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1. BeeOeHue 

B ~ ~ 6 /I/ 6 HaUieH He.D,aBHeH pa OTe biJia HCCJie.D,OBaHa BH-
6pouuas MO.D,enbyJKomenbuorocerueToJneKTPHKa-nonynpo
BO.D.HHKa, paccMoTpeuuas pauee B npu6nH*CHHH cpe.D,uero 
nons /IICII/ B pa6oTax H.H.KpucToliJeng H II.H.Koucu
ua 121, npe.D,cTaansiOmas co6oil MO.D,enh nonynpoBO.D.HHKa, 
B KOTOpOH .D,OCTaToquo CHJlbHOe Me*30HHOe 3JieKTpou-4Jo
HOHHOC B3aHMO.D,eHCTBHe npHBO.D,HT K .D,ellJopMaUHH peUICTKH 
HH*e ueKoTopoil TeMnepaTyphi. B /I/ 6bino noKaJauo, qTo 
yqeT 4JnyKTyauuil napaMeTpa nops.D,Ka npu BbJqucncuuu 
CB060.D,HOH 3HeprHH npHBO.D,HT K 3HaqHTCJlbHOMY noHH*CHHIO 
/no cpaaueuHIO c IICII/ TeMnepaTyphi liJaJoaoro nepexo.D,a 
/cl>Il/ T .. , KOTOpag B OCHOBHOM onpe.D,emteTCH liJoHOHHOH no.D,
CHCTCMOH, a He 3JieKTpOHHOH, KaK 3TO nonyqaJIOCb B IlCil, 
a cl>Il oKaJancs nepaoro po.D,a /eM. TaK*e l:ll /. Auanoruq
uoe noHH*eHHe T .. 6hino nonyqeuo B pa6oTe 11~ B KOTopou 
npu uaxo*.D.eHHH nonspuJauuouuoro oncpaTopa 6btnH Y4TCHhl 
.D,HarpaMMhl qeTBepToro nopH.D,Ka no :JneKTpou -llJououuoMy 
B3aHMO.D,CHCTBHIO . 

.LJ.ng UIHpOKOI.QeJibHbiX ce rue TO 3Jle KTpHKOB- .D,H 3JICKTPH
KOB B pa60TaX /5/ 6btna pa3BHTa TeOpHH, B KOTOpOH CHJibHOe 
Me*.D.Y30HHOC 3JieKTpou-4JoHOHHOC B3aHMO.D,CHCTBHe CIIY*HT 
TOJlbKO .D,JIH BBe.D,eHHH OTPHUaTeJibHOrO KBa.D,paTa 3aTpaooq
HOH qacTOThi .D,nuuuoaonuoBbiX onTHqecKHX 4Jououoa, cTa6u
nuJaUHH *e nocne.D,HHX .D.OCTHraeTcs .6naro.D,aps yqeTy au
rapMOHH3Ma perneTKH B nepBOM nopB.D,Ke TeOpHH B03Myi.Qe
HHH. C 3TOH ToqKH 3peHHH KaK yqeT aurapMOHHJMa, TaK 
H yqeT llJnyKTyauuil napaMeTpa nops.D,Ka Ba*Hbi npu BbJquc
neHHH CB060.D,HOH 3HeprHH. C UCJiblO onpe.D,eneHHH COOTHO
UICHHH Me*.D.Y 3THMH .D.BYMH MCXaHH3MaMH CTa6HJIH3aUHH 
paCCMOTpHM HH*C o6myiO Ja.D,aqy 0 cl>IJ B BH6pOHHOH MO.D,eJIH 
c yqeToM aurapMOHH3Ma /B IICII/, nonhJYBCb peJynbTaTaMH 
pa6oTbi I I I. 
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20 Cao6ooHa~ 3Hepzu~ cezHemo3AeKmpuKa 

raMHllbTOHHaH SH6pOHHOH MO.IJ.enH cerHeT03lleKTpHKa,li,S/ 

C y'leTOM aHrapMOHH3Ma npe.D.CTaSHM S SH.IJ.e 

H=H 0 +H 1(A), 111 

~ N 
H0 =! f (k)a +.,..a ,...+! V(O) a+ ,...a_ ... y+ --w~y2 + 

~ a a K a k a k-+ a k a k 2 ak 

1 + 2 2+ N 4 
+-![P~P ... +(w ... +3By )Q"'Q ... ]+-By, 

2 q q q q 'I q 4 

llal 

A + H (A) = _ ! V ( q} a ... a _ ... k ... Q ... + 
I - k~-~ a k a -q q yN a q 

1161 

3 B 4 B 
+A y -! Q ...... Q ... Q-+ +A vN <i q -qlq2q1 q2 

! Q.... .... -> Q .... Q ... Q~ , 

I 2 
4Nqqq-q(q2-q3 ql q2q3 

I 2 3 

+ r.D.e a .-> H a k-+ - onepaTOpbl pO)I(.IJ.eHHB H YHH'ITO)I(eHHH 
UK U -+ .. 

3lleKTpOHOB C HMnyJihCOM k H 3HeprHeH E (k) B 30He 
a = 1,20 V(ql- MaTpH'IHhiH 3neMeHT Me)I(30HHgro 3JieKTpoH-

4>oHonaoro S3aHMO.IJ.eHCTSHH, H n03TOMY npH CyMMHpOBaHHH 
no a = 1,2 HH.IJ.eKC a = 2,1, COOTSeTCTSeHHOo Q-oH p-> - Hop
MaJibHbie KOOp.IJ.HHaTa H HMnyJibC ~KTHSHOrO bnru\ecKoro 

<t>oHOHa c 'laCTOTOH (L) if' a y~ N- 2 v<Q q=O > - cpe.IJ.Hee 
CTaTH'IeCKOe CMeii.J;eHHe HOHOS O.IJ.HOH H3 no.IJ.pemeTOK npH 
<l>llo raMHJibTOHHaH H 0 onHCbiSaeT CHCTeMy B IICII, a 
H 

1 
(A) y'IHTbiBaeT s3aHMO.D.eilcTsHe 4>oHOHOB -<t>nyKTyau;Hil cMe

II.J;eHHH HOHOB, C 3lleKTpOHaMH H .IJ.pyr C .IJ.pyrOMo A MeHBeT
CB oT 0 .D.O 1, 'ITO cooTseTcTsyeT nepexo.D.y oT H 0 K H 0 
Onpe.D.eJIBH cso6o.D.HYIO 3HepruiO, 3aSHCHII.J;YIO OT A, s SH.D.e 

_ H(A\ 

F ( A.l = - T en Sp c T 121 

nonyqaeM .D.JIH uee ypaaHeuue 
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I aH I(.~) 
AF =F-F =~I d,\ < ---> , 131 

o 0 a,\ >.. 

r.D.e F 0 = F ( A) - cso60.D.HaB 3HeprHB s rrcn, KOTOpaB, 

cor nacHo I lal, pasHa I cpo c 12 I 

F =-NT f'n[2(1+ch _Q_))+ liw2y 2+ N By4 + 
o 2T 2 ° 4 

+T ~en (2sh 
q 

( 2 
yw-++ 3By2 

_.,!L_ ·---) 0 

2T 

141 

2 2 2 ~ 3.IJ.eCh K = ( ,~ + 4 V (0) y ) 2 
- 34><beKTHSHaB menh, y'IHThi-

saiOmaB H3MeHeHHe 3aTpaso'IHOH menu L\ ""( 2 (1Z)-fi(k) 
Me)I(.IJ.Y 30HaMH 

1 
~pH CTaTH'IeCKOM CMell{eHHH no.D.pemeTOK 

Ha senH'IHHY y I 
1: 

IIpu sbi'IHCneHHH nonpaBKH nepsoro nopB.D.Ka K cso6o.D.HOH 
3Hepruu 131 6y.D.eM y'IHTbiSaTh TOnhKO 3neKTpoH·4>oHOHHoe 
s3aHMO.D.eilcTBHe a I 161, onycKaB qneHhi sbicmero nopB.IJ.Ka 
no A 0 TaKoe npu6nu)l(eHHe cooTseTcTayeT yqeTy aHrapMo
HH3Ma a IICII H npeHe6pe)l(eHHIO KoppenBI.J;HOHHbiMH 3<i><beK

TaMH ls3aHMO.D.eHCTBHeM <t>nyKTyau;HHI o 
Tor.D.a nonpasKa L\ F K cso6o.IJ.HOH 3HeprHH Fo , .D.nB 

HI(A)->.. 6y.IJ.eT HMeTb SH.D./l/ 

0 ~ 
;\, F = T ! fn sh _q - T 

-. 2T 
q 

! f'n sh j w ~ + 3 B y2 

q 2T 

r.D.e 
2 -;!\ 2 -

0 2 =uJ 2 + 3By 2 - .ZV (q,A th~ o 

q q L\3 4T 
IIonHaB cso6o.D.HaH 3HepruH c yqeTOM I 41 pasHa 

~ N 2 2 N 4 
F =-NT fn [ 2(l+ch --) ]+ - w 0 y +--By + 

2T 2 4 
o ... 

+T!. f'n2(sh__.!l._), 
-> 2T 

q 

lSI 

161 

171 
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r .li.C 'laCTOTa M11rKOH MO.ll.hl QJ-> 3aBHCHT OT CMCI.l(CHHH llO.ll.

perneToK y cornacHo $opMyne 61. 

3. YpaeHeHue OAJI napaMempa nopJIOKa 
u meMnepamypa 4Jfl 

TeMnepaTypa <l>ll T ,. H ypasHeHHe .n.n11 paBHOBecHoro 

3Ha'leHH11 napaMeTpa nop11,D,Ka y =Yo ( T) onpe,D,engeTCH 

H3 ypaBHCHH11 d F I d y o- 0, KOTopoe, cornacno 17 I H 161, 
HMCCT BH,!J, 

x!lt l_ _!l_x2_ r th-~+1_( 11 + -~v __ ) _l x 
2 !! (1 2 2T 2 ( 1 X 2)5/2 N V +X + 

'f 1 ({+ 
x ~ -- cth --!L l = 0, 

q a-. 20 
q 

r,D,e BBC,!J,CHhl 6e3pa3MCpHbiC BCJIH'IHHbl 

B n -· q 
~_..!}_ , IL 

I' ,'\ 
= wt' a_.,.=~, 

q wo 

X = _2V(O) A--Y, 
2V 

2
(q} 

r =-~--

q AuJ ~ 

0 = _!_ 
u) o' 

r = r 
0 

181 

191 

,_ 

' (x 11BJIHCTC11 6e3pa3MCpHhiM napaMCTpOM nop1i,D,Ka, a r-> H 

11. - 6e3pa3MCpHbiC KOHCTaHThl 3JICKTpOH-$OHOHHOH H q$o-

HOH-$OHOHHOH CB113CH, COOTBCTCTBCHHOJ. 

YpaBHeuue 181 HMeeT TpHBHaJihHOe perneuue x = 0 , 
COOTBCTCTBYWI..UCC napa$a3e. PaCCMOTpHM ypaBHCHHC 181 
npu T =0. Ilpu 3TOM nonyqaeM orpanuqeuue Ha senH'IHHY 

r, r > r C , llpH KOTOpOM B03MO)f(H0 peiliCHHC 181 C X /= 0. 
3TO KpHTH'ICCKOC 3Ha"'CHHC T = T , KaK CJIC.li.YCT H3 181, 

c 
paBHO 

6 

I 
( 

l 

r =l+.l.(~-t+r 2v)_l_I;_l ""1+2_(11+r 2u) 1101 
e 2 c Nq a 4 c 

H Mano oT nuqaeTC11 oT e,D,HHHU.li I eM. I 21 I npu 11 , I/ << 1 • 
Ilocne,D,uee ycnosue swnonH11eTC11 .n.ng peanbuwx cer

HeTo3neKTPHKOB, ll03TOMY f1 H v 11BJ111ffiTCH MaJihiMH napa

MCTpaMH 3a,D,a'IH. 

C'IHTaH ycnosue r> r ,. BhlllOJIHCHHWM, H3 181 TaK)f(C ua

XO,!J,HM TeMnepaTypy <l>IJ T c , npH KOTOpoii pernenHe 181 
B cerneTo$a3e o6pamaeTC11 B uynb, x 

0 
(T,.) =0; 

0 = l-L=....l 
<" 9 fl+T~ 

.L»e » 1, 
c 

I1Ial 
v 

g r-rc 1 ----, 0 =- 3 ll+r2v ,. TT 
0 « L ., I 1161 

llpH 11~ 0 H npH F=0, COOTBCTCTBCHHO, HMCCTCH COrJiaCHC 

C pe3yJibTaTaMH pa60T 111 H 151. 
I I I 

)l.nH OllHCaHH11 KapTHHhl <I>IJ, KaK H B pa60TC- , MO)f(HO 

nocTponTb pa3JIO)I(CHHe Jlau,D,ay .n.nH cso6o,D,uoii 3Heprun 17 I 
2 

no cTeneHHM napaMeTpa nopH,D,Ka x << 1: 

f(T,x2)=_!_F(T,x2 )=a(T)x2 +.!....fi(T)x4 +-
6
1-y(T)x 6 . 

N 2 
1121 

)l.nH K03~HU.HCHTa a (T) llOJiy'laWTCH CJIC.li.Yffii..UHC Bhlpa)f(e

HHH: 

T-T .., r- 1 
a=--- • 

T r 
c 

T-Tc r- 1 
a= . 

T T 
c 

L\ . -
4 

L\ . -2, 

T »wo, 
c 

T << wo ' c 

l13al 

11361 

KOTOphiC OT JIH'iaffiTC11 OT COOTBCTCTBylOI.l(HX lPOPMYJI pa6o

Thl /I/ TOJihKO 3Ha'ieHH11MH T 1111. 
c 

BTopoii Ko34xlJuu.uenT pa3JIO)f(CHH11 JlaH.n.ay MO)f(CT 6hiTh 

3allHCaH B BH,!J,C 
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d 2 f 13=---1 
d(x 2 ) 2 x=O 

2 
11 +T V ~ 

=--- ----- + 
8r 2 v 

2 
1 d do-+ 1 n <I 

+ _._ ( -- !. ( -.!L - cth --)] 
4 N dx 2 q-+ dx 2 0 -+ 2 T x=O 

q 

1141 

BTopoii qneH B <tJopMyne 1141, npe,l1,cTaBnHIOIUHH co6oii 

nonpaBKY K IICII, oTpuu.aTeneu u MO)I(eT npeBhilllaTh nepBhiH, 

ITOCKOllhKY nponopU.HOHaneH !, - 1- - _1_ , KOTOphiH pac-

tt n~ n 0 
XO,lJ,HTCJI npu T -+ T . IIo3TOMY (3 q <0 u HMeeM <I>II nepBoro 

c 3 2 3 
po,l1,a. IIpu 3TOM TpeTHH K03$$uu.ueHT, y = [ d f I d(x ) ] x =O, 

BCer)J,a ITOllO)I(HTeneH. 3aMeTHM, O)J,HaKO, 'ITO Mhl He MO)I(eM 

C)J,ena Th OKOH'la TenhHhiX BhiBO,lJ,OB 0 po)J,e <I> II, ITOCKOllhKY 

npeHe6pernH Ba)I(HhiMH B OKpeCTHOCTH <I> II KOppenJIU.HOH

HhiMH 3$$eKTaMH, CBJI3aHHhiMH C nocne)J,HHMH ,lJ,BYMJI qne

HaMH B raMHllhTOHHaHe 1161, KOTOphle 6blnH OT6pollleHhl 

B HallleM npH6llH)I(eHHH. 

4. 3alul1otteHue 

KaK BH)J,HO H3 nony'leHHhiX Bhillle <iJopMyn IBI- I 111, napa

MeTphl 11 H r 2v BXO)J,JIT Be3)1,e a)J,)J,HTHBHhiM o6pa30M. IIo

CKOllhKY 11 H r 2 V CBJI3aHhl COOTBeTCTBeHHO C yqeTOM aurap

MOHH3Ma B nepBOM ITOpJI,l1,Ke TeOpHH B03MyiUeHHH H 3lleKT

poH-$OHOHHOrO B3aHMO)J,eHCTBHJI B '!eTBepTOM ITOpJI,l1,Ke, TO 

'lHCneHHaJI OU.eHKa fl. H v )J,llJI KOHKpeTHhiX BeiUeCTB IT03BO

nHeT ycTaHOBHTh, B KaKOM COOTHOllleHHH HaXO)J,JITCJI CBJI-

3aHHhie C 3THMH B3aHMO,lJ,eHCTBHJIMH MeXaHH3Mhl CTa6HnH-

3aU.HH Kone6auuii pellleTKH. Ou.eHHM 3TH BenH'lHHhl ,lJ,nH lllH

poKomenLHoro <tJeppo3neKTPHKa-,lJ,H3neKTpHKa, BaTi0 3 
)J,nJI KOTO~oro, cornacHo/

5
• B'/Mw~ = 1,2 A-2 ,uJ 0 :: = 10 13 c- , M = 10-22

z, i'l = 3 3B. IIo3TOMY v= hu)o / i'l = 

B' h 
=0,002, 11 = 

2 Mw 0 Mw 0 

= 0,012 I B HalllHX o6o3Haqe-
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HHJIX B=B'/M 21. lfTaK, ,lJ,nH lllHPOKOIUenLHoro cerueTo-

3neKTPHKa Ba)l(eH uMeHHO yqeT aurapMOHH3Ma lcp. 151 I. 
)J;nJI y 3KOIUellhHhiX cerHeT03lleKTpHKOB- nonynpOBO)J,HHKOB 

cne,lJ,yeT O)I(H,lJ,aTh o6paTHoro v::?fJ. H <tJnyKTyau.uu napaMeT

pa nopH,l1,Ka 6onee cymecTBeHHhi, '!eM aHrapMOHH3M. 
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