MonekynsapHaa qousuka.

e JlekTop:
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3. PacnpeneneHMﬂ MOJIEKYIJ1 MO SHEPTNAM.

* 3.1. PacnpegeneHne Makceenna no
KOMMOHEHTAaM CKOPOCTEMN.

e Kak Oblno OTMEYEeHO Bbille, TENOBOE
OBWXKEHME NpeacTaBnsaeT codbon XxaoTn4yeckoe
nsmxeHue. OgHako, Jaxe B TaKOM
becnopsago4HOM OBUMXKEHUN, KaK Mbl BUOEMNN
paHbLUe, HabnwaarTcs onpeaeneHHble
3akoOHOMepHocCTU. K Taknm 3aKOHOMEpPHOCTAM
OTHOCUTCS U T.H. pacnpeaereHme Morekys rno
CKOPOCTSM.



[ IpOMEXYTKN CKOPOCTEW.

[TycTb obLee YNCN0 MONIEKYN B HEKOTOPOM
obbéme paBHo N. O603Haumm dN umncno
MOJ1IEKY/1, KOMMOHEHTbI CKOPOCTEN KOTOPbIX
3aKN0YEeHbl B Npeaenax

v,, U, + dv,,
Uy, Vy + dv,,

v,, v, +dv,.



BeposaATHOCTb AaHHOro cobbITUS.

. dN
* Torga oTHoWweHUe dw = ~ npeAcTasnaet

coboun BEPOATHOCTb TOrO, YTO Hayraz,

BblOpaHHaa moneKkyna ob6s1agaeT CKOPOCTbIO C

KOMMNOHEHTaMWU B MHTEPBA/1aX, YKAa3aHHbIX
Bbille.



[1TNOTHOCTb BEPOATHOCTM OAHHOIO
coObITUA.

« A OTHOLUEHUE 3TON BEPOATHOCTU K
NPOn3BeAEeHUI0 31€EMEHTOB KOMMOHEHTOB
CKOPOCTEN, 04EBMNAHO, NPEeACTaBAAET COOOM
NIOTHOCTb BEPOATHOCTU U Ha3bIBAETCH
bYHKUMEN pacnpeneneHnsa MoseKkyn no
KOMMNOHEHTaM CKOpOCTEN N 0OO3HaYaeTca

f (Vs 0y, V7).
dN

) f(vx' Vy» UZ) B Ndv,dvydv,




icnonb3oBaHue PyHKL MU
pacnpeneneHus.

« OTcroaa

dN = Nf(vy, vy, v,)dv,dv,dv,.

dN
dw = ~ = f(vx, Uy, vz)dvxdvydvz.
"

N =N [[f; f(vi.vy,v,)dv,dv,dv,.



YcnoBue HOPpMUPOBKM.

« I3 nocneaHero paBeHCTBa BblTEKaeT
T.H. YC/IOBUE HOPMUPOBKM

. fffl_/, f(vx, Uy, vz)dvxdvydvz =1,

* T.e. DYHKUMA pacnpeaeneHna JoNKHa
ObITb TAKOBOW, YTO MHTErpas OT HEE No
BCEM BO3MOXHbIM 3HAYEHUAM
aprymeHToB AONKeH ObITb paBeH
eanHUUE.



OTbICKaHWe cpeaHnX 3Ha4YeHUN.

« 3HaHune byHKLMM pacnpeaeneHns
NO3BOJISAET HANTU CpeaHMNE 3HAYEHUS
TEPMOANHAMMYECKMX NAapaMETPOB, TaKNX
KaK AaBlieHne, cpeHAasa KUHeTUYecKkas
QHEPrnd 1 T.M. N NX CBA3b Mexay COOoN.



OcHOBBI 451 OTbICKaHUA OYHKLUM
pacnpenenexHus.

* OTbICKaHWe PYHKUMKN pacnpeneneHuns
OCHOBAHO Ha ABYX NpeanonoXeHusix.
[lepBoe npeanonoXxeHne KacaeTcs
paBHonpaBusa HanpaBneHUU. [1oCcKoNbKy
TennoBoe ABMXeHune abcontoTHO
XaOTUYHO, TO ABUXXEHUA MOJEKYN BAOSb
OoCeln KoopauHaTt COBEPLUEHHO
HEe3aBUCUMbI.



He3aBUCMMOCTb pacnpeaeneHus no
HanpaBNEHUsAM.

« C TOYKM 3peHnAa Teopnn BEPOATHOCTU 3TO
O3Ha4aeT, YTO NAOTHOCTb BEPOATHOCTU
cobbITMA NpnobpeTeHmnAa MoNeKy1amu
CKOPOCTM C KOMMNOHEHTAMM B YKA3aHHbIX
Bbille NHTEPBAaX PaBHO NPOMU3BEAEHMUIO
NAOTHOCTEN BEPOATHOCTEN NPNOBpeTeHUS
MONEKY/TaMU KOMMOHEHT BAO/Ib OCEN
KOOPAMHAT NO OTAE/IbHOCTMH,

* [V vy, v,) = F0If (v))f ().



PaBHoNpaBmre NONOXUTENbHOM W
OTpULIATENBHOIO HanNpaBNEHUN
OCEeMN.

* BTOpoe npeanonoxeHme cocTOUT B paBHOMNPaBHOCTM
OTPULLATE/IbHOTO U NOJIOXUTENIbHOIO HanpasAeHUM
ocer KoopAMHAT. OTO 3HAYUT, YTO BEPOATHOCTb
BCTPETUTb MONEKYNY CO CKOPOCTbIO U, A0/IKHA ObITb
TAKOM XKe, KaK 1 AN MONEKY/bl CO CKOPOCTbIO —V,, T.€.
bYHKUMA pacnpeneneHmnsa no KOMNOHEeHTamM CKOpoCTel
NOJIKHA O6bITb YETHOM. DTO B CBOIO 0Yepeab O3HAYaeT,
4yTo GYHKUMA pacnpeneneHna A0/1KHA 3aBUCETb HE OT
BEKTOPa CKOPOCTU, a OT ero KeaaparTa.

o f(ve vy, v,) = f(VE + V5 + v5).



OyHKUMOHaNbLHOE YpaBHEHME.

« Ob6beanHaa oba npeanonoKeHna BMecCTe,
Noay4YnMm PyHKLMOHA/IbHOE YpaBHEHME

s f(Vi +v5+v7) = FUDfWHf (D).

* Ho TakoMy YC10OBUIO MOMKET YA0B/IETBOPATH
TO/IbKO MOKa3aTenbHble PYHKLUUU, N10OYI0 U3
KOTOPbIX MOXHO NPeAcTaBUTb SKCMOHEHTOMN. 3TO
3HAYUT, YTO PYHKLUMA pacnpeaeneHmna AoKHa
ObITb 9KCNOHEHTOM

« f(vE+vE+vE) = Aevr+vy+vy),



[TapameTpbl pacnpeneneHus.

~ [TapameTp A BCeraa HaxoaAMTCA U3 YCIOBUSA
HOPMMPOBKMK, @ NapaMeTp &, BO-NEPBbIX, AO/XKEH
ObITb OTpULATENE, MHAYE BECKOHEYHO boNbLLIMM
CKOPOCTAM byayT COOTBETCTBOBATb OE€CKOHEYHO
bonblime ckopocTtn. Yero 6bITb HE MmoXeT. Bo-
BTOPbIX, OH HAaXOAUTCA U3 CPaBHEHMUS
pe3ynbTaToB PacyéTa Kakoro-1mbo us
TEPMOANHAMMUNYECKUX MAPAMETPOB C MOMOLLbIO
bYHKUMM pacnpeaeneHms c paHee U3BEeCTHbIM
ero 3Ha4YeHmem.



Cnocob onpeaeneHna napameTpa A.

* Hanpumep, MOXXHO HaUTU cpegHee
3Ha4YeHMne KUHETNYECKON IHEPTNUN MOSEKYIT
N CPaBHUTL MOSTy4YEHHOE BbipaXkeHue C
doopMyrnoun cBaA3n KUHETUYECKOWN SHEPTUN U
TemneparTypbl.



OTblCKaHUe napameTpa A.

* /13 yCN0OBUSA HOPMUPOBKK cneayeT

o [If; A gy dvdv, = 1

* cnepyet
1

2.2
IIf; e (vx+vy+vz)dvxdvydvz

oA_



OTbICKaHWE cpeaHEN KNHETUYECKOU
OHEPrUN MOSIEKYIT.

 [1nA OTbICKaHMA NapameTpa & HAaNOEM
cpeaHee 3HaYeHMEe KUHETUYECKOMN IHEepPrnm

* (K) =
fff_) m(”x"l'”y"'VZ)Aea(vx+vy+vz)dv dv dv




OTbICKaHWE UHTErpana.

® 3TOT MHTErpas MOXHO pa3buTb Ha TpK
MHTEerpana

2
* (K) = [[f mzvxAe“(v’zf”%”%)dvxdvydvz+
2

I %Ae“(v’%”%”g)dvxdvydvz +

2
11 = Ae“ ) 4y dv dv,




CBefieHne K ooqHOMY UHTEerpany.

® JOTU TPU UHTErpana OTINYAOTCA TO/IbKO
0603Ha4YeHNAMM, MOITOMY OHU PaBHbI, 3HAYUT

2
* (K) =3 ][ mzvxAe“(v’%”%”%)dvxdvydvz



[ToBTOpHOE UHTErPUpPOBaHME.

‘% l£|,aHHbIl\;I UHTErpaa coorgeTcrayet nponsseaeHuno TpéX
UHTErpaaos

* (K) =
2
B%Affooo vZe®™ridy, [* vZe®™ydv, [© vie™idy,



OTbICKaHWE NMepBOro NHTerpana.

« [lepBbi UHTErpan 6epéTca No YacTam

© 2 _av: _
+ |- vie™xdv, =

00
eav% 1 o0 avz
U, ——)__ e xdv,.
2x 2x
— 00

* [lepBoe cnaraemoe B 3TOM BblParKEHUM
PABHO HY/O, T.K. 9KCMOHEHTA C
OTpULATENbHbIM NOKa3aTenem yobiBaeT Ha
beckoHe4YHOCTU bbICcTpee, YEeM PACTET Ntobas
CTeNeHb aprymeHTa.



[TapameTp .

% loraa cpeaHAA KWMHETUNYECKAA aHEepPIrmnA

(K) =

— % o eidy, o e“”%dvy o eWidy, = — -
34eCb Mbl Y41 YCNOBUE HOPMUPOBKU PYHKLUMK
pacnpeaenenmna. CpaBHMBAA 3TO C YPaBHEHUEM
dopmynomn cBA3n cpeaHen KUHETUYECKOWN SHEPTUN U

TemMnepaTypbl NPUXOANUM K BbIBOAY, UYTO
m

2kgT’

a = —



OTbICKaHMEe HOPMUNPOBOYHOIO
MHOXUTENS.

* Tenepb MOXHO HAUTU U HOPMMUPOBOUYHbIN
Ko3adpdunumeHT. [1na 3TOro HyXXHO HaUTU
MHTErpas HOPMMPOBKM C Y4ETOM 3HAYEHMUS
napameTpa a

m(v;zc+v32,+v%)
* Jll; e T dvydvydy, =
2 2 2

muvy muvy mvy

00) - 00) - 00) -
2kpT 2kpT 2kpT
J__ e %sTdv, [~ e 2sTdv, [ e *dv,




MHTterpan llyaccoHa.

« Bce 3T TPU UHTErpana 3aMmeHon nepemeHHOM

muv?2 -
2kgT P

* CBOAATCA K MHTerpany lyaccoHa

« [7 e dp =T




NapameTp A

o, Toraa

2

(00 —_— o0 Wy i _
2Bt 2kpT 2kpT _
f_ooe BT dv, f_ooe BTdv,, f—ooe BTy, =

3
(e ran) = (S 17 an -
° (znkBT)g
m

* HaKoHeL 13 yc/10B1UA HOPMUPOBKU HaxXo4UM
3

P A= (ZNTBT)E'




PacnpeneneHne Makcsenna no KOMNOHEHTaMm
CKOPOCTEMW.

« [loacTtaBnaga Bce HaMAEHHble KOHCTAHTbI B
GYHKUMIO pacnpeaeneHuna, Noay4mnm

3 m(v,zc+v§,+v%)

. 2 2 2y _ (..M \z -~
f(vx T Uy T UZ) _ (ZﬂkBT) € Bt

* ITa PYHKUMA N Ha3bIBaeTCA PyHKUMEN
pacnpeaeneHna Makcsenna no KOMNOHEHTaM
CKOPOCTEMW.

* Progr D: Progr E: Progr F: Progr G: Progr H:




3.2. Pacnpenenenne MakcBenna no
MOAYIHO CKOPOCTMW.

« Yacto 6biBaeT He0HX0AMMO 3HATH
pacnpegeneHmne MoaeKkya He TONbKO Mo
KOMMNOHEHTaM CKOPOCTEN, HO 1 NO MOAYANIO
cKopocTu. [lna onpeneneHus pacnpeaeneHus
MakcBenna no Moaynto CKOPOCTEN HYXHKHO
HaMTN KOZIMYECTBO MOJIEKY/1 CO CKOPOCTAMMU B
npegenax ot v Ao v + dv v pa3agennTb ero Ha
MHTEepPBaN ckopocTeln dv, a TaKKe Ha obLliee
YUCNO MONEKYI.



[lepexon B cdhepnyYeCcKyro CUCTEMY
KOopaAuHar.

 [1na aToro B CBO o4epenb HYXXHO, BO-
nepBbIX, NEPEUTU OT AEKApTOBOU CUCTEMDI
KoopauHaT K cdbepmnyeckon 1, BO-BTOPLIX,
NPOUHTErpnUpoBaThb NO BCEM 3HAYEHUAM
asnmMyTarnbHOro 1 NONAPHOro yrios.



3aMeHa NepeMEHHbIX.

 1na nepexona K chepmnyeckon cmcTteme
KOOPAMHAT HYXKHO cAenaTb 3aMeHy

* U, V,,V, 21,0,

y?
°H

» dv,dv,dv, - v*sind - dv- do - de.



ONeMeHT KonmyecTBa MOeKyn.

* Toroa Konn4yecTso MOJ1IERKY/1 CO CKOPOCTAMU B

MHTepBane oT v Ao v + dv byaet
onpeaenaTbCca cneayrowmm obpasom

+ dN =

3 mu2

E _m?
N (anzBT)z fo “de fone 2kpT % sinfdvd6.




OyHKUMA pacnpeneneHns Monekyn
MO MOAYIHO CKOPOCTW.

* Bbluncnms oba nHTerpana, noyymm

3 mv?

. — M _\2 7 2kpTq,2
dN = 41N (2nkBT) e 2kpTp~duv.

 Paspenus tenepb Ha N 1 Ha dv, nony4mm
bYHKUMIO pacnpeaeneHmnsa MoJIEKY NO MOAY/IO
CKOPOCTH

3 mv?

m 2 = 2
e f(v =4T[( )ez"BTv.
f( ) ZﬂkBT
* 3TO U ecTb PYHKUUA pacnpeaeneHmna Makecsenna
MOJIEKY MO MOAY/1H0 CKOPOCTM.




[lpoBepKa pacnpeneneHns
Makceenna no Mmogyrno CKOPOCTW.

* Progr D: Progr E: Progr F: Progr G: Progr H:




3.3. XapaKTepucTtn4yeckme CKopocCTHu.

» 3Haqa pacnpepgenexHne MakcBenra, MOXHO
HaUTW cpedHne 3Ha4YeHns BCeX BEMNUYNH,
KOTOpbIe 3aBUCAT OT CKOPOCTU MOJEKyr, B
YaCTHOCTU, cpeaHne 3Ha4YeHne pasHbIX
CTENEHEN CaMOUN CKOPOCTMW.



[ToHATME XapaKTepPUCTUYECKUX
CKOPOCTEMW.

« OnpepeneHue. XapakTepnucTu4eckumMmm
CKOPOCTSAIMU pacnpeneneHns Ha3biBatoTCs
3Ha4YeHUs1 cCKopocTen, onpeaensoLwmecs
13 3TOro pacnpeneneHus.



CpegHee 3Ha4eHne moayns
CKOPOCTM.

e K XapaKTepUCTUYECKMM CKOPOCTAM OTHOCUTCSH,
npexae Bcero, cpegHee 3HaYeHne Moayns
ckopocTtn. OHO onpeaenaeTca cneayrowmm
obpasom

c (v) = [y vf()dv =

3 mv?

) v4n( ) e 2Ty dv.
0 ZﬂkBT




3amMmeHa NnepeMeHHON B
NHTEerparne.

« Coenaem, npexkae Bcero, B 3TOM UHTerpane

mvz

kBT_p

3aMeHY NnepemMeHHOU

1

(U) (anBT) f 0P ,ng,D




BblyncrneHmne nHrerpana.

~ /1nA BblMNCNEHUA UHTETPaNa NCNOJIb3yEM
MHTErPUPOBaAHME NO YaCTAM

~00 2 p2_2°° o 2
. Joepp?’dp:7ep|0+foeppdp.

* [lepBOe claraemoe CHOBa paBHO HY/O 13-3a
ObICTPOro CTPeM/IeHMNA SKCNOHEHTbI K HY/110 Ha

6eckoHeYHOM npeaesne, a Ha HyN1eBOM npeaene

13-3a paBeHCTBa aprymeHTa Hy/1t0. BTopoe xe

1

cnaraemoe pasHo -.




CpeaHAsa CKOPOCTb.

[loaTOMy
8kBT

%

(v) = |2
ITO N ecTb cpeaHAA CKOPOCTb ABUMKEHUS
MOJIEKYI.

Kak BUAHO 13 OopMYy/ibl, C POCTOM TEMMEPATYPSLI
cpefHAA CKOPOCTb BOo3pacTaeT. [lnAa Taxenbix
MOJIEKY/1 OHa MeHblle, YeM ANA NErkKux.

Progr D: Progr E: Progr F: Progr G: Progr H:




CpeaHnn KkBagpaTt CKOPOCTM.

» CpeaHee 3HayeHMe KBaapaTa CKOPOCTU Mbl, NO
CYTU Aena, yxe Haxoannu. 3 ceasmn mexay
KUHETUYECKOU SHEPTrUen N TemnepaTypou
cheayet

C (K = () =2 (v2) = 2T,

* OTCl0Aa N HaxoAMM cpeAHeKBaApaTUYHYIO
CKOPOCTb

3kpT

m L]

* (vKB> —



CKOpOCTb MakcMmMmyma oyHKL MW
pacnpeneneHus.

*» XapaKTepPUCTUYECKOM ABNAETCA TaKKe CKOPOCTb,
COOTBETCTBYIOLLAA MAaKCUMYMY PYHKLUM
pacnpeaeneHus No MoAay/1t0 CKOPOCTU. [ina eé
HaXOXAeHUA HYXXHO HAaUTU NPOU3BOAHYIO U
NPUPaBHATb K HY/IO

mvz mvz

_ —
¢ e ZkBTZU—ﬁe 2kpT 2 = ().
B

* Pewasn ypaBHeHUe, HANAEM T.H. HAUBEPOATHEMNLLYIO
CKOPOCTb

2kpT
o

°
vHaI/IB



