
BO3pacTaeT Ha 2,7 CM PT. CT. MPH MOBbILIEHHU TeMnepaTypsl Ha 1 °C.

574. JlonycTUM, UTO KHMIKOCTb B LIMPOKOM COCYZAe C TOI'Py>KeHHOH
B Hee KamuJUISIpHOH TpyOKOH HakpbiTa Kojmakom (puc. 34) u Bech mpubop
MOMEIleH B TepMocTaT. B COCTOSIHUH TepMOIHHAMUYECKOTO PaBHOBECHS

=0.
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JaBJeHHe Tapa BO BCeX TOYKAX BCSAKOW IOPH30HTAJNBHOH MJIOCKOCTH OyneT
ONHMM U TeM 2Ke. MHaue mopn neficTBHEM PasHOCTH JABJEHHH BO3HHKJIO Obl
HerpepbBHOE JBHKEHHE 11apa, KOTOPBIM MOXKHO OBIJIO GBI BOCHOJb30BATbCS
17151 IPOU3BOACTBA PabOThl C MOMOILBIO Ka-
KOM-/ub0 HajJexalle yCTPOeHHOH MepHo-
IUYeCcKH AeHCTBYIOLIEH MallMHBL. JTa pa-
60Ta HeNpepblBHO NpPOM3BOAMJAch Obl 3a
CUeT TelJia, 3aUMCTBOBAHHOIO OT TepMO-
crata. Ho Tako#i Kpyrosoil npouecc HeBO3-
MOXKEeH, MOCKOJbKY OH TMPOTHBOPEUYHT BTO-
h poMy HauaJsy TepMoiMHaMHKH. Mcxons us
3TUX coobpaxkeHu#, B. Tomcon mnokasaus,
YTO JaBJIeHHE HACHILIEHHOTO 11apa Hal Bbl-
MYKJIOH NMOBEPXHOCTHIO KUIKOCTH JOJKHO
ObiTb OOJIblIE, 2 HAJ BOTHYTOH — MeHblIle,
4eM HaJ MJOCKOH mMoBepxHOCTbio. [loka-
— 3aTh 3TO W BBIUMCJHUTb COOTBETCTBYIOLLEE
U3MeHeHHe NaBJIeHHsl HACBIILEHHOTO Mapa.
Prc. 34 PaccmoTpeTh ABa cayuas: 1) xorma ama-
MeTp Kanwu//ispa BeJHK, TaK YTO [JOT-
HOCTb Napa Ha MPOTSKEHHWH BBICOTHl 7 MeHsieTCsl He3HAYMTENbHO; 2) KOraa
JIMaMeTp KaluJ/asgpa MaJj, TaK 4TO M3MeHEHWs IJIOTHOCTH Mapa Ha Ipo-
TSDKEHUH BBICOTBI h CPaBHUMbI C CaMOH MJOTHOCTbIO. B o6oux caydasix
U3MEHEHUSMH TJIOTHOCTH *KHAKOCTH C BBICOTOH NpeHeOpeub.

575. BbluMcauUTh NaBJeHHe HACBILIEHHOIO BOASIHOTO Mapa Haf cdepu-
YecKo# MOBEPXHOCTbIO KaMau BOAbl ¢ paguycoM 1) r; = 1077 cm (kanenbka
TymMaHa), 2) 7o = 10~7 cm npu 20°C. Tlpu Takoil TemmepaType AJs BOJBI
o = 72,7 muu/em, vy = 1,002 cem?/r, Py = 17,5 MM pr. cT.

576. HatiTu cralnvoHapHBIH MOTOK Mapa OT c(epuyecKod Kamjd K-
KOCTH pajuyca a B Mpollecce ee HcmapeHus (WM KOHAEHCAIMM Mapa
Ha kamse). KoadduuueHt nuddysuu napoB XUAKOCTH B BO3AYyXe paBeH
D, nnotHocTb napa Ha OOJIbIIOM PACCTOSHHM OT KAIJM pPoo, MJIOTHOCTD
HACBIILIEHHOTO napa py. HalTH Takke MJIOTHOCTb Mapa p B 3aBHCHUMOCTH
OT PacCTOSIHUSA T OT LeHTPa KalH. 3aBUCHMOCTb YIPYTOCTH HACBIILEHHOTO
napa OT KPUBHM3HbI [IOBEPXHOCTH KHJIKOCTH HE yUHTbIBATh.

577. Tlosb3ysicb aHaJOTHel MeXJy YpaBHEHHSIMH CTAlMOHAPHOH AH(-
(hy3UH U 3/MEeKTPOCTATHKH, HAUTH CTAllMOHAPHBIH MOTOK Mapa OT KHAKOH
KaIlJIi Pou3BoJIbHOH (opMbl. OcTaibHblE YCIOBHS COBNAAAIT C YCJIOBHSIMHU
npeAblAyLleH 33a4auH.

578. HaiitTn BpeMs UCNapeHHS Tyen BOMASHOM KallJiM ¢ HayajbHBIM pa-
JUYCOM @ B BO3[yXe C OTHOCHTEJbHOH BJIa)KHOCTbIO f W TeMmepaTypoH
t = 20°C. Paccmorpers aBa caydas: 1) f =40%, a = 1mm, 2) f =99%,
a = 1 mgM. [lpu t = 20°C paB/ieHHe HACBIIEHHBIX BOIASIHBIX NapoB Py =
=17,5mm pt. cT., D = 0,22 cm?/c.

)

N
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Ykaszauue. CuUTaTh NPOLECC UCTIAPEHHS KAIJIH CTALIHOHAPHBIM. DTO
IOMYCTHUMO, €CJIH IJIOTHOCTb Napa pp ropasfno MeHblle MJIOTHOCTH KHIKO-
CTH Px.-

579. Ha#ith BpeMmsi HCNApeHUS Tyen CHEPUUECKOH KAIIH MKHUAKOCTH
panuyca a B aTMOC(epe, HACHILIEHHOH MapaMH 3TOH >KUAKOCTH, YUHUTbIBAS
3aBHCUMOCTb MaBJIEHHSl HACHILIEHHOIO Mapa OT KPHBHU3HBI IOBEPXHOCTH.
[ToBepxHOCTHOE HaTsXKeHHe XKHUIAKOCTH (BOmbl) ¢ = 73 nuH/CM, Temmepary-
pa t = 20°C. Paccmotpets nBa cayuasi: 1) a = 100 MM, 2) a = 1 MKM.
(CMm. 3anauy 574.)

580. Haiit 3akoH HM3MeHeHHs] BO BpEMeHH pa3MepoB BOASIHOHM KarlJiH,
€C/Id B HeH pacTBOPEHO m TpaMMOB MOBapeHHOU coqu. Kamis Haxomutes
B aTrMoc(epe, HACbILLEHHOH BOISHBIMH
napamu. [lpennonaraercs, 4To pacTBop N
pa3baBJ/ieHHbIH. Tap

581. Ha puc. 35 npencras/ieHb 1Ba
COOOLIAIOUIMXCSA COCYNa, 3aMOJHEHHbIe
OIHOH U TOH ke X)uaKocTbio. [Tosympo-
HullaeMast neperopoaka M N cBoGogHO
TPOINyCKaeT MOJIEKYJIBl 1apa, HO He IMpo-
MycKaeT MOJIEKYJIbl HEHTPasNbHOrO rasa, c B D
n06aBJIEHHOrO K Napy B MPaBOM COCYJE.
[Topwes E He mo3BoJisieT HeUTpasib-

Iap + I'a3

|

\
[[= 11

|

|

HOMY rasy MepeTeKaTb M3 MPaBOro CO-
cyna B JeBblil. Besi cucrema nomere- . — -
Ha B TEPMOCTAT, TEMIIEPAaTypa KOTOPOTo

Puc. 35

nojaaepxkuBaeTcst noctosiHHod. [Ipume-
HUB K TaKOH CHCTeMe BTOPOE HayaJjo TEePMOAMHAMMKH, HAHTH BJHSIHHE
LaBJeHHs] HEHTPAJIbHOTO ra3a Ha AaBJeHHe HACBIIIEHHOTO Mapa »XKHUAKOCTH.

582. B uunuHape noa nmopuiHeM rnomMelieHa Boia, HaJl KOTOPOH HAXOMHUT-
csl CMeCh BO3/lyXa M HAaCHIIIEHHBIX BOASHbIX MapoB. HauanbHoe naBieHue
Ha moplieHb paBHO atmocepHomy (larm). 3aTeM naBjieHHe Ha MOPILIEHDb
yBEJHUMBAIOT B ABa pasa. Ha CKOJbKO MpPOLEHTOB U3MEHHUTCS HaBJjeHHE
HaCBILIEHHOT0 BOASIHOTO Mapa B uuJauHApe, ecau Temneparypa (T = 300 K)
COXpaHsieTcss HeM3MeHHOM?

583. B ToscTOCTEHHOM 3aKpBITOM COCYZEe TMOMelleH KYCOK JibAa, Haf
KOTOPBIM HAXOAHTCS HAChIIEHHbIH BOASIHOM map. B cocyn MOXHO HarHeTaTb
BO3AYX A0 BbICOKOrO AaBseHHsi. Ha CKOJMbKO HAf0 MOBBICHTb AaBJeHHE
BO3[yXa B COCYAE, 4TOObl JaBJeHHEe HACBILIEHHOTO Mapa Haj JIbIOM MOBBI-
CHJIOCh Ha OfiMH mpolieHT, ecau Temnepatypa (1° = 250 K) nopnepxuBaetcs
MOCTOSTHHOH? YIeJbHbIil 00beM Jbia v, = 1, 1 eM®/r.

584. Ilpu mpoxoxIeHHH Yepe3 MEPErPeTyI0 KUAKOCTb HOHH3YIOIIEH
YaCTHIbl BIOJb €€ TPAEKTOPHH 00pasyloTCs MeJsbuaiiiiie My3bipbKH Mapa.
Te u3s myspIpbKOB, pajiyc KOTOPBIX GOJblle «KPHTHUECKOTO paauycar Ry,
OBICTPO BBIPACTAIOT 0 BUAHMBIX PA3MEPOB, a My3bIPbKY MEHBIIHX Pa3MepoB
3aXJ/I0NbIBAIOTCS CHJIAMH NOBEPXHOCTHOTO HaTsKeHHs. Onpenenuts Ry, 175
x)unkoro nponanHa (CgHg), ecaiu B Kamepe OH HaXOAWTCs MOJ AaBJeHHEM
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Py = 5arm npu temneparype T = 328 K. JlaBieHne HaCBHIIEHHOTO Mapa
mponaHa Mpu 3Toi Temmepatype P; = 15aTMm, MOBEpXHOCTHOE HATSIKEeHHe
nponaHa o, = 4,46 guH/cM.

585. Kpubas nnaBneHus renusi-3 npoxonut depes Touky 17 =0, 12K,
P, = 31 arm. Ilpu kakom paBseHuun P OyAyT HaXOAWTbCS B PaBHOBECHH
TBepAas ¥ Xkuukas (aswl requsi-3 npu temnepatype Ty = 0,42 K? Haiitu
ypaBHEHHE KPUBOH MJIaBJeHHs Tesus-3 B mepeMeHHbIX 1', P B HHTepBaJe
MEXAy STHMH TemmepaTypamu. MoJssipHasi SHTPOMUST KUIAKOTO TeJHs-3
B paccMaTpUBaeMoH 00/1aCTH TeMIepaTyp W NAaBJEHHH ONpenensieTcst BbIpa-
xenneM Sy = RT/O, rtne R — rasosas nocrosiHtasi, a © = 0,46 K. Mo-
JIIpHasi SHTPOIHST TBEPAOTO TeJHs-3 HE 3aBHCHT OT TEMIEPATYyphl H paBHa
Sz = RIn2. PasHocTh MO/IIPHBIX 06bEMOB XKHAKOTO W TBEPAOrO reus-3
CYMTATh MOCTOSHHOH W paBHOH Vi — Viy = 1,25 cm3. Haiitu Takxke Besu-
YHHY ¥ 3HAK MOJISIDHOH TEMJOTHI MJaBJeHusi ¢ njst temnepatyp 17 u Tp.

586. [lpu HekoTOpoOll TemmepaType © MpPOUCXOAUT (Da30BLIH MepPeEXof,
B pesy/bTaTe KOTOPOTO KPUCTAJJIHUYecKasi pelleTka U3 KyOuuecKoi mpespa-
[aeTCs B TETPArOHANBHYIO C OCAMH a U ¢ > a. OnucaTh KadyeCTBEHHO, Kak
BefieT cesl OTHOLIEHHE OCell ¢/a ¢ u3MeHeHHeM Temrepatypsl 1’ BOmU3H O
npu $asoBbIX mepexomax 1-ro u 2-ro poaa.

587. Ilpu (asoBbix mepexojax 2-ro poia HET HU CKayka oObema, HH
ckauka suTponuu, T.e. AV =0u AS =0 (x TakuM nepexofaM OTHOCHTCS,
HampuMep, MePexol B XKeJje3e U APYyrux GeppoMarHeTHKax M3 rmapamMarHur-
HOro COCTOsIHUSI B (eppomarHuTHoe). [lokasaTe, 4To mpu mnepexone 2-To
pola CKaukH pa3juuyHbIX BeJU4YUH (0003HauyaeMmble 3HaKoM A) ynOBJIETBO-
PSIIOT COOTHOILIIEHHsIM DpeHdecTa, T. €.

A (8_‘/)19 * - A (8V)T =90 2 - QA (6‘/)}9 =9,

T dr oP T dr T
ap AV .\ (Op\ _ . ACy dV . (dP\ _
AGE), t T AGE), =0 S A (G), =0

rae npousBogHeie dP/dT w dV/dT Gepyrcsi BRO/Mb JUHHM [Epexona, Ha
KoTopoH nepemeHHble P, V u T', IOMHMO ypaBHEHHsS] COCTOSIHHS, CBS3aHbI
MeXAY COOOH ellle OMHUM COOTHOLIEHHEM.

588. B 3zagauax 133 u 257 Haiimen aguabGaTHUeCKHEl TeMIepaTypHbIH
TPafUeHT BO3LYLIHOH aTMoc(epbl, HaXOASALIEHCS B TEIJOBOM M MeXaHH-
4eCKOM paBHOBECHH, 0e3 ydeTa BJAXKHOCTH Bo3ayxa. HailiTu 3HauyeHue
afrabaTUYecKoro rpagueHTa TeMIepaTyphl, YUHTbIBas BblIeJeHHe TEMIOTHI
n1apoo6pa3oBaHus NPH KOHAEHCALHUH BOASHBIX MAPOB NPH aIHabaTHUYECKOM
MOAHSATHH BBEPX BJIAXKHOTO Bo3ayxa. CuuTaTh, YTO TeMIepaTypa BO3ayxa
3HAUUTEJbHO HMXKE TeMIIepaTypbl KMIIEHHS BOJBL.

589. Ha puc. 36 mpuBeneHa KpuBasi pacTBOPHMOCTH (heHOJa B BOJE
u Boabl B (eHose. Kpusas MAKBN pnequT NIOCKOCTb PUCYHKA Ha JBe
o6slacTH: BepXHel 006/1aCTH COOTBETCTBYET ONHO(A3HOe, a HHXKHEH — ABYX-
(hasHoe cocTosiHUs BellecTBa. [lokasaTb, 4TO MacChl HACBIILEHHOTO PaCcTBO-



§9. ®aszossie npespauyenus. Pacmsopol 85

pa (beHOJIAa B BOAE Mgz U BOABI B (DEHOJIE Mgy CBA3AHBI COOTHOLIEHHEM

My _ AC
chp o CB

(mpaBuJio phivara).

590. [lokasaTb, UTO MPH ONHOH W TOH Ke TEMIIEpPaType HACHIIEHHbIH
nap MMeeT OfMH M TOT K€ COCTaB U OfMHAKOBOE NaBJeHHe Haj HAChIIIEeH-
HBIM PAaCTBOPOM XKHIKOCTH | B XKHIKOCTH 2 U Hal

HACBIIEHHBIM PAaCTBOPOM XKHIKOCTH 2 B XKHIKO- 1000, Peron 0
ctu 1. T
591. BecoBoii KOHIEHTpallUeH Cgec HA3BIBAET- K(66° C)

CS1 OTHOLIEHHEe MAacChl PACTBOPEHHOrO BelllecTBa m
K 00led Macce pactBopa mg + m (my — Mmacca
pacTBopuTesisi). BecoBasi KoHUeHTpauus OOBIYHO
BblpaxkaeTcsl B INpolieHTaX. MoJsipHOH WM Mo-
JIEKYJISIPHOM KOHUEHTPALHEH Cyo; HA3bIBAETCS OT-
HOLUEeHHe 4YHCJ/Ia MOJieH pPacTBOPEHHOrO BellleCTBa
K oblieMy 4ucay MoJed pactBopa. HalTtu cBssb

MeX/ly BECOBOH M MOJIIDHOH KOHLEHTPALMAMH 0 B 100%
: onxa
592. Haiitu ocmoTHueckoe naBjeHue Py, ms-
THIIPOLEHTHOrO PacTBOPa TPOCTHHKOBOTO caxapa Puc. 36

(C]QHQQO“) B BOJAE MpH 18°C.

593. [Ipu kako#l TeMnepatype ¢t OCMOTHYECKOE NaBJI€HHE ABYXIPOLEHT-
HOTO pacTBOpa MOBapeHHO# cosu B Bojae OymeT paBHO 15atm? CuutaThb
CTeleHb OWCCOLMALMH (v TIOBApeHHOH cou paBHOH 75 %.

594. OcmoTHYecKOe [aBJjeHHEe pacTBopa m = 36T IIOKO3b B 2,24 11
Boabl mpu 27°C pasHo 1,latm. Ha#iTh oTHOCHTE/NbHYIO MOJIEKYJSPHYIO
Maccy p TJIIOKO3BI.

595. Uemy paBHO ocMOTHYeCKOe JaByeHHe Py 3JEKTPOJNHTA, CTeNeHb
JHUCCOIUAILMU KOTOPOTO (v, €CJIH MOJIEKYJ/A 3JIEKTPOJNUTA PACLIEN/IseTCs MpH
IUCCOLMALMY HA 1 HOHOB?

596. Haiitu ocmoTtHueckoe naBneHHe Py, OIXHOMPOLEHTHOTO pacTBOpa
natpueBod cequtpbl (NaNOs) B Bome npu 27 °C. CyutaTb NpU 3TOM, YTO
CeJIUTPa MOJHOCThIO AHCCOLIMHPOBAHA.

597. IloyeMy CTEHKH CTaKaHa, B KOTOPbIH HAJHUT pacTBOp, HE paspylia-
FOTCS MOA AEHUCTBHEM OCMOTHYECKOTO NaBJIEHHS?

598. Pasz6aB/ieHHbIH pacTBOp HeJETy4ero BellecTBa M YHCTBIH pacTBO-
pUTeNb B COOOIIAIONIMXCS COCYAAX PasieseHbl TOJYIPOHUIIAEMOH MJIEHKOH,
a COCYZAbl MOKPLITH KoJsmakoMm. HamucaTb yc/oBHe paBHOBeCHS pacTBopa
¥ PacTBOPHUTEJSl C MApOM PACTBOPHUTEJSI W BBIBECTH M3 HEro 3aBHCHMOCTb
MEX1y OCMOTHYECKHM JaBjieHueM Py, ¥ PasHOCTbIO AaBjeHudl (P — Fp)
HACBIIIEHHOTO Napa HajJ pacTBOPOM H HAJ PaCTBOPHUTEJNEM.

599. JlaBjeHue HACHILIIEHHOTO MMapa HeJeTydyero BelllecTBa Haja pac-
TBOPOM MeHbllle, 4eM Haj YHUCTBIM pacTBOpHTeseM. BblpasuTb pasHoCTb
9THUX [aBJEHHH uepes3 OTHOLIEHHe OOLIEero Yucaa MoJei v/ pacTBOPEHHOro
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BEleCTBA K UUCJAY MOJIeH v pacTBOPUTEJsl, MpeAnoJarasi, YTo pacTBOp —
pa3baByieHHBIH.

600. KakoBo naBjieHMe HaCbILIEHHBIX NMapoB BOAbl P Hajx pacTBOpoM
caxapa, ecJM YMCJIO MosieH caxapa coCTaB/sieT 5% OT oOlLiero 4yucaa Mo-
Jell pactBoputens? Temneparypa pactBopa 20 °C. JlaBieHHe HACHIILIEHHOTO
BoasiHoro napa npu 20°C pasuo Py = 17,535 MM pT. cT.

601. [lokasaTb, 4TO TemmepaTypa KHUIIEHHs PacTBOpa HeJeTy4yero Be-
l[eCTBA IOBBILIAETCS IO CPABHEHHIO C TeMIepaTypod KHIEHHs YHCTOro
pactBopuTtess. [losb3ysick 3akoHOM Paysisi, paccuuTaTh 3TO MOBBILLIEHHE AJIS
pas3baBJ/ieHHOr0 PacTBOpa.

602. [lokasath, uTO TemmepaTypa 3aMep3aHHsl pPacTBOpa HeJeTy4ero
BellleCTBa [OHMKAETCsl 10 CPABHEHHIO C TeMIepaTypod 3amep3aHHs YH-
cTOro pacTBopuTessi. Mcnonb3ys pesysnbTaT pelueHHs mpeablAylelt 3anady,
paccyuTaTh 3TO MOHMKEHHE [JIsi pa30aBieHHOr0 PacTBOpa.

603. Onun rpaMM TPOCTHHKOBOTO caxapa (OTHOCHTEJbHAs MOJIEKYJISp-
Hasi Macca 342) pactsoped B 100 cM® Bompl. OnpenenuTh TOUKY KHIEHHS
3TOrO pacTBOpa IpPH HOPMAJbHOM aTMOC(epHOM AaBjeHHH. [l10THOCTBH
Boabl npy Temnepatype 100°C pasna 0,96 r/cM?, yrenbHas TenjoTa napo-
obpasoBanus 539 KaJj/r.

604. B npensinyiue 3afaue onpefenuTh TeMIepPaTypy 3aMep3aHusi MpH
aTMoCc(hepHOM AaBJieHWH. YesbHas TenjoTa miaasneHus g = 80 kaJj/r.

605. Ilpu xaxo# Ttemmneparype Ty kunut pactBop 100r moBapeHHOM
cosii B 1y Bopbl? CUMTATh MOBAapEHHYIO COJIb MOJHOCTBIO TUCCOLMHPOBAH-
HOU. YnesbHasi TemsoTa napoobpa3oBaHus Boibl ¢ = 539 kaJji/r. BHemnee
JlaBjieHHe paBHO 760 MM pT. CT.

606. BonHbiil pacTBOp caxapa MoBbILIAET TOUKY KHUIEHHs TPH HOPMaJlb-
HoM atMocepHoM naBsieHuH Ha At = 0,05°C. OnpenenuTb TeMmnepaTypy
3aMep3aHHsl ¢ 3TOrO PAcTBOpA MPH TOM JKe NaBJEHHH. YiesbHble TeljaoTa
niaBiaeHus Jabna ¢ = S0kasu/r, TemnoTa napooOpasoBaHHSI BOLbl ¢y =
= 539 kaJu/r.

607. PactBopenne m = 1r #iona B M = 285t 3THM0BOrO 3dHpa mMo-
BbILLIAET TeMnepaTypy KumeHus nocjenHero Ha AT = 0,032 °C. U3 kakoro
4HCcsa aTOMOB 1 COCTOHMT MOJIeKyJa Bombl B pacTBope? OTHOCHTeNbHas
aToMHasi Macca Homa A = 127, TemmepaTypa KHIEHHS 3THJIOBOro 3Qupa
T = 307, 8 K, ynenbnas ternsorta napoodpasobanusi ¢ = 81,5 kas/r.



OTBETbI YU PEHIEHUS

§ 1. Temneparypa. Tepmuueckue cBoiicTBa TeJ

.t =1,475tq, — 18,75.
. t= —%tD—F 100.

1
2

2o
3.t= —38§ C.
4
5

_ b=ty
.t—tH—tolH.
-t;: @(;Z—t0)+t0:67,7 rpan.
a—
6. T

7. B o6aactu ot 0 mo 7,9 °C Tepmomerp GyneT AaBaTh ONMHAKOBbIE MOKA3aHHs
TPH IBYX pasHbIX T}%MHepaTypax ty ¥ to, mpuueM ¢ +t, = 7,9°C.

8.t = 1= 790

P()Oé - P] (%)) ’
9.1 =t+ " At=334°C.
mln(l + at)

10. 7 = lOOm, rie o — Ko3(pPHUIHeHT 06beMHOT0 pacIIMpeHH s rasa.
11 ¢ = """ y18°C = 54,1°C.

T8 AR
12. TpubausurenbHo ¢ ToyHocTbhio At = —— = 0,0025°C.

V1
_3(32

13.0-t= oz — (57 + o) t(t — 100) ~

(a1 = 361) 4 100[c2 — 3(3} + B2)]
~1,84-107°¢(t — 100).
OTkJjioHeHHe MakcHManbHO npu ¢ = 50°C u coctasaser © — t ~ —0, 046 °C.

14. B o6oux ciyuasx mpupalieHre TeMmmepatypsl 1' 1Mo paccMaTpHBaeMoH
LIKaJIe CBsI3aHo ¢ mpuparieHrem nasieHusi AP coorHowennem AT = A(V)AP, rae
ko3 puureHt A(V) 3aBHCHT TOBKO OT 06beMa rasa, T.e. OCTAeTCsl [OCTOSTHHBIM.
Otcroga u nosyyaercs TpeGyeMblH pe3yJbTaT.

15. Tlocne u3MmepeHus TeMmepaTypbl OOBIUHBIM CIIOCOOOM HaL0 HEMENJEHHO
BCTPSIXHYTb TepMOMeTp. Toraa oH NOKaKeT TeMIepaTypy TeJa uesoBeKa.
m1(1 + alt) —my

16. a = o

17. a) = % +a.

18. =33+ %

19. 8 = % —0,0000183°C"".

20. 7 = %{% [(%—l—];/[—;)(l—l—ﬂt)—]\g—(:(l—l—at)] -1},
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h—nh
21. a = % rme h u hg — BBICOTEI CTOJIGOB KHMIKOCTH TIPH TEMIEPAType

100k

100 1 0°C.

22. Hy = Hy[l — ti(a — B)] = 748,0mm.

23. ny —ny; =~ 9,5 obopora.

24. YpoBeHb BOAbl He H3MEHUTCS.

25. 5 = 7rr2[1 + (ﬁ” + ﬁl)(tg — tl)].

26. Vo = 7r?l[1 + (B + 2BL)(ts — )] = 16, 14 e’

27.a:ﬁx+ﬁy+ﬁm ﬁs :/818§+By8§+/8253

28. Pewenwue. OcraBasgs z mocrosHHbM, mnumem (9f/0x)dx +
+ (8f/0y)dy = 0, otkyna HaxomuM dy/dx. HaiinenHas BeJuunHa GymeT MMeTb
CMBICJT YAaCTHOH MPOU3BOAHOH (Oy/Ox);, TMOCKOJBKY MBI MPEAIOJATaNH, UTO
z = const. Hrak, (dy/0x), = —(0f/0x)./(0f/0y)-. AHajoruuHo Haxomum
U OCTaJbHble 4YacTHble Npou3BOmHble (0x/02)y n (0z/0y).. IlepemHOxkas wux,
[OJyYHUM TPeGyeMOe COOTHOLIEHHE.

29. Pemenue. KoaHlMeHTH o, A U 7y ONPefe/sioTCs BhIPaXKeHHsMH )

AL N I
“w\ar)p " m\ar) 7T v \ep)r

Orciona HaxomuM uacTHble npousBopteie (OV/91)p, (91/OP)v, BbipaxeHHble
uepe3 «, A, v. Benwuunsl V', 1", P cBszausl ypaBHenuem cocrosinust f(V, 1, P) =
= 0, mostomy B cuay (28.1)

(5. (G (57 = 202)

[TopcTaBass ciofa HaligeHHble BbIpaXKEHHs [/ YaCTHBIX MPOU3BOLHBIX, MOJNyUaeM
cooTtHouenue (29.1).

30. A =46°C .

31. Ha 460 atm.

32. ' = SEBAt = 250H.

33. 7 = EB(t) —to)S = 1,4 10°H.

34. p=po(1 +~vP) = 1,054r/cn’.

35. Phax & m PP 19 000 atm, roe pp — MJAOTHOCTb BOABI.

37. Pewenue. Paccmﬁ?—me MeXKIy TOUKOH MofBeca M LEHTPOM Macc MasiT-
uuka a = [(1 — 2/2), rne | — AJHHA HUKeJEBOH TPYOKH.

Bynem npuG/MKeHHO pacCMaTpUBaTh MAasTHHK KakK MaTeMaTHuecKuil. Kommen-
calys TEMJOBOrO PACIIMPEHHS] CBOAUTCS TOTAA K TPeGOBAHHIO, UTOObI BENHYHHA G
He U3MeHsJIach ¢ H3MeHeHHeM TeMmmnepaTypel, T.e. da/dl = 0, nnu

2(1-%)-1%:0.

D) Koadpuunentsl o 1 A 4acTo onpesessiores BeIpaKeHHsIMH

*= % (%)p’ A= % (Z_g)v

Jlas TBEPABIX M KHAKHMX TeJ MeXIY ITHMH OlpeleseHHsMH [0 CYLIECTBY HeT Pa3HMIbL.
[TepBoe ompeneseHue 00JafaeT TeM MPEUMYIIECTBOM, YTO AJS MA€AJbHBIX a30B BeJHUHHBI
Q@ M A OKa3blBalOTCS MOCTOSHHBIMH, TOTAA KaK MpPH BTOPOM ONpeeJNeHHH OHHW MEeHSIOTCSs
00paTHO MPONOPLHOHAJNBHO a0COMIOTHOH Temmeparype 1. BesuunHa -y HasbiBaeTcs Takxke
M30TePMHUECKOH CKMMaeMOCTbIO BellecTBa.



§ 1. Temnepamypa. Tepmuueckue cgoticmea men 89

Hatinem dz/dl. Onuua uukeneBodt Tpyoku | = lo(1 + St), ee BHYTpeHHHH 0GbeM
V = V(1 4 3pt), oovem prytn v = vo(l + at). Uactb o6bema TpyOKH, 3aHsATas
pryThio, paBHa z = v/V = xo[l + (o — 3B)t], rme zo = vo/Vy) — 3HaueHHe ApobH
z npu t = 0°C. Orciona Haxonum

dz = zo(a — 38) dt = x(a—30)dt, dl=1lFdt~I3dt,

YcnoBHe KOMIEHCAlUH NIPpUHHUMaeT BUI

(-3)-3G-9)-e

. 2 1
T o/f-3 8
YuTeM Tenepb HecoBMaJeHHe LleHTPa KayaHHs C LIeHTPOM Macc MasiTHuka. Mc-

MOMb3Yys U3BECTHYIO (hOPMYJY [/ NPHBENeHHOH MJIHMHBI L (hH3MuecKoro MasiTHHKa,
HETPYLHO MOJYyYHUTh

OTKyZa

X

I — 2 3 — 3z + x? I
] 2—z ’
Hano nortpe6oBaTh, uTo0bl 3Ta BeJMYHHA He H3MEHsJIach C H3MEHEHHeM TeMIlepa-
Typhl, T.e. dL/dx = 0. Paccyxpasi, Kak Bbllle, IPUXOAHM K YPaBHEHHIO

(953—5:82—1-9:8—6)—}—(%—3)($2—4$+3)x:0,

WJIH TI0CJIe TIOACTAHOBKH UYHCJIOBOrO 3HaueHusi /3 = 18:
162° — 652” + 542 — 6 = 0.

JI7isi OTBICKAHHUSI HYXKHOTO KOPHSI 3TOTO KyOHYECKOro ypaBHEHHs MoJjaraeM =
= 1/8+ 4, rae & — maJsias nonpaska. [logcTaBisis 3T0 BbIpaXKeHHe B MPeIbIAYIIee
ypaBHeHHe M oTOpackiBas KyObl W KBaipaTbl MONMPABKU ¢, MOMydaeM IJsI Hee
JIMHeHHOe ypaBHeHUe, U3 Kotoporo HaxonuMm ¢ = 0,006. CienoBaTesbHO,

x=0,12540,006 =0, 131.

38. IlpuBomum ob6bsicHeHue Mosenn B uanoxkeHun Tunpans. «CBHHeN ObLI
TIOBEPKEH IMepeMeHe TeMIepaTyp AHS U Houu. Temsora, coobliaeMasi eMy IHEM,
3acTaBJ/Isa ero pacwupsarbes. Eciu Gbl OH Jlexkajl Ha FOPH30HTAJIbHOH MJIOCKOCTH,
TO OH pacIIHpsiicsi Obl BO BCe CTOPOHBI OAMHAKOBO; HO, JieKa HA HAKJOHHOH
TIOBEPXHOCTH, OH pacLIMpsijics KHHU3Y cBoOOnHee, yeM BBepX. HampoTuB, HOublo,
KOTJla CBHHEL[ CKUMAETCsl, er0 BePXHSS YacTb JIerdye OMyCKaeTcs BHU3, YeM HHUXKHSS
NOAHUMaeTcsi BBepX. JBHKeHHe CBHHIA, CJE0BATENbHO, COBEPIIEHHO TTOXOAUIO0 HA
IBHXKEHHe 3eMJISTHOTO uepBsika. JIHeM OH TOfBUTaJ/ BIepel CBOK HHMXKHIOKW UYacThb,
a HOYbIO BEPXHIOIO, U TAKUM 00pa30M B 1Ba rofa OH MOABHHYJCS Ha paccTosiHue B 18
nwoiMoB. Kaxknoe BpeMeHHOe M3MeHEHHe TeMIepaTypsl IHS W HOYM CIOCOOCTBOBAJIO
TakoMy ABHKeHHI0, U KaHoH Mosenn Haules BNOCAECTBHH, YTO CHJbHeHIIee
OIyCKaHHe CBHHIIA MPOUCXOLHUJO MPH OBICTPHIX H3MEHEHHSX TeMIepaTyphl».
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§ 2. ApeanbHble ra3sl

1 1 1
39.a=—,A=—,yr ==, Kr = P. 3necs Ty — abcosoTHas TeMIepaTypa,
To To P

COOTBETCTBYIOIIAsA HY/IeBOi TeMmepatype ro mkaje Lleabcus 1.
1 M 1 My 1 Mj 1

1. — = — — + — —
B 1‘1/31 o M ope M opg
_ BT 3
42. p = AT 0,065r/cm”.
_ 760(M —m)
43. p = Vi —h)
44. m ~ 105 r.
- In(P,/Py)
45. n = V/(V 1 o)
!
6. 1= L0

I~

47 Al= [ [H+ 141~ JH T T TF —4TH).
H+1-VH2+12

of.

49. S ~ 0,004 cm’.

50. [ ~ 4,3 MM.

51. Bmecro 0,35 MM pT. cT. MaHOMeTp GyfeT nokaseBarb 0,33 MM PT. CT.
52.V =10,9 5.

53. m=1,156r.
54.V = = 1000 m°, - -
o [1/(+ at) — 1/(1 T aba)] M, Toe o — KO3 PULHEHT pac
LIMPEHHsI Ta30B.
55. M =7,2r. | |
56. P = pogl Trah m) = 14 MM BOA. CT., Tde & — KOI(D(DHUIHEHT
paclIHpeHHs Ta30B.
l+at L—h

57.p1 = Trat: L-h (H — h1), rie & — K03((HUIHEHT PACLIKPEHHS ra30B.

58. hi = —%(21+H, —h)+

1 2T
+\/Z (2L + H, — h)? + TI(H0+h)l—H1(21—h).
0
59.m = 2Mo (=488 r, rie y — OTHOCHTEJ/IbHAS MOJIEKYJ/IsIpHAsi Macca a3oTa.

3RTp
60. Pemenue. [lycte P — fgaBseHMe rasa B OTKauHBaeMOM cocyfe, a P —

Ha KOHIle Kamu/sipa, NPUMbIKAWIIEM K Hacocy (naBieHue B Hacoce). O603HaYMM
yepe3 m Maccy rasa B OTKauHBaeMOM coOcyne, a uepe3 V — ero oobem. Torna

dm_P|—P

e (60.1)

1

) Eciim Gbl TI0/1b30BAThCS BTOPBIM ONpefiesieHneM Ko3(M(MUIUEHTOB v U A, MPUBEIEHHBIM
B NPHMeYaHHWH K pelleHHio 3ajauut 29, To Mbl MoMyuusd Obl o« = A = 1/T', T.e. npu Takom
onpeeNeH|n KOI((UIHEHTE o U A 11 WeasbHBIX ra30B He ObIJIN Obl MOCTOSTHHBIMH.
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O6bem dV, saHHMaeMLC,;ﬁ Maccoil rasa dm mpu AaBjeHUH Pp, ompenenseTcst cooT-
m

Howenuem P, dV = —— RT', oTkyna
%

RT dm

m
Jnst naBnenus P B otkauuBaeMoM cocyle uMmeem: PV = — RT', u, ciienoBatenbHo,
%

4P _ RT dm

Wckaouas u3 (60.1)-(60.3) Py u dm/dt u unrerpupys, Hakgem
P =Pyexpq — i (60.4)
— 0P Viw/(RT) + /K] '
4 P
61.T—Eln? 370 c.

62. 7 = (2, 18- 104ﬁ \/g + %)Vln % = 64,5 ¢, rie y — OTHOCHTeNbHAS
MOJIEKYJISIPHAST Macca rasa.

63. P — PVITy + BVaTh

VITy + VoTh
nepaTyphl COCY0B.

64. PeweHnue. He Hapywas o6UIHOCTH, MOXKHO MPEANONOXKHTb, YTO MJOLIANb
TMOMEePEUHOro CevyeHHUs LUMUHAPA paBHA efuHMIe. Havyano KOOpAHHAT MOMECTHM Ha
[He LUJIMHAPA, a 0cb X HANpaBMM BepTHKa/lbHO BBepX. [Ipex e Bcero, eciu ras Ha-
XOIWTCS B PABHOBECHH, TO JaBjeHHe P MOXeT 3aBHCETb TOMbKO OT . B mpoTHBHOM
cayuyae CyIIeCTBOBaja Obl TOPH3OHTA/bHAs COCTABJSIONIAS TPajveHTa [aBJeHHs
rasa, KOTopas He YypaBHOBELIHBAa/jach Obl BHELIHHUMH CHJIaMH, B pe3yJbTaTe 4ero
B rade BO3HMKJIO Obl ABHMKeHHe. EcaM naBjeHue Ha AHO UMJAMHApA paBHO P, a Ha
KpPBILIKY — P, TO 10 YCJIOBHIO 3afauu TpebyeTcs

= 224 mm pr. 1., THe 11 u 1y — abCoMOTHBIE TeM-

Py—P = Jgpdx,
0

¥ 3TO PaBEHCTBO JOJ/DKHO COGJIIOAATbCs, KaKoBO Obl HU Oblio x. [Tyrem muddepeH-

[IMPOBAHUSA HAXOAHM:
oP
5~ €

[oncrasass ciona P = (R1'/p) p v uaTerpupys, nosy4uM GapoMeTpHUecKyio (hop-
myay (64.1).

§ 3. Pabora u konuuectBo Temiaa. IlepBoe Hauasi0 TepMOOMHAMUKHU

mict; — mq

65.t = —— " e ¢ — yHe/JbHas TemJ0eMKOCTb BOMbI.
m -+ m
M — Gyt
66. m = % =80T, rie ¢; ¥ s — yaeJbHble TEMJI0EMKOCTb U TEM/I0Ta
Cely T @s

3aMep3aHus BOLABI.
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mc+ micy t—ty

67. Cy =
KOCTb BOZBI.

= 0,092 «kan/(r-°C), rue ¢ — yaeJbHas TEMJIOEM-
mo to —t

1 t — 1
68. ¢ = — [(cm—i— Cl)t; —tz - Cf]
69. m = 0, 125 kr.
70. m=1,1r.
2rRmgN
71. E = O+ w)cAt’ Te ¢ — yIejbHas TeMJI0eMKOCTb BOMBI.

72. v = 340M/c.
73. Q = 1,28 - 10% 5pr.
74. Qi = Qi3 — Arze + Ajg2 = 60 [Ix.
QY = Quza — Aizo + Ay = 70 Tx.
Q14 = Uy — Up + Ay = 50 IIxk.
Qa2 = Qa2 — Qua = 10 Ix.
75. PeweHnue. [IpuMeHsis TEPMOXHUMHYECKYIO CHMBOJHKY ((UrypHBIE CKOO-
KW — Tas, Kpyryble — JXKHUAKOCTb, KBaJlpaTHble — TBEPJOE BEIECTBO), MHLIEM

[Cl+ {02} = {CO} +Qi, {CO} + 5 {02} = {COL} + Q.

Hcxkmouas {CO,}, Haxoqum

[C)+ 5 {02} = {CO} + Q1 — @».

Orciona Q = Q1 — Q2 = 29 kkan = 121 xJIx.
76. Q = Q1 + Q2 = 67, 7kkan = 283 kJI k.
77. Q = 2Qy + Q3 — Q1 = 94k ]JIx.
80. Pesyuibratr cnenyet u3 popmyast U = Cy PV/R.
81.Q =0.
82. A=Q=RI'n22=Rl'n>
LA=Q = V= B
83.Q =A = ™ RT'Inn = 2,44 kI, rie it = 28 — OTHOCHTe/bHas MoJe-

KyJsipHasi Macca asora.

84. F = VR = 4,18 JIxx/xau.
p(y — Dep c_c
85. TV"~! = const, PV™ = const, rue n = Ly
C-Cy

1) V =const, 2) P =const, 3) PV? =const, 4) PV = const.
[TocTosiHHAs . HA3bIBAeTCs MOKA3aTeseM MOJHUTPOIILL.

86. Harpesaercs npu n > 1, oxsaxgaercs npu n < 1.

87. 1) T'az oxsaxkjpaetcs Npy paclIMpPeHHH, TIPHUEM €ro TemIeparypa Mpornop-
nvoHanbHa VP . 2) C = Cy — R. TIpu pacluMpeHHH OT rasa AOMKHO OTBOLHTBCS
TemIo.

88. 1) a3 mpu paciiMpeHUH HArpeBaeTcCsl, PUUEM €ro TeMrepaTtypa Mpornop-
nnonabHa vV . 2) C = Cp + R. Tlpyu paciuupeHuu K rasy JI0JKHO TMOJBOIMTHCS
TeIJIo.

89. C =v(3Cy — 2Cp) = -0, 163 kan/°C, rne v = 0, 163 — uncio moseil.

90. C = (Cv + Cp)/? =Cvy + R/Q =Cp— R/Q‘

92. 7V~ le=(=DaT/R — const, rne v = Cp/Cy.

93. A= R(1, —T)/2.
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94. C =Cyv + R/2.

95. PeureHne. DieMeHTapHOE KOJUUECTBO TEIlIa, OJyUaeMoe epBLIM ra3oM,
Q1 = Cy d11 + P dVi = Cy d1' + R1y dVi/Vi, a BropeiM — 6Q» = 0. [Toatomy
Cy =0 u Cydly + RlydV,/Vy = 0. U3 paBeHcTBa maBienuit Py u P, cienyer
Vi/Va =11/ 15, otkyna dVi/Vi + dVa/Va = d1V /T — d15/Ts. A Tak Kak o0bem
cucremsl Vi + V5 Bo Bpems mpouecca He usMensierces, To dVi + dVi = 0. Uckiouas
dVy n dTy, nonyuum

1 1 R 1 dTy
—t+ —+ = —)dVI = —.
Grnta w)™M=T7
Hcenonbsys takxke cooTHouenue C'p — Cy = R, Haxooum
Vi
5Q) = (C + R—) dr.
@ VR )

CJie10BaTeNbHoO,
Vs i+

Vo Vi T Vo +W

Ci=Cv + V.
[pu Vi = V4
Cy =29Cv /(v + 1).

CV, CQ = OQ.

_hvi i vyt BVe [Vt
97"4_71—1[1 (vz) ]_n—l[(V]) 1]'

1—
99. AU = Vi [1 ~(8) ”]: 1870 Jlk, tze v = Cp/Cy = 1,4.

y—1 Vi

100. AU =3%,P(V, — Vi) = 7,6 - 10* IIx.

101. Q =910 Ix.

102. Q = 685 [Ix.

103. Q = 15,5k JIx.

104. Q = 277 xIxk.

105. AU = (mep + micpi1)At/y = 1,25k k.

106. P, = *sP(1 + aQ/C), rne Py — HauanbHOe NaBJeHHE CMECH, & —
KO3((pULUEHT 00BEMHOIO PaCLIUPEHHUS.
SPV + 3RV,

107. T = =352 K=79°C;
T
_ 1Vi 2V2) _
_\/1+V2(T1 T ) 1,23 atm.

108. JlokasaTeqbCTBO MOXHO MOJNYYHTb, HCIOJb30BAB BbIPAXKEHHE /18 BHYT-
peHHeH sHepruu upeasnpHoro raza U = PV/(y — 1).

109. ¢, = % % — 0, 185 kan/(r - °C).
110. Cv = (2Cy1 — Cy)a + Cyy = 5, 15kan/(moiib - °C).

111. Q' = ACp/R = 25 Jix.

112. Q = ACp/R = 25 JIx.

113. Q = vA/(y — 1) = 30 IIx.

114. Qi3 = "ARTY, Qi ="ARTi, Q2 =9R1y, C), =3R.

115.Q = —— (P = R) = 2,27+ 10' I
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116. Ty = T1(Py/P) =D/ t, = 287 °C.
117. Ty = Ty (Vi /Va) 7™,y = 479 °C.
118. K,y = vP = vKr.

119. v =1,68.
120. P, = P(Vi/V,)” =0, 312 atm.
In(Ry/Pr)
122. v = ————~ Tlpu BBINOJIHEHHH OMNbITA BCErga COO/IOAAETCs YCJOBHE
7T mm/m) P ! ety

Py — P € Py. B rakom cayuae v = (Py — P1)/(P, — P1). Tocaenusist popmysa
CrpaBef/IMBa U B TOM CJlydae, KOTa 7y 3aBHCHT OT TeMIIepaTyphl.

vV T}-T3
mv2
124. T'— 1y = : ~ 28000K, rme v — uucjo moJei;
vey
P _ (Z)l/(’v—l)NIOOO. Ez(ﬁ)’vwlos
Po To PR £o ’

125. PeweHnue. [las yOpolleHUs: pacuera MpearnosoxKuM, YTO yepe3 3MeeBHK
npowes 1 Mosp rasza. Pa6ora, coBepuienHas rasom, pasHa A = PV, — PV =
= R(1y —1'). lpupauienne ero BHyTpeHHe#t suepruu U, — U; = Cy (1y — T1).
Tenso, monyuenHoe rasom, Q = Uy — U; + A. TlogcTaBasis ciofa BbIpaxKeHHe AJis
Uy — Uy u A, Haiinem, uto temio Q = (Cv + R)(1y — 1), wim Q = Cp(1y —
—T), tak kak Cy + R = Cp. Otciona ACHO, UTO B [JAaHHOM OIbITE H3MEPSIOT
temnoeMkocTh Cp.

126. T =21 Mio

lo
—————— . B npenesnbHom cayuae, korna Py = 0,1 =27,/ —,
Mg + RS p yHae, 0 g
T.€. Tepuol KoJeGaHui COBMamaeT ¢ MEePHONOM MATEeMATHUECKOTO MasTHHKA IJIH-
HbI [p.

1 Ml
127. 1 =27,/ — ————— . ®opmysia BepHa U TOM CJy4dae, KOTAa 7y 3aBUCHUT
\/ 5 Mg + RS pMY. p y na vy

OT TEMIepaTyphbl, TaK Kak [/ ee TOJYUYeHHS WCIIOJb3YyeTCsl ypaBHEHHe afuabathl
B nuddepeHunasbHol popme. B npenesnbHoM cayvae, korga Py = 0,71 =2, [ — — .

27 M
S N P(m/Vi+v/Ve)

129. Pewenue. Ilpu nepexone U3 HayanbHOro coctosiHus (06veM Vi, Temme-
parypa 17) B xoHeuHoe (06bem Vs, Temnepatypa 15) BHellHee JaBjeHHe COBEpILIAET
Han rasoMm padory A = P»(Vi — V3), Kotopast MueT Ha TpHpallleHHe BHYTpPeHHeH
snepruut Uy — Uy = Cy(1y — 1'). lpumenss ypasuenue Knanefipona PV = RT,
a Takxe cooTHoweHHe PoGepra Maitepa C'p — C'yv = R, mocJ/ie HeCJ0XKHBIX Mpeod-

pa3oBaHUH MOJYUHM
- y-1 B—-P\,,
T, = (1 — —)1 .
2 + 5 P 1

128. 7 =

1
[Tpu kBasucTaTHUeCKOM aavabaTHUecKoM mporecce
Clv?KBCT _ rlvl (&)(7—1)/7
P
B nepBom cnyuae ¢ usmeHeHueMm P, Temmeparypa 1y MeHsieTCs JIMHEHHO, a BO

BTOPOM 3KCMOHEHIIHAJBHO, MPHYeM B GECKOHEUHO MaJjOH OKPECTHOCTH TOYKH P
06a U3MeHeHHsI MAYT OgMHaKoBO Obictpo. Otciopa caexpyet, uto 15°°" > Th, ecau
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Py — P >0, u Ty < Ty, ecin Py — Py < 0. 3Hauut, MOBBILIEHHE TEMIIEPATypPbl
MpY BHE3AMHOM aanabaTHUecKOM CXKATHH H MOHMXKEHHE P BHE3alHOM afHabaTH-
YeCKOM pAaCIIMPEHHH MeHbIle COOTBETCTBYIOIIHX BEJIHYHH MPH KBa3HCTATHUECKOM
annabaTHyecKoM MpOLecCe.
130. P/(y—1)=>.P;/(yi — 1), tne P = P; — naBjieHHe CMeCH ra30B.
131. PeweHnue. PaccMOTpHUM ueThIpe COCTOSIHUS rasa:
1) Py, Vo, To, 2) P, V, T,
3) P, Vi, Ty, 4) Py, Vo, Ts.
M3 mepBoro CocTosHHs BO BTOpPOE, a TaKkKe H3 TPeTbero B UeTBEpPTOe a3
MepexofUT aanabaTHuecKUM CKaTHeM, a OTOMY

RVy =PV, PV =PV,

B nepBoM U TpeTbeM COCTOSIHUSIX TeMIepaTypbl rasa ofnHHakoBbl. CJlef0BAaTeJbHO,
PyVo = PV;. Pabota AByXCTyneHYaToro Kommpeccopa

%) Py\(=)/~ P\(-7)/2
A_'y—l{(ﬁ) +(3) 2

OnHa nmeetr MUHUMYM Tipu P = /Py P, . MuHumanbHas pa6oTa:

A, — 2PV {(&)(7—1)/27 - 1}‘
v-1 Py

Paora ogHOCTYMEHUATOr0 KOMIIpeccopa MpH TeX Ke HayaJbHOM M KOHEUHOM 1aB-

JIEHUSIX: o P
Y
ay= B [y )
v-1 Py

P \(=D/27 -
AMHH = 214] {(Fz) + 1} .

Ias reaus v = 5/3, Ayw = 0,515A;; 115 Bosayxa v = 7/5, Awuw = 0,64A4,.
132. Vi = V/We,

2RV, Vo(v=1/2 B Vo\(v—=1)/2 =1
Al - - 1 {(VZ) + 1 s AMMH — 2141 (VZ) + 1 .

Jnst aproHa Ayuy = 0,42A;; nas azota Ayu = 0,62A4;.

133. Pewenue. [Ipy MmexaHU4eCcKOM paBHOBEeCHH TeMIepaTypa 1', MJIOTHOCTb
p ¥ JaBJeHHe Bo3fyXa P 3aBUCAT TOJbKO OT BBICOTHI 2 Hal 3eMHOH MOBEPXHOCTBIO,
npuueM P = CpT', rne C oT z He 3aBUCHUT. [109TOMY NpH M3MEHEHHH 2

ap _dp , ar
P p T’

CJie0BaTe/IbHO,

OTKYZa AJISi PABHOBECHOH ITJIOTHOCTH HA BBICOTE Z + dz HAXOLHUM
dT

T
JlonycTUM Temepb, YTO B CHJY KaKUX-IMO0 CJAy4alHBIX BO3MYIIEHWH HEKOTOpas
MaJjlasi Macca BO3LlyXa MepeMecTHJach C BBICOTBI z Ha BBICOTY z + dz. JlaBieHue

p(z—l—dz):p(z)—l—dp:p-i—%dP—p (133.1)



96 Omesemol u peulerus

BHYTPH NepeMeCTHBLIefcsl Macchl OyLeT PaBHO JABJEHHI0 OKPYKaloLlero BO3AYyXa,
a CJef0BaTe/bHO, ee IJIOTHOCTb M3MEHHUTCS. Tak Kak TelsoNpOBOLHOCTb BO3AYyXa
Maja, TO IIpoLecc MOXKeT CUUTaTbCsl aavabaTHUecKUM, M CjeloBaTe/bHO, P =
= const - p”. Orcioga /s U3MeHeHUs IJIOTHOCTH dp” NepeMecTHBIIEHCS Macchl
HaXOIUM:

dP _ dp*
P - Y P
a g caMOH TJIOTHOCTH
* * 1
P (z+dz) = p(z) + dp :p—l—;%dp. (133.2)

Tonyerum, uto dz > 0 u p*(z + dz) > p(z + dz). Torna cmectuBlIasics Macca
BO3/yXa, MOCKOJbKY OHA Ts’KeJiee OKDYXKAIOLIero BO3AyXa, BEPHETCS B HCXOIHOE
TIOJIOKEHHE, T. €. paBHOBecue Gyner yeroduuseiM. [Ipu dz > 0 u p*(z + dz) < p(z +
+ dz) oHo Gyner HeycroHuuBbiM. Takum obpasom, u3 (133.1) u (133.2) nHaxonum
YCJIOBHE YCTOHUHMBOCTH

1 p p dT
~Lap>Lap - % ) .
7PdP/PdP p=p TpH dz>0 (133.3)
[Tpy MexaHM4ecKOM PaBHOBECHH
dP

Hckiouas dP, Haxogum

dT T ~y—1 g

- > - - = - ) — 1 K 1 .

> P pE == 0.0k, (133.5)
rae cp — YyA€JbHAss TEIJIOEMKOCTb IPH IOCTOAHHOM [aBJIEHHH. 3HaKy paBeH-

CTBa COOTBETCTBYET 6e3pa3Jll/I'-lH0€ paBHOBECHE. COOTBeTCTBleHJ.ee €My pacc/ioeHHe
aTMOCCpepr Ha3blBaeTCsl afnabaTHYECKHM. Cuuras BO3AYX ABYXAaTOMHBIM Ta30M,
7R

UMeeM 110 KJAaCCHUeCKOH TeOpHM TelJoeMKOocTed cp = 3, TRe p — cpennss

OTHOCHTEJ/IbHAsI MOJIeKy/sipHast Macca Bodayxa (u ~ 28, 8). [logcTaHOBKA YHCIOBBIX
3HaueHHH [aeT

dz 7R

Ecsu TemmepaTypa BO3[yXa MOBBILIAETCS C BBICOTOM, TO arMoc(epa B MexaHHYe-
CKOM OTHOLUEHHH ycToiunBa. Ho ycToiiunBoe paBHOBeCHe BOBMOXKHO W TOTad, KOraa
C BBICOTOH Temmeparypa Bo3ayxa noHumxkaercs. OLHAKO 3TO MOHUKEHHE He MOXKET
MPEBOCXONUTh MPUMEPHO OLHOTO TPagyca Ha KaXKible CTO METPOB BBICOTHI. Buims-
HHE BJIQXXHOCTH BO3[yXa HA afMabaTHUecKoe PaccJOoeHHe aTMOC(epsl HCCAeLyeTes
B 3ajaue H88.

134.

(dT) — 28 _ 9 7.1075 K/em~ —1072 K/m.
an

P =PR(l —az/Tp)", P/T™ = const, (134.1)

roe 1y — abcosoTHas TeMmmepatypa y 3eMHOH nosepxHocTH, n = Mg/(Ra), R —
rasosas noctosHHasi, M — OTHOCHTe/bHAs MOJIEKyJspHas Macca Bo3ayxa. B mpe-
JeJbHOM caiydae, koraa a — 0, mosydaetcs 6apomeTpuueckas $hopmysa

P = Poexp{ - A;fpr:}
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Ykazauue. [lo ycaoBuwo 3sagauu d1'/dz = —a. Ycjosue paEHOBeCHH:
dP/dz = —pg. Hakowrel, Ha ocHOBaHHM ypaBHeHusi Kianeiipona P = M pT. U3

9THX TPEX YPABHEHHH MOXKHO MOJYYHTb (HOPMYJIBI, IPUBELEHHBIE B OTBETE.
135. z = 1y/a. s annabatuyeckoro paccioeHusi (CM. pelleHde 3agaus 133)

z=gTy/cp =~ 28 Km.

U3 oTBera cjemyerT, YTO TeMNepaTypHbIH rpagleHT He MOXKeT ObITh OLMHAKOBbIM Ha
BCel TOJILE aTMOC(epsl.
136. PeweHue.

dQ = dU + PdV — (g—g)v T + [(g—g)T +P] v,

[Tonaras cHauanma V' = const, a sarem P = const, nosydum

ov= (%), cr= (20, + (), + 7] (3,

OTKyza
U )%
Cp—Cy = [(W)TJFP} (a_T)p' (136.1)
137. Pewenue. Kak cienyer U3 peleHus NpedblAyIIeH 3axauy,
-Cy
dQ = Cv dl' + W dv.

Hns aguabatuyeckoro npotecca d@ = 0. [Tostomy

dTan + W dvam =0.
[ToacraBass cona T o
AL = (57), Wor + (55), 2Por

TOJTyYHM

(‘9_") __l(a_T) (8_‘/)
OPJax vy \OP/v\O0T/p

(57): = =G5 ()

HaXOUM HCKOMBIEl Pe3ysbTar.

138. PeweHnue. OueBUIHO, CKOPOCTb 3BYKA, MPH NPOUUX PABHBIX YCJOBUSX,
TeM OGoJblie, ueM OOJblie CHJA, CTPEMSIIAsCsi BEPHYTb OTKJOHEHHYIO YaCTHLY
BO3ZlyXa B IMOJIOXKEHHe DPaBHOBECHS. 3HAYMT, CKOPOCTb 3BYKA YBEJHUUHTCS, €CJH,
TpPH MIPOUYUX PABHBIX YCJIOBHSIX, YBENUUYHUTCS PA3HOCTb OaBJEHHE B MeCTaX CXKaTHs
U paspexxeHusi. [ToBblllIeHHe TeMIepaTypbl B MeCTe CXKATHSI YBEJIUUHBAET AaBJeHHE
BO3/lyXa, [IOHHKEHHe TeMIIepaTypel B MeCTe pa3pexKeHHs yMeHbllaeT naBjeHHe. Kak
TO, TAK ¥ NPYroe BeleT K YBEJHUUEHHI0 Pa3HOCTH MeX1y AaBJEHHSMH B MecTax

CXKaThud U a3pe)KeHm{, a CJel0BaTeJbHO, K YBEJUUYEHHIO CKOPDOCTH 3BYyKa B rase.
v

4 Tlon pen. O.B. Cubyxuna

CpaBHHBas 3T0 C
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v
141. A'U ~ ﬁ AT ~ 0,61 M/C‘

142. v = 1260 M/c.

143. v = 970m/c.

144. v =1,41.

145. v/v = 4, 86.

146. Pewenue. PaccmaTpuBas BHYTpeHHIOI 3Hepruio U Kak (yHKuuio P

u V, Hanuiem
av = (52) av+(55), 4P

Cunras xe ee QyHKUHed 1" u P, moaydnm

(57) = Gl (5), = v (55),-

Beenem sutanwnuio I = U + PV. Torna

(g_g)P - (W)P - (g_\j/.')P -

Hlanee, arN _ (dIN (9T ar
(ov)r = Gz ) GG ) =S (G0)
C.J1e[10BaTeNbHoO,
dU = [C’P(ga) ] dV+Cv(g£) dp.

Tak kak dU — moJHblél nucpepeHunan, To

P [Cp(av) P} v [Cv(gﬁ) }

BrinosHyuB audepeHLHpoBaHHe, MOMYyYHM TpefyeMoe COOTHOLIEHHE.
B aCy\  ,(9Cp
147. Cp - Cv = R+V( v )p P( P )v‘
148. 1Ty = 11 (Py/P)~D/7 = 177K,
v=1/2epTi[1 — (P,/P)("=D/"] = 460 m/c.

149. 1) = Ty — w?/(2Cp) = 194 K; P, = Py(11 /1)~ = 3,3 arm, rae
|, — OTHOCHTeJbHAas MosiekynasipHast mMacca, Cp — MOJsipHasl TEMNOEMKOCTb, P —
atMoc(epHOe NaBJeHHE.

150. v = \/2CpT'/jv. YKazaHHass MakCHMaJbHasi CKOPOCTb LOCTHTAeTCs MPH
annabaTHueckoM HCTeUYeHHWH rasa B BakKyyM (Wi mpakTHuecku, korma P/Py > 1,
rie P — nasijeHue rasa B 6anjoHe, a Py — Hapy»KHOe NaBJjIeHHE).

1501, =11 (2) " ~a00 K, = \/@ 1= ()] ~ ss0we.

Py 7 Py

152. My/M = eV x~ 22, rie vy = \/QCPT/,u ~ 2,58 kmM/c.

153. Pewenue. B cucreme oTcyera, B KOTOPOH TeJIO MIOKOUTCS, TeUeHHe rasa
MOXKHO CUHTaTh CTALMOHApHBIM. YpaBHeHHe DepHy//IM B 3TOH cHCTeMe 3amulleM
B Buse cpl' +v?/2 = const. TemmepaTypa MakcHMabHa B Touke, rae v = 0. Oua
paBHa

2
Thaxe =T (1 + QTCP)
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HJH .
e = T[1+ 3 M (y = 1)],
rie M = v/cs — uncao Maxa (s — CKOpPOCTb 3ByKa).
154. Pewenue. Tensno, mosyyeHHOe ra3oM MpH aauabaTHUECKOM paclidpe-

HUM WM CXKATHH, paBHO Hymw. Pabora, coBepuienHas razom, A = P,AV, nostomy
AU + P,AV = 0. Tak kak U = Cy1', T0 0TCI01a HaXOLUM

Cv(To—T1)+ P(Va — Vi) =0,

WK
Cv(1Ty = Th) + RTy = V1.
C.Jie10BaTeNbHO,
T_CVT1+P2V1 V—@
2=, 0 2T p
155. Pemenue. HMcrnoab3ys peliueHde Ipeblaylled 3a1aun, HAXOLUM
CvTy + PV, RT3
Iy=——ri———, V3=—-.
3 Cr 37 P

C nomoubio ypaBHeHus: Kmanefipona PV = R1T' u coorHowenus Po6epra Maiiepa
Cp — Cv = R BolpaxeHue ajs 13 HeTPyAHO MpeoOpa3oBaTh K BUAY

7y =1+ S VB

L B
Orciofa BUIHO, 4TO B pesyJsbTate o6oux aguabaTHuecKux npoueccoB Temieparypa,
a c Hell U o0beM rasa Bcerna BO3pacTaroT. Ecau naBieHue MeHsieTcsi 6€CKOHEUHO
MaJjlo, TO M3 MOJIyYeHHbIX (hOPMyJ CJAelyeT, YTO TeMrepaTypa U 00beM MeHSITCs Ha
GECKOHEUHO MaJjible BeJUYUHBI BTOpPOro mnopsaka. B [epBOM TMOPALKE OHHU OCTAIOTCH
HEHW3MEHHbIMH.

§ 4. Bropoe Hauaj0 TepMOAMHAMUKH

157. Ecau mpoliecc KpyroBoH, TO 3aMMCTBOBAHHAsi U3 TEIJIOBOTO pe3epByapa
TeNnsoTa He MOXeT ObITb LIEMMKOM MpeBpalleHa B paboTy, Tak KaK 3TO MPOTHUBO-
peuuT BTOPOMY IPHHIMIY TepMOAHHAMHKH. Ec/M e mpolecc He KpPyroBoH, TO
TOJIHOe TIpeBpallleHHe TeIIoThl B PadoTy Bo3MOxKHO. Hampumep, ecau uieasbHbIH
ras HaXOLHTCSl B TeIJIOBOM KOHTAaKTe C TEIJIOBBIM pe3epByapoM M IOJBepraeTcs
M30TEePMHUYECKOMY PACLIMPEHHIO, cOBeplias paboTy MPOTHB BHEIIHHX CHJ, TO MpPH
3TOM €ro BHYTPEHHSISl SHEPrusl OCTaeTCsi HEM3MEHHOH, TaK KaK OHa 3aBHCHT He OT
o6beMa, a TOJMbKO OT TeMneparypsl. [109ToMy Besl TemjoTa, 3aMMCTBOBAHHAS Fa30M
U3 TeIJIOBOrO pe3epByapa, LOJIKHA [peBpallaTbcs B padoTy.

159. BrironHee MoHMXKaTb TeMIEPATypy XOJOLUIbHHUKA.

160. Q, — ‘%’7 A = 15k]Ix.

RT, . TV~
161. @ = —L In 22— = 3110 JIx,
Q=5 nT.vﬂ‘: o
RTy, | ToV,'~
= In 22— = 2330 [,
@ = e Tl
A=Qi — Q=780 IIx.

4%
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162. A= Qu(T1 — Ty)/Ts = 418 [ix.
163. 1 = (1) — Tz)(Tl + % %
(v = )Ty — Tb) In(Vi/V3)

v = DT In(Vi /Vo) + (Th — T3)

165. A, = R(15 —11),Q12 = Cp(1y — Th),

Az =0,Q93 = Cv (13 - 1) <0,

Az =Cv(T3-T1),Q3 =0,
N

(T — Th)

166. A]Q :R(TQ—Tl), Q]QZCP(TQ—Tl),

Ay =0,Q3 =Cv (T —1T3) <0,

Az = Q31 = RIVIn(Vi/ V) = RV In(1'/13) < 0,
o R(T2 — T]) + RT ln(Tl /Tz)
- Cp(Ty —Th) ’
167. Q12 = Cv (1> —Tv), Q3 =0,

Q31 = CvT1 ln(TQ/Tl), n = 1 - (Tl//l!z) ln(/ltz/T]).
168. Q31 = RI'In(11/13), Qo3 = Cv (11 —13),

Cp(Th — Th)

@2 =Cp(l =T, m=1-¢x In(T1/Ty) + Cy (T1 — T

169. Q2 =Cp(1b —1T1), Q»n =0,

-1
) ,roe 17 > 15, P> Pz.

164. n = ( ,tne vy =Cp/Cy.

Qun = CoTin(1/1), n=1- oot
170. Qi = PV (1, - ),
Qo = Ov(VI'Ty = 1y), Q5 =Cv(Th —VTily),
p=1-2 Cp+Cv(Ti —T) ‘
Cv(VIV'Ty —Ty) + Cp(Th — VT T2)
170 p=1- VLT /T)'/ — 1]

T — Ts

172. n=1-"T/1.

173. Ay = Q12 = RTV In(Va/ V1),
Az = (Cv — Co)(Th — 13), Qa3 = Co(1y — T1),
Ass = Qs = —R15 In(V3/ Vi),
Ay = (Cv = Co)(Th = T1), Qu = Co(T1 = T),

_ R(Ti = 15) In(Vo/ V1)

T RL m(Va/Vi) + Co(To - Th)

_ R(Ty — T5) In(Vo/ V1)

o RT, ln(‘/g/vl) +Cy(T) — TQ) '

175. Pewenune. Bosbmem Ha nuarpamme P, V' (puc. 37) nBe GeCKOHEUHO
6muskue usorepMbl /2 U 34 u nBe OecKoHeuHo Onu3kue anuvadatel 23 u 41
U mpuUMeHHUM K 1ukay 1234 teopemy Kapho. Temso @i, mosydeHHOe CHCTEMOH Ha
usorepme 12, paBHo @ = A + AU, tne Ay = PAV — pa6ora, coBeplueHHas

crcremo#i Ha usoTepme 12, a AU = (

174. n

W) AV — u3MeHeHMe BHYTPeHHeH 3Hepruu
T

Ha TOH ke u3orepMe. Pabora nukaa uaodpasurcs niomanpo /234. C TOYHOCTBIO L0
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BEJIMUMH BBICLIErO MOPSAKa MAJOCTH MPH BbIYUCIEHHH 3TOH Nowanu ¢purypy 1234
MOXKHO 3aMeHHTb HapajjejorpaMMmoM. Ero miomiaib, o4eBUIHO, paBHA MJIOLIANH

napasgesnorpamma 1256, r.e. A= AP - AV =

- (G—P) ATAV, tne AT = Tj — Ty, Tlo 1e0- AP
oT /v

peme Kapro A/Q; = AT/T). Toncrasass ciona
BbIpaxKeHus s A W (), TMOJYYHM MEpBYIO H3
hopmyJ, KOTOpBEle HALO NOKa3aThb. Bropas dop-
MyJa [0Jy4yaeTcs U3 MepBOH NU((pepeHUHupoBa-
HueM no 1" mpu mocrosiHHoM V. (CMm. Takxke
peleHue 3agaun 228.)

176. Pewewnue. [lepenumem nepsoe Ha-
yajio TepMmonHHaMuku 6@ = dU + P dV B Buze
0Q = dI — V dP. 3areMm BO3bMEM Ha QHarpam-
me P, V (puc. 37) nBe GeCKOHEUHO OJH3KHe
uzotepMel /2 u 34 1 nBe GeCKOHEUHO OJH3KHe Puc. 37
anuabatel 23 U 41 v TpUMEeHUM K LUKy 1234
teopemy Kapro. Termsio @), mosydeHHOe CHCTEMOM Ha H3oTepMe /2, paBHO

Vv

Ql = [2 -1 - V(PQ - P]).
Tak Kak uaMeHeHHe 3HTANbIUU [o — [} MPOUCXOAHUT IO HU30TEepMeE, TO

o[G0,

Pabora uukna A usobpasurcs niouanpio /234. C TOUHOCTBIO 10 GECKOHEUHO
MaJ/IbIX BBICIIErO TMOpPsiAKa (urypa /234 MOxKeT CUMTATbCsl MapaJjieorpaMMOM.
[Tnomanb 3TOrO MapassesorpaMMa paBHa IJIOLIAAH Napadnenorpamma 1256. Ilo-
CJe[HSS B CBOIO Ouepelb pPaBHA [JHHE OCHOBAHHS 6], YMHOXKEHHOH Ha BBICOTY
(Vo — V). Tockosbky Toukam I W 6 COOTBETCTBYIOT ONHHAKOBBIE OOBEMBI, HO
pasHble TeMMepaTypbl, QJHHA OcHoBaHust 6/ paBHa OP/OTy (11 — Tb). [osromy
LJis1 paboThl LIHKJA TOTydaeM

oP - -
A= (57), @ = (V2= ),

HJIH, BOCIIO/Ib30BABIUKCH TOXKAECTBOM (B_P) = _(B_V) (6_P) :

’ 8 ar)v — \ar)p\av )z

ovy o
A= _(ﬁ)p(l‘ ) (P, — P).

[To teopeme Kapuo A/Qy = (11 — Ty)/1}. TloncraBass ciofna 3HaueHus 1Jist
A ¥ @, NOTYYUM TIepBYI0 M3 [OKa3blBaeMbIX (pongJ}. Bropasi mosyuaercss u3
nepBoi aHddepeHurpoBaHueM 1Mo P, tak Kak Cp = (
3amaun 228.)

179. P = A(V)T'+ B(V), roe A(V) nu B(V) — npousBosbHble (QYHKLHH
o6bema.

180. V = A(P)T' + B(P), rne A(P) u B(P) — mnpou3BosibHble (DYHKIHH
HaBJIEHMS.

a7 )p (CM. Takxe pelieHue
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181. (é P + %dﬁ) — 332 T,
AU = —TT (2—;) AP+ A= A— %BTPZ — 120 .
0
ts2.cp - v =1(57), (5),=-7(5), (50 )= 7 (57), (55,

183. ‘
cp —cy = KTo?/p. (183.1)

184. Jlns Bogel cp — ¢y = 2JIx/(kr-K) = 5. 107" kxan/(xr-K). Croab
HUYTOXKHAS Pa3HHUIA YAEJbHBIX TEMNI0EMKOCTEH Cp U ¢y HJ51 BOLbI OOBSCHSAETCS Ma-
JIOCTBIO TeMIlepaTypHOro Ko3((HUlMeHTa paclIMpeHUsl «, 0OYCJOBJEHHOH TeM, UTO
K03 duunent a npu 4 °C obpamaercs B MUHUMYM, o = 0. [l pTyTH cp — ¢y =
= 17 Ix/(xr-K), ¢y = 123 Ix/(xr - K) ~ 0,0292 kxan/(xr - K), cp/cy = 1, 13.

185. Pewenue. M3 dopmynsr (136.1) mosyyaem [/si pPA3HOCTH YAEJbHBIX
TeMI0eMKOCTeH (BU

p
)T+P:E(CP_C1;).

v
l_IOCJle TIOACTAHOBKH UMCJIOBBIX OJAaHHBIX l'IO.HyLIaeM JJI BOObI
(8—[]) 4+ P~—0,33-10° Ma~ 0,33 - 10° atm,
ov)r
a [JIs pTyTH
(8—U) +P~1,28-10°Ta~1,3- 10" arm.
ov)r

Clie10BaTe/IbHO, MPH OOBIUHBIX YC/I0BUSIX BesidnHa (OU/OV ) B THICAUH U I€CATKH
ThICSY Pa3 NPEBOCXOAUT aTMoc(epHoe faBjeHre. OTCI0na CJIeAYeT, UTO A KUIAKHX
W TBEPABIX TeJ PAa3HOCTb Cp — ¢, 00YCJOBJIEHA IJIaBHBIM 00pa3oM paboToH, KoTopas
UleT Ha M3MeHeHHe BHYTPEHHel SHepruu Tesa NPH ero pacliHpeHHH WM CKaTHH
TMPH MOCTOSIHHOM [1aBJieHUH. PaboTa MpOTHB BHEIUHEro AaBJeHHs NMpPaKTHYECKH He
UrpaeT HHKakoH posu. s rasoB roJiokeHHe 0OpaTHOe: 3feCb Pa3HOCTb Cp —
— ¢, 00yCJIOBJIEHA MOYTH HUCKJIOUUTEbHO PAOOTOH NPOTHUB MOCTOSSHHOTO BHEILLHEro
naBJjeHus P.
186. Cm. oTBert K 3anaye 182.

oT
187. 1) Oxnanurcsi. 2) Harpeercs. OTBeT cieqyeT M3 TOXAECTBA (—) =
= _(8_T) (8_\/) €CJIM YUecTb YCJIOBHSI CTaOUIBHOCTH (DU3HUECKH O H(?I(JJ :oro
= \av ) p\gp )y ST YHECTEY AHOPOR
W H30TPOIHOTO BelllecTBa (CM. MPeAbIAYILYIO 3ajauy).
188. Pewenue. 3anuiem HepaBeHcTBO Kiaysuyca B Buze

[T -] <o

rie 0Q)1 — 3JeMeHTapHOe Temso, MoJy4aeMoe MallHHOH B KPYroBOM [polecce
OT HarpeBatesed, a 6(); — 3JEMEHTapHOEe TeIJO, OTHABAaeMOe XOJOAUIbHHUKAM.
(Besnuunbl 0Q1 ¥ 0()2 CYIIECTBEHHO MOJOXKHUTE/bHBL.) Ecan BMecTo 17 moCTaBUTD
MaKCHMaJbHYI0, a BMecTO 1h — MHHHUMAJbHYK TeMIepaTypy, TO HepaBeHCTBO
TOJIBKO YCHJIUTCS. 3HAYHT,

1 1
- y <
TMaKC JéQI TMMH JéQZ = 0’
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WU
Q1 Qs
- <0,
TMaKC TMHH
rae 1 — TOJHOE KOMMYECTBO Terja, MoJyvyeHHOe MallHHOH OT Harpesatesiei,

a Q2 — IIOJIHO€ KOJIMYeCTBO TellJa, OTAAHHOe XOJOAHWJIbHHKAaM. Us MOJTYYEHHOTr' O
HEpaBeHCTBa CJAEAYEeT
Ql - Q? Take — Thann

Ql \ TMBKC ’

4TO U TPe6OBaJIOCh 10Ka3aTh.

189. Pewmenune. MakcumanabHas paboTa MOJyuyUuTCs TOTAa, KOTa MallkHa pa-
60TaeT Moc/en0BaTeNbHO MOBTOPSIOLIMMUCS OECKOHEUHO MasbIMH LMKaaMH KapHo.
[TycTp B pesyabTaTe OJHOTO M3 TAKHUX LHUKJ/OB IePBOe TeJO OTAAIO Tel1o §Q) =

= —C d1, a Bropoe 6Qo = —Cy dT15 (17 u 15 03HaualoT nepeMeHHble TeMIEPATy pbl
ten). [IpousBenenHas pa6ora paBHa 0A = 0Q1 + 0Q)2, mpHueM
0Qr | 0Qy
o+t =0
WJIH
Cl dTi + Csz2 =0.

MHTerpupysi 3T0 COOTHOLLEHHE C yquOM HauyaJsbHBIX YCJOBHH, MOJTYYUM
,j.lcl,ﬂzcz _ ’I'C‘I'CZ.

OxkoHuaresibHas TeMmneparypa 1’ Ha#imercs u3 ycqaosusi 17 =15 = 1. OHo naer
Tt = (189.1)

MakcumanbHas paboTta, KOTOPYIO MOXKET COBEPLIHTb CHCTEMa,

T T
A= J(SA - ¢ J AT — Cy J dT = (C1Tio + CoTa) — (C1 + C)T. (189.2)
Ty Ty

OHa paBHa yOblIH BHYTPEHHEH SHEPTHH CHUCTEMBI.
190. Pemenue. 3anucas (189.1) B Bume

JHCI/Cr 'lfzo’l',%'/cz,

B npenese Cy — oo noayuuM 1" = Thy. DTOT pe3y/ibTaT HeMmoCpeACTBEHHO OYEBH/IEH,
nockosbky Cy = 00. DiiemeHTapHas pabora

_ (D _ Ty ,
5A = 6Q) +0Qs = ( Tl)an - 01(1 z )dl
Orciofa MHTerpUpOBaHHUEM HAXOAUM
A= Cl l:Tm - TZO - TZO In E] .
Ty

PaGora A MmeHblre yGblin BHyTpeHHed 3Hepruu Harperoro tesia Cy (1o — Tho).
YacTb BHyTpeHHeH 9Hepruu Tesio MepefaeT OKpyKalollleH cpelie B BHJe TerlJa.
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191. T =Ty, A = Cs[Too — Tio + TioIn(1'10/150)]. HerpynHo mpoBeputs, 4o

A>0.

192. Pemenune. Tenno, otnaBaemoe BUrateseM NpH ero paboTe Boge OTO-
MUTEJBHOH CHCTEMBI (XONONUIBHHKY), PABHO

Pa6ora nBurarens

A=gq

Q =q—

T
T

T - T
T

pacxomyeTcst HA TIpUBeieHUe B IEeHCTBHE XOJOOMJIbHON MaluHbl. [locsienHsis Gepet
OT XOJIOAWJbHUMKA (TPYHTOBas BOAAa) Temio (J3 W TepenaeT Harpesartesio (Boaa
OTOMHTEBHOM cHeTembl) Terao Q. Tlpu 3Tom

T
Q=7 Qs Q-

Q//:A

Ty

1 T2

Q:=Q LYY

T - T, T2

Ty

—T3:

T T-T;

[TonHOE KOMHMYECTBO Temnaa, nojydyaemMoe OTalJIMBa€MbIM ITOMEIIEHUEM, PABHO

Q=Q+Q"=q¢

LT -T)

=~ 20 000 kKaJ/Kr.

a7, (Ty — T3)

[paduk 3aBHCHUMOCTH BeJHYHHBI ()/¢ OT TeMIepaTypbl B OTOMHTEJbHOH CHCTEME

2
q

Puc. 38

TNpHBefleH Ha puc. 38.

Jpyro# (6osee 0O1IME) METOA pelleHHs
3ajlauM OCHOBaH Ha HepaseHcTBe Kiaysuyca
(cm. coenyroliyto 3afauy).

193. Pewenue O6e MamwuHb —
[BUTaTeJ]b U XOMOMJbHAS MalldHa — CO-
BepLIMJIM KPYroBOM Mpollecc, B pesynbTare
KOTOPOTr0 HarpeBaTesb OTAAJ TeMao (i, X0-
JIOMUMBHUK OTAAM TEMI0 ()3, TPUPOLHBIH pe-
3epByap BOAbI MPHU paGoTe ABHUraTess MOJy-
YU TEMI0 o, TPUPOLHEIE pe3epByap BOLLI
MpH paboTe XOMOAUIbHON MALIUHbI TOSYUHIT
terio Q5. Ha ocHoBanuu Hepasenctsa Kia-
y3uyca

&+%_Q2+Q'2

< 0.
T 7 <0

Pabora nBurarens )1 — Q2 HOKHA OblTb He MeHblle padOoTbl, MOTPeGHOH MJIS
TpUBENeHHs B IefCTBHE XOJIONUMbHOA MalnHEl Q' — @3, T.e. Q1 — Q2 > Q5 — Q3,

Q2+ Q) < Q1+ Qs.

Ecau B HepaBeHcTBe Kiaysuyca Qo + Q) 3aMeHHTb Ha GO/IbIIYIO BeJHUMHY Qp +
+ (J3, TO OT 3TOrO HEPABEHCTBO TOJbKO YCHAUTCS. TakUM 06pasoM, HOJKHO OBITh

OTKyZ#a

Q

T

Lo

T;

Q1+ Qs
AL
S 0,
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OTKyna / /
/Ty — 1/Th
> L= ()
Ql = 1/T3 — I/TQ QZ»
WJIN
T T
= 364 Br.
Q1 > T, 7, @ 364 Br

PaBeHCTBO OTHOCHTCS K HueaanuM MalllMHaM, pabotaomuM no uukay Kapxo. s
peasbHBIX MalLIMH Hafo OpaTh 3HAK HEPaBEHCTBA.

194. Pemwenue. JlonycTUB NPOTHBONOJIOXKHOE, NPEANON0KHUM, UTo A u B —
IBE COCEIHHE TOUKH, B KOTOPBIX MOJUTPONA Mepecekaercs ¢ U3oTepMod (puc. 39).
[Mpumenum x uuki1y ACBDA pasenctso Knaysu-
yca. Ha monutpone ADB tennoemkocts C' nmocro- A
sHHa, a TIOTOMY

Tp
6Q dT
[@ o2 )
ADB Ty
(MHTerpan obpauaercs B HyJb, Tak Kak 14 = 1,
NOCKOJIBKY TOUKH A U B jiexxaT Ha usorepme.) Ha D B
usorepme ACB
Q 1 _Q

J?—fPQ—? Puc. 39

Takum o6pasom, paBeHcTBO Kmaysuyca csomurcss K @ = 0, rne @ — Temio,

nojydyeHHoe cucremoii. Ho anms kpyroeoro mpouecca @ = A. 3HauuT, mioulagb

unkaa ACBDA paBHa Hymo, 4TO MOXeT ObITb TOTAa M TOJNbKO TOTAA, KOrAa

Mexay ToukaMH A v B TmoJuTpoma M M30TepMa MepeceKarTcsi Mexay Co6oH.

DTO MPOTHBOPEUHT MPEANOJONKEHHIO, YTO A U B — cocefHHe TOUKH NepeceyeHHs
TIOJIUTPOIIbI C H30TEPMOH.

1 196. Pewenue. [IpumeHuB K paccmarpu-

BaeMOMY LMKJY paBeHCTBO Kumaysuyca, momydnm

(CP - Cv) ln(T2T4/T1T3) = O,

OTKYyda H cneﬂyeT Tpe6yeMoe COOTHOLIEHHE, TaK

kak Cp — Cy #0
198 A= 0[11111(11/13)—(11—,13)]
199. 4= '

T
0 200. Pemw eH ue. HyCTb 1342 cxematuye-
CKH M300paxaeT NepBbii mepexon, a /52 — BTO-

Puc. 40 poit (puc. 40). IlpumeHsis K HUM paBeHCTBO Kia-
y3uyca U yuUTbIBasi, UTO Ha aguabatax I3 u 42 cucTemMa Telsja He MOJydaer,

HalHIIEeM
QR _ [ 9Q_ D
T T T
152 1342
rie Qo — Temso, mojyueHHoe Ha usotepme 34. Ilo yesnosuio 1'> 1o u 6Q > 0,

a MoTOMYy
5
J 0Q J QR _Q
T Ty, Ty

152 152
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rie () — TemnJo, nojyueHHoe Ha nyTtH /52. KomGuHUpYs mocjenHee HEPABEHCTBO C
NPeabIIYIIHM PaBEHCTBOM, MosydaeM @ > Q.

203. Pewenue. [lycts Bo Bcex Toukax usortepmsl (OV/91)p = 0. Torna us
(29.2) caenyert, uto (OP/9T)y = 0. Ha usorepme BBUAY cooTHoweHus (175.1)

opP
orT
a notomy 0@ = dU + PdV = 0. 3Hauut, H30TepMa BO BCEX TOUKax MAOJ/KHA
COBNaJaTh ¢ afnabaTol.

204. 1) Ecau 6b1 K03(h(HUIMEHT TENIOBOrO paclidpeHHs obpaliascs B HyJdb Ha
BCEM MPOTSIKEHWH HM30TEpMbl, TO OHA coBMagana Obl ¢ agMabaTod, U uuKa KapHo
mexnay Temmnepatypod 4°C u  KakoH-su-
AT 60 Apyrod TemnepaTypoH OCYIIECTBHUTb Obl-
J0 Obl Hesb3s. 2) Ha camom mese /s BOABI
LF--- KO3()(PULUEHT TemJOBOr0 paclIUpeHus: 00-
pauiaeTcs B HyJdb TOJbBKO B ONHOH TOYKe
M30TEPMBI, TaK UYTO YCJOBHS 3afaud ocyllle-
CTBUTb HeJlb3fl.

205. Cu. puc. 41. Pa6ora u KosM4ecTBO

U = {T( )V—P] dV = —PdvV,

y LY SR -
2 I I TerJia YUCJIEHHO PaBHBI IJIOUIAAN LIHKJA.

! ! T —Ty T —T)

| | = =

| | s 206. n o, . T

s, s, 207. AS = me In(13/1"), rae m — mac-

- ca BellleCcTBa.
_ (T) + Tz)?
Puc. 41 208. AS = CP In W, roe CP —

TEIJI0eMKOCTb OIHOTO TeJa.
209. S = v[CvInT + RIn(V/v) + const], rme amauTUBHAs MOCTOSHHASA
B CKOOKAax He 3aBHCHT OT YHCJ/Id YACTHI] rasa.

210. S, — S = Cyv In(1y/1") = Cv In(P,/P,) mpu V = const,

Sy — S = Rln(Va/Vi) = RIn(P,/P,) 1npu 1" = const,

Sy = S =Cpln(1y/T1) = CpIn(Va/Vi) npu P = const.
211. AS = RM In % THe [t — OTHOCHTesbHasi MOJIeKy/sipHasl Macca rasa.

|

pym 1 1
212. AU =V, Ui = — (o —

AS = S, — S = (nCy — Cp) In(Vi/13),
rae v = Cp/Cy. JLns ©30T€PMUUECKOTO MPOLecca:
AU =0,AS = RIn(Vo/V1),
LU afMabaTHYeCKoro mpoiecca:
_ pV7 1 _ 1 .
AU = po— <V2"*“ Vﬂ")’ AS =0.
213. AU = %P Vi(1 — V/VE) = —625 kan/moub,
AS = —2RIn(Vy/Vi) &~ —4 xan/(moaisb - °C),

Q= —PVi(l = V2/V}) ~ —417 kan/moub.
CucTeMa He TOIVIONIAeT, a OTAaeT Tero.

)
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5
214. AU = §P1V1(—— l) —117 xaun.
3
Q—§P1V1(7—1) = —70 xan.
_ . 3hv ., Vo
AS = 5T In v 0,20 xan/K.
215. AS = 4,56 kan/°C
216. AS — R(M‘ MQ)lnz
MR - ST + 3T R
_R vTi+3wT, R . T
217. S5 — S = 3 (51/1 —|—31/2)1n 45[/1 PRI 3 (5111 InTy -|—3I/21n12) +

+ R(vi +12)In2 =0, 16 kan/°C, rue v; = 0,0402 — yuncsio MoJedt Bogopona, vy =
= 0,0948 — uucso Moselt requs.

218. AU=U — Uy = % CvTy(2" — 1),

AS =5 S = %C’V('y— 1)In2,
rae v = Cp/Cy.
219. AS = 63kan/°C.
220. AS = 3,2«kan/°C

221. s=cpInT + a«T) & + const, rie cp — yHesnbHas TENJ0EMKOCTb >KHA-
KocTH, q(1') — ymesbHas Teruiota napooGpas3oBaHusi mpu Temmeparype 1', & —
OTHOLLEHHe MacChl Napa KO BCeH Macce CHCTEMBI.

222. Pewenue. Tenra A u B MoryT oOMeHHBAaThCsl BHYTpPEeHHEH 3SHeprueit
nyTeM TemJooOMeHa M MPOH3BOOMUTb paboTy APYr Hal IpyroM. Tak Kak OHH Io-
MellleHbl B KECTKYI0 aaHabaTHiecKylo 060J0YKY, TO M3MeHEeHHs WX BHYTPEHHHX
SHEpPTHH B 3/eMEHTapPHOM Mpoliecce CBs3aHbl cooTHoleHHeM dUs4 = —dUg. B cuny
paBeHCTBa NeUCTBUS U mpoTHBoaekicTBus A4 = —dAp, rie dAa — pabota Tena A
Hax TesoM B, a §Ap — pabora tena B Hax Tenom A. CregoBaTesibHO,

(dU 4+ 6A)a = —(dU + 0A)B
ZhV
0Qa = —0Q@QB.
KosnuectBo Temsa, mosydyeHHOe TesoM A, PaBHO KOJHMYECTBY Telsa, OTAAHHOIO
teqom B. CornacHo mocrtynary Kiaysuyca B cucteMe CaMONPOH3BOJBHO MOTYT

[MPOXOAHTL JIUUIb TakKHe IMNPOLECChl, B KOTOPbIX TEIJIO NMEPEXOAUT OT TeJa, 6osee
Harperoro, K TeJqy, MEHee HarpeTomy. OTC}OL[a caenyet

0Qa <0, QB >0,
TaK Kak 14 > 1's. [lpumenss k kaxnomy u3 teq A u B HepaBeHcTBO Kumaysuyca,
MOJIYYHUM 5 5
AS4 > J&,ASB > J&.
Ta

Tp
CkJsiafpIBasi 3TH HEPAaBEHCTBA U NIPHHHUMAs BO BHUMaHHUe, 4To Sa + Sp = S, Halinem

AS/JC?—AA—FM—;) J(SQ (—B—%>>o.

Tn-T

T = 13 Tx/K.

223. SQ-S] = % —I/CV
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224. S, — S, = v[Cv In(Ty/Th) + RIn(Vz/V1)], rae

_:1+V__1(1_ﬁ)21’1.

TMocse noncranosku Cy = AR, Vo/Vi = n:

Sy — Sy = vR(*, In(Ty/Th) + Inn) = 1,8 kan/°C.

228. Pewenune. PaccMoTpuM GeCKOHEYHO MaJsblil KBA3UCTATHYECKHUH H30Tep-
muueckui npouecc. [logenus cootHowenue 1'dS = dU + P dV wHa dV, Haiinem

(5v) =7 ()=

WJIM HA OCHOBAHHU TPETHEro COOTHOLIeHHs (227.1)

(g_g)T = 1‘(§—§)V -P. (228.1)
AHaJIOrHYHO HAXOOHUM IJIS SHTAJbIINH
(5), =¥ - (52)» 2282

230. YcioBue mojsHoro auddepeHunana ajs dA NPUBOAHUT K COOTHOLIEHHIO
(0P/0T)yv = 0. HeaaBucuMocTb paboThl A OT MyTH HHTETPHPOBAHHUS TIPH HANHUHH
3TOTO COOTHOILLUEHHS CJELYeT y»Ke U3 Toro, 4To P He 3aBuUCHT oT 1', a sBJjsercs
¢yHkuuneit Topko oobema: P = P(V).

231. PeweHue.

or-cu=1[(59),- (5]
45 = (57), 40 + (57), 4V
(57)> = (o), * (52), (5 )
Hcnonbayst TpeTbe cooTHoleHue (227.1), Haxonum
Cp—Cv = T(%)P(g_;)v’
232. PeweHnue.
ou oS

dU =T'dS — PdV, (W)T - T(W)T ~ P

Besuuuner S, V, 1" cBsizanbl hyHKUHOHAIBHEIM cooTHouenueM f(S,V, 1) = 0. U3

HEro CcJefyer
(3_5) - _(‘9_5) (B_T) _ v (3_T)
av/)e — \ar/v\ov)r — T \av)y
[Tocsie COOTBETCTBYIOIIEH MOACTAHOBKH MOJy4YaeTcs MepBoe COOTHoLeHHe. AHaJo-
F'MYHO NOKa3blBaeTCA BTOPOE COOTHOLIEHHE.
233. Pemenue.
(aU) _ oW,y _9(U,T) o(P,T) _ (8U) (8P)
ov /)T oP/)r\ovV )T’

ov,T) 9P, T) oV,T)

Awnanoruyso JOKa3bIBa€TCAd U BTOPOE COOTHOLIEHHE.



§ 4. Bmopoe nauairo mepmoOuHaMUKy 109

235. Pemenue.

a(V.8) — a(P.T) a(V.T) a(V.S)
= (50, (70): (55), = ey () = o (&)

aT/p\ov/r\aS/)v  (6Q/dT)y \oV/r Cy \aV/r’

237. CuM. mpenbloyilyto 3anauy. [IpuHATL BO BHUMaHKe, YTO AJISl YCTOHUHUBOCTH

(hM3HUECKH ONHOPOIHOTO BelleCTBa AOJKHbI BEIMOMHAThCS yeaosus: Cp > 0, Cy >
>0, (0P/0V)r < 0.

ary _ a(T,8) _ AT, S) a(T.,V)

239. ( )s T aWV,S) AT, V) a(V,S

A%
_ aS ary T (0P
N _(W)T(g)v T Cv (ﬁ)v
Tak xe f0Ka3blBaeTCs U APYroe COOTHOLUEHHE.
240. Pewenwue. Ilycts [, 7, T, S — pauHa, HaTsKeHHe, TeMIepaTypa
W 3HTpONHUs XKryTa. M3 3THX yeTblpeX BeJUUHH He3aBUCHMBbI TOJNBbKO [BE, OCTaJlbHbIe

ABJAAKTCA HUX quHKLlI/IHMI/I. nOSTOMy TOXKIECTBEHHO

(%)S(%)T(g_;)l =L (240.1)

W3 nepBoro Hauasa, 3anucansoro B Buge d(U — 1'S) = —SdT" + 7dl, crenyer:

() ==(55), e (55)= (57

JHanee, tak kak 1', 7, [ cBi3aHbl (yHKIIHOHATbHBIM COOTHOLIEHHEM, TO TOXAECTBEH-

h (), - (2,(2).

[MoncraBasis 370 B (240.1), nosyuum

(), (2),(2), =
T \al/s\or)r\al /)
roe C; =T(0S/9T'); — TenoeMKoCTb MpH MOCTOSIHHOA AsrHe. OHa MOJ0KHTEbHA
past Beex tedt: Cp > 0. Beawnuuna (91/O7)7 TakKe MOJOXKHUTENbHA LISl BCEX T

CJie0BaTe/IbHO,
(%), (), <o
ol S ol T ’

[To ycsoBuio 3agauu aJs pesurosoro xryta (0l/91), < 0, a nostomy (91'/0l)s >
> 0. OTciona c/enyer, 4To XKIYT HArpeeTcsi, eC/d ero aguadaTuuecky YIJUHHTb.
241. Pewewnue. Paccyxnas, Kak u npu BbiBofe (opmyasl (175.1), Haxogum

(88_[{)T - T(g_;)z =0

[Ipy BBIUMCJIEHHH SHTPONHH HCMOMb3yeM cooTHolleHHe Makcsessa (9S/0l)r =
= —(97/9T"); v monyuaem dS = —Adl + C;dT'/T. Tlpn H30TepPMHIECKOM paCTs-
KeHuu wHypa dS = —Adl < 0.

(a_P) __9(P,S) _9(P,S) 9(P,T) o(V,T) _
oV/)s

~
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243. Pewenue. [lpn obGpaTHMoM aguabGaTH4ecKOM pAaCLIMPEHHH OCTaeTcs
TIOCTOSIHHOH 9HTponus rasa S. PaccmaTpuBas ee Kak (YHKIMIO TeMIepaTypbl U 1aB-
JICHHS!, MOXKHO HaNMCaThb JJIS 3JeMEeHTapHOro 00pPaTHMOro IpoLecca pacliMpeHHUs:

AS = (g—i)PAT + (g—i)TAP —o.

(%)P - % (%)P - % (%)P - %'
Kpowme Ttoro, cornacHo (227.1),
(g_i)T - _(%)P.

% AT — (g—g)PAP —0.

Orciona s 6eCKOHEUHO MaJjioro npouecca

OueBHIHO,

[Toatomy

AT /0T\ _ T(V/oT)p
( )5_7. (243.1)

AP~ \aP Cp

JIns KoHeuHOro mporecca

Py

mo_qo_ | T oV

1 1‘_JCP(8T)de'
Py

244, AT = L Ap —0,038°C.

pcp
245. AT = L Ap = _0,96°C.
pcp
249 AT = —— P 1~ _0.95K.
cp(mr?)?

250. Pewenue. [las anemenrapHoro npotecca 1'dS > 0Q = dU + §A. Ilpu
M30TEPMHUYECKOM TMPOlIecce BHYTPEHHSIST dHEPrusi uaeanbHoro rasa U He MeHseTCs.
CanenoBaresibHo, 0A < 1'dS. OTtciona

Vi+Wa
|

+ v n

. I i+ Wy _
A<1(52—5.)_Rl(u.1n v )_
(Vi + V3)?

=vRI'In AR

= 1,8k Jx.

251. Pemenune. HauanbHOe ¥ KOHEUHOE COCTOSIHHSI PABHOBECHBI, TEIJIO He
noxsonutes. [loatomy A = Uy — Us, rne Uy u Uy — HavyanbHOE ¥ KOHEUHOE 3Haye-
HHS BHYTpPeHHe# 3Hepruu cucteMsl. O6beM cucteMsl V) + Vo tukcuposaH. [Tostomy
B KOHEUHOM COCTOSIHMH BHYTDPEHHSIS1 SHEPrHsl eCTh (PYHKIUHS TOJIbKO sHTponuu: Us =
=U(S). Tak kak (OU/0S)v =T > 0, To sneprus Uy Oymer MHHHMaJbHA, KOTAa
sHTponus Sy TakKe MHHHMMa/jpHa. Ho B agmabaTHueckoM IMpolecce SHTPOMHS He
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y6biBaeT. Cjief0BaTebHO, S yuy = S1. MakcumanbHas pabora MOJYyYUTCS B TOM
c/ydae, KOTa HTDPONHUS OCTaeTcs NMOCTOSHHOH. M3 ycsoBHS paBeHCTBa SHTPONHUH

Vl(CV InTy + Ranl) + I/Q(CV InTy + Rln‘/z) =
= (1 +w)[CvInTy + RIn(V; + V3)]

HafineM Temmeparypy b B KoHle mpouecca. Ilogctasss B 370 yeaosue Cy = %R,
V| = Uy, TIOJIYUUM

1/5
Vi )2} = 0, 7541} = 226 K.

Ty =T |2
: 1[(VI+V2

MakcrmanbHas pabora
Avace = (11 + 12)Cv (11 — Ty) = 1,55 x JIx.

252. Pemenue. Bynem paccmarpuBaTh 3HTAJMBNUIO rasa I Kak (YHKIHIO
temmnepatypel 1’ v naBjenusi P. Eciu pasHOCTb HaYa/lbHOTO ¥ KOHEUHOTO JABJEeHHH
P — P, mana (nuddepenumanbubiii apdekt xkoyas—Tomcona), To ycaosue [ =
= const 3anuiuem B BHIe

A rak xak
(g_;)P =Cr, (S_IID)T =V- T(?)_;)P'
TO

AT _ T(@V/dT)p -V
AP Cp ’
C nomotbio ToxaectBa (29.2) a1y GopMysny HeTpyAHO mpeobpa3oBaTh K BHUAY

(252.1)

AT T(OP/AT)y + V(dP/OV)r
AP Cp(dP/dV)r : (252.2)

Ecau pasnoctb paBnenuit P — P He mana (uHTerpanbHblil a(dekt xoyns—
TomcoHa), TO MpH BBIUKCJEHHH H3MeHeHHs TemmepaTypsl 1 — 1 peasibHbIH HepaB-
HOBECHbIH MpOLECC MOXKHO 3aMEHHTb KBA3UCTATHUECKHH MPOLECCOM, MPOHUCXOAS-
IIUM TpPH TIOCTOSHHOH 3HTAJbIHH. DTO MOXKHO [esnaTh MOTOMY, YTO HauajbHOE
¥ KOHEUHOE COCTOSIHHS TOJHOCTBIO ONPENeNsIOTCs 3aJaHHeM AAaBJEeHHs U SHTaJb-
MUK, KOTOpPble (DUKCHPOBAHbI, a MOTOMY MPH BblYMcaeHUH 15 — 1) 6e3passnuHo,
KaK MepexXoiUT CHCTeMa M3 Ha4ya/JbHOrO COCTOSIHHS B KOHEUHOe. 3aMeHUB peaJlbHbIH
TpoLecC MOC/EeN0BATEIbHOCTbI0 GeCKOHeUHO Manbix npoueccoB Jlxkoynasi—TomcoHa,
MOXKHO HamucaTth I U3MEHEHHS TeMIepaTyphl

Py
Ty T = J % dP. (252.3)
Py

254. Pesynbrat nosydaercss cpaBHeHueM qopmya (252.1) u (243.1).
255. Pemenue. JIns BHIUMC/IEHUS] HU3MEHEHHs SHTPOMHUM rasa 3aMeHUM pe-
asnbHbli mpouece Jkoynsi—ToMcoHa KBa3HCTATHUECKHM H39HTANbIIMYECKHM MPOLIeC-
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COM, MepeBOASILIUM CHCTEMY B TO JKe KOHEUHoe cocTosiHMe. [l Takoro mpouecca
dl =TdS+VdP =0, a noromy

(S_ISD)I - _¥ <0

Tak xak naBnenue B mporecce Jxoynsi—ToMcoHa MOHHUKAETCS, TO U3 TIOJYYEHHOTO
HepaBeHCTBA CJeNyeT, YTO SHTPOIHS BO3PACTaeT.

256. Pemenue. Tak Kak Haj ra3oM He TPOU3BONUTCS pabOTa U TEIJIO He MO~
BOJMTCS, TO MOCJIE YIaJMeH s IePerOpoAKH U YCTAHOBJIEHHs PABHOBECHS BHYTPEHHSS
9Heprus rasa He H3MeHHUTCs. PeasbHEIH Tpolecc, COBeplIaeMblil ra3oM, SIBJISETCS
HepaBHOBECHBIM M OuUeHb CJOXKHBIM. OIHAKO HauajbHOe M KOHEUHOe COCTOSHHS
PaBHOBECHBI, a TeMIlepaTypa ra3a B PaBHOBECHOM COCTOSTHHH OTpefensieTcsi ABYMSI
napamMeTpaMH, 3a KOTOpble yHOGHO B35iTb BHYTPEHHIOIO 3HEPrHi0 M 00beM rasa.
[Ipy BBIUMC/JEHUH M3MEHEHHS TEeMIIepaTypbl peasbHbIH NPOLEeCcC MOXHO 3aMEHHTb
KBa3UCTaTHYECKHUM IPOLECCOM MPH MOCTOSHHOH BHYTpeHHe# 3Heprus. s Takoro

nporecca
Vy

Ty -1 = J (g—a)U av.
Vi

JI7ist BBIUMCJIEHHS] YACTHOM MPOU3BOAHOH, BXOASIIEH B 3TOT UHTErpaJ, Hafo Audde-

peHLHan
oU U

W= (57), 47+ (Gv )
TMOJIOXKHTb PaBHBIM HyJ0. Eci/ii ellle Bocrmosnb3oBaThes NepBoi dopmysod (175.1),

TO NOJYUHUTCH
(aT) P —T(0P/3T)y
=

oV Cy
OKOHYaTEJbHO
Vy
P —-T(OP/0T
Ty =T = J P -T@P/oT)v dv.
Cy
Vi

Jlns uneasnbHoro rasa ata ¢opmynaa naer 1p — 17 = 0.

257. Pemenune. B cocTossHHM MeXaHHUeCKOTO paBHOBecHs Temmepatypa 1,
YAeNbHbIE 00beM v U 1aBJeHHe P XUAKOCTH SBJSIOTCS (QYHKIHSMH TOJIbKO BBICOTHI
z Hal 3eMHOH moBepxHocThbio. [lyeth dv, d1', dP o03HauaioT GECKOHEUHO MaJsible
npupauieHust v, 1', P B mokosiiiedcst XKUAKOCTH TPH H3MEHEHWH BBICOTHI Ha dz.
B cuiy ypaBHeHHS] COCTOSIHUSI 3T BEJHMUHHBI CBSI3aHBEI COOTHOLLIEHHEM

dv=(gu) dr+(2%) dP. (257.1)

JlomycTHM Temnepb, UTO MOL AeHCTBHEM KAaKOTo-TO G€CKOHEUHO MaJioro BO3MYILeHHS
3/IeMEHT XHIKOCTH TepeMecTHJCS BBepX Ha dz. Takoe mepemellleHHe TMPOUCXOAUT
B OTCYTCTBHE TemJIooOMeHa, T.e. aauabaTHueckd, a MOTOMY JMJis Hero MOXXHO
HamucaThb

v v

dvay = (8_T)P Al + (a_P)T dP. (257.2)

3recs d1i; ¥ dP 03HauyaloT NpPUPAILEHHUs TeMIepaTypbl U AaBleHHUs BHYTPH pac-
CMaTpPHUBAEMOTO 3/1eMEHTa XKHUIKOCTH TPH aanabaTHYeCKOM MOAHSITHH €ro Ha BhICO-
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1y dz. (3HauoK <«af» y dP Mbl ONyCTH/H, TaK Kak IpHUpallleHHe [1aBJeHHS B 3Je-
MeHTe XUIKOCTH — TaKoe 3Ke, YTO U IpHUpallleHHe AaBjeHHs B OKPY2KalolleH XKUM-
kocTd.) Ecin dz > 0, T.e. 3/eMeHT XUIKOCTH CMeCTHJCS AeHCTBHUTE/JBHO BBEpX,
U dva; > dv, TO CMeCTHBLIHHCS 9/1eMEHT OKaXKeTCSl OTHOCHTeNbHO 0oJiee JIeTKUM,
ueM OKpyxamomias XKHUiKkocTb. OH OyZeT NOIHHUMATbCS ellle BbILIE, M pPaBHOBeCHE
JKHUIKOCTH OKaxKeTcsi HeYCTOMUMBBIM. B NPOTHBOMOMOXKHOM Cjydae, KOTAa dvz <
< dv, faBleHUe OKpY:KalollleH *KUIKOCTH BEPHET 3JeMeHT B HCXOLHOE MOJOXKEHHUE,
T.€. paBHOBecHe OyleT YCTOHUMBBIM. Bocnosb3oBaBLUMCh BblpaxkeHHsMH (257.1)
U (257.2) u momesMB HEPABEHCTBO HA IOJIOXKHTEJbHYIO BEJHYMHY dz, YCJOBHE
YCTOHUYMBOCTH PaBHOBECHSI MOXKHO 3allHcaTh B BUIE

ov aT ov\ dT
Gr) (). < Grdr e (267.3)
TpeGosanue dz > 0, UCIONBb30BAHHOE NPH BbIBOAE, TENEPb MOXKHO CHSTb, TaK Kak
B HepaBeHCTBO (257.3) BxogsT TobKO mpousBoguble (d1'/dz)ay u d1'/dz, 3HaueHus

KOTOpBIX OT 3HaKa dz He 3aBHUCAT. [/l GOJIBIIMHCTBA TeJ TEMIEPaTypHbIH K03(]-
(DULHEHT pacLIMpeHHs MONOXKUTENEH, U BMECTO YycjoBus (257.3) MOXKHO HamucaTthb

6oJiee MpPOCTOE YCJOBHE

ar ar

<> (%) (257.4)
dz dz an

Jlns Ten ¢ oTpullaTe/bHBIM TeMIepaTypHbIM KO3(D(HLHEHTOM paCLIMpPEHHs 3HaK

HepaBeHCTBA HAJ0 3aMEeHHTb Ha MPOTHMBOMNOJOXHbIH. Huxke npexnosaraercs, uto

vMeeT MeCTO NepBblH cayvai.

TakuMm 06pa3oM, uem OoJiblie TeMmnepatypHblii rpagudent d1'/dz, Tem Gosee
3aTpy/lHeHa KOHBEKIMS, TeM YCTOH4YHBee MeXaHH4eckoe paBHOBECHEe XKHIKOCTH.
Hukuelt rpanuuedt d1'/dz, mpu KOTOpoH KOHBEKIHS €llle MOXET OTCYTCTBOBATb,
siBJIsIeTCs «afabaTHIeCKUi TemrepaTypHbli rpagueHT» (d1'/dz)a,. dast ero BbI-
YHCJIEHHUS] 3aMevaeM, UTO NpH afuabaTHYecKOM Mpollecce yAe/bHas SHTPOMNHS S He
MeHsietTcsi. PaccmaTpuBas ee xak (yHKuuio 1’ v P, MOXKeM HamucaTb

ds s dT ds\ dP
(%)= G () G =0
Bocrosnb3oBaBLIHCh TepMOIHHAMHYECKUMH CcoOoTHOWweHusiMu (9s/01)p = cp /T,
(0s/0P)r = —(0v/OT)p w ypasHenuem runpoctatiku dP/dz = —pg = —g/v,

MOJTyUUM ur s
v
(%)= o (57), (257.5)

Jlns BO3;myXa, eCjiv ero paccMaTpUBaTh KaK HMeasbHbid ras, 06beM v MpONOpIHO-
HaneH temneparype 1" (npu P = const), a motomy (0v/91")p = v/T. 1o paer

(-5 9

DTOT pesyabTaT yxke Obla MOJdyueH B pelileHHH 3agauu 133. (CM. Takxke 3ana-
gy 588.)

§ 5. TensonpoBOAHOCTH

S
258. m = 2% (t1 —t2) = b4 r, rie ¢ — yHesbHas TEMJOTA MJABJIEHHUS JIbAA,

paBHast 80 KaJ/T.
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259.t, —t = mAl =0,013°C, rme ¢ — yneJbHas TEnjoTa napoodpas3oBaHus
TO
BOJBI, PaBHasi MPUOIH3UTENbHO 539 Kaul/T.
260. 1, — 1, = ™ (i+ l—‘) ~2°C.
7S \3x g
261. t = 2 (t+ts) + ot ~92,8°C, ty = Z(t+ty) + oty ~7°C.
2201 + 3¢ | b b 2201 + 3¢
262. x| = nibisa + nobose, — = 2 + 2_7127 ) > L.
P 2 )
263. P
264.

b=t RiRy iR —tHRy
RI-R, R R — Ry

265. Pemenune. YpaBHeHHe TEIIONPOBOAHOCTH INPH HAJMUHUHM HCTOUHHKOB
Telsa ¢ TJIOTHOCTBIO MOLIHOCTH ¢ AJSl c(hepHuecKH CUMMETPHYHBIX 3afad HMeeT
BU

tr (264.1)

T 1 9 00T
Cov = — =— (2r"— ) + 265.1
Pose = 2 or ( 8r) q ( )
B crauuonapHom ciydae 91'/0t = 0, u mocse OXHOKPATHOrO HHTETPHPOBAHMUS
HamUCaHHOTO ypaBHeHHs (¢ = const) MONy4UM
dar ¢ rt C
dr 3 r2’
[TocrosiHHas uHTerpupoBaHus C' NOJ/KHA PABHATHCS HYJIO, TaK KaK B IPOTHBHOM
c/ydae B LI€HTpPe LIapa Mbl NOJAY4H/IH Obl 6€CKOHEUHOE 3HaueHHe OJI TPOH3BOLHON
dT'/dr. VIHTerpupyst BTOPHUYHO € y4eToM rpaHudHoro ycsosust 1" =1y mpu r = R,
HalineM q s )
T="To+ — (R —7%).
ot 65¢ ( )

Temneparypa B LieHTpe 11apa

2
To=Ty+ 25 =790 k.
65¢
266. 17 =1y + p (R? —r?), rae I — cu/ia ToKa, p — yae/bHOe CONpPOTHB-
42 R4 3¢ ’ ’

JIeHHe TpoBona, R — panuyc MpoBoia, r — PAcCTOsSHHE A0 ero ocH. Bee BemM4HHBL
BbIpaxkaTes B efuHULax cuctembl CI'C.

267. S0 172 3 6. 1012 kB

n
268. P = aFELQ/(25S).
269. Pewenue. [l cripaBefJIMBOCTH T€OPEMbI €TUHCTBEHHOCTH CYIIECTBEH-
HO, YTO TEMIIEPATYPOIPOBOIHOCTb X = 3¢/(pc,) BCErza MOJOKHUTeNbHA. JomycTuM,
uto ypaBHeHue (269.1) umeer nBa pewenus: 11 (z, t) u Ty(z,t), yroBnerBopsiouine
HauaJbHOMY ycJjoBHIO (269.2) u KpaeBbiM ycsoBusim (269.3). Torna
oT) T q oT, 0T q

ot Xoz pc’ ot Xoz pc’
Bolunrasi mouseHHO ¥ BBoAsl 0603HayeHue © = 11 — 15, moaydyum
00 9’0
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T.e. QyHkuus O(x,t) yAOBJETBOPSIET YPABHEHHIO TEMJIOMPOBOLHOCTH 6€3 HCTOUHH-

koB. Kpome TOro, sicHO, 4TO 3Ta (DYHKIMS YIOBJETBOPSIET «HYJIEBBIM» HauaJbHBIM
W TPaHUYHBIM YCJIOBUSM:

O¢—o = 0 mpu MO6LIX x, (269.5)

O,—0 =0, ©z—; =0 npu mobeIX ¢. (269.6)

1
Pacemorpum unrerpan I(t) = f@2 dz. fIcHo, 4TO OH He MOXKeT ObIThb OTpHIlAaTe/b-

0
ubiM. Kpome toro, BBuny (269.5), I(0) = 0. Haiinem npounssonnyio unterpana I(t)

0 BPEMEHHU!
l

00 oe)
0 0
HHTerI/IpyH o 4acTdaM, MOJMYyUYUM

dr
dt

l L 2
00
. — 2xJ' (_&n) dx.
0

[TepBoe csaraemoe B mpaBod 4acTH o6paliaercs B HYJIb BBUAY IPAHUYHBIX YCJIOBUH
(269.6). Bropoe cnaraemoe OTpHULATENbHO HJH Hysdb, Tak kKak x > 0. Takum
o6pasom, dI/dt < 0. C TeueHreM BpeMeHH HHTerpas I MOXKET TOMbKO yObIBATH HJIH
0CTaBaTbCsl MOCTOSIHHBIM. [lepBoe HEBO3MOXKHO, TaK Kak HOMkHO Obith [(0) = 0,
I(t) > 0. Ocraercst envHCTBeHHas BO3MOXHOCTh dI/dt = 0, T.e. I(t) = const =
= I(0) = 0. D10 BO3MOXKHO TOTa U TOJBKO TOrAa, Koraa O(z,t) =0, 1.e. Ti(z,t) =
= Ty(z,t). EXMHCTBEHHOCTD pelleHHs [0Ka3aHa.
270. T — Ty = (Tyo — Tho)e™ /7,
C Ty + CoThy Gy

dl 00
o= X0,

Ty = Tio — Tho)e /7,
| CCH'gQ +6'1ng('0 %)
Tio + CoTyo | ¢
Ty =2 - Tio — Tho)e V7,
: C+Cy Ci 4+ Cy (Tho )

L_aeS 1 Ly
me = (g + )itz =72,
271. Pewenue. O603HauuM OYKBOH = TOMIIMHY O0Opa30BaBLIEroCs CJOS
Jblla K MOMeHTY BpeMeHH t. Ecau 3amep3aHue HAeT He OueHb ObICTPO, KaK 3TO
B JIeHCTBUTEJNbHOCTH MMeeT MeCTO B eCTEeCTBEHHBIX YCJOBHSX, TO B CJOe JbAA
YCTaHOBUTCS JIHHeHHOe MafeHue TeMnepaTypel oT 1, g0 1'. B aToM cayuae Temso,
yXOnsilllee HAapyXKy OT eAHHHIBI MOBEPXHOCTH JbAa 3a BpeMsi dt, NMpPeACTaBUTCS
BbIpaKeHHEM
T —T
nw———dt.
xT
Ho Ty Xe BeJHYMHY MOXKHO NpeACTaBUTb B BHIe qpdx, TAe dr — TOJIIMHA CJIOS
Jbla, 06pa3oBaBluerocs 3a Bpems dt, p — NJOTHOCTb JIbAA, ¢ — YAeJbHAs TerJaoTa
TJIABJIEHHUS JbAA. DTO NPUBOLUT K YPaBHEHHIO

%me——T dt = qpdz.

YMHOXasl Ha © U HHTerpupys, MoJy4yuM

1 .
(T = T)t = 5 qpz” + A.
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[IpumeM 32 Hauajo OTCUeTa BPeMEHM MOMEHT, KOrga o0pas3oBaHMe Jba Ha IO-
BEPXHOCTH BOABI TOJbKO UTO Hadajock. Torma x = 0 npu t = 0, a motomy A = 0.
B pesysabraTe nosyuum

o= 20Dt 1) 3 em,
qp
272. Pemenune. Ecnu tasHUe /bfa WOeT He OueHb OBICTPO, TO MIHOBEHHOE
pacrpefiefieHHe TeMIepaTypbl B OKpy»Kawllef Bome OyIeT TakUM e, UTO H B
CTallMOHAPHOM CJlydae TPH TeX e TPAHHUUHBIX 3HAUEHHSX TeMmmepatypbl. CorsacHo
(264.1) oHO B paccMaTpUBaeMOM CJydyae UMeeT BHJ

1:1004‘?(10_ 00)7

rie R — MrHOBeHHOe 3Ha4yeHHe pajnyca Kycka npaa, 1o U T — MOCTOSIHHBIE
TeMIepaTypsl BOIbl HA MOBEPXHOCTH IIapa U B 6eCKOHEYHOCTH (10 YCJIOBHIO 3afayu
Ts — 1o = 10°C). KosmuyecTBo Temja, MOCTymawliee K IIapy OT OKpyxKamolieH
BOIbI 3a BpeMs dt, paBHO

4717'2%% dt = 4ncR(T — 1) dt.

DTO TEMJIO UAET HA PACIJIaBJIeHHE JIbJa ¥ IOTOMY MOXKeT ObITh TaKKe MPeNCTaBIEHO
BbIpaXkKeHUeM
2
—qdm = —47R p,qdR.

[IpupaBHuBas 06a BblpaxeHHs], MOMYUUM
#(Too —1p) dt = —paqRdR.

OTC}OLla UHTErprupoBaHHEM HaxXxOAHWM HUCKOMOE€ BpEMS TasgHUA Jibla:

_ pagRE N
T = 72%(7,00 —T) ~ 2480 ¢ ~ 40 MuH.
tity — t2
273. th= —— 2 —16°C,
t -l-t(s—Qtz)3
t2_t0 o
ty =tg+ —= =43°C.
N S
274. Q= Sox{ti — ta) 7 = 1550 kKauI,
al + 2
N %(tl +t4) + alt; N °
o= ——+"——— =11°C,
al + 2«
b — %(tl +t4)+alt4 —_1°C
3 al + 2« '
_ aST(t —tg)
275. M = @rtalg 1,21 .
276. 1, = s + Lots.
e+ al
277. 1) ty — t, ecat L — 0; 2) to — t3, ecaut ¢ — 0.
278. 7= Tl

asS t2—t3.
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279. 1) R = »/a = 1,2 cu; 2) 3HaueHne R HalijieTcs pelleHHeM TPaHCLEH-
IEHTHOT'0 YpaBHeHHUs

éﬁ-%ln?:%, T.e. glnR-l-%:Q.
PelleHe ero MeTOAOM MOCJEN0BATENbHBIX NPUOIHKEeHUH faeT R =~ 10 cMm.

280. Pemenue. PaccmoTpuM TensoBoH Ga/laHC B 0ObeMe CTePXKHS MeXLy
ceueHHsiMH = U x + dx. CsneBa B 3TOT 00beM 3a BpeMst d7T BXOAHMT KOJNMUECTBO
renia —»(0t/0x)S dr. CnpaBa BoIXOOHUT —3¢(0t/0%)z4deS dT. Kpome Toro, Gia-
rogapsi Tema0oOMeHy M3 oObeMa uepe3 €ro GOKOBYIO MOBEPXHOCTb YXOAHT TEIJIO
apdx(t — t3) dr. C mpyrodl CTOPOHbI, TEMJO, MOCTYMHBIIEE B PaccMaTpHBaeMbIH
00beM cTepxHs, paBHO S dx cpdt. Urak,

_%( *)sdr - [ (at )z+szdT:| — apda(t — t3) dr = S dacpdt.

oz
Orciona 5 52
t_ =0t o
or  cp 022 cpS (¢ = 1ts).
281, ¢ — 1y (= t)shlBa]+ (b —t)shiBU—x)] o o
sh 3l % S
sh[B(l — 2)]

282. t = (t1 — to) h[7] +to. Ecu B> 1, B(l—x) > 1, 10 t =t +
+ (t1 — ta)e™P%. Ecam, cepx Toro, Bz > 1, 10 t = t.

283. t = t; + 2(t — tg)ShW/]Q] 72°C.

284. 3 = %lwz/:cl

do(ty —tg) o
285. 0y = 4=ty 2 = 0,00033 kan/(c-cm-°C).

288.t =1t exp{—\/g E} cos (wT — \/? —) + to.
289. v = aV2w, v = E g
290. v = 1/v/365 = 0,052 m/cyT.

291. "/1/"/2 = \/Tz/Tl =1/ 1/365 = 1/19

292. Pemwenune. 3a mepHof 3BYKOBOH BOJIHBI T TEMJO PacClpOCTpaHseTcs
Ha paccrosiHue [ ~ v7T. AnnabatvuecKuM INpPUOJHKEHHEM MOXKHO I0J1b30BaThCS,
€cJqM 3TO PACCTOSIHHE Maslo MO CPaBHEHHIO C JJHHOM 3BYKOBOH BOJHBI A = CT,
T.e. TpH yCNOBHH v K ¢ (¢ — CKOPOCTb 3BYKa, U — CKOPOCTb PacClpOCTPaHEHHs
TeMIepaTypHLIX BOJH). HOJIbByHCb OTBETOM K 3afaue 289, 3TO yC/IOBHEe MOXKHO
3amucath B BUIe w K ¢*/(24%).

293. B pelueHuu TpeablAylled 3agayd BeJMUYHHY A ClelyeT 3aMeHHTb Ha
nuametp crepxkHs 2r. o maet w > 2wla’/r?.

294. PemeHue. PaccmarpuBaemas 3ajiaua siBaisieTCsl THIMYHON KpaeBoi 3afa-
Yel, K KOTOPOH NMpUMeHHMa TeopeMa eIHHCTBEHHOCTH (cM. 3anady 269). Hanpasum
ocb X BHYTPb Cpelbl NeprHeHIUKY/ISIPHO K ee rpaHulle. JlJs HaXOXKAeHHs pelLleHHs
yPaBHEHHS TeIJONPOBOAHOCTH

OT _ »&°T
ot o’
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YAOBJIETBOPSIIOLLEr0 TpeOyeMbIM KpaeBbIM M HadasbHbIM YCJOBHSIM, NIPDHUMEHHM CHa-
yasa MeTof pa3MepHocTH. M3 mectu Beauuus 1', x, t, 1o, 17, a MOXKHO COCTaBUTh
TOJBKO TPH HEe3aBHCHMble Oe3pa3MepHble KoMOWHAlUuH, Hampumep, 1'/1y, Th/To,
x/(a\/t) = ¢ Bropas u3 HUX ecTh MOCTOSHHOE YMCJIO U MOXKET He TPUHUMAThCS
Bo BHHMaHHe. [loatomy momkuo ObiTh 1" = f(£). IlogcraBasis 3TO BbIpa)keHHe
B ypaBHeHHe TelJIONPOBOJHOCTH, NPUAANAHM €My BHJ

2
Pf_ edf

de2 — Thde
O6o3Hauas nuddepeHLIHPOBAHKE 110 £ LITPUXOM U pasfiesisis MepeMeHHble, OMYUUM

%’ = —26d¢e = —dE”.

OTCIO[la ABYKPATHbIM WHTErPUPOBAHHEM HaXOAHUM

T=A4 | ede+B.

w
o%éla

[ToctosiHHas B paer TemIeparypy MOBEPXHOCTH Cpefbl BO BCE MOMEHTbl BpeMeHH
t # 0. Ilo ycnoBuio oHa mocTosiHHA W paBHa 11. [MocrosiHHas A ompegenutest U3
HauasbHoro yeqoBus: 1" = Ty npu t = 0. 10 gaer

TO:AJeﬁzngrT.: f+T..
0
OKOHYaTEJbHO .
T TQa\/f ,
_ 0— 4 3
=277 Je e + 1.
0

Orciona nosyyaeM TeMepaTypHbIH rpagveHT
aT To — T { x2 }
— = —— ex — 0.
ox a\/wt 4a2t

B uacTHocTH, Ha rpaHulle cpefbl, T.e. npu z =0

a _Ty-T _ To-T _~y(To—-T) [t

ox av/mt v/Tt ™ t’

roe v = 2a\/7/T — (asoBas CKOPOCTb TEMIIEPATYPHBIX BOJNH, T — HX IEPHOL,
1 ™

vy = —4/— — KO3(pduUMeHT 3aTyxaHus (cM. 3agauy 289).
a T

2 2

295. t = vtgoaT/:gi)Z = 4(1;;);))02 eyt = 10° ner. TlpuBeneHHas oleHka aaer
CHJIbHO 3aHMKEHHOe 3HaueHHe IJisl Bo3pacTa 3eMJH (IO reoJOrHueckKUM OlLeHKaM
Bo3pacT 3eMau ~ 4 — 4,5 munnauvapno jer). OHa He YUHTbIBAET HHTEHCHBHOE
BblJeJeHHe TelJia B pe3y/bTaTe PaAMOaKTHBHBIX INpoueccoB. Kpome Toro, mozmenb
«OTHEHHOXKHAKOH» 3eMsIM He cOracyeTcsi CO MHOTMMHM (haKTaMH M B HacTosilliee

BpeMs HE CUHUTAeTCH l'lpaBH.HbHOﬁ.
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§ 6. Kunernueckas Teopus BemecTsa

296.n = 3,24 - 10"
297. n = 3,34 - 10%
298.n=2,7-10"
299. n = 10"

300. P = NkT/V =1,74- 10" " My p. cT.

301. 1) Ty = \/SRT/,u = 1838 m/c; 2) 493 m/c; 3) 461 m/c, tme 4 — OTHOCH-
TesIbHas MOJIEKYJISpHAs Macca rasa.

302. K = 3kT = 1,26- 107" spr (oT MacChl MOJEKY/bl He 3aBHCHT); Tys =
=3,5wm/c.

303. 7, = V3mkl =6,9-107" r-cm/c.

304. Pewenwue Korma cHapsin IBHXKETCS B CTBOJE OPYAHS CO CKOPOCTbIO,
TMpeBbILIAIONIefl CKOPOCTb TEMJOBOTO [IBHXKEHHS MOJEKYJ MOPOXOBBIX Ta30B, MO-
CJIe[[HHE TMOYTH MEePecTaloT 0KasblBaTh AABJEHHe Ha JHO CHapsiia M YCKOPSITH €ro.
Orciona cieayer, 4To MAKCHMAJIbHO JOCTHKHMMAast CKOPOCTb CHApsia MpH BblIETe H3
CTBOJIA OPYAHs OyfeT MOpsiAKa CPefHeH CKOPOCTH TEIMJOBOTO ABHMKEHHS MOJEKY
MOpPOXOBbIX Ta3oB. OHa TeM GOJIbLIEe, YeM BbIlIE TeMIepaTypa MOPOXOBBIX a3oB
U YeM MeHbllle HX OTHOCHTEJbHasi MOJIEKY/IsSpHas Macca.

305. Ty = Cs\/ 3/, Tne v =Cp/Cy.

306. PV = sNecp = '5E, rne E — cpenusia moHas SHeprusi (GOTOHOB B CO-
cyze.

307. Pewenue. [lycTb nopuieHb B LMJMHIPE ABHXKETCS CO CIIOPOCTbIO U,
MaJIoil 10 CPaBHEHHIO CO CpelHell CKOPOCTbIO ra3oBBIX MOJIEKYyJ v. [IpUmMeM ocb
LHJIHHApPA 32 0cb X MPSIMOYTOJIbHOH CHCTEMbI KOOPAHHAT. PacCMOTpHM OTparkeHwHe
OT TIOPLIHSI MOJIEKYJbl, Z-KOMIOHEHTA CKOPOCTH KOTOPOH OTHOCHTEJBHO CTEHOK
LHJIMHAPA PABHA V.

BBemeM IBHXKYILYIOCS CHCTEMY KOODAHHAT, CBSI3aHHYIO C TMOpLIHeM. B 3Toi
CHCTEME Z-KOMIIOHEHTa CKOPOCTH pacCMaTPHBAaeMOi MOJIEKYJbl OymeT v, — u. [lpu
OTpaXKeHHH OT TMOPLIHS Z-KOMIOHEHTa CKOPOCTH COXPAHHT B ABHIXKYIIEHCS CHCTEME
KOODIMHAT CBOI0 BEJHUYHHY, HO H3MEHHT 3HAK. TaKUM 06pas3oM, Mocje OTpaxKeHHs
MOJIEKYJIa OTHOCHTEJIbHO IBHIKYIIEHCS CHCTEMBbl KOOPAHHAT OyHEeT MMeTb CKOPOCTb
—(vy — w), @ OTHOCHTEJBHO CTEHOK COCYAa — CKOPOCTb —(Up — u) +u = —vy +
+ 2u. JlBe ocTajibHble KOMIOHEHTBI CKOPOCTH IPH OTPA)KEHHH HE H3MEHSIOTCS.
[ToaToMy M3MeHeHHEe KHHETHUECKOH SHEPrHH MOJIEKYJbl PAaBHO

2
5 Vy = —MUzU,

m 2
5 (vy — 2u)” —
eca mpeHe6pedb uJeHoM ¢ u’,
OGosHaunM uepe3 N; YHC/IO MOJIEKYJ, T-KOMIIOHEHTa CKOPOCTH KOTOPBIX paBHA
Vig. HHMCIIO MOJIEKYJT TAKOTO THIIA, YAAPSIOUIMXCS O MOPLIEHb B OAHY CEKYHAY, PABHO

VZUMS, rge S — miomanb nopuHs. VaMeHeHHe KMHeTHUeCKOH 3HEPrHH 3THX

Sum ; .
MOJIEKYJ/ B OfHY CEKYHIYy PaBHO v Nivfz, a M3MeHeHHe KHHeTHYeCKOH SHepruu
BCero raasa.

dE S’um SuN — 1 SuNm — 2 Su
_— = N = 2 = __ - 2:———E.
dt > Niw v T3 v Y 3V
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Toncrasass ciona Su = dV/dt u unrerpupys, nonyunm EV?/3 = const. Hakoner,
NMpUHKMMas BO BHHMaHHe, 4yTo PV = 2/, E, naxonum

PV = const.

308. Pemenune. PaccyxneHus, npuBeeHHbEIE B PellIeHUH MpPeAbIAYIleH 3ana-
YH, COXPaHSIOT CHJY W [Js ABYXaTOMHOro rasa. PasHMIla COCTOHMT TOJBKO B TOM,
YTO MOJHas 3Heprust F ofHOaTOMHOro rasa ecTb KMHETHUecKas Heprusi Mnocrymna-
TENbHOTO IBHMKEHHS ero MOJIeKyJ, a B IByXaTOMHOM rase K Hel npubaBiseTcs elle
KHHeTHYeCcKast Heprus BpallaTe/bHOTO ABHXKeHHsS MoJjeKysa. OIHaKo MpH OoTpazke-
HUM OT ABMXKYIIErocs MOPIIHS BpalllaTesabHas SHEPrs MOJIEKYJ/bl He M3MeHSeTCs.
[To-npekHeMy npeTeprieBaeT H3MeHeHHe JIULIb T-KOMIOHEHTA MOCTYNaTe/bHOH CKO-
POCTH [BHXKEHHs MOJeKyJbl. [109TOMYy, Kak M B pelleHHH Npenblaylled 3anaud,
MOXXHO Hamucarb

@ _ 1 uSNm w3
dt 3V ’

[To K/naccHyeckod TeOpUM KHHETHUecKas dHEeprusi MpH TeIOBOM DaBHOBECHH
PaBHOMEDHO paclipefie/iseTcss MO CTeneHsiM cBOOOAbl. [IpMHMMAsi, 4TO MoJekyna
IBYXaTOMHOTO ra3a HMeeT MsATb CTereHed CBOOOABI (TPHU MOCTyNaTesbHblE U ABE
BpalllaTeJibHbIe), HAleM [/ TOJHOH SHepruu

1l = 1 — 5
_ 1! 2, L 2 2 2
E—2va —I—Sva 6va.

_2 Su

dE ’
[Tostomy e E, otkyna EV*® = const. HakoHel, TpuHUMas BO BHHMa-

Hue, ytro PV = 1/3va_2 =L E, naxonum
PV7/% = const.

309. 1) T, ~ 0,05 K, 2) 1Ty ~ 6,5-10" K. Orciona BHIHO, YTO KO BCEM
MOJIEKYJISIPHBIM M aTOMHbIM I'a3aM KJacCHYeCKHH Croco6 pacCMOTPEHHS NPHMEHHM,
a K 3/1eKTPOHAM METaJlJIoB — HENPHUMEHHM.

310. 1) 0,03 at™, 2) ~ 7,6 - 10* aTm.

2 2 _ 2
311. Z—; = Z_If exp % = 0,98, roe 1 — OTHOCHTEJIbHASI MOJIEKYJISIPHAS
Macca rasa.
— 2
312, 52 = ML, M _ KT
m 2
2RT
313. vy, = % = 342wm/c,
7=/~ 1130, = 386m/c,
T

1,23v,, = 420m/c.

_ 3RT
Uk =
V o

314. ¢ = 153°C.

316. 5~ P'/5.

317. dN = 27N (nkT)~*/*/Z exp {—kiT} de. (317.1)
318. ¢, = KT/2.

319. 7' = mv*/(3k).
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320. Pewenue. Mckomas ckopocTb Onpefe/seTcs U3 ypaBHEHHS

dd 1
rae $(x) — uHTErpas BePOSTHOCTH OLIMGOK:
_ 2 e
d(z) = NG Je dg,
0

ax?= mvf/z/(Qk’l‘)‘ YpaBHeHHe HEeTPYAHO PeLIHTb, MOJb3YsCh TaOMULAMH (DYHK-
unu ®(z) u ee npoussonroit ®'(z) '). Takum nyrem Haxomum x = 1,088, v/, =

= 1,088+/2kT/m .
1 2m 4
21 () =/ o = =
kT — 7o
322. Pewenue. Mckomoe yncao mosnekyn dN paBHO CpeqHEMY UHCHY CKO-
POCTHBIX TOU€K B 3JIeMeHTe 00beMa IPOCTPAHCTBA CKOPOCTEH, 3aKJ/II0UYEHHOM MEXIY

IBYMS KOAKCHAbHBIMH IHJMHAPAMH C PajiHycaMt vy M v1 + dvi Y BEICOTOH dvj.
O6bem 3ToOro anemeHTa paBeH dw = 27v dvy dv), a cpefiHee YHCJIO CKOPOCTHBIX

TOYEK B HEM
3/2 c
) exp{—ﬁ}vldvldv”.

14
323. a = exp{ — Z—T} e € — 3apsifl 3JeKTpoHa (1o aGCOMIOTHOH BeJIHUHHE).

1) a=13,5%; 2) a = 1,8%.

324. v = 2wR?n /8 = 660 M/c.

325. Pemenue. Ecau ycTaHOBKA HENOABHMKHA, TO MOJIEKYJBl KOHAEHCHPY-
torest B Touke D. Ilpu BpalleHHH BCeil YCTAHOBKHM MOJIEKYJBl CO CKOPOCTSIMH v
nonagawT B D’. Cmeuienune no ayre DD’ pasuo z = C/v, rne C — mocTosiHHas
npubopa. Uucsno mosekya dN €O CKOPOCTSIMH MEXAY v H v + dv, eXeceKyHAHO
MCITyCKaeMBIX HCTOUHUKOM A, mpornopuroHanbHo vF (v) dv. Beipaxas dv uepes dz,
npeactasuM ero B Buge dN = v>F(v) dx. OTciona BUIHO, UTO HHEHHAS TJIOTHOCTD
pacrpefie/leHHs] MOJIEKYJ, CKOHIEHCHPOBABIUMXCS Ha MOBEPXHOCTH LMJHHAPA, NPO-
nopumonabia v>F(v), T.e. v? exp{—v?/v2,}. ITa MIOTHOCTh MaKCHMajbHa TpH
v = /% U, e Uy — HaHGO/eE BEOSTHAS CKOPOCT.

326. Pemenue. PaccMOTpUM CHauaja yaCTHBIH caydal, Koraa aGCOMOTHBIE
3HAUEHMS CKOPOCTEH BCeX MOJIEKYJ OIMHAKOBbl, HO MX pacrpeleseHHe Mo CKOpO-
CTSIM M30TPOTIHO. B 3TOM cityuae umcsio MoKy B 1 cM®, Hampas/ieHHs cKopocTeit
KOTODHIX JIEKAT BHYTPH TeJIeCHOro yrua dQ, Gymer dn = ndQ/(4x), tne n —
urcso Mosiekya B 1 cm’. PaccMOTpUM Mosekysibl, yaapsiolirecs o6 1 cm? cTeHkw
U TIOAJIeTAIOIIHE K Hel ¢ yriamu nageHus Mexny 0 u 6 + df. nsa Hux

AN = fdw—Qﬂ-(QWI:T

49 = 2rsin0df, dn = Snsin 0 do.
Umncso ynapoB MOJIeKys paccMaTpUBaeMoro Tuma o6 1em? crenku B 1 ¢ Oynet

dz = énv sin 6 cos 6 db.

1) Cm., nanpumep, E. duke, ®. Iude, @. Jléu. Creuyanbhble GyHKUHH. — M.:
Hayka, 1964.
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Vinrerpupys 3To BbipaxkeHue B npenenax ot 0 1o /2, naiinem z = '/ynv.

Ecqt a6comoTHbIE CKOPOCTH MOJIEKYJ Pa3/H4HbI, TO MOJEKYJbl ClAefyeT pasbHTh
Ha TPYNIbl C NPAKTHYeCKH ONMHAKOBBIMH 3HAUeHUsIMH cKopocTe#l. Takum myTem
JIETKO MOJY4YHTh

z = —nv, (326.1)
e U — CPefHsist CKOPOCTb MOJIEKYJ. JI/ist MAKCBEJIIOBCKOTO paclpeeseH s

2= B B (326.2)

4 ™m 2mm
327. Jlns ©30TPOIHOTO pacIpeseeHus
1 —a
E= gmmﬁ;
LJIS1 MaKCBeJIJIOBCKOTO PacrpefiesieHHsI

E—n ok3T3 _ ﬂnmﬁg’

mm 16

rle m — Macca MOJEKYJEL, 7 — UHCJIO MOJeKya B 1 ey,

328. = 2kT.

329. Pemwenue. Eciu orBepetie S ouyeHb Masio, TO pacrpefesieHHe CKOpPO-
cTell UCKA3UTCSl OUeHb MaJso, T.€. OCTAHETCS U30TPOMHBIM H MaKCBEJJIOBCKHM. [lo
tbopmyise (326.1)

d(Vn) = —isnmt.

HHrerpupys 310 ypaBHeHHe, Noaydaem

—t
n=mnee ¥,

roe 7 = 4V/Sv. Orciona
tl/g =7In2.
330. n = no(1 — e™¥/7). OGo3Hauenus Takue e, KaK U B IPeIbLIYLIeH 3ajaue.
331, t=m DV RER 7
’ ST Py— P ST Py ~L !
tijs = % In2~6,2-10"c=17u.

332. Pewenue. YpaBHeHus OajnaHca AJs MOJEKYs a3oTa:

dNyd 18T, ) e

—a T Tay MmN,
dNa(Z) 1 S’va ) (1
a4V (N:™ = Na),

1 2 . ,
rne NV u N — ancna MOJIEKYJl a30Ta B NepBOH ¥ BO BTOPOH MOJOBHHAX COCYZA.
1 2
Tak kak N" + N® = N, = const, o repBoe ypaBHEHHE MPUBOAUTCS K BULY

Ny’ _ s, (v - 2
dt 2V 2/
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1
WHTerpupysi ero ¢ HCHOJb30BaHHEM HAYasJbHOTO YCJOBHS Na( ) = N, npu t =0,
2 2 1
a 3aTeM OmpexeJsis Na( ) U3 cooTHOMEHUS Na( ) = N, — Na( ), MOJTyUUM

0= (1o - S2))
N, 3 1 +exp 2Vt ,

W= 1o - 3,

AHaJ’IOl"I/I‘-IHOy OJIsT MOJIEKYJT KMCJa0poaa:

0=3 (e { - 51))
Ny 3 1 —exp 2Vt R

o v )
Ny 5 1 + exp v Lf )

Tak kaxk Haua/JbHble 3HAYEHHUS JaBJeHHS B 000OHMX COCYydax ONMHAKOBBI, TO N, =
= Ny = N. [laBneHve B NepBOH MOJIOBHHE COCYHA:

Sv, S

oV t} - eXp{_ oV t})]
JlaBieHHe BO BTOPOH MOJIOBHHE COCYAA:

1 ST, 57,
Pr= Pl g (ew{ =5y} —ew{= 57 1})]
p) + 5 (exp oV t exp oV t

[lpu t = 0 1 t = 0o U3 NMOCNENHUX IBYX ypaBHeHHH cienyer Py = P» = P, Kak 310
U JIOJI2KHO OBITb.

333. Pemenue. [locrynas, kak u B 3agade 330, 4715 OTHOLIEHHS KOHILIEHTpa-
LMH JIETKOH U TsXKeJOH KOMIIOHEHT BHYTPH COCYyAa, HaleM BbIpaKeHHe

Pi= %{Na“)jt N,E”}k’j'zp[l + %(exp{_

1 —et/m
ﬁ_al—e—t/ﬁ’
rie UHAeKC | OTHOCHTCS K JIerKOoH, a MHAeKC 2 — K TsKesJoH KOMIIOHEHTaM.

BpemeHa 7| ¥ 7 CBsI3aHbl COOTHOLIEHHEM T»/Ti = 2. YUUTbIBas 3TO, HAUIEM, UTO
npousBogHas dB/dt o6paiaercs B HyJb, KOTAa

eV =2 — 1,

W CcJefoBaTenbHO, Koria = ay/2. ONHAKO 3TOMY CJyuaio COOTBETCTBYeT He
MaKCUMyM H He MHHUMYyM Ha kpuBoit 3 = (3(t), a Touka meperu6a. MakcumanbHOe
¥ MHHHMaJbHOE 3HAYeHHs BeJHUYKMHA [ NPUHHMAeT Ha KOHIAX BPEMEHHOrO HHTEp-
Basa (0, 0o0). Ipu ¢ = 0 mosyuaercss MakKCUMYM: SByae = @72 /71 = 2¢¢, IPU t = 00 —
MUHUMYM: Byun = Q.

334. /s P.

335. PewmeHune. YpaBHeHHe (allaHca SHEPTHHU:
dE 1 —
e 3
o 3 nmSv3 + Q.

YPaBHeHI/Ie 6aJjiaHca 4yMcJIa YacTHIl:

dn 1
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[To yC/OBHIO CpeHsiss SHEPrusi, NPUXOAALIASCS HA OHY YAaCTHILy, MOCTOSHHA:
E/(Vn) = const. Orciona dEl = E dn/n. Uckmouas dE u dn, nonyuaem

E _ mo®  me®  4Q

Vn 2 3 nSv’

I
Q= o (U: —v2> nSv.
8 v

JIs1s1 MaKCBeJIIOBCKOrO pacnpejeseHus

OTKyZa

kT kT —t/r
Q = - Sun = - Svnge Zas

rae 7 = 4V/(S7).

336. PemeHnue. M3-3a cTOJKHOBEHHH MOJIEKY/ CO CTEHKAMH COCYAa U MeXLY
co60¥ BHYTPH COCyla yCTaHaBJHBAeTCS MaKCBEJJOBCKOe paclpefeseHHe CKOpO-
cTefl. YcJIOBUS COXpPaHEHHS UMC/a YacTHL, U KMHETHUEeCKOH 3Hepruu rasa B COCyLe
UMeIOT BUJ,

1 _ 1 1
nolo = N, §n0mvg = —nmnv .

Orciofa HaxoouM

2 mu?
E:\ﬁvo, n=noV8mr, T =—2L.

4k
337. a = (14 7 ) exp {—= }
L= o) P\ hT S
338. CxopocTb HCrapeHUs olpeledsieTcs BblpaxKeHHeM

1 _
= —nmu,
1=
Te n — KOHLEHTpAllMs aTOMOB HACHIIEHHOrO napa Bosb(pama. Ero nasieHue
Oyner
Pelymro 42
= -—nmv* = - q—
3 397

[1py MaKCBeJIJIOBCKOM pacrpefesieHHH

kT 71'RT
=3 8m =3 8A

S

rme A — oTHOCHTeJbHAs aToOMHas Macca, paBHas mJs Bodbdpama 184. Okonua-
TeJIBHO MoJyyaeM
2 RT

T
[ToxcTaBUB crofa YMCJ/IOBblE 3HAUEHHUS, HaﬁaeM N7 1aBJIEHHSI HACBIUEHHBIX MapoB
BOJIqupamaMpH T =2000 K: P =8,6-10"° nun/cv® = 6,4 - 10~ mm pr. cT.

339. e 1—"\/2 T 0,38 r/(c-cm?), rae [t — OTHOCHTeJbHasi MOJEKY-

JIsipHasl Macca.

341. N =

P=q

RT In«

T =6,5-10%.
i3 (p — po)gl
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2RTplna
PElp—po) (T3 D)

344. Pewenue. Temneparypa rasa He uamenutcs. [lpy cBo6ogHOM NageHHH
ra3 HaxOfUTCs B COCTOSIHUM HeBecOMOCTH. HadasmbHoe cocTosiHMe ero HepaBHOBeC-
HOe — IIJIOTHOCTb BBEpXY MeHblie, yeM BHM3Y. OfHAKO CpenHsis KHHeTHYecKas
9HEprHUsi MOJIEKYJI BCIOAY OIMHAKOBa. [IpH mepexone B paBHOBECHOE COCTOSIHUE TJIOT-
HOCTH BbIpaBHsIOTCS. Ho mosiHas KUHeTHUecKasi SHEPrusi MOJIEKYs rasa, onpeje-
JISIIOILAs er0 TeMIIEpaTypy, OCTaHeTCsl HeM3MeHHOH. OTBIT aHANOTHUEeH HU3BECTHOMY
onbiTy lefi-Jltoccaka ¢ paciiMpeHHeM ras3a B IyCTOTY.

345. gy = kK1, C = Cp.

1 —[14+mgH/(kT)] exp{—mgH/(kT)

e Yo
346. €,r = 1 — exp{—mgH/(kT)} w

_ R (pgH )2
347.C = Cv + o (M0).
348. Yucno mosekya dN ¢ KOOpAMHATAMU MeXIY T U 1 + dr, z U z + dz paBHO

mw\2 muw?r? mgz
Ng(ﬁ) exp{ T }’”d’”'e"p{ kT }dz
mgH mw? R?
(1 _exp{ T kT }>(exp{ o | !
rne N — obuiee uuco Mosiekya B cocype. Ocb Z HanpasjeHa BePTHKAJbHO BBEpPX.

349. Pewenune. HampaBuB ocb Z BepTHKaJbHO BBepX, MOXKEM HalHCcaTb
mZ + mg = 0. YMHOXas 3TO COOTHOIIEHHe Ha z W NPUHHMAas BO BHHMaHHe, UTO

342. =

dN =

2Z = % (22) — 2%, nonyuum

d . .2
— (mzz) + mgz —mz" = 0.
dt
[IpouHTErpHpYEM 3TO COOTHOLIEHWE MO TEPHOAY ABHXKeHHs. Torja HHTerpas ot
TEePBOTO CJIAaraeMoro IacT HyJb, H Mbl HafiileM HCKOMYIO CBSI3b:

Enor = QgKHH'

B cayyae MoJIeKy/bl OZHOATOMHOTO ras3a, YYWUTbIBas CTOJKHOBEHHS, TOJYUYHM
Toor = Y3Eanu. Las NIByXaTOMHOT'O Ta3a, COTJIAaCHO TeopeMe O PaBHOMEPHOM pac-
MpefeNeHHH KHHETHYEeCKOi SHEpPrHU 10 CTEMeHsAM CBOOOABI, Znor = /5Exuu. 110HAS
SHEpPTHsI MOJIsl ra3a B T0JIe TSXKECTH:

E= N(gKHH + gno‘r) = gNgKHH = ;RJ‘

Ee npousBonHasi mo 1" ectb Cp, Torna kak Cy eCTb NMPOM3BOAHAS TOJNBKO OT
KHHeTHuecKoi sHeprid Negu = Y R1. 310 naet Cp — Cy = R. BblBoa HeTpymHO
pacrnpoCcTpaHHUTb Ha OfHOATOMHbIE H MHOTOaTOMHBIE 'a3bl.

350. Pemenue. [ToreHnuanbHasi SHEPTUS MOJIEKYJIbl B TPABUTALIUOHHOM MOJIE
nianetsl paBHa —GMm/r, tne M — wmacca niaHetsl, G — TIpaBHUTAaLHOHHAS
nocrosiHHasi. Ecsu 6bl aTMocepa Haxoausach B TENJOBOM H MeXaHHYECKOM paB-
HOBECHH, TO KOHLIEHTPALHA MOJIeKysa 1 AOJKHA Oblia Obl OnpenessiTbesi (HopMyaon

Boabimana
GMm

kT
T.€. OCTaBa/jach Obl KOHEUHOH NPU 7 = 0O, YTO HEBO3MOXKHO, TaK KaK YHCJIO
MOJIEKYN B aTMoc(epe orpaHuueHo. [IpoTHBOpeuHs He MOMYUHTCS TOJIBKO MPH Noo =

n = Neo €XP
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= 0, a csegosaresbHo, npd n = 0, T.e. IPY MOJHOM OTCYTCTBHH aTMOC(eEpHI.
[TnaHeTEl MMeIOT aTMoC(epbl TOMbKO OTOMY, UTO MOCJefHHE PACCEUBAIOTCS OUeHb
MenseHHO. (CM. pelleHHe caenyoolled 3anaqi.)

351. Pemenue. Tak Kak mpoliecc paccesiHusi aTMoc(depsl O4eHb MelJeHHBIH,
TO MOXHO CUMTaTb, YTO K M30TEPMHUECKOH aTMoc(epe MPUMEHHMO paclpefeneHHe
Maxcsenna-Bosabimana. Torga uucio MoJeKys, MOKHAAOMIMX MJIAHETHYIO aTMO-
chepy B €IMHHIY BPeMeHH, MPEICTaBUTCS BbIPAaXKEHHEM

(o]
AN _ Svn ( m )3/24771/ ex { }dv
- kT Pl ™ or

T dt 4
Vys
rge S — mioulaab MOBEPXHOCTH IJIAHETHI, 7 — KOHILEHTPAlMs MOJIEKYJ Yy ee
MOBEPXHOCTH, Uys — CKOPOCTb yOeraHus, U — CpeQHsisi CKOPOCTb yOeramuux
MOJIEKYT:
o0 o0
7= | vew{- 5] o { - 5}
T= | vex dv v”ex dv.
J p{ 2%kT / J PU™ %t
Uy Vy6

[TosHoe uHcs10 MoseKy1 N B aTMoc(epe MOXKHO ONpeNeUThb, NpeHeGperasi KpUBH3-
HOH moBepxHOCTH TaHeTsl. [lo dopmyne Bosbimana

oo

N:SnJexp{—
0

mgh kT

i} dh = 22 s,

kT mg

re g — YCKOopeHHMe CBOOONHOrO MaleHHs HAa MOBEPXHOCTH MJaHeTbl. Mcmosb3ys
HalmuCaHHbIE COOTHOLUEHHUA U BBIITOJHHUB HpOCTOG HHTeI‘pHpOBaHHe, l'lOJIyLII/IM

iN N
P
rae
T = (271-,€T)1/2 exp{xiﬁ} T = Vyo
=) ey v e

Bpems T 1 ecTb BpeMs paccesHus aTMocdepsl mianetsl. Jas 3eman g = 980 cm/c?,
vy = 11,2 xM/c. Mcnonb3ys 3TH naHHble, MOJy4yaeM [/ aTOMapHOro BOLOPOAA
T & 27 JeT, a 45 MOJeKyJsipHOro Bogopoza T & 2 - 10'? ser (mpu 7" = 300 K).
352. 5 = kT =2,1-10"" spr, V22 = 7,2 10" '
353. K =PV =2,75-10° IIx.
354. % = 1«1’(\/1/\/2)7—1 =1,65-10""5pr.
19 AT

355. Q = 5T PV =~ b5 kkaJ.

356. cp — 7— R~ 0,75 kan/(r-°C).

357. Q = gPT( b —11) =6,97 - 10° Ik = 1,66 - 10° xan.

358. Q — ;TV( T1) = 19,5 - 10° i = 3,65 - 10° kau.

359. Q = "hA =70 IIx.

360. Q = g n% ~ gPVE%ITI ~ 1,45 - 10° [ = 34,7 ki,
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361. C, =6, 14 xan/(moab - °C),
Cy = 6, 15 xan/(mouas - °C).

362. Cv = 6R gaa XV, CV = 9R naa XVs.

Pemenne. Kaxnpii aToM MOJEKyJnbl HMeeT TpU CTelneHW cBoboabl. Ecuau
MOJIEKYJIEl 00pa3yloT TBEpLOE Tes0, TO aTOMbl COBEPIIAIOT MaJble KoleGaHHs OKOJIO0
noJioxkeHHi paBHOBecHsi. COIIacHO KJaCCHUeCKOH CTaTHCTHKE HAa ONHY CTeleHb
CBOOONB TPUXONUTCA CPefHSis KHMHeTHuecKas 3Heprus k1. Tak Kak cpemHue
KHHeTHYeCKasl U TOTeHLHaJlbHash SHEPrHH NPH FapMOHHYECKOM KOJeGaHHH PaBHBI
Mexay coO0H, TO MoJHAas SHeprusi, NPUXONSIIAsCs HA OOWH aTOM, B CPEeIHEM CO-
crasasieT 3k1. Ecaiu B MoJieKyJ/ie 1 aTOMOB, TO CPEeIHSSI SHEPTHSI HA OIHY MOJIEKYJY
coctaBaster 3nkl’, a MoneKkynspHas TeMJI0eMKoCcTh 3nR.

363. ¢, = 2"/ R = 1,68 kan/(r-°C).

364. Psou = NpZkT /A~ 17,5 - 10'° at™, rae N —uucio Asoranpo, Z =92 —
aTOMHbIH HOMep ypaHa, A = 238 — ero oTHOCHUTe/NbHas aToMHas Macca; P =
= p;gR/2~1,7-10°arym, rie R — pamuyc 3eMiu.

365. B cucreme CI'C:

2 Iy 3 2 Ri — Ry
Q_—OA[(R—2 R—l)_ GMP T

Ecau Ry = 0,9R;, TO

3 7]&[
Q= 50 R,

3Heprm{ usnydaemass CoJIHIIEM B TeueHHe OJHOIO FOfa, COCTABJSET OKOJO 1,2 X
X 104 5pr. BeigenuBiuerocs npu cxatuu CoJlHIA Tella XBaTHT IPUMepHO Ha 1,9 X
x 10° ser. Temmeparypa CosHIIa TIPY BHE3aMHOM CXKATHH €ro Ha om-lsy JecATyo
TNepBOHAYaMbHOIO Pafinyca MOBbICH/IACh Obl MPUGAH3UTEBHO Ha 4,6 - 10

Pemwenne. PaccuuraeM cHauana Temsnory o6pasoBanusi CoiHIla W 13 Gec-
KOHEYHO pa3pexxKeHHOH MaTepud. BosbmeM OeCKOHEYHO TOHKHH 11apoBOH CJIOH ¢
Maccoil dm, LeHTp KOToporo coBmagaer ¢ LeHTpoM CouHia. PesysbpTupylolias
rPaBUTALMOHHBIX CHJ, C KOTOPBIMM Ha 3JIeMeHT MacChl PacCMaTpHBaeMOro CJOs
LeHCTBYIOT BCe MacChl, HAXOASIIHeCS JaJiblie Hero ot LeHTpa Co/HLA, PaBHA HYJIO.
Maccnl ke, pacrosioxeHHble Oauke K 1eHTpy CosHLA, IeHCTBYIOT Ha CJIOH Tak,
KaK ecau Obl OHM Obl1M cocpegoTodeHbl B LeHTpe ConHua. Eciu nx obumas macca
paBHa m, TO TIPH MepeMelleHHH ¢J1051 U3 6eCKOHEUHOCTH Ha PacCTOsHHE T OT LeHTpa
CosHIa IPaBUTALIHOHHbIE CHJIbI COBEPLIAT PaboTy

=2,3-10" spr.

Gmdm = 4?77 G’pr2 dm,

T

rie p — naotHocTh ConHua. [lomycTUM Tenepsb, 4To npouecc o6pasoBanusi CosHia
3 6ECKOHEUHO PaspekeHHoi MaTepud sakoHuwmics. Torna dm = 4nrlpdr, v s
TENJIOThl 00pa30BaHUS Mbl T10JyUaeM

R

(4 o, 2 16 5 o5 3 M?
W(R)—JSGprélwrpdr—lSﬂGpR_5GR,
0

rae R — paguyc CosHua. AHanoru4Ho s Tensa (), MOJY4YHBLIEroCs IPH yMeHb-
weHuK paguyca CoJiHIa, NoNy4aeM

Q=W(Ry) - W(Ry).
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Ecsin 661 CoJiHLIE COCTOSIIO TOJBKO M3 BOAOPOAA, TO, pasyMeeTcs, BOAOPOL ObL1
Obl HE TOJbKO OMCCOLMHMPOBAH, HO Y TOJHOCTbIO HOHM30BaH. TakuM oO6pasom, Ha
Kax bl rpamMm Macchl CosHI@ npuxopusock 6el 2N uyactuu: N anekTpoHoB ¥ N
npoToHOB. CpefHsis KMHETHUeCKAs SHeprus UX TemnoBoro asixenus 2N - 3hkT =
= 3R1'. 3HauuT, ymesnbHas TEMJOEeMKOCTb COJHEUHOTO BeI[eCTBA B 3TOM CJydae
Gb11a Obl paBHA ¢y, = 3R = 6kan/(r-°C).

W3 mpuBeneHHBIX BBIUMC/EHHH cjenyet, 4To Teopusi [embmrosipia—KesbBrHaA
HecocTosTeNbHA. M3smyueHHe 3Be3 MPOUCXOMHMT 32 CUET SHEPTHH SIAEPHBIX peak-
UM BHYTPH 3Be3l. [paBHUTALMOHHOE CXKaTHe CTAHOBHUTCS OCHOBHBEIM HCTOYHHKOM
9HEPrHH JIMIIb Ha TO3JHUX 3ITaNax 3BOJIOLUH 3Be3l (6esible KapJuKH, HeATPOHHbIE
3BE3JIbl, WU l'lyJ'lb(Zapr +KOJ'IJ'Ial'l(Zapr HJIH «depHble IbIPhI»).

1%

367. c;x = \/YRI'/u, toe ;1 — CpemHsisi OTHOCHTEJNbHAs MOJIEKYJISIpHAsT Macca:

_ it veps Fvaps t -
N R I o Z N O

a 7y — IOKasarTeJib anuabaTbl CMeCH:

__ vicp) +eepe +vscps + ...
vicyl + vcve +vscys + ...

368. . = /516 R1 ~ 3- 107 em/c ~ 300 km/c.
= hv = 1014
369. E_iexp{hu/kT}—l Ey=1,6-107" apr
Ey=6-10005pr, Eg=Kk"=41-10"" spr.
370. © = hv/k, @HZ = 6100 K ©0, = 2250 K, Opc = 4200 K.
R(hv/KT)? exp{hu/lcT}

371. Cy = (oxp KT} — ~ R(hv/kT)? exp{—hv/kT} ~
, ~ 0,03R = 0, 06 kan/(moab - °C).
372.@:%, On, = 170 K, ©o, = 4,2 K.

374. BeJII/l'j;‘I/IHa TeNJ0EeMKOCTH JOJ2KHA ObITh MEeHbLIE KJaCCHUeCKOTO 3HAYEHHS.

Pemenune. Monekyna Bogopona Hs umeer wmiecTb cTemeHedl cBOOGOABI: Tpu
CTerneHH CBOOOABI TMOCTYNATENBHOTO ABHXKEHHS, [1BE BPALATENbHOTO W OAHY KO-
nebatenbHoro. Eciu MOXHO TpeHeOpeub CHJIAMHU B3aUMOAEHCTBHSI MOJIEKYJ rasa,
TO TOCTyTATeNbHOE [BHXKEHHEe MOJIEKYJbl MOXHO paccMaTpUBaTh Kak CBOOOIHOE
IBUKEHHE 0 WHepLUHH. Takoe NBUXKEHHe He KBAHTYETCSI — €ro JHEprus MOXKeT
MPUHUMATh JioOble 3HaueHHs. HampoTus, KoseGaTesbHOe M BpallaTeJbHOE [BH-
JKEHMS KBAHTYIOTCS — HMX JHEpPTHU He MPOHU3BOJBHBI, @ MOT'YT MPUHUMATb JHIIb
Pl AMCKpeTHbIX 3HaueHHH. [IpH OOBIUHBIX TeMIepaTypax KBAHTOBAHHbIE 3HAYEHHSI
9Hepruu KoseGaTesbHOTO IBUKEHHS BEJUKH M0 CPABHEHHIO CO CpelHEeH KUHeTHYe-
CKOH 3Heprueil MoCTynaTe/bHOr0 ABHKEHHS MOJEKYJIbI 3L,kT. TensoBoe nBHIKEHHE
MOJIEKYJT CJIHIIKOM €J1a6o, 4TOOBl MEepeBeCTH MOJEKYJbl C HHU3LIEero (HyJaeBoro)
YPOBHSI SHEPTHM KO/1e6aTeNbHOrO IBHXEHHS Ha 0oJsiee BbICOKHE SHEpreTHuecKue
ypoBHHU. [louTH BCe MOJIEKYJbl 3aHHMAIOT HUBLIHE YPOBEHb JHEPrUH KosebaTesb-
HOro JBHKeHHs. [IpH 3TOM yC/IOBUM 3HEprusi KoseGaTeibHOrO ABHXKEHHs MOYTH He
33aBUCHT OT TEMIEPATYpBbl, ¥ 3TO JBHKEHHE HE BJIHSET HA TEMJNOEMKOCTb rasa. KsaH-
TOBaHHble 3HAUEHHs SHEPrHH BPAlLATEJbHOTO IBHXKEHHS OObIYHO MHOTO MeHblie
COOTBETCTBYIOLIMX 3HAUEHHH [/ KosebaTesbHOrO ABHKeHHs. [loaToMy yke TpH
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OGBIUHBIX TeMIepaTypax BO30YXKIAIOTCS BCEBO3MOXKHbIE KBAHTOBAaHHbIE BpAlleHUs
MOJIEKY/T — Ha Ka)Ayi0 CTeleHb CBOOGOABI BPAIIATENbHOTO ABHXKEHHSI TPUXOLUTCS
MOYTH Takas e CPedHsis SHEepPrus, 4TO M Ha CTemeHb CBOOOABI MOCTYMATENbHOTO
nBuxkenusi. OQHAKO eCJ/IH TeMIepaTypa ra3a HaCTOJbKO HH3Ka, UTO CPEeIHsIs SHEPrus
TEINJIOBOTO [BHXKEHHS MOJEKY/bl Maja M0 CPaBHEHWIO C PA3HOCTSIMHU 3SHEPreTH-
YeCKUX YpOBHeH BpalllaTeJbHOrO IBHMKEHWS, TO BpallleHHs Ha BBICOKHX YPOBHSIX
mepecTaHyT Bo30yKAAThCsl, U BpalllaTe/IbHble CTEMEHH CBOGOLbI He GYAYT OKa3biBaTh
HUKAKOTO BJIMSHHUS Ha TeMJ0eMKOCTb rada. Bomopon HauMHaeT BecTH celsl, Kak
OJIHOATOMHBIH Ta3.

375. E = ¢/(e¥/*T + 1) + 3L RT. Ecv e > kT, 10 E ~ *4hRT.

376. Pewenue. Monekynra COy umeer 3 -3 =9 creneneil cBOGOBI: TPH T0-
CTyMaTe/NbHbIX, BE BpalllaTeNbHbIX U UeThbipe KojebaTeibHbIX. Ha moctymnaTesibHbie
CTeMeHH CBOOOMBI MPUXOTUTCS MOJISIpHAS TEIMNOEMKOCTb MPH MOCTOSHHOM 00beMe

CP = 3R/2.

XapakTepuCTHUECKast —Temrepatypa JJs  BpAIaTeNbHOrO ABHXKeHus O =
= h%/(87*Ik) = 0,56 K, T.e. © < T'. [Ipu Takux yc/OBMAX BpalIeHHS MOJEKYJI
MOXKHO y4eCThb KJIACCHUECKH H HAIHCATh

op=2T=R

XapakTepUCcTHYeCKHE TeMIepaTypsl /s BHYTPHMOJIEKYJISIPHBIX KoJeGaHUH OyayT

M her

@‘I(Oﬂ = @50‘" = k = k- = 960 K,
o5 = h;”i‘ = 1990 K,
0 — h;”“ — 3380 K.

Caneposaresibto, O /1T = 05" /T = 3,51, ©5" /T = 7,28, ©}*" /T = 12,8. Ten-
JIOEMKOCTb, COOTBETCTBYIOLLAS ¢-H KoseOaTe/qbHOU CTeneHH CBOOOIbI, Onpee/sieTcs
BBIpaXKeHHEeM
oron _ (@;.‘Oﬂ/T)Qeez /T
Vi — (e@:on/T — 1)2
[To aTo#t opmyne HaxoLUM
Cvi = Cy3 = 0,391R,
Cy4 =0,036R, Oy =3,4-107°R.

Ortcroga BugHo, uto npu 0°C mocsenHee Kosje6aHHe MPAKTHUECKU HE BO3GYKAEHO
M He BJMSET Ha TemJoeMKOCTb. [ljs cymMMapHOH KoseGaTeJbHOH Tena0eMKOCTH
noJyyaem

Cy" =(2-0,391 +0,036)R = 0,818R.

CJie0BaTe/IbHO,
Cv =(1,5+1+0,818)R = 3,32R,

Cp—=432R ~= g—”: 1,3.
v

[TonyueHHBle pe3ysnbTaThl (a TAKXKe pe3yJbTaThbl, OTHOCSIIMECS K JPYTHM TeM-
nepaTypam) XOpOLIO COTACYIOTCS C ONBITHBIMH NaHHBIMH.

5 Tlon pen. [.B. Cuyxuna
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378. Pemenue.

as v 3
v ="1(g5z), = 1(5m), = 124017
(0T dUy | 4dA
P= (av)T_ dv r v’
1 (a_v) __1L@Poany 1 4T3 dA/dV
arlp — WV, (8P/OV)p — Vo d2Up/dV — THd2A/dV?’

Otcrona u cneﬂyeT TpebyeMbIH pesyanaT
379. ¢? YMeHbLLII/ITCH B « pas, ¢? ysenuuuBaetcs B 3/v' pas. Cy1ecTBeHHO
OTMETUTB, UTO (? He 3aBUCHT OT MOMeHTa HHepluH 3epkanbia;, N = RT/(Dy?) ~
~ 6,04 - 1023 Moatb L. -
hv hv V2 \/ D/I

A2 — T2 — W ~ =

380. Dyiy = iy = 5 + S RT ] kT( + —= k2T2 , TIe v o

Kﬂaccnqecme (opmyiel pruMenumsl nipu hy /(K1) < 1. ,ZlJIH sepkasbua hv/k1 =
=25.10"1%

381. Pemenue. fe=fg+gAf+ fAg + AfAg. YepenHss u mpuHUMas

BO BHHMaHHe, uTo Af = Ag = 0, HaxoauM

fe=rg+AfAg. (381.1)

382. I
Aff=f-f. (382.1)

384. Pewmenue. Ha ocHOBaHUH OmpefiesieHHs BeqHUHHBl F

F=Yfi=N

(3mech omylueH WMHIOEKC 4, TaK KaK MpENNojiaraeTcs, 4YTO BCE MOJIEKYJbl rasa
ToxnecTBeHHbl.) asee,

F=(30) =S 7+ fib
i£]
B cu/y HE3aBHCHMOCTH MOJIEKYJI WieanbHoro rasa fif; = f, f; = 7°. Caenosatenn-
HO, .
2 =N+ N(N-1F.

[MoncraBasis 3Ty 3HaueHus B hopmyay (382.1), moayuum
AR =2 -F =N =7). (384.1)

OtHocuTesbHas (QJIYyKTyalus BelHYUHB! F' paBHa

VAR _VN\AP 1 \JAp
F N¥ vN
C yBenuueHueM N OTHOCHUTeNbHas (JIYKTyalusi BeJWuHHbl F' yObiBaeT 0OpaTHO
nponopuronaabtHo /N . Ipyu Gombwinx N OTHOCHTe/bHblE (DIYKTYaLUH HUYTOXK-
Hel. C 3THM CBsi3aHa OOCTOBEPHOCTb T€PMOAHMHAMHYECKHX BbIBOLOB MJIS 60/bIINX
CHCTEM.
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385. Pemenue. Eciu o6bem V pasbuts Ha z = V/v paBHBIX 00BEMOB v; =
=wv, 70 N =Y n;, rie n; — UUCIO MOJEKYN B i-M 0ObeMe, a CYMMHpPOBaHHe
BeleTCs Mo BCeM TakUM oObeMaM. Tak Kak BeJMUHHBI BCEX 00BEMOB v; OIHHAKOBHI,
TO CpeIHHe YMCJa MOJIEKYN B HUX Ti; TakxkKe OfuHaKoBel. [loatomy N = z7, T.e.
T = Np, e p=v/V — BepOsATHOCTb HAXOXKIEHHUs MOJEKYbl B 0ObEME V.

OmnpenenuM nanee BeJWUHHBL f; caenyolmuM obpasom: f; = 1, ecqau i-9 MoJe-
KyJla HaXOQHUTCst BHYTPH 00beMa v, U f; = 0, eCJiH 4-s1 MOJIEKY/1a HAXOOUTCS B OCTaB-
wemcsi o6beme V' — v. Torna uucao Mosiekysn n B 0ObEME ¥ MOXKHO MPEICTABUThb
B BUAe n = Y f;, IpeAroJaras, 4To CyMMHpPOBaHHe BefeTcst 110 BceM N MoJjeKyJIam
o6bema V. SIcHO, 4TO (DYHKIHH f; YIOBIETBOPSIOT YCJOBHIO fi = f7 = f} = ...
Ianee, oueBumHo, uto f; = f# = f3 = ... = p. [ostomy no dopmyne (382.1)
HuMeeM

A= -Ti=p—p" =p(1—p).

A Tak Kak B cjydae HIeasbHOTO rasa BeJH4YMHbl fi, fo, f3, ... CTATHCTHUECKH
He3aBUCHMBI, TO Mo (opmyne (384.1)

An? = Np(1 —p) = (1 — p)7. (385.1)

Ecin v < V, 10 p < 1. [IpeHe6perasi BEPOSTHOCTbIO P 110 CPABHEHHIO C eIHHHUIIEH,
MOJIYYHUM O3TOMY

An?=T. (385.2)

386. VAN U106 W = Lsnmr = 1,2 100,
N \/N 4

387. P = (1/2)N, N =g, (T'/7) ~ 70, rme 7 ~ 10~* ¢ — Bpems passera, T.e.
cpelHee BpeMsl, KOTOpoe TpeOyeTcs MOJeKyJ/e rasa, YToObl MPOJeTeTb PacCTOSHHE
TMOpsiIKa Pa3MepoB COCYAa.

388. V =1/(Na?) =3,7-107%em®, @ = 1/a® = 10", rne N — uncio
MOJIeKYJ B efuHHIe oobeMa (N = 2,7 - 10" em™?).

389. Pewenue. BosbMmem Kakoe-nu60 pacrnpenesneHue, B KOTOpoM obbveMm V)
comepxkuT Ni, a o6beMm Vo — Ny Moseky/. 3aUKCHPOBAB MOJNOKEHHS] BCEX MO-
JIEKYJ, TIPOM3BEJIeM 3aTeM BCEBO3MOXKHbIE MEepecTaHOBKH HX. Tak Kak MpH TaKUX
nepectaHoBkax uucia Mmosekya Ny u Ny B ob6bemax Vi u Vo He MeHstoTCH,
TO B pe3yJbTaTe MOJY4YaTCsi BCEBO3MOXKHble KOMOHWHALMH MOJIEKYN ¢ TpeGyeMbIMU
yrucaamud Ny u No. Hueno Takux Kom6uHauui pasHo N!. Cpenu HUX GYAyT U Takue
KOMOHHALMH, KOTOpble MOJY4YaloTCs OQHA M3 APYroH B pe3ysbTaTe NepecTaHOBKH
MOJIeKYys JIHOO B TIpefesax TOJbKO oObema Vi, nM60 B Mpefesnax TOMbKO 00be-
ma V. Takre mepecTaHOBKH He NPUBOAST K HOBBIM pacrpeieseHHsIM MOJEKYJ IO
o6vemam Vi u Vo. Uncsio mepecTaHOBOK B INpefesax MepBoro o6bema paBHO Ni!,
a B mpenesax Broporo Np!. Paznenus mosmHoe uucso nepectaHoBok N! Ha Ni!Na!,
Mbl TIOJIYUHM YMCJIO 2 BCeX pacnpeneneHui mosekyn N mo oobemam Vi u Vs ¢ Tpe-
GyembiMH uncamu 3anonHeHust Ny u No: z = NU/(NiINo!). B cirydae uneasnbHoro
rasa Bce 3TH 2z paclpefieleHUH paBHOBeposTHbL. Halinem BeposiTHOCTb OLHOTO pac-
npefeseHns. BepossiTHOCTb TOro, YTO OMpefesieHHAst MOJIeKyJIa Tonanaer B oobeM V7,
pasHa p = V1 /(Vi + V»), a B o6bem Vo — g = Vo /(Vi + Vk). BepositHocTs TOTO, 4TO
N| (UKCHPOBAHHBIX MOJEKYJ MOMNafyT B o6beM Vi, a octanbHble N MOJEKYd —

L
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B 06beM Vi, Gyner p’V'¢™?. YMHOXHB ee Ha uMCJIO pacnipefiesieHuil z, HaiieM

= tg 2. 389.1
AL (389.1)

DTO M eCTh MaTeMaTH4YecKasi BEPOSITHOCTb TOTO, UTO YHCJA MOJIeKys (6e3pa3nudHo
Kakux) B o6bemax Vi u Vi OyayT paBHBI COOTBeTCTBEHHO Ni U No.

390. TpeGyeMblii pe3y/bTaT NOJAYUHUTCS, €CAH COOTHOLIEHHe p + ¢ = | Bo3BeCTH
B N-10 cTeneHb, BOCIOIb30BABIINCH (popMysioi 6uHOMa HetoToHa.

391. Pewewnue. Bocnonb3osasiucs Gopmynoit (389.1), nomyunm

(N=n)! (N+n)!
N! NLT

rie N — uucsio Asoraapo. Ilocie cokpaliieHus:

(I+1/N)..(14n/N)
(1—1/N)... (1= (n—1)/N)

Jlorapudmupys ¥ npuHUMas Bo BHHMaHHe, uto n/N < 1, Haxopum

1 2 n—1 n
2(N+N+...+T)+N—lna,
WJH n2/N = Ina, oTkyna

n=vNlha =vVN =7,8-10".

392. Pewenune. B repmonunamuke sntpomust N MOJIEKYJ HIeanbHOTO Tas3a
BblpaxKaeTcsl (hopMyJIoH

v
S = N(cv InT +kln - + 30),
Tae ¢, — y/:[eJIbHaH TEelnJOEMKOCTb rasa HpI/l ITIOCTOAHHOM O6'beMe, HPHXOI[HLU,ZHCH Ha

OLHY MOJIEKYJY, @ So — TOCTOSAHHAsA, HE 3aBUCALas OT YKUCJIa YaCTHIL. B nauanbHOM
COCTOAHHWHU SHTPONHA CHUCTEMbI

Sy = QN(cvlnT—i—kln% +30);

B KOHEYHOM COCTOSAHHH

§ = (N =n)(colnT + kln "+ 50) + (N +n) (conT + kIn N‘_/Fn +50).
Orciona

So—S=k(N—-n)In(N —n)+ k(N +n)In(N +n)—2kNInN,
WK ¢ y4eToM cooTHoiueHusi n/N < 1:

2kn?
S() - S — T

[To ¢popmyse Boabumana
So-S=kInl =kIna.

At10 faer 2n2/N =Inq, otkyran = V2N Ina.
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PacxoxieHue ¢ TPeABAYIIUM pelleHHeM OOBSICHSETCS CJEAYIOMHM 06pasoM.
B mpenbioyuieM pelieHHH MPUHHUMAIOTCS BO BHHMAaHHE BCEBO3MOXHBIE pacrpefe-
JIEHUs MOJIEKYJ 10 00beMaM MepBOTO H BTOPOTO COCYAOB C 3aJaHHBIMH UHCJIAMH
3amnosiHeHus. Bo BTOPOM pelIeHHH HCIOJMb3yeTcs TePMOIMHAMUYECKOE BhIpaXKeHHe
LJIsl SHTpPONHM rasa. TeM caMbIM MpeAnosaraeTcs, UTO MOJEKYJbl rasa pacrpefe-
JIEHBI 10 06bEMY KaXJOr0 COCYAa PaBHOMEPHO HJIM MPUOJIH3UTEIBHO PAaBHOMEPHO.
CHJIBHO HEepaBHOBECHbIE COCTOSIHUS C HEPABHOMEPHBIM paclpefeieHHeM MOJIEKYJI 0
ofbemMaM COCYZ0B BO BHUMaHHe He MpUHUMaOTCs. C 3THM U CBsI3aHO 00CYyKIaeMoe
pacxoxaeHHe.

393. Pewenue. CormacHo popmyJe (389.1) BeposiTHOCTb TOTO, UTO B 0O6BEME
U HAXONMTCS T MOJIEKYJ MAeaJbHOro rasa, Gyaer

1
jo— TR (393.1)

n!(N;n)

[Toatomy

N N (N 1)|
—__ _ ) n—1 N—n: N—l:
n_,;:lnpn_anE:. CEDTCE A Np(p+q) Np.

(n— )!
Ananorudno,
S Y (v
n(n—1)=N(N - 1)?:2% mpn_QqN_n =
= N(N = D)p’(p+q)" % = N(N = 1)p".
C.J1e10BaTeNbHoO,

An?2 =n? -7 = Np(1 —p) =7(l — p).

394. Pemenue. 3ameuas, uro p = v/V =n/N, ¢ = 1 — p, nepenuiuem
tdopmyay (393.1) B BUIe

(- %) (1= 50 (1= Iy

[Tepefinem B 3TOM BblpaxeHHH K npefeny N — 0o NMpH (PUKCHPOBAHHBIX 7 U M. Tak
KaK

i (1= Y "~ m (1o ™ TR
Jim (1-F) =g (1= )T Y =
TO TAKUM IyTeM MOJYYUM
p,= @ o (394.1)
n!
(dbopmyna Ilyaccona).
395. | -
_ n (n—m)
= e (n)e . (395.2)

396. PeweHnue. B BoipaxkeHUH A/ MPOU3BOAHOH

d —In7—Inn— "2
%(lnPn)—lnn Inn -
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MOXKHO mpeHedpeusb 1/2 no cpasrenuto ¢ n. Torna NpousBofHas 0OPATUTCS B HyJb
npu n =n. B atom ciyuae In P, MakcuManeH. BeluMC/HB BTOPYIO IPOU3BOLHYIO,
HalizeM B TpeOyeMOM NPHUOJHKEHHH

R T IR
InP, =In o= o (n—m)7,
1 _(n—ﬁ)2

(pacnpenenenue laycca).
397. Pewenue. [lo ¢ayKTyalrH, KOra COCTOSIHUE BCEro rasa Obll0 paBHO-
BECHBIM, €r0 SHTPONHS ONpeLe/snach BbpaKeHHEM

Sy = NeyInT + Nkln %

THe ¢, — TeNJOeMKOCTb, NPUXOAsIiascs Ha OfHY MoJekysy rasa. [locsie daykrya-
MM, KOr1a B 00beMe v CTado 1 4acCTHL, SHTPONHUS rasa Oyaer

S=Ne,InT + k(N —n)In Vv +knln2.
N-—n n

BbluTeM oTclOna npefblnylilee BblpakeHHe, peHeOperas MpH 3TOM 4YJeHaMH BTOPOH
crenenu mo v/V u m/N. Tlofyuyum mpHpallleHHe SHTPONHH rasa B pesy/ibTare
(byKTyalUuHu:
m\" n—mn
AS=km[(Z) e,
n
[To ¢popmyse BosblmaHa
P
AS=Fkln —,
R
U I/ UCKOMOH BEPOSITHOCTH HAXOLHUM

P =P, (%)n e,

[Tepexon k pacrmpefenenuio [aycca mpon3BOAUTCS Tak 2Ke, Kak Mepexon OT GopMyJbl
(395.2) k dpopmyse (396.1). BbIMOMHHUB ITOT MEPEXOA, 3aT€M MOXKHO OMPEIEHUTDb
MOCTOSIHHY10 Py M3 yC/I0BHSE HODMHUPOBKH y, P, = 1.

398. Pewmenue. [lopuwieHb MOXHO paccMaTpHBaTb KaK TFapMOHMYeCKHH oOc-
uuaaatop. CpeiHee 3HaueHHe ero TMOTEHUHMAJNLHOH SHEPTMM TIPH CMEIeHHH M3
TOJIOXKEHHs PABHOBECHS HA ¥ PaBHO /oza? = kT, THe 3 — MOLY/Ib YIPYrocTH,
COOTBETCTBYIOWIMH TakoMy cMelnenuto. Ouesuano, AV = Sz, rne AV — usmene-
HHe 00beMa cucTeMbl, a S — mJoiaab nopiwHs. Takum o6pasom, AV?Z = Szk’l'/%.

P
Cuna, BO3Bpalllaiolllas NOpLIeHb B MOJNOXKEHHe paBHOBecHs, ' = S—— x, a motomy

ox
_ oP _ 9 OP
w = S_Bx =-S5 W
B pesysabrate moayunm
e T kT ov
2 = = kT —
(AV?)r @PjaV)r K1 (BP)T' (393.1)

3Hauok 1’ mocTaBJ/IeH MOTOMY, UTO B BBIBOLE IMPENINOJAranoch MOCTOSHCTBO TeMIIe-
paTypel okpyxatolie# cpenbl (Tepmocrata). Ecau 6bl BelllecTBO BHYTpH o0bema V'
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6b1710 anrabaTHyecKu M30JHPOBAHO, TO, KAK CJeNyeT U3 BbIBOAA, 3HAUOK 1 cieno-
BaJIo Obl 3aMeHUTb Ha S (MOCTOSIHCTBO HTPOIMHH) U HAMMCATh

(AV?)s = —kT(dV/DP)s. (398.2)

399. VAV? )V = \/kTyr/V ~3,6-107°.
400. \/Ap? /p= /KTy ]V .

401. Pewenue. Cormacuo dopmyJse (317.1)

(oo} (oo}

z= J ™32\ Je e ¢ ds/ J T73/%\ /2 e de,
0

0

rae BBeneHo obosHadenue o = 1/(k1). O6o3Hauas 3HameHaTesb yepe3 Z W AU(-
(hepeHIHPYS ero Mo napameTpy «, MOJyIHM

— 1dZ = 1 &2

E=— —, &=_—=.

Z da Z do?
BbluMc/MB HHTerpan Z, 1Mo STHM (opMynaM HaimeM & = hkT, &2 = Y/ k*T?
U Jajee 3
A =g -2 = 5]4?2/1'2‘

402. Pewenue. PaccmarpuBas TemnepaTypy noacHcTeMbl 1 Kak (DyHKIHIO
U n V, nuuem or .
ATy = (7). AU = == AU,

(ADv = (5 ), 4V = &, AU
OTKyZa | 1

AT?)y = — (AU?)y = — kT™.

(AT?)v o7 (AU = &
AHaJIOTHYHO MOCTYIAeM U B OCTaJbHBIX CJIy4asx, B pe3y/bTaTe MojydaeMm
| —=
72 (AU?)y = kCy,

(AS?)y =
(B5%)p = 7 (AP)p = KCp,

(W)T = (8P)2 (A—‘/Z)T = —kT(a—P)T,

oV ) oV
oP —_— oP
2y, — (98 Ne — 17 28
(AP%)s = (a )S(AV )s = =kl (av)s'
403. i
z =nov, A= —, (403.1)
no

Te N — CPeIHee UHC/IO MOJIeKYJ B eMHUIle 00beMa, 0 = 7d> — ra3oKHHeTHUecKoe
TnornepevyHoe CeueHHe MOJIEKYJIb.

404. Pewenue. TouHoe BblpaxkeHHe MAJSI 2 HMeeT BHA 2 = NOUor, THE
Uory — CpelHee 3HAuUeHHe CKOPOCTH PacCMaTpUBAaeMOH MOJIEKYJbl OTHOCHTENbHO
BCEX OCTaJbHbIX MOJIEKYJ] rasa. BospMeM ONHY M3 TaKMX MOJEKYJ M Ha30BeM
ee ycnoBHO mepBoi. Ecam paccmarpuBaemas MoJieKysa HBHXKETCS Iof yrioMm 6
K HarpaBJ/eHHIO ABHKeHHS MepBOH MOJIEKYJIbl, TO €€ OTHOCHTeJ bHAsi CKOPOCTh OyaeT
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Vo = 2Usin(6/2) (puc. 42). Yucao MoJeKyJd, CKOPOCTH KOTOPBIX 067Pa3y10T c
HamnpaBJeHHeM IBHKeHHS MoJeKysabl / yrisl Mexnay 6 u 6 + df, pasHo — sinfdf,

vOTH

a UCKOMas CpelHss OTHOCHUTEeJIbHAA CKOPOCTb

T
|
|
|
1
|
|
|
|
|
|
|

™
_ (. 0 . 4 _
’UOTH:’UJSID§Sln0d9:§’U.
0
3HauHuT,
z—inoﬁ A="1 31
3 ’ Tz 4no

405. PemeHue. PaccMOTpUM COBOKYNHOCTb CKOpO-
cTell KakoH-nu60 (PUKCHPOBAHHOM MOJEKYJ/bl ra3a OTHOCH-
TeNbHO HEMOABHKHOH CHCTEMBI OTCYeTa, KOTOpPble OHA Mo-
JIydaeT B pe3yJ/bTaTe I0CJ/eJ0BaTe/bHbIX CTOJKHOBEHHH ¢
OPYTHMH MOJIEKyJaMH rasa. OTH CKOpOCTH OYAyT pacrpese-

Puc. 42 JIeHBl 110 3aKoHYy MakcBessa. PaccMoTprm Temepb KaKayio

U3 TeX CKOPOCTeH OTHOCUTENBbHO MOJIEKYJIBl, C KOTOPOH MPO-

H30LLJIO MocseHee cToJKHOBeHHe. [Ipy paccMOTPEHHH OTHOCHTENbHOTO [IBHKEHHS
Maccy MOJIEKYJIb 7 HA[0 3aMEeHHTb Ha [PUBEIEHHYI0 Maccy myms/(mi + mg), T.e.
NP paBeHCTBE My U My — Ha m/2. Tak KaK MpH TAKOM PACCMOTPEHHH MOCJEN0-
BaTeJbHOCTb CTOJNKHOBEHHWH, a Takxke [eHCTBYIOIIHE CHJbl OCTAlOTCS HEH3MEHHbI-
MM, TO paclpefesieHHe OTHOCHTEJbHBIX CKOPOCTeH MocJ/e CTONKHOBeHHH OyneT Io-
TNpexKHeMy MakcBeJsIoBCKMM. OHAaKO CpefHHe CKOPOCTH M3-3a YMeHbLIEHHS! MacChbl
yBesuuarces B V2 pas. [lostomy B mepsoil (opmyse (403.1) BeqHuHHY T Ciexyer

3aMEeHHUTb Ha

2 7. DT0 naet
1
= . 405.1
V2 no ( )

2=V2now, M=

N | <

It hopMyJIbl OblIH MOTydeHbl MaKCcBeaJIoM.

406. d =

1
—— =2,5.1078
V2 nmA

407. 2 =2 27szvn%22 105 ¢

408. z =14

sz 4.10% ¢

_7’I'd'l)7’l _ ™ Pd 28 —1 -3
409. v = \/§ —21/5 WNBIO C -CM .

~TTVR N~

411. 2~ P, A~P7"

412. z ~ POD/CN X~ P~V e v = Cp/Cly.
413. C = Cv + R/4 (npouecc MOJUTPONHUYECKHUH).
414. C = Cy + R/2 (mpotecc MOJUTPONHUECKHH).
415. A\ = 3n/(pv) = 0,89-107°

410. 2

416.

v =
A
v
o=
r =

CM.
V8RT/(rA) = 3,8-10" cum/c,
3n/(nmv) = 0,92 - 107°
=nT/(2\) = 5,6-10% ¢~ .cn~3,
=1/(v2n\) =0,283- 10~ cm?
Vo/r =3-107%
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417. A\~ 3D/T =3D\/7/(8kT) ~ 1,3-107°

418. Pewenue. [Ipy TeueHHH Ha GECKOHEYHO MaJiOM ydacTKe TpPyOwl dx
JKMAKOCTb MOXKHO CUHTaTh HECXKMMaeMOH Y MPUMEHHUTb K TAKOMY TeUeHHIO (hopMyay
[Tyazeiins

4
wpr® dP
Q=-"1L
8n dzx
Hcxmovasi MIOTHOCTE p C MOMOILIBI0 ypaBHeHHs1 Kiamelipona, nmomydum
4
Tur dP
Q=- =,
8nRT ~ dx

Tak Kak TpH CTalMOHAPHOM TeUeHHH BeJHUYMHA () TMOCTOSHHA BHOJb BCeH TPYOHI,
a BeJMYMHA 1) 3aBUCHT TOJNBbKO OT TeMIepaTypbl H MPH H30TEPMHYECKOM TeYeHHH
OCTaeTcst MOCTOSIHHOM, TO MOCJ/e HHTETrPUPOBAHHUS TOJTYyUHM

murt Pl — P}
16nRT |

Q= (418.1)

419. n =

7I'P2D4T n (Pl - PQ)(PQ + P3)
1281V (P3 - PQ)(Pl + PQ)

d= (%)”2 ~3,8.10°°

1/2
comov/2 (t1 — t2) _ 10-8
420. d = (—0 7212Rln(m/r|)) =2,3-10"%cMm

421. 3 ~TV?. Ilna MJI0CKOMAPaJIIeNIbHOTO CJIOS

» v T2 32
T3/Z:TI3/2+ 2 l L g

—1
} ~14-107° gun - c/em?,

IJ1S1 C(hepUUecKoro ¢Jos

7o -1 RiR, TR -T)*Ry
R Ri — Ry R R) — Ry ’
s LlI/l.)II/lHJ.‘[pI/ILIECKOI‘O CcJiod

32 3/2
sz _ ez LTy
1l =1 T R/ R

422. P < 1,1-107%mm pr. cT.

424. Pewenue. Tak Kak pacCTOsiHHEe MeXKIY CTEHKAMH MaJjo MO CPaBHEHHIO
C HMX pa3MepaMH, TO NpH pacyeTe CTEHKH MOXKHO CUHMTATh MJIOCKUMH. TemmepaTypy
OJIHOH M3 CTEHOK MOXKHO IPHHSTb PAaBHOH TeMIepaType OKpy:Karwolero sosnyxa 1o,
a Jpyro#i — Temmeparype XHUAKOro Bo3ayxa 1. MoJieKynbl, OTpaxKarwlidecsi OT
HapyKHOH CTEHKH, HA30BEM <«TOPSUYHMH», a MOJIEKYJbl, OTpa)alollhecs OT BHYT-
PeHHefl CTEHKH, — «XOMOXHBIMH». OG03HAYMM UHC/Ia TAKHX MOJeKya B 1 cv® uepes
nyg U N, & UX CKOPOCTH — 4Yepe3 ¥y M ¥ COOTBETCTBEHHO. UMCJO MOJIEKYJ, OTpa-
xaioluxes o 1cem? ropsueil CTeHKH B OIHY CeKYHLY, PaBHO Yingvo = Yanwv. At
MOJIEKYJIEI TIePefaloT XOJOAHOH CTeHKe Tero /smouvg - aklh; o6paTHO YHOCHTCS
temio Yinovo - YokT'. CienoBaTesbHo,

M= 8% novokS(To — T)7.
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JlaBsieHre ocTaBllerocsl rasa, ecju Obl OH HUMes Temmeparypy 1o, paBHo P =
= (n + no)k1y. OKOHYATEJIBHO HETPYAHO MOSYUYHTh

5 3RT , /=~
M = @SP,/E (VTo —VT)r =110

425. Hampasum ocb X Bpoab Tpy6el. Torma N = —SDdn/dz, tne S —
[JIOL[a/b IOMEPeYHOro ceueHusi TPyObl. Tak Kak MOTOK N ONMH W TOT XKe Ha
TMPOTSKEHHH Beell TpyOwl, To |dn/dz| = n/l. 3amenus B dopmyre D = 4T\
BeJIMUUHY A Ha 2r, moayuuMm D = 2. r u nanee

426. Taxk Kak CTOJKHOBEHHH MeX1y MOJEKYyJaMH HeT, TO NMOTOKH 4acTul N
u Ny B NpSMOM M OOPAaTHOM HaNpaB/IeHUSX COBEPLIEHHO HEe3aBHCHMBI, U MOJHbIH
noToK [N NpefCTaBUTCS UX Pa3HOCTbHIO:

3N — N2

l (426.1)

N=N1—N2=§W5T

(bopmyna Kuyncena).
427. Ta3 Gyznet nmepeTekaTb B COCYA C 6oJjlee BBICOKOH TeMIepaTypoi:

VTT, VT - Ty 2
= M= — M.
m T+T VTi + VT3 15

3Vi
428.n =nee V7, 7 = — =5.10° ¢ = 83,4 MuH.
27Ta%lQVl
429. n=no(l—e /"), 7=—"—=3.10"c=5-10" mun = 8,33 u.
N D3
_ RIoTI+ nam &) —t/r
430. = n19 — N9g)e R
T+ T T+ T (mio 20)
NgTe + NioT1 Tl —t)T
ng = + Nn2o — Nio)e s
’ T + T2 T|+T2( 0 IO)
melo Lol oS o
A TN on ' 9ran T 2nadn

431. N > 2/1g(us/ ).

432. Pewenue. [Ipu ouenke ahhekra MOXKHO TPEATIONOKHUTb, UTO OfHA Lie-
cTasi MOJIEKYJl BO3[yXa [BUXKETCS HalpaBo, a OfHA llectass — HasneBo. MoJeKyJbl,
IBHKYLIMECS MapaJJesbHO MJI0CKOCTH AUCKA, MOXKHO He NPUHHMAaTb BO BHHMaHHUe.
CkopocTd MosieKysn v OyneM CUMTaTb OAMHAKOBbIMM. [lycTb HHCK ABHXKeTCS paB-
HOMEPHO CO CKOPOCTbIO U MeHee HarpeToH MOBepXHOCTbIO Brepei. Uuci/o ynapos,
UCIbITbIBAEMOE KBaJPaTHbIM CAHTUMETPOM 3TOH MOBEPXHOCTH B OAHY CEKYHAY:
%(v + u); Jlast oueHKH 3(deKTa MOXKHO MpPeANoJIOKHUTb, YTO B CHCTEME OTCYeTa,
IBHXKYLIeHCS BMeCTe C HHCKOM, MOJeKyJa OTpa)KaeTcsi CO CKOPOCTbIO Vg, COOT-
BETCTBYIOIEH TeMmmeparype 1h MOBEPXHOCTH. B HemopBHIKHOH CHCTeMe CKOPOCTb
OTpa3uBLIEHCS MOJIEKYJIb OYAEeT U + U, a U3MeHeHHe CKOpPOCTH v2 + u + v. Cieno-
BaTesbHO, 1aBJeHHe ra3a Ha MeHee HarpeTylo NOBepPXHOCTb

nm

P = T(U+u)(vz+u+v).
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AHaJ’IOFI/I'-lHO, naBjeHue Ha Gosee HarpeTyr MOBEPXHOCTb

nm
P = T(v—u)(vl +v—u).
[Tpu ycraHoBuBLIEMCs ABHXKeHUH P, = Pj. M3 3TOr0 yC/I0BUS HETPYAHO MOJYUYHUTh
2_ .2
v — V2 v — V2 v U Uy 1 3RT Tl—TQ 1.4
= ~ ~— I — ——==x~1,4wm/c.
u 4v+v1—|—vgv 6 12 22 12 I T /

W °

434. PeweHue. PaccMOTPHUM KO/bLIO Ha BpalAIOLIEMCsl IHCKe C BHYTPEHHUM
paguycoM r ¥ HapyKHBIM pafuycoM r + dr. C mjoliaau 3Toro KoJblia execeKyHIHO
orpaxarotes /ynv - 27r dr mosekys. Kaxias U3 HUX YHOCHT MOMEHT KOJUYeCTBa
JBHKEHHS 12w, KOTOPBIH NepesiaeTcs HeMONBHKHOMY IHCKY. [TO/HBIH MOMEHT Ko-
JIMUeCTBa ABHKEHHS, NepefaBaeMblil B OfHY CeKYHIY HeMONBHXKHOMY IHMCKY, JErKOo
HaHTH HHTerpupoBaHueM. [IpupaBHUBas ero MOMeHTY CHibl f¢’, IeACTByOLEMY €O
CTOPOHBI 3aKPY4eHHOH HHUTH, MOJYYHM AJs YI/a 3aKpPyuHMBaHHS

! = 3prlf{“:éﬂcpzlo

8vf 4 nu ’

Te ¢ — 3HaueHHe yIJa 3aKpy4yMBaHMs, COOTBETCTBYIOLLEE TOMY CJy4alo, KOTAa

paccTosiHHe MexAy AHCKAMH MaJjo 10 CPaBHEHHIO C IJUHOH cBOOOZHOro mpobera
Mosiekysibl. (CM. MpeabIaylLyto 3aaaydy.)

435. Pewenue. [IycTb B OMHOPOLHOH XHIKOCTH B OTCYTCTBHE BHELIHHX CH-
JIOBBIX TMOJIEH pacrmpefesieHbl TOXKAECTBEHHble OPOYHOBCKHME YACTHILbI C KOHIEHTpa-
uHed n(x), MeHsIOLLeHACs TOJMbKO B HarpasJeHHd ock X . Beruncaium nupdy3uoHHbIH
noTok I' TaKMX yacTHIL Yepe3 NPOU3BOJbHOE CeyeHHe, MepreHAUKYaAspHoe K ock X.
BosbMeM B 3TOM ceyeHMH GeCKOHEUHO Manyio miaoiaaky dS (puc. 43). Beigenum
rpynny O6pOyHOBCKHMX UYACTHIL, KOTOpble 338 BpeMs T CMELIAITCs Ha OLMH U TOT Ke
BekTOp Ar;. [IycTh GymeT BesMKa He TOJBKO MOJHAs KOHIEHTpAalusi GPOYHOBCKHX
YaCTHI[ 1, HO U KOHUEHTpAIMs UX n;(x) B KaA0H rpyre.
Yucno vacTull 4-# rpynnel dN;, MPOXOASILIMX 4epe3 MJIo-
wanky dS 3a Bpems 7, OyZeT PaBHO UYMCJIYy HX B KOCOM
uuauaape ABB’'A’ ¢ ocnosanuem AB u obpasywomeit Ar;,
T.€.

sz‘ = J'I‘LZ(.'D) dV.

JlvHelHble pa3Mepsl TJIOMAAKA dS MOXKHO BBIOPATb MaJibl-
MU 10 cpaBHeHHIo ¢ Ar;. Torna anemeHT o6bemMa dV MOXHO
npeacTaButh B Buie dV = dS dx u HanucaTb

0
dN; = dSJm(:c) dz = dS J ni(zo + €) d,
_Az, Puc. 43

rae ¥y — KoopauHata uentpa O niomanku dS. Beibpas 7, a cienoBatesbHo, 1 Ax;
[OCTAaTOYHO MAJsbIMH, PasjokUM (YHKUHIO n;(To + £) no creneHsM & u 06opBeM
3TO pasJioKeHHe Ha JHuHeHHOM useHe. Torna

—Aux, —Aux,
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HJIK TI0CJI€ UHTErPpUPOBaHUSA

AN; = dS it - 1 dni ()]
2 dx
AprymeHT o MbI OMYCTHJIH, IPEIINOJarasi, 4T0 KOHIEHTPALHS n; U ee TPOM3BOIHAS
dn;/dx Gepytes B ueHTpe miomanku dS.

M36eiTok dN GPOYHOBCKHX YaCTHIl, TPOXOASAIIMX uepe3 Mmioliaaky dS B mo-
JIOXKUTEJIbHOM HaIpaBjieHW: OCH X, Hal YHCJOM YaCTHI[, TPOXOASIIKX B MPOTHBO-
TIOJIOXKHOM HalpaBJIeHHH, HAHAETCS CYMMUPOBAHHEM MPEIbIAYIIEr0 BBIPAXKEHHS [0
BCEM TpyIIaM YacTHIL:

@ dn;
2 - dx

dN = dS> niAw; — (Az)®.

CpefiHee 3HaueHHe MepBOH CYMMBl paBHO HYq0. [leHCTBUTE/BHO, KOHIEHTPALHUH
N; OTHOCATCS K LEHTPY MJoWanku dS, a cMelleHHsi OPOYHOBCKHX YACTHIL B IO-
JIOKHUTEJbHOM H OTPHILATeJbHOM HarpaB/eHHSIX PABHOBEPOSTHbI. /1 BbIYMCIEHHS
BTOPOH CYMMBI 3aMETHM, UTO IO ONpeesNeHHIO CPeLHEro

nAz? = Z ni(Ax;)?.

Besnuuunbl Az;, Kak He3aBUCHMBIE TTapaMeTpbl, He 3aBUCAT oT x. CpelHHUH KBagpat
cMelienrs Az? Takxke He MOXKET 3aBUCETb OT X BBHUAY OLHOPONHOCTH MKHUAKOCTH
U OTCYTCTBHSI CHJIOBLIX ToJsiedt. [ToaTomy muddepeHiupoBaHre MpeablAyIIero cooT-

HOILIEHHS MO X HaeT 4 4
~ s an 127 2
Ax?— = L (Ax;)”.
dx Z dx ( Z)
B pesynbTaTe 1715 cpefHero 3HaueHus dN nomyuaem

— Az? dn
dN = _dST e

Yro6bl HaUTH cpenHUH NUPQPY3HOHHBIH MOTOK OPOYHOBCKHX uacTtuil I', Hamo
3Ty BeJMYHHY pasfesuTb Ha dS u 7. TakuM nyTeM mosydaeMm

Orciona BHIHO, YTO BblpaBHHUBaHHE KOHLEHTPALUMH OPOYHOBCKHX UYACTHIL MOXKHO
paccMaTpuBaTh Kak npouecc AH(P(Y3HH ¢ KodpULHeHTOM AU(pDYy3UU

1 Ax?
—

D= (435.1)

o |

[To cmbicay BbiBopa mog (Az?) cjefyer MOHHMATh «CPefHee MO0 COBOKYIHOCTH
yactuil». OIHAKO B CHJTY OfMHAKOBOCTH MOC/JEIHHX M OTCYTCTBHSI B3aUMOZEHCTBHS
MeXIy HUMH 3TO Cpe/iHee MOXKeT OBITh 3aMeHeHO «CPeIHHUM 10 BpeMeHH» IJIst OHOH
YaCTHIIBI.

436. [110THOCTL CyMMapHOTO MOTOKA YACTHIL B MOJNOXKHUTENbHOM HaNpaBJeHHH
ocu X: nBf — DOn/dx, rne f — pe3yJbTHpPyIOLlast CHJbI TSXKECTH H BhITAJ-
KHBaIOILIeH CHJbl THAPOCTATHYECKOTO [aBJeHHs, NeHCTByiollas Ha GPOYHOBCKYIO
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yactuuy (ocb X HampaB/eHa BepTHKa/JbHO BHH3). [IpHpaBHHBAsi 3TO BbIpaXKeHHe
HYJIIO ¥ IPUHMMAs BO BHUMaHHe, uTo 1 = ng expq{ fo/k1'}, noayuum oKOHYATEIbHO

D = ktB

(dhbopmyna D#iHwITeHA). N
437. A2? — 2kTBr 3—T -

438. VA? \/ Ax? 4+ Ay? = ,/?:j;; ~ 10 MKM.

439. N = ——— ~6,02-10%.

440. |Az| = \/z Ax? = 2\/kTBT‘
™ Ky
= — hkT ;
V2 = \/ g2 2 —9./ = . 1072 =
441. Vr? =\ /2P +y* =2 me 1,3 - 107" cM. Pamuyc kamesbku a

= [3m/(47p)]'/? ~ 1,36 - 10~% cm, T. e. BeMK MO CPABHEHUIO C ATHHOH CBOGOIHOrO
npoGera MoseKysbl Bo3ayxa (~ 1075 cm). Uncesio Peitnonbaca Re = mgp/ (6mm%) ~
~ 0,15, T.e. Majio MO CPaBHEHHIO C eAHHHUIEH. YCIOBUS MPUMEHUMOCTH (DOPMYJIbI
CroKca BbIMONHSIOTCS.
442, Ne = 2T tv)
E(Az)?
443. N = 5,88 - 10,
R? R? R?
444. 7 ~ 5~ o~ o~ 1,4-10" ¢ ~ 4,4-10°% ser, roe v — ckopocTb
KOCMHYECKOH 4acTHIbl, G/M3Kas K CKOPOCTH cBeTa B Bakyyme c. (CM. pelueHue

3agauu 435.)

445. 3ByK, IJHHA BOJHBI KOTOPOTO MOPSAKa CpefHel IJHHbI CBOOOMHOrO Mpo-
Gera.

446. PeweHnue. OTK/IOHEeHHUs HA GOJbIIME YIJbl 3/1€KTPOHA TIPH €ro CTOJK-
HOBEHHH C HOHOM MOTYT NPOHCXOLHTE, KOTa KHHETHUECKas SHEPHA HalleTalollero
9neKTp0Ha mwv? /2 cpaBHMMA C TIOTEHIMANbHO! SHeprueil B3aUMOJEHCTBUS STHX ua-
cru Ze® /T TIPH UX MaKCUMasbHOM COJMMKeHHH (Ze — 3apsn uoHa). [IpupaBHHBas
3TH 3HEPruH, HaXOAUM T, a 3aTeM W NpPUOIHIKEHHOE BbIpaXKeHHe MJISl CeueHHSs:

2 2\ 2
9 Ze? - Ze?
o=7r ~47T(mv2) ~ (kT) . (446.1)

[Ipy 3TOM MBI He yYMTbIBa/NH B3aUMOAEHCTBHH Ha Ja/eKHX PACCTOSHHUAX, COMPOBOXK-
JaoLIUXCsA OTK/JIOHEHHSMH Ha MaJjble yriibl. B pesy/braTe HaKkomJeHHs MaJjblX OT-
KJIOHEHHH TPH TaKMX B3aUMOJEHCTBUAX MMITY/bC 3JEKTPOHA MOXKET M3MEHHThCS Ha
KOHEYHYI0 BeJMUMHY. B TUMHUHBIX cay4asx fajekue npoJeThl 6oJee CyleCTBEeHHHI,
ueM 6/113KHe. ONHAKO OHH He CKa3blBaloTCs Ha BUIe (opMyanbl (446.1), a TonbKo Ha
4HCJI0BOM Kod(duireHTe — B (opmyJie (446.1) nosiBaAseTcss YHCAOBOH MHOXKHTEb
nopsigka 10-20. IMoatomy mpu rpyGbIX OLEHKax, a Takxke NpPH KadeCTBEHHOM
pPaccMOTPEHUH SIBJEHHEH MOXKHO MOJIb30BaThCs BhIpaxkeHHeM (446.1).

447. Jlng njasMel IPUMEHHMBl PacCyKJeHHs, BCTpevaloliecs B 3jJeMeHTap-

. e“nl
HOH TEOpPHH 3JEKTPONpPOoBOAHOCTH MeTasoB. [lo dopmyne Hpyme A = Py rae
mu
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l =1/(no) — cpenHsis LJHHA CBOGOLHOrO MpoGera 3JeKTpoHa, T & +/3kT'/m —
CpelHsis CKOPOCTb €ro TEMJOBOTO ABHIKEHHS, 7 — UYMCJO 3MeKTPOHOB B 1cm®.

[ToncraBnsis BMECTO o BblpaXKeHHe, TNOJMYUYeHHOE B Mpenblaylleld 3anade, MoJyyUM

A~ (KD
2v/3m e?

Bosee TouHas (HO Bce xKe NPHUOJMKEHHAst) TeOPHs, YYUTbIBAOLLAsi MHOTOKPAT-
Hble paccesiHus, Jaet

=6,73-107%? ¢~ ' = 7,47 107571 On~ ' - em™ .

732 Oy~ com !,

A= 1,55 - 108 1,3/2 C_l _ 1,72 - 104
L

L
rie L — tak Ha3blBaeMblil KYJOHOBCKHUH JOrapudm:

9 Linn43mT npu T < 16-10°K,
I 3 3

15— %1nn+1nf1' mpn T > 16 - 10°K.

31ech N — KOHUEHTPAlHs TJIasMbl, T.e. YHCI0 37eKTpoHoB B 1cm?. B mmpokom
[ManasoHe TeMNepaTyp U KOHLEHTPALHH KyJOHOBCKHUH JIOTapH(M MOXKET CUMTAThCS
BeJIMUMHON MOCTOSHHOH. B 3TOM nuanasoHe ynesbHas 3JeKTpUYeCKas MPOBOAM-
MOCTb He 3aBHCHMT OT KOHIEHTPALMH T/Ia3Mbl U MPONopiHoHanbHa 13/2,

448. 7'~ 1,7-10" K= 1,5k3B.

449. K nsasme npuMeHHM 3aKoH Bugemana-®paHua, KoTopsif faet

2 <
o= 2PN T2,
€

Tel'lJ'IOHPOBOZLHOCTb T1JIa3Mbl He 3aBUCHUT OT €e KOHLIeHTpaLlI/II/I Hu HpOHOleI/IOHaJ'lea
i
7572,

§ 7. PeanbHble rassl

2
450. (P + %)(v — ub) = VR
451.
o= 8y gy Ble 8
2762 " T 2TRL P T T PV 37
[TocnenHee OTHOLIEHHE HA3bIBAETCS KPUTHYECKHM Ko3(hdHieHTOM. B neiicTsu-
TeJbHOCTH KPHUTHYECKHe KOI(PMUIMEHTB! A5 PA3/HYHbIX [a30B HMEIT HECKOMbKO
pasHble 3HAYEHHSI U BCe OHH HEMHOTro Gosblie 8/3.

452. (7r+%)(<p—%) =3r

453. T = 7Ty, = 3, 375T},.
[Tpu pewenun 3amaud npousBeseHve PV ynobHee paccMaTpuBaTh Kak (DYHKIHIO
MJIOTHOCTH Ta3a p U HUCKaTh YCJIOBHE, MPH KoTopoM mnpoussopHas d(PV')/dp obpa-
maercst B HyJb npu p = 0.

454. Vi, = 3RT,,/(8Py) = 128 cv’.

Py =

(451.1)
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455.
Ta3 Vip.eM® | Py, atm | Ty, K | T, K
Teuii 71,1 2,24 517 | 17,5
Bonopoxn 79.8 12,6 12,6 | 327
Asor 117,0 335 128 | 433
KucJsopon 95,4 49,8 155 524
CO, 128 73,3 304 | 1000

456. b = 39,4 cm®/Moab, a = 1,39 - 10° arm - em®/moutb?.

_ Kk 8uPy 3 _ 3
457. pyp, = Vo _3RTKp ~ 0, 18 r/cM’. OmbIT naet py, = 0,2091/cm”.

458. P = - ~ 17000 arv.
459. [lnsa ypaBHenus beptio:

2 Ra 2 8a _
016k TR T 27Rb’v“" = 3b,

RT,, 8 a 33

—_— = -, TB = _— = TKP'

PoVip 3 Rb ~— 22
Jnst ypaBuenus Knaysuyca:

Ra 8a
prP=__" 2= _ "2
T 216(b +¢)3’ T 27R(b+c¢)’

BRI, _8b+o) . _ [@ _33 [orc,
PoVie  3b+2c" " VR 22V b %

Jlns mepBoro ypaBHeHHus JluTepuun:

Vip = 3b+ 2c,

a a

PKp = 2202’ rvip = mv ‘/Kp = 2b7
RTy, e? a
— = —=3,7, Tg=— =41,
PV 2 0T Te=gy P
Ije € — OCHOBaHHE HATypaJbHbIX JOrapH(MOB.
Jlnst BTOpOro ypaBHeHHs1 [lUuTepuuu:
a 15ab RTy 15
P = —— Ty=-———r, Vi =4b —2 = - =375,
P 4(4b)5/3 P 4R(rb)5/3 P PoVip 4

Temnepatypel boiins He cyuecTyer.
V2(V = b)?
460. Yr = .
RTV? + 2a(V — b)?
V—-b
TVp[1 = 2a(V — b)2/(RTV3)]

462. Pewenue. J{ng mpocTOThl MPUMEM, UTO Macca BelleCTBA PaBHA elu-
Huue. Torna yaesnbHble 06bEMbl XKUAKOCTH U rada U300pasiTcsl AJMHAMH OTPe3KOB
NL u NG, a ynenvHbli 00beM BelllecTBa B ABYX(A3HOM COCTOSIHUHM — JJIMHOH
orpeska INM. Ecan Maccel XKMAKOCTH M ra3a paBHbl COOTBETCTBEHHO My H My,
10 Ve = NM = my - NL+ m - NG. VickoMoe COOTHOLLEHHE TIOJIYUHTCS OTCIONA,
€CJIU TIPUHSITb BO BHUMaHHE, YTO My + mr = 1.

461. o =
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463. Ilpu nepexoge ¢ BeTBM LAC Ha npsmonuHeiiHblll yyacTok C'L B Tou-
ke C NPOUCXONUT HeoOpaTUMBbIH IIpollecC NpeBpallieHust (PU3HUECKH OLHO(A3HOIo
COCTOSIHUS BelllecTBa B AByX(asHoe. K Takomy mpoueccy paBeHcTBo Kiaysuyca
HernpuMeHUMO. Halo no/1b30BaThbcsl HEPABEHCTBOM.

464. Cp = oo. [loctaTouHO 3aMeTHTh, YTO B YKa3aHHOH 006JaCTH H300apbl
COBINAJAIOT C U30TEPMAMH.

465. Pemenue. B kpuruueckoit Touke (OP/AV)r = (8°P/0V?)r = 0. Io-
3TOMY TIepBbIH uJieH pasjoxeHusi Telsopa B OKPECTHOCTH 3TOH TOYKH HUMEET BHJ

P L(G0) 0+ () (1)

BrrunesnuB mpousBomgHble 13 ypaBHeHHsi BaH-nmep-Baasnbca W Bocmosb3oBaBLINCH

H3BECTHBIMH BbIPaXKeHHSIMH KPHTHUECKHX 11apaMeTpPOB 4epe3 a U b, mosyyum

9 RTy
16 Vi

3 R
(V = Vi)’ + 5 v (T = Tp).

P=Po=- 2 Vip

Bmecto o6vema V' BBemeM mioTHOCTb p = p/V, rme g — OTHOCHTEJbHASI MOJIe-
KyJspHas Macca. Mcrnomb3oBas ellle ypaBHeHHe THAPOCTATHKH P — Py, = —ppgh,
TIOJIYUHM B PACCMaTpUBaeMOM MPUOIHKEHHH

P— P _ _Z 3 6- th+3/2R(T—TKp)
Prp 3 RT .

Bricota h OTCUMTBIBaeTCS OT TOTO YPOBHS, Ie NJOTHOCTh BelIeCTBA pPaBHA KpH-
TUYECKOH, NMpHUYeM MOJNOXKHUTENbHBIM CUMTAETCS HaNpaB/eHHe BBepX. B yacTHOCTH,

P Prp _ 2 5/6ugh
Prp 3 RTx

npu 1" =Ty,
Branu oT KpUTHYECKOH TOYKH ra3 MOXHO CUHMTATh HIealbHbIM. B aTOM ciydae ans
OTHOCHTEJNBLHOrO M3MeHEeHHS MJIOTHOCTH C BBICOTOH MBI HMeJH Obl

op _ _ngh
P RT

[Ipy ONMHAKOBBIX TeMIepaTypaXx H OTHOCHUTEJIbHBIX MOJIEKYJIPHBIX Maccax 3Ta
. 2v6 / RT \2/3
BEMUHHA MeHbLIE MPeibiayliedl B a = —— gh pas. as Bosmyxa (u =
= 28,8, Ty, = 132,5 K) npu Beicote h = 1cm a = 8700, (p — pxp)/pxp = —1/100.

466. vV = SLoVik _ o g3 e Ty, = 374 4 273 = 647K,
RTwp

467. Bce neso B GOJbIIOH CXKHUMaeMOCTH BellecTBA B OKPECTHOCTH KpHUTHYe-
cKo#t Touku (cMm. 3amauy 465). Ha paccrosHHsSX MOpsifiKa CaHTHMETPa MJIOTHOCThb
BelleCTBA 3aMETHO MeHSeTCsl TOi AeHCTBHEM CHJIbl TSKECTH (TpaBHUTAllHOHHBIH
a¢dekT). Baarogaps 3TOMy NMpH NOCTHXKEHHH KPUTHUECKOH TeMIepaTypbl Ha Orpe-
JleJIeHHOH BbICOTE BHYTPHM aMITyJbl MOXKET YCTaHOBUTbCSI KPUTHUYECKast MJOTHOCTb

BellecTBa.
Un
1 1 P;
468. q = J %dv:a(———) ~ L = v P = =,
v Vi Uy Ve P
Ux
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av o
469. U = V(CvT— —) rge v — 4ucJo MmoJel, a noctosHHele Cy U a
OTHECEHBI K OIHOMY MOJIIO.

av
470. U =v (CVOOT - 7), rie Cyoo — MOJISIPHAsi TEMJIOEMKOCTb ras3a IMpH

MOCTOSIHHOM 00bEMe B COCTOSIHUM OeCKOHEYHOTO pa3pexKeHus, KOraa ras BefeT ceds
KaK uaeanbHblE. HemocTaTox pelleHHss B TOM, UTO OHO He [JaeT [10Ka3aTesbCTBa
HesaBucuMocTH Cy OT 00beMa rasa.
a 1
471 AT = 2 (- - o) =0,25°C.
Cv \Vi 'V, '
472. Ta3 oxnaputes. Ero temmepatypa u naB/ieHue OyAyT:

o o (B-V)* ., 2RT" 4a
B 20y MWa(Vi +Va)’ TVi+V-20 (i +W)?
473. 17" — T = -2 — _0,0056°C, rne v = 0,041 — yuc/a0 Modeil.
Wy
o 4 L_L)_%(L_L)__ 0 _
474. 1 l_cv(v? )= s (- ) = 0.018°C e Vi =

=20 u Vo =200 1 — COOTBETCTBYIOIIHE MOJISPHBIE 0ObEMBI.
1 1

475. Q = a(Vl - v2)

Cy a a 1 1
476. Q = R{(P+L?y% b) QI+MQUA b)}+a(v1 %)
477. Pemenune. CormacHo TepBOMy Hauajsy TepPMOIMHAMMKH TeIJOTa HC-
napeHuss OQHOro MoJsisi KHUAKOCTH paBHa ¢ = Uy — Ux + A, tne Uy u Uy —
BHYTpPEHHME 3Hepruu mnapa u xkuupkoctd, a A = P(V, — Vi) — pabora npotus
TIOCTOSIHHOTO BHeIIHero pAaBseHusi. BennunHa U, — Uy HaliieTcss U3 ypaBHEHHS

oU a
(W)T = T(B_T)v -P= 772+ KoTOpOe faet

m—m:%%-%}

Taxum o6pasowm,

q:V“(P_vin?) _V’“(p_ vi,z) :%(%RTb_ %) _V”(fob _3/_?2)

R
1= 2a(V — b)2/(RTV?3)"
1% - v J Cy(T)

478. Cp — Cv =

479. S = V[R In 7 dl’ + const], rie agJMTHBHASA MOCTOSHHAs

B KBaApPaTHbIX CcKOOKax OT UMCJIa YacTHIL He 3aBHUCHT. EC/M TemnsioeMKoCThb CV He
3aBUCHUT OT TeMIIepaTyphbl, TO

V —ub

S = I/[Rln + Cv 1n’1‘+const].

R
Cy —-C’

AT _ bRT/(V —b)* —2a/V?
AP Cp(dP/dV)T

480. T(V — b)"~' = const, e n = 1 +
483.

(483.1)
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484.
AT  2a/(RT)—b
AP~ cr , (484.1)

2a 27
Thus = E = ITK;»
bAP
485. AT = Tp > 0, rie AP wmaijo, npuueM AP < 0.
o 20AP
486. A1 = RTCp’ rie AP MaJjo U OTpUIlaTesbHO.

487. T < Tyws = 34,4 K. Tlpu npoccennpoBanuu renus nop gasneHdem 30 at,
korna ¢opmyna (484.1) HenpuMeHuMa, uHBepcus Habgonaercs npu 14 K.

488.
TMHB» K
la3 AT, K
BBIUMCJIEHO | H3MEpPEHO
Bonopon 220 200 | +0,008
Boanyx 870 794 | —0,026
CO, 2060 2050 | —0,75
bRT 2a
489. W - W —_ 0.

490.7 = - (1 - 5)

1
191 AT = (V_bb— 7)
Bonopon: AT = 16 K, Boznyx: AT = —41 K, COy: AT = 160 K.

, 2a V —
492. Tunepbona: 1" = v

IITPUXOBBIMH MPSIMBIMH, TE€PeCeKaloT 0Cb OpPAHMHAT B TOYKAX MHBepcHH HUddepeH-
uuanbHoro addexra xoyasi-TomcoHa.

493. Pewenue. [Ipy MenneHHOM BBITEKAHUH COCTOSIHHE BelleCTBA B COCYHe
MOXKET CUMTAThCsl PABHOBECHBIM. A TaK KaK COCYL TeNJOM30JHMPOBaH, TO YAeabHas
(a, cenoBaTesbHO, M MOJISIPHASI) SHTPOIHS Ta3a B COCYLe AOJXKHA OCTABATbCS HEU3-
MeHHo#. [Ipn o6patumMoM anuabaTHUeCKOM paCIIMPEHHH C COBeplIeHHeM BHeIUHeH
paboThl ra3 oxJaxpaercs. [1o JOCTHKEHMH HEKOTOPOH TeMIepaTypel JajbHekllee
TIOHU2KEHHe JaBJIeHHs ra3a CONpPOBOXKAAETCS He TOJNbKO MOHHXKEHHEM TeMIepaTyphl,
HO M KOHJeHCallHeH ero B XHMIKOCTb. DTOT MPOLECC TaKxkKe SBJISETCS PABHOBECHbIM
U uner 6e3 U3MeHeHHs SHTpPONMH. [lJs U3MeHeHHs SHTPONHH MOJS BelllecTBa
MpH Tepexofe M3 HauyajbHOTO (ra3o00pa3HOr0) COCTOSIHHUSI B KOHEUHOe (MKHIKOE)
COCTOSIHHE MOXXHO HarHucaThb

ASZJ(C\/%-I—P%) —Til.

b (puc. 44 u 45). AcuMnTOTHI, U300paXKEHHbIE

[ToncraBuB ciona
PdV = RdT — VdP = RdT — RT%
u yuts cootHoieHne C'p = Cy + R, nonyuum

_ Pa _ e BT I & T O
AS = Cpln— Rin 5 — 7 R( 1T0 n RTl)
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600 AT >0 —

400 /

7//
L 2a
200 (Rb)Bo:(
L// Bo/0pon
AT <0
/ v
0 40 80 120 160 200
Puc. 44
T___________»_______»___________________ 24
Rb
30
AT ="
. -0 ///
kv
20 A
AT <0

Y

0 40 80 120 160 200
Puc. 45

[IpupaBuuBas AS HyJ/I0, HAXOOUM

v/ (v=1)
P =P, (%) /(BT 100 arw.
1

§ 8. IloBepxHOCTHOE HaTsKEHHE

m,
494. 0 = "€ ~ 70 IMH/CM, TIe m — Macca KallJjH.

U
495. KopoMbIc/10 BeCOB, Ha KOTOPOM MOABELLEH KaMUJJIsAP, ONYCTUTCS.

~ (2rR-1ES

496. o o I
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497. T ~ \/pr3/o . [IpuMeHNTb METOL Pa3MEpHOCTEH.

498. 1 ~ \/pgh/o.

499. PeweHnue. PaccMOTPUM MJIEHKY KHIKOCTH U INPOBeNeM C Hell 6GeCKo-
HeuHO MaJjbli uuka KapHo. Bynem oTk/nagsiBaTh M0 FOPU30HTAJNBHOH OCH IIOLIALb
nyeHKH F', a 1mo BepTHKa/JbHOH OCH — IOBEPXHOCTHOE HaTsKeHHe o (puc. 46).

[Ipy nocTosiHHOM TeMmepaType MOBEPXHOCTHOE Ha-
It TSDKEHHe TakKxKe MOCTOsIHHO. [losTomy Ha Halle#t
JHarpaMMe U30TepMbl H300pa3sTcsi TOPU3OHTAbHBI-
MH IIpsiMBIMH. HauasnbHOe COCTOSIHHE MJIeHKH Xapak-

4 3 Tepuayercs Toukod /. IlpuBeseM mJeHKy B TemJo-
D BO KOHTAaKT C HarpeBaTesieM, TeMrepaTypa KOTo-
poro paBHa TeMIlepaType IJEHKH B COCTOSIHHUM .

1 2 3aTeM KBa3HCTaTHYeCKH DACTSHEM IJIEHKY 10 CO-

crosiHusi 2. Ha 3To Hamo 3artpatuth paboty. Pa-
0ora camoil mieHKH OTpuuaTeJbHAa W paBHa A; =
= = —¢(Th)AF, rne AF — npupaiueHue Mouian
IJIEHKU [IpY pacTskeHHH mo usorepme [2. Ilpu
Puc. 46 H30TEPMHUYECKOM PACTSKEHUH K IIJIeHKe Halo MOJ-
BOIUTb TeIlI0. BenuunHa nofBeeHHOro Tema Q1 =
= qAF. B cocTosHuH 2 u30/1MpyeM IIJIEHKY OT HarpeBaTe/ss M afuHabaTHUeCKH
6eCKOHEUHO MaJlo pacTsiHeM ee [0 COCTOSIHHSL 3, B KOTOPOM IIJIeHKa MPHMET TeMIle-
patypy xoJqonuabHuKa 15. [Ipennosnaraercs, uto Temnepatypel 11 u 15 oTnuyaoTcs
APYT OT Apyra GecKOHeYHO Maso. B cocTosHMM 3 mpHBeleM IJIEHKY B TelJOBOH
KOHTAaKT C XOJNOAH/JBHHKOM M H30TePMHUECKH INlepeBeleM ee B cocrosiHHe 4. [lo-
BEPXHOCTb IJIEHKH yMeHbIINUTCS Ha AF', U OHa COBEPLIUT MOJOKHUTENbHYIO paboTy
Ay = o(1,)AF. U3 cocTostHust 4 BepHEM MJIEHKY B HCXOAHOe coctosiHue /. PaGoTol
TJIeHKH Ha afuabarax 23 u 41 MOxKHO npeHeGpeub, KaK BeJHUUHHOH 6osiee BBICOKOTO
nopsisika Masnoct. [losHast pa6oTa, coBeplieHHas MJIEHKOH BO BpeMsl KPYrOBOIO
npolecca, paBHa

A=A+ Ay = [o(Ty) — o(1)]AF = Z_; (Ty - T)AF.

[To tTeopeme Kapno
A T -T
Qi T
[ToxcTaBnsis clona HalAeHHble Bbille BblpaxkeHUs Ajast A U @, Mmocje COKpalleHHs
TIOJTyYHM

do q
5= T (499.1)
500. Pemwenue. [lo nepBomy Hauany TtepmopuHamMuku 6Q) = dU — odF),
rie ' — nsowangb MOBEPXHOCTH TJIEHKH. Ecau mpolecc — HM30TepMHUECKHH, TO
cornacHo (499.1) 0Q = qdF = —1'(do/dT") dF'. Takum 06pa3om, MpH H30TepMHYe-
CKOM yBesHueHHH noBepxHOCTH MeHKH dU = (0 — 1'do/d1") dF. 3a napamerpsl,
OTpefieNIfOIIMe COCTOSIHUE MJIEHKH, MOKHO NMPHHATD Mouags F' u remnepatypy 1'.
DHeprus, NPUXOAsLLAsCS HA eIUHHIY TMOBEPXHOCTH IJIEHKH, OT BeaHuuHbl ' He
3aBucuT. [Toatomy
U= (oc—-1Tdo/dl')F.
501. d1' = _Ci dF, roe cp — TENJ0eMKOCTb eIHHHIIbI TTOBEPXHOCTH MJIEHKH

I
TPH NOCTOSIHHOM 3HaueHuW F', a ¢ ompenensercs dopmysnoi (499.1). Tlpu aguaba-
TUYECKOM PaCILIHpPEeHHH MJeHKa OXJaXKAaeTcs.
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502. Cuuras cp = cyh (¢, — yHeJbHasi TEMJIOEMKOCTb BOIbI), MOJYUHM

2T do
AT_cq_—hﬁN_OOQK

KoadduuneHT «2» yuuTbIBaeT TO 06CTOATENBCTBO, YTO MJIEHKA — ABYXCTOPOHHSS.
167r2(c — T T
503. AT = 1O (051/3 do/dT) _3 4. 107K
504. Pewenue. [logcraBum B dopmyay (499.1) ¢ = T'AS, rne AS —
TpUpalleHre SHTPONHM MJIEHKH INPH YBeJHYeHHH ee TMOBEPXHOCTH Ha eIHHHIY.
[Tonyuum

do
T = —AS.

CorsiacHo Teopeme HepHcra npu aGcomOTHOM Hyse TeMMepaTypbl BCe MPOLECCH
Uyt 6e3 u3MeHeHHs sHTponuy, T.e. AS = 0. OTclofa cieayet, yTO NpH abCOMOT-
HOM HyJle TeMmreparyp npousBogHas do/d1' obpaiaercs B HYyJIb.

505. P = 40/d ~ 196 H/cm®.

506. P = 80 /d ~ 400 mun/cm® = 0,29 MM pT. CT.

507. h =~ 20/(pga) = 35¢cm.

508. M ~ moD?/(gd) ~ 900 r. Macca Ha/HBaeMOi KHIKOCTH OT ee ILJIOTHO-
CTH He 33aBHCHT.

20
511.r =
apn 5pgh
512. PeweHune. Beanunna dy HaxoguTcs U3 ypaBHeHHUS

(Po+pgh+ ‘;—‘l’)d? = (R+3 7).

rne Py — armoctepHoe pasienue. Tak kak 4o/dy < P u teM Gonee 4o/dy <
& Py, T0 B Hy/IeBOM MPUOIHAKEHHH ITH UYJIeHbl MOXKHO OTOPOCHTH (T. €. peHeOpeub
MOBEPXHOCTHBIM HATsKEHHEM). DTO JaeT dy = 5,3 - 1073 cm. Haiinennoe sHaueHne
MOXKHO YTOUHHTb 110 METOMY TOC/el0BaTeIbHbIX NpUO/IHKeHHi. B nepsoM npuoau-
xenunt dy = 5,23 - 103 em.

513. AT > 40T/(Pr).

514. P = 8P, + 240/r.

515.C'— Cp = 570 = ZR-107 = 1,33+ 10 kan/(voms - K).

516. Bpewms t cBsizaHo ¢ palll/IyCOM TMy3bIpsi COOTHOLIEHHEM

t= 20 (R~ RY).

ort

[Ty3bipb HcuesHeT uepe3
2’71 TRy =7,2-10c=2u.

2 2Pp

517. t— — r/? ~ 630 ¢ = 10,5 muH, rne R — yHuBepcasbHas

oRT "o
razoBas nocrosiHHas. (Cp. ¢ OTBETOM MpebIAylled 3afaun.)

518. Ry — Ry = pgd®/(40) =~ 0,28 mm.
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519. Pewenue. [aBnerue BHYTpH ny3bipsi P = Py, + 40/r. duddepenun-
pys IIpU NOCTOSHHOM HapY2KHOM 1aBJIeHHU Py, U TOJIATAS T = T, 0 = 07, NOMYUUM

dP — 4do B 4002dr.
70 5
[To usBecTHoO# (opmyne do = _:qp_o d1l'. Vickmouas do, nonydnm
0

4 4
dp = -~ qp - 0 gy
ToTo Ty

PTS P()’I'g
Tak Kax mMacca rasa BHYTPH My3bIps TMOCTOAHHA, TO —— = ———, OTCI0Aa
T T
0

ap s ar
Py 7o T,

Hcknouass orcioga U U3 npeablAyluiero COOTHOLUEHHSA BEJIWUYHHY dP, OMy4YuM

OKOHYaTeJbHO
( dr ) ) 4q0 + ro Py
T=T,

ﬁ - ?0 3TOP0 — 4170 ’
520. o = 22" 80 nun/em.
4o(dy — dy)
521. hy —hy = ———~.
1 2 pgdldQ( )
_ 4Ao(dy —dy)
522. A(h] hQ) = W ~ 24,2MM.
2 20\> 8 l
P+ pgl+ =~ \/(P-l—pgl-i-—a) - A
r r r 20l
523. h = 3 ~ 5o
rg T (P + pgl + T)
rie P — armocdepHoe faBieHue.
2
524. h = 2290 _ 3y,
525. h o cosf 1 _ 20cos0 l

~ pgsin(a/2) x  pga =z

526. Pewenue. Kanas npumer ¢opMy Aucka ¢ BOTHYTOH nNepHpepuiiHON
NOBePXHOCTbI0. KpUBH3HOH ceueHHs 9TOH MOBEPXHOCTH MJIOCKOCTbIO, NapaJienbHOM
MJIaCTUHKAM, MOXXHO NpeHeOpeub. Paguyc KpHBH3HBI HOPMA/bHOTO K HEMY CEUeHHS
r = d/2. CpepHsisi KDUBH3HA GOKOBOK MOBEPXHOCTH IHCKA

1 1 2

RTR
JlaBjieHre XHUAKOCTH MEXIY IHCKAMH MeHblie aTmocdepHoro Ha AP = 20/d.
[Mnowane aucka S = m/(pd), rae p — MIOTHOCTb XUAKOCTH. [1MACTHUHKH OymyT
TPUKUMATBCS JPYT K IPYTY C CHJIOH
2mo

F =SAP = o =1,46-10° qun = 1,46 - 10" H.

2

20pcosf
—_—T

527. F = R* =630 H, rre m — macca pTyTH.
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2 cos?

528. 1 = 2210 o m,

pgd?

529. Pemenune. B ciyyae cMaunBaHus KUAKOCTh MeXKIY TMJIACTHHKAMH TOL-
Humaetcs (puc. 47, a). JlaBieHue B TMOAHSIBIIEHCS YACTH XXHIKOCTH CTAHOBUTCS
MeHbllle AaBJeHUs OKpyxKamlled atmocthepbl. ATMoc(epHOe NaBjieHHe CTPEMHUTCS
MpUKATh MIACTHHKU IPYT K APYTY. B ciyuae HecmauuBanus (puc. 47, 6) naBieHHe
JKHIKOCTH CHapy»KH IJIACTHHOK OoJblile N1aBJeHHs BO3AyXa MeXay HUMH. [losiBiis-
eTCsl PAa3HOCTb JaBJIEHHH, CTPeMslasics COMM3UTD MIACTHHKH.

.
T

Puc. 47

PaccmotpuM Ternepb c/y4ail, KOraa Jesas MJIacTHHKA CMauMBaeTCst XKHUAKOCTBIO,
a mpasasi He cMauuBaercs (puc. 47, ). Ec/ii MIacTHHKH pacro/ioKeHbl JOCTATOUHO
6/M3KO APYT K APYTY, TO MOBEPXHOCTb JKMAKOCTH MEXIY HUMH HH B OJHOH TOuKe
He CTAHOBUTCS TOPH3OHTaJbHOH. OHa HMeeT TOUKY Meperuda rae-To Mexay IJja-
CTHHKaMH. BeslencTBHe 9TOrO KHUAKOCTb MEXIY MJIACTHHKAMH MOIHUMETCS HHXeE Y
JIEBOH MJIACTHHKH M OMYCTHUTCS MEHblle Y MPaBOH MIACTHHKH, YeM Hapy»KHas KHJ-
KocTb. C 3TUM 0OCTOATENbCTBOM M CBSI3aHO B PACCMATPHBAEMOM CJyuae NOSIBIeHHE
OTTaJNIKMBAHUS MeXIy MJacTHHKaMH. JlaBreHHe >XKUAKOCTH MeXAY MJIacTHHKaMH
B Touke A PaBHO NaBJEHHIO HAPYXKHOH KHUAKOCTH P3 Ha To# ke BbicoTe. JlaBneHHe
Bo3gyxa P, Gosblie Pj, Tak Kak MOBEPXHOCTb KHAKOCTH Y JeBOH MJIACTHHKH
ofpallleHa K BO3AYyXy BOTHYTOH cTOpoHOH. [laBjieHue P; yObIBaeT ¢ BbICOTOH, TOTAA
Kak P, ocraeTcs MpakTHuecKH MOCTOSIHHBIM. [lo3ToMy pasHocTb AaBieHuit P —
— P5 cTpemHTCS TepeMecTHTh JIEBYK MJACTHHKY BJeBo. B Touke B paBieHue
XKUAKOCTH Py Gomblue Py, TaK KaK MOBEPXHOCTb XKHUAKOCTH B 3TOH TOUKe oOpalieHa
K BO3LYXY BBIMYKJOH cTOpoHOH. Tem 6Gojiee 3TO CNpaBelHBO [/ AaBJEHHS HHUXKe
3To# ToukH. B pesysabrare pasHocTb maBneHuil Py — P, Gyner nepemeliarb npaByio
MJIACTHHKY BrpaBo. [leficTBMEM PacCMOTPEHHBIX CHJI OOBSICHSETCS KOHIEHTPAIHs
B Ky4H My3bIPbKOB BO3/YXa, JUCTbEB, MEJKHX ILIEMOK H MPOUMX CMauMBaeMbIX Tel,
MJIABAIOIIMX HA MOBEPXHOCTH BONBI B CTOSUMX BOLOEMaX.

530. Pewenue. [Ipumem 3a oce X npsmyto, NeprneHAHKYASIPHYIO K AJIHHHOH
CTOpPOHE TJIACTHHKH H JIeXKalllyl0 Ha TOPH30HTaJNbHON MOBEPXHOCTH XKHAKOCTH, a 33
0Cb Y — BepTHKaNbHYIO MPSIMYI0, KAaCAIOLLYIOCS MPaBOH LUIHHAPHIECKOH MOBepX-
HOCTH KMAKOCTH. [IycTb & M y 03HAYAKT TeKyllHe KOOPAHHATBI TOUKH, JexKalleH
Ha MCKOMOF MOBepXHOCTH. [laBleHHe BHYTPH >KHIAKOCTH Ha YpOBHe Toukd A (cM.
puc. 30) pasHo P = Py — pgy, rne Py — armoctepHoe naBinenue. To xe naBjeHne
MOXKHO BbIpasuTh mo (opmyne Jlamnaca P = Py — oK, rie K — a6comoTHoe
3HaueHHe KPHBH3HBI OBEPXHOCTH XKHUAKOCTH B Touke A. CienoBaTesbHO,

pgy = oK. (530.1)
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[o onpenenennto kpususua K = —dp/ds, tae ds — 3J€MeHT JJIHHBI 1yTU. DJIEMEHT
OYTH ds CUMTAETCsS MOJOXKHUTEJIbHBIM, KOTAa OH MPOXOOWUT B HAMpaBJeHHH CHHU3Y
BBepX. OH cBsidaH ¢ dr 1 dy cooTHOLeHUsAMH: dx = dscos ¢, dy = dssin ¢. Takum
o06pasom,

_dy _ dyp .
K= gy (5P = ay sin .

[MoncraBnsis 3TH BhipaxkeHus B (530.1), mosyyum nBa ypaBHEHHS:
pgydy + osinpdyp = 0, (530.2)
pgydx + ocospdp = 0. (530.3)

Hurerpupys (530.2) ¢ ucrmonb30BaHHEM HauaJbHOTO YCJOBUS ¢ = 7 npu y = O,

[OJTyYUM
= 21 | — —=. 530.4
Yy P COos B) ( )

[ToxcranoBka 310oro BblpaxkeHus B (530.3) NPUBOAUT K yPaBHEHHIO

1 o de
dv=— ]2 cosZdp+ -,/ Z ,
Vg P2 T2\ g cosle/2)

MHTErPUPOBAHHE KOTOPOTO ¢ MCIIOJIb30BAHMEM HAYaJbHOrO ycjoBus x = 0 npu ¢ =
= 7/2 naer

_ o (1 .y ra 1 + sin(p/2)
=2/ (\/5 st 2) * \/pg In (1 —sin(p/2)](V2 + 1) (530.5)

Dopmyast (530.4) u (530.5) BeIpaxKaloT ypaBHeHHE MCKOMOH MOBEPXHOCTH B Mapa-
MeTpUUYECKOH (hopMe.

531. Pemenune. MuHuMasnbHas TOMIKHA cTO6a XuUikocth D = MN mnpu
MaKCHMaJIbHO BO3MOXHOH BbicoTe momHsTHs h (puc. 30) onpenenutcss U3 TpebGoBa-
uust o = 0 npu y = h. Toncrasasst B dopmyay (530.5) z = (a — D)/2, ¢ =0,

NOJY4YUM
D=a-2/Z V2 -In(vV2+1)]=a—1,066,/ = . (531.1)
pg 4

Ecin a < 1,066+/0/(pg), T0 MHHMManbHOe 3HaueHwe D pasHO Hymo. B sTom
cilydae mpefieibHOe 3HaueHue yraa ¢ = 0 He JOCTHraeTcs.

[Tyctb a > 1,066+/0/(pg) . Torna MakcHMa/lbHO BO3MOXKHASI BBICOTA MOAHSTHS
onpeneautcss ua popmydnl (530.2), ecau mosoxkuTh ¢ = 0O:

hzz,/é. (531.2)

PasHocTbh aTMOC(EpPHOro U THAPOCTATHUECKOTO AaBJEHHH Ha MJIACTHHKY HampasJe-
Ha BHU3 U paBHa pgh. [Toatomy

F =q+ pgha =1+ 2a./pgo . (531.3)
Paccmorpum Temepb BTopoit ciaydaii: a < 1,0664/c/(pg) . B atom ciyuae

h:21/é cosg, (531.4)
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rae @ onpeneaseTcsa U3 TPaHCUEHAEHTHOrO0 ypaBHEHHS

@_g o (L _gp¥ LA L+sin(p/2)
5 2 P (\/§ sm2)+ pr In T am(e/2 (V2 11 (531.5)

[pu HaxoxknoeHud F HeoOXOOMMO yuyecTb, YTO B pacCMaTpPUBAeMOM CJydae MJa-
CTHHKY TSHET BHHU3 JOMOJHUTENbHAs CHJa MOBEPXHOCTHOTO HATsKeHHs 20 sin .
C yueToM 3TOH CHJIBI

F =q+ 2a/pgo cosg + 20 sin . (531.6)

Ecin a < /o/(pg), TO BTOPHIM UJIEHOM B 3TOH (hOpMyJe MOXKHO MpeHeGpeyb.
[Ipenebperas Takxke B (531.5) uneHom a/2, Haxonum ¢ = /2. Takum 06pasoM,

npu a < \/a/(pg)

F=q+ 20, h:,/i—a.

532. Pemwenue. [Ipumem 32 ocb Y
BEPTHKAJBHYIO MPSMYI0, Kacatwliytocs 60-
KOBOH MOBEPXHOCTH KHUAKOCTH, a 3a OCb
X — rOpH30OHTaMbHYIO MPSMYIO, MepreH-
OMKYJSPHYIO K AJMHe MIaCTHHKH W Kaca-

IOLLYIOCS OBEPXHOCTH KUIKOCTH B GECKO- Puc. 48
HeyHOoCTH (puc. 48). YpaBHeHUst GOKOBOH MOBEPXHOCTH KHUAKOCTH OYyAYT:
o 1 ® o 1 4 cos(¢/2)
r=2/—(—=—cos=)+,/— In , 532.1
124 (\/§ 2) pg [1 —cos(p/2)](V2 + 1) ( )
=2 /% sin?. 532.2
y=-2/7 sn} (332.2)

MunumanbHoe pacctosHue DD = M N npu MakCUMa/JbHO BO3MOXKHOH TyyOHHE MMO-
TPY2KEHHS TIACTUHKH |Y|waxe ONPELEJUTCS U3 TPeGOBAHUS (o = 7, KOTOPOE [aeT

D :a—Q\/g V2 —In(vV2 + 1) =a— 1,066&. (532.2)

Ecin a < 1,0664/0/(pg), To D =0, u npeiesbHoe 3HaueHHe yria ¢ = 7 He
HOCTHTAETCS.

Paccmorpum cHavasa ciydait a > 1,066+/0/(pg) . B aToM ciydyae Makcumasb-
Hast TJ1yOHMHA MOTPY2KEHHsT BEPXHETO OCHOBAHHS MJIACTHHKH orpenesutes u3 (532.2),
eCJIH MOJOKUTh ¢ = 7. OHa paBHA |Y|wake = 21/0/(pg) . Ilpu 3TOM Ha OCHOBaHHe
MJIaCTHHKY OyHeT AeHCTBOBAaTb HaMpaBJeHHas BBEPX PasHOCTb naBjeHHd pg(h +
+ |Y|maxe), KOTOpPast LOJKHA ObITb ypaBHOBELLIEHA BECOM MJIACTHHKH. MaKkcuMasibHas
TOJIIIMHA TJIACTHHKH, TIPH KOTOPOH OHA ellle He yTOHET, ONMPEIENHTCS M3 YCJIOBHS
pg(h + |ylvace) = pog, KOTOPOE HAeT

(532.4)
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Tenepb pacemotpum ciyuail a < 1,0664/0/(pg). B atom cayuae

|y|MaKc - 2’ / é sin %, (5325)

TIe ¢ ONpefeJssieTcsl 3 YpaBHEeHHs

a_ o (1 [ o 1 + cos(p/2)
2 2 rg (\/§ o8 2) * g i [1 = cos(p/2)](V2 + 1) (532.6)

IIJ'IH MaKCUMaJIbHOH TOJIIIUHbBI T1J1aCTUHKH rnoaydaem

h=—2 |70 gn? 4 20500 (532.7)
po—p\ g 2 ga(po — p)

Ecnu a < y/o/(pg), TO MepBbIM 4YeHOM CIIpaBa MOXKHO mpeHe6peub. [Ipu sTOM,
Kak BUIHO 3 (532.6), ¢ = m/2, U MBI HAXOOUM
20
h=—".6—
ga(po — p)

T.€. BeC MJIACTHHKH yPaBHOBELIMBAETCS TOBEPXHOCTHBIM HATSXKEHHEM M apXUMeJo-
BOW MOABEMHOH CHJIOH.
533. [IpeHe6perass KPUBU3HOH OKPYKHOCTH, OTPAaHUYMUBAIOLIEH MJIACTHHKY, MO-

JTYYUM
F ~ 2’ \/pgo ~ 1,1 H.

534. h= /2% (1 - sing).
Prg

535. h =2,/ 2 sing = 3,6 MM.
pg 2

w20 = gah(py — p), (532.8)

536. Pemenue. B touke A (puc. 49) NOBEPXHOCTH KHMAKOCTH M HIOJKH
TaHTeHUHaNbHO pacxonsTcsi. Ha emuHMIy AJMUHBI MFOJKHM BBEpX AeHCTBYeT CHJa

Puc. 49

MOBEPXHOCTHOTO HatsikeHuss F) = 20sinf. Kpome Toro, Ha Hee OeHCTByeT cHJsa
THOPOCTATHYECKOrO AABJIEHHs, TaKxKe HarpasJ/eHHas BBepx. Ecau 6l uacts AC'B
UroJIKM Oblla 3aMeHEeHa >KHUAKOCTBIO, TO CHJa TMAPOCTATHYECKOTO AAaBJEHHs Oblia
6bl paBHa Fy = pgh - AB = 2pghrsin@, roe r — pagnuyc WrOJKH, a p — MJIOTHOCTh
xxunkoctd. baaronapsi Tomy, uto yacts AC'B morpyeHa B XXHIKOCTb, Ha HUTOJIKY
NOTIOJIHUTEJIBHO [TeHCTBYeT CHMJia TMAPOCTATHUECKOro AamjeHus F3, paBHas Becy
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BOIbI, BhITecHeHHOH uyacThio ACB, T.e. F3 = pgr’(0 — sinfcosf). Cymma Tpex
cun Fi, Fy u F3 no/KHA PaBHSITHCS BeCy AHWHHIIbI AJHHBI UTOJMKH. DTO JaeT

20 sin @ + 2pghrsin 6 + pgr’ (0 — sin cos 0) = pognr’.

Mexny yriom 0 u BeICOTOH h cyuiectByer cootHowenue h = 2v/0/(pg) sin(0/2)
(cm. pewrenue 3anaun 535), U MpeAblAyllee YpaBHEHHE TPUHHUMAET B[

[moo - p(0 - é sin 29)]7’2 —4r,/ %’ sinesing _Zosinb (536.1)

g

Hns D u H nonydaem

D= 2rs1n0+21/ [2cos—+1n 1/ [f In(v2 + 1)), (536.2)
. -29 /1 ~ Q
H = 2rsin 5 +2 pr sin 5. (536.3)

nOCJ'Ie MIOACTAHOBKH UMCJIOBBIX 3Ha‘-leHHﬁZ
[24, 5— (e - %sin 20)]r —1, 0917‘sm051n 7 0,1488sin0 =0, (536.4)
D = 2rsinf + 1,091 cos 5 4 l,2561g10tg 7~ 0.291. (536.5)

(Tpexmonaraetcsi, 4To 31eCh OJHHBI BbIpa)KalTcs B caHTUMerpax.) [lpupaBas 0
pasJMuHble 3HAYEHHS], IOJNYUUM CJEAYIOULYI0 TabMHIy:

0, rpan r, MM H, mm D, mm 0, rpan r, MM H, mm D, MM
0 0 0 — 80 0,955 4,29
10 0,328 0,481 — 90 0,990 4,85 1,98
20 0,471 0,975 — 100 1,005 5,35 1,91
30 0,583 1,49 — 110 1,001 5,82 1,68
40 0,680 2,03 — 120 0,977 6,20 1,24
50 0,763 2,58 — 130 0,922 6,45 0,65
60 0,840 3,15 — 139 0,846 6,59 0,04
70 0,903 3,72 — 139,5 0,842 6,60 0,00

HauGosbim# paguyc r nosydaercst npu 6 =~ 100° u paBeH NPHUOIH3UTENBHO
Imm. Ecin r > 0,842MM, TO CYILIECTBYIOT [ABa MOJOXKEHHsS PaBHOBECHS HIOJKH:
onxo npu 6 < 100°, apyroe npu 6 > 100°. Ecau xe r < 0,842 MM, TO CyliecTByer
TOJIbKO OIHO TOJI0XKeHHe paBHOBecHs ¢ O < 60°, Tak Kak B 3ToM ciydae npu 6 > 60°
tdopmyna (536.5) maer mas D orpuiuaresnpHoe 3HaueHue. HauGosbiuas riy6una
norpyxenust H momydaercst npu r ~ 0, 842 MM U paBHa NpHUOMU3HUTENbHO 6,60 MM.

537. Pewenune. BBULy CHMMeTpHH IJIEHKA SIBJSIETCS] TOBEPXHOCTHIO Bpallle-
HHUS BOKPYT TpPSIMOH, Ha KOTODOH JexaT LeHTPHl Kogjell. [TepecedeM MoBepxXHOCTb
TMJIEHKH TPOM3BOJIBHOH MJIOCKOCTbIO, TPOXOASIIEH Yepe3 3Ty OCb, U INPHUMEM ee
3a KOOpAMHaTHYy1 miockocth XY (puc. 50). TlaK KaK 1aBJieHHs 10 06e CTOPOHbI

R

MJIEHKW OOWHAKOBBI, TO €€ IOJIHAsl KPUBHU3HA — + E AOJI2KHa PaBHATHCA HYJIIO.
2
PaLu/ch KPHUBHU3HbI R] HOpMaJIbHOTO CeYeHHS IJIEHKH, JieXKallero B MJOCKOCTH XY,
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"

onpefiensiercs GopMyJI0H % = _(H—yw (BesiMumHa otpulaTespHas). Paguyc
KPHUBHU3HBI Ry nepneHnHKym;pHoro K He%\,’ly HOPMaJ/IbHOT'O CeYeHHS JIErKO ONpeNesHTb
C TIOMOIIIbIO U3BECTHOH U3 MU((epeHI[HaNbHOH TeoMeTprur TeopeMbl MeHbe, corsac-
HO KOTOpo# y = Ry cos , Tie o« — yroJ MeXAy MJIOCKOCTbIO HOPMAJIbHOTO CeYeHHS
W KOOpPIAMHAaTHOH mjaockocTbio Y Z. Ilox-

Y CTaBJIsIl 3Ha4YeHHe cosq, MOJAyuyuM Ry =
=yy/ 1 + 942 (BeqMUMHA MONOXKHUTENbHAS).

R Takum o6pasom, nudhepeHIHaIbHOE YPaB-

HeHHe, Ompefessioliee (GOPMY OCEBOro ce-

YeHHWs MJIEHKH, MTPUHUMaeT BHUL

X " 1
h vy 1 _
Beenem noxcranosky 3y’ = sh@. Torna
1+ 4y? =ch?0, y = di) o Auddepen-
LMPYysl TOCJe[HEe COOTHOLIEHHE W MPHUHH-
Puc. 50 Masi BO BHHMaHHe, uto y' = sh @, Haxonum

d®0/dx* = 0, otkyma 0 = ax + b, rae a
U b — nocrosiHHble. OHHU ONpenessTCS U3 TPaHHUHBIX YCJIOBHH: ¥y = R mpu x = th.
OueBunHo, b = 0, Tak KaK BBMAY CHMMETPHH Yy NOJ/KHA ObITh UETHOH (yHKIIHeH
oT x. OKOHYaTeNbHO:

y = ! ch(az) = i (e** +e7), (537.2)

a

rIe MOCTOSHHASL a OTPefeJIsieTcsl YpaBHeHHeM
aR = ch(ah). (537.3)

[ToBepxHOCTb MJIEHKH MOJyudaeTcs BpalleHHeM KpHBo# (537.2) Bokpyr ocu X.
Ona HasbiBaeTCsl KaTeHOMZOM. YpaBHeHHe (H37.3) Jsieruye Bcero HcCaenoBaTh U
pewath rpadudecku. [IpuMeHsisi 9TOT METOA, HETPYAHO I0Ka3aTb, YTO OHO HMeeT
pellleHHe TOJBKO mpH ycaoBun R/h > 1,51. 3Hauut, 4TOGBI MEXAY KOJbLAMH
Mor/a 00pa3oBarTbCs IMeHKa, HeOOXOAUMO, YTOOBI PAcCTOSHHE MeXAy HUMH 2h He
npessimaio (2/1,51)R = 1, 33R.

538. Paguyc UUIMHADPHYECKOH MUIEHKH T BIBOE MeHblle paguyca chepHuecKux
yacrell nmjeHKH R.

539. Pewenue. ®opma 60KOBOH MOBEPXHOCTH MJEHKH ONpPENEJHUTCS U3 Tpe-

60BaHHs, YTOOBI MOJHAs KPUBH3HA €€ B + A ocTaBaJjiach moctosiHHo#. (B ot-
1 )
JU4He OT 3ajaud 537 3Ta MOCTOsIHHAs, BOOOIE TOBOPS, OTJIMYHA OT HyJs.) DTO

TNPUBOAHUT K AU (hepeHHanbHOMYy YPaBHEHHIO

1 y// .
iR (e = const = 2K. (539.1)

(O6o3Hauenus Te ke, 4To U B 3anaue 537.) BBoxs cHoBa moxmctaHoBky y = shé,
MOJTYUUM

% (ﬁ y) — 2Ky, (539.2)
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OTKyZ#a

1 A

rie A — mocrosiHHas uHTerpuposanus. Omnpenenus otciona shé ¢ momouibio dop-
Myl sh? @ = ch?0 — 1 u BcoMHUB 0603HaueHHe y = sh @, Haiinem

-~ J Ky?+ A
VP = (Ky? + AP
rie B — Bropas mocrosiHHast HHTerpupoBaHusi. [10CTOSHHbBIE HHTETrpPUPOBaHUS A U
B onpepnessiioTcst U3 IpaHUUHBIX YCJIOBUH: y = R npu « = £h. Popmyna (539.4)

COBMECTHO C 3THMH I'DAHHYHBIMH YCJOBHSIMH U pellaeT 3ajauy.
Eciun A = 0, To unterpuposanue B (539.4) BbiNoMHsIETCS JE€MEHTAPHO H 1aeT

dy+ B, (539.4)

1
(ﬂf—a)Q‘i'y?:ﬁv

Tfie @ — NOCTOsiHHAs HHTerpupoBanus. [Ipu a = 0 mosyuaeTcst OKpPYKHOCTb paguyca
R =1/K c ueHTpoM B Hauajle KOOPAHHAT. DTO peLIeHHe COOTBETCTBYET CJyyalo,
KOra pajguyc Kosel obpaiiaercs B Hy/ab. [Ipd a = 1/K mosydaercs OKpYKHOCTb
c uentpom B x = 1/K, anpu a=—1/K — c uenrpom B x = —1/K. OGe oKkpyx-
HOCTH MMEIOT OMH M TOT ke paguyc R = 1/K u Kacaiotes Apyr Apyra B Haualje
KOOPAHHAT. DTH peLlIeHHs COOTBETCTBYIOT TAKXKe CJyUalo, KOT1a PAacCTOSTHHE MeXAY
KOJIbIIaMH PABHO yABOEHHOMY PafHyCy KOJblia.

540. Pemenue. B ypaBuenun (539.1) mpeHeOpexkeM KBagpaTOM I[epBOH
nipou3BonHoi y'. Torna asis KpUBKM3HBI GOKOBOI MOBEPXHOCTH MeHKH 2K mosydum

1 "
2K =—-—y".
v Y

1
l'IOJ110>KHM y=r+mn, rae n K r. [Ipene6peras KBagpaToM 7, MOXXeM HamucaTb — =
Y
=-— %; TOra
T T

2K =y = (540.1)

5
”
[Tockosabky KprBH3HA 2K MOCTOSHHA, HHTEIPUPOBAHKUE ITOTO YPABHEHHS JaeT

n:Acos%—i—BSin%—i—C,

rie A u B — nNoCTOSHHBIE MHTErpUpOBaHHMs, a moctosiHHas C' paBHa 7 = 2K72.
[TocrostHHast B paBHa Hy/o, Tak Kak (QyHKUHs 7(x) DOKHA ObITh 4eTHOH. [lpu

x = +h pomxHo 6bITh ) = 0, T.e. Acos — + C' = 0. CyenoBatenbHo,
T

T h
n= A(cos— —cos—).
s 7
Taxum o6pasom, o6pasywollas UUAHHIPA NTPUHUMAET (GopMy CHUHYCOUAbl. [1si KpH-
BU3HbI OOKOBOH noBepxHOCTH K3 (540.1) nomydaem

h

1 A
2K = — + cos;.

ror
[Ipu yBeJHUEHHU NABJEHHUS BHYTPH My3bIps KpUBH3HA 2K [O/KHA yBEJHUHBATHCS.
Ecan h/r < w/2, 1.e. nnuna nyssips 2h menbiue w7, To cos(h/r) > 0. [Toatomy
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NOCTOSIHHAA A J0/IKHA OBITh MOJIOKUTENbHON. 3HAYUT, TIPU YBEJIUUEHHH JABJEHUS
BHYTPH Iy3bIpsl €ro GOKOBas MOBEPXHOCTh OyIeT BhilyuuBaThesi. Ecam ke h/r >
> /2, T.e. mauHa nyswipa 2h Gosbuwe wr, To cos(h/r) < 0. B sToM cayuae
MOCTOSHHAS OTPHIlATE/bHA, W TIPU YBEJIHUUYEHHH [aBJeHUs GOKOBAs MMOBEPXHOCTh
ny3bips GyIeT BAABJMBATHCS.

§ 9. PazoBbie npeBpameHus. PactBopsl

541. Pemenue. Tak Kaxk IpH HarpeBaHHM 0ObeM CHCTEMbl He MeHseTcs,
To pabora He cosepiuaercsi. [109TOMY MCKOMOe KOJMMUECTBO Tersa OyAeT pPaBHO
NPUPALLEHHI0 BHYTPEHHEH SHEPrHH CHCTEMBI H, CJIef0BATe/bHO, He GYIeT 3aBUCETh
OT crnoco6a nepexofa CHCTEMBl M3 HAUaJIbHOrO COCTOSIHUS B KOHeuHoe. OCyllecTBUM
3TOT Mepexof B ABa JTamna.

1. Harpeem Bony ot O no 100 °C Tak, 4ToGbl HcrapeHus He Obui0. JlJis 3TOrO
norpebyercs nogsectH Temno @ = 18- 100 = 1800 kan/mosb.

2. Wcnapum Bogy mpu noctostHHOH Temmepatype ¢ = 100°C. s artoro mo-
tpebyercs mogBecTd Temio Qo = U, — Uy, roe U, u Uy — BHYTpeHHHE 3HEepruu
MOJIst BOASIHOTO mapa W Bogbl mpu Temmeparype 100°C u arMoc(epHOM HaBJIEHHH.
Inst onpenenenust Uy — Uy BOCMOJIb3yeMCsl IEPBBIM Ha4aJjJoM TePMOAMHAMHKH ¢ =
= Uy, — Ux + A, rie ¢ — Tenjora HcrapeHus, OTHECEHHAas K OLHOMY Moo (¢ =
= 539 - 18 = 9710kan/monb), a A — paboTa NPOTHB MOCTOSHHOrO BHELIHEro
nasaenus (A = PV, = RT = 1,98 - 373 = 739 kan/mosb). Takum o6pasom,

Qs = U, — Ux = g — A = 8970 kan/mMonb,
Q= Q1 + Q2 = 1800 + 8970 = 10770 Ka/1/MOJb.

542. A = uq('lh — 1) /15 = 13,8k Ik, rie pt — OTHOCHTEJIbHAsI MOJIEKYJISIPHAS
Macca BOIBI.
Plq ]

343.to =ti+ =7\ [5 mr

Has Macca BOIBbI.
544. a = vy = 00, Cp = +00.
545. Pewenwue. Ilycts Touka A Ha guarpamme P, v (puc. 51) nzobpaxaer
COCTOSIHME OILHOrO rpamMMa XKUAKOCTH MpH Temneparype ' u naBjeHuu P, paBHOM
[IaBJIEHHIO ee HACBILIEHHOTO Mapa MpH 3TOH TeM-

= —5,5°C, rme pt — OTHOCHTEJIbHAsI MOJIEKYJIsIp-

AP nepatype. Bynem coo6uiarh cucTeMe TENIO TaKUM
A r B 00pa3oM, 4YTOObl AaBJeHHE W TeMIlepaTypa OCTa-
E BaJIUCh MOCTOSHHBIMM. Torga »UAKoCTb OyaeT Hc-

D T ¢ TapATbCS M MPUTOM Tak, YTO B JIOGOH MOMEHT

BpPeMeHH Haj Hel OyfeT HaXOAUTbCS HACBIIIEHHBIH

nap. [Tycts B u3o6pa)xaet cOCTOsIHHE, B KOTOPOM

v BCS 2KMIKOCTB Tepelia B nap. Toraa Tensora, no-
JIyueHHasi CUCcTeMO# Ha uzotepme AB, Gyner pas-
Puc. 51 Ha TeIJoTe HCrapeHus ¢. AnuabaTHuecKH MOHH-

3UM TeMIlepaTypy napa Ha 6eCKOHeYHO MaJjyio Be-

auuuny d1' (touka C'), a 3atem no usorepme C'D u apuadate DA BepHeM cHcTeMy
B HauasbHOe cocTosiHue. Pabora, coBeplleHHas CHCTEMOH, paBHa MJoOLIaAM NapaJ-
JejorpaMma ABC'D. Bbipasus ee 4yepe3 vn, vx U d1' v nmpuMeHuB Teopemy KapHo,
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HETPYAHO MOJYYUTB!
pya y i ‘
dr T(vn — vx)
(bopmyna Knanetipona—Kanaysuyca).

546. AT/AP = T'(vx — vs)/q = —0,0075 K/atm. [Ipi0ap ONBITHBIM MyTeM
omnpenenaus 3Ty BeauuuHy, paBHoii —0,0072 K/atm. TemmepaTypy TpOHHOH TOUKM
MOXKHO NPUOJUKEHHO ONpeNe/iUTh, IPUHAB 1aBJeHHe PaBHOBECHOrO Napa B TPOHHOH
TOUKe PaBHBIM Hymo. TakuM myTeM MOJydaeM, 4TO TPOHHAs TOUKA BOIBI JIEXKHT
BhIllIe TOYKH muasgeHus Ha 0,0075 K.

547. AT = L AvAP = 0,056 K.

q
- qAT
548. P~ (1+ 1o

3oBauust, v = 1/18 — uncso mosedt B 1 r Bomel, Py — atMocdepHoe faBjeHMe.

vpP
549. Am ~ l}L%TQ (% — I)AT ~ 0,075, rne V ~4 1 — o6bvem napa, P —
ero faBseHue, R — yHUBepcasbHast ra3oBasi MOCTOSTHHAS.

550. PeweHue. YaeabHas TemjaoTa BO3TOHKU ¢ = q; + ¢qo = 676 kan/r. [lox-

cTaBJ/ss ee B ypaBHeHHe Kianeilipona—Kanaysuyca

(545.1)

)PO = 1,035 atMm, roe ¢ — ynenbHas TemaoTa napoodpa-

P q q

~
~

dT ~ T(vn—v:)  Toa

. 1
U ONpefiesIUB YA bHbIH 00beM BOASHOTO mapa u3 ypaBHeHus Pv, = — RT', jerko
m

HaitH, uto npu AT = —1 K AP = —0,38 MM pT. CT., a JaBjeHHe HAChILIEHHOTO
napa Han JpgoM npu t = —1°C paBHO P_joc = 4,20 MM pT. CT.
RT? /dP
551. g =~ (ﬁ)m — gun ~ 103 xan/K.
552. ¢~ T% AV = 44 kan/r (onbiT naet q = 46,4 kan/r).
RT? /1 dP
553. 9= — - (F d—T) — 50 Kaz/r.

554. AT ~ Pq—T (vs — 1) = —0,72°C, Am/m = e, AT /q = 0,0054.

555. M3 rteopembl Hepucra cienyer, uto ¢ = 0. JlanbHeiiliee BbITeKaeT M3
ypaBHeHus (545.1).

557. Pewenue. [Ipu onpeneseHnd NMOBEPXHOCTHOTO HATSXKEHHS HAalO UMEThb
B BHAY, YTO XKMIKOCTb HaXOAHTCS B PaBHOBECHH C ee HachlllleHHbIM napoM. Ctporo
roBOpS, CJIe[0BaJI0 Obl TOBOPHUTb He O «I[I0BEPXHOCTHOM HATSKEHHH KHIKOCTH», a O
MIOBEPXHOCTHOM HaTsI’KEHHH Ha TpaHMle pasfena ABYyX HaXOHSIIMXCS B PABHOBECHH
(a3: KUAKOH M razoo6pasHod. [Ipy KpUTHYECKOH »Ke TeMIepaType BeleCTBO He
MOXKeT HaxOAHTbCs B ABYX (Dasax, a TOJbKO B OfHOH. POpMasbHO MOXKHO CKa3aTh,
4yTo 06e a3kl AesnarTcs ONMHAKOBBIMU. [1o3TOMYy He MOXKeT ObITb TPAHHUIIBI pa3fesa

MeXIOy HUMH, U TOBEPXHOCTHOE HaTAXKXEHHWEe HNOJ2KHO OGpaLLIaTbCH B HYJIb.

1 1
. P=P {—“q (———)}, 1
558 0exXp | & T (558.1)
rae j — OTHOCHTeJbHAasi MOJIEKY/IspHas Macca XKHAKOCTH, a Py — paBieHue

HACBIIIeHHOTO Tapa npH temmnepatype 1.

559. P = A’l““a/Rexp {—%}, rie R — rasoBasi MOCTOSIHHAS, [t — OTHOCH-
TeJibHAsE MOJIEKY/ISIpHAsT Macca.
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3HaueHMe NOCTOSHHOM A MOXKHO Ha#TH, 3Hasi TeMIlepaTypy KHIEHHUs XKHUAKOCTH
NPH KaKOM-/1H00 AaBJEHHH.

560.T—T0%T0/(1——O ln2) —Tp ~ 26 °C.
dT -
— q ~ 3
561. vy = vy + T 3P 1700 cm® /.

562. Pewenue. [Ing npub/HKEeHHOH OLEHKH B ypaBHEHHH

aP _ q _ ugP
dT = Tv ™~ RT?
3aMeHUM Mpou3BoaHYI0 dP/d1" oTHOIIEHHEM KOHEUHBIX MpupalieHuid. [lonyuum

Ty, — Ty _ RT?

Po— P pugP’

roe P u P, — naBiieHHs HACBILEHHOTO Mapa mpu temmnepatypax 11 u 15. JlaBjaeHue
napa B BO3AyXe Mpu Temmeparype 17 U OTHOCHTeJbHOH BaaxHoctH f Oymer fP,

2
a NnoTomy PQ = ? fP] [ToncraBsissi 3TH 3HAYEHHUS B npenbiayliinee COOTHOLUEHHUE,
o 1
Hanaem

O el 2 _ _
T, -1 = g — JRT, RIyT =-3,3 K. (561.1)
JInst HaxoxAeHUs1 6osiee TOUHOrO pelieHHs U3 (opmyabl (558.1) nomydyaem
T g
T - wnn T

[ToncraBnsis YMCJ/IOBblE 3HAYEHHS W MEPeXons K AeCSATHUHBIM Jorapugpmam, rnpeod-
pasyeM 3TO ypaBHEHHe K BULY

Ty~ T =0, 1247 Ig % (561.2)
1

Jlnst peruenusi ypaBHeHus (561.2) mpuMeHsieM MeTO. MOCJEN0BATENbHBIX MPH-
6axkeHUH. B HysneBoM npu6auxkeHuu nojsaraem 15 = 17. [lonb3ysich 3THM, HAXOAUM
nepBoe NMpUOMHKEHHE:

Ty —T) =0,124T) lg f = —3,52 K.

Borunesus orcropa 1h ¥ MOACTaBHMB B NPaBYl0 4acTb ypaBHeHHs (561.2), Hailimem
BTOpPO€ MPHOMHIKEHHE:
T, — Ty = —3,66705 K.

HOCTyl’laH TaK AaJjiblie, MOJYy4YHUM TPeTbe HpI/IéJII/I)KeHHeI

T, =Ty = =3,67313 K,

4eTBepPTOe MPHUOJIHKEHHE!
T, — Ty = —3,67360 K.
C TOYHOCTBIO IO TPeX 3Ha4aIlUX HHUpP

T, =Ty = -3,67 K.
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Takum oGpasom, 3ameHa mpou3BonHoi dP/d1" oTHOLIEHHEM KOHEUHbIX MpHUpaleHHH
MPUBOAUT K oluubke ~ 10%.

563. Pewenue. O603HaUUM uepe3 @3 TENJIOTY [JIABJEHHs, Yepe3 g2 —
TENJIOTYy MHCIApeHHs, uyepe3 @3 — TEIUIOTY BO3TOHKH. [IpeHeOperas pasHOCTbIO
3HAUeHUH (o3, qi3 ¥ ¢i2 B TPOUHOH Touke W B Touke (t = 0°C, P = | atm), MmoxeM
HalMcaTh ¢o3 = @13 — Q12 U Aaljee

_ BTy B
B3 = AT Pis

rne 1o =273 K, 11 = 263 K, 1, = 283 K, Py, Pi3, Pj9 — naBJieHHs HaChILIEHHBIX
napoB npu 3THX Temneparypax, AT =Ty — 1T\ =Ty — T1.
564. 1 = [L R In (1 + 2—0)] - =404 K, roe 1p — TemmepaTypa Kure-
o  pq Pyr
HUS TIPH HOPMaJIbHOM aTMOC(epHOM naBjeHuH Fp.

565. A_m ~ C(T‘IO _Tl)
m

Tip — TeMmmeparyphl Kgl'IEHI/IH BOZbI NpH naBseHusx 1 u 10 aTM COOTBETCTBEHHO.

566. Pemenue. [leppoe Hauamo TepMONMHAMHUKH JJISI €IMHMIBI MACChl Mapa
MOXHO 3anucath B Buae 0Q = di" — v" dP, rue i" — ynesnbHast 3HTabNUA, a V" —
yIeJbHbIH 00beM mapa. Mbl MpHMeHsieM 3TO ypaBHeHHe K mpoleccy, B KoTopoMm P
He OCTaeTcs MOCTOSTHHBIM. OHAKO eC/IH Map CUMTaTh HIeasbHBIM ra3oM, TO ero
9HTANbNUsS OyIET 3aBHUCETh TOJbKO OT TeMIlepartypsl. Torga assi 060ro KBasucra-
Tuueckoro mpotecca di"/d1 = cp. [ToaTOMY 1JIst UCKOMOH YIEJNbHOM TENNI0eMKOCTH
HaCBILIEHHOrO Tapa nojiydaem ¢ = ¢p — v" dP/d1'. TlockoibKy HarpeBaHHe Mpo-
M3BOIUTCS TaK, YTO MAp BCe BPEMsi OCTAETCSl HACBILIEHHbIM, mpoussopHas dP/d1’
onpegensieTcs ypaBHeHHeM Knaneilipona-Knaysuyca, KoTopoe naet

c:c?;—%. (566.1)

CoryiacHO KJacCHYeCKOH TeOpPHH MOJSIPHAsI TENJOEMKOCTb BOASIHOTO Mapa MpH
MoCTOsIHHOM faBjeHud paBHa Cp = 8kaj/(mosb-K), a ymenbHas TemnnioeMKOCTb
cp =8/18 = 0,444 kan/(r - K). Mcronb3ys 370 3HaueHHe, a TakxKe 3HaUYeHHe [Js ¢,
noaydaem ¢ = —1 kan/(r - K).

567. Pemenune. Paccyxnas Kak MpH pelleHHU TpelblAyILed 3aJauud, HaXo-
LM

Py
—T5In 70) ~ 81 kaa/r,

(T1 In

~ 14%, rne ¢ — ypenbHas TemIOEMKOCTb BOmbl, 1] u

di' g

c= .
dar T
Jlnst BbrumcsieHusi npouaBopHo# di"/d1' momb3yemest popMysIoH

g=u"—u"+ PO" —v") =4" -

[TocKO/MbKY 3TO COOTHOLIEHHE HAMHCAHO AJsi Tpoliecca, B KOTOPOM Map BCe BpeMs
OCTaeTCs HaCBIIEHHBIM, BEJHUYMHbI, BXOASIIHE B HErO, MOTYT 3aBUCETb TOJBKO OT
Temnepatypsl. duddepeHunpys ero no temmeparype, HaxX0IuM

div  dq  di*

dT dT dT "
Jns xupkoetu di™ = cpdl + v™dP, mpuueM MOCAEIHHM CJaraeMbiM MOXHO
npeHe6peub. B aToM npubmuxenun di*/d1 = ¢, a notomy

di"

— X 1
ar ~ Pt ar

6 Ilox pen. I.B. Cusyxuna
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[ToncraBass 9Ty BE€JHUYHHY B BbIpaxK€HHUE IJS C, NOJYyUYHUM

x4 da
c=cp T+dT' (567.1)
Jlns Bogst npu 1" = 373 K sta hopmyna gaet ¢ = —1,07 kann/(r - K), uto oT/invaercs

OT paHee MOJyYEHHOTO 3HaYeHUs Ha 7%.

568. Ilpu anuabatuyecKoM CXKATHH BOASHOH Map CTAHOBUTCS HACILEHHBIM,
TpU afuabaTHUecKOM paclIMpeHuH — nepechblilleHHbIM. ([TosyueHHe mepechilieHHO-
ro BOASIHOTO Mapa NyTeM aauabaTH4YecKOro paCLIMPeHHsl HCIOAb3yeTcsi B KaMmepe
BuJbcona.)

569. Pemenue. KBagucraTuueckd U U30T€PMHUYECKH HCIAPUM KHUAKOCTb [IPH
temnepatype 11. MiameHeHHe sHTpONHH B 3TOM Ipolecce

A]S— l (mg ml)‘

3arem OyneM KBasHUCTaTHYECKH MEHSTb TeMIepaTypy Mapa M MpPUTOM Tak, 4TOObI
OH BCe BpPeMsl 0CTaBaJICsl HACbILIEHHBIM. DJIeMeHTapHOe KOJHUECTBO TelJsa, KOTOpoe
TpebyeTcs NMOABOAUTDL K Mapy B 3TOM MpOLECCe,

0Q = moedl = my (cP - —) dl'.

Tak kak dS = dQ/T, To uHTErpUpPys H MpeHeOperast MpH 3TOM 3aBHCHMOCTBIO ¢ OT
T', HalineM HJIsT COOTBETCTBYIOIIEr0 U3MeHEeHHSI SHTPOIHH

- T L
AQS—mz[cplnTl-I—q(T2 TI)].
_ Pk -P -~ o
571. t= oy 7 =0,0075°C,
tQ—tl T('Ul—UQ)
P—ItD? ; t+P1—4582MMpT CT.
-1

572. PeweHue. [l HaK/JIOHA KPHUBLIX pPABHOBECHS B TPOHHOH TOUKe
(puc. 52) umeem

dPy q23 ~ 33 dP;3 q13

_ P o

dT ~ T(vs—wvs)  Tvs' dT  T(vs—v)  Tus

Tak KaK q13 = qi2 + @23, TO q13 > @23. CyieoBaTesbHO, KpUBasi BO3TOHKH HAET Kpyye
KPUBOH HcnapeHus. B OKpeCTHOCTH TPOHHOH TOUKHM KpPHBbIE PABHOBECHSI MOXXHO
3aMEeHUTb KacaTeJbHBIMH K HUM. B 3TOM mpuG/IMKeHHH

AB— AC - BC 1 (P _ Py
P —-P,=AB = AC BC_t(dT dT)’

OTKyZa
P —P= T‘L“‘t = 0,00033 MM PT. CT.

573. ¢t = 100,59 °C.
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P

Cro—oiitz===
Bl :
/// I
7 !
Aar” ! 3
I
|
| t
0 ‘
Puc. 52
574. ;
1) P=P+ . _”‘U oK, (574.1)

roe P() — JaBJIeHHE HACBILUIEHHOr'0 Tapa Hal HﬁOCKOﬁ, aP — Hal WCKPHUBJIEHHbIMH
[MOBEPXHOCTAMHU 2KHUIAKOCTH, Uy H Uy — YAEJbHbIE 00beMbl XKHIKOCTH U napa, K —
CpeaHss KPUBHU3HA [MOBEPXHOCTHU XKHUAKOCTHU, 0 — IMOBEPXHOCTHOE HATSAKEHHE. Kpl/l-
BH3HA CUMTAETCS IMOJOXKUTEJbHOU A BbIHyKJIOﬁ H OTpI/ILIaTeJIbHoﬁ Jad BOI‘HyTOﬁ

[TOBEPXHOCTH.
Py _ Hox

2) In— 7 = BT (Ph— P - oK), (574.2)
roe g — OTHOCHTeJbHAasi MOJEKyJsipHas Macca xupkoctd. Ecou |P — Byl < Py,
T0 Qopmyna (574.2) mepexogut B Gosee mpoctyio (opmyny (574.1). B apyrom
npenesbHOM Cjydae, Korna cobmwogatores yeaousi |oK| > |P — Py, pvx|P —
— Py| < RT, dhopmyna (574.2) ynpouiaercsi H NpUHUMaeT BHI

P = Pyexp { b oK} (574.3)

575. 1) P—- Py~ 20 v =~ 20 ol = 252 mun/em® = 0,19 MM pT. CT.
r v r RT

2) Ilo dopmyne (574.3) P/Py = 2,9. Ilpu cTo/ib MajbiXx pa3Mmepax Kamjid Ha
tdopmyay (574.3) crenyeT cMOTpPeTh KaK Ha OlLIEHOUHYIO.

576. Pemenue. CrauvoHapHbIH MOTOK Mapa uepe3 J00yi0 CcheprUuecKylo
TMOBEPXHOCTb paguyca 7, KOHLEHTPHUECKYI0 OTHOCHTEJBHO IMOBEPXHOCTH KalljH,
paBeH p

q=-D- 47T7"2d—p = const,
T
OTKyIa

P= 47rD7" + Poo-

BesnuuHY ¢ MOXHO HaHTH H3 YCJOBMS, YTO HA MOBEPXHOCTH Kalu (r = a) map
JOJIKeH ObITb HACBILIEHHBIM. DTO AaeT

q=4rDa(py — poo) = 47rDa— (P — P),

6%
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e (. — OTHOCHTeJ/IbHAsl MOJIeKYJ/IpHas Macca napa, P — AaB/leHHe HaCblLIeHHOIO
napa Ipu TeMIepaType Kallld XKHUAKOCTH, Po, — mNapuuanbHOe AaBjeHHe NapoB
JKUIKOCTH BAaMM OT Kamnu. [logcraBisisi 3HaueHHe ¢ B NpeAbIAYILYIO (OpPMYIy,
MOJIYYHUM

p= %(pu—poo)erw (576.1)

577. Pemenune. YpaBHeHHe CTAI[HOHAPHOH IU((y3UM Mapa ¥ COOTBETCTBYIO-
I[1e eMy TpaHHUYHble YCJIOBHSI HMEIOT BUI

Mpu r = o0
Ap =0, p= Poo p ,
P Ha MOBEPXHOCTH KallJH.

[ToTok napa depes J'IlOéy}O 3dAMKHYTYIO IOBEPXHOCTb, OKPY2KAaWUIyl0 Kalljik, He
3aBHUCHUT OT IMOJIO2KEHUSA U CpOprI TMMOBEPXHOCTH. B3sB B KauecTBe 3TOH IMOBEPXHOCTH
[IOBEPXHOCTDb S camoit Kalljiy, MOXKeM HalucCaTb AJid CTallMOHAPHOI'O MOTOKa

—_por
q= ngands’
s

rae Op/On — MPOU3BONHAS p B HAMPABJEHHH BHELIHEH HOPMaJH 1 K TOBEPXHO-
ctu S.

YKasaHHYO 3afayy COMOCTABMM C 3J€KTPOCTATHUECKOH 3amauedi o moJje 3a-
PSIKEHHOTO MPOBOAHHMKA C MOBepXHOCThIO S. OHO ompenessieTcss MOTEHIHAIOM ,
YAOBJETBOPSIIONIUM YCIOBHSIM

Yoo TPH T = 00,

Ap =0, =
4 14 (s Ha MOBEPXHOCTH S

[Ipy 3TOM 3apsa MPOBOAHMKA () paBeH
1 [op o _
Q= $ 525 = Cles - o).
S

rae C' — 3JIeKTPOEMKOCTb KallJjH.

O6e 3afaud MaTeMaTHUECKH TOXKIECTBEHHbl H MMEIOT eIUHCTBEHHbIE PEeLleHHS.
[oatomy q = 47C'D(py — poo).

B yactHom cay4ae cgeppl C = a, ¥ MBI 1OJyYaeM pelleHHe MpeablayIiei
3aJau.

578. Tyen =

2 P a? RT

a
2D (1= fpu 2D (1= fuPy
1) Tuen &~ 37 MuH, 2) Tuen = 0,13 c.
579. PemeHune. JlaBieHHe HaCBHIEHHBIX NApOB Y MOBEPXHOCTH KamimH Fq
onpefeJsisieTcss ypaBHeHHEM
RT
Pig — Pioo = 7(Pna_pnoo)

(cm. 3agauy 575). Ho corsnacHo dopmyne (576.1)

. a B . 201
P = Poo + T(Pua PHoo)—Poo(l'f'—Tp)KRT).
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Takum 06pasoM, MJOTHOCTb Napa p B PACCMaTPUBAEMOM CJyuae He 3aBHCHT OT
paguyca xamau a. [Totok napa

_ 9 @) _ 8mopDpoo
q o 47Ta D(d'f r=aqa - p)KRT

MOCTOSIHEH M TaKXKe He 3aBHUCHUT OT paauyca a. [loatomy

4 2 RT RT
rin = AT pa? = AL (eaRTy o
3q 601D poo o 60D Py

1) Tuen &~ 2254, 2) Tuen ~ 0, 8¢.

580. Pemenue. [lo 3akony Payssi mioTHOCTb p, mapa BOJH3H TTOBEPXHOCTH
KaIlJH CBSI3aHa C COOTBETCTBYIOIIEH MIOTHOCTBIO pPoo BAAJH OT KAl COOTHOLIEHH-
eM

Pa — P _ k.
Poo
OrTHoleHHe k uuMcaa MOJeH TOBAapeHHOM COMH K UKMCIY MOJIEH DPaCTBOPUTEJS MOXKET
ObiTb MpefcTaBaeHo B Buge k = Am/(poor’), tie A — moctosiuas. Toraa

Am
pa:poo+_

rd

Hcnonb3ys pelueHue 3anadyu 576, noaydyum
a’ = ag + 5D Amt,

rie ap — 3HaueHHe paaMyca Kamiu npu ¢t = 0.

581. PemeHue. B cocTosHHM TepPMOAHHAMHMYECKOTO DABHOBECHS JaBJEHHE
HACBILIIEHHOTO Mapa B PABOM H JIEBOM COCYZaX Ha OXHOH M TOH 2Ke BbICOTE LOJIKHO
ObITh ONMHAKOBBIM (CM. 3agauy 574). OTcioga ¢ HCMONb30BAHMEM ypaBHEHHE THA-
POCTaTHKH TOJyUaem

P=P+—2_1I, (581.1)

Un — Ux

rie Py — pmaBieHue mapa Hai NMOBEPXHOCTBIO XKHUAKOCTH AB (T.e. B OTCYTCTBHE
HelTpasbHOro rasa), P — Han noBepxHocTbio C'D (T.e. MPH HAJIHUKUU HEHTPATBHOTO
raza), Il — paBneHue HeUTPANbHOTO ras3a, Uy U Ux — YHAeJbHBlE 00beMbl Napa
¥ XKunkoct. [Ipu pelleHUH NpednoJarajnochb, YTO M3MEHEHHs MJOTHOCTH Mapa ¢
BBICOTOH B Ipefesax CUCTEMBI NpeHeOpeKMMO MaJibl [0 CPABHEHHIO C MJIOTHOCTBIO
camoro napa. [ToBblllleHHe faBJeHHs HACBHILIEHHOTO Napa ¢ yBeJHYeHHeM BHELIHEro
nasJseHus I1 MoxHO 00BsICHUTH caenyromuM o6pasom. [Ipu Bo3pactanuu II Bospac-
TaeT MPOTHUBONABJIEHHE KUIKOCTH, & C HUM M UHCJIO MOJIEKYN KHUAKOCTH, YAapsio-
LIUXCS O ee MOBEPXHOCTb. DTO BElET K YBEJUUEHHIO UHC/Ia MOJEKYJI, Mepexoisiiux
U3 XKUIKOCTH B Map.

AP pw .
582. =&T AP =0,08%.

583. Pewenne. M3oTepMuUecKoe yBeJHUeHHe BHELIHEro AaBjeHus Ha AP
yBeJIHUMBAET YAENbHBEIH TepMOAMHAMHYECKHH MOTEeHUHaN Jbla Ha Ap, = v,AP,
TNPUYEM CXKHMaeMOCTbIO Jbla MOXHO NpeHeOpeub. UToObl paBHOBECHe He HapyLIU-
JIOCh, Ha CTOJIbKO Ke JOJKEH BO3DPACTH YIeJbHbIH TepMOJUHAMUYECKHH MOTeHIHaN
napa. Ho nnis napa

RT AP,
A(pn = ’UnAPn = 7 Tn.
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[pupaBHuBas 06a BblpaxeHHUs], MOMYUUM

_ RT APR,

AP = 10,5 aTm.
MU P,
20'n 7 o
584. R, = PP 9-107"cm. Jlerko mokasare, 4YTO B paccMaTpUBAaeMOH
n K
3ajaye BJHSHHE KPUBHU3HBI TIOBEPXHOCTH MY3bIPbKA HA [1aBJeHHEe HACBILEHHOTr0 fapa
HeCYI1eCTBEHHO.
585. Pewenue. Broab KprBoil miaB/ieHus
dP Sy — Su
dT B V)K - VI‘B ’

[MoncraBnsis ciofa 3HaueHHs Sy, Sy U HUHTErPUPYS, MOJYYHM ypaBHeHHe KPHBOH
TJIaBJIeHHS: R (T2 T2 —2l2-O(T - T))
P=P 4 - —— 1 22 =0
! + 26 V)K - VI'B
(mapabosa). M3 srtoro ypaBHeHust HaxomuMm P, = 29 arm. MossipHas Temjora

nJ1aBJeHusl HalifieTcs 1o (hopmyne

g = T(Sy — Siy) = R’l'(% ~n2).

Hnas temmeparyp 11 u Ty 3ta cdopmynra gaer ¢ = —0,43 Ix/Momb, ¢ =
=0, 18 JI3x/M0JIb.

586. Ilpu (hasoBbix mepexogax l-ro poxa oTHOLIeHHe c¢/a B Touke © H3me-
HseTcs ckadkoM. [Ipu (asoBbIX Mepexonax 2-ro pofa TO OTHOLIEHHE H3MeHSeTCs
HeIpepbIBHO U TP TeMieparype © o0palliaeTcst B eAHHHLLY.

587. Pewenue. Jlokaxem, Hanpumep, BTOpOe COOTHOLIeHHe. Jlasi nudde-
peHllMasa SHTPONHU KaxA0H U3 (a3 MOXKHO HamUcaTh

5= (), 1+ (), a0~ F - ()

oT oP oT dr

P
Ecau o6e touku (1, P) u (1'+ d1', P 4+ dP) nexar Ha KPUBOE paBHOBECHS, TO
d(Ss — S1) =dAS =0,
roe Si — SHTpOMHUSI OLHOH, a Sy — SHTPOMHS APYroit (asbl. ITO 3HAYUT, UTO
ACp v

. dT—A(a—T)PdP: 0,

OTKyla M clelyeT JOKa3blBaéMOe COOTHOLIeHHe. AHANOrMUHO [0KasbBaIOTCH H
OCTaJIbHble TPH COOTHOLLEHHS.

588. Pemenune. PaccMOTpHM Kakyio-1u00 MOPLHIO BO3AYyXa, HACBILIEHHOTO
BOASIHBIMH TapaMu. Maccy Bosfyxa B Hell 0003HaUMM 4epe3 my, Maccy BOASHOTO
napa 4epes My, Maccy >KHUAKOH BOABI uepe3 my. IIpy agrabatHueckoM MOAHATHH
SHTPOMNHS paccMaTPUBaeMOH CHCTeMbl MeHSITbCS He Oylert:

MsSs + MnSn + My Sk = const, (588.1)

rae Ss, Sm, Sx — YHA€JbHbIE SHTPONHH BO3AYyXd, BOASHOIO Iapa H JKUIIKOH BOMBI
COOTBETCTBEHHO. HPI/I 9TOM [10JIHOE KOJIMYECTBO BOAbI OCTAETCH MOCTOAHHBIM: My +
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+ m, = const, Tak uTo dmy = —dm,. Maccy XHAKOH BOAbl Mbl JOJKHBI T0JIO-
JKUTh PaBHOH HYJIIO, €C/IM B PacCMaTpPHBaeMOM COCTOSIHHM BCSI BOAA CYLLIECTBYET B
BHUJe HACBIIIEHHOr0 BOASIHOrO napa. Ho, KOHeuHo, BeJIMUMHA dMmy JOMKHA CUMTATH-
CS1 OTIMYHOM OT HYJIsl, TaK KaK IPH MOAHSITHH BBEPX BOASIHbIE APBI KOHIEHCHPYIOTCS
B XKHJKHe Kamiau. ViMes 310 B BUAY, U3 yc/o0Bus (588.1) monyduum

My dss + mn dsy + (Sn — sx) dmg = 0.
Pa3HoCTb yie/bHbIX SHTPOMHE BHIPA3UM Uepe3 YAENbHYIO TEIJIOTY HCTApeHHs g =

= T(sn — sx). Macca napa m, B paccMaTpHBaeMOH CHCTEMe 3aBHCHUT TOJNbKO OT
Mn

temnepatypsl 1, Tak uto dmy = dl'. Ins nuddepeHirana yaeabHoH 3HTPO-
MUK BO3AYXa dSs, €CJH Y4YeCTb, UTO BO3AYX MOXKET CUMTATbCS HIeaNbHBIM Ta30M,
MOJMYYUM TaKOe K€ BbIpa)KeHHe, KaK M B CJydae CyXoro BO3ayXa:

cp Vg
ng = ?dT— pog.
To e MOXHO HamucaTb H [Jig BOASIHOTO I1apa. OI[HaKO JaBJIeHHEe HAaCbIIIE€HHOro

nmapa 3aBUCHUT TOJBKO OT TEMIIEPAaTyphbl, a TOTOMY

cp vn dPy
dsn = [? T T dar

[IprMeHHM K BO3LYXY YpaBHeHHe MADPOCTATHKH:

Jar.

dP, = —p,gdz = — £ dz.
Us

C y4eToM BCEro 3TOro MOJyuHM

( n dPy q dmn)]dT
Cp — =

Uar e ar M dz T

m
|:CBP + =
me
B 3TOM COOTHOLIEHHH My U My, OUEBUAHO, MOXKHO 3aMEHHUTb Ha MJIOTHOCTH BO3AyXa
¥ BOLSIHOTO Mapa ps U pn. VI3 ypaBuenusi Knaneiipona p = uP/(R1'), a motomy

mn_HnPn

E_)U’BPB’
I dmg 1 dpn T d (P 1 dP 1
m_ndT_p_nﬁ_Eﬁ(?)_EdT_f'

Brimosnnus COOTBETCTBYIOLLYIO MOACTAHOBKY, MOJYyYHUM

/JznPn (Cn dPn_g idpn):lg
s Ps dz

[CP+ PTG T T T B dr =&
Hakonen, Bocnosib3yemcst ypaBHeHueM Knanefipona—-Knaysnyca B yrnpoiieHHOM BU-

ne:

P, ¢q
dT ~ Twv,
B pesysnbraTe Habinem
(d—T) =(-£) : _ (588.2)
dz Jan p/ b .2 &(1)2]
wePoch, UF T 7 RA\T



168 Omeemul u peulerus

B oxonuarenbHO# hopMyse (588.2) Mbl BBe/IM Y TeMIepaTypHOIO IpafiieHTa HHIEKC
«all», OMYyILeHHBbIH B IPOMEXKYTOUHBIX pacyeTax.

YrenbHble TENJOEMKOCTH BO3AyXa U BOASHOTO Mapa IpH NOCTOSHHOM JaBJeHHH
BBIUMC/IUM [0 KJACCHUECKOH TeOpHH, CUMTasi BO3AYX ABYXaTOMHBIM, a BOASHOH
nap — TPeXaTOMHBEIM raszamu. Torna

7R
2u5”

4R
P

C?; = cl}:) =
YureM panee, 4To MHOXHTeNb —g/cp, HaeT aguabaTHUeCKHi TpajueHT TeMrepa-

TypBl [JIsl CYXOro BO3AyXa, KOTOPbIE Mbl 0603HaYuM 4epe3 (d1'/dz)as oyx. Torma
tdopmyna (588.2) npencraButcs B BUIE

dT dT
(E)a}l =f- (E)a;{, o’ (588.3)
rie Ko3(pduuueHT f onpenessieTcsi BblpaKeHHEM
r_ 8 B |, _ qba apn \?
F [+7 P, [1 2RT T (2RT) ] (588.4)

Temu ke (popMyJaMH MOXKHO T10JIb30BaThCsl U B TeX CJAYy4asiX, KOTJa MpH OXJaxKie-
HHMH BOJSIHblE Mapbl He KOHJEHCHPYIOTCS, a MpeBpalllaloTcs B Jef. ToJAbKO B 3THX
caIydasix Moj ¢ cjefgyeT TOHHUMAaTb yAeJbHYIO TeIJOTYy BO3TOHKH, PaBHYIO CyMMe
YIeJbHBIX TENJIOT NapooOpa3oBaHUs U IJaBJEHHS.

Berumc/ieHHble 3HaueHUs KO @HULHEeHTa f NPH PA3JHUHBIX TeMIleparypax AJs
[ByX 3Ha4eHHH MOJNHOTO AaBJ/IEHUS NPUBEJEHbl B CJeAYIOLEH TabmauLe:

Py + Py = 760 MM pr. cT. Py + Py = 380 MM pr. cT.
t, °C f t, °C f t, °C f
-30 0,94 10 0,47 -30 0,88
—25 0,91 15 0,40 —25 0,83
-20 0,86 20 0,33 -20 0,76
—15 0,81 25 0,28 —15 0,68
—10 0,74 30 0,23 —10 0,57
-5 0,65 40 0,16 -5 0,47
0 0,62 50 0,10 0 0,44
5 0,54

M3 1abanibl BUAHO, HACKOJBKO CYIECTBEHHO BJHSHHE BJIAXKHOCTH, €CJIH afua-
6aTHUecKHe Mpollecchl B aTMocdepe COMPOBOXKAOTCSA KOHIeHCalMeH UM 3aMep3aa-
HHeM BOISIHBIX T1apOB.

589. Pemenue. Ilyctb mgs ¥ Myp O3HAUAIOT OTHOCHTENbHBIE MacChl COOT-
BeTCTBYIOUMX pacTBOpoB B Touke C. Torna mgys + mey = 1. OTHOCHTENBbHOE CO-
nep:KaHue (eHosMa B HAChIIEHHOM DacTBOpe (heHO/a B BOLE COOTBETCTBYeT Touke I3
¥ YMCJeHHO paBHO AjuHe oTpeska HB. ConepxaHue ke (DeHOJa B HACIIIEHHOM
pacTBOpe BOABI B (DeHoJe TMpejcTaBiseTcss AMMHOH oTpeska H A. Taxkum o6pasom,
OTHOCHTeJIbHOe KolH4ecTBO (peHonma B Touke C Oymer

mq)B~HB+(1 _m(bg)'HA.
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C 1pyro#l CTOpOHBI, Ta K€ BeJHUHHA NpencTaB/sercs AAuHOH otpeska HC. Ilpu-
paBHMBas 00a BbIPaXKEHHUS, MOJTYUUM

HA-HC _ AC

M= HA_HB AB’

Orciona
AB-AC _ BC

AB  AB’
[TouneHHBIM HeseHHMeM ToJydaeM TpebyeMblH pesysbratr. (Cp. ¢ pelleHHeM 3ana-
uyu 462.)

590. HacelueHHble pacTBOPbl XKHAKOCTH [ B KHUAKOCTH 2 W KHIKOCTH 2
B 2KHUAKOCTH [/, €C/IM UX Ha/lUThb B OJUH H TOT XKe COCYH, 00pasyloT PaBHOBECHYIO
nByxdasnyio cucremy. [1epBriii pacTBOp sIBJIsIeTCS ORHOH, a BTOPOH — APyro# (azoi
3TOH cHcTeMBl. Ec/iM TpUHSITH 3TO BO BHHUMAaHHe, TO TpeOyeMblH pe3yJbTaT JIerKo
MONY4YHTb, PACCMOTPEB COOOLIANOIIMECS COCYAbl, OOUH M3 KOTOPbIX HAMOJHEH Mep-
BBIM H3 YKa3aHHbIX PacTBOPOB, a APYrod — BTopbIM. [1pH aTOM C/lenyeT npeHeOpeub
pasHHLEH [aBJeHWH HACbIEHHbIX MapoB HAal YPOBHSIMH KHAKOCTEH B COCYAaX,
00YCJIOB/JIEHHOH CHJIOH TSKECTH.

chb:l—mq)B:

1 1

591. (— - l)uo = ( - l)p, Tie [t — OTHOCHTeJbHas MOJEKYJspHas
Macca paCTBCc')“peHHoro Beulec%séc, a o — MOJIEKYJISIpHAsl Macca PacTBOPHUTEJIS.

592. P,y = vRT = 3,5 aTm, re v — 4HKCJI0 MOJIel caxapa B efHHHUIE 00beMa
pacrBopa (v =~ 50/342 moJib/1).

g POCM ~

593. 1T = Ttk 303 K, rue v & 20/58 mosb/.1.

594. i = mRT/(P,V) =~ 360.

595. Pyey = [1 + (n — )ajmRT/(1V), e m — Macca pacTBOPEHHOTO Bellle-
cTBa B oObeme V.

596. P,cw = 2vR1 ~ 5,8 arm, rae v ~ 10/85 moub/a.

597. leno B TOM, YTO OCMOTHYECKOE€ [aBJeHHe IeHCTBYeT W Ha CBOOOLHYIO
MOBEPXHOCTh JKHUAKOCTH. DTO MPUBOAUT K PACTSIKEHHIO KUAKOCTH. BosHuKamlme
CHUJIBl HATSXKEHHS] KOMIIEHCHDPYIOT OCMOTHYecKoe naBjeHue. Ha cTeHKH cocyna neit-
CTBYET TOJIbKO THAPOCTATHUECKOE NaBJIEHHE.

598. Py — P =" P, e Pn — TJIOTHOCTb Napa, Px — MJOTHOCTb PACTBOPA.
P,

K
(Cp. ¢ 3apauamu 574, 581.)
599. o p ,

0 — 17

B T (599.1)
OTHOCHTe/IbHOe MOHHKEHHEe [aBJeHHS! HACBIIIEHHOrO Mapa PacTBOPHTeJNs Haj Mo-
BEPXHOCTbIO C€/J1a00ro pacTBOpa HeJeTyuero BelleCTBa PaBHO OTHOLICHHIO UMCJ/a
MoJiell paCTBOPEHHOTO BelllecTBa K UMCIy MoJeH pacTBopuTess (3akoH Payis).

600. P = Py(1 — v'/v) = 16,76 MM pT. CT.

601. Pemenue. [lycts AB — Masblfl y4acTOK KPUBOH MCMApeHHs AJIst YHCTO-
ro pactoputesisi (puc. 53). Ero, a Takke OTpe3KH APYTHX KPHUBBIX MOXKHO B TI€PBOM
NPUOMHKEHUU CUMTATh TpAaMosuHeiHbiMu. Kpusas ucnapenuss A'B’ nas pactsopa
JOJI2KHA TPOXOAUTh HH2XKE, TaK KaK YNPYroCTb HACLILIEHHOTO Mapa Hal pPacTBOPOM
MeHbllle, UeM Haj YHMCTBIM pacTBOpHTeseM. [logjep:kuBas BHellHee JaBjeHHe P
nocTosiHHbIM (1306apa AC), BUAMM, Y4TO TOYKA KuMeHus A’ Mpu 3TOM NaBjeHUHU
LJISl PacTBOpa JIEXKHT TpaBee TOYKHM KHMeHHs A 1Js 4HCTOro pacTBopuTens. JTO
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3HAUMT, UTO TeMIlepaTypa KHIIeHHS pacTBOpa Bbllle TeMIepaTypbl KHIEHHS YUCTOrO
pactBoputess. [loBbilieHue Temnepatypbl Kunenus 17 — 1" u3obpaxaercs ANHUHOH

P

Pl

2(3KUJIKOCTD)
B

.

D

rOpU3OHTANBHOrO 0Tpeska AA’.

st Beuucaenus 1" — T' uepes Touky A’ mpo-
Benem u3otepmy A’ B, KoTopas mepecedeT KpHUBYIO
UCMapeHHs YMUCTOrO PacTBOpUTeNst B Touke B ¢
koopauHatamu 1", P’. Opauuara P’ uso6paxaer
[aBJIeHHe HACBILIEHHOI'O Mapa YHCTOr0 PacTBOPHUTE-
a9 npu Temnepatype 17, a MOTOMYy IO ypaBHEHHIO
Knanefipona-Kunaysuyca, eciy npeHe6peub yaesb-

_ @2 _ guP
T'—T  Tv. RT?

P A C
S 7
! I(map)
I p
A T HbIM 06bEMOM KUAKOCTH,
T T P - P
Puc. 53

rae qi2 — YyAeJbHasd TeIJoTa HCHapeHwsd, a (U —
OTHOCHTEJ/IbHAA MOJIEKYJ/IIPDHAA MacCa PACTBOPHUTEJIA

B mapooGpasHoM coctosiiuu. C Apyro# cTopoHsl, no 3akony Payas (P’ — P)/P' =
=//v. Jlens MOUNeHHO 3TO COOTHOLIEHWE HA MpeNbAyIlee W TpeHeOperas B 3Ha-

MeHaTese pasiuuveM P u P’, naxonum

/ 2
T—T:Ziﬁ, (601.1)
HJIu
T—T:%%? (601.2)

602. Pewenue. [IpoBenem uepe3 TpPOHHYIO
TOYKY A YHCTOTO pacTBOPUTEJsT OECKOHEUHO Ma-
Jible Y4acTKH KpHUBOH ucrapenusi AC, miaBjieHHs
AB u Bosronku AD (puc. 54). Kpuas AD ox-
HOBDEMEHHO SIBJISIeTCSI KPUBOH BO3TOHKH PaCTBO-
pa, TaK Kak MpearnoJaraercs, 4yTo NpH 3aMep3aHuu
pacTBOpa 3aMep3aeT TOJbKO UHCTbIH PaCTBOPHUTED,
a pacTBOpPEHHOe BelleCTBO B TBepAOH (ase He
nosiBaisietcsi. KpuBasi Boaronku DA momHMMaetcs
Kpyue kpuBod ucnapenus AC (cm. 3agauy 550).
KpuBasi niaBseHHs U3-32 MaJOCTH PA3HOCTH Uy —
— v, TIONHMMAETCS] HACTOMBKO KPYTO, UTO €e MOXK-

Puc. 54

HO CUMTaThb OTPE3KOM BEPTHKa/bHOH mpsmoi. Kpusas ucnapenus pactsopa A'C’,
KaK BBISICHEHO B Mpelblaylueld 3anaue, HIeT HHXKe KpuBoi ucrnapedus AC 4ucTOro
pacTBopuTesisi. Ee mepecedenue ¢ KPUBOH BO3TOHKH AD ONMpeesuT MONOXKeHHE
TpoiiHO# Touku pacTBopa A’, a BepTuKasnbHas npsiMas A’B’ 6ymeT KpuBOH mJaB-
neHus pactBopa. CMereHne npsamoil A’ B’ oTHocuTesnbHO mpsAmoil AB, T.e. aavHa
orpeska AN, 1aeT MOHMXKEHUe TEMIEpaTyphl MJIaBJEHHs PacTBOPA, a AJHHA OTPes-
Ka AM — TOBbIlIEHHE TEMIepaTypbl KMIEHHs pacTBopa. Kak BHAHO M3 PUCYHKa,

NA EA
AM — A'E’

W3 ypaBHenus Knanelipona-Kaaysuyca a5 BO3TOHKH M HCMapeHHUs CJefyeT

AN q
EN  qg
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Orcrona
AIN—EN _ A/E _ q13 — 412 _ %
EN EN a2 a2’
3ameuas eme, uto AM = v'RI1?/(vuqis), NA =T —T', nonydaem
/ 2
o= LR (602.1)
v pg23
HJTH
7= Lol (602.2)
VIg23

603. 7" — T = 0,0156 K.

604. 1" — T = —0,0543 K.
RT?

605. T, = T + -0

mq

= 101,75 °C, rne 1p — TemmnepaTypa KHIEHHSI YHCTOTO

pacTBOpUTEJS, M — CyMMa 4HCJ/a MOJIeH pacTBOPEHHbIX BellecTB M m — Macca

PacTBOPUTEJIS.
) 2
606, t = — 2 (5) At = —0, 180 °C.
qi N 2
607. n = L™

AAT = 2, rne R — yHuBepcasbHasi ra3oBasi MOCTOSIHHAS.
q



[TPNJIOKEHHW A

I. OcHoBHbie ennHuLBbl MexayHapoaHoit cucrembt (CH)

Benuuuna

Enunnna

HaumenoBanue

Haumenosa-
HHe

O6o03Haye-
HHe

Onpenenenne

JnvHa

Macca

Bpems

Cusa 3J1eKTpu-
YeCcKOro TOKa

Tepmonunamu-
yeckasi TeM-
nepatypa ')

MeTp

KHJI0rpaMm

CeKyHIa

amrep

KeJIbBHH 2)

M

KT

Mertp paBen maune 1650763,73
BOJH B BaKyyMe H3Jy4yeHH,
COOTBETCTBYIOIIETO  Mepexony
MeXAy YPOBHSIMH 2pjo U 5ds
aToma KpUITOoHa-86

Kunorpamm paBeH Macce Mex-
LYHapOAHOI0 MPOTOTHNA KHJIO-
rpamma

CexyHpa paBHa 9192631770 me-
pHomaM H3Jy4eHHsi, COOTBET-
CTBYIOIIETO TEpPeXofy MeXAy
IBYMSI CBEPXTOHKHMH YPOBHSI-
MH OCHOBHOTO COCTOSIHHSI aTOMa
uesusi-133

Amnep paBeH cHJle HeU3MEHs-
IOLIErocsl TOKAa, KOTOPBIM IpH
MPOXOXKAEHUH IO JIBYM MapaJ-
JIeJIbHBIM MIPSIMOJIHHEHHBIM T1PO-
BOIHMKAM OECKOHEUHOH MJH-
Hbl U HHYTOXKHO MaJIOH MJolla-
U CeyeHHs, PaCMONOKEHHBIM
B BaKyyMe Ha pacCTOSHUH 1M
OfHMH OT JAPYroro, BbI3BaJ Obl
Ha ydyacTKe MpPOBOAHHKA [JIH-
HOM 1 M cu/y B3aMMOLEHCTBHS,
paBuyio 2- 1077 H

KenbBuH paBen 1/273,16 uactu
TEePMOAMHAMUYECKOH TeMIepa-
TYpPbl TPOHHOH TOUKH BOJBI

') Uamepernsi TemmepaTypsl MPOM3BOAAT MO TEPMOAHHAMHMUECKOH H MO MPAKTHUECKHM
TEMIIePaTypPHBIM LIKAIaM.
%) HanmeHoBaHHe KeJbBHH H €r0 0003HAYEHHS NPHMEHSIOTCS TAKXKE IS BbIPAXKEHHS
MHTEpBaJa WKW PAa3HOCTH TeMIeparyp.
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IIpodorsxcenue

Benuuuna

Enununna

HaumenoBanue

Haumenosa-
HHe

O603Haye-
HHe

Onpenenenve

KosnuecTBo
BellleCTBa

Cuasa cBeta

MOJIb

KaHaeJsa

MOJIb

Ko

Mosb paBeH KONHUECTBY Be-
11eCTBa CUCTEMBI, COAepKallel
CTOJIbKO K€ CTPYKTYPHBIX 3Jie-
MEHTOB, CKOJIbKO COLEPKHTCS
aToOMOB B yrJepozme-12 maccoi
0,012kr.

[Ipy nprMeHeHUH MOJISt CTPYKTYP-
Hble 3JIeMEeHTbl HOJIKHBI ObITh
CTeUH(pUIUPOBAHEl U MOTYT
OBITb aTOMaMH, MOJIEKYJIaMH,
HOHAMH, 3JEKTPOHAMH H JIPYyTH-
MH YacTHLUAMH HJH CHelupH-
LIMPOBAHHBIMU TpYIMNaMH uac-
THIL

Kanpena paBHa cuse cBera,
MCITYCKaeMOro C TOBEPXHOCTH
miomansio 1/600000 m? moa-
HOTO M3JydaTeass B IepIeH-
JMKYJSPHOM HampaBIeHHH, IIPH
TeMIepaType H3jlyuaTesis, pas-
HOHM TeMmepaType 3aTBepieBa-
HUS TJMATHHBL TPY  AaBJIEHHH
101 325 Ila

Jlonoanumenvroie

eduHULbL

[Tnockuit yron

TenecHbIl
yroJ

paguaH

cTepai1aH

pan

cp

CrepangvaH paBeH TeJleCHOMY YT-

PanuaH paBeH yriy Mexay ABYMS
pazrycaMH OKPYKHOCTH, AJHHA
IYTH MeXAy KOTOPbIMH paBHa

pannycy

Jy C BEpLIMHOH B LleHTpe ce-
pBI, BblpesaollleMy Ha MOoBepx-
HOCTH c(epbl MJOlaAb, paBs-
HYI0 MJIOLIAAH KBajpara co CTO-
POHOH, paBHOH paguycy cdepsl
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II. CooTHomEeHUs MeXIy HEKOTOPBIMHM €IUHHIIAMHU

cucrem CH u CI'C

Benuuuna CH CIrc
JlnvHa MeTp (M) 10% em
Macca KUJIOTpaMM (Kr) 10° r
Bpems cekyHzna (c) lc
CHsia 3/1eKTPHUECKOTO TOKA ammep (A) ~3-10°
Cuna HeioToH (H) 10° nuu
Paborta, sHeprus, KonudectTBo | AKOyab (1K) 107 pr

TemnJja

MOIIHOCTD, TEMJI0BOH MOTOK BarT (Br) 108 apr/c
JlaBneHue, HaNpsKeHUe nackasb ([1a) 10 aun/cm®

(MexaHHueckoe)
JluHaMuuecKas BSI3KOCTh
Kunemarnyeckas BSI3KOCTh

Koagpuurent tensoobmeHa
(renyionepenaua)
TensonpoBogHOCTD

TemmneparyponpoBogHOCTb

KosnnuecTBO asekTpuuecTBa

DJIeKTPUUECKHH MOTEHIHAJ, Ha-
npsiKeHHe (3JeKTPUUECcKoe)

3ﬂeKTpMQECKO€ COMPOTHBJIEHHE

nackasb-cekyHaa (Ia-c)

KBa[paTHBIA MeTp Ha
cekyHny (m?/c)

BATT HAa KBaJApaTHbIH
metp (Br/m?)

BATT Ha METP-KeJbBUH
(Br/(m-K))

KBa[pPaTHBIA MeTp Ha
cekyHay (m?/c)

KyJion (Kur)

BoJsibT (B)

om (Om)

10 uH - ¢/cm?
10* em?/c

10% spr/(c - em?)
10° spr/(c-cm - K)
10* em?/c

10°

1072

1%

&

107" ¢/em

&

O] = W|—m W

III. HekoTopble BHECHCTEMHbIE €TUHULIBI

Kunorpamm-cusa (kre)
Kunorpamm-cuna Ha
(kre/em?)

Musnumerp BOASHOrO cTos6a (MM BOM. CT.)
Munnumerp pryTHOro cronta (MM pT. CT.)
Bap (6ap)

Atmocdepa usnueckas (aTm)

Atmocdepa TexHUYecKas (ar)

Jlomanuuas cuna (7. ¢.)

Kasnopust mexayHaponHas (kau)
AcTpoHomMHUecKas eIHHHIA AJHHBL (. €.)
CaeToBO# rog (CB. rox)

[Tapcek (k)

DnexTpoHBOMLT (3B)

[lyas ([1) — enuHMIla TUHAMHYECKOH BSI3KOCTH

KBapaTHbIHA

CAHTUMETD

= 9,80665 H (Touno)
= 98066,5 I1a (TouHO)

9,80665 Ila
133,322 Ila

= 10° Ia

= 101324,72 Ta

= 98066,5 I1a (TouHo)
= 735,499 Br

= 4,1868 Ik (TOuHO)
=1,49600 - 10" u
=9,4605- 10" m
=3,0857 - 10'® m
=1,60219- 10" JIx
=0,1Ia-c
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Croke (CT) — envHMLIA KMHeMaTHuecKoil BiskoctH = 107% m%/c
Temmneparypa Uenbcus ¢ =1 —"1Tp,

rne 1" — rtemnepatypa Kenbsuna, 1o = 273,15 K. (Tlo pasmepy rpapyc Llenbcus
paBeH KeJlbBHHY.)

IV. Muoxurtenu u npucraBku CHU nnis o6paszoBaHus JeCITHUHBIX
KPaTHBIX U JOJIBHBIX €IUHMIl U UX HAUMEHOBaHUM

[TpucraBka O603HaueHne
1 000000000 000= 10" Tepa T
1000000 000=10° rura r
1000000=10° vera M
1000=10° KHJIO K
100=10° reKTO r
10=10' fexa na
0,1=10"" nelu I
0,01=10"2 CaHTH ¢
0,001=10"3 MHJLIH M
0,000001=107"° MHKPO MK
0,000000001=10""° HaHO H
0,000000000001=10""2 MHKO n
0,000 000000000001 =10""° emro )
0,000000000 000000001 =10""8 aTTo a
[Ipumeuanue. [IpucrtaBku pekoMeHIyeTCst BbIOMpAThb TaKUM 00pasoMm,
4yTOObl UHCJIOBblE 3HAUEHHUS] BEJMUHMH HaXOouauCh B npenenax 0, 1, ... 1000

V. HekoTopble (hpusnyeckue nocTossHHbIE

CKOpOCTb cBeTa

3apsia 3/eKTpoHa
[Toctosinnas [lnanka
Yucso ABoraapo
[Toctosiunasa BosbiiMaHa
[a3oBast mocTosiHHAs

['paBUTALMOHHAS NOCTOSHHAS
Uucno Papanes
Macca nokost 3/eKTpoHa

Macca nokost mpoToHa
Macca nokost HeliTpoHa

2,99792458 - 10° m/c =

= 2,99792458 - 10'° cm/c
1,602- 107" Kn =4,80-10~'° Crca
6,626 - 1073 JIxk - ¢ = 6,626 - 10~ spr-c
6,022 - 10% kMo~ = 6,022 - 10? mMosp !
1,38-107% Jix/K = 1,38 - 10716 spr/K
8,31 - 10 I/ (xmoab - K) =

=8,31- 107 apr/(moan - K)
6,67 - 107'""H-M?/xr? =

=6,67 - 1078 qun - em?/r?
9,648 - 10" Ki/kmoab =

= 9,648 - 10> CTCM/mMouib
9,11-107* xr =9,11-10"% ¢
1,6727-10"% kr = 1,6727- 10~ % r
1,6750-10~% kr = 1,6750- 10~ r
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CpenHuii paguyc 3eMad 6371 kM
Macca 3eman 5,98 - 10** kr
CpenHsisi MIOTHOCTh 3eMJH 5,52 r/cm®
MOMEHT KOMMYeCTBA ABHUKEHUS 3eMJIH, CBS3aHHBIH 5,91 -10% xr-m?/c
C OCeBBIM BpallleHHeM
CpenHsisi CKOPOCTb IBHKeHHsI 3eMJH Mo opOUTe 29,77 xm/c
Papuyc CosHia 6,96 - 10° xm
Macca Coaniia 1,99-10% xr
Cpennsis moTHOCTb COMHIA 1,41 r/em®
Cpennee paccrosinue 3emau oT CosHIa 1,496 - 10° km
Cpennee paccrosiHue JIyHbl OT 3eM/an 3,84 -10° xm
Cpennuit paguyc JIyHbl 1738 kM

Macca JlyHbr 7,34 -10% xr



