A,Z[COD6I_II/I$I Ha HEOJHOPOJIHOM MOBEPXHOCTH.

OO0mmas MoJelb peleH s 3a1a4K ONPEeIICHUs] U30TEPMBI aIcOpOLH Ha
HEOJIHOPOJHOM MOBEPXHOCTH MPEIOJIAraeT, YTO BCSI IOBEPXHOCTh COCTOUT U3 N
LEHTPOB, OTJINYAIOIINXCS TEIJIOTON aAcopOLUU. DTU HEHTPbI PACTIPEIEIICHbI MEXTY 1
ydacTkamu. B npenenax kaxaoro yyacTka HOBEPXHOCTb IPUHUMAETCSI OJTHOPOJHOM,
T.€. BBINOJHsETCA n30TepMa ancopouuu JIanrmropa. Ha ygactke 1 3amosHeHue
LEHTPOB, XapaKTepU3YIOIIUXCS TEIUIOTOM ancopouuu Q;, 3ajaeM ypaBHEHUEM

__bp _ bieri ®p
“libp I+ b, cQ /KTy

; . Torna crenens 3aroaHEHUs IOBEPXHOCTH, COCTOSAILEH U3

1 Y4aCTKOB, Ha KaXXIOM M3 KOTOPBIX CCTh N; OANHAKOBLIX LICHTPOB, 6YI[GT

{/RT

0=> —ni—bierl P
i/

o N 1+b,,e/RTp

. [Ipu GonbIIOM pa3Iuyuuy B TEIJIOTE aCOPOIIMH Ha Pa3HBIX

ydacTKax U MajioM U3MEHEHHMHU TEIUIOTHI IPU Mepexoie OT OAHOI0 yYacTKa K Apyromy
CYMMHPOBAHHE MOKHO 3aMEHUTh MHTETPUPOBAaHNEM. BecrioMoraTenbHbIM IpUeMoM
SBIIIETCA BBeIeHUE (DYHKIMH pacipeieieHus IEHTPOB aacopouuu no temiote: p (Q ),

KOTOpasi ompeessieT JOJII0 IIEHTPOB ¢ TeoTol aacopbiuu ot Q g0 Q + 8Q. Torna

byaxc. b eQ/RTp

M30TepMa aJCOpOIMH 3aaeTcsl B BUE © = 20 B o (b)db
b l1+b,e p

MHWH.
Qwmaxc. b Q/RT
o® p
= WP(QMQ WHTerpupoBaHne TaKoro ypaBHEHHUs TIPEICTABIISIET
+0,¢ p

QMI/IH.
3HAYMTEIBHBIE TPYAHOCTU M MOXKET OBITH BBIIOJIHEHO TOILKO IS IPOCTHIX (QYHKIMI
pacnpenesnenus. [Ipocto uHTErpHpyeTcst GopMmyia pu paBHOMEPHOM PaCIIPEICIICHUH
1eHTpoB 1o temnoTe: p (Q )= H.

3eITbI0BUY TIPETOKMIT CIEAyIoIee yrpomieHue. Mzorepma ancopOimun
JIsHrMropa (a) CBOAUTCS K JIMHEHHOMY ydacTKy oT p = 0 1o p' = 1/ b,eYRT u 3aTem

JIOCTUTAETCs CTENEeHb 3aN0JIHEHUs, paBHas 1 (0).




Terutots! agcopOimu u3MeHstoTces ot 0 10 0. DTO COOTBETCTBYET U3MEHEHHIO b’ 0T by,
10 0 (mas ymo6era BBoguM b' = 1/ b). Jlist pacuera © B unTepBase p ot 0 10 o

p= v
BBIYMCIIIEM MHTETPAJI, KOTOPBIA MOKHO Pa3feinuTh: O = j O(p)p(b )db =

p=0

p=b o, P o
[ ©(p)p(b)db + | O(p)p(b )db . EcTecTBeHHO, BHAYANE 3AMOIHAIOTCS LEHTPHI C
p=0 p:b'

Oompliel TeraoToi agcopounu. B untepsane ot p = 0 g0 p = b' 3HaueHue b' MmeHseTcs
ot 0 1o b' = p, a cTeneHsk 3amoaHEHUs 00pPaTHO MPOMOPIIMOHANbHA b'. 3aTem B
UHTEpBase OT p = b' 10 0 b’ Mensiercst o b'=p 10 0, a ® =1. Torma

p=b p=oo0
b | . '
®= I bp ; )d(b )+ I o(b )d(b ). Ecnu npoaudepenimpoats ® 1o p 1 B3SITh

p=0 p:b'

' ' 2 2
BTOPYIO IPOM3BOHYIO 10 p = b', T0 p(Q) = p(b) do _b |d @(2p ) . [Ipn
dQ RT| dp o _QIRT
p=b,e
db b
3TOM YWIH, 9YTO —— = ———.
dQ RT

Wnout noaxon pa3Butr PoruackuM. [ HEOJHOPOAHOM MTOBEPXHOCTH C
IIMPOKHUM pacrpepesCHHEeM HEHTPOB M0 TEeIUIoTe aJAcopOIun (pa3HHIa
MaKCUMaJIbHOTO ¥ MUHUMAJIBHOTO 3HaUeHUH cyiiecTBeHHOo Oonbiie 4RT)
MPEANoJaraeTcs, YTo MEHTPHI C TEIIOTON aacopOIuu, MeHbIel yem npu ® = 0,5, He

3anoJiHeHbl. T.e. 3aMeHsieM uzorepmy JIsHrMrIopa (a) cTyneH4yaToi uzorepmoii (0).
= =

P
P12 Qnep QHE.IO:

N3menenne ® OT TEIUIOTHI aCOPOITUH 1aeT HKCIIOHEHITHAIBHYIO 3aBUCUMOCTH (B).

M3orepma nmeet TouKy neperuda npu © = 0,5. Q 5 JIErko onpenensercs u3

Qps/RT

1/pyp =b=bye 1 Qys =—RT In(p,,b,). OTCrona cienyer, 4o AaBjICHHE,

COOTBETCTBYOIIEe O, MOKHO BbIpa3uTh Kak p = 1/ (b,e"URT). Kacatensuas Gymer



BEPTHUKAJIbHA, & OTPE30K, OTCEKAEMBIN Ha OCH a0CLIMCC, pAaBEH OTPE3KY ab U KaXk bl
n3 HuX paBeH 2RT. [Ipu Takux npeanonoxeHusx onpeaeaceHue BU1a H30TEPMBI,

cuuTas, 4TO NOBCPXHOCTb COCTOUT U3 JOCTATOYHO OO0JIBIIOTO YHCIIa OAHOPOAHBIX

QMaKC.

Y4YaCTKOB, CBOAUTCA K BBIYMCIICHUIO UHTETpajia O = I mp(Q)dQ =

QMI/IH.

QM aK Cc .
0+ [p(Q)dQ.IIpeamnonaras CymecTBOBAHNE LIEHTPOB C JOCTATOYHO GOIBIION

Qo5
TEII0TOHN acopOLMU, MOKHO NPOBOJAUTh HHTETPUPOBAHUE 10 OECKOHEUYHOCTH.
O4eBuAHO, YTO METOJI TPeOYET HENMPEPBHIBHOCTU (DYHKIIMU paCHpEeICHHsI LICHTPOB
a7ICOpOLIMHU IO TETJIOTE U OYEHb OOJIBIINX 3HAYCHUN MAaKCUMaTbHOUN TETUIOTHI
a7CcopOLMH , T.€. LIMPOKHUMA CIIEKTP PAa3IMUHBIX 10 MPUPOJI€ TOBEPXHOCTHBIX
Y4aCTKOB, YTO (PU3UYECKU HE COBCEM ONPABJAHHO.

AI[COD6L[I/I$I C YYCTOM B3aMMHOI'O BJIUAHUA MOJICKYJI.

Jlns1 BBIBOAA M30TEPM aJCOPOIIMHU C YYETOM B3aUMHOTO BIUSHUS
a7IcOpOMPOBAHHBIX YAaCTUI] HCTIOJB3YIOT acopOLroHHOe ypaBHeHue ['udoca,
BBIBEJICHHOE TTPH TEPMOJIMHAMHYECKOM PACCMOTPEHUH CBOMCTB IMIOBEPXHOCTH pa3jieiia
azicopOar - aacopOeHT. ITO ypaBHEHHUE CBsI3bIBaeT U30bITOK BemiecTa (1) B
a7ICOPOIIMOHHOM TIPOCTPAHCTBE CO CBOMCTBAMH MIOBEPXHOCTH pa3jieiia;

_1__pdy_ pdn

= rje A - IJoIaib, 3aHUMaeMasi MoJjieM ajicopbara Ha
A RTdp RTdp’ ’
IMOBCPXHOCTH IIPH az[cop6u1/n/1, T - HIOBEPXHOCTHOC AABJICHUC, T.C. pa3HUIIA

MOBEPXHOCTHBIX HATSDKEHUN aJIcOpOeHTa U aJICOPOITMOHHON CUCTEMBI. 311eCh

MCIIOJIb30BAHO Y - MOTPaHUYHOE HATsHKEHUE, onpeenseMoe Kak yds = ods +sdo u

do
y=0+ P Y = C IPY HE3aBUCUMOCTH MTOBEPXHOCTHOTO HATSKEHUA (C) OT
ns

HN3MCHCHHS IIOBCPXHOCTH. CTpOI‘ O 9TO BCPHO AJIA ) KUAKOCTH. ﬂﬂﬂ TBCPABIX TCJI
aﬂcop6u1/1;1 JI0JI>KHA MEHSTh CBOMCTBA IIOBCPXHOCTH, ITPUYCM HC 00s13aTeNIHLHO
H30TPOIIHO. I[JISI BbIBOJIa YPAaBHCHUA U30TCPMBbI az[cop6u1/11/1 HYXXHO 3a/1aTb YPABHCHHC
COCTOSHHA ITOBCPXHOCTHOI'O IBYMCPHOI'O ra3a. HpI/I IIOACTAaHOBKEC IBYMCPHOI'O
YPaBHCHHUA COCTOAHHNA HACAIIBHOI'O T'a3a IoJiydacM U30TCPMY FerI/I

Kuneruka IPCBPAICHN B PCAJIbBHOM aI[COD6I/IDOBaHHOM CJIo€C.




Ha nHeoHOpOAHO#M TOBEPXHOCTH A1 peakuuu A, . + B, . — ZP
k,® A!i®B,i®§Vds'ds"... [TpuHuMaem, 4yTo ancopOIus U KaTalau3 IPOXOIsAT Ha

1
e[
0

JI0CTAaTOYHO OOJIBIIIOM YKCJIE YYACTKOB, XapaKTEPU3YIOIIUXCSI TAPAMETPOM § . § 1

S —_

oTIpeieTIsieM HeTPEePhIBHON (YHKIMEH YHEPTHH aKTUBALIUHU ¥/ WITH TETUIOTHI
agcopOruu. [Ipu MapIx 1 OOIBIINX CTENEHSX 3aMIOJIHEHUS PEIICHUE ITOTO
ypaBHEHUS TI0 (hOpMe COBIMAJAET C M3BECTHBIM /ISl OJJTHOPOTHON MTOBEPXHOCTH, a B
00acTy CpeaHNX 3aNOTHEHHI BUJ] PEIICHHUS OTPEACTAeTCS BUIOM (DYHKIINU
pactpenenenust Q(s) u E(s). B ypaBHeHHHN CKOPOCTH peaKIuy Ha OJHOPOTHOM
TIOBEPXHOCTH P B3aUMHOM BJIMSIHUU aICOPOMPOBAHHBIX YACTHII HEOOXOIMMO
YUUTHIBATh SHEPTHIO 3TOTO B3auMoeicTBusl. [Ipr HEOOIBIINX CTENEHIX 3aMOTHEHUS
MO>KHO IIpeHeOpeub 00pa30BaHUEM KOMILIEKCOB U3 Tpex U Oonee yactul. Jis
peakiun A — B Ha 0AHOPOHON MOBEPXHOCTH € YUYETOM TOJIBKO CHUJI OTTAJIKUBAHUS

CKOpOCTh I = kO , exp[(EAA +E g —E, 1)@, +(Egg +Egy —E - )®B]. JloctatouHo

CTPOr0 JOIyCKAaeM, YTO KOHCTAHTa CKOPOCTH IPEBPALEHUS HE 3aBUCUT OT BIIUSHHUS
JIPYTHUX MOJEKYJ B aicopOrpoBaHHOM ciioe. CTeneHb 3al0IHeHUS TPH STOM
BBIpAKAETCs JTOrapu(pMUIECKON H30TEPMON, a B3aUMHOE BIIMSIHUE MOJIEKY I
YYHTBIBACTCS 9KCIIOHCHTOH, rie E;j - oHeprus B3auMoAeicTBUs map MoJekyn: A, B u
aKTUBHPOBAHHOTO KoMIUTeKca A'. Takoe ypaBHEHHE MOKET JIaTh JIPOOHbIE TTOPSIIKU
KUHETUKH PEaKIIUH.

3aoaua 11.

B npubmmkenun 3enb10BHYa BRIBEIETE YPAaBHEHUE U30TEPMBI aACOPOIIUHN HA
IOBEPXHOCTH, XapaKTEePU3YIOLIEHCs (PyHKIMEN paclpeleleHnsl HEHTPOB 10 TEMJIOTE P
= Cexp(-aQ ). au C - koHCTaHTHI, Q - TeII0Ta aACOPOIUH.

3aoaua 12.

B npubnmxennn PoruHckoro BeIBeIUTE ypaBHEHHE U30TEPMBI aICOPOLIUN ISt

(GYHKIMM pacnpeeseHus LeHTPoB aacopOoiuu o reriore p(Q) = HQ.

3aoaua 13.



B npubnnxenun Porunckoro HaiiguTe GyHKIUU pacrpeaesieHus HEHTPOB 10
TeruioTe aacopoumu, oTBevaronumx jgorapudpmudeckoii (@ =C; +C, Inp) u
crenennoi (® = C p!/n) usorepmam Ha HEOAHOPOIHOM OBEPXHOCTH.

3aoaua 14.

[Tonp3ysick ypaBHeHHEM anicopOiuu ['nO6ca, BEIBEIUTE H30TEPMY aicopOnuu

JUISL UJI€aIBHOTO ra3a, MOBEACHHE KOTOPOro Ha MOBEPXHOCTH OIMCHIBAETCS

JIBYMEPHBIM ypaBHEHHUEM cOCTOsIHUsI DosibMepa, yUUTBIBAIOIIUM pa3MepPbl MOJIEKYI:
1
n(A-by))=rm z- b, | = RT, rie T - TOBEPXHOCTHOE JABJICHUE, T.€. pa3HULIA

MOBEPXHOCTHBIX HATSHKEHHUM aicopOeHTa U aJICOPOIIMOHHOM CUCTEMBI, A - IJIOIIA/b,
3aHMMaemMasi MoJieM ajicop0ara Ha OBEPXHOCTHU IMPH JIaBJICHUU P, b, - IIOIIA/b,

3aHNMacMas MOJIEM az[cop6aTa B IINTIOTHOM MOHOCIJIOC.

Ilpumeuanue.

[Ipy ucronb30BaHUM ABYMEPHOIO aHaiora ypaBHeHus Ban-nep-Baansca

0/(1-0) ~K,0

MOJIy4YuM ypaBHeHue Xuiia-ae-bypa p = , tne Ky

Ki(1-9)
XapaKTCpUulyceT BBaHMO,I[eI‘/'ICTBI/IG MOJICKYJI C IIOBECPXHOCTHBIO, a KZ - B3aHMOI[eI>iCTBHe

MOJICKYJ OpYT C APYI'OM B a,I[COp6I_II/IOHHOM cioe. Huxe IMPUBCACHBI PC3YJILTATHI

MOICIINPOBAHUA.
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XapakTepHbIM SBJIIETCA BEPTUKAIBHBIN y4aCTOK Ha U30T€PME NPU CUITbHOM
B3aMMO/JICHCTBUSAX MOJIEKYJ IPYT ¢ APYroM. MOKHO CKa3aTh, YTO 3TO COOTBETCTBYET

KOHJICHCAIIMK JIBYMEPHOTO raza B IBYMEPHYIO KUJIKOCTh. [Ipu npoBeaenunn



reTepOreHHO-KAaTATUTHIECKHUX TPOIIECCOB TAKOE CHIIBHOE B3aMMOICHCTBHE MOJIEKY T
NPUBEIET K PE3KOMY BO3PACTAHHUIO CKOPOCTH MPU MAJIOM U3MEHEHUH JIaBJICHUS B
obmactu ¢azoBoro nepexona. JIerko mokasaTth, YTO B IPEANOIOKEHUH O COBIAACHUN
pa3MepoB MOJIEKYJIBI B Ta30BOM (ha3e U Ha MOBEPXHOCTH, KPUTHIECKAs TeMIIepaTypa
nByMepHOro (azoBoro nepexoaa pasHa 0,5 KpUTUUYECKOH TeMnepaTypsl B o0beMe.
Takum 00pa3oM, MOXKHO OLICHUTH 00JIaCTh TEMIIEPATYP, B KOTOPOUl SIBICHUE
JIBYMEpHOTO ()a30BOTO Mepexoaa MOKET MOBIHUATh HA KHHETUKY TpeBpaieHus. Takne
MU30TEPMBI COOTBETCTBYIOT a[cOpOIIMU MeTaHa Ha (TOpue HATPHs, TAPOB 30JI0Ta HA
BONb(pame, H - renTaHa Ha okcuzae xeneza. C poctoM TemmepaTtypsl K| ymMeHbImaeTcs
¥l BBIIIIC KPUTHYCCKOW TEMITEPATyPhl H30TEPMbI UMEIOT OOBIYHBIN BHI.

3aoaua 15.

Onennre AMaMeTp MOJIEKYJIBI KUCIOPOAa, aACOPOMPOBAHHON HA OJJHOPOTHOU
MIOBEPXHOCTH, €CJIM B 00bEME ra3a M Ha TIOBEPXHOCTH IS OTIMCAHUs CBOWCTB
KHUCIIOpO/Ia MPUMEHUMA MoJIesh kecTkux chep. Koaddurment a ypasuenus Ban-nep-
Baasbca u ero qByMepHBIi aHaJIoT (a,) pasubl 1,36.1012 spr.cm3/momb2 u 0,174.1020
3pr.cM2/MoIIb2, COOTBETCTBEHHO. I[T0TEHIIHA B3aNMOIEHCTBHS 3a1aH MOJIEIBIO
Cazepnenpa c nokaszareneM creneHu 6. CpaBHUTE pe3yJIbTaT C IUAMETPOM MOJIEKYJIbI
B ra3oBoii ¢asze. [lapamerp b ypaBuenus Ban-nep-Baansca mis O, pasen 0,03183
J/MOJIb.

3aoaua 16.

OnbITHBIE JaHHBIE 110 aJICOPOLMU BOAOPOA HA SIHEPTETUUECKH OJHOPOIHOMN
MOBEPXHOCTH XOPOIIIO OMHUCHIBAIOTCS U30T€PMaMH, BEIBEICHHBIMH B TIPEATIOIOKEHIH
B3aUMHOT'O TIPUTSDKEHHS YaCTHIL B 2ICOPOLIMOHHOM MOHOCIIOE M ITPH MOJICTUPOBAHUN
CBOWCTB ajicop0ara AByMepHBIM ypaBHeHHuEeM Ban-nep-Baanbca. [IBymepHbie
napamerTpel a, = 3.31.1018 spr.cm?/monn? , by =7,28.108 cm?/monb. U3BecTHO, 4TO
ypaBHeHHe Ban-nep-Baanbsca MoxkeT OBITh MOMYyYEHO C MCTIOIB30BaHUEM MOTEHIINAA
Cazepnenna. Beipaxkenue 11 BToporo BUpuaibHOro K03 duimenta nmeeT Bu

o0
B, =nNy j[l —e_g(r)/kT]r dr u B o6mactu npuTsbKeHns |e(r)| << kT. N, - uncio
0

ABoranpo. [loka3zaTenp creneHu NoTeHnrana NpuMnuTe paBHeIM 6. Onpenenure npu



300 K cumy mpuTsKEHUS MEKTy MOJICKYJIaMHU BOAOPOAa B aCOPOMPOBAHHOM CJIOE, €€
VM3MEHEHUE NTPU U3MEHEHNUH PACCTOSTHUASI MEXKTy MOJIEKYJIAMU U BIIMSTHUAE

B3aMMO/JICHCTBUS MOJIEKYJI Ha aficopOuuto. [Iyst 3T0ro ucnonb3ynre u30Tepmy

)
JIburmiopa u uzorepmy bparra-Bunbesmca P = ——— e?@O/RT MIOJIyYEHHYIO C

b(1-0)
YYETOM DHEPTUU B3aUMOJICHCTBUS aJCOPOUPOBAHHBIX MOJIEKYJI (®). Z - YUCIIO coceen
y a7copOMpOBaHHON MOJIEKYJIBI = 4. AJCOpPOLMOHHBIN KOA(DPUIIMEHT B 00enx
U30TepMax OJIMHAKOB.
3aoaua 17.

[Tpu n3yyennn aacopOIUN HEKOTOPHIX BEIIECTB HA METaJIaX U OKCHIAX
(manpumep, Ny Ha meTtainax, Hy Ha ZnO) noayydeHbl 3aBUCHMOCTH BEJTUYUHBI
azcopOIuu (a) OT TEMIIEPATYPhI IPU MOCTOSHHOM JIaBICHUHU, CXEMaTHYHO
npecTaBiIeHHbIC Ha prucyHKe. OOBsICHUTE X0 U300aphl aCOPOIIHH.
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