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1 • BBEAEHHE 

B cospeMeHHbiX pac4eTax npo1.1ecca <J>oTopO>KAeHI1.R nl1ohoB (y, rr) 
Ha .FIAPaX Hai160Jlee WI1POKO 11CnOJlb3YIOTC.FI TPI1 Bapl1aHTa :'JleMeHTapHbiX 
aMnll11TYA I3AI: CGLN Ill, BDH 121 11 BL131, npl14eM nepsble ABe nony-
4eHbl C nOMOlllbiO TeXH11KI1 A11CnepCI10HHbiX COOTHOWeHI1H, nc'clleAH.R.FI -
MeTOAOM ¢eHoMeHonorl14eCKI1X narpaH>K11aHoB. Bo scex Cll)4a.RX (y, rr)
peaK1.111.R Ha HYKilOHe Oni1CbiBaeTC.FI AOCTaT04HO xopowo, nC3TOMY B03HI1-
KaeT son poe: KaKosa cTeneHb pacxo>KAeHI1.R a (y, rr) -pea~ 1..11111 Ha .RAPe, 
o6yCilOBileHHa.R pa3Hb1M Bbl6opoM 3A? 

B HacTO.RllleH pa6oTe Mbl noKa>:<eM, 4TO yKaaaHHble aMnJ 11TYAbl paa
IlH4aiOTC.R Me>KAY C060H OTHOCI1TeJlbHbiM BKilaAOM Cni1HOBOH 11 6eccnHHO
BO~ 4acTeH. TaKoe pa3Ill1411e He npo.RBJl.ReTC.R a npo1.1ecce Ha HYKilOHe, 
HO MO>KeT npo.RBI1TbC.FI B nap1.111aJ1bHbiX .RAePHbiX nepeXOAaX, TeM CaMbiM 
.RAPO MO>KeT cblrpaTb pollb ceneKTopa aMnll11TYA· B Ka4eCTBe npHMepa 
paccMoTpeHbl Ha116onee xopowo 113y4eHHble 12c (y, 11 +) 12 B- 1-1 16 O(y,#) 16 N
peaKLIH11 C 1130BeKTOpHb1MI1 nepeXOAaMI1 B HI13WI1e COCTO.FIHI1A 1+, 2+ 
B 12B 11 1-, 2-, 3- B 16 N. 

OcHOBHble MOMeHTbl nocTpoeHI1.R 11CCileAyeMbiX 3A 11 aMnllHTYAbl <J>oTo
PO>KAeHI1.R n11oHOB Ha .RAPax paccMoTpeHbl a 4aCTI1 2. B 4aCTI1 3 npl1so
A.RTC.R peayllbTaTbl pac4eToB 11 npoBOA11TC.R 11x o6CY>KAeHI1e. CAellaHHble 
BbiBOAbl C<I>OPMYil11POBaHbl B 4eTBepTOH 4aCTI1, 

2. AMnJlHTYAbl <I>OTOPO)!(AEHHfl nHOHOB 

2.1. PaccMoTpi1M ocHOBHble MOMeHTbl nocTpoeHI1.R CGLN-, BDW- 11 BL
aMnlli1TYA, He npi1BOA.FI 11X .FIBHbiX Bblpa>KeHI1H, KOTOpble XOP)WO 113BeCTHbl, 

AMnll11TYAa CGLN 111 6b1Jla nony4eHa Ha ocHose pell.RTI1B1CTCKOH A11C
nepci10HHOH TeOpl111, np11 3TOM 11CnOilb30BaJ111Cb CJleAYIOlll11e npeAnOilo
>KeHI1.R: 11 8 KOHe4HbiX COCTO.RHI1.FIX 11N -ci1CTeMbl npi1CyTcrsyiOT TOJlbKO 
s- 11 p-sollHbl; 21 BKilaA .:\ 38 -peaoHaHca nollHOCTbiO onpe11eJ1.ReT 3Ha4e
HI1e A11CnepC110HHOro 11HTerpana; 31 pe30HaHCHYIO aMnll11T~IY MarHI1THOrO 
nepeXOAa (M 1+) MOIKHO onpeAelli1Tb B paMKaX CTaTI14eCKOH Teop1111, 
C noMOlllbiO CAellaHHbiX npeAnOilo>KeHI1H YAaeTC.R nolly411Tb npocToe aHa
Ili1TI14ecKoe BblpameHI1e All.R 3A. 0Ho no3BOil.ReT o6b.RCHI1Tb xapaKTePHble 
oco6eHHOCTI1 noseAeHI1.R A11<1J<J>epeH1.111allbHbiX 11 nollHbiX ce4eii11H (y, rr) -
peaK1.11111 Ha HYKiloHe 11 c T04HOCTbiO AO 10-20% on11caTb 1111e1011111ec.R All.R 
HI1X 3KCnepi1MeHTallbHble AaHHble B 06JlaCTI1 B036Y>KAeHI1.FI ~33 -pe30HaH
ca I CM. p11c. 1 I. 0AHaKo a oKononoporosoH o6nacTI1 no.RBJI.ReTC.R P.RA 
cepbe3HbiX paCXO>KAeHI1H, o6ycllOBJleHHbiX npei1MYllleCTBeHHO npeHe6pe>Ke
H11eM BKilaAOM Hepe30HaHCHbiX aMnlli1TYA B A11Cnepci10HH~ ~HTerpan/4/, 
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PHc. I • AHcl>cl>epeHQHaJihHbie cet~eHHR 
yp -> IT+ 0-peaKQHH npH 3HeprHRX cl>OTOHa 
B na6.cHCTeMe k = 180, 240, 320 M::~B. 
CnnomHhle, mTpHXOBhle H mTpHx-nyHKTHp
Hbie nHHHH - pegynbTaThl pact~eToB co
oTBeTCTBeHHo c CGLN-, BDW-, BL-aMnnH
TYAaMH. 0 - H • - ::~KcnepHMeHTaJihHhle 
AaHHhle, B3RThle COOTBeTCTBeHHO H3 pa
GOT /25,26/. 

B aMnmHy,qe BDW 121 a KoHe4HOM co
CTORHI111 rrN -CI1CTeMbl Y411Tb1Bai111Cb s-, 
P- ' d- 11 r -BOI1Hbl. AllR HaXOlK,CieHI1R 
COOTBeTCTBY~I1X MYI1bTI1nOI1bHbiX aMni111-
TY,tl IE f± 11 M f:±l pewanacb c11cTeM~ ,ql1c
nepci10HHbiX 11HTerpallbHbiX ypaeHeHI111. 

5L_~~~~~~~~~~~S~ nony4eHHaR 3HepreTI14eCKaR 3aBI1CI1MOCTb 
30 60 90 120 150 1 0 

Olzpaal AllR Ef± 11 Mr± npe,qcTaeneHa a e11,qe 
Ta61111~. B cl1cTeMe ~eHTpa Mace nl1oH-HYKI10H BDW-aMni111TYAY MOmHo 
3anl1caTb a e11,qe 

111 
... ... - - - -...... _ .. -+-

r,qe k = k/k 11 q = q/q - e,q11HI14Hble BeKTOpa 11MnyllbCOB <)>OTOHa 11 nl1o-
Ha, ~ - BeKTOp nOI1RPI13aU1111 (j)OTOHa. f ~ ( a = 1- 4)- CKanROHbiP rhv~H<
~1111, ~g}opble C nOMO~b~ 113BeCTHbiX COOTHOWeHI1~ CBR3aHbl C Ef± 
11 Mf± • 3HaKOM Tl111b,tla OTMe4eHbl Bei111411Hbl B CI1CTeMe ueHTpa MaCe 
ITN. 0TMeT11M, 4TO K BI1AY 111 MOmHO nerKO npi1BeCTI1 11 aMni111TYAY 

CGLN. 
np11 npoBeAeHI111 paC4eTOB (y, rr)-peaK~1111 Ha R,tlpe C paCCMOTpeH

HbiMI1 Bblwe CGLN- 11 BDW-aMni111TYAaM11 Heo6XOAI1MO ocy~ecTBI1Tb nepexoA 
113 CI1CTeMbl ITN B CI1CTeMy rrA C y4eTOM Tpe6oBaHI1~ pei1RTI1BI1CTCKO~ 
11 Kal1116pOB04HO~ 11HBap11aHTHOCTI1 /&·7/. ~1cnOI1b3yeMaR HaMI1 ,tlllR pewe
HI1R 3TO~ 3aAa411 npo~eAYPa nOAP06HO on11caHa B pa6oTe 171 • np11 Ta
KOM nepeXOAe BI1A aMni111TYAbl 111 He MeHReTCR, a TOilbKO nepeonpeAe

llR~TCR <)>yHK~I111 fa ( f -> f ) • a a 
Bb1pameHI1e AllR BL-aMni111TYAbl 3an11caHo a Hepei1RT11BI1CTCKOM BI1Ae 

B npOI13BOI1bHO~ CI1CTeMe OTC4eTa, 4TO 3Ha411TellbHO 0611er4aeT aHa-
11113 (y,~-peaKU1111 Ha RApe. 0AHaKO HapR,tiY C 3TI1M npei1My~eCTBOM 
BL-aMni111TYAa 11MeeT 11 CBOI1 HeAOCTaTKI1 l6onee nOAP06HO CM, pa6o
Tbl / 9•101 I. rnaBHbl~ 113 H11X CBR3aH c npe,qnonomeHI1eM, 4TO c!>OTopom
AeHI1e MOmeT 6b1Tb Oni1CaHO C noMO~b~ HI13W11X 6opHOBCK11X 411eHOB nll~C 

<)>eHOMeHOI10rl14eCK11~ L\ 33 -pe30HaHCHbl~ 411eH • 

2.2. AllR nocTpoeHI1R aMni111TYAbl npo~ecca <)>OTOPOlK,CieHI1R ni10HOB 
Ha RAPe Mbl 11Cn011b30Bal111 11MnyllbCHOe npe,qcTaB11eHI1e, 4TO n03BOI1ReT 
Ha116011ee nOilHO y4eCTb 3aBI1CI1MOCTb 311eMeHTapHbiX aMni111TYA I3AI OT 
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11MnYI1bCa ni10Ha. $epMI1-AB11meH11e HYKilOHOB Y411TbiBanOCb nyTeM 3aMeHbl 
11MnYI1bCa HYKilOHa 3<)><)>eKTI1BHbiM 3Ha4eHI1eM /11,12~MHoroKpaTHOe nepe
pacceRHI1e POA11BWerOCR ni10Ha Ha HYKilOHaX Oni1CbiBaeTCR B paMKaX 
DWIA-nOAXOAa. npl1 3TOM npeAnonaraeTCR, 4TO ni10H B npoMemyT04HOM 
COCTORHI111 HaXOA11TCR TOilbKO Ha 3HepreTI14eCKO~ noeepXHOCTI1, TaKoe 
npeAnonomeHI1e nofBOilReT CBR3aTb nap~l1allbHY~ aMni111TYAY <)>oTopom
AeHI1R Ha RApe ~no, 3ani1CaHHY~ B npeACTaBS1eHI111 nOilHoro MOMeHTa j, 
c <)>a3aMI1 ynpyroro ITA -pacceRHI1R KLIT: 

~ j j iK L 
no (L" ,q; Ly' k,\) = uno<Lrr,q;Ly,kA) e "COSKLrr' 121 

j 
rAe Uno - nnocKoBOilHOBaR nap~l1allbHaR aMni111TYAa, K L = 8~ + 8r_ -

c " 7T 7T CABI1r11 <)>a3 3a C4eT KYilOHOBCKOro (8 ) 11 Cl111bHOrO (8L ) ni10H-
L7T rr 

RAepHoro B3a11MOAe~CTBI1~, Ly(L 17) - yrnoBble MOMeHTbl <)>oToHa ln11oHal, 
A = ± 1 - noi1RPI13a~I1R <)>oToHa. 4epe3 I 0 > H In> o6o3Ha4eHbl Ha4anb
Hoe 11 KOHe4HOe cocTORHI1R RAPa. AeTallH Bbi4HclleHHR ~Lo H Heo6xo
A11Mb1X AllR 3Toro CABHroe <)>a3 KLrr npHee,qeHbl a pa6oTax /7,13/. 

CneAYeT nOA4epKHYTb, 4To npeAnonomeHHeo pacnpocTpaHeHI1H n11oHa 
B RAPe TOilbKO Ha 3HepreTH4eCKO~ noeepXHOCTH n03B011ReT nOI1Y4HTb 
AOCTaTo4Ho xopowee onHcaHHe 3KcnepHMeHTallbHblx AaHHbiX KaK a (~rr)
peaK~HI1, TaK 11 a npo~eccax ynpyroro 11 Heynpyroro pacceRHHR nHoHoB 
Ha RApax 17•13" 151 • KpoMe Toro, Ha HaW B3r11RA, HCnOI1b30BaHHe TaKo
ro npeAnonomeHI1R a HacToR~e~ pa6oTe HaH6onee uenecoo6pa3Ho, no
CKOilbKy HCCileAY~TCR 3A, onoeneneHHhiP Tnn'-"" u:' ::'"c:;::::-::-;-;;·;:;,::;;~;, 
noeepxHOCTH. 

BcR HH<)>opMa~HR o6 311eMeHTapHo~ aMnllHTYAe 11 RAepHo~ CTPYKType 
COAeP)I(HTCR B U j HMe~~e~ BHA: 

no ' 

j 
uno ( .•• ) 

1 jaLJ aLJ 
l { dx C no (X, ... ) fa (q, k, X) M no (Q) 

aLJ -1 
131 

rAe C no - reoMeTpH4eCKH~ <)>aKTOp, RBHOe Bblpa>KeHI1e AllR KOTOporo 
MO)I(HO Ha~TI1 B pa6oTe 17< MaLJ - RAePHbl~ MaTPH4Hbl~ 311eMeHT gasH-no • 
CRUIH~ OT nepe,qaHHOrO 11MnyllbCa Q 2 = q 2 + k 2 - 2qkx : 

141 

B Bblpa>KeHHH 141 YL - c<)>epl14ecKaR rapMOHHKa, s -=0 1-1 sa-=1 a oc
TallbHbiX CI1Y4aRX, a(O)- e,qHHH4HaR MaTpHua, ad) - MaTP11Ua nay1111, 
j L (Qr) - c<)>epH4eCKaR <)>yHKUHR 6eccei1R 11 J (J ) - CnHH KOHe4HOrO 
IHa4allbHorolcocToRHI1R R,qpa. n ° 

npH Bbi411CileHHH R,qepHOrO MaTpi14HOrO 311eMeHTa Mbl BOCnOI1b3yeMCR 
BOilHOBbiMH <I>YHK~11RMH, nony4eHHbiMH B pa6oTax/16/ IDHI H /17/ /CK/ co
OTBeTCTBeHHO AllR nepexo,qoe o+ ... 1+ H 0 + ... 2 + B peaK~I-111 12 C(y IT+)12a 
I 6 ;s 101 I 16 ' CM, TaK>Ke pa OTbl ' • AllR HCCI1eAOBaHI1R peaK~I-111 Q(y,rr+)16N 
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C nepeXOAaMH B CB.A3aHHble COCTO.AHH.A o-, 1-, 2-, 3- .AAPa 16 N 
6yAeM HcnonbaosaTb sonHos~e $YHK~HH pa6oT~ 1181 /DW/. CooTBeTcT
BYIO~He .AAePHble nepexoAHble nnoTHOCTH An.A nepe4HcneHHbiX nepexoAOB 
xopowo socnpoH3BOA.AT cospeMeHHble AaHHble no ~-pacnaAY, ~--aa
xsaTy H HeynpyroMy 3neKTPOHHOMY pacce.AHHIO (e, e'). 

C nOMO~biO paCCMOTpeHHOH B~We nap~HanbHOH aMnnHTYAbl AH$$epeH
~HanbHble /a CHcTeMe rrA I H nonHble ce4eHH.A BblpamaiOTCR cneAYIO~HM 
o6paaoM: 

dana 
--=-L 1 

dO 2k !51 
j 2 

x YL M (0q)5no (L 17 ,q; Ly,kA)i 
1T 1T 

I 2j + 1 lj= J 2 
A~lyJ 2Ly+l no (L",q; Ly,k.\)1 

q 1 a=-----
no 2k 2J

0 
+ 1 

!61 

rAe [ :::]- K03$$H~HeHT Kne6wa-fOPAOHa. 

3. PE3YilbTATbl Bbi4~CilEH~t:l ~ ~X OliCYlKAEH~E 

3. 1 • PacCMOTPHM npo~ecc $OTOPO>KAeHH.A nHOHOB Ha cso6oAHbiX 
HyKnoHax,Ha pHc.l npHBeAeHbl peaynbTaTbl pac4eTos AH$$epeH~HanbHbiX 
Ce4eHHi1 da/dO 8 CHCTeMe rrN An.A yp -+ 1T + D -peaK~HH C pa3Hb1MH sa
pHaHTaMH 3A. Mbl He 6yAeM OCTaHaBnHBaTbC.A Ha 06CY>KAeHHH CHnbHbiX 
paCXO>KAeHHH 8 o6naCTH Man~X (0< 30°) H 6onbWHX (0 > 150°) yrnos, 
noAP06HbiH aHanH3 cy~eCTBYIO~HX SAeCb npo6neM MOIKHO ~aHTH 8 pa6o
Te1191. noH.ATHO, 4TO aHanorH4Hble paCXO>KAeHH.A 8 3THX o6naCT.AX 
B03HHKHYT H a cny4ae RAePHbiX pac4eTos. HaH6onee HHTepecHoi1 An.A 
Hac .ABn.AeTc.A o6nacTb yrnos 0- 900 , rAe see TPH paccMaTpHsaeMble 
aMnnHTYA~ AaiOT 6nH3KHe 3Ha4eHH.A AnR da/dO. PaanH4H.A Me>KAY HHMH 
He npeBbiWaiOT 5%, 8 3TOH o6naCTH TaK>Ke AOCTHraeTC.A HaHny4wee OnH
CaHHe 3KCnepHMeHTanbH~X AaHHbiX. 0AHaKO 3TOT $aKT e~e He 03Ha4a
eT 3KBHsaneHTHOCTH /a paMKax OTMe4eHH~x 5%/ CGLN-, BDW- H BL
aMnnHTYA· 

npoaHanH3HpyeM OTAenbHble COCTaBn.AIO~He fa (a= 1-4) /CM, B~pame
HHe /2/ H Ta6n,1/ An.A pa3HbiX BapHaHTOB 3A, 0Ka3~BaeTC.A, 4TO OHH 
pa3nH4aiOTC.A 8 6onbWeH CTeneHH, 4eM COOTBeTCTBYIO~He AH$$epeH~Hanb
Hble ce4eHH.A, Oco6eHHo cHnbHbl paanH4HR a 6eccnHHosoi1 4aCTH f 2 
/He cB.A3aHHOH c onepaTopoM & I. HanpHMep, npH () = 90° H k = 

260 1138 HMeeM: 

171 
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Ta6JIHI~a 

Bem-rtiHHbi cnHHOBbiX ( f 1 , f 3 , f 4 ) H 6eccnHHOBbiX (f 2 ) 

tiacTeli sJieMeHTapHhlX aMITJIHTYA CGLN/a/, BDW/6/ H BL/s/ 
npH yrJie BbiDeTa llHOHa 0 = 90° B Jia6. CHCTeMe, 
da /dO - COOTBeTCTBYrJJliHe AHtiMl>epe~HaJibHbie Ce'leHH.H 
B eAHHH~ax MK6/cp 

K (MaB ) 200 260 320 

f~ /03 f{JM. RQ. r,., Re. r,., R.. I"' 

a) 38,! 0,2 37,5 2,! 33,6 7,0 

fi 6) 38,7 !,5 36,8 2,! 32,5 6,7 
B) 38,0 0,2 37,3 !,7 37,7 6,3 

a) -!4,4 -!,5 -29,6 -!4,7 -!8,3 -46,2 

f.t 6) -!8,4 -!,8 -33,5 -!5,8 -2!,7 -47,! 
B) -20,4 -!,2 -37,4 -!2,! -29,5 -4!,7 

- ------ -- -~-- --------

a) 25,0 0,7 35,8 7,3 29,8 23,! 

f3 6) 25,4 !,3 33,9 9,8 23,! 25,4 
B) 24,4 0,6 33,2 6,0 27,6 20,9 

t'f 
a) -!3,5 0,0 -!9,6 0,0 -2!,9 0,0 
6) -!3,3 0,0 -!8,7 -O,I -!9,9 -0,2 
B) -!3,5 0,0 -!9,4 0,0 -2!,5 0,0 

d6' 
a) 9,44 !6,47 2!,24 

- 6) 9,99 !6,86 20,50 
d!L 

B) 9,72 I7,I6 20,84 

8 npo~ecce Ha CB060AHOM HyKnOHe npOHCXOAHT KOMneHca~H.A paanH4HH 
B f 2 H OCTanbH~X 4aCT.AX 3A, no3TOMY OHH 3AeCb He npO.ABn.AIOTC.A, 
0AHaKO OHH MOryT npO.ABHTbC.A B OTAenbHbiX .AAepHbiX nepeXOAaX, rAe 
K03$$H~HeHTbl fa 6YAYT BXOAHTb B da/dO y>Ke B APYrHX KOM6HHa~H.AX, 
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3.2. Pac~MOTPHM e Ka4ecTee npHMepa 12C(y,"+) 12 B-H 160(y,"+)16 N
peaK~HH C H30BeKTOPH~MH nepeXOAaMH B HH3WHe COCTO~HH~ 1+, 2+ 
a 12 B 1-1 1-, 2-, 3- e 16 N. TaKo~ e~6op o6yciloeileH TeM, 4To, 
eo-nepe~x, 3TH peaK~HH HaH6oilee H3y4eH~ 3KcnepHMeHTailbHo, eo
BTop~x, OHH BKil~4a~T WHPOKH~ KilaCC nepeXOAOB KaK MarHHTHOrO 
(M1(0+-+ 1+) H M2(0+ -+2"")),TaK H 3IleKTPH4ecKoro (E1(0+-+ 1-), E2(lF-+lf) 
H E3 (0+-+ :f" )}· THnOB, 4TO n03BOil~eT HaH60ilee nOilHO HCCileAOBaTb oT
AeilbH~e 4aCTH 3A H HX eceeoaMo~H~e KOM6HHa~HH. B AailbHe~weM Ail~ 
KOilH4eCTBeHHOro aHailH3a CTeneHH pa3IlH4H~, ofiyCilOBileHH~X pa3H~M 

B~6opOM 3A, YA06HO BBeCTH CileAY~Y~ xapaKTepHCTHKy: 

R (%) = 100 [ ( ~) I ( ~) - 1 ] , 
dQ max dO min !81 

rAe (du/dO)mu H (du/dO)min - MaKCHMailbH~e H MHHHMailbH~e 3Ha4e
HH~ AH~~epeH~HailbH~X Ce4eHH~, B~6paHH~e 1-13 pe3yilbTaTOB 1 noily-
4eHH~X C pa3H~MH eapHaHTaMH 3A. 

B Ta6Il.2 npHBeAeH~ 3Ha4eHH~ Ail~ du/dO H R npH 8 = 90° /e Ila6. 
cHcTeMe/ H k = 200, 260, 320 M3B. B cily4ae nepexoAOB MarHHTHoro 
THna M1 (0+ ... 1+) e 12c (y, "+) 12f3 o.c. -wM2.(o+ .. 2 -) e 1S0(y," ) 16N o.c. -
peaK~H~x npH k = 200 M3B 3Ha4eHH~ R He npee~wa~T 2%. C yeeilH4e
HHeM 3HeprHH ~OTOHa CTeneHb paCXO*AeHH~ B03pacTaeT H AOXOAHT AO 
40-60%. TaKo~ peayilbTaT o6ycilOBileH paailH4H~MH /eoapacTa~~HMH 
C yeeilH4eHHeM 3HeprHH/ B CnHHOBO~ 4aCTH 3A, KOTOpWe B npo~ecce 
~OTOPO*AeHHH Ha HyKilOHe KOMneHCHPY~TCR pa3IlH4H~MH B 6ecCnHHOBO~ 
4aCTH r2 • B paccMaTpHeaeM~x M1- H M2-nepexoAax no npaBHilaM 
- -&:--- ,. .. - ---- - .. -----·--t'IY •;,::: '''-" HY""'' Y"·"'UMU• 

AJ1~ H30BeKTOPH~X nepeXOAOB B CBR3aHH~e COCTORHHR 2+ B 128 
H 1-,3- B 16 N~ KOTOp~e RBil~~TC~ nepeXOAaMH 3IleKTPH4eCKoro THna, 
pa3IlH4H~ B B~fiope 3A y~e Ha4HHa~T CKa3~BaTbCR npH Mail~X 3Hep
rH~X ~OTOHa /CM, Ta6Il,2/, C yBeilH4eHHeM 3HeprHH 1 TaK ~e KaK H AilR 
MarHHTHbiX nepeXOAOB, 3Ht pa311H4HR paCTyT. nony4eHH~~ peayilbTaT 
06D~CH~eTC~ TeM, 4TO B nepeXOAaX 3IleKTPH4eCKOrO THna B AH~~epeH
~HailbH~e Ce4eHH~ Aa~T BKilaA~ KaK CnHHOB~e, TaK H 6eccnHHOB~e 
4aCTH 3A. KoMneHCa~HH pa311H4H~ Me~AY HHMH He npOHCXOAHT no cne
AY~HM npH4HHaM: eo-nepe~x, OHH HMe~T APYrHe eeca, He~enH e npo
~ecce Ha HyKnoHe, eo-eTop~x, y4eT nepepacceRHH~ POAHBweroc~ nHoHa 
npHBOAHT K H3MeHeHH~ COOTHOWeHH~ BKilaAOB OT peailbH~X H MHHM~X 
4acTe~ fa. Ponb nocneAHero ~aKTopa eoapacTaeT c yeenH4eHHeM 
3HeprHH, 

3.3. PaccMoTpHM Tenepb npo6neM~, eoaHHKa~~He npH non~TKe e~
AeilHTb pa3H~e eapHaHT~ 3A nyTeM aHai1H3a HMe~~HXC~ 3KCnepHMeHTanb
H~X AaHH~x. 

Ha pHc.2 H 3 npoBOAHTC~ cpaeHeHHe peaynbTaToB B~4HcneHH~ 
C 3KCnepHMeHTai1bH~MH AaHH~MH AI1R 16Q(y,i)16 N /CB~3aHHble COCTOR
HH~/-peaK~HH /e AailbHe~weM, ecnH paanH4H~ Me*AY BL- H BDW-nHHH~
MH Hecy~ecTBeHH~, 6yAeM npHBOAHTb TOilbKO BDW/. BHAHO, 4TO xoT~ 
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Ta6nm~a 2 

AH<W!epeH~HaJibHhle ce'lleHHH du/dO (MK6/ cp.) H cTeneHb 
pacxoJKAeHHH R (%) , onpep;eJIHeMa.R c noMo~JO I 8/ 
UpH yrJie BbmeTa UHOHa 8 = 90° B Jia6opaTOpHOH CHCTeMe 

.k (MaB) 200 260 320 

. A (J,) db" R. d6' R. ds 
(f.fi. d.n d.n. R 

12. a) 0,0574 0,02!4 0,0020 
B (!+) 6> 0,0583 2 0,0193 II O,OOI4 64 

f>) 0,0588 0,0212 0,0023 

a) 0,3269 0,3038 0,0!99 
~B (2.+) 6) 0,3603 I9 0,32!8 29 0,0159 25 

1?1) 0,3906. 0,3932 0,0237 

a) 0,0220 0,1559 0,0176 
AJ ( c\ 6) 0,0237 !4 0,!585 21 0,0!37 52 

,, 
I &~ 0,0250 0,1879 0,0208 

a) 0,4707 O,OI92 0,0021 

N(2:) 6) 0,4720 I O,OI57 22 O,OOI7 4I 
&) 0,4756 O,OI73 0,0024 

,, 

a) 0,3036 0,3525 0,0268 

N(s-) 6) 0,3268 IS 0,3583 IB 0,0209 49 
6) 0,3478 0,4158 0,03!2 

,, 

B 4enoM ny4wee onHcaHHe AOCTHraeTcR c BDW-aMnilHTYAO~, OAHaKo ypo
BeHb T04HOCTH 3KCnepHMeHTai1bH~X AaHH~X e~e He n03BOI1~eT OAH03Ha4-
H~M o6pa30M H3BI1eKaTb HH~OpMa4H~ 06 3A, 8 4aCTHOCTH, He B~AeneH~ 
BKilaA~ OTAeilbH~X nap4Hai1bH~X nepeXOAOB B CB~3aHH~e COCTO~HH~ ~A
pa 16 N IAaHHble npHBOARTCR TOilbKO AilR CYMMbl o- + 1- + 2- + 3-/, 
4To aaTPYAH~eT HHTepnpeTa4H~ nony4eHH~x peaynbTaToe. C APYro~ 
CTOpOH~, CHTya4H~ 3AeCb OCilO~H~eTCR OTCYTCTBHeM AI1R RAPa l6Q 
XOPOWHX (e,e')-AaHH~X, 4TO npHBOAHT K HeonpeAeileHHOCTRM B B~6ope 
RAepH~X nepeXOAHbiX nilOTHOC Te~ /6onee nOAP06HO CM, pa60TY /20~, AilR 
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16ol r, n'I16Nica•>cocr I 

k • 200M36 

PHc. 2. .l:\HiiJcPepeHu;HanbHbie cetieHH.R 
10 0(y, IT+)16 N lcB.R3.COCT.I -peaK
JJ;HH npH k = 200 H3B, pacctiHTaH
Hbie c DW nepexogHoH IIJIOTHOCThiO 1181. 
06osHa'leHH.R JIHHHH TaKHe ~e, KaK 
Ha pHc.l. TotiKaMH noKasaHbi pesyJih
TaTbi c CGLN-aMIIJIHTygoii H o6o6111eH
HOH MogeJibiO XeJihMa1211• 3KcnepHMeH
TanbHhie TO'IKH B3.RTbl H3 pa60Tbl /27/. 

---------
l---

1 
8·90° 

:~::~~-~~~~~e~~~eCKa.R 3~BHCHMOCTb ~ 1 
f'-"'rr..l."z"t''-"Y'- ...... ..L..At ... "'""'"'"~"I.LIU'lt. '-'-'"'-~.n.nn t.Lyn ~.a.- ' 

JiaX B Jia6.CHCTeMe 0 = 0, 45° 
H 90°· 0603Ha'leHH.R TaKHe JKe, 
KaK Ha PHC.2. 0 H e - COOTBeTCT
BeHHO H3 pa60T /27' 28/. 

200 230 260 290 

HnniOCTpa~HH Ha pHc.2 H 3 cpaBHHBaiOTCR pe3ynbTaTbl, nony4eHH~e 
c nepexo,qH~MH nnoTHOCTRMH o6o6~eHHoA Mo,qenH XenbMa 1217 /To4KH/ /16/ 
H DW /ocTanbHble KpHBble/, KOTOp~e H3Bne4eH~ H3 HMeiO~HXCR (e,e')-
,qaHHbiX. 

npo6neM~ B~6opa R,qepH~X nepeXOAH~X nnOTHOCTeA B03HHKaiOT 
H B cny4ae Ml ( o+ .. t+) -nepexo,qa B 12 c. ,L\nR 3Toro nepexo,qa Ha 
PHC. 4 npHse,qeHbl pe3ynb T aTbl pac4eToB c <!>eHoMeHonorH4eCKHMH DH
nepexo,qH~MH nnoTHOCTRMH, KOTOp~e OnHC~BaiOT ~,e1 -,qaHH~e 6e3 
y4eTa 06MeHH~X TOKOB, H C MO,qenbH~MH BOnHOB~MH ¢YHK~HRMH K03Ha
KypaTa117~ onHc~BaiO~HMH ~.e1-,qaHH~e c y4eToM o6MeHH~x TOKOB. 
B nocne,qHeM cny4ae nony4aiOTCR HecKonbKO 3aHHmeHH~e 3Ha4eHHR ,qnR 
da/ dO B o6nacTH Man~x yrnos B cny4ae CGLN-aMnnHTYAbl /T04KH/ 
H xopowee onHcaHHe 3KcnepHMeHTanbH~x ,qaHH~x c noMo~biO BDW- H BL
aMnnHTYA /He noKa3aHO Ha pHc.4/, 4TO BOCnpOH3BOAHT CHTya~HIO 
B npo~ecce ¢oTopom,qeHHR nHoHoB Ha HyKnoHe /eM. pHc.l/. H3 nony-
4eHHoro pe3ynbTaTa MO~Ho 6~no 6~ c,qenaTb onpe,qeneHH~e 3aKnl04eHHR 
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PHc.4.,l:\H~epeHu;Hanb~e cetieHH.R gn.R 
peaKu;Hii. 12c (y, IT+) 12 B (1 +, 2+) npH 
k = 185 M3B I TIT = 32 M3BI H k = 
= 195 M3B IT IT= 42 H3BI. 06osHatieHH.R 
JIHHHll TaKHe ~e, KaK Ha pHC.I. ,[\JI.R 
nepexogoB 0 + -+ I+ H 0 +-+ 2 + HCIIOJib30-
BanHCb cooTBeTCTBeHHO DHU61 H CKi171 

nepexog~e IIJIOTHOCTH. TO'!KaMH IIOKa3aH 
pesyJibTaT, noJiytieHHbiH c CK-nepexog
HOH IIJIOTHOCTbiO gJI.R nepexoga o+ ... I+ 
H c CGLN-aMIIJIHTygofr. o H • - 3Kcne
pHMeHTanhHbie gaHHbJe COOTBeTCTBeHHO gJI.R 
nepexogOB o+ ... 2+ H o+ ... I+' B3.RTbie 
H3 pa6oT 124• 291 • 

PHc.5. 3HepreTH'leCKa.R s~BHCHMOCTh ~ 
gH~epeHJJ;HaJibHb~ cetieHHH gn.R , 
12 C(y IT+) 12 B - peaKJJ;HH IIPH e • o.c11 = 0° , 45° H 90 • 06osHatieHHH 
TaKHe ~e, KaK Ha pHc.4. 
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G • 0° 

_ 1.0r-·-...... . ·-·-·-·- ~ 
0.. '· ~ ~·::, e~.45° 
.!. T . ..., 
~ ~ 

~ 1,0 
'0 

0,1 

200 230 260 290 

o BDW-aMnnHTy,qe H CK-sonHoB~x QyHK~HRX. O,qHaKo ,qnR 3Toro HymHo 
npe,qnonomHTb, 4TO ponb 06MeHH~X TOKOB B (y, IT)-peaK~HH Ha R,qpe 
Mana. K comaneHHIO, s HacToR~ee speMR HeT ,qeTanbH~x Hccne,qosa
HHA, KOTOPble 6~ no,qTsep,qHnH /HnH onposeprnH/ 3TO npe,qnonomeHHe 
3a HCKnl04eHHeM, MOmeT 6~Tb, nonyKa4eCTBeHH~X paccym,qeHHA, npH
BOAHM~X B pa6oTaX 122• 231 . 

u + + o+ 2+ - -4To KacaeTCR cepbe3H~x pacxom,qeHHH ,qnR 0 -+ 1 -H -+ nepe 
XOAOB B o6nacTH yrnoB 0 > 90°,TO HX npH4HH~ nOKa He B~RCHeH~. 

6 110 so/ HeKOTOpaR AHCKYCCHR no 3TOMY noBOAY npHBe,qeHa B pa OTaX ' 
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B • + + a>KHYIO ~H$OpMa~~IO 0 0 -+ 1 -nepeXOAe MO>KHO 6b1Il0 6bl ~3Bile4b 
np~ ~CCileAOBaH~~ 3HepreT~4eCKOH 3aB~C~MOCT~ du/dO np~ 0 = 90~ 
TaKaR 3as~c~MOCTb np~BeAeHa Ha p~c.5. B~AH0,4TO CK- ~ DH-nepe
XOAHble nnoTHOCT~ np~ k = 230 M3B AaiOT c~IlbHO pa3Il~4a~~ecR 
pe3yilbTaTbl, B TO BpeMR KaK 4YBCTB~TeilbHOCTb K Bbl6opy 3A 3AeCb 
e~e Mana /R- 5-6%!. nposeAeH~e 3KCnep~MeHTailbHbiX ~CCileAOBaH~H 
B 3TOH 06IlaCT~ no3BOil~IlO 6bl ~3Bile4b ~H$OpMa~~IO, C OAHOH CTOPOHbl, 
0 POll~ Me30HHbiX 06MeHHbiX TOKOB B (e,e') - ~ (y,IT)-peaK~~RX ~, 
c APYroH CTOPOHbl, o RAePHOH nepexoAHOH nnoTHOCT~ Ml-nepexoAa. 
Bee 3To, HecoMHeHHO, o6ner4~Ilo 6bl peweH~e npo6neMbl Bbl6opa 3A 
np~ 6onee BbiCOK~x 3Hepr~Rx, rAe R AOCT~raeT 40-60%. 

3asepwaR o6cy>KAeH~e, OTMeT~M, 4TO pe3yilbTaTbl, nony4eHHble 
AilR 06IlaCT~ 0 - 90°, OCTaiOTCR cnpaBeAil~BbiM~ ~ AilR 6onee W~POKOH 
06IlaCT~: 60° S 0 <_1 20°• np~ MailbiX ~ 60ilbW~X yrnax 3aB~C~MOCTb ~c
CileAyeMbiX xapaKTep~CT~K OT Bb16opa 3A 3Ha4~TeilbHO C~IlbHee ~ C yee
Il~4eH~eM 3Hepr~~ pacTeT B (y,IT)-peaK~~~ KaK Ha HYKilOHe, TaK ~ Ha 
RAPe. CTeneHb pacxo>KAeH~R 3AeCb AOCT~raeT e HeKOTOPbiX cny4aRx 
$aKTopa 2 /eM. p~c.3 ~ 5/. 

4. 3AKJ1104EHI1E 

OcHOBHble BbiBOAbl, KOTOPble MOl!<Ho CAenaTb, ~CXOAR ~3 nposeAeHHbiX 
~CCileAOBaH~H, CileAYIO~~e: 

1. B o6nacT~ yrnoe 60° S 0 'S_ 120° AilR RAePHbiX nepexoAOB MarH~T
Horo T~na u· -+ 1 ·, L 4YBCTB~TeilbHOCTb A~¢¢epeH~~ailbHbiX ce4eH~H 

K Bb16opy 3A B OKOilonoporOBOH o6nacT~ /k -180-200 M3B/ cna6aR. 
CTeneHb pacxo>KAeH~R R, onpeAeilReMaR BbiPa>KeH~eM /8/, He npesblwa
eT 1-2%, AJ1R nepeXOAOB 3IleKTp~4eCKOro T~na 0+ -+ 1-, 2+, 3- ~3-
3a C~IlbHbiX paCXO>KAeH~H B 6eccn~HOBOH 4aCT~ 3A 4YBCTB~TeilbHOCTb 
B 3TOH 06IlaCT~ yC~Il~BaeTCR ~ R AOCT~raeT 15-20% /eM, Ta6n.2/. 

2. C B03pacTaH~eM 3Hepr~~ $oToHa cTeneHb pacxomAeH~R AilR (y,IT) 
-peaK~~~ Ha RAPe ysei1~4~BaeTCR AO 50-60% B nepeXOAaX KaK 3IleKT
p~4eCKOro, TaK ~ MarH~THOrO T~na, B TO speMR KaK B (y,IT)-peaK~~~ 
Ha CB060AHOM HYKilOHe paCXO>KAeH~R Mailbl /R- 5%/, 

3. 0co6eHHO Beil~K~ pa3I1~4~R ce4eH~H, CBR3aHHble C KOHKpeTHbiM 
Bb16opoM 3A e o6nacT~ Manblx ~ 6onbw~x yrnoe Bbii1eTa n~oHa. C yse
I1~4eH~eM 3Hepr~~ OH~ AOCT~raiOT $aKTopa 2, 

4 • (y, 1T) -peaK~~R Ha RAPe MO>KeT CilY>K~Tb ceneKTOPOM aMnil~TYA • 
ecn~, eo-nepsblx, ~3MePRTb ce4eH~R AI1R nap~~anbHbiX nepexoAoB 
~ nOBbiC~Tb np~ 3TOM T04HOCTb ~3MepeH~H, BO-BTOpbiX, ecn~ ~MeTb 

HaAe>KHYIO ~H$OpMa~~IO 0 RAePHbiX nepeXOAHbiX nilOTHOCTRX, ~3BI1e4eH

HYIO, Hanp~Mep, ~3 ~,e1-AaHHbiX, 
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B CBR3~ C nocneAH~M BbiBOAOM XOTeilOCb 6bl YKa3aTb Ha nepcneK
T~Bbl COBMeCTHOrO aHai1~3a (e,e')- ~ (y,IT)-peaK~~H Ha RAPaX B TeX 
06I1aCTRX, rAe e~e He npORBI1ReTCR 4YBCTB~TeilbHOCTb K Bbl6opy 3A, 
PaccMoTpeHHbiH np~Mep 12 C(y, " ) 12 B o.c. noKa3biBaeT, 4To a pe3YI1bTaTe 
TaKoro aHai1~3a MO>KHO 6b1I10 6bl A~CKP~M~H~posaTb pa3Hble Bap~aHTbl 

RAePHbiX nepexoAHbiX nnoTHOcTeH I p111c. 51. 

B 3aKI1104eH!IIe asTopbl 6naroAaPRT P.A.3paM>KRHa ~ M.rMIIITpo 3a 
~H'Tepec K pa6oTe ~ none3Hble o6cy>KAeH~R. 
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PyKonHcb nocTynHna 
26 HIOnR 

B H3,qaTenbCKHH OT,qen 
1983 ro,qa. 

KaManoa c.c., KaHrroa T.n. P4-83-53g 
Hccrrep;oaaHHe 3JieMeHTapHbiX aMIIJIHTyp; B peaKn;HRX 12 C (y, IT+ ) 
H 

16 0(y, IT+) 

C pa3HbiMH BapHaHTaMH 3JieMeHTapHblX aMIIJIHTyp; pacC<IHTaHbl 
p;HCpq>epeHn;HanhHbie ce<~eHHR rrpon;ecca cl>oTopo:>Kp;eHHR IIHOHOB Ha Hp;pax 
yrrrepop;a H KHCJIOpop;a C H30BeKTOpHbiMH rrepexop;aMH B HH3WHe CBH-
3aHHble COCTORHHR • IloKa3aHO, 'ITO pa3Hble aMITJIHTY,ll;bl pa3JIH'IaiOTCR 
COOTHOWeHHeM CllHHOBblX H 6eCCIIHHOBblX 'l:aCTeH. TaKoe pa3JIH'l:He 
IlpORBJIHeTCR C~eCTBeHHO B rrapn;HanhMMX Hp;epMMX rrepexop;ax.C yae
JIH'IeHHeM 3HeprHH cPOTOHa pa3JIH'IHR B 06JiaCTH yrJIOB goo ,ll;OCTHra
IOT 40-60%, IlPH ManbiX yrrrax - ci>aKTOpa 2 • lfMeiOIIUieCH 3KCIIepHMeH
TanhHble p;aHHble He Il03BOJIRIOT Bbl,ll;eJIHTh pa3Hble BapHaHTbl 3JieMeH
TapHbiX aMilJIHTyp;. Hyx<:Hbl HOBble 3KCilepHMeHTanhHble HCCJiep;oBaHHR, 
OC06eHHO B 06JiaCTH B036y:>Kp;eHHH 3-3-pe30HaHca. 

Pa6oTa BblllOJIHeHa B J1a6opaTopHH TeopeTH'l:eCKOH cPH3HKH OIDIH. 

Kamalov s.s., Kaipov T.D. P4-83-53g 
Investigation of Elementary Amplitudes in 12C(y, IT+) 
and 16 0(y,IT+) Reactions 

With different variants of the elementary amplitudes the 
differential cross sections of the pions photoproduction on 
the carbon and oxygen nuclei were calculated with the isovec
tor transitions to the lowest coupling states. It has been 
shown that various amplitudes differ by the balance of the 
spin-flip and nonspin-flip parts. Such a difference is reali
zed considerably in the partial nuclear transitions. With 
the increasing photon energy the differences near the goo 
angle reach 40-60%, near the little angles - factor 2. Exis
ting experimental data do not allow one to separate different 
variants of elementary amplitudes. New experimental investiga
tions are needed, particularly in the 3-3 resonance region. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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