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V1.1. B3APIMO,[IE171CTBIr1E 1'I.l'IA3MbI C KOHJIEHCI/IPOBAHHLIM BELLIECTBOM 117

S = 47r7'D[u(w - y) -— N§y exp (—Eb/kT)].

3,£[6Cb u — KoHueHTpauHs1 )1Htpq)yH11Hpyio111ero raaa, y — KOH-
Hex-rrpaimsi B neqaeicrax, w — KoHueHTpaI1HH caMHx netpexros,
np — npoqmm» 'ropMo>KeHHH HoHoB, S — crox B Jietpexrm, 7* -—
acp¢>e1<-rH13HLn71 pazmyc necpexra, N — a'roMHaa HJIOTHOCTL TT,
5 ——- qncno B03M0)K1-IBIX Mecr B Mex<,uoy3nH:1x BOKpyl" jiecpeicra.

B cnyviae J1IrICIJ¢Jy3HH B MHorocnoHHoH c'rpyK'rype pacema-
TpHBae'rcsi 11Hcpcpy3Hs1 13 Ka>i<)1oM once, a KoHueHTpa.uHH Ha [pa-
HHuax paanena CB}I3bIBa.10TCi1 qepe3 paCTBOpHMOC'1‘H. BHeLuHHH
Hc'roqHHx O6bI‘iH0 6€pCTC51 H3 He3aBHcHML1x pacqeros. BHy-
Tpel-IHI/I171 CTOK B necpexrbi COCTOHT H3 mayx '-UICHOBZ 11Hc13cpy-
3HoHHoro npHToKa B J1e¢)eK'rL1 H TepMPI‘ieCKIrI HIIH pa,1IPIaIIH-
oHHo aK'rHBHpyeMoro Bmxona H3 HHx. Error xe q.neH B ypaB-
HeHHH J1Hq)q)y3HH O1'II/ICb[Ba€T H cxopocrb Haxormenmi '-1acTHI.1
3 necpexrax-nosyinxax. O6Lr=iHo paccMa"rpHBaeTc;~1 HCCKOJILKO
TI/Il'1OB necpercron c pa3IIP1‘lHbIMI/I 3HeprHHMH cBH3H H KOHI.IC1-I-
TpaI1Hs1MH, Ho Bmme crox 3aHHcaH 111151 OJIHOFO THna necpeicron.
B Fpal-IH‘1HI:IX ycnoimsix 3anHcLtBaeTcsi 6a.naHc IIOTOKB. J1Hcb¢>y—
3HH H noroxa ;1ecop6uHH. Hpennonaraercx, qro Mexny KOH-
ueHTpauHHMH Ha noBepxHocTH T51" H H011 Heir‘: 6L1c1'po ycTa—
HaB.IIHBaCTCSI JIoKa.rtLHoe paBHoBecHe, T.‘-I. IIpH npa3HnbHoM

Bmfiope 1co3cpc1)HuHeHTa IIpO1'10pI.IPIOHaJ'1bHOCTH Mexqzy :->THMH
1<oHueH"rpauH51MH cxopocrb L1ecop6I.1HH IIp0l'10pI.[PIOHaJ'II>Ha Kna-
)1paTy O6'bCMH0I7I KoHueH'rpauHH B6HH3H 11o3epxHocrH. K03111-
cpHuHeHT nponopuHoHaHbHocTH, Ha3LIBaeML1171 3c13c13eKTHBHbIM
Ko3(1JcpHI.tHeHToM peKoM6HHauHH, JIH6o B121‘-II/ICJISICTCSI aHaJ1HTH-

Hecim, nH6o PI3MCp5ICTC$I 3Kc1'1epHMeHTa.nLHo. KpoMe J1CCOp6-
HHH Broporo nopsmxa, B rpaHHqHL1e ycJ1oBHs1 MO)K€T BBO-

J1HTbC$1 TC1'l.TIOBa.51 H paJ1Ha.uHoHHo-c"rHMynHponaHHaa 11ecop6—
HHH, a "raxoxe zLecop61.1Ha nepsoro nopsmxa.

KOMHLIOTCPHBIC nporpaMML1 no3BonHnH oHHcaTb 6om.u1oe
Konuqecmo pa3H006pa3HbIX 3KCIICpPIMeI-ITOB no HoHHoMy BHC-
;tpeHH1o ra3a (pHc.VI.1.308, VI.l.309). HeH36e)KHa5i ripo-
6J1eMa — 60JIbI.IIOC KOJII/I‘-ICCTBO riapamerpois, KOTOPBIC '-IaCTO

1 1
j, 1013 cM'2 - c‘ j, 1013 civrz ~ c‘

Q __.

PHc. VI.1.308. TepMoJ1ecop6uHoHHhu7i cnexrp D, Bflenpet-more npH HOHI-10171 60M-
6ap,uHpom(e B W npH 473 K; Toqicn — ax<cnepHMe1-n'; JIHHHH — pacqer npH

pa3IIH‘{HHX cxopocrsix npoH3sonc'raa neqneicron so spew: HoHHoro snenpegma
PHc. VI-11.309. Pe3MHccHH neH1'epHa no spew; Honnoro ofinyqenua; 1'o‘ncH —
:~>xcnepHMeH'r, IIHHHH — pac|{e1' npH p21.3I1H'-IHEIX 3Hav-1eHHax MRKCHMBJIBHOH xoH-
ueH'rpauHH 11ecbex1'o3, npoH33onHMHx npH 05.T1y'{CHPlH

HeH3Bec'rHb1 no onbrra H BbICTy1'Ia.IOT B Kaqecnze I'IOD.'I‘0HO‘-I-

HBIX. 1'10:->ToMy mm 6one‘e-MeHee HaJIe)KHOI‘0 BI:I60pa 11apaMe-
Tpon npo3onHTcsi o11HoBpeMeHHo onHcaHHe HCCKOJILKHX axe-

nepHMeHToB. B BTOM cnyv-Iae HpoH3Bon B BLI6ope napamerpon
cHnLHo orpaHHqeH. 3TH napamerpm, 01'Ipe).'[€JIeHHbIe H3 3KCl'IC-
pI«rMeH'ra, MO)K1-IO 3aTeM PICIIOJ'II>30BaTL LUI51 11peJ1cKa3aHHs1 none-
J1eHHH HoHHo-sHeJ1peHHoro ra3a B J1pyrHx ycHoBHHx_

B ‘3aKJ'1l0‘-ICHHC OTMCTPIM, ‘-ITO K Hacroamemy BpeMeHH Ha-

1<onneHo 6onLu1oe KOIII/I‘-ICCTBO :~>MriHpHqecKoH HHcpopMaLtHH 0
i=.HenpeHHH HoHoB B TT. B npocTe17H.uHx Mo):teJiLHL1x cH'rya-
umix 3KcnepHMeH'ra.nLHL1e 3aKoHoMepHocTH Bec1:Ma IIOHSITHLI
9*

1/1 I/IX ‘-IaCTO y}1ae'rc51 XOPOIIIO OHPICZTI: MaT€MaTI/I"1CCKI/I. OH-

HaK0 qll/I31/1'-IeCKa5I_KapTIrIHi:1 SIBIICHI/I51 ‘-IaCTO 0Ka3I:IBa€TC5I Cy-
IJICCTBCHHO CIIOXHCC, ‘IBM TC l'lp€I[CTaBJ'ICHI/I51, KOTOPI-:16 PIM6-

iorca 3 Hacrosimee Bpewi. I/Imeerca MHOFO tpaxron, KOTOPLIC
He Haxonsrr 06'I>SICHCHPI$I, H MI-IOI‘0 Cba.KTOpOB, KOTOpbI6 rpynno
Hpe)1BH,ue'rL. 1'1o3'roMy HpaK'rHqecKHe npe11cKa3aHH51 l'[0BB,]IC-
HPI51 I/IOHHO-BHBIIPCHHOFO ra3a )IJ'15I KOHKPCTHBIX TBXHI/PICCKI/IX

npHMeHeHH171 TpC6yIOT OCTOpO)KHOCTH.
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VI.1.10. Pac1II.n1eHHe

1. Beebeuue. Kamobnoe pacnbuzeuue, cefiqac Hame Ha3I:I-
Baemoe npocro pacnbmeyuem, —— aro pa3pyuIeHHe MaTepHa-

non yCKOpeHHbIMPI HoHaMH HHH aTOMaMPI, KOTOPOC I'1pOI/ICXOJII/IT
B BI/U16 aTOMOB HJIH pexe aTOMHbIX Knacrepon HJIH Monexyn.

OcHoBH0I7I xapa1<TepHcTHKoH pacHLLrIeHHs1 sIBJI51e'rcsI Ko:ecp¢)H-
uHeHT pacm>meHHs1 Y, onpeJ1eJ1s1eML1H Kax OTHOIIICHHC ‘-IPICJ'1a
paCI'11:U1eI-IHLIX aTOMOB MHI1IeHH K qHcJ1y 6OM5ap,JIHpyIOI.LUdX Ho-
HOB (aTOMOB). Ko3¢scpHI1HeHT pacHLIJIeHHs 3aJ3HcHT or 3H11a
HoHoB (ero aTOMHO1'O Homepa Z, H MaCCbI Mi), 3HeprHH 8 H
yrna na21eHHs1 6 HoHoB, a Taicxe or MaTepHa.rIa H TCMI1CpaTypLI
MPIHJCHH.

Yrnonoe pacnpe;teJ1eHHe Y(0,(p) H 3Hepre'rHHec1<oe pac-
npe11eJIeHHe paCl'ILIJI€HHbIX aToMo3 SIBJISIIOTCSI TaK)KC Ba)1<HHMH
xapaKTepHcTHKaMH pacnLmeHHa.

2. Ocuoeuue aaeucwuocmu 1m3d24m1;ueHma pacnwte-
uux. H1151 HOpMa.IIbH0 nanaiomnx PIOHOB ( = 0) o6I.uHH xapa1<-
Tep 3a3HcHMocTH Ko3¢1¢)HuHeHTa pacHbmeHHs1 Y or 3HeprHH
HoHoB 8, aTOMHbIX HoMepoB Zi, Za H Macc Ma, Ma I/IOHOB H
aTOMOB MHu1eHH, a Taxxe or :~>HeprHH cBa3H U noBepxHocTHHx
aTOMOB xopomo IICPCJIEICTCH 11poc'ro17I 3M1'iHpH'{ec1co171 cpopMy-
nofri (pHc.VI.1.310):

Zizzz M E
20

F “ M. (5 + 5oz.z‘.)2’

me 8 H U BI>Ipa)KeHbI B 3B, a Y — B aT./HoH. MaKcHMaHLHL1x
3Ha=ieHHi»‘1 K0:->q1qJHuHeHT pacnI.uieHHH J1ocTHraeT npH 3HeprHHx
8 = E = 50Z1Za 3B. 1111;; neI'KHx HoHoB (H, D, He) Em co-

craanaer 0,5—10 K:-)B, a Y(£m) z 10‘3 — 10‘2 aT./HoH. 111151
T}1)KeJ'ILIX Honor; MaKcHMyM Em czu3HHy'r B c'ropoHy 6onLmH_x

:->HeprHH, a Y(£m) ztocmraer 3HaHeHH17i 2 10 aT./HoH. HpH

6oJ1bI1IHx aHeprH51x..(§ >> 50ZiZa 3B) qJopMyJIa naer 3aBH-
CI/IMOCTL Y ~ 1/8, o;zHaKo 3KcnepHMeHTaHLHL1e 3a3HcHMocTH
Y(£') Jiyqme comacyiorcsi c 6oJ1ee T0‘-1110171 TeopHe171, Ho KOT0-
poii Y ~ 1n(£')/E. 1'IpH MaJ1bIX 9HeprHstx S < 5OZiZa 3B
Y, corJ1acHo (10.1), JIHHei/‘1Ho pacrer c pocToM 3HeprHH 8.
310 nomnepxnaerca 3KcnepHMeH'raJILHo rum THXCHLIX HoHoB
npH auepmsix 100 3B g 8 Q 500 3B, a mu .r1erHHx HOHOB B

Y = (10.1)
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MCHLHICM 11111*epBaI1e 311ep1'11171. 1'1p11 Me11Ln111x 311epr11s1x 3aB11-

CPIMOCTI: Y(£) 11e.111111e17111as1 11 M0)KBT 65111 a11r1p0Kc11M11p0Ba11a
11pyro171 :aMr111p11t1ecK0171 q30pMy11o171:

Y_11,3a1o—8(£)‘’‘‘‘(1_§)7/2 )_ 4MiMa— 81:1" , _(MaA5/3 E M; + Ma)?’
(10.2)

311epn«1s1 St, 11a3113ae1cs1 11opor01s0171 a11epr11e171 paC1'IbIJ'IeHPI5I.

Hepexon 01 3a1311c11M0cT11, or111c113aeMo1”1 cp0pMy110171 (10.2), K
3aB11c11M0cT11 (10.1) l'IpOI/ICXOJII/IT 11p11 8 z 20 81,. I/I110r;1a c1111-
1a101, 1110 a6COJ'IIOTHOI‘0 nopora pacr11.u1e1111s1 11e1, TCM 11c Me11ee
E1, 11MeeT CMBICJI 1ca1( r1apaMe'rp, 11x0)11111111171 3 cpopmyny (10.2),

Y, aT./11011

10”‘
10° 101 102 103 104 $0, 313

P110. V'I.l.310. 3fl.BHCHMOCTb 1<o3q>¢>111111e11'1a pac11w1e1-11151 11ep)1ca.Be1o1.L1e171 c'ra.r111
01 31-1ep1'1111 11011011 111151 pa31-11,111 1101103; KPPIBHE — pacqer 110 ¢1opMy:1e (10.1),
10'-11:11 — a1<c11ep11Me111

Koropasr xopomo a1111p01<c111v111pye'r 3Kcr1ep11Me111aI1m11.1e 11aH-

11L1e 31111011 110 311a'1e1111171 Y m 10‘5 a1./11011. 1'I0c1<0J11.1<y Ta-
1<11M MBJIBIM pacr11u1e1111eM Mo>1<11o r1pe11e6pe111., T0 r1pa1<'r1U1e-
cm MO)KHO 1'IOJ'IL3OBaTLC5I r1011s1T11eM nopora pacr1Lu1e111151 81,.
Hopor pacr1Lme111m 33.BPICHT 0'1 :->11epr1111 pacr1Lu1e1111s1 11 01 co-

0'1'110111e1111:1 Mace Mi/Ma. Bmnnpnqecxoe cooT110111e1111e

._U_
).(1 ~ A)
8U (Mi/Ma)”

yIIOBII6TBOpHTeJ'II:H0 11epe)1ae'r 3a1311c11MocT11 8t,(U) 11
8t,(Mi/Ma) 11 1'I03BOJ'I${€T- 01161111115 311a‘1e1111e r10p0ra pacr11.1—
J1e111151 c T0t1110cT1.10 J10 cpa1<T0pa 2.

3aB11c11M0cT1 1<0:»>¢>¢>11I111e11'1a pacn1.u1c111151 0'1 Ma1'ep11a11a
M11111e1111 l'Ip05IBJI51e’1‘C5I, B0—11ep1311x, 11 3aB11c11Moc'111 or Maccu 11
aTOMHOI‘0 Homepa aTOMOB M11111e1111, a BO-BTOPLIX, B 3aB11c11Mo-

CTI/I 0'1 311epr1111 cB51311 U, 1<0'ropa51 06111111-10 11oJ1araeTcs1 pan-
11o171 :-)11epr1111 cy6J111Ma111111, 0T1-1ece111-10171 1c 011110My a10My. 1'10-
cxonmcy :~>11ep1‘11s1 cy6J111Ma111111 11MeeT nep11oJ11111ecK11171 xapa1<-
rep 3a311c11M0cT11 01 Z.-,, T0 3a1311c11Moc1:1. Y(Za) Taxoxe 11Mee'r
r1ep11o1111'-1ec1<11171 xapaxrep. 1'Ip11I1eM M111111MyMy U (Z3) coor-
BeTCTByC'I‘ MaKc11MyM Y(Za) (p11c.VI.1.311). M111111MaJ1LHL1e

r1p11 M; < 0, 3M,,,

r1p11 Mi 2 0, 3M;
51»; =

311ar1e1111s1 1coaq3cp111111e11Ta pacr11u1e1111s1 I/IMCIOT M11111e1111 113 aro-
MOB c 11e3a110n11e111111M11 3.TICKTpOHH1>IMI/I o6o110<1KaM11: C, Ti, V;

1'IOTOM Zr, Mo 11 Nb, 3a'reM Ta 11 W. MaKCHMaHLHBIC 1<0:-xbqp11-
1111e11T1.I pac1I1.1J1e111151 y 6J1a1‘0p0;11111x MCTaJ'D'l0B Cu, Ag 11 Au.

Y, 104 a'r./11011

0 10 20 30

P11c. VI.1.31l. 3fl.BHCHMOCTb 1<o:acpcb111111e11-ra pacnLu1e111151 or aToM110r0 110Mepa
pac11w1s1eM01;0 :-meMe1-rra r1p11 o611y=1e111111 11011aM11 renna c 31-1ep1'11e171 400 3B

I'Ip11 60111.11111x 1103ax O6J'ly‘I€I-IP15! 11a6J11o)1aeTcs1 TaK)KC 11e-
p11m111r1ec1<a51 3aB11c11Moc'r1. Y 01 Z. Ma1(c11MaJ'1L110e pac111.1-
J1e1111e BbI3I:IBaIOT 1101111 finaropommx 13.303. I'Iep110)111r1ec1<as1
3a1311c11M0cT1. Y or Zi 061.51c11s1e'1cs1 113Me11e1111eM x11M11I1ec1<0r0

cocrasa r101sepx1-100111010 cn0s1 M11111e1111 11p11 1a11e)1pe111111 60M-
6ap1111py1011.111x 11011013 11 yMe1-11111e1111eM 311epr1111 c11s1311 r1o3epx-
HOCTHBIX a'r0M013.

B c11yr1ae paC1'IbIJ'[CHI/I51 cmanos 11.1111 c0eJ11111e1111171, co-
c10>111111x 113 pa311L1x aTOMOB, MO)KI-I0 13 FICPBOM 11p116J111-

>1<e111111 11cn0nL30BaTL cpe)11111e 3H3‘-ICHPI51 (Za) 11 (Ma) B

cpopmynax 111151 Y, a 3110p: Au“)
11110 c1351311 nonararb pa311o11

:-111epr1111 aT0M113a111111. H0, 130- Sb
061110 ronopa, 311ar1e1111s1 U M0-
ryT 61,111. pa3111.1M11 111151 pa311b1x
KOMIIOI-I61-IT C.l'IO)KHI:IX c0e111111e-

1111171. Kpome 1010, CJ'I0)KI-[BIC
M11111e1111, 1<a1< 11ar1p11Mep c1an11,
MoryT COCTOSITI: 113 pa311L1x

(baa. 31ccr1ep11Me11Ta.I11.11o 0611a-
py;1<111aae1*cs1 npe11My111ec'rBe11—

Hoe pacr111J1e1111e JICFKHX KOM-

IIo11e11'1. O6e1111e1111e 11p11r1o—
BCPXHOCTHOFO c11051 011110171 113
1<0Mr1011e111 r1p111101111T K 111111)-
¢>y31111 310171 1c0M11011e11T1.1 113 -40 —20 0 20 40
r11y6111-111 141111101111. 0% FP311

Jlma 1s:p11cTam111r1ec1<11x M11-
111e11e171 zb113111<a r0pa3;10 60-
rar1e. Hp11 pacnLu1e11111»1 coen11—

11e1111171 A3B5 (11a11p11Mep, InSb,
GaAs) 0611apy;1<e'110-pa3J111'111e B yrJ1oBoM pacnpeJ1eJ1e111111
pacr1L1J1e11111.1x 1<oMr101-1e11T A 11 B (p11c.VI.1.312). KpoMe
T010, 1; npouecce pac111,u1e1-11151 11po11cx01111'r r1epecTpo1711<a (pe-
1c011c'rpy1<111151) r1o1sepx11oc1'11, 1c01opas1 0115111. >1<e pa1r111I111a 111151
1'pa11e171 KOMIIOHCI-IT A 11 B. OTHOCPITCJILHBIC K0acpcp111.111e11'rL1

pac111.1J1e111151 KOMITOHCHT A 11 B 11.1151 pa3HbIX 1'pa11e171 Mo11oKp11-
c'ra.m1a (11ar1p11Mep, InSb) 11 10151 11011111<p11c'ra11na pa:u11n111b1.

[110] [113]

-40 -20 0 20 40

[111]

[110] [111] [113]

Pm. VI.1.312. Ymosoe pacr1pe11e11e-
HPIC B m1oc1c0c1'11 (110) aTOMOB Sb
11 aTOMOB I11, pa.cnw1eH11s1x c rpm-111
(111) Mo11o1cp11c'ra.r1J'1a InSb
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