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3.1. SIB1eHus mepeHoca B ra3ax

M3 nponuiblx neKmuu Mbl 3HAE€M, YTO
MOJIEKYJIBl B Ta3€ IBHXYTCA CO CKOPOCTBIO
3BYKa, C TAKOM K€ CKOPOCTHIO ABUKETCS ITYJI.
OmHaKo, HAXOHsACh B IPOTHUBOIOJIONKHOM
KOHII€ KOMHAThI, 3amax pas3jIiTOn Maxyyeu

KHUJKOCTU MBI [IOYYBCTBYEM yepes
CPaBHUTEIIHLHO OOJIBIIOM IIPOMEKYTOK
BPEMEHU. OTO IIPOUCXOAUT IIOTOMY, YTO
MOJICKYJIbI IBHKYTCS Xa0TUYECKH,

CTAJIKHABAKOTCA APYyr C APYIrOM, TPACKTOPHS
IBWKCHUS Y HUX JJOMaHHas.



Paccmorpum HEKOTOPBIEC ABJICHUA,
IIPOUCXOIAIINE B rasax.

Pacnpocmpanenue monekyn npumecu e 2ase
Oom UCHMOYHUKA Ha3zvleaemca oudgpysueil.

B cocTrosHuM paBHOBecHsA temiieparypa I u
KOHIICHTPAIlMA M BO BCEX TOYKAX CHCTEMBI
oAvHaKoBa. lIpH OTKIOHEHHHU ILUIOTHOCTU OT
PABHOBECHOI'0 3HAYEHHWSA B HEKOTOPOU YaACTHU
CHUCTEMbl BO3HHKACT JBHKCHHUE KOMIIOHCHT
BEIIIECTBA B HANPABICHUAX, IPUBOMAIIAX K
BbIPABHMBAHUIO  KOHIICHTPAIlMM II0 BCEMY
00bEMY CHCTEMHEL.



o“e® ¢

Xa0THYECKOE ABMMKEHME MHHHMATHOPHOM YacTHUbl, NOABELWEHHON B ¥HAKOCTH MK rase (BpoyHOBCKOE ABMMEHHE)




CBsi3aHHBIN C 3TUM JBHKCHUEM MEPEHOC
BEILICCTBA O0YCIOBICH Ouggy3ueil.
Judppyzuonnwtit nomok oyoem
NPONOPUUOHATIEH 2DAOUECHMY KOHUCHMPAUUU .

g an

dx



Ecimu kakoe 100 TEJIo ABMIXKETCS B rase, TO
OHO CTaJIKMBAa€TCA C MOJCKyJIaMH Trasza Hu
cooOmaer uM ummyiabc. C Apyrod CTOPOHBI,
TEJI0O TOXKE OYyJEeT HCIBITHIBATh COYAApPEHHUS CO
CTOPOHbI MOJICKYJ, M MOJIy4aTh COOCTBEHHBIN
MMITYJIbC, HO HaIIPaBJICHHLIA B IMPOTUBOIIOJIOXK-
HYHO  CTOpOoHY. la3  yckopsercsa, TeEIo
TOPMOBUTBECS, TO €CTh, HA ME/N0 OCUCHBYION
cunvl mpenus. Takas ke cujia TPEHHUS OYyIeT
ACMCTBOBATL M MEXKAY JBYMS COCEIHMMU
CIOSMM Trasa, [ABWXKYIIMMHUCSI C Pa3HBIMU

CKOPOCTSIMU.






OTO SIBICHHUE HOCHUT HA3BAHUE GHYHIPEHHEE
mpenue WIN 6A3KOCMb 2a3a, TPUYEM CUa
mpeHus NPONOPUUOHATIbHA 2PaoueHmy
CKopocmu:

poodv

P dx (3.1.1)



Eci B COCEIHUX CI0SAX ra3a Co3/laHa U
[OAAECPKMUBACTCSA PA3HOCTh TEMIIEPATYP, TO
MEXKy HUMHU OyHeT IIPOUCXOIUTh OOMEH
TEIIa. biarogapsa XaoTUHYECKOMY
IIBUKEHHUIO, MOJICKYJIbI B COCEIHUX CIIOSIX
OyAyT NEPEMEIIMBATHCS U, UX CPEIHHUE
SHCPIrUH OyayT BIPABHUBATHCH.
IIpoucxoout nepenoc snepzuu om odonee
HAazpemaulx CJ10€6 K Donee X0100HbIM.



Ilepenoc snepzuu om doee nazpemoulx
C/10€8 K 0o0J1ee X0,100HbIM
HA3bl6ACHMCA MENTONPOBOOHOCHIBIO.
Ilomok menna nponopuuonaien 2paoueHny
memnepamypul.

dr

O~ &

(3.1.2)



B COCTOSSHUHM paBHOBECHUA B CpEJIE,
COJZICPKAIIEU 3aPSKEHHBIC YACTUIbI, IOTEHIIMA
JIEKTPUYECKOTO MOJIA B KAXKION TOUKE
COOTBETCTBYET MUHUMYMY SHEPIUH CUCTEMBI.

[ Ipn HaIOKEHWM BHEIITHETO 3JIEKTPUUECKOIO
I10JIsI BOSHHUKAET HEPABHOBECHOE JIBUIKECHHE
JIEKTPUUYECCKUX 3aPsI0B B TAKOM HAIIPABIICHUH,
4TOOBI MUHUMHU3UPOBATH YHEPIHUIO CUCTEMBI B
HOBBIX YCIIOBUSIX.



CBsi3aHHBIN C 3TUM JBUKECHHUEM I1EPEHOC
AIEKTPUUYECKOTO 3apsijia Ha3bIBACTCS
INEKMPONRPOBOOHOCHIbIO, A CAMO HAIIPABIICHHOE
NBYKEHUE 3aPSIOB — INMEKMPUUECKUM HOKOM.



B npouecce ougpgpyzuu, npu menno u
INEKMPONRPOBOOHOCHIU NPOUCXOO0UM NEPEHOC
geuiecmea, a npu 6HYmMpeHHemM MmpeHuu —
nepeHoc IHepzuu.

B 0CHOBE ATUX SBJICHUU JI€KUT OOUH U TOT KE
MEXaHHU3M — Xa0THYECKOE JIBHKCHUE MOJICKYIL.
OOmHOCTh MEXaHU3Ma, 00YCIaBIMBAIOIIETO BCE
3TH SIBJICHUS EPECHOCA, HIPUBOJIUT K TOMY, YTO
X 3aKOHOMEPHOCTH JOJIKHBI OBITh MOXO0XKHU

OpyT Ha apyra.



3.2. UHuCj10 CTOIKHOBEHMI U CPpeaHsAsA
AJIMHA CBOOOITHOIO
npoodera MoJieKyJ B rasax

ObosHaunMm - — QLqMHa cBobogHoro npobera
MOJIEKYTIbI.

MeaneHHOCTb ABNEHUN NepeHoca, Hanpumep
onapdy3nm  apomMaTMyeckux  BellectB —

«pacnpocTpaHeHune 3anaxay, = npw
OTHOCUTENbHO BbICOKOUM CKOPOCTU TEMMOBOIO
NBWXEHUS Monekyn ( ~10%-10° m/c)

0OBbACHAETCA CTONIKHOBEHUSMMU MOJIEKVII.



PaccrossHue, npoXoauMoe MOJIEKYJION B
CpeaHEM 0O€3 CTOJIKHOBEHMI, HA3BIBACTCS
CpeoHell OJIUHOU C80D00H020 npoobeza:

<A>=v,T,

V,— CPEAHSIS CKOPOCTb TENIOBOIO ABWXEHWS,
— cpegHee BfteMA Mexay ABYyMS
CTOJTIKHOBEHUAMMW.

MIMEHHO <« ) > cpegHaa anuHa

CcBOOOOHOro npobera, Hac U HTepPeCyeT
(pucyHok 3.1).



PucyHok 3.1



Mozeinp nieallbHOrO ra3a — TBEPJbIC IIAPUKH
OIHOTO auamMeTpa, B3aMMOJECHCTBYIO-1IHE
MEXAy COOOM TOJbKO MHPH CTOJKHOBCHHHU.

OO0o3HaunM O — 3I¢pgexkmusnoe ceuenue
MOJIEKYJIBI — HOJIHOE NOnEepeYHoe cevyeHue
pacceanusn, XapaKTECPU3YIOIIEE CTOJIKHOBECHUE
MEXKAY JABYMS MOJICKYJIaMH (PHCYHOK 3.2).



‘ti) — aghgpekmueHoe
Vs ceyeHue MOJIEKY/IbI

/

Pucynok 3.2

c = Ttd 2 _ nomanp B KOTOPYIO HE MOXKET
IPOHUKHYTH LIEHTP JIF000MH IPYroi MOJIEKyIIbI.



3a OIHY CEKYHY MOJIEKYJIa IIPOXOIUT
yTh, PaBHBIM CpeaHEH aprU(PMETHYECKON
CKOPOCTH < ) >
3a Ty K€ CEKYHAYy MOJICKYJIa IPETEPIIC-

BacT V CTOJKHOBCHUM.

<V >

<A >=
N



IHoocuumaem uyucio CcmoOAKHOBECHUU V.
BeposSTHOCTh CTOJIKHOBEHHSI TpEeX H 0oJice
MOJICKYII OCCKOHEUYHO Maia.
[lpeanonoXxum, YyTO BCE MOJTIEeKY bl
3acTblfin, Kpome opgHou. Ee Tpaektopus
oyoetr npeactaBnsaATb COOOWM  JIOMaHyo
nuHunio. CTONKHOBEHUST OyayT TOMbKO C
TEMN MOJIEKyNaMu, LEHTPbl KOTOPLIX nexar
BHYTPU uunmHgpa paguycom d (pUCYHOK
3.3).



[1yTh, KOTOPBIU NIPOUIET MOJIEKYIIA
34 OJIHY CEKYH]Y, PAaBEH JIJIUHE
[WINHAPA <v'>

<V'>0 -o066eM AJTHHAPA

N - YUCJIO MOJIEKYJI B €IMHUIIC 00BbEMA

cpedHee YUCJ1I0 CMOJIKHO8e-
HUU 8 OOHY CeKYyHOY:

v=nd’ <v'>n.

PucyHok 3.3



Ha camom aene, éce monekynvt ogusicymcesn (1
B CTOPOHY M HABCTPEUy APYr APYry), IIOITOMY
YUCTIO COYOapeHuil Onpeoensiemcsa CcpeoHeu
CKOpOCHbIO OBUIHCCHUS MOJICKYT
OMHOCUMENbHO Opy2 opyza <V >

[1o 3aKOHY CIIOKEHMS CIIyYaUHBIX BEJIUYMH:

cV'>=A< Vi >+<0?>=42<02 > =< v >A/2.

<D>
Tak kak < A >=

- CpeIHss JJIMHA CBOOOJHOTO mpoodera
11
2 - °
V2nnd* < 2no

v
Torna;: < k S —




N3 ypaBHEHUA COCTOSIHUAA UACATBHOIO ra3a
BbIpa3suM M uepes nasieHue P u temreparypy 1

P

Tak kak P =nkT, 10 ects n= ——, Torga

kT

kT kT

JZdﬁ;iﬁkP.

<A>=




TakuMm 00pa3zom, npu 3aJaHHOU TEMIIEPaATYpE,
CpedHss JJIMHA CBOOOLHOIO mMpoOera 00paTHo
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

3
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3.3. Inddy3usa razos

Ondodoysuna ot natuHckoro  diffusio —
pacrnpocTpaHeHne, pactekaHne — B3aMMHoOE
NMPOHUKHOBEHME COMNpUKacatoLLUXCHA BELLLECTB
Opyr B Apyra, BCnegcreBne TensioBoro
OBWMXEHNS YaCTUL, BELLLECTBA.

Lndpaysna nponcxoguT B HanpaBreHUu
YMEHbLLUEHNA KOHLIEHTPaUUn BellecTsa U BedeT
K ero paBHOMEPHOMY pacrnpenenieHunio no
3aHMMaeMoMy 00bLeMY.



JInddy3uss UMEET MECTO B Ta3ax, KUIKOCTIX
M TBEPABIX TEIIaX.

Han6omaee ObicTpo auddy3ust IpOUCXOIUT B
rasax, MEIJICHHEE B KUIKOCTSX, CIIC MEIJICHHEE
B TBEPJIBIX TE€JIAX, YTO OOYCIOBICHO XapaKTEpOM
IBUKCHMS YaCTHUI[ B 3TUX CPeax.

Jl11s1 ra3a oughghyzun — amo pacnpeoenenue
MOJIEKYl npumecu Om UCmoO4YHUKa
(vau B3auMHas U@ @ys3us raza).



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

Pucynok 3.4




[pagneHT KoOHUEeHTpaLumn, B obuiem
Criy4yae paBeH

radn—dni | dn . | dnk
S & &' T B3

Tax dn
KaK y HaC OJJHOMEpHAs 3aj1a4a, TO gradn — a

[Ipu Hanuuuu grad 7, Xa0TUYSCKOE IBHIKCHUE
OyzdeT 00Jiee HaIPaBJIICHHBIM U BO3HUKHET IOTOK
MOJIEKYJI IPUMECH, HallPaBJICHHBIM OT MECT C

OOJBIIECH KOHIICHTPAIUEH K MECTaM C MCHBIIICH

KOHIIEHTpalen. Hanaeém 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_.

Pesynomupyrowiuit ougppy3zuonnstit nomok uepes
CAUHMIY ITUIOIIAAN B €IUHUILY BPEMCHU

dN 1

J: det —g(nl—n2)<1)>
J=—ti<us LR
3 24
HoO My, — N, = dn; 2\ = dx, TOr/1a

2\ dx



O6oszHaunM: D = —A <V >— koappuyuenm

ougpgysuu. 3
Torna oughghyzuonnwiit nomok Oynet paBeH:
dn (3.3.2)
J=-D—,
dx

MJIM B O0IIEM ciiydae (B TPEXMEPHOM CUCTEME)

J =—-Dgradn (3.33)

— ypaeHenue @Duka.



J =—-Dgradn

N3 ypaenenua duxka BUIHO, YTO
ouphy3zuonnvlit nOmok, HAanpPaeeH 6 CMOpPoOHy
YMEHbUIeHUA KOHUCHMPAuUU.

IIpu sToM koaddunment quddy3uu D
YHCJICHHO paBeH IU(PPy3MOHHOMY MMOTOKY 4epe3

ez[HHIélf,)t/l YL B €IMHHIY BPEMEHH DU

N3mepsiercs kodppuumeHT guddy3uu D
B M/c”.



3.4. BHyTpeHHee TPpeHHue.
BA3KOCTH ra3on

PaccmMmoTpuMm eLe oaHy cuctemy KoopaunHar: U

OT Y . _ (pncyHok 3.5)
o v, T grad v

-4




IlycTh B IOKOsAIIIEMCS Ta3€ BBEPX,
MIEPIIEHIANKYISIPHO OCH X JIBMKETCS IJIACTHHKA
CO CKOPOCTBIO V), MPUUEM Vj << Vp
(v, — CKOPOCTH TCTIJIOBOTO JBMXKCHUS MOJICKYIT).

[lmacTrHKA yBJIEKAET 32 COOOM MPUIICT AN
CJIOU Ta3a, TOT CJION — COCEAHNH U TaK Jajice.
Bech ra3 geaurcs, kak ObI Ha TOHYAUIIIUE CJIOU,
CKOJIB3AIIIME BBEPX TEM MEJICHHEE, YEM JTAJIBIIIE
OHH OT IUIACTUHKHW.

Pa3 ciiomn rasa ABU>XyTCs C pa3HbIMH
CKOPOCTSIMU, BOSHUKAET TPEHUE.

BBIICHUM NPUYMHY TPEHUS B rase.



Kaxxas MoJieKyJjia ra3a B CJ10€ NpUHUMAET
Y4aCTHUC B IBYX ABHMJKCHUAX. TCIINIOBOM U
HaITpaBJICHHOM.

Tak Kak HanpaBneHue TennoBOro
OBWMXEHUSA XaoTUYECKN MEHSAETCH, TO B
CpeQHEM BEKTOP TEN0OBOU CKOPOCTU paBEH

Hynio B> =0

[Tpn HanpaBneHHOM OBUXEHUN BCA
COBOKYMHOCTb MONeKyn oyaeT apendosaTb

C NOCTOAHHOWU CKOPOCTbLIO V.



CpenHui UMITYJIbC OTIAEIbHON MOJIEKYJIBI B CJIOE
ONPEICIICTCS TOIBKO APEN(POBOM CKOPOCTHIO V:

oy — g U
Ho Tak kak MomneKynbl y4acTBYOT B TEMIOBOM

OBWXEHUN, OHW ByayT nepexoanTb N3 Criosi B CINOW.
[Tpn aTOM OHKM BYOYT NEPEHOCUTL C CObom
nNo6aBoYHbIN UMNYIbC, KOTOPbLIN ByaeT
onpeaensaTbcs MorieKkyrnamm Toro cnos, Kyaa
nepeLusia Mornekyna.

llepemewusaHue MosieKys pa3HbIX C/I0€8
npusooum K ebipasHuUsaHuro opeugoebix
cKkopocmeu pa3HbIX CJ/I0E8, YMO U rnposiesisiemcs
MaKpOCKoOrnu4YyecKu Kak deucmeue cusi mpeHus

MEeXXOy CJI0sIMU.



PacCMOTpHUM JJIEMECHTAPHYIO INIOMAAKY dod
MEPNEHAUKYIAPHO OcH x. Hepes 3Ty MIIoIaaKy 3a
BpeMs1 df BII€BO M BIIPABO MEPEXOASIT HOTOKH MOJICKYI.

v A v, T grad v

=3

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

T 6



Ho 3TH MOTOKH MEPEHOCIT PA3HBIN UMIIYIIBC:
myud N, myL,dN _

IIpu niepeHoce nmnyibca OT CJI0A K CIIOKO
IIPOUCXOIUT U3MEHEHNUE UMITYJIbCA ITHUX CIIOCB.
TO 3HAYUT, YTO Ha KAXKIBIN U3 3TUX CJIOEB
NEWCTBYET CUJIA, PaBHASA U3MEHEHUIO UMITYJIbCA.

Cuia 3Ta €CTh HE 4TO APYroe, KaK cujia
MPEHUA MEMHCOY C/LOAMU 2a3d, NBUKYIIUMUCS C
Pa3IMYHBIMU CKOPOCTIMHU. OTCIOJa 1 HA3BAHUE
— GHYmMpEHHee mpeHue.



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\




Cuna, oeucmeyrouian Ha eOuHUUy NaIOULAOU
no6epxHocCmu, pazoenauieil 06a coOCeOHUX
C105 2434 f dv

Nnn, B 001meM Buze f = —T gl’ad JUI

10 ypasuenue Hovromona.
30€Ch 1] — KO huyuenm 8:13K0Cmu:

n=%k<v>nm0=l3{fb-,3)

riae D — koapdumueHT nuddy3un; p — IIIOTHOCTh ra3a




n:%k<v>nm0:Dp,

Duzuyeckul cmvicii Kodghpuyuenma
BA3KOCHIU T] 8 MOM, UMO OH YUCTEHHO PABEH
UMNYIbCY, NEPEHOCUMOMY 8 eOUHULY 8DEMEHU
yepes eOuHUYy naouwaou npu epaoueHme
CKOPOCMU PABHOM eOUHUe.



3.5. Ten10npoOBOAHOCTH ra3oB

Y4yeHune o TennonpoBOOgHOCTH
Ha4yano pa3suBaTbca B XVIII B. u
Nony4ynrno cBoe 3aBeplUeHne B
paboTtax dppaHLy3ckoro y4yeHoro XK.
dypbe (1786 — 1830),
onybnukosasLuero B 1822 r. KHUry
«AHanNMTU4ecKkaqa Teopuda TENMOTbIY.



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

Temnepatypy T_u T, (p1CYyHOK 3.6).




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 MOJICKYJI, UMCIOIINX PA3INIHYIO
KMHETUYECKYHO YHEPIHIO :

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 3.6.
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 ’




o q4=—X gradT (3.5.1)

— ypasHeHue menjonpoeoonocmu K. Dypoe.

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

PABHBIM:
_Ly Lk
A=FASVr 20 NN (3.5.2)
| (3.5.3)

x:§K<UT >pCVw1



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



3.6. YpaBHeHHUs U KO3 PHUIHEHTHI
[epeHoca

CoII0CTaBMM yYpaBHEHHMS IIEPEHOCA

J =—Dgradn

J

- _D— _
dx

Ypasuenue @Duka onsa oughgysuu.

Kosgppuuuenm oughgpyzuu

D=%7»<UT>




S =—Mgradv

dv

Nnu pr Ypaenenue Horomona

Oﬂﬁbﬁpm Us.

Koy¢ppuuuenm eazkocmu:

n:%K<UT>nm0:Dp.




q = —y gradT

o dr
Y 1= de

YpaeHeHue Pypbe
0151 Mersiornpo8ooOHOCMU.

KoagppuyueHm mensionpos8ooOHOCMU:

Y = %7»<1)T >pC,, =DpC,,




Bce 5Tr 3aKOHBI OBLIM YCTAaHOBIICHBI ONBITHO,
33J10JIT0 10 0OOCHOBAHUS MOJICKYIISIPHO-
KWUHETUYECKOU TCOPUEH.

2DTa TEOPUs MO3BOJINIA YCTAHOBUTD, YTO
BHEIIIHEE CXOACTBO YPABHECHUN O0YCIOBJICHO
OOIITHOCTBRIO JICKAIIINX B UX OCHOBE
MOJICKYJISIPHOIO ME€XaHHU3Ma IICPEMCIIBAHUS
MOJIEKYJI B IPOIIECCE UX TEILIOBOIO
Xa0TUYECCKOTO ABUKCHHUSL.



OpgHako K KoHuy XIX Beka, HeECMOTpPS Ha
brnecrtaLwme ycnexm MosiekynsipHo-
KUHETUYECKOU TEOPUN el HeagocTaBano
TBEPAOOU OMNMOpPbl — NPAMbIX 9KCNEPUMEHTOB,
OOKa3bIBaKLKMX CyLLeCTBOBAaHME aTOMOB U
MOneKyn. 3To Aarno BO3MOXHOCTb
HEKOTOPbLIM, douniocodam,
NponoBeaoBaBLUNM CYyObEKTUBHbIN
ngeann3m 3adBndaTh, YTO CXOXECTb POpPMYI
— 3TO NPOU3BON YYEHbIX, YNPOLLEHHOE

MaTemMaTundeckoe onmcaHune aBfieHumn.



Ho 310 KOHEYHO HE Tak. Bce BhIlie
yKa3aHHbIC KOA(P(DUILIMECHTHI CBI3aHbI MEXKTY
COOOM U BCE€ BBIBOJIbI MOJICKYIISIPHO —
KMHETUYECKON TEOPHUHU MOATBEPKICHBI OIIBITHO.



3asucumocmo KoIhppuuuenmoe
nepenoca om oaeienusn 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 JABJICHUSX U B
pa3psHKEHHBIX|razax

Ny ———

P

B BBICOKOM Bakyyme [ = const.



C pocTtoM AaBrieHns A YyMeHbLUIAETCs U

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

opioad’ m N~P Y ~ P

C yBennyeHunem P 1 p, NOBbLILLAETCS YMUCIIO
MOJIEKYST MEPEHOCALLMX UMMNYSIBC U3 CII0A B CIION,
HO 3aTO YMEHbLLAETCS pacCcTosiHMe cBobOaHOro
npobera A. [1oaTomy, BSA3KOCTb N U
TENNONPOBOAHOCTL X, NPWY BbICOKUX AaBMNEHUSIX,
He 3aBucAT oT P (N n X — const).

Bce 9Tn pesynberatbl NOATBEPXKAEHbI
akcnepumeHTtansHo (Puc 3.7).



Ha pucynke 3.7 noka3zaHbl 3aBUCUMOCTH KO3(PPHUIIMEHTOB MEPEHOCA U A OT TaBJICHUS
P. OTH 3aBUCUMOCTH IIMPOKO UCHOJIB3YIOT B TEXHUKE (HATPUMED, IPU U3MEPEHUU

Bakyyla).
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0 Bakyym Atmocepnoe Bricokoe
PrcyHOK 3.7 NaBJIEHUE  JIaBJICHHE



MonekynsipHoe me4yeHue. dppy3us
2a3oe

Monekynapnoe meuenue — meuernue
2a308 8 YCIOBUAX 8aKYyMd, TO €CTh KOIa
MOJIEKYJIbl HE CTAIIKUBAXOTCS JIPYT C
IPYTOM.

TeueHnue raza B yCI0BUsIX BaKyyMa
yepe3 OTBEpPCTHE (IMOM ICHCTBUEM
PA3HOCTH JABJICHUI ) HA3bIBACTCS
ay3uen 2asa.



B BakyyMe IIpOUCXOIUT Iepeaada UMITyJIbCca
HEIMOCPEACTBEHHO CTEHKAM COCYAa, TO €CThb,
IIPOUCXOJIUT TPEHUE ra3a O CTEHKH COCY/IA.

TpeHnue niepecTta€t ObITh BHYTPEHHUM, U
IMOHATHE BI3KOCTH TEPSAET CBOM IIPEKHUN CMBICII
(KaK TPEHHE OJHOIO CJIOS ra3a O Apyrom).



Kak npu MOJIEKYJISIpPHOM TCUCHHUM, KaK U IIPHU
3(pPy3un, KOJMYESCTBO IIPOTEKAIOIIETO B
eOUHUIY BPEMEHM raza oopaTrHo
IIPOIIOPIMOHAIBHO KOPHIO KBAIPAaTHOMY M3
MOJISIPHOM MACCHI:

1

NN —

7

OTY 3aBUCMMOCTb TOXE LLMPOKO
MCMONb3YIOT B TEXHUKE, Hanpumep — Ans
pasgeneHnsa n3otonos rasa U
(otaensioT ot U**®, ncnonbays ras UF ).



3.7. IllonsiTHE 0 BAKYyyMeE

[ a3 HazvlBaemcs paspernceHHbIM, eciu e2o
NJIOMHOCMb CMONb MAAd, YMO CPeOHss ONUHA
C80000H020 Npobe2a MONEKYI < )\ >ModHcem Oblmb
CPABHUMA C TUHEUHbIMU pazmepamu [ cocyoa, 6
KOMOPOM HAXOOUMCsl 2a3.

Takoe coCTosiHHE ra3a Ha3bIBAETCS 6AKYYMOM.

Paznuuarom cneoyrowue cmenenu eaxkyyma:
ceepxeblcokul. (<> >> [),

golcOKUU (< ). > > | ),
cpeoHull ( <>~/ ) U HU3KUU BAK)YM.



CBoncTBa pa3psKeHHbIX ra3oB
OT/IN4YaloTCHA OT CBOUCTB
Hepa3psi)KeHHbIX razoB. ATO BUOHO U3
Tabnuubl, raoe npuBegeHbl HEKOTOPbIE
XapaKTEePUCTUKN pa3fINYHbIX CTENEHEN
BaKyyma.



Bakyym

XapakrepucTu | HU3KUU | CDEAHUM | BBICOKH | CBEPXBBICO
Ka 71 KU
A<l | A= A>] | A>>]
aBJICHHE B 107 — 10° u
. 760—1 ] 1-107 4
MM PT.CT 10 MEHEE
Yucao 10%° — 10%% — 10" — 10" n
MOJIEKYJI B €]I. 1022 10" 1013 MEHEE
o0beMa (B M)
3aBHCHMOCTEL | He Onpenenserc,  [Ipamo | TemmonpoBosn
OT JaBJIeHHs |33BUCAT A IIPOIIOPIUO HOCTb U
apaMeTpoM
ko3 dumenT 0T p p HaJIbHBI BSI3KOCTb
TaBIICHUS < A > | JaBICHUIO | MPAKTHUYCCKU
OB X1 — OTCYTCTBYIOT

[




Ecim U3 cocyma OTKauuBaTh ras3, TO o Mepe
IIOHMKEHHUSA JABJICHUA YMCIIO CTOJIKHOBEHUU
MOJIEKYJI IPYT C IPYTOM YMEHBIIACTC, YTO
IIPUBOJUT K YBCIIMYCHUIO UX JJIMHBI CBOOOTHOTO
npooera. [Ipu mocrarodno 00IbIIOM
PA3PEIKEHUN CTOJIKHOBECHUS MEXIAY MOJICKYJIaMU
OTHOCHUTEIBHO PEAKH, IIOATOMY OCHOBHYIO POJIb
UIPArOT CTOJIKHOBEHUA MOJIEKYJI CO CTEHKAMHU
cocy/a.



B cOCTOSIHHH BBICOKOTO BaKyyMa
YMEHBIIICHUE INIOTHOCTHU Pa3psKEHHOIO Ia3a
IIPUBOAUT K COOTBETCTBYIOIICH YOBLIN YaCTHII
0e3 usMeneHusa < A > . ClemoBaTeibHO,
YMEHBIIIAECTCS YMCIIO HOCUTEIECH UMITYJIbCA WU
BHYTPEHHE! YHEPIUH B SIBIICHUSIX BA3KOCTU U
TEILIONPOBOAHOCTH. Koa(ppuipeHT nepenoca B
ATHUX SIBJIICHUSIX MPSIMO IIPOIOPILHOHATIbHBI
JIOTHOCTHU Ta3a. B CHIBHO pa3ps’KEHHBIX razax
BHYTPEHHEE TPEHUE IO CYIIECTBY OTCYTCTBYET.



VYhelbHBIU TEIJIOBOU MOTOK B CUJILHO
PA3PSKEHHBIX T'a3axX OPOIOPIMOHATIEH PA3HOCTHU

TEMIIEPATYP U ILIOTHOCTHU rasa.
CmauuoHapHOe coCmosiHUe pa3psi>KEHHOro rasa,
HaxoOsLerocs B AByX cocygax, CoeaNHEHHbIX
y3KOM TPyOKOU, BO3SMOXHO Npw ycrioeuu
paBEeHCTBaA BCTPEYHbIX MOTOKOB 4YacTul,
nepemMeLlaroLLnXca N3 O4HOro cocyaa B Apyrom:
n <V >=n, <V,,>rge n, un,—41cno
Monekyn B 1 cm® B oboumx cocygax; < v, >

<V, >— UX cpedHne apupPMeTNYECKme
CKOPOCTMW.



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.



Bonpockl co3gaHusa Bakyyma MMeLOT 6osbLUIoe
3Ha4YEeHNE B TEXHUKE, TaK KaK Hanpumep, BO
MHOIMX COBPEMEHHbIX 3NEKTPOHHbLIX Npubopax
MCMOMb3YIOTCA ANIEKTPOHHBLIE MYYKN,
doopmMmnpoBaHME KOTOPbIX BO3MOXXHO JALLb B
ycrnoBusx Bakyyma. [1na nonyyeHus pasnnyHbix
CTENEHEWN pa3psPKEHUA MPUMEHSAIOTCH BaKyyMHbIE
HacoCbl, NO3BOSIAIOLLME NONYYNUTb
npeaBapuUTeENnbHOE pa3psikeHne (popBakyym) o
= 0,13 a, a Takke BaKkyyMHble HAcoChbl "
nabopaTtopHblE NPUCNOCodrieHNs, NO3BONSOLLNE
nony4yntb gasneHune go 13,3 mklla — 1, 33 nlla

(107" =107 mm pr.CcT.).






