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1 , BBE/lEH~E 
w 208 

PacLleTbl cneKrpa H\.113KOI1€)f(8UJ,tt~x Bo3fiy}!(·,QeH~-H1 Pb nposo,Q~-tm-teb 

so MHOr\.IIX pa6orax. ~cnonb3osaewtt~ec.R ,QnA ·3Toro TeopeTtt~~ecK~-te 

MO,Qen~ MO}I{HO pa3,Qeni-1Tb Ha Hecar ... mcor.nacoeaHHble 1.1 caMocornaco-

saHHble. 8 nepBbiX H€388V1CI"'MO Bbl61-1p8JU1Cb '¢eHOM€HOI10rltll.I€CKVIL1 

060J104€4Hbl~ nOT€HU,t.18!1 ).II 3$\fl€KH1BHbl€ B38\ltMO,Q€~CTBl-1.R, napaMeTPbl 

KOTOpblX onpe,Q€JU'I.I11-1Cb \t1CXO,QA 1.13 COrJ13CI-1.R paC4€THb1X VI 3KCnepi-1-

M€HT8J1bHbiX 3He.pr~t~i:1 eo36y>K,QeHIIIill. T!-inH4Hble HeCaMocorJlacoeaHHble 

paCt..I€Tbl npOBe,QeHbl 8 pa60T€ /t /. 0CHQBHbl€ l.-1.X H€,QOCT8TKI.1 CBA38Hbl 

c HapyweHII1eM PAAa CltiMMeT.plt1i.1 /rpaHci1AU1-16HHoilt, I-130TOnlt14€CKoi1/, 

a TaK}!(€ C OrpaH\IILl€HHOCTb~ O,QH048CT\.114HOrO 6a3MC8. 

B pa.6ore12/ ll1cn0nb30Banocb PacwV1p€HHOe AO 4h<,J KOH¢Ht~rypa-

l.II-10HHOe npOCTpaHCTBO 1-1 3a814CFilJ..II4€ OT' n.noTHQCTI-1 3¢¢eKTio18Hbte Clo1-

J1bl Hynesoro paA1-1yca AeikTBI-1A, npeAm)'>~<eHHbt"e 'MI-1'tAano,./3/. <!leHo

MeHo.norl-l~ecKI-1 BB€A€HHSA 3aB14C14MOCTb OT n.noTHOCTH AO HeKOTOPO~ 

CTeneHI4 14CnpaBio1Ila CnOHTaHHOe HapyweHI-1€ TpSHCilR~HOHHO~ HHBa

pi4SHTHOCTI-1 o6o.no~e~HOrQ nOT€Hl.ll-1aila, HO AYXOBOe 1--COCTORHH€ 

OTA€J1AJ10Cb nOA60pOM KOHCTSHT B3ai-1MOA€~CTBI-1~. 8 3T14X pac~eTaX 

06H8py}!{I-1J1SCb C14J1bHa.A 3aBI4CI4MOCTb pe3Yil.bT~TOB OT noJ1HOTbl OAHO

~aCTH~HOrO 6a3!4Ca, oco6eHHO AI1.A COCTO'.AH14H BbiCOKO~ MY1lbH1nOilb

HOCT14. B KOilH~ecTBeHHOM onl4cSHI414 ·ebt.ACHH.nact.. ea)I{Ha.A POilb noA

rOHKI-1 0AHO~SCTI44HOro CneKTpa K 3Kcnepi4M€HTailbHO HS6IltOAa€MOMY 

8 OKOI10MSr144€CK\.1X RAPax. 0TM€TI-1M, 4TO B pa6oTef2 / npOB€A€Hbl 

CSMbl€ A€TSJ1bHbte 143 BblnQI1H€HHbiX AO. HSCTOfHL(ero ·BP€M€H14 paC4€Tbl 

CBR3aHHbiX COCTO.AH);1(;.1 . ZOS Pb AO 3H€prlo1);1 B036Y)I{A€H\t1~ 5 t138. 

Cn_oHTaHHOe HapyweH"'e PRAa C\.IIMMeTpH~ OAH04aCTJ.14HbtM noTeH~vta

llOM npvtB,OAI-1-T_ .K CB.A31-1 3¢¢eKTI-1B.HbiX B3aHMOA€i:1CTBI4i:1 KBS31o14aCT\.II'-' 

c noTeHl.II4SI10M J.il_, n.noTHOCTbiO. Y4eT BbtTeKSIOlJ..IIo1X "'·3 3TO~ caR3\II yc

.noBI-1'1 cornacoeaHI-1R FlpOBO,Qio1I1Cfl .KaK e MeToAe XapTplo1-0oKa c aa

BI-1C.AlJ..I14Mvt OT ?I10THOCH1 CHI1SMH I 4-6/, TSK. .vt a Teop!-114 KOHe4HbtX 

¢>epMvt-c~~tcTeM _?.s/. CaMocor.nacoeaH~~e no.aeo111-1.no. YMeHbWIHb 4\IICilO 

npOH380JlbHb1X napaMeTpOB Teopl-1111, Kopp€KTHO. Bbi,Q€£114Tb 
11AYX08bl€

11 

COCTO.AHvt.A. 0TM€THM, 4TO pSC4€Tbl CneKTpOB 8 pa6oTaX /5-8/ npo-

80,Q\.1J1111Cb C y4€TOM O,QH04aC T 114HOrO KOHTHHYYM8, -4TO CYt11€CTB€t:lHO 

nOBbiC\'!IlO HS,Q€}1(HQCTb P€3YI1bTSTOB AI1fl COCTORH\.1i:1 C MYilb-THnOnb

HOCTbtO L:::: 3. B pa6oTax hI I-1CC1leAOBancj:l _eon poe o cooTHOWeHH\.1 

06"beMHbiX 1-1 noBepXHOCTHbiX KOMnOH€HT B KOI11l€K:fi4.BHblX 3MnilvtTYA8X 

H143KOJl€)KSlJ..IHX B036y)I{A€HH~ • PaC4€Tbl nOKa3SJ1H AOMVIHI-1PYIOlJ..IYIO pOilb 

KOJ1e6aHH.~ nOB€pXHOCTI4 B CTpyKType 3THX B036y}I(,Q€HHH, 4TO RBI-1-
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llOCb M~KpOC,On~4eCK~M 060CHOBBH~eM B~6pa~~OHHO~ MOAell~ 6opa
MoTTe1lbCO'HB 91. 

B nocneAH~e rcA~ AOCT~rHyT 6onbWOH nporpecc a 3KcnePHMeH
TallbHbiX HCCJle,QOBBHH.RX .A,qepHbiX CBR3aHHbiX H pe30HaHCHbiX COCTQR
HHH B WHpOKOM HHTepsane 3HeprHH B036ym,qeHHR H MOMeHTOB C no
MO~b~ Heynpyroro pacCeRHH.A 31leKTpOHOB, a,QpOHOB HAP. no11Y4eHa 
MO,QellbHO-He3aBHCHMBR HH$OpMa~H.A 0 TBKOH xapaKTepHCTHKe R,Qep
HbiX B036ym,QeHH~, KBK KOOPAHHBTHa.R 3BBHCHMOCTb 3apR,QOBOH nepe
XOAHOH nnoTHOCTH, 4TO HrpaeT BamHy~ POilb B npoaepKe TeOpeTH-
4eCKHX MOAeneH. 06pa60TKB nony4aeMOH HH$OpMa~HH H ee TeopeTH
~eCKa.A HHTepnpeTa4HR Tpe6y~T npOBeAeHH.R pac4eTOB xapaKTepHCTHK 
6onbworo 4Hcna cocTORHHH paanH4HoH MYilbTHnonbHOCTH. Ha-3a 
CllOmHOCTH 4HCileHHbiX pac4eTOB BO scex BbiWeyKa3aHHbiX CaMOCQr
.nacosaHHbiX nO,QXOABX TaK~e CI.1CTeMaTH4eCKHe HCC.1le,QOBBHH.A nOKa 
He npoBOAHilHCb. B ABHHOH pa6oTe Mbl CTaBHM 4e11b~ a KaKoH-To 
Mepe socnonHHTb 3TOT npo6en H nposecTH pac4eTbl xapaKTePHCTHK 
S036ym,QeHHbiX COCTORHHH B £nSpb snllOTb AO nopora 3MHCCHH HeHT
POHOB /7,4 M38/. Hccne,QoBaHHR npoaeAeHbl a paMKax npocToH ca
MocornacosaHHOH MO,qenH, KOTopaR paHeellO/ Hcnonbaosanacb AllR 
OnHCBHHR AHnOJlbHbiX B036ym,QeHHH. 

2. MO,QEJlb 

0CH08Hble OTilH4HR AaHHOH pa60Tbl OT npOBOAHBWHXC.A paHee pac-
4eTOB 3BK11~4B~TCR B HCnOilb30BaHHH npOCToH CaMOCornacosaHHOH 
MOAellH C T04HbiM y~eTOM OAH04aCTH4HOro KOHTHHYYMB /T.e. C non
HbiM OAH04BCTH4HbiM 6a3HCOM/. ~CnOilb3yeMaR CaMOCornacoeaHHBR 
MOAellb OCHOBaHa Ha $H3H4eCKOM npeAnOnomeHHH /KOTOPOe A0CTaT04-
HO HBAemHO nOATBepmAaeTCR Ha 3KcnepHMeHTe/, 4TO B c¢ePH4eCKHX 
R,Qpax C 3BMKHYTb1MH o601l04KBMH HMeeTCR nonoca H~3KOilema~HX 
B036ymAeHHM nosepXHOCTHOrO THna, y KOTOPbiX KOillleKTHBHble aMnn~
TYA~ /nepeXOAHble noTeH~HanM/ nponOP4~0HaflbHbl rpaAHeHTY CaMo
cornacoaaHHOro nonR. TaKaR ~e ¢opMa nepexOAHOro noTeH4Hana 
nemHT 8 OCHOBe B~6pa4HOHHOt1 MOAeflH bopa-MOTTellbCOHa/9~ ~flR 
AHn0.1lbHOro COCTORHHR C HYileeoH 3HeprHe~, OnHCbiBa~~ero ABHmeHHe 
4eHTpa MaC-C, nponop4~0HBilbHOCTb KonneKTHBHOH aMnllHTYAbl rpaAHeH
TY noTeH~Hana RBflReTCR T04HbiM cneACTBHeM CnOHTBHHOrO HapyweHHR 
TpaHcn.A4HOHHOH HHBapHaHTHOCTH/7/. 0TMeTHM, 4TO B 0TflH4He OT 
BH6paJ.lHOHHOH MOAeflJ.1 Mbl He AenaeM Hlo1KBKHX anpHOPHbiX npeAnOil())!(e
HHM 0 ¢opMe nepeXOAHOH nllOTHOCTH, KOTopaR B MHKpOCKOnH4eCKOM 
no,QxoAe onpeAe.nReTCR 4aCTH4HO-AbiP04HOt1 CTPYKTypot1 B036YmAeHH~1. 

8 cny4ae C~eplo14eCKOt1 CHMMeTpHH PBAHanbHBR 4aCTb KonneKTHB
HOH aMnnHTYAbl eoa6ymAeHHR MYilbTHnonbHOCTI-1 L c 3HeprHeH w onH
cblaaeTCR HHTerpa.nhHbiM ypasHeHJ.1eM /a/ I AilR npOCTOTbl npeHe5pe
raeM Cnlo1HOBbiMH CHflaMI-1/: 
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/1/ 

rAe J.1HAeKCbt i,k=Jn,pl , 5L- paAJ.1aJlbHafl 4aCTb L-H rapMoHHKI-1 

3~PeKTJ.18H~X B3aHMOAe~CTB~H, AL - COOTBeTCTBY~~afl KOMnoHeHTa 

4acn14Ho-,qbiP04Horo nponaraTopa 171. EcTeCTBeHHblt" .cneACTBHeM 

npJ..1Hs:tToH HaMH nmoTe3bl o nponop~J.10HanbHOCTH g{. -au i I a r RBm~

eTCR To, 4TO a ypaeHeHitle /1 I aoHAeT TOilbKO ''noeepxHoCTHaR 11 

KOMnOHeHTa 3~eKTJ.18HOro B3SHMOAeYiCTBHR, KOTOpaR nplo1o6peTaeT 

cenapa6enoHy~ $opMy: 
. . i . k 

<r 1k L au au 
JL • K.k -- ' - • /2/ 

1 arl ar2 
i L 

r,qe U - fiAepHafl 48CTb OAH048CTJ.1'-IHOi0 noTeH~Hana, K ik - KOH-

CTBHTY. npH L=1 3Tio1 KOHCTBHTbl onpeAeJlfi~TCR yCJlOBHeM cornaco
B8Hiollftf7 • tof.AHaJ10rlit4HSA <I><>PMB B38HMOAei7!CTBJ.1Yi npe,q.nara.nacb B pa-

6oTe /u/. 
,l\.nR L >...2 yc.noaHe cornacoaaHHR oTcyTCTayeT, H ,qnR onpeAene

HHR KOHCTBHT K fk HY)I(Hbl AOMO.OHI<!Te.ObHble npeAMO.OOM<eHHR. Ha

npHMep, B pa6oTaX /S,U/ C4HTaeTCR, 4TO aMMnlo1TYAbl K011e6aHHH 

nnoTHOCTH "" noreHuHa.na nponopuHoHallbHW APYr APYry, npH4eM 

KOOPAHHaTHaR aaBHCHMOCTb nepeXOAHOH OllOTHOCTH ~HKCHpyeTCR. 

8 pe3YilbTaTe CH.OOBble KOHCTaHTbl Kj~ OKa3biBaiOTCR He 3aBHCR~H
MM OT L.AnpHOPHOe npeAMOilO)t(eHHe 0 ¢opMe nepeXOAHOH OllOTHOCTH, 

8QO~e rosopR, HenpMeM.neMO 8 MHKPOCKOMHKe, 003TOMY Mbl npeA-

004nH napaMeTpH3a4HIO KOHCTaHT. HaH6o.nee 3KOHOMH8R napaMeTpH-

3aL&Mf:l cocToHT 8 8bl6ope Ki~ = ~eA . - OcHOBHaA 4aCTb o6cy>M:,qae

Mb1X ~H*e pe3Y.ObTaTOB no.ny4eHa HMeHHO C TaKHMH KOHCTaHTaMH. 

Y4eT Ky.noHoecKoro 83aHMo,qeHcTBHA ecrecrseHHO nposecrH TaK

*e s cenapa6enbHOH ~opMe. AllR 3Toro socno.nbayeMcR ypasHeHHeM 

/3/ 

r,qe ~ - o6ono4e4HOe pacnpe,qe.neHHe n.noTHOCTH nporoHoe. C no

M()I.qbiO npo~eAYPbl caMocornaco8aHHR /eM., HanpHMep, /9,11/ I no.ny-

4HM Bblpa*eHHe AllA 3~~KTHBHOrO KY.OOHOBCKOrO B3aHMOAeHCTBHR 

S:c L c c 
L(r1.r2)= •c</>L(r1)</>L(r2), /4/ 

L 
(r/R0

), r,;; R
0

, 

I L+l 
(R0/r) , r > R 0 , 

2 
· </>c (r)= _ 3e (Z-1) 

L (2L+l) R 0 

/51 
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-1 c a Pp 2 ) ~- r ¢ (r)-·- r dr. 
L ar 161 

np~ B~BOA€ npeAnonaranOCb paBHOMePHOe pacnpeA€11eH~e aapRAS 
a o6DeMe RAPS PSA~yca Ro -· EcTecTeeHHO np~ BKfl~~eH~~ KynoHoa
CK~X B3aHMOA€~CTB~~ 8 aMn11~TYA€ gi nOR811ReTCR KYflOHOBCKSR 

Ao6aeKa, nponop~~OHSJlbHaR ~~. 0TMeT~M, ~To a cny~ae L ""1 

171 

Cor nacHo /s/ nomoca ypaeHeH~R I 1 I c 3$¢>eKT~BHblM~t~ cvHlSMH /2/ 
~ /4/ onpeAeJl.A~T AVICKpeTHbl€ B036YmA€HI-1R RAPS. 3HSH~e K01111eK
T~BHO~ SMnflVITYAbl g L n03BOJ1.A€T Bbi~~Cfl~Tb BepORTHOCTI-1 nepexo

AOB B(EL) VI nepeXOAHble nnoTHOCTI-1 p t (r), Heo6xoAI-1Mble ¢>opMy-
11bl COAep>:<aTC.A B ps60TSX /7.1D/, MeTO~ TO~HOro Y4€TS OAHOYac
TVIYHOro KOHTVIHYYMS TSKme I-13110}1{€H B 3Tit1X pa6oTaX. 

TaKvtM o6ps30M, e pacc~-1aTpvteaeMo~ MOA€111-1 3SASeTC.A HeKoTopbl~ 
OAH048CTH4Hbn1 noTeH1..41t1an, nocne ~ero ¢>opM¢>aKTOPbt 3$$eKTI-1BHbiX 
8381-!MOAetiCTBV!ti VI CVIJ10Bbte KOHCTSHTbl OK83biBS~TCR onpeAei1€HHbiM~, 
HV!KSKVTX AOnOJ1Hit1T€11bHbiX napaMeTpOB TeOpltl.A He COA€P}I{I-1T, 

3. CnEKTP B036YllllEH~~ 208 
Pb 

Pac4eTbJ 6bt111-1 npoBeAeHbl A11R RAPS 
208

Pb, 
KoToporo a nocneAH~e roAbt A€TS11bHO ~t~cc.neAoBaH c noMO~b~ He-
ynpyroro. pacce.AHVIR 311eKTpOHOB VI SAPOHoe/12-16/. B KaYeCTBe ·~t~c-
xoAHOro V!cnoJ1b30BaH CTSHASPTHbt~ noTeHU.vtan ByAca-CaKCOHa h 7 I. 
rny6v;Ha noTeHLJ.ItlSJlbHOH RMbt BSpbVIPOBSJlSCb A11.A PS3J1VI4HbiX ( f ,j) 
np~t~MepHo B npeAenax 1 M3B, TaK, 4T05bl eocnpoV13BeCTH 3KcnepV!
MeHTS11bHO HS5J1~ASeMbte cneKTPbt B035ymA€Hit1~ B611~3V1 noeepXHOCTI-1 
$epMI-1 a coceAHHX He4eTHbiX FlApax /eM., HanpHMep, Its/ I. TaKaR 

npou.eAYPS nOArOHKVI 1-!rpaeT BS}I{HY~ ponb, TSK KSK 3Hepr~lt1 1t1 csoH
CTBS HI-13K011ema~I-1X B036ymA€HVI~ cy~eCTB€HHO onpeAel1.A~TC.A nono
meHV1€M V1 KBSHTOBbiMVI xspaKTepV!CTVIKSM\.1 4SCTI-14HO-Ab1P04HbiX COCTO.A
H~t~H, BXOAR~VIX 8 nponaraTop. 

Mbt yme OTMe~an~, 4TO vtCnOJ1b3Y€MSR 3A€Cb CSMOCOr11SCOBSHHS.A 

MOA€11b RBHO Bb1Ae11.AeT KJlSCC noeepXHOCTHbiX B036Y>KA€H1-1H, VlrHOPHPY.A 
o6DeMHbl€ KOMnOH€HTbl B KOJ111€KTI-1BHOH aMnJ11-1TYA€. PaHeeflO/ 6bt110 
nOK83SHO, 4TO 3TO He npHBOA1-1T HVI K KaKI-!M npOTHBOP€YH.AM C 3KCne
pvtM€HTSilbHbiMI-1 AaHHbiMI-1 B onltlCSHI-1~ A1-1n011bHbtX B036Y>KA€HHH .AAep. 
PeaynbTSTbt pac4eToe A11.A HI-13Konema~V1x ypoeHe~ APYr1o1x MY11bT~t~nonb
HOCTeH npHB€A€Hb1 B Ta6n. 1, rAe OHJ.1 cpaBHHBSIOTCR C pacYeTSMI-1 
APYr~x aeTopoe 1-1 3KcnepHMeHTSilbHbiMH ASHHbiMI-1. E~e psa nOA4epK

HeM, 4TO Mbl He npOBOAH11J.1 nOArOHKI-1 napaMeTpOB, 8 TO BpeM.A KaK 

4 



Ta5m·n~a 1 

CpaBH€HHe pa3S1HT..(HbJX T€0p€TH'-I€CKHX paCl.l€TOB HWKaftlllHX KOJIJI€KTHBHbJX B036y;t<,l];emrti: 

·JOg Ph- /13 I 
3 ·) L 

B - C 3KcnepHMeH'ra:IbHbiMH ;::J;<lHHblMH .. • 1,3Hepr'HH fd p;aHbJ B ~13B, 3Hal.l€HHRB(EL)s e,rr.JO~'e- 6. 

OOC'teT nad./7/ nad./8/ nad,/2/ 3KcnerurMeHT 

Ls w B(EL) w B(Ei,) w B(EL) w B (EL) w B(EL) 

3r 
!,95 820 

I 
2,66 6IO 2,6I 750 2,64 550 2,6I5 6I3 

2,62") 526 

5r 
2,68 I29 

I 
3,26 30 3,34 I60 3.40 30 3,I98 35 

3,00X) 69 

52 
.?.bS I9 3,82 28 4,I8 28 .. 3,83 30 3,?09 22 
3 ,X) 24 ' (" 

?r 3,?0 8,5 ! 
4,39 2 4,03? 

3, 7sX) 5 

2r 
4,40 I?O 4,53 ISO ' 4,98 3IO 4,49. ·' 310 4,005 284 

4,55x) I20 

4r 4,44 I47 4,69 76 5,!6 I40 · 
' 

4,76 82 4,324 I3I 

4,65X) 89 : 

6y 4,32 64 i 
4,78 2I 4,424 56 

4,57x) 45 
a, 4,4Ix) IO I 4,?6 3 4,610 3,7 

4,55 6 I L -- ·-

"' 
X) Pc1Cl.-[€T npose,ueH C )-~I€Hbi!IeHHb!}.1 Ha 6% 3HaqeHH€M H30CKaJUlpHO(r KOHCTaHTbl KO, 
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.Ptr '103 <PM3 

2,615M3B 
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PHc.I. BbNHCneHHaH /TOHKaH 
"'CiViOillHaH JlHHHH/ H MO.D;€J1bHO

H€38BHCHMa.R /t4/ /IKHpHaH JlH
HHH/ 3dpH,JJ;OBbie rrepexo,r~Hhl€ 
OJidTHOCTH )J.JIH HH)Kaiilllero 3-
ypOBHH B 208Pb. _TiyiiKf'H~OM 
noKa3aHa sem1'4HHa a PQ I a r AJUI 
o6ono'tle'4Horo pacnpeg~neHHH 
DJIOTHOCTH 38pH,JJ;a B OCHOBHOM 
COCTOHHHH. 

s ,Qpyrwx pa6oTax napaMeTpbl .3Q>¢eKn1BHbiX ct-~n no,Q6Hpan~t~cb Tal<, 
l4T06bl xopOUJO onHCaTb xapaKTep~;~cnrK!Il 31-ypoaHR. J.13 Tafin., 1 cne
AY€T, 4TO B HaweM nO,QXO,Qe HH)I{SHWJ.1€ YPOBHW OT,p-illt~ST€J1bHO~ 4eT
HOCTH nony4a~TCR 6onee KOJ1J1€KTI-181t131t1POBSHHbiMH, 4€M B ,Qpyf!IIX 
pSC4eTax. npH 3TOM nOJ10)1{€HH€ 31 -ypOBHR 04€Hb 4yBCTBHT€IlbHO 
K 11~M€H€HHRM B€J1H4HHbl H30CKSJlAPHO~ KOH_CTBHTbl I<O =: (K nn +K np)/2, 
YMeHbW€Hl-1e ee acero Ha 6% no3BOJ1ReT cornacoeaTb Bbi4HcneHHYIO 
3HeprHIO c 3KcnepHM€HTOM. ApyrHe ypoBHH 3Ha4HTenbHO MeHee 4ye
cTBVtTeilbHbl K eapJ..taU,HVI 3TOi1 KOHCTaHTbl. 

4TO KacaeTCR YPOBH€11 nD110*VIT€IlbHOi1 4€THOCTH, npHB€,Q€HH~X 
a Ta6n. 1, TO HaWYl peaynbTaTbl xopowo cornac;y10TCR KaK c APYrMMH 
pac'-leTaMH, TaK H 3KcnepJ..tM€HTa11bHbiMVI ,QaHHbiMH. PeayJlbTaTbl pac-
4eToe, TaKHM o6pa30M, onpaB,QbJBaiOT C,QeJlaHHbiH HaMYI B~6op -KOH
CTaHT 3$$€fCTio1BHbiX B3aHMO,Q€HCTBHJir, nOCKOllbKY np.RMaR no,QrOHKa 
K 3KcnepMM€HTaJ1bHbiM 3HeprHRM H{.1>i<aHw"'X B036Y*A€HJ.1~ npHBO,QJ.1T K 
eap1-1a411H napaMeTpoa a npe,Qenax npw-1epHo 1 o'%. 

ch Ha pYtc. 1-3 Bbi4J.1cneHHble aapR,QOBble nepeXO.QHble nnoT-HOtTH Ptr (r) 
/nony4ai:OTCR 113 Pt~ t.1 P[; csepTKOH C $OpM$aKTOpaMH HyKno-
HOBflg/ I AilR HH3t<onema~Hx ypoeHeH cpaeHHBaiOTCR c MO,QenbHO-He
aaaHCHMbiMH ou,eHKaMH 1-13 (e,e~) 3KcnepHMeHTOB 113-15/. Bee P1~ 
HOPMH_poeaHbl Ha 3KcnepHMeHTanbHble aHa'-leHHfl B(EL) c L\€Ilbl0 6onee 
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2 PHc. 2. 3apa,u~Bbie riepexOAHhte 

TITIOTHOCTH AflH TIHTH.HH~aHrnHX co-_ 

CTOHmrH: c L..;' 5 /npOHyMepoBaHbi 

0 ::::.-
Ha PHCY~Ke/. ilyHKTHpOM noKa-

3a111 Mo,nenbao-ae3aBHCHMble ou;ea

KH _13/ AJUI nepBbiX. ,UBYX 5 -..:_coCTOH:

HHH /c KOPHAopoM,omH60K/ H p;nH 

YPOBHJt c 3HeprHeH 3, 96 ~bB. 

Har~RAHOFO cpasHeH~R ~X $opM. BHAHO, 4TO AnR YPOBHe~ a,. s, 
, . Cb I I ' 

H 52 Bbi\.IHCileHHble 'P'rtr y)t(e J.1 HMelln f50J1bWYIO nosepX.HOCTHYIO aMnnlo1-

TYAY, 1..1eM 3KCnep~t~MeHTailbHble. AHanon14Hble peaynbT-a:Tbl nony4eHbl 

1-1 B pa6oTaX /2,7 ,8, 14,20/, npH4lt1H8 3TOfO pa3Jllo1,1.H1R noKa He 04eHb 

RcHa. Bo BCRKOM cny4ae Hefionbwt-te sap~t~a~!-·11-t t:\H¢<tlY3HOCTH 111 PaA""Yca 

noTeHl..\Hana ByAca-Ca'KCOHS·-CJla6o· Bm1RIOT H8 dJOpMy p~h B nosepx-

HOCTHO~ o6naCTH. 00DeMH~e OC~~IlJlR~HH Ka4eCTBeHHO Cornacy~TCR 

C H86IltOAaeM~MI-1. 
3Ha41-1T-e11bHO Oonee xopowee cornac1-1·e c aKcnepi-1MeHTaJ1bHbiMI-1 

p~h nony4eHo A11R ypoeHe~ nono~HTenbHo~ 4eTHOCTH /pHc.3/. 

3.qecb xopowo npocMaTplo1BaeTcR 11_BbiMHpaHHe11 oODeMHblX oc~~~-u1 

c pocTOt-1 L,· O~of?e'HH.o AnR ·coCTORH~H C L~ 10 /Ann H1-1·x ·P ch HOPMH-

poaaHbl ·Ha , B(EL).-npl-1BeAeHHbJe' ·a T21fin~-2/. · t~ · 

.·.·I _. - '·' . . . . , 

\.13 <Hero 06CY~AeHHfl MO)I(~Q <;:AeilaTb BblBOA, 4T)> HCnOJ1b3yeMaR 

npOc'Tan caMoconla¢oBaHHan Mo.Qe.Mb 'e · C:.Yll\HOCTH 'TaK me xoP:oW:o om.,

CbJeaeT caoHcTea H~aKone>KaU\HX cO~TO~HH~·,'_ K'eiK :·i-1 'MdAem-t ·C Hecena

pa6en~:tHbJMH CHilBM~ *, 3ctxtleKTbJ·;- c8Ft3c3HHble ·c b6b~MHblMH K'one6aHI-1RM~1, 

Tm<m1 lKC-·BblBOA nony~.teH HeAaBHO -~ ·p·aoo~~r~:u.~. KOT.opm1. npo

B0fl,Hm1Cb pac4eTbl c cenapa6enbHbiMI4 cHnaM\.1, 

'i, 
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" ' ,-, '' PHc.3. To ll<e, 'ITO W:l pHC.-J ,AJIH ' ' 0 
, __ ' 

,_ 
~illHX COCTOHHHH cL..2,4,6,6, -.. _, 

ch a TaJoKe Bhr-tHCneHHbi€ p tr .D;JUI 
-2 '4:€Thipex 10+ -YPOBHei1 /HyMepal(JHI 

2 4 6 8 10 1, q>M COOTB€TCTBy€T Ta6n,2/. 

€CJ1~ OHH ~ npHCYTCTBynT, BH.QHMO, HeBellHKH. TeM H€ MeHee cy
lii€CTByl0~11e MO.Q€llH_, B TOM 41t1CJ1€ H Hawa, CTanKHBafiHC.R C onpeAe
J1€HHbiMH TPYAHOCTRMH B Onii!CaHHH ,QeTaJlbHbiX xapaKT€PHCTHK H€KO
TOpbiX YPOSHeH. HanpHMep, All.R COCTOR. HH~ 5- C 3HeprHeH 3,96 M38 cb /13~ nony4eHa 3KcnepHMeH-TallbHaR Ol.~eHKa p tr 1 • noKa3aHHBR Ha 
pH c. 2. TaM >!<€ npHse.QeHb1 nepexo.QHble nnoTHOCTH JVlR ypoeHe~ 5 3 , 54 H 55 /eM. TaKme Ta6n.3/, ~OpMa KOTOpbiX CWnbHO OTR~4aeTCR 
oT 3KcnepHMeHTanbHO~. AHanoriiJ4·HaR TPYAHOCTb a03HHKaeT c om1ca-
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TatSJmna 2. YpoBHH rrono)KHTenhHOH -qeTHOCTH s 208 Pb 

Pact.H~T 3KCIT! 12, 13/ 

w, B(EL) B(EL, T=O) B(EL, R,., 
M3B 10- 3 e 26L T=l) <I>M 

w, B(EL) 
M3B I0- 3e 26L 

2r 4,40 !70 !87 0,4 7,09 4,085 284 

22 5,54 8,! I,? 2,5 6,38 (5,564) 

23 5,85 7,8 7,3 0,.01 7,28 

24 6,22 !20 48,5 16,0 7,35 (6,!70) 

4r 4,44 !4? 209 !,3 7,!5 4,324 !3! 

42 5,46 32 20 !,3 7,02 4,933 

43 5,72 20,6 .22,5 0,04 7,3! 5,689 

44 6,0! 37 3! 0,3 7,26 6,052 

4s 6,59 0,3 4,7 2,6 6,!9 6,658 

46 6,83 II,O !0,<! 9·ro-4 7,08 6 925 
(~.!92) 

47 7,48 !6,! !,4 7,9 7,!8 
(7 382) 

6! 4,32 64,4 89,! <,U 7,32 4,424 56 

62 5,22 6,! 5,-o 0,06 7,3! 

63 5,47 2,4 !,3 0,!5 7,23 (5,4!7) 

64 5,60 0,6 !_,6 0,3 8,07 

65 5,82 5,5 9·!0-3 6,0 7,5! 5,763 

66 5,88 0,2 0,05 0,5 7,6! 

67 6,!4 3,2 !,3 0,5 ?,32 5,993 

68 6,37 5,4 4,! 0,09 7,50 6,332 

69 6,63 0,03 !,2 0,8 6,83 

6ro 6,97 3,2 8 I,I 7,29 

6n 7,!2 0,3 8·!0-3 0,2 7,32 
6r2 7,43 5,7 !,7 I,.I 7,37 

8r 4,4! IO,I 2!, 7 2,2 7,49 4,6!0 3,7 

82 5,00 0,9! !,2 0,03 7,48 (4,99!) 

83 5,25 2,0 !,9 2·!0-3 7,46 
84 5,5! I,I 0,2 0,3 7,32 
85 5,70 0,3 I,O 0,2 7,78 

86 5,82 0,3 0,2 0,02 7,64 (5,896) 
87 6,09 3,I I,I 0,6 7,59 
88 6,4! 0,? 0,5 0,02 7,77 

89 6,65 3·!0-3 0,3 0,3 7,!2 
8ro 7,09 0,7 2,5 0,5 7,5! (6,843) 

Bn 7,40 !,5 2,0 0,04 7,58 

9 
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Ta6nHIJ;a 2 -/rrpo,l];oJDKeJme/ 

PactteT ;Ken ( 12, 13/ 

Ls 
B(EL) B(EL, T=O) B(EL, ~tt· ,. ' B(EL) w. w. 

M3B· 10":"3 e26L T~l) <!>M M3B 10--3.2 oL 

101 ~,86 _1,6 4,8 0,9 7,65 4,89 

I02 5,15 :o:3 0,4 0,01. 7,63 5,07 

103 5,55 ·a,s 0.03 0,_9 7,55 5,54 

I04 5,85 9·I0--6 0,04 0,,04 12,0 5,92 
105 7,15 · o.1 0',9 0,4 7,72 

12r 5;?2 0',07 0,? 0,3 7,'93 6,097 

Ta6nHu;a 3. YpoBHH · oTpi-IIJ;aTem:>HoH tieTHoc_TH B 
208

Pb 

w. B(EL) B(EL, T=O) B(EL, 

M3B 10--3 e 2 oL 'l:dl) 

a1 1,95 820 950 4,8 
32 4,02 2,7 1,8 0,08 
33 4,43 17,2 3,4 5,2 
34 4,67 0,4 4,6 2,2 
35 4,93 9,3 10,6 0,04 
36 5,07 22 2,9 9~0 

~ 5,32 12,3 ,20,8 I,I 
Je 5,5I 0,7 7,1 3,6 
3g 5,59 1,'1 3,0 0,2 
310 5,83 2,7 2,1 9·ro-3 
3:rr 5,89 O,OI .0,09 0,2 
312 5,90 0,06 0,2 0,04 
313 5,99 1,1 ~.2 5·10-3 
3:!1 6,12 11,8 6,4 r, 7 
3:w 6,49 o,os o,O? o,3 
316 6,53 O,OI 0,3 . 0,2 
3!'1 6,55 0,02 5•10-3 O,O·l 
318 6,7? I9,0 1,2 5,4 
319 6,8't o,cs 0,2 .0,5 
s20 6,64: 0,2 o,-1 _ o,o,1 
32:c 6,85 O,J 1,4 0, -~ 

_!~ __ ?;~~.---~~--~~~---=~~~- ,_ 3,B __ 

Rtr" 
<l>M 

'I',OI 
6,98 
6,94 
7,67 
7,06 
7,rfl 
6,9I 
6,91 
6,'94 
6,96 
7,33 
6,7! 
6,9I 
6,92 
6,90 
,6,90 
6,90 
6,93 
?,80 
6,52 
6,66 
r/ ,213 

w. 

M3B 

2,615 613 
(4,054) 
(4,106) 
(4,403) 
4,698 
4,954 
4,973 
5,087 
5,194 
5,27-! 
5,321 
5,345 
5,512 

(5,673) 
'5,813 

(5,872) 
6,01 
6,191 

(6,3!4) 
6,6_15 

(6,992) 

(7,019)_ ··-·-· 



Ta6mn~a 3 /npop;onJKeHHe/ 

Pacq_eT OKCll! 12, 13/ 

Ls 
w, B(EL) B(EL, T=O) B(EL, Rtr 1 B(EL) "'· 
MoB I o-3 e 2 6L T~l) <PM MoB IO-se26L 

323 ? ,14 68,1 5,1 36,0 6,69 (?,II4) 
324 ?,3:3 0,05 0,2 0,5 5,8? 
5r 2,68 129 193 6,3 ?,I9 3,198 35 

52 3,65 19,4 19,5 6·10-6 ?,20 3,?09 '22 

53 4,05 3,6 2,1 0,2 ?,21 (3,96I} 

54 4,23 1,2 0,16 2,2 ?,39 (4,181) 

55 4,29 0,3 I,6_ 0,6 7~02 4,296 

56 4,49 ?,4 3,9 0,5 ?,II (4,444) 

5? 4,69 2,0 -4,6 0,5 ?,29 

58 5,03 8,9 I0,4 0,-06 7,24 

59 5,20 14,0 I2,4 0,05 ?,25 5,3?0 
5ro 5,55 0,02 1,1 !,4 8,5? 5,483 

5rr 5,68 1,5 2,9 0,2 ?,00 5,668 
512 5,86 3,2 0,4 1,3 7,12 
5r3 6,II ?,I II,1 0,5 ?,12 
5I4 6,49 O,Q2 0,04 O,I ?,I~ 

5rs 6,55 0,02 0,03 3·!0-4 ?.15 (6,529) 
516 61?3 4,? 3,? 0,06 7,25 6,688 

51? 6,80 0,06 0,4 0,? 8;50 
5r8 6,84 0,01 4· ro-4 0,02 6,58 
5I9 ?,II 15,8 2,0 6,6 6,99 
520 ?,33 4·I0-3 0,03 0,06 6,84 ?,302 

?r 3,?0 8,5 21,1 2.-s ?,38 4,03? 
?2 4,6? 3,9 6,3 0,3 ?,38 4,?62 
?3 4,98 2,9 5,2 0,3 7,38 
?4 5,54 9,0 10,0 0,03 ?,3? 
?5 5,82 2,1 0,2 0,9 7,36 5,?20 
?6 6,24 2.2 5,1 0,6 7,38 (6,248) 
?7 6,54 0,01 0,05 O,OI ?,3? 6,381 
?8 6,81 0,6 0,8 0,02 ?,35 6,443 
?9 7,07 5,3 2,0 0,8 ?,31 

91 6,14 2,1 6,0 1,0 ?,60 
92 6,54 5-ro-3 0,05 0,02 ?,60 
93 6,?~ 0,2 0,5 O,I 7,60 

_.!4 ?,12 I,O 0,2 0,3 7,59 
ch 

~ A/lfl 3 - 5,31+5 MoB, H""eM Ptr -cocTORH""R c 3Hepr~e~ lo13y4eH-

Horo a pa6oTe/14fnp~4HHa 3TOrO 3aKniD4aeTCR,Bio1AV.MO,B TOM, 4TO 

Teop~R HenpaBJ..111bHO BOCnpOH3BOA\IIT CMeUlHBaH\IIe pa3J1H4HbiX 4aCT\114-

u 



HO-,QbiP04HbiX KOH$1-1rypal.ll-1!7! B cna60 KOI111€KT1.1Bl-131.1POBaHHbiX COCTOR

Hl-1RX. 

0CHOBHb!e peay.n~TaTbl pacYeTOB ,QaHbf a Ta6n.2 1.1 l_. 3,Qer::b co

CTOFIHI-1R C' O,Qli!HaKOBbiM MOM€HTOM lA 4eTHOCTbiO HyMepyiOTCfl l-1H,QeK

COM S Jlllfl Ka*noro YPOBHFI npt.1B€,Q€Hb! Hf' TOilbKO o6blllHb!€ 3Ha4eHl-1fl 

B(EL). HO t.1 eeJllA4lAHbl B(EL, T"'O) Y1 B(EL, T,~ 1), cOOTBeTcTByiOLQVle 

1.130CKa.nRpHOMy \.1 \.130BeKTOPHOMy onepaTopaM /22~,ll.nf1 n011HOTbl np14-

Be,QeM COOTBeTCTBYIOu.tlt1e 1-1M Bblpa~<eHHR B T€PMI-1Hax 

npOTOHHOtl nepeXO,QH~X n110THOCTe~ /BM€CTO pp 

HO l-1Cnonb30BaTb p ch 1: tr 

He~TPOHHm1 1.1 

B B (EL) MO>'<-

tr 

L +2 2 
(pPr dr[, 

tr 
/8/ 

B E 2 2 p n L+2 2 
(L,T"O)-e(2L+l)(Z/Ailf<p <p )r dr[, 

tr tr 
/9/ 

2 N p Z ., ) L+2d 
1
2 B(EL,Td) •• e (2L+l)[((--p ---p r r. 

A tr A tr /10/ 

no C00THOW€HH~.3Tl-1X B€J11.14HH MO>+I'HO Ka4eCTB€HHO Cy,QHTb 06 l-13Q

B€KTOPHOL1 CTPYKType COCTORHI-111, a TaK>Ke 0 noae,QeHlAH nepeXO,QHbiX 

ni10THOCTei1 Ha noeepXHOCH1 fi,Qpa, Jlm'l 1130CKa11RPHbiX ~~11!1eKTI-18HbiX 
B036Y>KA€HI-11-1 xapaKTepHa 6ni-130CTb 3Hal.leHI4i1 B(EL) 1.1 B(EL, Tz 0), 

npH'-IeM n (EL 'T~1)<<B(EL).06~~.~Ho A11R HH>Kai1wt.1X B03fi'Y>'<~€HHi1 
B(EL, T=O}>B(EL). 3To RB.nReTc.A cne,QcTBI-1eM Toro, I.!To aMnnHTy,Qa 

noeepXHOCTHoro nHKa P~r 6o.nbwe, 1.1eM Ail~ pJl • 1-1 HeCKOilbKO 

" I " I I P ,Qanbwe CABI-1HYTa no pa,QHycy. Kor,Qa· Ha noeepxHOCTr.1 p tr ...,.> ptr 1. 
3Hall€Hr.1fl B(EL, T-0) 1-1 B(EL,T=l) oKa3biBaiOTC.R cpaeHit1MbiMI-1 1-1 HaMHOro 

npeBbiUJaiOT B€J11-1Lli-1HY B(EL) /Hanpr.1Mep, A11R COCTOFIH1t1i1 C Ls4 5 , 6~p 

8g, 12 1 , 34 , 510 1t1 ,Qp./. B CTPYKType 3TI1X B03fy>K,Q€HM~ AOMHHI-1-

PYIOUIYIO p011b r.1rpm1T Hei1TpOHHble l.laCH1l.lHo- AblpOI.!Hble KOMnOH€HTbl. 

np1.1 B(EL)" B(EL,T=O) Ha noaepxHOCTI-1 .QOMI-1Hr.1pyeT rT~r /Hanpi-1-

Mep, 8 COCTOFIHI1.RX 314 , 5(p 24 , 4
2

, 6
12 

1-1 Ap./, B <:.nyllae ) 

ll(~;L, T".!) , ll(EL. T·OI " ll(EL) ll(EL.T-0) oBbi4HO p 1~ " ,,',, 

Ha nosepXHOCTI-1 M,QyT B npOTit1BO$a3e 1-1 'COOTBeTCTBYIOu.tee COCTO.AHI-1€ 

MO>KHO K!1aCCM~It1l...IHPOBaTb' KaK I-130B€KTOpHO€ /Hanplo1Mep, 3 l?, 54 , 

6:), 61i 11 .Qp./. tpeAI-1 npr.1Be,QeHHbiX B TafiJlMU,aX COCTORHI-1i1 LlHCJlO 

11308€KTOpHbiX B036y>K,Q€H.It1i1 H€8€111>1KO. 

00MI-1MO 3Heprl-111 1>1 3HalleHit1i1 B(EL) B Tafin.2 11 1. npi1B€.Q€Hbl 

3Hal.l€HI-1fl nepeXO.QHbiX 3ap.A.QOBbiX pa.QI-1YCOB, onpe,Q€Ilfi€MbiX C00THO

UJ€Hit1€M 

R2 ,, , I ('h 

" " 
L-.+4 dr/ f' (Jch r 1A1Jr ,, I 111 

Belllt141-1Ha Rtr .QaeT .QOnonHr.1TenbHbte Kal.lecTBeHHble cee,QeHr.1.A o 

nOB€,Q€HI11t1 t.'t~:h J.lei1CTBit1T€JlbHO, eCJll-1 npe,QnOJ)0}1{1-1Tb, KBK 8 KOJ1-

JleKH1BHO~ MOA€111.1, LlTO p~~~- dpo I a r r ,Qe p 0 - pacnpe.QeneHl-1€ 

12 



3ap~Aa B OCHOBHOM COCTOAH~~l TO AJ1~ CJly48A paBHOMepHO 3SpR~eH-

HOc;i c¢epbl Rtr·"'R0=[(5/3)<r~>l Y2 ,. 7 <!>M AI1A 
208 Pb /Bb14Y!C-

neHHaf: HSMY! B€I1Y!4Y!HS CP€AH€KsagpaTY!4HOro 38PAA0BOro P8AY!YC8 

<rc
2 >1 2 

= 5,41 ¢1M/, ( 3TOi1 B€J'U14VIHO~ lt1 CJ1€AY€T cpaSHHBSTb nplt1-

B€A€HHbl€ a Ta6n111u,ax 3HalleHI-1.R R tr Hanp1-1Mep, Allfl Hll1>t<alllwero 

3--ypoeHA R tr --= Ro-Ha p~ttc.l noKa3aHo nosegeHY!e pch VI rlp0 /rlr 
------ tr 

A11R 3TOro COCTO.RHI-!R. BI-1AHO xopowee COBnSA€HV1e VIX nosepXHOCT-
ch 

HbiX n!-1K08. BapHSU,l-1111 Ptr B 06beMe cnafio 8111-lfii()T HS B€fH.14JIIHY 

Rtr • np111 He60JlbWOM CABY!re MSKClt1MyMa noeepXHOCTHOrO nVIKS 

s o6beM flgpa eem,..I4!11Ha Rtr MO)I{€T 3aMeTHO yMeHbWSTbCR /HanpVI-

•• s· 
M€p, B COCTO.RHYH1 22 nVIK p tr CM€Cn1JlC.R npY!MepHO Ha 0, 'VM 

B 06beM Agpa, 4TO CBA3SHO C AOMHHHpy~~HM SDHRHHeM KOH$Hrypa-
-1 

l..\HI-1 p(hg/z, h lL 2 ) I. AHanorH4HOe yMeHbL•JeH\t1e Rtr npoHc-

XO.Qit1T, ecnVI P(/1 npt.w6peraer ofheMHbt~ xapaKrep /Hanpi-1Mep, 

.QDR COCT0RHI-1fl 4 5 MaKC!t1MyM Pfrh ne>KHT npl-1 f = 4,2 <!JM/. tJ.nR 
60J1bWHHCTBa 1-13 paCCMOTp€HHbiX COCTORHHii Rtr 0Tfllt14a€TC.R OT 

Ro He 6onee 4€M Ha 1 0-20%. npVI 3TOM p ~~. 3a I-1CKJ1104€HI-1eM 

KOJ1Jl€KH181-131-1POBaHHbiX COCTORHI-1i1 1 .QOSOJlbHO CI-1JlbHO 0TJllt14a~TC.R 

OT (JpO Jar, 4TO CB.R3aHO C XapaKTepoM pa,Qit1aJlbHbiX d>yHKL\1-111 l.laC-

TVI4HQ- .QbiPOLIHbiX B036y}I{,Q€HVI~ 1 a He $OpMO~ KOJ1JleKTV1BHOi71 

aMnm1Ty.Qbl g L . C pOCTOM L 06beMHbl€ OCU,V1DJl.RL\I-1VI B p ~~ BbiMvt-

paiOT' a B€111-141-1Ha Rtr Clt1CTeMaTI-1LI€CKt.1 pacrer. npvt nORBJleHVI\.1 

ch 
y Ptr Me.QneHHO cna.QaiO~HX nosepXHOCTHbiX ••xsocros

11 een!-14HHa Rtr 

MQ}I{€T pe3KO B03paCTaTb /Hanpi-1Mep 1 .Qflfl COCTORHI-1~ 6 1 , 1 0 4 , 5 lO 

" AP./. 
8 ra6n. 2 1-1 3 npHBe.QeHbl 3Hepr1-1~ ypOBHeii, Hafin~.QeHHbtX s (p,p ')

"' (e,e') -3Kcnep;MeHrax. Cooreercre\lle HX Bbtl.lHCJleHHbtM ypoBHRM, 

3a 1-1CKJ1~Ll€Hit1€M Hlt1}1(alo'1LIJI-1X 1 HOCHT YCJ10BHbtl7! xapaKrep, nOCKOilb KY 

.QJlR npOB€.Q€HV1R 6onee 1-1111-1 MeHee .QOCTOB€pHO~ V1.Q€HTIII~HKa~Y11-1 O.Q

HYIX 3Heprlt1?1 Mana, Heo6xo.Qit1Mbl 3Ha4eHV1R B(EL) 1-1 nepexO.QHbte 

nnoTHOCTI-1. TeM He MeHee e u,enoM BVI.QHO pa3yt.1HOe cornacHe ebi-

41-1ClleHHOro cneKrpa c 3t<cnepHMeHTaJ1bHbtM. V1cKn!OYeHI-1e cocraan.A

IOT TOJlbKO 2+-VI 9--ypOBH\11. 8 pa6oref12/npt.1Be,QeHO WeCTb 21--ypos-

Hej;1 c 3Hepr~t~ej;1 (u ::: 6 M3B. P.R.Q APYrt.1X yposHel-1 eBe.QeH s pa-

6ore123'Y ~t~cxo.Qn t.13 aHaJlt.13a (t,p )- 1-1 (p,t)- peat<u,1-1~. Teopt.1.R )t{t' 

npe.QcKa3blBaer cy~ecrsoeaHHe IlHWb 4 ypoeHe~ 2 t YaCTY14HO-.QbtpoY

HOro r1-1na. 0YeBH.QHO, 4TO ocranbHbte ypOBHYI Moryr I-1M€Tb .QpyryKl 

npV!pO.QY /Hanpt.1Mep, napHbl€ BYI6pat.J.HI-1/. 4ro KacaeTCR ypoBHel71 9-, 

TO 8 HaW!t1X paCLierax BCe OH\.1 Jle)t(aT BbiW€ 6 M38 1 B TO epeMR KaK 

no .QaHHbiM!tz/ 5 yposHel71 HYl>!<e 6 M3B Moryr ~MeTb L 77 = 9- . HaM 

npe.QcraennercR Heo6xO.QHMO~ AOnOilHHTeilbHaR 3Kcnepi-1MeHTailbHa.R 

npOBepKa ~.Q€HTH¢lHKa4~111 3T~X ypOBHej;1. 

CAenaeM HecKonb~o AononHt.1TenbHb1X 3aMeLiaHvta7! no pe3y11bTaTaM 

pac4eros. B pa6ore/24/cAenaHa nonbJTKa H.QeHTH¢l1-1~V1pOearb c no-

MOttlbiO peaK~~~ (d, )Je) ypOBH" MYJlbT-nJleTa P (hgj2 , h ~l/2 ) 

13 



8 cneKTpe 2°8 Pb~ Cor .nacHo HaWHM pac4eTaM 3Ta KOH$Hrypai.IHR cy-
~ecT8eHHO onpeAenReT 4JOPMY pf~h 8 COCTORHYI.RX 22 , 4 2 , E) S' 
84 ""' 1 03 , noKallH3oeaHH~X e6nJ.13J.1 3Hepnm 5, 5 MaB. AnR an1x H3o-
CK8IlfiPHbiX COCTORHHi1 P~r xapaKT€PJ.13yeTCR 60J1bWHM noaepxHOCT-
HbiN nltiKOM B6r!J.131o1 r :5 6 <l>M It\ OTCYTCTBMeM 06beMHbiX OCI.IIt!TIJlRL\HH • 
Bee OHit! Y~Me~T HecKOJlbKO MeHbWY~ no cpaaHeHH~ c APYr~t~Mit! aenH-
4HHY Rtr ··3aMeTHy~ po.nb HrpaeT 3Ta KOH$Hrypa~HR J.1 B CTpyKType 
APYrHX COCTOJiHH~, HanpHMep 2 t , 4 5 , 80 BCeX ypOBHRX C L =10. 

ApyraR xapaKTepHaR oco6eHHOCTb cneKTpa cBR3aHa c TeM, 4TO 
cpaay aa noporoM HeihpoHHO~ 3MI-1CCI-11-1 a 208 Pb <l!oPMY!pyeTCR 
rpynna KOJ1JleKTI-1BI-13HPOBaHHbtX cocTORHHtr c L = 4, 6 1-1 8 I CM. 
Ta6n.2/ C 04eHb M8IlbiMH escape- Wltlpi-1H8MI-1. <!>opMa ltiX pch cy-

} 
,, 

tl.leCTBeHHO OnpeAellR€TCR KOH$Hrypai.IJ.1ei1 p(i 13/2, d 5 2 ). npe.QCTaB
IlReTCR BepORTHbiM, 4TO J.IIMeHHO 3Ta rpynna COCTORHHVI 1-1 6biJ18 06Ha
pyM<eHa HeA8BH0/25/ 8 (d,d ')• Yl(a,a') -3KCnepltiMeHT8X 1-1 Y1AeHTH
$Yil,V.1POB8H8 ·KaK n~t~rMw-peaoHaHc oKono 7,4 MaS c L = 4 H B(E4) ... 
•3 OAH •. eA. /ec.nH HeT APYrHx MYilbTHno.nbHOCTeH/. CornacHo H8WHM 
p8C4eTaM COCTORHHR C L"" 4 lo'i 6 A810T cpaBHHMble BK118Abl 8 3Hepre
T~4eCKH 83BeweHHble npaa~t~na CYMM. ECilH CYAHTb no COOTHOWeHitiRM 
B(EL, T ~O) ~ B(EL, T=1), a TaKll!e p~, ~ P~, , TO 3TH COCTOA

HitiR HHK8K Henb3R C4HTaTb H30CKanRpH~MH. 

% 

15 

10 

5 

liS (ELl 
PHc.4~ BKnaAN AHCKPeTHNX COCTORHHH 
lfif~s 3HepreTKqecxH B9BemeHHoe 
npaB,HJlO C}'MM /I 2/ • 

OpoaeAeHH~e HaMH pac4eTw noaeonR~T Ol.leHHTb eKnaA~ ecex AMcK
peTHYX ypOBHe~ pasnH4H~X MY,n~THnon~HOCJeM a CooTBeTCTBY~~He. 3HepreTH4eCK~ esaeWeHHwe npaawna cyMM 191: 



2L-2 2+ 2 2 
S(EL) ·= l w B,(EL)= L(2L+!) n e Z 

s s Srrm .<r P >. /12/ 

2L-2 
rAe cpeAHCe 3Ha4eHHe <r p >. B OCHOBHOM COCTORHHH Bbi4HC11R!l0Cb 
c o6ono4e4H~M pacnpeAeneHHCM nnOTHOCTH npoTOHOB. Ha pHc.4 no
KaaaH~ BK118A~ 9 S(EL) nepB~X KOI111CKTHBH~X ypoBHC~ /nyHKTHp/ 
H cyMM8pH~e BKilaA~ acex AHCKPCTH~X YPOBHe~ AO nopora HCHTpOH
HOH aMHCCHH. BHAHO, 4TO Ha~t~6onee CHilbHO KonneKTHBHsa~HR npoRa
nReTcR AJlJt OKTYOOJlbHbiX COCTORHHH • C pOCTOM L BKI18Abl A1-1CKpeTHbiX 
ypOBHeH pe3KO naA8~T. 8 HaCTOR~ee BpeMR KOCBCHH8R 3KCnepHMeH
Ta11bH8R Ol,lCHKa cy~eCTByeT TOJlbKO AilR z+-cOCTORHa.-!171. no AaHHbiM 
PaMaHa f2s/ AllR BCex CBR3aHHbiX COCTORH"~ !1 S(E2)./1 , 38+0, 16/ e"1J "Ha8, 
HilH npHMepHO /7,1+0,8/% npaaHna cyMM /12/, 4TO xopOIDo cornacy
eTCR C TeopeTH4ecKoH Ol,lCHKOH. 
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