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Mo,QeJlb 11 MeWKOB 11 /l/ 3SCJ1Y>K1411S npi43HaHI4e KSK KBapKOBafl MO,QeJlb 

a,qpOHOB, n03B011R~~aR B~414CJ114Tb 60J1bWOe K011144eCTBO MX CTSTI44e

CKHX CBOHCTB/2/, npe,QCKS3SHHbte 3HS4eHI4R cneKTpa Mace Me30HOB 

14 6api40HOB, MarHI4THble MOMeHTbl 6api40HOB, OTHOWeHI4e aKC14SJlbHO~ 

KOHCTaHTbr CJ1a6oro 83614MO,Qe~CTBHR K BeKTOpHOH 14 ,qpyri4X aeiH-11..11-1H 

npeKpacHO COrJlacy~TCR C 3KCnepi4MeHTS11bHbiMJ.1 ,QSHHbiMI4, 

BMeCTe C TeM 14MeeTCR PR.Q npo6neM, peweH14e KOTOpbiX B MO,QeJ1J.1 

MeWKOB .AB14J10Cb 6bt BS>KHbiM WarOM B nOHI4MaHI414 CTPYKTypbl 3TO~ MO

,QeJ114, Cpe,QI4 TaKJ.1X npo6neM He06XO,QJ.1MO Bbi,Qe1114Tb 3a,Qa"'!l4, CB.A3aH

Hbte C 143yl..leHI4eM CTpyKTYPbl 4aCT14U.bl. 3TO, so-nepabiX, Bbi4HCJ1eHI-1e 

cpe,qHeKaa,qpaTI4"'!Horo sneKTpoMarHI4THoro pa,ql4yca HeHTpOHa 131 /cne
AYeT OTMeT14Tb, 4TO B O,QHOH 143 sepcHH MO,QeJll-1 MeWKOB - 11MaJ1eHb

KOM MewKe 11141 - 6blno nonyl..leHo npaBI411bHoe 3Ha"'!eHHe aTo~ aeni4-

"'~"'Ht¥ Bo-aTOPbiX, B nocne,QH14e rO,Qbl, B CBR311 C 14-3y"''eHI4eM CTeneH

HbiX nonpaaoK K cKe~JlHHry oco6y~ sa>KHOCTb npl4o6pena ,qeRTenb

HOCTb, CBR3aHHaR C Bbi4HCJ1€HI4eM CTpyKTypHbtX CIJYHKU.14H 15/. • 

tlnR paapeweHI4R soaH~t~KWltiX TPYAHOCTe~ npe,Q!larani-1Cb pa3J1~t~4Hbte 

MeTO,Qbl, Hanp~t~Mep: y4eT TpaHCJlRU.It!OHHO~ 14HBSpl4aHTHOCT14, 14CnOJ1b-

30BaHI4e BMeCTO noTeHU.14aJ1a 8 Blt\,Qe npRMOyrOJ1bHO~ nOTeHLJ.I4aJ1bHO~ 

RMbt, axo,qR~ero a ypasHeH~r~e ,ll~r~paKa, ,qpyr~t~x aan~t~pa~t.qlrlX noTeH

u.Hanoa. B pa6oTe/61noKa3aHo, "''TO y4eT TpaHC11RU.140HHo~ J.1HaapHaHT

HOCTH 8 T04HO pewaeMO~ ,QByMepHOH MO,QeJlH MeWKOB He o6ecnei..IHBaeT 

CXO,QHMOCTIII BKJla,qa 8 CTPYKTypHy~ CIJYHKU.H~, o6yCJ10BJ1eHHOrO MOpeM 

KBSpKOS, BMeCTe C TeM, HCnOJ1b30BaHHe ,qpyroH ¢opMbl noTeHU.HaJ1a 

MO>KeT npHaecTH K cy~eCTBeHHOMY ynyi..IWeHH~ peaynbTaToa. B 4acT

HOCT~t~, B pa6oTe/7/ HS OCHOBe pa3yMHbiX $H3HI..IeCKI4X C006pa>KeHHW 

6bt110 noKa3aHO, 4TO CTPYKTYpHbte $YHKU.141-1 MO>KHO COrllaCOBaTb C 

3KCnepHM€HTOM, eCJllrl npe,QnOJ10>KI4Tb, 4TO pa3Mep 06JlaCTJ.1 KOH$a~H

M€HTa Jllr!HeHHO paCTeT C 3HeprHeH KBapKOB. 8 HaweH pa6oTe Bbi-

4HCJ1eH cpe,QHeKaa,qpaTH4Hbt~ pa,QHy(: He~TpOHa B MO,QeJlH MeWKOB C 

14cnonbaoaaH~t~eM JlHHe~Horo noTeHu.Hana. KaapK~t~ a MewKe npe,qnona

ra~TCR 6eaMaccoa~MI4. PaHee 181 6~110 noKaaaHo, 4TO HcnonbaoaaHHe 

Dlt\HeHHorO noTeH414ana np~eMJ1€MO AnR pac4eTa CTSTI-14eCKHX CBO~CTB 

aAPOHOB. HeKOTOpbte pa3MepHble COOTHOWeH~R, npeACTaBJlR~~lt\e lrlH

Tepec np14 pa60Te CO CTeneHHbiMH noTeHU.~~taJ1aMJ.1 B MOAellH MeWKOB, 

nOJ1y4eHbl B pa60Te19< KaK OTMe4aJlOC b Bbtwe, BOJ1HOBaR ¢yHKU.lt\R HH-

AHB~,qyanbHOrO KaapKa y,qoaneTeopReT ypasHeHI4~ ,llHpaKa: • 
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• 

r,qe d , /3 - MSTPI-14bl /.lHpaKa, ( 0 - 3HeprHR KBapKa 8 n -M pa,Qio1a!lb-HOM B036y}l(,qeHH11, b > 0. /.lrrR if; (i) lo1MeeM 06bt4HOe CQ>epJ.14eCKI-1-CHMMeTpH4HOe npe,qcTaBJleHio1e: 

~ g(r) 

.;, (r) " ~ if(r) /2/ 

r,qe 0 jfm (D) - wapOBble CnHHOpbl, COOTSeTCTBYIOutYre nonHOMY MOMeHTY j. YpasHeHHe /1 I c rpaHYr4HbrMvr ycnoe!-1RMI-1 perynRpHOCTI-1 eon Heeo~ ¢YHK4HH a Hyne vr Ha 6ecKoHe4HOCTI-1 pewaeTCR 4HcneHHO. Co6-CTBeHHbre aHaYeHHR ypaeHeHI-1R /1 I, Bblpa}l(eHHbre a e.QHH1t14ax Vb. 
' ltiMeiOT 3Ha4eHHR (x n "" ~ ) : 

X l ~ 1,62; x2 ':'2,60; y' b X S ~ 3,40. 131 
B HynesoM npvr6n1-1meHHJ.1 KeapKH He eaaHMO,qe~cTBYIOT. YYeT aaai-1MOAe~cTBitiR 3a C4eT 06MeHa rlliOOHaMH npOJ.13BO,QHTCR nO TeOPI-111 B03MyuteHHI1, paapa6oTaHHOi:1 8 /3,10/, 
Mbl l1cnonbayeM MO,qenb 111 , a KOTopoi1 ¢HKCHpyeTcR pa,q1o1yc /a ,qaHHOM cny4ae napaMeTp noTeH411ana b I MewKa. 3To csR3aHo C J.1.CnOJlb30BaHHeM npoMe>KyT04HbiX COCT0RHHi1 8 ¢opMaJlJ.13Me pa60T/3,10l_ 8 TaKOM C!ly4ae He06XO,QJ.1MO C4HTaTb, 4TO KBapK, HCnycKaR Hllltl nornoutaR 8HpTya!lbHbli1 rniOOH, H8XO,QI-1TCR B Bb1COKOB036y>K,QeHHOM pa,QHaJlbHOM COCTOJ=IHHH TO.rO >Ke pa,q1-1yca, 4T0 11 nepBOHa4aJlbHbli:1, BonHOBbre ¢YHK4l1H KBapKOB, aa,qaHHble ypasHeHHeM /1 I, onpe,qeneHbl a o6nacTH 0 <r < ""'· O,qHaKo a¢$eKTHBHO KBapKH HaXo,QRTCR a o6beMe c pa,qvryc;;M, no nopR,qKy senH4HHbl pasHbiM pa,qr.1ycy R KnaccvrYeCKI-1 ,qocTynHoH o6nacTH. BHe 3Toro o6beMa aonHoeble ¢YHK4Hl1 HMeiOT acHMnTOTHKy: exp[ -b(r -R) 2 

] • 8 3TOM CMbiCJle Hawa MO,qenb ecTb MewoK ·c rpaHHI.IeH, npe,qcTaBnRIOutel1 co6oH nepexo,qHblt1 cno~. fpaHf.14Hble YCJlOBHR AJIR pa,qHa4HOHHbiX MO,Q rnJOOHHOrO nOJlR HMeiOT 06bi4Hbli:1 BH,Q 11 CTaBRTCR Ha c¢epe BHYTPI-1 yKa3aHHOrO nepeXO,QHOrO CllOR. 3TJ.1 MO,Qbl y,qo6HO BbJpa3Y1Tb 4epe3 CKallRPHOe none 

¢I (;) = Nj, (kr) Y
1 (!1). 

/4/ k.m l. .m 

r,qe N - HOpMI-1POBKa' j r (r) - c¢e~f.14eCKaR ¢YHK4J.1R 6eccenR' Y Em- wapoaaR ¢1YHK4HR. Tor,qa ebrpa>KeHJ.1e AJIR nonel1 a KYilOHoBcKor:1 Kanr.16poaKe npf.1HJ.1MaeT aH,q: 

!51 
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171 

r ,qe k onpeAeneHo 

d 
-[rj,(kr)l\ -~0. 
dr t. r= R 

!8! 

TE 14 TM -MOAbl - 3TO I-13BecTHble Vl3 Knaco14ecKoH aneKTPOAIIIHSMI4-

K14 peweH\41'1, OTBe4SIO~He pa3!1H4Hb1M 4€TH0CT.RM. 0CHOBHOMy BKilSAY 

B 3$¢eKT, paCCMSTPI-iBaeMbllli 8 ,qaHHOVi CTSTbe, COOTBeTCTeyeT TOilb

KO TE -Mo,Qa /7 I c e = 1. B 3TOM CJ1Y4ae co6CTB€HHble 3Hal..leHHR 

ypaBH€HVIR /8/ paBHbl: 

kR ~ 2,75; 6,12; 9,32 ... /9/ 

HopMHpoe04HbiVi MHOH<HTeilb N e $opMyne 

( 
(~ii/ .\ v, I . 

(kR) 2 -2 J 
/10/ 

3neKTPOMarHI<-1THb1H pa,qHyc Hel~hpoHa ecTb cpe,QHee OT onepaTo

pa ~q.r 2 : 
1 1 

/11/ 

r,qe q i - aapRA i -ro KBapKa, HSXOARU\erocR B TO '-IKe r i , 14 1!/J, N> 

npe,QCTaBn.ReT eonHoeyiO ¢yHK~1410 HeViTpoHa. B HyneeoM npH61114H<eHI414 

no KOHCTSHT€ g pa,QHyC H€i1TpOHS paeeH HY.n!O. 3TO npm1CXO,QYIT B ca-t

ny TOrO, 4TO BOilHOBSR ¢YHK~14R CI4MMeTpi44HS nO COCTOAHHFIM 

KeapKoe, no3TOMY s /11 I ~a-noA ~HTerpana MO>KHO Bb!HeCT~ nonHblli! 

3apflA HeliiTpoHa, KOTop~li! paseH Hyn~. Ecn~ >Ke y4TeM cneAY~~~e 

4!1eHbl pa3!10>KeH~fl npOCTpaHCTBeHHOt:i 4aCT~ BOilHOBOt:i ¢YHKL.t~~ t cpeA~ 

KOTOPbiX Y>He 6YAYT 4fleHbl, HapyWaiOW,~e yKa3aHHYIO C~MMeTp~IO, TO no

Ily4~M HeHy!leBOe 3Ha4eH~e paA~yca. nocTaT04HO ~MeTb pa3IlO>KeH~e 

AO BTOporo nopRAKa no KOHCTaHTe CBR3~ g /3/ : 

nL,mM 3 - E 
+g ~ bk(l) \(18112) (nL1/2)(mM1/2)·Gk> + 

nL, mM 
/12/ 

kl 

+ g2 ~ cnL,mM \(181/2 )(nL 1/2 )(mMl/2) > ' 
nL, mM 

nrm f 1 
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rAe nL npe_ACTSBJ1R€T KBapK 8 n -M PSAHSJlbfOM 8036Y}!(.A€HHI-1 1-1 L = S,P,D •.•• ; M - cocTORHI.1e aHTI.1KeapKa 1-1 Gk - rntOoHa c yr1108bJM MOM€HTOM 1 1.1 BO!lHOSbiM Ylo1CJ10M k. 
noApo6Hbn1 aHa.nl-13, npoee,qeHHbrl1 s pa6oTe /

31
, np1.1BOAI.1T K cneAYIO~eMy B~pa}!(eHHIO AJ1R paA1.1yca He~TpoHa: 

<r 2 > 
n1 

r,qe cu
0 

=X 
0
-x 

1 
/3Hal.leH1.1R x

0 
<r2> =N N Jdrf r 2¢ . n1 n 1 n 1 

- 11 - 1n (y4rrlk )(y4rrlk) 3 k 
------(-+-), 

k2(k+wn) 2 wn 
/13/ 

-· 13/1, 

Be11Hl.II.1H~ r 1F HeCyT nonHyiO 1.1H¢OpMa~l.110 o KeapK-r!ltOOHHol1 sepW1.1He. AHani.1TI.1~ecK1.1e s~pa}!(eHI.1R A11R K8apK-aHTr.1K8apK-r1ltOOHHol1, K8SpK-K8SpK-rJ1100HHO~ 1.1 TpexrJliOOHHO~ BepWHH 8 CJlyYae MOA€!11-1 C 6eCKOH€YHOrJly60KOI1 nOT€HLJ.IIISJlbHOI1 RMOJ.1 np~t~B€,Q€Hbl 8 pa60T;e: 11/ ,lJ,.nR MO,Q€111-1 C J1J.1H€J.1HbiM nOT€HJ.tiiiSJ10M aHSJ1JIITIIIY€CK0€ npe,QCTSB11€Hio1€ peweH~t~H ypaBHeH~t~R A~t~paKa OTCYTCTBYeT,H 3HaYeH~t~R cooTseTcT8ytO
~~~~x B€11111YIIIH HSXO,QRTCR YHCJ1€HHO 1.13 B~PS}!(€Hr.1R: 

IF 16 1/2 R Ik =-C-
3 

rr) NkNI NF f r2drj (kr)[g(x :_)f(x 'J-0 1 FR IR /14/ 
r r - f(xF =) g(x I ..,. )] • R R 

3,Q€Cb ! , F - pa,QJIISJlbHbl€ KBSHTOBbl€ YI-1CJla KBSpKa B HSYSJlbHOM Ill KOH€YHOM COCTORHIIIRX. g(r) f{r) - pa,q~t~aJlbHbl€ pe.weHJIIR ypa8-H€HHR Ar.1paKa. 

PeaynbTaTbl 8bJ4111C!leH~t~R OTHOWeH~t~R aneKTpoMarH~t~THoro paA~ttyca HeHTpOHa K pa,q~t~ycy npoToHa nPI-18€.Q€Hbl 8 Ta6n~t~u.e. 

TaOJIH:o;a 

/3/ Hama paOoTa 3KCII€pHMeHT 

-0,02a
5 -0,15 

Bb1Y~t~cneHHaR 8€11~4J~~Ha He aaBHCHT oT pa3Mepo8 MewKa, a aaeHCHT J1Y1Wb OT napaMeTpa T€0PIIIIII 803MYI.lt€HHJ.1 as= g
2 /4tr. Cyw,ecTseH-

HO€ pS3JlH4H€ M€}!(.QY HaWJIIM P€3YJlbTaTOM Ill P€3YJlbTSTOM pa60Tbl 'a/ 06bRCHR€TCR CJ1€.QYIOW.IIIMJII npiiiYHHSMH: 
a/ pa3J1H4HOe pacnOJ10}!(€HIIIe ypOBHeJ.1 8 nOT€HLJ.HSJlbHO~ RMe H J1HH€J.1HOM noTeHLJ.HSJle, 
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6/ cyw.ecTBeHHOe pa3JlH4He 3Ha4eH~ttlli BeJlH4HHbl <r~2 >, xapaKTe

pi-13YIOtu.elli nepeKpblTI-le BOJlHOBbiX ¢YHK41t1&7i OCHOBHOrO VI nepeoro pa

AH6JlbHO B036ymAeHHOrO ypOBHe~. 

ABTOP 6~aroAaplo1T n.H.6oronl06oea, ~.B.C~t~AOPOBa 1-1 H.6.CKa4-

KOBa aa none3Hble o6cy>«.QeH~t~R. 
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