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OCHOBbI MOACKYASIPHOU PU3UKU

U TePMOAUHAMUKH

OCHOBHbIE GOPMYADI

¢ KoanuecTBO BemiecTBa

rape N — 4HCJIO MOJIEKVJI,
N, — nocroannasa Asorazapo,
m — MAacca BellecTBa,
M — mosspHas macca.

v=2N -
Ny

qE

¢ YpaBHeHue Knamneripona—
MenpeseeBa
rfe p —JaBJIeHHe rasa,
V — ero o06meMm,
R — MonsapHas ra3oBas IOCTOAHHAA,
T — TepMOAMHAMMYECKAA TeMIepaTypa.

pV =vRT

¢ YpaBHeHUE MOJIEKYJIAPHO-
KHHETUYEeCKOU TeOpUHU ra3os
rae ng— KOHIOEeHTpannuda MOJIEKYJI,

p= §n0<E

>
IIOCT

~1 2
= 3 MM o <Vkp”

<E_ .~ — CPeJHAA KMHETHYeCKAasA dHEPIHUs NOCTYNATeJbLHOIOo

ABUKEeHUSA MOJIEKYI,
m, — Macca MOJIeKYJIbI,

<v,,> — CPeAHAA KBaJPATUYHAA CKOPOCTb.

¢ CpenHas KUHeTHYeCKas <E>= ékT
3HEPrus MOJIEKYJIbI
rjie i — YHCJIO CTelneHel cBoOoAkI,
k — nocroaHHasa BoJsbiMaHa.
¢ BHyTpeHHSAS DHEPrUsa U= % vRT
HIeaJIbHOTO ra3za
¢ CKOpOoCTH MOJIEKYJI: 37
cpelHAA KBaJpaTUUHAaA < > = |[—
m
_ |8kT
cpefHAs apudpmMmerndyeckaa <v>= |——
nmy
HauboJjiee BeposaTHaAA p= (2T _
my

¢ CpenHsasa AjJuHa cBOOOTHOTO
nnpobera MoJIEKYJIbI
rae d — 3deKTUBHBIA JUAMETP MOJIEKYJILI.

o
ey
~3
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[image: image2.png]¢ CpenHee YHCJIO CTOJIKHOBEHU <z>= ﬁ nd2n0<v>
MOJIEKYJIbI B eIHHUIY BPEMEHU

¢ YpaBHeHUe nuddysuu dm = —D%:Bc dSdt

rae D — xoadbdunuenT nudpdpysuu,
p — ILJIOTHOCTb,
dS — 3JleMeHTapHAaA ILJIOMIAJKA, nepnennnxynapnaa ocu X.

¢ YpaBHEHUE TEILJIONPOBOLHOCTH dQ = -x det
rae Y — K03(pP(PUIUEeHT TeIlJIONIPOBOLHOCTH.

¢ Cujia BHYTPEHHETO TPEHUS dF = —n dS
rape m — AMHAMUYECKas BA3KOCTb.
¢+ Koadpdpunuent supdysun D= % <p> e+ <A>
¢ BaskocTh (IUHaAMUYeECKas) n= 1 p<v> « <A>=Dp
¢ TennonmpoBOogHOCTH x = ch§ <v> « <A>=n1c¢y

rpe cCy — yaeJibHas U30XOpHaa TeIlJIOEMKOCTb.

* MOJIHpHaH TEIIJIOEMKOCTDh UE€AJIBHOI'O I'a3a.

U30XOpHaA Cy= .‘2. R
n3obapHada C,= 9—4'2-—2) R
¢ IlepBoe Hayaso TepmoguHaMuku d@ =dU +dA
dU = vC,dT
dA = pdV
¢ Pabora pacmiupeHus rasa
IIpHU IIpPOIecCe:
n3obapHOM A=p(V,-V)=VvR(T,—-T,)
N30TEPMHUUYECKOM A =vRTIn Ve — vRTIn 21
Vi P2
agrabaTHOM A=vC/(T,-T, =
- MBIy (F))
y-1L N
_pih T VDY'I’
= 2171 (1 (1
(-1 L v |

rae y=gﬂ
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[image: image3.png]¢ YpaBuenue Ilyaccona (ypaBuenue pV'= const
anmaGaTHOTO IIpomecca) TV 1 = const

T'p'~Y = const

¢ KoadppumnueHT 110J€3HOTO n= @-Q _T-To
neiicTBusa nuKJjga KapHo Q r
rge Q@ u T — KOJINYECTBO TEIJIOTHI, IIOJIYYEHHOE OT HArpeBaTeJasd, U ero
TeMIepaTrypa, ,
Qo v Ty — KOIMUYeCTBO TEILJIOTHI, IepefaHHOe XOJMOAUJIbHUKY, 1 €r0
TeMIlepaTypa. .
¢ IzameHeHUE SHTPONIUU S, — 85, = { d—TQ

IIpU Mepexofe U3 COCTOAHUSA 1
B COCTOAHUE 2

* YpaBHeHnue Bau-gep-Baanbca:

n1s 1 mons rasa (p + f/%) (Vo —b)=RT
M
OJIs1 V MOJIb rasa (p + Z;——zz . %)(V - ]\’_nib) = vRT

rae a u b — nocrosuHble BaHn-nep-Baassbca,
V\ — o6beMm 1 Mmoub rasa.

+ Kpuruueckue napameTpsl Pup = Z;b =5 Ty = %}—2
» _ b _ ndd
¢ Cob6cTBeHHBIN 00b€M MOJIEKYJIBI =i " e
A
¢ BricoTa NOZHATHA KUIKOCTH p = 20cos®
B KaIWJIApe PaguycoM r per

NMpuMepbl pelueHus 3aAau
1 . MOAGKYAﬂpHO-KMHeTM‘-leCKaﬂ TEeOPHa UACAAbHDLIX Ta30B

I:E Kaxoe naBieHUe co3faooT 2 I a3oTa, 3aHuMarouue o6bem 820 cm?
npu remneparype 7 °C?

Aoom=2r=2-103kr; V=820cm3=8,2:-104Mm3; T=7°C =
= 280 K; M = 28 xr/kmoun; R = 8,31+ 103 I:x /(kMmoub * K).

Hanrtu: p.

PeweHue. MreanpHble ra3sl NOAUNHAIOTCA YPAaBHEHUIO COCTOSA-
Hua MeHaeneeBa—Kianeiipona

V=m"RpT
pMT

rge p — paBieHue rasa; V — obbem rasa; T — abcoJiloTHasA TeMIIe-
paTrypa rasa; m — macca rasa; M — mMacca OgHOTO KUJIOMOJIA rasa;
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[image: image4.png]m
R — YHHBEpCaAJIbHadA ra3osas InocTosdHHasd, J-\—l- — YHUCJIO0 KHJIIOMO-

Jel rasza; R — MoJsApHasda rasoBas IIOCTOAHHAA; % — YHUCJO

rpaMM-MOJIEKYJI UJIH KWJIOMOJIel rasa: B 3aBUCHUMOCTH OT TOro, B
KaKHX eINHUuIlax, I 1IN KI', BhIpakaeTcsd Macca rasa.
13 ypaBHEHUSA COCTOAHUSA IMEEM:

mRT . _ 2-10-3-8,31.103. 280
— mRT. _ : =~ 2,03 - 10° (Ila).
P P 28 - 820 - 106 (Tla)

MV

@ OnpenenuTs, CKOJHBKO KHJIOMOJIEM M MOJIEKYJI BOZOpOAAa COLEp-
XXuTcA B oobeme 50 M3 mox xaBiaenueM 767 MM PT. CT. IIPU TeMIlepaType
18 °C. KaxoBa IIJIOTHOCTH M VAEJbHBIN 06'beM rasa?

Aavo: V = 50m3; p = 76T MM pT.cT. = 767+1331I1a; T =
=291 K; M = 2 Kr/KMOJIb.

Haitu: v, N, p, d.

Pewenue. Ha ocHOBaHuu ypaBHeHua MeHzaeneeBa—Kiamneii-
pOHAa

pV =vRT

YCTAHABJIMBaEM YUCJIO KHJIOMOJEH v, ColepKamiuxca B 3aJaHHOM
ooneme V. 3uHana p — gasieHue, V — ob6bem, T — TeMmuepaTypy ra-
3a, R — MOJAPHYIO ra30ByI0 NOCTOAHHYIO MOXKHO OIIpeeJIUTh V:

y=DBY., _ 67-133-50
RT 8,31 - 103 - 291

= 2,11 (kmonpn).

Yucao monekyn N, comepskameeca B JaHHOM o0nheMe, HaXo-
AYM, UCIIOJNB3Yys ynuciio ABoraapo N, (KoTopoe olpejenaseT, KaKoe
KOJIUYECTBO MOJIEKYJ COLEPKUTCSA B OZHOM Kujaomoe). O6mee Ko-
JINYECTBO MOJIEKYJI, HAXOAAIINXCS B Macce m AaHHOro rasa, Mo-
JKeT OBITh YCTAHOBJIEHO, TAK KaK M3BECTHO YHCJIO KUJIOMOJIEH V.

N =vVN,.
IlogcraBinsia B (OpMyJsy UMCIO KHJIOMOJIeH, yCTaHABJIMBAaeM
qUCJIO MOJIEKYJI, cCoepKamuxca B o0beme V.
N=2,11+-6,02-1026=12,7.1026,

IInoTrHOCTS rasza p = m/V onpegensem u3 ypaBHeHUsaA MeHaee-
eBa— Kiamneipona:

V=_n_1; .
pV = RT;
o= BM

RT
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[image: image5.png]IloacTaBiasasa yucjaoBble 3HaYueHUsA B equHunax CH B popmyay,
oIIpefeJIUM IIJIOTHOCTh rasa

767-1,33 102 - 2 ]
- : = 8,44+ 102 (xr/m3).
P 78,31 10%- 201 (zr/2%)

YnenpHBIN 00BEeM rasa d onpepeisieM U3 ypaBHeHus MeHpele-
eBa—KJianeipoHa
d = Z = .E.Z;
m pM

_8,31:10%:291 _ 3
d 671339 11,9 (m°/Kr).

[E B 6annoue o6'bemoM 10 1 HaxoxuTca reauii nox gasiaeHuem 1 MIla
npu remneparype 300 K. ITocne Toro kax mn3 6annona 6n1m0 B3sATo 10T
rejindA, TeMieparypa B 6astone nouusuiaacsk no 290 K. Onpegenurs AaB-
JIeHIe rejinsi, OCTaBIIerocs B OajjioHe.

Aavo: V = 10n = 102m3, M = 4 kr/kmons; p; = 108 Ila;
T'y=300K;m=10r= 1072 kr; T, =290 K.

Hantu: p,.

PeweHue. J1d penreHus 3aJaqyy BOCIOJbL3YEMCS yYpaBHEHHEM

Mengeneesa—Kinaneiipona, IIpUMeHUB ero K KOHEYHOMY COCTO-
SAHUIO rasa:

P,V = TMZRTZ, (1)

rae m, — Macca reiaus B 6aljloHe B KOHEYHOM COCTOAHUM; M —

MacCa OJHOI'O KMJIOMOJIA TeJINdA, R — MOJIAPDHAA rasoBasd IIOCTOAH-
Had.

13 ypaBHeHus (1) BEIpasuM HCKOMOeE JaBJIEeHUE Dy:
- m  RET, (2)
2 M Vv’

Maccy reaus m, BeIpasuM 4epe3 Maccy m,, COOTBETCTBYIOLIYIO

HaYaJbHOMY COCTOAHMIO, U MAcCy m rejusda, B3AToro n3 O0ajajgoHa:
my,=m,; — m. (3)
Maccy renusa m, HaliieM TaK)Xe U3 ypaBHeHUs MeHJeleeBa—

Kiamneiipona, IpUMEHUB ero K Ha4aJbHOMY COCTOSHMUIO!

— PV
ml RTI * (4)
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[image: image6.png]IloacraBnasa B BeipaskeHue (3) maccy m, o popmyie (4), a 3a-
TeM IIOJIydeHHOe BhIpa)keHue m, B Gopmyny (2), HaiineM

(Mpr )RTz
2= o T M50
RT, MV

HJIN ITO0CJ1e HpEOﬁpBBOB&HHH H COKpPaIlleHnuA

_T, _ m , RT,
p2 Tlpl M V *

=_2_.9__0_. 6-—10~2.8’31.103. o= L] 5
Py = 555 " 10°- = o + 290 (ITa) = 3,64+ 10° (ITa).

(9)

B cocyne emrocrteio 8,3 1 HaXoAUTCA BO3AYX NPU HOPMAaJbHOM
paBieHnu u remuneparype 300 K. B cocyx BBogsaT 3,6 r BoAgsI 1 3aKphIBAa-
IOT KpuImiKoii. OnpemenuTsb gaBiaeHue B cocyne npu 400 K, ecsiu Bcsa Bozja
IIpH 3TOM TeMIepaType IpeBpallaeTcs B map.

Aano: V = 8,31 = 8,3:103m3; T, = 300K; m = 3,6r =
= 3,610 kr; T, =400 K.

HauTtu: p.

PeweHune. JlaBjIeHHE B cocyZe CKJIAAbIBAETCA U3 JaBJIeHUA BO3-
AyXa, HarpeToro Ao TeMiepaTtypsl T, U JaBJIeHUS BOAAHBIX IIapOB
IIPY TOM »Ke TeMIiepaType.

N3 o6bequHeHHOro rasosoro 3akona p,V/T, = p,V /T, Haxoaum
IaBJIeHMe BO3JyXa:

T
= Pol1
P1 _To
U3 ypasuHenmss Mengeneesa—Knaneipona p,V/T, = mR/M
Ha¥ujgeM JaBJieHNEe BOAAHBIX IIapOB
mTR

P:= v

roe M = 18+1073 kr/mMonp — MOJApPHAA Macca BOISHOrO Ilapa;
R = 8,31 [I)x/(monb * K) — MoaAapHasa ra3oBas IIOCTOAHHAA.

ITo saxkony [lanbpTOHa A CMECH ra3oB p = p; + p, HalifileM JaB-
JIeHUE rasa B cocyhe:

T, , mT,
p = — + _———R,
Por. ™ Mv
rae po = 1,013 - 10° ITa. Torza

. ° . -3 °
~1,013-10°-400 , 3,6-1077-400 g 37_9 15.105 (IIa).
300 18-103.8,3+-1073

50




[image: image7.png][5_:__‘ B 6asnnone comep:xurca kKuciaopox m; = 80 r u apron m, = 320 r.
Ilasnenue cMecu p = 1 MIla, remneparypa T = 300 K. IIpuaumas nau-
HEle ra3bl 3a HAeaJIbHbIE, ONIPeeJINThL EMKOCTE V GaJIoHA.

Aawo: m, = 8102 xkr; M, = 32 kr/kmons; m, = 0,32 Kr;
M, = 40 kr/kMoub; p = 10°I1a; T = 300 K.

Haatu: V.

PeweHne. Ilo 3axony [lanbpTOHA JaBJE€HME CMECH PABHO CyMMe
MapIMaJbHBIX JaBJIE€HHHN ra3oB, BXOAAIIUX B COCTAaB CMECH.

IIo ypaBHeHU1I0 MenaeneeBa—KiamneipoHa napuuaabHbIE JaB-
JIeHUs KUCJIOPOJa P, M aproHa p, BEIpa)XarmTcsa GopMyIaMu:

_m RT . _m RT
Pr=y, v 2Ty, Y
CiemoBaTenbHO, 110 3aKOHY JlasibTOHA JaBJIeHNE CMECH ra30B:
_ _(mi , m3\RT
P=DpDytpy,,nanp (M1+M =
OTKyna eMKOCTh 6aJ1J10Ha°
_ (0,08 , 0,32}, (8,31- 103-300 ~ 3\ ~
Vv (——32 + 232 ) ( D ) 0,0262 (M%) = 26,2 ().

B cocyne o6bemoMm 2 M3 HaxomUTCA cMech 4 KT TeJiusa U 2 KT BOZO-
poaa npu Tremneparype 27 °C. OnpeznesiuTs faBjeHUe U MOJAPHYIO Maccy
cMecH rasos.

AaHo: V=2m3 m, =4 xkr; M, = 4-1073 kr/moun; m, = 2 Kr;
M,=2-:10"8 kr/mons; T = 300 K.

Hauntu: p, M.

PeweHune. Bocmonpsyemcsa ypaBHeHuem MeHpaeneeBa—Kia-
Ie¥ipoHa, IPUMEHMB €ro K I'eJINI0 1 BOOOPOAY:

V=c—, 1
P M, (1)
m2RT
— , 9
Py M, (2)
r&ie p, — NapUMaibHOE AABJIEHWE TeJIUA; M, — Macca TIellusd;

M, — ero monsipaas Macca; V — o6beMm cocyna; T — Temmeparypa

rasa; R = 8,31 II)x/(monb * K) — MonApHas rasoBas IMOCTOAHHAA,
P, — TapInuajlbHOE AaBlIEeHHE BOJOPOJAA; m, — Macca BOJLOPOJA;
M, — ero monapHas macca.
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[image: image8.png]IIo 3axkony [laansTOHA:
P =p; t p;. (3)

Wz ypaBHenuii (1) u (2) BeIpa3uM p, 4 p, ¥ IOJCTABMM B YypaBHEHUE

(3):

p=RT  mRT _ (.’.’1_1_ + .'ﬁzZ)E_T_, (4)
M,V M,y \M, MyV

Hagem moaapHYIO MacCcy CMeCcH ras3osB II0 (popmyJie

M

—Mmtm, (5)

vV, TV,

rAe V; U V, — YHCJIO MOJIed reJusd U BOAOPOJa COOTBETCTBEHHO.
Yucso moJiei ra3oB HaMgeM mo popmysaam.:

Vi= =, (6)
Vo = —=, (7)

IloacraBnsasa BeipakeHus (6) u (7) B popmyay (5), HaligeMm

m,;+my

M = (3)

m1+m2
M, M,

4 2 \8.31:300 _ 6

= 4+ ’ o= . :
p (4-10—3 2-10-3) 2 2,5+ 10% (Lla)
M=

4+ 2 Q. -3
1 5 3°+107° (kr/MoJpb).

+
4-103 2-.1073

B pesepsyape o6semom 1,2 M3 Haxomurca cmech 10 Kr azora u 4 Kr
Bojopoza npu remneparype 300 K. Onpezenurs naBjieHue M MOJISPHYVIO
Maccy cMecH rasos.

Aano: V =1,2 M3 m; = 10 kr; M, = 281073 kr/monb; m, =
=4 xr; M,=2-10"3 kr/mons; T = 300 K.

Ha#nTtu: p, M.

PeweHne. Bocmoas3dyemca ypaBHeHuem MeHaeneeBa—Kia-
IerpoHa, IPUMEHHUB ero K a3oTy ¥ BOIOponay:
_ m,RT

V ;
P1 M,

(1)
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[image: image9.png]__ myRT

V ,
P2 M,

(2)

rae p; — NapruajJbHOE JaBJI€HUE a30Ta; m, — Macca asora; M, —
MOJIIpHasa Macca azora; V — o0bem pesepByapa; T — TeMIepary-
pa rasa; R = 8,31 [I)x/(Moinb * K) — MmonspHasa razoBas IMOCTOSH-
Has; p, — NaplualibHOE JaBlIeHHe BOJopoja; m, — Macca BOJOpO-
na; M, — MoasipHasa Macca BOJopoJa.

ITo sakony [lampTOHA:!

P =p; Tt py. (3)

W3 ypaBHenu# (1) u (2) BeIpasum p, U p, ¥ IOJCTaBUM B ypaB-
HeHUe (3):

m BT m,RT _ (5’—1-1- +-'-’13-)RT. (4)

P=mv "My T \M, M)V

Haiigem MOJAPHYIO MacCy cCMecH ra3oB II0 (popmyJie

_my+my
_——,

M (5)

VvV, + Vo

rge m, — Macca as3ora; m, — Macca, BoJopoJa; V; — KOJUUYeCTBO
MoJIe} a30Ta; Vo, — KOJHYEeCTBO MOJIE BOAOPOAA.

KonuuecTBO MoOJei a3oTa ¥ BoAoOpoJa v; U v, Haiifem 1o ¢op-
MYyJIaM:

Vi = — (6)
v, =Mz, (7)

IToacraBnasa ¢opmyasl (6) u (7) B BeIipaskeHue (5), HalizeM

M= m;t+m, . (8)
my/My+my/M,

Beiunciaum:

28103 2-.10°3 1,2
M = 10+4 = 6+1073 (kr/Mo1B).
10 n 4

28103 2.10°3
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[image: image10.png]B 3aKpBITOM COCYe eMKOCThIO 3 M3 HaxonsaTcA 1,4 Kr azora 1 2 Kr
requsa. OnpeneanTbh TEMIEPATYPY radoBOM CMeCcH 1 IIapiuajJbHOe JaBJie-
HUe reJIis, ecJU NapnuajbHoe AaBiieHue aszoTa pasuo 1,3 - 10° I1a.

AaHo: V =3 m3; m; = 1,4 kr; M, = 28 Kr/KMOJb; M, = 2 KT;
M, = 4kr/K™Monb; p; = 1,34 - 10° Ila.
Haitu: T, p,.

PeweHue. IlapnuansHoe gaBiaeHUe reJind ¥ TEMIlepaTypa raso-
BOII CMecH OINpelensiloTcsa u3 ypaBHeHUA MeHaeneeBa—Kidmeii-
poHa:

V: _n_l_l_R * 1

D, M, T; (1)
m

V= _2RT. 2

Do M, RT (2)
3 (1) HaxoguM TeMIIepaTypy

_ P,VM,

T ———-—mlR ’

1 ToTOM 13 (2) MOJKHO OIIpeNeuTh NapiualbHoe JaBJIeHNe rejinsd

D, = my . Bp,VM, _ m,M,p,
2 M, mRV m,M, '

(3)

IloacTaBum Bce BeuuuHbBI B hopmyasl (1) u (3), npoBenem BEI-
YUCJEHUSA TeMIIepaTypPhl U JaBJIEHUA:

. 9.9,
7— 13:10°-3-28 _ gag gy
1,4-8,31-10%

pp=% 28141‘1 107 = 1,3 106 (TIa).

Kaxoi1 o6beM 3aHMMaeT cMechk 1 Kr KHCIopoga U 2 KI rejus IpU
HOpMaJbHEIX yeiaoBuaAx? KakoBa MossipHas Macca cMmecu?

AaHo: m; = 1kr; m,= 2xr; M; = 32kr/kmonp; M, =
=4 Kr/kmoJib, p=1,01+10°I1a; T = 273 K.

Hantu: V, M.

PeweHne. OGosHauuM depe3 m; u M; — Maccy U MOJAPHYIO
Maccy Kucjiaopojga, depe3d m, u M, — Maccy ¥ MOJSPHYIO Maccy
rejaus.

54




[image: image11.png]H s cMecu ra3oB cIIpaBeAJinB 3aKoH JlanbTOHA:
P =p;t+ Py
rie p, ¥ p, — NapuuaJbHEIe JaBJIeHUs, olIpefiesieMble U3 ypaBHe-
HuAa MeHzgeneeBa—HKnaneiipoHa:
m,RT  _ _ m,RT
P1= M v » P2 = W ’
rae T — Temneparypa, V — 00BbeM cocyna, B KOTOPOM CMeEIIaHEI

rasel, R — MoJsipHaa ra3oBas IOCTOSIHHAA.
Toraza

_ (M, M\RT, ,_ (M1 my)\RT
p=(3 -+ z) LV = (M1+M . (1)

MonekynspHasa Macca CMeCH oIpeAeiseTcsd IO YPaBHEHUIO
MengeneeBa—HKianeitpona:

m,..*RT m m
V=T 27 _ (D14 22) Ry,
P M., M, M
IIO3TOMY
M =T _ (my + my)M, M, .
Momy my mM,+myM,
M, M,

IIponsBOoaAMM BBEIYHCJIECHUSA
1 , 218,31-:103-273
V=[(L42 =12 (m3);
(32 1,01-10°% (r7);

_(1+2)-32-4
1-4+2-32

M = 5,65 (Kr/KMO0JB).

Cocyn eMKOCTBIO 2 JI COZEP:KUT a30T mpu temmueparype 27 °C u
nasaernn 0,5 arM. Halitn yncio MoJieKyJI B cocyae, YHCJIO CTOJIKHOBE-

HUI MeXXAYy BCeMH MOJIeKyJiaMu 3a 1 ¢, cpegHIO AJIMHY CBOOOJHOIO IIPO-
Gera MoJiexy.I.

Aano: V=21=2:103m3;, T=27°C=3800K; p=0,5arm =
= 5,065+10* H/Mm2; M = 28 kr/xmoub; d = 3,1 10710 v,
Hantu: n, 2, <A>,

Pewenune. Hucao MoJIeKys B cocyle HaljleM UCXOAA U3 ypaB-
HeHusa MeHpaeneeBa—Kianeiipona:

Vv==1~0nT.
P MR
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[image: image12.png]B rase mMaccoii m coAep:KuTCs n MOJIEKYJI ra3a, TaK 4TO M = nim,,
rie m, — Macca OTAEJbHOI MOJEKYJBI, a B OJHOM KHJIOMOJE Be-
I[ECTBA COJEPKUTCA UYUCIO MOJEKYJ, pPaBHOe 4YHcIy ABOrajpo
(N, =6,01-102% 1/xkmons). IToatomy M = mN ,. CnegoBaTennHO,

pV=1-V’2;RT;n=%ZTY,NA. (1)

Yucao CTOMKHOBEHUHN KaKIOoi MOJIEKYJBI C OCTAJIBLHBIMM 3a
1c:
<2> = .<_l.)_>_ y
<A>

rage <v> = /g%} — cpegHAA apudpmMeTnYecKaa CKOPOCTh.
11

Cpenusasa gauHa cBoOOAHOrO nmpobera MoJIeKyJ rasa <A> olpe-
neasaercsa popmysoi:

1
J2nd?n, ,

rae d — 3(pPeKTUBHBIN AUaMeTD MOJIEKYJIBI, Ny — YHUCI0 MOJIEKYJI

B efUHUIlE o0 BeMa.
HMcxona us ypaBuenud (1),

<A> =

rae k = KIE— =1,38+:10723 II)x /K — mocrosiuHaa BonpnMaHa.
A

IlosToMy Ansa dueja CTOJIKHOBEHUM KaXKJ0H MOJIEKYJIBI 3a 1 ¢

IIOJYYUM:
_ 2 ’SRT . P
<z>=./2nd BT (2)

OO6miee yuca0 CTOMIKHOBEeHU 3a 1 ¢ paBHO:

1
Z=_n.<z>o
2

CormacHo ypaBHeHusAM (1) u (2) umeem:

J2 o /8RT p2V
Z = —nd hd . 3
2 nM  E2T? 3)

IlnuHa cBobogHOrO npobdera:

RT

<A> = ——
J2rd?p
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[image: image13.png]IIponsBoaum BeruuciaeHusa B CHU:
_5,065-104-2-103-6,02 - 102°

n = 2.45 + 1022 mosIeKyI;
8,31-103-300
J2 _ J8-831-103-300
= N o ’140 ,120 1 20 2
2=7 3,143 0 3.14- 98 *
5,0652+108.2+10°3 _
X = = 3,04 +1031 (c1);
1,382.10746.9.104 (c)
<A> = 1,38+ 1023 300 =1,92-1077 (m).

J2:3,14+3,12-10720. 5,065 - 10*

@ Haiitn uuciao Mosexkysn aszora B 1 M3, eciu pmaBleHHMe DPaBHO
3,69 aTM™, a cpefHAs KBagpaTUuHasaA CKOpoCcTh MoJieKyJ paBHa 2400 m/c.

Aavo: V=1m3 p=3,69-1,01-10%1Ila; <v, > = 2,4+ 103 m/c;
M = 28 Kr/KMOJIb.

Haitu: ng.

PeweHue. OCHOBHOE YpaBHEHNE MOJIEKYJIAPHO-KUHETUYECKOU
TEOPHUH ra30B UMEET BUJ

p=znym<v>% (1)

COfa

rfie p — AaBJeHue; Ny — KOJIUYECTBO MOJIEKYJ B eUHUIEe 00bemMa
rasa; m — mMacca OJHO! MOJIEKYJIbI; <U > — CPeJHAs KBaJpaTuy-
Hasl CKOPOCTb MOJIEKYI.

Macca ofHO! MOJIEKYJIBI paBHA

M
m= —, 2
- (2)
rae M — macca 1 mons rasa; N, — uymciao Asoragpo — 6,02 x

x 1026 xmonanL.
Hcoonwsya (1) u (2), monyuum
_ 8PN,

0 M<vRB>2 ’
3-3,74-105-6,02-102 _
= ’ ’ = 4,2+10% (m73).

28 - 2,42+ 106 (™)

ng

@ IIpu KaxKoM IaBJeHUU CPeRHASA AJINHA cBoOOQHOrO mpodera moJie-
KyJI Bogopoza <A> = 2,5 ¢cm npu remneparype 68 °C? JluaMeTp MoJIeKyJI
BOJOPOZA IPUHATEL paBHEIM d = 2,3+ 10710 .

AaHo: <A> = 2,5:102 m; T = 341 K; d = 2,3-10710 y;
N, =6,02-10% gmonp!.

Hautu: p.
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[image: image14.png]PeweHue. J[aBieHHe Bomopoza IIpu TeMmIieparype 1 MOXHO
HaiiTu mo ypaBHeHuio MeHzeneeBa—HKnamneiipoHa, B KOTOpPOM
yI06HO BBECTH UMCI0 MoaeKya n B 1 M3, 9To mposoauTca ciexy:o-
muM obpasoMm:

— BT: p= BT
pV=RT;p =

HOo R= Nk, rne N, — uncno ABoraaipo ¥ B — 1ocrosaHas Boabl-

N N
MaHa. ClefoBaTelbHO, p = -‘—fékT. Taxk Kak —Vi‘ = n, HMeeM

Yucao MoaeKya B 1 M3 BeIpasuM yepes CpeAHIO IJHHY CBO-

oomHoro mpobera. I3 dopmynsr <A> = 1 HaXoouM n, =

J2nd?n
0

1
= . Takum obpasom,
J2nd2<i> P
° -23 °
KT _ 1,38+ 10-23 - 341 ~ 0.8 (Ia).

p - —
J2rd2<a>  J2.3,14-2,32:10720.2 5102

@ BaxkyymHasa cucreMa 3anoJjiHeHa BOAOPOAOM IIpHM JaBJIEHUH
1073 MM pr. cr. PaccuuraTs cpenHioio fauHy cBoboxHOr0 nnpobera MoJe-
KyJI BOLZOPOAA IIpM TAKOM AaBJIeHNH, ecan ¢ = 50 °C.

AaHo: p = 103 MM pT. cT. = 0,138311a; d = 2,3:10°10; T =
=50°C=323 K.

Haimtu: <A>.

PeweHue. Cpegusasa AanHa cBOOOJHOr0 npodera MoJIeKYJI oIpe-
neisieTcs mo popmyJe:

1

b

J2nd?%n,
rae d — 3QGEeKTHBHBIN AUaMeTpP MOJIEKYJIBI; N, — YHCJIO MOJEKY.JI
B eIUHUIle 00BeMa.

3 MOJMEeKyIAPHO-KMHETUYECKON TeOpPHUM r'a30B H3BECTHO, YTO

<A> =

= = P
p=nykT,nmu n, T

IIpousBeneM IOACTAHOBKY

<> = RT

Jﬁndzp ’

rie B — mocroaHHas Boapnmmana; B = 1,38:10723 Ik /K; T —
TeMIlepaTypa;, p — AaBJIEHUE.

1,38 . 10—23 ¢ 323 ~ 0’143 (M).

<A> =
J2:3,14+5,3-10720.0,133
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[image: image15.png]OnpenenuTh CpegHION IJNHY cBOOOAHOI0O Ipobera MOJEeKYJI I YucC-
JIO coyaapeHuU 3a 1 ¢, IpOUCXOAAIINX MeXKAY BCeEMU MOJIEKYJIaMU KIC-
Jjopola, HaXOASILEerocsa B COCYAe eMKOCThIo 2 1 Tpu TeMueparype 27 °C
u gaBiaeHuu 100 klla.

Aavo: V = 21 = 2:1083m; M = 32:103xr/monp; T =
=300 K; p =100 kIla=10%TIla; d = 2,9 10710 »,

Hantu: <A>, 2.

Pewenue. Cpenuasa aamHa cBoOOaHOTO nmpobera MoJeKyJ KHC-
JIopoJa BBIUHCJIAETCA Mo hopmyJie

Q>=—1 (1)
J2nd?n,
rae d — 3@ deKTUBHEBIN AuaMeTD MOJIEKYJIbl KUCJI0POJa; Ny, — YHUC-

JIO MOJIEKYJ B eIUHHIle o0beMa, KOTOpoe MOXKHO OIIpeNesIUTh U3
YPaBHEHUA

n0=k%;, (2)

roe k — nocrosiHHasaA BoabIiMaHa.
IloacraBnsas (2) B (1), umeem

<> =_rT | (3)
J2nd2p
Yucao coymapeHu 2, NPOUCXONANINX MEXKJIY BCEMU MOJIEKY-
JaMu 3a 1 ¢, paBHO

2= =<z>N, (4)

D[ =

rane N — 4uciio MOJEKYJ KHCJI0poaa B cocye ooseMoM 2+ 1073 m;
<2> — cpeAHee YHCJIO coyAapeHni oqHOM MoJeKyasl 3a 1 ¢. Hucao
MOJIEKVJI B cocylie

N=nV, (5)
Cpenuee uucao coymapeHuil MoJeKyanl 3a 1 ¢ paBHO
<v>
<z>= ==
2 <A>’ (6)

rae <v> — cpegHAA apudpMeTUUYeCcKasa CKOPOCTh MOJIEKYJIbI

<v> = /%B-T. (7)

IloacraBnsasa B (4) Beipaxkenus (5), (6) u (7), HaxoguMm

SRT

siil  5.5n42

a2 P . by 2nd?p?V [RT
ET kT k2T2 NnM -

1
2=_o
2
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[image: image16.png]IIpousBeneM BBIYUCIEHUA:
_2+3,14-2,92.10720.1010.2.103
2= X
1,382-10746.9.104

9 J 8,81:300  _ g 7.0 (c1);
3,14-32-1073

<> = 1,38 -107% - 300 ~1,11-10"7 (m).
J28,14+2,92.10-20. 105

HaiiTt njaoTHOCTHL as3oTa, e€clIM MOJeKyJjia 3a 1 ¢ HCHOLITHIBaeT
2,05+108 ¢! cronkHOBenuit npu remneparype 280 K. Kaxkosa cpenHsas
IJINHa ¢cBoOOHOrO Impodera MoJIeKya?

AaHo: <2>=2,05-108¢1; T=280K; M =28+ 1073 Kr/mMo01b;
d=3,1-10019m; N, =6,02-10% monp1.

Hantu: p, <A>.

Pewenue. IlmorHocTh a3ora onpenensaercd 1o popmye

m
P= 'f; ’ (1)

rage m — Mmacca asora; V — o0beM.

Maccy a3oTa MOXXHO BBIPa3UTh Ye€pPE3 YHUCJIO MOJIEKYJ B JaHHOM
o0’beMe M Maccy OJHOM MOJIEKYJIbI:

m = m,N. (2)

Maccy m; ofZHOU MOJIEKYJIbl MOXXHO HAWTU JEJCHHEM MAaCChI
OZHOI'0O MOJIA Ha IIOCTOAHHYIO ABOorajapo.:

M
N,
Yucio MoOJIEeKyJ, COAEPKAIINXCA B ra3de HEKOTOporo oosema vV,
pPaBHO

N = n,V, (4)

rae ny, — KoHIeHTpanua moiaekya. Iloacrasasaa (4) u (3) B (2),
nMeeM
_ MnyV

m
N, ’

(9)

nanee, noactasiaaa (5) B (1), moayuaeM

Mn,

P="ﬁ:- (6)
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[image: image17.png]KoHneHTpaniuio MOJIEKYJ HaxXOAUM M3 (GOPMYJBI AJA YHCIA
CTOJIKHOBEHUI;

<z> = 2 nd?n,<v. >, oTKyaa
0 ap

_ <z>
(Jénd2<vap>)

(7)

ng

roe d = 3,1-10710m — sdpdexTUBHBINA AHAMETP MOJIEKYJBLI a30Ta;
<v,> — CpeAHAsA apudMeTHIecKas CKOPOCTb MOJIEKYJI;

_ [8RT
Vpp™ = v (8)

rne R = 8,31 II')x/(monpb* K) — MonsapHasa rasosas IOCTOAHHASA;
T — TepMommHamMudeckas temueparypa. IloacraBisasa BeJIUYUHY
<v,,> U3 (8) B (7), monyuum

ng = <z2> . (9)
4d2 nRT
Aj M

IToxcraBassa Beluduny ny u3 (9) B (6), umeem

M<z> (10)

Na4a? [FRT
M

CpeaHIo0 AJMHY CcBOOOAHOrO Ipobera MoJIEKYJ a30Ta HAaXOAUM
o gopmy.Je

p=

1
J2nd?n,

Ncnons3ys coorHomrenue (9), monyyaem

<A\> =

S8RT 1
<A> = . : 11
M <z> (11)
IIpousBeneM BBIYMCIEHUSA:
0= 28103 2,05+108 -
6,02-1028 - -
0% 4.312. 10_204/97,14 8,31 - 280
28 +10°3
= 4,86+ 1072 (xkr/m3).
Q>=_1 . J 8-8,31-280 . 9 94 (k).
2,05-108 3,14-28-1078
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[image: image18.png]OnpepennTs CpefHION AJUHY ¢cBOOOJHOro npobera MOJEKyJ U YUC-
JIO coypapeHuii 3a 1 ¢, IPONCXOAAINNX MEXAY BCEMU MOJIEKYJIaMHU a30Ta,
B COCYJie eMKOCThRIO 4 JI, coiepsKallerocss Ipy HOPpMaJbHEIX YCJIOBUAX.

Aavo: V=431 =4-103m% M = 28 xr/kmonn; T = 273 K;
p=1,01-10°TIa; d =3,1-10710 p,

Haktiu: 2, <A>.

Pewenne. Cpegusasa ginHa cBOOGOZHOro npodera MoJIeKyJ a3oTa
<)\> MOXKeT ObITh HalieHa, €CJIM M3BECTHO YHCJIO MOJEKYJ B eau-
HHuIe o0beMa ny 1 3HEeKTUBHELI JuaMeTp MOJIEKYJIH d:

D>=—1 (1)
A/—z-ndzno

Yucnao MONEKYyN B eAHHUIle o0beMa n, onpefenserca us ¢op-

MYJIBl JAaBJIEHUSA, NOJYIYEHHON Ha OCHOBAHMHU YpPaBHEHUA MOJIEKY-
JAPHO-KHHETHYECKOM Teopuu rasoB p = nykT. Orcroma ciexpyer,

9TO

(2)

n.= L

O kT’
rage kK — nocrosHHaa BoabniMaHa. B okoHYaTeIbHOM BHAE dopMy-
Ja (1) umeer BuJ

kT
<AU> = — ’ (1’ a’)
J2nd?p

oInamMeTp d HaAXOAUM II0 TaGJaHIIaM.

Yucao coygapeHUi 2, IPOMCXOAANINX MEXXKAY BCEMU MOJIEKY-
JamMu 3a 1 ¢, MOXXHO BBIUHCJIUTH II0 M3BECTHOMY OOILEeMY UMCIY
MOJIEKYJI N, a TaKXKe II0 YUCJY COYAapeHUM <2> Ka)KJA0H MOJIEeKY-
JIBI C OCTAJIbHBIMU 3a 1 ¢, T. e.

2= =n<z>, (3)

DOl

O6miee 4KCI0 MOJIEKYJ B COCYAE n HaijgeM 1o hopmyie

PVN, . (4)

T RT

rae N, — 4ucjo ABorajpo.

CpenHee 4uCJI0 cOyZapeHUM OAHOI MOJIEKYJHI 3a 1 ¢ moay4uum,
eCJIU ee CPeJHIOI0 apupMeTHUYECKYI0 CKOPOCTHL <U> pasfejNM Ha
OJIKUHY cBOOOAHOTO mpobdera <A>:

<z>=="" (39)
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[image: image19.png]Cpenaasa apudmMeTHIecKas CKOPOCTh MOJIEKYJI:

<v>= [8ET (6)
nM

IlogcraBasasa B (5) BeIpakeHud (6) u (1, a), HaxXogUM YHCJIO CO-
yaapeHu KaKJJoM MOJIeKyJibI 3a 1 c:

8RT J2nd?p _ 4nd?p [RT

<z> = :
nM kT kT M

(7)

O6miee umcyo coymapeHHM 3a 1 ¢ MeXXAy BceMU MOJIEKVJaMU
BBIUHUCJISAEM, UCIIOJIL3yA cOOTHONIeHHUd (3), (4) u (7):

1 pVNa 41d?p |RT _ 2nd?p?V |RT

2=z :
2 RT RT ANmM k2T? nM

HOJICT&BJIHH YNCJIOBbIEe SHAUYEHU A, IIOJIYUNM
_2-3,14-3,12.1072°-1,012-101°-4-10"3 /8,31-103:273 _
1,382.10-46.2732 «/ 3,14 - 28
= 2791032 (c1);
1,38-10°23.273
J2n+3,12.10720.1,01-1075

<

<A> = = 8,74+1078 (m).

@ OnpenenuTs NJIOTHOCTH PA3peKEHHOT0 a30Ta, €CJaU CpefHAsa AJIU-
Ha cBoOogHoro mpobera mojyexkys 10 cm. Kakosa KoHIeHTpanmusa Mo-
JeKya?

AaHo: <A>=10cm = 0,1 M.

HawTtu: p, n,.

PeweHne. Cpeausasa gauHa cBobogHOrO IIpobera MoJIeKy.JI oIpe-
nensaercsa GopMyJson

1

<> = , (1)
ﬁndzno
rge d — 3bdexTUBHLII gUaMeTp MoJeKya (mans azora d =
=0,31-107° m).
KoHneHTpamuo MoJIeKyJI onpeieJIUM U3 PaBeHCTBA !
mN , N4
Na = . == —

rae N, — nocrosHHas ABoragpo; M = 28-1073 kr/mMonr — Mo-
JApHas Macca a3oTa.
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[image: image20.png]Pemtast coBMecTHO ypaBHeHud (1) 1 (2), Haxoqum

Ny = 1 = p]__V_A s P = M = nOM .
' J2md2<d> @ M7 [Brd?<i>N, Na
1
g = = 2,34 1019 (m);
0 /2.3,14-3,12-10-20.0,1
0=2,34-1019. — 28 __ —1,09-1076 (xr/m3).

6,02 - 1026

Onpepenuts K03hPHUIMEHT BHYTPEHHEr0 TPeHUA AJA BOJOpPOIA,
nMeloniero remneparypy 27 °C.

AaHo: M = 2kr/kmoap; T =27°C=300K; d =2,3-10710 y;
N, =6,02-10% xkmoup™!; R=8,31-103 I>x/(xkmons * K).

Hantu: n.

Pewenne. VI3 MOJIEeKyIAPHO-KMHETHYECKOII TEOPUU ra3oB KO-
3(PUIHEHT BHYTPEHHEro TpeHu sl paBeH

n=2p<v><i>, (1)

rge p — ILJIOTHOCTH rasa, <v> — cpeifHAd apudMeTuUdYecKas CKO-
POCTH MOJIEKYJI; <A> — CpeaHAA AJHUHAa cBoOogHOrOo mpodera.
IlnoTHOCTE U3 ypaBHEeHUs MeHelleeBa—Kiamneiipona paBHa

-m _pM, 2
P=1v =55} (2)
rpge m, V, p u T — macca, o6beM, faBjieHNe M TeMIlepaTypa rasa,

M — monsipHas Macca Bomopoja, R — MoJasipHas rasoBsas IIOCTO-
STHHafd;

cpenHsAs apudMeTHUYECKas CKOPOCTh MOJIEKYJI paBHA:

_ [8RT,
<v> —7’ (3)

cpeAHAA NJKUHa cBoOOgHOro npobera paBHa:

1
Jf2nd?n,

rae d — 3pPeKTHBHBIN AuaMeTP MOJIEKYJIBl BOAOPOAA, Ny — YKUCJIO
MoJIeKyJI Bogopona B 1 m3.
IlaBieHNe M TeMIlepaTypa rasa CBA3aHbI COOTHOIIEHUEM

p = nykT, (9)

<A>=

(4)
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[image: image21.png]OTKYJa

nO kT’ ( )
a k B ¢cBOIO ouepenb PaBHO
R
k = — ’ 7
N, (7)

rae N, — uncyo Asorazpo.
IlopcraBaasa (2), (3) u (8) B ypasHeHUE (1), mHOJTyYuM

_PM [BRT RT _ J8BMRT

1
3 RT NTM JéndzPNA 3J2n3dEN 5 .

n = J8+2:8,31-103-300 — 8,410 (kr/M- c).

3:.2.3,143.2,3-10-10.6,02 1026

’rl=

BriuncanTts Ko3d@@uIiirieHT BHYTPEHHETO TPEHUA U KO3MQPUIIHEHT
nuddysun Kuciaopona, Haxonsaulerocsa npu gasjaenun 0,2 MIla u remne-
parype 280 K.

Aano: p=2:10°IIa; d =2,9:10"19m; M =32-103 xr/moab;
T =280 K.

Hantu: n, D.

PeweHne. Ha ocHOBaHUM NIpesCcTaBJIeHHIN MOJEKYJAPHO-KHUHe-
THYECKOH TEOpHH ra3oB KOd(p(PHIMeHT BHYTPEeHHEro TpeHus mujae-

aJIbHOrO rasa (IuHaMu4YecKas BA3KOCTh) U KoadpdumuentT audpdy-
31U OIIpeneIAITCA I10 hopMyJaaM:

n=2p<A><v,>; (1)
D= % <A><v, >, (2)

rae p — OJOTHOCTH rasa; <A> — cpeJHAA AJNHA CBOOOJHOrO IIpoO-
Oera MOJIEKYJI; <v,,~> — CpejHAA apupMeTHYeCKas CKOPOCTh MO-
JEeKVII.
N3 (1) u (2) cnepyer
n=pD. (3)

CpeaHio0 apu(pMETHUYECKYIO CKOPOCTh M CPEeSHIOI AJHUHY CBO-
6oaHOro nmpobera MOJIEKYJ HaXOLUM 110 GOpMyJIaM:

_ [8RT
<> = =7’ (4)

3 - 9332 Cnaackoi 65




[image: image22.png]1
<A> = , (9)
J2nd?n,

rae R = 8,31 II»x/(moab* K) — MoasAapHas rasoBas IIOCTOAHHAA;
T — TepMoguHaMHuyecKas Temmepatrypa; d = 2,9-10710 M — »¢-
(heKTHUBHBIHN AUAMETD MOJIEKYJIBI KMCJIOPOAA; Ny — YHUCJIO MOJEKY I

B 1 M3 (KoHIEeHTpanus).
A3 OCHOBHOrO ypaBHEHHS MOJIEKYJAPHO-KMHETHMYECKOMN Te-
OPHMM r'a30B OIIpeJieJIAeM N .
n,= £, 6
O T (6)
rge p — paBaenue; k — 1,38 10723 Ik /K — mocrosinHas BosabIl-
MaHa.
ITloxcrasasas (6) B ypaBHeHUE (), HOJIYUaeM:

ET
<A> = . (7)
J2md?p

OKoHuaTebHBIA BUJ, pacdyeTHOM (DOPMYJIbI AJISA KoaddHUIIMeHTa
muddysun HaigeM, noacTaBAaa BeipakeHud (4) u (7) B (2):
1 [8RT T _ 2kT T (8)

3NnM [and?p 3nd?p M’

IInoTHOCTE KUCJIOpOZA ompenensercaA mo ¢gopmye (6), pac-

CMOTpPEeHHOH paHee B 3ajaue 15: p = Mn, . C yueroMm (6) nmeem:
~ Mp_

IToncraBasas (9) u (8) B (3), mosyuaeM pacueTHYO GopMyay LIS
Koa(p(puineHTa BHYTPEHHETO TPEHUA:

n=—=2__ /MRT.

3n/nd?N ,
BrruucasieM:
_ 2, 1,38 +10723. 280 J 8,31-280 _
3 3,14-2,92.10720.2.105 3,14-32-1078

=~ 7,4+107% (m2%/c);

2./32+.103-8,31 280 _ _5
n= 2 =2+107° (xkr/(M* c)).
3:3,14./3,14:6,0-1023.2,92.10-20
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[image: image23.png]Onpepenuts KoaddunuesT suddy3nu u KoadpduIneHT BHYTPEH-
Hero TpeHus azora, Haxopasauleroca npu remneparype 300 K 1 nasnennu
10° Ia.

Aano: p, = 1,25 kr/m3; M = 28-1073 kr/mons; T = 300 K;
p= 10°TIa; d =3,1-10710 1.

Hantu: D, 1.
Pewenue. Koadpdbunuenr aguddysun onpenenserca mo ¢op-
MyJe:

D = = <pv><)p>, (1)

CO =

rae <v> — cpegHaa apudMeTnUecKas CKOPOCTh MOJIEKYJI, paBHAA

<v>= [BET, (2)
nM
<A> — cpeaHAA NJIuHA cBoOoxHOro mpobera moJserkyJa. Hasa Ha-

XO0XKIEHUA <A> BocmoJb3yeMcs (HOpMyJOH, B3ATOM K3 pelIeHusd
npumepa 19:

kT
Jéndzp

IToncrasnasa (2) u (3) B Beipaxkenue (1), umeem

<A> =

(3)

_ 1 ._kT _ 2T |RT (4)
g [BRT J2md?p 3nd®p NnM
nM
KosdodunmueHT BHYTPEeHHEr0 TPEeHU A :
n = .;. <v><A>p, (5)
rge p — IJIOTHOCTH rasa npu temneparype 300 K u maBieHun

10° ITa. [Insa HaXOXKAeHUA P BOCIOJIb3yeMCH ypaHEHHeM COCTOdA-
HUS rasa. 3anuileM ero AJsi ABYX COCTOSHHMM a3oTa — IIPU HOP-
MaabHBIX ycaoBuax (T, = 273 K, p, = 1,01:-10° Ila) u upm
YCJIOBUAX NAaHHOM 3aJaul:

poVo=(m/M)RT,; pV =(m/M)RT. (6)
YuuTBIBafA, 4TO P, 1 P = 7, AMeeM
_ pPoPTy
= Folf o 7
P= o) (7)
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[image: image24.png]KosddunueHT BHYTpEeHHEro TpeHuA r'asa Mo)KeT OBITH BbIpa-
KeH uepes KoaddunueHT guddpysuu (cMm. (1) u (5)):
DpOpTO . (8)

=D =
n p 2T

IToncTaBaAA YucaoBble 3HaUueHU B (4) u (8), moayuymmMm:

D= 2'1,38'10—23'300 .,\/ 8,31'300 21,54.10—5 (MZ/C);
3:3,14-3,12.10720.105 3,14.28-10°3
n=1,54-10"5-1,25. —10°:278 _
1,01-10°-300
=1,73+1075 (xkr/(Mm - c)).

lE Hapy:kHad IOBEpXHOCTh KUPIMYHON CTeHBI IJIomazbio 25 M2 u
ToamiuHor 37 cM umMmeeT Temneparypy 259 K, a BHyTpeHHAA mOBepX-
Hocth — 293 K. Ilomemienue orannuBaercA ajaeKTpomnuroii. Onpene-
JIUTL €e MOILHOCTbL, €CJIM TeMIIEpaTypa B IMOMELIeHUH HONJepPKHUBaeTCA
nnocrosigHoii. TennmonpoBoguocTs Kupnuda 0,4 Br/(m ¢« K).

AaHo: S=25m%d=3Tcm=0,3Tm; T, =259 K; T, = 293 K;
v = 0,4 Br/(m - K).
Hautu: N.
Pewenue. KoaudecTBO TeIJIOTHI, IIPOIIEAIIee Yepe3 HaAPYIK-
HYIO CTEHY, OIIpeAeIMM [0 3aKoHY DPypre:
Tl B Tz

rge I — BpeMdA IIPOTEKAHUS TEIlJIOTHI.
3a BpeMA { 3JIeKTPOIJINTA AOJIXKHA BHIAEJIUTH TaKOe »Ke KOJHU-
YeCTBO TEIlJIOThI
Q@ = Nt. (2)

IIpupaBHUBaA npasble YacTH ypaBHeHUN (1) u (2), monyuaem

Nt=-XUT,-T,)St/d, orkyga N = —XT—I—;—Z@ S;

N = —0.4. 259203

37 ' 25=0,92 (xBr).

@ BeruucianTh KoJIn4yecTBo JbAa, KOTopoe o0pa3yeTcA B TeueHUe 4a-
ca B GacceliHe, niomanb xoroporo 10 m2. Tommuna apga 15 cm, Tem-

neparypa Bo3zyxa —10°C, KospPHIMEHT TEeNJOIPOBOLHOCTH JIbJAA
y=2,1Br/(Mm* K).

Aano: S =10m?%; Ax =15cm = 0,15 m; ¢, = =10 °C; t, = 0 °C;
y=2,1Br/(M*K); t=1u=3600c; r=3,35-10° II:x/Kr.
Hantu: m.
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[image: image25.png]PeweHune. CunraemM mporiecc yCTAHOBHUBIINMCH, TeMIIePaTypy
HU KHeN moBepxHoCTH Jbjaa paBHou 0 °C, a BepxHeil — TeMIlepaTy-
pe Bo3ayxa. Yepes cyoH Jbjia OT BOABI OTBOAMTCA Temnjo. Koauue-
CTBO TeIla @, mmepejaBaeMoe depes JieJ TOJIMMHON AX, IPOIIOPIIH-
OHAJILHO I'paJUeHTy TeMIIepaTyphbl ﬁ—t , IIJIOIIaAM IIepenaroiier mo-

x
BEPXHOCTH S M BpEeMEHH T U OIIpeeisgeTcss ypaBHeHHEeM TelJonpo-
BOILHOCTH Dypre:

_ ., At
Q@ X is St.

Maccy m ob6pasymwomierocs Jibja onpezejsieM U3 YPaBHeHUA NJdA
TEILJIOTHI ILJIaBJIeHUA @ JIbjla, YMCJIEHHO paBHOM TEIJIOTe, OTBOJH-
MOM OT BOJBI B IIpoIiecce 3aMOpPaKHBaHUA

Q = mr,

rae r — yneJbHasA TemJjoTa IJaBJIeHHd JIbAA.
Torna

m=Q =é£ol .S.T;
r Ax r
[ ] [ ] [ ] [ ] 3
_10-2,1-10-3,6-10 ~ 15 (xr).

0,15-3,35-10°

2. OCHOBbI TePMOAMHAMMKH

@ IlaBienue raza 750 mm pr. cT., TemMneparypa 27 °C. Onpezeaurs
KOHIIeHTPAIMIO MOJIEKYJ U CPeAHIOI KMHETHUYECKYIO D9HEePruio HoCcTymna-
TeJILHOI'O ABUKEeHUA ONHOM MOJIEKYJIHI.

AaHo: p =750 mmMm pr. cT.; t = 27 °C.
Hantu: ny, €.

PeweHue. Ilo OCHOBHOMY ypaBHEHMIO KMHETUUYECKON TEOpHUU
rasosn

kT.

M
I
IV

Beruucasgem:

= .g_ ° 1’38 b 10._23 * 300 = 6’21 ¢ 10_21 (OI[}R)'

KoHneHTpanuo MOJEKY.I n, HaiixeMm u3 ypaBHeHMdA p = nykT, rae
p — nasyenue rasa (p = 750 - 133 Ila). Haxogum n:

ng= L ;p, = 750133

= ; = _A_Jz, ° 25 3.
kT ™" T38.10%.300 22 107 (/M%)
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[image: image26.png]Yemy paBHBI CPeJHME KMHETHUECKME 9HEPTUY NIOCTYNATeJIbHOI'O U
BpalllaTeJIbHOTO JBHMMKEHHUA MOJIEKYJ, CoZAepKamuxcsa B 2 KI' BoJopoja
npu tremueparype 400 K?

AaHo: m=2%kr; T=400K; M = 21073 Kr/mMob.

Haitu: <E_ >, <E >.

Pewenue. CuuraeM BOJOPOA HAeaJbHBIM rasom. MoJjeKkyJia BO-
popona — aAByxaTomMHasA. CBA3b MeXXAY aTOMaMH CUHTAeM XKeCT-
KOM, TOrAa YMCJO cTeleHe ¢cBo00 bl MOJIEKYJIBI BOZOPOZa PaBHO J.
B cpeguaeM Ha OKHY CTelleHb CBOOOABI IPUXOAUTCHA S9HEPrus

<E>="EL,

IlocTynaTesbHOMY ABHM)KEHUIO NpUNHKChkIBaetrcs Tpu (i = 3), a
BpamaTejJbHOMY ABe (i = 2) crenneHu cBoOoabl. Torga sHeprus of-
HOM MOJIEKYJIBI

<E >=

nocr

kT;

DO

_ 2
<EBp> =5 kT.
Yucio MOJIEKYJ, coaepKamnuxcda B Mmacce rasa m,
_ . m

rae v — 4ucjao MmoJaed; N, — mocroaHHass Asoraapo. Torpga cpej-

HsAs KUHETHUYeCKas JHeprus INOoCTYIaTeJbHOro IABHXKEHMS MoJe-
KYJ Bojgopona Oyaer

m
<E nocfr> ]—\i

RT, (1)

rie R = kN, — MOJIApHAas ra3oBas IIOCTOAHHAA.

Cpenusass KMHeTHUYECKass JSHEPrusa BpallaTeJbHOI'O ABHXKEHUA
MOJIEKYJI BOAOPOAa

—_m
<E,>= - RT. (2)

IlopcraBnsasa duciioBele 3HaYeHUA ¥ opmynsl (1) u (2), umeeM

<E >=23:2:8,31-400 _ 49 86.105 (Il)x) = 4986 (x][:x);

moer 22107
<E,,>= 2830200 — 33,24 10° () = 3324 (x[L).
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[image: image27.png]@ I'a3, sanumasmuii o6beM 20 1 Tpu HOPMAJNBHEIX YCJIOBHUAX, OBLI
nzobapuuecku Harpet go 80 °C. OnpegenuTs pa6oTy pacIiIupeHusa rasa.

Aavo: V, =20n = 2-102m3 p, = p, = 1,01-10°IIa; T, =
— 273 K; T, = 353 K.
Hantnu: A.

PeweHnne. Pabora pacmimpenHus raza A npu uzobHapudecKoM
IIpollecce onpenessieTcs o cieaymwouieit popmye:

_m
I RAT.

Yucyso MoJeil rasa J\m/.f ompejejuM u3 ypaBHeHusa MeHgese-

eBa—KJianeipoHa:

vV
v,=mRT., m _Pi¥1
Prfa™ g e B TR,
Torna
A= P1V1AT
Tl
5, -2 .
A= 1.01:105:2-102-80 _ 599 (J1).

273

OnpepmenuTh CKOPOCTH BBIJIETA HNOPINHA Maccou 4 Kr u3 HUUJHHApA
npu aguabaTHOM pacmiupeHuH Bo3gyxa B 40 pas, ecoiu HayaJIbHOE JaBJjie-
Hue Bos3ayxa 107 Ila, a o6sem 0,3 1.

Aawo: m=4xkr; V,/V,=40; p,=10"IIa; V,=0,81=3+10"* ™3,
Hantu: v.
PeweHnue. Pabora A, coBepuiaemasa agunabaTHd4ecKH paciIups-

IOUIMMCA BO3IYXOM, B JaHHOM CJIy4ae HAeT Ha yBeJHYeHHe KUHe-
THYEeCKON PHEePruu mnopIiHsg, T. €.

2
A= mv?
2
rje m u U — Macca ¥ CKOPOCTb IOPIIIHS.

Ilnsa nopcuyera paboThl agnabaTudeCKy pacIINpSAIOUIErOCA rasa
BOCIIOJIb3yeMcHA GOpMYJIIOi:

A2
2
y-1 4
rje Y — OTHOIIleHUEe TEeIJIOEMKOCTEeH rasa Ipy IIOCTOSHHOM AaBJie-
HUU U IIOCTOSHHOM 00beMe (a1 Bo3ayxa y = 1,4).

107 0,3+ 10-%
A= ’ 1
0.4

- 0,22) = 5,85 - 103 (I1a).
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[image: image28.png]2
Tak KaK A = r_n_zg_ , TO

L= /%;
m

v='\[2'58,45‘102 :54(M/C).

|27. Aot Maccoii 2 KT 0OXJIasKJaloT IPK IOCTOAHHOM AaBjaeHu ot 400 g0
300 K. OopezenuTs n3aMeHeHNe BHYTPeHHe SHePTUH, BHEIIIHIO paboTy
M KOJIMYECTBO BhIZIeJIEHHOM TEIJIOTEI.

Aavo: m = 2kr; M = 28+1078 kr/mons; T, = 400 K; T, =
= 300 K.

Hautu: AU, A, Q.

PeweHne. MaMmeHeHHMe BHYTpeHHEeN JHepruu rasa (cuuraeMm
a30T uaeaJbHbIM ra3oM) HaugeM 1o popmyJie

mCy(T,—-T,)
M ’

rge m — Mmacca rasa; M — mossapHas macca; C,, — MoJIssipHas Tell-
JIOEMKOCTh IIpM IIOCTOSIHHOM 00heme; T, — HadaJbHasA TeMIlepa-

AU =

Typa; T, — KOHeUHas Temmeparypa. [ias Bcex JBYXaTOMHBIX
rasoB
5
C = —R,
L)
Torpa
5 mR(T,-T,)
AU = - . ].

KoanugecTso TEeIIJIOTHhI, BbIAEJIAIIEEeCA IIPDH OXJIAXAEHHUH rasa
IIpDH IIOCTOAHHOM AQaBJIEHHNH.

_mC(T,—-T,)

9 M

(2)

rge Cp — MOJIApHada TeIlJIOEMKOCTHh IIpHM IIOCTOAHHOM MOaBJIEHHH,

IJIS BCeX ABYXATOMHBIX ra30B Cp = % R. ®opmyany (2) 3amuineM B

BH e
mR(T, - T,)

2 (3)

Y
=3
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[image: image29.png]Pa6ora cxaTus rasa npu nzobapHoM mpoliecce
A = pAV,
rge AV =V, — V, — uameHenune o6’beMa, KOTOpoe HaiieM U3 ypaB-

Heuusa MenpeneeBa—Kianeiipona. Ilpum mn3obapHOM Ipoliecce
p = const:

RT
v, =22 4
PV, M (4)
RT
V,=Mal2 5
pY, v (9)
ITouseHHBIM BEIUMTAHNEM BbIpaykeHud (4) us (5) HaxoquM:
mR(T,—T
p(Vz - Vl) = ( ]\24 ) .
CienoBaTesIbHO,
A= mR(T,~-T,) . (6)
M

IToacTaBasdA YucIoBeIe 3HaYeHUA B popmyasl (1), (3) u (6), mo-
JIYYUM:

28 - 102
_7.2-8,31:(300-400) _ _oq7 ,
@=3 28 - 102 207 (xellax);
_ 2-8,31-(300-400) . _
A 58+ 103 59 (x1x).

MoJieKyIApHBIHA NYYOK KMCJIOPOAAa YAapAeTCca O HEIOABHUIKHYIO
creHKY. Ilociie coyzapeHUss MOJIEKYJIBEI OTPAsKalOTCA OT CTEHKHU C TOM JKe
II0 MOAYJII0O CKOPOCThI0. OnpenesuTs faBjleHUe IIyYKa Ha CTeHKY, eCJH
ckopocTth MoJsiekya 500 M/c u KoOHIeHTpanusa MOJIEKYJI B IOy4YKe
51024 M3,

Aano: v =500 Mm/c; ny=5+10% M3,

Hantu: p.
PeweHnue. [JaBaeHue onpegensercsa no popmyJie:
F
==, 1
S (1)

rae F — cuja gaBjgeHus, S — miaomank.
Cuny naBjieHMA Ha¥aeM U3 BTOpOro 3akoHa HeroToHa:

Ft = mAv, (2)

rge m — Macca KHCJIOpOJAa, YAapHUBIIIErocs O CTeHKY 3a BpeMsd {,
Av — uU3MeHeHUNe CKOPOCTH MOJIEKYJI IIpU yaape.
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[image: image30.png]Maccy onHOII MOJIEKYJIBLI KHMCJOpoJa HaiineM M3 3aKOHa ABO-

rajpo:
M

— N_.A y
rge M = 32-107% kr/mons — MoOJsIpHas Macca Kucjgopoga; N, =
= 6,02+ 1023 monp~! — nmocrossuHaa ABorazapo.

3a BpeMA t 0 CTEeHKY YIapAOTCA MOJIEKYJbl, HAXOAAIIAECHA B
ooneMe

m,

V = Svut,
Macca KOTODBIX m = m,nyutS. (3)

M3MeHeHNe CKOPOCTH IIPH COyAapeHU M
Av =v — (-v) = 2v. (4)

IloacraBiass BeipakeHus (3), (4) B (2), HaxoauMm:
_ MnywtS2v _ 2Mnv*tS

Ft ’
N4 N4
OTKYy A
_F _ 2Muv3n,
S N,
5¢10%4.2:.32.103%.25+104

= =1,33-10° (I1a).
P 6.02 - 1028 (11a)

Ompenenuts yAeabHEIE TEIIOEMKOCTH C,, €y, AJIS CMECH 1 KT asoTa
u 1 Kr renus.

Aano: m; = 1kr; M, = 28 Kr/KMoab; i; = 5; m, = 1Kr;
M, = 4 ¥r/xmoub; i, = 3.

Hantu: ¢, cy.

PeweHune. YeIbHOH TEILIOEMKOCTRLIO KaKOro-JIubo rasza Has3bl-
BaeTcs BeJMUYMHA, paBHAA KOJUUYECTBY TEILJIOTHI, KOTOpOoe HY>XHO
coOOIIUTEL eJUHUIIE MACChI T€Ja, YTOOBI ITOBLICUTE €I0 TEMIIEPATY-
py Ha 1 rpaayc. IIpu 3TOM BeJMYMHA TEIJIOEMKOCTH 3aBHCUT OT
YCJOBHIH, IIPM KOTOPLIX IPONCXOAUT HarpeBaHUe rasa.

Ecau HarpesaHue NPOMCXOAUT IIPU IIOCTOSTHHOM 00LEMe, TO

c, = A9y
V' ATm’
rae AQ,, = AU, T. e. Bce coob1aeMoe KOJIUYECTBO TEIlJIOTH! UJAeT Ha

N3MEHEeHUE BHYTPEHHEN 3Hepruu cucremel. ViIamMmeHeHHe BHYTPEH-
Hell d3HePruy CMecH rasa omnpepejsercs (popMyJion:

2
£ RAT,

M hpapy M2
AU M, ZRA M,

rfae i, ¥ i, — YHCJO CTeleHeil cBOGO/ABI IIEPBOTrO M BTOPOTro ra3os.
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[image: image31.png]OKoHYATeJBHO IIOJIYUYUM

(T_l.ﬁ+ﬂz.?2)3
M, 2 M, 2
cy = —> 2 : (1)

m;+m,

Ecan HarpesaHHe IIPDOMCXOAUT IIPDH TIOCTOAHHOM AaBJIeHHUHU, TO

AQ
= 2% 9

rae AQp = AU + AA,, T. e. coobijaeMoe razy KOJUYECTBO TEIJIOTHI

UIeT He TOJbKO Ha H3MeHeHNe BHYTPeHHel sHepruu, Ho 1 Ha pabo-
Ty II0 pacminpeHuio rasa. Pabora nmpu mzobapuueCKOM paclumupe-
HUUY AJA KaKJoro ra3a paBHa

m, mgy
= — : AA, = —= RAT,
AA, 1RAT 5 :
II03TOMY
i

AQ, = (Ml 21+M2 E"’)RAT+(]T";—1;+£—2 RAT.

ITopcraBisas a3To 3HaUeHHE B ypaBHeHUeE (2), IIOJYyYUM:

ml(i1 ) mz(lz )]
—{=+1]+ +1)|R
=[M1 2 M,\2

m,+m,

p

IIpousBenemM BBIUMCJIEHUA:

(1513

28 2 4
Cy = 2
1 1
—3,5+=" 2,5) -8,31-103
(28 2

c,= 5 ~ 3116 (Ix/(xr * K)).

- 8,31-:108

= 1929 (Ox/(xr - K)),

Apron npu gasigexnu 0,8 atm uamesnunn o6wvem ¢ 1 go 2 x. Kak
U3MeHAETCA BeJMUYMHa BHYTPeHHeN dHEepruu, ec/JIU pacllupeHUe rasa
IIPOM3BOAMUJIOCH IIDK PA3JIMYHEIX ITpoueccax: usobapuyeckoM, axuabaru-
YecKoM?

Aano: V,=1n1=103mM3V,=21=2:-1023m%p=0,8 arm =
=0,8:1,01-10°IIa; M = 40 xr/KMoxab; i = 3.

Haintu: AU.

PeweHne. [I1sa perreHus 3agadyu He0OXOAMMO IIPHMEHUTSH IIep-

BbIil 3aKOH TepMoauHaMUKM. COrjilacHO 3TOMYy 3aKOHY, 00IIlee Ko-
JINYECTBO TENJIOThI AQ, IlepelaHHOE CHCTEeME, MOXKET PACX0ON0BATh-
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[image: image32.png]Cs1 KaK Ha yBeJUYeHUe BHYTpeHHel sHepruu AU, TaK U Ha COBep-
IIIeHe MeXaHu4YecKou paborsl AA:

AQ = AU + AA. (1)

Bennuuny BHyTpenHel saneprun AU MOXXHO OoIIpeneinTh, 3HAA
Maccy rasa m, yAeJbHYIO TEIIJIOEMKOCTb IIpM IIOCTOAHHOM o0'beMe
¢, ¥ U3MeHeHue TeMiiepaTypsl AT':

AU = mc,AT. (2)

OxHako ynoOHee n3MeHeHUe BHYTpeHHel anmepruu AU onpeze-
JATH 4epe3 MOJAPHYIO TemysoeMKocTb C,, KOTOpas MOXKeT OBITh

BhIpa’KeHa yepes3 YHCJIO CTelieHeil CBOOOIbI:

R
e (3)

DN | =~

_Cy _
cy i,
IloncTaBnasa BeIUUUHY ¢, u3 hopMyasl (3) B (2), nomydaeM
AU = I . L RAT. 4
v M 2 (4)

IIpu nzobapuyecKoM pacIIMpPEHHHU rasa COrJIaCHO IIepBOMY 3a-
KOHY TEPMOJAMHAMHKH YaCTh Teljla AQ HJeT HA N3MEeHeHHe BHYT-
peHHell 3Hepruu AU, KoTopas BeIpa)kaetrca dopmyaon (4). Omnpe-
neautsb AU pnsa aproHa mo ¢opmyse (4) Heab3s, TaK KaK Macca
rasa u TeMIiepaTrypa He JaHbl, [I0O3TOMY HEOOXOAMMO IIPOBECTH IIpe-
obpasoBanue hopMyJbl (4).

Hcnoas3yem ypaBHeHue MeHpaeneeBa—Kianelipona ansa Ha-
JaJIbHOT'O V', 1 KoHeuHoro V, cocroanus rasa. Ilonyuynm:

pVy= - RT upV,= = RT,
178105
p(Vy = V)= ZR(T, - T)). (5)
IlogcTaBuM BhIpaKeHHe (0) B popmyay (4)

AU = é. p(V,—V)). (6)

IlonyueHHOe ypaBHEHUE ABJAETCA PacUeTHBIM JJIA OolIpenelie-
HuA AU npu nzo6apuyecKoM paclllipeHUU

AU = %-0,8- 1,01-105-1073 = 121 (I:x). (1)

76




[image: image33.png]IIpu aguabaTuyecKoM pacHIMpEeHHU rasa TerjiooOMeHa ¢ BHeIl-
Hell cpenoil He mpoucxoauT, modTomy AQ = 0. YpasHenue (1) 3anu-
IIEeTCA B BHIE

AU + AA = 0. (8)

JTO COOTHOIIEHMNE YCTAHABJIMBAET, UTO paboTa pacHIupeHusa ra-
38 MOXKeT OBITh ITPOM3BeJEeHa TOJIBKO 34 CUeT YMEHbIIEeHUA BHYT-
peHHel sHepruu rasa (3HaK «MUHYC» nepen AU):

AA = -AU. (9)
dopmyna paboTel 4y agnabaTHdecKkoro nmpoiiecca UMeeT BUI:
__ m RT]_ [ VDY— 1]
= — 1-(— , 10
M(y-1) (V (9

rje y — IokKasaTeJlb CTEeIIeHM aguabarTbl, KOTOPBHIN ABJIAETCA OTHO-
IIIeHUEeM TeIlJIOEMKOCTe:
i+ 2

I

y=

K3

OnpenensieM U3MeHEeHHEe BHYTPEeHHel sHepruu npu agzmadaTu-
YeCKOM IIpoIiecce AJis aproHa, yuutbiBad popmyasnl (9) u (10):

nsa onpeneneHusa paboTel pacmupeHusa aproHa dopmyay (11)
caenyeT nmpeobpas3oBaTh, YYUTHIBAA IIPH 3TOM Te IIapaMeTpPhl, KOTO-
pbie JaHBI B YCJOBHU 3amauM. Y paBHenue MeHneneesa—Riamnei-

poHa p,V,; = Aﬂl RT, noaBosseT nepeiiTh K TAKOMY BbIPDAXKE€HHUIO 11

IIoACYeTa U3MeHeH! A BHYTPeHHel dHepTruu:
V -1
AU = ‘31—1[(5-)7 - 1} . (12)
y - 1L\,

IToncTaBasasa 4ucIOBRLIE 3HAUYCHUSA, IIOJYYUM

0,8:1,01-105-1073[( 103 \1.67-1
AU = == [ - 1] = -85,8 (TIx).

@ I'azoBasa cMech COCTOMT M3 a3oTa Maccoil 2 KI U aproHa Maccoi
1 xr. IlpunumMas 5TH rassl 3a HJeanbHbie, OIPEAEJIUTD YAeIbHbIE TEIJIO-
eMKOCTH Cy, ¥ ¢, 'a30BOY CMECH.

AaHo: m; = 2Kr; m, = 1 kr; M, = 281073 xr/moup; M, =
=40-10"3 Kr/Mob.

Hawtu: ¢y, c,.
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[image: image34.png]PeweHue. BrIpasuM KOJIMYECTBO TEILJIOTHI, HEOOXOLHMOE IJIsA
HarpeBaHUA cMeCH a3oTa U aprouna Ha AT, nsymsa crocobamu:

Q@ = cy(my + m,)AT; (1)
Q= (cymy +cy my) AT, (2)

rie ¢y — yAeJbHas TeIVIOEMKOCTb CMeCH ra3oB IIPH IIOCTOAHHOM
obbeMe: ¢y — a30Ta; ¢y, — aproHa; m; — Macca asoTa; My —

Macca aproHa.
IIpupaBHAB npaBblie YyacTu ypaBHeHUM (1) u (2) u mpomusBens
COKpauleHusd, IOJYyIUM:
cy(my + my)=cy, m; + ¢y my,

Cy,My Cy,My

OTKyZA Cy = :
Y v (my+my) (m;+m,)

(3)

AHajornyHbeIM 00pa3oM HaifeM BLIPDa’KeHUue U I Cp

cplml n szmz

(4)

C - .
Promy+my)  (my+my)

Y pesnbHBIE TEIIJIOEMKOCTH MeaJbHBIX I'a30B BRIpakaroTcsa Qop-
MYyJIaMH:

ey = 2 (5)

_ ©

IloacraBassa (5) u (6) B (3) u (4), moayuum pacueTHbIe GOPMYJIBI:
cP:iiz-g.%.mlnilmz+i;2.A%.mlnizmz. ©)

Ilna azora (AByxaTOMHBIHM ra3) i = 5, niaA aproHa (0fHOATOM-
HBIU ras) i = 3.

IlopcraBasasa yucaoBEIe 3HaUeHUsA B popmyJsl (7) u (8), moay-
YUM:

5. 8,31 2 3. 8,31 1
Cyy= = o 2 . 4+ = 2 . = 599 (Ix/kr- K),
2 28:10% 2+1 2 40103 2+1 (Tlse/ )
.o —b+t2, .88 2 .3+2, 831 ,_ 1 _

P° T2 28.102 2+1 2 40-103% 2+1
= 866 (Ixx/kr- K).
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[image: image35.png]Kucnopop maccoii 160 r HarpesaoT npH IOCTOAHHOM AaBJIEHUU OT
320 mo 340 K. OnpepenuTsr KOJMHUYECTBO TEILIOTHI, MOIVIOILEHHOE Ira3oM,
N3MeHeHNe BHYTPeHHelH sHepruu u paboTy pacuiupeHus rasa.

Aano: m=160r=1,6-10"1kr; T, = 320 K; T, = 340 K.

Haitu: Q, AU, A.

Pewenue. KonmuecTBo TemnoTel, HeOGXOLUMOE [IJIA Harpesa-
HUS rasa IpY I0CTOAHHOM JaBJIeHUN, PABHO:

Q=mc, (T, T))= ]_\"1401,(7"2 - T,). (1)

31ech ¢, 1 Cp =M ¢, — VAeJbHaA ¥ MOJSpHAsA TeNJ0eMKOCTH

rasa IpM IIOCTOSHHOM pgaBieHmu; M = 3,2+1072 Kr/M0oap — MoO-
JIApHaAg Macca KHCJOopoAaa.
Ilnsa BCex ABYXaTOMHBIX Ira30oB

C,= -;-R = 3,5- 8,31 (II:x/(vMoan - K)) = 29,085 (I:x/(mos - K)).

M3MeHeHUe BHYTpeHHell 9JHEpruM rasa HaxoauMm 1o gpopmyJie:

AU = E—"}CV(TZ -T)), (2)

rae C,, — MoJIgpHadA TelJ0eMKOCTh rasa IIp1 IOCTOAHHOM o6heMe.
Il BCex NBYXaTOMHBIX ra3oB

C, = gR = 2,5+ 8,31 (Ix/(mons - K)) = 20,775 (Isx/(Mmons - K)).

Pa6ora pacmupeHus rasa nmpu um3odbapHoMm mnporecce A = pAV,
rae AV =V, -V, — uaMeHenue o6’beMa rasa, KOTopoe MOXKXHO Ha-
T U3 ypaBHeHus MeHzueneeBa—HKnaneripona. IIpu m3ob6apHoM
Ipoiecce

mRT,

pVi= Ya (3)
RT
PVy= =2 (4)

IlouseHHBIM BHIUUTAHHEM BhIpaKeHUud (4) us (3) HaxoaguM
p(Vy=V) = ZR(T,~ Ty,
CJIe0BaTeJbHO,

A=ZR(T,-T,). (9)

m
M
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[image: image36.png]IToncraBassa 4yucjoBble 3HaueHua B Gopmyasl (1), (2) u (5),
IIOJIyYaeM:

Q= 1:6-107 99 085(340 — 320) = 2908 (II:x);

3,2+102
1,6 107!
_ L . 20, —~ 320) = 2077,5 ;
AU = 225 * 20,775(340 - 320) (%)
1,6 107!
A== - 8,31(340 — 320) = 831 :

@ B nuauuape mox mopiiHeM HaXOJAUTCA BOZOPOL, KOTOPLIN HMeET
maccy 0,02 kr 1 HavaapHyo Temneparypy 27 °C. Boxopoja cuauaJia pac-
IMHPUICA aguabaTuyecKy, YBeJHYUB CBOM 00bEM B & pas, a 3aTeM OBLI
CoKaT M30TEPMHYECKHU, IPHUYeM 00’beM raza ymeHbHmiuica B 5 pas. Haliru
TeMIepaTypy B KOHIle aguabaTu4eCcKoro pacluiupeHusa u pabory, coBep-
HIeHHYI0 razoMm. M3o6pasure npornecc rpapuuecK.

Aavo: m = 0,02kr; T, = 27°C = 300 K; M = 2 Kr/KmMoJb;
K3 =9;i=05H.
vV

1
Haintu: T,, A.

Pewenue. IIpu agmabaTHOM Ipoliecce Temmeparypa U obbeM
rasa CBA3aHbl COOTHOIIIEHHUEM

Ty _ (Vl)y'l
T, \V, ’

C "
rpe y = 52 — OTHOIIE€HMNE TeIlJIOEMKOCTEN rasa IIPpH IIOCTOAHHOM
|4

XaBJEHUM U IOCTOAHHOM obbeme. [l Bogoponay = 1,4.
OTcroa BEIpa)keHue JJ1g KOHEUHOM Temnepatypsl T, 6yzaer:

ry-m(%)

PaboTy A, rasa npu aguabaTH4eCKOM pacIIMPEeHHU MOKHO OII-
peaeauTs 1o popmyJe

A= %Cv(Tl - T,) = Aﬂlé R(T,-T,),

g 300(%)0’4 ~ 157 (K).

4, 0025 8,31 10% (300 — 157) = 2,97 - 10* ().

Pabora A, rasa npu H30TEepPMHYECKOM IIPOIleCCe MOXKeT ObIThb
BbIpa’keHa B BUJIe:
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[image: image37.png]ITogcTaBnsisi M3BeCTHBIE YMCJIOBBIE 3HAUYE- p |
HUA BeJIMYMH, BXOIAIINX B IIPaByIO0 YacTh pa- aduabama
BE€HCTBA, M BBINIOJIHAS apudMeTHYeCcKHe AeHCT-
BUS, HAXOOUM:

A,=8,31-103-157- ng—z- ln% = -2,10+ 10¢ (Ix).

3HAaK «MHHYC» IIOKasblBaeT, 4YTO IIpU CxKa- (| 'usomepma 2

THUHU rasa padbora coBepIrnaeTcsa HajJ ra3oM BHeEIII- v
HuUMU cunamu. IlonHass pabora, coBepIiieHHAasA Puc. 11
razoM IIPU ONMCAHHBIX IIpoOIleccax, paBHA:

A=2,97-104-2,10-104=8,7-103 (JI:x).
I'paduk nporecca npuBegeH Ha puc. 11.

Kucnopox maccoit m = 2 kr 3anumaer o6bem V, = 1 M3 u HaxogurT-
csa nox paBaeHueM p, = 0,2 MIla. I'as 6511 Harper cHavuaja 1Py NOCTOAH-
HOM fAaBJieHUu J0 obbvema V, = 3 M3, a 3aTeM IIPU IIOCTOSTHHOM 00'beMe 0
nasnenus p, = 0,5 MlIla. Haiitu usmenenune AU BHyTpeHHe#dl sHEpPruu
ra3a, COBepIIeHHYIO UM paboTy A 1 KOJMYECTBO TEILJIOTHI ), IepegaHHOe
ra3y. IlocTpours rpaduk mnpoiecca.

AavHo: m = 2xr; M = 32kr/kmons; V, = 1 ™M3; p, =
= p, = 2-10° IIa; V,= 3 ™3 p; = 5-10° IIa; R = 8,31 x
x 103 II»x/(kmonb * K).

Hantu: AU, A, Q.

PeweHnue. IsaMeHeHe BHYTpPEeHHEH SHEPruu rasa BeIpaskKaeTcs
dbopmysoi

AU = éj-%mAT, (1)

rae i — 4YMCJIO CTelleHeH CBOOOJBI MOJIeKYJ rasa (IJs AByXaToM-
HbIX MOJIEKVYJ Kuciaopoga i = 5); M — moasipuasa macca; R — mo-
JISSpHAasA ra3oBas IMOCTOSSHHAA.

HayanpHyI0 1 KOHEUHYIO TeMIlepaTypy HaHIeM, HCIOJb3yAd
ypaBHeHUne MeHaeneeBa—Knamnenpona:

Vv =2RT.
pV=2TRT (2)
Pemniasi ero orHocuTenbHO T, MOJIYyUYUM
T = YM (3)
mR
2:10%:1-32 2+105.3.32
= =385 (K); T, = = 115 :
1 2.8,31-108 (K); T 2-8,31- 103 1155 (K)
_5-10%-3-32

37 5.8.31.10° = 28388 (K).
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[image: image38.png]P A ITogcraBnsisi B BeIpaskenue (1) uucioBwle
3HAUYEHUS BXOASIINX B HEIO BEJIUYUH, HAXO-

DPop - - - — - = 3 IUM
o 3
AU = g : 8’3}3210 . 2(2888 — 385) =
AR ~ 3,25 - 105 (II%).
0] ! L Pa6oTa pacIIMpeHHs rasa MpPU IIOCTOSH-
v, V, V  HOM JaBJIeHUU BbIpaxkaeTcs GopMyJoun
Puc. 12 A =R1-\-”; AT.

HO,Z[CTaBI/IB YHNCJIOBbIE 3HAYEeHUNA, IIOJIYINM
A=8,31-108" 525 . (1155 ~ 385) = 0,4 - 106 (IIx).

Pabora rasa, HarpeBaemMoro mpm IOCTOAHHOM 0O0beMe, paBHA
HyJI0, T. €. A, = 0. CnenoBaTrenbHO, IIONHAs paboTa, cOBepHIeHHAA
rasoM, paBHA

_ _ . 106
A=A, +A,=0,4-10° (Ix).

CorsacHO mepBOMy Haday TEPMOAUMHAMMKHN KOJHYECTBO TeEIl-
JIOTEI @, IIepeaHHOe rady, paBHO CYMMe H3MEHeHUs BHYTDPeHHel
sHepruu AU u paboTel A:

Q=AU+A,

cJIefOBATEJILHO,
Q@ =0,4-10% (Ix) + 3,25+ 108 (II>x) = 3,65 (MIx).
I'pauk nponecca npuBeneH Ha puc. 12.

@ NpneannrHaa TemoBas MalinHa, paboraromias mo nuxiay Kapxo,
coBepIlaeT 3a OAUH IUKJI paboty 1,5+ 10° IIxx. TeMmnepaTypa HarpeBare-
aa 400 K, remneparypa xonoguiabauka 260 K. Haittu KIIII maminHer,
KOJIMYECTBO TEIJIOTHI, II0JIyYaeMoe MAIInHOM 3a OAWH IIMKJI OT Harpesa-
TeJIA, 1 KOJIMYECTBO TEILJIOTEI, OTAaBaeMoOe 3a ONUH ITHKJ XOJOAUJIbHUKY.

Aano: A=1,5-10° Ixx; T, = 400 K; T, = 260 K.
Haitu: n, @, Q,.

Pewenne. KIIII nukna KapHo onpenenaercs popmyaon
T,-T,

p— 1
M T (1)
C npyrou cropoHsbl, Tepmudeckuil KIII Beiparkaercs popmyioi
A
=4 9
Q, (2)

rge A — pabora, coBepiieHHasA paboduM TeJOM TeIJIOBOM MAIIlU-
HBI; @, — TeIlJIOTa, IIoJIy4YeHHAas OT HarpeBaTeJld.
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[image: image39.png]U3 (1) u (2) umeem

(3)

PaboTa, coBepnienHas pabouyuM TeJjIOM MAIIIUHBI, OIIPeJeIAeT-
csl Pa3HOCTBIO NOJIyYeHHOM OT HarpesaTess TeIIOTHI @, ¥ OTHAH-
HOM XOJIOAMUJIBHUKY TEIJIOTHI Q, :

OTcrona
Q, =Q, —A,
HUJIH ¢ yaeToM (3)
AT, AT,
=1 _A=_"2_ 4
Q2 Tl"Tz Tl"Tz ( )

ITogcraBisasa uncaoBbie 3HaUeHus B (1), (3) u (4), HaxoguM:

n=200-260 _ ¢ 35 = 35%;

400
1,5+105 - 400
= =2 = 429 (r]Ix);
@ 400 — 260 (xe]lax)
1,5+105- 260
= =2 =~ 279 (rIlx).
Z 400 — 260 (xelox)

Temueparypa Harpesarend temnosoil mamuabe 500 K. Temmepa-
typa xonoanmiabHuKa 400 K. Onpenenurs KI1I rennosoi mamuusl, pabo-
raomieit no nukay KapHo, 1 mosie3uyo MOIHOCTh MalllMHbI, €CJIHX Harpe-
BaTeJIb €XKeCeKYHIHO nepenmaer eit 1675 J[ok TenJIOTEI.

Aano: T=500K; Ty=400 K; @ = 1675 Ix.

Hantn: n, N.
PeweHnne. KIIIl mammuHb onpenensieTcs mo popmyJie
T - TO
= 1
- (1)
A
TN ==, 2
=5 (2)
N3 Beipaxkeanii (2) u (1) vaxogum
T-T
A=nQ@=Q 9.

T
IIponsBenemM BBIYHCIECHNSA:
_ 500-400 _ X
T~ 7500 0.2;
A=0,2-1675= 335 (II:x).
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[image: image40.png]Jdra pabora coBepmiaeTcsa 3a 1c¢, ciaezoBaTeslbHO, II0JIe3HAadA
MOIITHOCTb MAIIINHBI:

N = *-;*- = 335 (II>x/c) = 335 (BT).

@ TennoBasa mamuHa paboTaer no o6parumomy nukiay Kapuo. Tem-
neparypa Harpesarena 227 °C. Onpenenuts Tepmuueckuii KIII mukia u
TEeMIEePaTypy OXJAZUTEJSA TEILJIOBOH MAaIINHBI, €CJH 3a CUeT KaKIoro
KHUJIOAKOYJISI TEeIJIOTEI, IIOJIYUEeHHOM OT HarpesaTeJjid, MalllHa CoBepla-
et pabory 350 JIxk.

AaHo: T, =227°C=500K; @, =103 II>x; A = 350 [I:x.

Hantu: n, T,.

PeweHune. Tepmuueckuit KII/I TennoBoil ManmimHbBI IOKAa3bIBA-
eT, KaKada AO0JIA TeIJOTHI, IIOJIYUEHHOH OT HarpesaTejis, IpeBpa-
1jaeTcs B MexaHudeckyio pabory. Tepmuueckuit KII/I Beipaxkaer-
cA opmyion

_ A
~ ?
@
rfre @, — Teniora, IIOJy4YeHHAas1 OT HarpeBaTensa, A — pabora, co-
BepIllleHHas pabodyuM TeJIOM TEeILJIOBOM MAIIINHEI.
IToxgcTaBuB Ynca0BBIe 3HAYEHUA A U ), IOJTYUUM:

_ 350 _ _ QKo
1000 0,35=35%.

3dHasa KIIIl nukna, moxHo mo popmysie
_IL-T,
Tl
OIIPeJleIUTh TeMIlepaTypy oxaanuTens T'y:
ITopcraBuB cioga HavizeHHoe 3HaueHne KIII (n = 0,35) u Tem-
nepaTypy HarpesaTens (T, = 500 K), noxyuum:
» =500(1 - 0,35) = 325 (K)

HIINA
t, = (325 — 273) = 52 (°C).

Kucnopox maccoit 1 kr cosepmaet iukJja Kaprao. ITpu nzorepmuye-
CKOM pacIIMpeHHHN rasda ero o0’beM yBeJIMYNBAETCA B 2 pa3a, a IIpHu II0cJae-
ayiomeM agnabaTUdecKOM pacHInpeHHN coBepmaerca pabora 3000 Jx.
OnpepenuTts paboTy, COBEPIIIEHHYIO 3a ITAKJI.

Aano:i=25;V,=2V,; A, ;=3000 Ix.
Hanrtu: A.
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[image: image41.png]Pewenne. MHMaeanbHBII IIUKJI PAJ (0., Vo, T))
KapHO cocTOMT M3 ABYX H30TepM H N .
nByx agmabar (puc. 13).

Ha puc. 13 yuyactok 1—2 coort-
BETCTBYET U30TePMHUYECKOMY pacIiiu-
penuto rasa (T, = T,), yuacTok 2—
3 — agnabaTHu4eCKOMY PacCInIHPEHUIO
raza, y4actok 3—4 — usorepMHye-
ckomy cxkatumo (T3 = T,) u y4acTok
4—1 — aguabaTHUYEeCKOMY CKaTHIO. Puc. 13

IIpu u3oTepMHMUECKOM pacHIupe-

HUU BHYTPEHHAS dHeprusa uaeajJbHOro rasa ocTaeTcs IMOCTOAHHOM,
cleloBaTeJIbHO, BCe IIOJBOAMMOE TeIlIo @, uJeT Ha paboTy 110 pac-
IIIAPEeHUIO ra3a Ha yyacTke I —2, T. e.

”
Q =4, ,= K—"}RTllnﬁ : (1)

IIpu n30TepMUYECKOM CXKAaTUHU HA yIacTKe 3—4 Temnjo oTAaer-
Csl XOJNOOUNBHUKY (Q,), U 3TO KOJIUUYECTBO TEMJIOTHI ONpeesieTcs

paboTol, 3aTpaueHHOM Ha c)KaTHe rasa:

Q,=4, ,=Z RT In 4 (2)
V3

Cocrosanusa 2 u 3 nexaT Ha ONHOM axuabaTe, IIO3TOMY MOXKHO
3aIICcaTh.

_1 -
T,V ' =TV, (3)

HOnsa cocroauuit 4 m 1, KoTOophle OTBEUYalOT ONHOM ajzuabare,
nMeeM:

T, Vi ' =71,V (4)
Ilogenus BeipaxeHue (3) Ha (4), moaydum
7 (5)

TaKKak Ty =T, u T3 =T,.
Pabora npu aguabaTHyecKoM pacIIMpEeHMH Ha ydyacTke 2—3
paBHA:

Ay 3=-AU, ;= LR(T, - T,). (6)

M 2
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[image: image42.png]PaGoTa nmpu aguabaTuyecKoM C)KaTUHU Ha ydacTKe 4— 1 paBHa:

Ay =AU, ;= An; ) %R(Tz; —T)=

= lRT,~-T

M 2 ( 1 4)

Tak xak Ty =T,, a Ty =T, T0o Ay_3 = —-A, ;, T. e. IOJHAA
pabora mo agnabaTHYEeCKOMY CXKATHI0O M paCHIUPEeHUI0 paBHA
HYJIIO.

CnepmoBaTesbHO, paboTa IIUKJIA:

A=A ,~A; 4
N3 ypaBuenui (1), (2) u (5) nonyuum:

_m _ Vs
A=ZR(T, Tz)lnvl. (7)

W3 ypaBuenusa (6) BeIpasum pasHocts Temueparyp T, — Tg,
pasuyio T, — T3, u moacTaBUM B ypaBHeHue (7):

2 V,
= _A ln_ .
j 23y

1

ITpousBegeM BbIYMCIEHUSA:

A= % . 3000 0,693 = 831,6 (IIx).

Tennosaa mamunHa pabdboraer no nukay Kapao. IIpu nzorepmuue-
CKOM pacHIMpeHHH ABYXaTOMHOIo ra3a ero o6beM yBeJHYNBaeTCsa B
3 pasa, a IpH HocjienymoneM agnadbaTuyeCcKoM pacIlupeHun — B D paas.
Onpepnenutry KIIJL mukiaa. Kakyio pabory cosepuiaerT 1 KMOJb rasza 3a
OXWH IIUKJI, ecsiu TeMmueparypa HarpeBareyisa 300 K? Kakoe KoixnuecTBo
TEIJIOTHEI IOJYYUT OT XOJOAWUJbBHMKA MAaIllMHAa, ecJUu OoHa OyaeT coBep-
IIaTh TOT Ke IIHKJ B 00paTHOM HalpaBJIeHUH, 1 KaKoe KOJNYEeCTBO Tell-
JIOTEI OyZleT IepexaHo HarpesaTesjaro?

Aauo: V,/V,=k=3;V,/V,=n=>5; v=1xkmounb = 103 Mmosb;
T, =300 K.

HanT”: n’ A’ Qz’ Qlo

Pewenue. KIII nukna Kapro onpenensierca popmyaon

=T1_T3

- (1)

rae T, — TeMIepaTypa HarpesaTend; T3 — XOJIOAUIbHUKA.
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[image: image43.png]IIpu agmabaTuuyeckoM mpolecce 2—3 P |
(puc. 14): [

T,V !t =TV}, (2)

rie y — IOKasaTeJjib CTelleHU anauabaThl
(m1sa gByxaTomHoro rasa y = 1,4). 113 pa-
BeHcTBA (2) HaXoAuM

V,\r-1 0 et
Ty=Ty(32) =Tynl . v
3 Puc. 14
Tak kak T, = T,, To u3 paBeHcTBa (1)
IIoJIy4aeM
T2 - Tznl Y -
= =1-nl-,
n T,

rge nl -v=51-14=0,525.
CnenoBaTenbHO,
n=1-0,525=0,475;1=47,5%.
Pa6ora B niukie KapHo onpefenseTcsa pasHOCThIO KOJHUYECTBA
TEIUIOTH Q,, MOJNy4YeHHOro B mponecce 1 —2, u @,, OTAAHHOIrO B

nporecce 3—4:

ITpu n3oTepMuUYEeCKOM IIpoliecce

Q, = vRTlln% ~ VRT,Ink, Q, = VRT31n% = —VRT,lnk, (4)

|4 | %4
TaK KaK — = —2. 3HaK «MHUHYC» ITOKA3bIBAeT, UTO TEeIJIOTa OThA-
4 1

eTcA XOJOAUJbHUKY.
CrnenoBaTeJibHO,

A=vVRIn k(T, - T;) = vRIn kAT, (5)

rae AT=T,-T;=T,-T;n* " v=T,(1 -n'"7)=Tn; AT =300 x
x 0,475 = 142,5 (K); Torga T3 =157,5 K.
IHoacTaBuM YMCJIOBBEIE 3HAUEHHUSI B pABEHCTBO (9):
A=103%.8,31-1,1-142,5=1,3 M]Ix).

IIpu obpaTHOM nukJge KapHo ras pacmupsercsa mo aguabare
1—4, 3atem 1o usorepme 4—3, moaydasa Impu 3TOM OT XOJIOAUJIb-
HUKAa KOJUUEeCTBO TEILJIOTH @,; Jajee ras cokumaeTcd 1o aguabare
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[image: image44.png]3—2, 3atem 110 uzorepme 2—1, oTgaBas IIPU 3TOM KOJIMYECTBO
TenJIOTH Q. IIo dopmyne (4) HaxomUM:

Q,=103-8,31-1,1-300 = 2,74 (M[Ix);
Q,=103-8,31-1,1-156 = 1,44 (M[I:x).

IIpu nasaenuu 10° ITa 0,2 Moyt ABYXaTOMHOrO rasa 3aHuMaeT
oobeM 10 . I'a3d usobapHO cCKUMalOT 10 00beMa 4 JI, 3aTeM CKHUMAIOT
agnabaTHo, IIOCJIe 4Yero ra3 N30TeEpMUYECKH pacuInpsaeTca 40 HA4YaJbHOTO
o6beMa u nasieHus. IlocrpouTts rpacduk mnmpoiecca B KoopguHarax p, V.
Hautn: paboTy, COBepIIEeHHYIO Ira3oM 3a OOUH IIMKJ; TeMIlepaTypy, AaB-
JieHHe 1 00'beéM B XapaKTEePHBIX TOUKAaX IIpoliecca; KOJUYECTBO TEIJIOTHI,
IIOJIYYEeHHOE Ira30M OT HarpeBaTeJjs U OTAAHHOE ra3oM XOJOAUJBHUKY, a
TakKe Tepmudeckuin K11 nukia.

AaHo: p; = 10IIa; v = 0,2 monp; V; = 101 = 102 mM3; V, =
=41=4-103m3; T3 =T,; p; =py; i = 5.

Haintu: A, Ty, Ty, pg, V3, @1, Qy, M.

Pewenue. W3 ypaBHeHus MeHgeneeBa—Kiamneiipona pV, =

_ iV
=vRT, HaxonquMm T, = ——:
1 A 17 TR
10°- 1072
T, = = 602 (K).
1 90,2-8,31 (K)
Vi _ Vs
N3 ypaBHeHUsa n300apHOTO IIpoliecca T =7 HaX0oJNM
1 2
T,\v 602-4.1073
T,=-—212:T,6= = 241 (RK).
2 v, 2 10-2 (K)

Hailinem KoopauHATHI TOUKH IepeceueHUsA aguadbaTbl 1 U30TeP-
mbl. VI3 ypaBHeHms agmaGaTHoro mpomecca T,V ' = T,V '
(y=1,4 — pna iByxaTOMHOro rasa), oTKyza

1/(y-1)
Va=Vo(22) ",
T,

Vy=4-107.( 241 =~ 4,05 - 104 (m3).

1/(1,4-1)
602 )
V3 ypaBHeHUA U30TEPMHUUIECKOro mpouecca psVs = p,V,,
14
37 Ty,

105-10-2
== =2 47106 (ITa).
P3 4,05+ 104 (11a)
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[image: image45.png]3Has KOOPAUHATHI TOYEK Iiepe-

p,» 105 I1a A

ce4yeHUSA HM30TepPMBI M aanadaThbl 95
MeXXaAy coboil u ¢ n3obapom, CTpo-
uM rpaduk npomecca (puc. 15). 20

KoanuyecTBO TEmJIOTHI, IIOJY- 15
YyeHHOE ra3oM OT HarpeBaTeJyd, OI- 10
peleJIIM IIO IIEPBOMY 3aKOHY Tep- 5
MmoauHamMuku: d@ = vC,dT + pdV. o
IIpy wu30TepMUUYECKOM IIPOIlecce 0 2 4 6 8 v, 10%m3
dU = vC,dT = 0 u dQ = pdV (pabo- Puc. 15

Te PACIINPEeHU); ClIeJ0BaTEeJAbHO,
Q, - vRTlln(g—l) ,Q,=0,2-8,31-602-3,2 = 3,2 (x]Ix).
3

KonudecTBO TEmJIOTHI, OTZAHHOE Ira3oM XOJIOAUJBHUKY IIpH
1300apHOM Ipollecce, paBHO:

Q, = vCp(T1 ~-T,).
Inst IByXaTOMHOI'O rasa Cp = %R. Torna
Q,=0,2- % .8,31- (602 — 241) = 2,1 (x]Ix).
PaboTa, coBepilieHHAdA ra3om,
A=Q;-Q,,A=3,2-2,1=1,1(xJx).

Haxongum KII nukia:

_@-Q __1,1
Q, "

’

0,344 = 34,4%.

n

w

B pesyabTaTe N30TEPMHUYECKOT0 pacIINpeHusa 006eM 8 I' KHCJIOPO-
na yseJauuunicAa B 2 pasa. OupenesuTs U3MeHEeHNE SHTPOIINU rasa.

Aano: m=8r=8-10"3 kr; M = 32 kr/xmons; V, = 2V,.
Hantu: AS.
PeweHnne. M3aMeHeHUe SHTDOIHMU CHUCTEMbI OIpefessieTcA II0
dopmyse ,
_Q _Q — [dQ
AS =S, sl-{—T-, (1)

rae dQ — KoJMYecTBO Tellja, cooOmenHoe rasy, T — abcosroTHasA
TeMnepaTtypa, S; U S, — 3Ha4eHUs BHTPONUU B HA4YaJbHOM U KO-
HEYHOM COCTOSHUAX CHCTEMBI.

IIpu um3oTepMHUYECKOM pacHIMpeHMH Bce IIOABOAMMOE KOJIH-

YeCTBO TeIJIOTHI UJeT Ha paboTy o pacIIupeHuIo, T. e. dQ = dA =
= pdV.
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[image: image46.png]W3 ypaBHeHusa MeHgeneeBa—KianelpoHa:

_m RT
M V'’
II03TOMY
RdV (2)

IToncraBnasa seipaxkenue (2) B (1), monydum:

V.
— 2—’71 ® ﬂf — _n_l _I../_-z
AS VI,MR = MRan

1

HpOI/IBBe,ﬂ;eM BBIYMCJIEHU .

AS =8 .8,31-103- 0,693 = 1,44 (I[>/rpax).

I'opsiuass BOga HEKOTOPON MACChI OTHAET TEIJIOTY XOJOLHOM BOxe
TaKOH Ke Macchl, U TEMIIEPATYPHI UX CTAHOBATCA OAUHAKOBRIMU. IIoka-
3aTh, YTO 3HTPONUA IIPHU 3TOM YBEJIUUNBAETCH.

PeweHnue. IIycTs TemMnepaTypa ropsadeit Boge! Ty, XOTOGHOM —
T,, a Temneparypa cMmecu ©. OnpenenuM TeMIilepaTypy cMecH, HC-
X051 U3 YPaBHEHHS TeIlJIOBoro Oajianca:

me(T,—0)=mc(O@—-T,), umuT,-0=0-T,,

OTKYIa
T,+T,

O = 5

(1)
N3MeHeHHe 3HTPOIINY, IPOUCXOAAIECE IIPH OXJIAXKIEHUN Irops-
Yyeil BOAbI:

= cmln—(2 .
T

C)
AS, = I cmdT

Nz3meHeHMe SHTPOIINM, MPOUCXOAALIee ITPU HArpeBaHUU X0JI0] -
HOM BOJKI:

0]

AS, = [¢meT — opn @

2 T T,
N3MeHeHNe 9HTPONHY CUCTEMBI PABHO

2
AS =AS; + AS, = cmln—- + cmln = cmln © ,
T, T, T,-T,
UJIH C YIeTOM COoOTHoIeHud (1) umeem:
T, + T,)?

AS = eminTit T2
4T,T,
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[image: image47.png](T, + T,)? (T,+T,)*
>T,> > > 0.
Tak kak Ty > T, > 273 K, To AT .T, luln AT T, 0

ITosromy AS > 0, T. e. sBHTPOIIMS BO3pOCJa.

Kak n3meHuTCA 3HTPOIUA 2 r BOAOPOZA, 3aHMMAIOLIEro 00beM
40 1 upu Tremueparype 270 K, ecsiu paBjieHue yBeJUYUTH BABOE IIPU IIO-
CTOAHHOI TeMIlepaType 1 3aTeM IOBLICUTH TeMueparypy zo 320 K?

Aavo: m =2r=2+103kr; V, =401 =4-102m% M =2 x
x 1073 kr/mounb; T, = 270 K; T, = 320 K; p, = 2p;.

HanTtu: AS.

PeweHune. U3aMmeHeHNe SHTPONINH opeaesaieTcsa GopMyJon

2
— [dQ
AS { = (1)

rie dQ — n3MeHeHHe KOJIMYECTBA TenJoThl, T — TepMoOAMHaAMUUeE-
CKada TeMIeparypa.

N3MeHeHHe KOJHUYeCTBA TEIJIOTHI HAaXOAHUM 13 IIePBOro 3aKOoHAa
TePMOAMHAMUKH IJIs NAaJbHOIO rasa:

dQ = Z 4+ pav, 2)

rae m — Mmacca rasa; M — monaspHasi macca; C,, — MoJisipHasi U30-

XOpHAasA TeIJoeMKocTh; dT — u3MeHeHHe TeMIepaTypsl rasa; p —
naByjeHue raza; dV — usmeHenue odbbema; pdV — pabora pacmiu-
peHusd rasa.

Benuuyuny p HaujgeM u3 ypaBHeHHs MengeneeBa— Kiamneipo-
Ha:

RT
p= 221, (3)
Ilnsi IByXaTOMHOTO rasa

Cy=2R, (4)

rae R= 8,31 Ixx/(moab * K) — MonsipHas rasoBas IOCTOAHHAA.
Ilogcrasnsasa (3) u (4) B (2), HaxoouM:

5 m m av
_— e O — —_—
dQ 5 RAT + MRT (9)
IlopgcraBassa (5) B (1), monydaem:

T V.
_ 5 mp(dT . m RTy{av _ m o(5,. 7T |4
AS==+-ZR|==-+ = -2 |2 = ZR(2In—2+In=-2].

2 M T{T M T, le M (2 T lnvl) (6)
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[image: image48.png]Ilns nzoTepMUYeCKOro mpoiecca
Vo _ Py
pPV,=p, Vo = ==.
171 22 T g
Toraa ypaBHeHue (6) npumeT BUL:

AS = mR(glnT lnf)—?).
1 1

IIpousBengemM BbIYHCIEHUA:

_ 2103 320 _
- 21100 8,31(21n270 In2) = -2,28 (Ix/K).

IIpu remueparype 250 K u pasnaenun 1,013 -10° ITa aByxaToMm-
HBIN ra3 3anmumaeT oobem 80 1. Kak m3MeHUTCSA 3HTPONIUS rasa, €cjiu
naBJieHNe YBEJUYUTH BABOE, a TeMIepaTypy nossicuTs g0 300 K?

AaHo: p, =1,013- 10° Ia; T,=250K;V,=80x1=8" 1072 m3;
ps = 2py; Ty =300 K.

Hantu: AS.

PeweHne. I3aMeHeHVe SHTPONIUM ompenessieTca GopMyJIon

AS={%€—Q. (1)

HN3MmeHeHHe KOJNYEeCTBA TEIJOTHI HaXO0JHUM U3 IIePpBOI'o 3aKOHa
TEPpMOJNHaMHUKH.

dQ = A-”-; C,dT + pdV. (2)

3mecr m — macca rada; M — mouspHasa macca; C, — MoJAp-
Has M30XOpHYeCKas TeIJIOEMKOCTh ([JIs ABYXaTOMHBIX rasos C,, =

= gR, rae R — monapHaa razoBas NOoCTOAHHAA); dV — N3MeHeHHe

ob0beMa rasza npu u3MeHeHuu temieparypsl T Ha dT; pdV — pabo-
Ta IPH pacHIMpeHUHN rasa.

BesnmuuHbl J\LnZ 1 p HanjeM u3 ypaBHeHusa MeHaeneeBa—Kia-

neiipoHa ¥ 00'beJMHEeHHOI'0 ra30BOr0 3aKOHA:

m _ P1V m ,RT _piV1 , T 3
MoTRP TNV T v (3)

IToncraBnsas ypaBHeHue (3) B (2), HAX0AUM:

_niV:y 5R P1[’1 T _piVi(5 d
dQ = . dT + « 24V = £ZL dT+T—£). 4
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[image: image49.png]IlopcraBinsisa seipakenue (4) B (1), Haxoxgum

P1 5 A% pPiVi(5,.T, Vz)
AS = ( ) (— In—<=4+In-—=1,
Tl 2T T I T, \2 T, V,
V
HO V2 _nT ,
Vi p.T,
TOrZAa
_ P1V1 ( piT ) P1V1 (5 Tz _ Pz) _
AS = ln—— + In In—=+ 1n In=| =
T, \2 T, p2T, T1 2 T1 T1 P1
P1V1 (71 —In Pz)
T1 2 Tl P

AS =1,013-105-8 ; ~(3,5+0,182 - 0,693) = —1,82 (Il /K).

Jlex maccoii 2 Kr, Haxoasamuiica npu remieparype —13 °C, marpe-
au no 0 °C u pacrasunu. OnpenenuTs U3MEHeHE SHTPOIINH.

AaHo: m = 2 kr; t, = =13 °C; t, = 0 °C; A = 3,35 10° Iox/Kr;
¢, =2,1-103 I>x/(xr - K).

Hantu: AS.

Pewenue. IzmeHeHue sHTponIuu

e O & ]

iQ
T b

rae d@ — KOJIMYeCTBO TeIlJOThI, COOOIIeHHOe Teny; T — TepMoIu-
HaMH4YeCKas TeMIlepaTypa Tejaa; S; U .S, — COOTBETCTBEHHO 3Haue-

HUSA SHTPOIMNH B HAYAJBHOM M KOHEUYHOM COCTOSSHHAX CHCTEMBI.
OO011ee n3MeHeHUE SHTPOIINHN PaBHO:

n
AS = ) AS,,
i=1
rae AS, — uM3MeHeHHe 9HTDPONNM, NPOMCXOAsAIIEe HA OTHENbHBIX
sTamax mpoilecca.

Paszpenum aToT nmporecc Ha ABa sTana. Ha mepBoM — mpoucxo-
AUT HATrpeBaHUe JbJa OT HavyaJbHOM TeMuepaTrypsl T; = 260 K 1o

TeMIIepaTyphl NaBjieHus apaa Ty, = 273 K n

2
= [4Q
S { = -
Taxk Kax dQ, = mc,dT,
TO AS, = mclln-’;—:-’é :

1
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[image: image50.png]Ha BTOpOM 3Talle MMeeT MeCTO ILIaBjJeHUe JAbha. B aToMm ciyuae

_ mA
Torga AS, = ==
T,

OO11ee U3MeHeHUE SHTPONI UM

Ty, A
AS = AS; +AS, = m[e,Inz2 + ’T}) .

1

IIpoBengem BeuucaeHus B egununax CHU:

_ 031273 L 3,35-10% _ o g . 10
AS =2(2,1-10 InZ218 13,35 ’) = 2,66 - 103 (I /K).

Jlex macoii 2 kr, HaxoaALIKUcA Ipu Temnepatype —10 °C, Harpenn
1 IIpeBpaTUJIN B nnap. OnpeznesauTs N3MeHEeHHEe S9HTPOIINH.
373 K;

2kr; T, = 263K; T, = 273K; T, =

AaHo: m =
= 4,19 x

¢, = 2,1-103 Iox/(xr - K); A = 3,35-10% Ik /kr; c,
x 103 ok /(xr - K); r=2,26+ 106 II>x/xr.
Hantu: AS.
Pewenune. MaMeHeHue SHTPOINHU onpefenseTcs no GopMyJie
2
AS=S,-8, = [29,
1 T

Ob1iee n3MeHeHNe SHTPONIMK paBHO cymMe 2.AS;, rae AS;, — us-
MeHEHHUs JHTPONUNHU, IPOMCXOIAIINE HAa OTAeJbHBIX 3Tamax IIpo-

Iecca.
AS = Y AS,.

i=1
1. NsmeHeHue 3HTponuu AS; IPOUCXOAUT IPH HArpeBaHUU
JbAA OT HadalbHOU TemmepaTypel T; = 263 K go TemnepaTypsl

nnasnaenus T, =273 K:
2 dQ
AS, = I —71—1- , TaK Kak dQ, = mc,dT, To

1

T
AS. = me,Iln=2,
1 S

rfie m — MAacca JIbJa; ¢; — yAeJbHAaA TellJIOEMKOCTD JIbJA.
2. HsmeHeHUe dHTponuu AS, IPOUCXOAUT IPHU IIJaBJIEHUU

apjga. B atom ciydae dQ, = mA.
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[image: image51.png]Torpa AS, = mh

rae T, — TeMmepaTypa ILUIaBJIeHUA JIbJA; A — yAeJbHAA TeIlJIoTa
ILJIaBJIEHUA.

3. ameHeHune sHTpoNUU AS; IPOUCXOAUT IIPK HArpeBaHUHU BO-
Obl oT Temieparypsl T, B0 Temmnepartyps! kuneHusa T3 = 373 K.
Benuuuaa AS; BEIYHUCIAETCA aHAJOTHYHO AS|:

ASg = mczln% ,
2

rae ¢, — yAeJbHad TellJIOEMKOCTDb BOAHKI.

4. IsmeHeHUe 3HTpOIUU AS, IPOUCXOAUT IIPU UCIIAPEHUH BO-
Ibl; TAK KaK AQ = mr, To

I'le r — yAeJIbHAs TeIlJIoTa mapoodpa3oBaHUA.
O0O1iee U3MeHeHe S9HTPOII U

— _ T,

31,273 , 8,35+ 105 31,378
2(21 110310218 + 335107 4 41910310373 +

2,26 -106Y _ 1nd
+ 220 )=1,73+10* (T /K).

Crpysa BogsaHoro napa upu remueparype 100 °C, HanmpasjeHHas Ha
rJIBIOY JIBbJa, Macca KoTopoil 5 kr u Temmeparypa 0 °C, pacronuia ee u
Harpejga IOJYYUBIIYIOCA BOAY mo Temieparypsl 50 °C. Halitu Maccy
N3PacXOA0BAHHOTO IIapa X1 U3MEeHEHHE 3HTPOIUM IPHU ONHUCAHHBIX IIPO-
Ieccax.

Aavo: m;=5kr; T, =0°C=273K; T,=100°C=373 K; 0 =
= 50°C = 323K; A = 3,35:10° II'x/kr; r = 2,26 +10% Ixx/kr;
c=4,19+103 II)x/(xr * K).

Haitu: m,, AS.

PeweHue. KonmuecTBo TEJIOTHI, HYXHOe IJIs IIJIABJIEHUA IbIA
U IJI HarpeBaHUA MOJIYYEHHOM XOJIOMZHOM BOABI, PABHO KOJIMYECT-
BY TeIlJIOTHI, BBIJEJUBHOIEMYCS IIPU IIPEBPAIleHIY ITapa B BOAY TOM
JKe TeMIlepaTypsl U IOCJEAVIOINIeM OXJAaKIeHUH MOJIYUEHHOM ro-
psadel Boapl. CocTaBUM yYpaBHeHHeE TeIJIOBOro OajlaHca:

miA +cmy(0 — t)) = myr+ cmy(t, — 0),

rfie m; — Macca JbAa; m, — Macca Iapa; A — yJIeJabHasd TeIIoTa
IIJIaBJeHUA JIbJA; ' — YAEeJbHAs TEIJOoTa MapooOpa3soBaHUS BOMHI;
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[image: image52.png]¢ — yIeJbHAs TeILJIOEMKOCTh BOJKI; O — TeMIlepaTypa cCMecH; [, —
TeMIIepaTypa IJIaBJIeHUd JbJa; t, — TeMIepaTypa KMIIeHUuA BOJHI.
Pemniasa ypaBHeHUe OTHOCUTEJIBbHO My, IOJIYYUM:

Atec®-t) 5 8,35-10°+4,19-10%-(50-0) .
Yr+e(t,-0)  2,26-10°+4,19+103+ (100 - 50)
= 1,1 (xr).

N3meHeHue sHTponuu AS paBHO CyMMe M3MEHEeHHUU SHTPOIUU
npu TasgHuu JbAa (AS,), IPpH HarpeBaHUU NOJYYUBIIEHCA XOJIOJ-

HOM BOABI (AS,), IPU IIpeBPallleHUHN IIapa B BOAY TOM XKe TeMIlepa-
Typel (AS3) ¥, HAKOHEIl, IIPX OXJAXKAEHUU IIOJyYeHHOW U3 Iapa
ropadel BOABI O OKOHUYATEJIbHOU TeMIIepaTypHl cMmecH (AS,).

NsmeHneHUe SHTPOIINM IIPU Iepexole CUCTEeMElI U3 COCTOSHUA 1
B COCTOsAHNE 2 BBIpaXKaeTcA caenyoouer QoOpMyJIon:

2
s=]2.
1

Haiinem u3MeHeHHe SHTPONMU NPU KaXXJOM M3 OIIMCAHHBIX
IIPOILECCOB.

1. ITpu Tasuuu appa temnepatrypa T coxXpaHsAeT IIOCTOAHHOE
3HaueHue, paBHoe 273 K. BrlHOCA MOCTOAHHYIO TeMIIepaTypy 3a
3HAK MHTerpasna, nmojydyaeM.

2
1 A
1 '77, Jl' Q = 'FQ ’
rie AQ — KOJMYECTBO TelJIOTHI, HeoOXoaAMoe IJIA TAaAHUA JIbIA.
AQ =\m, =3,35-105:5=1,675- 106 ([:x).

CrnenoBaTesbHO,

AS, = 16';?7310 ~ 6,14 - 103 (Il /K).

2. ITpu marpeBanuu Boabl Ha dT TpebyeTCsa KOJMYECTBO TEIJIO-
ThI, PABHOE:

dQ = cmdT.

CnemoBaTesibHO, N3MEHEHNE 3HTPONHNY IIPU HAIDEBAHUHU BOJBI
BBEIPA3UTCA TAK:

AS,=4,19-1035+ 1%% ~ 3,52+ 103 (II:x/K).
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[image: image53.png]3. IIpu npeBpamnieHNH napa B BOAY TOU >Ke TeMIIepaTyphbl U3Me-
HeHYe SHTPOIHNM MOXKeT OBITh HaWJeHO TaK Ke, KaK M B cjydae
TassHUA Jb14a, T. €.

.106.1.1
AS. — _AQ _ My, \g _ _2,26-10°-1,1 _
S3 = Id T T, S 373

= -6,66 - 103 (II:x/K).
HN3MeHeHUIO SHTPONINHN IIPHMIINCBIBaEeTCsaA 3HAK «MHHYC», TaK
KaK B 3TOM CJiydae oHepPIrus BblJeJIAeTCHd.

4. A3MeHeHHe 3HTPONHUHU IIPU OXJIAXKAEHUU IIOJYYEeHHOU Irops-

Yyeil BOABI MOJIYYMM IIYTEM PACCYKIEHHIl, aHAJOTHYHBIX CJIYydaro
HarpeBaHUs BOJBI:

2 2
_ (emydT _ T _ T,
AS, { 7 !—T cmzlnT1
AS,=4,19-10%+1,1In522 = -663 (x/K).

IlosnHOE U3MeHeHUe SHTPOIIN U

AS =(6,14-103% + 3,52-103- 6,66 - 103 - 0,663 - 103) =
= 2,337 103 (II:x/K).

3. PeaAbHble ra3sbl U JKUAKOCTHU

B cocyzne emxocThio 10 1 HaxoauTca 360 r sogsHOro napa pu TeM-
nneparype 470 K. BeruncjanTe gaBjieHue napa Ha CTeHKH cocyjza. Kakyio
yacTh 00bema V cocrasisaeT co6cTBeHHbIN 00beM V' mosekys napa? Ka-
KVIO YaCTh NAaBJEHUSA P COCTABJISET BHYTPEHHee naBjeHue p'?

AaHo: V=10n1=0,01mM3; m=360r=0,360 xr; T =470 K.
Hawntu: p, V'/V, p'/p.
Pewenne. Ilo ypaBuenuio Ban-gep-Baanbsca

o+ 35 (V- fit) = BT »

m _ 0,360
M 18 -10-3
a u b — mnocrosauHele BaH-aep-Baanbca (aymsa BoasHoOro mapa
a =55-10% H-m*/mons?, b = 0,3-10*% H-m3/momnb);
R = 8,31 I:x/(Moas * K) — monsipHas rasoBas MOCTOAHHAA.

Cob6cTBeHHBIN 00BeM V' MOJIEKYJI CBA3AH C MONMPaBKoil b paBeH-
CTBOM

rie

= 0,02+103 (Monp) — umcaO0 MOJeHl rasa;

mb _ 4y,
M

4 - 9332 I'nanckon 97




[image: image54.png]Torpa

Vi _ mb |
vV  4MV’
K: — 0,02‘ 103‘0,3‘ 10_4 — 0 015, Z — 1 5(y0
v 4+0,01 A 7 S
BuyTpeHnHee faBjieHHe OonpeAessieTCs PABEHCTBOM
,_(m\*a .
p' = (0,02 103)2551'01_?“4 = 2,210 (ITa).
IHaBneHue p HaxogUM U3 ypaBHeHUd (1):
2 ?
M(V— ﬂb) M. vV
M
p=0,02:103 8,31-470 ~2,2.10% =

(0,01 -0,02-103.0,03-1073)
= 8,29+ 106 (ITa).

Torpa

B _ 2,2:10% . g g03; 2 =0,3%
P g,29-106 P o7

IHaHbI HIOCTOSAHHEBIE a U b, BXogAniue B ypaBHeHue Bau-nep-Baanb-
ca. OnpenennTs 3HAUYEHUA KPUTHUYECKOH TeMIIepaTyphl 1 KPUTHUUECKOTO
NaBJICHU A aproHa.

Aano: a = 1,36-10° H-m*/kmonp?; b = 0,0322 m3/xkMoub;
v=1.

Hantu: T ,p,.

PeweHue. YpaBHeHHE COCTOAHHUA pealbHBIX raszoB BaH-zep-
Baanbca o1 1 kMo umMeeT BUJ

(p-l——V%) (V - b) = RT. (1)

M3 ypaBHeHUs (1) MOXKHO IMOJIYYUTH BEIPAXKEHUE AJIS KPUTHUE-
CKUX BequuyuH T', U p_:

_ 8a
T 27bR’
_ a

Px = o7y
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[image: image55.png]Onpepensaem T up,:

T — 8‘1,36'105
* 27.0,0322-8,32-103

(1,36)-10° . 4 gg.106 (ITa).
27+ (0,0322)?

=~ 151 (K);

Py =

Yriexkucablyl ra3 maccoi 88 r HAXOAUTCS B cocyae eMKOocThio 10 1.
OnpenesnuTs BHYTPEHHEE JaBJEHUE ra3a ¥ COOCTBEeHHbBIN 00LeM MOJIEKY.JI.

Aawo: m = 88r = 8,8:102%kr; V = 101 = 102 m3;
M = 4,4-102 kr/monp; a = 0,361 H -+ m*/mons?; b = 4,28 x
x 1072 m3/moub.

Haintu: p', V.

PeweHne. ITo ypaBueHUIo Ban-nep-Baanbca BeIpakeHue goba-
BOYHOTI'O JaBJIEHUSA p' UMeeT BUL

2
r (M a
rne a — nocrosaHHasa BaH-gep-Baanbsca, V — o0beM.

, 88-10‘2)2 0,361 . 14 4
= | =2 . =2 = 14,4 (xIla).
P (4,4 .+ 10-2 104 ( )

IlocrosinHas BaH-gmep-Baanbca b y4uTheIBaeT IomnpaBKy Ha COO-
CTBeHHBI 00BbeM MoJeKya V', u, Kak cieayeT M3 ypaBHEHU

Ban-nep-Baajsbsca, mpousseeHue -]-\-"} b paBHO y4eTBepeHHOMY 00%-
eMy MOJIEKY/JI J\% b=4V', oTrkyna

V' = m b _ 8,8 . 10_2 . 4,28 ° 10——5 — 0’021 (JI).

—— — o —

M 4 4,4-1072 4

@ B cocyze emkocTrio 25 1 mpum remneparype 300 K mHaxonurcs
40 Mouab Kucjaopopa. OnpenesuTh JaBJICHHUE ra3da, CUNTas ero UIeabHBIM,
peaibHBIM.

Aavo: v=40; T=300K; V=2,5-102m3; a=0,136 H x
x M*/monp?; b= 3,17 +1075 m3/Moub.

Hantu: p,, p,.

PeweHnue. [laBiaeHNe uaeanbHOro ra3a onpejeisieM U3 ypaBHe-
HUus1 MenneneeBa—Kianedipona:
vRT 40+ 8,31 - 300

D D= d 2= 4« 106
v 1 2,5+ 102

P = (I1a).
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[image: image56.png]IlaByieHMe ra3a, CUUTAA €ero peaJbHBIM, OIIpeAe M U3 ypaBHe-
Husa Ban-gep-Baansca:

o+ E-0) -

rae a u b — nocrosinubie Ban-gep-Baanbca.
IIpeobpa3syst 3TO BeIpaKeHue, MOJIYUUM:

2 RT
+Y?a _ VRT
P2 T V—vb
OTKVIa
P2 V-vb V2’
. 1. 3. 2 . 2.

 25-102-40-3,17- 105 2,52+ 10

@ B cocyne nmox nasiaenumem 8 MIla cozepxkurca KucCJaopox, HIJOT-
HOCTBL KOoTOpOoro 100 Kr/M3. CunTas ras peajbHBLIM, ONPEAEeIUTE ero TeM-
IIepaTypy M CPaBHUTHL €€ C TeMIepaTypoil uaealbHOTO ra3a IIpHU TeX XKe
YCJIOBUAX.

AaHo: p = 8-10%IIa; p = 100 xr/m3; M = 32+1072 kr/mMoxb;
a=0,136 H-m*/Mmonp2; b =3,17+107° Mm3/Monb.

Hantu: T.

PeweHnne. Temneparypy njaealpbHOro raza HanjaeM M3 ypaBHe-
HUA COCTOSAHUA HAeaJIbHOTO rasa — ypaBHeHUsa MeHaeneeBa—
Kinanenposa:

V=2RT:p=2:pM=pRT,
p M P v p P
OTKYyZa
M
T. = 222
1 pR
.106.29 .10-3
T, = 8:100.32:1073 _ 308 (K).
102.8,31

YpaBHeHUe COCTOAHUSA peajIbHOIO rasa — ypaBHeHUe Ban-gep-
Baanbca aja Ipon3BOJBLHOT0 KOJIMUECTBA ra3a uMeeT BUL:

(p-l—]%;- %)(Kn%! ~b)=RT.

IIpeoGpasyem ypaBHEHHe C y4€TOM TOT'O, UTO p =

<I3

(p+ %)(1‘.‘.)4 -b) =RT.
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[image: image57.png]Orcrona

825 -2)

T,= :
2 R
106, 10440,136Y(32-107 . 1, 1o
(8100 + 322_10_6)( 30~ 5,17 10 ) )
T, = =~ 324 (K).

8,31

@ Kak n3aMeHnTCs BHICOTA IOAHATHUA CONPTA MEXKAY ABYMA IJIACTHH-
KaMN, DOrPY’KEHHLIMU B CIIMPT, €CJIY PACCTOAHNE MEXIAYy HUMH YMEHb-
muTs ¢ 1 MM g0 0,5 Mm? CMaunBaHMe O/IaCTHHOK CUMTATE IOJMHBIM.

AaHo: 6 = 0,022 H/m; p=0,8:103 kr/Mm3; r; = 1 MM = 1073 m;
ry=0,5MmMmM=0,5-10"3 m.

Hantu: Ah.

PeweHne. IloBepXHOCTH, CMauMBAIOWIEH KUAKOCTH MEXIY

IJACTUHAMHY IPUHUMAaeT HUJINHAPpHUUYecKuil Buj (puc. 16).
JlanjacoBcKoe AaBJIeHHE PaBHO:

1 1
P= G(E; + 'R'; ),
rae R, u R, — paauychl KpMBU3HBI ABYX B3aMMHO-IIEPIEHIUKY-
JIAPHBIX HOPMAJIbHBIX CEYEHUI MOBEPXHOCTHU KUAKOCTH. A mu-
JUHAPUUYECKOMN MOBEPXHOCTH OJHO M3 HOPMAJbHBIX CEYEHNM — Cce-
yeHHe, UAyLiee BAOJb o6pasyomeil nuauHapa. s sero R, = o,
Bropoe, neprneHAUKYJIAPHOE €My CceueHHe, JaeT OKPYKHOCTDH pajgl-

r
ycoMm R, = 5 » TA€ I' — PACCTOAHME MeKAY NIT0CKOCTAMA.

IToaTomy noGaBouHOE faBJIeHUE

_ 0 _20
P R, r’
JTO JaBJIEHNE YpPABHOBEIIMBAaET JaBJie- r
HUe CToJ0a JKUAKOCTHU BEICOTOMH /A, IO3TOMY
) N
=2 = pgh. =]
=
Orcrona 5_—:1\
~2
pgr Puc. 16
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[image: image58.png]B Hamiem cay4dae

h. = 20 — 20
1 2 ’
pgrl pgr2
20 (1 1
Ah=h,—h, =22 =~ =
? ! Pg (”2 "1)
ITpon3BOAMM BBLIYHCIEHUA:
20,022 1 1Y s
Ah = : - ~ 5,61+ 1073 (m).
0,8-10%3.9,81 (0,5 . 103 10—3) (M)

N3 kanunnasapHoil TpyOKu ¢ paguycoMm Kanajyua 0,2 MM mo Kare
BBRITEKAET :KUJKocTh. Macca 100 kamesis paBua 0,282 r. OnpenesanuTs Ko-
(PPUIIMEHT HIOBEPXHOCTHOI'O HATAMEHUA KUIKOCTHU.

Aavo: r = 0,2mMm = 2°10%Mm; n = 100; m = 0,282r =
= 2,82:10"% kr.

Hantu: o.

Pewexne. Kanma oTpelBaeTCss B TOT MOMEHT, KOrja ee cUJa
TSAXECTH paBHa CUJe IOBEePXHOCTHOTO HaTAkeHud. Cuuras pagu-
yC meMKH KallJI¥ paBHBIM PafuyCy KalUJIApa, MOXXHO 34IlHCATH

o2nro = M& , OTKyJa
n

o = mg
2nrn

o= _—2,82:107-9,8 .9 9.10-2(H/m).
2:.3,14:-2-107%-100

.
’

Haiitu pnobaBouHoe AaBjeHNHe BHYTPU MLLIBHOIO NY3LIPA JAHa-
merpoM 10 cm. Kakyio paboTy HY*XHO COBEPINUTL, YTOOLI BEIAYTEH STOT
Ny3LIPH?

AaHo: d =10 cm.

Hawnrtu: p, A.

PeweHne. IlneHKa MBIJIBHOIO IY3BIPA UMeeT ABe chepUUYecKue
IIOBEPXHOCTH — BHEILIHIOI U BHYTPEHHIOW. O6e IOBEPXHOCTH OKa-
3BIBAIOT JaBJIeHVE Ha BO3AYX, 3aKJIOUYEHHBIY BHYTPU Ny3bIpA. Tak
KaK TOJHOIMHA NJeHKH 4Ype3BbIYAMHO MaJia, TO AHAMETDPhI 000MX
IIOBEPXHOCTEN NpPaKTHYeCKM OAMHAKOBEI. IloaTomMy pob6aBouHOe
AaBJIeHUe

p=2.2_0’
r
rjae r — paguyc 1nys3pips.
d 8o
Tak Kak r= =, ToOp = —.
2> TP T
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[image: image59.png]KoshdunumeHT moBepXHOCTHOTrO HATAKEHUS MBIJIBHON BOJLI
c= 40 MH/Mm, auamerp my3wipa d = 10cm = 0,1 m. Cuenona-
TeJbHO,

8+40+1073
= = 3,2 (I1a).
p 01 (Ila)

Pabora, KOTOpPyI0 HYKHO COBEpIIHUThb, UYTOOBI, pacTAruBasd
IIJIEHKY, YBEJHUYUTh €€ IOBEPXHOCTh Ha AS, BeIpakaercsa popmy-
JIOM:

A=0°'AS, unu A =o(S — S;).

B marHOM caydae S — ob6miaa miaomanb AByX chepUdYeCKHuX mo-
BEepPXHOCTell NJEHKH MBLIBHOTO My3bIpA, S, — obmaA Iaomanb
IBYX IIOBEPXHOCTEM IIJIOCKOUW IIJIEHKM, 3aTATHBaBIIe OTBEPCTHE
TpyOKH 10 BEIAYyBaHUA Ny3bIpA. IIpenebperas S, moaydyum:

A ~ oS = 2nd?o.
CresiaB IOACTAHOBKY YMCJIOBBIX 3HAUEHUM BEJIMYUH, IOJTYIUM:
A=2:3,14:(0,1)2-40-103=2,5+1073 (II:x).

3aAQ4YM AASl CAMOCTOSITEABHOIO pelleHMs

1. B 6annone eMrocThio 30 1 HAXOAUTCS COKATHIN BO3AYX HpH
remneparype 17 °C. Ilocse Toro Kak uacTh BO3LyXxa H3pacXoI0OBaJIH,
nasnenune nonusuaochk Ha 2 MIla. Kakasa macca Bo3gyxa Obljia U3pacxo-
I0BaHa, €CJIM TeMIepaTypa ero ocrasanach nocToanHoit? Oteer: 722 r.

Q. CKONBKO MOJIEKYJ a30Ta HaXOAHUTCA B COCYLe eMKOCThIO 1 I,
eCJH CpemHAA KBaJpaTUUYHaA CKOPOCTL [OBUXKEHUA MOJIEKYJ asoTa
500 M/c, a faBJeHue Ha cTeHKH cocyga 1 kIIa? Orser: 2,58 - 1020,

3. OmpenenuTs cpefHee YKUCIO CTOMKHOBEHUH MeXKIy MOJIEKYyJa-
Mu Bo3ayxa 3a 1 ¢ B 1 em3 npu Temueparype 7 °C, eciu OIJIOTHOCTL BO3-
nyxa 0,05 kr/mM3. OrBer: 9,7+102%5 ¢71,

4. Brruncauts KoabdunuerTt suddysun BO3/lyXa IPU AaBJeHUU
10° ITa u Temneparype 17 °C. Orser: 1,5-1075 m2/c.

5. OnpenenuTs MOJSApPHYIO Maccy rasa, eciIy yjelbHBIe Tell-
JIOEMKOCTH DpaBHBI: ¢, = 600 [x/(xkr-K), ¢, = 910 IDx/(xr- K).

HeMmy paBHBEI MOJApPHBIE TenjaoeMKocTu C, u Cp atoro rasza? OTBerT:

32+ 1073 kr/moab; 20,8 IIxx/(Mous * K); 29,1 1I:x/(Mons * K).
6. OnpejenuTh HOMHYIO SHEPrHI0 MOJEKYJ KHCJIODPOAA MAaccoi

64 xr, maxogsmeroca npu remuneparype 47 °C. Kaxkosa sHeprusa Bpa-

IaTeJILHOrO0 JABMXKEHUA MOJEKyJ Kuciaopoza? Ortser: 13,22 xllx;
5,32 x]IIx.

103




[image: image60.png]7. AsoT Maccoit 2 kr npu Temueparype 17 °C u gasiaennu 10° ITa
coxuMaroT no gasiaeHusa 1 MIla. Oapepennts paboTy, 3aTpadyeHHYIO Ha
coraTHe, ecJix ras cxKumarorT: 1) usorepmuuecku, 2) aguabaruo. OTBeT:
396 xJlx; 400 k.

8. Ilpu u306apHOM pacIIMpEeHUH BO3[yXa Maccoil 1 Kr ero o6bem
yBesanuuica Ha 100 . Haintu temuoeparypy u paboTy Bo3ayXa IpH pac-
MU DPEeHUH, ecJu HadaanHoe jgaBiaenue 10° Ila, a HayaiabHasa TeMmepary-
pa 15 °C. Orser: 50 °C; 10,03 x][x.

9. OnpezsenuTs U3MeHeHNE SHTPOIUY IPU M30TEPMUUYECKOM pac-

IMUPEeHNH BOAOpPOAA Maccoil 1 r, ecaiu 00'beM rasa yBEJIMUHNJICA B 3 pasa.
OrtBeT: 4,56 II'x/K.

10. ITpu nsobapuoM pacIIMpeHUM reausa Maccoii 2 r ero o6beM u3-
Meuuacsa B 10 pa3. KakoBo namenenue sarponuu? Ormer: 23,9 II'x/K.

11. TennoBas mamuHa paboTaer no nukiay KapHo. TeMnepaTypa
Harpesatensa 127 °C, xomoqunabuuka 15 °C. Ha ¢cKOJIBKO HaZ0 U3MEHUTL
TeMIepaTypy HarpeBaTensa (IpH HEeM3MeHHON TeMIepaTrype XOJOAUJb-
HUKa), uTo6nl yBesmnuuTh KIII mamuue: B 2 paza? Oteer: Ha 255 K.

12. B cocyne oobemoMm 1.1 mop gaBmenmem 1 MIla maxomuTcd
Kucjgopon. Kakoe KOJIMYECTBO TENJOTHI HEOOXOAMMO COOOIIHUTEL rasy
LA YBEJIMUEHUS ero oobemMa B 2 pasza mpH u300apHOM pacHIMPEHUU U
LIS yBeJWUYEHHUA ero JaBJIeHNA B 2 pa3a IpU M30XOPHOM IIpoiliecce?
OrBer: 3,5 klxk; 2,5 xkI[K.

13. Cuuras a3oT UeaJLHEIM ra3oM, OIpPeAEeSUTh €ro yaeJbHbBIe

TEeNJIOEMKOCTH IIPH H30XOPHOM M mM300apHOM npolieccax. OTBerT:
742 x/(xr* K); 1,04 g1 /(xr * K).

14. TemnepaTypy cMecu azoTa Maccoit 28 I ¥ KHCJIOPOJa MAaccoil

32 r, HaXOAMAIIYIOCA B 3aKPHITOM cocyle, uaMenunu Ha 20 °C. Onpene-
JINTH U3MeHeHle BHyTpeHHel sHepruu cmecu. OreeT: 0,831 kJx.

15. Vraexucnslii raz maccoit 6,6 Kr 3anumaer o6seM 3,75 M3 npu
nasiaeHuu 0,1 MIla. OnpezenuTs TeMnepatrypy rasa, CuuTas ero umue-
aNbHBIM; peaJbHEIM. OTBeT: T, = 301 K; T, = 302 K.






























































































































































































