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MeTo.I( MO.I(enLHo-He3aBHCHMOro auanH3a /MHA/ ¢opM

$aKTopoa paccejfHHjf 3neKTpouoa ua ji.I(pax .I(aeT "3Kcnepu
MeuTanLHMe" pacnpe.I(eneuujf nnoTuocTH 3apji.I(a B ji.I(pax 
C HeKOTOpOH HeO,I(H03Ha'IHOCThiO THna 

"' . 2rrnr up~ A(r) sm (---), 
R 

/1/ 

r.I(e 

n > n0 = q R/2.11, 
max 

a qmax ecTL MaKCHManLHbiH nepe.I(asaeMMH HMnynbc, H3Me
pjfeMbiH s 3a.I(aHHOM 3KcnepuMeuTe. TaKa}~ ueo.I(H03Ha'luocTL 
o6cy:lK.I(anacb, uaquuajf c pa6oTbi/I/, r.I(e MHA npHMeH}IllCfjl 
K ,I(aHHbiM no l 0•48 Ca 121 u no3.I(Hee K .I(aHHbiM no 4 He/.3/ 
12c , .12S / 4/, 20ilpb/s/. Bo acex 3THx pa6o-rax B auanu3~ 
HCnOnh30BanHCb pa3llH'IHLie npofiHMe $yHKI.I,HH: npOH3BO.I(HMe 
$epMu-$yHKI.I,HH/l/, rayCCOBCKHe $yHKI.I,HH/3,4/ H pji.I( 
.I(pyrux /s/. 0.I(HaKo .I(O uacTO}Ill.l,ero apeMeHH ue 6Mno HH 
O.I(HOro npHMepa, r,I(e O.I(HOBpeMeHHO HCnOllb30BallC}I fiLl 
uenbiH pji.I( npo6HbiX p -$yuKuuii .I(lljl o,I(uoro u Toro )l(e 
ji.I(pa, XOTjf MO)I(HO npe.I(nono:lKHTb, 'ITO pe3ynLTaTbi MHA 
.I(Oll:lKHbl 3aBHCeTb OT HX BM6opa. TaKHM o6pa30M, 3a,I(a'la 
3TOH 3aMeTKH COCTO,HT B HCCne,I(OBaHHH cne.I(yiOll.I,HX BOnpOCOB. 
llepBbiH - KaK BllH}IeT Bhifiop npo6HMX $yHKI.I,HH Ha xapaKTep 
nonyqaeMMX pacnpe.I(eneuuii nnoTuocTH 3apji.I(a u, B qacT
uocTH, ua ux "TOHKYIO CTPYKTypy" - pa.I(HanLHLie aapuauuu? 
3.I(eCb Ha.I(O aHallH3HpOBaTb O,I(HO H TO )l(e ji.I(pO C pa3nHq- · 
HhiMH HafiopaMH npo6HMX $yHKI.I,HH. BTOpOH - KaKOBO OTHO
CHTellbHOe noBe.I(eHHe KOMnoueHT "TOHKOH CTpyKTypbi" pac-
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npe,!J,eneHHH nnoTHOCTH 3ap11,1J,a, nonyqaeMhiX a MHA, npu 
,lJ,aH:>KeHHH a,!J,Oflh WHpOKOH o6naCTH aTO?-~HhiX aecoa? B 
3TOM cnyqae Mhl uccne,lJ,yeM MH:oro JI,!J,ep a paMKax O,!J,Horo 
H Toro :>Ke Knacca npo6uwx «<JynKIJ,HH. 

Mhl ucnonh3oaanu a MHA TPH THna npo6HhiX 4JYHKIJ,HH. 
llepahiH - CHMMeTpH30aaHHaJI 4JepMu-4JyHKIJ,HJI: 

PsF(r, R, b)= Po¢ (r, R, b), 121 

r,!J,e 

¢ (r,R, b)= sh <R/b)l (ch <Rib>+ ch (rib)). 131 

0Ha HMeeT TOnhKO ,!J,aa napaMeTpa: R - pa,!J,uyc nonycna,!J,a 
llflOTHOCTH, H b - napaMeTp ,!J,H~Y3HOCTH. fione3HhiM Cao:H
CTaOM 3TOH «<JyHKIJ,HH JlanJieTCJI ee peanHCTHqeCKHH 3KCITOHeH
uuanhHhiH cna,!J, npu r > R H nnaTo npu r < R lno)J,qepKHeM, 
qTo ,lJ,nJI o6hlqnoii «<JepMH- lilYHKIJ,HH HMeeM dp F I dr (r = 0) f- 0 , 
a TO apeMJI KaK dp SF I dr<r = 0) = Ol. BTopaJI npo6na11 4JynK
IJ,HJI 6hlna: 

P1= PsF<rRobo)+ a1r~V<rR1b1), 141 

r,!J,e npoH3aO,lJ,HaB onpe,!J,enJieTCJI KaK 

(n) dn P
5
F(rHh)=bn ¢<rRb) 

dRn 
151 

B swpa:>KeHHH I 41 HMeeTcJI ITJITh napaMeTpoa: R 0, b 0 , a1 , 
b 1 , R 1 , KOTOphle saphHPYIOTCJI He3aaHCHMO. TaKoro au,!J,a 
nnoTHOCTh no,lJ,qepxuaaeT ponh "6aMna" B pa:Houe JI,!J,epuo:H 
noaepxHOCTH. Ero «<!H3HqecKaJI npupo,!J,a CBJI3aua c nepexo
,!J,OM OT OCIJ,HnnHpyiOilJ,ero noae,lJ,eHHJI JI,!J,epHhiX BOnHOabiX 
4JyHI<IJ,HH npu r < R K ux 3KcnoueuuuanbHOMY cna,!J,y npu r > R 
l3~eKT "cTeHKH"I. TpeThJI «<JyHKIJ,HJI 6wna: 

N 

p = ~ a /snF) (rRbL 
n=O n 

161 
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0Ha HMeeT I an l aapuaiJ,HOHHhiX nepeMeHHhiX, a R H b oc
TaiOTCJI $HKCHpoaaHHhiMH H coana,!J,alOT CO CaOHMH 3HaqeHHJI
MH, nonyqeHHhiMH a llO,!J,rOHKe C llflOTHOCThlO 121. C pOCTOM 
N qucno aapuaiJ,HOHHhiX nepeMeHHhiX ao3pacTaeT. 

113 coo6pa:>KeHHH y,!J,o6cTaa Mhi npeo6pa3oaanu ace 3KC
nepuMeHTanhHhle 4JopM$aKTOphi I 2, 6I,H3MepeHHhie ,lJ,nB ,lJ,aHHO
ro JI,!J,pa llpH pa3HhiX 3HeprHJIX, K O,!J,HOMY 4JopM$aKTOpy, 
aae,!J,JI ,!J,flJI 3TOrO 3~eKTHaHhiH nepe,!J,aHHhiH HMITynhC q ff = 
= q (1 + U (0) IE), r,!J,e U (0) - KynoHoacKHH noTeHIJ,Haen a 
IJ,eHTpe JI,!J,pa. C ,!J,pyroH CTOpOHhi, 3TO He ll03aOnJieT )J,OCTHqh 
a pe3ynhTaTe rio,!J,rOHOqHOH npoiJ,e,!J,yphi 3HaqeHHJI x2 

Ha 
TOqKy MeHbWe, qeM 3-4 e,!J,HHHIJ,hl IKOr,lJ,a ace TOqKHaKmoqa
IOTCil a aHanH3I, a TO apeMJI KaK llpH llO,!J,rOHKe llO,lJ, )J,aHHhle 
npH O,!J,HOH 3HeprHH 3Ta aenuqHHa MO:>KeT )J,OCTHqh 3HaqeHH11, 

6nH3KOrO K 1. 
<l>opM$aKTOphi paccqHTbJaanHCh a paMKaX TaK Ha3hJaae

Moro ahiCOK03HepreTuqecKoro I3:HKoHanhHorol npu6nu:>Ke
HHB 171. llonyqeHHhie pe3ynhTaThi oqeHh 6nH3KH K pe3ynh
TaTaM pacqeTa Ha ocHoae qucneHHoro peweHHB ypaaHeHHJI 

,JJ;upaKa. 3,1J,ech Mhi HMeeM 

F(q) 
2 .... g(;) .... .... .... -... 

q f dr --expl i[qr + ¢ (r)]l p (rJ, 
<i2 c;> 

171 

r,!J,e g H ¢ - COOTaeTCTaeHHO aMllflHTy,lJ,a H $a3a HCKa:>KaiO
IIJ,HX 4JyHKIJ,HH, a q - noKanhHhiH nepe,!J,aHHhiH HMnynhc. 0HH 
H3aeCTHhl a JlaHOM aH)J,e 17,81. 3aTeM, llO,!J,CTaa.i11111 llflOTHOC
TH /2/ - /6/ a 17 I, MO:>KHO 3anucaTh ahipa:>KeHHe a cne,!J,yiO

IIJ,eM THflHqHOM aH,lJ,e: 

(n) 
F(q) = ~ anFSF (q, R, b), 

n 
18/ 

r,!J,e 

417 2 bRp 0 
F SF(q)=- D[cos(qR+<ll)- 17 bsin(qR+<ll)ctg(rrbq)] 

c qSh(rrbq) q /9/ 

ecTh 4JopM$aKTOP cHMMeTpH3oaaHHOH 4JepMH -$yHKIJ,HH I; ~ , 
a D H 111 ahlpa:>KaiOTCJI qepe3 aHanoruqHhle 4JyHKIJ,HH H3 I 

8
, 
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Tenepb npoue~ypa no~rOHKH COCTOHT B OT~CKaHBB Ha6opa 
!an} K03~HUBeHTOB, KOTOp~e 3aTeM BOCCTaHaBnBBaiDT 
"3KcnepBMeJITanbH~e" nnoTHOCTB /2/ - /6/ ~mi Ka)I(,!J;oro 
B3 .11~ep. 

Pe3ynbTaT~ pacqeToo ua ocuooe MHA ~n.11 rpynn~ .11~ep 
npBBe~eH~ Ha pBCYHKe, r~e cnnOWH~MB llBHBJIMB llOKa3aH~ 
pacqeT~ C p SF B p, o603HaqeHH~e COOTBeTCTBeHHO BH
~eKCOM N B03ne KpBooi, a nyHKTBpu~e nBHBB ecTb nnoT
HOCTH p 1. B npaBOH CTOpOHe pHCYHKa llOKa3aHbl onmoHeHBJI 
nonyqaeM~X nnoTHOCTeH OT liJyHKUBB PSF• napaMeTp~ KOTo
IJUH ~au~ B Ta6nuue. qucna cnpaoa oT l"'.p -KpHo~x ~aroT 
3Haqeuue e~HHHU~ MacwTa6a B 4JepMH- 1• OTMeTHM, qTo 
p.ll~ pacqeTOB C liJyHKUHeH PSF 6~n npooe~eH o/10/, B HTOre 
MO>KHO npHHTB K cne~yiDIUHM 3aKnroqeHHJIM. 

1. ,Um1 PSF -nnoTuoc!u /2 napaMeTpa/ cornacBe c 
3KCnepBMeHTOM ~OCTHraeTCJI BllnOTb ~0 3HaqeHHH X O = 
= qeff Al/3 = 7,7 cP- 1 /±200/o/. 3To no3oon.11eT onpe~enBTb 
o6nacTb q > % ~ 7,7A-113cP- 1 KaK o6nacTb 6onbWHX nepe~a
oaeM~x HMnynbCOB, r~e 4JopM4JaKTOp~ y>Ke qyoCTBHTenbH~ 
K ~eTanJIM Jl~epHOH CTpyKTyp~, KOTOp~e B HaWeM cnyqae 
H~eHTBiiJBUHPYIDTCJI KaK pa~HallbHble oapBaUHB nnOTHOCTB. 
lionee Toquo, oenuqBHbl x 0 KoppenBpyiOT c xapaKTepoM 3a
nonueHBJI .11~epu~x o6onoqeK: x 0 (1 s) = 5,8; x 0np) =6,6; 
x 0<Ids;2 2s 1; 2 ) =7,1; x 0 nd3/2)=9,2. 

2. qTo6~ nonyqBTb cornacBe npu ocex q, ueo6xo~BMO 
yoenBqBTb qBcno napaMeTpOB, HCllOnb3YJI ~n.ll 3Toro liJYHK
UHB p l B p • «f>yHKUBJI p l /n.IITb napaMeTpOB/ MO>KeT ~aTb 
cornacBe C p.ll~OM 3KCnepHMeHTallbHbiX 4JopM4JaKTOpOB, BKnro
qaJI o6nacTb 6onbWHX q . Mo>KHO BB~eTb, qTo ~n.11 6onee 
TJI>Ken~x .11~ep, uaqBHa.ll c 28 Si , "6aMn" 3ap.11~oooi nnoT
HOCTB ocer~a pacnonaraeTCJI B o6nacTH r, MeHbWHX 3Haqe
HBJI pa~Byca nonycna~a nnoTHOCTH R liJyHKUHH PsF' HuTe
I>t!CHO 3aMeTHTb, qTo ~n.11 ~Ba)K~~ MaruqecKBX .11~ecp 4° Ca a 

CpaeHeHue c 3KcnepuMeH1fiOM (JopM(IaKmopoe, pacc'lumaHHr.rx 
C CUMMe1flpU306QHHOU (JepMU- nAOIIIHOCIIIMO p SF /cnAOUIHQJI, 
0/, t/JyHKijUeU C "6aMnOM" Ha noeepXHOCIIIU p l jnyHKIIIUp/t.. 
u "oct~UAAUPY10Uieii" (JyHKl.IUeii p 1 /cnAOUIHaJI, N f. 0 /. Coom- r 
eemcmey10111Ue OlfiKAoHeHUJI 0111 PsF OaHr.r Ha pucyHKe cnpaea. 
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Ta6nuua 
IJapaMeTpbl IIO)l.rOHKH CHMMeTpH30BaHHOH !l'epMH- IInOTHOCTH ---

R [F] b[Fj <r2>1h [Fj 

41-le 1,238 0,380 1,708 
6Li 1,364 0,620 2,535 
12c 2,214 0,488 2,496 
160 2,562 0,497 2,711 
24M g. 2,934 0,569 3,105 
28Si 3,005 0,563 3,175 
JZS 3,255 0,601 3,370 
£,oca 3,556 0 ,5'78 3,493 

5'6Fe 4,054 0,600 3,853 
5"8/IJ[ 4,153 0,566 3,844 
66Z.n 4,200 0,663 4,081 
''6Sn 5,486 0,561 4, '734 
2oBp!J 6,557 0,515 5,427 

20B Pb OTKnOHeHHe /'..p HMeeT OTpHUaTenbHbiH 3HaK l"aHTH-

6aMrr"l. 
3. Ilpu pa6oTe c clJyHKUHe:H pIN+ 1 rrapaMeTpl rrpoue.n.y

pa rro.n.roHKH ocTaHaanuaanacL Ka)K)l.biH pa3, Kor.n.a aenuquHa 
N rrpHHHMana MHHHManLHO B03MO)KHOe 3HaqeHHe, .n.ocTaToq
Hoe .n.n.a: rronyqeHH.a: cornacu.a: c 3KcrrepHMeHTOM ao ace:H 
o6nacTH H3MepeHHbiX q. )l.anLHe:Hrnee yaenuqeHHe N rrpuao-
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.n.uno K APYrHM rrnoTHOCT.a:M, KOTOpble pacrronaranHcL, o.n.
HaKo, BHYTPH KOpH)l.Opa TeopeTHqecKHX OlliH60K, COOTBeTCT
BYIOIQero )l.aHHOMY 6a3HCY Bb16HpaeMbiX aapHaUHOHHLIX clJyHK
uu:H. TaKHe Kopu.n.opbl o6blqHo .n.eMOHCTPHPYJOT ao acex pa-
6oTax, ca.a:JaHHbiX c rrpHMeHeHHeM MHA. EcTeCTBeHHo, qTo 
que no N I H qucno aapuauu:H rrnoTHOCTHI 3aBHCHT oT 3Haqe
HH.a: q , .n.ocTHraeMoro B Ja.n.aHHOM 3KcrrepHMeHTe. Ho max 
KOr)l.a qm ax OKa3biBaeTC.H O)l.HHaKOBbiM .n.n.a: rpynrrbl .a:.n.ep 
IJ.n.ecL 3TO 12c , 16 0, 24 Mg, 28Si H 32 S , r.n.e qmax -

- 3,5 4>-1 I, MHA noJaon.a:eT HaRTH 3HaqeHH.a: N, xapaKTep
Hble .n.n.a: Ka)K)l.OrO H3 .a:.n.ep, H Ha 3TOH OCHOBe Bbi.HBHTb HeKO
TOpble pa3nHqH.a: a HX CTPYKType. TaK, .n.n.a: yKa3aHHbiX .a:.n.ep 
rronyqaeTc.a: cooTaeTCTBeHHO N = 4,8,5,6,7. )l.anee, HHTe
pecHo, qTo MaKCHManLHoe 3HaqeHHe N cooTaeTCTayeT Ma
ruqecKHM .a:.n.paM 16 0 IN =81 H 40 CaIN =7 1. 

4. Bo MHorux cnyqa.a:x IHanpHMep, 4He, 6 Li , 12C I 
pacrrpe.n.eneHH.H nnOTHOCTH 3ap.a:.n.a PI H p OTnHqaJOTC.H Ka
qecTBeHHO, XOT.H H TO H )l.pyroe IIpHBO)l.HT K O)l.HHM H TeM )Ke 
clJopMclJaKTopaM. TaKHM o6pa3oM, MO)KHO, .n.e:HcTBHTenLHO, 
3aKnroqHTL, qTo pe3ynLTaTbl MHA 3aBHC.a:T OT Bbl6opa npo6-
HbiX 6a3HCHbiX <IJYHKUHH p. 
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