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I. BBE/lEHHE 

Ha npoTR*CHHH nocneAHHX ABYX A6CATHner~~tH a reopeT~~t4eCKoH 

AACPHOiil $H3HKe ycneWHO npHMeHR~TCA noflYMHKPOCKOnH4eCKHC MOAe

flH. npHBflCK86T B HHX r.naBH~M 06pa30M OTHOCHTCflbHaR npOCTOTa, 

noaaonR~~aA 4HCflCHHO pacc4HT~BaTb paanH4H~e xapaKrepHCTHKH 

OCHOBHoro H Bo36Y)f(ACHHoro COCTOAHHiil B fiAPBX. 0AH8KO· ·a OT.nH-

4He OT MHKpOCKOnH4eCKHX nOAXOAOB, fAC raMHflbTOHH8H AAP8 CTpo

HTCR Ha OCHOBe HYKflQH-HYKflOHHOrO B38HM0Aei71CTBHR, no.ny4CHHOrO 

H3 3Kcnepr~MeHTaJlbHbiX AB.HH~x no NN -paccefiH\ItiO, a nonyMI-1Kpo

CKOnH4ecKHX MOAeflAX B3aHMOA6i71CTBHe Me)f(AY HYKflOH8MH, HaXOAR

~HMHCR B cpeAH6M no.ne, B~6HpaeTCR ~eHOM6HOflOrH4CCKH. no3TOMY 

B~6op 6o.nee pea.nHCTH4CCKOfO OCT8T04HOrO B38HMOAeliiCTBHA AB.nA

eTCR Ba*H~M MOMeHTOM B ycoeepweHCTBOBaH~~ nOA06H~X MOAeJle~. 

B ca~a~ c HOBbiM~ 3Kcnep~oo~MeHTa!1bHbiM~ AaHHbiM~ no (e,e')-~ (p,p')

pacceRH~~ nOBbiWeHHbl~ ~HTepec npORBJlReTCR K H3y4eHH~ cnHHOBbiX 

KOMnOHeHT OCTaT04HOrO B3aHMOAe~CTBHR. HccneAyeTCR HX BJlHRHHe 

Ha CBO~CTBa B036Y*AeHHbiX COCTORHH~ aHOManbHO~ 4eTHOCTH, Mar

HHTHble MOMeHTbl ~Aep, .M1-paAHa4HOHHble CHJ10Bble $yHK~HH. Bonpoc 

*e 06 HX pOJlH B ¢opMHPOBaHHH COCTORHH~ 3JleKTpH4eCKOro THna oc

TaeTCR noKa Mana H3y4eHHbiM.TaK,HanpHMep, B KSaa~oot4aCTH4HO-$O

HOHHO~ MOAeJlH RAPa /K4>M/ ill, KOTopyiO Mbl B03bMeM a a OCHOBY, E.:\

COCTORHHR TpaAH4HOHHO reHepHpyiOTC~ cenapa6enbHbiMH MYilbTHnonb

HbiMH CHnaMH. 8 HaCTOR~e~ pa60Te nOMHMO HHX B raMHJlbTOHHaHe Mbl 

Y4TeM TaK*e H CnHH-MYJlbTHnQJlbHble CHJlbl. AHanorH4Hbl~ nOAXOA K 

y4eTy CnHHOBbiX KOMnOHeHT npH H3y4eHHH CBO~CTB HH*a~WHX o+~H 

2+- B036Y>KAeH~ootloi AeebOPMHpOBaHHbiX RAep HCn0!1b30Ba!1CR aBTOpaMH 

pa6oT l2,3( 3AeCb Mbl paCCMOTpHM BJlHRHHe CnHHOBbiX CHJl Ha CBO~CT

Ba KaK HH*a~WHX B036Y*AeHHbiX COCTORHH~ 3neKTPH4eCKOro THna, 

TaK H BbiCOKOB036Y*AeHHbiX COCTORHH~ c$epa.t4eCKHX RAep, a HMeHHO: 

H3MeHeHHR B CTpyKType, nepeXOAHbiX nnOTHOCTeH KOnJleKTHBHbiX B03-

6y>KAeHHH, B pacnpeAeneHHH CHJlbl 3!1eKTPH4eCKHX nepeXOAOB. 

II. OCHOBH~E $0PMYfl~ H llETAflH PAC4ETOB 

1. YpaeHeH~oo~e A!1R 3HeprHH 

H CTpyKTypbl OAHO$OHOHHbiX COCTORHHH 3!1eKTPH4eCKOrO THna 

raMHnbTOHHaH KCbM npeACTaBnReT co6olo1 CYMMY 4!1eHOB, COOTBeT

CTBYIO~HX ABH>KeHH~ Heaae~oo~tHMbiX HyKnOHOB a cpeAHeM none RApa 

H , cnap~BaTeJlbHOMY HeHTpoH-HeHTpoHHOMY H npoToH-npoTOHHOMY 
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saalo1MOAe~cTBio110 Hpafr 1o1 ocTaT04HbiM MyrtbnmortbHbiM VA (r;.t2 ) 1.1 cm1H-
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Pa,Qit1artbHafl aasJ..1Ct.1MOCTb CJ..1rt H8Mio1 Bb16paHa B Bt.1,Qe np01o13BO~HO~ OT 
noTeH~Hana cpe,QHero no.nfl U, 4TO o3Ha4aeT noaepxHocTHbl~ xapaK
Tep OCT8T04HOro B3at.1MO,Qei1CTBJ..1fl; KO H Kl - COOTBeTCTBeHHO H3o
CK811flpHble H lo130BeKTOPHble KOHCTaHTbl, Cpaay me OTMeTHM, 4TO co
r.naCHO npaaH.naM OT6opa BK.na,Q B O,QH0$0HOHHOe COCTOfiHHe 3.neKT
PH4eCKOro Tlo1na 6y,QyT ,QaBaTb CnHH-MY11bTHnOJ1bHble KOMnoHeHTbl C 
A~L. 

B paMKax o~HO$OHOHHoro npH6.nH>+<eHH~ K~M eonHoaaR <l>YHKIJ,Hfl 
KaK KO!l.neKTHBHb1X, T8K H ,QBYXKBa31o148CTH4HbiX B036y>+<,QeHHbiX co-
CTO.RHio1ti Bblpa>+<aeTcfl 4epe3 onepaTOPbl pom,QeHio1fl a ~m 1o1 YHH4TO>Ke-
HH.R a. KB831o14aCTio14 C.ne,QYIO~Io1M o6pa3oM: Jffi 

+ 1 N ,P AI + + A-f' Ai l I 'I'~G 1 (Af')'l' ~..,.. :l: l¢ ..• [a. a .• • L -(-) ¢JJ,[a, .• m.aJ.m A-u '1'0 0 G JJ., JJ Jffi J m 1\fl r 
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r,Qe 'I' O- ~OHOHHbJJ::t BaKyyM, nplt1HHMaeMblt1 a a OCHOBHOe COCTO.RHJ..1e 
4eTHo-4eTHoro .R,Qpa. 

C noMo~bJO eap1o1a4Jo10HHOi1 npou.eAYPbl ·111nony4aeM ypaeHeHYle Art.R 
onpe,QerteHio1R 3Heprlo11o1 COCTORHHH, onlo1CbiB8eMbiX BOJ1HOBOt1 ¢YHKJJ,Io1e~ 
/3/: 

(" (A)+K (A)x (n) 1 0 1 1 -
(A) (A~ <"o -K 1 X1(n) (K~M)+,;(~)X 2 (n) (K ~M)_ KiM)~ (n) 

(K (A)_ K(A)x (p) 
0 1 1 

(K(AJ..K(A))X (p)-1 0 1 1 
(K ~A>.LK (~A)Xip) (K ~AA)+ K(~)X2(p) 

("(A)+"(A)x (n) (K (A)_ K(A))X (o) (K (M)+K(M) )X (n)-1 (K (M) PAlx (n) 0 1 2 0 1 2 0 1 3 0 - 1 3 

(K(A)_K(A))X (p) (K (A)+ K (A) X (p) ("~ML"lAA)x :fPl (K(M)+K(M))X (p)-1 
0 1 2 D 1 2 0 1 3 

/4/ 
o6oaHa4eHI1.R: 
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/5/" 

.. ~~- Uj Vj •±U J""J- KOM6HHaqHR KO~qHeHTOB npeo6pa30BaHHR 6oro-

~Ba U, V; E !J ~ - 3Hepntll ABYXKBaSHI.I3CTMLIHOrO COCTOII.HHfl; 

f n, M f~, - np.,_aeAeHHWe OAHOLl3CTM"lHhte MaTpM\fHtale .3.neM~.lfTY MYilb

THtlOJlbHOrO (atJ (ar) YA!t H cnHH-M}'JlbTHOOJlbHOrO (au/ar)[UY >,] Aj! 

onepaTopoa. 8 /5/ CYMMHPOBaHHB BBABTCR 11H6o no HBHTpOHH~M, 

J1m)o no npoTOHHbiM COCTORHHitM B 38BMCMMOCTH OT HHAeKCa N(P). 

AMnllHTYAW t/1 A! K cfi:t, BblttHcnJuoTcA no 4JOPMYllaM: 
Jj jj 

,\ . 
0

0 
(ru 1 )- -NM 41 

!:n (rufJ ~ - NM 48 

DP(w(l = NM 42 

!: p (wf) • NM 44 
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2. nepexosH~e nnoTHOCTH OAHO$CHOHHWX EA-cocTORHHH 

nepeXOAHWe nSlOTHOCTH RB11R~TCA 88*H~MH xapaKTepHCTHK8MH B03-

6Y*AeHHWX COCTORHHH. no HX ¢opMe MO*HO CYAHTb 0 xapaKTepe B03-

6y*AeHHII, 8 HHX 38Kn~4eHa BCR H~PM8~HR 0 CTPYKType RAepHYX 

COCTORHHH, Heo6XOAHM8R A11R OnHC8HHR npo~eCCOS Heynpyroro pac

ceAH~A 4BCT~4 Ha RApax. np~ 3TOM SSOAHTCR aapRAOSBR nepeXOAHaA 

nnoTHOCTb /3nn/, on~c~sa~~aR H3MeHeHHe pacnpeAeneHHR HyKnoH~e: 
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~ TOKOBSR nepeXOAHBR nJlOTHOCTb /Tnn/, KOTOpa.A C0AepHB1T KOH
BeKLtl-tOHHYIO: 

1101 

Yl MarHIIITHYIO 

111 I 

KOMnoHeHTbl, nepaaR H3 KoroPbiX B03HHKaer Yla-aa ABH>KeHHR HyK
noHoe B RAPe, a BTOPBR o6yi::JlOBJ1eHa HX MSrHHTHbiMVI MOMeHTSMYI: 
Boo6~e rOBOpR, Tnn COAepmHT Y1 TpeTbiO KOMr.OHeHTy, OnHCbiBSIO~YIO 
06MeHHble 3$¢eKTbl. 3AeCb, KSK 1-1 B pa6ore 141, 06MeHHbiH TOK Mbl 
6y,D,eM Y.4J.1Tblearb· ·3$¢leKT.HBHO nyreM aaMeHbJ cso6oAHbtX aHa4eHHI1 
cm1HOBbJX rlo1poMarHHTHbiX ctJaKTopoe g free Ha 3$$eKn1BHble I gerr = 0 8 free I ' , • g s • 

noCKOJ1bKy 8 n, 1 'Mbl orpaHio14HlH1Cb OAHO¢lOHOHHbtM npV16JlYI}f(eHHeM, · 
BOJlHOBaR <lJYHKLtHR B036Y>KAeHHOrO COCTORHYIR ~f YIMeeT BYIA /3/. 
TorAa nepeXOAHble nllOTHOCTYI 0AH0$0HOHHbiX COCTOR~YI~ MyJlbTYinOJlb-
HOCTI-1 ,\ BblpamaiOTC.R 4epe3 aMnm1TYAb1 1/J ~i. H cjJ~i. H ABYX-

lalb Jalb 
KBa3H4aCTH4Hble nepeXO,QHbte) nilOTHOCTH C!le,QYIOIJ.IHM o6pa30M: 

u~+ . 
N,P ja.jb At Ai 

3a PRAOBaR P>, (r) = a >:i:_b (>I] ai b + </> iai b) p j ai b (r) ' 
. 1.+ s •. ~ 

N P u(-J 
p c(m~r) = i, laib 
AL a 2: b 1 + 0 a, b 

1121 

TOKO ... ble 

B Q>opMyne /12/ aanHCb a> b oaHa4aeT, 4TO cocTO.RHHR In f j a> - a a H In b~ j b'> 8 CYMMe .Q8a>i<.Qbl 8MecTe He 8cTpe4aiOTC.R. R8Hblllr 8HA 
,Q8YXKBa3H4aCTlt14HOi1 aap.R,QOBOH p. \ (r) H TOKOBbiX p.c(m) \ (r) J,Jb,A lalb•AL 
nepeXO,QHbiX nJlOTHOCTei-1 npJ.18e,QeHbl B pa6oTe /S~. 

HMeFI nepexO,QHble nilOTHOCTI-1 COCTO.RHJ.1H, Mbl MOmeM nony41t1Tb ce-
4eHI-1e Hx aoa6ym,QeHlt1FI a peaK~Hlt1 Heynpyroro pacce.RHH.R 3IleKTpOH08. 
BBI-1AY Tore, 4TO 3Ta pa6oTa npecne,QyeT 8 nep8yl0 o4epe.Qb MeTo,QH-
4eCKHe "'eJ11t1, Mbl 6y,QeM paCC4J.1Tb!8STb Ce4eHit1e pacce.RHit1FI 8 6opH08-
CKOM npH6Jllt1)1{eHJ.11t1 ·/6/.: 

~~~z
2

-c.~IVL(e):i:IF 0 (q 2)1 2 +V (19):i:IFE(q 2)1 2l 1131 d{) q 4 pi . >. >. T ). >. 
Ha 3ToH xop~wo lt13BeCTHOH ci><>PMY!lbl Mbr HCK!1104HJU1 MarHHTHbri:1 (J>opM
ct>aKTop, OnHCbrBaiOIJ.IHI1 B036ym,QeHHe COCTO.RHHI1 aHOMaJ1bHOa1 4eTHOCTit1, 
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a KYJlOHOBCKHH F>_ (q 2)"' aneKTPH4eCKHH F~(C! 2) !llOPM<I>aKTOPbl MMeiOT 

BHA: 

/14/ 

E 2 V 4, (21\+ 1) 
F >. (q ) = ...;___: __ 

z 
(I v' >.+ 1 p >.,>.-1(r) i,>. _1 (qr) + 

+VAP>.,A+l (r)j>.+t(qr)\rl\ir. 
/15/ 

3. AeTanH pac4eToa 

B HaCTOR~eH pa6ore cpeAHee none AflH HeHrpoHos H npoTOHoB 

onwc~sanocb noTeH~wanoM ByAca-CaKCoHa. napaMeTp~ noTeH~Mana 

/a TaKHCe cnapHBBTeflbHble KOHCTaHTbl GN HOp/ 6blnH B3ftTbt H3 pa6o

Tbt/7~ 0ony4eHHYH OAH048CTH4Hb1H cneKTp 8Knm4an B ce6R ace CBR-

38HHble, a TBK*e KB83HCBft38HHbte C OTHOCHTeflbHO ManoH WHpHHOH 

ypOBHH; KOHTHHYYM npH 3TOM He Y4HTbtB8flCR. 

0CT8HOBHMCH HB Bw6ope KOHCTBHT OCT8T04HOrO 938HMOAeHCTBHA. 

8 pac4eTaX C nonHWM OAH048CTH4Hb1M 6a3HCOM C OCT8T04HbtM B38HMO

AeHCTBHeM (oU/~ 1XdU/or2 ) HCOOJ1b30BaJ1HCb KOHCTaHTbl, OAHHaKOBble 

AflR BCeX MYflbTHOOflbHOCTeH, KOTOpble onpeAeflftflHCb YCflOBHeM CaMO

cornaCOB8HHR/S( Haw npHH~Hn Bbl6opa KOHCTBHT 6wn CfleAY~~HM. Ma 

paC4eTOB El-peaoHaHca C HCKn~4eHHeM AYXOBOrO COCTOHHHR M~ 

onpeAenRnH OTHOWeHHe H30BeKTOPHOH H H30CKanRPHOH KOHCTaHT oc

TaT04HOrO MynbTli!OOnbHOro B3ali!MOAeHCTBHR q<t)= Kjl)/ KJl) H 4>HK

CHPOBanH ero AJ1R BCeX MynbTHnOnbHOCTeH (q(.\),..q(lJ}. BTOpbiM ycnOBl-1-

eM OnpeAeneHHR MynbTHOOnbHbiX KOHCTaHT 6wno YCllOBHe npa&HnbHOrO 

onHCaHHR 3HeprHH nepawx B036Y*AeHHWX COCTORHHH, B3RTbiX H3 pa-

6oT19(. npH TaKOM BW6ope MYnbTli!OOnbHble KOHCTaHTbl AOR pa3HbiX .\ 

paanH4allHCb a npeAenax 10-20%. B cnHH-MYllbTHnOnbHOM aaaHMo

AeHcTBHl-1, KaK H s pa6oTax..f7,tOI, Mbl Y4li!Tb1BallH TOilbKO H3oaeKTop

HY~ 4aCTb /T.e. nonaranH K~AA)=O /. 3Ha4eHMR cnHH-MYilbTHnonb

HbiX KOHCTaHT Mbl npeAOOilarallllt He3a&HCR~HMH OT MYilbTHnOJlbHOCTH 

H nOA6HpaJlH T8KHMH, 4T06bl npaBHnbHO OOHCbl&allWCb 3KCnepHMeHT8Jlb

Hble A8HHwe no M2-peaoHaHcaM. 

B 3TOH pa6oTe Mbl pacc4HTanH 1-- 2+-"' 3--cocTORHHR a 5~i, 
90 zr H 124Te H 1-+6+-COCTORHl-IR B 20spb.npH 06CY)t(AeHli!H nony4eH

HbiX pe3Y1lbT8TOB OCTaHOBHMCR Ha HaH6onee XapaKTepHWX H3 HHX. 

III. AHAnH3 nOflY4EHH~X PE3YflbTATOB 

KaK noKaaanH Haw"' pac4eTw, y4eT cnHHOBblx KOMOOHeHT ocTaT04-

Horo B3aHMOAeHCTBHR He npHBOAHT K cy~eCTBeHHOMy H3MeHeHH~ Kap

T\IIHbl E.\ -pe30HaHCOB. 06naCTb KOH~eHTpa ... HH CHJlbl 3JleKTPH4eCKHX 

nepeXOAOB coxpaHReTCR,XOTR H npoHCXOAHT nepepacnpeAeJleHHe CHJlbl 
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111.l I I),~ II., .. ,.JJ 
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PHc. 1 • Op;ao!lloHOHHble 1--,2 +- H 3--cocTORHlHI B 24Te, 
PactreTbi BbiJlOnHeHbl C OCTaTOliHbiM B3aHMO.Sei1CTBH€M: 

f.l -•1- v~.(r1/2), /r -et- v~. (r1,12 ) + v~ (r~ ,r2 ). 

Mem,qy OT A€11 b HbiMI-1 OAHO$OHOHHbiMI-1 COCTOfl HVIRMI-1. Ha r IlRAHOi1 1-111IliOCT
pau.l-1ei1 3Tor0 yTB€P}f(A€HH.R CJ1Y}I{l-1T p~;~c, 1, Ha KOTOPOM 11306pameHbl 
seJU14HHbr B(E1)-B(E3) a 124Te ,qnR o,qHo¢oHoHHbiX coCTORH~t~H, re-""""'~ 44 X_._. HepHpyeMbiX CHnaMH V).(r!,r2) /pHc.Ja-a/ H CHnaMH VA(rl'r2)+V0A(rl,r2) 
/pHc. lr-e/. 

Ha PHC. 1 TSK}f(€ cne,qyeT, 4TO BBe,qeHHe B raMHJlbTOHVISH Cl-111 Va1(r~.r 2) He OTpa}f(aeTCR Ha CBOi1CTBaX HH)f(Si1WHX 2~-J.il 31- B036y>K
,qeHHio1. Hx 3HeprHR yaenH41o1eaeTcR Ha aenH4HHY He 6onee HecKonb
KHx K38, a BKJlaAbl OTAellbHbiX ABYXKBa3H4aCTH4HbiX KOMnOHeHT H3-
MeHR~TCR a npeAenax HeCKOilbKHX npo~eHTOB. YaenH4eHHe 3HeprHH 
HH~a~WHX COCTORHHH RBJlReTCR ClleACTBHeM H30BeKTOpHoro xapaKTe
pa HOB~X CHJl. 3TH pe3yllbTaT~ AOCTaT04HO T04HO OTpa~a~T o6~y~ 
CHTya~H~ BO BCeX HCCileAOBaHH~X RApaX. HanoMHHM, 4TO cna60e 
BllHRHJ.Ite CnJ.~tH-KBaApynOJlbHbiX KOMnOHeHT Ha HepoTa~~t~OHH~e 2+ -
ypoaHH OTMe4anocb 1-1 a Ae~opMI-1poaaHHbiX RAPax /3(. 

Op1-1 3HeprHRX eoa6y~AeHHR E :r '? 10 M3B BllHRHJ.Ite cnHHOBbiX KOM
noHeHT Ha caoHcTea OAHO¢OHOHH~x EA-cocTORHHH 6onee cy~eCTBeH
HO. 8 Ka4eCTBe npHMepa paCCMOTpHM H3MeHeHHR, npOHCXOAR~He C 
ABYMR 1- -coCTORHHRMH a 2ospb,' KoTopble xapaKTeP.H3Y~TCR HaH6onb-
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0.n;Ho¢>oHOHHbie 

C OCTaTOtiHblM 

Ta6nHI.J;a 

BKnag B HOPMHPOBKY O~HO~OHOHHOH 

BenHt{HHbJ w1 /M3B/ H B(Elt}/<l>M 2e 2 I BonHoBoH ~YHKI.J;HH p;ByxKBa3Ht~ac
THtiHbiX KOMIIOHeHT 

v, • ~ + vl5?o llH,n,eKCbl v;. • '\).+~,_ 

"'i :B(Elt) "'i :B(Eit) z 2d3/2•3p1/2 57,6% :J8,4% 

9,597 8,90 9,76I II,40 z 2d5/2-3p3/2 9,I% 7,3% 

n 2f712-3ct512 
5,0% I,9% 

n 1h9/2-2g7/2 3,4% I2,4% 

n .1h9/2-1i11/2 :J,:J% I,5% 

z 3a1/2-3p1/2 2,7% <I% 

· n 1i13/2-1 j15/2 2,6% 6,I% 

z 1h11/2-1 113/2 2,I% 5,0% 

n 2f7/2-2g7/2 <I% 7,2% 

z 2ct5/2-2r5L2 <I% 3,0% 

I4,700 I3,I6 I4,424 II,59 z 1h11/2-2~/2 3I,2% 44,0% 

z 1h11/2-1i11/2 22,6% <I% 

n 1i11/2-1 j11/2 19,6% 25,7% 

z 1 g9/2-2f7 /2 6,0% 6,2% 

n 1h11/2-2g9/2 3,7% 4,4% 

n 1i13/2•2h11/2 3,3% 3,9% 

z 1 g7 /2-2f5/2 2,0% 2,6% 

n 1113/2-1 j15/2 1,8% 2,5% 

WHMH 3Ha4eH!.1RMH aeni<14HHbl B(El). nepaoe 1-13 "HI-1X B Ol'CYTCTBHe cn~-t-

HOBbiX KOMnOHeHT HMeeT 3HeprHIO 9, 597 M3B, BTOpoe .- 14,700 M3B. 

06a COCTORHHR RBflRIOTCR KOnneKTHBHbiMH, OCHOBHble ABYXKBB3H4aCTH4-

Hble KOMnOHeHTbl H HX BKnBA B HOpMHPOBKY OAHo$OHOHHo~ sonHoao~ 
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PHc.2. 3apRAOB~e /a,r/ H TciKoB~e /6,B,~,e/ nepexoAHWe 
IUIOTHOCTH 1--cOCTORHHA B 208pb. reaepHpy~ CHJtaMH 
V>.(rj,r2) /cnnomau rmmn</ H Vx (r;_,r;) +Vo-~(rl'r~) 
/nyHKTHpHaR nHHHa/;/r -e/- AnR nepBOrO COCTORHHR 
H3 Ta6n.;/a -a/- AfiR BToporo. CTpenKa noKaswsaeT saa
qeHHe paAHYca &~a. 

~YHK~~~.npeACTaBneHM B Ta6nH~e. 8Kn~4eHHe COHH-MynbTHnOnbH~X 
CHn npHBOAHT, Bo-nepe~x, K H3MeHeHH~ 3HeprHH B036y*AeHHR ~ 
6onee CHnbHOMy, 4eM AflR HH*aHWHX COCTORHHH, &O-BTOp~X, 3aMeTHO 
H3MeHReTCR BKnaA ABYXKBB3H4aCTH4HWX KOMOOHeHT. 06paTHM BHHMa
HHe Ha peaKoe yMeHbWeHHe BKnaAa B CTPYKTYPY BTOporo COCTORH~R 
KOMnOHeHTbl (lh U/f-lillt2 )z • OTBe4aiOUie~ OAH04aCTH4HOMy nepeXOAY 
C nepeaopoTOM CnHHB. K OOA06~M KOMOOHeHTaM M~ e~e eepHeMCR 
H~HCe. 

0TMBT~M, 4TO HaPRAY C OAHO~HOHHWMH COCTORHHRMH, 4YBCTBH
TenbH~MH K COHHOBMM KOMOOHeHTaM OCTaT04HOro B3aHMOAeHCTBHR npH 
E x'?;10 M38, CytqeCTBYIOT H TaKHe, 3HeprHR H CTPYKTypa B036YJKAe
H~R KOTOPblx He H3MeHR10TCR. K HHM OTHOCRTCR, 9 nepay10 04epeAb, 
60nbWaR 4aCTb ABYXK8a3H4aCTH4HWX, a TaKJKe H HBKOTOpwe KOnneK
THBHble COCTORHHR C 6onbWOH aenH4HHO~ B(EA). EcTeCTBeHHO, 4TO 
y TaKHX COCTORHH~ HBH3MeH~MH OCTa~TCR H nepeXOAH~e nnOTHOCTH 
H Ben~ 4H Hbl B(EA). 

BepHeMCR OORTb K KonneKTHBH~M COCTORHHRM, CTPYKTypa KOTOP~X 
4YBCTBHTenbHa K BKniD4eHH~ CnHH-MYflbTHnOnbHOrO 83aHMOAeHCTBHR. 
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PaccMOTPHM AflR HHx J.13MeHeHHR CIX>PMbl nepexoAHbJX nnoTHocTe~. Ha · 

PHC.2 Mbl H306pa3HI1H snn H Tnn Ail.R 1--cOCTO.RHH~ 1-13 Ta611H4blo KaK 

~ 1-13 pHC.2a H 2r, XOT.R ~OpMa 3nn _H H3MeH.ReTCR cnerKa, HO 

OCHOBHble xapaKTepHbl6 OC06eHHOCTI4, TSK~e, KSK nOJ10)I(eHI-1e MaKclo'f

MYMOB J.1 MHHHMyMOB, COXpSH.R~TCR. 6onee cy~eCTBeHHble H3MeHeHH.R 

npol-1CXOART c rnn. Oco6eHHO CHJlbHO OTJ1H4aiOTCR Pt2 (r) Ail.R co-

CTORHI-1~ c 3Hepn1e~ aoa6ym,qeHllt.R 14,700 H 14,424 M3B··_. AHa.m13 

BKilSAa OTAeJlbHbiX ABYXKBa3H4SCH14HbiX nepeXOAHbiX nilOTH.OCTeC1 B 

nepeXOAHble ni10THOCH1 OAHO¢lOHOHHbiX COCTt>.RHHill nOKa3ah, '-ITO ¢lop

Ma 30n onpe,qenAeTC.R fiOilbWlriM 4l-1CilOM ABYXKBa3H4aCTH4H_biX KOMno

HeHT, 4eM ¢lOpMa Tnn, no3TOMY H3MeHeHio1e aKna,qa OCHOBHbiX KOMno

HeHT, o6ycnoaneHHOe BBeAeH~eM cn~H-MYDbT~nODbHOro B3a~MOAeH

CTB~fl, ane4eT aa co6oH cy~ecTaeHHble ~3MeHeH~.A Tnn. An.A 3nn. 

npo~CXOA~T H6KOTOpa.A KOMneHCaU,~FI 3a C4En cna6biX KOMnOH6HT: 

B pe3yJ1bTaTe 3TOrO Ka4eCTBeHHO XOA 3nn COXPSHFieTC.A. 

KaK cneACTB~e ~aMeHeH~H ¢opMbl nepex..oAHbiX nnOTHOCTeH Kon

neKT~BHbiX COCTOFIH~i-1, ~3MeHRIOTCFI BeJ1H4~Hbl Ce4eHif1H B036Y>+<AeH!ftfl 

3T~X COCTOFIH!ftH 8 pa3J1~4Hb1X AAePHbiX peaKU,IftRX. npou,e~c Heynpy

roro pacCeRH!ftR 3JleKTpOHOB HS RAPaX RBJ1.A6TC.A OAHHM ~3 Havt6onee 

npocTbiX s nnaHe on~caHvtfl MexaHH3Ma ·'PeaKLJ.HH. Ha ero npvtMepe_ ~bt 

H npOAeMOHCTpvtpyeM H3M6H6HHR C64eHH~ pac~eRHHR. 

KaK CIIeAY6T H3 Bbtpa>t<eHHA /14/, Ky.noHOBCKvtH ¢opM¢aKToP 3.neKT

POH-RA6PHoro pacceRHHR J1~Hei-1HbiM o6pa30M aaBio1Cio1T OT 3nn. nP1o1 

MaJlbtX 3Ha4eHHRX nepe.QaHHOrO lo1Mny.nbCa Q, KOrAa AJ1.A ¢lYHKU.Io1H 5ec

cem'l j,\(qr) cnpaaeAni-1BO AI1HHHOaonHoeoe pa3no>+<eHHe (qR0 _<<1), paanvt-

41o1FI B Beii~4~He ¢OpM¢aKTOpOB 6YAYT TOrO >t<e nopAAKa, 4TO H 8 

3Ha4eH~AX B(EA). 3TO B~AHO, Hanp~Mep, Ha pvtc. 3a, Ha KOTOPOM 

Mbt npoaen~ IF1c(q
2) 1- 2 AI1R nepeoro 1- -cocToRHHR H3 Ta6nvtU.bl. C poe

TOM q I q 'S 1 ¢M -l I, KOrAa MaKc~MYM ¢YHKU.HH j
1 

(qr) OKS3b1BaeT

CR BHYTP~ RAPS, AS>Ke H660J1bWH6 PS3IIH4~R 8 ¢opMe 3nn COCTO.AHHH, 

V ( ~ ~) v (r ~) vt. <~ ~ ) · 
reHep~pyeMbiX cvtnaMJ.II ,\ r 1,r2 

~ ,\ rl'r 2 
+ oA r

1
,r

2 
, cyw.ecTaeHHO 

CKa3bl8aiOTCR Ha n086A6HitiH ¢opM¢laKTOpa. 3aMEH~M, 4TO nOCKO.flbKY 

C POCTOM ,\ MSKCHMyM ¢YHKU,~H 5ecCeJ1R CMew,aeTCR B o6naCTb 60nb

W~X 3Ha4eH~t~H qr, ~aMeHeHHR 8 xoAe ¢opM¢lat<Topoa F,\c(q2), o6ycno8neH

Hble CnHHOBbiMH t<OMnOH6HTaM~, A011>KHb1 npORBJ1.RTbC.R nplrl ell\6 60JlbW~X 

3Ha4eHH.AX Qf. 

PaCCMOTP!ftM Tenepb nOB6A6H~e 3J16KTpH4eCK~X ¢opM¢SKTOP08 7 KO

TOpoe onpeAenfleTCfl <!>OPMOH rnn /15/. Ha P"C. 35 [F1E(q2) [2 "ao5pa

>K6Hb1 A11R TOfO >K6 COCTORH~R, 4TO H Ha PHC. 3a. 0TM646HHble BbiW6 

CY1JlbHbl6 lo13MeHeH~.R 8 Tnn, Bb13BSHHble· BBeAeHH6M B raMH.flbTOH~SH 

CnvtH-MjJ1bTHnOJ1bHOrO B3SHMOA6HCTB~t~.R, npvtBOART t< TOMY, 4TO XOA 

¢opM¢aKTopa F~(q 2) ~aMeHReTc.R Y>+<e np~ Manblx nepeAa4ax • 

. Ky.noHOBCKI-1~ H 3J16KTpH46Ct<lftH ¢opM¢aKTOpbl noJ1HOCTbiD onpeAenR~T 

noaeAeH!fte ce4eH~R Heynpyroro pacceRHHR 3neKTPOH08. Xopowo lf13-

aecTHo, 4TO nplft yrnax pacce.AH~fl fJ< 150° noAaBnRIDW.~i-1 8KnaA a 

ce4eH~e AaeT 4JleH, coAep>Kaw,vtH F~(q2). no3TOMY pa3I1H4HR a ae-
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Plic.3. ICynoHOBCKHll /a/ u :onex,... 
pH'leCI<HA Ill/ Wo!> ..... Topw ao9-
C5y&AeHHJI 1- -cocTOJIHHJI a 208pb 
npH pacCeaHHH 3neKTPOHOB Ha yron 
fl ""'J 50~. CDJJODlHSJI JlHHHB COOTBeT

CTDyeT 3HeprHH ~~m9,597, DyHK
THPHaJI -wt =9, 761 M9B. 
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~· CeqeRHe aosCSYBAeRHR 
Toro ae COCTOSHHR, ~TO H Ra 
pac.J, npu aeynpyrOM pacces
HHH !JJI8KTPOHOB Ha yron a • 

. e..t50°, cs -II.JSO~. 

Puc.S. CeqeHHe Bos~~eHHB 
r -coCTORHHJ! C 3H8prHeA <Ui • 
• 14.700 /cnnomHSJI ICPHBWI/ 
H w 1•14,424 MsB /nyHJCTHPHaJI 
J<pHaaR/ a 208pb npu ueynpy
roM pacceaHHH sneKTpOHOB Ha 
yron 11-180°. 

nH4HHe ce4eHHR B036YMAeHH~ 
AnA 3THX yrnoa 6yAYT He6onL
WHMH, Ao q - 1 $M -\. npH e ~181° 
MHO>MHTenL VL(II)~o H aaMeTHbiM 
CTBH08HTCR BKnBA aneKTPMLte
CKOrO $0PM~aKTopa. PaccMOT
PHM ceLteHHe B036YHI:AeHHR 1- -
COCTO~HHft, $0PM$8KTOPW KOTO
poro o6CY*AanHCL e~e. Cpae-



HeHVIe p1-1c. 3 1-1 p1-1c. 4a noKa3bleaer, \.ITO onpe,qeilRIOW.aR ponb F 'A~q ~ 
npOFIBilfi6TCFI npl-1 Q-<0,8 ¢M- 1, paCXO>K,qeHj.~je >Ke Kpj.~~BblX, Onli!CbiSaiO

W.\IIX ce'-leHlr1e pacceRHI-1R, npo1r1cxo,q1-1T ,qnR E 0 < 150 MaB. B cJly'-lae 

pacceRHI-1R Ha yro.n 8 = 180° 3aMeTHble pa3Jllr1'-li-1R a ee.ni-141-1He ce4e

HI-1R Ha61110Aa10TCR, KaK 1-1 c.ne,qosa.no O>KI-1,qaTb, yme np1-1 Ma.nbiX sHa4e

HI-1RX q /pl-1c.46/. ,ll11R BTOpOrO COCTOFIH\II.R 1-13 Ta6Jllr1t.J.bl BBe,qeHVIe 

Cni-1HOBbiX KOMnOH6HT npVIBOA\IIT KaK 6bl K napannenbHOMY CABI-1ry 

KPVIBO~ Ce4eHHR pacceRHVIR /pVIc.5/. 

PaccMorpeHHble npVIMepbl nO"K.33bieaJOr, 4To cy11.1ecreyJOr RAePHble 

xapaKTep\IICTI-1KH, KOTOPble n03BOJlRIOT nony4HTb 3KCnepHMeHTaJlbHble 

,qaHHb16 0 BKJlaAe CnVIHOBbiX KOMnOHeHT OCTaT04HbiX CJ.1Il B COCTORH)IIR 

3JleKTpV146CKOrO THna. 

3aeepwaR o6cy>K,qeHVIe pe3YilbTaroe, OTMeTVIM ew.e OAHO ea>KHOe 

Cl16ACTBVI6. 8B6A6HVIe 8 raMI-1JlbTOHI.1aH 4JleHa V l (t, f ) npl.1BOAVIT 

K roMy, 4To 8 pa~oHe 3HeprVIVI 8036y>K,qeHHR E
0 

_ 1o2
M38 eo 8cex 

X " 
R,qpax VI AI1R 8CeX VICCile,qoeaHHbiX MYilbTVInOJ1bHOCT6lr1 nOR8JlFIIOTCFI 

KOI1Il6KTH8Hbl6 COCTORHHR, nOCTpOeHHble n-peVIMYW.6CTB6HHO Vl3 A8yx

K8a31-14aCTI-14HbiX KOMnOH6HT C nepe80pOTOM CnHHa. 0TMe46HHOe paHee 

pe3K06 yMeHbWeHI-1e 8KJla,qa KOMnOH6HTbl (lh 1112-11 11; 2 )Z 8 HOPMHp08-

KY OAHO$OHOHHO~ 8011H080M $YHKU.VIVI C 8KJ1104eHVIeM CnVIH080rO B3aHMQ

,qe~CTBI-1FI KaK pa3 C8R3aHO C TeM, 4TO no,qo6Hble KOMnOHeHTbl KOH

~eHTPVIPYIOTCR Ha OAHOM KOI1I16KTVIBHOM COCTORHVI\11, 3T\II COCTOFIHVIR 

HMeJOT, KaK npaBVIJlO, ManyiO BeilH4VIHY B(E'A), OAHaKO, KaK noKa3ailVI 

Hawl4 npe,qeapVITeilbHble pac4eTbl 8 6opH08CKOM np\116Im>KeHI4H AilR J "=1 ~ 

. ce4eH1.1e HX 8os6y>K,qeHVIR 8 (e,e')-pacceRHVIH Hasa,q roro >Ke nopRA-

Ka, 4TO VI pesoHaHCHbiX El-ypoeHeH. no see~ 81-1AVIMOCTH, 3TH co

croRHI-1R npeACTaBJlRIOT co6o~ raK Ha3bl8aeMble rpaHc8epcailbHble E'A -

pe30HaHCbl ll1!. ,llilR j.~j3Y46H\IIFI VIX C80~CT8 H606XOAj.~~Mbl 6o.nee no,qpo6-

Hbte j.IICCileAOBaHVIR. 

IV •. 3AKn104EHHE 

V13y46Hl-16 BilVIFIHHR Cnl.1H08biX KOMnOHeHT OCTaT04HOrO 83aHMOA6~CT

BVIFI Ha CBO~CT8a COCTORHJ.-1~ 3JleKTPH4eCKOro THna n03BOil14IlO HaM 

c,qenarb cneAYIOW.VIe 8biBOAbl. BKnl04eHj.lle 8 raMHilbTOHHaH ocraT04Horo 

CnHH-MYJlbTVInOilbHOrO 83aVIMO,qeMCT8j.llfl He npV180AJ.1T K 143MeHeH\1110 VIH

TerpaJlbHOIIi KapTVIHbl pacnpe,qeneHHR cj.ll.nbJ 3JleKTPV14eCKVIX nepexo,qo8 

VI He orpa>KaercR aaMeTHbiM o6pa30M Ha c8o~cr8ax HH>Ka~wHx Kon.neK

TJ.18HbtX sos6y>K,qeHj.IIH. O,qHaKO np111 3TOM H3MeHReTcR crpyKrypa PfiAa 

KOJlileKTVI8HbtX COCTOFIHVI~ C 3HeprHel:i B036Y>KAeHVIFI EX?; 10 M38. cJ>opMa 

VIX 3nn MeHReTCR He3Ha4HTeJlbHO, 6o.nee CYUJ,eCTBeHHbl VI3MeH6HVIR B 

$OpMe rnn. KaK cne,qcTBVIe 3Toro,npoVICXOART .VI3MeHeHVIR 8 8eJ111!4)11-

He C64eHVIR B036y>K,qeH\IIFI TaKVIX COCTORHVI~ B peaK~j.llj.ll HeynpyrorO 

pacceRHHR 3neKTPOHOB, oco6eHHO AilR 6oJlbWj.IIX 3Ha4eHVIH nepe,qaHHo

ro VIMny!lbCa VI 60JlbW14X yrilOB pacCeRHI-1R. npVI 3HeprVIFIX B036ym,qe-
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HHR E x ..... 20 MaB noRBJlRIOTCR HOBble KOJlJleKTHBHble COCTORHHR, o6pa-
30BaHHble OAH04aCTH4HbiMJ.1 nepexo.QaMH c nepeaopa4HBaHJ.1eM cmtHa. 

ABTOPbl Bblpa~aiOT 6naroAapHOCTb A.H.B.QoBHHY aa nocTaHOBKY 
npo6neMbl H u,eHHble KOHcyJlbTaU.HH a npou,ecce pa6oTbl. 
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