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B M€TSJ1J1€ 8SJ1€HTHbl€ 311€KTPOHbl KOJ1Il€KT~Biti3HPOBaHbl H C\I'!JlbHO 

,Q€110KSJ1\o130BSHbl. 3Hepren14€CKJ.1\il cneKTp KOJ111€KTI4Bio13YIPOBSHHblX 

BSJ1€HTH~X 3J1€KTPOHOB /K63/ onpe,QeJ1~€T 4J.1CJ10 3Il€KTpOHOB npoao

,QHMOCTH 8 M€TaJ1Jl€ Itt lt\X nOB€,Q€HH€ nO,Q ,QeliiCTBHeM 8H€WHHX none~. 

MeXSHH4€CKio1€ 1o1 onn14€CKIII€ CBO~CTBa, BbiCOKSA 3J1€KTponpOBOA

HOCTb Itt TennonpOBO,QHOCTb MeTSJlJlOB ABilA~TCA CJ1€,QCTBJ.1€M cy~eCT

BOBBHVIFI 60J1bWOrO 41.1CJ1a 11 CB060,QHbiX 11 3Jl€KTP0HOB, JlerKO nepeMe

~a~~lt!XCA 8 Kplt!CTaJ1JlJ.14€CKOH peweTK€ /KP/. 
bonbWaA nnoTHOCTb KB3 o6ecne4~t~Baer HM OTHOCHT€IlbHO 6onbWY~ 

cpe.QHIOIO KJ.1H€n14€CKYIO 3Hepn110 ( < ~k2 
>=0,6,EF = 1,43.h:..n2/~npAMOe 

2m m 
111 o6f'.teHHOe KY!lOHOBCKHe esaHMO,QeHcre~t~R Me>~<AY K83 np~t~BO,QAT K c.J

MocornacoeaHHOMy 3KPSHHPOBSHHIO nOT€H~H8IlOB HOHHbiX OCTOBOB /V10/ 

KP /m10KP/ v 0 (r)
11/ H K ao3HHKHOBeHY110 nnaaMeHHblX Kone6a-

Hr.11ii 121 B MeTa.nnax. CHJlbHbllii noTeH~Han OTTSI1Kr.188HHR BHYTP€HHVIX 

3.neKTPOHOB HO /B3HO/ e o6nacTH HX MaKCVIMSilbHoro pacnpeAene

HHR BnOilHe KOMneHCVIpyeT KYilOHOBCKH~ noTeH~HSJl npHT.RmeHHR 

paaMaaaHHoro aap.RAa Ko.ne6n10~eroc.R RAPS. HMeHHO 6naroA8PR Ko

ne6aHH.AM 140, KOTOpble pa3MS3biBSIOT 3SPRA RAPS, H CHJlbHOMY OT

TSJlKHBSHH~ MemAY KB3 H B3HO ni40KP CI-1JlbHO crnameH. 8 MeTannax 

A~3JleKTPH4eCK8R npOHH~aeMOCTb ((~ cy~eCTBeHHO OTJ1H48eTCR OT 

1 B 06J18CTH MSJlbiX BOJlHOBbiX B€KTOPOB q. no3TOMy CSMOCornaco

BSHHbl~ KPHCTSilJ1H4eCKHi:1 noTeH~I-18!1 /CKn/, B KOTOPOM ABHmyTCR 

K83, B MeTa.n.nax He TOJlbKO.Cr.nam~t~aaeTCR B6J1H3H ~eHTpOB paBHO

B€CHR 140 /ya.noa HAeanbHO~ KP/, HO 1-1 CHilbHo .noKa.nHayeTcR a 

ManoH o6nacTH e6n~t~aH yanoe KP ecneACTBVIe era 3KcnoHeH~Hanb-

Horo aaTyxaHI-1.R npr.1 6onbWI-1X q. HMeHHO cna6oe r.13MeHeHHe CKn 

8 OTHOCHTeJlbHO ManoH o6nacnt OKOI10 Y3I108 KP' npHH~Hn nay.nH 13 -' 

Y1 6o.nbwa.R cpeAH.R.R KY1HeTH4ecKa.R 3Heprr.1.R KB3 o6ecne4HB810T cna-

6oe BilH.RHHe CKn Ha ABHmeH~t~e KB3 a KP 1-1 HX sonHOBble ¢YHK~I-11-1 

/B<l>/. 
BH~t~MaTe.nbHOe H3y4eHHe 3KcnepHMeHTSJlbHO onpeAeneHHbiX ¢epMH-

noaepxHOCTeH /¢In/ KB3 14
-
71 noKa3b1BaeT, 4TO CKn cna6o Ae¢op-

M~t~pyeT ¢lepM~t~-c¢epy !8,91 • Hcc.neAOBSHHe onTHLfecKHX cao~cTB 
H cneKTPOB Y1CnyCK8HHR ~RrKHX peHTreHOBCKHX BOJlH TOme COOTBeT

CTByeT MOAenH ••cao6oAHbiX11 KB3. 14MeHHO no3TOMY HeT H8A06HOCTY1 

opToroHam131-1POBaTb B¢1 KB3 ¢k (r) /n.nocKHe aonHbl no4TY1 11 ceo-

6oAHbiX11 3neKTPOHOB/ OTHOCHTeilbHO Bel> 8314C ¢11- (r) . TeM 6onee, 4TO 

T04Hble 8¢1 K83 H 8¢ 83140 He o6pa3y~T OPTOrOH8JlbHOH CHCTeMbl, 



TaK KaK oHH R8nR~TCR co6cT8eHH~MH B$ paanH4H~x raMHJlbTOHHSH08 
c paam14HbiMH caMocornaco8aHHbiMJ.1 noTeHLIHanaMH a np116n1-1>KeHI-1H 
Xaprpi-1-<PoKa 1101 . Co8na,qeHI-1e nce8,qonoreHu,Hana no ct>opMe c HacroR
lJ.IHM nHOKP R8nReTCR cne.QCTBI-1€M reopeMbl 5pHJ1Jli03Ha /11/, YT8€p)I{-
,Q810lJ.Ie~, 4TO ,qo6a8Jl€HHe 3JleKTPOHa c B<P +k (r), oproroHanb-
HO~ K 6$ 63110 ¢ (r) ( <t/'; I ¢

11 
> := 0), He ,qon>KHO 8bJ3bl8aTb 83SI-1Mo-,qe~crBHR M€}f(,Qy B3J.10 J.1 ,QOnOJ1Hi-1T€11bHbiM 3J1€1<Tp0HOM 8 npH6JlH>K€HYII-1 

Xaprpl-1-cf>oKa 112 /. Ae~cTBI-1TenbHO, c,qena8 ncee,qoB<P KB3 ~k (r) 
oproroHanbHO~ B<P 63110 ¢

1
L (r) , Mbl reM caMbJM .QOJl}f(Hbt yMeHbWJIITb 

HSCTORIJ.Iee 8381-1MO,Qe~CTBI-1e Me>K,Qy K83 1-1 110 8bJ4€TOM TOrO 8381-1MO
,qe~CT8H.A Me>K,qy KB3 111 83110, Koropoe CYIJ.Iecrayer a npH6Jll-1}f(eHI-1H 
XaprpH-<PoKa np\11 -::.ct>; I¢ >f. 0 1-1 I-1C4e3aer npVJ <+:I¢ >=0. no3TOMY ,qononHI-1TellbHbt~ 4neH or'+anKI-1BaHHA 11. 

V ~:i:(E-E )j¢ ><¢*1 
OT /1. 11 /1. /1/ 

8 HSCTOAIJ.IeM ni10KP (W = VKyJI,+ V06M,+ V 0 T)1-1Meer K8SHTOBOM€XaHH4e
CKOe npOJIICXO>K,QeHHe \II RB!lReTCR np.AMbtM CJ1€,QCTBI-1€M Y4€T8 npi-1HL\I''!na 
nay111-1 ' 131 

11HOr,Qa 3Ta $H3H4eCK8.A npi-14HHS OTBepraeTCA / 14 / H 
yr8ep>K,qaercA, 4TO 3$$eKT orranKH8aHHR Me)f{.QY KB3 1-1 63110 RBJlRer
CA 41-1CTO KnacCH4eCKHM. Yraepm,QaercR, 4ro, nponeraR MHMO 110, 
3Jl€KTPOH C nOJ10>KHT€JlbHO~ 3HeprHe~ yCKOpReTCR H, CJ1e,QOB8T€Jlb
HO, 8 3TO~ 06J1SCTH ,QBVI)f{€TCR C 6oJlbWO~ CKOPOCTbiO H np080,QHT 
M€HbW€ 8peM€HH. J.1HOr,Qa rOBOPRT 

1151
, 4TO OCL\Hn11RLJ,HH HCTHHHO~ 

B$ KB3 ¢k {r) 8611H3H cePAl.le8HHbl HO 03H84SIOT, I..JTO KB3 s6nH3H 
C€PA1.1€8HHbl HM€€T 60llbWY~ KHH€TH4€CI<Y~ 3HeprHIO, KOTopa.A I<OMneH
CI-1PyeT 60JlbWyiO 4SCTb OTPHLIST€JlbHO~ noreHU,HSllbHO~ 3HeprHH 
e cep.Ql.leBI-1He. 

t-1raK, C O,QHOi1 CTOpOHbl, YTB€P>K.QS€TCR 1161, 4TO nceB,Q080JlHOBOe 
ypaeHeHHe nonyi..JaercR a peaynbrare cneliHSllbHOro npeo6paaosaHHA 
ypaaHeHHR Wpe.QHHrepa c 1.1€Jlbl0 H3MeHHTb 84> KB3 ¢ k (r) np11 HeHa
MeHHOM co6craeHHOM 3HS4€HI-1H 3HeprHH Ek.HMeHHO no3TOMY roao
pHTCR, 4TO nceB,QOnOT€Hli118Jl H€0,QH03H84€H Yl n03TOMy ero 8bt6op 
onpe,qell.AeTCA MST€MSTH4€CKHM Tpe6oBaHH€M rna,QKOCTH nC€8,Q08cf> 
KB3 t/'k (r). Ho, c ,qpyroi:1 cropoH~, KoHcrarHpyercR, I..JTO Cy1J.1ecr-
8Yer reopeMa 0 KOMneHC81.1HH, KOTOpaR YT8€p>K,qaer /16l, llTO eCJlH 
B 110 HeT COCTOAHHR 83110 C ,Q8HHbiM C06CTB€HHbiM 3HS4eHH€M E l 
11 C06CTB€HHOi:1 6$ cjJI'·(r), TO I<OMneHC84HA H€ HM€€T M€CTS BOO~(l4e 
11 K83 

11
4y8CT8yer 11 nonHbli:1 noreHu,Han. TaKHM o6paaoM, 6blllO Heno

HRTHO, eCTb JlH $H31114€CKHe npH411Hbl ,QJlA H8nHCSHHR ncee,QOnOTeH
l.IYiaJla YIJlH OH npe,QCT88JlR€T C060~ TOJlbKO O,QHO MaTeMaTYJI..J€CKOe 
npeo6paaoeaHHe, noaeonA~lJ.Iee np~MeH~Tb reopH~ so3My~eH~R npH 
BbfLIHCJleH~H co6creeHHbiX B<P cpk {r) 11 co6cr8eHHbiX 3Ha4eHHH 3Hep
r"" E k KB3? 

3t<cnep~M€HTSJ1bHble ,QSHHbl€ nOK83bi8810T, I..JTO 83110 npeHe6pe>KI-1MO 
cna6o MeHR~T ceo~ 84> 0

11 
(r) 11 co6craeHHble 3Hai..JeH~.A E 11. np11 nepe-

2 



XO,Qe 31l€MeHTS Yl3 O,QHOrO COCTOAHIIIA 8 ,Qpyroe. 3TO AOK83bi8S€T, 

LITO 83HQ ClllflbHO C8A3SHbl C .A,QpOM H meCTKO Kone6niOTCA 8M€CTe 

C HIIIM, T.e. LITO HQ KOne61leTCA KSK O,QHO ~enoe. ~eHcTBIIIT€1lbHO, 

6ecKoHeLIHb1H KY1lOH08CKHH noTeH~Y~an 0 -o6pa3HO pacnpe,QeneHHoro 

T04el.IHOrO 38P.A,Qa 3HepreTII!LieCKVI 8blfO,QHee MO,Qlii$V1~VIP088HH0f0 

KynOHOBCKoro noTeH~Hana pa3MaaaHHoro aapA,Qa Kone6niO~eroc.A 

A,Qpa. no3TOMY Be3,Qe OTKflOHeHlll€ fi,Qpa OT yana lii,Q€S1lbHOH KP 

MO)f{HO onpe,QeflVITb c noMO~biO oTKDOHeHVIA HO OT ero pa8H08ecHoro 

nOfl0)!{€HVI.R. 

Ha8eCTHo, 4To cpe,QHeK8a,QpaTVI4Hoe OTKnOH€Hll!e HO oT ero pas

Ho8ecHoro nono*eHVIA < r 2 > onpe,Qen.AeT OTK!lOHeHVIe peanbHoH KP 

MeT anna OT ero VI,QeanbHOH KP. no3TOMY 3S8liiCV1MOCTb Be!lVILIVIHbl 

ceo6o,QHOro npo6era A 11 c8o6o,QHOro 11 311€KTPOHa nposo,QI-1MOCTV1 

OT <r 2 > onpe,Q€1lA€TC.A C noMO~biO 8biPS)f{€HHfl/1?/ 

/2/ 

r,~:~e N - nnOTHOCTb HO. Ecn~t~ KOH4€HTPS41-1A 11 C8o6o,QHbiX 11 KB3 pas

Ha zN, r,Qe z - aap.AA HO, TO Afl.A 3neKTponpoeO,QliiMOCH1 MeT anna 

B 30MMep¢le1lb,QOBCKOH Teopi4H nOJ1Y4SeM /lB/ 

ze2 131 

H3 /3/ BI-1,QHO, 4TO KO!le6aHHfl V\Q CYI.t.\€CTB€HHO CKS3blBSIOTC.A HS 

nose,QeHllllll KB3 8 MeTanne. TaK KaK KB3 o6paayiOT ¢ePMH-*HAKOCTb 

VI BC!l€,QCT8V1€ npoAB!l€HH.R npHHU,Hna nay!lVI YIX ,QBII!)f{€HIIIA CKOppenlll

pOBSH~ M€*AY co6oH, TO KB3 He MoryT cne,QOBSTb sa ABVI)f{eHHeM 

KS)f{,Qoro HO e OT,Q€1lbHOCTVI. HMeHHO no3TOMy Heo6xO,QYIMO y4VIT~BSTb 

Kone6aHHA .A,Qpa npH onpe,QeneHHYI CKn, e KOTOPOM ,QBY~myTC.A KB3. 

noTeHU,V181l HO COCTOHT Vl3 KYI10HOBCKOro noTeHu,Hana KO!le6nl011.\ero

CA R,Qpa /MO,QVI$H4VIPOBSHHOrO/ VI H3 Ky!lOHOBCKOro, KOppenRU,VIOHHOfO 

111 o6MeHHoro noTeHu,Ha!lo8 B3HO. 3neKTPOCTaTH4ectcHi1 noTeHL.IHan 

pasM~Toro /ycpe,QHeHHoro/ aap.A,Qa Kone61ll011.\eroc.A AAPa onHc~saeT

CA Bb!p8)!{€HH€M 119 •20/ 

2 z.e ~' _,2 
(r) ~ -- f e dx, 

y7Tr o 

-1 _,-2 2 
r,Qe ry ~v < r >. HasecTHO 1211, 

/4/ 

4TO 

"<r2>~~ _I 
Mk0 8 0 8 0 

npH T=60 , r,Qe e0 - TeMnepaTypa .D.e6aR, aM -

Macca HO. Ha Man~x paccTOAHVIAX OT u,eHTpa HO cyl.t.\eCTBeHHO~ oKa-

3biB8€TCR TSK}I(e H nOCTORHHS.R 48CTb KyflOHOBCKOrO nOT€HU,HSJ1S, 
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C03,Qa8aeMaR BCeMM 311€KTPOHaMM aTOMa /B3HQ+K83/ 8 ero ~eHTpe1221 . 3Ta 8 - o6pasHaR YacTb noTeH~~ana T04e4Horo H0 12°1 onpe,QenR
eTCR ¢opMynaMM 

V H (r) MMeeT KOH€4HOe 3Ha4€H"1€ 
a yane "AeanbH0'1 KP (lim VH(r) ~v---2 -Ze). nonoMy rny6"-r-40 Tf<r > Ha nHOKP 8 ysne KP - KOHe4Ha.R ~ onpe,QenReTCR pa3HOCTb~ 

V(O) y2Ze -l 2 ~ 2 7/5 
2 ' •o V"<r > 

!61 

~ypbe-KoMnoHeHTa MOA"1¢"1~HPOBaHHOro KynOHOBCKOrO noTeH~Hana /4/ "MeeT BHA; 

171 

rra 0 r,Qe x = q/2k F; K- 1 =V--- - pa,QHYC 3KpaHI4pOsKH ToMaca-4>ePMJ.1 4kp 
Yl v2 =2<r2>k2F. Ha /7/ BV1AHO, 4TO Kone6aHVIe .R,Qpa npM80,QHT K 
3KCnOHeH~Mai1bHOMy y6b1BaHHIO cpopM¢laKTOpa V H(q) /7/ ero MO,QH$1.1-~HpoBaHHOrO KynoHoBcKoro noTeH~Mana VH(r) /4/ np1.1 6onbwHX q. 
0TC!O,Qa BM,QHO, HaCKOilbKO SaW.HO yYHTbiBaTb KO!le6aHHR R,Qpa npVI onpe,qeneH~t~vt CKn. JlePicTS:.-tTCI1bHO, TaKoi1 y4eT H3n~t~weH 8 aToMap
HOM rase, r,qe Bee 311eKTp0Hbl CB060,QHOrO aTOMa ,QBY1>KYTCR 8MeCTe co csoHM n,QPOM. Ho s MeTanne, KaK yme roeopHnOcb, KB3 Kon
neKTHBV13HpoaaHbl, see 1.1x AB"1>K€HHR cKopper.!l1poaaHbl, .a HO Kone6-n~TCR OKOJlO CBOY1X paBHOBeCHbiX nOJ10>K€HHtif. H3 /6/ BH,QHO, 4TO 
TOJ1bKO 6naro,QapR KOHe4HOCTH MO,QH$H~HpoBaHHOrO KyilOHOBCKOro 
noTeH~Hana H,Qpa /4/ a y3ne KP cy~ecTaeHHbJM oKa3biBaeTC.R sKnaA 0 -o6pa3HOH 4aCTH noTeH~Mana OTTaJlK~BaHHR Bcex 3neKTPOHOB /KB3+83HO/. TaK KaK Va (q) aaa"c"T 4epea v 2 oT <r 2>, KoTopoe, 
CO csoeH CTOPOHM, 3aBHCY1T OT CTPYKTypbl KpHcTanna Y! OT Tet-mepaTYPbl, 
Ae!l.RTb OAHH 

4 

TO RCHO, 4TO H€!1b3R 3KcnepY1MeHTa!lbHO onpe-
Te me noTeH~Ha!lM AflR pa3J1Y14H~X COeAH-



HeHlll~ liiJllll .QJlFI pa3I1\114HbiX 

3neMeHTa. 
B npe.QcTaeneHllllll MaTPllll..\bt nnoTHOCH1 nnoTHOCTb noTeHL\HanbHOtli 

3Heprllllll OTTanKHBaHliiFI Me*AY KB3 111 B3HO MomHO on111caTb npV16nlll

meHHO C noMOW,b!O BbtpameHliiFI /24,25/ 

(r')dr' 
E (r)" 4rr e 2 p1 

(r) J .£_,2 -,- + 
OT :r-r I 

5'3 5/3 5.'3 
+f>

2 
(r)) -p

1
(r) -p

2
(r) ], 

/8/ 

3AeCb 1• 1\r)" ~i<P,(r)[ 2 - nnOTHOCTb KB3, a p 2(r)":!:]¢ (r)] 2 -

nnoTHOCTb B3HO. BTopo!)l !..IIleH 8 /8/ nplii6Jllll}f(eHHo om1CbtealT V13Me

HeHllle KliiHeTlll!..lecKo!)i 3Heprllllll KB3 111 B3HO ecneACTBllle npoReneHliiFI 

npliiHU,lllna naynlll npH nepeKpbiTllllll 111x B<t>. nnoTHOCTb noTeHu,HanbHO~ 

3Heprllllll npliiTRmeHliiFI o6MeHHOro e3a\IIMOge!)icTBliiFI Memgy KB3 111 B3HO 

nplii6Jllll}f(eHHo onliiCbtBaeTCR ¢opMyno!)i 

HHor.Qa /26-' lllcnonb3yiOT BbtpameHliiFI /8/ 111 /9/ AilR npH6nwmeHHOro 

Onpe.QeneHliiFI nHOKP, O.QHaKO 3TO rpy6o Yl HeBepHO, TaK KaK Q';op

MYJlbl /8/ Ill /9/ liiMeiOT OTHOWeHllle TOJlbKO K 11 CB060.QHbiM11 3JleKTpo

HaM, a B3HO. CliiilbHO noKanlll3oBaHbt. 0Ka3btsaeTCR, !.ITO nnoTHOCTb 

3Heprllllll OTTaJlKlllsaHliiR Mem.Qy KB3 111 B3HO e o6nacTlll MaKCliiManbHoro 

pacnpe.QeJleHliiFI B3HQ He TOJlbKO KOMneHClllpyeT, HO Ill npeBbtwaeT 

nnoTHOCTb 3Heprllllll npliiTFimeH\IIFI KB3 c B3HO 111 c KOne6niOW,liiMCFI FI.QPOM. 

H3secTHo, ~To nonHee B3aliiMO.QetlicTellle KB3 c B3HO MOmHo y1..1eCTb 

TOilbKO e nplll6nlllmeHlll\ll XapTpH-¢oKa, rge np111 nocTpo!)iKe 6onee 

TOl.IHotli nonHotli B<t> B3HO 111 KB3 y4TeH npliiHL\llln naynlll. ~etlicTBliiTenb

Ho, nonHaR B¢ KB3 111 B3HO .QonmHa liiMeTb BillA onpegenliiTenR Cn3-

Tepa IZ?I, COCTaBJ1€HHOrO 8 HyJleBOM nplii6J1lii}I{€H111\II 1113 O.QH03JleKTpOH

HbiX B<l> KB3 ¢, (r) " B<l> B3HO ¢p (r) s a ToMe. Heo6xoA"Mo oco6o 

nog!..lepKHYTb, !.ITO ecn111 e MoneKyne B¢ KB3 He RBnFieTCFI opToro

HanbHOtli B¢ B3HO, ToTeM 6onee 3Toro Hei1b3A Tpe6oeaTb OT B¢ KB3 

8 MeT anne. Ecn111 liiCnonb3oeaTb nplll6nvtmeH\IIe, LITO E =Ek+EJ.I. 1 +EJ.I.2+ 

+ EJ.I. 3 + ••• , TO e nplll6m1}1(eHllllll XapTp1.1-¢oKa AI1FI E k nonyLtaeM cne

AYIOW.ee BbtpameHllle 1 13 ·281 : 

/10/ 

5 



TaK KaK a np~6m1>K€HH~ XaprpH-¢oKa AflR B¢ KB3 ¢k (r) Mbl nony-
4~!1H TSKOe >Ke ypaBH€HHe, KSK H B T€0PHH nceB,QOnbTeH~Hana 
AflR nces,Qo8¢ KB3 r./J k (r), TO CTSHOBHTCR RCHO, n04€My 8 T€0PHH 
nces,qonoreH~Hana nony4anHCb raKHe xopowHe peaynbTaTbl, coena
,qaiOtqltle C 60J1bWOVi T04HOCTbiO C 3Kcnepi-1M€HT8!lbHbiMH ,QSHHbiMH. 
8blPS>KeHHe I 10/ noKa3biBaer, 4TO HBCTORIQaR 8¢ KB3 ¢ k(r) onHcbr
eaer noee,qeHHe 11 cao6o,QHord' KB3 8 HSCTORIQeM cna6oM nHOKP, 
KOTOpbrV! HMeeT 3HaKOMbli1 BVI,Q: 

/11/ 

MeTO,QSMVI KBBHTOBOH MeXSHHKVI ,QOKS38HO, 4TO B HSCTORIQ€M nHQKP 
npVICyTCTBY€T 411€H OTT811KI-1B8HHR M€>K,QY KB3 VI B3HQ, KOTOpblH 
npH6JlH>K€HHO VIHOr,qa onHCbiBBIOT C nOMOIQbiO 8TOpOrO 411eHa 8 /8/. 
TeM CSMbiM KBSHTOBqMeX8HH4€CKHMVI MeTO,QSMVI ,QOK838H8 H€3¢4>€KTVI8-
HOCTb nHOKP, T.e. ero cna6oe BilHRHH€ Ha nose,QeHHe KB3 B Me
T8!1Il8X VI B03MO>KHOCTb npHM€HHTb T€0pHIO 803MYIQ€HI-1R npH Bbi41-1C
!1€HHI-1 B¢ H 3HepreTI-14€CKoro cneKrpa KB3. TeM caMbiM AOKaaaHa 
npHMeHHMOCTb npH6IlH>K€HHR nilOCKHX BOilH ,QilR onHC8HHR no8e,QeHHR 
no4TH 11 cso6o,qHbiX 11 3Il€KTpOHOB 8 Merannax. Mo>KHO CKaaarb, 4TO 
y4eT np~t~H~VIna naynH 30MMep¢eilb,QOM/32/ nyTeM 88e,QeHI-1R CT8THC
THKI-1 ¢epMH-~HP8Ka B TeOpHIO nopeHT~a 1331 

n038011VIIl nOHRTb 
repMo,QHHaMH4eCKHe c8oHcr8a KB3 s Merannax, a y4eT npHH~Hna 
nayn~t~ npH nocrpoHKe nonHoH B¢ KB3 1-1 B3HO s 8HAe onpe,qenHTeilR 
Cn3repa 1 271 noaaonReT noHRTb BJlHRHHe nHOKP Ha nose,qeHHe KB3 
a Merannax. 

Ha ¢VJ3VJ4ecKVJX coo6pa>KeHVJi:1 Mbr nony4Hnl-1, 4TO HCTYIHHbrH CKn 
H€IlOKSil€H, aa8HCHT OT 3H€PrHI1 H 3KCnOHeH~J.18IlbHO y6biBaeT C 
pocroM sonHosoro seKTopa q. HMeHHO 3KcnoHeH~HSJ1bHoe y6breaHHe 
¢opM¢aKropa CKIT c pocroM seKTOpa o6parHoH peweTKH q noasonReT 
8 np116J1J.1>K€HHJ.1 ¢ePMH-c¢epbl npe,QCTSBHTb ¢0pM¢SKTOP IlOKSilbHOrO 
MOAH¢H~HposaHHoro CKn a BHAe OTHOWeHHR 

xAl, /12/ 

r,qe X=q/2kF.6onee npocraR aam1cb, 6ea 4IleHa B2x 4 , Hcnonbao
sanacb ¢ai1HKOBbiM 1-1 roi1HHOM 1341 H ¢al1HKOBbiM H flHHOM 1351 AI1R 
8HBJ1HTH4eCKOrO OnHCSHHR 3KCnepJ.1M€HTBI1bHO onpe,qeileHHbiX T04€K 
¢opM¢aKropos MbiWbRKa AsH cypbMbl Sb.no,qo6HaR aanHcb Hcnonb
aosa.nacb asropoM s pa6ore1191, r,qe snepeble Ha ocHOBe ¢H3H4eCKHX 
C006pa>KeHHH 6bll1 onpe,QeJleH npHMepHbiH BH,Q HHTepnOilR~HOHHOrO 
MOAH¢H~HposaHHoro ¢opM¢aKropa noKanbHoro CKn. Ho HMeHHO ror,qa 
Bblwen pycCKI-1~ nepeeo,q KHI'Ir"' "TeopHR nces,qonoTeHL!Hana 11 B.Xei1He, 
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M. KoaHa 1o1 Jl. YaHpa 1161• 143 ecero ee COAep>KaHHR cneAoeano, 4TO 

nceeAonoTeH4Han npoHaBoneH, a AilR no4TH ecex aneMeHTOB 3Kcne

Pl-1MeHTanbHii1e A6HHble HMelOT cnHWKOM Cl-1IlbHblll! paa6poc. To.nbKO 

e 1976 r., nocne roro, KaK aeTopy enepBble YAa.nocb noKaaaTb 11 3,28l, 

4TO HaCTOR~l-111 noTeH4H8J1 MMeeT ~OpMy 1111, KOTOpy~ npeAnara!lM 

AflR nceB_POnOTeHI.V<16I16, MO>KHO 6bl.fl0 yTBep>KA8Tb, 4TO npep,JlO>KeH-

H6R e 119 aHa.m1Tirl4ecKaR aanHcb MOAe'nbHOro ¢JopMij)aKTopa CKn 

Ha caMoM Aene npae~r~.nbHa. ~eHcre~r~TenbHO, see ij)HaH4eCKHe o6cy>K

AeHHR e/19/ OTHOCI-11W1Cb K H8CTOR~eMy CKn, a .OOArOHKa TOrAa 

/1973 r./ Aenanacb K nceBAoCKn. HMeHHO no3TOMY TonbKO nocne 

AOKa3aTenbcraa nonHero coenaAeHI-1R no ij)opMe HaCTOR~ero CKn 

C npeAnOilO>KeHHb!M paHee nceBAOCKn MO>KHO 6bJI10 YTBeP>KA8Tb, 4TO 

HA€8IlbHOe COBnaAeHHe Me>KAY3H64eHio1RMH, Bb14\o1CJ1eHHbiM\o1 C noMO~blO 

npep,.nomeHHOIII a /19/ aeTopoM $OPMYI1bJ I 121 H 3Ha4eHI-1RMI<1, nony-

4eHHbiMH AHI<1Many 1-1 XeHHe1361 H AHHMany 137/ c noMO~biO MOAe!lbHoro 

nceBAonoTeH4Hana Xei::.He "" A6apeHKoaa 1381, He cny4a171Ho, a anon He 

36KOHOMePHO. 
HTaK, npeAf10>KeHa 1o1 ¢H3H4eCKH o6ocHoeaHa aHanMTio14ecKaR 

aanl-1Cb 1121 MOAenbHoro ¢oPM~aKTopa noKanbHoro CKn e npH6!1H>Ke

Hio11o1 ¢epMH-c¢epbl. 3To cpaay onpeAenReT~ a KaKHX 6eapasMepHbiX 

eAHHH46X He06XOAHMO aanHCbJBaTb ¢OpM¢6KTOp, H 06DRCHReT, 004e

My OH AO!l>KeH HMeTb T6KOH BHA. HMeHHO 3TO OTJ1H4a!10 pa6oTy/!S/ 

aeropa OT pa6or 134,35/ ~anYIKoaa. HMeHHO ¢~r~31r14ecKHe coo6pa>Ke

HiriR no3BOJ1HJ1~ aBTOpy a 1191 yMeHbWir!Tb 4HCI10 CB060AH~X napaMeT

POB e I 121. AeHcTBio1TenbHO, ~r~a !lllrl31r1~4eCKHX coo6pa)l(eHHI-1 cneAyeT, 

4TO KOHCTaHTa AO AOn*Ha onpeAe.nRTbc~ A611bHOAeHcreHeM KynoHoa

cKoro noTeHL.IHana, r.e. yc.noaHeM 1211 lim V(q) ==-AO=-&F/3. 
q40 

KoHcTaHTbl Bl ""' B2 AOil>KHbl onpeAeJ1RTbCR KOPHRMH ypaaHeHHR 

V(q) ~o c noMOUibiO cneAYIOUI~x <l>opMyn: 

B2 ~ (x~0 XX~O )-! ; Bl ~ B2x(x~0 +X ~O), /13/ 

CAe x 10 ~q10 /2kF H x20 ~q 20/2k F. AlJR 3KCnepHMeHTanbHOCO 

onpeAeneHHR napaMeTpoe Bl H B2 MO)I(HO aocnonbaoeaTbCR Teop~r~eH 

pacceRHiriR, Y41r1Tb1BaR, 4TO 

m!l0 f(O)~---x 
2"t 2 

-l<k F+ qiW I k F>+<kF +qiWG 0WikF>+<kF+qiWG0 wa0 w lky+ •.• l, 114/ 

rAe '00 (r-r') - rpHHOBCKaA ¢YHK41o1A CB060AHOrO 3Jl€KTP0Ha ;gg;. 

Mo>KHO npeAnOJlO)I(HTb, 4TO raM, rAe ¢opM¢aKTOP Man, ~aabl 

TOme AOI1mHbl 6b1Tb He3Ha4HTeJ1bHbiMH, H 003TOMY C He06XOAHMO~ 
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TO~HOCTb~ 8 6opHOBCKOM np~6n~~eHHH MO~HO nOJ1b30aaTbC.R paBeH
CTBOM 1401 

4, 
_F_:l:(21 
3rrz /15/ 

3anlt1Cb1Ba.R .ABHbl€ Bblpa~eHt-t.R nom'IHOMOB ne~aHAPB Pe (cosO) ~epe3 x ::o q/2kF (cosO::ol- 2x 2 ), MOH<HO nony!.4lt1Tb ClleAY~~ee paano~eHlt1e MBTpH~Horo 3neMeHra < k F + q I WI k F > no creneHAM x 2 1161 

/16/ 

B I 16/ npt-tHATbl cneAYIO~VIe o6o3HB4€HH.R: 

3AeCb 8 0 - ¢aaa s - pacce.RHVI.R, 8 1 - ¢a3a p -pacce.RHH.R, 8 2 -¢a3a d -pacce.RHH.A, 3 3 -cPa a a f -pacceAHl-1A H 3 4 -¢a3a g -pacceAHH.A. 
nocne y4era npasHna ¢1PHA€11A 1411 A11R CO (CO= "z/2) pa3no~eHHe 
/16/ MOH<HO nepenVICBTb 8 BHA€ 

2 ·k +q{W{k >~--< {1-F F 3 F 

/18/ 
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CpasHHBaA Ko3¢l¢lH'-'HeHTbl paa.no)l(eHHA a I 181 c K03¢l¢H'-'HeHTaMH 

Bl 1-1 B2 a /121, MOmHO onpeAe.nHTb nocneAHHe. TaK KaK a 3Ha

MeHaTe.ne B lf21 HMeeTCA 3KCnOHeH'-'HaJ1bH~~ MHQ)I(YITe.nb, TO HMeeT 

CMbiC.n coxpaHHTb TOJlbKO nepsble 4.neHbl paa.no>KeHHA a I 181. 

8 Ae~CTBHTe.nbHOCTH, 1-13 paseHCTsa 1141 c.neAYeT, 

aHHY!lHposaHHfl MaTpH4HOrO 311eMeHTa <k F+ q 1 W 1 k F > 
BOK BbiCWero nopf!AKa cy~eCTBeH. ,lle~CTBHTeJlbHO, TaK 

4TO B T04Ke 
BKI18A nonpa
KaK 

/19/ 

TO BK.naA APYri-1X MaTpH4HbiX 3JleMeHTOB <kF+q~1W\kF+q 2 > MO>KeT 

6b1Tb cy~eCTBeHHbiM HMeHHO TaM, r,Qe <k7i +qjW[kF > 04eHb Mall 

1-1111-1 aHHy.nHpyeTCf!. no3TOMY paseHCTBO 161 C K03$¢H'-'HeHTaMH 

1171 YIHOrAa rpy6o 1-1 He BnO.nHe T04HO. TeM 6o.nee, 4TO 1-13 CB1!3YI 

aMn.nHTYAbl pacCef!HYifl f(O) C AH¢l¢lepeHu,HanbHbiM Ce4eHI-leM a (8) 

C.ne,QyeT, \.ITO eCJll-1 AH¢l¢lepeHu,Ha.nbHOe Ce4eHHe HHr,Qe He aHHY.nH

pyeTCA, a ¢0pM¢laKTOp noTeH'-'1-'ta.na pacceAHI-11! MeHAeT 3HaK, TO 

aMnnHTy,Qa pacceAHHR AOJl)I(Ha 6b1Tb KOMn.neKCHO~. no3TOMY Heo6xo

AHMble Afl1l 1131 eo.nHOBble eeKTopa .ny4we acero onpeAellRTb KaK 

KOOPAHHaTbl MHHHMYMOB AH<I><J>epeHU,HaJlbHOfO Ce4eHHR a(8). Ecm1 

4HCI10 MHHHMYMOB A1-1¢l¢lepeHU,Ha.nbHOfO Ce4eHI-1A ~m pacCeRHHR 3.fleKT

POHOB C 3Hepr~t~e~ !::! F 60J1bWe ABYX, TO B 4VICI114Te.ne MOAeilbHOro 

¢opM¢aKTopa .noKailbHoro CKn Heo6xoAHMO coxpaHHTb cneAY~~He, 

6o.nee BbiCOKI-'Ie cTeneHH paa.no>KeHHR. KoHe4HO, HMeeT cMbiCil y4H-

Tb!BaTb TO.flbKO Te qeo, A.flfl KOTOPbiX exp[A2xp0 ] <,;,_100 Al, TaK 

KSK B.nHRHHe OCTaJ1bHbiX Ha ¢lopMy MOAe.flbHOfO $opM¢laKTOpa Hecy

~eCTBeHHO. 

8 1171 Mbl COXpaHHI1YI TO.flbKO nepsble 4 ¢la30BbiX C,QBHra, B TeQ

pHH MeTaJ1I10B 3TO OnpaSAaHHO, TaK KaK _\.113-38 60I1bWOH CKOPOCT~ 

KB3 Ha ¢B H Ma.noro paAHyca AeHcTBHR cna6oro CKn yMeHbweHHe 

ai c POCTOM f 04eHb CHilbHOe. C.neAOBaTe.nbHO, Ko.ne6aHHe MO 
8 MeTa.n.ne BMecTe c CYIIlbHOH 3KpaHHPOBKOH KB3 n_HOKP' yMeHbWaR 

r.ny6HHY H paAHYC noTeHu,Ha.nbHbiX RM nHOKP, o6ecne4HBa~T c.na6oe 

s.nHRHHe CKn Ha ABH)I(eHHe KB3 H orpaHH4HBa~T 4IleHbl pas.nomeHHR 

4Hc.nHTe.nfl MOAe.nbHoro ¢opM¢aKTopa. 

napaMeTpbl At H A2 8 I12I$HKCHpy~T no.no)l(eHHe JlOKailbHOrO 

MaKCHMyMa H 3aTyXaHHe MOAeilbHOrO ¢opM$aKTOpa npl-1 6011bWHX X. 

TaK KaK s /6/ MOAH¢Hu,HpoaaHHbl~ Ky.noHOBCKH~ noTeH4Ha.n pa3M~Toro 
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38PR,Qa KOne6niD~erOCR R,Qpa KOMneHC~t~py€TCR noCTORHHO~ 48CTb~ 
nOT€H4H8J18 OTTBnKHBBHHR BCeX 3neKTpOHOB B 4€HTpe HQ, TO MHO
mHT€nb A2 a 3KcnoHeHTe ,qonmeH cy~ecTBeHHO oTn~4STbCR oT 
MHOm~t~TenR v 2 

:::o 2< r 2> k ~ 17 I. Ha 3Ha4eH~t~H A2 CK83biBaeTCR 
"' caMocornacoeaHHOe pacnpe,qeneH~t~e B3HO "' KB3. no3TOMY napa
MeTP A2 HaMHOrO 60J1bW€ napaMeTpa v2. 0,QH8KO KOCB€HH8R CBR3b 
Mem,qy ,qeyMR napaMeTpaM~t~ cy~ecTeyeT. TaK KaK <r

2 > yeen~t~4~t~BaeT
CR npH611H3VIT€11bHO B 4€TbiP€ paaa npH VI3M€H€HVIVI TeMnepaTyPbl B 
VIHTepaane 0_::: T_580 , TO, H8BePHO€, H K03¢¢H4H€HT A2 ,QOJlmeH 
aasHceTb OT TeMnepaTyPbl. A aaBHCHMocTb cpe,qHeKea,qpaTH4Horo 
OTK110H€HHR <r

2 > OT ynpyrVIX CBO~CTB KPVICT811J1H4€CKO~ CTPYKTYPbl 
o6ecne4VIBaeT 3BBVICVIMOCTb napaMeTpa A2 OT MO,QVI$VIK84HVI KPVICTan-
11V14€CKO~ CTpyKTypbl MeTanna. TaKHM o6p830M, C YB€J1H4€HH€M TeM
nepaTypbl VIJl~ npVI nepexo,qe B 6onee 11MRrKyl011 KPHCT81111H4€CKYIO 
CTPYKTYPY BMeCTe c yeen~tt4eH~tteM aMnnV~TY.Qbl Kone6aHH~ HO ~tta-aa 
yaenV14€HHR napaMeTpa A2 yMeHbWaiOTCR MaTpV14Hble 3I1eMeHTbl CKn 
,QJ1R 6onbWHX BOJlHOBbiX BeKTOpOB q, T. e. YM€HbW8€TCR 8I1HR Hl-1€ 
nHOKP Ha 3HepreT~tt4eCKH~ cneKTP VI noee,qeH~tte KB3. B HaCTOR~e~ 
pa6oTe Mbl He Y4HTbiBBJ1VI TeMnepaTyPHO~ Itt CTpyKTypHOH 38BVICVIMOCTH 
napaMeTpa A2,a Bbln011H€HHO€ VICCJle,QOBaH~e TOnbKO 06bRCHR€T npH-
41t!HY paa6poca 3Kcneplt!M€HT8JlbHbiX ,QBHHblX ,QI1R $OpM$8KTOPOB pa3-
J1H4HbiX COe,QHH€HH~ O,QHOrO VI TOrO me 3JleMeHT8. 

Mbl He y4VITbleanH a pa6oTe 1-1 cyw,ecTBYIOW.YIO aae~t~CHMOCTb Me)!(.Qy 
napaMeTpaMVI Al VI A2. ,lle~CTBHTenbHO, paanaraR 3KcnoHeHTY a /12/ J.1 COXP8HRR TOJlbKO K88,Qp8TVI4Hble 411€Hbl, MOmHO no11y4HTb 

2 2 1 _x2 ), V(q) ~-, (B1x -1) (1 + 
3 F K 2 /20/ 

r,qe I( 
2 =Al/ A2. CeR3b I( c pa,qV~ycoM 3KpaHHpOBKH ToMaca-¢epMJ.1 

K-1 (K = 2k K) ,qaeT cne,qyiOW,yiO ceR3b Mem,qy napaMeTpaMJ.1 Al 1-1 A2: F 

/21/ 

TaKHM o6pa3oM, ,qnR caMocTORTenbHoro onpe,qeneHHR ~3 3Kcnep~t~
MeHTOB KBK 6y,QTO OCT8€TCR TOJlbKO ,QBa CB060,QHbiX napaMeTpa. 
O,qHaKo eo3MO)!(HO eo3HHKHOBeHJ.1e eonpoca: no4eMy He cpaBHHTb ¢opM
¢laKTOP /20/ C ¢lopM¢aKTOpOM nOT€H4H8J18 T04€4HOrO HOH8, KOTOPbl~ 
HcnonbaoeancR a 1201 ? nocne cpaeHeHHR MO)!(HO aaMeTHTb cne,qy~aw,y10 
CBR3b: 

/22/ 
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Mem,qy napaMeTpaMJ.~~ B1, Z ""' kya 0 • TaK KaK ,q.nrl MeTa.n.nos kya 0 == 
~ l;/3 + 4/3 ( ""' no3ToMy "kF a,%~ 1 + 4), a aapr~,q r1,qpa Z MO}f(eT 
6b1Tb O'-leHb 60J1bWJ.IIM (1 < Z 7 -:.;_600), TO COBepW€HHO ACHO, ~TO 
ctJopMy.na /22/ ,QaeT c.nJ.~~WKOM aaBblweHHble 3Ha~eHHR .QnR K03$$J.~~~J.~~eH
Ta BL 3aBbiWeHHoe 3Ha~eHI4e A11fl napaMeTpa A2 ,qaeT ¢opMy.na /21/. 
no3TOMY Mbl He no.nbaoea.ni4Cb HMH npJ.~~ no,qroHKe napaMeTpoe. Ho 
C,Qe.naHHble Bb!BO,Qbl noKa3bl8aiOT, ~TO H€J1b3FI CJ114WKOM rpy6o VIHTep
npeTJ.~~pOBaTb oT,qe.nbHble 1.1.neHbl ctJopM¢laKTopa CKn H ~To Mo,qe.nb 

noTeH~J.~~a.na To~e'-IHoro HO o,qHo6oKa ""' n03TOMY ,qa.neKa oT HacToR
wero Mo,qe.nbHoro CKn. C.ne,QoeaTe.nbHo, ,qnR no.ny~eHHR npaeJ.~~.nbHoro 
3Ha'-leHHA napaMeTpoe A1 ""' A2, Bl H B2 Heo6xoAHMO OAHOepeMeH
HO y~HTbiBaTb KaK BJ1J.IIRHI4e ~Q Ha KyJ10HOBCKI4~ noTeH~148J1 3apR,Qa 
A,Qpa /ere pa3M83KH/, TSK J.11 BJ1HriHI4€ nOTeH~J.~~a.na OTTaJ1KI488HI4A 
/8/ Me~AY B3H0 H KB3. 

8 HaCTOR~e~ pa6oTe npe,q.naraiOTCfl ,qea Ha6opa napaMeTpoe ,qnR 
Kam,qoro \.13 30 3.neMeHTOB. 8 Ta6.n~t~~e 1 npe,qcTae.neHbl napaMeTpbJ 

MO,Q€J1bHOrO ¢lopM¢laKTOpa, no,qOrHaHHOfO K ctJopM$8KTOpy MO,Q€J1bHOro 
noTeH~J.~~a.na Xe~He H A6apeHKoea 

1381, Bbi'-IHc.neHHble AHvtMa.ny "' 
Xe~He 1361 "' AH~t~Ma.ny 1371. 8 Ta6n~t~l.le 2 npe,qcTaeneHbl napaMeTPbl 

Mo,qe.nbHoro ¢lopM¢aKTopa, no,qorHaHHoro no,q 3KcnepHMeHTa.nbHble 
,QaHHble, nony4eHHble H3 onTJ.~~4eCKI4X 1411Yl APYrJ.~~x 3Kcnep~t~MeHTOB. 

Ta1< KaK npH J.~~X o6pa6oTKe o6bi4HO ~cnonbayJOTCfl onpe,qe1114Te11J.~~ 
Manoro nopR,QKa, TO pa3J1J.~~4J.II€ Me}f(,QY ABYMR Ha6opaMJ.~~ K03¢¢HLIHeH
TOB AO!l>t<HO 6b!Tb 3Ha4J.~~Te.nbHbiM. Ael1cTBI4Te11bHO, ecnJ.~~ Mbl Y4J.~~Tbl
eaeM TO!lbKO YPOBHJ.II (Cla +k), TO 811\tlfiHJ.IIe OCT8!lbHbiX MaTpH4HbiX 

311eMeHTOB < k+ q,sl WI k > Ha MaTpJ.~~4Hble 3J1eMeHTbl < k + qa I WI k> 
,QOJ1}f(H0 onpe,QeJ1RTbCfl C11€.QYIO~HM Bblpa>KeHJ.IIeM: 

_ <k +% IWik+Q,(i><k+qaiWI k> 
<k+Q IWik>=<k+Q IWik>+~ 

a a {i E-E(k+Q/l) 
/23/ 

~MeHHO n03TOMy J.IIHOf,Qa npe,Qno.naraiOT, 4TO ctJOpMctJaKTOP MO,Qe.nb
HOfO CKn aHHY!1HpyeTCR npl4 q ~ 3kF. 8 ,qaHHO~ pa6oTe 3Toro He 
npe,qno.naraeTCR, XOTR 6bl110 RCHO, 4TO TaKoe aHHY!1HpOBaHJ.~~e MO>KHO 
nony4J.~~Tb, npeHe6perafl 4.neHoM B2x4 H yee.nJ.~~4HBafl '3Ha'-leHHfl na

paMeTpoe Al "" A2. 3To 6bi!10 6bl rpy6biM ynpo~eHHeM 14 eoaepa~e
HI4eM K ctJopMy.ne ro.nHHa ""' ¢lan14KOBa 14 nHHa ""' ¢lanJ.~~KOBa. AnR 
ny4wero coena,qeHHR a,qecb y4J.~~Tb1BaeTCR J.13MeHeHHe Maccbl K83 e 

MeTan.ne. 

np~t~ aHaJ1143€ ,qaHHbiX Ta6.n. 1 J.1 2 MO>t<HO 3SMeTHTb H~KOTOpyiO 
3aBJ.1CHMOCTb K03$$H~H€HTOB MO,QeJ1bHOfO $OpM$aKTOpa OT sa.neHTHOc
T\.1 J.11 nopr!,QKOBOrO HOMepa 3neMeHTS. Ho TSK KaK 3TO CKopee TeH
A€H~~rl, '-leM TO'-IHaR aHa!lJ.IITJ.II4€CKa~ 3aBHC~MOCTb, KOTOPYIO MO~HO 
6~110 6~ o60CHOBaTb TeopeTJ.14eCKJ.II \.13 $H3J.~~4eCKJ.IIX C006pa*eHH~, 
TO M~ He CAe.na.nl-1 Vl3 3TOfO HJ.IIKaKJ.1X KOJ1H4€CTBeHHbiX BbiBO,QOB. 

II 
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0,348 

0,265 

0,520 

0,500 

0,356 

0,334 

0,.240 

0,429 

0,3IO 

0, 242 

0,400 

o, 370 

0,348 

AI 

4, 6UO 

1, 2UO 

u .640 

2.700 

1.uoo 
0.690 

0.740 

2.100 

5. ooo· 

7 .ooo 
0,8I6 

0.940 

I. 680 

9,800 

0,560 

0.970 J 

0,690 

0,650 

I. 700 

0.545 

0,463 

0. 375 

o. 320 

o. 642 

o. 710 

0,320 

o. 3IO 

0,630 

0.540 

0.380 

A2 

r,noo 
0,83tl 

0,760 

1,700 

I, 2UOO 

I,IOO 

0,965 

I, 500 

I,aoo 

2,100 

0,730 

0,775 

0' 720 

I,420 

o,9ao 
0,900 

0 '720 

o,sao 

o, 920 

0 t 870 

0,735 

0,745 

0,470 

o, aoo 
0,700 

0,605 

0,420 

0,780 

o,sao 
~,7IO 
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C]~~~~~I~~~~[= ~~:~:~~~~:r~~~~~r~~~~~~~~~~~~:: 
Li 1,19 , 0,34704 0 119442 2,50 , I, I? . 56,0 

A2 

Na; 1,01 

K 0,99 

Rb 0,97 

c s 0, 98 

Be I, 16 

Mg · r ,er 

Ca i 0 1 98 

Sr: 0,96 

Ba i 0, 94 

Zn 0, 96 

Cd i 0,92 

Hg 1 o,aa 

8 I, I 2 

!Al 1 1 02 

Ga 0, 97 

In 0,93 

T1 Q 188 

; C I ,07 

Si 1,03 

Ge 0, 98 

Sn 0 194 

Pb o,a9 

P I 1 02 

As r,oo 

Sb 0 1 97 

0,23831 

0,15582 

0,13637 

0,11640 

r,osazo 

0,52449 

0,34400 

0,28906 

0,26915 

0,69594 

o,SS096 

0,52027 

1,48269 

0,86031 

0,77023 

0,63559 

0,59880 

2,12985 

0,91960 

0,84750 

0,75231 

0,69729 

1100156 

1,01302 

0,8U755 

o, 15730 

0,10493 

0,09373 

0,07918 

D1608I6 

0,34620 

o, 23402 

0, 20084 

0,19089 

0,48329 

0,39924 

0,39361 

0,88255 

0,56229 

0,52937 

0,45562 

0,45364 

1,32701 

0,59521 

0 157653 

0,53355 

0,52232 

o,6S42I 

0,67535 

o,SS502 

1,70 

. 2,46 

2,29 

1,92 

I,ao 

I,98 

x,aa 

1,82 

2,41 

2,32 

2,01 

I,89 

1,84 

2,32 

2,I6 

z,oo 

I, 95 

I,88 

2,14 

2,I2 

I,07 

0,88 

o, 71 

0,68 

I, I 5 

0,99 

0,86 

o,74 

0,65 

0,76 

0,68 

0,66 

I, I I 

I ,03 

0,79 

o, 71 

o,?o 

42,0 

28,o 

Is,o 

g,o 

34,0 

29,0 

13,0 

9,0 

7 ,a 

14,0 

10 1 0 

a,o 

32,0 

22,0 

18,o 

Is,o 

11,0 

I ,o4 Jo,o 

0_,94 u,o 
o,as rr,o 
o,?a g,o 

2,10 

2,00 

I,90 

I,8D 

1,70 

, 21 I 0 

2,00 

I, 90 

I, 80 

I, 70 

1,90 

r,ao 
1,70 

2, I 0 

2,oo 
I 1 90 

I, 80 

I 1 70 

2,Io 
2,00 

I, 90 

I, 80 

0,76 8!0 1,70 

1,02 13,0 2,00 

o,gg ro,o r,go 

r,94 o,ao 1,0 x,so 
Bi 0,93 o,?zsas i o,szo32 r,go o,76 s,a r,?o 

r,or , r,D3IB61 o,sei9D z,ro o,ge 9,0 z,oo 
r,oo , o,9B547 o,sss9B r,ga o,a3 1,0 r,ao 
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TaKHM o6paaoM, npe,qnoM<eHHbiM napaMeTpaM MO>KHO aepHTb TO!lbKO 
B Mepy HX COOTBeTCTB\II.A 3KCnepHMeHTY Yl Bb14HCJ1eHHbiM 3Ha4eHit1.AM, 
KoHe4HO, Heo6xo,Qit1MO y4YIT~BaTb, 4TO 6onbWit1HCTBo 3Kcnep~t~MeHTanb
HbiX ,QaHHbiX nony4eHO npH 14CCJ1e,QOBaHJ.11t1 He 41t1CTbiX 3J1eMeHTOB, a 
~t~x coe,QHHeHHi:L HMeHHO BnH.AHYie cTpyKTYPbl 1o1 3KpaH!-1poaKio1 KB3 
Ha CKn RBJl.AeTcR npl-14~t~HoH 6onbworo paa6poca 3KcnepHMeHTanbHbiX 
,QaHHbiX, 4TO n-penRTCTByeT npaBio1J1bHOMY Bbi60py no,qrOH04HbiX napa
MeTpOB. 

Ha pHC. 1 ,2 1-1 3 npe.QCTBneHbl MO,QeJlbHble ¢opM¢laKTopbl ,Qll.A Zn, 
AI " P, a Ha pHc. 4 H 5 - MOAeJlbHble CKn A11R Zn H AI s6nHaH 
yana KP. CpaaHeHHe KPHBbiX AJ1R Mo,QeJlbHblx ¢lopM¢laKTopoe 1-1 CKn 
noKa3b1BaeT, 4TO ner4e H np~e Onlo1CbiBaeTCR MO,QeJlbHbiH ¢lopM¢aKTOp 
a q-npocTp~HcTae, 4eM CKn a r -npocTpaHcTae. 0,QHaKo BJ.~~A 
CKn a r -npocTpaHCTBe MO}I(eT noM04b npH Bbl6ope napaMeTpoa A11.A 
¢oPM¢laKTopa. noneaHo, Hanp~t~Mep, cpaaHHT~PaAHYC HO R0 c T04-
KoH aHHY11HpoaaHio1R Mo,QenbHoro CKn y0 ==2kFR 0 lo111H aaTyxaHYie 
nocne,qHero np1o1 6onbWI-1X r c 3KPBHYIPOBKOH KB3 KYilOHOBCKoro no
TeH4Hana HO cornacHo ¢opMyne 

ze 2 
V(r) ~-

a 

npYI r >> R 0 . 

/24/ 

TaK KaK a 6naropo,QHbiX MeTannax a.m'IRHHe d -3neKTpoHoe noc
ne,QHe~ 060J104KH 04eHb Cy~eCTBeHHO, TO nceB,QOnOTeH41-1a11bHOe 
npe,qcTaeneHHe .QnR Hx CKn oTcyTcTeyeT. no3TOMy Mbl nbiTanHcb 
no,QorHaTb KPHBY~ Mo,qeJlbHoro ¢opM¢laKTopa CKn K cy~ecTey~~HM 
aKcnep~t~MeHTaJlbHbiM ,QaHHbiM. Ha p1o1c. 6, 7 H 8 npe,QcTaeneHbl no
AOrHaHHble KpHBble MO,QeJlbHOrO ¢lopM¢laKTOpa lo1 3KcnepHMeHTaJ1bHble 
,QaHHble AJlR Cu, Ag H Au cooTBeTCTBeHHO. Ha pHcyHKOB BHAHO, 
4TO 3TO coena,qeHHe - xopowee, O,QHaKo 3KcnepHMeHTanbHbiX ,QaHHbiX 
04eHb Mana. no3TOMY npe,QilO~eHHble napaMeTPbl He06XO,QHMO OPio1HH
MaTb KaK HyneBble npH611H~eHHR, KOTOpWe MO~HO onpe,QeJlHTb T04Hee 
no,qroHKoH CKn AllR npaBHI1bHoro on~t~caHHR cneKTpoa KB3 H. ¢loHoHoe, 
aneKrpo- H rennonpoeOAHOCTH 6naropOAH~x MeTannoe. 

B pa6oTe AaH~ ABe Ta6111o14~, 4T06~ a aaBHCHMOCTH OT nocTaHoe
KH aa,QB41o1 HcnonbaosaTb Heo6xoAHM~~ Ha6op napaMeTpoe. EcnH 
HY~Ha 6onbwa~ T04HOCTb H y4eT BKilaAa 6o11bworo 4Hcna nnocKHX 
eonH e B<J) KB3 ¢k (r) , TO Heo6xOAio1MO HCnonbaoeaTb napaMeTpb1 1-13 
ra611. 1. EcnH enHRHHe CKn Y4HT~saeTcR TOilbKO A11R CHRTHR sbl
pomAeHHR B T04K8X nepece4eHHR 3HepreTH4eCKio1X SeTae~, TO MO*HO 
nonbaoeaTbCR napaMeTpaMI-1 H3 Ta6n. 2. ~I1R 6naropo,QHbiX MeTan
nos np~ 6onee T04HOM y4eTe BnHRHHR APYrHX 3HepreTio14eCKHX BeT
seH He06XOAHMO T04HO Y41o1T~B8Tb BnHRHYie d-aneKTpOHOB nocneA
He~ 060n04KH, a He npH611H~eHHO, B BHAe ,Q06aB04HOrO 411eHa OT-
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P"c. 3. MoAenbHbiCi <t>oPM<!>aKTop CKn P. 
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81· 1.654 
B2· 0.343 
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P1-1c. 4. MoAenbHbl;::, CKn Zn. 
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82• 0.704 
A1 • 0.56 
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P~r~c. 6. noAOfHaHHbHII K 3Kcnep~r~MeHTanbHbiM 
A3HHbiM MOAel1bHbiH <t>opM<t>aKTOP CKn Cu • 



·0.3, 

I 

.RO ' 0. !71.53 
A1 '9; 
J!Z d 9 
81 •2533 
BZ ,o.909 

·-,;o-43;- X 

X• ,$.,. ,,, 

··ploiC, 7. noAOrHaHHbiCil K 3Kcne
pJ.IIMeHT8IlbHbiM ,Q8HHbiM MOAeJlb

Hbl~ cpopM<l>aKTop cKn Ag. 

•• 1 

I 

~0•0.27307 
A1•92 
n2·H 
61 •2.527 
82 .o.B9'1 

P1o1c. 8. no,QOrHBHHblil! K 3KCne

PI-1MeHT8JlbHbiM A8HHbiM MO,QeJlbHblil! 

cj>opMcj>aKTOP Au. 

Ta.nKJ.~~BaHI-IR. Bni-1RHHe HeaaHRTbiX ~ 1-1 f -cocTORHHJil y Ca. Sr 1-1 Ba 
He06XO,:Vo1MO Y4\o1Tb!B8Tb B BJ.1Ae A068BKVI 8$ 3TJ.1X COCTORHio1ail K nnoc
KOail eonHe 11ceo6o,QHOrd• KB3. 

OpoeeAeHHoe J.1Ccne,QoeaHI-1e noK83biBaeT, 4TO MO,QenbHblill ¢opM¢aK
TOP XOpOWO OnJ.1CbiB8eT 3Kcnepi-1MeHT8JlbHble pe3yJlbT8Tbl, T8K K8K 
ere 8H8m1TJ.14eCKHail 81-fA Bbr6paH C nOMOW,biO He06XOAHMbiX VI AOCT8T04-

HbiX ¢1-13H4eCKHx coo6pameHHill. Cna6oe H3MeHeHI-1e napaMeTpoe Mo,Qenb
Horo ~pM¢8KTOpa np1o1 nepeXOAe OT O,QHOrO 3JleMeHT8 K ,QpyroMynoKa-
3~BaeT,4TO Y~T€HH~e ~H3H4€CKH€ COOfipameHHR npHBenH K npaBHDbHOMy 
onpeAefleHHIO <lJOPMbl MOA€flbHOrO $OPM<!>aKTOpa ,Y4HTbiBaiOll.l€rO OCHOBHble 
oco6eHHOCTH CKn. 3ro Aaer HaM ocHoBaHHe npeAnonaraTb, 4TO Manble 
H3M€H€HHR napaMeTpOB peweTKH MOmHO y4HTb1BaTb C nOMOll.\biO H3M€He
HHR MaCWTa6a AflR BOflHOBOrO BeKTOpa q, T. e, nyTeM H3M€H€HHR 
kF BCfl€ACTBHe H3M€H€HHR 3fl€M€HTapHOro 06beMa 

3z t/3 
0 

0
[ kF~rr(-) ]. 

rrf!o 
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