OCHOBU

HHETHHHOT
TEOPII
IDEATNTbHUX T'A3IB

B ocHoOBI kiHeTHYHOI Teopii ra3iB Jexarh Taki OCHOBHI TIOJIOKECHHS:

1. I'a3 ckagaeThbes i3 BEMMKOTO YHMCIa MOJIEKYN, PO3MIpH SKUX, B IOPIBHSHHI 3 cepen-
HBOIO BiJICTAHHIO MK MOJIEKYJIaMH, JTy>KE MaJi i HUMH MOXHA 3HEXTYBaTH.

2. Ha mMonexynu He JIiIOTh HisIKi CHIIM, OKPIM CHJI, SIKi BUHUKAIOTh B IIPOIIEC] iX CHiByIapy
OJTHA 3 OJJHOIO Ta CTIHKAMH ITOCYJMHH; Oyab-sIKi 1HIII B3a€MO/IT MK MOJIEKYJIaMH BiJICYTHI.

3. Morexynu B po3IyIsiIyBaHOMY 00’ €Mi ra3y 3HAXOJUITHCS B HETIEPEPBHOMY XaOTHIHOMY PYCI.

4. JIoTrycKaeThCst, 0 MOJIEKYIH T KOPSIFOTHCS 3aKOHAM KITACHYHOI MEXaHIKH 1 BCTYIAIOTh y
B3a€EMOJIIIO OJHA 3 OHOIO JIMIIIE TP 3ITKHEHHSIX.

5. CniByzapu MOJIEKyJ Mi>k co0010 a0 31 CTIHKaMH MOCYIUHH € TIPY>XHUMH.

3po3yMmiJIo, 1110 3acTOCYBaTH 3aKOHN HEFOTOHA /10 KOYKHOI MOJIEKYITH 30KpeMa HeMOIIHBO. Tomy
B KiHETHYHI1 Teopii Ta3iB BUKOPUCTOBYIOTh CTATHCTHYHMH Mi/IXiJT 1 KOPHCTYIOTHCS CepEeAHIMY 3Ha4e-
HHSIMH PSITy BEJIMYNH, SIKi BiITOBINAI0Th MAKPOCKOIIIYHIM 3MIHHMM. 3p0O3yMLJIO, IO MIKPOCKOIITHHH
OIVC TIOBMHEH BITIOBIAATH MAKPOCKOIIYHUM BJIACTHBOCTSIM Ta3iB.

MoreKyIsIpHO-KiHEeTHYIHA TEOpist ra3iB Ja€ 3MOI'y BUBECTH BCi 3aKOHH i/1eanbHOro rasy (B
ToMy umcii i piBasiHHS MeHneneeBa-Kianelipona) TeOpeTudHO, SIK BUCHOBKH 3 OCHOBHOTO PiB-
HSHHS KIHETHYHOI Teopii ra3i. KpiM Toro, MonekynspHO-KiHETHYHA TEOpisl Ta€ CTAaTHCTHYHE
TIIyMadeHHs THUCKY 1 TEMIIepaTypH.

§ 11.1 OcHoBHe piBHsIHHS KiHETHYHOI Teopii rasis

Hexaii neskuii ra3, mo cknagaersest 3 N MOJeKys, MiCTHTBCS B TOCYMHI KyOidHOI hopMu
3 oBkHHOI0 pedpa | (puc. 11.1). OueBmHO, 110 wIomA rpani ky6a S = I?, a fioro 06’em V = I,
OCKIJIBKH MOJIEKYJIN B KyOl PyXaloThCsl XaOTHYHO, TO OKPEMO B35Ta MOJIEKYJIa, PyXalounCh BH-
MaJIKOBUM YHHOM, Oyne cTHUKaThCs 31 CTIHKaMM KyOa mia pisHMMH KyTamu. IIpocmiakyemo
MOKHU-III0 32 OJHIEI0 MOJIEKYJ1010. Hexail mBHIKICTh I1i€l MONeKyTu B HAaIIpsSMKY oci X-iB piBHA
U, . Monexyna, 10NeTiBIIM J0 CTIHKY, Ji€ Ha CTIHKY, a Ta B CBOIO Yepry Jii€ Ha MOJEKYIy 3 piB-
HOIO 32 BEJIMYHMHOIO 1 IPOTHIISKHOIO 32 HANPSIMKOM cHiI010. OTXKe, MOXKHa co01 YSIBHTH, IIIO MO-
JIeKyJla pPyXaeTbCcsl B3aj-BHEpex B X — HampsIMKy. Pyxaiodwuch BIpaBO, MOJIEKYJa BOJOIIE
immynscom P, =mo, (M — maca Monexymu, v, — ii MIBUIKICT B HAIPSIMKY oci X-iB) (puc. 11.2).
INpu BinOMBaHHI Bif CTIHKHM IMITyIbC MONEKYMH cTae P, = —mv, . 3MmiHa iMITyIbCy MOJIEKYNH B
IIpOLIECi CHiBY/AAPY CKIIaiae
AP, = P, —(-P,) = mv, —(—mvo,) = 2mo,. (11.1)

CriHka cripuiiMae iMITyJIbC BiJiadi, HaIIpaBJICHWI BIPaBO, NPOTHJICKHA CTIHKA CIpHHAMae
IMIIyJbC BiJytadi, HanpaBieHni BIiBo. Ll Monekyna cTHKaTUMEThCs 31 CTIHKaMH 0araTo pasis.
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8 11.1 OcHosne pisHsanHs Kinemuunoi meopii 2a3ie

[Mpomixxok yacy At Mix JBOMA MOCIIIOBHHMH 3ITKHEHHSIMH MOJICKYIH (4ac MOKU MoJie-

Tz

I Z
R k] — m T;X
’ 1 X
,/ [
x
/’ X
/
v
Puc. 11.1 Puc. 11.2
KyJia Ipo¥izie BiACTaHb MiX CTIHKAMH TYIH 1 Ha3a[) CKIAIAE:
2|
At=—. (11.2)
UX

Tomi, 3rimHO 3 Apyrum 3akoHOoM HBIOTOHA cepemHs cuiia, IO JIi€ Ha MpaBy CTIHKY B MPOIeCi
OJTHOT'O CITIBYAapy 3 HEIO MOJICKYITH

2
= AAF;X :;n;—uu’;z m:)X . (na oony monexyny). (11.3)

O4eBUIHO, 10 MOHATTS CEPEAHBOI CHIIM JUIS OJHI€] MOJICKYJIM HE 30BCIM KOPEKTHO, alie,
SIKIIO B 00°eMi 3HaxoaaThess N Mostekys, To cepeans cruina OyJie JOpiBHIOBATH
2
Nm <oy >
F = %, (11.4)
2 2 2 2
SV 2+ <V 2+<Uyg > +...+ <Ly >

2
e <UX>=
N

— CCpCAHE 3HAYCHHA X — KOMIIOHEHT

mBuakocti N Moekys.

OpHak, MOJNEKYIH B KyOl pyXaroThCsl HE TIJIbKM B HANpsMKy OCi X-iB, BOHH pyXarOThCs
Xa0THUYHO, CIIBYJApsIOYUCh 31 BCIMa CTIHKAMH Ta OfiHAa 3 OIHOI0. TOMY CepelHIO HIBUAKICTH
OyIb-KOi MOJEKYJIHM MOXHA BUpA3uTH uepe3 ii ckianoBi B X-, V-1 Z-HampsiMkax 3rifHO
teopemi Ilicaropa:

<uz>=<uf>+<u§>+<uzz>. (11.5)

Tyr mMaemo Ha yBasi, o L,, Ly i L, HaNpasieHi B HAPIMKY pebep Kyba, a U — 110 HOro JaroHas.

OCKUTEKY TIPUMYCKAETHCS, IO MBUAKOCTI MOJEKYI PO3MOALUICHI Xa0TUYHO 1 HEMAa€ SKOTOCh
OJITHOT'O MTEPEBAKAFOYOTO HATIPSIMKY, TO

<v?> = <uf> = <v?>,
1 TOMy

<v?>=3<v?>. (11.6)
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11. Ocnosu xinemuunoi meopii ioeanvhux 2asie

[incrasmsiroun B popmyny (11.4) 3sHayeHHs < uf >, 13 (11.6) oTprMa€EMO MOBHY CHITY, IO i€
Ha Oy/b-sIKy CTIHKY Ky0a!
2
F=%Nm<|l) >. (117)

Toni THck, 10 Ji€ HA CTIHKY, Oyxie

2 2
p:EZEN"KU > _1Nm<w > (11.8)
s 3 IS 3 B
Ockinbku 06°em ky6a V = I, 10 ocTanmiii Bupa3 3anmImeThes Tak:
2
p= %% (11.9)

e i € 3Halinenunii HaMK BUpa3 JUIst TUCKY T'a3y, 3alIMCAHUN Yepe3 BIACTHBOCTI OKPEMHUX MOJICKYII.
BpaxoByroun, 1o cepeaHs KiHeTHUHa €HEpTisl OfHIET MOJIeKyIn

<W, >= %m<uz >, (11.10)
piBusiaast (11.9) HaGyme TaKOro BUITISY:
PV = %N <W, >. (11.11)

IMopisutoroun hopmyay (11.11) 3 piBHsiHHSAM cTany ieansHOro rasy (10.22)
PV = NKT,
6aurMo, 1110 JIiBI YACTHHHM IMX PIBHSHB OTHAKOBI, @ 3HAYNTH MOYKHA TPHPIBHATH 1 TIPaBi 1X YaCTHHU.

Toni My OTpEMaEMO Ba)KIIMBE CITiBBIAHOIICHHS, SIKE 3B’3y€ MAKPOCKOMIIYHE MOHATTS — TeMIIepary-
pa — 3 OIMMCOM Ha MIKPOCKOIIIYHOMY PiBHI MOJIEKYJISIPHOTO PYXY:

<W, > = ng, (11.12)

ne k — crana Bonbrmana.

Cuisginromrenns (11.12) Ha3MBaIOTH OCHOBHHM PIBHSIHHSIM KiHeTHUHOI Teopii rasis. o-
IO MOKHA NPOYMTATH TaK. cepefHsl KiHeTHYHA eHeprisi pyXy MoJieKyJl ra3y npsiMmo mpomnop-
uiiiHa agcomoTHiil Temmepatypi. 13 (11.12) BuaHO, 10 TeMIepaTypa € MipoO CepenHbol KiHe-
THUYHOI €Heprii MOCTYNAIBHOTO PyXy MOJICKYI. AJie TTIOHATTS “TeMmepaTypa’” He 3aCTOCOBHE JI0
OJTHI€] MOJIEKYJIH, OCKIUJIBKY TEMITepaTypa € CTaTUCTHYHA BenmunHa. [lonsrrs “remmeparypa’” 3a-
CTOCOBHE JIMIIE IO BEIMYE3HOI KUTBKOCTI MOJIEKYJ. I3 OCHOBHOTO PIiBHSHHS KiHETWYHOI Teopii
Tra3iB JIETKO MOYKHA OTPUMATH BCl EKCTICPUMEHTAIbHI 3aKOHH 11€aTbHOTO Ta3y, pO3IIISHYTI BUIIE
(§10.7).

I3 piBusams (11.12) BuriuBae, mo 3i 3HIDKESHHSAM TEMIIEPATYPH KiIHETHYHA SHEPTis MOJIEKYIT
3MEHIIYETHCS 1 IPH HAOMMDKEHH] TEMIEpaTypH 10 aOCOMIOTHOTO HyJIsI KIHETHYHA €HEpris MoJte-
KyJI Takox npsiMmye 10 Hyist. OctanHe o3Hayae, mo npu 7 = O K Oynb-gKuii ocTynaibHUN pyx
MOJIEKYJI OBHHEH NpunuHATHCS. OHAK, B AIHCHOCTI IpH HAOMMKEHHI 10 aOCONIOTHOTO HYIS
KiHeTHYHA €HEPris MPsAMYE JI0 Ty’Ke Majoro, ajie BiMiHHOTO BiJl HyJIS MiHIMAJIbHOTO 3HAYCHHS.
OTKe, MONIEKYJIIPHUH pPyX HE TIPUITHHAETHCS HABIThH MIPH TEMITEPATypl aOCOIIOTHOTO HYIIS.

Mpuknan 11.1. Pospaxysamu cepeonio kinemuury enepzito (6 enekmpon-6016max) MOJCKy L
2asy npu kimnamnii memnepamypi (T = 293 K).
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8 11.1 OcHosHe pisHsanHs KinemuuHoi meopii 2a3ie

Po3B’si30k. 32iono (11.12) cepedns kinemuuna enepeis ne 3anexicumv i0 MAacu MOAEKYIU.
Tomy, 3a 6yO0b-sK0I memnepamypu MOIEKyIU 6CIX 2a3i6 MAomb 0OHY [ MY JHC CEPEOHIO KIHeMUUHY
enepeiio (ane pisni sHauenns Uep. ks, )- Omoxce,

<W, > = ng =%(1,380~1O’23 I K)(293K) = 6,065-1072 [Jore,
abo
<W, > = 6065102 e—~B__ _ 0038 es,

1,602-107° s

Hani popmyny (11.12) 3amuimemo Tax:

2
<Wk>=M=§kT’
2 2

3B1IKHA
2 3KT

<LV > =
m

(11.13)

HKIHO B3ATH KOpiHI) KBaﬂpaTHI/Iﬁ 3 < U2 >, TO OTpUMAEMO HE <V >, a BCIIMYMHY, SIKY Ha-
3UBAIOTh CEPEIHBOKBAIPATHIHOIO IlIBl/I}IKiCTlO

Vgprn. = V<U° > = T (11.14)
m

3ayBaxuMO, O < U > i V< v’ > He piBHI Mixk coboro (<L > # V< v? >).

Hpuknan 11.2. Yomupu monexyau marome maxi weuoxkocmi: 1,0, 2,0, 3,0 i 4,0 m/c. Pospa-

xXyeamui: a) cepeoio weuOKicmy < U >, 6) cepeOHbOKEadPAmuUHy WeUoKicms \< 0> > .
Po3B’s130K. a) Cepednio weudKicms po3paxyemo 3a popmynoio:

<U>=i§:l)i _ LitUp U3ty
N i3 4
Tooi
o (1,0+2,0+3£,10+4,0)M/c a5
C

6) Cepeonvoreadpamuuna weuoKicms GUSHAYACMbCA 3a YOPMYIOI0

Tooi

UCP.KB.

_ \/(1,0)2 202+ B0+ @02 v’ o m
4 T

Mu nokasamu, o <v> # <v? >. Bonu eidpisnsomsca npubnusio na 8 %.
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11. Ocnosu xinemuunoi meopii ideanvrux 2a3ie

Hpuxnan 11.3. Pospaxysamu cepedHboK8aOpamuuny weuoOKiCms MOIEeKY Nosimps npu
KIMHAmMHIU memnepamypi.

Po3w’si30k. [lpu pospaxynxax popmyny (11.14) nompibno sacmocysamu okpemo 00 0cHog-
Hux ckaadosux nosimps (KUcHIo [ asomy), OCKIIbKY 60HU Maromb pisHi macu. Morexyrsapra maca
monexynu kuciio (0p) = 32 a. 0. m., azsomy (Np) = 28 a. 0. m. Tooi

m(0;) = (32)(1.67-10 k) = 5310 ke,
m(N;) = (28)(1.67-10""xe) = 4,7-10 " ke,

Omoice, 0151 KUCHIO 3HAXOOUMO

_ [T [31.38-107F e/ K)(293K) _ 0 M
P m 53-10 % ko c

Cepeonvoxgadpamuyna wieuoKicmes monexyn azomy oopienioe 510 m/c.

L

§ 11.2. Po3moxiJt MOJIEKYJT 32 INBHAKOCTSIMH

Makxceenn [Jaceiime Knepx (1831 — 1879) — an-
eniticokutl gisux. Hapoouscs 6 Eounbypsi. Buuecs 6
Eounbypsexomy i Kembpiooiccokomy yHigepcumemax.
ITio  xepienuymseom Maxkceenna cmeopena 6iooma
Kasenouwicvka nabopamopis ¢ Kemopuoorci.

Hayxosi pobomu npucesueni enrekmpoounamiyi,
MONEKYTAPHIN i3uyi, 3aeanvHiti cmamucmuyi, on-
muyi, Mexauiyi, meopii NPys#CHOCMI, 5Ky 8IH OYONIO-
646 00 KiHYsl C8020 IHCUMMIAL.

Hauibinouwmm docsenennam Maxceenna € cmeopena
num ¢ 1860 — 1865 pp. meopisn enexmpomacrimnoeo
noJs.

Binomo, 110 MosIeKynu B Ta3i pyXaloThCsl XaOTHYHO 1 HETIEPEPBHO CTHKAIOTHCSI OTHI 3 OJJHHU-
MU Ta 31 cTiHKaMu mocyauHu. Lle 03Havae, M0 JesKi 13 MOJCKYI pyXaroThCs JTyXKe MOBLUTBHO, a
IHII — Jy)Xe IMIBHAKO B TIOPIBHSHHI 3 TXHBOIO CEPEIHBOI0 MIBUAKICTIO. AJie Ul pIBHOBRKHOTO

crany (7 = const i BiICYTHICTh 30BHINIHIX BIUIMBIB) CepeIHs KBaAPATHYHA MIBHIKICTh < v?>

3anImaeThest cranoro. Lle o3Havae, Mo B pe3yabTaTi 3ITKHEHb B Ta3i BCTAHOBIIOETHCS JICSIKUM
CTaI[lOHApPHUNA PO3IIOLT MOJICKYJ 3 MIBUIKOCTAMHE. Lleli po3mosin crocyeThes Bei€l CyKymHOCTI
MOJIEKYJ, TOOTO BiH € CTATHCTMYHUM. [HakIle Kakyud, 3HAYECHHS IIBHAKOCTEH MOJEKYN Ta3y
PO3HOAUIEH] Y BiJIOBIHOCTI 3 JIEIKOI0 (DYHKII€IO, IKy MOKHA OTPUMATH, BUXOISYH 13 KiHETHY-
HOI Teopii, IIomnpas/ia, BAKOPHUCTOBYIOUH OLITBII CTPOTI MaTeMaTHYHI METOAN aHDK Ti, SKUMHU KO-
puctyBaiucs Buie. PyHKmis 1151 HAHOUTBII IMOBIPHOTO PO3IOAITY IIBUIKOCTEH MOJIEKYII Tasy,
sakui cknanaersest i3 N monekyn, orpumana y 1860 p. /1. K. Makcsemnom. s ¢ynkmist mae Ta-
KW BUTTIA,

2

f(v) = 4z N (l)glzuzexp(—l my
27KT 2 kT

ne N — 3araipHe 4MCIIO MOJIEKYJ a3y, M — Maca MoJekyin, 7 — abCONOTHA TeMIepaTypa, K —
crana bompumana. @ynrkuis f(v) (11.15) nasuBaeTbes GyHkuiero posmominy Makcsesia.
Bemnuuna f(v) dv Busnauvae BimHocue unciao momekyn d N/N, mBUIKOCTI SKMX JI€KATh B
iHTepBai mBUaKocTel Bix v g0 v + dv. Tobro
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8§ 11.2. P0o3nodin MOIEKY 3G WUBUOKOCTISIMU

N _ = f(v)dv. (11.16)

z|%

T = const r . .
padix po3noxiITy MOJIEKY 32 IIBHAKOCTSIMHU Ha-

BeneHo Ha puc.11.3. I3 (11.15) i puc. 11.3 BuaHo, 110
¢yukuis f(u) =0 npu v =0 i npsmye 10 Hyast mpu
v — oo. Ile o03Hauae, 10 B Ta3i HEMAaE MOJIEKYI, sIKi O
HE pYyXaJuCs, a TAKOXK CBIYUTB, 10 HASIBHICTb MOJIE-
KyJI 3 IIy’Ke BEJIMKUMHU LIBUAKOCTIMH Majlo iMOBipHA.
DyHKIIIS pO3NOITY Ma€ MAKCUMYM, SKUH BiIOBigae
U  MBHAKOCTI, Ky Ha3UBAIOTH HAWOUTIHII IMOBIPHOIO IIIBHJI-
KICTIO U ;. HalOUIBII IMOBIpHY IIBUAKICTH MOJICKYIT MOX-
Puc. 11.3 Ha 3Haifry, gocmigueim (11.15) Ha MakcuMyM, TOOTO,
npupiBassinu d f(v )/dv 1o myns. Tomi,

df (v) =4r N(L)S/{Zu exp (- mo* ) — 2my° exp(— v® )} 0,

I
I
1
I
I
1
I
I
1
|
,I
UH< L>< »p o

do 2 KT 2kT 2kT 2kT

o [T g KT (11.17)
m m

3axoH MakcBeiuia a€e 3Mory O0YHCINTH CepeHbOAPH(PMETHIHY MIBUAKICTH MOJIEKYIT

3B1IKH

<u>=iZui,
i=1
abo
100 m 3/200 3 1mL)2
<v>= —|uf(v)dv = 4n(—— vexp(—= do,
Ni() (27sz)-([ AT
3B1IKH

= /& = 1,60,/k—T. (11.18)
Tm m

CepeIlHBOKBa,HpaTI/I‘IHa IHBI/IZ[KiCTI) BU3HAYAETHCA (1)OpMyJ'IOIO

[o?f (v)do
<o >=1-2 = ,/3kT = 1,73,/k—T. (11.19)
Cp.K6. N m m

Buxomstun i3 dhopmys (11.17), (11.18) i (11.19), MmoxHa 3ammcaTu Taky HEPIBHICTB:
v, <(<v>)< (< O e >) abo v, = 0,89<v>=082< Oe (12.20)

Posnonin Makcserua 71st JaHOTO ra3y 3aJISKUTh TUTBKH Bij aOCOIIOTHOT TemnepaTypu. Ha
puc. 11.4 HaBeieHO pO3MOIIT MIBUAKOCTEH ISt pi3HUX TemnepaTyp. I3 puc. 11.4 BuaHO, m1o 3
I ABUILICHHSM TEMITIEpaTypH 30UTbIIYeTHCS HAHOIBI IMOBIpHA MBUAKICTD, TOOTO MAKCUMYM
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11. Ocnosu xinemuunoi meopii ioeanvhux 2asie

KPHBOI 3MIIIyeThCS BIPaBO (B OiK BETHKUX
A nmsuaKocteit). KpiM Toro, 3 MM IBHIIEHHSIM TeM-

c'i\I_N ! T T <T<T, HepaTypH KpHBa CTa€ 6imgn TIOJIOTOIO: 1€ CBiJI-
! : HHTh TIPO T€, IO PO3MO/LT MOJEKYIT 32 IBHJI-
! ! L KOCTSMH CTae 6}m,1g PIBHOMIpHHMM, a TaKoX
| ! 3§1nbmyerbc3 KUIBKICTB MOJIEKYJI, IIBH/IKOC-
[ T, Ti SKUX MEPeBHIIYIOTh HaWOUIBII IMOBIpHY

IIBUJIKICTB, 1 3MECHIITYETHCS YHCIIO MOIICKYIT 3
MAaJUMH IIBAAKOCTAMH. 30LIBIIEHHSIM KiJIb-

! KOCTI MOJIEKY, IO MArOTh IIBHIKOCTI OiJTb-
Uy, LT, v i U, , 3 NiIBUILEHHIM TeMIIEPaTypy, OACHIO-

10T TIPUCKOPEHHS 1epediry XiMiuyHHX peak-
Puc. 114 1iH, B TOMY 4MCIIi 1 B )KMBUX KIIITHHAX.

Mpuxnan 11.4. I'pyna i3 22-x monexyn mae HacmynHi weUOKOCMI: y 080X MOLEKY WUBUO-
kicmb U, = 10 m/c, y cemu v, = 15 m/c, y vomupvox L3 = 20m/c, y o0Hiei L, = 25 m/c, y n’amu
vs = 30 m/c, 00na monexyna mae weuokicmo Lg = 35m/c i y 06ox monexyn v; = 40 m/c. Busna-

UM @) cepeomio WEUOKICIb MOLEKYIL;, 0) CepedHbOKEAOPAMUYHY WEUOKICIb, 8) HAUOLIbUL IMO-
BIPHY WBUOKICD.
Po3B’s130K. a) Cepeons weudkicme monexyn (0us. npuxnao 11.2) oopienioe

_ (2-10+7-15+4-20+1-25+5-30+1-35+2-40) m/c
22
6) Cepeonvoreadpamuuna weuokicmo monexyn (Ous. npuxaao 11.2)

<L > =225 mlec.

o s (2:10° +7-15% + 420 +1.25° +5-30% +1-35° + 2-40°) m/c®
Cp.KB. 22

=242 mlc.
8) Hatibinvw iMosipry weuokicms 3naidemo, ckopucmasuucs gpopmynoio (11.20):
v, =089<v>=089(225)m/c = 20,0 m/c.

§ 11.3. BapomeTpuuHa ¢opmy.ia

XaoTHYHUIA PyX MOJIEKYJ IPU3BOAUTH JIO TOTO, IO MOJIEKYJIH Ta3y PiBHOMIPHO pO3NOALIS-
I0ThCS IO BCbOMY 00’ eMy nocyanan. OHaK, Tak ceOe MOBOANUTH Ia3 TUIBKH TOJI, KOJIU Ha MOJIe-
KyJIM He JIIOTh 30BHIIIHI cuid. [Ipy HasBHOCTI TaKMX CHJI MOJICKYJISIDHI PYXH NPH3BOIATH JI0
CBOEPIHOI TIOBEIIHKH Tra3iB. Po3IIsiHEMO, HANPUKIaL, Ta3 (MOBiTps), IO mepebyBae M mieto
CHJI 3eMHOT0 TSDKIHHSL. SIKito © pyx MoJekyn OyB BiJCYyTHIH, TO BCi BOHH MiJ JI€I0 CHIM Bard
“pmany” 0 Ha 3emuno. Skimio O BiACYTHS OyIa ciya TSOKiHH, ajie iCHyBalu O MOJICKYIISIPHI PYXH,
TO MOJIEKYJIH PO3CisuTiCs 6 IO BChbOMY CBiTOBOMY mpoctopy. OTke, icHyBanHs armochepu (Imo-
BITpsiHOI 000IOHKH 3emiti) B Ti TEmepilHpOMY BHIIIs 30008’ s3aHE CYKYIHIH il TEIUIOBOrO py-
XY MOJIEKYJI Ta CHJIM 3eMHOT0 IpUTsraHHs. Lle € mpranHOIO TOro, 110 B 3eMHiH atMocdepi More-
KyJIM TIOBITPS TIEBHUM YMHOM PO3IO/UIEH] 3 BUCOTO0. Bi/IMOBIHO /10 IIbOTO PO3MOALTY MOJIEKYIT
BCTaHOBJIFOETHCS 1 MIEBHA 3aKOHOMIPHICTh 3MiHM THUCKY Ta3y (IOBITPS) 3 BUCOTOO (THCK 3 BHCO-
TOIO 3MEHIIYETHCsT). [Iero mpo 3MeHIIeHHs: aTMOC(EPHOr0 TUCKY 3 BUCOTOIO BIIEPIIEC BUCIOBHB
¢paumyspkuii ¢izuk b. TTackans (1623 — 1662), sika misHirre Oyia miaTBepKeHa SKCIIePHMEH-
TaJIBHO.

PiBHSIHHS, SIKE OTMCYeE 3aJIeXKHICTh THCKY TIOBITPS Bil BUCOTH, HA3UBAIOTH 6APOMETPUYHOIO
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8 11.3. Fapomempuuna popmyna

(opmyJ1010, SIKa Ma€ TaKWiA BUTIIS:

mgh
P =Pe (11.21)
abo
_Pogh
P,=Pe ", (11.21, a)

ne Py— armocdepHuii Tnck Ha moBepxHi 3emui, P, — aTMocdepHuit THCK Ha BHCOTI h, m — Mmaca
okpemoi MonekynH, K — crana BonbliMana, § — MPUCKOPEHHS BUILHOTO MAiHHA, P; — I'YCTHHA

noBitpst Outst moBepxHi 3emuti. @opmyna (11.21, a) orpumana i3 (11.21), BukopucTaBuy npu
[IbOMY PiBHSIHHS CTaHy ixeansHoro rasy (10.21).

I3 popmynn (11.21) BuaHO, 1110 aTMOC(EPHHMIA THCK 3 BUCOTOIO 3MEHIIYETHCS 38 €KCITOHEHIIT-
anmpHuM 3akoHOM (prc. 11.5), 1 TuM mBHme, YnM Bakumit ra3 (M Ginbiie M), i 9MM HIKYA
Temreparypa. SIKIo THCK Ha TOBEpXHI 3emii
Pnh P, =101,325 xI1a, a TemmepaTypa HOBITps Ha

Py 1 Oymp-sikiit Bucori nopisHioe 0 °C, T0 i3 hopmy-
mm (11.21) maemo:
-h
. P, =Pe"®. (11.22)
5
Bapomerpuuany ¢opMyity MOXKHaA 3acTOCy-
0.25 BaTH JUISl BU3HAYEHHS BHUCOTH 1 UM IIHPOKO
' KOPHUCTYIOTBCSI B METEOpOJIorii Ta apiari. I3
0 dopmyiu (11.22) 3Haxomumo, o
P
h=1841g—2, (11.23)
Puc. 11.5 Pn

ne Bucora h BupajkeHa B KilloMeTpax.

Crip 3ayBakutH, 1o 6apoMerpuyHa (opMysia HE € TOYHOIO, OCKUIBKH B Hill HE BpaXxOBaHO
3MiHHM TEMITEpaTypH Ta CWIIN TSHKIHHS 3 BHCOTOIO, @ TAKOXK BOJIOTOCTI MOBITps. IIpu TOUHMX 00-
paxyHKax aTMOC(EpHOro THCKY Iii (paKTOpH CIIiJi BpaxOBYBaTH.

OCKIJIbKH THCK a3y MPSIMO MPOIOPLIHKMI KilbKocTi Monekyi B omuamili 06’emy (P = NKT), To
dopmyna (11.21) Bupaxkac TakoX 3aKOH 3MEHINEHHS KiTBKOCTI MOJIEKYJ B OIMHUIN 00 €My
(KOHIIEHTpAIIiT) 3 BUCOTOIO:

mgh

N=Nge K, (11.24)

ne N i Ng — uncio mMonekyn B oguHuIi 00’emy Ha BUCOTI h 1 Ha moBepxHi 3eMJri BiJIIOBIHO.
®opmyity (11.23) wacTo cCrpaBeIMBO HA3UBAIOTH 3AKOHOM PO3MOALITY MOJEKY.] 3 BUCOTOI0 B
noti TsukiHHsA. JI. BonbliMaH nokasas, 110 [ei 3aK0H € YHIBEpCAIBHUM 1 CIIpaBeUTMBUM I Oy/1b-
SIKUX YaCTHHOK, SIKI OEpyTh y4acTh B TEIUIOBOMY pyci 1 mepe0yBaroTh B Oy/b-IKOMY MOTEHIIab-
HOMY CHJIOBOMY I10JIi 30BHIIIIHIX CHIL.

Ockinbku W, = mgh — moTeHmianbHa eHeprisi MOJIEKYIIH 3 Macor M Ha Bucorti h, popmyiry
(11.24) moskHa 3anmcaTd y BUTISII

WI'I

N=Nye K. (11.25)

ro ¢hopmynry Ha3MBarOTH po3noaijiom boasnMana.
3ayBaxkumo, 1o B Gopmyii (11.21) BBaxkaeThCsl, UI0 MPUCKOPEHHS BUTBHOTO MAJiHHA J €
cramuM. HacrnipaB/i BeTndrHA ( 3MEHITYETHCS 3 BiATAICHHSIM BiJl IOBEPXHI 3E€MIIi 32 3aKOHOM

157



11. Ocnosu xinemuunoi meopii ioeanvhux 2asie

g(h) = Gﬁ, ne G —rpasirtamiitaa crana, M3 i R; — BiamoBimHO Maca i pamiyc 3emui.
3 +
Tomy dopmymna (11.21) nabyne Burssiy:
GM
P, =P,exp| —— 3 11.26
= Poern| -G (v | (11.26)

I3 popmynu (11.26) surumBae, 1o HaBiTe mpu h = oo (PH HECKIHYEHHOMY BiImaieHHi Bij
3emui), Trck He mopiBHIOE HyITHO (P, # 0). Ile o3navae, mo atMocdepa 3emiti TIOBUHHA TIPOCTATa-
TUCS IO HEeCKIHYeHHOCTi. OCKUTPKU 11e (Pi3MYHO HEMOXIIMBO, TO HEOOXITHO IPHITYCTUTH, IO
aTtMocdepa 3emili 3HaXOANTHCS B HEPIBHOBAKHOMY CTaHI, IS SIKOTO XapaKTepHE HelepepBHE
PO3CISIHHSI aTMOC(EpHOTo ra3y B CBiTOBHI mpoctip. OmHak, el mpouec AyKe MOBUTBHUH 1 He
MOYKE IPU3BECTH JI0 TOMITHOI BTpaTH 3eMJIEI0 aTMOC(EpH.

Hacawmkigers, 1me pa3 3ayBakUMo, 10 0apoMeTpHdHy (OpMYITy BUKOPUCTOBYIOTH ISl BU3HA-
YeHHsI BUCOTU HaJ 3emMieto. J[Jist Iboro TOCUTh BUMIPATH THCK Ha JaHii BHCOTI 1 Ha PiBHI MOpA
(meB. -y (11.23)). Tpraay, SKUME BEMIPIOIOTh, HAPHUKIIAM, BUCOTY IIONBOTY JITAKiB, € CIIeI-
IBHIMH OapoMeTpaMu, IIKaja SKUX IporpaayiioBaHa B Merpax. [Ipu mpomy citig BHOCHTH I10-
MPaBKU HAa 3MiHY TEMIEPATYPH MOBITPs, sIKA 3HIKYETHCS 3 BUCOTOIO.

§ 11.4. Cepenus 10B:KHHA BiJILHOT0 MPOOIiry MOJIeKyJI

ITpu xaoTHuHOMY pYCi, KU 3/1iIHICHIOIOTH MOJIEKYJTH I'a3y, BiIOyBarOThCs OaraTOKpaTHi 3iTK-
HEHHS MOJICKYJT O/IHA 3 OJJHOI0. PO3paxyHKH IMOKa3yroTh, 110 3a HOp-
MaJIbHUX YMOB KO)KHA MOJIeKyJa rasy 3a 1 ¢ 3xiiicHioe 3 iHImmMu
monexymamu =~ 10° 3iTkHeHs. 3p03yMio, 1O I1i 3ITKHEHHS € IpyX-
HUMH. B MOMEHT 3ITKHEHHSI HAPSMOK IMIBHIKOCTI MOJIEKYJ 3MIHIO-
€TBCS, TCISI YOTO BOHA 3HOBY PYXA€ThCs mpsiMoniHiiHO (puc. 11.6).
BaximBUMH XapaKTEpPUCTHKaMH pPyXy MOJIEKYN Ta3y € CepeHe
YHCIIO 3ITKHEHb Ta CepeHs JOBKHHA BUIHHOTO MPOOITy MOJEKYI.
CepetHe 4HCJI0 3iTKHEHb MOJIEKYIT Ta3y 32 OJMHUINO Yacy MO)KHA
O PpO3paxyBaTH TAKUM YHHOM. MOJEKyiH i7ieaIbHOro rasy OyaemMo BBa-
JKaTW TBEPAMMH, aOCONIOTHO MPYKHUMH KyJbKaMH pamiyca I, siKi
Puc. 11.6 PIBHOMIpHO pO3MOAijIeH] 1Mo 00’eMy, a 00’€MHa KOHIEHTpALLs MO-
nexyn rasy No. Hexail omHa i3 Monekyn pyXxaeThesi MPSMOJIHIMHO 3 CEpeHBOIO IIBHIKICTIO
< U >, a IHIII MOJIEKYJIH 3HAXOIATHCSA B CTaHI criokoro. Toxi maHa mMornekyna 3a 1 ¢ mpoiine Bif-
CTaHb, SIKa YUCEIIBHO JIOPIBHIOE CEPEHil MBHUIKOCTI <L >, 1 3ITKHETHCS 3 YCiMa MOJIEKYJIaMH, SIKi
3HAXOIATHCS B 00’€Mi IWUTHPa 3 IUIoero ocHoBr 7 (2r)% i Bucotoro < v > (puc. 11.7). Cepenne
YHCIIO 3iTKHEHb MOJeKy < Z> B 06’emi muminapa (V= 7 (2r)’<v>) 3a 1 ¢ nopismoe < Z >=
=NoV = No7 d%<v > (Tyr pamiyc r Moneky:u 3amineHo Ha ii giamerp d). Bilbir TOUHmMIA pe3yib-
TaT OTPUMYETHCS], SKIIO BPaxXyBaTH PyX BCIX MOJIEKYI 3 PI3HUMH LIBUIKOCTSIMH OffHOYacHo. Lleit
pe3ynbTat OyB oTpuManuii MakcBesioM. Bi nIpr3BoauTs 10 Takoi (hopMyiH:

<Z>=+27Nyd?<v>, (11.27)
abo
2 NA
<Z>=+27d <v>p k. (11.28)

TyT BUKOpHCTaHO, 110
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8 11.4. Cepeonst dosoicuna 8inbH020 npobicy

N—E— m  mNp, pN,
"V T mvVv M M’

M

m . . P
ne N = — — yucno mMoieky:a B uwiinapi, M, = M/ Na — Maca omHiel Monekyn, M — mMaca
M
razy, M — monsipra maca, p =M/V — rycruna rasdy, N — gnciio ABoraapo, V — 00’eM rasy.

Cepeanst 10B:KMHA BUIBHOIO IPO0Iry < A > — 1e cepeaHs BiACTaHb, IKY IPOXOAUTH MO-

Puc. 11.7

JIeKyJIa Mi’K IBOMa TMOCTiI0BHMMM 3iTKHEHHSIMU. BOHa TOpIBHIOE BiZIHOIIEHHIO MPOIIEHOTO 3a
yac t nuIsXy g0 4ucna 3iTKHEeHb 3a 1ei e yac. Toxmi

<v>t 1
<A>= = ) (11.29)
<Z>t \/EﬂdZNO

a00, BpaxoByroun Gopmyiny (11.28),

M
x/EﬂdzNAp.

B Tabmuni 11.1 HaBeneHi 3HaYEHHST OKPEMHX MOJIEKYJIS PHO-KIHETHYHNX MapaMeTpiB JASsIKUX
raziB npu Temrieparypi 0 °C'i Tucky 101325 ITa.

<A>= (12.30)

Tabmmms 11.1

Ta3 <v> mle <A> A d A
Azor 4543 599 3,1
Aprou 380,8 635 2,8
Bonens 1692 1123 2,3
Kucens 425 647 2,9
Xiop 285,6 287 3,6

I3 popmynnm (11.30) BuIHO, IO JOBXKHHA BUTBHOTO MPOOITy MOJIEKYN OOEpHEHO MPOIMop-
HiiiHa TyCTHHI Ta3y, a 3Ha4UTh 3aJIeKHUTh BiJ HOro THCKy. ToMy MOXKHaA 3amncaty, 1o



11. Ocnosu xinemuunoi meopii ideanvhux 2asie

I3 3MeHIIeHHSIM THCKY JTOBXKHHA BIJIBHOTO MPOOITy MOJIEKYJI 3pOCTaE B Til e Mipi, B sKii
nazfae Thck. Hanpukinan, B nocyanHi kyOiuHoi ¢opmu 3 pedbpom 20 cM, HalIOBHEHOI MOBITPSIM
iz tickom 107 M. pr. cr. (1 M. pr. cr. = 133 Ta), cepens JoBxKiHA BitbHOro npodiry = 700 M.
e o3Havae, M0 3ITKHEHHS MOJIEKYIT B T'a3i IPAKTHYHO Y)KE HE BiIOYBArOTHCS, @ MOJIEKYJIH CTH-
KalOThCs JINIIE 31 CTIHKAMH TTOCYIMHH. 3pO3yMLIIO, 1110 TAKUH Ta3 BiJPi3HIAETHCS 32 CBOIMHM BJIa-
CTHBOCTSIMH BiJ] 3BUYAH{HOTO ra3y.

Bnepie uncensHo Benmunny A BizHaumB J1.K. Makcsemn y 1860 p., Bumiprotoun xoedimieHt
BHYTPIIIHBOTO TEPTSI.

Iepri npsimi BumiproBaHHs BenanHE A 3aificaunn y 1920 p. M. bopr i E. Bopman.

Mpuxknan 11.5. Oyinumu cepednio 0oeacuny 8inbHo20 npobicy MOAeKy NOGIMPs 3a HOP-
mansrux ymos. Jiamemp monexyn Oy i Ny npu6nusno dopienioe 3-10 .

Po3B’s130k. O0un moab ideansiozo 2asy saiimae 06'em Vo= 22,4 - 10° u* (ous. § 10.7).
3nauumo, yucio monexyn ¢ 1 M

23
N = Na _ 802-10% voreryn 2,7-10% monexynl 1>,

V, 22,4-107% 3

Tooi, 32iono (11.29)
1 1

V27d?N (314023100 4)2(2,7-105 473

wo npudausno 6 100 pasis binvuie diamempa monexy:.

=9.107% ,

<A>=

§ 11.5. MousiTTst po audysiro

BimoBiiHO KiHETHYHOI TeOpii MoJeKyIH a3y (abo pifuHu) Ge3rnepepBHO XaOTUIHO PYXa0Th-
cs1. Came B 1IbOMY KPHETHCSI IPUUYHMHA TTOMIMPEHHS 3al1axiB, HAPHKIAL, appyMiB 4i UMY B T10-
BiTpi. BiOyBaeThest mporiec 3MilyBaHHs MOJIEKYII OHOTO copTy (MOJIEKy/ mapdyMiB 4 AuMy, Ha-
NPHUKIIA) 3 MOJIEKYJIaMHE iHIIOro copty (B JAHOMY BHIAJIKY MOBITpsI). SIBHIIE CAMOBUIBHOIO B3a€M-
HOTO TIPOHMKHEHHS! MOJIEKYJI CTUYHHX PEUOBHH i3 OfHi€l B iHIY Ha3uBaIOTh Audysiero. [ndysis
Mae€ MicIie B raszax, piiHax i TBepAUX Tijax.

Pospizastors camommdysiro i mpocro audysiro. Skmo nporec qudysii 3BOAUTHCS JIUIIE 10
BUPIBHIOBAaHHSI TYCTHHH, TO B HHOMY NPUHMAIOTh Y4acTh JIMIIIE OXHOCOPTHI MoieKymu. TyT BinOy-

S BA€THCS IEPEHOC MacH OfHI€T pedoBHHU. Taky mudy3iro Ha3HMBAIOTH CAMO-
O audysiero. Sxio B mporieci andysii BinOyBaeThCsl BUPIBHIOBAHHS CKIIATy

pedoBHHH (Tasy, piMHK) IO BCHOMY 00’€Mi, TO MH MaEMO CIIpaBy 3 SIBU-

ST e S | IeMm, sKe IPOCTO HA3HBAIOTH audysiero. Tyt Maca OJTHI€T pEeYOBHHH TIepe-
M HOCHUTBCS B cepenoBuiie iHmoi. [Iponec andysii momsirae B Tomy, 1o 1u-
0% 0% 0° o| [ah  QyHnyioua pedoBuHA TepeMilIaeTbCs 13 OOMacTell 06’ eMy, Jie il KOHIICH-
209 9 00 Sq 5\7_ Tparist BUCOKa, B 00x1acTi, Jie il KoHIeHTpanis Hu3bka. Omke, qudysis Bin-
M OyBaETHCS JIMINC TIPH HASBHOCTI TPaji€HTa KOHIEHTpawil (BiqHOCHOI pi3-
59959990 HUIL[ KOHIEHTPAIIjif).
8200 o° ooo h KinpkicHo sBrme mdysii MoXHa po3IIITHYTH 3a JOHOMOroro puc. 11.8.
00000000 Hexait konuenTpariisi C MONEKyI JAaHOTO COPTY B CyMIllli Ta3y MOCTYIIOBO
600 00,0353 3MEHIIYETCS 3 BUCOTOIO (3HU3Y BBepX). [103HAYMMO 3MEHIIICHHS KOHIICH-

(9]
[0)
00
o©
00
Oooo
ooo
ooO
o

Tpartii Ha JisTHI Ah, siKa 3HaX0aMTECS Ha BrcoTi h, gepes AC.
Binnormrennst AC/Ah Ha3MBa€THCS rPagiEHTOM KOHIEHTPANLI.
Puc. 11.8 VY 1855 p. dizionor Amoned Dik (1829 — 1901) ekcriepuMeHTATBHO
BH3HAYMB, IO KITBKICTh JTU(YHIYFOUOi PEYOBHHU M Yepe3 OAMHUYHY IUIOIIAKY 3a dac At mporop-
IiiHa TpafieHTy KOHLIEHTpalLlii, HoNepedHoMy repepizy S i gacy:
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8 11.5. IHousmmst npo oughysiro

m = - DS £At. (12.31)

Ah
et Bupa3 Ha3vBaroTh 3aKoHoM Dika. Horo Mowua 3armicaty GBI TOYHO Yepe3 TOXi/THI Y BUMII
m = - DS d—Cdt. (11.32)

dh

Koeoimient nponopuiiinocti D HaszuBators koedimienrom amdysii. Bin € pisanm s
pisHux qudyHmyounx pedoBud (tabdm. 11.2). Bigaomenus m/dt gacto Ha3WBaOTh MIBHAKICTIO
mudysii. Skuo h BuMiproeThest B MeTpax, KoHIeHTpallis C BU3HAYAETHCS SIK YUCIIO MOJICKYIT B
1M, TO M € He 10 iHIIE, SK YUCIO MOJIEKYJ, SIKi IPOXOIATH Yepe3 OJUHUYHY IUIOINTY 33 ONU-
HHIIO yacy. 3Hak minyc y popmynax (11.31) i (11.32) Bka3sye Ha Te, IO HEPEHOC PEUOBUHU
31iHCHIOEThCS B OiK, MPOTHICKHHUN HANPSIMKY rpaji€eHTa KoHIeHTpawii. I, HacamkiHens, He
3YNUHSIOYNCH Ha JCTalsX, 3ayBaXHUMO, 110 y ra3iB koedinieHT audy3ii npsiMo nporopuiiHui

BenuunHi +/T [, ne T — temmeparypa, | — MOJISKYJISIpHA Bara rasy.
Ta6mmms 11.2

Judynanyrodi Monexyinu

(t =20 °C; P = 101325 I1a) Cepenosninie D, we
H, ToBiTps 6,3-107°
0, TosiTps 1,6-107°
0, Bona 100-107°
I'emorno6in KpoBi Bona 6,9-1071
JHK (MonexynsipHa Maca Boxa 013.10°1

6-10%a. 0. m.)

Mix xoedimienrom audysii D i cepeHporo JOBXKHUHOIO BIIBHOTO MpoOiry MONeKyl < A > icHye
TieBHa 3aJiexHicTb. Koedimient audysii npsmo nponopiiianii BennmauHi < A > 1 cepenHii mBua-
KOCTI MOJIEKYJT <U > !

D=%<u><l>. (11.33)
Bpaxosyrouu (11.33), popmyna (11.32) naGyze Takoro BUTIsY:
m=—1<u><A>Sd—Cdt. (11.34)
3 dh

Mpuknan 11.6. Oyinumu xoeiyicnm ougysii monrexyn Kuchio 6 nogimpi 3a HOPpMAIbLHUX
ymos (t =20 °C; P = 101325 Ila).
Po3B’si30K. s 3HaxoOoicennst koegiyienma oudysii ckopucmaemocs popmynoio (11.33):

D= %<u><l>.

3nauenns < A > esizomemo i3 npuknady 11.5, a cepedne snauenns weuokocmi monexyn
BUBHAUUMO, cKopucmaswucy gpopmynoro (11.17):
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11. Ocnosu xinemuunoi meopii ioeanvhux 2asie

-23
cos - [T _ [8(138-107° e/ K)(293K) . a
am 314(5,3-10 % x2) C

3nauenns m=53-10"2 ke (maca monexyau kuchro) ezamo iz npuxnady 11.3. Tooi
D ~ %(441/”/(:)(9-10*8 M) = 13-107 m/e.
3HauenHs, ompuMare excnepumeHmanbHo, npubnusto pisre 1,6 - 10°v%c (ous. maon. 11.2).

§ 11.6. Ilepenaua temnoru. TemwionposBigHicTh

Termto Mose repenaBaTucs Bif OIHI€] YaCTHHU Tia A0 1HIIOI TPhOMA PI3HUMH CIIOCOOaMHU:
3a JIOTIOMOT'OI0 TeNJIONPOBiAHOCTI, KOHBeKLii i BUNPOMiHIOBaHHA. MU DPO3IVITHEMO TUIBKH
OJIVIH 13 HUX — HPOIIEC TEIUIONPOBIIHOCTI.

SIK1o Bi3bMEMO METaJIeBUH CTEP)KEHb 1 OJJMH HOTo KiHElb MTOMICTIMO Y BiJIKPUTE ITOIyM s,
TO Yepe3 AESKUH NMPOMDKOK Yacy BiIUyeEMO, IO HATPIBATUMETHCS 1 HOTO MPOTHIICKHUH KiHEIp.
Ile o3Hauae, 110 TEIUIO MEpeaeThes Bil HATPITOTO KiHIIS CTEP>KHS 10 HOTO XOIOJHOTO KiHIIL.

MexaHi3M TEIUIONPOBIAHOCTI TTOB’I3aHUH 3 TEIUIOBUM PYXOM MOJEKyd. Mornekynn B OuIbII
HarpiToMy MicCIli TiJIa HOYMHAIOTH PyXaTHCs BCE IBH/IIIE i IIBHUIIIIE 1 IPY 3ITKHEHHSX 3 MEHIII pyX-
JMBUIMH CYCITHIMH MOJIEKyJIaMH BOHM TI€peNaloTh iM YacTHHY CBO€i €HEprii, B pe3yiabTaTi 4oro
IIBUKICTH MOJIEKYIT 30UIbIIyeThesl. Jlaiti 1 MOJIEKYIM B Pe3yNbTaTi 3iTKHEHb MIEpPEatoTh YACTHHY
CBO€1 eHeprii HACTYITHIM MOJIEKYJIaM, sIKi 3HAXOITRCS IIe Jaibine i T. 1. Omke, mpouec mepexayqi
TellIa — Lie Npoliec Nepeaayi eHeprii TEMIOBOro pyxy MOJIEKYJ Bii OLIbII HAIPITOI YaCTHHHU
TiJ1a MOJIEKYJ1aM MEHII HArpiToi YaCTHHH 32 PaXyHOK 3iTKHeHb Mix MoJieKyaamu. Temromnpo-
BIIHICTB — II€ TIPOIIEC TTepejati €Heprii NPH 3ITKHEHHAX Ha MIKPOCKOIIIYHOMY PiBHI.

Pi3HI pe4OBHHM BOJIOIIOTH Pi3HOIO TEIUIONPOBIAHICTIO. JJ0OpUMHM MPOBIAHMKAMH TeTnIa €
METaJH, a TaKi peYOBHHH, SIK IIeryIa, OETOH, MIepCTh, a30ecT MoraHi MIPOBITHUKN TeIua.

ExcriepuMeHTaIbHO BCTAaHOBJIEHO, IO KUTBKICTB TEIIOTH Q, sIKa IIEPEHOCUTHCS 32 OANHUIIIO
Yacy i3 OIHOTO KiHIII TPOBITHHKA B 1HIIHMHA, TPOMOPIiHHA PI3HUI TeMIlepaTyp Ha HOTO KiHIIX.
3MiHa TeMIepaTypy B3IOBXK OCi Tita (HAIPUKIIA/I, METAIICBOTO CTEPIKHSI) XapaKTepH3yeEThCs Ipa-
nierrom Temmeparypu dT/dL, 3mict sikoro mossirae B TOMy, IO BiH JOPiBHIOE 3MiHI TeMIiepary-
pH, 10 MpHUNaiae Ha OJMHMINO JOBXWHU. ICHYBaHHS TpajiieHTa TeMIepaTypy € HeoOXiTHOI yMO-
BOIO BHHUKHCHHS TEIUIONPOBIIHOCTI, SIK 1 HAsBHICTD TPaJi€HTa KOHIICHTpAIll, HEOOXITHOI [UIs
MIPOXO/DKEHHS Tporiecy AuQys3ii.

HarpsiMOK TerioBoro moTOKy CITBIIAa€ 3 HANPSIMKOM 3MEHIIICHHs Temieparypu (puc. 11.9),
a MBHUJIKICTh TEIIOBOTO IOTOKY NPOMOpLiHHA IPalieHTy TEMIIEPATYPH.

- S
/
1
1
0 I 0}
B HE B
|
TenmoBwuii mMOTIK \
\\
T T2
Temmo X010aHO

Puc. 11.9

Y BUNanKy i30TPOIHOTO CEpeOBHUINA 1 HAIBHOCTI Ipaji€HTa TEMIIEpaTypy PiBHSHHS Te-
TUTOTIPOBITHOCTI Ma€ BUTIIA, MOMIOHHH 10 piBHSHHES audysii (11.32):
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8 11.7. Buympiwne mepms 6 eazax

AT dT
Q = —kS—At abo Q = —kS—dt, (11.35)
AL dL
ne K — koedilieHT mponopuidHOCTI, SIKMif Ha3UBalOTh Koe]ilieHTOM TemI0mpoBiTHOCTI pe-
Ta6nums 11.3 YOBMHH, S — TionepeyHHii Tepepi3 Tina, dt -
yac. 3HaK MiHyc BKa3ye Ha Te, 11O TEIUIOBHIH
Peuouna k, okl - ¢ - K) TIOTIK HAIpaBJICHUH B OiK, POTHIICKHUM Tpa-
AJTIOMiHi 200 JIIEHTa TeMITepaTypH.
Miz 380 Koediuient TemronposiaHocti K Bu3Hauae
A mBHAKICTh neperocy Terotd. B Cl xoedimi-
Cpibio 420 €HT TEIUIOTPOBITHOCTI BUMIPIOETHCS B OJTUHU-
3anizo 67 wax /(M - ¢ - K). KoedinienT teronposia-
HOCTI YWCEIIFHO JOPIBHIOE KUTBKOCTI TETUIOTH,
Ckio 0,84
sIKa IIPOXOANTH Yepe3 OAWHUYHY TUIOMIAIKY 32
beron i nerna 0,84 OJIMHUIIIO YaCy Y BHIA/KY OJMHUYHOTO TETUIO-
Bona 0,56 BOTO TpaJIi€HTa.
B tabmami 11.3 HaBeneHi kKoedillieHTH Ter-
Asbect 0,16 . ik
JonpoBigHOCTI K tst iesikux pedoBuH. 13 Tabmm-
TkaHuHa Tina (cyxa) 0,2 Il BUJHO, [0 JOOPHMH NPOBITHUKAMH TeIUIa €
JlepeBuHa 0,08 MeTami. PedoBuHM, sKi 1OraHo MPOBOAATS Terl-
70 (IyX, CKJIO,...) HAa3WBAIOTH TEILIOI30/15ITOpA-
ITyx 0,025 mu. Haifkpanmmu TersoisonsropaMu € ras, a
[oBiTps 0,023 KpaIl¥ii i3 Kpalix — BAKyyM.

Hpuknan 11.7. Ooun kineyv O0somemposoco miono2o cmepoichs (L =2 m) nepepizom
S = 2,8 - 10 *»? niompumyemocs npu memnepamypi Ty = 295 K. Hxoio nosunna 6ymu memne-
pamypa T, Ha iHwioMy 1020 KiHyi, WoO 6eIUYUHA MEeNi08020 NOMOKY Kpi3b CMEpIHCeHb
Q =800 [Jrc/xe?

Po3e’sizok. Temnepamypy T, supasumo iz popmynu (11.35):
_ QL _ (13,3 e/ c)(2 m)

kS (380 Hoic/m-c-K)(2,8-10"% 12

0e AT=T,—T,. 3sioku T,=AT+ T;=(25+295) K=320K, abo t=47°C. (Bnauenns
k =380 Loic/(m ¢ -K) ¢3amo i3 mabnuyi 11.3).

AT =25K,

Mpuxknan 11.8. Ha axy éiocmans nosuner nepeminyamucs, meniosutl NOmik 6io niowKip-
HUX Kaniisapie 00 nogepxui mina 3a paxyHox menjonpogionocmi, AKWO pisHuys memnepamyp
cknaoae AT = 0,50 K. Bsaodxxcamu, wo uepe3 6cto nogepxnio mina niowero S =15 M euoins-

emwes Kinvkicms mennomu Q =838-10° e/ 200 (Q = 233 [Jowc/c).

Po3B’s130k. Biocmans, Ha sAKy noGUHeH nepemiyamucs menioguil nomix, eupasumo i3
Gopmynu (11.35):
_ kSAT (0,2 e/ m- ¢+ K)(L5 %%)(0,50 K)

= 6,4-10"* n = 0,64 um.
Q 233 Jocl ¢

L

§ 11.7. BuyTpiuHe TepTH B ra3ax

Posrisinemo Hactymauii gochin (puc.11.10). Hexait Mu MaeMo JiBa IUCKH: OIKMH 3 HUX (IHCK
A) 3a JIOITOMOTOF0 E€JIEKTPOBITYHA MOXKHA 00EpPTATH 3 BEIMKOIO KYTOBOKO IMBHUAKICTIO. JIpyruit
JICK B, BUTOTOBJICHUH 3 JIETKOTO KapTOHY, IMiBIIIICHUI HA HUTIII 1 B TOYaTKOBUH MOMEHT Yacy
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11. Ocnosu xinemuunoi meopii ioeanvhux 2asie

HepyxoMmui. Yepe3 MeBHUI MPOMIXKOK Yacy, MIiCIIs TOTO, SIK MOYHE o0epTaTucs TUCK A, TTOYHe
obepTaTucs B TOMY K caMOMYy HanpsMKy i TUcK B. JIocBia CBITYNTH, 10 OOEPTaHHS 3aJICKUTh
HE TIJIbKY BiJI MPY)XHUX BJIACTUBOCTEH HUTKH MiJABICY, ajie i BijJ MIPUPOAHX Ta3y, IO MiCTHTHCS
Mix muckamu. Te, mio mig yac obepranHs Aucka A 00epTaeThest i AUCK B, 3yMOBJIEHO MEpeHO-
COM IMIYJIBCY MOJIEKYT B HAIpSMKY, NMEpHEHAMKYISIPHOMY IIapaMm Trasy, siKi MaroTh pi3Hi

hA
B
B
~T
A
1
1
1
~~ro A } >
0p O
Puc. 11.10 Puc. 11.11

mBuAKocTi. Halt0ib1010 KyTOBOIO IIBUIKICTIO BOJIOAIE IIap Ta3y, KW MPUIIATae 10 JTUcKa A.
Moro mBHAKICTS NPAKTHYHO JOPIBHIOE MIBHAKOCTI oOepTaHHs mucka. HacTynHuii map rasy
PYXa€ThCS TIOBUTBHIIIIE, HIXK TP, PO3MIIIICHHMI 3HM3Y, 1 T.J1. CXeMaTHIHO Iie Toka3aHo Ha puc. 11.11,

— JIe @ — KyTOBa MIBUAKICTH IucKa A4, h — Bincradp Binm aucka A 1o mia-

L max
A

py rasy. Po30ouTTs Ha miapu 4ncTo yMOBHE.
B pesynbrati TEmIoBoro pyxy MOJIEKYIH IEpeXOiITh i3 OHOTO Ia-

py ra3y B iHIIMI, HEPEHOCSYN IPU IIHOMY YacTHHY CBOT'O IMITYJIbCY MU |
BIIOPSAKOBAHOTO PyXY i3 OAHOr0 mapy B iHmmi. OTKe, 0OMIHIOIOUNCH
MOJIEKYJIaMH MIXK IIapamy, SIKi PyXaloThCs 3 PI3HUMH LIBUAKOCTSIMHU,
IMITYJIBC BIIOPSIKOBAHOTO PYXY IIAPY, IO PYXAETHCS IIBHIIIE — 3MEHIITY-
€ThCs (SKIIO HOro pyx He MiJITPUMYBATH), & TOrO, IO PYXA€EThCSI ITOBLIb-
Hime — 30utbITyeThest. Lle o3Havae, mo map 3 OLTBIION MIBUAKICTIO Ta-
JBMYETBCS, @ IIap 3 MEHIIO MIBHUKICTIO NMPUCKOPIOETECA. B mpoMmy i

IOJISATA€ MEXaHI3M BUHUKHECHHS BHyIpiHlH])OFO TCPTA B ra3ax.

Puc. 11.12

6ax. B mpoMy BHIaIKy IIBUAKOCTI Pi3HUX MIAPIB Ta3y po3IIoi-
JIEHI TaK, sIK IToka3aHo Ha puc. 11.12. Tyt cTpinku € BekTopa-

[NoxiOHe sBUIIIE CIIOCTEPITAETHCS 1 TOMI, KOIK Ta3 MPOTIKAE TI0 TPY-

Tabmms 11.4.

MU IBHAKOCTI pyXy ra3y. 3 HaHOUIBIIOI MIBHIKICTIO pyXa- a3 n- 105 kr - m/c
€THCS IEHTPAJIBHAH IIap, a map ra3y Oiis CTIHOK TpyOwu mpa- '
KTUYHO € HEPYXOMUM. H, 86

Ipu Takomy pyci razy, sIK i B IONEpeTHLOMY BHIIAIKY, BiTOY- N, 166
BAETHCS ITEPEHOC IMITYIIBCY BiJl APy, IO PYXAETHCS 3 BEIMKOIO
IIBUJIKICTIO, JIO APy 3 MEHINIO0 MIBHIIKICTIO. BHACHiIOK Tiepe- 0, 187
HECEHHSI IMITYJIBCY IIBHJIKOCTI PyXy IIapiB MAFOTh TeHEHINIO JI0 CO, 139
BUPIBHIOBaHH. OTXKe, MEXaHi3M BHYTPILIHBOTO TEPTS Ta3y He 189
3yMOBJICHHH MIEPEHECEHHSIM IMITYJIBCY 3 OJHOTO IIapy B IHIINHA.

KinbpKicHO BHYTpIIIHE TEPTSI MOXKHA OIMCATH PIBHSIH- Awmiak 9
HSM, TIOAIOHVM 10 PiBHSHB, IIIO0 OMHCYIOTH TIporiech audy3ii
Ta TEIUIONPOBiTHOCTI. BOHO Mae Takuii BUTIIAL!

L= —nS(jj—ll)t, (11.36)
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8 11.7. Buympiwne mepms 6 eazax

ne L — 3MiHa KUTBKOCTI pyXy, sSIKa JOPIBHIOE 3MiHI IMITyIIBCY, IEPEAaHOMY Bif OJHOTO IIAPY 110
iamoro, duv/dl — rpamient mBumkocTi,  — KoedirieHT BHYTpimHBOTO TepTs (B sA3K0CTI), S —
IUTOIIA TIOBEPXHI IIapy rasy. 3HaK MiHYC O3HAUa€, 110 IMITYJIbC IEPEHOCUTHCS B HAIIPSIMKY 3MEH-
meHHs mBHaKocTi. KoedirieHT BHYTpIIHBOTO TepTs, Ak 1 KoediuieHT nudysii i Termonposia-
HOCTI, 3aJISKUTH BiJ] BJIJACTUBOCTEH razy.

KoeimieHT BHYTPIlITHHOTO TEPTS IOPIBHIOE KUTBKOCTI PYXY, SIKE TIEPEHOCHTHCS 32 OMHHIIO Ya-
¢y (1 c) gepes miomaaky 1 M ipu TpajieHTi mBHAKOCTI, piBHOMY ouewi (1 M/c) Ha 1 M TOBKHHH.
B CI koeimieHT BHYTPIIIHEOTrO TEPTSI BUMIPIOETHCS B OJMHHLIX KM IC .

3HaveHHs KoedilieHTa BHYTPIIIHBOTO TePTs IS JeIKHX ra3iB HaBeaeHo B Tabmumi 11.4.
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