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B npe,nLI.D.Yllleii cTaTLe /I I ony6nuKoBaHLI ,naHHLie o 
cneKrpe y -nyqeii 160 m+ ~-'llo . Ha ocHo:BaHHH npoae,neHHLIX 
uccne.noaaHuii /l-{} I MO)I(HO paccMoTpeTL u npoaHanu3u,8oBaTL 
cxeMy pacna,na 160 m llo , T = 5,0 <~ac, .l 17=2- u Hi gllo , 

T=25 MUH, .J" = 5+. llpu aHanu3e ecTeCTBeHHO ucnoJIL30BaTL 
6 

- I60 
Te ,naHHLie 0 ypOBHJIX ,noqepHero ·Dy; KOTOpLie llOJIY'I~H~ . I - ;Io; 
a pacna.ne 160 11>/6-9 _, npu KhnoHOBCKOM B036y)l(,neHuu . , 
B peaKI.{HJIX (d,d')/JI/, (p,t) !2/H C u -qaCTHI.{aMH H TJI)I(e
JILIMU UOHaMU /I 3/, 

Pe3ynLTaToM HaCTOHllleii pa6oTLI HBnHeTcH: 1/ yTo'IHe-. . 

HUe 3HeprHH ypOBHeH U HHTeHCUBHOCTeH . pa3pJI)I(aiOlllHX 
ux y -nepexo,noa u nony'leHue 6onee TO'IHLIX_ napaMeTpoa 
poTauuoHHLix nonoc, 2/ aae,neHue HOBLIX ypoaHeii· u onpe
,IJ.eJieHUe UX CBOBCTB, 3/ CTaTUCTU'IeCKH~ aHaJIU3 60JILIIIOrO 
qucna ypoBHeii, pacnoJIO)I(eHHLIX BLillle 2 M3B. 

· ~ I60 D B OCHOBY paCCMOTpeHHJI CBOUCTB Y 6wnu nono-
)l(eHLI ,naHHLie 0 TBep,no ycTaHOBJieHHLIX ypOBHJIX, HX. 3Hep
rHHX, cnuHax, 'leTHOCTH, npuHa,nne)I(HOCTH K onpe,neneHHoii 
poTauuoHuoii nonoce. 0Hu npuae.neuw B ma611. 1. YpoBHH 
c 3Heprueii BLillle 1535 K3B .He Bo36y)l(,naiOTCH a pacna,D.e 
I 60 Tb, oHu aae.nellhl ua .ocHoae ,naHHLIX o y-y -coana.ne-

HHHX B pacna,ne I 6 0 llo/ 4/. B HaCTOJlllleB pa6oTe 3Ha•IHTenLHO 

YTO'IHeHLI 3HeprHH 3THX ypOBHeH. ,lJ.pyr1:1e ~OCTOJIHH.S: : HiO Dy 
BBO.D.H~HCL DO _ 3HeprH.S:M, HHTeHCHBHOC.T.S:M H MynLTHllOnL
HOCTJIM }":'nepeXO.D.OB, .. npu'_ieM B· Ka'leCT.~e Oll'?PHLI~ npu-
HHManHCL COCTO.S:'uHii H3 ma611. ]; · · _., 
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CBOHCTBa COCTOHHHH, npHBe~eHHbiX B. ma6A. 1: . 
liOAOCa OCHOBHOZO COC1110JIHUJI. H3 peaKUHH C TH)KeJiblltH 

HOHaMH H a -qacTHUaMH H3BeCTHbl YPOBHH c r ~0 = 18+ 1 ~/ 
B pacna~e 160 Ho npoHBHJIHCb ypoBHH c J 77

. ~o 6 ~He o6ua-
py)KeHo nepexo~a 386 K3B, 8+ ... 6 +, . 

liOAOCa, OCHOBaHHaJI Ha y- BU6paijUOHHOM COC1110JIHUU 

966,16 K3B, HpKo np·o-gaunac& B pacna~e 160 Ho, JIHIIIb 
BepXHHH H3 ypOBHeii, 1438,0 K3B, 6+ 3aCeJIHeTCH ~OBOJibHO 
cna6o. PoTaUHOHHble napaMeTpbl B ciJopMyne 

. · . 2 I _(I + 2)! 
E = E 0 + A 2[H~+l)- 6] + B 2[1(1 + l) - 6] -+D2(-l) (I_ 2)! 

paaubl: A2 = 13,96. K3B, B.2=- 24,5. 3B,D2 = -1,8 3B. 
,D;ng ypoBiiH 966,16 K3B, 2+ onpe~eneua npuae~euuag 

aepoHTHOCTb KynouoacKo~o B036y~eHHH B(E2; 0 ... 2) 
= 0,111±0,007e2•,6apH 2 /lO/, qTo COOTBeTCTByeT ciJaKTOpy 
ycKopeHHH F y ( E2) = 4, 2 • 

libiJIH BblqHCJieHbl OTHOWeHHH npHBe~eHHbiX BepOHTHO
cTeii E2 -nepexo~oa Me~y nonocaMH y -BH6pauuouuoro 
H OCHOBHOrO COCTOHHHH. YqeT B3aHMHOrO CMeWHBaHHH 
nonoc ocuoBuoro H ·y-BH6pauuouuoro 1COCTOHHHii npoBo
~HTCH npaKTHqeCKH ~Jig BCeX qeTHo-qeTHbiX ~eciJopMHpOBaH
HbiX g~ep no ciJopMynaM liopa- MoTTen&qoua · HJIH Muxaiino
Ba. IlapaMeTp CMeWHBaHHH onpe~eJIHJICH H3 pa3JIHqHbiX 
oTHowenuii y-nepexo~oB H B 160 Dy/2/ • Ha puc. 1 ~aeTcH 
rpaciJuqecKax HHTepnpeTaUHH nonytlenublx pe3yJI&TaToB. Bee 
TOqKH ~OJI)KIIbl JIO)KHTbCH Ha .npHMYIO JIHHHIO, eCJIH Bepllbl 

npe~nocbiJIKH o B3aHMHbiX npHMecgx B :BonuoBbiX ciJYHKUHHX 
nonoc y -B~6pauuonuoro H oc_uoBnoro cocToHHHii. Bu~no, 
qTO _ 3TO HMeeT MeCTO ~Jig 160,Dy-:. O~HaKO Toqxa, COOTBeT
CTBYIOII.(aH y -nepexo~y 2 y ... 4 g , Bblna~aeT _3a npe~enbl 
norpeWHOCTH. ,IJ;ng ,OTIIOCHTeJibiiO · CJia6biX nepeXO~OB 2y-> 
... 4gna6nro~aiOTCH auoMaJIHH H B ~pyrux g~pax. H3 rpaciJuKa 
onpe~enHeTCH 3HaqenHe napaMeTpa cMewu~aHHH a 
= 0,020±0,002, qTo COOTBeTCTByeT qaCTO HCllOJib3ye
MOMY napaMeTpy Z = 2a /(1.:. 4a) = 0 ,0 42. 

lioA;ca c K 77 = o+ Ha ypoeue 1280,0 K3B. B peaKUHH 
(p, t_/12 · ua6mo~aJIHCb ypOBHH 1275±15· K3B, 0+ H 
1339 ± 15 K3B, 2+. YpoBeHb 1350 K3B~ '2: 6b1JI TaK)Ke 
o6napy)KeH B peaKUHH ( d, d ') H npu pacna~e 160 Ho • B. pe-
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Puc, 1. IIpueeoeHIIble eepo.Rmllocmu I~ 2- nepexoooe e 3aeucu
Mocmu.. 01/l CnUII06 HO'lOAbHbiX U KOHe'lHbiX COCtllOJIHUU. JlUHllU 
omHocRmc.R K pacnaoy ypoelieu y- eu6paf1UOHHou · noAocbl 
Ha HUJICH1010 noAocy u ypoeHeu no.iwc c K =4 Ha y "'eu6pa-
fiUOHHY10 noAocy., . . 

3YnLTaTe H3MepeHHS cneK'I'pa . y-nyqeii B · Be~aBHHX Bc
cne.Q;OBaHBH 3neKTpoHoB BBYTfeBHeH.KOHBepcHB S/ yTO'IBe-

. Bhl 3HeprHH ypoBBeii o+a 2 H nony'leHa aatiJopMaUB» o6 
ax cBoiicTBax. Onpe.QeneH napaMeTp X= B(EO) I B(E2) = 
=0,26±0,08 M1l ypoBH1l o+ B X:B(E0)~Bi(E2)= 0,22±0,07 
.Qn1l YPOBB1l zt .. B rrepexo.Qe 1263 K3B, 2+-> 2+ CO.Qep)KHTC1l 
3Ha'IIITenLHas Eo -xoMrr6HeHTa. lihln o6Hapy:lKeH nepexo.Q 
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1065~8 K3B, 2+ ->4 + H BLI'IHCneHW OTHOWeHHJI npHBe.Q;eHBWX 
BepOJITHOCTeiL E2-rr.epeXO.Q;OB Ha nonocy OCHOBHOrOcCOCTOJI-. 
HHJI:,B(E2;2~ 2)/B(Ek2 -+-0)=1~6±0,3:8 B(E2; 2-> 4) I 
/B(E2; 2-> 0) = 1,5±0,3_5(. PoTanaoHHwii ypoBeHL 4+ B pac-

. 160Ho --na;Ae · noxa ·. eiUe , He. o6HapY:~KeH. TaiCBM . o6pa3oM, 
.QnJI nonocw c Kn: = o-+; . 160 Dy · Ha6mo.QaiOTC1l O.QHHaxoBwe 

• 11 + + HnH 6nH3ICBe 3Ba'leHH1l .X .Q;nJI ypOBHeH C J = 0 H 2 .... 
QBH He· O'leHb CH~bHO OTnH'IaiOTCJI OT ·o:~KH.Q;aeMWX TeopeTH
'IeCKHX 3Ba'leBHii X= 0,4 .Qn1l 13--BH6panaoHBWX ypoBBeii,_ 

. HO ''Marias BepoJITHOCTL B ( E 2), Ha6mo.QaeMas B. xynoHOBCKOM 
. ;• •. - 1-.F"". , ». '_; •• 

B036Y:~KAeBHB H B ( d, d') peaiCUHH, npBBO)uiT IC 3aiCnio>ieBHio 
0 6onee. cnm.C:Hoii CTpyxType YPOBHR 0 +. ( . i . 

B•opoe ·cck•o.RHue c J" ~ o+ uMel/ii'3Hepzwo1953,2K3B.· 
' . . t • , __ "'·TT " . . ..t 

O:Ho pa3ps:>KaeTcs E 0 -nepexo.QoM''ila ocH.OBHoe H' E 2 -nepe-
XO.Q;aMH '1866,4 H '987,1. K3B Ha nepBb~''Bo36y~eHHOe·:B Ba 
y -:8a6panaoHHoe cocT01lHB1i. 3Hepras iio36y~eBBJI,·• Dena- • 
'IBBa:·"X=O ,4 B 'oTHomeJI~e· B(E2; o+·-> 2'i-'y)/B(E2i o+ -•2'-):, 13 
D03BOJiifioT C,Q;enaTb npe.Q;llOllOlKeBHe 0 .QBYXtiJOHOHHOM y -BH-
6paUH-OBBOM xapaKTepe 3TOroypOBH1l. '. . 

IIoAoca Ha oeyxKea3U'laCIIIU'lHOM coc•o.RHuu 1694,37K3B.· 
Haa6oilee· HHTeHCBBHO B 13-pacna.Qe· ocHOBBoro ·.cocT01lHH1l 
H>G llo ~.) 11 == 5+, p 523 t + n52J-t , 3acenseTC1l ypoBeHL 1694,37 K3B,' 

4+ H OTBOC1ltnHecs K HeMy p(>TaUBOBHble ypOBBB /lla6A. 1/. 
Ha ocHoBaHBB pa3peineHHoro He3aTopMolKeHaoro {3-nepe
xo.Qa Ha ypoBeHL 4 +, · f g ft = 4,65 e:My 'npanacaHa KoHtiJBrypa- · 
nas n 523i + n521 t • He.QaBHO 6hln H3MepeH nepBo.Q nonypac- '. 
na.Q~ 3Toro ypoBHs T ,;180±35 ·nceK/14{Pa3ps.Qxa··en)• 
rrpOHCXO.Q;BT CaMbiMH BHTeHCHBHbiMB B ·cneKTpe nepeXO.Q;aMB. 

Ha y-B_B6panaollHyKi nonoC"y. '113 puc. 1 ·onpe.QeneH napa

MeTp CMeWB~aH~1l o6~BX ~onoc a',.,oio30 ± O,QOl. P~piio·
no>KeBBe to'leK Ha npsMoif naliaa cBa):{eTenLCTBye-r· o npa-

.· • . ,_.- , • • ; ; • • ~ . • r ~- .:· ,. 

MeHBMOCTH . npe.QCiaBneHBH 0 B3aBMHOM CMeWHBaHI!B BOn-
HOBbiX . tiJYHKUBH 3rax nonoc: IlapUH~~bHbiH. 'nepBO.Q nony-: 
'' . ... ' ·.· •.•• '-L·' + .... 
pacrra,Q;a DO OTHOWe_HJ;liO K_ n~p~XO~Y,.(~· -> 2 , __ 728,13. K3B 
paBeH 3,0 ·10-10ceK, 'ITO .coo:rBeTC'I:BYeT~ 4!aKT_9PY · TOpMo· 
lK~HB1l F r (7~. 13)~ 6,0 a. ~cxmo'la.eTripe.Qnono:~KeHHe o 6onL
moii npBMeCB . .QBYXtiJOHOHHOrO.: y,-BH6p8,UHOHHOrO COCT01lHH1l 
B,,ypoB~~-- 1694,37 .K3~ ••. IIo.~BB~BM~~y, ,,IJ~Ben~~a. _B .HeM 
B npHMeCL O.Q;HOtiJOHO,HHOrO COCT01lHB1l, ~~IC ICa~ O'leHL Mano-__ 

7 



~ 

• 

-:· );.7 

HHTeHCHBHbl ... y :n.epexo~bl. Ha .. ~H)IOU()IO nonocy. Hx ,MaT::: 
pHqHbJe 3lleMeHTbl. Ha .·5· nopJI~KOB HH:>Ke, oqeM MaTpHqHbJe 
3neMeHTbl nepexo~oB. Ha y~ BH6paiiit:oHHyro .nonocy. 

., , ~poeeHb 2096,85 ·K31J, 4+ HMeeT. CBOHCTBa, llOXO:>KHe ,· Ha. 
cuoiiciaa ypoBHJI 1694,37., K3B.: OqeHL aepoHTHO, q:ro .rnaa::
HaJI KOMllOHeHTa BOnHOBOH 4JyHKI\HH ... ,YpOBHJI 2096;85 K3B 
COOTBeTCTByeT ~ByX4JOHOHHblM , y-Kone6aHHJIM, .TaK KaK 
pa3pJI~Ka npOHCXO~HT_,.TOllLKO, Ha. y-BH6pal\HOHHY10 nonocy 
H He Ha6nro~aeicjl nepexo~a Ha nonocy o,cHoaiJoro cocToJI
HHJI •. IIapaMeTp CMeWHBaHHH. a= 0,037 ± o:oo5 onpe~eneH 
ui<HaxnoHa npaM:oii :Ha puc: 1. Manoe. 3iJ:aqeHue Cgft ;;;5~8 
{3- n.epexo~a c ocHOBHoro 'cocioiH:ua 160 Hci Mo>imo o6'Lac
HHTL. npu'cyTCTBHeM ripliMeCH ··oT. ~YXKBa3uqacTHin{oii Bon
HOBOH .pyiiKnuu ypoaHa 1694~37 K3B. PoTan:~wHHi.Iii ypoaeHL 
5+ O:>KH~aeTCJI npH 3HeprHH' OKo'no 2200 K3B~' ·<>~Ha:K<> ':Rei 

. . - ; - • .. . . ;. . ' . . . . . • . ~ l ' . . . . .. ' ·- : ... ; 

3KCnepHMeHTanLHblX ~aHHLIX ~ng erO BBe~eHHJI B CXeMy. 

PaHee. o6~y~~an·ca yp~ae~L· 2368 ·'i(3B. · YT.oqHeHHe 3Hep~ 
r:Hif y -ii.epeXOAOB. np~~en~ :K i8.Tpyiui~HHJIM B ycTaHoBneHH~· 
Cll0C060B .J>a3pJI~KH 3TOrO ypo'BHH. . . . . ~ ~· . . . . . . ., , 
.. · . f3 --.Pa,cnao 'ocH06HOZO: cocmc;JI~UR 160Ho npoHCXO~HT Ha. 
ypou~H, cJ",= 4+·~· ~·; H 6~'~3IIaqeHHe Cg'ft . '~IIepexo~OB yKa~ 
3aHbl B ma6A:· 1. ,D;na nono'cbl c K17 =,( 'OCHOBaHHOH Ha ypoBHe 
1694,37 .·. K3B, :Bi.inomi:SioTcJi .nl>aaima Anaru~ 3KcnepuMeH:=. 
TaJ£i.lioe .. oTi.oweHHe npHBe~e~Hblx' BepOJITHOCTeii (3 '- nepexo
~o:B u~·ypoaHii c . .J ~ 4,5 ~~- 6: ioo: /18±2/: /1,3.±0,5/ 
corriacyroTd:' ,c pacqeTH.biMH ·3~aiieHHJIMH 100 : 20,4 : 1,95. 
3TO .CBHAeTe'nLCTByeT 0,. TOM,: qTo npHMeCHble KOMUOHe.HThl 
~o · auyTpeHHeii aonH:oaoil · 4}yl1Knuu yp<mii~if iuinoci.I ue oKa.-
3LIBaroT' 3aMeTHOro B.iiHJIHHJI ua· CH.riy; (3'~nepexo~oB. 

Hy>kHo OT:ti.f'eTHTL','''. ljTO • C06nro~aeTCJI 6anaHC • HHTeHCHB.-
. u . · 160 H 

HOCTeH ~llJI'-·OCHOBHOrO·COCTOJIHHR · o: nonuaa·HHTeHCHB~--
HOCTL ·u3oMepHoro nepexo~a 60.·K3B,. pasHas /60±3/«fo Ha 
pacna;J; · 160Hi:i , : COBUa~aeT· C · HHTeHCHBHOCTLIO y-nyqeii, 
pa3pJI:>KaiOII\HX Te ypOBHH, · KOTOpble · 3acenJIIOTCJI B pacna~e 
160 Ho~ Hx· ~ona cocTaanaeT 65 ± 3~. . ; ' 
· ·· · Bee o6cY:>K~aeMble:;HH:>Ke •ypoaHH 3acenaroTCJI B pe3ynL.;. 
1:aTe'{3-p~cna~a· 160 mHo,T=5,0 'lac.··· ,_ .... '. 
.' · · · YpoeeH,; 1518,7 ··K3B,· 2+ Ha6J1ro,iianca: no' y-y -couna~e
HHJIM14/. ·'ou pa3pa)KaeTca nepexo~aMH ua ypoBHH nonocbl 
OCHOBHOrO · COCTOJIHHJI, llpHqeM OTHOWeHHe npHBe~eHHblX 
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1065,8 K3B, 2+ -+4 + H Bbl'IHCneHhl OTHOWeHHJI npHBe~eHHblX 
BepOJITHOCTeii E2-nepexo~oB. Ha nonocy OCHOBHO.ro COCTOJI
HHH: B(E2;2-+ 2)/B('Ek2-+'0)~1,6±0,3 u'B(E2'; 2.:..-4) I 

· /B( E2; 2-+ 0) = 1,5 ±0;3_.5/ •. PoTal\HOHHblii ypoaeHL 4+ a·pac-
160 - . • . . 

na~e Ho noKa ell\e He o6Hapy:>KeH. · TaKHM o6pa3oM, 
Kzr o+ 16o Dy. 6 ·· 

~na nonocbl . c · · = · · • · Ha nro~aroTca o~HHaKOBble 

HnH 6riH3KB:e ·3lfaqeHHJI. ·x ~na· ypoaHeii c J 17 =0+ ·u 2+ • 
0HH He oqeHL. CHllLHO OTnuqaiOTCJI.OT O:>KH~aeMblX TeopeTH
qeCKHX 3HaqeHHii X·= 0,4 ~na . p-uu6pauuoHHblX ypoaHeii; 

Ho Manas aepoaTHOCTL B ( E 2), Ha6niO;iaeMaa a· Kynoiwaci<oM 
• : < • • • • '. '"" • • ~J· . . t _t 

B036y:>K~eHHH H a ( d,. d') peaKUHH, npuao~HT · i<. 3aKnrotieHHIO 
0 6onee crio>KliOH CTPYKType ypoBHJI 0+. . . . . . .. 

· · Bmopoe cocmoRHue c J 77 = o + uMe~m.3Hepz.uro1953,2 K3B. 
olio pa3pa>KaeTca Eo~ -·nepexo~o:M 'lia '~~il~aHoe u E2 ~nepe~ 
XO~aMH 1866,4 H 987,1. K3B Ha nepaoe· B036y>fmeHHOe H Ha. 
y .:au6pauuoHHoe coc.TOJIHHH_. ·3Hepr:Ha ao.36Y:>K~e:HuH, a~nu
':fHHa X =·o ,4 u oi:HoineHue· B(E2.; o+ -• 2+y)/B( E2; o+ .• t')= 13 
no:iaonJIIDT c):(enaTL npe~nOJ1:o>KeHHe 0 ~Byx4JoHOHHOM· y -au-
6paUBOHHOM xapaKTepe ':noro YPOBHJI. .• '. . . ,( .. 

IloAoca Ha 06YXK6a3U'Iacmu•mo.M cocmOJIHUU 1694,37'K3B . 
Hau6onee liiiTeHCHBHO ·a· . '{-3• pacna";J;e· ocHOBHoto. cocToHHBJI 

. I hU ·Jio ,.1 17 ~ 5+. p 523 L<- n 521 t'' 3aceiiHeTCJI ypoaeHL 1694,37 K3B, 
4+:· H OTHOCJr~HeCJI' K, HeMy poTaUHOHHble ypOl3HB /ma6_A:.·l/. 
Ha ocHoaaHiiH pa:iperneliHoro He3aTop:Mo>Ke'H:Hoto · f-3~ne'pe-· 
XO~a Ha ypoBeHL 4 +, 11 gft = 4,65 eMf npJIUHCa.Ha KOH4JHrypa ~ 
Ul.fJI n 52:L + n52l t • He.ilalmo · 6bin li3MepeH nepao~ nonypac
"'~a 3Toro ypoBHJI · T;;, ISO ±35 ~ncek/1 4{pa3p·a~Ka .e'ro_ 

"! . .,._ . . ,. : . ' . ' • . • . . ~ . ' ,. . 
UpOBCXO~BT ·caMbiMH HHTeHCHBHLIMH B CUeKTpe nepexo~aMH 

Ha r:au6pa~aoH~yro · no~ac; •. H3 puc~. 1 6npe~ci!JeH riapa~ 
MeTp . cMernaaaHHJI : oG~ux n~noc a =o'~o3o ± Q,90a:, Pa~no ~ 
no>KeHBe ToqeK. Ha npJIMOH. JI.H~BH. CBH~eTenLCTByeT 0 npH~; 
MeHHMOCTH:. npe~C'I;aBneHBH· 0 B3aHMHOM C~.e~HBaHHH ,;Bon-. 
HOBblX 4JyHKUBH · 3THX _riom;>.C ... IIapuHa.Tp.:llbiH nepHO~ nony~ 

• . . • ..L + 
pacna~a no ·OTHorneHBIO K nep~xo~y ,4.' -+ 2 :-728,13 JC3B 
paBeH 3,0 ·l0-10ceK, qTO· CO!)TBeTCTByeJ:. ~aK'I,'OPY.: TOpMo
>KeHBJI.FT (728,13)= 6,0 H HCKnroqaeT npe~nono:>KeHHeo,6onL
rnoii npHMeCB ~ByX4JOHOHHOrO .:_y-BH6paUHOHHOfO .COCTOJIHHJI · 
B,·ypOBHe 1694,37,- .K3B. llo-BB.!\HMOMY;· Hea.enHK!l.' ~~eM 
H UpHMeCL .OAH04JOHOHHO!:_O C99TOJIHHJI, TaK _I_<aK oqeHL Mano.: 

"•. .,, ... ~ ,; : 
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HcnonL3YJI ,IJ;aHHLie o Bepo.RTHOCTH o6pa3oBaHHJI . ,IJ;LipKH 
Ha K -o.6onoiu(e PK =0,8,. o'nepHO,IJ;e nonypacna,IJ;a ,IJ;LipOK' 
aa ~K-o_66noqxe "nocne· K - 3ax:BaTa T,; 1',21.10 -I6 c'eK,' xo3rlJ
rPHUHeHTax •"KOHBepCHH a (£1;2648)=2,13~10'7-4. ,a (E1i3575);,· 
=2;1 ~ 10-:- 4 ~ :Ko3rPrPHUHeHT~x KOHBepcHH ,IJ;n.R·:Moao~po:MaTH-·; 
qec:Kilx; iio3HTPOHOB ·a(e+) ~'="' 4:lo-5 ,MLi nony'IHnH' o~eHKH 
nepHo~o:B · iiOnypacna~a ypoaileii 2734,8 • H' 2674~7 ·; K3B :..· 
4,8.'10,....16 U ·9;5.10--:l.ceK, COOTBeTCTB{ma·o. -HaH,IJ;JI'llO pa3-· 
BeTBneHHIO y -nepeXO,IJ;OB ·napulianLHLie' nepHO,IJ;LI, MLI·onpe;.;,· 
,IJ;enHna. rlJaxTop . TOpMo>KeHHJI F r ( El, 2648) ::: . 50~ E r<E ~· 267 5 :· 
=110~ :KoTopLie JIBll.RIOTCJi··,IJ;·o.aonLHO ManLIMH. ,IJ;ml' E 1-·m!pe-

_I 
.. , 

. I 

xo.z\oB B .zier1JopM:Hp0:BaH:aL1x .R.Iipax. · .. , · ., · ·'' ' l 
- ' • • ~ -~ ' ' r ~;~ . .• 

Ypo.euu U3 peaKfiUU ( d, d ') • Ba>KHLIM ·KPHTepHeM · ,IJ;n.R: 
f; 
I .. 

1. 

pa3Me~eHHJI y-nepeXO,IJ;OBJIBllBeTCJI3Ha'leHHe3HeprHHypoB-, 
Heii; KOTOpLie npo.RBnB~TCJI B JI,D;epHLIX peaKUHBX·. IJp~KTH
qecKH 'TOllLKO npH HeynpyrOM _pacceBHHH. ,IJ;eHTOHOB·Ha6yrt/ 
,IJ;anHcL· ypoBHH ~ 60· Dy .. c .3HeprHBMH·.oT·0 ,IJ;o 2359 K3B ·· .·• ··· .. 
B·ma6A. 2 yKa3aHLI.B03MO>KHLie nyTHoHx,pa3pB,IJ;KH; YTO'IHeH- :; · . . .. ·( 

HLie• 3HeprHH.:U;B03MO>KHLie .cnHHLI H .'leTHOCTH ypoBaeii .. ,[(Ba · t ·. 

H3. HHX,'·1653~3 'H, 1903,2 K3B, llO,IJ;TBep~eHLI y-y ·-(!OBna
,IJ;eHHJIMH / 4/ •. Ce'leHHB peaKUHH (.d; d~). ,IJ;n.R ypOBHeii,·-nepe
'IHCneHHLIX B ma6A. •. 2, cpaBHHMLI C Ce'leHHJIMH .B036y~eHHJI 
ypoBaeii Jl55,86, 4+ /30' e,IJ;./ HnH 1349,6 K3B,·,2 + /15 e,IJ;/, 
KOTOpLie · .HMeiOT K.OnneK.THBHLIH xapaKTep. Il03TOMY MO>KHO'. 
,IJ;yMaTL·O KonneKTHBHOH. npHpO,IJ;e.,ypOBHeii,-, nepe'IHCneHHLIX .. 
B ma6A. 2~ -HX . B03MO>KHLie .. xapaKTepHCTHKH 2+, 3·+,. 4 +, 
/1 ~; o6LI~HLI;..:;,IJ;n.R { d, d ~) peaxuHii~; CpasHHTenLHo HH3KaJI. 
3HeprHJI ypOBHeH ,IJ;aeT. Ha,IJ;e~y Ha BLIJICHeHHe HX BOllHOBLIX 
rPYI{KUH!f .C TO'IKII, 3peHHJI. M_O,D;eJ1LH.LIX. npe~~TaBneHH~. . • .. 

Pa!'J~f!Uie~,_,e MaAou.llmeHc1J!JHbiX , y ,-: n.epexoo~e.~ Hccne -*. \ 

~oBaHHe. pacna,IJ;a ._160g}lo, H30nHpoBaaaoro . oT H30Mepa,. 
• ' • • • -~ • ~ ' • • '· • ' • •• • ., • •• > • -- • - • 

ll03BOnHnO, 3a HCKniO'IeHHeM HeCKOllLKHX.ManOHHTeHCHBHLIX 
nepexo.IioB, ace . y -nepexo,IJ;LI; B03HHKa:rouuie npH f:f-'paciia:~.: 
,IJ;e 1.~0 gHo 'v pa3M,~CTH~J:. Mf:!~Y,YPOBHJI¥H•:. 160 

Dy,. ~~'6n:x~~ 
pe y -ny'leH,'B03HHKaiOIIUIX npH -{:j-pacna,IJ;e H30Mepa . Ho. ". ·. 

• ' ' .. . '· " . ~ , '.. I ' ~ . ' 

HMeeTc.R 6onLwoe 'iHcno nepexo,IJ;oB·, ae pa3'Me~eHiiLIX mi.,IJ;e:>K- · 
ao Me~y ypoBHJIMH ·16Q Dy •·· ·.n;n.R allx ·qacTo··ae H3BecTaa· 
MynLTHllORLHOCTL, 'OHH'',IJ;OBOllLHO.:ManOHHT.eHCHBHLI, ·''IT06Lf 
HX . Ha6niO,IJ;a TL. .B . cneKTpax 'y.:.:.y- COBria~eHHH.·· Ilo TOH' )Ke 

.. . ; 
< _,.,_ ~ ~ :;.·j: 

10 
·, 

,.· 

) ; 

1·: .. 

I i ,, 

i· 

:~'I· . ·' 

1:.1. 
I -. ~ 

I., 
"!• 

.J': .·· 
. ,• 

':' -7" 

t . 

\• 

·-· 
... 

::-, .. , ~'- ... , .Ta6JIHna. 2. , " ., ". ..• .. . . . ,. 

.YpoBHH 16.0.Dr~ Ha6nD.lt~BII!JiecH.B peaKnHH' (d,d) fiV•, Boau~Ho, 
•·• B · pa.cnalte 160Ho. · •.• :. ~' : 

., 
...------------. 

c :(d,d ') 

·E xaB 

rs-;; I . 7 l'r5?6,3. 

1643 14 · i643~4 · I 

. ... :., 

.. :-: ~ /_. 

1656 I 10 I 1653'~3 

!875 I 7 I 1869;9. 

·..-:.....~- •. 

~-160 Ho-.--. 

-=+--t: fg ft -
1- 8,3. 

4+ 

2,3 8;2 

2+ 7,8 

!904 4 11?03,2 .!2+,4+ 8,1 
. . ~ . ! 

2!29 ; 8l?J30,9 
2!43 13 2!39,3 

·.,. ~~.I I 

2!90 I 8 I 2190,3 

2359 I 15 I 23.?3,0 

"7 ~. 

..... .: ~ (; 

8,7· · 

,?,6 

8,7 

·8,2 

___ .;__ _____ ..,.. ___ .. .,. 
!lt:peXOlt!ll 

., . 

!57~_,3 + 0 = !576,3 

1489,5 + 86,8 =1576,3. E:[ 
-609,3 + 966,1 =1575.,4,:· ·' 

1556;6 + 86,8;. r643~~ 
1359,4 +'283,8 = 1643,2 .. • 

. . . . ~ ~ 

!062,5 + .581 ,o = 1.643 ,5 

236 ,4· +1407 ,2. = !643,,6 .. ' 

'1566;2 + ·. 86,8 = 1653,0': 

!369~9 + 2a;,8 = 1653-.7 ;· 

, :Ul69,9 + • .. 0 =1869,9 E2,MI 
. 1 • ' • ~. . . < • ' : 

. 1782,9.~ 86,8 =1869,9.E2,UI 

!,~86,3 + 283,8 =. 1870,!·; .. 

1Err6,3 + 86,8 =1903 12 EZ,YI 

1619,4 +: 2B3,8 =1903,2 E2,Yl 

2044~1 + 86,8 = 2!30,9 
' ........ · 

,2!39,0 + 0 . = 2139,0 

2052,5 +., 86,8 = 2!39,3 

1856,2 + ,283,8 = 2!40,0 

II72 17'+'
1
%6,2 =2I3S,9 

ro90.,3 +1049~1 ;. 2!39,4' . . . 
853,8 ~1285,6.= 2!39,4 

2!90,7 + 0 = 2!90,7 

1224,1 +'966,2::: 2!90,3 

!140,9'+ 1049,1= 2190,0 

2362,7.+ o =·23.62~7EI.E2::·· 

2276,6 + 86,·8 ~. 2363~4 

II 
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npu~uue norp_emuocTL B onpe~eneuuu ux 3Hepruii ~ocTuraeT 
1 K3B. Pa3MeiQaTL 3TH nepexO~LI MO)f(HO, HHWL BBe.ttJI 
HOBLie ypOBHH TaK, 'IT06LI C HHX 6wno uanpaaneuo HeCKOJIL
KO. nepexo~~B ua }')Ke H3BecTuwe _ "oiiopuwe" cocTOJIHHJI. · 
O~uaxo. ua~e)f(HOCTL uoawx ypoaueii ~oaonLHO Mana, o6cy)K- · 
~aT:L :tea~wii H3 uux Tpy~o no npuquue ero ue~ocTaToquoii 
~ocToaepuocTH Ii 6onLmoii nnoTuocTu cocTOJIHHii. . . 

CyiQeCTByroT o6cToJITenLCTBa, u3-3a xoTopwx ueo6xo
~HMO - nocTpOHTL cucTeMy H3 6onLmoro qucna ypoaueii 
c 3Hepru_eii 2-3. M3B B 160 Dy : 

1/ Mo)f(Ho ycTauoBHTL cpe~roro nnoTHOCTL ypoBHeii 
C onpe~eneHHLIMH 3Ha'leHHJIMH J 17 B ~aHHOM 3HepreTuqec-
KOM HHTepaane. _ 

2/ ITo xori~eHTpanuli HHTeHcuauo 3acenJieMwx ypoaueii 
MO)f(HO C~enaTL 3aKHIO'IeHHe 0 l))parMeHTa~HH BOHHOBOH 
l))yuxnuu O~Horo HHH HeCXOHLXHX BLI~eneH~LIX COCTOJIHHH 
no ypoBHJIM c o~axoawMH cnuHaMu u qeTHOCTLIO. 

3/. 3HaJI HHTeHCHBHOCTL . 3aceneHHJI ypOBHeii, MO)f(HO 
nOCTpOHTL 3aBHCHMOCTL npHBe~eHHLIX BepOJITHOCTeii {3 -ne
pexo~OB OT 3HeprHH B036~eHHJI, TO eCTL nocTpOHTL 
cunoayro l))yu~HIO f3 -:pacna~a B 3HepreTH'IecxoM HHTepaane 
2-3. M3B.. . . 

PaccMoTpeHHe nocTaaneHHLIXiBOnpocoa MO)f(HO npoao
~HTL, He UMeJI TO'IHLIX CBe~eHHii 0 X~OM XOHXpeTHOM 
ypoaue. · llo3TOMY ·HaMH 6wna nocTpoeHa cucTeMa Tax 
Ha3LIBaeMLIX YCHOBHLIX ypOBHeii, XOTOpLie BBO~HHCL no 
ycTaHoaneHHLIM npa:BunaM. OcuoaaHHeM MJI BBe~eHuJI·npa
BHn 6wna H3BeCTHaJI 3HeprHJI {3-pacna~a 160 mHo Q~ 
=3346 ±15 K3B, Hanu'IHe 3HepreTH'I~cxoii IQenu. B 160 Dy u 
3HaHHe TOrO l))axTa, 'ITO ~HJI 60HLWHHCTBa TBep~O YCTaHOB
neHHLIX ypoaHeii ux pa3pJI~a Ha ypoaHH · 0 ; , 86,8 . u 
283,8 K3B npoucxo~uT 6onee HHTeHCHBHLIMH y-nepexo~aMB, 
'leM Ha BLICOKHe COCTOJIHHJI. llpH- {3-pacna~e 160 m Ho , 
J 17 = 2 - B03HHXaiDT COCTOJIHHJI . C j = 1, 2 HnH 3, TaX XaX 

3Ha'leHHJI _fg ft. c Ha6nro~aeMLIX -{3 -nepexo~oa ne)KaT B HH
Tepaane 6 - _9, 'ITO COOTBeTCTByeT pa3pemeHHLiM HnH 1-ro 
3anpeiQeHHJI nepexo~aM c ~J = 0,1. Bo3MO)f(HO, xoHe'IHo, 
3aceneHHe ypOBHeii o+ HHH 4 + YHHXaHLHWMH j3-nepexo~aMH 
nepaoro - 3anpeiQeHHJI, 'ITO B~o Ha npiiMepe ypoBHJI 
1953,2 K3B, 0+, HO )QUI ~eHTHI))Hxanuu ~pyrHX ypOBHeii 

12 

o+ HY)KHO HCKaTL Eo -nepexo~LI no KOHBepCHOHHLIM 3ne:KT
' poHaM c 6onee aw~ox:H1d, qei.f: paHLme/3/ ; npu6opHLiM pa3-. 
pemeHHeM. ~. . _ 

B cuny - yxa3aHHLix o6cToJITenLCTB ·:Mw uc:Kanu ypoa:Hu 
C 3HeprHJIMH OT 2 ~0 3 M3Bno y-nepexo~aM H3 pa60TLI/,1/ • 
0HH u~yT Ha o~Ho H3 Tpex HH)KHHX .. cocTo.JIHHii. Ecnu Haxo:
~unacL napa nepexo~o:B c f.. E =86,8 · ic3B, .To ux ·HanpaanJinu 
Ha ocHoBHoe u nepaoe ·ao36Y*~eHHoe cocTOJIHHJI, a :Hcxo~
HOMY YPOBHIO npun:Hcwaanu J =1;· npu ~E ,;191,0 K3B -
Ha nepaoe H BTopoe cocTOJIHHJI, .. a cnuu ypoa:HJI npuuuManu 
paBHLIM 3. Ecnu .y ~ntipexo~. yqacTI~OBan B ~BYX KOM6Hua
~HJIX, TO O~Ha UOHOBHHa ero HHTeHCHBHOCTH OTHOCHHaCL 
K pa3pJI~Xe O~Hor~ ypOBHJI, a BTOpaJI'- ,lUlyror~. Bee nepe-

~- ' . ' . . 
xo~w. ue.uMe.roiQHe napw, ycnoauo uanpaanJinHCL ua.ypo-
aeuL 86,8 K3B, ucxo~uoMy *e ypoBHIO np:Hnuc:br8ancJI T = 2. 
~nJI Ka)K~oro H3 ucxo~HLIX ypoaueii BLI'I~cnJinucL. · :mepruu .. 
B03MO)f(HLIX. nepeXO~OB; ~Ha 6onee BLICOKHe B036y~eHHLie . ' ·- - •' 

ypoBHH u nonyqeHHwe 3HaqeHHJI cpaauuaanucL c ,3Kcnepu
MeuTanLHLIMH ·B3 ··TaGnH~LI a· pa6oTe/1-~. '9eTHO.CTL on~e~e
HJIHaCL no· MynLiunonLuocTu · y-nepexo~oa. ·Ecnu <ma He 
6wna H3BeCTHa HH. ~mi o~uoro H3 HllX, TO YPOBHIO npunu-. . 
CLIBanaCL OTpH~aTenLHaJI qeTHOCTL. 

Haii~eHHhle no ,yxa3aHHOMY pe~enTy ypoBHH npuae~eHLI 
a ma6.11. 3 •. CxeMa. axnroqaeT a ce6JI. npaxTuqecxu ace.o6- · 
Hapy:>KeHHLie · y -n_epexo~w B 160 Dy. ~IiJI o~e:Hicli ~ocToaep
HOCTH CXeMLI MLI . npOBO~Hml "npo6HLie , OnWTLI", HaJCo~JI 
napw ypOBHeii, ~HJI 'XOTOpLIX pa3HOCTL 3HeprHii B :npe~enax 
norpeWHOCTH 6Lina. 61a1: 3a~aHHLIM' cnyqaiiHLIM ,qHCJIOM, "Ha-' 
npuMep, 50, · 80,., 100, 200 ,, K3B •. KonuqecTBO Tilxux nap 
6wno MeHi.me, H.o ·cpaaHuMo ·c qucnoM nap c ·pa3HocTJIMH 
86;8 H 197,0 'K3B. C ~pyroii cTopoHLI, xa~wii H3 "'y -nepe
xo~oa c E > 2 M3B o6JI3aienLHo B:~ei Ha o~uH H3 ypoaHeii 
HH)f(HeH llOHOCLI, · H . ~OCTOBepHOCTL YPOBHJI, ·aae~eHHOrO 

· T~>nLKO no o~HoMy_y;.n_epexo~y. He MeHLme 33~. llpuaneqe
HHe MO~enLHLIX npe~CTaBneHHH,· ~aHHLIX 0 MYHLTHnOHLHO-. . '• ·.- . . - -

CTJIX, HH~_eHCHBHOC!JIX H 0 .B03MO)f(HLIX HeCKOHLXHX nyTHX 
pa3pJI~KH 3aMeTHo noaLIWaeT ',nocToaepHOCTL ypoBHeii. · 

Cpe~li. ypoaHeii ':8 111a6.11. · 3 :uMeiOTCJI. Taxue,: ,KoTopwe 
y>tce o6c}')K,IJ;anucL a npe~LI~YIQHX pa6oTax, Ha~pHMep, HH)K
Hee COCTOJIHHe C J 17 = i +, 1804,8; 2085,0, 1+, 1670,2 KiJB, 
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T1)6J!.•. 3. YpoBuH, BBe;zteuuHe no 6an~ucy auepmlt ~ -nepexo;ztoB. 

-~ K~B 'I fgft ·_ t" .,. I _,,,, ___ -=[<.,.I '''" l 
·YpOBHH :I+ .• .YpOBHH 3+ 

I804,8 . 7,8 2328,5 ._ 7,8 .. 

8,1 

8,5 

2057;5 8,6 

208S,o 8,2 

2267,6 . . 8,15 

2382,8 

2438~9 . 

''2504 ,o 
2519,6 

2536,7' 

2581 ,1· 

-8,25 

7,0-

7,35 

7,7 

7,6. 

-· 715 

'YpOBHIII 2+ 

1670,2 

1722,7 

2005,5 

2138,2 

7,8 

~,45 ' . 
. ~s.. ~ 

8,8 

8,5 

8,9 - ·2188,1.-

2L'Di ,1· 

<5·04,3 
: ... ":·> 

2324,8 .. 
• ·. • I"-

2354 t 7_ . 

'12362, 7 
., 2387 ,I 

24~8,o . '} .. ~ 

2516,0 

2574,2 

2688~1 

2781~0 

14 

8,3 ,-

8~0 

8,25 

-., ,a 
. 7,8 ' 

B,I 
7 ~4. . '\. 

7,9 

'7,7 

7,2 ' 

7,15 

2355;1 

1 

__ 7,9 

2375,3 - 7,9_ 

YpoBuH 1-

2278 7,8 

: 2391 ,o 8,5 

2530,1 810 
.-. 

2560,1 ,, 8,5 

2588,0 ·. ?_,I 

2647,6 8,2 

2657,6 7,8 

2698,2 7,5 
.. 

2729,9 7,2_ 

2745·, 7 ,8,6 

2842,7 7,6 -. 

2t!51 ·,6 6',9 

2tl6~ ;'i 7 .~ . 

2~95.4 . 7 .o. 

2975 ,u. ·l ~-· 7,4 
. :;)'pOBHB 2: 
12050;4 

2070,0 

s,a·'i._; 

8,25 

2i72~b- J '8,0 

2!82,3,. 
.• < •• 

2255,9 

2263,r 

·· 229~ ~r .. 
23!7 .~ . 

2323,2-

,,,8,6 •, 

. 8,5: 

8,3. 

8,4-

7,9 

~ 8,2· 
-~ .. 

~ : 

2548,2 . 

2663,~ 

26%,5 

2704,2 ;:· 

2739,8 

2768,0 

2773,3 

2804,4 

2819,7 

2829,4 

28~~·4 
2840,3 

2848;2. 

2903,7 

2%2,5 

7,5 

8,1 

7,2. 

7,6-

6,9. 

?;s 

7,1 

B,I 
7,5 

7,8 

7,8 

7 ,6' . 

. 7,4 -

7,2 

8,2 

7,3 

~975-;3 L 1 .• ~-. 
.YpOBHII 3-:; -~ , .: . 

1643 .~ • 1 tl,S ~ .. • · 

2089,0. _-, 7,8. 

'2139,2 ~!a~o · 
;2~53,4'.·., 8~0 

. 2566,3 .. :( ,4 

2636,1 >·. "7,5 

266I,S ' '·7~15' " 

2720,8 6,9· 
~ , ~ ~v'l' : . 

.• 1 2859.(!. ;7,2 

., 

:2952,7 '~: ·7~0-": ". 
. I ; ,. ~ • 

' f ~ 

I J 

:.I-! 

o+ HY:>KHO HCKaTL Eo -n.epexo~LI· no KOHBej)CHOHHLIM'3JieKT
poHa:M · c 6om!e n:hlcoKHM, qeM paHLwel3 ~ ·, ripH6opui.i:M pa3-
peweHHeM. 

B CHJiy·· yKa3aHHLIX 06CTOJITeJILCTB MLI HCKaJIH •ypOBHH 
c 3HeprHHMH oT 2 ~o 3 M3Bno y-nepexo~aM H3 pa6oTLI/I/. 
0HH H~YT Ha O~HO H3 Tpex HH:>KHHX .~OCTOHHHH. ,ECJIH Haxo
~HJiaCL napa nepexo~oB c A E =86,8 K3B, To Hx- HanpaBJIJIJIH 
Ha OCHOBHOe H nepBoe. B036Y:>K~eHHOe COCTOJIHHJI, a Hcxo.zi
HOMy ypOBHIO . npHnHCMBaJIK J ~ 1; · ·nj>H ~ E ,;, 197,0 K3B.
Ha nepnoe B: BTopoe ·cocTOHHHJI,. a cnHH ypoBHJI npHHHManH 
pa_BHLIM 3. EcnH . . Y -nepexo~ ,yqacT~onan B ~nyx KoM6HHa
UHHx, TO O,ZJ;Ha noJIOBHHa ero HHTeHCHBHOCTH .OTHOCHJiaCL 
K pa3pH~Ke O~Hor~ YPOBHH, a BTOpaJI·: ~pyroro. Bee nepe-

• . I ' ,-, • \ '~ .: • • 

XO~LI, He -HMeiOIUHe napLI, YCJIOBHO .. HanpaBJIJIJIHCL Ha ypo-
BeHL 86,8 .K3B, HCXO~HOMY :>Ke ypOBHIO npHnHCLIBancH ·r = 2. 
~JIH Ka)l(]lOrO .H3 HCXO~HLIX ypOBHeii B~qHCJIJIJIHCL 3HeprHH 
B03MO:>KHLIX nepexo~OB; Ha .6onee B~COKHe B036y:>K)leHHLie -

ypoBHH H nonyqeHHLie 3HaqeHHJI cpaBHHBaJIHCL c 3KcnepH
:MeHTaJILHLIMH. H3 Ta6JIHULI B pa6oTti /I/. lJeTHOCTL onpe)le
JIJIJiaCL no MYJILTHnOJILHOCTH y.:.nepexo~OB.' .ECJlH OHa _l{e 
6Lina H3BeCTHa HH. ~JIJI o~H-oro H3 HHX, TO ypoBHIO npHnH
CLIBanacL · OTPHUa TeJILHaJI qeTHOCTL." 

Haii~eHHLie no yxa3aHHOMY peuenTy ypoBHH·npHBe~eHLI 
B ma6A. 3. CxeMa BKJIIO'IaeT B ce6JI npaKTHqecKH nce,o6-
Hapy>KeHHLie y -n.epexo~LI B 160 'Dy. ~nH oueHKH. ,1\0CTOBep
HOCTH cxe:MLI -MLI . 'npoBO~HJIH "'npo6HLie onWTLI"' ua'Xo~JI 
napLI yponHeii, ·~mi· KOTOpLix · pa3HOCTL · 3HeprHii B npe~enax 
norpeWHOCTH 6Lina· 6LI: 3a~aHHLIM CJiyqaiiHLIM qHCJxOM, Ha
npHMep, 5_0, 80, 100, 200 ·· K3B. KonH<iecTBO TaKHX nap 

• " • ' ; ~ f < • 

6LIJIO MeHLWe'0 HO cpaBHHMO . C ;'IHCJIOM nap C pa3HOCTJIMH 
86,8 H 197,0 K3B; C~pyroii cTopoHLI·, Ka~Liii_H3 ·y-nepe_
xo~oB C E > 2 M3B o6JI3aTeJILHO H~eT Ha O~HH H3 ypoBHeii 

- -
HH:>KHeii nonocLI, H ~ocToBepHOCTL ypoBHJI, · BBe~eHHoro 

. TOJILKO no O~HOMY y-n_epexo~y, He MeHLWe 33~. IlpHBJieqe
HHe Mo~en~HLix npe~cTaBneHHii, ]laiiHLIX o . MYJILTHnOJILHo
CTJIX, HHTeHCHBHOCJ~,H 0 B03MO)I(HLIX HeCKOJILKHX ny~JIX 
pa3pJI~KH 3aMeTHO · noni.IwaeT '~ocTo:BepHOCTL ypoBHeii. 

Cpe~H yponHeii :B :ma6A~ 3 ;HMeiOTCJI TaKHe, ,KoTopLie 
y:>Ke 06CY:>K~aJIHCL .B ·npe~LI~YIUHX pa6oTaX, HanpHMep, HH:>K-

. . ' 1T + . . + -
Hee COCTOJIHHe C J = 1 , 1804,8; 2085,0, 1 , 1670,2 K3B • 

' 
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T?Cin. 3. YpoBHH, BJIB;ztBHHHe no 6anaacy aaeprittt ~ -nepeX01lOB. 

E ,xaB ·j. r8 r,· j . .1!: xaB l· tgfl J E ~a! r-------r----- •. fg fl 

• YpoBHII 1+ 

1804,8 7,8 

2057,5 8,6 

2085,0 8,2 ' 

~26·7,6 . 8,15 

2382,8 .,.8,25 

243a,9 7,0 

.12504,0 . . 7,35 

2519,6 

I 

7,7 

2536,7 7,6 

2581 ,I 7,5 

· YpoBnH. 2+ 

1670 12 1 1 ,a 

1722,7. 

2005,5 c 

2!3~,2 

2!a8,I 

22{)1 ,I·· 

2304,3 

2324~8' 

2354,7 

2362;7 

2387 ,I 

246a;o 
•.. -. 
2516,0 

·;:·;., 

2574,,2 

268a,I 

27a1 ,0 

·a,45 . 

8,8 

8,5 

' 8,9. 

8,3 

8~0 

8 ;;s·" ' .. 

,:t,.a 
, 7,8 . 

8,1 
7~4· ,, 

_7,9 

:7,7 . -

. 7,2 .. 

7,15 

: ~ 

14 

YpOBBH 3+ 

2328,5 · 7 ,a 

2355,1 7,9 . 

2375 ,3'' .• 7,9 

YpoBHH r-
2278 7,8 

·2391 ,o 8,5 

2530,I · a,o 

2560,1 8,5 

25B8~o ?,1 

2647,6 8,2 

2657,6 

2698,2 

2729,9 

274~,7 

2842,7 

2~51 ,6 

2tl61 ,<!'" 

7,8 

7,5 

7,2 

8,8 

7,6 ... 

6,9 

7,~: 
' 

lB95 ,4 I 7 ,o . 
.2975 ,u . 7,4 

··, YpOBBII .. 2-
'. - " .. 

,,2050,4 .. ,. 8,8 .. 

. 2070;0 . 8,25' 

2172;0 .·. 
2182,3' 

.2.255,9 

2263,1 

. 2291,1 

..• 2317,8 

2323,2 

2346,0 8,1 

2395,5 8,5 

25II,a 7,5 

2548~2 8,1 

2663,8 7,2 

. 26%,5 7,6 i. 

'2704,2 6,9 

2739,8 7,8 

276a,o 7,1 

2773,3 8,1 ..•. 

2004,4 7,5 

2819,7 . 7,8 

2829,4 7,8 

. I 2834,4 7,6 

2840,,3 .7,4 

2848,2 7,2 

2903,7 8,2 

:2%2,5 7,3 

2975,3 1 1,:j: 
. YpoBBII 3~ , 
I • • '.- ., 

1643,j . ,1:1,8 

2089,0.. 7,8 

2139,2 ·a,O'· 
:\ . 

8,0 

7,4 

7,5 

7 ,IS ; : ·. 

6;9' .. :• 

··~ ?•2·.;~. ·t' 

7,0 

' '~ 

J':i' 

,, 

,, 
2+ H ,D;pyrae. B pe3ynLTaTe 6onee TO'IHLIX H3MepeHH:ii 
3HeprHH y-nepeXO,!J;OB IIOBLICHnaCL CTeneHL ,!J;OCTOBepHOCTH 
ypoaue:ii H YTO'IHeHLI HX 3HeprHH. 

H3 ma6A. 1-'3 cne,D;yJOT. 3aKnro'leHH.H o 3aMeTHOM ao3 pa
cTaiiHa nnoniocTH yp(mue:ii a o6nacTa 3Hepra:ii ao36y)K,II,tma.a: 
OT 2 ,D;O 3 M3B.' Ha puc. 2 noKa3aua 3aBHCHMOCTL nnoT-

, 1T - - - . 
HOCTH ypOBHe:ii C J, = 1 , 2 H 3 /HX 'IHCnO B HHTepsane 
100 K3B/ OT 3_HeprHH B036y)K,D;eHH.H. BH,D;HO, 'ITO OT 2 ,!J;O 
3 M3B nnoTiiocTL. ypoaue:ii ao3pacTaeT 6onee 'leMa 2 pa3a. 
XoT.a: rrpli Eyp> 2,? M3B aepo.a:TuocTa f3~nepexo,D;oa 3aMeTuo 
na,D;aJOT a3-3a Mano:ii 3HepraH pacna,D;a, uo, no-aH,D;HMoMy, 
HMeiOTC.H H clJH3H'IeCKHe IIpH'IHHLI ,D;n.H .. yMeHLWeHH.H ·npa 

2,9-3,2 M3B nnoTuocTH ypoaueii, 3acen.a:eMLIX a Wpac
na,D;e I 6 0mHo C ,!J;OBOnLHO 6onLIIIHMH MaTpH'IHLIMH 3neMeH
TaMH. 

,ll.n.a: ica)K,D;Oro ypoaun 6Lina BLI'IHcneua HHTeucaauocTL 
ero pa3pH,!J;KH H 3aceneHHH. Pa3HOCTL 3THX 'IHCen OTHOCHTCH 
K HHTeUCHBHOCTH 3aCeneUHH. B f3-pacna,Ae. JuaqeJIHH fg ft 
ne)KaT a anTepaane 6,5 - 9,0, TO ecTL HMeeTcH ueonpe
,D;enennocTL B HHTepnpeTaUHH Ka)K,D;oro H3 f3-nepexo,D;OB. 
3naqeuaH ( ft)- I nponopuao:HanLuLI· Ma TpH'IHLIM :meMenTaM 
f3 -nepeXO,!J;OB. 3aBHCHMOCTL OT. 3HeprHH B036y,K,D;eHHH CyM
MapHLIX 3naqena:ii ( ft ) - 1 {J-:-nepexo,D;oa, H,D;YUUIX ua yponna 
B ,D;aHHOM HHTe}>Bane 3HeprHH~ npe,D;CTaBnHeT C060:ii CHn'oayro 
clJYHKUHJO f3 -pacna,D;a. 3nanae · ee aa)KHO ,D;nH H3y'leHHH He 
TOnLKO f3.:pacna_na, HO H TaKHX HBnCHHH, KaK, HaiiJ>HMep, 
npoTonnaH pa,D;HOaKTHBHOCTL /I 6 ; I 7 I ., 113 cimoao:ii clJYHKUHH 
MO)KHO nony'laTL auclJopMauH'ro o clJparMeuTahaa onpe,D;enen
Ho:ii aonnoao:ii ciJyuKual{no PHAY peanLHLIX cocToHnaii: · ' 

Ha puc. 3 npaae.zienLI racTorpaMMLI, npe,D;cTaanHIOUUie 
3aBHCHM.OCTL OT :meprHH ~036y)K,D;eH~H CHnLI. f3 -pacna,D;a, 
!.( ft )-Ina ypoBHH I 60 Dy a HHTepaane 100 K3B. OT,D;enLHLie 
racTorpaMMi.I nocTp.oeHLI ,D;nH ypoaueii 1-, 2- a· 3-.· · · 

PaccMoTpenae ma6A. 1 B: 2 H rB:cTorpaMM npaao,D;HT K 
· cne,D;yJOIUHM 3aKnJO'IeHHHM: 

1. C HaH60nLIIIe:ii HHTeHCHBHOCTLIO 3acenHJOTCH ypOBHH 
1-. 

2. CanoaaH clJYHKUHH HMeeT BLipa)KeHHLI:ii MaKCHMYM 
a pa:iioue 2,6-2,8 M3B.· · · 
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N 

-1-, 2- 3-,_ 

10 

5 

210 215 3,0 E M3b 
Puc. 2. 3a6UCUMOC111b 'IUCAa ypo6Heil c J 77 =1-. ,2-u 3- 6 
uu111ep6aAe 100 K3-?J 0111 3Hepzuu 6036yxoeuuJI 160 Dy . 

· 3. ,D;nn ypoaHeii z-u 3- MaKCHMYM c,nBHHYT B cTopoHy 
60nbWHX :meprHH OTHOCHTenbHO MaKCHMyMa ,nml ypOBHeii 
1-. 

4. Ecnu cuny acex ~-nepexo.noa B paiioHe nHKa 2,6-
2,8 M3B Ha ypoBHH 1- OTHeCTH K nepexo.ny Ha o,nHH ypo
BeHb, n)_ Tor.na £g ft :noro ~~nepexo.na cocTaBHT aenuqu
HY 5,6, T.e. 3TO 6bln 6bl pa3peWeHHbiH He3aTOPMO:>KeHHbiH 
(au) ~ -pacna,n. 

,lJ;nH 06'bHCHeHHH Ha6mo,naeMbiX OC06eHHOCTeH Mbl ,nena.· 
eM npe.nnonmKeHHe o TOM, qTo 160 IIHo ucnbiTbiBaeT au 

~ -p_acna.n. TaKHM B·nepexo.noM MO:>KeT 6b1Tb npaKTHqecKH 
TOnbKO nepexo.n p 523t 7 /2·- .... n 523-" 5/2-. Tor.na 160m Ho 

HMeeT CTPYKTYPY 1"=2;- p523't- n65lt ' pacna.n npoucxo

,D;HT Ha ypoae~b J77 = 1-, n 523 .~-·- n 65lt • Cor nacHo pacqeTaM 
ConoBbeBa, no caepxTeKyqe~ Mo,neJIH/lB/ ero 3HeprHH 
COCTaBnHeT 2,0 • _2,2 M3B. Ho nOCKOnbKY O,D;HOroypOBHH 
C TaKOH CTpyKTypoii He 06HapY:>KeHO, TO MO:>KHO ,nyMaTb, 
qTo COOTBeTCTBym~aH BOJIHOBaH ~YHKUHH BXO,D;HT KaK 
KoMnoHeHTa a aonuoahie ~YHKUHH IiecKonbKHX cocTOHHHii 
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(ft)1 

H:F 

1(]6 

109 

167 

106 

109 

167 

106 

109 
2t0 

:r 

0 
0 

1-

...-

.. · 

2,4 

.... 
I. 

/ 

2,8 E MJb-

Puc. 3. Ilpu6eoeHHbJe 6epoJI111HOC111U B- nepexooo6 160 mHo ua 
YP06HU 1-, 2- u 3- 6 3a6ucuMocmu 0111 3Hepzuil 6036yx
oeHUJI YP06Heil. qepHbJMU KPYJiCKQMU 01/IMe'leHbJ YP06HU, 
CYUieC111606QHUe K01110pb!X n001116epxoeHO pe3yAb111amaMU -yy-
C06naoeHU~ - - · h: 

B o6nacTH 2,6 - 2,8 M3B. IIpoucxo,nHT ~parMeHTaUHH aon
HOB<;>ii ~YHKUHH. illHpHHa pacnpe,neneHHH COCTaB.iiHeT npHMep
HO 200 K3B. 

Ka~oe H3 COCTOHHHH 1- MO:>KeT HMeTb poTatiHOHHble 
YPOBHH 2-H 3 -',. KOTOpble TaK:>Ke 3acenHIOTCH ,I:{OBOnbHO 
6blcTpbiMH fi·nepexo.naMH. O:>KH,naeTc», 'iTo neHTp TB:>KeCTH 

nHKa ,nnH ypOBHeii 2-H 3- 6y,neT C,D;BHHYT B CTOpOHY 6onbWHX 
3Hepruii, qTo KaqecTBeHHo Ha6mo,I:{aeTc» Ha onbiTe /puc. 3/. 
Mo:>KHo.,nyMaTb, qTo npuae,neHHble aepoHTHOCTH ,8-nepexo:noa 
Ha ypOBHH C J _ = 1 ,2 H 3 cK = 1 6yJzyT npH6nH:>KeHHO now 
qHHHTbCH npaBHnaM AnarH H HaXO,D;HTbC.JI B OTHOWeHHH 
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100 : 55 : 11 COOTBeTCTBeHHO. Jf3 OllLITa cne~yeT, 'ITO· 

3TO OTHoweHHe paBHO 100 :51 : 31. Kouequo, cpe~H ypoB

Heii B paiioHe 2,6 - 2,8 M3B ~OIDKHLI 6LITL H Te, KOTOpLie 

H:MeJOT K = 2 H 3, 'ITO BllHJieT Ha OTHOWeHHe BepOJITHOCTeH 

{3-nepexo~oB •. 

II0~06HLIH llO,Il;XO,Il; K paCCMOTpeHHJO H aHllllH3Y BLICOKHX 

COCTOJIHHH JI,IJ;ep ,IJ;aeT B03M0)1(110CTL BLIJIBHTL Te COCTOJIHHJI, 

ua xoTopLie H,IJ;eT pa3peweHHLiii {3-pacna,IJ;, H auanH3H

poBaTL HX CBOHCTBa. O~HHM H3 3THX CBOHCTB _JIBnJieT

CJI <IJparMeHTaUBJI BonHoBoii <IJyHKUHH no PHAY ypoBueii. 3To 

JIBneHHe Ha6mo,IJ;aeTCJI H npH pacna,IJ;e 160 g Ho ' 5+' H npH 

pacna,IJ;e 
160 m Ilo-, 2-. IIpe,IJ;cTaBnJieT HHTepec H3y'leHHe JIBne

HHJI <IJparMeHTaUHH B ,Il;pyrBX JI,IJ;pax, ycTaHOBneHHe 3aBHCH

MOCTH OT 3HeprHH B036y:>K,IJ;eHHJI, OT KBaHTOBLIX 'IHCen co

Ce,IJ;HHX ypOBHeii, OT paCCTOJIHHJI Me:>K,IJ;y HHMH. JlBneHHe 

<IJparMeHTaUHH npOJIBnJieTCJI TaK:>Ke npH H3y'leHHH aHano

rOBLIX cocTOJIHHii, xor,IJ;a ua6nJO,IJ;aJOT HX TOHKYIO CTPYKTYPY. 
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