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1. BBEAEH~E 

nyCTb KBaHTOBa.R Ca.1CTeM'a /311€M€HTapHaA 4aCn<1U.a, AAPO, aTOM 

1-1 T.n./, HaXOA.R~a.RCA B OCHOBHOM COCTOAHHH, naAaef Ha MHWeHb. 

npl-1 KamAOM CTOJ1KHOB€HI-11-1 BHyTpH MI-1W€HH C~CTeMa MomeT C onpe

A€11€HHO~ eepOATHOCTb~ I-13M€HHTb CBOe BHYTpeHHee COCTOAHI-1€ /B03-

6yAHTbC.R 1-1111-1 pa3SaJ1a.1TbCA Ha 4aCTH/, 111-160 OCT8TbCA B I-1CXOAHOM 

COCTOAHI-11-1, H3M€HHB TOJ1bKO HanpasneHHe 1-1 CKOpOCTb ABI-1meHI-1A. 

KaKosa sepoATHOCTb W roro, 4TO nocne npoxomAeHI-1A 4epea MHWeHb 

TOI1[41-1Hbl f CVICTeMa 0CTaH€TCfl 8 lo'ICXOAHOM COCTOAHJ.IIH? 0TB€T Ha 

3TOT BonpOC 3aBVICVIT OT C00THOW€HH.R M€mAY xapaKTepH~M speMe

H€M r, onpeA€IU'I€MbiM BHyTp€HHei71 CTpyKrypoali CJ.IICT€Mbl, H iiiHTepsa

J10M T~L 1n/v, pa3A€11A~L4HM nocneAosarenbH~e Heynpyrl-1e cronKHO

seHHA c 4acr~~aM~ M~weH~ /aAeCb Lin=l/Nain - cpeAH~~ npo-

6er ADA Heynpyr~X B38~MOAe~CTB~~, V - CKOpOCTb C~CTeM~, N-
4~CDO STOMOB. B eAHHvt~e 06DeMa/. 

8en~4~Ha t YAOBDeTBOpReT COOTHOWeHvt~ 

r "!1/i\E, /1/ 

rAe i\E·'- xapaKTepHoe 3Ha4eHvte pa3HOCTI4 3Hepr14H co6cTeeHHbiX 

COCTORHVI~ CVICT€Mbl; ADA YDbTpapeDATHBVICTCKVIX CHCTeM r CDeAyeT 

38MeHHTb Ha yr, rAe y - DOpeH~-$SKT0p. 06bi4HO BpeMR T 04eHb 

Mano, T8K 4TO 

yrv 
-- « !. /2/ 
Lin 

TorAa nocne KSmAOrO CTODKHOBeHvtA CYAb6a CVICTeM~ pewaeTCA aa

AOnro AO CDeAY~Il.lerO CTODKHOBeHio1R, T.e. KamAbl~ paa 80 B3SVIMO

Ae~CTBHH y4aCTByeT Clo1CTeMa, HaXOARII.ISRCA B KSKOM-TO OAHOM Onpe

AeneHHOM CTa~vtOHapHOM COCTORHHH. 803HHKSeT KSCKSAH~H npo~eCC, 

OCHOBaHHbl~ Ha KSpTIIIHe He3SBHCio1MbiX nocneAOBaTeDbHbiX CTOJ1KHOBe

HVIa7f. Op111 3TOM e03MOmHbl 1o1 o6paTH~e nepexoA~ o6paay~u.t~t~XCR aoa6ym

AeHHbiX COCTOAHio1H B VICXOAHOe, £CJ1H T8KHMH nepeXOASMH MQ)f(HO npe

He6pe4b, TO OTBeTOM HS nOCT8BDeHHbla7f son poe RBDAeTCA 06bi4HSA 

3KCnOHeHTa 

e W = exp(- --) 
Lin 
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.r..::__ » 1. I 4 I 
Lin 

Tenepb noeeAeH~t~e CJ.1CTeMbt onpeAen.AeTc.A He HeaaaH01MbtMitt B03Ae'1-
CTBI-1.AMI-1 KSmAOrO 1-13 nOCJ1eAOBaTeJ1bH~X CTOJlKHOBeHI-1~ B OTAenbHO
CTH, a COBOKynH~M H $SKTH~eCKH OAHOBpeMeHH~M Ae~CTBHeM MHOrHX 
cronKHoaeHI-1~, J.oo~a-aa 4ero npocTbre BblpameHH.A nma /3/ rep.AIOT 
CBOIO CHJ1y. CXOAHaR CHTya~~t~.A nO Cy~eCTBY y~e 06cymASJ1SCb B JlH
TepaType*, B 4SCTH0CTH, B CB.A3H C pereHepa~He~ HeHTpSilbHbiX 
K-MeaoHoa, rAe aenH4~t~Ha r o4eHb aen1-1Ka acneACTBHe ManoH paa

HOCTY1 Mace K~- 1-1 K0L -Me30HOB. 
B AByxypoaHeaoilr CHCTeMe nma He~1TpanbHbtX K -Me3oHoa peanH

ayerc.A npocreHWHilr C1ly4aH. Ec11H ypOBHeH HeCK01lbKO, TO .ABJ1eHI-1.A 
ycnomHR~Tc.A, xor.A o6~HH ~t~x xapaKrep ocraerc.A npemH~t~M. Ka4ecr
seHHO HOBble OC06eHHOCTJ.1 803HHKSIOT AJ1f1 Clo1CTeM C 6eCKOHellHblM 
4J.1CJ10M ypOBHel1, H 4e11b H8CTOflute11 pa60Tbl COCTOHT B HX 8H8!1H3e 
Ha KOHKpeTHOM np~t~Mepe npOXO~AeHHR 4epe3 TOHKY~ MHWeHb YllbTpa
pen.RH1BHCTCKOrO n03HTpoHHfl. Kat< 6b1Il0 nOK838HO n. fl. HeMeHOBbiM 
B pa60Te /3/, ny4KH T8KHX n03HTPOHHeB, pO)f(A810~HXCR npH pacnaAe 
YllbTpapeJlfiTHBHCTCKHX 17° -Me30HOB no cxeMe 17° ... y + (e+ e-) , 
MoryT 6b1Tb C03A8Hbl Ha Ae~1cTBYIO!ltHX ycKopHTenRx /eM. TaK)f(e / 4

/ I. 
,llnR n03HTP0HHR B OCHOBHOM COCTORHYIYI r.::: 10- 10

c, npH IlOP€Hl-'-$aK
Tope y ::: 10 3 Be!lH4J.1H8 yr :::: 1 o-tS C 1 COOTBeTCTByiO~Y111 npo6er 
yrc .:: 3• J 0-3 

CM. C APYrO~ CTOPOHbl, Ce4eHHe 8381-1M0Aei:1CTBH.R no-
3HTpOHHR C aTOM8MH MI-!WeHI-1 H8CTOI1bKO B€!1HKO /HanpHMep, B aniOMH
Hitll-1 a- 2.1o-18 cM 2 151 I, 4TO a KOHAeHcJ.1poeaHHOM aell.leCTBe Lin
-~10-6 ~10-5 

CM, T.e. YCI10BJ.1e /4/ MO)f(eT 6b1Tb BblnOilHeHO C 6onb
WHM aanacoM. 8 AallbHe~weM 6yAeM npeAnonaraTb, llTO KpoMe /4/ 
BbrnonHeHo TaK~e 6onee CHllbHoe ycnosHe 

r << yrc. 151 
rne 4 

Tat< Kat< a cny1.1ae no31.1TpOHH.R ~E _ --, rAe m - Macca 31leKT-
41i 2 

pOHa, TO 3TO 8 CH11Y /1/ paSHOCHJlbHO Tpe6osaHJ.110 

15'1 

* ~10>i<HO yK838Tb H8 8H811H3 npOl-'eCCOB B381-1MOAe~CTBHR y -KaaH
TOB AOCTaT04HO BblCOKOH 3Hepri-1H C RAP8MH, y4HTb18810~H~ B03MQ~
HOCTb 838HMHbiX nepeXOAOB y -KB8HTOB 1-1 BTOpJ.14HbiX 8APOHOB /1/. 
B 6onee o6~eM nnaHe pO!lb xapaKTepHoro speMeHH r o6cy~AaeTCR 
B CBR3H C npo6Jl€MOi1 T.H. 1110HbiX li8CTI-1l-' 11 /CM. 1 HanpHMep, o6-
30p 121 I. 

2 



~3 /5'/ BbiTCKaeT 1 !.ITO npH y-10 3 nOC!lCAYIOIL\aR TeOpHR OTH0Cit1TCR 

TOilbKO K AOCTaTOI.IHO TOHKJ.1M Mlt1WCHAM, TOI111\Io1Ha KQTOpbiX He npe

BOCXOAI-IT HeCKOilbKJ.1X Mlt1KpOMeTpOB. 

Z. YDbTPAPED~THBHCTCKH~ n03HTPOHH~. 

YAAPHOE nPH6DH~EHHE 

83aJ.1MOAeiiiCTBit1e no3HTP0Hit1A C aTOMaMit1 Mlt1WCHJ.1 CBOA1t1TCR K Ky

IlOHOBCKit1M B3alt1MOAeHCTBit1AM era 3IlCKTpOHa 1t1 n03J.1TpOHa C 3!1CKT

PHI.ICCKJ.1MJ.1 nonAMI-1, C03AaBaeMbiMJ.1 AAPaMH 1-1 3IlCKTpOHaMJ.1 aTOMOB. 

B paccMaTpHeaeMbiX ycnoeHAX 3TH eaaHMOAeillcrewR MOH<Ho aHanwal.-1-

poeaTb e paMKax yAapHoro np1-16I11-1meHHA. PaAI-1YC no31t1TpoHit1R nplt1-

MepHO BABOe npeBbiWaeT paAHYC 06bii.!HbiX aTOMOB. EC!ll-1 MI-!WCHb np~;~

roTOBJ1eHa 1-13 Bell.\eCTBa C 60ilbWIIIM nop.RAKOBbiM HOMepOM Z, TO 8 ee 

aroMax 3IleKTp1111.1ecKoe none cocpeAOTOI.IeHo BHYTPIII o6nacTIII 3Kpa

H~t~poeaHI-1.R, pa3Mepb1 KOTOpO~ Mailbl no tpaBHeHI-110 C pa3MepaMIII CaMe

ro aroMa. noJTOMy, OTKnaAbiBaA noKa 4TO aHanHa o614ero cny1.1a.R, 

Mbl 6yAeM Cl.l!t!TaTb, !.ITO 8 Ka>KAOM OTACilbHOM CTOilKHOBCHI-11-1 yl.laCT

eyeT ¢aKTI-11.1CCKI-1 I11t160 TOilbKO 3IlCKTpOH n03111TP0Hit1R, IlHGO era no-

31o-1TpOH, HO He o6e l.laCTitl~bl BMeCTe. 

3anHweM BHyTpeHHIOIO BOilHOBYIO $YHK411110 n031-1TpOHI-1A B OCHOBHOM 

COCTO.RHI-11-1 B BHAe ¢ l(i:'J, rAe ;= ?1- ; 2 - paCCTOfiHHe MeH<AY 

3J1CKTPOHOM J.1 n03HTpOHOM. [CilH nOCJle CTOilKHOBeHHA C KaKHM-TO 

aTOMOM 3J1eKTpOH nOilYI.IHT nonepei.!Hblill HMnYilbC (-i l * , TO ~CH"!)J 
TA>KeCTH n031t1TpOHJ.1.R lt13MeHJ.1T CBOH HMny!lbC TaK>Ke Ha BCillo-ii.IHHY q 1, 

a BHyTpeHH.RA BOilHOBaR $YHK4HA nepeXOAHT B 

/6/ 

EcnH me a paccMaTp~o-ieaeMOM cronKHOBeHHIII yl.laCTBoean noaHTpoH, 

nOJlYI.IHBWHH nonepei.!HbiH HMny!lbC q 2 , TO L4CHTP T.R>KeCTH n03J.1Tp0-
4 

Hlo-i.R I-13MeHI-1T CBOH HMnynbC Ha Be!lHI.IHHY q 2 , a BHyTpeHHRA BOJlHO-

BaR ¢YHK41-1A nepeHAeT B 

!6'! 

Crporo roeopA, cocrOAHHA /6/ 1t1 /6 'I He ABilAIOTCA cra4HOHapHbiMI-1, 

HO npl-1 BblnO!lHeHHJ.1 yCI108J.1A /5/ 0Hit1 K MOMeHTY CilCAYIOI1\CrO CTOJ1K

HOBeHJ.1A He ycneBaiOT lt13MCHJ.1TbCA. no3TOMY nocne npOXO>KAeHit1A Bceilt 

MHWCHH u.eHTp TA>KCCT1t1 n031t1TpOHJ.1R nony4aeT nonepe4Hblill lt1MnyJ1bC 

4 4 
Q 

1 
+ Q 

2 
, a BOilHOBaA ¢YHKLJ.I-1A no31t1TPOHJ.1A 

*~3MeHeHHCM npOAOilbHOrO HMny!lbCa B lt1HTepeCyl011\eH HaC 3aAa4e 

MO>KHO npeHe6pe4b. 
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!6' 'I 
r,qe· Q 1 1-1 G2- cyMM.apHbte nonepe'-lHbte lt1MnynbCbl, nony4eHHbte aneKrpoHoM 1-1 noalt1TpOHOM eo acex cronKHoBeHHRX BHYTPI-1 MHweHH. Bee 
CTOJ1KHOBeHI-1R KSK 6bt Cm1BSIOTCFI B e,qHHOe CyMMapHOe CTOilKHOBeHVle, 
1-1 n03HTPOHHH B3aHMO,qeHcreyeT cpa3y CO sceH MHWeHbiO, KSK C O,Q-
HI-1M rpoMa,QHbiM 8TOMOM. 1 

C nOMO~biO /6''/ nerKO nOilY4HTb BepORTHOCTb Wlk 
B 111060e KOHe4HOe CTa~HOHSpHOe C0CTORHio1e n031o1TpOHHR 

B 4aCTHOCTI-1, BepORTHOCTb OCTSTbCR 8 1-1CXO,QHOM COCTORHHH 
2 -+ -+ --Jo ..... s-+ 2 W1, "If¢ (r) exp(-i(Q -Q )r/2fi)d rl • ' 1 1 2 

171 

17'1 
t1a /7 'I, KaK H3secrHo, cne,Qyer I eM. 

161 
§ 139/, l..lTO 

(Q -Q )2 a2 -4 
W II ~ [ 1 ' 1 2 J /8/ 161\2 

r,qe a= 2t 2jme 2- pa,q1-1yC n031<1TPOHHR. 
nocKOllbKY aeJ1H4V1Hbl Q 1 H Q 2 .ABJlfUOTCR Clly4ai:1HbiMH nonepe4-

HbiMH BeKTOpaM~-t,· Sblpa>KeHio1e /8/ Ha,qo-+e~ ycpe,qHHTb no COOTBeT
CTByiO~eMy aaKoHy pacnpeAeneHHR U(Q 1 ,Q 2 ). TorAa 

.... .... 2 2 
~ ~ (Q1-Q2) d J-4 2~ 2 ~ ~w~~ >~[JU(Q1,Q2)[1+ 16112 d Q1d Q2 /9/ 

3aMeTHM, 4TO < W
11 

> He COBnaAaeT C BepORTHOCTbiO OTCyTCTBH.R 
CTODKHOBeHH~ BHYTPH MHWeHH; CTODKHOBeHH.R He 3anpe~a~TC.R, Ha
npasneHHe ABHmeHHR n03HTPOHHR MO~eT H3MeH.RTbCR, Tpe6yeTCR TOnbKO, 4T06~ 8 KOH~e KOH~OB n03HTpOHH~ OKa3ai1CR 8 HCXOAHOM BHYTpeHHeM COCTORHHH. 

4HCI10 CTOI1KH08€HH~ BHYTPH MHW€HH onpeAenReTCR COOTHOWeHHeM 
Mem,qy senH4HHaMH f 1-1 L tot• r,qe L tot - cp,eAHI-1~ npof3er, coorseTCTBYIO~HH BCeM 803MO)I(HbiM B3ai-1MO,qei:1cTBHRM n03HTPOHI-1R, BKI1104aR 
1-1 ynpyrHe; a paccMaTpHeaeMo~ ce~\.fac MOAenl-1 Ltot s,qsoe MeHbwe 
COOTBeTCTBYIO~ero npo6era AI1R CB06o,qHoro 3IleKTpOHa Hlll-1 n03HTpoHa. EcnH TOilli.\HHa MHweHH f HaCTOilbKO Mana, 4TO PI L tot << 1, TO 
BHYTPH Mlo1WeHH MO)I(eT npOH30i:1TH TOitbKO OAHO CTOitKHOB€HHe, 1-1 co-0TB€TCTBYIOIJ.IaR aepoRTHOCTb pasHa f/L tot Cne,qosarenbHO, pacnpe,qeneHHe 

/10/ 



8 ¢1-lrypHbiX CK06KaX CTOI-1T 

ny C BepOFITHOCTb~ n~60r0 

cocroRawerocR eAI-1HI-14Horo 

aem14HHa, coanaAa~ll\aFI no caoeMy CMbrc

ao36ymAeHHR n03HTPOHHFI B pe3ynbTaTe 

CTOnKHOB€HHFI 1-1 paBHaFI ..£in._ = liliu_. 

no3TOMy B pacCMaTpHBaeMOM npeAene 
a tot Lin 

< w r. > = t- _e_ . 
Lin 

/11/ 

KaK 1-1 cneAoaano om1-1Aar b, ¢opMyna /11/ coanaAaer c nepBbtMH ABy

MFI 4neHaMI-1 pa3nomeHHFI 3KcnoHeHTbt /3/. MO>KHO noKa3aTb, '-ITO np~-1 

y1.1ere ocranbHbtX '-lneHOB eenH41-1Ha <W
11 

> acerAa npeBblwaer yKa-

3aHHY~ 3KCnoHeHTY /eM. HH>«e/. 0co6eHHO HHTepecH~ B 3TOM CMbiC-

ne AOCTaT_.9'-IHO T_£>nCTbte MHW€HI-1, KOrAa p /L tot :-··t . Ka>KAaR 1-13 

eem1"--HH Q 1 1-1 Q 2 pacnpeAeneHa rorAa no 3aKOHY raycca, Koro-

P~~ C yl..leTOM oceeo~ CHMMeTpl-11-1 MO>KHO 3an1-1caTb B BJ.1Ae 

20 02 
dV(O) exp (---)dO /12/ 

·Q2> ..-g2> , 

rAe Q ~, Q i. [lonepei..!Hbt~ ~~tMnynbc Q~ coanaAaer c reM nonepe~..~
HbtM HMnynbCOM, KOTOPbl~ np1-106pen 6bt CB060AHbl~ 3neKTpOH /n03J.1T-

POH/, nponeTeBWI-1~ CKB03b Ty me MHWeHb J.1 HCn~TaBW\11~ B He~ 

MHOrOKpaTHOe KynOHOBCKOe paCC€FIHJ.1e. no3TOMy 

/13/ 

rAe - o 2.> - cpeAHH~ KBaApar yrna MHoroKparHoro pacceRHHFI 3neKr

poHa, o6naAa~IJ.Iero npOAOnbH~M .J.1MnynbCOM p, paBHbtM nonoaHHe J.1Mnynb

ca n03J.1TPOHJ.1R. 

B paccMaTpJ.1aaeMo~ ce~1.1ac MOAen\11 aen~~t4J.1Hbl Q 1 J.1 3 2 ~ra-

H1CTJ.14eCKJ.1 He3aBJ.1CHMbl. no3J,OMY cny~aa::iHyiO BenH'-IHHY (Q 1-Q 2) 

MO}f(HO 3aMeHJ.1Tb BenH"--J.1HOa::i Q,, rAe Q - CyMMapHbl~ HMnynbC, KO-

T0pbli1 nony1..111n 6bl CBOfiOAHbl~ 3n€KTpOH npl-1 ABOi1HOM '-IHCne CTOnKHQ

BeH\11~. CneAoearenbHo, ¢opMyny /9/ MOmHo nepenHcarb a BHAe 

· 1 ~ Oexp(-0 2/2<0 2 >) 

.cw, ~~ <02> b (1+02a2/t6112)4 

rAe <Q 2 > onpeAenReTCR C00THOWeHJ.1eM 

dO, 

/13/. 

/14/ 
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npl-1 AOCTaTOllHO fiOIJbWm1 TOIJIJ.II-1He Ml-lWeHI-1 seiJI-1'-41-lHa <Q 2 -, OYeHb 
BeiJVtKa no cpaBHeHI-110 C "h 2/a2 , H 3KCnOHeHTy B Q:>OpMylle /14/ MQH<
HO aaMeHIIITb e,qHHH~eH. Tor,qa /14/ nepexo,qHT a 

1 ~ QdQ <W
11 
>=--f-..:=;:.~,_..,--,- /14'/ 

<Q2> 0 (1 + Q2ct2)4 
16:1i 2 

nocne HHTerpa~HH OKOHllaTeiJbHO nonyYaeM 

8 
<W,,>==-

3 

l\2 

a2p2<02> 
/15/ 

2 E 2 e 
Kat< H3BeCTHO, <0 >=(-') -;---,rAe E 8 :c21 MaB, LPd.£l.- pa,q~t~a-

pv L P"'1· 
4HOHHa.R AIJV!Ha /eM., HanpHMep, /7/ I. noaTOMY np1-1 v/c ~ 1 aepmn-
HOCTb <W 11 > He aaBHCHT OT 3HeprVJH n03HTpOHJ.1fl J.1 o6paTHO nponop
U,HOHBilbHB TOIJIJ.II-1He E. no,qcTaBJlRfl B /15/ llHCJleHHble 3HaYeHI-1fl KQH-
CTaHT, nOilYllHM 

>=~(.J!s:_)2 LP"'1· =2,1.10-s 
3 E a e s 

/15'/ 

,qOCTBTOllHO 60ilbWHX 3Ha4eHI-1flX f/Lin sepO.RTHOCTb /15/ MO-
meT npeBbiWBTb Ha HeCKOilbKO nop.R,qKOB BeJ11114HHY, Bbi41-1CileHHYIO no 
<]lopMyne exp(- 1/L,n) *. 

XOTR AO CHX nop pellb Wlla TOJlbKO 0 BepORTHOCTJ.II <W 11 >,Hcnonb-
30BBHHbtH BbtWe no,qXOA BnOJlHe npi-1MeHHM H K BblllJ.IICJleHHIO aepO.RTHO
CTeH <W 1k>, COOTBeTCTBYIOIJ.IHX nepexo,qy J.13 OCHOBHOrO COCTORHHfl 
n031-1TpOHJ.1R B IJI060e AHCt<peTHOe COCTOAHI-1e /eM. $OpMyily /7//; 
CKB3aHHOe OTHOCHTCA TaKme K nepexO,qaM Mem,qy B036ym,qeHHbiMI-1 

*CTporo roaopR, a npaay10 llBCTb $OPMYilb1 /15/ cne,qyeT e111e ,qo-
6asi-1Tb cnaraeMble, nponopl..lHOHanbHbte exp(- E /L toi), CBA3aHHbte c 
TeMJ.II CilyllaAMI-1, KOr,qa n03HTPOHHI1 npOXOAI-1T 4epe3 MHWeHb 6ea 
B3BIIIMO,qet1CTBJ.1!1 Hill-1 C MailbtM IIIX l4HCJ10M. npH f>> L tot 3TH 4Jle-
Hbl 6btCTpO 3aTyXaiOT; B ,qaJlbHeHweM Mbl 6y,qeM paCCMaTpi-1BBTb TBKI-1e 
TOJlUIHHbl f., nplll KOTOpbiX OTHOCIIITeilbHbiH BKJlBA 3KCnOHeHU,HBJlbHbiX Lllle
HOB B <'W II> npeHe6pemHMO Mall. 3aMeTHM, 4TO pe3yJ1bTBTbl Tlllna /15/ 
KaCaiOTCA, KOHe4HO, He TOilbKO n03HTPOHIIIA, 8 4aCTHOCTH, eCJl\.1 Bbl
nOJlHRIOTCA ycnoaHA /4/ 11 /5/, TO npH npoxom,qeHHH YllbTpapenRTI-1-
BIIICTCKHX BTOMOB 4epe3 A0CTBT04HO TOilCTble nileHKH aepO.RTHOCTb 

<W II > TaK>Ke nponopu,HOHailbH8 1/ f • .lVl.R aTOM a BO,qOpo,qa < W 11 > = 
16 1! 2 L 2:li 2 

=-(-EC ) -=.E.M.:,r,qe a= --
2
- - YABOeHHbla1 60pOBCKI-111 pa,qll!yc. 3 sa e me 

8 OTI11114\.1e OT CIJy4aR n03HTPOHIIIR 3TOT pe3yilbT8T He 388J.IIC\.1T OT 
COOTHOWeHHR Me>K,qy pa,qHyCaMI-1 aTOMOB BO,qopo,qa Ill Cpe,qbl, 

6 



Al-lCKpeTHbiMI-1 COCTORHI-lfiMI-1. Bo BCeX CJly4SfiX AJ1fl 04eHb TOHKJ.1X MH

WeHe~ pe3yJlbTST Oni-1CbiBaeTCfl o6bi4HbiMJ.1 ¢0pMyJ1SMJ.1, COAep>KSW.J.1MJ.1 

3$$eKTI-1BHble Ce4eHHfl, B TO BpeMR KaK Allfl AOCTSTOI..IHO TOJlCTbiX 

MHWeHe~ B€pORTHOCTb nepeXOAa 

fi 2 tic 2 
<W >~(j ~fl (--) 

mk mk a2p2<0 2-. mk E a 
/16/ 

' 
rAe {3 mk - 4J.1CJleHHbl~ K03¢l$HU,HeHT, 3aBYICRW.I-1~ OT HS4aJlbHOrO J.1 

KOHe4Horo ypoeHe~. KaK Mbl BHAeJlH, {311= 8/3. MmKHO noKaaaTb, 

4TO CYMMapHafl eepORTHOCTb nepeXOAS n03J.1TpOHI-1fl 143 OCHOBHOrO co

CTORHHR B 6Jllo1>Ka~WJ.1e B036Y>KAeHHble COCTOfiHHfl C rflSBHblM KBSHTOBbiM 

4HCI10M n=2 onpeAenReTcR no ¢lopMyne /16/ c {-3 12 ::.0,47. B cny-

4ae B036y»<AeHJ.1R ypOBHe~ C rnaBHbiM KBSHTOBbiM 4HCJ10M ll= 3 K03$

$HL.J,H€HT {1
13 

.=:-Q,156.npH 04€Hb 60J1bWHX 11 

1-l = ...!3L . 
ln 5n 3 

RcHo, 4TO nocne npoxo>KAeHHR no3HTPOHHeM AOCTaT04HO ToncToro 

cnoR eew.ecTea /np~t~ BblnonHeH~t~\11 ycnoe~r~H Lin.--:- f.·. rvr I cyMMap

HaR BepORTHOCTb OCTSTbCfl B CBR3SHHOM COCTORHHH npOnOpL.J,HOHSJlb

Ha t;e H Mana no cpaeHeHH~ c eAHHHu,e~, a sepoATHOCTb paaeana 

6J1H3KS K eAHHYIL.J,e. CneAyeT OAHSKO ew.e pa3 nOAI..IepKHYTb, 4TO se

pOATHOCTb OCTSTbCfl B CBA3SHHOM COCTORHHirl MO>KeT 6bJTb 80 MHOrO 

pa3 6onbwe 11npi-1Bbi4HOr0
11 

3HS4eHHA exp (- e /L {>il'lll ).r A€ L pa~m. = 
= 1/Na pa3 B. - CpeAHHi1 npo6er, COOTBeTCTBYIOW,Hi1 paaeany n03HT-

pOHir!fl. 

KaK y)Ke OTM€4SJ10Cb BbiWe, nocne npoXO>KAeHHR MHWeHH u,eHTP TA

>KeCTH no3HTpOHHA npHo6peTaeT nonepe4Hbn1 HMnynbc Q 1+Q 2 ; cooT

eeTCTBeHHO, HanpasneHHe ABH>K€HHR no3HTPOHHR I-13MeHReTCR Ha yron 
~ 4 

..... Ql + Q2 
a ~ 

2p 
AnR TOJ1CTdi1 MHWeHH, KOrAa CTSTHCTH4eCKH 

Q 1 J.1 Q2 pacnpeAeileHbl no 3SKOHy raycca, 

AeileH no 3aKOHY raycca, npH4eM BeJ1H4HHa 

H€38BHCHMble BeKTOpbl 

yron « TSK)Ke pacnpe-

<;; 2 
a ABa paaa 

M€HbWe cpeAHero KBSApaTa yrna MHOrOKpaTHOrO pacceAHHR 3JleKT

pOHS c J.1MnynbcOM p. B rayccoeoM npH6I1H>KeHHH cny4ai1Hble eenH4H

Hbl Ql +Q2 J.1 01- Q 2 CTaTHCTH4eCKirl He3aBHCHMbl. no3TOMy yrJlOBOe 

pacnpeAeileHHe nO~HTpOHI-lA He 3SBHCHT OT TOrO, 8 KaKOM BHyTpeH

HeM COCTORHHH OH OKa)KeTCA nocne npOXO)f{AeHHfl Mlr!WeHH *. 

*AHSJ1J.13 noKa3biBSeT, 4TO 3TOT pe3yJlbTaT OTHOCYITCA TOJlbKO K 

paccMaTpHBaeMoMy 3AeCb npeAellbHOMY cny4al0 a>> R I a - paAI-lYC 

no3J.1TPOHir!A' R - PSAHYC 3KpSHHPOBaHY!R/. npl-1 a/R~ 1 yKa3aHHOe 

CBOHCTBO He3aBJ.1CJ.1MOCTH HapywaeTCfl. 
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3. 06mEE PACCMOTPEHHE. 
3~KOHAilbHbl~ nO,QXO,Q 

Bbrwe npeAnonaranocb, 4TO paaMepbr noalt1TpOHJ.1R eem1KI-1 no cpae
HeHI-110 C paAit1yCOM 3KpaH~-tpOBSHVI.R STOMOB MHW€HI-1, lJT06bf nOHRTb, 
4TO npO!t1CXOAJ.1T nplt1 HapyweHJ.11t1 3TOrO yCI10Blt1R, paCCMOTpHM B 4J.1C
TO M€T0Ait14€CKOM nnaHe npOH1BOn0!10tl{Hbl~ npeA€IlbHblt.1 CJly4Si1, KOTQ
pbtllr peSJ111308SJlCR 6bl, €CJU1 6bl pS3M€Pbl n03lt1TpOHIIIR 6biJH1 04€Hb 
Ma!lbl no cpaeHeHI-110 c aTOMHbiMI-1 paaMepaMI-1 "'. Tor AS 3neKTpOH 1-1 no-
3lt1TPOH HSXOAH!lHCb 6~ n04TH PRAOM, 1t1 BHyTplt1 STOMa Ha Hlt1X AellrcT
BOBSJlO 6bl OAHO H TO >Ke 3J1€KTplo14€CKOe none, 3TO npHB€!10 6bl K 
nOI1HOt.1 K0ppe!1R~lt1lt1 nonepe4H~X lt1MnyhbCOB 3!1€KTPOHS lt1 n03HTpOHS, 
Ha-aa npOTHBonono>KHOCTH aHaKoe 3SPRAS 6blfllt1 6bl BblnonHeHbl pa
eeHCTBa d 1 ..,_Q2' <(Q 1-Q 2) 2>...,4<Q 2 >, rAe<Q 2 > onpe,QenReTcR no 
$OpMy!le /13/ /,QJlfl o6Cy>K,QaBwerOCR B n.2 1160ilbWOr0 11 n03HTpOHHR 
<(Q cG2) 2 > ~2<Q 2 >/. B pe3y!lbTaTe BMeCTO /15/ "/16/ no-
IlYI.!Jtlm1Cb 6bl B,QBOe MeHbWHe 3Ha4eHI-1R, Onpe,Qe!lRIOLlH1e, KaK nerKO 
noHRTb, Hl-1mHIOIO rpaHI-1~Y a$$eKTa. AeHcTBI-1Te!lbHo, a o6~eM cny~.~ae 
scer,Qa <(c1 1 -Q 2 ) 2 >~4<Q.S.cne,QoBaTe!lbHO, npl-1 11106oM peanbHOM co
OTHOWeHI-11-1 Me*AY paSMepaMI-1 n031-1TPOHI-1R H STOMOB MHWeHH cnpaBeA
IlHBbl HepaBeHCTBS 

< w > > ..i(2.£_)2 ~ < w ' 11 3 E a p ' ' mk,.... 
8 

rAe f3mk - K03$$J.14HeHTbl, BXO,QRUIHe B /16/. 
3aMeTJ.1M, 4TO TpSKTOBKa BepORTHOCTeH < Wmk > 

3H84eHH~ KBa,QpSTOB $OPM$SKTOpOB nepeXOAS /CM. 

/16'/ 

1<81< Cpe,QHHX 

171-1911 cnpa-
BeAfJHSa TOilbKO npl-1 YCI1081-1J.1, 4TO KOppellR4HR Me>KAY nonepe4Hb1MJ.1 
J.1MnyJlbC8MH 3J1eKTpOHS H n03J.1TpOH8 111-160 OTCyTCTByeT, 111-160 He 
38BHCJ.1T OT paCCTORHHR Me>KAY 3JleKTPOHOM J.1 no3!-1Tp0HOM. npH npo
J.13BOilbHOM COOTHOWeHHH Mem,Qy Be!lH4HHOi1 a· J.1 pS,QHyCOM 3KP8HJ.1po-
88HJ.1R R 3TO He TSK. 6onee TOI.!Hble $OpMy!lbl, YI.IHTbiBSIOW,He yKa3aH
HOe 06CT0RTe!lbCTBO, MOryT 6b1Tb nony4eHbl C nOMOlJ.IbiO 3i1KOH81lbHO
ro MeTO,QS, KOTOpbiH WHpOKO HCnOilb3yeTCR AJlR Onlo1C8HJ.1R np04eCCOB 
npl-1 BblCOKHX 3HeprJ.1RX /a 48CTHOCTJ.1, B TeOpHH rnay6epa 181 I. Yc
!lOBHe npHMeHJ.1MOCTJ.1 3TOrO MeTO,Q8 K HHTepecy101.1.1eH H8C 38A84e KSK 
paa cosna,QaeT c /5/; ero MO~Ho TSK>Ke san1-1caTb a BJ.1Ae 

Pa2 
f«--t . 

rAe P=IP\ 2P - HMnyJlbC n03J.1TpOHHR. 

*Bnp04eM, HMeHHO TSKaR CJ.1TY84HR MO>KeT HMeTb MeCTO AJlR CBR-
38HHOH CHCTeMbl (fl + /1 -), SH81lOrJ.11.1HOH n03HTpOHHIO, 
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npe,qcTSB~M HOPM~pOBaHHY~ BOilHOBY~ ¢yHK~~~ no3~TPOH~~, Ha

XOA~~eroc~ 8 OCHOBHOM COCTO.RH~~ ~ ABMmy~erOC~ 8 BSKyyM€ 1 8 

B~Ae 

/17/ 

~ 

3,qec b y ....Jo(R, t) - BOilHOBOIIJ naKeT, OnHCbiBSIO!l\~~~~ ABI-1}t{€H~e ~eHT-
2p ....jo ~ ' 4 

pa l-1H€p~l-11-1 n031-1TpOHa, 2p - cpeAHYI\.1 1-lMnyilbC no31-1TpOHI-1R, ¢ 1 (p, z) 

- BOilHOBaR $yHK~H.R OTH0CHT€IlbHOrO ABI-1}t{€HH.R B CHCTeMe nOKO.R 

n03HTpOHI-1R, p 1-1 Z - nonepe4Ha.R H npOAOilbHafl KOMnOH€HTbl BeK

TOpa f = f\ - f
2 

no 0THOW€H\tl~ K \tiMnyilbCY p. 
OycTb n03\tiTPOHJ.1ill npOXOA\tiT 4epe3 CilOIIJ B€\l.I€CTBS TOil~\tiHO~ r, 
6yAeM C4\tiTSTb, 4TO ~€HTp naKeTa nepeCeKaeT rpSHH~Y B€1l\€CT

Ba B MOM€HT Bp€M€H\tl t = 0. T aK KaK CKOpOCT\.1 ~A€P \.1 aTOMHbiX 

3Il€KTpOHOB MSilbl no cpaBH€HI-1~ CO CKOpOCTbiO YilbTpapeJl.RT\.181-iCTCKO

ro no3~TPOH~.R, Mbl MOmeM paCCMaTp\t\BSTb ABiti)!(€HHe nOCil€AHero B 

CP€Ae npH $\tiKC\tlpOBSHHbiX nonomeHH.RX RA€p \.1 3Il€KTp0HOB M\tiW€H~. 

Op\.1 BblnonHeHH\tl ycnoB\ti.R /5/ cpaay nocne BbiXOAa n03\tiTpOH\tiA \.13 

CilOR B€1l\€CTBa BOilHOBSR ¢YHK~\ti.R C\tiCT€Mbl 3Il€KTpOH + no3HTpOH + 

MSKPOCKOn\ti4€CKS.R MHW€Hb np€ACTSBil.R€T co6o11J npoH3B€A€HH€ BOil

HOBO~~! $yHK~H\tl /17/, 83.RTOIIJ np\.1 t=f/c, BOilHOBOIIJ $yHK~HH, xa

paKTep~3YIOil.leill COCTO.RH\.1€ BC€X aTOMOB MMW€HM, 1-1 3~KOHailbHOrO 

¢a3oeoro MHO)!(l-1Ten.R 

rAe I bk ; ~ 1 , fk 2 ... l:;. coe_;>KYnH_£>CTb nonepe4HbiX KOOPAHHaT RAep H 

3Il€KTpOHOB MHW€HH, f kn = r ~;) - bk, J.IIHA€KC k HyMepyeT .RAp a, HH

A€KCbl kn - 3IleKTpOHbl a aToMax I cp. !6! § 152/. <l>asa 0 a ¢opMyne 

I 18/ Bblpa}KaeTc.R 4epea noTeHu,Han KynoHoecKoro saaJ.IIMOAeillcTeM.R c 

nOMO~biO 06b14HOro COOTHOW€HJ.II.R 

/19/ 

CyMMapHa.R aepoRTHOCTb Taro, 4To nocne npoxo*A€HMR cnoR ee

ll\€CTea n03HTp0HMH OCTSHeTC.R B OCHOBHOM COCTORHHH BH€ 38BHC\t1MO

CTI-1 OT H3MeHeHH.R ero 1-lMnyilbCS 1-1 6e30THOC\tiT€IlbHO K B036Y*A€H\t110 

\tiilH \t\OH\t13SU,H\t1 STOMOB MJ.IIW€HH, AaeTC.R BblpameHJ.II€M 
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<Wu 
3....,. ....,. e 2· -+(.J,.)....,. ....,. ....,. ....,. 2....,. 2....,. 2 >~ fd Rlx ~<R.-JI «I f<I>(R ,p,lb ;1 ,e ,,1)¢ (p,z)d pdzl >>(e) 2p c k k1 k2 1 . ' 

/20/ 

B KOTOpOM 01MBOJ1 << >>(e) 03Ha4aer ycpe,qHeH~t~e no 3J1eKTpOH
HOMY COCTORHH~ aTOMOB MHWeH~t~, a 4epTa - ycpe,qHeH~t~e no nonome
HitlRM R,qep. 3,qecb Mbl BOCnOJ1b30Bai1HCb yCI10BitleM nOI1HOTbl AI1R 80!1-
HOB~X $YHK~H~ aTOMOB MHWeHitl lt1 ,QI1R BOI1HOBO~ $yHK~It1H, OnltlC~aa~
~e~ cao6o,qHoe ,qa~t~meH~t~e ~eHrpa TAmecr~t~ noa~t~rpoHHR. $opMyny /20/ 
MOmHO nepenHCSTb 8 Bltl,Qe: 

<W >~ j(ll S(b -~~',p,p '))¢2 Cp,z)¢2 (p', z'llx )R,i.Ji 2 d2 pdzd2p'dzd3R, II k k 1 1 2p C 

/21/ ~ -· -> ....,. ....,. • • ....,. p . ....,. ....,. --> p . -· ....,. S(b,p, p )~«expll[o (b- 2 . 1
1
,1

2 
.. )-8 (b + 2 , 1

1
, I 

2 
,, ) -

....,. P' ....,. ....,. ... P' -~ -+ -o(b--;1
1

,1 ,.J+o(b+-;P .1 ... >11->'< . 2 2 2 1 2 e) 

/221 

8 $OpMyi1e /22/ ycpe,QHeH~t~e npOBO,QitlTCR yme no 3I1eKTPOHHOMy CO
CTOAH!tl~ O,QHOrO aroMa. 

6y,qeM C4~t~rarb, 4TO nonomeH~t~R A,qep pacnpe,qeneHbl no 3aKoHy 
nyaCCOHa. np~t~ nyaCCOHOBCKOM pacnpe,qeJleHHitl T04eK {k 8 Tpex
MepHOM npOCTpaHCTBe cnpaSeAJ1H80 COOTHOWeHHe ;g.t 

r,qe N- cpe,qHee 41t1CI10 T04eK 8 e,qHHitl~e o6beMa. np~t~MeHAA /23/, 
y6eX<,qaeMCR, 4TO C y4eTOM MallOCH! aTOMHbiX pa3Mepoa pe3Y11bTaT ....,. ... { ) --> ....,. ycpe,qHeHio'lR senY141-1Hbr II S(bk-R .L ,p,p') no nono}f(eHY1RM R,qep 
s MaKpOcKonY14ecKo~ MY1ffieHY1 He 3aaHCHT or Rl.J..I. 0KOH4arenbHOe 
Bbrpa}f(eH~t~e ,QilR <W 

11 
> np~t~HHMaeT BI-1A 

/24/ 

....,. ....,. ....,. ... ....,. 2--+ 
K(p,p')~J[l-S(b,p,p')]d b. /25/ 

~3 /22/ cne,qyer, 4TO KGP,P') RBilAercA Heorp~t~~areilbHO~ ,qe~cr
BHTei1bHO~ $YHK~HeH, CHMMeTpH4HO~ OTHOCHTeJlbHO nepecraHOBKH p : P' "' y,qoaneraopR~lJ.Ie£1 ycnoB~t~AM 
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K(p,pl ~o. ' I ->, -~ = Q, /26/ * 
p =p 

3aMeT~M, ~TO 8 3HKOHSJlbHOM np~6J1HmeHHH CyMMSpHOe Ce~eHHe B03-

6y>KAeHHfl H paasana raK}I(e Bblpa}f{aercA L!epe3 $YHK1..111110 K(j),ji'): 

a. = fK(p,p')¢ 2 <r7. z) </> 2(p', z')d 2pdzd2 p'dz'. 
lll - 1 1 /27/ 

TaKI-1M o6pa3oM, a npeAene 04eHb MSilbiX f 

< W 11 > = 1 - N a in f, 

T.e. ~opMyna /24/ nepexoA~T 8 /11/. B o6~eM cny4ae c y4eToM 

AeHcrs~rtrenbHOcn• K( fl,f/") BblnOilHReTCA HepaseHcreo ** 

<Wu> > e-Nain£ /28/ 

8b14HCI11-1M renepb <W 11 · npVI ycnoBYB1 Nai 0 f >>1. B 3TOM npeA~Ilb-

HOM cny1.1ae np1-1 p f:. P" apryMeHT 3KCnoHeHTbl a /24/ eenHK, H Mbt 

Mo>KeM eocnonb3osaTbCA MeTOAOM nepesana. B cHny /22/, /25/ 111 

/26/ $YHKLH1A K(i, ;l') npH MaflbiX I P'-P\ om1CbiBaercA Bblpa}l{eH\IIeM 

.... p -· .... .... ............ 
db(b--

2 
,11'12 ... ) db(b+L

2 
,1 1,1 2 ... ) 

441 ( .... , .... 22 .... · 
K0(p,p'l=s«f[ -------+ -------l<·p -pll d b»<•l' 

db db /29/ 

KOTOpoe HMeeT CTPYKTypy 
( 4( 4, 4)) 2 

K ( 44,) A( )(4' 4)2 C() P P -p 
0 p, p = p p - p t- p 2 

p 
/30/ 

rAe p=IP1· noACTa8nAe /30/ 8 /24/ ~ y4~Tbl8ae, 4TO 3KCnOH8HTa 

E -+ """' 
e-N K(p, P } - 6biCTpO y6biB810U\8fl ¢YHKU,I-1fl, HaXOA14M 

* CornacHo /22/, ReK(p', jj')o:_O, K(p,jl') ~K*(-p,-p')~K'(jl',p'J,B cw 

11y OCeBOa:i CHMMeTPHVI K MO>l<eT 3aBI4CeTb TOilbKO OT CK8IlflpOB P2 
, 

P' 2 , Pfl'. C yyeroM ::nero ImK(P,ji'),Q. 

** PeayJ1bT8T /28/ cneAyeT 143 06U\ero COOTHOWeHHfl 

f~eHdr> exp(f~Hdr/ f~dr) · f~dr, 
cnpaaeAflHBoro ADR nono~HTenbHO onpeAeneHH~x ¢YHKu,HH ~ "' AeHcr
BI4TeJ1bHbiX ¢lYHKU,1-1H H mo6oro 41o1Cna nepeMeHHbiX. B paccMaTpHaaeMOM 

HaMH cnyyae 

ll 



<Pi (p, z)¢;'(p, z ') d2p dzdz' 
< w > ~ -"-1 I --::=:=:;:=::;::---1. ' Nf v A (p) (A(p) + C(p)) 

/31/ 

3,qecb, K6K H a npe,qbJAYI.i.leM paa,qene, Mbl npeHe6per111-1 4JleHaMH 
- exp(-Nainl') /eM. np"Me4aH"e Ha CTp. 6/. 

nerKO BH,qeTb, 4TO aepORTHOCTH nepexo,qa 8 B036y~,qeHH~e CBR-
36HHbte COCTORH.J.1R ¢ k Bbi4J.1CJ1RIOTC.A no $OpMyl16M, 6H6Jl0rJ..14HbJM 
/24/ " /31/ - C 3aMeHO" • 

¢~(p~z) ~¢~(;;,z)¢ 1 (;; ,z), ¢~(;;',z')~¢~(;;',z')¢ 1 (;;',z'), 
no,q4€pKH€M, 4TO 6CHMnTOTlt1t.teCKltli1 36KOH #1/ f #~ nony4€HHbli1 

paHee a npe,qnonomeHHH, 4TO pa,qHyc n03HTPOHHR ropaa,qo 6onbwe 
pa,qHyCa 3KP6HHP086HH.A 6TOMa, HM€eT 06~ee 3H64€HH€. 

B paccMoTP€HHOM a npeAbiAYll.leM paa,qene cny4ae 116onbworo'' no-
3HTPOHHR nepeKpeCTHbli1 4J1€H B ¢0pMyne /29/, COOTBeTCTBY~HH 
KOppeJl.A~HH Mem,qy 3Jl~KTpOHOM H n03HTPOHOM, HC4€36€Tj npH 3TOM 
C(p) .::0, a eeJU.14·HHa A y}l(e He aae1o1o1T oT p, a HMeHHO: 

I <l5(b,G.~ ... ))22~ 
A~-<<f( ~ db» ( l 8 ~ e 

/32/ 

Mo~Ho noKaaaTb, ~Toe paMKax 3~KOHSJ1bHoro noAxo,Qa ¢opMyna /32/ 
JIIMeeT 3KBIIIBSJ1€HTHbti1 BH,Q 

A ~ ...!_ .E_ I " (0) 0 2 dn , 
8 tl 2 . sc 132 'I 

r,Qe a (0) - C€'-l€Hl-1€ paCC€AHI-1A 3J1eKTpOHS C HMnYllbCOM p HS STO-SC 
M€ MHW€HYI B 3J1€M€HT T€J1€CHOrO yrna ill2 BH€ 3SBJIICHMOCTH OT KQ-
H€4HOrO COCTORHHA STOMa. Cne,QoBaTenbHO, eem14~t~Ha NP A nponop
~l-10HSJ1bHa cpe,QHeMy KBS,QpaTy yr11a MHOrOKpSTHOrO KyJlOHOBCKOrO 
paCC€RHHA 3J1€KTpOHS 8 CJ10€ TOJ1LJ.tltiHOt1 f ~ 

I P 2 2 
N£A-- --<0 > 

8 t 2 

,aanee HMeeM 

j¢2
1 
(p, z) ¢>

1
2 (p~, z') d 2;; dzdz'

~_I_ I j 2(K 2) d2; ~ _I __ 
(2rr) 2 3"d 2 

r /33/ 
L pan. 

/34/ 

iK.... "2a2 -e 3AeCb 5(K 2 ) ~ f¢ 1(p, z) e- p d 2r1dz~ (I+ -
4
--) - <J>OpM<J>aK-

TOp OCHOBHOrO COCTORHHR. C Y4€TOM /33/ Ill /34/ 1113 COOTHOW€HIIIR 
/31/ cneAyeT pe3ynbTaT /15/. B o6~eM cny4ae, KaK RCHO H3 /29/, 
cnpaee,QllHBO HepaseHCTBO 
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N 1 K C ~.) < .!:[_ « f ( 0 p,p 4 
dD(b,~,f2 ... ))2 2~ (~'~)2 1(Es)2(~' ~)2 

~ d b» p-p ~-- p -p 
db (e) 4 he 

3TO cpa3y npMBO,QHT K orpaHM4eHHRM CHH3Y /16'/. 
Cne,QyeT nO,Q4epKHYTb, 4TO Hawe paccMOTpeHHe a 3TOM M a npe

AbtAYI!.\eM pa3,QeJ1aX OTHOCHTCA B p8BHO!il Mepe K8K K napan03,1.-!TpOHI<o110, 
T8K H K OpTOn03MTpOHM~. YTO KBC8eTCA BepOATHOCTM H3MeHeHHfl 
CrTMHOBOro COCTOAHMA n03MTPOHMR npH era npoxom,QeHMM 4epe3 cnolil 
Be~eCTBa, TO OH8 Hlo14TO)f{H0 M8J18 (-<W 11 > <e 2 >). 

4. CnY4AA ABYX PA3AEnEHHbiX MHWEHEA. 
KA4ECTBEHHbiA AHAnH3 

nocne npOXO)f{,QeHMA n03MTpOHMeM ,QOCT8T04HO TOJlCTO!il ni18CTMHKM 
eepOATHOCTb OCT8TbCR 8 CBR38HHOM COCTORHMM 04eHb Mana, eepOAT
HOCTb p8388Jl8 6.m13K8 K e,QMHM~e, C ,Qpyroi:1 CTOpOHbl, eepOf!THOCTb 

OCT8TbCR 8 CBfi38HHOM COCT0AHI-1J..1 na~:;aeT C yBeJ1M'-leHio1eM f. ,Q080Jlb

HO Me,QJleHHO, nponop'-'lo10H8JlbHO 1 /F, TaK 4TO npH YAB0€HH~ p OHa 

yMeHbwaetc~ ecero n~wb BABoe. HHa4e o6cto~T Aeno, ecnH BMec

TO MHWeH~ ABO~HO~ TOI1LIU1Hbl HM€10TCft ABe nOCI1€AOBaTeilbHble M~WeH~ 
TOJlll.\~Ho~ P, pacnonomeHHbte APYr ot APYra Ha AOCTato4HO 6onbWOM 

paccTORH~III A. 
PaCCMOTp~M CJ1y4ai1, KOrAa B€JU14~Ha /\ YAOBJleTBOpReT HepaseH

CTBy, o6paTHOMy /5''/, T.e. 

pa2 
II»- 1351 

1i 
TorAa nos~TPOH~ill, pacnastu~ttillcs:t nocne nepeoi:1 M~WeH~, He MO)f(eT 

nepeJIIT~ BHyTp~ BTOpO~ M~WeHH 8 CBs:t3aHHOe COCTOftH~e, nOCKOJlbKY 

Ha nyTIII A eonHOBble naKeTbl 3neKTPOHa H nosHtpoHa pacxOARTCft 

e nonepei..IHOM HanpaeneH~~ Ha paccTORHHe i\ »a. 

aei1CTBHT€I1bHO, ~3 C00THOW€H~JII Tlllna /15/ H /16/ C11€AY€T, 4TO 

np111 <W > <<1 yron V<02>>>.!_, a een~I..IHHa /\>> hA, T.e. c y4e-
mk ~ ~ 

TOM /35/, II>> a. 
no3TOMy HaC AOI1>KHbl IIIHTepecoeatb TOilbKO Te CJ1y4alll, KOrAa 

nocne npOXOmAeH~R nepeoJII MHW€HH n03HTPOHHJII OKS38!1CR CBR38H-

HblM. MacCbl mk A~CKp€THblX CTa4HOHapHbiX COCTORHHJII ¢k pa3n~-
1..1810TCR APYr ot APyra. no3TOMY nocne npoxomAeHHR nyTH A M€*AY 

J1106btMIII napaMH COCTOR.HIIIJII ¢ k Y1 r/J j B03HHKaeT pa3HOCTb ctJa3 a kj 
(m0 -m .)fie 

= % J • EcnH paccTORHHe MemAY MHWeHRMH A HactonbKO senH-Y . 
KO, 4TO Bbtn0J1H€HO HepaB€HCTB0 /35/, TO ctJa3bl akj >>1, T.e. Ha 
BTOpyiO MIIIW€Hb naAaeT HeKorepeHTHaR CM€Cb COCTOftHHJII ¢k C se

CSMYI, nponOP4HOH8I1bHbiMJ.1 1/f. Ka}I(AO€ J.-13 3TH X COCTOftHHill npoxo-
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A1-1T 4epe3 BTOpyiO MI-1WeHb He38BI-1CI-1MO OT OCT811bHblX 1-1 AaeT Ha BbJ

XOAe CB.R38Ht"lOe COCTO.RHV!e n031-1TPOHI-1.R C M8110i1 aepO.RTHOCTbiO, TaK

~e nponop4VIOHanbHOH 1/E. B V~Tore nocne npoxo~AeHI-l.R o6e1-1x MVI

weHeH aepORTHOCTb 06pa30B8HI-1R CB.R38HHOrO n031-1TpOHH.R KOM61-1HI-1-

pyeTC.R 1-13 npOV13BeAeH1-1H M811biX BepO.RTHOCTeH, npon0p41-10HaJ1bHbiX 

1 IE, T. e. np~-1 AOCTaT04HO TOilCTbiX MHWeH.Rx oKa3bJBaeTc.R npe

He6pe)f(HMO M8J10H (-·1/f 2 ). HMeeT MeCTO pe3KOe OTJ1H4He OT CJ1y4a.R 

MHWeHH ABOi:iHOH TOJl~HHbl /1-11114 ABYX MI4WeHeH, pacnono~eHHbiX 611143-

KO APYr OT APYra/. 
HacTo.R~a.R pa6oTa HHI-14H14POBaHa 11. 11. HeMeHOBblM, KOTOpbiH o6pa

THI1 H8We BHHM8.HV!e Ha 803MO~HOCTb He3KCnOHeH41-18IlbHOrO 3aTyX8HH.R 

npw npoXO)f(AeHI414 ynbTpapeJl.RTVIBHCTCKoro noaHTPOHVI.R 4epe3 TOHKVIH 

CJ10H ae~eCTB8 1-1 nOA4epKHYI1 8 CBfi3VI C 3TVIM B8M<Hyl0 pOJ1b. yCJlOBVI.R 

/51. Mbl Bblpa~aeM eMy cao10 ltiCKpeHHIOJO 6naroAapHOCTb. Mbl 6naro

A8PVIM T8K)f(e r.~.~pyKapesa aa Y48CTV!e B Q6CY)f(AeHH.RX. 
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