Jlekuus 12
[BUXEeHNE MOJIEKYI




Cnyu4aiiHble Ony>xaaHus

TOYKa COBEPIIaeT depejry
nepeMeleHuil ciry4aiHoON qJIMHbBI
B CIy4JalHBIX HAIIPABJICHUAX

TaK 1 MaKpO1aCTUILbI

B m30TpomnHoun 3D—3anadve

((Ar)) (1) = 6Dt

MOJIeJIb ITOBEACHUA KaK MOJIEKYJIbI,

e MapKOBCKUil IIpoLecc: KaxKa0e CJedylollee IepeMelieHne
HE 3aBUCUT OT TPEJIBIILY X
e Camas mpocrasi MOJIE/Ib: OJHOMEpHas 3ajada, B KOTOPOi
BCe TePeMENIeHust 0T CIyIaliHbI, HO PACTIPEIEIEHBI OIAHAKO-
BO W He3aBMCHMO, pudeM (6x) = 0, D[0x] = 0jy:

N

TTostHoe mepemernenne: Ax = Z 0x;
i=1

N
Zéxl =

1=1

Ero cpemnee:

N
Ero mucnepens: D[Az] = ((Az)?) = Z D[éx;] = Noj,
i=1

e Yucso orpeskoB N = /79, rjie 7o — CpejiHee BpeMsl MexK-
Iy CTOJKHOBeHHsAMU (Bpems cBobozmaoro npobera). Orciona
oJTygaeM

D[Az](t) =

2

2
Jozy — 2Dt, tne D = Jéa
T0 27’0

— K-T jucdy3un



CBoboaHbIi npober mosekybl

OQQO

e PaccMOTpUM «CPEeTHECTATUCTUIECKY0» MOJIEKYILY, JBU-
KYIILYIOCSI OTHOCUTEIBHO JIDYTUX MOJIEKYJI CO CPEJIHEH CKO-
POCTBIO Vorn = (V) NG}

e Briepenn Ha paccrosiauu L = vory ] OHA TUIIOTETUYECKH
3aJIeHeT BCE MOJIEKYJIbI, IIEHTPhI KOTOPBIX JIeXKAT OJIMXKe,
9eM JIMaMeTpP MOJIEKYJIbI d K OCH €€ JIBUYKEHUsI

2
e Yucsio rakux monexkysn N(L) = nnd L,

rJie N — KOHIIEHTPAIUSI

e OneHnM cpejiHee BpeMsi CBOOOIHOTO mpobera Ty U3 TOro,
410 N (VornTo) = 1:

1
= ——
Td2NVoru
COOTBETCTBEHHO, CpeiHsAs JJTMHA CBODOIHOTO Mpobera
1 kT
A= (v)7o

- Vord2n - V2rd?p

00paTHO IPOIIOPIMOHAIbHA KOHIIEHTPAIIIHI



YIBneHns nepeHoca

ANOPY3NUA

nepegada KOJIMIECTBA IPUMECH MEKITY
00/IaCTSIMU C BBICOKON M HU3KOI KOHIIEHTPAIUER

TEIIJIOITPOBOJHOCTD

nepegada KHHETUIECKON SHEPIunl MezKIy
00J1aCTSIMU C BBICOKOI M HU3KOI TeMIIepaTypoit

BA3KOCTb

nepengada UMITYyJIbCa ME2KIy CJIOAMHU ra3a
()KI/I,ILKOCTI/I), TEeKYIIUMHU C Pa3HBIMU CKOPOCTAMMN

[BCG TPpHU ABJIEHUA ITPOUCXOAAT U3-3a PA3HOCTU ITOTOKOB II€PEHOCUMOTO napaMeTpa}

N



nchchysus

ro/:LHOMepHasI 3a1a9a /:anbcbymznzf

-
J= = ox

3D — 060611eHNE

j=-—-Dgradn

e Paccmorpum B 1D-3ama1e BooOpazkaeMyto CTEHKY C ILJIOIIA-
apio S. Yepes Hee 3a BpeMsi To CBODOIHO IIPONIYT BCE MOJIE-
KYJIbl IIpDUMECH, JIezKalle IIpaBee U JieBee Hee 6JII/I)Ke7 9eM Ha
«X-JUIMHY CBOOOJIHOTO Tpoberay Ay, W JBUXKYIIMECST B HYXK-
HBIX HallpaBJICHUAX (HOHOBI/IHa MOJIEKYJI JIETAT <«HE Ty,zga»):
1 A 1 A
AN ~Zn(lz—2)SXAu AN_ ~ =n |z + =2 ) Sh,,
2 2 2 2
rze n(x) — 3aBUCUMOCTH KOHIIEHTDAIMN IIPUMECH OT Z.

e CyMMapHBI [I0TOK YACTHUI[ IIPUMECH Yepe3 IPAHMILy PaBeH

L AN AN o 1X Ony  XC On

Jz = S1o T2 0"t 21 Ox
~—~
=D

e [loncraBuM j, B ypaBHEHHE HENPEPHIBHOCTH:

o 0. _o L on_ po*n
ot ox?

ypaBHeEHUue

=0 uddysm

ot or



Andbpysns

oneHku mo CrparoHOBUIY

(%
Az = >\<| $|>, rie
(v)
() /OO 4w mu? 8kT
vy = [ ———— = =4/ =
(2mkT /m)3/2 i 2kT ™m
0
(Joal) = |vz| exp (- mu?2 _ 2kT
* \2mkT/m 2T m

OTCIO/Ia ITOJIyYdaeM

i @ 1 1 1 8kT
2L s =N0) = 00—y =
270 4 210 8 8 V21 d?nras ¥ ™M

TPa/IUIMOHHBIE OIEHKHU Jal0T MHOXKUTe b 1/3 BMecTo 1/8

IpHU CyLIeCTBEHHO Pa3/IMYHBIX Maccax U pa3Mepax
2
MOJIEKYJI IPUMECH U ra3a TPeOyeTcsl KOPPEKITHsI «V/2» u «d®»

cyTb B ToM, ut0 D ~ (nrasd’) *1/T/m

CTEHKY C IJIOIIa-
OMIYyT BCE MOJIE-
e OJimzKe, 9YeM Ha
KyIIuecss B HYyK-
MT «HE TyIa»):
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TennonpoBoagHOCTb

[1"3,3 C HOCTOSTHHOM KOHI_LEHT]Z)E%U\I/IGI‘;I o, HO HEOJAHOPOIHO HaneTbII;'IJ

T

|
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T+ Mg

OJHOMEpHAs 3aJa4a

or = 2L
Jou = =X

3D — 060611eHNE

jo = —xegradT

~

e [loToku wacmuy BJIEBO U BIIPaBO Ha Ceil pa3 paBHBL:

AN, — AN. = AN ~ %noS)\z

e Ho He paBHBI IIOTOKHU Terula (SHEPIHH), TAK KaK ra3 HArper
HeomHopoaHo. [lycTh Ha KaxK Iy1o 9aCTHUILy ITPUXOJANTCH SHEPTIHs
Eo(T) = cvT/Na, Torna

_ cv )\z

e CyMMapHBI [TIOTOK TeIIa PaBeH

on = D92 —AQc X avno 0T _ AL o OT
JQz = STO - 27‘0 NA 83: - 2’7’() v (91‘
——

=x
e TToncraBuM jgo B 3CO musa wg = noEo(T) = pcng:

an (9]@1 8’LUQ 62T ypaBHEHHE
ot ER =0 ot -X ox2 = TEIJIONPOBOAHOCTH




TennonpoBoagHOCTb
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e [loToku wacmuy BJIEBO U BIIPaBO Ha Ceil pa3 paBHBL:

|
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l AN_, = AN_ = AN =~ §noS)\z

e Ho ne PaBHBI ITIOTOKU TeIlJIa (SHepI‘I/II/I), TaK KaK I'a3d Harper
hm s

5 — aCTUILy TPUXOIUTCS SHEPTUSA
Tak KakK A, /To ~ Mg
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x L He 3aBUCHUT OT KOHI€EHTpanuu

OAHOMepHAd 3a1aa N e CyMMapHBI [TIOTOK TeIla PaBeH

_ AQ_, — AQ. A2 cyno OT A2 ym OT
. 8T = ~ _7z [ _— i Y
JQx = *X*a Je ST() 270 Nag oz 279 pey oz
T N— —

=x
3D — 060611eHNE
e TToncraBuM jgo B 3CO musa wg = noEo(T) = pcng:
Jjo = —xegradT

~ an (9]@1 8’LUQ 62T ypaBHEHHE
W B =0 ot -X 912 = TEIJIONPOBOJHOCTH




BaskocTtb

[cnyqafmble Oy ?KJQHUS MEXK/Y PEeryJIsipHBIMHI HOTOKaMI/I]
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® T-IIOTOKH “acmuty, BJIEBO U BIIPaBO PaBHBI,
HO H€ PaBHBbI ITIOTOKH IIE€EPEHOCUMBIX UMU Y-UMIIYJIBCOB:

AN, =AN_ =AN~= %noS)\z

Apy: = AN - movy (x F )\2—1)

e CyMMapHBI [IOTOK Y-UMITYJIbCA PABEH

(jpy) :Apy%*Apy“:deym,/\ig vy
Trv)a 570 =4S 270" Oz
~—~—

=n
9TO Y-KOMIIOHEHTA CHUJIbI BA3KOro Tpenusa F,, neiicTByiomas
Ha eJMHUILY IJIOMEAJIKU Sy, opToronajsHoi ocu Ox.

o Kosddbunuent nuHammaecKoil BA3ZKOCTH 1)
B ra3ax He 3aBUCUT OT KOHIIEHTPAIINN, U TPOIOPIINOHAJICH
K03 (DUIMEHTY TEILIONPOBOJHOCTH: X = Cyr 1)



BpoyHoBckoe aBu>xkeHune

® UHOPOJHDBIE MAKPOYACTHIIbI
pa3mMepom 10% — 105dMOJI

® IIDAKTUYIECCKN HE B3aMMOJIECH-
CTBYIOT JPYT C JPYyroM

® JIBUTI'AIOTCA XaOTHUYIECKH U3-3a
MHOT'OYHMCJICHHBIX coy;LapeHm‘/’I C
MOJIEKYyJIaMU

e MesiKue 9acTHUIBI B 2KUKOCTH HJIM I'a3e MCIBITHIBAIOT 3a-
METHOE BJIUSIHUE OT CJIyYaNHBIX COYJAPEHU C MOJIEKYJIaMu,
[PUBOJSINEE K UX CIIydaifHOMY GJIy>KIaHUIO —
GpoyHOBCKOMY ABu>KeHuio (1827)

e CaMu MOJIEKYJTBI HEJOCTYIIHBI BU3YAJIHLHOMY HaOJIIO/IEHUIO,
HO, HADJIIO/1asl 38 JIBUXKEHHEM OPOYHOBCKUX YaCTHIL,
BO3MOYKHO OIEHUTH YHCJIO MOJIEKYJI B €IUHUIHOM OObeMe

TEOPUS SMHIIITENHA-CMOJIVXOBCKOI'O

o K-1 Baskoro tpenust chepudyecKoil JacTHUIBI pajuyca 7o,
COTJIACHO YPABHEHUSIM KJIACCHIECKON TUIPOIMHAMUKI

v = Frp/v = 6110

e Cityuaittnoe Oty 1aHre GPOYHOBCKON YaCTHUIIBI U BSI3KOCTH
BeIeCTBA UMEIOT OJIHY U Ty K€ MOJIEKYJISIPHYIO IPHUPOJY.
K-t nudpdysun ciyuaitaoro 61y KaaHust paBeH

3HayeHne R GblI0 u3MepeHo

D = RT/’}/NA mocJjie JOrOBOPEHHOCTH,
gyro 1 Mmonp = 2 rpamma Hsa



BpoyHoBckoe aBu>xkeHune

—_—
® THOPOJAHbIE M

MOJIEKYJIaMI
|

pa3MepoM 10®

® IIPAKTUYECKY
CTBYIOT JIpYT C

® J[BUTAIOTCS X|
MHOTOYHCJIEHH]

a mpu 4éMm 31aech aqudpdysusa’?

croxacrudeckoe aud. yp-e Jlanxesena
mi=F —9v+R,
rne F — perynspnas cuna, R — caygaitnas

MO2KHO ITOKa3aTb, 9TO

—>const—— {Ir]*) () —G—t

() (@)

BMECTO 3TOI'0O MOXKHO pacCMaTpUBaTh YPaBHEHUE

st PDF koopaunaTr 6poyHoBCKOR wactuupsl w(r, t):
(ypaBrenne Ditnmreiina-Pokkepa-Ilianka)

ow  RT V(Fw)

FO 2 Aw+

=0
ot YNy y

npu F = 0 nonygaem ypasuenue «auddysun» s w(r,t)

CIIBITBIBAIOT 3a-
C MOJIEKYJIaMu,

[y HAOJIFOIEHUIO,
HaCTHII,
MHOM OObLeMe

KOBCKOTI'O

[IbI paJuyca To,
[MHAMUKU

MIIbI ¥ BA3KOCTh
YO HPHPOLY.
CH

3HayeHne R ObLI0 U3MepeHo

D = RT/yNa

ImocJjie JOTrOBOPEHHOCTH,

gyro 1 monp = 2 rpamma Ha



OnbiTbl lNeppena

e U Ditamreiin (1905), u Ileppen (1908) 6b1m y6erxK jeHbI, 9TO TEP-
MOJIMHAMUYECKNE 3aKOHBI CIIPABE/JIUBDI JJIsI MOJIEKYJI JIIOOBIX pas-
MEpOB, U Jayke He MOJIEKYJI BOODIIE.

e Jlyist npoBepku Teopun DifHmrTeitna, Ileppen n3rorosm Menbaaii-
mue (0.2-5 MKM) MApUKU IyMMUryTa (0CO0OH APEBECHOI CMOJIBL).
HecKosIbKO MeCsIleB yIUIo Ha IeHTPUQYIUPOBAHUE [IAPUKOB U UX
pa3/ieJIeHIe [0 pa3MepaM.

e [leppen HAOIIOA XAOTUIHOE JBUXKEHUE IITAPUKOB, (DOKYCUPYSICh
Ha Pa3JIMYHble TOPU30HTAJIBHBIE CJIOU. YIAaJO0Ch HOATBEPIAUTD, UTO
CpeIHMiT KBaJpaT CMEIIeHUs JUHEHHO pacTeT co BpeMmeHneM. V3me-
peHHbI TakuM 00pa3oM KoadduimenT auddy3un MO3BOJIII BECh-
Ma TOYHO PACCUUTATH 9UCI0 ABOrajpo:

_RT  RT
" 4D~ 6anroD
e Ileppen Takrke M3MePsia KOHIIEHTPAIINH [IIAPHKOB Ha PAa3HBIX BBI-
coTaxX, W THIOTe3a O IPHUMEHMMOCTH pacipenejieHust Bosbivana
MeJIBIaRIINE MAPUKH, J IIpUBeJIa K CXOXKHUM OIIEHKAaM.

R { B3BE€IICHHbIE B I'JIUIIEPpUHE

Na ~ 70.5 x 1022 © J.B. Perrin




OnbiTbl lNeppena
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OIIBbITHI HeppeHa CTa/Jin JOKa3aTeJbCTBOM PeaJIbHOCTU MOJIEKYJI




