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I. BBWHHE 

EoxnBHrep B TOMSC /I-3/ ITOR83SXB, ~0 SHSHEe KHT6HCBBHOCTB 

BHCOKO&HepreTB~eCKBX raMMa-KBSHTOB, BCrryCK86MHX ~SMB llpH rrorno

meHHH HHSK08RepreT~8CKHX HeATpOHOB, RBnH6TCH ITOX83RHM BHCTpyMeHTOM 

~epHoA cneKTPOCKOITBH. Tipe~onaraR orrpe~eneHHHI TBIT raMMa-nepexo~a 

(06Hq&O rrepexo~ TBna El, TSK KSK OR caMHA HRT6HCBBHHI) H 3H8ft xapaK

T8pBCTBKB B&COKOBOS0~8RHOrO COCTOHHBR, H8 OCHOBe HSMepeHBR HHTeH

CBBHOCTH raMMB-KBBHTOB MOEHO orrpe~eXBTb BeXB~HH ~IT ypOBHefi, 

saceneHHHX B pesyn»T8T8 pacrra~a JK838HHOrO COCT8BHOro COCTOftHBR. 

0~8KO, BC~e~CTBHe TOro, ~0 mwpHHS pa~SUBOHHOro rrepexo~a HS 

COCTORHKR COCTSBHOrO ~a BSM8Rft8TCR C~aiHo, cornaCHO pacrrpe~ene

HBD TIOPTepa-TOMSCS, BHT8HCBBHOCTb raMMa-nepeXO~OB HS O~HO~oro 

peSOHSHCS ROMIT8~-~a 06Hq&O He ~88T ITOnHOA HH~OpMSUBH 0 MeXSHBSMe 

as~eHBR. B yrroMftHYTHX paOoTaxl /l-J/ )aTB TPY~OCTB 6HXB rrpe-

O~OX8HH nyT8M H8ITOCpe~CTB6HHOrO BSM8peHftft ycpe~eHHHX HHT8HCBBHO

CTeA raMMa-asnyqeHHR, wcrrycxaeMoro ~aMB rrpH rrornomeHBH HeATpoHoB 

co cpaBHBTen»Ho mwpoxBM aHepreTB~ecRBM pacrrpe~eneHHeM. B c~ae 
rrornomeHBR 8TBX H8ftTpOHOB B036~88TCft He 0~, a MHOro peSOBSHCOB 

xoMDaynn-~, saceXRDmHX B pesynbrare pacna~a orrpe~eneHRHe ypoBHB 

ROHe~oro ~a. TI08TOMJ 0~8KTOM HSMepeHBft CTSHOBftTCH HHT6HCBBHOCTB 

raMMa-nepexo~oB, ycpe~eHHHe no MHOrHM peso&a&caM xoMITaygn-~a. 

Bcne~CTBB8 CyMMHpOBBKBR STHX rrepexo~OB yM8RbW8DTCft ~KTYSUBH B BX 

HHT6HCBBHOCTftX, BH3B8HHH8 CT8TBCTH~6CRHMH ~eRTSMB. 
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0ITHC8HHaH CHTyaUHH B o6meM He HSMeHITCH, 6C!B raMMB-KBBHTY 

HCDyCK8DTCH B pesyXLTBTe norxomeHBH He H6ITPOHOB, a HH3K09BepreTB

~eCKBX npOTOHOB. 3TOT M6TO~ MOZBO Tor~a npmMeHHTD TOXDKO ~nH ~ep 

C CpB.BHHTeJI:bHO 6oXLmol JI OTPIIII8T8XLHOI B8XB"D!BOI Q ~JJJI peaKilJII 

TJina ( p, rt ) TaK, trro6u B ycJJOBJIJD[ paccMSTpJIBSeMoro s~ecD axcnepz

MeHTa peaKlUJH ( p. rL ) npaxu~ecn He npoJICXO.ItJfJIS. 3To aecTxoe 

ycxoBJie cxe~eT JIS Toro, ~To BYXO~ peaRQBW ( p.t ) nponopQJioaaxeu 

/p I; j lr- , Jf ecJIJI no.maH mBpJIHa lr co~epu:T ,KpoMe \t 111 

ro ( r; r: -mBpJ!HY HCnyCK8HBH raMMB-RBBH'l'8 Jf norxomeHJIIJI npOTOH8
1 p 0) p 

COOTBeTCTBeHHo),TsKXe Jf ~yrJ!e D8pUH8XLHHe mBpJIHH1 TO yMeHDmseTCH 

BHXO~ JII3~88MOI peaRUHB. EcXJII HeiTpoHHHI K8H8X HBnH8TCH 9HepreTB~e-

CKH BOSMOllHHM, TO OH 06~~88'1' HeiTpOHliOI mBpiiiHOI lr't_ t 06Ii'1HO 

MHOrO 60XLmel, ~eM r; JIXH rp , UO, KOH8'!JHO, BHSW188T cymeCTB8H

H08 yYeHDmeHBe ce~eHHH peaxmm ( p, j' ) . 
Peam:nm ( pI 't )Jf MOZBO npmMeHHTD ~M onpe~exeHBH 3H8"Cie

H!A ypOBHel ~ep, xexam.x B 06X8C'l'JII MSCCOBHX "«<JJICeX A=80+I00. ~ 
TaKJIIX ft~ep 06HQHYe MeTO~Y KJ!aCCHQ8CKOi C08KTpOCKODHH rpy~HO npH¥8-

Hl'IMY. IIJIOTHOCTD ypoBHel ~M ~ep c A - 80 + roo npll auepru BOS6ya

~eHBH DOpH,JUta I0 M3B COCT8BnH8'1' ,.,_ Icf3 + I04 M3B-I 151 • lJTo6u noxy

"«<IITD ~OCT8TO'!JH08 ycpe~eHHe JIIHTeHCBBHOCTJI rsMMS nepexo~OB, H8~0 JII3-

M8pHTD 9TK nepexo~,H3M8HHH 9HeprJID B036~eHBH COCT8BHoro ~ B 

.lt1fsnasoue '""' I M3B. Hs-sa 'l'Oro, trro o6!.eKTOM HSMepeHBH HBMilTCH 

raMMB-KBBHTH, Henocpe~CTBeHHo JicnycxaeMHe JIS xoun~-~. aaepre

TH"Cieaxml pas6poc npOTOHHOrO ny"«<K8 He ~OJIJieH npeBHm8TD H8CKOXLRJ!X 

KJIJ!OSJ!eKTpOHBOXLT. 3TO YCXOBHe CBH38HO C p8CCTOHHH8M M~ ypOBHHMB 

Jf) ~ peaKUHH pa~aUHOHHOrO 38XB8Ta npOTOHOB HSMH KCDOXL8Y8TCH 

saa"CieHHe peaKUHB ( j51 't ) 1 xax a To c~e11aao BoJIJIJJBI'epoM 131, 
o6o-

'I'!'06Ii OTMeTJIITD <liaK'l' ycpe~eHBH BHXO~ 
npOTOHOB. 

1-RB8HTOB DO 9HeprBI 
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ROHe'!JHoro ~a Jll C nox,yqeHBeM OUTHMSXLHOrO COOTHOmeHHH ~KT~OH. 

Cxe~OB8T8XLHO, trr06Y DOJIY"qJIITD ycpe~eHHe BYmey.K888HHHX raKYa-nepe

XO~OB, H8~0 npOJISB8CTJII MHOrO JISMepeHJIII raMMB-cneKTpOB ~ p88HHX 

9HeprJIII npOTOHOB, 8 DO~eHHHe B OT~8XLHHX JIISMepeHHHX BHT8HCBBHD

CTJII raMMB-nepexo~oB, sacexmomzx onpe~exeHHHe ypoBHH xoae"CIBoro ~a, 

ueo6xo~o npoCYMMJIPOBBTD. 

~SH ycpe~eHBOI no pe30H8HC8M cneKTpOCKODJIIH C HCllOXL30B8HJ!8M 

npOTOHOB 6yxa BD8pBHe npoBef:Ha B r:6oTe YM6aprepa II ~yrJ!X 161 Ha 

npJIMepe pe8RUHJI 
8~(~,t)89J J11 g

9J(pl)9Z'r . 3TOT M8TO~ 6YX T8K

ae npKMeHeH B pa6oTe I I ~ Hccxe~oBsHHH CTPYKTYPH ypoBHel JISoTo

noB T8XHeQJIH. 

B Hamel p860T8 9'1'0'1' M8TO~ npJIMeHeH ~nH onpe~eXeHBH CDBHOB H 

~eTHOCTel ypoBHel ~~ • Heo6xo~o oTMeTBTD, "«<TO pesKUHH 
89Y(pX)9°Zr JII8~8JI8CD B pa6oTe 161, HO 8BTOpli 9TOI pa60TH 6oXL

me JIHTepecoBaxac» npoBepxol npJiro~ocTJI caMoro MeTo~a cneKTpocxo

niJ! ycpe~eHJ!HX pesouaacoB, ~eM nox,yqeHHeM HOBOI H~OpMB~ o CTPYR• 

Type ~ 90l'j • B YR838HBOI pa6o'l'e YM6aprepa 161 H86~8JIJICD 
TOXLRO rsMMB-nepexo~, 8Hepr1111 KO'l'OpHX BYm8, "«18M 8H8prKH t -KB8H-

TOB zs peaRUHJI 1.3 F( p.Jl)16 Q , HBMBillelcH caMol cymecTBeH-

aol KOMDOHeHTOI ~Ha. OrpaHJI~eHHe 06XaCTH 9HeprJII H3M8pH8MYX raM

Ma-nepeXO~OB DOCxyaJIIJJO npH"D!BOI TOro, ~0 B pa6oTe 161 ~eHT~HUH-
907 

pOB8HO TOXDRO HeCKOJI:bRO HHaHJIX ypOBHel ~11 , SHeprBH, CnKHH B 

"CieTHOCTJII KOTOpHX 6HXH yae paHee BSBeCTHH. 

8TH 06CTOHT8JI:bCTB8 CTJIIMYXHpOBSXH npOBe~eHBe HSMM BCCX8~0B8-

HBI pea~ 89Y( ~t)~r- . 
PeaKUJIH 

89Y(p,t)9°lr oco6eHHo y~o6ua ~ BSMepeHHI MeTo

~oM cneRTpocxonHB ycpe~eHHHX pesoHSHCOB. CpaBHJITeXDHO 6oJIDMaH 
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Be1II!tUIHa Q ,nJISI aToA peaxun ( onpe.neneHHoe HBMJI. SHB'!:eHJie Q , 
pBBHOe 8333 ± 2 K3B, cornacyeTCR C B8nH'!:KHOA, HaA,neHHOI ,IJ;pyrBMB 8BTO

paMII B pa6oTe/I?/ ) IlpHBO,Il;HT K TOMY, 'ITO MHOrO nepeXO,Il;OB 00118,Il;8DT 

BHeprmel 6011ee BHCOKOI , '16M aaeprHH d' -KBBHTOB MS peaKUJIJj 

19F(pdt)16Q , JJMeDmeA MeCTO H8 if!ropJICTHX S8rpRSH8HMX MJIIII8HJI, 

BHcoK~A nopor peaKUHJI 
89Jf(p,~)9°~,- /30/ .nonycxaeT mcno1!DSOBaHJie 

ITpOTOHOB C ITOBHm6HHOI aaeprHeA, HS-38 '!:ero IT01IY'!:88TCR YB61IH'!:8HJie BH

XO,Il;8 HCC1le.nyeMOA peaKUHH 6es OITBCeHIIA OTRpHTHR H6ftTpOHHOrO K8H8118, 

B raon. I npHBe.neHH cBe.neaHR o6 aaeprJIRX, ciTHHax H '!:eTHo

cTRX ypOBHeft 90~,- , Co6paHHHe ,Il;BHHHe IT01!Y'I8HH liS HCC118,Il;OB8HJII: 

~- -pacna.na JISOTona 
90N b /8-IO/, He~npyroro pacceRHJIR npoTOHOB 

/II-I2/ II o( -'!:BCTHU /I3-I5/ HB R,IJ;p8X i:"f' , peaKUHA pa,IJ;HBUHOHHOrO 

saxBaTa npoTOHOB R,IJ;pBMJ! gg Y 16 • I? • I8/. B nepBol K01lOHKe T861ll'flnl 

ITOMemeHH pe8y1lbTBTH HBCTORmel pa60TH, KOTOpHe 06Cyz,IJ;81lTCR ,Il;81lbme, 

2. 0ITHC8HJie SKCITepEMeHT8 

2.I. MmueHJI ---ggy 
MftmeHb 1!8 H3rOT8BP.EBa118CD p83110%6HJieM B B8xyyM6 CITeKTpO-

CKOIJJr118CRJI tUicToro Yz 03 1'.1 HcrrapeHHeM no1IY'!:eHHoro TaKJIM oOpasoM 

M8T8111IH'!:8CKOrO HTTpHR HB TO~ (0,1 MM) T8HT8110BYJl ITO,IJ;110%RY, llepe,D; 

JI3B1le'!:eHHeM HS B8KyyMB JITTpHeBHe MJimeHJI ITOKpHB81IHCL TOHKBM C1108M 

80110'1'8 ( - I K3B), 8TOT C11DA, C O,IJ;HOA CTOpoHH, rrpe.noxp8HR11 MJIIII8HL 0'1' 

OKHC118HHR, C .npyroft - o6ecrretUIBB11 Y1IY'!:W6HJie T6IT1100TBO,IJ;8 C MJimeHJI, 

Bo BpeMR JICITapeHJIR HTTpHR Ha T8HT8110BYJl ITO,IJ;110%Ky B TBROA xe 

reoMeTpiiH IlpOII3BO,IJ;JI110CL H8ITH1leHHe C1IOR HTTpHR HB TOHKYJl 8mDMRHH8BYJl 

MHmeHL, 3aTeM onpe.neJISI110CL IT01lOKeHJie pe30H8HC8 B peaKUJIH Zt)\l(r,t~L 
,IJ;JISI ~p = 998 ~aB ,IJ;JISI 'DICTOI BmDMKHJieBOft MJimeHH JI TBKOA xe 
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TA£/J.}[{A I. 

89Y(r~t)90Z.r : 90Zr(p,p'): 90Z,(J.,J/ : 90 Nb r- l ggY(rX)37~~ 
fx(M3b) Jrr :E.(~n6) JlT: Ex(mh) Jlf:Ex(mb) Jlf~fiMjb) Jlr 

I : 2: 3 : 4 : 5 

o,o 
I,?62±o,002 

2,I8?±o,002 

2,3I8±o,oo2 

2, ?48±o,002 

3,08I±o,002 

3,308±o,oo2 

3,842±o,002 

4,I26±o,002 

4,233±o,002 

4,424±o,002 

4,58I±o,002 

4,68I±o,002 

o+ 

o+ I,?5 

2+ 2, IS 

0 2,32 

3- 2,?4 

4+ 3,09 

2+ 3,3I 

3,45 

2+ 3,85 

3,9? 

4,0? 

o+ 4,I2 

4,23 
(0+) 

o+ 

I+,2+ 

4,33 

4,4? 

4,54 

2+ 4,68 

4,82 

o+ 

2+ 2,Is 

5- 2,3I 

3- 2,?5 

4+ 3,0? 

2+ 3,3I 

6+ 3,45 

2+ 3,84 

5- 3,96 

T 

o+ 

5-

4,24 

4+ 4,35 

4,4I 

4,53 

2+ 4,69 
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I,?60? 

2+ 2,I862 

5- 2,3I86 

3- 2,?40? 

4+ 3,0?? 

2+ 

3,44?? 

o,o 

o+ I,?6I 

2+ 2,!86 

5- 2,3I9 

T 2,?38 

4+ 3,0?? 

3,3IO 
6+ 

3,5892 s+ 
2+ 

5- 3,9?5 5-

4,232 6-,T 
2+ 

4,542 T,6-,6+ 

o+ 

o+ 

2+ 

5-

T 
4+ 

2+ 



I 2 3 . . : : 

4.992±o,002 o+ 4.99 2+ 

5.095±o,oO? r+ 5,08 

5.ros±o,oo2 r+, 2+ 

5,I2 T 

5.I8?±o,002 r+ 

5,20 

5,23 

5,29 -
5.308±o,oo2 (1!"2+) 

5,36 5,38 4+ 

5,42 -

5,49 5,48 4+ 

5,60 

5,65 T 

5,?3 

5,?8 3-

5,93 

5,98 

6,32 

6,42 

676I 
6,68 

8 

4. . 
: 

5,060 8,?+ 

5,I64 8,?+ 

+ 
5,288 9-,8-

5,330 ?,8-
+ 

5,3?? ?,8-
+ 

5,432 8,?-
+ 

5,465 9-,8-
+ 

5,4?4 9-,8-
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MHm6HE, HO C HBTIHH6HHHM MTTp:KeM. CMemeHEe llOHO~eHHR pe30HBHCOB 

89y CnyzEHO ~HR Onpe~eHeHHR TOHmEHU MHm6HE • TOJIInHHa CHOR 

30HOTB Ollp6~6HRH8Cb C ITOMOmDD ~yro~ BHIDMMHH6BOft MHmeHH, KOTOpaR 

6HHB npHKpHTB BO BpeMR ECITBp6HHR ETTpER H OTKpUBaHSCb ~HR HCITape

HHR 30HOTB. 

0ITHCBHHHft M6TO~ IT03BOMH llpOH3BO~Tb orrpe~eneHHe TOJIInHHH 

MHmeHH c TOqROCTbD I-2 xaB. 

2. 2. kl:3Mepemm 

kfTTpHeBHe MHm6HH 06nyq8HHCb nyqKOM llpOTOHOB C 3HeprHeH 

2,2 + 3,4 MaB. llpHMeHeHHe oxna~aJJIIIeft CHCT6MU MHIII6HH IT03BOMHO 

B6CTH pa60TY C MHIIIeHJDm npH TOK8X IO-I5 ;A 6ea BH~ cne~OB 
llOBpe~eHJII. 

3Heprms rrpOTOHOB M3MeHRnacb B rrpe~enax 2,2 - 3,4 MaB c maroM 

20 K3B. TOHm»HB Mlllll6Heft COCTBBHRHB I2-I6 K3B ~M ~BHHoro HHTepBana 

9HeprHH llpOTOHOB. Enaro~BPR 3TOMY B llOCH6~0BaT6HbHHX H3MepeHHRX 

o6ecrreqMB8HHCb YCHOBHR, KDr~a O~H H Te ~e pe30HBHCH CHOEHoro R~B 

He rrepeKpHBBHHCb. nM HCKHD~6HHR B03MO~HHX CHCT6MBTH~6CKHX OWH60K 

BCer~a llpOBO~DCb ,IU36 H638BHCI'JMH6 cepHH H3MepeHHft: O,JJ;Ha -rrpH YB6HH

~eHHH 3H6prfti llpOTOHOB, ~yrBR - ~~ ee YK8H&W8HHH. 

raMMB-cneitTpH H3 peaKnJJH 
8-' 1 ( p, t )90Z T JI3M6PRDCb c no

MOUU.Il Ge(Li) - ~eTexTopa o6beMoM :n cM3 • 3HepreTJJ~ecKoe paape

weHJJe ~eTeKTopa COCTBBMHO 3,I K3B ~M ~TOHOB C aHeprHeft 1330 K3B. 

neTeKTOp 381llBlllBHCR cnoeM CBHHUB TOJIInHHOA 5, I z I cM2 c U6Hbll YM6Hb

meHMR HHT6HCJIBHOCTJJ raMMB-KBBHTOB HH3KHX 3HeprHA. 

3HepreTnecKaR KBD6pOBKB G e (LD-~eTeKTopa o~eCTBMHBCb 
no H3MepeHMM raMMa-crreKTpOB JJ3 peaKUJIB n AI ( pJ)2 5i /I9-2I/ 

llpH 3HeprJJJJ f:p = 998 K3B. 3BBHCJIMOCTb 3~KTJIBHOCTJJ perHCTpBUHH 
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raMMa-xyqeA ~eTeKTOpOW RBK ~KUHR perHCTpwpyeMHX BHe~rHI ~BH o6xa

CTH BHCOKIDC aHeprwA waMepsmac:h c noMOIIU>IO peaRUHH ~t t\l( pXJ3Si. 
B o6nacTH HH3KHX aHeprHA aaBHCHMOCT:h ~RTHBHOCTH nonyqanac:h Ha 

OCHOBe H3MepeHHR raMMa-Cll8KTpa OT ZZGKa -HCTO'IHHB:a/22( 

CneKTp HMITyH:hCOB oT Ge ( Li) -~eTeKtopa aHaiD'l3HpOBBHM B 

4000-KBHBH:hHOM BMITID'lTY~OM 8H8ID'l38TOpe C BHBO~OM ~BHHHX HB MBrHZT

nyJO H8HTY aHeKTpOHHD-BJiqHCJil'lT8H:bHOft MBWHHN B9CM-4, BpeMH H9MepeHHR 

O~oro cneKTp8 ~BH KB~Oft aHeprHH rrpOTOHOB COCTBBHRHO OKOXO 2 'IBCOB, 

3a STO BpeMR HB HTTpMeByJO MHmeH:h ll8~8H rry'IOK npOTOHOB C 06mMM 

38Pfl~OM IT0~8 30 Me 
2,3, ~860TK8 aKcnepHMeHTBH:hHHX HBHHHX 

way(pX)~oz, 
Bo BpeMH 113MepeHHA raMMB-cneKTPOB 113 peaKUHH 

~eTeKTop na (;e(Li) perncTpnpoBan ~OTOHhl c 3Heprnea 0-12 MaB.Enaro-

~apR STOMy H3MepR:HCR KBK cneKTp nepBI!qHHX raMM8-KB8HTOB, MCnyCKae

MbiX C BbiCOKOB036~eHHHX COCTORHM! COCTSBHOrO R,I(p8 HS HKMeJISZSmHe 
007 . 

ypOBHM ~T, '1'8K M cneKTp BTOpBqH!lX raMMS-nepexo~OB, B03KBKmBX B 
907 

npouecce pa3~H 3aceneHHHX HJI3KOBoa6~eHHHX ypOBHeA ~~ • 

068 CITeKTpa '18CTIIqH0 nepeKpbiBBJIHC:b BO BpeMH CSMOI rrpoue~H o6pa-

60TKH, 

06pa60TK8 3KCITepHMeHT8H:hHHX ~8HHHX H8'1BH8H8C:b C CyMMIIpOBBKBR 

BCeX H3MepeHHHX t -cneKTpOB, TaKOe CyMMBpOBSHHe BHnOJIHSIHOC:b 

~YMH cnoco6aMJI. ITepBHA 3BKmD'IBHCR B napanneH:hHOM cyMMEpoBaHHH Bcex 

raMMa-cneKTpOB. B pe3yJl:bTBTe aToA onepan&H yBeD'IHBBiaC:h BHTeHCMB

HOCT:h ITOCTORHHHX ITHKOB B CITeKTpe, TO-eCT:b ITHKOB, COOTBeTCTByJOmHX 

raMMB-KBBHTBM, SHeprHH KOTOpllX He 38BHCeHHOT SHeprHII B036YMneHHR 

R.IlPB• B pe3yJI:bT8Te TBKOI onepaUMH 6b1JI nonyqeH cneKTp BTOpM'IHHX raM

MB-KBBHTOB, H3MepeHHJiA C O'leH:b xopomeft CTBTHCTIIKOI, ITpH TBKOM CYM-
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MJJpOBBHIUI CITeK'I.'pOB nepBJJlDIHe raMMB-KBBH'l'H, 9H8prM KOTOpllX 98BMCeXB 

0'1' 9HeprJIJI B036YJK,neHM CHOlKHOr·o SI,DJl8, ycpe,mmDC:b, ~BBBR TOH:bKO BKXB,I 

B «<JoH, 

BTopol cnoco6 aaxmvqaxca B cyMMBpoBaHHM nocxe~OBBTeX:hHHX 

raMMS-cneRTpOB C O~OBP8M8HHHM HSMeHeKBeM R8H8XOB B 0'1'~8XDHHX raM

MS-cneK'I.'paX, 9'1'0 Z3MeH8KB8 BHITOJIHSIJIOC:b TBKJIJM cnoco6oM, 'IT06H B KBHS

XH C 0~8KOBHMM HOMepaMR nona~SD rSMMB-XMHJIJI, COOTBeTC'l'ByDmBe nepe

XO~SM H8 TOT ze caMidt ypOB8H:b 
90ZT , l1pOCyMMEpOB8HHHA cneKTp co~ep

ZBJI TOJI:bKO nepBB'IHHe nepexo~, nHKB,COOTBeTCTBYJOmHe B'l'OpB'IHHM nepe

XO,I(SM,rrpB ycpe~eHBB ~SBBD TOH:bKO BKXB~ B ~H. 

Cxo~ cnoco6oM 6ux nonyqeH cneK'l'p nepBHqaux raMMB-KBBHTOB, 

He 38BIICSJlllJII 0'1' 9HepriiH nepexo~a. HCKXID'IeHJie TBKOI 38BHCUMOCTH B 

E53 
HameM cxyqae oc~eCTBHRJIOc:h ~eJieHmeM cneKTpa Ha ~K'l'Op t 

f:t - o6oaHaqaeT aHeprBD orrpe~exeHHoro ~ -nepexo~al.ITpoHcxo~e
HBe BTOrO ~KTOpa pacCMSTpHBBeTM HHMe, OnepSUHR ~eJieHJIR cneKTpOB 

[
53 

H8 t llpOH3BO~JI8C:b nepe~ BX CYMMEpOBBHMeM, 

Bee BHmeOITIICSHHHe onepSUBB 6HID'l BHITOXHeHH H8 BH'IHCHHTeJI:bHOA 

MSmBHe ESCM-4 C ITOMOIIU>IO Cll8UH8Hl>HOI rrporpaMMH. 0 rrp8BIIH:hHOCTM OITMCBH• 

HOI onepaUBB CYMMBPOBBHM CBM~8T8Jl:bCTBOB8Jl TOT ~RT, 'ITO aHepre'l'H'Ie

CKOe paapemeHBe B CyMMSpHOM CIT8R'l'pe He yxy~SJIOC:b no Cp8BH8HRIO C 

p83pemeKBeM, C KOTOpHM 6HD B3M8peHH O'l'~eH:hHHe cneKTpbl, IToxyqeHHHe 

ycp8~8HHH8 cneXTpH raMMB-KBSHTOB, COO'l'BeTCTBYDml!e nepBII'IHHM II BTO

pBqHHM nepeXO~SM, o6pa6BTHB8JIHC:b CTSH~Bp'l'HHM MeTO~OM, 3aKJID'IaDmeMCH 

B orrpe~eneKBB nonozeHIII, mwpBH m nxoma~el ImKOB. 

3. PeayJl:bTaTu H3MepeHIII 

Pile, I rrpe~C'l'SBBHeT ycpe~eHHHA no aHe~rmH B036YMneHJIR cneKTP 

nepBIIqHHX raNMS-KBSHTOB 113 pe8KUJIII 
89 Y( p,t/30Zr . 9'1'0'1' 
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CITeKTp ITO~eH B COOTBeTCTBMH C EHmeOITHC8HHOa ITpOUe~oA, HCITO~

SYH 60 HSMepeHHHX raMMa-crreKTpOB. Ha ITpHBe~eHHOM pHCJHKe ITHKH, 

COOTBeTCTB~mze ITOCHe~OBBTe~HYM raMMa-rrepexo~aM, ITpOHYMepOBBHH B 

COOTBeTCTBHH C ITOpH~OM pBCITOHO~eHHH ypOBHea, saceneHHHX 9T~ 

rrepexo~aMH. Ha pHCYHKe CHMBOHauM (P-2),(P-I) H (P-G) o6osHa~eHH 

ITHKH, 

OHHHX 

COOTBeTCTByromze ~ByKpaTHOMy, O~HOKpaTHOMy BHHeTy aHHHrHHHUH

t -KBBHTOB Jli ITOHHOMY ITOrllOIU8HJ1110 t -RB8HT8, COOTBeTCTBeHHo. 

' KaK BPI~O HS pHCYHRB, ~HH o6I.eMS Hamero ~eTeKTopa CBMHe HH-

T8HCHBHH8 liHHHJli - STO ~HHH ~BYKPBTHOrO BH118Ta, H OHH HBHHHCb 

rrpe~eTOM ~a~HeHilleA o6pa60TRH. 

Puc. I. 
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• 
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. ~ ..... .. ~ 
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0 :!000 ----Y1oo- ~00 :1400 l!eOO 2&00 

L t I>_ I. I 
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.. '~"" ' .. <:' ! ~ i:J!JJ. ~-!II' ~I> ·""""' i.:f .ooL 

I 

I WOO I 2000 
I 1600 ~ 1400 

Ycpe~eHHHM crreKTP nepBKqHHX raMMa-KBBHTOB, Hcrrycxae

MHX B peaxuHH 
89Y ( p 1 j") 90 Z T • 3HepreTH~ecxaa xa-

1IH6poBKa 3 K3B/KaHaJl, l't - HOMep K8H8118. 
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PHc. 2 rrpe~CTSBHHeT CITeRTp BTOpB~HX raMMS-RBBHTOB, BCITy~Rae-. 9oz 
MHX B peay~TSTe pa3pJi.D;KB BOS6~eHHHX COCTOJIHJrlt J" • B 9TOM 

CIT8RTP8 0603HSqeHH C8MH8 qeTRBe ITBKB, COOTBeTCTByromze paapa~e rro-
90Z CH6~0BST8XDHHX COCTOHHBI T HS OCHOBHOe COCTOHHZeo ilBRH, 

COOTB6TCTByDmfte orrpe~eneHHOMy MeXSHBSMy perBCTpaUHB, 0603HaqeHH 

a.Ha.norHt~Ho pHc. I . 

PHc. 2. 
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CrreRTP BTOpH~HX raMMB-KBBHTOB, HCITyCRaeMHX B rrpouecce 

p8Spsw<H BOS6~eHHHX COCTommit ooz, . KpPIBSH 

RBD6pOB:U: ( Cllo Bllll8) o 
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9oz . 
PH c. J rrpe.n;cTaB1IlleT cxeMY ypOBHeit :r , Ha61II!,naeMWt D 

HBWeM 3RCnepMMeHTe. HyMepaUHR ypOBHeit COOTD6TCTByeT HYMepa~ nepe

XO,II;OB, H306paxeHHHX H8 pHc.l PI 2. 3HeprHH ypOBHeit onpe,ne~eHH B pe-

3ynDT8Te cornacoBSHHH coOTBeTCTBYDmKX nepexo,noB B cneRTpe nepBH~ 

H BTOpHqsUX raMMa-nepexo,noB. HeROTOpse H3 ypOBHeA (II,I5,I6,I?), 

ITOMemeHHUX HB aTOM pHCyHRe, BITepBUe Ha6RD~anHCh B HameM aRcnepH-

MeHTe. 

s.oerm ~,, 

$q(15Jt;n:: ~(1~2') 
1131 

lttil'f£12) ~ .. , .sBf(ll) 
~110) 01 
:\JJ ~ 
-(7) t• 

3l01(6) 2+ 

;l011(5) •• 
V .. l., 

2311!~) s-
278712) z• 

tlli01(1) c+ 

0(0} 0 ... 

goz PHc. J. Cxewa ypoBHeA :r . 
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4.06cyx.neHHe pe3yHLTBTOB 

4.I. 06maH ~8CT» 

Tio~eHHHe Be~~H ycpe,II;HeHHHX ce~eHB1t sace~eHHH ypOBHeA 
goz T aHa~a»poBanEc» c rroMOmD~ $0PMY~ Xayaepa~em6axa. B Ra~eCTBe 

HCXO,II;H01t 6H~B HCITOHL30BBH8 ~OPMYnB BpaATa-ilHrHepa, OITHCUBB~H 

ce~eHHe p8,II;H8UHOHHOrO 38XB8T8 HYRHOHB B6~3H H30~pOB8HHOrO peso

HBHCB ~ CO CITHHOM } 

- l]+1 2 
6]t- (){Cl T A\ TT3\ 

L: ~}( .. ij) GJ(t) 
J (I) 

r.ne: 

K 
E? 
I 

~}(t) 
G;r(ntj) 

~J' 

(E
7
-EY +(~ 6/2)% ' 

- ,II;~Ha BO~U na,na~mero HYR~OH8 ,ne~eHHBR H8 2Tf 
- aHeprHH pe30H8HC8 j 

- CITHH H,II;pB MHWeHPJ ; 

- p8,II;H8UJIOHHBR WHpHH8 pe30H8HC8 j 

- npOTOHH8R WHpHH8 BO BXO,II;HOM R8HBne pe8RUPIPI CO CITHHOM 

J < J =I± ;jjz_ ) j 

- ITO~BH mHpHH8 pe30H8HC8, p8BH8R CyMMe IT8pUJI8X»HUX WHpPIH. 

BupaxeHHe .n;1Ill ceqeHHR b (p,dL) 38Ce~eHHR onpe,neneHHOI'O 

L-10 ypOBHH B ROHeqsoM g,npe B peayHLT8Te HCITYCRBHHH raMMB-RBBHTB 

H3 ROMITBYH,II;-H,II;pa ,naeTcR ~PMY~O~,aHa~or»qso~ ~opMyne Xaysepa~ew6ax~ 

6 (p,t,) ~ ?~{.~) L: L (Z} +1) X 
1f 1 

L1'z J•Jp 
L } w~ J:J wt Tx-L 

jp=/I-1/zL0J-J,;i p 
X 

r-~-11z ~· N ' .---. (ML) L . W_{ ~r'ir·-+ L wt Ttc 
jr'=ll-1/zl-ip·=IJ-jp1 c=1 
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r.ne: 

}' - Cn:JIH COCTSBHOro .II,Iij)8, 

jp, lp - CIIJJH II OpeliiTSJil>M MOM6HT BO BXO.ztHOM R8H81Ie, 

j-p',ip' - CIIJJH II Op61IT9Jil>HHft MOM6HT B ROHRYPJIPYJliii6M RSHS:IIe, CM38HHOM 

C IICnyCR8HJI6M ~SCTBU, 

~jp>~;p- ROaqxpJIUl'leHTH npOHJIU86MOCTII .ltJIH fiPOTOHOB BO BXO.ztHOM II BHXO.It

HOM R8H81I8X , 

Tx, =~~~ - ~RTJIJJ!Hlift R09<fxi>BUII6HT fiPOHmllleMOCTII .ltJJH raMMa-

-RBaHTOB, 3aCe1IRDmJIX l -'1'08 COCTOJIHJfe B ROHe~OM 

SJ.IU>e. 

3.ztecD /;i o6o3Ha~aeT pa.ltiiSUBOHHYD m&pmBY BHmeyxa3aHHoro nepexo.zta, 

a [) - paCCTOHHII8 M6S.ztY ypOBHHMB B IICXO,ZtHOM COCTOHHJIJI. 

wt = 1Jz ( 1+ ( -1) - BHI>a&eHJie, npiJHJDI81J111ee 3Ha~eHBe I 

IImi 0 11 o6ecne~BBIJillee coxpaHe-

HIIe ~eTHOCTe:A; ~ 
1 
IT, Tff o6o-

3Ha~DT ~eTHOCTD SJ.IU>9 MJimeHI, co-

CT9BHOrO SJ.IU>8 II ROHe~oro ~,COOT• 

B8TCTB8HHO; 

(Ji ( ML)- BJiP&lleHie, npHHIMBillllee 3Ha~eHie I JIJDI 0 II o6ecne~B8JJUtee 
COXpaHeHJie np8BJI:II OT60pa .1tJJH IICflYCRSHIR raMMS-nepeXO.ItOB 

onpe.zten:eHHoro Tina II orrpe.zten:eHHo:A MY:IILTIIno:IILHOCTII. 

B BHm6yKS3aHHOI ~opuyn:e yq'l'8H TOT ¢aRT, ~0 OCHOBHHM R9HS:IIOM 

peSRUHII, CM3SHHHM C IICflYCRSHJI8M ~8CTHq, HB:IIH8TCR ynpyroe paCCesHI8 

npoToHoB, ce~eHie Heynpyroro pacceJDDJJI npeHe6pemiM:o Man:o II3-sa 

Ry:IIOHOBCROrO 68pDep8, 8 H81TpOHHHft K8H811 38KpHT no 9H8preT~8CRIIM 

YC:IIO.BIIJIM. CyworpoBaHie no J II lf Be.!t8TCR no BC8M B03MOUHM 

CIIJJHSM II ~8THOCTSJM COCTSBHOrO SJ.IU>S, a CYMMJIPOB8HJI8 no C RBJIH8TCJJ 

CYMMJIPOBBHB8M no BC8M B03MOllHHM p8.1t1f80JIOHHHM K8H81I8Mo 

16 

3Ta ~OpyY:II8 6H1I8 38IIJJC8Ha HSMJI HB OCHOBe pa6oT ]eftHa II ]BRa / 25/ 

II ~em6axa / 2G/ nyTeM ycpe,ZtHeHKR BJiPalleHBH (I) TIO MHOrMM pe30H8HCaM 

B npe.ltllO:IIOll6HD C~aftHOCTJI ~3. Koa<PfJBUBeHTll npmmuaeMOCTPI B3JJTI:l B 

~pMe, .lt8HHOI Ba:ACKO~OM /24/ • 
Pac~eTH ce~eHJI:A no ~pyYn:e (2) ocymecTB:IIeHH c noMomD~ rrporpaMMH 

ONDY ll\a 3BM C)lC-6200. KoaqipJmlleHTH npoHJiuaeMOCTII .ztJJH npoToHoB 

Bl:l'IJICJIIl:miCD c noMOmD~ ~orpaMMH SCAT /'28/, pa6oTa!OOle11 COBMecT-

HO c nporpaMMol CIND l . Ilpii pac~eTax KOacpqnH~HeHTOB npoHwoaeMo-

CTJI JICnO:IIL30B8miCD nap8M6TpH OTITJI~eCKO~ MO.ztemi, fiPIIBe.zteHHI:le BaCTJIJIM 

M yPJIH:IIJICOM 1291. Pacc~TaHHHe Roa<fxi>JIUJieHTH npoHJIUaeMOCTJI yKa3HBa~T, 
~TO caMHft 60:IILWOft BK:IIa.zt B Ce~eHJie o6pa30BBHMJJ COCTaBHOrO JJ.ztpa BHOCJJT 

npOTOHH S -BO:IIHH; R03<fxi>BUBeHTH fiPOHIIU86MOCTJI .ltJIIJ npOTOHOB p -BO:II

HH M6HDm8 TIO~Tif B 5 pa3, a K03<fxi>JIUB6HTH npOHJIIJ;86MOCTJI .zt1IIl: d -BO:IIHH 

no~TJI B IO pa3 M6HDW6 no cpaBH6~ C TSKifMJI lle R03<fxi>IIUB6HTaMJI, B~JIC-

116HHHMII .ltJJH S -BO:IIHH. 

Onpe.zte:IIeHHHe TBKHM o6p830M KOa<fxi>KQJieHTH npOHBU96MOCTJI corn:aC~TCJJ 

C npe.ztCK939HJISJMif Me:IID,ZtHepa II ]JIH.ztHepa /3D/, a TaKEe C JI30TpOnHHM 

pacnpe.zten:eHJieM raMMB-RBaHTOB, JICnyCK96MHX B 3TOft peaKUJIJI /!?/. 

H3-3a Toro, 'ITO nporpaMMa CINDY 6Hna rnaBHIDi o6pasol.l paa-

pa6oTaHa .ltJJJI p8C'I8TOB Ce~eHJI:A peaKUJIJI, JI.ztyme:A C JICnyCKaHJieM 'laCTJIU, 

CTS:IIO H606XO.ItiiMHM BB8CTM B PS.ItBan;JIOHHii:A KSHan: pJJ.It cymeCTB6HHHX 

YTO~eHif:A II MO.Itlf~JIKaUifA, 6n:aro.ztapg KOTOPHM 3TY rrporpaMyY MOllHO 6ll110 

JICTIO:IID30B9TD .ltJfH HamPIX paC'I6TOB. 

~me BCero .ltJfH paC'18TOB pS.ItBBUBOHHO:A Wl!pl!HH MCTI011b3Y8TCH 

~opuyn:a Ba:ACKO~a, no~eH~aJJ B3 O.ztH0'19CTB'IHOI MO.ztemi / 3!/. 3Ta ~op-
3 

MYna npe.ztcKa3HBBeT, ~o WJipJIHa EI-nepexo.ztoB nponopuuoHaHDHa Et' JI 

A 2/3 • An:bTepHBTJIBHHM cnoc060M o&bHcHeHBJJ CBOICTB nepeXO.!tOB TIITIB 

EI JJBJfHeTCJJ npe.ltllon:oxeHBe, 'ITO aTJI nepexo.ztH BD3HHKa~T B pesy:IILTaTe 

T6X ll6 CBMHX fiPDU6CCOB, KOTOpHe llpBBO.ItJJT K rJiraHTCKOMY .ztJinO:IIDHOMY 
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ypOBHeH ~nff BHCOKHX H HH3KHX 3Hepr:ra~ B036~eHHR, a TaKMe BeJIHqHHH 

BCeX He06XO~ ~nff pac~eTOB rrapaMeTpOB BSRTH H3 pa60TH fMnD6epTa 

H KaMepoHa / 5/. BHmeOITHC8HH8R CXeMB pac~eTOB, OTHOCRm8RCR K B~Cne
HRHM pa~aUHOHHOrO K8Hana H3y~aeMOft pe8KnHH,RBnffH8Cb ~OITOHHeHHeM K 

cTaH~apTHO~ rrporpaMMe CINDY • 
4.2. CpaBHeH:rae BH4:racneHHHX 

cTeft raMMa-rrepexo~oB 

H H3MepeHHHX HHTeHCHBHO-

B Ta6n. IT. ~aeTCR CpaBHeHHe H3MepeHHHX H paCC4HTaHHHX HHTeH-
9Qf7 

CHBHOCTea saceneHHR ypOBHeH ~~ • llpHBe~eHHHe B Ta6JIHUe 3KCITepH-

MeHT8HbHHe KHTeHCHBHOCTH ITO~eneHH H8 H3MepeHHyD HHTeHCHBHOCTb rrepe

XO~a H8 OCHOBHOe COCTORHHe. CXO~HM CITOC060M rrpe~CTaBneHH TeopeTH~e

CKHe 3Ha~eHHR HHTeHCHBHOCTeft 3THX rrepeXO~OB, ITO~eneHHHe Ha p8CC~HT8H 

HYJO HHTeHCHBHOCTb 38CeHeHHR OCHOBHOro COCTORHM 
90Z'f' • Bee pesyJib

TaTU, ITOMemeHHUe B 3TOn TadHHUe, YMHOXeHH Ha 1000. 

Bo BCeX pac~eTaX ITO BHmeOITHCaHHOMy MeTO~ BenH~H K03~HUHeH

TOB ITpOHHUaeMOCTH ~nH rrpOTOHOB 1 ITO~CqHT8HHHe H8 OCHOBe napaMeTpOB 

OITTH~eCKOrO ITOTeHQHDHB Be~eTTH-fPHHneca, HCITOnb30BaJIHCb K8K HCXO~

HHe, B ~anbHe~ pac~eTax 3TH K03~HUHSHTH BapbHpOBSJIHCb. Koa~H

uzeHT ITpOHHQaeMOCTH ~nH ITpOTOHOB $ - BOJIHH H3MSHRHCR B T8KHX 

npe~eJiax, ~T06H nonyqHTb corJiacze HSMepeaaoro H pacc~HTaHHoro ce~e

H.Ila peaKuzz 
89Y(p,to)9°Zr. Koa~zuzeaT npommaeMocT:ra ~HH rrpoTo

aoB p -BOJIHH BH6Hp8JICR H3 yCJIOBKH Haz~ero COrJiaCHR 3KCnepH

MSHT8HbHOH H ~eopeTH~eCKOH KHT6HCHBHOCTeft 38CSJI6HHR COCTORHHR 3- C 

3Heprze~ 2748 K3B. 0THOCHTSnbHaR KHTSHCHBHOCTb nepexo~a H8 COCTOR

HHe 2+ C 3HeprHe~ 2187 K3B HCITOHb30B8JiaCb ~nff ITO~OHKH K03~HUH6HTa 

rrpoazuaeMOCTH ~nR npoTOHDB d -BOJIHH. Cxo~e HSMeHeHKH RD3~HUHeH
Ta npOHHUBSMOCTH 6HJIH C~6JI8HH B pa6oTe Kn03a/7/ npz npOBe~eazz 

pac~eTOB ~nff pe8KUHH 38XB8T8 npOTOHOB ~8MH H30TOITOB MOHH6~eHa. 
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Heo6XO~OCTb BBe~eHHH OITHCBHHHX HSMeHeHKD B K03~HQHeHTH ITpOHHUBeMO

CTH He ~O~Ha BHSHB8Tb COMHeHKA, TBK RBK rrapaMeTpH'OITTH~eCKOrO ITOTeH

nHBnB ~na rrpoTOHOB c TeKoA HHSKOI aHeprHel orrpe~eneHH c OoXbmHMH 

OIIIH6RBMH. 

PBC"'8TH, pesy1Il>T8TH ROTOpHX ITOM811l8HH B TaOJI. IT, co~e:pEBT '1'01II>

RO HHTeHCHBHOCTH rrepeXO~OB THITB EI. 

3Ha~eHHH R03~HnH8H'l'OB rrpommaeMOCTH, ITOJIY'I8HHHe HBMH, ITORB SSBB!lT, ~0 

~0 oOpasyeTCH rnaBHHM o0p8SOM B rrpouecce ITOrJIOIIl8HHH ITpO'l'OHOB 

$ -BOHHH, IT09TOMY B 601II>DIHHCTB8 CJIY'IBeB OHO OCT88TCH B COCTOHHH.HX 

0- H I-• IJO~H BCe ypOBHH 
90Z1, H80111Ul8eMHe B H8W8M 3RCITepHMeHTe, 

HM8DT CITHH H ~eTHOCTL 0+, 1+ HHH 2+, 9TH ypOBHH Herrocpe~CTB8HHO sace

nHDTCH rrepeXO~BMR THITB EI C BHm8YRBS8HHYX COCTOHHHI COCTBBHOro ~8. 

Ilepexo~ ~yrHX Tli'IITOB H My1II>'l'HIT01Il>HOCTel (MI, E2) HB ypOBHe 0+, 1+ H 

2+ ocymeCTBnHDTCH HS COCTOHHHft COCTBBHOrO ~a CO CITHHOM H ~eTHOCTLD 

0+, 1+ H 2+. 3TH COCTOHHHH, o6pas~eCH B peay1II>T8T8 ITOrJIOIIl8HHH rrpo

TOHOB p -BOJIHY, ~OXKBH 0YTL ITO BHTeHCii'IBHOCTH B H8CR01II>KO pas MeHLme, 

"18M COCTOHHHR C OTpHQ8T8JILHHMH SH8~8KBHMH ~eTHOC'l'li'lo ~8HHHe 0 CHJIOBOI 

~YHRITHH ~nff MBrHHTHHX rrepexo~OB B8CLMB OTpHBO~ H Tpy~o ~BTL TOq&yD 

~OpMy1IY, OllHCHBBilii(Yil S8BHCHMOCTL 9TOl ~YHKilHH OT 9HeprHH HCrryCK88MYX 

raMMB-RBBHTOB. Tpy~o TBKEe orrpe~eJIHTb TO~ HH'1'8HCHBHOCTL rrepeXO~OB 

TBn8 MI OTHOCHT8JILHO HHTeHCHBHOCTH COOTB8'1'CTBY!lmHX rrepexo~OB THITB El, 
XOTH, RBK 9TO CJie~eT li'IS paOOTH / 39/, HeT COMHeHHI, ~0 rrepexo~ THITB 

MI BO MHOrO pas HHTeHCHBHee, "18M rrpe~CK8SSB8eTCH O~O"'BCTH"'HOft MO~eJ!b~. 

Hs pa6oT BonJIIi'IHrepa H ToMBca 131, Eacca H CMHaepa /40/ cne~eT, ~To 
8H8~8HKR pa~BQHOHHOI CHJIOBOl ~YHRUHH ~nH rrepeXO~OB THITB MI B paCCM8T

pHB88MOl 06JI8CTii'l 8HeprHH rrepexo~OB B 10 pas M8HbW8 COOTBeTCTBYJlmHX 

SHB"'eHHI 9TOA ~YHXUHii'l ~JIH rrepexo~oB THITB EI. ABTops aTHX pa6oT, a TBK

ze pa60TH/4I/ OTM8"181lT, "'TO HHT8HCii'IBHOCTL rrepeXO~OB 'l'HITB E2 TBK%8 B 

IO pas MeHLme li'IHTeHCHBHOCTH nepexo~oB THrra MI. 

22 

TBKHM oOpaSOM, CBMHM BHTeHCHBHHM KSHBJIOM peaKQHH HBnHeTCH KB

HBJI l = 0 H rrepexo~aMM THITa EI. IIoaTOMY orpanHt~eHHe pact~eTOB B 

HCCJ18~0BBHHOI HBMii'l p88KllHii'l ~JIH rrepeXO~OB Tli'IITB EI BITOJIHe 060CHOB8HHO. 

f.a TaOJI. II BH~O xopomee cornacHe BH"'Ii'ICJieHHHX HHT8HCii'IBHOCTeft 

rrepexo~OB ~JIH ypOBHeft C li'ISB8CTHHMH SH8'18HHHMH Cllli'IHB li'l "18THOCTH. 
1-lT 907 

0rrpe~eJI8HHH8 HBMH SH8'18Hii'IH O ~nH OCTSJILHHX ypOBHe~ ~T BH6pa-

~ HB OCHOBe Cp8BH8Hii'IH ycpe~eHHHX ~ -BHT8HCHBHOCTeA C pesyJibT8-

T8Mii'l T80peTH'I8CRHX p8C"'9TOB li'l 8H8JIHS8 BTOpH'IHHX ~-rrepeXO~OB. 
~JIH H8CROJILRHX BHCOKOBOS6~eHHHX ypOBHeft, yKa3aHHbiX B Ta0JUI~e, 

HMeD~H8CR pesyJILTBTH He ITOSBOJIHIDT C~eJIBTb O~OSHB'!Huft BH6op SHa

'18HHft ~rr Me.ny r+ li'l 2+. HsMepeHHHe BHT8HCii'IBHOCTH raMMa-rrepexo~OB 
HB 9TH ypOBHH rrpeBHWB~T p8CC'!HT8HHHe li'IHT8HCHBHOCTll. 3TO MO~eT CBH

~eTeJILCTBOBBTL 0 TOM, ~0 ~nH rrepeXO~OB HH3meft 8H~rHll 38BHCHMOCTb 

E5.3 
pa~aQHOHHOft CHJIOBOft ~YHKUHH OTJ!Ht~aeTCH OT t , orrpe.neneHHOft 

HBMH ,llnff rrepeXO,llOB HB HHSKHe ypOBHH 90~~ , T.e. ,llnH rrepeXO,llOB C 

6onee BHCOKHMii'l 8H8prli'IHMHo. 

1.3. IlpHBe,lleHHHe BHTeHCHBHOCTH raMMB-rrepeXO,llOB 

CHJibHBH SBBHCHMOCTb HSMepeHHHX raMMa-rrepeXO,llOB OT CITHHB KOHe

'!HOrO COCTOHHHH BH~B TBKZe HS Ta0JI. lli, B KOTOpOft ,llBHH li'IHT8HCHBH~ 

CTH SBCeJieHHH ypOBHeft (,lleJieHHHe HB HHT8HCHBHOCTb rrepexo.na HB OCHOB-
907 

HOe COCTOHHHe ~~ ) C HCK~'I8HHOft SBBHCHMOCTL~ OT 3HeprHH rrepe-

xo.na. 

Bee ITpHBe,lleHHHe HHTeHCHBHOCTH raMMa-rrepeXO,llOB Ha ypOBHll 0+ B 

90~jrrpH0JIH3HTeJibHO p8BHH H ITO'ITH B ,llBB paaa M8Hbme, '18M COOTB8TCT

BY!lmli'l8 HHT8HCHBHOCTii'l rrepeXO,llOB HB COCTOHHHH drrr = 2+. 3TO ITOHHTHO 

HS TOro, 'ITO ypOBHH C B8JIH"'HHOft ~~ paBHOft 2+,sace~TCH rrepexo-
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~SMH THITS El, BOSHHKS~mHMH HS COCTOHHHft I-, 2-, 3-, •B TO BpeMH KSR 

rrepeXO~ HS ypOBHH 0+ H~ nEmb HS COCTOHHHft I-. 

TAEJIHUA m 

Ex : 
"JTT ~ It/Et.3 

(k~b) : 
HHTeHCHBHOCTb rrepexo~a HS BHCmHfi 

0,0 o+ Ioo±2 HS H86~aeMHX H8MH ypOBHel SHSq&TeHb-

I762±2 o+ 95±3 HO OTnH'lSeTCH OT OCTSHbHHX ITpHBe~eHHHl 

2I87±2 2+ I78±2 HHTeHCHBHOCTel. 9TO, BepOHTHO, C~e-

2748±2 T 59±5 TeHLCTByeT 0 TOM, 'ITO OROnO SHeprHH 

308I±2 4+ 28±5 5308 xsB B 
90Z 'f' pacrronoaeHH ~ ypo-

3308±2 2+ I76±II BHH C ManoA B9nHqHHOft CITHHS (I HnH 2), 
3842±2 2+ I7I±I4 H B peSynLT8T9 HSMepeHBA rronyqaeTCH 

4I26±2 o+ ro5±I5 cyMMBpHSH HHTeHCHBHOCTb saceneHHH aTH> 

4233±2 (0) 3Ia±r8 ~yx ypOBHel. 

4424±2 o+ 74±18 B 3aKRDQ8HH8 cne~eT eme HSITOMHHTb, 

I58I±2 2+; I+ 2I8±I7 'ITO B ~yx cnyqasx HMeeTCH Hecornacme 

468I±2 2+ I64±23 B orrpe~eneHHB 3H8'l9HHI CITHHS B HSCTD-

4992±2 o+ 7!±24 smel pa6oTe c peayHLTaTaMH, nonyqeH-

5095±7 r+ 2sa±28 HHMH ~yrBMH 8BTOp8MH • ilepBHI cnyqal-

5IOa±2 2+, I+ 209±52 - STO ypOB9Hb C SHeprzel 4233 KaB, 

5I87±2 I+ 2ao±3I ~nH KOTOporo B pa60Te/35/ ITpHBO~TCH 
5308±2 (I ,2) 345±38 SHSqeHHe CITHHS, pSBHOe 2. HHT9HCHB-

--------------- HOCTb nepeXO~S HS STOT ypOB9Hl> ITp9BLl-

maeT pSCCqHTSHHLie HHT9HCHBHOCTH B 

npe~ono11teHHH paSnHqHLIX 3H81JeHBI CITHHS STOro ypOBHH. ilpHBe~eHHSH BHT9H• 

CHBHOCTb nepexo~a HS STOT~OB9Hl> T8Rll9 He COBIT8~8eT C HHT9HCHBHOCTl>~ 

nepeXO~OB H8 ypOBHH C } , p8BHHM 2+ (eM. taOJI. Ill) •' 0.IUISRO rnaB-
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HLlM aprYMeHTOM, ROTOpL!A HCR~'!SeT qzcno 2 RBR BOSMOIHOe SHS'leHHe CITH

H8 STOro ypOBHH, HBnHeTCH TO 06CTOHTenbCTBO, 'ITO B CIT9RTp8 BTt>pH'lHI:lX 
90?' 

raMMB-RBSHTOB He H86~89TCH ero p8CIT8~ HS OCHOBH09 COCTOHHHe ~1r , 

B TO BP9MH RSR pacna~ BCeX OCTSnbHHX ypOBHel 2+ COllpOB0~89TCH TSRHM 

HanyqeHHeM. BoSMOIHo, 'ITO rrpH aneprHH 4233 xsB pacnonozeHH ~ 6nHSRHX 

ypOBHJI CO CITHHOM 0. TaROe rrpe.IUJOnozeHHe MOllteT O&bHCHHTl> H8~9H~ Be

~ ITpHBe~eHHOI HHTeHCHBHOCTH nepexo~a HS 8TOT ypOBeHb. 9TS HHT9H

CHBHOCTl> 6y~eT onpe~enRTl>CH OyYMOI HHTeHCHBHOCTel rrepeXO~OB H8 ~ 

ypOBHH CO CmtHOM 0. B '1'0 Jte BpeMH 8'1'11 ypOBHH CO CITHHOM 0 He MOrY'l' 

HS-38 npaBHn OT60p8 pacna~Tl>CH HS OCHOBHOe COCTOHHHe 
90~,- , BMe

DII89 TSRJte HyneBOI CITHH. .!HS.llOrB'lHSH CHTYS~ HM9eT M9CTO H B Cny'l89 

ypOBHJI C SHeprHel 4942 nB. B pa6oTe /!2/ ITpHBe~eHO 3H8'l8HHe CITHHS 

BTOrO ypOBHH, p8BH08 2, HS H8mHX HSMepeHHA 9T8 BenH'lBHS p8BH8 0. T8R08 

SH81J8HH9 ITOny'l9HO RSR HS ITpHB8~8HHHX HHT9HCHBHOCT91, TSR H HS CpSBHe

HHH HSM9p8HHHX H TeOpeTH'leCRB paCCQHTaHHWX HHTeHCHBHOCTel nepexo~ HS 

&TOT ypOBeHl>. KaR H B rrpe~eM Cny'!Se1 0TCyTCTBHe B oneRTpe BTOpH'lHI:lX 

rSMMS-RBSHTOB p8CIT8~8 BTOrO ypOBHJI HS OCHOBHOe OOCTOHHHe 90Z'j HCKJ!Jj 

qaeT SH81J8HHe CDIHS, p8BH08 2. 

3aR~,eHHe 

PeayHLT8TLl H8CT0Hm91 pa60TLI ITORSSLIBB~, 'ITO MeTO~ cneKTpOCKO

ITHH ycp8.IUJ8HHHX peSOHaHCOB MOlleT HaiTH mHpOK08 ITpHM8HeHHe B HCcne~OBB

HHHX CTPYKTYPLI SI,DJ>S B o6nacTH MBCOOBI:lX qacen A rv 90. 

B sameM cnyqae npHMeHeHHe MeTo~a cneXTpocxonHH ycpe.IUieHHHX 

peSOJIBHCOB K peaKtnDI 
89Y( at)90lr IT03BOnHno UOJIY'UI'l'b HOBYJ! HH<f!OpMa

~ o CTPYKType ypoBHel 90~~.HaOJ1~aHHCb 18 ypOBHeR 3TOrO ~pa H OLinH 

OITp9A9JI8HW 3H8'l9HHH CITBHS H 'l9THOCTH 9THX ypOBHel. B ~e cnyqaeB 

3TH BenHqHHLI 6LinH nonyqeHLI BnepBHe; B .zu>yrmr cnyqaJIX B9nHqHHLI J 1T 
onpe~eneHHLie HBMH, ITO~Be~SDT peaynLTSTLl ~yrHX SBTOpOB. 
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3RcnepHMeHTH aToro THna HBXRDTCH B9ChMB CeXeRTHBHHMH OTHOCH

T9XhHO CnHHOB ROHe~ COCTDHHHI; 3~9Ch saceXHDTCH,rXSBHHM o6paSOM1 

·YPOBHH C BeXH~OI CnHHa,6XH3ROI CnHHY ~a~MHmeHH. 

B 3SRmD~9HH9 SBTOPH Bspa~amT CBOID rxy60xyD 6xaro~pHOCTh 

np~ccopy 3,BHAhrenhMH aa BH60p TeMH HSCTOHmKX HCCXe~OBBHHI, no

CTOHHHHI HHTepec H BHHMaHHe; H.B.CH30BY aa CTHMYXHPYDmHe ~CRYCCHH 0 

rpynne aRcnxyaTanHH 3r-5 H rpynne onepaTopoB ESCM-4 aa o6ecne~eHHe 

6ecnepe6oRHoA pa6oTH MBWEH Ha ~ aRcnepHMeHTa. 
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