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1. iBNeHnsa nepeHoca B rasax

Monekynbl B rase OBMXYTCA CO CKOPOCTbK 3ByKa, C
TaKoW XKe CKOPOCTbIo ABumxeTca nyna. OgHako, Haxo4scb
B NPOTUBOMOJSIO)KHOM KOHLE KOMHAaTbl, 3anax pasfnmTou
naxy4yeu XNOKOCTHU Mbl NOYyBCTBYEM Yyepes
CPaBHUTENMbHO OONbLUON MPOMEXYTOK BPEMEHU. ITO
npoucxogut  MNOTOMY, YTO  MOMNEKynbl  OBWXKYTCH
XaoTUYeCKU, cTankmearoTca OpYyr ¢ ApYyromMm, TpaekTopus
OBWXEHUSA Y HUX NTOMaHHas.



PacnpocTtpaHeHue MoOneKyn npuMecu B rase OT
MCTOYHMKA Ha3biBaeTca anddpysmen.

B coctogaHun paBHoBecua Temnepartypa T W
KOHLUEHTpaLUua n BO BCEX TOYKAX CUCTEMbl OOMHAKOBA.
[1pn OTKNMOHEHUN NNOTHOCTM OT PaBHOBECHOIO 3HAYEHUS
B HEKOTOpPOM YacTW CUCTEMbl BO3HUKAET [OBWXEHUe
KOMMNOHEHT BeLLecTBa B HanpaBfeHUax, NpuBoasLWnx K
BblpaBHMBAHUIO KOHLIEHTPaAUMM NO BCEMY OObeEMY
CUCTEMBI.

CBsi3aHHbIN C 3TUM OBWXEHMEM NEPEHOC BELLECTBA
obycriosneH anddysven.

Oudbchy3MOHHBLIN NOTOK NponopLunoHaneH dn
rpagueHTy KOHLUeHTpauum J ~—

dx



Ecnn kakoe nubo Teno AOBWMXETCA B rase, TO OHO
CTallkKuBaeTcd C MOJSlekyrnamMmm rasa u coobwaer umm
nmnynbc. C pJgpyronm CTOpOHbI, Teno Toxe Oyaert
MCMbITbIBATb COYOAPEHUA CO CTOPOHbl MOJEKyn, W
nonyyartb COOCTBEHHbLIN UMMYSIbC, HO HarnpasBfiEHHbIN B
NPOTUBOMOMNOXHYKD CTOPOHY. [a3 ycKkopseTca, Terno
TOPMO3UTLCA, TO €CTb, Ha TeNo AOeUCTBYHT CUlbl
TpeHusa. Takasa e cuna TpeHums byaeTr AencTBoBaTb U
MeXay ABYyMS coceaHUMU CnosMU rasa, ABMXKYLLMMUCSA C
Pa3HbIMMN CKOPOCTSAMM.

OTO ABMEHMNE HOCUT Ha3BaHME BHYTPEHHee TPeHue nin
BA3KOCTb rasa. d
Cwuna TpeHusa nponopunoHarnbHa F L

rpagneHTy CKOpPOCTM: p dx



Ecnim B cocegHMxX CNogxX rasa co3gaHa U
noaaepXXnBaeTcsl pasHOCTb TeMNepaTyp, TO MeXAy HUMIK
bynetr npoucxoautb obmeH Tenna. bnaropaps
Xao0TU4YECKOMY OBUKEHUIO, MOMNEKYIbl B COCEAHUX CNOSIX
byayT nepemelumBaTbCAa U, UX CpeaHue 3Heprun oyayT
BblpaBHMBATbLCS. [lponcxoanT nepeHOC 3Heprum oT
Ooree HarpeTbIX CfI0eB K Ooriee XonoAHbIM.

[MepeHOC 3Heprumn ot 6oree HarpeTbIX crioeB K bonee
XornoAHbIM  HasbiBaeTcd  TennonpoBOAHOCTLIO.

[ToTOK Tenna nponopunoHaneH
rpagueHTy TeMnepaTypbl.

dT
< dx



B coctosHuM paBHOBecMss B cpede, coaepKallen
3apsiKeHHble YacTuLbl, MOTEHLUMaN aNeKTPUYecKoro noss
B KaXkgoOW TO4YKE COOTBETCTBYET MUHUMYMY 3HEPrum
cuctembl. [1pn HaNOXEHUM BHELLHEro 3NIEKTPUYECKOro
nons BO3HUKAET HepaBHOBECHOE OBVKEHNE
ONEeKTPUYECKNX 3apsigoB B TaKOM HanpaBreHuu, YToObl
MUHUMN3NPOBATb SHEPINIO CUCTEMbI B HOBbIX YCIOBUSIX.

CBSA3aHHbIN C STUM OBVXEHNEM nepeHoc
SNEeKTPUYECKOro 3apsga Ha3blBaeTCcH
3/1IeKMPONpPo8oOHOCMbLIO, a@ CaMO HarpaBlieHHOe
OBVKEHNE 3apsagoB — 3JIEKMpPUYEeCKUM MOKOM.



B npouecce anddysunu, npu Tenno n
3NeKTPponpoBOAHOCTH nponucxogunt nepeHocC
BewlecTBa, a MNpu BHYTPEHHEM TPEHUN — nepeHoC

3Heprum.

B ocHOBe 3TUX $BMEHUN §EeXUT OOUH U TOT Xe
MEXaHU3M — XaoTU4YeCKoe [OBWXEeHMEe  MOJSIeKkyn.
OBLWHOCTL MexaHu3ma, oOycraBnMBaloLLEro BCe 9TU
ABMEHUA NepeHoca, npuBoAuUT K TOMY, 4YTO WUX
3aKOHOMEPHOCTU OOIMKHbI ObITE MOXOXWM APYr Ha apyra.



2. Yucno CToNKHOBEHUU  cpeaHAa AriuHa
cBobogHOro npodera mMoriekyn B rasax

O0b60o3Ha4Ynm }“i_ OnnHa cBoboaHoro npobera MoneKkyrnbl.

MeOneHHOCTb ABNEHNU nepeHoca, Hanpumep
O y3nm apoMaTUYyeCcKmnx BELLECTB —
«pacnpocTpaHeHne 3anaxa», — npu OTHOCUTESNbHO
BLICOKOW CKOPOCTW TEMMOBOIo ABUXEHUSA MOJEKYIT

( =10%-10° m/c) OOBACHAETCA CTONKHOBEHUAMY
MORneKyn.



PaccrosHue, mpoxXoauMoe MOJIEKYJION B
cpeaHeM 0€3 CTOJIKHOBEHHUM, HA3bIBACTCS
CpeoHell OJIUHOU C80D00H020 npoodeza:

<A>=v,T,

V,~ CPEAHAs CKOPOCTb TENMOBOO ABWXEHMS,
— cpegHee BgeMsi Mexay OBYMS
CTONKHOBEHUAMMW.




Mopoenb vaeanbHOro rasa — TBEpAble LLUAPUKU OOHOrO
anameTpa, B3aMMOOeNCTBYLMe mexay cobon Tonbko
NPW CTONKHOBEHUM.

ObosHaunm o — aghghekmueHoOe ceyeHuUe MONEKYIbl —
MoJIHOEe rnoriepe4yHoe ce4yeHue paccesiHus,
XapakTepusylllee  CTOSIKHOBEHME  MeXay  ABYMS
MOJIEKYaMMW.

o

)
o = T1td
— nnowagb B KOTOPYIO He

MOXET MPOHUKHYTb LEHTP
nobon apyron Mosiekynbl



3a OIHY CEKYHYy MOJIEKYJIa IIPOXOIUT
IyTh, PAaBHBIN CpeaHEN aprU(PMETHYECKON
CKOpoCcTu <V >
3a Ty K€ CEKYHAY MOJICKYJIa IPETEPIECBACT

N CTOJIKHOBEHUM.

<V>
N

<A>=



NMNoacumntaem yncno crtonkHoBeHun N.

[TpeanonoXmm, 4To BCe MOSEKYbI 3aCThINN, KPOME
ogHoW. Ee TpaekTopua bygeTt npeacrtaBnaTb cobom
NoMaHyto nMHuno. CTONMKHOBEHUSA BYaAYT TOMBKO C TEMMU
MOJIEKYaMUN, LEHTPbI KOTOPbLIX NeXaT BHYTPU umunuHapa

pagnycom d d'




[1yTh, KOTOPBHIU IPOUAET MOJIEKYIIA 3a
OJIHY CEKYH]Y, PaBE€H JJIUHE [IAIMHIPA
<v'>

<V'>0 -o066eM AJTHHAPA

N - YUCJIO MOJIEKYJI B €IMHUIIC 00BbEMA

cpenHee 4YMCIo CTOJNIKHOBEe-
HUM B OOHY CEKYHAY:

N=nrd* <v'>n.




Bce MOJIEKYJBI JBHKYTCS, [MOITOMY YHCJIO COYyIapeHHii
ompeneasieTcsi CpeaHell CKOPOCTHIO BWKEHHSI MOJIEKY.I
OTHOCHTEJBLHO ApYyr apyra <V >

[1o 3aKOHY CIIOKEHMS CIIYYaUHBIX BEJIUYMH:

cV'>=A< Vi >4+<0?>=42<0E > =< v >A/2.

<vL >
N

Torna;: < k S —

Tak kak < A >= - cpeAHss JUTMHA CBOOOIHOrO IMpobdera

| |
J2nnd? - J2no




N3 ypaBHEHUA COCTOSIHUA UACATIBHOIO rasa
BbIpa3suM M uepes nasieHue P u temreparypy 1

P

Tak kak P =nkT, 10 ects n= ——, Torga

kT

kT kT

JZdﬁ;iﬁkP.

<A>=




TakuMm 00pa3om, npu 3aJaHHOU TEMIIEPaATypE,
CpedHss JJIMHA CBOOOQHOIO mMpoOera 0OpaTHo
IIPOIOPIIMOHAIbHA TABJICHUIO P:

</I>~l

P
Hanpumep: d=3A=3-10"1m,
P=lamm, T=300K, <A>=10"M
a, TK <v>=10> m/c

10° .
N = cEOarHOREHMIA.

107~



3. Andbdy3una rasos

Oundodysna ot natuHckoro diffusio — pacnpocTpaHeHune,
pacTeKkaHue — B3aMMHOE NPOHUKHOBEHUE
conpukacarLmxcs BELeCTB  Opyr B Jpyra,
BCeACTBME TEMMOBOro ABMXEHUSA YacTuL, BELLECTBA.

[Ondpdysna npoucxoguT B HanpasneHUM YMeHbLUEHUS
KOHUEeHTpauMmM BewectBa W BeOeT K €ero
PaBHOMEPHOMY pacnpegeneHnio no 3aHMMaemMoMmy
o0beEMY.



[Ondpay3na nMeetT MecTo B rasax, XUOKOCTAX U TBepAbIX
Tenax.

Hanbonee ObICTPO Ouddy3na npoucxoauT B rasax,
MeOSIeHHEe B XWUOKOCTSX, euwle mMeaneHHee B TBepAdblX
Tenax, YTo obycrnoBneHO xapakTepoM ABUMKEHUST YacTul
B 9TUX cpeaax.

[na rasza dugpgpy3susi — amo pacrnpeodesrieHUe MOJIEKYIT
npumecu om uUcmo4YHuUkKa (Mnn B3ammMHaga anddysns
rasa).



Pemaem ogHomMepHyro 3ana4y. IlycTh B raze mpucyTCTBYET IPUMECH C KOHLIEHTPALUEN
n B TOYKE C KOOPAUHATOM X. KoHI1eHTpanus npuMecu 3aBUCUT OT KOOPAUHATHI X

n A




[paaneHT KoHUeHTpaLuuKn, B obLlem criydae paBeH

dn., dn ., dn
gradn=—i+—j+—k
dx dy~ dz
Tak Kak y Hac oqHOMEpHad 3aja4a, TO gradn =
[Ipu Hanumuum grad 7, XaOTUYECKOE JBMXKCHUE
OyzaeT 00J1e€ HallpaBICHHBIM U BO3HUKHET IIOTOK
MOJIEKYJI IPUMECH, HAIIPABJICHHBIM OT MECT C

OOJBIIECH KOHIEHTPALMEH K MECTaM C MCHbBIICH

dn

KOHIIEHTpalen. Hanaem sToT moToK.



[TofcuuTaeM 4UCIO MOJIEKYII, IPOXOASAIIUX Yepe3 eMHNYHYIO IUIOMAAKy d.S
B HATIPaBJICHUH CJleBa Ha paBo ANV, u cripaBa Haneso AN _, 3a Bpems dr.
n A

=V

0 xX—A X X+ A

dN, zénl < v >dSds dN_ :ln2 < v > dsds,

6
dN =dN, —dN_

n, — KOHIIEHTpalMs MOJICKYJ CeBa OT Iiomanaku dS, a n

1 — KOHICHTpanu:A CIipaBa

2



dN =dN, —dN_.

PesyabsTupyromuin 1u@@Py3uoHHBIN MMOTOK YEPE3 CAUHUILY
IUIONIAIN B €AUHUIY BPEMEHMU

dN 1
Je—La<u> LM
3 2/

HO n,—n,=dn; 2A=dx, Torma

2\ dx



1

O6o3HaunM: D = —A <V > — koappuyuenm
ougpgysuu. 3

Torna oughghyzuonnwiit nomok Oynet paBeH:

J=-D""
dx

MJIM B O0IIEM ciiydae (B TPEXMEPHOM CUCTEME)

J==D glia(ﬂ:naHeHne Pduka.




J=—-Dgradn

N3 ypaenenus Duka BUIHO, YTO
oughpy3uonnnlit NOmMoOK, HANPABJIEH 6 CHOPOHY
YMEHbULCHUA KOHUCHmMPauuu.

IIpu aToM ko3 dunment quddy3uu D
YHCJICHHO paBeH IU(PPYy3MOHHOMY IMOTOKY 4Yepe3

eINHU JIONIQIU B €IUHUITY BPDEMEHU TIPU
oradn =1 s P b

N3mepsiercs kodppuuueHT quddpy3uu D
B M/c”.



4. BuyTpeHHee TpeHue. BA3KkocTh ra3zon
PaccmoTpum eLweé oaHy cuctemy KoOopauHar: v OT X




[1ycTh B IIOKOSILIEMCS ra3€ BBEPX, IMEPIECHAUKYISAPHO OCH X
JIBMOKETCS TUTACTUHKA CO CKOPOCTBIO U,
npuyéM vV, << V7 (V. — CKOPOCTH TEIIIOBOTO
ABWKEHUS MojeKkyn). IlnacTrHka yBiIeKkaeT 3a coOou
MIPUJIETAIOIIMU CJIOU Ta3a, TOT CJIOU — COCEAHUU U TaK J1ajiee.
Bechb ra3z nenmurcs, kak Obl Ha TOHYANIIINE CIION, CKOJIB3SIINIE
BBEPX TEM MEJIEHHEE, YEM JAJIBIIE OHU OT IJIACTUHKHU.
Pa3 cnou rasza IBUKYTCs C pa3HbIMH CKOPOCTIMH, BOSHUKAET
TPEHHUE.
BbIsICHUM NIPUYKMHY TPEHUS B rase.



Kaxkgas MOJieKyJla ra3a B Crioe nNpuHMMaeT ydacTtmne B
ABYX ABUXEHUNAX. TEMNJ1I0BOM U HAMpaBJIEHHOM.

Tak Kak HarpaBJlieHne TernioBoro ABMxXeHnqd XxaoTn4ecku
MEHAETCHA, TO B CpeaHEM BEKTOP TENnnNoBOWU CKOPOCTH

/A
paseH Hymio. < .. > = ()

[1lpn HanpaBneHHOM OBUXXEHNN BCA COBOKYMHOCTb
MOJSieKyN byaeTt apendoBaTb C NMOCTOAHHON CKOPOCTLIO
V.



CpegHun nmnyrnbc oTaeNbHON MOJSIEKYSIbI B CIOe
onpegenseTcda ToNMbKO APeNdOBOU CKOPOCTLIO U:

Do = M.
Ho Tak Kak MOJieKyrbl y4acTBYIOT B TEMNNOBOM
OBWMXEHUWN, OHU DyayT nepexoanTb U3 cnosi B cnow. lNpwu
9TOM OHM OyAyT NEPEHOCUTL C COOON J0DaBOYHbIV
MMIMYNbC, KOTOPbIN OYAET onpeaensaTbCa MosieKynamMmm

TOro cros, Kyaa nepeLusia Monekyna.

[NepemewmBaHue MOJSIEKYN pa3HbIX CFIOEB NPUBOOUT
K BblpaBHUBaHUIO ApeUdrOoBbLIX CKOPOCTEU Pa3HbIX
CJI0€B, YTO U NPOABNAETCA MaKPOCKONMUYECKU KakK
AeUCTBUE CUI TPEeHUA Mexay CriosiMu.



PaccmoTpuM a51eMeHTapHYO momaaky dS nmepneHauKyIspHO
ocu x. YUepes 3Ty IIOMIAJAKY 3a BpeMs df BIEBO U BIIPABO

IMCPCXOIAT ITOTOKH MOJICKYII.

v} v, T grad v

=3

dN, =dN :ln<1)>det.

T 6



Ho 3Tu MOTOKH EPEHOCIT PA3HBIU UMITYIIBC:
myud N, myL,dN _

IIpn mepeHoce uMimysisca OT CI0s K CI0I0

IIPOUCXOIUT U3MEHEHNUE UMITYJIbCA ITHUX CIIOCB.

ODTO 3HAYUT, UTO Ha KAXKIbIM U3 ATUX CIOEB

NEWCTBYET CUJIA, PaBHASA U3MEHEHUIO UMITYJIbCA.
Cuiia 3Ta €CTh HE 4TO APYroe, KaK CuJia

TPEHUs MEKAY CJAOAMHU ra3a, IBUKYIIUMUCS C

PA3JINYHBIMUA CKOPOCTSAMHU.

OTcCrona 1 Ha3BaHUEC — BHYTPEHHEe TPeHue.



3akon eéazkocmu ObL1 OTKPEIT M. HeroTOHOM
B 1637 .

IIepeHocuMBEIl 3a BpeMs df UMITYJIbC
paBen: d(m,V)

Niu th=1n<1)>m0(1)1—1)2)d5

OTcrona nojay4uM CHITY, JICHCTBYIOIIYIO Ha
CANMHULY IUIOIIAAN ITOBEPXHOCTH, Pa3ACISIOIICH
JIBa COCEIHUX CJIOM rasa.

£:f:lx<u>nmo 2B :—lk<u>m0n02_vl.
dS 3 2A 3 2\




Cuia, IEMCTBYIOIIAS HA CAWHUILY ILIOIIALN
IIOBEPXHOCTH, PA3ACISIOIICH ABA COCEIHUX
CJIOS Ta3a; f dv

Iy
Ninn, B 001meM Buze f = —T gl’ad L.

10 ypasuenue Hovromona.
30€Ch 1] — KO huyuenm 8:3K0Cmu:

n=%k<v>an:Dp,

riae D — koapdumueHT nuddy3un; p — IIOTHOCTh ra3a




n:lk<u>nm0:Dp,

3

du3nyueckull CMBICH KO3(P(PUIIEHTA BI3KOCTH )
B TOM, YTO OH YHCJICHHO PaBEH HUMIIYJIbCY,
[IEPEHOCHMOMY B €IMHUILY BPEMEHH Y€pe3
CAUHUILY IJIOLIaAu IPU IPaJUCHTE CKOPOCTHU
PAaBHOM CAWHHUIIC.



5. TennonpoBOOHOCTbL ra3oB

Y4yeHune o TennonpoBOAHOCTU HA4Yano pa3BMBaTbLCS B
XVIII B. n nony4nno ceoe 3aBepLueHne B paboTax
dpaHuy3ckoro yyeHoro XK. Pypbe (1786 — 1830),
onybnukosaswero B 1822 r. kKHUry «AHanutun4yeckas
Teopua TENNOTbI.



PaccmoTpuMm ras, 3akmoyYeHHbIN Mexay OBYMS
napanneribHbIMU CTEHKaMMN, UMEIOLLNMMN Pa3HYIO

Temnepatypy I_u T




HTak, y Hac uMeeTcs rpaIMeHT TEMIIEPATYPhI

w?

Torna uepes ra3 B HalpaBjICHUM OCHU X OyIET UATH
IIOTOK TEILIA.

Xa0TUYHO ABUTASICh, MOJEKYJIbI OyIyT IIEPEXOAUTh
13 OJHOIO CJIOS Ta3a B APYroi, mepeHocs ¢ co0oi
YHEPTHUI0. ITO ABMKECHUE MOJICKYJI IPUBOAUT K
IIEPEMEIINBAHUIO MOJICKYJ, UMCIOIINX PA3INIHYIO
KMHETUYECKYIO SHEPIHIO :

2 -
KMo <v>" i
2 2

3JIECh [ — YMCJIO CTEIICHEW CBOOOIBI MOJIEKYJIBI.




IIpu moacu€re moToka Teria BBEAEM
CICAYIOIIME YIIPOILCHUA:

CpenHeapudmeTnyeckas CKOPOCTh
TEILIOBOTO JBHKCHUS MOJICKYII

<V, >=const

KoHILIEeHTpalus MOJIEKYJI B COCEIHUX
CJIOSIX OJMHAKOBA, (XOTSA HAa CaMOM JEJIC OHa
pa3IMyaeTcs, 4To JaET OIIUOKY

~ 10 %).



CHoBa BEPHEMCSH K PUCYHKY
Uepes nnowagky dS 3a Bpemsa df cneBa npoxoauT
4YMCII0 MONEKYn: |

dN, = <oy > ndSd




CpenHsis YHEprus 3TUX MOJIeKyn K —
COOTBETCTBYET 3HAYCHUIO SHEPTUU B TOM MECTE,
IJIC OHU UCIIBITHIBAIOT IIOCIECAHUM Pa3
CTOJIKHOBEHHE. /)14 OJJTHOM MOJIEKYJIbI ra3a:

l
Kl :Ek]-i

COOTBETCTBEHHO, CIIPaBa IIPOXOIUT

AV =Ln< v, > dSdMOTERY L

6
Kaxxaas u3 3TUX MOJIEKYJI IIEPEHECET IHEPTHUIO
l

2



Pe3yIbTUPYIOIIUU ITOTOK DHEPIrUU Uepe3 dd
paBeH paBHOCTI/I IIOTOKOB dQ 1 dQ., 10 ecTh

dQ = —n<UT>det KT -T,)

HpI/IMCHHH TE XK€ paCCYH{IleHI/I}I ITOJTYYUM:
PE3YIBTUPYIOIIMH ITIOTOK YEPE3 EAUNHUYHY IO
IUIOIIAAKY B €AUHHUILY BPEMEHHU PABEH g U
HAIIPaBJICH OH B CTOPOHY ITPOTHUBOIIOJIOKHYIO
HAIIPABJICHUIO I'PAJUECHTA:

a0 —q——lk<UT>n de

dSdz 3 2 dx
dT ’




e g =—ygradT

— ypasHeHue menjonpoeoonocmu K. Dypoe.

31ECh g — Meni06ou NOMoK;
Y — KOIhpuyuenm menionpogoonocmu,

PABHBIU:
1 l
X:§x<UT >n5k UM
1

X=§K<DT>prH



X:lk<UT>pC

3 i

V.. — TEIJIOBAask CKOPOCTh MOJIEKYIL;
CLV )yz[enLHa;I TEIUIOEMKOCTH ITPU ITOCTOSHHOM
it
o0BEME.

Harinem pazmepHOCTh KO3 PHUIIMEHTA
TEILIOIPOBOIHOCTH:

gdx JIx-M Kr-M
[X]:—: 5 p— 3
d’7 M -K:-¢ ¢ ‘K



6. YpaBHeHHUs ¥ KOI(P(PUIHEHTHI IIEPEHOCA
YpaBHeHne duka ana andodysun. KoapdounumeHT anddysmm

J =—Dgradn dn ]

J=—Da— D=§7\,<1)T>

YpaBHeHne HboToHa anga TpeHnsa. KoadodpuumneHT BA3KOCTU:

= 1
pr ngradl) f :_nd_D_ n=—7u<l)T>an=Dp.
Tp 3

dx
YpaBHeHne dypbe angd rennonpoBogHoCcTU. KoapdpununeHT TenonpoBO4HOCTH:
q=—" gradT d7 = %k <v; >pC,, =DpC,,

qg=—X
dx




Bce 3Tn 3akoHbl ObIIM YyCTAHOBIEHbI OMNbITHO, 3a40SIro
00 0DOCHOBaHUA MOJSIEKYNSAPHO-KNHETUYECKON TEOPUEN.

OTa Teopuss No3Bonusia YCTaHOBUTb, YTO BHELUHEEe
CXOOCTBO  YypPaBHEHUM  OOYCOBMEHO  OBOLLHOCTbLIO
nexawmx B WX OCHOBE MOJSIEKYNSAPHONO MexaHu3ma
nepeMeLInBaHNa MOJSIEKYN B MPOLECCE MX TEMMNOBOro
XaOTUYECKOro ABMXEHUS.



OpHako Kk koHuUy XIX Beka, HecMoTps Ha Ornectdawme
YyCNeXnu  MOMEKYNAPHO-KMHETUYECKOU  Teopunm  eu
HeaocTaBano TBEPOOU ornopbl — NPAMbIX
9KCNEPUMEHTOB, OoKa3blBatoLLNX cylLuecTBOBaHMe
aTOMOB U MOJIeEKYN. JTO A4asfio BO3MOXHOCTb HEKOTOPbIM,
donnocodam, NponoBeaoBaBLUNM CYyOBHLEKTUBHbIN
naoeannam 3asBfidTb, 4YTO CXOXeCTb dpopmMmyn — 93TO
NPOu3BOST  YYEHbLIX, YMPOLWEHHOE MaTemMaTudeckoe
onncaHune ABneHun.

Bce Bbille ykadaHHble KO3MULNEHTBI CBA3aHbl Mexay
cobon U BCe BbIBOAbl MOJEKYNSAPHO — KUHETUYECKOM
TEOPUN NOATBEPKAEHbI OMNbITHO.



3aBucUMOCTH KOIDPUIIMEHTOB NepeHoca oT aaBjaeHus P

Tak KaK CKOpOCTh TEILIOBOI'O ABUKCHUS
MOJIEKYIL 1), ~ /T W He 3aBUCHUT OT JABJICHUS
P,a Koa(b(bHuHeHT b dy3un D ~ A, TO 1
3aBUCUMOCTE DD OoT P noJI’kHa OBITH HOI[O6Ha
3aBUCUMOCTH A(P).

[Ipy OOBIYHBIX NABICHUSIX U B Pa3PsSKCHHBIX
ra3ax 1

Ny ———

P

B BBICOKOM Bakyyme [ = const.



C pocTtoM AaBrieHns A YyMeHbLUIAETCs U

3aTpygHsaetca auddysua ( [ — () ).
B Bakyyme n npu o6bI4HbIX JaBNEeHUAX

opioad’ m N~P ¥~ P

C yBenunyeHnem P 1 p, NOBbLILLAETCSA YNCO
MOJIEKYN NEPEHOCALLMX UMMYIIbC U3 CIOSA B CION,
HO 3aTO YMEHbLLAETCS pacCcTosiHMe cBobOaHOro
npobera A. [1oaTomy, BSA3KOCTb N U
TEMNMONPOBOAHOCTb X, NPWU BbICOKUX OABIEHUSIX,
He 3aBucAT oT P (N n X — const).
Bce 9Tn pesynberatbl NOATBEPKAEHbI
9KCNEepPMMEHTASBHO.



Ha pucynke 3.7 noka3zaHbl 3aBUCUMOCTH KO3(PPHUIIMEHTOB MEPEHOCA U A OT TaBJICHUS
P. OTH 3aBUCUMOCTH IIMPOKO UCHOJIB3YIOT B TEXHUKE (HATPUMED, IPU U3MEPEHUU
BaKyyma).
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0 Bakyym Atmocgepnoe Bricokoe
NABJIEHUE  JIaBJICHUE



MonekynspHoe TeyeHue. Idpdy3nsa rason

MoneKkynsipHOe Te4yeHue — TeYEHUE ra3oB B YCITOBUAX
BakyymMa, TO €CTb KOrga MOIEKymnbl He CTankuBaloTCs

Apyr ¢ Apyrom.

TeyeHne rasa B YycCnoBMsSIX BaKyyma 4epel3 OTBepCTUe
(nog [OencrteMem pasHOCTU OaBfieHMW) HasblBaeTco
achdpy3uen rasa.

B Bakyyme npoucxogut  nepegada  uMnynbca
HenocpedCTBEHHO  CTeHKaM  cocyga, TO  €ecCTb,
NpoucxoauT TPEHMe Trasa O CTEeHKM  cocyaa.

TpeHne nepecTtaer OblTb BHYTPEHHUM, W TMOHATUE
BA3KOCTU TepPsSeT CBOU MNPEXHUN cMbIC (Kak TpeHue
OOHOro Cno4d rasa o Apyron).



Kak npn MonekynapHoM Te4yeHun, Kak n npu adodysun,
KONM4YeCcTBO NpoTeKarLlero B eauHULYy BpeMeHu rasa
obpaTHO NponopunoHanbHO KOPHKO KBagpaTHOMY U3
MOINAPHOW MacCChI.

3Ty 3aBMCUMOCTb TOXE LUMPOKO UCMOMb3YIOT B TEXHUKE,
Hanpumep — A9 pasgeneHms n3otonos rasa Uz
(otaensioT ot U%*®, ucnoneays ras UF ).



7. lNoHATUEe O BaKkyyMme

[a3 Ha3biBaeTCs pa3pexeHHbIM, eCfnn ero NMNOTHOCTb
CTONb Mana, 4YTo cpeaHss AnmHa cBobogHoro npobera
MOJSIEKYST MOXEeT OblTb CpaBHMMa C JIMHEWHbIMU
pa3mepamu | cocyna, B KOTOPOM HaxoguTc4a ras.

Takoe cocTosHMe rasa HasblBaeTCHd eaKyyMOM.
Pasanuyarom credyrouwue cmerneHu eakyyma:
ceepxsbicokuti (<A > >> 1)

goicokuli (<A > > [ ),

cpedHuli ( < A> =~ [ )

HU3KUU 8aKyyM.



Bakyym

HU3KWAMN CpEIHUNA BBICOKMH | CBEPXBBICOKHU
Xapakrepucruka i
A<l A= A> A >>
JaBjieHue B
MM PT.CT 760 — 1 1-107 10° —107 | 10°° u menee
Huciio MoJeKky. B 102 — | 1022-10Y | 10 — 10" | 10" u menee
en. 00bema (B M) 1022
3aBucumocts or | He 3aBucar Onpenenserc [Ipsimo TerutonpoBogHOC
AABJICHUSA OT MPONOPIKUOHA | Th U BA3KOCTH
KOI(P(PUIUMEHTOB Y U | JABJICHUSA A JIbHBI [IPAKTUYECKHU
n [IapaMCTPOM | napnenuro OTCYTCTBYIOT
<A>

[




Ecnn un3 cocyna oTkaduBaTb ras, TO0 MO Mepe MNOHMKEeHUS
OAaBMEeHNUs 4YUCNO CTONKHOBEHWWM MOMEeKyn AOpyr C OpYyrom
YMEHbLUAEeTCA, YTO nMpPuUBOAUT K YBENUYEHUD UX AONUHbI
cBobogHoro rnpobera. lNpu goctatoyHO OOMbLIOM pa3peXeHUu
CTONMKHOBEHUA MeXOy MOoJriekynamMmym  OTHOCUTENbLHO  peaku,
NO3TOMY OCHOBHYK pPOSfib UrparT CTOSIKHOBEHUA MOJIEKYN CO
CTeHKaMmn cocyaa.

B cocTtoaHMM BbLICOKOrO BakKyymMa YMeEHbLUeHMe MOTHOCTH
pa3psKEHHOro rasa NPMBOAUT K COOTBETCTBYIOLLEN YObINN YacTul
6e3 nameHeHusa anuHel npobera. CnegoBaTenbHO, YMEHbLLIAETCS
YMCIO HOCUTeNnenm wuMmnynbca WNM BHYTPEHHEW JHeprun B
ABMEHNSX BSA3KOCTM U TennonposogHocTn. KoadpduumeHT
nepeHoca B 3TUX ABMEHUSAX NPAMO NPOonopLMoHanbHbl NMIIOTHOCTH
raza. B cunbHO paspsikeHHbIX rasax BHYTPEHHEE TPEeHue no
CYLLLECTBY OTCYTCTBYET.



YOoenbHbIM TENSIOBOU MOTOK B CUIMNbHO pPa3psXKeHHbIX

rasax nporopuMoHaneH pasHOCTU TemnepaTtyp U
MNNOTHOCTHU rasa.

CTaunmoHapHOe  COCTOAHME  pa3psKeHHOro  rasa,
Haxogsllerocd B [OBYX cocydax, COeOUHEHHbIX Y3KOW
TPYyOKOMN, BO3MOXHO MPU YCIIOBUM paBEHCTBA BCTPEYHbIX
NOTOKOB YacTuL, NnepemeLlarLLmxca n3 ogHoro cocyga B
OPYroWu:

rAe N, U n, — 4ncno monekyn B 1 cm® B 0boux cocyaax;
" <y, > <v,>
— NX cpeaHue apudMeTUYECKME CKOPOCTMN.



Ecnm I’ m 1, — TemMniepatypsl ra3a B COCynax,
TO NPEABIAYIIEE YCIOBUE CTALMOHAPHOCTH
MO>KHO II€PEIKMCATh B BUJIC YPABHCHUS,
BbIPAXKAKOIIETO 2¢hhexkm Knyocena:

B[

IR R

5o\
rne P, u P, — maBleHus pa3psHKCHHOTO rasa B
000HX COoCyax.



