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1. MOJIEKYJISPHO-KUHETUYECKAS TEOPUSI UAEANIBHOIO FA3A
OCHOBHbIE MOSIOXEHUS MONEKYISIPHO-KMHETUYECKON TEOPUU:
— BCE BeLLEeCTBa COCTOST U3 aTOMOB WM MONEKY;
— aTOMbl BCEX BELLECTB HaXoAsTCs B 6eCrpecTaHHOM XaoTUUECKOM ABIKEHUM;
— aToOMbl (MK MONEKY/bl) B3aMMOAEUCTBYIOT Mexay CObou.
1 MOfb — KOSIMYECTBO BELLECTBA, B KOTOPOM COAEPXMUTCS UMCIO YacTvy

(aTomoOB, MoneKkyn n Ap.) paBHOE YMCy aTOMOB B 12 r u3oTona yrnepoaa 162C .

Uncno Asoragpo N A — YMCIIO aTOMOB WM MOJIEKY/, COAEPXKALLMXCS

B OZHOM Mofie Nlo60ro BeLLecTsa,
23 -1
N, =6,022-10" mone .

MonsipHas Macca — 3TO Macca O4HOro Moss BeLlecTsa:

M=m,-N,,
Ke
rae M, — macca oaHoi Monekysbl; [M ] =1
MOTb
Yicno Moneit BelyecTBa — Macca BelUeCTBa, [eNleHHas Ha
MOJIEKY/ISIDHYIO Maccy:
m
y=—, [v] =1monw .
M
Yucno Monekyn BelecTsa:
N=N,v.
KOHLIEHTPaLMs MOJIEKYST — STO YMC/IO YACTUL, B eANHULE O6beMma:
N -3
n=—, [n]=1x",
Vv

MnoTHOCTL BewecTBa — (m3nyeckass BeM4YMHA, YMCNIEHHO paBHas
OTHOLLEHMIO MacCbl BELUECTBa, 3aK/OYEHHOW B HEKOTOPOM obbeme, K
BEMYMHE 3TOro obvema:

m Ke
P:V:n'mm [p]:]_?_

CoCcTosiHME ~ HEKOTOpPOM  MacChbl rasa  OnpeaensieTcs  TpeMsi
TEPMOAMHAMWYECKUMM MapameTpamm — faenedveM [P, obbemom V

Temnepatypon T .



YpaBHeHWe, CBA3bIBalOLEee NapaMeTpbl COCTOSIHUA MAeasibHOro rasa,
Ha3blBaeTCsa YpaBHEHMEM COCTOSIHUS WAeaslbHOro rasa WM ypaBHEHWEM
KnaneipoHa:

pVv
—— =const,
T

YpaBHeHME COCTOSIHUS WAeanbHOro rasa MNpPOU3BOSIbHOW  Macchl

(ypaBHeHve MeHaeneeBa-KnanelipoHa):

m
pvV =—RT,
M
aHC
roe R = 8,31’11_ — MonsipHas ra3osasi MOCTOSHHaS.
Mmonb - K
BblpaXkeHve Ans AaBNeHUst MOXKHO 3anucaTh B BUAE:
p=nkT,

s LD
rne k =1,38-10% ﬂ? — nocTosiHHasi BorbLUMaHa.

M3onpouecc — 370 npouecc, B KOTOPOM Macca U OAWH U3 NapaMeTpoB
(naBneHve, obbemM unu TemnepaTypa) OCTaloTCs HEM3MEHHBIM.
U3oTepMuueckmii npouecc, T =const.
3akoH boving-MapuorTa: pNs AaHHOW MacChl MAeanbHOro rasa npu
T =const npov3BeaeHne [aBfieHuss Ha o0bbeM ecTb  BenuuvHa
MOCTOSIHHaS,
p1V1 = p2V2 :

MpacdvkM 3aBUCMMOCTU Mexay napaMeTpaMu COCTOsIHUSI rasa npu

0 T 0 T 0 4
Puc. 1.1

»
»

T =const npeacTaeneHbl Ha puc. 1.1.
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W306apHbiii npouecc, P = CONSt .

3akoH [ledv-/Tioccaka: AN [AAHHOM MacCbl WAeanbHOro rasa mnpu
P = const obbeM NpsiMo NponopumoHaneH abcontoTHOM TeMnepaType,

Vil
Vz Tz
Ipacvkn 3aBUCMMOCT MeXxay napaMeTpaMu COCTOSIHWS rasa npwu
P = const npepnctaBneHbl Ha puc. 1.2.

P P I

» »
>

} T 0 o0 T
Puc. 1.2

M3oxopHblii npouecc, V = CONSt .

3akoH Llapns: pns  OaHHOM Maccbl  MAeanbHOrO rasa Mnpu
V = const paenenve npsmo NPONOpLIMOHANLHO abCcontoTHO
Temnepartype,

T

p, T,

MpacdmkM 3aBUCMMOCTM Mexay napaMeTpaMu COCTOSIHUSI rasa npu

4 P P

—>

0 T 0 o0 1
Puc. 1.3



V =const npeacraenens Ha puc. 1.3.
CpeaHsist KBaapaTUUHas CKOPOCTb MOJSIEKY/ rasa:

vl +.0,° _ [3RT _ [3kT M
N NM \m RUMH c

OCHOBHOE  YpaBHEHME  MOJIEKYNIIPHO-KUHETUYECKOW  Teopumn
naeanbHoro rasa (pasHble OpMbl 3anucu):

1 2
p=3nm, <v, >,

p=1p<i,>?
3 K6 4
2

p ::Egr]<:€0 >

[p] =1 mm pm.cm.=133,3 Ila ,
[p]=1amm =1,013-10°a .

3aKoH [lasibTOHE: OABNEHWE CMECWU Fa3oB, He B3aMMOAEMCTBYHOLLMX
[pyr C [OpYroM XMMMWYECKM, PaBHO CyMMe MapuManbHbIX [AABNEHWUN 3TUX
rasos,

pP=D tp,+..
CpeaHsas KMHeTM4YecKas 3Heprusi NocTynaTenbHOro [ABUMKEHMNS OfHOM
MONEKYJbI:
2
m,<v,>" 3

<&, >:T:§kT, [< & >]=1 Mo

MpumMmepbl pewwieHns 3agad
3agava 1. Bo3pyx HaxoguTtcs B 6annoHe noa AaBreHneM 2+10° Ma,
npu 3TOM CpefHsis KBagpaTuyHas CKOpPOCTb ero Monekyn pasHa 1000 m/c.
HallTu KoHUEeHTpauuio MoneKyn Bo3gyxa Mpu 3TUX YCNoBUSX. MONSIpHyio
Maccy BO3Ayxa cunTaTb paBHoi 0,029 kr/Monb.



fawo: p=2.10°la, (v,)=1000%/ M =0,029%/

MOb '
n="?
PelwieHne
OCHOBHOE  YypaBHeHue MOJIEKYNAPHO-KUHETUYECKOW Teopun
naeanbHoro rasa:

1 2
p=3nm, <v,, >

Maccy Monekynbl BO3[yXa MOXHO paccuuTaTh, PasfesiMeB MOMSIPHYHO
Maccy BO34yxa Ha uvcio ABoraapo:

M
m,=—.
NA
Toraa
1M )
p=—-—n<yp, >",
A
OTtkyna
3N
=_2TAP = n=12-10°n"°
M<UK8 >

3apadya 2. Haltu cpepHiol KBaapaTUUHYIO CKOPOCTb MOJeKyn rasa,
MNNOTHOCTb KOTOPOro Npu AaeneHun 750 MM. pT. CT. paBHa 8,2:107 kr/m2.
YeMy paBHa MONsipHasi Macca 3TOro rasa, ecnn 3HavyeHwe MAOTHOCTU AaHo
Aans Temnepatypbl 17°C?

AaHo: p =750 ym pm.cm.=99975 Ila ; p=8210"—= ke
M

T =290K;(v,)=?, M ="

PewieHne
OcHoBHOe ypaBHeHue MOJIEKYNISIPHO-KUHETUYECKOW Teopumn
naeanbHoro rasa:

p—1 <v, >?
3,0 e
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OTcrona

3 M
W)=, (v,)=1910°%.
Yol c
Ons onpepenennss M ucnonb3yem ypaBHeHue MeHaeneesa-
KnaneipoHa,

= MRT

pV

m
TaKKaK,O:—,TOMzﬂ, M =0,002 ke )
\Y p MOTb

Sagaya 3. CpepHss KBafjpaTWyHas CKOPOCTb MOJIEKYsST HEKOTOPOro
rasa npu HOpMasbHbIX YCroBMaX paBHa 461 M/c. Kakoe uucno Monekyn
coaepxutcsa B 1 r 3Toro rasa?

favo:  (v,)=461%/; py=1,013-10°Tla;  T,=273K ;

-3
m=10"xe; N ="
Pelwwenne
[ns HAaXOXAEHWUS KOIMYECTBA MOJIEKY/T B A@HHOW Macce rasa yaobHo
CHayana ornpeaenuTb, Kakoe 4YWUC/I0 MOfeil COAEPXMTCS B Hel, a 3aTeM
YMHOXWTb HAaUZIEHHOE YMC/IO MOJIEN HA KOJTMUYECTBO MOJIEKY/T B OAHOM MOJE:

N:v-NAngA_

Mockonbky
3RT
<UK(f> A,
M
3RT
M=——
<v,>
CnepoBaresnbHo,
m<uv. >N
N=——_4  N=188-10%.
3RT



3agaya 4. B cocyae HaxoauTcs 107 monb Kucnopoaa v 10°® r asoTa.
TemnepaTypa cmecu pasHa 100°C, npu 3ToM AaBneHue B cocyae paeHo 107

MM pT. CT. Haltu: obbeM cocyda, mapuuanbHble AABAEHUSt KUCIopoaa M
a30Ta, YMCNo MoJeKyn B cocyae.

favo: v, =107 morw; m, =10° ke ; T =373K;

= . _3 . frd . :’) :7 :9
p=133310°Ma; M,=0,028%/ V=2 p=? p,="
n="

PeweHue
Mo 3akoHy [anbToHa Ans cMecu ra3os:
pP=ptD,
MapunanbHble AaBNEHUS KMCIOpoAa M a30Ta OnpeaennM C NMOMOLLbIO
ypaBHeHusi MeHaeneeBa — KnanenpoHa:

b= v,RT , )
Vl
m,RT

P> = M, , ()

P, =0,09811a, p, =0,035ITa .

B cootHowenmsx (1) n (2) T - temnepatypa cvecn, V, =V, =V
(06beM KaXaoi KOMMOHEHTbLI paBeH 06beMy cocyaa).
Mocne noacraHoBkn (1) m (2) B 3akoH [anbToHa nofnyYaem
ypaBHeHue:
RT m, RT
p=v,—+—=—.
V. M,V
OTtciona
. V=3210"x°,
Yncno Monekyn B eauHuUe obbeMa:

N

1

KT ' 2 KT
Tak kak no onpeaeneHunto

Nl
_’ n2
v

n, = =

LA
VZ

TO



A A
1~ ’ 2 ’
KT KT
Nl :1,9’1013, N2 2017'10131

N=N,+N,, N =2,6-10".

3anaya 5. B konbe emkocTbio 100 cM® cooepXuTCS HeKoTopblit ra3
npu TeMmnepatype 27°C. Ha CKOMbKO MOHWM3WTCA [aBfieHWe rasa, eciu
BCNEACTBUE YTEYKN U3 KONObI BbINAET 10% Monekyn?

fawo: V =1042; T =300K; AN =107 ; Ap ="?
PewweHne

Bocronb3yeMcst hopMynoi, yCTaHaBNMBatoLWEeN CBA3b AABIEHMS rasa
C KOHLIEHTpaLMeii ero Mosiekysn 1 TEMNepaTypon rasa:

p=nkT .
,El,aBneHme rasa B Konbe A0 YTEYKU:
p, = KT .
Mocne yTeukn:
p, =NKT .

BbluTeM 13 NepBoro ypaBHeHMs1 BTOpOE:
p, — P, =nKT —n,kT,
Ap=An-KT. (1)
3pech Ap — uM3MeHeHWe faBneHus rasa, a AN — u3MeHeHue
KOHLIEHTpauun ero MoneKy/.

N
Takkak N =—, TO
V

AN =——. (2)

Moacrasum (2) B (1),

Ap = AV—NkT . Ap=4110°TTa.

Sagada 6. CpepHasi KUHETU4Yeckass 3SHeprusi nocTynaTenbHOro
OBWKEHUSA MOJEKYNT MAeasibHOro rasa pasBHa 107t bk, a nx cpeagHsas
KBaApaTUuYHasi ckopocTb 2-10° M/c. KoHueHTpauwms Monekyn rasa 3:10%° m3,
HaiiT NNOTHOCTb rasa npu 3TUX YCIOBUSIX.
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Ravo: <z, >=10™ Jore; (u,)=2-10° %/ ; n=3-10% »*;
p="?

PelueHne
Tak Kak
m, <v,, >’
gy >=—————,
2
T0
_2<gy>
0 — = 5
<v,, >
[TnoTHOCTb rasa
p=n-m,.
OKOHYaTeNbLHo,
2<&, >N
P 2—02, p=15 KZ/M3.
<v, >

Ty e 3aAa4y MOXHO PeLInTb APYrMM CrocoboM:

2
p:§n<80 >,

p—1 <v, >
3p K6 :

MoaenuM Apyr Ha Apyra 3TV [Ba YpaBHEHWS,

1- 2n<eg, >
p<v,>’
OTKyaa, Kak 1 B NepBOM Cy4ae,
_2<¢g>n
<v, >’

11



3apaum ANns CaMOCTOATESIbHOrO peLueHust

1.1. B 6annoHe ob6veMoM 5 n copepxwuTcs kucnopoa maccon 20 T.
OnpefenuTb KOHLEHTPaLUMIO ero Mosiekyn B 6annoHe. (7,510%° m3).

1.2. CpepHsia KBagpaTW4yHasi CKOPOCTb MOJIEKY/Sl HEKOTOpOro rasa
paBHa 450 m/c. [daBneHue 3TOro rasa 5-10* Ma. HaliTu nnoTHoCTb rasa.
(0,74 xr/M).

1.3. B cocyne o6bEMoOM 4 n HaxoauTcsa 1 r Bogopoaa. Kakoe umcno
monekyn copepxutca B 1 M? atoro cocyaa. (7,5:10% m3).

1.4. B cocyne obvemom 2 n Haxoautca 10 r kucnopoga noa
naBneHmeM 680 MM pT. CT. HaiiTu: CpeaHiol0 KBagpaTU4YHYl0 CKOPOCTb
MOMIeKyn rasa; 4uMcno MONeKyn B Cocyde; NAOTHOCTb rasa. (233 M/c;
1,9:10%; 5 kr/m3).

1.5. bannoH obbemoM 15 N coaepXuT cMecb BoAoOpoAa M Kuciopoaa
npu Temnepatype 27°C w paeneHun 12,3 atMm. Macca cmecu 150 r.
OnpegennTb Maccy BOAOPOAA M Maccy kucnopoaa B otaensHoctu. (0,009 kr;
0,141 «r).

1.6. B cocyae HaxoauTtca cmecb 10 r yrnekucnoro rasa u 15 r asota.
HaliTu NnoTHOCTb 3TOM cMecu npu TemnepaType 27°C u aasneHum 1,5:°10°
Ma. (1,97 kr/mM).

1.7. U3 6annoHa co OKaTbiM BO34YXOM BC/EACTBME HEMCMPaBHOCTM
BEHTWUNA MPOM30LLNA yTeuka rasa. [pu Temnepatype 7°C aaBneHve rasa B
6annoHe 6biNn0 paBHO 5 MIla. Yepe3s HekoTOpoe BpeMs TeMmrnepaTtypa
noBbicunack A0 17°C M MaHOMETp, MOAK/IOUEHHbIM K 6annoHy, nokasan
npexHee gasneHne. CKONbKO MONEKYs rasa nokuHyno 6annoH, ecnn obvem
Gannona 10 n? (4,5°10%).

1.8. B 6annoHe Haxoaunoch 10 kr rasa nop gasneHvem 107 Ma.
Kakas Macca rasa Obina OdeHb MeaneHHo BbinyweHa w3  6annoHa
(TeMnepaTypa rasa OCTaeTcs MOCTOSIHHOW), €CiM AaBfieHue rasa nocie
3TOro cTano pasHo 2,5'10° Ma. (7,5 kr).

1.9. Kakoe KonmM4ecTBo KMcnopoaa BeinycTunm n3 6annoHa eMKOCTbHo
10 n, ecnn npu 3TOM MoKasaHUsi MaHOMeTpa Ha 6annoHe u3MeHnnuchb ot 14
aT™ no 7 aTM, a TeMnepaTypa noHusunack ot 27°C o 7°C? (0,095 kr).

1.10. laBneHune BO3ayxa BHYTPU MJIOTHO 3aKYMNMOPEHHOro cocyaa npu
7°C 6bin0 100 kMa. Mpu HarpeBaHUM cocyaa Npobka BbineTena. Haitn, 10
KaKon TeMmnepaTypbl Harpenu cocya, ecnv npobka BblieTena npy AaBneHum
Bo3ayxa B cocyae 130 kMa? (91°C).
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1.11. HekoTopblii ra3 npu Temnepatype 91° C u gaenenun 800 kla
UMeeT NAOTHOCTb 5,4 Kr/M>. HaiiTh Maccy oaHoi MoneKynbl 3Toro rasa u eé
CPefHIOI KUHETUUECKYIO SHEPruI0 MOCTynaTenbHOro Aswxenus. (3,4°107%8
Kr; 7,510 0x).

1.12. Amnyna obbemom 1 cM?, coaepxallias Bo3ayX NPy HOPManbHbIX
YCNoBUSsIX, OCTaBfieHa B KOCMOCE, rAe AaBfieHWEe MOXHO MPUHSATb PaBHbIM
Hynt0. B amnyne nmeeTcs oTBEpCTME, Yepe3 KOTOPOE 3a KaXAayl CekyHay u3
Hee BbinetaeT 108 Monekyn. Yepes kakoe BpeMs AaBneHWe B amnyne cTaHeT
paBHbIM Hynio? (2,65:10' c).

1.13. CkonbKkO MONEKYN BO34yXa HaxoauTCs B ayauTopum 06beMoM
240 m® npu Temnepatype 15°C u gasneHnn 750 mMM. pr. cT.? (6°10%).

1.14. B uvnuHape noA NopLIHEM HAaxXxOAMTCA BO3AYX MOA AaB/IEHUEM
0,2 MMa u npu TemnepaType 27° C. Kakoi Macchl Fpy3 Hafo MOMOXMUTb Ha
noplUeHb Mocie HarpeBaHus 3Toro Bodayxa Ha 23° C, uTobbl ero o6bLeM He
n3mennncs? MNnowaab nopiuHs 30 cM?,

(4,6 kr).

1.15. Bo CKOMbKO pa3 cpeaHss KBagpaTW4Hasi CKOPOCTb MOJIEKYI
Kkucnopoaa 6onblue cpeHelt KBaapaTUUHOM CKOPOCTM MbIMHKKM Maccoit 1078
r, HaxoAsiLeiics cpean Monekyn kucnopoga? (1,4:107).

1.16. Mpu kakoW TemnepaType MOMEKYSbl Frenns MMEKT TaKylo Xe
CPefHIol  KBaApaTUYHYKD CKOPOCTb, Kak W MOJfeKynbl Boaopoda npwu
Temnepatype 288 K? (576 K).

1.17. HaiiT1 OTHOLLEHME CpPefHMX KBaApaTUYHbLIX CKOPOCTE Monekyn
renns n asoTa Npu OANHAKOBbLIX TemMnepaTypax. (2,65).

1.18. Bo cKonbkO pa3 TMJIOTHOCTb BO3AyXa, 3arosHAOLWEro
nomelleHue 3umoii (7° C), 6onblue ero nnoTHocTv netom (37° C)? [JaBneHve
oavHakoso. (1,1 pasa).

1.19. B cocyne HaxoauTcs cmeck 10 r yrnekucnoro rasa v 15 r asoTa.
HaltT nnoTHOCTb 3Tol cMecu npy TemnepaType 27° C u aaBnexum 150 kMa.
(1,98 kr/M3).

1.20. B 6annoHe Haxogunocb 10 kr rasa npu gaenenun 10 Mrla.
Kakyto Maccy rasa B3sinm u3 6annoHa, ecnu gaeneHune ynano go 2,5 Mna.
TeMnepaTypy cuMTaTb NOCTOSIHHOM.

(7,5 kr).

1.21. 5 r a30Ta, HaxoAsLerocs B 3aKpbITOM cocyae 06beMoM 4 n npu
Temnepatype 20° C, HarpeBatoT Ao Temnepatypbl 40° C. HaliTn naBnenune
rasa Ao v nocne HarpeBanusi. (108 kla, 116 kMa).
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1.22. 12 r rasa 3aHuMaioT o6beM 4°10° M> npu Temnepatype 7° C.
MNocne HarpeBaHusl rasa nNpu MOCTOSHHOM AaBfEHMW €ro MJIOTHOCTb CTana
paBHa 6°10™ r/cm®. [lo Kakoit TeMnepaTypbl Harpenu ras? (1400 K).

1.23. KuHeTnueckas aHeprusi noctynaTeslbHOro ABWXKEHWUSI MOJIEKYI
asoTa, HaxoasLerocs B 6annoHe o6bemom 0,02 M3, pasHa 5 kK, a cpeaHss
KBa/IpaTM4Hasi CKOPOCTb ero Monekyn pasHa 2-10° m/c. Haiitu: maccy asoTa
B 6annoHe; aaBneHue, Nog KOTopbiM HaxoauTca a3oT. (0,0025 kr, 167 kMa).

1.24. HallTu CpeaHIo KUHETMYECKYIO SHEPrMIO MOCTYNaTenbHOro
[BWKEHUSI U UMIYNbC MOMEKY/bl Bogopoda npu Temnepatype 20°C, cuutas
CKOPOCTb MOJIEKY bl PaBHOW ee cpefHeii KBaapaTUUHOM ckopocTu. (6,1+10°%
[x; 6,410 kr-m/c).

2. PACMPEAENEHUE MOJIEKYJ1 UAEATbLHOIO FA3A NO
CKOPOCTAIM MAKCBEJIJ1A. PACNPEAQENIEHUE BOJIbLIMAHA.
Pacnpenenenune Makcsenna
C nomoLbl0 METOAOB TEOPWUM BEPOSTHOCTU WM 3aKOHOB CTaTUCTUKM
Makceenn B 1860 rogy TeopeTuyecku nonyumn opmyiny, onpeaensioLlyto

YNCNO MONEKYN dN , obnaparowmx CKOpOCTSIMM B WHTepBane OoT U A0
v+do:

2 —
m, 2 -
dN=N-47| —2 | -e 27 .p*.dv, (1)
27KT
roe N - obwee umcno wmonexyn; M, — mMacca Monekynbl;

o3 Hoie
k=1,38-10 237 — nocTosiHHast BonbuMaHa; T — TemnepaTypa rasa;

U — MOAyJlb CKOPOCTU MONEKYbI.
CDYHKLI,VIQ pacnpeaeneHna Monekyn naeasibHoro rasa no CKOpoCTdaMm:

3 2
f(v)= dN =47r( My jz e M2,
N-do 27kT

rpadmk dyHkumm f (v) umeer sug (puc. 2.1):

14



9

N

.---_-:}---------..

,( U) \
T 0 Uy v ovtde v
Puc. 2.1
C nomoLbto 3Toro rpaduka MOXHO HaWTW A0S0 MOJEKYS, CKOPOCTU

KOTOPbIX JleXaT B WHTepBane oT U Ao U+ 0U . [ins 3Toro HyxHO HaiiTn
nnowaab 3alWTpPUXOBaHHOM (Urypbl, KOTOPYID NPUOAMXKEHHO MOXHO
3aMeHTb NpsMoyrobHMkom co ctopoHamn f (L) n do.

M3 puc. 1 BUAHO, 4YTO NpU TOW XXe LUIMPWUHE WHTepBana do
Hanbosbluasi nowaAb NOJy4YaeTcss B6/IM3M CKOPOCTW, COOTBETCTBYIOLLEN
MaKCUMyMy (byHKLMM pacrnpeaeneHust. 3Ta CKOpOCTb Ha3blBaeTcst Hanbonee
BEPOSITHOM; OHa onpeaensietcs popMynon
2kT

my

L, =
Hanbonee BeposITHOM Ha3blBalOT CKOPOCTb, OSIM3KOM K KOTOPOM
0Ka3bIBaKOTCA CKOPOCTU H60NbLIMHCTBA MOMIEKYN AAHHOMO rasa.
[na peweHns MHOrMx 3agad yaobHo wcnonb3oBaTb GopMyny
MakcBenna, rae CKopocTb BblpaXeHa B OTHOCUTENbHbIX eAMHULAX:

dN=N-i~e‘”2-u2-du
v

N :

roe U= — OTHOCUTENbHasi CKOPOCTb MOJIEKY]I.
¥

8
OyHKUMS  pacnpefeneHus  MOMekynl  MAeanbHoOro  rasa o
OTHOCUTESbHBIM CKOPOCTSIM:

15



f(u)= \/;e vy

OTO ypaBHeHWEe YyHuBepcanbHoe. B Takom Buage yHKUMS
pacnpegeneHns He 3aBUCMT HW OT poAa rasa, HM OT TemnepaTypbl. Kpusas

pacnpeaenexHusa f(U) , PacCynTaHHaa ansa psaa 3HaYeHWUN OTHOCUTENBHOM

CKOpOCTU, NpeacTaBieHa Ha puc. 2.2.

f(u)

n -

0010203040506070,809 1 1,11,21,3141516171818 2

CTHOCMTANbHAA CROPOCTh, u

Puc. 2.2

Tak kak obuiee uncio Monekyn nocrosiHHo (N = const ), To

AN N’
b LA |
N N

N/ u
N e

AN
rpe —— — [ona MONEKys, OTHOCUTENIbHbIE CKOPOCTU KOTOPbIX NeXaT B
N

nnun

ﬁ\

N !
WHTepBane [0, u] —— — [0/ MONEKY/, OTHOCUTESbHBIE CKOPOCTU KOTOPbIX

N



NPEBbIWLAT HEKOTOPOE KOHKPETHOE 3Ha4yeHue u. Fpad)MK 3aBMCUMOCTU
!

%(u) npencrasneHa Ha puc. 2.3.

1,2

0.8

0.6

N'/N

0,4

0.2

0 >
0 01020304050607080% 1 1,11,2131415161,71,819 2

OTHOCHTENEHEA CKOPOLCTh, u

Puc. 2.3

XapaKTEPUCTUYECKUE CKOPOCTH MOJIEKY/T
Haunbonee BeposiTHast CKOPOCTb,

[T _ [eRT
“ A m, M

CpeaHss apudMeTMHeckas CKopocTb,

8KT f8RT
<U>= |[— =, ]—.
m, M

CpefiHsis KBagpaTU4Has CKOpOCTb

3kT /3RT
<o, >= |[—=,]—.
m, M

Pacnpenenenne bonbuMaHa

[Ba dakTtopa — TennoBoe ABWXEHWe MOMeKy/n M Hanuuve none
TAroTEHUS  3emMnu npuBoAAT ra3 B COCTOAHME, TMpWU KOTOPOM €ro
KOHUEHTpauMsi W JaBfieHve Y6bIBAlOT C  BbICOTOW. bapomeTpuyeckas

17



(ﬁOpMyﬂa OMNUCbIBAET 3aBUCUMMOCTb [AaBJIEHUA aTMOCd)epr OT BbICOTbl U
onpeaendeT AaBfieHUe rasa Ha noboii BbicoTe B cny4yae, ecnu Temnepartypa
aTMocdepbl MOCTOSIHHA, @ rPaBUTALMOHHOE MoJ1e — OAHOPOAHO:

Mgh

_ RT
P=pP€ ™,
roe P, — faBneHMe Ha HyNeBOM ypoBHe (HOpManbHoe aTMocdepHoe

AaBneHue); P -— [aBneHWe Ha BbICOTE A Haja 3TUM YpoBHeM; (J -

YCKOpEHNe cBo6oAHOroO NageHus.
Pacripegenerne bosblmaHa NS BHELWHEro noTeHuManbHOro nons

onpeaensieT KOHUEHTPaUMo MoKy Ha /iloboii BbicoTe:
W,

n

—nea kT
n=nye

I

roe Wn = mogh — noTeHUManbHas 3Heprust MoeKysbl Ha BbicoTe h.

MpumMepbl pelueHuns 3agav
3agava 1. Kakas yactb Monekyn okvcn azota NO npu Temnepatype
300 K obnagaet ckopoctsiMu B nHTepsane ot 820 m/c go 830 m/c?

[aHo: T=300K; v, =820f%; v, =830f%;

AN _

- K
Mo =0.03 monb ' N

?

Peluenne
Ecnv B 3ajaye Tpebyetcs onpeaenuTb konnuectso monekyn AN,
CKOPOCTU KOTOpbIX nexaT B WHTepBane oT U; Ao U,, Heobxoaumo

BOCMOJ1b30BaTbC 3aKOHOM MakcBenna (1), nponsseas MHTErpupoBaHue:
Uy
AN = N_[ f (v)do .
=1

OpHako, ecM paccMaTpvBaeMbiii B 3apaye uHTepsan ckopocteit dU
HAacTONbKO Maj, 4To B ero mpemenax MoxHo cumtats | (©) = cCoONSst

(puc. 2.4), To AN MoxHO paccumTbiBaTh MO NPUBAVKEHHON (hopMyne:

18



AN=N-f()-Av.

\

,_.fL{UI ) ______________ % _________ ]

I::V

U, U1, + A

Av

Puc. 2.4

OTHOCWTENbHAsi  MOrPellHOCTb,  AOMycKaeMasi  mpu  3TOM,
onpepensieTcst GopMynoii
5= f(v)-f(v,)

f(vr)

L
Wcnonb3yst MOHSTME  OTHOCUTenbHoOi  ckopoct U =—
L

[

Av
Au =— , 3aKOH Makcsenna B npubnnxeHHoM Buae (NMpy BbINOSHEHWUM

8

ycnosna AU << U ) MOXHO 3anmcaTh Kak

AN:N-i-e‘uz-uz-Au_

Ir

HaunGonee BeposiTHasi CKOPOCTb MOMEKY/!
fZRT M
v,=,——, v, =410—.
M c

19



0N oueHKM NOrpewwHocTV, [AOMycKaeMol nNpu  MCMOsb30BaHMK
NpuBAMXeHHOW opMbl 3anMcy 3akoHa MakcBenna, paccuutaeM yHKLMM
pacnpefeneHus MosIeKyl UAEaNTbHOrO rasa Mo OTHOCUTESNbHBIM CKOPOCTSIM,

F(U) = 2
T

\/_ ’

L
rae U =— — oTHocuTenbHas ckopocTb Monekyl.
19

8

s {2 (0 Y
f(u1)=—-e[“] A f (u,) =0,165;

Jr v, )’

uzz 2
4
f(u,)=—=-e [ J Y f(u,)=0,154,

NG v, )
OTHOCUTeNbHas NOrpewHoCTb

5o fW-1(w)

fw

Ecnv  nonyyeHHas cTeneHb TOYHOCTM pacyeToB YAOBNETBOPSET
MPaKTUYECKMM TPebOoBaHMSIM, TO MCMOJSIb30BaHUE MpPUBVIKEHHON OPMBbI
3anucy 3akoHa Makcsenna AonycTuMo.

0~=0,07=7%.

D. D,
Au=u,—-u =% |—-| 2|, Au=0,024 .
US Uﬁ’
OueBuaHo, uto AU <K U .
Torpa
AN
AN f(u)-au, AN Z0,000396.
N N

3agava 2. Kakas 4acTb Morfiekyn asoTa npu Temnepatypel50° C
obnagaeT ckopocTsMu, nexalummm B nHtepsane ot 300 m/c go 800 m/c?

20



T =423K;

[aHo:

M =0,028 K7 AN .
MOb "N
PelueHne
NaHHOM 3apave

MHTEpBaN  CKOpOCTel

Tak KaK B
Av=v,—v, =600M TOro e nopsiaka, Y4To U caMm CKOpPOCTU, TO
2 1 c

Henb3s UCMOoNb30BaTh NPUBMVKEHHYI0 (hopMyny 3akoHa Makceenna.
. ’ '
OpHako MoxHo Haiitn konmuectso monekyn N, u N, , ckopoctu
KOTOPbIX COOTBETCTBEHHO 60mble U; 1 U, . TOrAa MCKOMOE YMCIIO MOEKYS
’ ’
AN =N, —N, .
MpeaBapuUTenbHO ONpeaeniM Hanbonee BEPOSTHYIO CKOPOCTb:

2RT =500 2

UB = I
M c
Tor,qa OTHOCUTENbHbIE CKOPOCTU

L.

Ulz—ll u1=@=0,6,
v, 500
1))

u, =—%, 0, =30 _16

v 500

’ ’
Ansi vaxoxaenmss N n N, ncronssyem puc. 3. C nomowubto puc

N, N,
3 Haxo4MM COOTBETCTBEHHO Wl =0,87, WZ =0,17.

CnepoBatefibHO, OTHOCUTESIbHOE YMCNO MOJIEKYS, CKOPOCTU KOTOPbIX

nexart B YKa3aHHOM MHTEpBanie, paBHO
AN N,/’—=N.
=1 2 -0,7.
N N
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3agaya 3. Ha kakoii BbicoTe AaBneHue aTMochepbl BABOE MeHblue
[aBNeHNs Ha ypoBHe Mopsi? TemnepaTypy BO3[yxa CUMTaTb MOCTOSIHHOI MO
BbicoTe U paBHol -20°C.

oy Po o — K2 Ch—9
pawo: p=+0, T =253K, M 0,029 %Wb,h_.

PelieHvne
NS peleHnst 3ToM 3aaa4m Hago BOCMONb30BaTbCS 6apOMETPUYECKON
dopmynoi,
Mgh
— RT
P=DP& ™,
p _Mgh
0 _ RT
5 P .
OTkyna
Mgh
eRl =2
Tak KaK MCKOMas BeNuyMHa CTOMT B MoKasaTtesnie CTerneHu, To ANns ee
HaxoXAeHUs nocnegHee BbipaXKeHue Hago nponorapudmmnposaTh:

M—ghl?ne =Iin2.
RT

Mockonsky £Ne =1, 1o

h :E-énZ, h=5-10°u.
Mg
3apaum ANns CaMOCTOSAITE/IbHOIO peLlueHuns

2.1. Mpy kakoW TeMmrepaType CpefHsis KBaApaTuU4Hasi CKOPOCTb
Monekyn asoTa bonblue ux Havbonee BeposiTHOM ckopocT Ha 50 m/c?
(T=83 K=-190° C)

2.2. Kakas yacTb Monekyn kucnopoga npu 0° C obnagaer ckopocTbio
ot 100 M/c po 110 m/c? (0,4%)

2.3. Kakas yactb Monekyn a3ota npu t=150° C obnagaet ckopocTaiMu
ot 300 po 325 m/c? (2,8%)
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2.4. Kakas yacTb Monekyn Bogopoaa npu 0° C obnagaeT ckopocTsiMu
o1 2000 m/c po 2100 m/c? (4,5%)

2.5. Kakast yactb obLero ymcna Monekyn MMeeT ckopoctu: 6onblue
Hanbonee BEPOSITHOM CKOPOCTM; MeHblUe Hambornee BEPOSTHOM CKOPOCTU?
(57%, 43%)

2.6. B 6annoHe HaxoauTcs 2,5 r kucnopoga. Haltu uicno monekyn
KMCNOpoAa,  CKOPOCTM  KOTOPbIX — MPEBbLIWAOT  3HAYeHMe  cpeaHein
KBaapaTUuHoM ckopocTu. (1,9:10%)

2.7. B cocyne HaxoauTcs 8 r kucropoga npu TemnepaType 1600 K.
Kakoe u4ucno Monekyn Kuciopoda MWMeeT KUHETUYECKYID 3HEepruto
NOCTYNaTeNbHOrO ABWMXEHMS, MNPEBLILAIOLLYI0 3HadeHne 6,65:102° [x?
(1,8°10%)

2.8. KuHeTnuyeckass aHeprusi NoCTynaTenbHOro ABWMKEHWS MOeKyn
asoTa, Haxoadulerocs B 6annoHe o6bemom 0,02 M3, pasHa 5 K[k, a cpeaHss
KBa/IpaTM4Hasi CKOPOCTb ero Monekyn pasHa 2-10° m/c. Haiitu: maccy asoTa
B 6annoHe: aaBneHue, Nog KOTopbiM HaxoauTcsa a3oT. (0,0025kr, 167kMa)

2.9. Mpu Kakoil TeMmnepaType BO34yxa CpeaHve apudMeTnyeckue
CKOPOCTM MOJIEKY a30Ta M Kncnopoda otandatorcs Ha 20 m/c? (563 K)

2.10. CpefHsis KMHETUYeckas SHeprust NocTyrnaTesibHOro ABUXKEHUS
Monekyn renus pasHa 2:10%°[x. HaiiTn Hambonee BeposTHYIO CKOPOCTb
MONeKyn renusi Npu 3Tux ycnosusix. (9-10°m/c)

2.11. BbicoTHas obcepBaTopusi pacrnonoXeHa Ha BbicoTe 3250 M Hag
ypoBHeM Mopsi. HaliTu gaBneHue Bo3dyxa Ha 3TOW BbicOTe. TemnepaTypy
BO3AyXa CYATaTb MOCTOSIHHOM U paBHoi 5 C. [laBneHue Bo3ayXa Ha ypoOBHE
mMopst paBHO 760 MM pT. cT. (67,8 klMa)

2.12. Ha kakoil BbicOTe AaBneHue Bo3dyxa coctaBnseTr 75% oT
[aBfieHnsl Ha ypoBHe Mopsi? TemnepaTypy BO3ayXa CYMTaTb MOCTOSIHHOMN ©
pasHoit 0°C. (2,3 kM)

2.13. Maccaxxnpckuin caMoneT COBEpPLLAET NONEThI Ha BbicoTe 8300 M.
YTobbl He cHabXaTb MacCcaXXvpoB KWUCOPOAHbIMM Mackamu, B kabuHe npu
MoMOLM  KOMMpeccopa  MOAAEPXKMBAETCS  MOCTOSIHHOE  [aBfieHue,
cooTBeTcTBYlOlEee BbicoTe 2700 M. HalTu pa3HOCTb AaBfieHUIn BHYTPU W
CHapyXun kabuHbl. CpegHIOl0 TeMnepaTypy HapyXXHOrO BO3fyxa cuuTaTb
pasHoii 0° C. (36,3 kMMa)

2.14. Haitn B npeabiayuleil 3ajadve, BO CKOSIbKO pa3 MIOTHOCTb
Bo3adyxa B kabuHe Gonblue NNOTHOCTM BO3Ayxa BHE ee, ecnv TemnepaTtypa
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Hapy>Horo mpoctpaHcTBa -20°C, a TeMnepaTypa BHyTpW KabuHbl +20° C.
(1,7 paza)

2.15. OnpepenuTb NNOTHOCTb BO3AyXa: Yy MOBEPXHOCTW 3eMnu; Ha
BbicOTe 4 KM OT MOBepxHOCTM 3emMnn. TemnepaTypy BO3AyXa CUMTaTb
NOCTOsIHHOI 1 pasHoit 0°C. [laBneHune Bo3ayxa y NOBEPXHOCTM 3eMNn paBHO
100 kMMa. (1,28 kr/™3; 0,78 kr/m%)

2.16. Ha kako/ BbICOTE MNNOTHOCTb rasa coctaensieT 50% oT
NIOTHOCTU €ro Ha YpoBHe Mopsi? TeMnepaTypy rasa cuuMTaTb MOCTOSIHHOW U
pasHoii 0° C. 3apauy pelumTb Ans: Bo3ayxa; sopopoaa. (5,5 kM; 80 kM)

3. SIBJIEHUSA NEPEHOCA B TA3AX

SchpekTUBHBIN AnameTp Monekynbl 0 — MUHMManbHoOe paccTosHue,
Ha KOTOpoe CONMXKAOTCS LIEHTPbI ABYX MOJIEKYN NPU CTONIKHOBEHWU.

CpeaHss anvHa ceoboaHoro npobera Mmonekynsl < A > — 370
cpefHee  paccTosiHMe, KOTOpOe  MpOXOAMT  YacTuua Mexay  AByMsl
MOCNeAoBaTENbHBIMU  CTOSIKHOBEHMAMM. BenmumHa < A > aensercs
XapaKTEPUCTMKON BCEl COBOKYMHOCTM MOMEKYN ra3a npu  3adaHHbIX
3HaAYEHUSIX AaBNEHNS U TEMMEPATYPhI,

Tak Kak KOHLEHTpauusi MONeKynl WaeanbHoro rasa n=—,

cnepoBaTesibHO

<ﬂ{>=k—T

J27d? p
CpeaHee Bpems cBobogHoro npobera MoneKysbl:
<A>
T =

<v>
CpeﬂHee yucno CTOﬂKHOBeHMl‘;l, NCNbITbIBAEMbIX Oﬂ,HOl‘;l MOﬂeKyﬂOVl 3a
€AVHNLY BPEMEHMU:
<v>

<7 >= =\/§7zd2n<u>,
<A>
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roe < v > — cpefHss apudMeTnyeckass CKOpPOCTb XaOTUUYECKOTO ABMXKEHUS
MOJIEKy/.

SBrIeHnSMY repeHoca HasbiBaloTCs 0cobble HeoBpaTVMble MPOLIECCH,
BO3HMKAlOWME B TEPMOAMHAMUYECKM HEPABHOBECHBIX CUCTEMax, B
pe3ynbTaTe 4Yero MpOUCXOAWUT  MPOCTPAHCTBEHHBLIM  MEPEHOC  MacChl,
UMNynbca, 3Hepruu. K SBNEHUsM MepeHoca OTHOCATCS  Auddyans,
BHYTPEHHEE TpeHWe, TeMonpoBOAHOCTb. B OcHOBe Bcex 3-X MpoLECccoB
NIEXXUT OAWH MEXaHW3M - XaoTMYECKOe [ABWXKEHWE M MepeMelunBaHue
MONEKYN, MO3TOMYy WX 3aKOHOMEPHOCTM JO/MKHbI 6biTb  MOXOXM, a
KONMYECTBEHHbIE XapaKTEPUCTUKM TECHO CBSA3aHbl APYT C APYroM.

Ondaysns — camMonpousBOSIbHOE B3aWMHOE MPOHWUKHOBEHWE U
nepemMeLLMBaHWe YacTULl COMPUKACaOLLMXCS a30B, XUAKOCTEN UK TBEPAbIX
Ten.

DKCMEPUMEHTaNbHO  YCT@HOB/IEHO,  4YTO  MacCa  BELIEeCTBa,

nepeHocumas npu avbdysmm yepes nnowaaky AS 3a spems At
NOAYNHSIETCA 3aKOHY DuKa:

Am=-D-2P As At,
AX

Macca raza AMm, kotopasi nepeHocuTcs 3a BpeMeHss Al uepes nnowaaky

AS , npamMo nponopuMoHasnbHa NpsMo MPOMopLMOHabHa BENWUMHE 3TOM

nnowaaky, BpemeHn At W rpaaveHTy nnotHocTu A_'O 3HaK MWHYC B
AX

dopmyne (1) ykasblBaeT, YTO MEPEHOC MacChl MPOUCXOAUT B HaMpaBieHWUU
y6blBaHWsS MAOTHOCTY.

A_p — [pagueHT nnoTHOCTU, T. €. WU3MEHEHWE T[JIOTHOCTH,
AX

NpUXOASLLEECcs Ha eauHULY OMHbI, B HanpasneHun Hanbonee 6bicTporo eé
BO3pacTaHus.

KoapduumeHt anddysmm — dusmdeckas BenvuMHa, YUCIEHHO
paBHasi Macce BellecTBa, MEPEHOCMMOro 4Yepe3 eAuHULY MOBEPXHOCTU 3a

€ANHULY BpEMEHU Npu rpaaneHTe NI0THOCTU, paBHOM €ANHULIE!
2
M
D= TV Am + [B]= ?
2P AS . AL
AX
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BbipaxkeHne ana koadduumeHta amddysmm cornacHo MoneKkynsipHo-
KMHETMYECKON TEOPUN UMEET BUA:

D:%<u><l>.

dBneHne  BHYTpeHHero  TpeHus  (BA3KOCTM)  CBSI3aHO  C
BO3HMKHOBEHMEM CWUM  TPEHUS MeXay ClosiMM rasa WM KUAKOCTH,
nepeMeLLaloWmMMUCA NapaiensHo ApYr APYry C pasnnyHbIMK MO BENUMHE
ckopocTaiMu. Co CTOPOHbI CNos, ABUXYLLErocs 6bICTpee, Ha 6onee MeaneHHo
[BWXYLLMICA CMOWM [AeMCTBYeT yckopsiowas cuna. HaobopoT, MeasieHHo
nepeMeLLaloWmMACa Cnoit TOpMOo3nT 6onee BLICTPO ABMXKYLLUMECS C/IOM rasa.
Cunbl TpeHUS, KOTOpbIE MNPV 3TOM BO3HUKAKOT, HaMpaB/eHbl MO KacaTesbHOM
K MOBEPXHOCTU COMPUKOCHOBEHMS CMIOEB.

SABNeHne BHYTPEHHEro TPEHUS NMOAYMHSETCS 3aKOHY HbloTOHA:

Av
F=n|—|AS,
Az
rne F - cuna BHyTpeHHero TpeHus; 1) — KO3(PUUMEHT BHYTPeHHero
Av
TPEeHUa wnnn AUHaMU4yecKkasd BA3KOCTb, —— — TIpaAWUeHT CKOPOCTU, T.e.
Az

(u3nueckas BeNMUMHA, YUCIIEHHO paBHasl U3MEHEHWUIO CKOPOCTU Ha eAWHULY
LSMHBbl B HampaBneHuM Z, NeprneHaMKYNIsipHOM K MOBEPXHOCTH,

pazgensioweit cnow; AS — nnowagb NOBEPXHOCTM, BAOMb KOTOPOIA
[EeNCTBYET cuna TpeHus.
Ko3addUUMEHT BHYTPEHHEro TpeHWs — u3mnyeckasi BelMUMHa,

UMC/IEHHO paBHasi CuNie BHYTPEHHEro TpeHus, AENCTBYIOWEN Ha eauHULy
naowaan NOBEPXHOCTU NapannenbHO ABMXKYLUMXCS CNOEB Mpu rpagveHTe
CKOPOCTW, paBHOM eAnHULIE:
F H
]7 = —A r [77] = 2"
v

Z70LAS
Az

BoipaxxeHne ana  KoaddUUMEHT BHYTPEHHEro TPEeHUs COrnacHo
MOMEKYNSIPHO-KMHETUYECKON TEOPUM UMEET BUA:

77=%p<u><l>.
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SlBneHve TennonpoBOAHOCTU BO3HWUKAET, €C/IN pasnnyHble CNou rasa
UMEIT pasHyl TemnepaTypy, T. €. 0651ajalT pasnMuHOW BHYTPEHHeMN
3Hepruen. Monekynbl, MOMaBLIME W3 HarpeTbiX 4YacTel rasa B 6onee
XONoAHble, OTAAT M3OLITOK CBOE/ 3HEPrUM OKpYXKaloWMM YacTuuam.
HaobopoT, MeaneHHO ABMXYLIMECS MOSIEKYNbl, MOMafas W3  XOM0AHbIX
yacTeii B 6onee ropsiume, yBeNMUMBAKOT CBOKO SHEPIUIO 33 CHET COyAapeHui
€ Monekynamu, obnaaaiowmmMm 601bLWNMKN CKOPOCTAMM.

Mpouecc nepeaaun BHYTPEHHeN 3Hepruu B dopMe  TensoThl

MPOMUCXOAUT TaK, YTo Konmyectso Temnothl AQ, nepeHocumoe Bpemst At
uepes nnowaaky AS, npsiMo NporNopUMOHANbHO FPafMeHTy TemnepaTypbi

AT
AX

, nnowaam AS v BpeMeHu At (3aKoH Oypbe):

AQ =7 AT Asat.
AX

3HaK «-» YyKasblBaeT Ha TO, YTO TEMIO MNEPEHOCUTCA B CTOPOHY
y6blBaHWs TEeMNepaTypbl.

X — k03(hDULMEHT TEMMONPOBOAHOCTH:

Bm
A, [f]-22
X=T=T — K
ﬂASAt .
AX

BbipaxxeHne anga KOBq)(bVILI,MEHTa TENIONPOBOAHOCTKN  COrnacHoO
MOJ'IeKynFIpHO-KVIHeTVI‘-IECKOl\/II TEeopun UMEET BUA.

1
Z=§p<u></1>cv.

Mexay  Ko3(dUUMEHTaMM  MepeHoca  CYLIECTBYIOT — MpOCTble
3aBUCMMOCTHU:

n=p-D, x=nyq.

MpumMmepbl pewieHns 3apay
3agaya 1. TINOTHOCTb >XWAKOrO BOAOPOA@ B MOMEHT 3aKunaHus
pocturna 7 kr/m®. OnpepenuTb CpefHiol AnMHY CBOGOAHOrO npobera
MONeKyn Bogopofa Npu 3TUX YCnoBusiX, ecin 3hdEKTUBHLIN AnaMeTp
MOneKysbl Bogopoda paseH 0,23 HM. a3 cumMTaTb uaeanbHbIM.
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.= ke — .107°° — Ke . =7
Ravo: p=7—5, d=0,2310" a1, M =0,002 o < A>=T

PelwieHne
CpegnHsis anvHa ceoboaHoro npobera Monekyn

KOHLIEHTpaLmsl MoneKy’l,
Macca OfHOW MosieKy bl BOAOPOAa

Torpa

<A>=—1o— <A1>=2-10"° nm.

Sagaya 2. B cocyde HaxoaMTCA KUCIOPOA MNpU  HOPMasbHbIX
ycnosusix. HalTn cpeaHee UnCNO CTOMIKHOBEHWUI KaXkAoOM MOMEKYsbl B 3TOM
ob6beMe 3a 2 c. dPdEKTUBHBIN AMaMeTp Monekynbl kucnopoga 0,27 HM.

favo:  p=10°ITa, T =273K, t=2c, d=0,27-10"xn,
— Ke - =7
M =0,032 %woﬂb,<2> .

PeweHue
CpefiHee 4ncno CToNKHOBeHUM Monekyn < Z > 3a BpeMmst t MoxHO
onpeaenuTb, YMHOXWB CpeAHee YMCNO CTOSIKHOBEHWUI MOMEKYN B €4uHULY
BpeMeHn < Z > Ha Bpems t:
<Z>=<z7>1.
CpefHee 4ncno CTOSIKHOBEHUI MOMEKYS B eAuHMLY BpemeHn < Z >
onpepaensieTcst hopMyson:

<z>=2zd*n<v> (1)
KOHLIEHTpaLMA MOJNEKYI KUCIOpoaa
p
n=—. (2)
KT



CpenHss apudMeTMyeckast CKOpoCTb MONEKYN

8RT
<v>=, |—. 3)
M

Mopacrasume BbipaxkeHns (2) n (3) B dopmyny (1), nonyymm

c15-2 d21’ 8RT 4pd2
\/ \/MT

Toraa cpeaHee YNCNO CTONKHOBEHWIA Monekyn < Z > 3a Bpems 1
6ynet paBHO

Apd’t 7R
k MT

<Z >=

<Z>=1,2-10°.

A

3anava 3. Hatn Maccy asota, npoauddyHampoBasuero 3a 10 ¢
yepes nnowaaky 100 cM?, eCnM rpaaveHT MAOTHOCTM B HanpaBneHuw,
neprneHAnKYNspHOM nrowaake, paseH 1,26 kr/m*. Temnepatypa asota 27°C,
a cpefHas anuHa ceoboagHoro npobera ero Monekyn 10 MKM.

d
Oavo: At=10c, AS =102 x?, —p=1,26’<74, T =300K,
dx M
M=0,028K7 ; <A>=10-10"u; m=2
MO
PelwieHne

MckoMyto Maccy M HaliaeM, BOCMONb30BaBLUMCL 3akoHOM ®uka ansi
anddy3nm rasa yepes HekoTopyto nnowaaky AS :

m =—Dd—pASAt (D)
dx

3HaKk "MWMHYC" B 3TOM YypaBHEHMM CBUAETENLCTBYET O TOM, 4TO
MepeHoC Macchbl MPoOMcXoauT npu aAuddysun B HanpaBneHUM yMEHbLUEHNS
NNOTHOCTM rasa. lpu onpefeneHMM YWUCIEHHOrO 3HAYeHUs Maccbl 3TOT
"MUHYC" MOXHO ONyCTUTb.

KoadduumeHT anddy3snm ras:

1
D=§wxz> )
CpenHsia apudmeTnyeckas CKOpoCTb MOSIEKYN a30Ta:
< U> = Sﬂ (3)
M
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Moacrasume (3) B (2), nonyumm

8RT
—< WNoar

Tenepb noacTaBuM BblpaxkeHue (4) B ypaBHeHue (1), onyckas 3Hak
«MUHYC»:

)

=—< | —— 8RT dpASAt m=2-10"xz.
oM dx

3afa4a 4. Hatn 3deKTBHbI AMaMeTp MOMeKynbl KWUCIopoaa,

€CNW U3BECTHO, YTO ANS KUCIopoAa KO3I(MULIMEHT BHYTPEHHErO TPEHUS MPU
0°C paBeH 18,8 10°H ¢/M2.

H-
Hawo: T =273K, 7 =18,8-10°° 2c , M =0,032k2/ monn;
M
d="?
PewweHne

KoadurumeHT BHYTPEHHEro TpeHus,

n=§p<u><ﬂ>. W

o m
W3 ypaBHeHns Menaeneesa-KnaneiipoHa pl = ﬁRT , yunTbiBas,

yto M= pV , nonyunm:

pM
= 2
pP= RT (2)
CpefHas apudMeTmyeckast CKOpoCTb MOSIEKYN
8RT
<UL>=,[——. 3)
M

CpeaHss anvHa ceobogHoro npo6era MOneKy”n,

(A4)= J_zdn (4)

30



Moacrasum (2), (3), (4) B (1):

_1pM (BRT 1  2p M
T=3RT \7b J2rdn 3zdn\zRT

TaKKaKHZL,To
KT
__%_[ur
g 37d?*\ zR

BblpasuM #3  monyyeHHoW opMysibl  3DEKTUBHBIN  AMAMETP
MOneKybl KUCI0poAa:

d= ﬁ,/m d=3-10"xm.
3n 7\ 7R

Sagaya 5. KospduumeHTol ANDOY3MM U BHYTPEHHEro TpeHus
BOAOPOAA MpU HEKOTOPbIX YCIO0BUSIX paBHbl 1,42°10 M%/c n 8,5:10° H-c/M2.
HaitT uncno Monekyn Boaopoaa B 1 M3 npu 3TUX yCNoBUSIX.

n=8510°2¢

2
M

fawo: D =142.10" M V=1,

c’
M =0,002%<, ;n="?
MOJIb
PewieHve

B 3amaye HeobXxoAMMO HalTM uMCIO MoneKyn Bogopoga B 1 M3
(eamHuue obbema), T.e. KOHUEHTpauumio Monekyn sogopoaa N .

Bocronb3yemcsi dhopmynon, CBsi3bIBatoLLEl KoacbduUmeHT
BHYTPEHHEro TpeHus u koadduumeHTa anddysnu:

n=p-D,
cnepoBaTenbHO, MAIOTHOCTb rasa
n
p==L. (1)
D
C Apyroi CTOpoHbl,
p=n-m,. (2)



MpupasHsBs (1) u (2), nonyumm
n=—~1_

m,D

MockonbKy Macca OHOWM MoneKy bl

m, =—,
° N

KOHLIEHTpaLMs MofeKyn Boaopoaa

_ N n=18-10%72.
M.D, ]

3agava 6. OnycKaloWMNCs Ha MapallloTe KOCMUYECKMi annapaT B
HEKOTOPbIi MOMEHT BPEMEHM AOCTUI CKOpocTM 360 KM/4. CunTasi, YTo Clo
BO34yXa Y €ro MOBEPXHOCTW, YBNIEKAEMbI BCNEACTBME BSA3KOCTM, UMeeT
TONWMHY 5 CM, HallTU KacaTeNbHYl CuUSly TPEHWsl, AENCTBYIOWYIO Ha
eaMHULY Nnowaan MOBEpXHOCTW annapaTa. TemnepaTypa Bosayxa 0°C.
D beKTUBHLIV AnaMETP MONEKY BO3AyXa NPUHSATL paBHbIM 0,3 HM.

[lawo: u=1oo%, 7=005m, T=273K, d=0,3-10" 4,

F
M =0,029%2 ;2 =9
MOJlb AS

PewweHune
Cvna BHYTPEHHero TpeHWsl, AeNCTByloWas MeXay ClI0eM Bo3ayXa U
MOBEPXHOCTBIO CMycKaeMoro annapata nnowaasto  AS, onpegensiercs
dopmynoli HetoToHa
Av
Az

M3 aToi hopMysibl CUa TpeHUs, AENCTBYIOLWAs Ha eauHULY MoLwaam
MOBEPXHOCTU annapaTa, paBHa

F =n AS .

mp

i— & (1)
As  az|

M3meHeHne ckopoct AU npeactaBnser coboit pasHuly Mexay
CKOPOCTbIO CMyCKaeMoro annapata W CKOPOCTblO Cfosi BO3AyxXa Ha
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pacctosHun AZ 0T nosepxHOCTM annapata. [OCKONbKy 3TOT CNoW BO3AyXa
YXXe He YB/IeKaeTcsl MOBEPXHOCTLIO annapaTa, ero CKopoCTb MOXHO NMPUHSTb

paBHOW HyMto, U Toraa
Av=0—-v=-v,
Az=72-0=1z.
KoachduUMEHT ~ BHYTPEHHEro  TpeHus  rasa
BbIPa)KEHVEM

n:%p<u></1>.

MnoTHoCTL Bo3ayXa
p=N-My,

rae macca ogHow MONEKYJbl BO34yXa mo = N— , NO3TOMY
A

NA'

CpeaHss apudMeTMyeckas CKopoCTb MOMEKyI

,8RT
<v>=,[——.
M

CpeaHss anuHa ceobogHoro npobera Monekyn

Moactasum (4), (5), (6) B dhopmyny (2):
1nM |[8RT 1 2

T=3'N, \zM J2zd®n  3zd°N,

onpeaenseTcs
(2)
(3)
4)
(5)
(6)

MRT

P

MonyyeHHoe BbipaxkeHue noactasuM B dopmyny (1). C yueToM TOro,

AL

Az

_b
Z r
F, 20 [MRT
AS 37d*N,z\ =

33
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3anaya 7. AHoO PEHTreHOBCKON TPY6KWU BbLINOMHEH B BUAE MEAHOro
CTEpXHSI AnvHOM 250 MM M paguycoM 7,5 MM. Onpeaenutb pasHOCTb
TemnepaTyp Mexay ropsyuMm M XOnoAHbIM KOHUAMKM aHoda, ecnm 4epes ero
6OKOBYIO MOBEPXHOCTb TEM/O HE MPOXOAWUT, @ XONOAHbIN KOHEL, OMbIBAEeTCSs!
MPOTOYHOIt BOAOIA, KOTOpas Npu 3ToM Harpesaetcs Ha 3°C npu pacxoae 1 kr
Boabl 3a 1 MuH. KoadpduumeHT TennonpoBoaHoctu Meau 370 B1/MK,
yAenbHas TenI0eMKOCTb BOAbI MPU NMOCTOSAHHOM ob6beme 4186 [x/kr K.

fano: £=0,25m, r=7,5-10"m, At° =3°C, m=1ke, At=60c

=370 o — 41862 . AT =9
m-K ke K
PeweHne

B pEHTreHoBCKOM Tpybke BbIETEBLIME W3 HAKANEHHONO KaToAa
3MEKTPOHbI HA MYTU K MOJIOXKUTENILHOMY aHOAY YCKOPSIOTCS OY€Hb CUJTbHBLIM
3MEKTPUYECKUM MONEM, AOCTUras PENsSTUBMCTCKUX CKopocTei. Ha aHoge ux
CKOPOCTb PEe3KO YMEHbILAETCs, MpU 3TOM YacTb KUHETUYECKON 3SHepruu
3/IEKTPOHOB MPeobpasyeTcss B SHEPrui0 PeHTreHOBCKMX Nyyei, a 6onbluas
YacTb MAET Ha HarpeB MaTepuana aHoAaa.

YTOBbl aHOA4 He OYEeHb CWUMBbHO PACKasIMIICs, ero NpOTUBOMOOXHbIN
KOHeLl OMbIBAIOT XOSI04AHON BOAOK. MpK 3TOM NPOMUCXOAUT NEPEHOC Tensa oT
ropsiyero KoHUa K XONoAHOMY. BenMuuMHa nepeHeceHHOro npu 3TOM
KOMIMYECTBa TEMOThI ONpeaenseTcs 3akoH Pypbe:

AQ =—Z£A5At,
AX
roe AX=1/.

AT
BennuMmHa —— HasbiBaeTCs rpagveHToM TemnepaTtypbl. OHa
AX

YNCNEHHO paBHAa M3MEHEHWUIOD TEMNEPATYpbl aHOAA Ha €AunHWLE €ro AJINHbI
MeXxay ropsiuMM U XONOAHbIM KOHUAMuM. [lnowagb nonepevyHoro ceyveHust

aHoga AS, Kkyaa nonagaloT 3MEeKTPOHbI, CBS3aHa C €ro  paauycoMm
COOTHOLLEHNEM:

AS =712,
Torpa

|AQ| = Z%nrzm. (1)
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STO KOMMYECTBO TEMJIOTHl MAET Ha HarpeBaHWe BOAbI, OXaxaatoLei
XOMNOAHbIN KOHeL aHoAa, KoTopasi B pesynbTaTe HarpeBaeTcs Ha At° C. Ho
KOMIMYECTBO TEMMOThl, MoleAlWee Ha HarpeBaHWe Tena, onpeaensiercs
dopmynoii

AQ=c¢, -m-Af° )

MpupaBHsieM npaBble YacTu paBeHcTs (1) 1 (2):
AT
ZTHFZAt =c, -m-AL° .

CnepoBaresnbHo,
0
¢, -m-At" -/

AT = >
JroAt

, AT =800K .

3apaum ANns CaMOCTOATESIbHOrO peLueHunst

3.1. OnpepennTb cpegHiol0 AnvHYy cBobogHoro npobera Monekyn
yrneKkncnoro rasa npu Temnepatype 100° C u pasnenun 0,1 MM pT. CT.
[nameTp MoneKysnbl YreKkUcioro rasa npuHATe paBHbiM 0,32 HM. (850MkM)

3.2. Mpy NOMOLWM MOHM3ALMOHHOIO MaHOMETPA, YCTAHOB/IEHHOIO Ha
NCKYCCTBEHHOM CMyTHMKe 3emnu, 6b110 0bHapy»eHo, 4To Ha BbicoTe 300 KM
OT MOBEPXHOCTM 3eMnn B 1 cm® aTMocdepbl HaXOAUTC OKOMO MUANMapaa
yacTuy rasa. Hantu cpegHiolo AnvHy cBoboaHoro npobera yactul rasa Ha
37OV BbICOTE. [IMaMeTp YacTvy NpuHSTb paBHbIM 0,2 uM. (5,6kM).

3.3. Halitn cpegHiolo annHy cBob6oAHOro npobera Mosiekyn BO3ayxa
Npu HOPMasbHbIX YCNOBUSX. [JuaMeTp MONeKysbl BO3AyXa NMPUHSATL pPaBHbIM
0,3 HM. (93 HM)

3.4. HaifTu cpegHee u4MCNO CTONKHOBEHUM B 1 C  Monekyn
YrIeKMcioro rasa npu TeMrepaType 100° C, ecnu cpeaHsis AnvHa
cBO60OAHOrO Npobera Npu 3TUX YCNoBusiX paBHa 8,7:1072 cm. (4,9:10° c)

3.5. HaliTn cpeaHee 4nMcno CTOMKHOBEHWI B 1 ¢ Monekyn a3oTa npu
Temnepatype 27°C 1 aasneHnn 400 MM pT. cT. (2,46°10°c?).

3.6. Bo CKOMbKO pa3 YMEHBbLUMTCS YWUCIIO CTOSIKHOBEHWU B 1 C
MONEKYs ABYXaTOMHOrO ra3a, ecnm obbeM rasa agnabatmyeckun yBennuutb B
2 pa3a? (2,3 paza)
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3.7. Haiitv cpeaHiolo anvHy cBob6oaHOro npobera Monekysn asoTa npu
Temnepatype 17°C u gasnexun 10 kMa. (1MkM)

3.8. Haiit cpegHiolo AnMHy cBoboaHOro npobera aToMoB renust B
YCNOBMSX, KOFAa NNOTHOCTb renmst 2,1°10-% kr/m>. (1,8 Mkm).

3.9. Yemy paBHa cpegHsis anuHa cBoboaHoro npobera mMonekyn
BOAOPOAa NMpy AasneHun 103 MM pT. cT. 1 TeMnepaType 50°C? (14,2 cm)

3.10. B kon6e o6bemoM 100 cm® HaxoguTcs 0,5 r asota. Haitu
cpefHiolo aAnvHy cBobogHoro npobera Mosiekyn asoTa npu 3TUX YCNOBUSIX.
(23 Hm)

3.11. B cocyzie HaxoaMTCs YrNEKUCbIN ras, NIOTHOCTb KOToporo 1,7
Kr/M3; cpeaHss AnMHa cBo60oaHOro npobera ero Monekyn Npu 3TUX YCIOBMSIX
paBHa 79 HM. HaliTu anameTp Monekyn yrnekucnoro rasa. (0,35 Hm)

3.12. Haltu cpenHee BpeMsi Mexay ABYMsi MOCiefoBaTeSbHbIMU
CTONIKHOBEHUSAIMM MONEKyn a3oTa npu Temnepatype 10°C v gasneHnm 1 Mm
pT. CT. (1,6°107 ¢)

3.13. Cocya ¢ BO3AyXOM OTKa4yaH A0 AaB/ieHus 108 MM pT. CT. Yemy
paBHbl NPV 3TOM MAOTHOCTb BO3Ayxa B COCyAe, uucno monekyn B 1 cm®
cocyna v cpepHsis anvHa csobogHoro npobera mMonekyn? [lnamMeTp Monekysn
BO34yxa cuutatbh paBHbiM 0,3 HM, a monapHyio Mmaccy 0,029 kr/mornb.
TemnepaTypa Bo3ayxa 17°C. (1,6:10%kr/™3, 3,3:10'%cm3, 76 m).

3.14. Kakoe npegenbHoOe YnCno MOMeKyn rasa AO/MHKHO HaxoauTbCs B
1 c™® cdepuyeckoro cocyaa, AvameTp KOTOporo paseH 15 cM, 4TI
MONEKYNbl HE CTafIkKMBanuCb Apyr C ApyroM? [Inametp MOnekysbl rasa
NpUHATL paBHbIM 0,3 HM. (<1,7-108 cm®).

3.13. Kakoe pgaBneHue Hapo co3aaTb BHYTpU chepuyeckoro cocyaa,
avameTp Kotoporo paBeH: 1 cm; 10 cm; 100 cm, 4yTObbI MONEKYNbl He
CTanknBanucb Apyr ¢ apyrom? [vameTp Monekysbl ra3a NpuHATb paBHbIM
0,3 HM, a TemnepaTypy rasa pasHoi 0°C. (931 MMa; 93,1 mla; 9,31 MMa)

3.14. B cepuueckoit konbe obbemMoM 1 N HaxoguTcs asoT. Mpwu
KakoW MJIOTHOCTM asoTa CpeaHsis AnvMHa cBoboaHoro npobera Monekysn
asoTa Gonblue pasmepos cocyaa? (<9,4:107cm)

3.15. HailTu cpepHee 4MCNO CTONKHOBEHW B 1 ¢ Monekyn
HEKOTOpOro rasa, eciu cpegHss AnvHa cesobogHoro npobera npu 3TUX
YCNOBUSIX paBHa 5 MKM, a CpefHsid KBagpaTu4yHasi CKOPOCTb ero Mosiekyn
paBHa 500 m/c. (9,2°107 c¢1)
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3.16. Haltu koaddumumeHT anddysnm Boaopoda Npu HOpMasibHbIX
YCNOBUSIX, €CNM CpeaHsis AnvMHa CBOB6oAHOro mnpobera MOMEKyn npu 3TuX
ycnosmsx pasHa 0,16 Mkm. (0,91°107* M%/c)

3.17. Hanmn koadduumeHt ancddysum renvst npyu HOpMasbHbIX
ycnosusix. (8,4107° M%/c)

3.18. lNpu KakoM aaBneHnn oTHOLWeHMe KoadhduuMeHTa BHYTPEHHEro
TPEHMs! HEKOTOPOro rasa K KoahduUMeHTy ero anddy3un pasHo 0,3 kr/m3,
a cpepHsas KBagpaTuyHas CKOpOCTb ero monekyn 32 m/c? (39,9 kMa)

3.19. Haltu cpepHioilo anvHy cBobopHoro npobera Monekyn renus
npu TemnepaType 0°C u AaBneHnn 760 MM pT. CT., ECIIN NPU 3TUX YCIIOBUAX
k03(PMOULMEHT BHYTpPEHHEro TpeHus Ans Hero paseH 1,310 Ma-c.
(184 Hm).

3.20. Haittn KoapULMEHT BHYTPEHHErO TPEHWsl as3oTa Mpu
HOPMasbHbIX YCNOBUSX, €Cnn KosdduumeHT auddy3nm Ans Hero npu 3tmx
ycnosusix paseH 0,142 cv?/c. (17,8 mkMa*c)

3.21. KoaddumumeHTtbl anddy3Mn n BHYTPEHHEro TPeHUS BO3ayxa
npu aaeneHun 760 MM pT. CcT. M Temnepatype 10°C. OuameTp Monekysbl
BO3/yXa NpUHATL paBHbIM 0,3 HM. (1,48°10° M%/c, 18,5 mkMa*c).

3.22. Bo ckonbko pa3 Koa(@UUMEHT BHYTPEHHErO TPEHMST KUCiopoaa
6onblwe koadbduuMeHTa BHYTPEHHEro TpeHus a3oTa? TemnepaTypa rasos
oanHakosa. (1,07 pasa).

3.33. KoadduumeHTbl anddy3nm 1 BHYTPEHHEro TPEHUS KMCNOPOAa
paBHbl COOTBETCTBEHHO 1,22:10° m%/c u 19,5 MkMMa‘'c. HaifTu npu 3Tux
YCNOBUSIX: MIOTHOCTb KMUC/IOPOAA; CPeaHIo AnvHy ceoboaHoro npobera ero
MOJeKY/l; CPEeAHIOn apU(pMETUYECKYI0 CKOpOCTb ero Monekyn. (1,6kr/m3;
83,5 HM; 440 m/c)

3.34. Ha Bbicote 20 M Hag rOPW3OHTasIbHOM TPaHCMUCCUOHHOM
JIEHTOW, ABWMXYLLENCA CO ckopocTbio 70 M/C, mapannesnbHO el MoaBelleHa
nnacTuHa nnolaabio 4 cM?. Kakylo cuny Hafo NpUnoXuTb K 3TOM NnacTuHe,
yTo6bl OHa OCTaBaflacb HEMOABMXHOMW, ecnn TemnepaTypa Bodayxa 27°C,
faBneHve aTtMocdhepHOoe, BA3KOCTb BO3AyXa MPU HOPManbHbIX YCIOBUSX
1,7-10 kr/(M*c)? (2,510 H)

3.35. Haintn koacdhduuMeHT TennonpoBOAHOCTM BOAOPOAQd, €CU
M3BECTHO, YTO KO3(PMDOUUMEHT BHYTPEHHErO TpPeHUs AN Hero npu 3TuX
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ycnoBusix paeeH 8,6 mkIMa-c. (0,09 Bt/(mM°K))

3.36. Haintm koachpUUMEHT TEMNonNpoBOAHOCTM BO3Ayxa Npu
TemnepaTtype 10°C u paenenun 0,1 MMa. [vaMeTp MONeKy/bl BO3Ayxa
NpUHATL paBHbIM 0,3 HM. (13,2 MBT/(M*K))

3.37. B cocyne obbemom 2 5 Haxoautcs 4:102  monekyn
ABYyXaTOMHOro rasa. KoagpduumeHTt TennonposoaHoctu rasza 0,014 Bt/(m°K).
Halitn KoadduumeHT amddy3nm rasa npu 3Tux ycnosusix. (2-107 M?/c)

3.38. Yrnekucnbll ra3 M @30T HAxoAATC MpW  OAMHAKOBbIX
TemnepaType W AaBneHun. HalTtm ansa  3TUX rasoB  OTHOLUEHME:
koapduumeHToB  auddy3nm;  KO3PDOUUMEHTOB BHYTPEHHErO  TpeHus;
Ko3(MUMEHTOB TENSONPOBOAHOCTU. [lMameTpbl MOMEKyn 3TUX [a3oB
cunTtaTb oanHakosbiMu. (0,8; 1,25; 0,96)

3.39. Kakoe KONn4ecTBO TEM/IOThI TEPSETCS eXeYacHO Yepes3 OKHO 3a
CYeT TensoNpoBOAHOCTU BO3A4YXa, 3aK/IKOUEHHOro Mexay pamamu. lNnowaab
KaXaol pambl 4 M?, paccTosiHue Mexgy pamamu 30 cM. TemnepaTypa
nomMeleHns 18°C, TemnepaTypa Hapy>XHoro npocTtpaHctea 20°C. AunameTp
MONEKysl BO3AyXa MpPUHSATL paBHbiM 0,3 HM, TemnepaTypy BO3ayxa Mexay
paMamuM cuMTaTb PaBHOW cpeaHeMy apudMeTUYeckoMy TemnepaTyp
NMOMELLEHNS N HAPY>XHOIO MpPOCTpaHCcTBa. [aBneHune pasHO 760 MM pT. CT.
(23,9 kAx)

3.40. Mexay ABYMSI MnacTUHaMM, HaXOAALWMMWUCA Ha paccTosiHuu 1
MM Apyr OT Apyra, HaxoauTcs BO3AyX. Mexxay nnacTmHamu NoaaepXXuBaeTcs
pa3HocTb TeMmnepaTyp 1 K. Mnowaab Kaxaol nnactuHbl pasHa 100 cm?.
Kakoe konuMuecTtBO TennoTbl MepeaaeTcs 3a CYeT TenaonpoBOAHOCTU OT
OfIHOM MNacTUHbI K Apyroi 3a 10 MUH? CunTaTb, YTO BO3AYX HaxoauTcs Mnpwu
HOpMasbHbIX YCNOBUSX. JuamMeTp MoneKynbl Bo3dyxa MpuHSATb pasHbiM 0,3
HM. (78 )
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4. BHYTPEHHSIS1 SHEPITUS U TEMJIOEMKOCTb UAEANIbHOIO FA3A

Yucio creneHedi cBO6OALI — UYUCNO HE3ABUCUMMbIX KOOPAMHAT,
MOJSIHOCTbIO OMPEeAENSIoLWMX MOMOXEHNE CUCTEMBI B NPOCTPaHCTBE.

Monekyny OQHOATOMHOIO ra3a MOXHO paccMaTpuBaTb  Kak
MaTepuarnbHyl0  TOYKy, oObnagalowylo Tpemsi CcTeneHsMM  cBO6OAbI
nocrynartenbHoro aswxeHus (puc. 4.1). Monekyna ABYxaTOMHOro rasa —
COBOKYMHOCTb [BYX MaTepuasibHblX TOYeK (aTOMOB), XECTKO CBSI3aHHbIX
HepedopMMpyeMo  CBSI3blO;  KpOMe  Tpex  CcTeneHeir  cBoboapbl
NnocTynaTenbHOrO  ABMXKEHUSI UMMeeT ele fABe CcreneHn  cBoboapl
BpalLaTeNIbHOrO ABMXXEHUS. Tpex- W MHOroaTOMHble MOJIEKYSIbI  UMET
3+3=6 cTeneHeli cBO60AbI.

i=i =3 =i +i =3+2=5 i=i +i, =3+3=6

Puc. 4.1

3akoH bBosblMaHa O paBHOMEpPHOM pacrnpefeneHun 3Hepruu no
CTeneHsM  cBoGOAbI  MOMEKYN: Ha  Kaxayld  CTeneHb  cBOGOAbI
MOCTYNATENbHOrO M BPALLATENbHOrO ABWKEHWUS MOMEKYNbl MPUXOAUTCS B

CpeaHEM OAMHAKOBask KNHETUYECKas 3HEPrusa, paBHas E kT .
Takum o6pa30M, CpeaHAa KMHETUYECKas aHepPrmnsa MoJiekynbl:
[
< g, >=—KT,
2

roe | — uncno creneHelt cBo6oaa MoneKysbl.

BHYTpEHHSI 3Heprusi TepMOAMHAMUYECKOW CUCTEMbI - 3Heprus
[BWKEHWUS U 3HEPTUSt B3aUMOAEMCTBUSI MMKPOYACTULL CUCTeMbl (Monekyn,
aTOMOB, 3N1EKTPOHOB, SAep U T.4.).
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T.K. MNoTeHUManbHas 3Heprus Mosiekyn WAeaNbHOTO rasa paBHa
HYMlO, BHYTPEHHSI 3HEPrUs WAeanbHOrO rasa paBHA  CyMMapHOM
KUHETUYECKOW SHEPTUM BCEX €r0 MOJEKYJT:

U=<g, >N

nnn
i m
U=""RrT, (U= /0.
Y [U]=4
N3MeHeHNe BHYTPEHHEN SHEpruu:
AU =L M pAT .
2M

TennoéMKoCTblo Kakoro-nMbo Tena Cmm Ha3blBAeTCA BENNYMHA,
paBHasi KONMYECTBY TeEMI0Thl, HEOBXOAMMON ANA HarpeBaHUsi 3TOro Tena Ha
OOVH rpaayc,

Cme.m = AT [C
YaenoHo TennoeMKocTblo BellectBa C  HasbiBaeTcs ¢usmnyeckas

mena

]:ﬂ_”c,
K

BEMNYMHA, paBHas KOJINYECTBY TEMJIOTHI, HGOﬁXO,CI,VIMOMy ONna HarpesaHus
€AnHULblI MaCCbl BEWeCTBa Ha OAMH rpaayc,

Q (o] = 2P

:—, = .
m-AT K2 K
MonsipHoii  TennoémkocTbio BewectBa € HasblBaeTCsl BeNWMUMHA,
paBHasi KOMWYEeCTBY TeMoThl, HeobxoaumMoMy pAns HarpeBaHust 1 mons
BelecTsa Ha 1 rpaayc,

Q c]- Hone

—_—, )
v-AT monb- K
CBsi3b MEX/y MOJISPHON W yAeNbHOW TEMMI0EMKOCTbIO:
C=cM.

BennuvHa TennoéMKOCTY 3aBUCUT OT YC/IOBUI HarpeBaHusi, NO3TOMY
pa3nMyaloT TEMIoEMKOCTM MPU MOCTOSHHOM O6bEME M Mpu MOCTOSIHHOM
[aBneHun.

1+2
' Cp = T R .



YpaBHeHue Maiiepa:
i+2
C,=C, +R=—"R.
2

Mpumepbl pelueHuns 3apay
3agava 1. A30T nocTynaeT B TOMMBHbIA 6ak noa AasneHnem 100
at™M. OnpeaenvTb BHYTPEHHIO 3HEPruto 3TOro rasa, eciv ero naoTHOCTb 4
kr/M®, mMacca 80 r. Ha CKoOnbKO 3Heprus MOCTYMaTenbHOrO ABWKEHMS
MOMeKyN a30Ta NPEBOCXOAUT SHEPIUIO UX BPALLATENbHOrO ABMXEHNSA?

OaHo: p=10"1Ila, p=4K—i, m=0,08xz; U =? AU =?
M

PeweHve

Mpn peweHnn 3agaum ncrnonb3yeM npeacrasneHve 06 a3oTe kak 06
naeanbHOM rase — CUCTEME, COCTOSILLEN U3 HEB3AUMOAEMCTBYIOWMX APYr C
ApYroM MaTepuasnbHbiX Touyek. O4yeBMAHO, YTO peanbHbIM ra3 byaeT no
CBOMM CBOWCTBAM NpUOAMXATbCA K MAeanbHOMY TOMbKO MPU  HU3KKX
JaBNEHMSIX W [OCTAaTOMHO BbLICOKMX TeMmrnepatypax (Hanpumep, npu
HOpMasbHbIX yCroBusix). MOHSTHO, 4To AaeneHune 100 atMocdep Henb3s
cuMTaTh HM3KUM. [10ITOMY MOMy4YeHHOe pelleHue cneayeT paccMaTpuBaTb
Kak npubnmxkeHHoe.

BHYTpEHHSIS 3Heprusi NpOM3BOSILHOM Macchl WMAeanbHOro rasa
onpepensieTca no gopmyne

U=L"pgrt,
2 M

Tak Kak Ka)xaas Mosfekysia a3oTa COCTOMT U3 ABYX aTOMOB, TO OHa
uMeer 3 cTeneHn cBO6OAbI MOCTYNaTeNbHOr0 [ABWXKEHUS M 2 CTerneHu

cB060OAbI BpallaTenbHOro ABMXeHus, T.e. i=5.
MockonbKy cornacHo ypaBHeHuio MeHaeneeBa-KnaneipoHa

m
pV = —RT,
M
TO BHYTPEHHIOIO 3HEPIUI0 MOXKHO BbIPa3nTb (POPMYIION
[
U=—plr.
2
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m

Yuutbigag, uto V = —, nonyumm
Yo
i p-m
u=-2" U =5-10° Joc.
2 p
CooTBETCTBEHHO 3Heprus NnocTynaTenbHOro ( in =3) n

BpaLlaTenbHoro ( ig = 2) ABWKeHUst Moniekyn ByAeT BblpaXaTbCsl B BUAE:
3p-m 2p-m
==, U o = —_
2 p 2 p
CnenosaTeano, SHEPIrnga NoCTynaTesibHOro ABM>XXEHUA MONEKYN
a30Ta NPeEBOCXOAUT SHEPIrnto UX BpallaTe/IbHOro ABM>XXEHUA Ha BENMUYUHY
1 m 5
AU=U -U =27 AU =10° Jjxc.
2 p

U

n

3apaya 2. BannoH ¢ BOAOPOAOM (ABYXaTOMHbIN ra3), ABUXKYLLMINCS CO
ckopocTbto 50 M/c, 6bICTpO OCTaHaBnuBaeTCs. Ha CKONbKO yBENMUMTCA npu
3TOM KBagpaT cpefHel KBaApaTMYHOW CKOPOCTU TEMNIOBOrO [BWKEHMS
MOSeKyn rasa? Ha CKonbKo KeNbBMHOB HarpeeTcs ras?

. _ - _ . 2_»9
faro: v, =50%/, v=0, M=0002%/ . A<y, >'="

AT =7
PeweHne
Monekynbl BOAOPOAA, KOTOPbIi B AAHHOM C/ly4Yae CUMTAEM
naeanbHbIM ras3oM, y4acTBYKOT OAHOBPEMEHHO B XaOTMYECKOM (TEMNJI0BOM)
OBVDKEHUM, XapakTepusyemom HEKOTOPbIM 3HayeHneM cpenHen

KBaﬂpaTMHHOVI CKOpoCTn <UK61>, M HanpaB/€HHOM ABMXKEHUN CO CKOPOCTbIO
g

Mocne ocCTaHOBKM 6ansioHa HanpaefieHHOE [ABWXXEHWE MOJIeKyN B
pesynbTaTe MX COyAapeHUM CO CTEHKaMW cCoCyda W ApYr C ApYroM CKOpO
MpeBpaTUTCA B XaoTWYeCcKoe, ra3 MpuAEeT B paBHOBECHOEe cocTosHue. [Mpu
3TOM YCTaHOBWUTCS MaKCBEMIOBCKOE PacrpeaesieHne MOMEeKys No CKOPOCTSAM

C HEKOTOPbIM 3HAUEHWMEM CPeAHel KBaApaTUYHOW CKOPOCTU <U ez>-

K
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MpeHebperas Tennoo6MeHOM Mexay BOAOPOAOM M CTeHKaMu 6anfoHa 3a
paccMaTpuBaEeMblii  MPOMEXYTOK  BPEMEHM, ra3  MOXHO  CuMuTaTb
M30/IMPOBAHHON cUCTEMON. Toraa M3 3aKOoHa COXPaHEHWs SHepruun CreayerT,
YTO <«MCYE3HYBLUAA» KMHETMYECKAs 3SHEPrus HanpaBieHHOro ABUKEHMS

MOneKyn WK (T.6. KMHeTMYecKasi 3Heprus ABMXKEHWSI Fasa Kak Lenoro)
[OMKHa OblTb paBHa YBEIMYEHWMIO 3SHEPrMM  XAOTUYECKOrO ABMKEHUS
Monexyn (BHyTpeHHel sneprn) AU :

W, =AU, (1)
2

mo,
roe W, = > © 'm - macca rasa B cocyae.

Mi3MeHeHWe TemnepaTypbl rasa B pe3ysnbTaTe BHE3arnHOW OCTaHOBKM
6annoHa MoxHO onpegenuTb, noactaemsB B dopMyny (1) BbipaxeHue ans
M3MeHEHWS1 BHYTPEHHEW SHEpruun:

2 -
Mt _1 M paT,
2 2M
2
AT:MFI:O, AT =0,12K.
|

Ona  HaxoXAeHWsI M3MEHEHWsl KBagpaTa CpeAHen KBaapaTUYHOW
CKOPOCTU BOCMOSb3yeMcsi hopMy oWt

3kT f3RT
<O, >= |[—— =4 |—-
m, M

Bo3BeaeM ee B KBaApaT, HAalMAEM pa3HOCTb MOJYYEHHbIX BbIPAXEHW
2 2
ana <UK62 > " <UK81> )

2
- M
<Av, >'=<v,, > -<v,, L2 SR(L-Ty) 3R pM 3
M M iR
2
<Av,, >*=1500".
C

U§=O,6L

3agaqa 3. ‘-IeMy PaBHbl yAENbHbIE TENNTOEMKOCTU Cp U Cy HEKOTOPOIO
ABYXaTOMHOIO rasa, €cin npu HopMasbHbIX YCNOBUAX NMNJIOTHOCTb 3TOrO rasa
1,43 kr/m3?
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fawo: i=5, p=10°Ila, T =273K, p=1,431<2//w3; cp:?

¢ =7
PewweHne
YaenbHas TEMNOEMKOCTb [BYXaTOMHOMO rasa Mpu  MOCTOSIHHOM
obbéme:
YoM
YpenbHas TEMNOEMKOCTb [ABYXaTOMHOMO rasa Mpu  MOCTOSIHHOM
[NaBNeHUN:

7R
c =——.
P2M
MonsipHyI0 Maccy ra3a MOXHO HaWTW, WCMonb3ys YpaBHEHWE
MeHgeneeBa-KnanelpoHa:

m
V=—RT,
PV

VM M

m
roe p= V — NJIOTHOCTb rasa.

Toraa MonsipHas Macca rasa BblpaXaeTcsl Kak:

M=LRrT.
p
MCKOMble TENTOEMKOCTHU Tel'lepb MOXXHO BblpaBVITb qepe3 3a[ldHHbIE B
YCNnoBuun BENMNYUHDI:

_S5R 5pR 5p c\,:640,4ﬂ:”c;
2M 2pRT 2 pT’ ke-K
¢ =l R_T PR _Tp . _gog522
"T2M " 2pRT 2 pT’ g ke K
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3apaum ANns CaMOCTOSATE/IbHOIO peLueHns

4.1. YeMy paBHa 3Heprusi TennoBoro AsmxeHus 20 r kucnopoaa npu
TemnepaType 10°C? Kakas 4acTb 3TOM 3HEpPruM MPUXOAMTCH Ha OO0
NOCTynaTeNnbHOro ABMXKEHUS M Kakas 4acTb Ha [0 BpallaTesibHOro?
(3,7xx; 2,2x0x; 1,5k0x)

4.2. HalTU KMHETUYECKYIO SHEPIMIO TEMOBOr0 ABWMXXEHUS MOJEKYN,
Haxoaswmxcs B 1 r Bo3ayxa nmpu Temnepatype 15°C. Bosgyx cumtaThb
OAHOPOAHBIM rasoM. (210 x)

4.3. YeMmy paBHa 3Heprus BpawaTenbHOro ABMXEHWUS MOMEKY’,
coaepxalumxcs B 1 kr asota npu TeMnepatype 7°C? (83 k/x)

4.4, Yemy paBHa 3Heprus TEMIOBOMO ABWXEHWS  MOJSIEKYnN
[ABYXaTOMHOr0 rasa, 3aK/l04eHHOro B cocya 06beMOM 2 11 M HaxoAsLerocs
nop aasnenvem 150 kMa? (7500x)

4.5. Mpu KakoW TemrepaType CpeaHsisl KMHEeTUYecKas SHeprus
TEN0BOro ABWXEHWs aTOMOB renusi 6yaeT AgoctatovHa Ans Toro, 4YTtobbl
aTOMbl refnivsl NpeoaosieNin 3eMHOE TAroOTEHME U HaBCeraa MOKMHYIN 3EMHYIO
aTMocdepy? PewmnTb aHanormyHyto 3agady ans JlyHel. (20000 K; 900 K)

4.6. 1 Kr ABYXaTOMHOro rasa Haxoautcs noa dasneHuem 80 klla u
“MeeT MoTHOCTb 4 Kkr/M3. HaliTi 3Hepruio TennoBoro ABMXEHUS MONEeKyn
rasa npu atmx ycnosusix. (50 kx)

4.7. Kakoe 4Mcno Monekyn ABYXaTOMHOMO rasa 3aHuMMaeT obbem 10
cm® npu gaenenun 40 MM pT. CT. 1 Npu TeMnepaType 27°C? Kakoii sHeprueit
TennoBoro ABWKeHUs 06naaaloT 3T1 monekynbl? (1,3:10%°%; 0,133 [x)

4.8. HailTu yzenbHylo TENOeMKOCTb kucnopoaa: npu V=const; npu
p=const. (650x/kr'K; 9100x/kr*K)

4.9. HaiiTu yaenbHylo TennoeMKOCTb MpW MOCTOSIHHOM AaBiieHUn
CneayroLwmx ra3os: HeoHa; napoB pTyTu. (10250x/kr-K; 1030x/kr-K)

4.10. HaiTu ans KMcnopoaa OTHOLIEHWE YAEeNbHOW TensI0eMKOCTH
npy MOCTOSIHHOM AABSIEHUM K yAENbHOW TEMNOEMKOCTU MPU MOCTOSIHHOM
obbeme. (1,4)

4.11. [Ind HEKOTOpOro ABYXaTOMHOro rasa yAesbHas TenJ0eMKoCTb
npu MOCTOSIHHOM AasneHun pasHa 14,7 x/kr'K. Yemy paBHa MonsipHas
Macca 3toro rasa? (0,002 kr/monb)

4.12. HaitTu ypenbHble TENI0EMKOCTU C, U C, HEKOTOPOro rasa, ecnm
M3BECTHO, 4YTO MoONspHas Macca 3Toro rasa pasHa 0,03 kr/monb u
OTHOLeHWe Cp/c,=1,4. (693x/krK; 970x/krK)

4.13. HaiiTu oTHOLLEHNE C,/C, ANS ra3oBOi CMecK, cocToslen u3 8 r
renna n 16 r kucnopoga. (1,59)
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5. OCHOBbl TEPMOAUMHAMUKU
MepBblli 3akoH (NepBoe Hayano) TEPMOAWMHAMMKW:  KOJIMYECTBO
tennotel QQ, nepesaHHoe cucTeMe, MAET Ha MpUpaLleHre eé BHyTpeHHel

sHeprum AU 1 coBeplueHne cuctemoit pa6oTbl A NpPOTUB BHELIHWX cun,
Q=AU +A.
370 He O3Ha4yaeT, 4YTo MNpu coobLeHun Tenna BHYTPEHHAA 2HEPruga
cuctembl U Bcerpa BospacTaeT, oHa MOXeT M y6biBaTb. Takoe BO3MOXHO,

Korga cuMcteMa coBepLlaeT pa60Ty KaK 3a CYET NOJIy4EHHOro Tensa Q , TaK

W 3a cyeT 3anaca BHyTpeHHeli 3Heprum, ybbinb kotopoii pasHa AU , npu
atom A>Q.

M3MeHeHWe BHYTPEHHEN SHEPrun:
i m
AU = ——RAT.
2M

PaboTa, coBepluaeMasi CUCTEMON MPU KOHEYHOM M3MeHeHMM 06bEMa

oT Vl oo V2 , HAXOAUTCA UHTErPUpPOBaHNEM!

VZ
A= I pdV .
Vl
Mpy BbIYUCIEHUM MOJTYYEHHOTO CUCTEMOW KOMMYECTBA TEMOTHI MK
COBEpLUEHHON cucTeMON paboTbl  paccMaTpMBaEMblii  MPOLIECC  YacTo
npuxoanTcs pasbvBaTb Ha pPsiA 3NIEMEHTAPHbIX TMPOLECCOB, KaXAblM W3
KOTOpbIX COOTBETCTBYET 6GECKOHEUYHO MAJIOMy W3MEHEHMIO MapaMeTpoB
CNCTEMDI. ﬂ,}'lﬂ 3JIEMEHTAPHOro npotecca I'IepBbIl‘/lI 3aKOH TEPMOAMHAMUKU
UMEET BUA

X =dU + A,
roe & - aneMeHTapHoe (6ECKOHEUHO Manoe) KOMYECTBO TennoThl, OA —

snemenTapHast pabota, AU — nameHeHne BHyTpeHHeil SHEprM cucTeMbl B
XOfie 3N1eMeHTapHOro npoLecca.
B sToM BbipaxeHnn AU sensietcs nonHbiM anddbeperumanom, a

& v OA TakosbIMK He sBRAIOTCA.
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B TepMoanHamuke konmdecTso Tensiotel Q, monyueHHoe cuctemon,
W BENMUMHA COBEpLUIEHHON elo paboTbl A 3aBMCAT OT NyTM nepexoaa
CUCTEMBbI W3 OfHOMO COCTOSHUS B Apyroe, nostoMy Hu Q, Hu A He

ABNAIOTCA (DYHKLIVIHMI/I COCTOAHUA CUCTEMbI;, HENb3dA NOBOPWUTb O «3anace»
TEMNNA NN pa60TbI, KOTOPbIMU obnagaet cuctema B Pa3nnNYHbIX COCTOAHUAX.

YTO6bI 3TO MOAYEPKHYTb, UCMOMb3YIOT pa3fnyHyio cumonuky: cumson AU
O3HauaeT MpupallieHne BHyTPeHHe! 3Heprim, a cumeombl Q n OA -

3/leMEHTApPHOE KONMYECTBO TEM/IOTHI U 3feMEHTapHYto paboTy.
Tpumererue I 3aKOHa TEPMOANHAMUKY 1 M30IMPOLIECCaM

1. UzoxopHeii npovecc (V= const)
A=0, Q=AU.

Bcsi Tennota, coobliaemast rasy npu M30XOPHOM MpoLecce, UOET Ha
YBE/MYEHME Ero BHYTPEHHEN SHEprun.

m
=AU =—C /AT .
Q VIR
2.M306apHbIi npoyecc ( P = const)
A=p(V2—Vl)=pAV=%RAT, Q=AU +A.
T.x. p=const,
m m
=—0C_ AT, AU =—C AT .
Q M P M &

3. M30repmuqeckmii npoyecc (T = const )
T.x. T =const, AT =0,
AU =0, Q=A.

Bca TennoTa, coobliaeMasi rasy npu M30TEPMUYECKOM MpoLecce,
MOET Ha coBeplueHWe paboTbl MPOTUB BHELIHWX CUS.
PaboTa rasa npu 130TEPMUYECKOM PacLUMPEHUN:

A= et ww A= RTINP.
M \ M P,
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AanabaTHbiM Ha3blBaeTCA NPOLECC, MPOMCXOAsWMIA B cucTeMe 6e3
Tennoo6MeHa ¢ BHewHeli cpeaoit (Q =0).
Tk Q=0,
AU +A=0, A=-AU .
PaboTa rasa Haa BHELLHWMM Tenamu, T.e. aanabaTHoe paciumpeHie,

COBEPLLUAETCS 3a CYET €ro BHYTPEHHEN
A 3Heprun. lNpu 3TOM BHYTPEHHSISI 3Heprus

P M TemnepaTypa rasa YMeHbLIAoTCS.
\ aanabara Takum  obpasoMm, npu aanabaTHOM
) _ u30TepMa paclUMpeHUn ra3 oxsaXkaaeTcs.
. Mpwn aanabaTHoOM oKaTuUmn
0 I= AU =—A,  BHyTpeHHsis  3Heprus

YBENMYMBAETCS 3@ CHET PaboTbl BHELUHMX
CUN Hap rasoMm; TemnepaTypa Npu 3TOM
pacTeT, ra3 HarpeBaeTcs.
YpaBHeHWe aamabaTHOro mpouecca Wi ypaBHeHue [lyaccoHa (Tpu
BO3MOXHble (hOPMbl 3anucu):

Puc. 5.1

pV7’ =const, TV”* =const, T7p*” =const,
C, i+2
roe y= a =—— — nokasatenb aguabatbl unn KoabuumeHT
I
MyaccoHa.

. 5 .
Jns ogHoaToMHoro rasa |1 =3, Y= § ; Ans asyxatomHoro 1 =5,

7 .

¥ = — ansi MHoroatoMHoro 1 =6, y =—.
5 3
[JvarpamMma npouecca HasblBaeTcsl aavabaToli M B koopavHaTax
P,V waet kpyue, uem usotepma ( PV = const) (puc. 5.1).
Pabora, coBepwaemas rasom npu aavabaTHOM  npouecce,
Bblpa>kaeTcs popMynamu:
vV v, Y~
m
A=—C,(T,-T,) wm A=P10j7 |%
M y-1 V,
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O6parnmsie n HeobparTumsie npoyeccel. Lnkn Kapro.

LIMKI/IOM VNN KpYroBbIM MPOLECCOM Ha3bIBAETCS NOC/IeA0BaTEIbHOCTb
TepMOAMHaMMYEeCKMX MpoLEeccoB, B pe3y/nbTaTe KOTOPbIX CUCTeMa nocne
psiia M3MEHEHWIN BO3BPALLAETCS B MCXOAHOE COCTOSIHME.,

TensioBass MalumHa — 3TO YCTPOMCTBO, KOTOpOe, CoBepLuast
MHOIOKPaTHO KpYyroBol npouecc, npeobpasyeT Tennoty B paboty (unm
06paTHo).

[IpsiMbIM  LMK/IOM  Ha3bIBaeTCsl

KpYroBo MpoLecc, B KOTOPOM Teso

re ] COBepLIAeT MONoXUTENbHY0 paboTy

1 Q. 3a UMk (No TakuM umknam paboTatoT

TENNOBbIE ABUraTeNMN).

MpsMble uMKnbl Ha rpadukax

2 n306paxkaloT NIMHUAMM, NAYLIMMK MO
yacoBoW cTpenke (puc. 5.2).

_ > Q, - KonuuectBo TENNOTH,
0 V nonyyaemoe rasoM orT  6onee
Puc. 5.2 narpetoro Tena; Q, — konmuectso

TENNOTLl, OTAaBaeMoe ra3om 6onee
XONoAHOMY Teny.
KoacddumumeHToM nonesHoro aeicteust Tennosoro asuratens (KMa)
Ha3bIBAETCA BEIMUMHA, pPaBHAsi OTHOLUEHWIO COBEPLLAEMON rasoM 3a LMK
nonesHol paboTbl K KONIMYECTBY TEMJIOThI, MO/TYYEHHOMY OT HarpeBaTens:

A Q1 QZ - nziloo%

Q. Q Q
KN4 ntoboii TeN0BOM MalmHbl Bceraa MeHblue eanHuupl, 1] < 1.

Ob6patHbIM LMK/IOM Ha3blBAaETCsl KPyroBOM NMpoLECcC, B KOTOPOM Teso
COBepLUaeT oTpuuaTenbHyto paboTy 3a umkn (Mo TakuM umknam pabotatoT
XONOAWNbHbIE MALLUWHBI U TEMNIOBbLIE HACOCHI).

ObpaTHble UMK/bI Ha rpadukax n306paxkaldT NMHUAMKM, WAYLIMMU

MpPOTMB YacoBoii cTpenku (puc. 5.3). Q2 — KOJIMYECTBO TEMJIOTbI, OTHSTON
OT ox/laxaaemoro Tena (T.e. NonyyaeMoe rasom oT 6osiee X0no4HOro Tena);

Ql — KOJIMYECTBO TENNOTbl, OTAaBaEMOE rasom 6onee HarpeTomy Teny. B
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pe3ynbTaTe coBeplueHMss 06paTHOrO LMKAA 3a cyeT paboTbl BHELHMX CWn
TEnnoTa oTéMpaeTcs OT Tena C HU3KOW TeMnepaTypoin M nepefaeTcs Teny ¢
6onee BbICOKOV TEMMNEpPATYpoOn.

KMJ xonoannbHOM MalMHbI UK XONOAWUNBHBIN KO3(MUUMEHT, paBeH
OTHOLLUEHMIO KOJIMYECTBA TEMMOTbl, OTHATOW OT OX/AXAAaeMOro Tena, K
paboTe, KOTOpas 3aTpayuMBaETCa Ha NpuUBeAeHUE MalluuHbl B AeicTBue (T.e.

paboTe Haa rasom):
N o= QL _ Q
P 0 4 0-0

XonoaunbHsbI KO3 PULMEHT
MOXeT OblTb Kak MeHblle, TaKk U
6onbwe  eauHMubl. B peanbHbIX
X0n0anNbHUKaxX OH npuHUMaeT

{_l 3HaueHus1 NpubnusnTensHo ot 1 go 3.
Tak Kak B pe3ynbTaTe KpyroBoro
0 V npouecca cucrtema BO3BpallaeTcs B
Puc. 5.3 MUCXOOQHOE  COCTOsIHME, TO  MOJSIHOe
W3MEHEHWE BHYTPEHHEN 3Heprum rasa

A 4

3a umkn pasHo Hymno, AU =0.
CnegoBaTesibHO, NepBOe Ha4ano TeEPMOAMHAMUKN ANS KPYroBOro npouecca:
Q=A,

T.e. paboTa UMKNa paBHA KOJIMYECTBY MOSyYEHHON U3BHE TEMJIOThI.

MakcuManbHbiM KM obnagaeT maeanbHbI LMK, COCTaBNEHHbIN U3
ABYX n30TepM M AByx agmabat (umkn KapHo, puc. 5.4). Beibop B kayectse
OCHOBHbIX MPOLECCOB M30TEPMUYECKOro M aavabaTHoro obycnoBneH TeM,
4YTO MpU U30TEPMMYECKOM MpoLecce BCS MOABEAEHHas K CMCTEMEe TensoTa
naeT Ha coseplueHne paboTel, @ agnabatuueckoe n3MeHeHne TemnepaTypsl
npoucxoanT 6e3 TennoobMeHa C OKpyXatoLlel cpeaoi, T.e. 6e3 noTeps.

[ns vpeansHoro uukna KapHo:

T,-T T
77 — 1 2 — 1_ _2 ,
T, T,
T, — a6conotHasi TeMmnepatypa Harpesatens, 1, — abcomoTHas

TemnepaTypa XoNnoAnSbHUKaA.
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KN4 waeanbHbIX TEMNAOBbIX MaLMH, WCMOMb3YIOWMUX O6paTVIMbIe
npouecchl, He 3aBUCUT OT NpUpoAbI pa6oqero TENa U onpeaensaeTca ToNnbKo
TEMNEPATypaMn HarpeeaTena n XonoauibHuKa.

p 4
A(p1,V1,Ty)

n3oTepma

B(p2, V2, T1)

aanabaTa
aanabata
D(p4lV4IT2)
vsorepma C(p3,V3,T2)
0 v
Puc. 5.4
Mousitne 06 sHTponnu.

PaccmoTpuM obpaTumbiit UMk KapHo (puc. 5.4). Bolpasum ero KMNA
AByMs cnocobamu 1 NpupaBHSEM MOSTyYEeHHbIE BbIpaXXeHNs:

Q-Q — I, -T,
Q
Otciona cneayer, uTo
Q_Q
L T

OTO ypaBHEHME 03HAYaeT, YTO KOAWMYECTBO TEMMOTbl, MOSyYEHHOe
WK OTAAHHOE Npy 06paTUMOM MPOLIECCE, NMPOMOPLMOHANLHO TeMnepaType.

OTHoweHne ? Ha3blBaeTCs NpuBeAeHHbIM KOMIMYECTBOM TENOThI.
[nsa obpatnMoro umkna KapHo
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YcnoBunucb  cuntatb Q NONOXWUTENbHbIM,  KOrga CUCTEMa
nornowaeT Tensio, N oTpmuaTesbHbIM — KOrla BblAENSAET.

Q2 — KOJIM4YeCTBO TENnnoTbl, OTAaBaeMoe paGOLIMM TENoM

XONOAUNBHUKY, MO3TOMY OHO oOTpuuatensHoe. CnegoBaTenbHO, MOXHO
3anucaTtb

9. 9
_+_
L T
T.e. ans obpatMmoro uukna anrebpavueckas CyMMa MpUBEAEHHbIX
KOJINYECTB TenJ1I0Thbl paBHa HYJtO,
22-0
- ’
T

nnm B ancddepeHumanbHon dhopme,

=0,

ft: @ =0.
T
WHTerpan GepeTcs NO 3aMKHYTOMY KOHTYpy, T.K. paccMmatpuBsaincs

UMK — KpYyroBon mnpoLecc. ? — MpVBEAEHHOE KONMWYECTBO TErOTHI,

cooblaemoe Teny Ha 6eckOHeYHO ManoM y4yacTke npoecca.
M3 paBeHCTBa Hy/O WHTErpana, B3SITOrO MO 3aMKHYTOMY KOHTYpY,

cneayeT, 410 NoAbIHTErpasibHOE  BblpaXKeHue ? €CTb  MOJHbIN

anddepeHUmnan HeEKOTOpoi (yHKUMKM S, KOTopast ONpedensieTcs TONbKO
COCTOSIHWMEM CUCTEMbI U HE 3aBWUCUT OT MyTW, KakMM CUCTEMA NpuULNa B 3TO
COCTOsIHUE.

Takum  06pasoMm, ?=d5 —  3/IeMeHTapHas  3HTponus,
HC
[s]=14%.
K
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OyHKUMA cocTosiHug, AnddepeHUnanoM KoTopoin sBnseTcs ?,

Ha3bIBAETCS SHTPOITHEN.
N3MeHeHne 3HTpOMUMM MNpu nepexofe CUCTEMbl M3 COCTOsSIHMSA 1 B
COCTOsiHME 2 onpeaensieTcst popMynon

2
AS = j@ .
al
Mpu o6paTMmMom npouecce
AS = XR_y.
T

Mpn HeoBpaTUMOM MmpoLiecce

AS = & - % >0.
2 1
HepaseHcTBO Knaysuyca:
AS >0,
T.e. D3HTPOMUS 3aMKHYTOW CUCTEMbl MOXET NMbo Bo3pacTatb (npu
HeobpaTUMbIX mpoLeccax), MMbo ocTaBaTbCs MOCTOSIHHOW (NpW 0BpaTUMbIX
npoueccax). 3T0 03HAYaET, YTO M3MEHEHME SHTPONMUM B 3aMKHYTON cucTeMe
€CTb Mepa HeobpaTUMOCTM COBEPLLIAIOLLIMXCS B HEN MPOLIECCOB.

MpumMepsbl pelieHUs 3apau
Sagaqa 1. Pabota msotepmmnyeckoro pacwmpenHus 10 r HeKoToporo
rasa, B pesynbTaTe KOTOpOro o6beM M3MeHWCS B ABa pa3a, paBHa 575 [x.
HaiiT cpeaHiolo KBaapaTUUHYO CKOPOCTb MOJSIEKYS 3TOro rasa. Ha ckosnbko
M3MEHUSIaCb BHYTPEHHSI 3HEPrus rasa B Mpouecce pacluMpeHus U Kakoe
KONMYECTBO Tens10Tbl eMy 66110 NepegaHo nNpu 3ToM?

Nawo: T=const, M=0,01xe, A=575/xc, V,=2V,; <v, >=7?
AU =? Q=7
PelieHne
CornacHo nepBoMy Hayay TepMoAMHaMWKKM TenioTa Q, nepeaaHHas

CUCTEME, PACcXOAYEeTCs HA yBENMYEHME BHYTPEHHEN 3HEpruM cuctembl AU 1
Ha paboTy A CUCTEMbI MPOTUB BHELIHWX CUJT:
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Q=AU +A (1)
Tak Kak paboTa COBeplleHa CUCTEMOM B  pesynbTaTte

M30TEPMUYECKOIO  pacClUMpPEHNs, TO BHYTPEHHAA 3HEPrnsa rasa He
N3MEHAETCA:

AU =L M pAT =0,
2 M

CnepoBatenibHO, BCA TensoTa, MoslyyeHHas CVICTeMOVI, pacxoayeTcs
Ha coBepLleHne pa6OTbI:

Q=A.
YTo6bl HAalUTU CPeaHIO KBaApaTUUHYIO CKOPOCTb MOMEKyS rasa o
COOTBETCTBYIOLWEN (hopMysie, HEOBXOAMMO 3HaTb TeMnepaTypy rasa 1 ero

MOJISIPHYIO Maccy:
(v,)= /ﬂ @
K6 M )

Pabota npu pacwmpeHumn rasa ot obbema Vl no obbema V2 MOXeT

ObITb BblUMC/IEHa MO dopMyne:

Vv
A= RTIn2, 3)
M vV,
Kak cneagyet u3 dopmynbi (3),
RO AT
M m-In Va

1
Moacraenss 310 cooTHOLWeHue B dopmyny (2), nonyyumm

Sagaya 2. A3oT N2 Macconm 12 r HaxoAuTCs B 3aKpbITOM cocyne

obbemoMm 2 n npu TemnepaType 10°C. [ocne HarpeBaHwWs OaBfeHUE B

cocyne crano pasHo 10* MM pT. cT. KakoBa TemnepaTypa asoTa nocrne

HarpeBaHus? Kakoe KonuyectBo Tennotbl 6bin0 nepepaHo asoTy? Ha
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CKOJMIbKO U3MEHWNach ero BHYTPEHHSIS 3Heprusi U Kakas pabota 6blna npu
3TOM coBepLUeHa?

[laHo: m=0,012xz; V, =2:10"° »°; T, =283K;
p, =133-10*I1a; M =0,028%¢ i=5; T,=? Q=?
AU =? 4=?

MoJb !

PewieHne

MocKonbKy a30T HaxoAWUTCs B 3akpbiToM cocyae, To V = CONSt n
npu HarpeBaHun paboTa He CoBepLIAETCS:

v,
A= I pdV =0. )
Vi
M3MeHeHWe BHYTpPEHHEN 3HEeprMM asoTa MOXHO paccuuTaTb Mo
dopmyne

AU =L M pAT. @)
M

KoHeuHass Temnepatypa T, MOXeT 6biTb HailieHa U3 ypaBHEHUs!

COCTOSAAHUA ra3a Nocne HarpeBaHUA:

m
sz:MR];
OTcrona
T,=2 PN 7 ek
m R

MoacraBnsa BbipaxeHwe Ans T2 B (2), nonyyaem copmyny
N3MEeHeHns BHyTpeHHeVl 3Hepruv rasa npu ero HarpeeaHuu:
M p,V
AU = LM (M P, “T, |, AU =4,1310° Joc.
2M m R

CornacHoO nepBOMYy Hayany TEepMOAMHAMWKU AN U30XOPHOro
npouecca:

Q=AU, Q=4,13-10° Jxc.
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3agava 3. 2 kmons yrnekucnoro rasa CO, HarpeBaloTcs npu
MOCTOSIHHOM AaBfieHun Ha 50 K. HaliTv npupalieHne BHYTPEHHEW 3Heprum
rasa, paboTy paclumpeHus rasa u KomM4ecTBo TensoTbl, COObLLEeHHOe rasy.

Davo: v =2-10° monw; i=6;, p=const; AT =50K; AU =?
A=? Q=7

PelueHne
M3MeHeHWe BHYTPEHHEM 3HEpPrMM rasa MOXHO paccyuTaTb Mo

dopmyne
AU =%VRAT, AU = 2,49-10° JToc.

Pa6oTa rasa npu n3obapHoM npouecce onpeaensieTcs popmynon
A=vVRAT, A=0,83-10° o .

CornacHo nepBOMYy Hauasny TepMOAMHaMWKM, COOBLLEHHOE rasy
KOJIMYECTBO TEM/OThbl PACXOAYETCA HA YBENWYEHWE BHYTPEHHEN 3Hepruu
CUCTEMbI U Ha PaboTy CUCTEMbI MPOTUB BHELLIHWX CUJT:

Q=AU +A, Q=332-10° Jc.

3agaya 4. 28 r azoTa N2 , Haxopsuerocs npu TemnepaType 40°C u

fasneHnn 100 kMa, okumaiotcs fo obbema 13 n. Haiit TemnepaTypy u
[JaBNeHne a30Ta Mocse OKaTus, ecny as3oT OKUMAEeTCA: M30TEepMUYECKU;
aamnabaTtHo. Haliti paboTy OKaTus B KaXXAOM U3 3TUX ClyYaeB.

. — . 1 — . — Ke . — .
Hawo: M=0,028xz; i=5; M=0,028%/  ; T,=313K;
p, =10°IIa; V, =13-10° 2%, T, =2 V,=? p,=? 4="?

PeweHue
YcnoBusi 3agauv NO3BOMSIOT OMNpeaenuTb MepBOHayasbHbIM 06beM
rasa Ao okatms. [ng 3Toro MCnosnb3yeM ypaBHeHMe MeHaeneesa-
KnanelpoHa:

m
PV =~ RT,
V,=——21,  V,=0,0264".

1. PaccmoTpuM  npouecc  M30TEPMUYECKOrO0  OKaTua  Mpu
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T =T, = const . Mo 3akoHy Boiina-MapuoTTa

V,
D, =B p,=2-10°1I1a.
Vv,
Pabota npu nsotepMmyeckom paclumpeHmn rasa ot obbvema Vi Ao
obbeMa V, MoxeT 6bITb HaliaeHa no cdopmyne (2.74):

A= RT o nY2 | 4=18-10° e |
M %

1
2. PaccMOTpuM Ternepb MNpoulecc aauabaTHOro okaTus asoTa.
HanoMHuM, 4TO aamabaTHbIi npouecc npoucxoauT 6e3  TennoobMeHa
CUCTEMbI C OKpYXXaloLleli cpefoi, T.e. Q =0. PeanbHble NpoLEecchl MOXHO

cunTaTh aauabHbIMKU, ECAIM OHM MPOUCXOAST AOCTATOYHO BbICTPO (HanpuMep,
npyu ABWXEHWM Tena C GONbLIOM CKOPOCTHIO B BO3Ayxe Habntopaetcs
aanabaTtHoe okaTtue).

B3anMMoCBS3b MeXay napaMeTpaMu COCTOSIHUS rasa npu aaMabaTHOM
npoLecce onuckiBaeTcsl ypaBHeHMeM lNyaccoHa:

pV’ =const wwm pV/ =p,V],
i+2 5+2

rae y=—— c =1,4 — nokasaTtenb agnabaTbl.
|
W3 ypaBHeHus [yaccoHa MOXHO Cpasy ONpefenuTb AaBfeHue rasa
nocne ero aaMabaTHOro CxaTvs:
V4
244 vV

=L —p| 2|, p,=2,6410°1a.

\'2¢ Vv,

Mcnone3ys apyryto ¢dopMy 3anucy ypaBHeHust [yaccoHa, MOXHO

D

onpeaenuTb Temnepatypy 1, :

-1
V7™ =const,
y-1
Vl
T,=T|—| . T,=413K .
V2
CornacHoO nepBOMy Hayany TepMOAMHAMUKK, B TMPUMEHEHUN K
agnabatHoMy npoueccy pabota A CUCTEMbl MPOTUB  BHEWHWMX CUN
COBEPLLUAETCS 3@ CHET YMEHBLLEHUS €8 BHYTPEHHEN SHEpPruu:

A=-AU.

57



B Hawem cnydae paboTy Haag cucteMoit (Mpu okaTuu rasa)
coBeplialoT BHewHne cunbl, noatomy A<0, a AU >0 (BHyTpeHHss

3HEPrusl BO3pacTaeT, C/iefoBaTe/bHO, NOBLILIAETCS TeMMepaTypa rasa).
HailaeM paboTy BHELIHWX CWUA MpK anmaGaTHOM oKaTuM asoTa:

Cv(Fl -T,)= R(Fl -T,),
A:—2,08-103ﬂ9fc.

Kak un cnepgoBano oxuaaTb, nNpu agnabaTHOM okaTum Heobxoammo
coBepLWMTb Bonblylo paboTy, YeM Mpu M30TEPMUYECKOM (NP OAMHAKOBOM
N3MeHeHUn obbeMa).

3agava 5. HarpeBaTeNb uaeanbHOW TEMIOBOW MallWHbI, paboTatoLlei
no uwukny KapHo, wmeer Temnepatypy 200°C. KakoBa TemnepaTypa
XONOAMNbHUKA, €CNM 3@ CYET KaXKAoW KMIOKANopuM Tensa, NofyYeHHOW oT
HarpesaTens, MaluvMHa cosepluaeT paboty 1,7-10° Ox?

[aHo: T =473K; Q, =lkkan = 4,186-10° /o ;
A=1710°fnc; T, =

Pelwenne
MpeanbHasa Tennosas MalunHa, paboTatowas no umkny KapHo, nmeet
HaMBbICLINIA KO3(MULIMEHT MONE3HOTO AEWCTBUSI MO CPABHEHWUIO C APYrUMMU
naeasnbHbIMU TEMOBLIMA MaLUMHAMK:

n= TlT T 100%, 1)

1
rae T, — abconoTHasi TemnepaTypa Harpesatens, 1, — abcomtoTHas

TeMmnepaTypa XonoanIbH1Ka.
C apyroii CTOpoHbl, BenmuuHa KM, MoxeT 6biTb onpeaeneHa yepes

KOJINYECTBO TENOThI, HOHYHEHHOVI OT HarpesaTtensa Ql' n KONn4yecTeo

TENNOoTbl, OTAAHHOW XONOAWUIBHUKY Q2 :

- A
nz%lOO%zEIOO%, (2)
1 1

rae A=Q,—(0, — nonesHas pa6oTa, KOTOpYIO COBEPLIAET WAeanbHast

TeNNoBas MallkHa.
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MpupaBHMBas BbipaxeHus (1) u (2), nonyunM
- _A
Tl Ql

OTcioaa MOXHO OMpPeaenuTL TEMNepPaTypy XONoANIbHUKA:

T,=T, (1-%}, T, = 281K .

1

3aga4a 6. [ByxaTOMHbIM ra3 coBeplwaeT uUMkn KapHo, rpadwk
KOTOpOro m3obpaxkeH Ha pucyHke 4. O6beMbl rasa B cocTtosiHusix B n C
cooTBeTCcTBEHHO 12 11 1 16 n. Hantu KN4 umkna.

3 3. -3 3 -
favo: V, =12-10" n"; V, =16-10"m"; i=5; n="?
PeweHue

MpeanbHas Tennosasi MalwunHa, paboTatowas no umkny KapHo, umeet
HaMBbICLINIA KO3(hMULMEHT MOME3HOrO AENCTBUSA NPU CPaBHEHUM C APYrMMU
naeanbHbIMW TEMIOBbIMX MaLLUMHAMMU:

T,-T T

=1 2100% = 1—T—2 100% .

1 1

n

Mockonbky umkn KapHo (puc. 5.4) copgepxuT ase m3otepMbl (AB u
CD) n pBe agmabatbl (BC 1 DA), TO OH xapaKTepusyeTcs ABYMSI pasHbIMu

TemnepaTypamu B Toukax B n C (A n D): T1 — TeMnepaTypoin HarpeBaTens

(Toukw Ha u3oTepme A, B) u T, — TeMnepaTypoii XonoansbHuKa (Touku Ha

nsotepme C, D). OTHOWeHVe 3TUX TemnepaTyp MOXHO OMpeaenuTb,
ncnonb3ysa ypasHeHWe aanabatbl:
y-1

Vi

T,=T v
2

OTcroaa
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MokasaTenb aanabaThbl onpeaensieTcs hopMynoin:

I
C (2+1)R

y=é’=T, y=14.
2
KMNA umkna 6yaeT paBeH:
T v, Y
n= 1—?2 100% =| 1- \71 -100%, #=10,9%
1 2

3agayva 7. B pesynbTaTe U30XOPHOro HarpeBaHus Boaopoaa Maccon 1
r AaB/eHNE yBEUYUIOCb B ABa pasa. Onpe,qenmb U3MEHEHNE 3HTpONuUU
rasa.
favo: m=0,001xe; V =const; p,=2p,; i=5; AS="?
PeweHue
Tak KaK 3HTponus SBNsSieTCs PYHKUMEN COCTOSIHUS, TO ee U3MEHEHWE
MOXHO OnpefenuTb KakK pa3HOCTb 3HTPONMM B COCTOSIHUM 2 nocne

HarpeBaHus 82 M B COCTOSIHMM 1 10 HarpeBaHus Sl,
AS=S,-S,.

OpHako, Kak W BHYTPEHHSS 3HEprusi, >SHTPOMUS MOXeT ObiTb
onpegeneHa B J/06OM COCTOSIHUM He abConlTHO TOYHO, @ Wb C
TOYHOCTBKO [0 MOCTOSIHHOrO cnaraemoro. [lo3TOMy CMbICT MMeeT J1Lb
N3MEHEHUE SHTPOMNnNn. Ero Mol Hal‘/lI,EI,EM, €CJIN BbIYUCTUM UHTErpan

2
AS=52—51=j5T—Q,
1

oQ
roe umdpbl 0603HavaloT coctosHus 1 w2, - - npuBeAeHHoe

T

KO/IMYECTBO TEN/OoThl, COObLLAEMOe CUCTEME Ha BECKOHEUHO MasioM yuacTke
paBHOBECHOrO MpoLiecca Nepexoia ee W3 CoCcTosHUS 1 B cocTosHMe 2 npu

Temnepatype T .
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Mpy U30XOpHOM HarpeBaHuWM BoAOpOAa €ero obbveM ocTaetcs
NOCTOAHHbIM, NMO3TOMY B COOTBETCTBUMM C NEPBbLIM Ha4YaliOM TEPMOANHAMUKU

Aans usoxopHoro npouecca 0Q=dU u 3neMeHTapHOe KONIMYECTBO

TennoThl, MOrMOLEHHOe BOAOPOAOM B pesyfbTaTe ero Harpesanus Ha dT |
BbIpaXkaeTcs Kak

m
U=—C,dT,
VR

roe = K7 — MOJIipHas Macca BoAopoAa.
ne M =0,002 oD p aopoa

MonsipHas TenN0eMKOCTb BOAOPOAA NpY MOCTOSIHHOM obbeMe:
i 5
C,=—R==R=25R.
2 2
[ina HaxoXXAeHWst OTHOLLEHWUSI TeEMMNepaTyp MOXHO UCMOJIb30BaTb
3akoH LLapns:

b_Pr
Tl T2
Takum 06pa3OM Nn3MeHeHne 3HTpOI‘IVIVI
AS = jaQ j _mip OI—T—25—R nl2—25MR.|n?2
M2 T M2 3T T, M p,
_7 9/
AS =7,24%/

M3 nonyyeHHOro pesynbTaTa BMAHO, YTO B MPOLECCE WM30XOPHOro

ic
HarpeBaHus BOZOPO/a €ro SHTPONus Bo3pocna Ha 7, Zﬂ X

3anava 8. Bopopoa Maccor 100 r 6bi1 M306apHO HarpeT Tak, 4To
obbvem ero yBenuumnca B N pas, 3ateM Bogopoa 6bl1 M30XOPHO OXNaXAeH
TaK, YTO AaBNEHME ero yMeHblmnocb B N pas. HaliTu M3MeHeHWe 3HTponun

ana h=3.

61



fano: m=0,1xe; = V2 =N npu p =const; &:n npn V =const ;
Vi Ps
n=3; AS="?
PeweHue
lNonHoe nsMeHeHne 3HTponNun
AS =AS'+ AS".

Halinem otaenbHo w3MmeHeHue sHTporn AS’ npu uzo6apHoM
HarpeBaHMM BoaOpoAa M m3MeHeHne 3sHTponuu AS” npu mM3oxopHOM
oXnaxaeHuu.

M3aMeHeHWe 3HTponMMKM Npu paBHOBECHOM npouecce nepexoja W3
COCTOsIHMSI 1 B COCTOsIHME 2 BblpaXxxaeTcst (hopMyion:

2
AS=52—51=j5T—Q.
1

1. PaccmoTpuMm npouecc u3obapHoro ( p = COnSt) HarpeBaHus

Bogopoda. B 3ToM c/iyyae  3neMeHTapHOe  KO/IMYECTBO  TEMoThl,
MOM/OWEHHOE BOAOPOAOM B pesynbTate ero HarpesaHus Ha dT ,
BbIP2XXaeTCa KaK

m
6Q="C,dT,

rae M =0,002 K%w onp — MOTAIPHAR Macca BoAOPOAR; C , — MonspHas

TENM0eMKOCTb BOAOPOAA Npy NOCTOSIHHOM AaB/IEHUN.
TeMnepaTypy B KOHEYHOM COCTOSIHUM MOXKHO ONpeAenUTb Mo 3aKOHY
len-Joccaka:

TaknuM 06pa3oM, U3MEHEHWE SHTPOMMM BOAOPOAA MPU ero M306apHOM
HarpeBaHuu

2 T,
:I@:ﬂ I_T:m C,In T_:_C In
'T M T M L M
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2. Paccmotpum npouecc wmsoxopHoro (V =CONSt) oxnaxaeHus
BoAopoda. B 3ToM cnyyae anemMeHTapHOE KONMYECTBO TENNOThl, OTAaHHOE
BOZOPOAOM B pe3ynbTaTe ero oxnaxaeHus Ha dT , BbipaxaeTcs kak

m
0Q=—C,dT,
Q MCV

roe CV — MOnspHada TeNJI0EMKOCTb BOAOPOAa NMpW NOCTOAHHOM obbeme.

TemnepaTypy B KOHEYHOM COCTOSIHUM MOXHO OMpPeAesivTb MO 3aKOHY
LWapns:

P _ Ty
p, T,
T
T,=T, 22,
P, n

Takum 06pa3oM, U3MEHEHWE SHTPOMMM BOAOPOAA MpPU ero N30XOPHOM
oxnaxxaeHmm
T, m

5 1
AS"= !TQ mcvj - CV-InFZ:HCV-In;:—%CV-Inn

MonHOe M3MEHeHMe SHTPONUM (C UCMOMb30BaHMEM ypaBHEHWE

Maiiepa Cp -C, =R):

m m m m
AS=AS'"+AS"=—C -Inn——C, -Inn=—(C_— -Inn=—R-Inn
M P MCV M( P CV) M

_ Lc
AS =456,5 K

3apaum ans CaMOCTOSITE/IbHOIO peLueHUst
5.1. 10 r kucnopoga Haxoaatcs noa Aasnedvem 0,3 MMa npu
TemnepaTtype 10°C. lMocne HarpeBaHWsi MpU MOCTOAHHOM [AaBNEHUM ra3
3aHan obbeM 10 n. HaiTu: KOMMYecTBO TennoTbl, NOMYYEHHOE rasoM;
M3MEHEHWE BHYTPEHHEN 3HEpruu rasa; paboTy, COBEPLUEHHYIO Fa3oM Mpu
pacwmpeHun. (7,92 kx; 5,66 kx; 2,26 kx)
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5.2. 2 n as3oTta Haxoaatca noa pAasneHnem 0,1 MMa. Kakoe
KOMIMYECTBO TennoTbl Haao CoobWMTL a30Ty, 4YTobbl: Mpu p=const obbeM
yBenmuuncs sasoe; npu V=const gaeneHue ysenuumnocb Basoe? (700 [x;
500 Ax)

5.3. B 3akpbiToM cocyae HaxoauTtcs 14 r as3oTa noa aasneHuem 0,1
MMa wn TemnepaType 27°C. Mocne HarpeBaHWs AaBleHMEe B COCyAe
noBbicMiocb B 5 pas. HalTu: ao kakol TemnepaTypbl Obll Harper ras;
ob6beM cocyaa; KonM4ecTBo TennoTel coobleHo rasy? (1500 K; 12,4 n; 12,4
K/)

5.4. Kakoe KOMM4ecTBO TEMIOTbl Haao coobwmTb 12 I KMCIOpoAa,
YTO6bI HarpeTb ero Ha 50°C Npu NOCTOSIHHOM AaBneHun? (545 k)

5.5. B 3akpbitoMm cocyae obbemoMm 10 n HaxoauTcs BO34yX Mpu
pasnedun 0,1 MMa. Kakoe Konm4yecTBe TensoThbl Haao COOOWMTbL BO3AYXY,
yTObbI NOBLICUTL AaBneHne B cocyae B 5 pa3? (10 kdx)

5.6. Kakylo Maccy yrnekucrioro rasa MOXHO Harpetb oT 20°C po
100°C konuuecTBoM TennoThl 55 kan? Ha CKOMbkO MpU 3TOM WU3MEHUTCS
KMHEeTMYeCKasl 3Heprusi oaHOM Monekynbl? Bo BpeMsi HarpeBaHusi ras
pacwmpserca npu p=const. (3,7-107 kr; 3,3°10% [Ix).

5.7. B 3akpbiToM cocyae o6beMOM 2 1 HAaXoAMTCA as30T, MAOTHOCTb
koToporo 1,4 kr/M>. Kakoe KONWMYECTBO TEnnoTbl Hago COOBIMTL as3oTy,
4TO6bI HarpeTb ero B 3TUX ycnosmsx Ha 100°C? (208 [1x)

5.8. [na HarpeBaHMa HeKOTOpoW Macckl rasa Ha 50°C npwu
NOCTOSIHHOM JaBneHun Heobxoammo 3atpaTuTtb 160 kan. Ecnm aTy xe maccy
rasa oxnaautb Ha 100°C npu nocTosiHHOM 06beMe, To BblaenseTcs 240 kan.
Kakoe uncrno cTeneHei ceoboabl MMEIT MONEKy bl 3Toro rasa? (6)

5.9. 10 r a30Ta HaxoAMTCS B 3aKpbITOM cocyae npu TemnepaType 7°C.
Kakoe KkonuyectBo TensaoTbl Hago coobwmTb asoTy, 4uTobbl YyBENUUUTHL
CPeaHIo KBagpaTUYHYO0 CKOPOCTb ero MoneKysn BaBoe? Bo CKoMbKo pa3 npu
3TOM W3MEHWTCS TemnepaTypa rasa M [daBfieHue rasa Ha CTeHKM cocyaa?
(6,25 k[dx; B 4 pa3a)

5.10. Tenuit HaxoguTcs B 3aKpbITOM cocyse 06bemMoM 2 11 Mpu
TeMmnepaType 20°C n aaBneHun 0,1 Mla. Kakoe KONMYeCTBO TEnoThl HaZ0
coobwuTb renunto, 4Tobbl MOBLICMTL ero Temnepatypy Ha 100 C? Kakosa
6yaeT CpeaHsis KBagpaTWyHas CKOPOCTb €ro  MOJeKysl, Mpu  HOBOW
TemnepaTtype? Kakoe ycTaHOBMTCA AaBneHune? KakoBa 6yaeT nnoTHOCTb
renvs? KakoBa 6yaeT sHeprus TennoBoro ABwKeHus ero monekyn? (102
Ox; 1,57-10° m/c; 1,33°10° Ma; 0,164 kr/m>; 400 1)
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5.11. 6,5 r Bopopoaa, Haxogsawerocsa npu Temnepatype 27°C,
paclmMpsieTcs BABOE NpM p=const 3a cyeT npuToka Tenna usBHe. HainTu:
paboTy paclUMpeHusi; U3MEHEHUE BHYTPEHHEW 3HEpruM rasa; KOINYECTBO
TennoTbl, coobueHHoe rasy. (8,1 kx; 20,2 kx; 28,3 kaAx)

5.12. B 3akpbiToM cocyae HaxoauTcs 20 r a3ota u 32 r kucnopoga.
Hal'Tn n3mMeHeHve BHYTPEHHEN SHEPrUM STOW CMECK ra30B NpU OXTaXAEHWUM
ee Ha 28°C. (1 kx)

5.13. a3, 3aHuMaoWnii 06beM 5 N M HaxoAALWMIACA NOA AABMIEHUEM
0,2 MMNa npu Temnepatype 17°C, 6bin HarpeT u pacwmpsancs n3obapuyecku.
PaboTa paclumpeHusi rasa npy 3TOM okasanacb paBHov 200 k. Ha ckonbko
Harpenu ras? (57°C)

5.14. [IByxatoMHOMY ra3y coobweHo 550 [ Tenna. MNpu 3tom ras
pacLMpseTcs NPV MNOCTOSHHOM AaBfeHuMU. HalTu paboTy paclumpeHus rasa.
(157 Ax)

5.15. 7 r yrnekucnoro rasa 6bi10 Harpeto Ha 10°C B ycnosusx
cBO60OAHOro paclumpeHusi. Haintu paboTy pacluMpeHust rasa M U3MeHeHue
€ro BHyTpeHHel aHeprun. (13,2 x; 39,6 Ox)

5.16. 1 KMOnMb MHOroaTOMHOro rasa HarpeBaetrcsd Ha 100°C B
yCnoBusix CBOBOAHOrO  paclmpeHus. HalTW:  KOMMYECTBO  TEMOThI,
COObLEHHOE Tra3y; W3MEHEeHWEe €ero BHYTPEHHeN 3Hepruu; paboTy
pacwmpenust. (3,32 MIx; 2,49 MIx; 0,83 Mx)

5.17. B cocynpe noa nopwHeM Haxoautcsd 1 r asota. Kakoe
KONMYeCTBO TensoTbl HAJo 3aTpaTuTb, YTObbl HarpeTb a3oT Ha 10°C? Ha
CKOSIbKO MpU 3TOM NOAHUMAETCS MoplleHb? Macca noplHs 1 kr, nnowaab
€ro nonepeyHoro ceveHus 10 cM?. [laBneHve a3oTa Hag noptwHem 100 kla.
(10,4 Ox; 0,028 m)

5.18. 10,5 r a3oTa uU30TepMUYEcKM pacLUMpSIOTCS Npu TemnepaType -
23°C ot paeneHusi 250 kMa go 100 kMa. HaiiTu paboTy, COBEpPLUEHHYIO
rasom npu pacwmpenuu. (714 Ox)

5.19. MNpwn nsotepmunyeckom pacumpeHmn 10 r a3oTa, HaxoasLerocs
npu Temnepatype 17°C, 6bina coBeplieHa paboTta 860 [x. Bo ckonbko pa3
W3MEHWUSIOChb AAaBNIEHME a30Ta Npu pacwmpernun? (2,72pasa)

5.20. Pabota n3otepmmnyeckoro pacwmpenns 10 r HEKOToporo rasa B
2 pasa paBHa 575 [x. HaiiTu cpefHIO KBaapaTUUHYIO CKOPOCTb MOJEKY
rasa npv sToi Temnepatype. (500 m/c)

5.21. 1 n renusa, HaxoAswerocs Mpu HOpPManbHbIX YCIOBUSIX,
N30TEPMMYECKN pacLUMpPSIeTCs 3a CYET NOMYYEHHOro M3BHe Tenna Ao obbema
2 n. Hantu: paboTy, COBEPLUEHHYHO ra3oM MpU PaCLUMPEHUN; KOIMYECTBO

65



TennoTkl, coobuweHHoe rasy. (70 Ox; 70 1x)

5.22. [o kakol TemnepaTypbl OX/TaAUTCA BO3AYX, HAXOASLMUIACA Mpu
Temnepatype 0°C, ecnn npu ero agmabaTMyeckoM pacluMpeHnn obbem
yBenMumBaeTcs B Aga pasa? (-66°C)

5.23. 7,5 n kucnopopa agmabatnyeckn okumarotcs Ao obbema 1 n,
npuyeM B KOHLUE OKaTus ycTaHoBWIOCH AasneHue 1,6 Mla. MNoa kakum
[JaBIEHMEM Haxoauncs ras ao oxkatma? (95 kMa)

5.24. Ta3 pacwupsietca agunabatvyecku, n npyu 3ToM 06beM ero
yBenMuMBaeTCa BABOE, a TemnepaTypa (abcontoTHasa) nagaeT B 1,32 pasa.
Kakoe uncno cteneHei cBoboabl MMEOT MoneKy bl 3Toro rasa? (5)

5.25. [ByxaTOMHbI ras, Haxoaswwmiics npu Temnepatype 27°C wu
paeBneHmn 2 MMa, oOkumaetcs aguabatnyeckn, Tak 4TO ero obbem
YMeHblUAeTCs B ABa pa3a. HaliTu TemnepaTypy M AaBrieHWe rasa nocne
oxkaTtus. (123°C; 5,28 MMMa)

5.26. B cocyae nog nopluHEM HAaXOAUTCS MPEMYYMIA ras, 3aHUMAIOLLIMIA
npu HopManbHbIX ycnoBusix obbem 0,1 n. lMpu 6biCTPOM ©KaTuM ras
BOCMaMeHsieTcs. HalTu TemnepaTypy BOCMJIAMEHEHUS FpeMyyero rasa,
€C/IM U3BECTHO, YTO paboTta oxatus pasHa 47,3 [x. (780 K)

5.27. B cocyae noA nOpLIHEM HAaxoAUTCA ra3 Mpuv HOPMasibHbIX
ycnoBusix. PacctosiHe mexay AHOM cocyAa M AHOM MOPLUHS paBHO 25 CM.
Koraa Ha moplueHb MofoXunu rpy3 maccor 20 Kr, MOpLIeHb OMycTUICS Ha
13,4 cM. Cuutas oxatve aanabaTMuyeckuM, HalTU ANns AaHHOro rasa
otHoweHwne C,/C,. Mnowaab nonepeyHoro cevyeHns nopliHa pasHa 10 o™,
Maccol nopLuHsi npeHebpeub. (1,4)

5.28. [1ByxaTOMHbII ra3 3aHMMaeT obbeM 0,5 n npu gasneHun 50
kMa. Ma3 cHavana aguvabaTnyeckn OKMMAETCs, a 3aTeM Npu MOCTOSIHHOM
obbeMe OXNaXAaeTcs A0 MNepBOHayasbHOM TemnepaTtypbl. [pyu  3ToM
[laBNeHMe €ero CTaHoBWTCA paBHbiM 100 klMa. HaiiTv obbeM U OaBneHue
cpasy nocne agnabatuyeckoro oxatus. (0,25n; 132 kMa)

5.29. la3 pacwupserca agmabaTuueckum TaK, YTO €ro AaeneHune
nagaet ot 200 go 100 kMa. 3aTeM OH HarpeBaeTcs Npy NOCTOSIHHOM 06beMe
[0 MepBOHaYasnbHOM TeMnepaTypbl, NMPUYEM ero AaB/fieHUe BO3pPacTaeT [0
122 kMa. Onpenenutb oTHoweHwne C,/C, ana sToro rasa. (1,4)

5.30. 1 kMonb as30Ta, HaxoAsALWerocs Mnpu HOpMasbHbIX YCIOBUSIX,
pacwmpsieTcss agvabatuuecks B 5 pas. HaliTu: M3MeHeHWe BHYTpeHHeN
3Heprun rasa; paboTy, COBEpLUEHHYIO Mpu pacwmpeHun. (-2,69 MIx;
2,69 M)

5.31. Heobxogumo oxatb 10 n Bo3gyxa Ao obbema 2 n. Kak
BbifrOAHEE €ero  OkuMaTb: aguvabatnyeckm  uMAM  M30TEpMUYecKn?
(n3oTepmuyeckn, T.K. Agpasar=1,4Ausorepm)
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5.32. Mpu apnabatvyeckoM cokaTtum 1 KMONb ABYXaTOMHOMO rasa
6blna coBeplueHa pabota 146 k. Ha ckonbko yBenuuunacb TemnepaTypa
rasa npu oxkatmm? (Ha 7 K)

5.33. Bo CKoMbKO pa3 yMEHbLUNTCA CpefHss KBaapaTuyHash CKOPOCTb
MONeKyNn [ABYXaTOMHOro rasa npu aavabaTuyeckoM ysenuyeHun obbema
rasa B ABa pa3a? (B 1,15 pasa)

5.34. 10 r kucnopopa, HaxoAsLWerocs nNpu HOpMasbHbIX YCNOBUSIX,
OKMMaeTca a0 obbeMa 1,4 n. HaliTu gaBneHue u TemnepaTypy Kucnopoga
nocne ©OkKaTusi, ecin: KWUCIopoA OKUMAETCH W30TEPMUYECKM; KUCIOopoa
OKMMaeTcs aanabaTtnyeckn. HalTtu paboTy OKaTus B KaXAOM M3 3TUX
cnyyaes. (510 klMa, 273 K, -1140 [Ox; 960 kla, 520 K, -1590 [Ix)

5.35. Bo ckonbko pa3 Bo3pacTaeT AnuHa ceobogHoro npobera
MONMEKyn [ABYyXaTOMHOrO rasa, eCcnvM ero [JaefeHue rajaeT BABOe.
PaccMoTpeTb cnyyau: ra3 paclumpsieTcs U30TepMUYECKU; ra3 paclinpseTcs
aanabatnyecku. (B 2pa3a; B 1,64 pasza)

5.36. [lBa pasnuuHbIX rasa, M3 KOTOPbIX OAMH OAHOATOMHbIM, a
[OpYroii  [ABYXaTOMHbIM, HaXogaTCs nNpuM  OAMHAKOBOW TeMmnepaType W
3aHMMAlOT OAMHAKOBBLIM 06beM. [asbl OKUMAOTCA agMabaTvyecky Tak, YTo
06beM MX YMEHbLLUAETCS B [Ba pa3a. Kakoit U3 ra3oB HarpeeTcst 60sblue 1 BO
CKOJbKO pa3? (0aHOaTOMHbIN ra3 HarpeeTcst 6osblue B 1,2 pasa)

5.37. 1 «kr Bo3ayxa, Haxogswerocsa npu Temnepatype 30°C wu
pasnenmn 150 «klMa, pacwwupsieTcs aguabatmyecknm v AaBneHWe npu 5TOM
nagaet ao 100 kMa. HalTu: KoHeYHyto TeMnepaTypy; paboTy, COBEPLUEHHYHO
rasom npw pacumpenum. (-3°C; 23 kIx)

5.38. NpeanbHas Tennosas MawwuHa, paboTatowas no umkiy KapHo,
noslyyaeT 3a Kaxabli UMkn OT HarpeBatens 2520 [ TennoTbl.
Temnepatypa HarpeBatenss 400K, TemnepaTypa xonoaunbHuka 300 K.
HaiiTn paboTy, coBepluaeMytd MalMHOW 33 OAWMH LMK/, U KONUYECTBO
TEenNoTbl, OTAABAEMOE XONOAUbHMKY 33 0anH umkn. (630 Ox, 1880 [x)

5.39. UpeanbHas TennoBas MawwmHa paboTaeT no umkny KapHo.
Onpepenute KM uMkna, ecnM W3BECTHO, 4TO 3a OAMH UMK 6blia
npoussegeHa pabora 3000 [x u xonoaunbHuKy 6b110 nepegaHo 140 [k
Tennotol. (18%)

5.40. UpeanbHas Tennosas MaluHa, paboTatowas no umkny KapHo,
coBeplUaeT 3a oAuH umkn paboty 73,5 k[k. TemnepaTypa HarpeBaTens
100°C, TemMnepaTypa xonoaunbHuka 0°C. Haitu: KM MaliuHbl, KONMYECTBO

TENNOTbI, NoONy4YaeMoe MalUMHON 3a OAMH UMK OT HarpesaTtensa; KOJIN4YeCTBO
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TENnoThl, OTAABaEMOE 3a OAWMH LMK XONMoAMNbHUKY. (26,8%; 274 k[X;
200 kx)

5.41. WpeanbHasa TennoBas MawwmHa pabotaeT no umkny KapHo, npu
aToM 80% Tenna, nonyyaeMoro OT HarpesaTens, nepeaaeTcs
XON0AMSIbHUKY. KonMyecTBo TensoThl, MoslydyaemMoe OT HarpesaTtens, paBHO
1,5 kkan. Haitu: KNA umkna; paboTy, COBEPLUEHHYIO MPU MOJSIHOM LMKIIE.
(20%; 1,26 k)

5.42. 1 KMOMb WAeanbHOro rasa COBEpLUAeT LUMKI, COCTOSLUMIA U3
ABYX M30XOp W AByX M306ap. Mpu 3ToM 06beM rasa usMeHserca ot 25 M° 10
50 M° 1 paBneHue uaMeHsieTcs oT 100 kMa go 200 kMa. Bo ckonbko pa3
paboTa, coBepLlaeMasi Npu TakOM LIMKIE, MeHblle paboTbl, COBEPLIAEMON B
uMkne KapHo, W30TEpMbl KOTOPOr0 COOTBETCTBYIOT Haubonbluein wu
HaMMeHblUe TeMmnepaTypaM paccMaTpuBaeMoro LUMKIa, ecin  npu
N30TEPMMYECKOM paclumMpeHn obbeM yBenmumnscs B ABa pasa? (B 2,1pasa)

5.43. peanbHas xonoamnbHas MalnHa, paboTtatowas no obpaTHoOMy
unkny KapHo, coBepliaeT 3a oaumH umkn paboty 37 k[k. [pu 3TOM OHa
6epeT Tenno OT Tena c TemnepaTypoi -10°C ¥ nepeaaer Tenno Teny c
TemnepaTypoi 17°C. Hawtu: KMNA uMkna; KonMyecTBo TEMsoThl, OTHATOE Y
XOMOAHOro Tena 3a OAWH UMK, KONMUYECTBO TensoThbl, MepeaaHHoe
ropsuemy Teny 3a oavH umkn. (9,3%; 360 kx; 397k/x)

5.44. VpeanbHas xonoaunbHas MallnHa, paboTtatowas no obpaTtHoOMy
umkny KapHo, nepegaeT Tensao OT XonoAuNbHMWKa C BOAOW Npu TeMnepaType
0°C KunATUNBHUKY C BoOZOW npu TemnepaTtype 100°C. Kakyto Maccy BoAbl
HY>KHO 3aMOpPO3UTb B XONOAWbHMKE, YTOObI NpeBpaTTbL B Nap 1 Kr BoAbl B
KnnatunbHuke? (4,94 kr)

5.45. MNapoBas MawwuHa mowHocTblo 14,7 kBT notpebnsier 3a 1 u
paboTtbl 8,1 Kr yrns C YyAenbHOM Tennotol cropaHus 33 MIDk/kr.
TemnepaTypa koTna 200°C, TemnepaTypa xonoaunbHuka 58°C. Haiitu
daktnueckuii KMA mawuHbl n cpaBHUTL ero ¢ KM vaeanbHon TennoBon
MalUMHbl, paboTatowelrt no uukny KapHo Mexay TeMu e TeMmnepaTypamu.
(20%; 30%)

5.46. HaiiTu naMeHeHne 3HTponuu Npu nepexoae 8 r KUcnopoaa ot
obbema 10 n npu Temnepatype 80°C k ob6bemy 40 n npu TemnepaType
300°C. (5,4 Ix/K)

5.47. HailTu usMeHeHue 3HTponuM Npu nepexoae 6 r Bogopoaa OT
obbema 20 n noa pasnexHneM 150 klMa k o6bvemy 60 n noa aasneHnem 100
kMNa. (710x/K)
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5.48. HallTu U3MeHeHMe 3HTPONUM Npu 1306apuyYeckoM paclMpeHnn
8 r renus ot obbvema 10 n go obvema 40 n. (38,10x/K)

5.49. HalUTM U3MeHeHWe SHTPONMUM MpU  U30TEPMUYECKOM
pacwmpeHun 10,5 r a3oTta oT obbema 2 n go obbveMa 5 n. (2,90x/K)

5.50. HaifT “3MeHeHWe 3HTponuM Npu M306apuyeckoM pacluMpeHnm
6 r BOAOpoaa, ecnv npu 3ToM aaenexve maMeHsieTcsa ot 100 kMa po50 kila.
(17,30%/K)

5.51. MNpwn HarpeBaHun 1 KMOMb ABYXaTOMHOMO rasa ero abcontoTHas
TeMmnepaTypa yeenuumBaeTcs B 1,5 pasa. HalTu M3MeHeHWe 3HTponuu,
€C/IM HarpeBaHue MPOUCXOAUT: U30Xopu4deckn; msobapudeckn. (8,5k0x/K;
11,8 kx/K)

6. PEAJIbHbIE F'A3bl

PeanbHbIli ra3 BeaeT cebs Kak uaeasnbHbl TOMBKO MpY AOCTAaTOYHO
BbICOKMX TeMmrepaTypax W HU3KUX JdaBneHusx. [loBbllueHne [aBneHus
NPUBOAUT K YMEHbLUEHUIO CPeAHero pacCTOsHUSA MeXay MOneKynamu,
MO3TOMY MX pa3MepaMmn No CPABHEHUIO C MEXMONEKYNSPHBIM PACCTOSIHUEM U
cunamMm B3aMMOAENCTBUS NMpeHebpeYb yxxe Henb3sl. YeM Bbille AaBneHune u
HUXXEe TemrnepaTypa, TEM CUSIbHEE MPOSIBAAIOTCS MHAVMBMAYANbHbLIE CBOMCTBA
MONeKyn u Tem 6onblue ypaBHEHWE COCTOSIHWS peanbHOro rasa [O/MKHO
OTNMYaTbCs OT ypaBHeHusi KnaneipoHa-MeHaeneeBa, OMMCbIBAOWErO
CBOWCTBa MAeanbHOro rasa.

CospaHne Teopuu peanbHOro rasa noTpebosano  yTOUHEHUS
MOJIEKY/ISIPHO-KMHETUYECKON ~ MOAEeNM  MyTeM  BBEAEHUS B Hee
[OMONHUTENbHBIX NMApPaMETPOB, YUMTbIBAOLMX COOCTBEHHLI 06bEM MONEKY
M MX B3aMMOAEUCTBME Ha paccTosiHuK. CyllecTBYeT HECKOSbKO YpaBHEHWH,
OMMCbIBAIOLWMX COCTOSIHUE peanibHoro rasa B COOTBETCTBMM C Pa3fIMyHbIMU
YPOBHSMW  yTOWHeHust Mogenu. Hawbonee npoctoe w3 HuX  6b110
npeanoXxxeHo BaH-aep-Baanbcom.

M3 npocTbiX (U3MYECKUX COOBPaXXEHUA SICHO, YTO Hanuuue
cobcTBeHHOro 06béMa MOMeKysl 3KBMBANEHTHO YMeHblueHuio 06béMa, B
KOTOPOM OHW MOryT cBOBOAHO ABUraThbCsl, @ B3aMMHOE NPUTSXKEHWE MONEKY

PaBHOCUJIbHO MNOABAEHUKD HEKOTOPOro AONONHUTENBbHOIO AaBNeHUA pl,

Ha3blBA€MOro BHYTPEHHUM AaB/EHNEM (CVIJ'IbI OTTaNlKMBaHUA NpoABNAIOTCA
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TONMbKO B MOMEHT COyAapeHusi, UX He yuuTbIBaloT). BBegeM 3Tn nonpasku B
ypaBHeHne MeHaeneeBa-KnanelipoHa ans 1 Mons:

(p+p')-(Vy —b)=RT,
rae V,\,1 — 06béM opHoro Monsi; b — nonpaBka Ha COBCTBEHHBIN O6BLEM

MOJIEKYN1 OAHOMO MOnsl.
Mo BbluMcneHnsM BaH-aep-Baanbca, BHyTpeHHee faBneHue obpaTHO
KBagpaTy 06béma rasa:

, a
P=—=
VM
rae @& — noctosHHas BaH-gep-Baanbca, xapakTepusyiowas — cuibl

MEXMOJIEKYTAPHOIo NMPUTSXKEHUS.

a
p+ \7 (V,\,I - b) = RT - ypaBHeHnue Ban-aep-Baanbca ans 1
M
Mons.
YpaBHeHne BaH-aep-Baanbca Ans Npow3BOMbHON Macchl rasa WMeeT
BMA

2
er‘i‘/L2 (V —vb)=vRT .

Monpaskn & un D — NOCTOAHHBIE BENMUMHBI ANS KXAOrO rasa.
Paccuntaem nonpaeky b . Kak BuaHo u3 puc. 6.1, npu coyaapeHuu
ABYX Monekyn paamycom I cdepa paanycom 2r
HefoCTynHa ANs APYrux MOMeKyn, T.e. HeAoCTyneH
06BEM

4 4
4 Zgﬂ(2r)3 = 8-§7ZT3 .

Ha ogHy wMonekyny npuxoaarca notepu
06bEMa

Puc. 6.1
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3 . . o o
roe V0 = gﬂf — cobcTBEHHbIN 06BEM 0AHOW Wapoobpa3HOM MOJEKYbI.

Ans 1 mons, copepxawero N, monekyn, b =4V, -N,.
[na wvccnepoBaHWa MOBefAeHUs! peasibHOro rasa  paccMOTpUM
n3oTepMbl BaH-Aep-Baanbca — kpusble 3asucumoctn P(V,, ) npyu 3agaHHbIx

T, onpepensieMble ypaBHeHneM BaH-aep-Baanbca. 3anuwem ypaBHeHue ans
1 Monsi, packpbiB CKO6KM:

p"‘\% (VM _b): RT,

M
pV,,° = (RT + pb)v,,” +aV,, —ab=0.

3T0 ypaBHeHWe Npu 3afaHHbix P WM T sBNsieTcs ypaBHeHWeM

Pa

T,>T, >T, >T,

T—I
T,
/ N T.
I —— ~=T
vV 0 g
PuC. 6.2 v

Puc. 6.3

TpETbeVI CTeNeHn OTHOCUTENbHO VM , cnegoBaTtenibHO, OHO MOXET UMETb

160 3 BeLLECTBEHHBIX KOPHSI, M60 1 BELECTBEHHbIN U 2 MHUMbIX, NPUYEM
(PU3NYECKMIA CMBICT UMEIOT TOMBKO BELLECTBEHHbLIE MONOXKUTENbHBLIE KOPHW.
MNMepBoMy cnyyal0o COOTBETCTBYIOT HWU3KME TemrnepaTypbl, BTOPOMY
N30TePMbI MPU BbICOKMX TeMnepaTypax (puc. 6.2).
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PaccMoTpuM yuacTku usotepmbl npu T < T, (puc. 6.3). Ha ydacTke

3-5 okaTue MNpUBOAWUT K YMEHbLUEHUID [AABMEHUS, YTO HA MPaKTUKE He
peanusyetcs. Hanuume ydyacTka 3-5 O3HayaeT, UYTO MpU  YMEHbLIEHUM
06bEMa BELLECTBO HE CMOXKET OCTaBaTbCsl B BMAE OAHOPOAHOW Cpefbl, B
HEKOTOPbI MOMEHT [O/KHO HacTymnuTb CKaykoobpasHoe W3MeHeHWe
COCTOSIHMSI M pacnaj BelwectBa Ha ABe (asbl: nap M XWUAKOCTb. TakuM
06pa3oM, UCTMHHas M30TepMa UMEET BUA NOMaHHOW NuHWUU 7-6-2-1. YacTb
7-6 COOTBETCTBYET ra3oo6pasHOMy COCTOSIHWUIO, YacTb 2-1 — xuakomy. Ha
yyactke 6-2 HabnlopaeTcs paBHOBECME >XXWMAKOM W ra3oobpasHon a3
BellecTBa.

BelwecTBo B ra3oobpasHOM COCTOSHUM MpU  TemnepaType Huxe
KpUTUYECKOW HasblBaeTcs 7gpom. TMap, HaxomslumMincs B PaBHOBECUMMU CO
CBOEW XXWUAKOCTLIO, HAa3bIBAETC HACHILLEHHBIM.

Mpn HekoTopoli TemnepaType 1, W30TepMa WMEET OAHY TOUKY
nepervba K, HasbiBaeMylo KpUTUYeckoi. COOTBETCTBYIOLME 3TON Touke P,
m T, Has3bIBAOTCA KPUTMYECKUMM, @ COOTBETCTBYIOWAA KPUTUUECKOM
M30TepMe TemnepaTypa |, TakxKe HA3bIBAETCH KDUTUHECKOH TEMIIEPATYPON.

CoctosiHne ¢ kputudeckumn napamerpamu (T,, P, V,) HasbiBaercs

KPUTHYECKIUM COCTOSIHUEM.
CoeavHMB KpalHWe TOYKM TOPU3OHTAsIbHBIX Y4YaCTKOB CEMEeNCTBa
n3otepm (puc. 2), Nonayy4mMm KOSIOKONoobpasHylo kpusylo (puc. 6.4). STa
KpuBas U KpUTUYecKas usotepma

?
4 penst avarpamvy PV Ha 4
obnactu. [Map oTnuyaetcs ot
OCTasIbHbIX razoobpasHbix
COCTOSIHWIA  TeM, 4YTO  npwu

M30TEPMUYECKOM oKaTUm
PKUKOCT okwxaetcs. Faz xe npu T > T,

He MoxeT ObiTb npeBpalleH B
XNAKOCTb HN npu KaKOM
[aBneHuun. CnepoBaTenbHo,
+ OKVKEHNE rasa, T.e.
HacCbILEeHHbIM Nap npeBpalleHne €ro B XXMAKOCTb
0 \7 BO3MOXXHO TONbKO npum

TeMrepaType HMKe KpUTUUYECKOMW.

KUAOKOCTb

Puc. 6.4 72



Tak, 4ng Kucnopoda M as3oTa KpUTUYecKue TemnepaTypbl COOTBETCTBEHHO
paBHbl 154,4 K1 126,1 K.

PacueTbl NOKa3bIBAKOT, YTO KPUTMYECKME MapaMeTpbl onpeaensoTcs
dopmynamm:

V=3, p, = a 8a

S
27b 27Rb

MpuMepbl pelueHusn 3apay
Sagava 1. B 6annoHe emkocTbio 8 n Haxoautca 0,3 kr kucnopoga
npu Temnepatype 300 K. OnpegenuTb, Kakylo 4dacTb obbema CoCTaBnsieT
cobCTBEHHBIV 06bEM MOMNEKYN rasa M Kakylo YacTb [aB/ieHNsl ra3a Ha CTEHKM
cocyfa COCTaBNsSiET BHYTPeHHee [aBneHue, O06yCcnoBneHHoe cuiamu
B3aMMOAENCTBYUSI MOEKY/.

JaHo: V =8-10"°%; m=0,3kz; T=300K;
H-m 3 M
M =0,032K5/  ; a=0,136 —— ; b=0,0317-10 ;
MO MOTb MO
Y, P,
v p

PelwieHne
PacueTbl BaH-nep-Baanbca nokasanu, 4to nonpaska Ha o6bem V' B
yeTblpe pa3a 6onblie cobcTBeHHOro 06bemMa Bcex Monekyn B 6annoHe:

V'=4v,,
oTKyAa
v Y _vb_mb
4 4 4M

roe b - nocrosiHHas BaH-aep-Baanbca (nonpaBka Ha COBCTBEHHBIN O6bEM
Ans Mons rasa).
Torpa
Viomb Vi 91107,
V  4AMV \
TakuM 06pasoM, co6CTBEHHBIV 06beM Monekyn coctaBnset 0,91% oT
obbeMa cocyaa.
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[JaBneHve, Npou3BoAMMOE ra3oM Ha CTeHKM COCyAa, HaxoauMm w3
ypaBHeHus1 BaH-aep-Baanbca:

vRT —av®
V-vb V'

roe @ — noctosiHHas BaH-gep-Baanbca.

MonpaBka Ha [AaBneHWe, OBYC/IOBNIEHHOE CMNaMK B3aMMOAENCTBUS
MoneKyn

Torpa

p___ V? yom
p VT a’ M’
V-1vb V?

P +6,3.107.
p

Sagaqa 2. Onpepenutb aasneHve 280 r a3oTa, Haxoaswerocs npu

Temnepatype 27°C B AByx cocynax, O6beMbl KOTOPbIX COOTBETCTBEHHO
paBHbl V=1 M* 1 V,=0,5 n.

4
[aHo: m=0, 28z ; T =300K; a= 0,135H—M2 ;
MOJlb
3
b=386-10° 2, M =0,028k/ . V, =125
MOJIb MOJlb

V,=0,5-10"°x%; p="

PewieHne
Tak KakK M3 ycnoBWsl 3adayn Henb3sl Cpasy caenaTb BbiIBOA O TOM,
KaKuM cneflyeT cuMTaTb AaHHbIi ra3 — uaeanbHbIM UK peasibHbIM, HalnaeM
€ro MOJSIPHbI 06beM, pasaenvB 06bEM BCEro rasa Ha KOIMUYECTBO MONEN:
V MV
VM = —_—= —
1% m

I
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3
M1:1 0,028:100.10_3 M ’
0,28 MOJIb
) 3
VM2:0,5 10 0,02820,05'10,3 M .
0,28 MOJb

B nepBoM cnyuae 3Hauenue V,,, TOro xe nopsaka, uto v 3HaueHue
3

3 M
MONISPHOrO o6bema npu HopManbHbx ycnosusx V,, = 22,4-10 ,
MOJlb

T.e. ra3 [JOCTaTOUYHO PaspEeXeHHbIA U ero MOXHO CuUMTaTh UaeanbHLIM. Toraa
U3 YypaBHEHMS COCTOsHWMS Ans 1 Mons uaeanbHoro rasa (ypaBHeHWs
KnaneiipoHa) nonyyaem
RT 8,31-300
P=—, p=—"—
Vi 0,1

Bo Bropom cnyuae V,,, <<V,,, T.e. KoHueHTpauus Mmonekyn B

=0,25-10°71a.

COTHM pa3 6orblue, YeM NpU HOPMAsbHbLIX YC/IOBUSIX, B3aUMOAEWCTBUE
MONEKYsT He06X0AMMO YUMUTLIBATL, MO3TOMY ra3 CriefyeT CYMTaTb peasibHbIM.
[laBneHune peanbHOro rasa ornpeaensercs U3 ypasHeHus BaH-gep-Baanbca:

a
( p +\/_2](VM2 —b) =RT ,

M2
OTtkyaa
p=— & _1410°Ma
VMz -b VMZ

3agaqa 3. OnpepennTtb Maccy kucnopoga B 6annoHe obbemoM 10 n
npu Temnepatype 27°C n nanenusix: p=1 at; p=410 ar.

[aHo: V =102 x°; T=300K; =1 013-10° I1a;

H-u'
—_— . 5 M = ; = l
p, =4154-10°11la; M 0’0327{%40]11) ;o a=0136 Mo’
3
b=31710°——; m=2
MOJIb
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Peluenne
1. Tak KaK faBneHne no nopsiaky BennumHbl 61M3Ko K HOpManbHOMY

(P,= Dy, py=1 013-10° [7a), TO ra3 MOXKHO CuMTaTb MAeanbHbIM U

“CMob30BaTb AN pacyeTa Macchl ypaBHeHWe MenaeneeBa-KnanenpoHa, 13
KOTOpOro

_pIM
RT

2. Tak Kak BO BTOPOM Ciy4ae D> >> Do, TO Fa3 cneayet cyntatb

m , m=0,013«z= .

peanbHbIM M UCMOMb30BaTh ANS pacyeTta Macchl ypaBHeHwe BaH-aep-
Baanbca. BblpasuM npeaBapuTeNbHO Maccy rasa uYepes 4nucio Monen u
MOJISIpHYIO Maccy:

V- -M
m=v-M, rpev=—_ 1. MN=—"7——,
M \%
B nocnegHeM cooTHoweHnn V'  — ob6beM rasa, JaHHblil B YC/I0BUK,
V,, — ero MonsipHbiit 06beM, KOTOPbINi MOXHO HalTW M3 ypaBHEHUs BaH-

nep-Baanbca, koTopoe, B 0bweM cryyae, SBASETCS  KyGuueckum
OTHOCUTENbHO ObbeMa. Tak Kak TemnepaTypa Kucriopoaa B H6ansioHe Boilwe
KpuTMYeckoit (ans kucnopoga t=-119°C), TO KOHKPETHOMY [AaBfeHuIo
COOTBETCTBYET /Wb OAWMH OMPeAEneHHbIi 06beM, T.e. YpaBHEHUE MMeEeT
TONMbKO  OAWH  OEMCTBUTENbHLIM  KOpeHb. HaligeM ero  MeToaoMm
nocnefoBaTesNbHbIX NPUBTIMKEHWUI.

B kauecTBe nepBOro NPUOEAMKEHUS] BLIMUCIUM MONSIPHLIA 0ObEM

V,,, rasa, cuutasi ero uaeasnbHbIM, U3 ypaBHeHst KnaneipoHa:
RT
V -

= , V,,=0,62-10"
p MOTb

3
M

Wcnonb3yeM HalgeHHOe —3HayeHue VM1 Ana  onpeaeneHus
nonpasKu:
=
17 \2 "
VMl
Beenem 3HayeHune pl' B YpaBHeHue BaH-aep-Baanbca, U3 KoTOporo

Halinem 3HaueHne V,,, B KauecTBe BTOPOro MpuBIMKeHNs:
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RT M
VMZ:—+b, VM2:0,65-1O4 .
a MOJIb
P+
VZ
M1
V|CI'IOJ'Ib3YEM Ha17|,quHoe 3Ha4yeHune VM2 ana  onpeaeneHunsa
NonpaBKu:
b=
27 /2
VM2

Bseaem 3HaueHve P, B ypasHeHue BaH-aep-Baanbca, U3 KOTOPOO

Halinem 3Hauenmne V4 :

RT oM
V,3=——7+D, VM3:0,66-104 )
a MOJIb
p+ V2
M2
nOCTynaFI aHaNlormM4Ho, C KaXabiM Larom 6YD,EM nony4yaTtb BCe 6onee

TOYHblIE 3HAYEHNA MONIAPHOIro obbvema:

3
M

3
-4 -4 M
V,,,=0,67-10 . V,,:=0,67-10 .
MOJb MOJb
Mpy AanbHEWLNX BbIYMCIIEHWSX, ECTIU OMPAHUUMTLCA UCMO/b3yeMOM
TOYHOCTbIO, OTBET YXKE HE U3MEHSAETCA.

3
M

-4
CneposatensHo, 3Hauenve V), =0,67-10 MOXHO

MOJlb
CcuMTaTb AEUCTBUTENbHbIM KOPHEM KYGVI‘-IGCKOI'O ypaBHeHus BaH-gep-
Baanbca, nonyyeHHLIM METOAOM NOCNeA0BaTE/TIbHOIro I'IpVI6}'IVI)KEHVI5|.

MNoacrasume 370 3HaveHWe VM B popMyny AN Macchl, NOAyYmM:
m=4,8«e.
LlenecoobpasHo yb6eanTbCs, YTO BbIMUCIIEHME C WCMOMb30BaHUEM
ypaBHeHus MeHpeneesa-KnaneipoHa npu  p, >> p, [Aa€T HEBEPHbIN
pe3ynbTtat 5,2 kr.

3apaya 4. O6bem yrnekucnoro rasa Mmaccov 0,1 Kkr yBenmuuncs ot

1000 n go 10000 n. Haitu paboTy NpoTvB CUN B3aUMOAEWCTBUS MOSEKYI
Mpv 3TOM pacLIMpeHnn rasa.
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[JaHo: M:0,044K%40ﬂb; m=0,1xz; V1=1M3; V, =103

4
a=036117 . 42

PeweHue
Pabota nMpoTVMB CMN B3aMMOAEWCTBUSI MOJIEKYN OnpeaensieTcs no
dopmyne:

VZ
A=[pav,
V1
2 2
,_avs  m° a
roe p —V—Z—W-W — [aBneHue, 0o6YCnoBNEHHOE cCunlamMu
B3aMMOAENCTBUSI MONEKY.
Torpa

m2a'zdv mla(1 1
vy Ty, AT
v, 1 2

3agayva 5. Hantu apheKTBHBIM AMaMETP MOMEKY/bl a30Ta, 3Hasi, YTo
ero KpuTuyeckas temnepatypa 126 K, kputnyeckoe gasnexuve 3,4 Mla.

fawo: T =126 K ; p, =3,4-10° [1a; d =7
PeweHue
CobCTBEHHBIN 06bEM MONEKYSbI V0 cBsizaH C ee 3deKTUBHBLIM

avametpom O cooTHOLIEHMEM

7d?®
VO :? .

Ans 1 mons, copepxawero N, monekyn, b =4V, -N,.

MocTosHHast D BbipaxaeTcs uepes napameTpbl  KpUTUYECKOTO
COCTOsIHMSI rasa (opMysov

TR
8p,

CnepoBaTenbHO, 3P hEKTUBHDIN AUAMETP MOEKY/IbI:

b

d=313-10"% u.




3apaum ANns CaMOCTOSATE/IbHOIO peLueHns
6.1. Kakyo TemnepaTypy uMmeloT 3,5 r Kucnopoga, 3aHuMaroLlero

o6beM 90 cM® npu faeneHum 2,8 MMa? a3 paccMaTpuBaTh Kak: UaeanbHbIN;

peanbHbIi. (277 K; 286,7 K)

6.2. B 3akpblToM cocyge obvemom 0,5 M3 HaxoauTcs 0,6 kmonb
YreKUCIoro rasa npuv aaeneHny 3 Mna. Monb3ysack ypaBHeHWeM BaH-gep-
Baanbca, HaiiTh, BO CKO/bKO pa3 Hado YBENMUUTb TeMnepaTypy rasa, utobbl
AaBneHue yeennyunoce Basoe. (1,85)

6.3. [laBnenne kucnopopa 7 MMa, ero nnotHocTb 100 kr/m®. Haitu
abcontoTHYO TeMnepaTypy kucnopoga. (292 K)

6.4. 1 KMONb a30Ta HaXoAUTCS NpU TemnepaType 27°C v paBsneHum 5
MMa. Haitn obbeM rasa, cuuTasi, UTO a30T MpW AaHHbIX YCNOBUSIX BeaeT
cebs KaKk peanbHblii ras. (0,49 M%)

6.5. Tlo u3BeCTHbIM 3HayeHMsIM nMonpaBoK BaH-gep-Baanbca
BblYMC/IUTb  KPUTUYECKYKD  TeMnepaTypy MW  KpUTUYECKOe AaBneHue
kucnopoaa. (150 K, 5 MMa)

6.6. 3Has nonpaBku BaH-pep-Banbca pans  kucnopopa, Hantu
KpUTMUeckuii obbem kucnopoaa maccom 0,5 r. (1,45 cm®)

6.7. HaliTu paBneHue, O6YCNOBNEHHOE CWMaMU B3aUMOAEWNCTBUS
MOSMIEKYS1, 3aK/loYeHHbIX B 1 KMOMb rasa, HaxoAswerocs npu HOpMasbHbIX
ycnosusix. Kputuyeckas Temnepartypa U KpUTUYeCKoe AaBrieHne 3Toro rasa
paBHbl COOTBETCTBEHHO 417 K 1 7,7 Mla. (1,31 kla)

6.8. B cocyne obvemom 10 n Haxogutca 0,25 kr asota npu
TemnepaType 27°C. Kakylo YacTb [aBfieHWs rasa COCTaBNsSeT AaBfieHue,

06YC/IOBNEHHOE CUNaMU B3aMMOAENCTBUSI Monekyn? Kakylo uyacTb obbeMa

Cocy/la COCTaBNSIET COBCTBEHHBIN 06beM Monekyn? (4,95 %; 0,86)

6.9. 0,5 KMONMb HEKOTOPOro rasa 3aHWMaeT ob6bem 1 M. [pu
pacliMpeHnn rasa 4o obbema 1,2 M° 6bina coBeplieHa paboTa NpoTUB Cun
B3aumogencTaus Monekyn 5700 k. HaitTu ans 3Toro rasa NOCTOsSHHYO @,
BXOASLYIO B ypaBHeHWe BaH-aep-Baanbca. (0,136 M*H/Monb?)

6.10. HalTu BHYTPEHHIOIO 3HEPrMI0 YINIEKUCIIONO rasa Maccon 132 r
npyu HOpManbHOM AasfneHun u TemnepaType 3 K, paccMaTpvBas ras: Kak
naeanbHblii; Kak peanbHbii. (22,4 kx; 9,2 kAX)

6.11. 0,5 KMOfb TpEXaTOMHOMO rasa agnabaTuyeckn paclumpsieTcsl B
BakyyM oT 0,5 M®> go 3 m>. TemnepaTypa rasa npu 3TOM MOHWKAETCs Ha
12,2°C. HaifTh M3 3TUX AaHHbIX MOCTOSHHYIO &, BXOASLLYIO B ypaBHEHME
BaH-aep-Baanbca. (0,364 M*H/Monb?)
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7. KOHAEHCUPOBAHHbIE COCTOAAHUA

MoBepXHOCTHOE HaTsHKEHUE KNAKOCTEMH

BelLecTBO MOXET CyLecTBOBaTb B ra3006pa3HoOM, XWAKOM U TBEPAOM
COCTOAHUAX. KMAKOE COCTOSIHME  SBNSIETCA  MPOMEXYTOYHbIM — Mexay
razoobpasHbiM M TBEpAbIM, U UMEET CXOACTBO C TeM W ApyruM. MogobHo
TBEPAbIM TenaMm, XMAKOCTM 0bnafaloT onpeaeneHHbIM 06beMoM, a NogobHo
rasam npuvHuUMaloT ¢opMy cocyda, B KOTOPOM HaxoasaTcs. XKuakocTamu
Ha3blBalOT Tena, KOTOpble, MMes onpeaeneHHbIn 06beM, He uMelT
cobcTBEHHON oOpMbl, U NpuHWMMalOT OpMy COCyAa, B KOTOPOM OHM
HaxoaaTcs.

Ona  >xuakocTel  xapakTepeH — O6MMXHWA  nopsigok,  T.e.
ynopsifio4eHHOCTb B PaCrofioKEHWM  YacTWl, MOBTOPAKOWAACS  Ha
pacCTOSHUAX, CPABHUBAEMbIX C MEXATOMHbLIMMU.

[o HacToslwero BpeMEHUM Teopusi XXMAKOCTU MOMHOCTbIO  He
pa3paboTtaHa. CornacHo BbiAAOLLEMYCS] POCCUICKOMY yueHoMy S. dpeHkento
TENNOBOE [BWXKEHWE B XWAKOCTSX MMeeT creaylowmin xapaktep. Kaxpzas
MOneKyna B TeYeHWe HEeKOTOporo BpeMeHu Kkonebnercs  OKono
OnpeaeneHHoro NosIoKeHUs1 paBHOBECUS], MOC/E YEro CKavykoM nepexoauT B
HOBOE MONOXEHUM, OTCTOSLEe OT WCXOAHOr0 Ha PpacCTosiHUKM MopsiaKa
MexaToMHoro. Takum  o6pa3oM, MoOneKkynbl  AOBOMbHO  MEASIEHHO
nepemMeLLaloTCs Nno BCeMy 06bEMY XUAKOCTU.

Co CTOpOHbI OKPY>AIOLLMX MOMEKY Ha KaXayl MOMEKYsy XXUAKOCTM
[LeNCTBYIOT CWMbl MPUTSDKEHUSI, KOTOPble BbICTPO YOBIBAOT C pacCTOsIHUEM;
CnefoBaTeNbHO, HauyMHas C HEKOTOPOro PacCTOSIHUS CUNaMu MpUTSHXKEHUS
MexXay Morekynamm MOXHO npeHebpeyb.

Takoe paccTosiHue (r~10 M) Ha3blBaeTCa pPaguycoM MOSIEKY ISPHOMO
Aevictsus I, a chepa paguyca r— cieposi MoSIEKYISPHOro AeViCTBHS.

MpUTSXKEHUE, WUCMbITHIBAEMOE MOMEKY/ION CO CTOPOHbI  COCEAHMX
MONEKyYs, B C/lydae «BHYTPEHHWX» MOJIeKyn B3alMHO YypaBHOBELUMBAETCH;
NS MONeKys, PacrnonOXeHHbIX Y MOBEPXHOCTM, CNOXEHWE BCeX CUi AaeT
paBHOAEMCTBYIOLLYIO, HamnpaBfieHHY0 BHYTPb XXMAKOCTU (T.K. CO CTOPOHbI
raza monekyn noytn Het) (puc. 7.1). Onsa Toro, 4tobbl nepemMecTuTb
Monekyny w3 rnybuHbl Ha NOBEpPXHOCTb, HeobxoAMMO COoBepwUTbL paboTy
NpOTMB 3TOW pe3ynbTupytollel cunbl. ITa paboTa COBEPLUAETCS MOJEKYSION
3a CYET 3araca KWHETUYECKOM 3SHepruM W UAET Ha  YBEMYEeHve
noTeHuuanbHol aHeprum. CneaoBaTenbHO, MONEKYSTbl MOBEPXHOCTHOMO Crost
XUAKOCTU 06nafatoT Gonbluei NoTeHUManbHOW 3Hepruei, YeM Mosekysbl B
obbeme. W3bbiTouHasi noOTeHUManbHas >Heprus, paBHas pabote Mo
nepeMeLleHnio  Moniekyn K3 obbeMa XWUAKOCTM Ha €& mnoBepXHOCTb,

Ha3bIBAETCA /T0BEPXHOCTI HOU SHEpPr: e,
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F 20
Fi—cnna
=0 NPUTAXKEHMA K
- cocegHew

Coepa MoIeKkyne
MOIEKYNAPHOTO
aencrems

Puc.7.1

YBENUUUTbL MOBEPXHOCTb XXUAKOCTU Ha BEUYUHY S MO>XXHO TOJ1bKO
NepeMecTMB HEKOTOPOE KONMYECTBO MONEKYN U3 obbema Ha NOBEPXHOCTb,

cosepwmB npu 3ToM pabotry A,
KOTOpasi, 04eBUAHO, NPOMOPLMOHAsIbHA
nnowaan S :
A=0-§,

roe o - Ko3gppuumeHT
[10BEPXHOCTHOIO HaTS)KEHUS.

A I

[o]=1

o=—, .
2
S M

KoacduumeHT noBepxXHOCTHOro
HaTSHKEHUS o MoXeT  ObiTb
onpepeneH Apyrum cnocobom, ecnm
paccMOTPETb  MblIbHYIO  MJIEHKY Ha

NPOBO/IOYHON paMKe C MOABWKHOI nepeknaauHoit anvion L (puc. 7.2).

Ecnv nop aeficTBueM BHewHel cunbl F

nepexknagnHa nepemMellaeTcs Ha

6H
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AX, T0o npw 3ToM coBepwaercs pabota F, AX, koTtopas wper Ha
yBENIMYEHMe MIoLLaan NOBEPXHOCTU NAEHKN. YBEMMUEHMIO NAoWaan NneHKun
MpOTVBOAENCTBYET —cuna  noBepxHocTHoro — Hatskewns  2F , Tk
MOBEPXHOCTb MSIEHKU ABYCTOPOHHSA. COrMacHo TpeTbeMy 3akoHy HbloToHa
F.l=2F,

6H

. MoxHo pokasaTb, YTO

o=t 0121,
M

roe Fn — Cna NOBEPXHOCTHOIO HATAXEHUA.

[OaBneHue nopg MBOFHYTOﬁ NOBEPXHOCTbIO YXNOAKOCTU
PaccMOTpUM  MAOCKYKD MOBEPXHOCTb  XKWAKOCTU, UCMbITLIBAOLLYHO

[aBNieHne P, CO CTOPOHbI aTMocdeps! (puc. 7.3, a).

d t

Py Pot Ap Po— Ap
a) 6) B)
Puc. 7.3

Ecnn NoBepXHOCTb XWAKOCTM He MNockas, TO CTpemsieHne Kk eé
COKpALLUEHUIO NpuBedeT K BO3HWUKHOBEHMWIO AABMIEHUS, AOMOSHUTENBHOMO K
TOMY, KOTOPOE MCMbITLIBAET XWUAKOCTb C M0CKON MOBEPXHOCTLIO. B criyuae
BbIMYKJ/I0/ MOBEPXHOCTM OHO MOMOXUTENBHO (puc. 3, 6), B Clyuae BOrHYTOM
— oTpuuarenbHo (puc. 7.3, B).

[lobaBouHOe paBneHve Anst cepuyeckor MOBEPXHOCTU XUAKOCTM
pagnyca R :

20
Ap=—.
R

ECcnM UCKpMBNEHHasi MOBEPXHOCTb OT/IMYAETCA OT Cchepuyeckol, To
[ONONHUTENLHOE AasneHne onpeaenseT dopmyna Jlannaca:
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1 1
Ap=o| —+—|,
Rl RZ
roe Rl n R2 — paanycbl KpuBWU3HbI ABYX TMMPOU3BOJIbHbIX B3aWMHO

NepreHANKYISIPHBIX HOPMasibHbIX CEYEHUI.

CMaynBaHHe U Kalmm/UISPHbIE AB/IEHNS

Ecnv  Monekynbl  XMAKOCTM  B3aMMOAEUCTBYIOT C  MoOnekynamu
TBEPAOrO TeSfla CUIbHEE, YeM Mexay cobol, TO >XWMAKOCTb CTPEMUTCS!
YBENMYUTb NMOBEPXHOCTb COMPUKOCHOBEHUS C TBEPAbIM TESIOM U pacTeKaeTcs
no HeMy. FOBOPSAT, UTO XMAKOCTb CMauYMBaET TBEPAOE TeNo.

Ecnu B3auMopeincTBue MoMekyn XMAKOCTU 6osblue, YeM MOnekyn
XWOKOCTU U TBEPAOrO Tena, XWAKOCTb CTPEMUTCS COKPATUTb MOBEPXHOCTb
COMPUKOCHOBEHMS C TBEPAbIM TESIOM U SIBNSIETCS HECMAYMBaIOLLEN.

Karunnspamy Ha3biBaOTCS y3Kne Tpy6KM.

CBobogHast MOBEPXHOCTb >XMAKOCTW, WCKPUBMIEHHAs OKOMO CTEHOK
€ocyaa, Ha3blBaeTCst MEHUCKOM.

KarmnnspHOCTbI0 Ha3bIBAETCS SIBIEHNE U3MEHEHWUS! BbICOTbl YPOBHS
XMAKOCTU B Kanunnsipax.

XKWAKOCTb B Kanunnsipe NoAHMMAETCS UK OnyckaeTcs Ha Bbicoty N,
npu KOTOPOIi ruapocTaTuueckoe Aasnenve oJh  ypasHoBelwmBaeTcs
BOMNONHWTENbHBIM  AaBneHneM AP nos  WCKPUBNEHHON NOBEPXHOCTbIO

xunakoctu (puc. 7.4,a).

20
Po +pgh ——=p,,

R

20

pgh=—.
R
r

Kak BnaHo u3 puc. 74,6, R =—,

cos
rne R - paavyc kpuemanbl xuakoctn B kanunnspe, I — paamyc

kanunnspa, 6 — kpaesoi yron.
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Puc. 7.4

KpaeBow yros1 — 3TO OTCUUTLIBAEMbIN BHYTPY XWUAKOCTU Yron Mexay
KacaTeNbHbIMK K NMOBEPXHOCTU TBEPAOIO Tena 1 XUAKOCTY.

CyllecTBOBaHME KPaeBOro yrna nNpUXoAMT K UCKPUBNEHUIO
MOBEPXHOCTU XKMAKOCTU B6IU3WN CTEHOK M KaNWISIPHBIM SIBIEHUSIM.

he 20c0sd
pIr

5 Vs
B cnyyae HecmaumBatowen ugkoctn (6 > > cos@<0)

¢dopmMyna onpeaensieT rinybuHy onycKaHusi XXnAKOCTU B Kanuanspe.
Kpucrannmuyeckne reepgreie Tena
TBépAbIMM Ha3bIBAIOTCA Tena, KOTOpble NMpW HOPMAasbHbIX YCIOBUSAX
coxpaHsoT dhopMy M 06béM. ATOMbI TBEPAbIX TeN COBEpLIaloT KonebaHus
OTHOCUTENIbHO HEKOTOPbIX (DMKCMPOBAHHBIX MOMOXEHWUI PpaBHOBECUS.
Kpuctannnueckme  Tena  XapakKTepusyloTcsa  YNopsiAOYeHHbIM
pacrioNioOXXEHMEM aTOMOB, [ANSl HUX XapaKTepeH [JanbHEeMWWin NopsaokK:
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yrnopsifOYeHHOe PpacrofiokeHne 4acTuu, MoBTopsiioweecs Ha 6onblmnx
pacCTOsHUAX.

3akoH fronoHra-lTmv — 3MNMpuyeckoe NpaBuio, COrnacHO KOTOPOMY
MOnsipHast TENJI0EMKOCTb TBEPAbIX T/ NOCTOsIHHA U paBHa 3R.

Ans teepabix Ten V' = const, C, = 3R - 3akoH [tonoHra-Mm.
B AeiCTBUTENBHOCTM Xe 3TO 3HauyeHue — NULlb Npeaen, K KOTOpoMy
crpemutcs C,, npu Bbicokux TemnepaTypax. OH AOCTUrAETCst MU OBbIUHbIX

TeMnepaTypax y MHOMMX 3MEMEHTOB, METansioB, MpOCTbIX COEAMHEHMN (
NaCl, MnS); y cnoxHbix coeamHeHnin 3ToT npegen hakTUyecku He

[OCTUraeTcs, T.K. paHblle HacTynaeT nnaBfneHWe BewecTsBa WKW ero
pasnoxeHue.
B obnactu HM3KMX TemMnepaTyp MonspHas Tenn0éMKOCTb 3aBUCUT OT
TemnepaTypbl U ONUCLIBAETCS 3aKOHOM [ebas.
C =4aT?,
rae @ — NOCTOSIHHBIN MHOXUTESb, 3aBUCSLLMIA OT NPUPOAbI KpUcTanna.
3akoH [ebasi BbINOIHSAETCA
AN 3NEeMEHTOB W MPOCTbIX
COeAMHEHWI  MpW  TemnepaTtype
IRL nopsgka  OecsTkoB rpagycos
KenbBuHa; Ans octanbHbIX — Mpw
6onee HM3KMX TemMnepaTypax.
KputepreM, M03BONSIOWMM
pasnuMyatb BbICOKME U  HU3KME
TeMmneparypsl, SBnsieTCs
CpaBHeHWE WX C XapaKTepHbIM A
KaXAoro BellecTBa MapamMeTpoM —

(_‘“ A

v

0 T

Puc. 7.5

nebaeBckoii  TemnepaTypon 922'

KOTOpasl 3aBUCUT OT  KPWUCTa/INIMYECKOW  CTPYKTYpbl  BelectBa U
TabynmpoBaHa Kak (pu3nYeckuii NnapameTp BELLECTBA.

Mo T >> 912 (knaccnyeckas obnactb) TEMIOEMKOCTb TBEPAOro

Tena onucblBaeTcs 3akoHoM [onoHra-MTu, cnpaseasiMBa Kraccuyeckas

cTaTUCTUYEeCKasi MexaHuka;, npu | << Oﬁ (kBaHTOBass  0bnacTb)
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BbINONHAETCA 3akoH [ebas (puc. 7.5). B 3Toi obnact nposiBNStOTCS
KBaHTOBblE 3(PheKTbl M HEOHXOANMO MOJIb30BATLCS KBAHTOBOW CTAaTUCTUKOM.

Mpumepbl pelneHus 3apay
3apavya 1. HaiiTv pobaBoyHOe AaBneHUe BHYTPU MbIIbHOrO My3bips
anameTtpoM 10 cM. Kakyio paboTy Hy>KHO COBepLUNTb, YTOObl BbiAYyTb 3TOT
ny3blpb?

cd=01m 0 0aH/ - Ap—? 49
fano: d =0,1m; 0 =0,04 %W,Ap ? A="

PewweHne

MneHKa MbIIbHOrO MNy3bIps MMEET ABe cdepuyeckne noBepxHOCTN —
BHELLHIOIO WM BHYTpeHHIo. O6e MoBepxXHOCTM OKa3biBaloT AobaBoyHoe (rno
CpaBHEHUIO C aTMOChEPHbIM) AaBNEHWE Ha BO3AYyX, 3aKOYEHHbI BHYTPU
ny3bips. Tak Kak TOMAWMHA MAEHKW Mana, TO MOXHO CyYMTaTb AMaMEeTpbl
BHELLHEN 1 BHYTPEHHeN 060104eK Ny3bipst NPaKTUYECKN OANHAKOBLIMMU,

Ecnm yyecTb, 4TO [106aBOYHOE [aB/IEHWE OKa3blBAETCH KaXXaoh U3
[IBYX MOBEPXHOCTEN MbINILHOTO My3bipsi, PagauMyCbl KOTOPbLIX OAMHAKOBbI, TO
CcyMMapHoe aobaBoyHoe AaBneHne byaeTt paBHO

20 8o
Ap=2-—=—, =321 .
\p R "4 Ap a

Paborta, koTopyto Hago coBepwwuTb, 4YTODObLI, pacTarvBasi MIEHKY,

YBENMUMTb ee NoBepXHOCTb 0T Sy Ao S, Bbipaxaetcs popmynoi
A=0(5-5,),

rae S - obwas niowaab ABYX NOBEPXHOCTE MbIILHOMO My3bIps; S, -

obuas nnowaab AByX HOBerHOCTeVI MbIJTbHOIO Ny3bIpsa A0 €ro BblAyBaHWUA,
paBHaa naowaan  nNOBEPXHOCTUM  nnowaan  OTBEpPCTUA TDYGKVI ansa
BblAYyBaHUA.

Tak kak S, < S, TO MOXHO cunTaTh, YTO

A=0c-S=0-2rxd*, A=2,5-10" Jjxc.

3agava 2. Ha kakoi rnybuHe noa BOAON HAXoaUTCA Ny3blpek Bo3adyxa
avametpom 0,015 MM, ecnnm M3BECTHO, YTO MIOTHOCTb BO3ayxXa B HeM 2
kr/mM>? ATMoccepHoe AaBneHue 760 MM pT. CT., TeMnepaTtypa 20° C.
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pavo: 4 =0,015-10°; p=2K/; p,=101510° lla;

T =293K; 0=0,013/1/ ; p6=10007%43; h=2

PewieHne
[aBneHne Bo3ayxa B My3blpbKe CKIAAbIBAETCS U3 aTMocdepHoro

AaBNEHUst Pg, TMAPOCTATUYECKOTO AABNIeHNs BOABl D, , = p.gh (p,

— NNOTHOCTb BO,Cl,bI) n pobaBoyHoOro [aBneHnq, 06YCJ'IOBHEHHOFO KpMBVIBHOﬁ

20 4o
nosepxHoctn Ap=—=— (R - paguyc nysbipbka; O -

R d

KO3 UUMEHT NOBEPXHOCTHOrO HATSHXKEHUS):
4o
P =Dq +ngh+T .

C Apyroi CTOpoHbI, AaBneHue Bo3ayXa B My3blpbke MOXHO CBSI3aTb C
MIOTHOCTBIO BO34yXa B HeEeM C MOMOLWbK YpaBHEHUA MeHpeneeBa-
KnaneleOHa, CUMTasa BO34YX B Ny3blpbKe MAEA/IbHbIM ra3oM:

_pPRT
o

anpaBHMBaﬂ npaeble 4aCTh nocneaHux ABYX PaBEHCTB, MOay4YnuMm

ypaBHeHue

40  pRT
+pght—=—,
pO pgg d M
OTKyAa HaxoauMm
PRT 4o
AL
h=-_M d  h-48u.
£,9

3apavya 3. B cocyn ¢ BOAOW onylleHa OTKpbITas KanwiisipHas Tpybka
C BHYTPEHHUM AMAMETpOM 1 MM, YPOBEHb BOAbl B KOTOPOW BbIllE, YEM B
cocyne, Ha 2,8 cM. YeMmy paBeH paauyC KpWMBM3HbI MEHWCKA B Tpybke?
KakoBa 6binia 6bl pa3HOCTb YPOBHEW B COCYAE WM B Kanwisipe, ecnm 6bl
CcMaymBaHue 6b110 NOHbIM?
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. —10°3 4 - —928.10°2 v - _ H/ .
[laHo: d=103u; h=2,8102 u; o=0,073 Ad

pleOOK%WS; R=?h=?

PewieHne
Boaa cMaumBaeT cTeHkM Kanunanspa (OCTpbli KpaeBoKn yron 6’) "

BTAMMBAETCS B HEro Moj BAMSHUMEM CW MOBEPXHOCTHOrO HATSHKEHMS,
LeNCTBYIOLMX MO NEPUMETPY NOBEPXHOCTY XUAKOCTU (pUc. 7.6).

Ha nosepxHocTu ctonba XuakocTu 06pa3yeTcn BOFHYTbIVI MEHUCK,
Nnpu KOTOPOM AaBJIEHNE Ha BEPXHIOKD MOBEPXHOCTb XWAKOCTU B Kanunnspe
OKa3sblBaeTCad HWXe J[AaBNeHUA COoMnpuKacatoweroca c Hen BO3AyXa Ha

20
BenuunHy Ap = F . MoabeM XunakocTu B Kanunnspe 6yaeT npovcxoauTb

A0 TeX nop, NokKa pa3HOCTb ,U,aBJ'IEHMﬁ, npon3BoaAnMbIX Ha cTonb Xunakoctu

cHnsy (p,) v ceepxy (P, —Ap), He CTaHeT paBHa rMAPOCTATUYECKOMY

AaBIEHUIO pzuz)p =pgh, OKa3blBaeMOMY CTON6OM >KMAKOCTM Ha €ro

OCHOBaHue.
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HOBerHOCTb MEHUCKa B Kanunndape MOXHO CHUTaTb 4YacCTbio Cd)epbl
paavycom R , KOTOpbIM CBSiI3aH C paIMycoM Kanuanisipa T MNpOCTbIM
COOTHOLWIEHMEM:

r=R-cosé (1).

Toraa fasneHve, 06yCIOBNEHHOE KPUBU3HOM NOBEPXHOCTH

XXNAKOCTH, 6yp,eT paBHO
Ap = 20 = 20 cosé.
R r

M3 ycnoBusi paBHOBeCUs CTO16a XMAKOCTU B OTKPLITON KanuinsipHou
Tpybke

Po :pgh"‘(po_Ap)

nosyymm
pgh= 20 cosd,
r
h= 20 cosé ),
Par
M3 (2) HeTpyaHO onpeaenvTb, YTo
cosd = &hr (3).
20

Moacraenss (3) B (1), nonyumm

R =2—"h, R~0,53-10° .

rY
Ecnm 6bl cMaumBanme 6bin1o nonHbiM, T.e. @ =0, 10 C0SO =1 1 u3
(2) cnepyer,

h=29  1~208107 u.

pad
MpumeyaHune: ecnn XuMAKOCTb HE CMauMBaeT MaTepuan Kanwnnspa,
TO MEHWCK BbINYK/bIN, kpaesol yron Tynoi (COSE <1) u us dopmynsl (2)
MOXHO HaWTW, HAaCKONbKO HMXE YpPOBEHb HECMayMBaloWe >XMAKOCTM B
KanunnspHoin Tpybke, yem B cocyae. CneayeT MOMHUTb, YTO COOTHOLLUEHUE
(2), onpepensiollee BbLICOTY MOAbEMA CMAUMBAIOWIENA >XUAKOCTM (MK
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OMyCKaHWs HECMauMBalOLLIEN) MO CPABHEHMIO C YPOBHEM XMWAKOCTM B COcyae,
CMpaBeasIMBO N1Lb ANA OTKPbITLIX C 060MX KOHLIOB KanuanspHbIX TPy6oK.

3agaqya 9. bapomeTpuueckas Tpybka C AMAMETPOM BHYTPEHHEro
ceyeHns 0,4 MM 3anonHeHa PTYTbO M MOrPy>XeHa OTKPbITbIM KOHLOM B
WMpOKUM cocya. Ha Kakylo rnybuHy oOnycTuTCs PTyTb B Kanunaspe?
KoaddmumeHT noBepxHOCTHOrO HaTsxeHnus ptytu 0,5H/M, naoTHOCTL pTyTH
13,6-10°kr/m>. [laBneHune HacbillieHHbIX NapoB pTyTW Had ee MOBEPXHOCTbLIO
B TPybKe He yunTbiBaTh.

Havo: d=4.10" w; o =0,472H/ ; p=l3,6-103’<%43; h=?

PelweHne
PTyTb — HecMauuBalowas >KMAKOCTb, [MO3TOMY OMyCKaeTcsd B
Kanunnsape Ha Takyl rnybuHy, Npu KOTOpoWN AaBneHue ctonba pTyTM B
cocyle 3a CTeHKamMn  Kanunnspa  (rMApoCcTaTMYEecKoe  AaBrfieHue

pzm)p:pgh) YPaBHOBELLUMBAETCS  AOMO/IHUTENbHLIM ~ AABIEHWUEM MOA

BbIMYKJIOM MOBEPXHOCTLIO PTYTW B Kanusnsipe:

20
h=—.
A R

rne R - paavyc kpuBMsHbl xuakoctu B kanunnspe, I — paamyc
kanunnsipa, @ — kpaeBoii yron.

MocKoMbKY PTYTb — HECMauMBaeMas »makoctb, & = 7, c0sd =-1.

CnepoBaTtensHo,
20 do
poh=-"2=-"2,
r d
h=—29 2375107
pgd

3HaK «MUHYC» 03HAYaET, TO YPOBEHb PTYTU B KAMWUAPE HUXKE, YEM
B cocyze.
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3agayva 10. OnpepenuTb OTHOCUTENbHYIO NnorpeLHoCTb,
[IOMyCKaeMyl0 NpU pacyeTe YAesbHON TEMM0EMKOCTM, MCMOMb3ys 3akoH
[ionoHra v MTu: 1) 3Hasi, YTO yAenbHas TennoeMKocTb xenesa npu 20°C,

o Kot
HavgeHHas  3KCnepuMeHTasbHO, Cm~:0’44 ; 2) 3Has, uJTo
’ ke -K

3KCNepMUMeEHTabHblE 3Ha4YeHud y,qeanoi/'l TEMNJI0EMKOCTU ajiMasa

coctasnisioT npu 18°C ¢ =0,36 Kone ,anpn 985°C- ¢ =193 Klic |

ke K ke K
NaHo: t =20°C; c ... =044 Ko ; t, =18C;
' ke K
o 20,3622 1 —985°C; ¢, —10388%; e =7,

ke K ke K
oc,=7?; 0c, ="

Pelwwenne
OTHOCUTENBHYIO NOMPELIHOCTb, AOMYCKAaeMYIO MpU pacyeTe yAeSbHOM
TENMOEMKOCTM C MOMOWbIO 3akoHa [onoHra u [1TM, MOXHO onpeaenvTb
cnegyowmm obpasom:

oc= [Smeep 7 Coen] -100% .
CBKCVL
HalineM TeopeTuyeckoe 3HayeHue yAenbHbIX TernoemkocTen. Mo
3akoHy [ionoHra-lTv ans ogHOro Mons BeWecTBa MOMsipHasl TEMNNOEMKOCTb

TBEPAbIX TEN!:

C, =3R.
TeopeTnyeckoe 3HauyeHue yaenbHOW TEMJoeMKOCTM HaxoauTcs Mo
dopmyne:

G, 3R
YT Tm
Coromeo :—3R v Coomen ~ 446 22C , oc,=136%.
emer M ? ke K ‘

Hc
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3R Llorc

2. an tal :180C cal mewo W’ calmeop ~ 2083—K !
a Ke -
Sc., = 478%.
R
Mpu t,=985C ¢, , a}%, Cammeop 2083ﬂ—”’[‘;,
a Ke -

Sc,,=7,9%.

MNpumeyaHne: ANa MHOMMX BewecTB (Hanpumep, >Xenes3a) 3aKOoH
[OtonoHra-MNTn BbINOMHAETCS C HEGOMBLWOW OTHOCUTENBHOWM MOrPELIHOCTbIO,
O[HAKO HeKoTopble BewecTBa (HanpuMmep, anMmas) WMEKT 3HayUTeNbHble
OTKJIOHEHMS]  OT  TEOPETUYECKMX  3HAYeHWi, YyBenuMuuMBatowmecs C
MOHWXXEHWEM TEMMEepPaTypbl, YTO U UINIOCTPUPYETCS faHHON 3adadelt.

Sagaqya 11. Onpepenutb KONMMYECTBO TEMOThl, Heobxoaumoe ans

HarpeBaHWs OQHOMO MONS TBEPAOro Tena B6/M3M abcontoTHOrO Hyns oT Tl
poT,.
favo: T; T,; Q=7

PewieHne
B obnactn HM3KMX TemnepaTyp MONspHas TEM0EMKOCTb 3aBUCUT OT
TemnepaTypbl U ONUCLIBAETCS 33KOHOM /[]e6asT.

3
C =4aT”,
rge a - NOCTOdAHHasd, WMetoWasn pa3ﬂVIl-IHbIe 3HayeHund and pa3HbIX

BELLECTB.
Mo onpeaeneHnto MoNSIPHOMN TEMNIOEMKOCTM HET Takom (hopMy/ibl

dQ

TdT
Torpa

TZ T2
Q= [cdr =4a| T°dT = a(T;* - T;").
Tl Tl
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3anauum Ans CaMoOCTOSITE/IbHOrO pelueHust
7.1. PaMKa c NoABWKHOW NepeknaanHoit (puc. 2) 3aTaHyTa MblIbHON
neHoi. KakoB [o/mkeH 6biTb AMaMETp MEAHON nepeknaguHbl, 4Tobbl OHa

Haxogunacb B paBHOBecMM? YeMy paBHa [A/MHA MEPeKiaaMHbl, €ecsn
W3BECTHO, YTO MpW MepeMeLleHnn nepeknagnHel Ha 1 cM coBepluaeTcs
n3oTepMuueckas pabota, pasHas 4,5°10° [Ix. (1,2 mM; 5 cm)

7.2. Tpu NnaBneHUM HUXKHErO KOHLA BEPTUKASIbHO MOABELIEHHON
CBMHLOBOV MpOBOMOKN AnMaMeTpoM 1MM obpasoBanacb 20 kanesb CBMHUA.
Ha ckonbko ykopoTunacb npoBosnoka? KoadduumeHT noBEpXHOCTHOro
HaTsHKEHUS Xuakoro ceuHuUa 0,47 H/M. OuameTp Wwelku Kanam B MOMEHT
OTpblBa CYUTATb PaBHbIM AVAMETPY NPOBOSIOKK. (34 cM)

7.3. W3 BepTMKanbHOM TPYObKM BHYTPEHHUM pagnycoM 1 MM
BbITEKAIOT Kanau BoAbl. HalTu paguyc kaniuM B MOMEHT OTpbiBa. Kansio
cuntaTb chepuyeckoir. [IMamMeTp LUeiiku KanjvM B MOMEHT OTpblBa CYMTaTb
paBHbIM BHYTPEHHEMY AMAMETpy TPYoku. (2,2 Mm)

7.4. Macca 100 kanenb cnupTa, BbiTeKalowero n3 kanunnapa,0,71 r.
OnpepenuTb KOI(M®OULUMEHT MOBEPXHOCTHOrO HATSXKEHUS CnMpTa, €ecnu
AMaMeTp LLENKN Kanin B MOMEHT oTpbiBa 1 MM. (0,022 H/m)

7.4. [Be kannu pTyTM pagnycoM 1 MM Kaxpaas CWIucb B OfHY
6onblwyto kanao. Kakoe KONMYeCTBO 3HEPrun BbiAENUIOCb Npu 3ToM 2(2,5
MKX)

7.5. Ha ckonbko Harpeetcs kanng pTyTv, MoSlydYeHHas OT CIUSHUS
JBYX Kanefb paanycom 1 MM kaxkaas ? (1,65°10™ °C)

7.6. Kakyto paboTy nMpoTMB CMN MOBEPXHOCTHOrO HaTSHXKEHWS Haao
COBepLWmnTb, YTObbl pa3buTb cdepuyeckyto Kanaww paguycoM 3 MM Ha Age
oavHakoBble Kann? (1,47-10° [x)

7.7. Kakyio paboTy NMpoTMB CM/1 MOBEPXHOCTHOMO HAaTSXKEHWS Haao
COBepLWUTb, YTOBbI yBENMUMTL BABOE 06BEM MbIIBHOrO My3bipsi pagnmycom 1
cm? (6,42:10° x)

7.8. Bo3aywwHbI ny3bipek guameTpoM 0,002 MM HaxoauTcsl B BoAeE Y
caMoi ee NoBepxHOCTU. OnpeaenuTb MAOTHOCTb BO3A4yXa B My3blpbKe, ec/u
BO34yX Haj MOBEPXHOCTbIO BOAbl HAaXOAUTCH MPU HOPMasibHbIX YCIOBUSIX.
(3,2 kr/M%)

7.9. Ha ckonbko paBneHne BO34yXa BHYTPU MbIJIbHOMO My3blpsi
6onblwe aTMocdepHOro AasneHusi, ecnvm gvameTp ny3sbips 5 Mm ?2(0,47 MM
pT. CT.)

7.10. OnpepenuTb p[aBfieHMe BO3A4yXa B BO34YLWHOM My3blpbKe
anameTpoM 0,01 MM, Haxopswerocs Ha rnybuHe 20 cM noa NOBEPXHOCTLIO
BOAbl. BHelwHee aaBneHune 765 mm pt. cT. (132,9 kla)
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7.11. [laBneHne BO3Ayxa BHYTPW MbISIbHOrO My3blps Ha 1 MM pT. CT.
6onbwe atMmocdepHoro. Yemy paBeH AuaMeTp ny3bips? KoadhduumneHt
NMOBEPXHOCTHOr0 HATSXXEHUS MbIILHOrO pacTteopa MpuHATL pasHbiM 0,043
H/M. (2,6 MM)

7.12. Bo cKonbKO pa3 MAOTHOCTb BO34yXa My3blpbke, HaxoAsLieMcs
Ha rnybuHe 5 M noa Bogow, BonbLie NIOTHOCTM BO3adyXa Npy aTMOCdepHOM
naeneHnn 760 mM pr. cT.? Pagnyc ny3sipbka 5:107 mM. (4,4)

7.13. OnpepenuTb Cuny, NPWXMMAIOWYI0 Apyr K Apyry [Ase
CTeK/IsIHHble MNacTUHKKM pa3MepoM 10x10 cM, pacrnonoXxeHHble napannensHo
Opyr Apyry, ecnuM pacctosiHe Mexay nnactuHkamm 0,022 MM m
MPOCTPaHCTBO MEXAY HUMM 3aMOfHEHO BOAOW. CUMTaTb MEHWUCK BOTHYTBHIM C
AMaMeTpoM, paBHbIM PAcCTOSHUIO MeXAy nnacTuHkamu. (73 H)

7.14. TAMUepyH NOAHSNCS B KanuispHou Tpybke Ha BbicOTy 20 MM.
OnpepenuTb KO3MUUMEHT NOBEPXHOCTHOrO HAaTSHKEHWS TMUEepUHa, ecnn
AvaMeTp kaHana Tpybku 1 mm. (0,062 H/m)

7.15. B cocyn € pTyTbio OMyLEH OTKPbITHIM Kanuansp, BHYTPEHHWI
[AMaMeTp KOTOporo 3 MM. PasHOCTb YpOBHEN PTyTW B COCYAE M B Kanwunssipe
3,7 MM. YeMy paBeH paanyC KpMBU3HbI PTYTHOMO MeHUCKa B Kanunnape? (2
MM)

7.16. Ha kakytlo BbICOTY nogHuMmaeTca OeH3on B kanuansipe,
BHYTpPEeHHWI anameTp koTtoporo 1 MM? CMauuBaHWe cuuTaTb MosHbIM. (13,9
MM)

7.17. KakoB AomkeH 6blTb BHYTPEHHWUI AMAMETP Kanwunnspa, Ytobsbl
npu NOSIHOM CMayMBaHWKM BOAA B HEM MOAHSIAch Ha 2 cM? 3ajadvy pewnTb
Ans ClyYaeB, Korga Kanuninsip HaxoamTcs: Ha 3emne; Ha JlyHe. (1,5 mm; 8,8
MM)

7.18. Kakum pomkeH ObiTb HambonbluMii AvaMeTp mnop B utune
KEPOCWMHKKN, 4TOBbl KEPOCMH MOAHWMMAINCA OT AHA KEPOCMHKW A0 rOpesiku
(BbicoTa 10 cm)? CumTaTb MOPbI UMAMHAPUYECKUMU TPYBKaMU U CMavnBaHue
nonHeiM. (0,15 Mm)

7.19. Kanunngap BHYTPEHHUM paauMycoM 2 MM ONyLleH B >XWAKOCTb.
Hait  KO3(pMUMEHT MOBEPXHOCTHOFO HATSKEHWUSI  XKUAKOCTM, €Cnun
M3BECTHO, YTO MAcca >XWIKOCTM, MOAHSIBILENCS B KanWspe, paBHa 9-10°®
kr. (0,07 H/m)

7.20. KanunnsipHas Tpybka, BHYTpeHHWIn paauyc koTopoi 0,16 MM,
onylLleHa BepTMKasbHO B Cocyfe C BOAOM. KakMM JO/MKHO 6biTb AaBneHue
BO34yXa Haj >XWAKOCTbIO B Kanuansipe, 4Tobbl ypoBeHb BOAbI B Kanusipe 1
B LUMPOKOM cocyfe 6bin oavHakoB? BHelwHee gaBneHne 760 Mm pT. CT.
CMauymBaHue cunTaTb NOMHbIM. (767 MM pT. CT.)

7.21. KanunnapHas Tpy6a onylleHa BEPTUKANbHO B COCy[l C BOAOWA.
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BepxHui1 koHel TpybkuM 3anasH. [ns Toro 4tobbl ypoBeHb BOAbl B TPYOKe M
B LIMPOKOM cocyae 6bin oaMHakoB, TPYbKy MpuUWNOCL MOrpy3nTb B BOAY
1,5% ee AnuHbl. YeMy paBeH BHYTPEHHWM paauyc Tpybku? BHeluHee
AaBneHue paBHo 750 MM pT. cT. CMaumBaHue cumtatb NosHbIM. (0,1MM)

7.22. BHyTpeHHWI amaMeTp 6apomeTpuyeckoin Tpybku paseH 0,75
cM. Kakyio nmonpaBky Hajo BBECTW, U3Mepssi aTMOC(EPHOE AaBfeHne Mo
BbICOTe PTYTHOro ctonba? He cMaumBaHue cumtaTtb MOsHbIM. (2MM)

7.23. [OvameTp kaHana CTEKMSIHHOW TPybKU YalleyHoro pTyTHOro
6apometpa 5 MM. Kakyto mompaBKy Hy)XXHO BBOAWTb B OTCYETbl MO 3TOMY
6apomeTtpy, 4TObbI MOMYYMTb BEpHOE 3HadeHue aTMOChepHOro AasieHus.
(+3 MM pT. CT.)

7.24. B XWAKOCTb HWXKHMMM KOHLAMW OMyLLEHbl ABE BepTUKasbHble
KanunnspHole Tpybku ¢ anametrpamm kaHanos 0,05 cm u 0,1 cMm. PasHocTb
YPOBHEW >XWAKOCTM B Tpybkax 11,6 ™MM. [noTHocTb wuakoctn 0,8
r/cM3.HaliTu ko3dhdpULMEHT MOBEPXHOCTHOrO HaTskeHWs xuakoctu. (0,022
H/m)

7.25. Ha gHe cocyaa ¢ pTyTbio MMeeTcs oTBepcTue. Kakum Moxer
6biTb HaubOMbLUMI AMAMETp OTBEpCTMsi, 4YTobBbl pTyTb M3 cocyda He
BblfIMBanacb Npu BbicoTe cTtonba pTyTy, pasHbiM 3 cm? (0,5 mm)

7.26. B gHe cTeknsiHHOro cocyaa nnowaapto 30 cM? MMeeTcs Kpyrnoe
oTtBepctne aunametpom 0,5 mMMm. B cocyn HanuTb pTyTb. Kakas macca ptytu
octaHeTtcsa B cocyae? (1,22 kr)

7.27. Hacekomoe BofiOMepka 6eraeT no MoBepXHOCTM BOAbl. HalTu
Maccy BOAOMEPKM, €CNN W3BECTHO, YTO MOA KaXaoW W3 LIecTU narnok
HacekoMoro obpasyetcs siMKa, paBHas nonycdepe paguycom 0,1mm. (27,5
Mr)

7.28. Monb3ysicb 3akoHOM [llonioHra u M1y, HalTW MONSIPHYIO Maccy
MEeTanna, U3 KOToporo caenaH wapvk mMaccoi 0,025 Kr, ecnm U3BeCTHO, YTO
ans ero HarpeeaHusi oT 10° C go 30° C notpe6oBanock 117 [x Tenna.
(0,0107 kr/monb)

7.29. Monb3ysicb 3aKoHOM [tonoHra v T, HalWTh, BO CKOJSIbKO pa3
yaenbHasi TEMNOEMKOCTb aSIloMUHUS [OSblue  yAENbHOW  TEeMnI0eMKOCTH
nnatuuel. (7,2)
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Tabnuua 1. MonsapHas Macca HEKOTOPbIX BELLECTB U CMecei.

seuecrao, cmecs | M+ Vo | sewecrso, avecs | MV o
H, 0,002 NO 0,030
He 0,004 co, 0,044
N, 0,028 BO3/yX 0,029
0, 0,032

Tabnuua 2. MNMocTosiHHbIe BaH-aep-Baanbca Ans pasnnyHbIX ra3os.

ras a, H'M: b, x107° 2w
MOJIb MOJlb

H, 0,0245 0,0267

He 0,0034 0,0236

N, 0,135 0,0386

O, 0,136 0,0317

Cco, 0,361 0,0428

Tabnuua 3. KoaddrumeHT NOBEPXHOCTHOMO HaTSHKEHMS.

Hy
Bewectso o, gy
BOAA 0,073
MbI/IbHbIA PacTBOP 0,043
PTYTb 0,472
cnmpTt 0,022
rvuepuH 0,065
JlutepaTtypa

1. T. N. TpodumoBa, «Kypc dusmku», — M: Akagemus, 2013 r.
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