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MeTOJ:J;OM CyMMHposaHHR aMilJIHTy_n; COBITa,I!,a!O!I1HX l1MTIYJihCOB (CACY!) 
HaMH H3yq9Hbi ( -( -C08ITa,Jl€HHR 1 C8R3aHHhl€ C p€a.K4!1€tl: 3axBaTa T8I1JIOBb!X 
Hel1TpOHOB !U\P""'" 179 H f. 

B HacTORmeA pa60T8 Mbl o6p~aeM BHHMaJiH€ Ha 3HatiSHHR Cy:MMapHoij 
HHTeHCHBHOCTH KacKan,os ~I II ,D,Jiff nepexo,n,os c KoMnayH,O,-cocTORHHR 180 Hf 1 so36y)t!l,aeMblx TenJIDBbJMH HefupoH8.MHI Ha p~ HH3KOJieJK~11X soa-
6ym,n,8HHhiX ypOBHett STOI'O ~pa. 

8KcnepHMSHTMbHbre 3HaT.IeHHR Z 1~0 np11se_n;emi s Ta6JI. I. 
tfaCTb CTI€KTpa CJ'MM 8.MI1JIHTY,D; 1 COOT88TCTBJIOII18.H H:acKarJ,BM nepeXOII,OB 

Ha nepBbi€ 3 B036y1K,IJ,8HHbiX ypOBHR Bp~aTSJibHOJ';t ITOJIOCbl OCHOBHOI'O COCTO
RHHR reo H f I rrpHse,n,eHa Ha pHC. I. 

3HaT.IeHHR a6coJIIDTHotl: CYMMapHo« HHTSHCHBHOCTH KacKan,os ,D,JIH nepe
xo.n;os Ha YKa3aHHbie ypoBHH 180 H j orrpell,eJISHbi H8MH cJie.n;y;o!l1J.iM o6pa3oM. 

B pa6oTe [I J ll,a.Hbi 3HaT.IeHHR a6comoTHDtl: HHTeHCHBHOCTH pn.n,a 
JK8CTKHX nepBHtl:liblX 

I1JI0Bbl€ H8fhopOHbi). 

~ -IT€p€XOII,OB C 3axsaTHOI'O COCTORHHR 100/-/f(Te-
8TH ll;aHHbT€ TipHB€,D;€HbJ B Ta6JI .2. 0THOCHT€JJbHbi€ HH-

TSHCHBHOCTH 3THX Jll:€ rrepeXO.D,OB OITpe.D,8JI€Hbl B l2] H T8.K]I(8 co.n;e~aTCR 

N 

600 

6050 6250 6450 n 
PHc. I. 4acTb cneKTpa CyMM BMIUIHTy.n, cosnart,aJOII\HX mmyJihCOB 

J\HR peax111'" 179 Hf c n ,2 if l. 
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Ef • KSB 
1i 

If 

93,32 2+ 

308,58 4+ I 
640,05 6+ 

II99,tJ 2+ 

"' 1291,07 (3+,4+) 
+ 

I354,02 co+,I-4-l 

I369, 7l (4+) 

I374,43 (3-,4-) 

I429,88 (T) 

I482,'14 (T,4-,5-) 

I WI, 735 (3+,4+) 

I609,35 (4-,5-) 

I6I3,I6 (3-6-) 

Ta6JI!-!Ua I 

Cpa.BH€Hil!e sKcrrepHMeHTaJibHb!X 1-1 pactieTHbiX sHatieHH~ 

HHTeHCHBHOCTH KacK~OB rrepexo~os Ha ypoBHK Ef I~ 

1f 
2E I:;'rr , % pacn. 

T* 
L I.r- 1 , % pacn. L: I:, • 

I} pacq. 'if I;!~ 5+ · % pacn. Ic " 5+ 4+ oll'i'cA +, 20%5 • 4+ 80o/'o4 + t c'0%5 + 

2+ 0,6±0,1 0,3 2,9 2,4 O,I3 I, I 0,94 

4+ 2,3±0,4 5,8 tJ,2 'l,b 2,b 3,! 3,0 

6+ r,?±o,3 4,7 2,I 2,6 2,I O,b I,O 

2+ < 0,2 0,06 0,9 0,8 0,03 0,3 0,3I 

3+ < 0,2 0,84 I,~ I ,4 0,37 0,6 0,55 

2- < 0,2 0,06 0,6 0,6 0,03 0,2 0,2 

4+ 
} I,3±0,4 

4-
2,ti 4,0 3,b I,2 I ,5 I,5 

3- 0,6:!0,3 2,0 3,2 3,0 0,9 I ,2 I,2 

5- 1,2±0,4 2,0 I,3 I ,4 0,9 0,5 0,5::) 

4+ j r,s±o,4 5- 3,9 3,I 3,3 I, 7 I,2 I ,3 

6-

* HopMHpoBaHo K Z:I~y 



Ta6RHga 2 
3HaQ€HHR 3H€prRH H HHTBHCHBHOCTH 

180 nepBHtnrux O -nepexo~os H:t 

\Et [IJ, KaB 5773 5842 

!Eff( 2j, KaB 5774,5 5847,4 

Iff [I] , % pacn. 0,298 O,Hl6 

It [ 2], OTH,en,. 1440 !000 

5953 7074 

5956,9 7079,3 

0,056 0,046 

290 ]\)4 

B Ta6.n. 2, i13 HBe OITpe,IJ,BJrf!BM 
11 

l.I;BHy 11 
OTHOCHTBJibHO tt HHTBHCHBHOCTI1 pa6oTbi [ 2] : 

2· ro-4 %/oTH.e~. 

B HaiDBM n,H¢qlepeHqHa.JibHOM ( -CITBKTpe, COOTBBTCTBYJOIIIBM rrepexon,y Ha cocTORHHe 308,6 xaB, 4+ 180 Hf,HMeeTCR ,n,syxKBaHToswR RacK~ /60Id,4- (1061,1. 0THOCHTBJibH8JI HHTBHCHBHOCTb nepB~HOI"O rrepexon,a 6018.4 K38 COI'JiacHO [2] COCT8.BJUIBT 140 OTH. e_n,, CoOTBBTCTBBHHO a6comOTHaR HHTSHCHBHOCTb 3TOPO nepexo~a pasHa ]{(60!8) = o( • ]40 = = 0,28% peen. 
YlHTBHCHBHOCTb YK83a.HHOI"O KacK~a MOJKHO orrpe,n,eJIWrb, 3H8.R xapa.KTep pacrr~a ITpDMB~OQHOI'O ypOBHR ~ = 1369,71 K3B. 8 COOTBBTCTBHH C pa60T8MH rz,3,4] Ha ~on~ Q -nepexona ]06!,] KaB C aTOPO ypOBiffi npHXOnHTCR 80%. YqHTb!BIU!, qro KacKa,n o 60!8,4- {I06I, I cocraauer ITO HHTBHCHBHOCTH 0,93(21)% OT CYMMapHO~ HHTBHCHBHOCTH KSCK~HMX nepeXOJJ;O:B Ha ypO:BeHb 308~6 RS8, TIOJiytlaeM CywMapHYJO HHT9HCHBHOCTb E a6-COnMHIDC 8J1HHH~ax ~ ]l¥(30b,6 KaB) = 2,~ pacn. 
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3KcnepMM8HTaJibHbT8 3Hatr8HJ.1:f! VJ:HTSHCHBHOCTV! KacKa.ri,OB nepeXO.IJ,OB 

Ha IJ,pyf'i~,8 ypDBHH, BKJIJOtrE'!HHbl8 8 Ta6JI.l, OnpeP,8JI8Hb! Ha OCHOB€ STOI"O 

3Hatr8HH.R i1 oTHOUI8HJ.1H TIJIOII1~8J1 TIHKOB B CTISKTpe C;yMM BMruJ.HTy~ (eM. 

pvrc,I) C yq€TOM H3M8H8HHH s¢¢eKTHBHOCTH perHCTpa~HH KacKaAOB 

pa3Ml:t!Hh1X 3H8pr11It\. 

HBaHTOB'h!8 xapa.KT8pHCTHKH aax:saTHOI'O COCTOHHHR l8CJ fi f ,Il.JIR T8riJIO

BHX H8PITpOHOB MOf'yT 6b~b IT!= D+ HnH 4+, TIOCKOJibKy .Il,Jlfl OCHOBHOf'O C0-
179 11 1i g+ CTOHH"R fl} I = 2 . 

WasecTHO [6] ; ~o Id% cetreHHR aaxsaTa TSITROBHX H8~poHoB ~II,pa
Mvr 179 Mf onpe.IJ,eJIReTcR vraseCTHhlM peaoHaHCOM c I~= 5+, a 2%-

'll + ·rd l'Ji' c I = 4 ; ocTau~vrecR 8u~ - peaoHaHCDM En =-6,1 aB, ,Il.JIR KOToporo 
H8H3B8CTHbt. 

1i' TrunttM o6paaoM, a aaevrcHMoCTH aT I aToro peaoHa.HCa 
B03MOJ!tHbl .n;aa CJIY'4'8.R: 

I. 80% aaxsaTOB CBR3aHO c Irt = 4+ vr 20% - c Irr = 5+; 
2. fipaKTHqeCKH !0Ufo 33XBaTOB BB~yT K KOMTiay~-COCTOHHHn 

c rr. = 5+ (2%- c r" = 4+). 

HaMH npoae~eH pacqeT HHTeHCHBHOCTH aaceAeHHR p~a eoa6~e~x 
COCTORHHA !tK;Hf ~ByxKBaHTOBb!MH KSCK8,IJ,8MH B 3THX .U,BYX npe.n,ITOJI01tBHHRX. 

l1pH pactrf)Te ytiHTblBaJIHCh aCe H3BBCTHbiB H3 orn.rra npOMB1tyTO'IHb!B 

COCTORHHR roo Hf HmtB I' 83 MaB. ilpH onpe,u.e;reHHH 3HatreHHA P8,ll,Ha.LtHOH
~x mHpHH H aaBHCKMOCTH HX OT 3HBprKH nepeXO.U,OB npHHHMaJIHCh 80 BHH

MaHHe EI-, MI- H E2-nepexo~~. 

CBBABHHR 0 KBaHTOB~X xapaKTBpHCTHKax YR83aH~ B Ta6n.l COCTOR
HHA, Heo6xo,IJ,HMbJX .fVIR pac1.1eTa, non~eHbl H3 ~a.HHliX no pea.R~HM (n, t) 
Ha TBrutOBbJX HeJhopoHax ( 2] , Ha HB~poHax C 3HBpi'HBA 0,3 K3B [ 2] , 
2 KOB [6] , pea!<""" ( h,n'r) [ 7] 

,J.l,.nR nepBblX qeTblpex cocToRHHA Ta6JI. 1 3HaqBHHA I'l'i onpe.n,eneHbl 
O.Il,H03 HaqHQ. 

~H OCTaiTbHYX ypOBH8~ 8~HHCTB8HHYX 3KCIT8pKM8HTaiTbHHX 3HaqeHHR 
I 'fi HBT. 
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B Ta6JI.I npvrae~eHbt KaJ\ 3HalfeHHR I'il 113 o6aopa [31 , TaR H 3Ha-l
'IT 

.. l..!€HHH pac1.1. 1 npHHRTbl€ HaMH _D,JIS pacqeTa B COOTBSTCTBHH C KHH-

1T 
:rot!: [4] • TaRot\ sbl6op o6yCJIOBJieH o~HoaHatrHOCTbJO 3Hall:eHHt!: I s [4] ilibl H€ aHBJHI3Hpy8M ITpH'4:11Hbl Hat5JJIOD,aeM.biX pa3HOf'JiaCHt\ M8.M,I!J' CX8MaMH pa60T [3] 11 [4] 1 ITOCKO.!IhKY 683 .IJ;OllOJ1HW1'8JibHb!X 3KCI18pi1M8HTOB 

I " 

B03MO~HOCTH OD,H03Hal{H0f'O 3KCil8pWM8HTanhHOf'O Oilp€D,8JI8HHR STHX ypoBH€~ HST. 

PeayJihTaTbl pacti9Ta npHBeD,eHll s Ta6JI. I s % lfHCJia pacna.n,oB KOMna~-cocToRHHR. B nocJISD,HHX Tpijx CTOJI6~ D,aHH paclf8THN8 peayJihTaTbT 1 HOpMHpOBaJUill8 K 3KCil8pHM8HTaJ!bHhiM ITO CJ7MM8 3Ha118HHA HHT8HCHBHOCTH KacK~OB nepeXO,IlOB Ha BCS yKaJaHHbl€ ypOBHH. C HHMH Mbl: H cpaBHHBaeM SKCTI8pHM8HTMhHhl8 D,a.HHbl8. 
EcJlH He ytrwrbiaaTb KacK8Jl.bi nepexo.n;os Ha nepsbiA soa6YJ!OlBHHb!t\ ypOBSHb 93,32 K3B, 2+, TO peay~&TaTN CpaBHeHHR CB~eTeRhCTB~T, 4TO KB~OBHMH XapaKTepHCTHKaMH KOMnayHA-COCTORHHH 1 BOS6~aeMoro 

" 
npH SaxBaTe TBGnOBHX HBATpOHOB, HBHHDTCH I C = b+ 

DpH aToM npe.nnoJio~eHHH DTRJIOHBHHR pac1I8THbtx ,na.HH.bi.X aT aKcnepHMeHTaRhHNX xapaRTepH3YDTCH aHa"tieHHeM~ O,d. 
z B cJiyqae ~e "cMemaHHoro cnHHa" I~ = 80% 4+ + 2o% 5+ 'J..= 3,3. CooTeeTcTeeHHo, ~a npHH.RTb ~JIH -peaoHrurca En =-6 ,I 3B aHa'QeHHH I'¥= 5+. 

0~HaKO HS CODOCTaB~BHHH ~aHHNX Ta6JI.2 C03~8STCH BITe'QaTJIBHHB, ~0 KBCK~H nepeXOAOB _Ha ypoBBHh 93,3 K3B, 2+ CTaBRT no,n COMHBHHB TaKYD ~BHTH~HK~. PaayMeeTCR, STOT pe30HaHC 
8 KOTOpOM 3SM8THNM KOMTIOH8HTOM 6~ 6H pe30HaHC 
TaKyn B03MOMHOCTb H3 p8CCM0Tp6HHH H8Jlb3H. 

TeM He M9Hee, MOZHO Ka'QOCTBSHHO nOKa3aTb 1 ~0 HM9V~H9CR ~aHHH9 no 3KCnepHMeHTan&HO»y BHXO,ny KSCKaAOB Ha ypoBBH& 93,3 K3B, 2+ 2:I~¥ = 0,6±o,I He nporHeopet~aT MBJlOMy aHat~emm Ij¥ ,nJIH lCOMnayH,.O.-eocToRHHR !fl = 5+. 
~R 3TOrO MO¥HO COITOCTaBHTb Me~ co6o« HHT8HCHBHOCTH KacKa,noB, KOTOpwe CBHSaHN C paaHOCTbD CITHHOB Haqan&HOPO H KOH9'QHOrO 
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yposHeJ;\ Ha 3 e,II,HHHL\bl .Il;Jlfl ,II,pyrHx nayqemrux HBMH H,D;ep. 3To C,D,SJia.HO 

B Ta6JI.3. 8 HeJ;\ nepe-qHCJI8Hbi BC€ Ha6JIIO,II,aeMb!8 HaMH KacKa,D,bl OTMetteH

HOr'O THTia. IlotiTH 80 BC9X CJiyttaJIX ( Ta.KJK9 H 8 CJiyttae 
160,tl} 1 r,n;e TI1TI 

nepexo.n,os s KacK~e aHanorH"lleH CJiytlBlO IOO Hf) Ha6mo,n;aeTCR 3Hattmtoe 

npeBhmeHH€ 3KCIT8pHMeHTaJibHOR HHT9HCHBHOCTH HaA pacl.leTHOR. 

l1D3TOMY )J.aHHbl€ Ta6JI.3 CBH,IJ,9T9JibCTBYJOT 0 TOM, tlTO ITOMHMO 803-

MO~HOR npKMeCH COCTORHHR C lTI = 4+ B C8l.I9HH8 aaxsaTa OT pe30Ha.HCOB 

c oTpi-uJ,aTeJihHOR aHeprViel1, MOJKHO oJKH,D,aTb, "liTO npesbDlleHHe 2 I~;r 

Ha.IJ. L I~r oelycJioBJieHo HarrWn1eM sTopHl.I:HbiX E2-nepexo.n.os, HHTeHCHB

HOCTb KOTOpblX 38M8THO Bbilll€ 0Mi1,I!,a8MOR npH npOCTOR 3KCTpaiiOJIRLJ,HH 

OTHOUJ8H\.1R r(El) :r(MI) :r(E2), Ha6JIIO,II,aeMbiX .D,Jlfl ~CTKHX nepBHl.I:HbiX ne

peXO.D,OB, Ha o6JiacTb MaJib!X B036y)!,ll,emi£\ R,D,pa roo Hf. 

I 

Tai5RRUa 3 

CpaBH8H\.18 3KcnepKM9HTaJibHblX H pa.ct~eTHblX 3Ha'4:8HHR 2 I r ( 
.l\RH nepexo)\oB lc-If = I 0 ± 3 

2"1~.' :uh. '" Ir.- My;r~THTI. 
H)\po Ic f nepexo.n,os % pacn. % pacn. 

144 Nd 3- o+ EI +E2 3,7 ± I,I 3,3 

146 Nd 3- o+ EI + E2 3,9 ± 0,2 0,5 

163 fly I/2+ 7/2- EI + E2 O,ti ± 0,2 0,0< 

165 fly I/2+ '7/2+ MI + E2 (1,5) o,o: 

1'75 Yb I/2+ 7/2- EI + E2 1,7 ± 0,4 O,Ot 

178 H:r 6o% 3-+40% 4- o+ EI +E2 0,5 ± 0,2 0,4 

179 H:r l/2+ 7/2- EI + E2 2,1 ± 0,9 0,03 

180 H:r (5+) 2+ M1 + E2 0,6 :!: 0,1 0,3 
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0.5 

2100 2800 3500 4200 4900 E il' 
P11c. 2. 3asHCMMOCTb CJ'MMbi J.1HTSHCMBHOCTel1: ,D,ByxKBB.HTDBhiX xacxa,n;os I'/8 rrepexo,n,os H f Ha 8 KOHBl.llibiX coCTO.RHHt:\ 

OT GH€pPV.H nepBHI.!HOPO IT8p€XO,!J,a. 

PHcTorpa.MMa - 3KcnepMMeHT; KpYJKKH - pactl8T. 
3amTpHXOB8.Ha Ta 1.!8CTb HHT€HCHBHOCTH K8CRa,Il;OB 1 

ROTOpa.H CB.R3llHa C H388CTHbiMH BTOpH'l:HbiMH TI€p€XO,D,mm 
My~bTHTIO~bHOCTH E2. 

Heo6xOJ\HMO OTMeTMTo, l.lTD TaKHe HHT€HCI1BHhle E2-nepexo,D,bi 11I'paJOT 
38M8THYKJ pO.l!b 8 )J,BJXKBaHTOBhiX RacKa.n,ax B 6~H..JKatl!JeM K l8CJ /if tleTHO
-qeTHOM R,D,pe I?B kj. Ha p.Hc.2 npe.n.cTas~eHbJ CJ'MMhi HHTeHCHBHDCTel1: 
BCeX p8.3pellleHHb!X B 3RCIT€pMM8HT€ ,D,ByXKBB.HTOBbiX KacKa,IJ;OB Ha BC€ 8 
KOH€1.!1-fiiX ypoBHeA R.II,pa 178 Hf 1 HaytreHHblX s axcnepHMeHTe s 38.BHcHMoc
TI1 OT 3H€pPHI1 nepBMqHOPO nepeXO,IJ,a rBJ . Ha 3KCITepHM€HT8nbHOA PHCTO
PpaMMe 3aii!TpHXOBa.Ha ,IJ,OJIR HHT8HCHBHOCTH TeX KacK8JJ,OB, KOTOpb!€ CB.R-
3aHhl co BTDpHI.!HbiMH nepexog&m MyJibTHITOJibHDCTH E2. 0Ha npesb!IIIaeT Z% 
pacti~OB ITpH CJMM€ Ha6JITO,IJ,aeMOt! B 3KCIT€pHM8HT€ HHT€HC!I!BHOCTH ~ I;~ = 17, 4±0, 9 % pacnll,!\OB. TeMHblMM KpYJKKaMM np•Bei\elib! 
peayJibTaTbT pactr8Ta. 

ilpH YRa3aHHO~ ~8HTH¢HKaQHK CITHHa KOMIT~-coCTO.RHHR 
Tpe6yeT Ta~e 06DRCH8HH.R HE'.JIH'tl:H€ npRMOr'O ( -nepeXO.D;a C KOMnayrm,
-COCTO.RHI-{.R IOO hf, B036yYJI,B.eMOPO UpM 3ax:BaT8 T8rt.IIOBblX H8£h'pOHOB, 
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Ha ypOB€Hb 1429,9 K3B, Cnt'!H J.1 ttBTHOCTb KOTOpOI'O - 3~ ycTaHOBJI8Hbl 

O.IJ,H03HatlHO ~ 2] . 

Ec.r.11 HCXO,II,t1Tb 113 annpoKC~11pOBaHHoro no 6oJinrnoMy Ha6opy IJ,aHHbiX 

3Ha'leHR!! f(EI) /D ~ 8-lo-14 E~ A2 • 1 [9J , TO 1\RR rrepB"~Horo rrepe-

xo,~a£,0~ oYb7 ROB <r(EI).> ~ 2,o·I0-4 aB. 

Acno.Jlh3YH 3Ha"lJ€Hl18 r ( = 66 M .3B H a6COJIIOTHJ10 HHT€HCJ.iBHOCTb 3TOI'D 

O€p8XO.IJ,a B T8riJ!OBO~ TQt.jK€ 0,056% paCITMOB, ITOJiytraeM ,D,JIH IIHl:pHHbT nepe

XO~a 3Hatt€HJ.18 0,3~·10-4 3B. 3~0 B 6,7 pa3 Bh~€ Cp€IJ,H€I'O 3Hatt8HHH 

) 1i" + < f(El /', SCJIH ITOJTOJKI1Tb 1 liTO B T8IDIOBOPi TOliK€ peaoHaCbl C l = 4 
Onpe,II,SJIH~T TOJibKO 2% aaxBaTOB. BepORTHOCTb TaKOI'O CJiyqa~oro OT

KJTOH8HI1H .IT,JI.FI pacnpege.JieHHH rloprepa-ToMaca pasHa I%. 
AsTopbi BbipaJKruoT 6Jiaro.IJ,apHocTb E.n.rpHropbeay aa HHTepec, 

rrportBJT8HHbl~ K pa6 OT€ 1 l1 TIOJT83Hbi8 .IV1CKYCCHH, 
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