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HEKOTOP!lE CBO~CTBA HE'!ETH!:lX H,llEP ITEPEXOW!On 
OEJ!Acr!li 

3,E.BePJJOBH'I, 
QH311KO-TBXBH'IBCXlll1 l!BC'llHTYT • JleBl!Brpai 

Ma 8H8JIH3B CBOl1CTB neqeTHllX l!,ltep nepeXO;ltBOl1 o6nac:ru, npe;ltllleCTBYD~en CMLHOlte¢op1111po-
BBHHIIII ~£all pez1toae11e~Rol! r£{nnu, no1taaano, q:ro ltlIH neqe:ruo-npo:roHHIIX Mep (147cu. 
14~. I eu, 145r.,, 14 Pm, 9Pm) 3TH CBOIICTB8 uoryT 6HT» ItaqecTBeHBO OilHCBHII B pau:xax 
cxellll HM»COHa B npe;1tnOJIOJ:eHHH cymecTBOBBHHH UBJillX paBHOBeCHllX ;1te¢op11anun, 118.ltlIBBHO sapac
T8DlllllX C 'IIICJIOII HBl1TpOHOB ;1(0 88; H3MeseRl!e qHCJI8 nel!TpoHOB OT 88 ;1(0 90 BH311B88T 6oJiee 
peaxoe yi;enHqeHHe ;1te¢op11anu11, xo:ropoe conpoBo:m:;1taeTcH ua11eueH11eu op611:raxu secnapeuuoro 
npoTOBa. CBollc:raa aJie1t:rpouarHIITHllX nepexo;1toB H oco6esno 6ox»mne ycxopeRKH E2-nepexo;1toB, 
a :rax:ie 60JILm11e asaqeruu1 to9 fl np11 .J} - nepexo;1tax 11ell,lly Heqe:ruonooTOHHlllllt II coce;1t
u111111 He11eTHoael1TpoHHmm cwep11qecx111111 MPBIIH npe;1tc:raBJIHMCH sa116onee BB:IHlllll! apryues
:rau11 B,IlOJI»3Y 3TOl1 KOHuenu1111. m m m 

He11eTHOHearpOHHll8 H,llpa nepeXO;ltBOl1 o6JIBCTH ( :Mt, ~,,,. Sm) 1111em oqesL ualllle 
1tBa;1tpynonLs11e uoueHTH 11 06Jia;1tam c¢epH11ec1tol1 paBBOBecnol1 ¢opuon. Cno:m:soc:r» cxe11 ypoBsen 
a:rux H ;1tpyr11X He'leTHOHel1:rpouum: H;1tep nepexo.1:son o6nac:ru, a :raae cBol1c:rBa axex:rpo11ars11:r
BllX nepeXO;ltOB uoryT 611TL noBRTH B pau:xax ¢oHOBBOl1 IIO;ltBJIH. 

HEKOTOPHE BOJii>OCH, CBH3AH!IHE C OCHOBHH!ffi POTAUHOHHHMH IIOJIOCAJ,111 

H. A. BOHHOBa , 

4H3HKO-TexH11qec1t11'11 l!HCTIITYT HII. A. 4. Ho¢¢e , JleHHHrpa.n 

0np8.ll:8Jl8Hll napa118Tpll H88.ltCHallbROCTH r II H8a,lti!allaTHqROCTH .fl , a Tax:18 3Ha'l8BHH 
.I' 1 np11 r =0 lJIH iicex qeTao-qeTHUX Hlep B 0ClnacT1t 150 "' A ~ 194. Onpe;1teJiea11e npoBo

ltHJIOCL ny:re11 cpaaReH11H 3xcnepH11eHTaJlbHUJC aaaqeHHI! R,(4+) =E(41+) /E(21+) 11 R 1i(6)=E(61+ )/ 
/E(21+) c TeopetH'lecxHIIH, B111111cJ1eHlllll(1t npH paaJIHqHllJC asa11eR1tllX O 11 ,11 no ¢op11:yJia11 · 

laBlllOBa H qa0a11a!II. PeayJII,tam np1tBeleR11 B TallJ11t11e, norpemsoc:rb B onpeleJ1eH1111 ,r co
cTaBJiaeT 1-1,5°, norpemHOCTb B onpe,lleJieHltll .JI ,., 5-10%. HHxaxon 38.ltOHOllepHOCTII B 11311:8H8RIIH 
J" OT Mpa X lllPY He HallJID)laeTCll, HanpOTIIB, npH :l. = Const B8Jll!ll11Ha napa11etpa .J" IlJiaB

HO H3J.18HH8TCll C 11211eHeH11e11 .JI/ • Ha pitC, l naocipaxeHa 3aBHCHIIOCTb .fa 
I OT A npll 2"' ConJt . 

(311.ltOHOllepHOCTII B 113118H8Hlllt ./" H _}1
1 

B 3aBHCHIIOCTH OT A 0,1,;l!HaKOBII, HO lJIH .;4' OOJII,me 
axcnepH11eH'l:aJihBllX lt!!SBUX). Ha puc. l BMRO, qto y 1130:ronoa !IC, w u Os y p' H11ee:rca 
lll!HIIIIYII (uwrooxee •:m:ecIKue ll,ltpa" - 172 !/6 , 182 w n 184 Os). 

IloJII,3YHCb IlOJIY118HIIIDllt 3HaqeRltlllm: ./" 11 _;U' , IIOl[l!O onpeieJIHTb nOJI0%8HHe ft. -noxocu 
B pacc11otpemmx Mpa:x. Bll'IHCJl8Hl!H E .I (0+) npOBO)UIJll!Cb no np1tOJIH:18RROl1 cpop11yne /2/ E ,s(O+J= 

e p -2Er(2+ ). Bll'IHCJl8HHlle H· 3Xcnepl!lleHT8JILHUe 3Ha11eH11H E _,4 (O+) l!IIIH B Ta!lJ111ne II Ra 
p11c. 2. Ha.ClJIDiae:rcH corJiacmi 3XCnepHl!eRTa c reopHen B npe,lleJiax 20%. 3TH pacqeTu noxaa11BaDT, 
noqe11y B PM8 CJiyqaeB He Ha.ClJID)laDTCH 31tcnepH118HTaJibHO ypOBHII r11na O+: B8JIH'll!Ha EA (0+) 
OOJII,me ane~r1111 pacna.ir;a Mpa. HanpHllep, lJIH 182w Ejl (O+) = 2030 K3B 3Repr11a pacna.ir;a 
182 Ta. _IS W = 1812 X3B. 
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. Tal!llHI!ll · 

IJe.paKerl)I! B88ltCll8Jll,B0Crl!. ( II B88JO!al!e.?H'III0Crll • ~ , 0np8,lt8Jl8BBH8 

H3 OCBOBBOlt porll!lllOBBOlt noiiocH, )tllll qerao-qermn ll,Jtep c 150 I: A ~ 194,,. 

n:io- MacCO• 3xcneplOleBram.BHe K' saepr11ll ypoBBll rune. O+, 
B08 saaqellltll B rpa lt3B ,pe.ccq11raH11M no «li<>P· tron qzCJIO ,ltYCBX :g:e ~ {O+)•.Jl-11. E, (/!.+) 

A RM= E('I,+} R'(6)• E(6,+) 
I 

.I' ./I 3xcne-• E (.I,•} • . E {2,+) 
hfll r•o ~ ./'' plOleB-

r8Jll,HIUI 
I 2 3 4 5 6 7 8 9 IO 

.tlit 150 2,98,4 - - - 0,380(7) - 910, 690 
Sm 150 2,3158(1) - - . - - - - 740,5 

152 3,0090(8) 5,846 12 0,360(10) 0,383(1) 935 830 685 
154 3,24 (4) 6,65(21) 8,5 0,25(3) 0,264(34) 1310 II70 IIOO 

Ce1, 152 2,194(2) - - - - - - 615,3(4) 
154 3,0159(21) 5,833(6) 8,5· 0,368(8) 0,376(6) 910 865 681 
156 3,2388(7) 6,567 8 0,259(2) 0,268(3) 1330 1230 1010 
158 3,2882(1) 6178II(7) 8 0,214(2) 0,2235(2) 1650 1510 -
160 3,26(7) 6, 76(7) 8,5 0,25(10) 0,26(12) 1210 II60 -

l'j):t 156 2,930(8) - - - 0,415(3) - 800 -
158 3,205(8) 6,323 ~ 7 0,290(15) 0,289(4) II80 II85 -
160 3,270(II) 6,694(6) 8 0,235(12) 0,242(II) 1560 1480 -
162 3,295(9) 6,804 8 0,206(14) 0,215(13) 1910 1750 -
164 3,38(14) 6,8306(14) ,.,5 ~0,20 "' 0,265. ~ 1830 >1050 -

c7, 162 3,31(12) - - - 0118(0,II - 3150 -
164 3,290(20) 6,743 ? IO 0,208(22) 0,222(31) 2120 1850 -
166 3,2890(21) 6,776 9 0,210(3) 0,222(2) 1820 1630 1460 
168 3,312(6) 6,880 ? 9 0,168(8) 0,186(14) 2830 2300 -

- 170 3,291 - - - 0,220 - 1520 -
YB 164 3,135(20) 6,188(26) IO. 0,3I4(II) 0,324(9) 1240 . 960 -

166 3,239(19) 6,553(28) 9 0,259(16) 0,265(15) 1520 1410 -
170 3,297(3) - - - 0,212(4) - 1870 -
172 3,3077(17) 6,861 9 0,180(6) 0,195(4) 2420 2060 -
174 3,30(6) 6,768(10)? 9 0,21(6) 0,21(6) I'l?O 1670 -

Hf 166 2,966(18) 5,656(24) 8 0,390(16) 0,398(8). 1040 1000 -
,168 3,107(20) 6,102(26) 8 0,330(18) C,336(19) II70 1090 b -

170 3,206(20) 6,4II(27) 8 0,284(7) 0,290(7) 1240 1190 -
172 3,258(20) 6,635(27) IO 0,243(21) 0,252(9) 1600 1480 -
174 3,26(12) - - - 0,254(21) - 1420 -
176 3,286(4) ·6,750 '! 8 0,219(5) 0,226(4) 1870 1720 -
178 3,294(3) 6, '195 ? 9 0,204(II) 0,216(4) 2240 2000 -
180 3,3063(23) 6,892 8 0,178(14) 0,197(4) 2950 2400 -

6 

!J,. 

"T 

w 

Os 

Pt 

;, .. ll. ':, b ., 
l'l 

172 3,067(19) 5,917(25) 8 0,348(14) 0,350(9) 1010 
174 3,172(19) 6,293(27} 9 0,300{II) 0,303(10} 1240 
176 3,206(18) 6,434(27) 8 0,282(10) 0,285(12) 1360 
180 3,26(50) 6,471 <::8 0,25 0,25(24) 1700 
IBO 3,272(14) 6,670(28) 8 0,236(18) 0,240(14) 1820 
182 3,2906(9) 6,797(20) IO 0,200(6) 0,221(1) 2500 
184 3,275(3) - - - 0,237(4) -
186 3,27(4) - - - 0,24(5) -
I82 3,150(13)? 6,245(26) 9,5 0,308(16) 0,3l7{D) 1340 
184 3,203(19) 6,469(13) 8 0,280{II) 0,290{II) 1530 
184 3,136 6,272 9,5 0,310(13) '0,323 1300 
186 3,16.6 6,339(6) 8,5 0,302 0,310 1500 
188 3,088{4) - - - 0,344(2) -
190 2,934(4) · - - - 0,414(2) -
192 2,3768(13) - - - 0,875(3) -. 
184 2,679(II) 4,905(21) 27,5 ? 0,542 ? 
190 2,492 - - - 0,700 -
192 2,4789(3) - - - 0,715 -

IlpHKeqaHae: B cKo6Kax OKOJIO Kaz.itoro :iaaqeHHH yxasaaa norpemaoCT» 
Bb(qJl!CJIBHl!K B DOCJIB.ltHIIX 3H8lt8X, 

Jl11reparypa 
I. A.C.laBUAOB, A.A.qaoaJI. Nucl. Phys., 3£.?. 499 (1960) • 

y 

1000 
1220 
1330 
1700 
1760 
2030 
1980 

2040 

· 1260 
.1420 
1020 
1420 
1310 
1090 
2660 

5500 
6030 
6200 

2. A.C,laBHJtOB 1 B.C.PocrOBCKIIH, A.A,qa.Oaa. Nucl.Pbys., 27, 134 (196!). 
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8 

~~ 

I 

o £-B3JIYTmlD tPJ.l!UD cs , nPO,llYKTA rJIYroKOro :mcpµmnrn URPIUI. 

l,P&e3alla, 1.1na.re1, B.tpe.1111, 1.llaata.rxa, 

IBC'tll%J'% o;epux 1cc.11e;a;o:aaull 11CJH, Paez 

tpagua·Q;e3H 01,1.1a lCIKJAecn BBJte.Reaa 13 Q;epu, 001l"l8BBOro npo-ro11a1111 660.13B aa cn
xpou11otpoae OIIBI B JlYdae. B %&01.1 np11e;a;em OtBOCl%81hUHe BKXO;a;H 0%;1;8.llhllllX B30TODOB, 
31C%paDODPOBUml8 I IOBJO' tpenacoBoro Odll"IBIDII (lCIIJlllqeczoe BB,l8.118Hlle aaqKHBJIOCh 12 qa
COB ceycta n0c1e EOBl!A 0d.11y,iea11). l3llepeua Bench np• no•011111 rePK&BJle&oro ;a;e:reztopa, 
;itpell~Banoro n'tlleK,tOllJIIJIBOII 0,6 CM II ceqeue1,1 I,7 c;/-, nrotoB1eBB0ro ;a;onopox Tpoycuo11 
K3 l!Bctxtyra tBe~;a;oro rem B llpare. Pa3pe1eue sa llDII 84 13B 170rm coctaa11.110 2,8 13B,sa 
JIIBD 661131 :0 Cs - 5 13Bo 

127ec. B -rad1, 2 np1Be;a;em llDH, 10:ropve 1111 npxiucBBaex pacnaJQ' 127cs sa ocaoBasu 
onpe;a;e1es1a nepzo,Jta n01ypacna.ita ( T I/2. 6,l qac). 

B cxe111 pacn~ (pie.I) BIUO BBe;a;es BOBd yp0B8Bh C aaeprzeR 931 l3B, paapuaD~ACII 
B OCBOBBoe K nepBOe B03dyz;a;eBBoe COCTOHBIUI, Omo1eue ¼· -25 B cor1acBJ1 C pad0%0ll /1 / • 
ICD01h3YII ssaqeue 1areBCIBBOC%B e~• jl!nepexo;a;oB ;µ11 OCBOBBOrO cocroaua, 3aJIJlC%B0BaB
BOe za /I/ , 1111 cinpe;a;e.111111 aBaqeBH Cojf-t nepexo;a;oB Ba BOadyz;a;eBme coctoSBaa 127 Xe. 

129Cs .B tad.II. 3 npne;a;ellll aseprz• omocnellhBHe IIBteBCUBOCU JIHBJIII c neplOJtOII no.11y
pacn~ ~ 30 ,iac. 

YpoBeBh 860 l3B dBi BBeJteB TOllhlO Ba OCB0B8.JIJIB CYJ18CTB0B8.Jllll oqeBh ClladHX JIIDR 819 B 
863 zaB, aaepr•• zoropux onpe;a;e.11eBH Be to'lso. 

)lll onpe;a;e1es1111 eo,7,ft 113 padOtH /2/ dBH BCD0Jlh30BaBB: 

1. 3aeprxa pacna.ita 129Cs B OCBOBBoe COCTOIBBC 129 Xe 
I 

paase.a: ~1200 13B. 

2. Omomene a1e1,tpOBHOro aanata B OCHOBBOe II nepnoe B03dyz;a;esaoe COCIOHHHH l 31en
p0BBOKY 3axBa?y Ba Bee BHC■Be ypOBBII. 

l (ocs.coct. + 40 X3B). o,62 
l (Bee OCTl!LlhBHe) 

!OlrOZIOIYIOle aK%IIBBOC%B 

0JtB03Ba'IBO ntepnpe'tllponaBBHe HBIII 132 C.s ( T½, • 6,5 9. ) npBBeJteBH B rad.11. IV, 
D 6 Cs ( 'l,;l. • D,5 9· )-B tadJI. v. 

nep•o;a; noiypacna,;a JIBBBII 717 + I l3B (0,5) • 748 + I l3B (0,4) B pauax OSBOOI c01na
J;BJI c nep11o;a;o• noaypacna,la 02 Cs-. B paOote /3/ , oisa10, au l!IIBH se aad.11EJ;BJ111ch,xou 
sadllDJt&JiaCh llllBJlll 77:3 13B, 0%BOCll%elhBe.a: BBteBCIIBBOC%h l0%0p0R COC%8.Bl118T 0,1. JlKBIIK (882.;!:. 
+ 2) l3B 11 (1088 + 2) l3B pacna;a;e.lllCh c nep■OJtOK no.11ypacna.ita, 3Ba'leBlle lOTOporo COBna.itae:r 
co 3Haqem1e1.1 ·r112- 136 Cs • Eca au IIIBH Be np11Ha,11;1e:mt npneco ( RC ), to 1,1ouo 
cqn:ra:rb!l'l'O nepeXOA 1088 K3B pa3pHsae:r DOK8 H8H3Bec:r!Wl! ABYX~HOHW YPOB8B~ 2+ C 3BeprzeR 
1905 l3B, XO?OpHII Jien:r dll3XO or YPOBHII 4+ c aaepr•eR 1866 X3B. 

l!lla11■ 102,109, 22:3, 234, 296, 306, 318, 330, 616, 630, 644, 882, 1159, 1159, 1201 II 
1257 X3B W Be cxor1• BB%eDnDet11poBa%h O;a;B03Baqso. 
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B cne1t%J)a%, CBl'%BX CllYCtl 4 11ec1i:ta,oduapyu.oc1, Bap.11,JJ C JWllllllll I:34 Cs tane DIIDI 

Rx Xe ndo Cs , 64 ;!:. I Jt3B (19), 75 ;!:. 2 Jt3B (I), 280 ;!:. I ltllB (84), 344 ;!:. I Jt3B (IOO) 
c nepllOJ;OJI llO.l}'PACll3,ita (40.t .i; ) JtBell. IlpoBCXO::QeDe 3tll DDll noxa HeacHo. 

,;. 

TadJ11tua I 
Orsoc11teJ1r.BKe 11uxo,10,1 .aotonoa Cs lf/paitllH 

uIZl 
csI29 
c.s1.s2 
esD4 
csD6 

0,4 
I,O 
0,4 

. O,I 
0,02 

TaOim!la 2 
4 - nepexoJtl,1127 C.s 

E.(1(9(1 Lu· 

86 ;!:. I 0,4 
124 ;!:. I 20 
184 ;!:. 2 0,3 
195 ;!:. 2 I 
286 ;!:. I 8 
412 + 2 IOO 
5II ! Ia 6 
464 ;!:. 2 IO 
564 ;!:. 2 3 
588 ;!:. 2 9 
807 ;!:. 2 I 
93! ;!:. 2 0,4 

a - aBBlll'BJlll!llU! 

Tael.111uia 3 

x-- nepexoJtH ~ 9 Cs 

E cot:J I,. 

40 ;!:. 0,5 2 
75 ;!:. 2 0,2 
94 !. I 2 

176 !. 2 0,5 
266 ;!:. I I 
277 ;!:. I 4 
318 ;!:. I 9 -
372 ;!:. I 100 
412 ;!:. 2 76 
549 ;!:. I IO 

IO 

'· 

~ 

.,. ) 

E ,,,.,, [., 

588 ;!:. 2 2 
819 +2 0,3 

(849 ! 4) (0,02) 
863 ;!:. 3 O,I 
907 ;!:. 2 0,6 
948 ;!:. 2 0,2 

TaOD!la 4 

J'- nepexo,JtU 132Cs 

E., tnl) l,r 

464 ;!:. 2 2 
506 + 2 0,2 
5II ! Ia 0,5 
668 ;!:. I IOO 

I03I ;!:. 2 
II:36 ;!:. I 
I:302 ;!:. 2 
1322 ;!:..I 

a - aBDl'llJllt!lBll 

Taomuta 5 

,f- _nep_eXOJl I:36C$ 

E,(K9l) 

67 !. I 
86 ;!:. I 

153 ;!:. I 
164 ;!:. I 
176 ;!:. I 
273 + I 

0,08. 
0,6 
0,2 
0,5 

],, 

IO 
5 
6 
5 

II 
15 
51 340 ;!:. I 

818 ;!:. I 100· 
1048 !. I 80 
II28 ;!:. 2 3 
1236 ;!:. I 24 

J.R rep a Ty pa 

1. H.Mathur, E.Hyde. Phys'.Rev., _22, 708 (19.54). 

2. S.Jha, H.G.Devare, R.M.Singru. Nuovo Cim., ~. 1108 (1960). 

3. N.R.Johnson, H.W.Boyd, E.Eichler. Phys.Rev.,~, 520B (1965). 
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!1311:El'EHH:& Ill'OJJ,0l!IB0R Il0lllIPH3.Alllfil 3JIEKT1'0H0B JIETOJJ,011 1~4 B~¥ P1' 

JI. Cy<lo:roBn, H.Kypa11u 

Ke4ie,l!J)a 3xcnepneu:r8,Jl&BOII ~B31!1tB Y8'Bepczte:ra JI.K!lpz
CxJio;itoBcxoll , J!D<lJillH (IlonmaJ 

:'-

B CBS3B c zccxe;itoBanul!llll 11a:rpzql!Jix aJiexeu:roa B <le:ra-nepexo;itaX,B uamen M<lopatop1u <lwia 
noc:rpoena annapa:rypa ;itXa usuepenua npo;itoJI&uoll noJiapB3anBB 3Jiex:rpouoa xe:ro;s:ou Keuepa. )1Jla 

np0Bepx1 YCtaBOBXB ~HJla B3Uepena DOJIBpB3anBS 3Jiex:rpoBOB B I44Pz • JpyroR ueJI&D 3tBX e•e 
He OKOH'ICHHUX nrra:roa <lHJIO BCCJl8Ji;OBaBll8, B03UO:UOR n~BUeCB ncea;s:ocxaJISpBoro B3aJIJlO,Jt8llC1'JIH B 
nepexo;1te o- - o+ ( w,; ~ 3,I50 KaB) a l 44 P, - Ill Pd • 3:ro:r Bonpoc <lBJI uoroxpa:ruo accJieJi;o
Ban /I-5/. 

B uac:rol!llleU coodmeuBH <ly13t ;&:OJICX8BH uexo:rop~e llO,l!J)O<lBOCll, CBS3aBBHe C 3tl!K 3XCnepB
)18BtOu. 

KeTOJi; Keuepa OCHOBaB Ha 3aBBCJlllOCll pacceSHBa 3Jlex:rpOHOB Ba noJiapB30BaBHHX 3Jl8Xtpouax 
wmeHu (~eppo11arHu:raaa ~JI&ra) o:r co~:roBHBa noxapB38J111B na;s:a».-x aJiex:rpouoB /6,7,8/. 3x
cnepa11eu:raJ1&BHe :rpyJi;Boc:rx a:roro Keto,Jta cBasaBH c te11, q:ro,xpo11e pacceauna JleJ1J1epa,npo1cxo
,J1;Bt pacceaBae noJiapasoaaumx aJiex:rpouoa B aJiex:rpoc:ra:rnecxou noJie S,Jtep nmeu, tax ua3Blla
euoe pacceaHHe Ko:r:ra. Ilo;it<lBpaa coo:rae:rc:raeuuyD reo11e:rpuD axcnepueu:ra,110:uo o:ruqa:r& pac
ceauze Keuepa o:r ipyrax'aa;s:oa pacceauua. 3:ro ocymectBJiae:rca ny:re11,:rpexxpamoa ;s:acxpmua
!VIB:,I) no yrJia11, 2) no auepn1, 3) no Bpe11eu. 

I) R3 npoueccoB pacceaua aJ1ex:rpoHoam;1teJ1ae11 :re, xo:ropue npo1cxoxa:r no;s: yrJ1011 90° ( a 
cac:rexe o:rcqe:ra ueB:rpa xacc aJiex:rpoBoa - na;s:»mero u uaeBat:ror,Jta 1x aBepr•11 paal!Ti mr 
;s:pyry u paBl!Ti noJioBBH~aHeprua na,Jtal)lllero aJiextpoBa. 3:rot yroJI pacceaHBa ua;s:o tpauc~pupo
Ban B Jia<lopatopuyD cacteKy o:rcqe:ra. 

2) BH;iteJiae11 ,c nOKOll!I>D xarumoro cnex:rpoxetpa onpe;1teJ1eHBHII 1u,repBaJ1 aHepr1111 11a cnJ1om. 
Boro <le:ra-cnex:rpa. IlocJie pacceaua,»a <le:ra-;s:e:rex:ropa per11c:rp•PYDt aJiex:rpom, 3Bepraa xo:ro
pux paBHa nOJIOBKBe 3BepruB,BH;&:eJieBHOA cnex:rpo11etpo11,c tOHXOl JIBB30I. 

3) HJmyncu o:r:, ;s:e:rex:ropos aiex:rpouos no,Jta»:rca aa aJiextpoBBYD cxexy •~c:r-cJioy•, r;s:e 
npozcxo;s:a:r Jt]lcxpHKBll8.JlJla no spexeu B no aBepraa. 

OnacauBHII npn11Bn aa11epeua noupasauu 3Jle:r:rpoB~B 11e:ro;s:ox Keuepa peaJ1113oBaH Ha , 
yctauosxe, noxa3aBHol ua pac. I,2. 

3xcnepneHtM&HUe !aBBBe • peaJJI&:ram 

B xaqec:rse x0Boxpo11a:ropa 3Bepr•• w ynotpe<lJiau xarHBtBHI cnex:rpo11e:rp c toHXol llB3oR, 
noc:rpoeBBHI s Bal!eA Jia<lopa:ropBK /9/. Hc:roqux I44 Pz ii paaBosecH c ,JtOJirODBYIIIIDI no:ronox 
I44 ce , Ji;Baxe:rpo11 3-4 BK K aJ:tKBHOCt&D OXOJIO 2 KXDPB, <lBJI B3rOtOBJ18B Ba nJieHXe 83 It8,IIOB
Jlall:a tOJil!IIIBOI OBOJIO IOO KXr/c,1-. B cl>DKyce xaruanoro cnenpoxe:rpa Haxo;s:uic& ~eppoxarumaa 
~JI&ra tOJilltllHOII o:r 6 ;s:o 25 a • paaaepalll( 30x30 -IIJlf. ~nra aaxo;it11J1ac& BBy:rpa xa:ryaex reu11-
roJ1&:tta, xotopuKB nepexarunKBMac& cl>onra. OBa <lu1a uanoueua ua yro.1 d. =' 30° x cica cnex
:rpo11e:rpa, tax Xall: BaKarBJ1118HB8 cliOJI&I'll nepneB;itnJJlapBO X ee IIJIOCXOCff :rpe<lyet oqes& <lOUDX 
noJiel. Bo Bpexa ns11epeBall, nocJie'll8.Jlaruqeua cl>DJI&I'll :roxox (B xa:ryuax reJI&xroxiua) oxoJio 
I aimepa DOJU1;8p:BBaJICS H8<lOX&moR TOI B Xatyaxax reJl&KrOJl&:tta, q:ro<lH ~Jl&ra Kll8Jla BaCH118B
H08 BaxarBneue. HanpaaxeHBe BaxarBBqeBH B3xesuoc& xax,uie 2 ouym. )loelasoqBYD yr.lOBYD 
1t11cxpBKBHau■D KODO <loo nposec:ra nouemas nepe,n .nerexropat!ll paccenHH!lX 3/leKrpoHoB ocoOeHH~e 
DO.ltB11XHU8 (CHapyi,;11) me/lH B 6/leK;ite' (113 a/lDMIIH11H, ue,nH H CB11Hlla) mHpl1HOil 5 llll. 

BBe,JteK cJie;s:yDlltBe 0<103uaqe11J1a: 
P;, = f. - ll0JISPK3a!1BS DIIJte.DlllllX 3Jl8XtpOBOB, 

\ 

Ill 

' 

'._, 

/ 

f0 - nOJISpB3a!VIS 3ll8XtpOBOB 1Dll18BB, I 

C+ - cxopacn cqe:ra coBna.neHHI!, xor,Jta cl>onra•uaeu BaxaruqeBa au:runapaJ1J1enBo x uanpaa
ll8BBD llllllYJl&Ca Da,JtalJlltBX 3Jl8Xtp0BOB, , 

c_ - cxopocn cqe:ra 'coBna.neHBI npa npo:raaonoJionou BaxarBneBBB cl>o1&r•~ 
o - nonepeqsoe ceqeue pacceaua, xor,lla cnam anextpoHoB - na.ita.Jllllero • KBmeBB -napauu&BH, , 
(j+ - :ro :e caxoe JlJlll au:runapa.ueJihBHX cnBBoB, 
o \_ B3Kepae11aa 88Jll(qBHa, paBBall 

os 2·(C, ,,;;c.Jj(c,+c_) =t!!P;,•P0 ·/ ::_-;:,., = 2·P:·f!·R, (i) 

311aqeBaa o_ /o, no.1yqaex •a :reope:rnecxux pa<lot /IO,II / • 

R= t-<r_ /o,,. 
1--6'../6' .. (2) 

/=M. I(..-::,,) - o:ruomeBBe qacJia noJ1.11pasoBauBHx aJiex:rpoHos x o<l•exy ucJiy aliex:rpoBOB 51
1 e • B cl>onre nmeu ,#.,;J's - xarue:roB Eopa. , (3) 

Ms - HaKarBB'leBlle BacUI118BBS ~ur11, CBa3aBHOe co CDBHaKB no.upH30BaBIUX 3Jl8:rtp0BOB 
KBBeBH, 

M - B311epaeuoe BaKarBl!llemie Ot CIIIIBOB B op<lu:raJl&Horo ,JlBBXeBBa 3Jl8xtp0BOB, 
{ - rupoimrBnBoe otBo~eDe, uuepaexoe xeto.itou a~e,x:ra 311Bmteaua, .ite Xaca HJIB EapBera. 

Tax xax C Po =I- co,. "' ' 

to B3 ~pxy.m (I) cJie;s:ye:r, q:ro 

/t1 -• g'- { . ·M 
S""' i' . 

s ( 
P;, = 2' P.-f•cos,,(, 

(4) 
(5) 

(6) 
Kpo11e o , Ba;&:o eI11e ,~npe,1teun / B3 (3),. q:ro<lu Hs11epun noxapll3a.ItBD <le:ra-3Jlex:rpoBoB Pi • 
H3Kepeue f npOBOJt]IJIOC& B BamBX oni.itax C llOKOIJl&I) npoc:rolt cxew, pzc.3. 'P/lllKC1!8Tp <lHJI 
pa.Bime :roqBo XaJIB<lpasau Ba xa:rym:ax reJ1&xroJ1&:tta. B xa:rymxe c cl>DJI&rol uxeJioc& 600 Ba:rxos. 
Pe3yJI&:ram B311epeBBI u no~elll!He xpasue 3aBBCHxoc:r• uaxarHneBHa ot :roxa B nepBBqBol 
o<lxo:rxe :rpauccl>opKatopa npe,1tctaBJ1eBH Ha pzc. 4. Ilocxe B311epeBHJ1 w no.,:yqau CJieJi;Yllllllle 3Ha
qeua napaxe:rpa1 

cl>onra I Cf>) 

JU -xetaJIJI 6 Jilt 3,IO !. 0107 
5uf'er111e11,t.,., 25 Kl 5,2I !. O,I2 

HCR 25 Jilt 5,85 !. O,I4 

HsxepeBBa noJiapB3a!lllH npOH3BOJi;BJIBC& C 3JlextpOBalDl,B03BJIXalll!IIKB 113 pacmua r44 P2 ' 
3HepI'lla xo:ropux coc:rasJiaJia I,80 las npu Bf> - tBou paapemeBHB no aBepraltll wraa:rBoro cnex:rpo-
11erpa. 0CHOBHHe 113UepeH11H npoH3BO,llll/111C& C (jleppouarH11THOil (jloJ1&roll :ro,J1m11Hol 6 lLK 113 .J" -ue
taJIJla. ~odaBoqHue H3Uep8HHH dil/111 npOl13B8.lt8Hil C a/lDIIHHBeBoll ~0/l&roa ro.11mHHO~ I& ILK. 11Men
lll8ll :raxyn :e :roJ111t1tBY s xx/cu2, xax IPOJ11>ra B3 .I" - ue:raJIJ1a. Pe3yJI&:ram aux B311epeBB1t,, 
ucnpaBJieBme Ba cJ1yqallBHe cosna.iteBBa, cosna;s:eHua,caisaHBue c il>oB011, Ba xoBeqBHlt yro.11 .itetex
:ropos aJiex:rpoHOB, Ha oma<lxu,csaaaBme c H311epeBae11 napaxe:rpa {,•Ba ,1tenoJ1apH3aUBD aJiex
:rpoBOB B uc:roqauxe B s pacceusaeKoD il>oJI&re, cJieJi;Ylllltlle: 

Pi=f'L = - I,056 .! 0,05I H PL/(- 11/c) = I,089 !. 0,053 . 
B BBJIJIX B311epeuax BKOJIOC& .ft= 3/c • 0,97. 

li3 ROHTPO.ll&HHX B3xepeBHD noJiapa3ai1BB 3Jiex:rpOBOB, pacceBBaewx Ba MmmBBeBoD ~Jl&re, 11H 
no.11yqHJ1u: PL = - 0,044 !. 0,052. 
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$ P, { P,) C!f-"• PL {-rr/c) 

0,0412 ~ 0,0026 - I,047 ~ 0,073 - I,056 ~ 0,05I I,089 ~ 0,053 
0,0454 ~ 0,0028 - I,066 !,"0,07! 
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CxeKa YCiaJIOBXH ~xa K3Mep8Hl!H noxapH38UHH 3X8XTpOHOB uero~ou 
MeJrnepa. 
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- CI ~, 
~--· ____. 

P11c.3 
Cxe11a .itn11 ll3L1epea1111 OTHOmeHll!I q11cJia 110llHPll80ll8Hl!l,IX 3ll8KTPOHOll K OCil!l811Y 
q11cJiy aJieKTpoHOll B ljlonbre 1fflmea11. 

Is 
1~ (o.r~~\{.""J) 

s 

'-. 

• 

P11c. 4, 3aB11c1111ocrb aa11ara11qea11a 1111mea11 or roKa B nepB11qao1 0Ci11orxe 
rpaacljlop11aropa, 

18 

}~ 

'i 

/ 

H3Ymm: PACllUl 132,D~~ 

H.tpana, H.PJ:esa1u:a, A,Dlllanex, 11.Boele]tlra, !.Jia.J1:raua, 
ID!crny:r .11,lepl!lll acc.1e.ii;oBaJ!lll,qcAH, PJ:ex 

.n. ~mte, r. rpae1ep, r. 3oJt!UI, 
HBc:rury:r ll,llepBmc uccne.1tosaaul,HJH, Poccell,ll;opljl 

R30:t0IIB JlaR:taHa CID.Ill DOJ!Y'l8RH JIBCiO n1:re11 OCIJiyqenBH ~epBH upo:rOH8.IIJI 660 )las, JIBCIO npu 
OCIJ!Y'l8l!llll Clapu,odora11eBBOro ,JtO I~ 1?2s ... ,11;ellroBSJOl 12,5 )las, llBCIO npo:tOBBJIB 6,5 l'3B.H3-
11epeBBH IIPOSO,J;allBCb np1 1101101118 repua11J1esoro .1te:rex:ropa,.ii;pe1:rosaanoro JIITBe11,:roJ111t11BOI 6 1111 
B ceqen1e11 I,7 c'lf' c paspemenae11 2,8 X3S Ba JIBRBB 84 X3B l 07ir, B 5 X3S Ra JIIIBBK 661 X3S 
137 Cs , asro:rosxeBBoro .ii;ox:ropo11 Tpoycano11 as Hnc:ra:ry:ra ljlusan rBep.ii;oro :rena s Ilpare, a 
:ran:e npa 1101100 .ft -cnenpo11e:rpa c noll.nol ljloxycapoBJtol, .d -c11enpo11e:rpa c 11po11exy:roq
mnt B30Cipa:iceue11 K :rpex - B ABYXllepHwc CUIIH?lllll!HUIIOHHWC cneKTpo11eTpoB COBII6,l\8HIII, 

B':radn.I npne,JteBH d - DBBa, ual.1teBBue B 1s11epeHBHX C 1IOJ11DPOSO,ii;BIIXOB!Dl ,Jte:rexropo11. 
B :radJl.2DPBB8,J;eBD P83JJ1b:tam, IIOJ!Y'l8BRH8 IIPB DOIIDU _/J -cnexrpoxe:rpa C JtBOIBOI ljloxycapos
xol. lJIS onpe,11;enen11s xoa4x}iBWI8BTOB XOBB8PCBII CIDl!O BCIIOJlb30BaBO ;ltl!S KBR nepexo,11a 464 X3B. 
:reope:rnecxoe 3![8.qeue l()'JlbTBIIOJlbBOCTB }2,IlPH IIOIIOl!lllJIBB30SOrO ._ft -c11exrpo11e:rpa Cluna on
pe,11;enena rpaunnaJ1 aneprus caxoa xec:rxol xo11110Benm nosu:rponnoro cnexrpa - 3600 ! 50 xss. 
HaelllD,J;ae&e B8JOl J' - J' COBDa,lleBHs noxasam B TaCIJI, 3 RaCIJID,J(8JIJICb C0Blla,Jt8BIIS 1103Upo
BOB c r - DBll!llll 464, 1031, 1600 xas. Ilpe,J;J!o:a:ena upenapnenBaJI cxew yposnea 132 Ba. • 

HaJDl B8 naCIJIDJt8.JlllCb BHaElle DBIIB, .xo:rop11e IIOXBO CIHJIO Clu np111111can pacna.1t1133 /.,a, • 
lez,J;J' c11eX:rPBJIB,1IOJ1yqenm1111 npB nporoBBOII II Jt8ITPOBBOII oelnyqeBBH,B8Jlb3S CIUJIO 3all8TBTb BH
xaxol pasnJU,t. 

Taelu~ 1 

E .lllBBII' T~ ltllacc111jl. Iapan. . £ 11epexo.1t. , I 
K3B X3B 

74 ! 2 C I 74 
192 ,!; 1 a. f 192 2 
219 ,!; 2 a, I- 219 
279 ! 2 a. I 279 
464 ! I 4,8 ! 0,5 a, :i.n.ihil 464 IOO 
5II 4,8 ! 0,5 a, I- 45 
516 4,4 ! 0,5 a, f 516 7,0 
540 ,!; I 5,0 ! 0,5 a, 

~ 
540 10,0 

527 ! 3 a, 527 s 0,7 
552 ! 2 c I 552 s 0,7 
567 ! 1 4,8 ! 0,5 a, I 567 22,0 
581 ! 2 a, de 1603 
601 ! :3 C f 601 == 0,7 
618 ! 3 C f 6IB -:!!.0,7 
62'.l + 3 C f 623 s 0,7 
632 ! 3 C 

~ 
632 == 0,7 

643 ! 3 .d 64:3 '=- 0,7 
663 + 1 4,7 + 0,5 a. 'I . 663 15,0 

I9 



fUIIH, Kmcc•~- Xllpaxt. E oepexoJt, 
IC3B EH 

: 
: ? 
: 
887 ;!;.l a, de 1909 
899 ;!;. l a, I 899 
966 .:!:. 2 · a, -f 966 
976_;!;. 2·· 6 (de) 1998 
990 .:!:. 2 C (f) 990 
995 ;!;. 2 C (l) 995 

1031 .:!:. l a, 'f. I03l 
1046 .:!:. l a, · te 1046 
1080 .:!:. l a, 2102 
1217 ;!;. 2 C 

I22l .:!:. 2 (2, I 1221 
: 
I ? 
I 

1304 ;!;. 3 G ( f) 1304 
1342 .:!:. 3 6 (de) 2364,1342 
1367 ;!;. 3 g (de) 2389 
1435 ;!;. 4 6 
1439 .:!:. 2 a, de 2461 
1530 .:!:. 3 a, f 15'.Xl 
1554 .:!:. 3 C 

1579 ;!;. 3 c (de) 2601 
!602 .:!:. 2 a. 

de) 
1602 

1669 .:!:. 3 I!, 2691,1669 
1729 ;!;. 2 a de 2751 
!823 .:!:. 3 c 
I85I .:!:. 3 g (de) 2873 
1909 .:!:. l a, I 1909 
1939 .:!:. 2 a de 2961 
1948 ;!;. 3 6 (f) 1948 . 
1997 ;!;. 2 a, f 1997 

'· 2008 ;!;. 3 6 (de) 3030 
2039 .:!:. 2 6 (/) 2039 
2074 .:!:. 2 G (de) 3096 
2102 .:!:. l a. (1) 2102 
21?7 !. 3 6 2127 
2147 !. 3 a. de 3169 
2175 !. l a, de 3197 
2220 !. 4 C 

2283 !. 3 . c (de) 3'.Xl5 
2300 .:!:. 4 c· 

20 

l 

'.,J· 

7,1 
1,3 
1,2 
0,5 
0,6 

14,7 
5,6 

5,2 

. 

' 

E DID) 
EllB 

Kmcc~. Iapaxt. E nepexoJt, 
E3B 

232~ !. 3 C: cle 3350 
2335 !. 3 a de 3357 
2388 ;t 3 a I 2388 
2419.,! 4 C 

2450 ;t 4 a.. d.e 3472 
2462 .:!:. 4 a. . 

f 2462 
2479 ;t 4 C 
2510 ;t 4 <: 
2576 ;t 4 a de 3598 
2608 .:!:. 4 a de - 3630 
2636 !. 4 C de 3658 
2661 .:!:. 4, C a'e 3683 
2692 ;t 4 C de 3714 
2751 ;t 4 a. J 2751 

a. - uupnpeta1vu1 unu BBe co1111enma , 
g - neuas peon, DJIS8%Cll. u UIIH IIHOX JtBOIIIOro BUeta. 
C - B03XO:UO, 

f - ~!OIIRE, 

de - 111:E JtBOIRoro BHJl8ta , 

E,K;,G 

192,6 .:!:. 0,3 
464,2 .:!:. 0,3 
540,l ;!;.0,3 
566,9 .:!:. 0,4 
662, 7 .:!:. 0,4 

Tao.1111ua 2 
KonBepcHOHH!le JIHHHH D 2 La 

I/C K/t. 

100 100 : II,5 
9,2 ;t I,5 

10,9 .:!:. 2,0 
6,7 ;t l,5 

21 

llynT. 

E2 
(I l) 
E2 
E2 

l 
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aecoJlllemwe 

TaODWi 3 
CoBnaJtemta B I'.32 Ba 

\ 

BO 3110DJIB 

464 - 1900 - 192 190 - 880 
464 - 5II 280 - 700 
464 - 567 663 - !850 
464 - 663 I220 - 880 
464 - 900 880 - 1600 
464 - 1030 (qacr.) I220 - 1900 
464 - 1220 1220 - 1600 
464 - 1600 1220 - 2100 
464 - 1900 900 - 12~ 
464 - 2100 
464 - 2450 
464 - 2750 
464 - 3200 
663 - 540 
663 - 900 
663 - 1400 
663 - 2350 
5II - 1030 
5II - 1600 
567 - 2450 -

" 
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KCCJIEJlOBA!Il!E II03KTPO!IliOI'O PACIIAJlA HE!iTPOHO

ll~RUKTHHX K30TOIIOB t., a, 

I. leJieB, B. KaJIHHHIIKOB, Y. Ha3apoB, 
0lillli, TawIIH 

,,_ 

Il03!1Tp0HH08 113Jlytl8Hll8 11el!rpoHO,Jt8q>HqllIHbllC ll30TOilOB /,a, ll3ytlaJIOCb npll UOllO-
~ j1 - cnexrpollerpa c rpexxparHOl! qioeyc11p0Bxol! nyqm, ~paJtlll!II naHrana Bbl.1tex11-
xacb xpouarorpaqi11qecRUll Kero,110K H3 ra,110JIHH1111, o<lxyqeaaoro nporoaaKH c 3Heprneu 660 
M3B Ha c11wcpon11Morpoae o:rum B reqeane 4 qacos. ll3KepeH1111 uaqaaaJIUCb qepe3 415 qaca 
nocxe Kouna o<lxyqeu1111, 

B uamell nnenapare llOrJIH npncy:rcrBosan cxe,1yll~e 113oron1,1 La : 131 /.,a 
132 ( - . ) 133 r ) 135 1. 'T -19 7 ) (Tr12=6l MIIH, ), t.,a, Tr;2=4,8 q, , , l.,a, ,Tr12=4,2 q, II. ,.,CJ, ~ 112- .' q, • 

!I03lltp0HHLIU pacna,11 DI 1.,a, 1 r::i2 let ', 133 La ll 135 /..,a, H3ytlaJICII n pa-
. <loraxfl-6/, OrHOCHI8JlbHO Il031!IpOHHOrO 113Jlytl8HHII 135 La.. B xureparype c~eCIBYJlI 

npor11Bopequ51,1e ,llallHHe. KpoMe rorof B pa<lore /?/ npe,Jtnoxara.uoc» c~ecrBonaHHe sropol! 
Jt01(1JOH8HXLI .JJ + - pacna,Jta 32 /..,a, , 0,JtnaltO 3KCil8pllll8HiaJ!bHOro ,Jt0Ra3aten-
crsa He <lWio. JJ.x11 pemeu1111 arux :ia.itaq Hallll <lHJI 113yqeH .JJ .,. - pacna,11 q>paJtlll!H JiaHraua. 
E1,1110 np0Be,11euo 16 cep11i H3llepeu11U·B reqeuue 35 qacoB, Cqer ua uaxcltl[Ylle .,g+ - cnex
rpa B uaqa,ue 113llepeHHII coctaBJIIIJl 12000 lll(IJ/llHH. IIepHO,Jt y<lLIBaHHII U03ittp0HHOU aR?IIBHOC
III npa pa3HUX aaaqeH1111x 3aepr1tl! (or 300 ,110 3400 x:is) coc:rasii11x 4,3 - 4,8 qaca. 
IIepHO,Jt noxypacna,Jta 4,3 qaca HaOJ11),JtaJ11:11 B llllrROU O<lJiaCTlt 3H8prHH (Hi!Z8 1000 K3B). 

B pe3yJlbiate aHaJIU3a cnextpa Il0311Ip0HOB ycraHOBJl8HO C~8C?B0naHH8 rpex R0ll!l0-
H8HI c rpaHHqHLlllH aHeprHllllH 1075 !. 40, 2600 !. 30 1t·3600 !. 30 Jt3B, 

KOll!lOH8HILl c rpaaHqBLlllU 3HeprllllllH 2600 u 3600 R3B w OIBOCllll R pacna,Jty 132ia· 
Ha OCHOBe nepl!O,Jta. yOblBaHHII D03HipOHHOJ! axtl!BHOCIH, Paaee OLlJ!a H3B8CTHa IOJlbRO O,Jtna 
KOll!lOHeara c E2p. = 3500 K3B / 2,6/, xoropaa <lWia uanpasneaa B oc&OBHoe cocro11aae ' 
·132 Ba. , OOHapyzeHHall Hallll BIOpall ROllllOH8Hta ( £ 3/'· = 2600 R3B) yKa3HBaer Ha cy-
~8C?B0Ba.Hlt8 B030yJ:,Jt8HHOro ypoBall B 11,11pe 132 Ba . c aaeprzeU OKOJIO 1000 R3B, 
Onpe,JteJieHH IIHI8HCHBllOCIII nocJie,JtHHJC ,JtByJ: K01(1JOH8HI OIHOCHI8JlbHO K - KOHBBPCHOH-
HOU JIHHl!II nepexO,Jta. c 3HeprzeU 463 K3B 132 l.,a, ... 

ft~ 

lruoo/ = /9, 3 
K(lf63} 

.,,. 
I,., •• , = 2s, 6 

K ('t6J) 

,. 

KOll!lOHeHra C 
pacna,1y 133 /.,a 

Eep. ~ 1075 K3B, EaK pa&ee OLIJIO ycrauoBJieHO, npHHa,JtJ18ZHI 
(T112 = 4,2 q,). 

24 
' 

~ 

, I 
I 
' 

HBreBCHBBOe U03HTpOBB08 113JlY'l8BK8 132 l,a 
fa+-- pacna;r; 135 Lil, • 

Be U03BOJmJIO Hal[ O<leapyzurb 

!BrOpLI BllpaZII.Jlr rxy<lOJtyl) <l.11aro;:apuocrb K.llrocOBCROU u r.K.Bopo<l»eny 3a UOKO~b 
B H3llepemua:. 

JI II r e Jl....!l, r_y p_a 

l, C,B,Creager, C,W.Kocher, A.C,Mitchell, Nucl.Phys,, 
Ii, 578 (1960). 

2, W.R.Ware, E,O,Wiig. Phys.Rev,, 
.!ll, 191 (1960). 

3. R,Naumann, E,Reunolds, J.Perlman, Phys.Rev., 
'Jl, 398 (19!50) • 

4. H.A.Grench, S.B,Burson. Bull.Am.Ph.vs.Soc., 
.2, 71 (1961). 

5. S,Morinobu, T.Hirose and K.Hisatake. Nucl,Phys,, 
fil., 6IJ (1965). 

6. E.II.rpnropbeB, C.JI.CaxapoB, B.O.CepreeB. ll3B. AH CCCP (cep.¢113,), 
~. 839 (1960). . 

7. E.c.:nzexenoB, JI.K.IIeKep, B.O,Cepreen. 
Cxew pacna,11a pa,11uoa1tIHBHUX 11,11ep, A > 100, ll3,Jt, AH CCCP, Id-JI, 1963, 
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()~.u•_.1,cyrm 155 7'G 

K,BJU&CltKI, B,B,KJ3ee~OB, H,A,Iedexea, O,B,Hancee, 
. O,Cnndpallr, !· 

KacrKryr IIKJI&ca Eopa npK KonearareacK011 YHKBepcKrere, Olilll! 

J.IHorKUK aB?OpaKII KCCJl8,IIOBaJiaC& CX81Ul pacnll,ll;a 155 r, -155G.t pa3JIK'IHl,llllt 11ero,11a111t. B Hai:
roa~el paoore KCcJ1e,11osaJ1CJ1 r ~cnexrp 155r&(pKc,l),K311epeHHliR c no11o~&DGe-noJ1ynposo,11HKxoso
ro ,11erexropa(0,7c11x 0,35c11),a rau:e npose,11eHo 'laCTK'IHOe KCCJ1e,110BaaKe cnexrpa xoasepcK -

OBJISX uexrpoHOB If. e - ¥ - coana,,;eHKR c XOHBepcxoellHJIII JIBHll.llllB c aaeprHllll I.. 45,6; 
J. 60; K 86,5; K 105,7; It 1487; (K 160,5; K 161,3; ·K 163,5); It 183,5 • It 262,5 ltllB, 

. HCCJl8)10BaHKe cnexrpoB XOBBepcaOllllUX l!JlexrpOBOB K e - J'" - COBila)l8HBI npoBOJtl(JIOCL 
sa rop011JtaJ1LH011 mecra3a3opeo11 ft- cnexrpoxerpe /2/ • ;r - cnexrpo11erpe c xcnoJI&30Baue11 
512-xaaaJILHoro axnJiuy~oro a:HaJIB3aropa ~PIIH /rCI. • ,11erexropa .N'a-:J (re) pa311epao 
7,6CII X 7,6 CK, 

H3oron 155 n no.11yqen ny:re11 pa3,11eJ1enu repdxe.111,1x a3oronoB ea 11acc-cenaparope / 1 1• 
H3oronu repdaa noJiyqaJIBc& xax npo,11Yxr rJlj'doxoro pac~eDJ1ea1a raaraJia nporo11a1111 c 3Heprael 
660 13B ea CBHXPO!lllXJIOtpOHe OHlll'I B Jtydne. ipoxarorpa4>aqecxoe pa3X8Jl88Be 3Jl8118Bt0B pe)IXKX 
3811~JIL npOBO)IBJIOCL B paJtllOXBJlllqecxol Jiadoparop•• B Jiydne, 

Ha aHaJIB3a pe3yz&rar0B noJiyqeHH axcnepa11enraJI&!llle xo~B!lll8BtH auyrpeBBel xonBepc•• 
K llj'JILUDOUeOC!ll or,11enHHX J" - ne~eX0,110B i xoropue npDO)IHTCH B rada~e l, 

Paccxarpxaaerca cxexa pacna.ita 1 5n-- 55bd , B xoropol BB0.1t11rca BOBHI ypoBeB& c 
388pl'Bel 286,6 xaB, l1J1.11 pacqera 3naqeuR lo.7/6 pa311:ocn xacc 155 7'C--+- 155&'.t B3ara1no 
Kallepouy • HeBB, paBHOR 637 X3B, Cxexa pacna)la DPKBOJl]lrca ea_ pac.2. letaJILeHI auaJIK3 pe
llj'Jl&raroB dy,11er npoBexen B padore, rorosa~elca x neqar1. 

I Ire J>_,a r y pa 

l, K,O,Nielsen and O,Skilbreid, Nucl,Instr., l, l5 (1958), 
2, O,B,Nielsen and O.Kofoed -Hansen. Mat,Fys.lliedd.Dan,Vid,Selsk, £h 6 (1955), 

3, J,W.Mihelich, B,Harmatz,·T,H,HandleY, P~ys,Rev,, :!Q§_,989 (1957), 
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1!CCJ!El(OBAHRE YI'JIOBIJX KOPPEJIHUHR EETA-r AMMA B I60TB 

M,Cy60TOB11q, fl,Kypairn 

Ka4}e,llpa 3Kcnep11ueHTM&HOll 1113llKK 
YHKB8PCllT8Ta M,KDp11-CKJIO,llOBCKOll,JlDOJ111B (IlOJI&ma) 

j_ 

Xopomo H3BeCTHM cxeua pacna,11;a 160 TC - 160JJy (T I/2 = 73 AHR), npe,11;.Jro:tea-
aaa a pa6otax /I,2,3,4/, 6uJia y:roqaeaa B pa!lo:rax /5,6/. Oaa noKa3aaa aa ·p11c,I, Cnopaun 
BOnpoc o cnl!He OCHOBHOrO COCTOSHl!li Tep611a-I60 /3/ 6uJI pemea B palloTe:x /7,8,9/ ueTOAOU 
IICCJl8,ll0BaHl!ll r&1Ma-113Jiyqea11a Il0Jllipi!30BaHHOrO SApa 160 TG , HaffAeao, no Cill!H OCHOBHO-
ro cOCTOllHl!ll I60 TC paaeH 3-, IIpeAJiaraewn e petloTe /3/ Cill!H 4- He corJiacyeTca KaK 
C eem1q11HOll to9f6 =8,I AJ!ll l!CCJI8Ayeuoro 6eTa-nepeXOAa (\Va = 0,570 M3B, 3~). Tax H 
co Cill!HOM ypOBHli I260 K3B a 160113 J paBHl\lM 2-, Ha KOTOpun npol!CXOAIIT 6eTa-pacna,11;, 

Hac:rOlll!l8J! pallow 6uJia BunoJIHeaa c nen1> 11suepemrn yrJioBUX xoppeJI111111n 6eTa-rm.wa 
np11 6eTa-nepeXO,ll8 ( WO :859 K3B) B AaHHOll 3Hepre:r11qecxon 06J1aCT11 r,lle 3?0 B03J.IOJ:H0 BCJI8,ll
cra11e np11cy:rcTBl!l! ,llpyroro 6e:ra-nepexo,lla ( w0 =0, 765 Mae, fo,j(t =9,4; ~). 3:ro 113uepe
H11e B03M0ll:HO B o6JiaCTlt OT 750-760 ,llO 840-850 K3B, B aac:rolllllen pa.60:re Jt03qxj>l!111!8HT acl!ll'.-
1,1e:rp1111 ½ ¢YHKn1t11 yrJioamc xoppeJian11n 6e:ra-r=a: 

N{e) = I + A2.P2 (cos 0 ) 
1!3U8pl!JIC8 B nepeXO,lle 6e:ra ( W =859 K3B) ,l!;Jlli 3Haqeu11n 3aepr1111 3Jl8KTpOH0B 780 11 830 ESB, 
B oOJiac:r11 3Tl!X 3Haqea11n auepr1111 aJiex:rpoHOB 11auepellli yrJIOBue xoppeJI11111111 c rauMa-
xsaa:rau11 965,711 877 KSB, 06e re,lllla-JI11a1111 coena,n;aDT c 6e:ra-nepexO,llOM ( W. =859xae) 
p11c,I. lluell B BIIAY ae60JI&mJll paaHOCT& ue:t,lly aaepr11som' KBaHTOB 877 II 965,7 K3B,Hll,D;O yq11-
:rueaT& yqac:rue KBaH:rOB 877 K3B B yrJioaon KOppeJI11n1t11 6era-rauua 965,7 K3B II KBaHTOB c 
aaepr11en 965,7 X3B HJII! CBll3aHHUX c Hl!MI! KBaHTOB KOMilTOHOBCKOro pacceHHl!ll B yrJIOBOll xop
pe1111111111 6e:ra-rauua 877 xaB, Coo:raomeaae 11H:reac11Baoc:rel! a:rl!X ralllla-1111a111! /5/ cJie.llYDD1ee: 
(965,7 K3B)(877 K3B) = 83/IOO. , IlepeXO,ll 965,7 K3B - q11C'Tlill E2 /5/, nepeXO,ll 877 K3B
cuemaaaul! /5,IO,II / (96,5,±2,5) % E2 11 (3 ,5 .± 2,5)% MI. · · 

Kpoue O,llHOKpa:rao 3anp8D18HHWC 6eTa-nepeXO,ll0B B 160 rc (w. =859 X3B),J.11,1 l!CCJ!8AOBa
Jll! yrJioBUe xoppeJia111111 6e:ra-r!!Mlla B paapemeaHoM nepexo,lle a- .J} ( w0 =570 xaa, 4~, 
t!c3ft =8,I) r J" (298 xae)o+. Cpaaa11:rem,ao 6onmoe 3aaqea11e t°i(t: =8,I ,l!;Onycxae:r npe,ll

noJioxea11e, q:ro 3,llec& CYJll8CTByer l!Hrepwepean1111 uex,lly ua:rp11qHu1111 aJieuea:raMI! paapemeaamc 
nepexo,llOB 11 6e:ra-nepexo,llOB ,l!;Byxxparaoro 3anpeD1ea11a. Rax 113aec:rao,~ paapemealllllC Oe:ra
nepexo,llax ae:r acmwe:rp1111 xoppeJI11n,m Oe:ra-rauua. CYJllec:raoeaHKe HH:rep~epeanaoaawc '1.116HOB 
H OAHOBpeueHaoe yuea&mea11e Ma:rp11qamc aJieueH:roe AJ!H paapemeHHWC nepexo,llOB uoxe:r np11aecT11 
K 8CHJ.U(8TPIIH B uauepeHHII yrAOBWC xoppelllU1Bll 6e:ra -rawa. , 

3xcnep1~uea:ranl!!le gaHwe II pe3yJiuam 

lJill 113uepeH11H yrJioeux xoppeJI11n1111 B 160 7'C yno:rpe6JI11Jic11 11c:roqa11x 113 XJIOp11c:roro 
:repOaa ,lll!!lMeTpou 3-4 l!ll aa nJieHKe 113 nanoa-Jiaxa TOJlllll!HOll 50-IOO 1,1xr/cu2• Tollll{11aa 
l!CT01<Hl!Ka uea&me I Mr/cu2, aKTl!BHOCT& - OKOJIO 0,5 MKllpK. llcroqal!K 3aaeuJ1l!J!Cll IlJl8HKOI! 
axBll.D;ara. Onpe,lleJieHHM aaepr1111 6era-113Jiyqea1111 BH~eJiaJ1aci'uara11:raHu cnex:rpoue:rpou c 
TOHKOI! J!HH20I!; l!CTOqHl!K ae:xO,lll!J!Cll B BaKyyue. Bo apeul! 1!3Mepeaan yrJIOBWC KOppeJillnKll 
paspemeH11e cnexrpoue:rpa, p11c.2,0uJio cH11xeao AO 8%. 3Jiextpow per11crp11poeaJI11c& np11 nouo
lllll nJiaCTHKOBoro ,ll8T8K?Opa TOJ11111!HOI! 8 UM. IlO,llBl!J:Hl\111 KaHaJI, per11CTPIIPY1llllllll ramia-H3Jiyqeu11e 
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C DOIIOIJtl>D °Kp11c_raJI.11a J/0J(Te){pa3pemaD11tl'Ui cnocoOHOCTl>Jl,5-9~),0WI r111areJ1~HO ~eHrpl!pOBaH C 
roqBocnD Oo.111,men. qe11 o,~. K11ny.111>cs 113 KaBMOB Oera II r8lllla nocrynMH Ba •~r-c.11oy• 
·cxe111 cOBll8,lteBHll c p83pemeB11e11 no Bpe11eu11 32 BaBocexyll,ll;H. , 

Ka& Bll,llHO 113 p11c.3
1

11311ep1Ie11He .IIIIBHII r8lllla 8'/9 11 965,7 lt3B BeJtocraroqBo,,,pmJte.11e-
H11. Ha p11cyaEe noxa3a110 11ecrono.11ozeBHe oxomex BHMH3aropa.r8lllla-xaBMa BO·Bpe11J111311epe
B111I·xoppe.111Ilij!H.~JI1I JtByx JilllmA: 965,7 Ba npaBOII CEJIOHe mHpOKoro .TIHXa H 8'/9 K3B Ha .11eBOM 
c_Moiie. lbie/1 B BHJtY ornomeBHe HHreHCHBHocrell OOelli: JIHH11II 11 11ecrono.11ozeime oxomex 8BMH-
3aropa, Ha,1to Ou.110 yqecrL nonpaBxy B xoppe.111I~ Oera -r8lllla 965,7 X3B Ha yqacr11e Jll!HIIH 
8'/9 X3B. Ona C0CTaBJIII8T I8.,!3%. rronpaBxa Ha yqacr11e Jll!HHII 965,7 B yr.110501! xoppe.11/!Illlll 
Oera-rlllllla 8'/9. K3B COCTaB.11/ler. 14.,!3%. 

rroc.11e·BBeJteHH/I Bcex nonpaaox: Ba c.11yqalll!lie coBna,JteHlill, xoneqH!ll! :re.11ecH11II yron 
·;.iterexropoB Oera-11.r8lllla-11anyqeH111I, pacceaH11e a.11exrpoHOB B 11croquuxe II yqac:r11e xoppe.1111-
Illlll nonepe11eHHO ra111m-xBa11TOB 965, 7 u 8'/9 xae, JIil no.11yq11.1111 c.11eJtYJ)11tHe pe3ynraru Jt.1111 
A2 11 A~ = A2• W !l - np11neJteHBoro xoa1Mi11niieHra ac1D111erpH11: 

E.i-(K:lB) £.4 (K3B) W (11
0
c~) A2 

Ax. 
2 

965,7 ; 780 2,5264 -0,058.,!0,0I2 -0,0274.,!0,0057 
965,7 ' 830 2,6242. -0,053.,!0,0II• -0,0238.;!:0,0050 

879 780 2,5264 0,049.;!:0 ,008 . 0,0230.,!0,0037 
8'/9 830 2,6242 b-;tl44±0, 001 0,0!98.,!0,0032 

CpaBB11:re.11LHO Oonmaa 01111'10xa cB113'ana r11aaH1111 00pa3011 c yqacr11e11 B xoppe.1111~ 
•HeHyJ:HUX• KBaHTOB. 

Ilpe)lllap11re.111>H11A aHM1!3 p~3y.111>raron nepexo.;a 3- ( A )2+ ,r ( E,-=965;7)0+ 

,KcxO,llll H3 npeJtnO.IIOlC8BII/I, qro BCC.118JtYellHII nepexo.it IIODIO 8Ba.llH31!POBan l!CXO,lt/1 113 

npi:6.11mrnH111I Bi.j /12/ , 11H no.11yqae11 /I3/ Jt.111! npHBeJtenuoro xo:iqxp~11eHra acl!W.lerpim ~ 
c11eJtYDlJ(YD qiopeyey: · 

Ax - S,•Y+s, (I) 
, 2 - 'C .y•,.1;,. • 

r.ite Y = i Y - ~ ( u +x) - JIHHel!naa xoii011HaTIH/I napauerpoB Ko:raHll /I2/ y ,x, u. , 
lj = (,z)/(i!IIJ~- P8Jll!YC l!JtPa, $ I' .S 9 i: I' 't 5' - K03IP!JHilll8HTU,3aBl!C/lllll!8 or :JHeprHI! 
Oera-qacr~ 11 xy.110HOBCKltX nonpaeox. ifaxcl'llla.llLHM 3Bepra11 acc.11eJtYe11oro Oera-nepexoJta 
Wo =2,680 /11oc2/; Pemaa (I) OTHOCl!Te/lLHO •y•, no.11yqae11 C.118.ltYJ)lJ(lle 3HaqeHHII Jt.1111 napa
Merpa Y: 

Ax 
,. 

w Yr y· 
2 2 

..I 

2,5264 -0 ,0274.,!0 ,0057 4,277 - 0,3I3 
2,6242 -0,0238.,!0,0050 4,908 , - 0,332 

Kalt BHJtllll,npl! 1!3MeHeHHH 3Hepr1rn: Clera-qacr11~ Ha 4% 3naqen11e nap8llerpa Y 11311en11er
c11 Ha ~ ~. K3 :iroro c.11eJtyer, qro ~aBHUII Oera-nepexoJt Hens a Cq}!ran qHcTHII nepe
x0Jto11 Bi,J, ' II.Ill! - qro Clll!H OCHOBHOro COCTO/IHll/1 I60 'i'C He IIOlCer ClHTL 4-. K coza.11eB11D, 

J2 

I 

npe,JJ;e.11 :meprm1, ,!\JI/I KOTOpOll Oll.110 B03M0ll:HO n:i;onecr11 HamH IICC.118,ll0B8BH/I, oq·el!L Y30K ,1\.11/1_ 
r,oql!eHHII BHID8YK83aHl!Oro BHBO,lla. 

\f3MepeI111e yr110Bux xoppe.~11n11ll Oera-raMMa B nepexo.;e 3- ( 4 ) 2- ( <t )2+ 

Ilp11 11:iJ.1epeI11111 yr110Bux xoppemrTIHll Jt/11! p83pemeHHOro oera-nepexo,lla ( W 0=570. x:iB) 
c rf'™a-nmmell 298,8 K3B w no11yq1rn11 Jtllll xoaqxjJHTI11e11:ra ½ 3HaqeH11e ½= .-0,005.,!0,006 111111 

.Ila = - 0,0052.,!0,0060. 3TOT pe:iy111>rar 1[8,ltO C'll!TaTL , ·npe,llBapll:reJILBHII. 3Hepr1111 3/ICKTpO

HOB paBHa 300 K3B. 
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l!CCJIEJIOBAHKE COBII.A,llEl!lft KO?.BEPCllOHltlX 3JIE:{TPOH03 JP!! PACiIA,l\E 165 Tm 

E,C,)liteJienos, II.A.Tll!.l!KllH, li.A.!il:1meJIOB, 

im,i,;r JirY 

~-

!lcc.11e,D;oBaHl!e cxellli pacn!l,l!;a 165 .7m (T l/2=29 qac,) np0!!3B0,ll;ll/10Ch 118TO,!l;OII e- - e 

COBna,D;eHllll npll no11om11 C,!l;B08HHOro TOpOll,ll;a.llhHOfO .Ji -cneKrpouerpa • ~paxiurn ry JI.llllll 

i:hrna s11,11;eJieHa xpo11arorpaqi11qecKH!l 11ero,D;o11 ll3 c11ecn pe,D;KllX 3e11ellh, odpa3YDll!llXCH np11 oCSJiy

qeH!lll TaHTaJia CSllCTplll.m npOTOH81GI (Ep =660 l.13B). 

l!3yqeH!le KacKa.iuiux nepexo,D;OB npl! pacna,11;e 165 7m paHee npo113so,11;llJIOCh )lxeJienOB!lll 

11 ,11;p. /l/ (e - - e- - coBna,11;eHllJ1) 11 rpo110B1111 l! ,D;p. /2/ ( 4 - .r -cosna,11;eH1tR). Hau y,11;a

JIOCh noJiyqJ.tTh CBe,ll;eH!IR O K8CK!l,ll;HOCIH ~yrllX, CSoJiee·cllaCS!lX no l!HT8HC!IBHOCTI! nepeXO,!l;OB, 

IloJiy!Illllp!!Ha KOHB8pC!!OHH!lX Jll!Hl!II, 3a l!CKJ!Dq8Hll811 cauoll IIRrKOII OCSJiacTI! cneKTpa, cocTaB

JlJl/la LI Hp/ Hi =2 - 2 ,5%. Pa3pem8Ilmee Bpel.!R cxew coBna,11;eH111! ( 7: ) 611/10 paBHlll.! 6 HceK, 

CKOpOCill cqera COBTTM8Hl!II KOHB8pCHOHH!lX 3/10Kip0HOB ,!l;JIR PR,D;a nepexo,D;OB, np11Be,D;eHH!lC 

K O,D;aouy Bpe11eH11, ,D;aHll B raCSJil!ne I. 
OCSHapyxeao, qro 3/18KTpOH!l K 243 ,ll;ailT COJlna,D;elil!JI c 3/leKTpOHal.!l!: J, M 53; /., M 54,5; K 

ll /.., M II4; K 292; K 312; K I! /.. M 347; K 1t /.., l.l 365. He 611/IO Hall,11;eHO COBna,11;e-

Hltll (K 243) (/., M 77; K 2!9; K 1t /.., M 296; K 1t /. M 297; K 1t /.. M 356; K 456; K 460 ). 

3JieKTpOHll K 219 OOHapynBailT COBna,ll;eHltJI c :JJ1eKTpOH8!11t: /., l,I 47; /. M 61; /.. M 77; K ll 

L M 312. He OCSHapyxeHO COBna,ll;eHllll KOHBepcltOHHOII Jll!Hltlt K 219 c Jll!HllJ!l!lt: /.Jd II4; /., M 243; 

K 292; K. 1t L l.l 296; K 1t I., M 297; K 347; K 356 ll K 365, 

KOJil!qecrBeHHllll aHMll3 pe3yJILTaTOB ll3yqeHHJI COBTTa,D;eHllll KOHBepC!IOHH!lX 3Jl8KTpOHOB npl! 

pacne,JJ;e 1657,,,. TT03B0JIJleT C,ll;eJiaTL CJ1e,11;yiimlle JlllllO,ll;ll: 

l. IlepeXO,ll;ll c 3Heprl!lll,llt 53; 511,5; II4; 347 ll 365 K3B Ha%0,ll;JIICJI B npRIIOU ·KacKa,D;e 

c nepexo,11;011 243 K3Jl, Tax Kalt HaJiltql!e ypOllHJI c 3Heprl!ell 243 K3B He Jlll3llBaeT HllKaltllX COII

HeH!!II, IO nO,ll;Illepx,11;aercR CYllleCIBOBaHlle B 165c& B036yx,Jl;eHH!lX COCIOHHllll c 3Hepr1tJ1llll: 

296; 297; 356; 590 l! 608 K3ll (p1tc. l). '· 

0ICYTCTJllte C0llfla,11;8Hllll nepexo,ll;Oll (0243) ( /' 77); ( a 243) ( a 219); (f243) (c('296); 

( r 243) ( a 297); (r243) ([356); Co243) (0460) lla%0,ll;l!TCH ll KaqecTJleIIHOI.! corJiacmt 

co cxe1101! pacna,11;a 165 :T,,.,; , 1!30CSpaxeHHOII Ha p11c. 1. 

2. Ilepexo,11; c 3Heprllell 347 K3B Ha OCHOBaHl!I! 3HepreTl!qecKoro 6aJiaHCa 110:m:er ClllTL 

pa:i11emen B ,ll;Dyx 11ecrax cxew pacna,11;a: 
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a) 11ell,1IY ypOllHlllllt c 3HeprR.IDOI 854 R 507 K3Jl /3/ R 

Cl) 118%,ltY- ypOllBRIIH c aneprRRIIH 590 H 243 K3B /2/. 

ConocraBJiemte ornomeBBII UBT8BCllBR0CTell KOBB8pCHORB!lX Jll!Rllll ,!l;JIJI nepeX0,11;0B C 3Hepr11a

llR 347 H Il4 K3B (K 347: /.,1!4 = 0,49 /4/) ll cxopocrell cqera COBna,JteBHI! 3Tl!X Jll!Blll! C 

K 243: ((K 347) (K 243):(£. II4)(K 243)=0,56) no1ta31,1Jlaer, qro nepexo,11; c aaepr11ell 347 K3B 

Ra%0,!l;KTCR B npa11011 KaCKa,D;e C nepexo,11;011 243 K3B, qro CBH,!!;eT8JlhCTByer B TTOJIL3Y Bap!!aHTa 

•(l• paaKemenu nepexo,11;a c aaepr1tell 347 K3B B cxeKe pacna,11;a 165 :T,,,., • 
Tax KaK IIYJ!l,TRTTOJU,HOCTL nepexo,11;a c 3Heprlle2 347 K3B - Ml, TO qSTROCTh COCTOJIR!IB 

c aaepraell 590 K3B ,11;0.r.zaa Cl11rL orpanareJILROII. 

3. Ra aHM!l3a Kpl!BllX COBTT!l,ll;8BRII c K 243 ll c K 2!9 CJIS,D;yer; qro nepexo,11; c 3HepraeB 

312 K3B BBXO,ll;l!TCB B npa~OI( KMK!l,ll;e c nepeXO,ll;OK 219 K3B ll qepe3 npo11exyroqHlll! nepexo,11; 

c aaepraell 53 K3B ,11;ae; coBna,Jtenna c nepexo,D;OK 243 K3B, 3TH ~aKTH suaq11renuo no,11;xpenJia-

1>r BOs11ouocu pacnoJ1oxen11a nepexo,11;a c anepraeB 312 K3B B cxeKe pacna,Jta 165 ✓- Kex,11;y 

YPOBHRIIH c aneprllBIIR 296 R 608 X3B, 

4. HaelJil))laeuaa CKOpOCTL cqera COBna,JteRnB ( K 243) (K 292) ( 9,5.:!: 2,5 Rl(fl, 

11!1B,-l) He npor11Bopeql!T pacnoJioxeal'lll n~pexo,11;a c aaepr11ell 292,3 K3B B cxeKe pacna,11;a 

165 Jm 11e:s,cy ypOBR.IDOI c aneprnlllllt 590 ll 297 K3B, KoJinqecrBeRR!lll aHMll3 BWJll),ltaBml!X

CJI Baull •coBna,JteRRII" (K 292+ /.. M 243+K 296+ K 297) (K 292+ I, Id 243+ K 296+ K 297) no,11;

TBepx,11;aer aror Jll,(Jl0,11;. 

5. He ClHJIO 3811eqeHO COBna,ll;8Rl!B (K 243) (K 456), XOTB no CX81(8 pacn~,11;a 165 J,,,., , 
,11;asaeKO! B pa6ore /3/, OB!! RWJlll,ll;aJIRCL d!l B RamRX Oll!lTax B 38118TR01( KOJll!qecrlle. TeK 

Calllll( cymeCTJlOBaHRe ypOBRB c anepr11ell 699 K3ll ae noJIYqRnO no,1trBepx,11;eRl!B, 

B1,1paxae11 CSJiaro,11;apBOCTL COTPYARl!KBII OR.HR K. JI. rpoKOBy ll lit. T,IeJielly aa npe,11;ocraBJ18-

Blte. npenapara, H. A. JieCSe,11;esy - 3a xpoKarorp8qll!qecKoe e11,11;eJ1eHl!e ~paKnRH TYJI.lllla. 

B na11epeHRBX npRBRIIMH yqacrlle·A.Ky,11;pam0B, A.KosyHOB -R B.Eorya. 

JI 1t r e p a r y p a 

I. E.C.,llJ[eJienoB, B.A.Ceprll8HKO. Ilporp8lllla ll T83llCH X COB811!aRltR no 11,ll;epuon cneKTPOCKOnllll, 
MocxBa, Rs,11;, AH CCCP, 1960, crp, 82, 

2. K.JLrpoKOB, E.C.,lll[eJienoB, B.3BOJ!hCKa., R.3BOJILCKnll, A.B.30/IOTaBHH, JI.JI.IleJieKl!c, 
3. 3. IleJieK!lc, R3ll8CTHJI AH CCCP. Cepna ~!13. , 27, 195 (!963). 

3, B,Ha.rmatz, T,H,Handlev, I,W,J.!ihelich, Phys.Rev,,~• 1186(1962), 
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f 
l Ta6x1111a t 

PesyJI:&T8Tll BBllepeHHll COBna.11eHBll 11ex1 KOHBepCBOHl!llllH 
BJieKTpOHSIIH np11 pacna,11e Tm 5 ,;. -

1. 
~ KoKBepCBOHK!lll KosBepci!OBH8ll Cxopocu 0-rBOCBT,BHTeH- I nn JIHHBH Ha nep- Jil!Bllll Ha BTOpOII c11eTa CBBBOCTB KORB, 

BOIi cneKTPOlleT- eneKrpo11erpe COBn8,lleHBllr JIBHBll f4~ pe (BIIR,IIBH,- ) (1!243= 2 O) 

I 1!242~7 • i:u,6 66 67.8 l 
2· -"- K292,3 9,5±2,5 I3 ~ 

' 3 _n_ K295.9' Her COBil, 83 
4 _n_ K297,2 Her COBil, !25 
5 _n_ K3I2,I 3,7±0,8 IO 

6 _ .. _ 
K346,6 37±!+ 33 

7 _n_ 14346,6* 6±!,5 .5 
8 _n_ K356,3 Her COBil, 22 
9 _n_ K365,3H 7 ,5±<).8 6,2 

to _n_ M365,3 I I 
II _n_ K448,I I I,8 
!2 _n_ K456,0 Her COBil, 6,6 
I3 _n_ K459,9 HeT COBil, II,7 
!4 K2I8,6 -~ 77.2!(!(!( 256 405 

-~ 

IS _n_ 242:7 Her-coBna,n:,- !85 

j !6 _n_ K292,3 Her COBil, I3 

!7 _n_ K295,9 Her coBna,n:. 83 
I8 .:.n_ K297,2 Her. coBna,n:, !25 r 
!9 _n_ K3I2,I 5±1,5 IO 

,· 

20 _n_ M3I2,I I I,5 
'· 2! _n_ K346,6 Her COBn, 33 

22 -"- K365,3 Her COBn. 6,2 

. . 
H-/ RllHilll M346,6 B K389,2 B cneKTpe nOJIHOcr:&D He paspewaw. 
u-/ 3,11ec:& ze pacnoxoieHa JIHHBH M ,12,r. 
'!EU.-/ M JillHllH nepexo,n:a 77,2 K3B He llOJIHOCr:&D paspemea1,1, 

38 

853,3 

508.0 
589.1-1 

507.-1 

356.3 

291.Z 
295.9 

242.7 

77.2 
1/7.2. 

a 

co 
(:j 

~ 

~' \Q ~ ~ 
~ .... 
• 

a1 ~ 
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~t ~ 
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" I, I I FI 77 -/ I I I / / ; ; 7 
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Tm (29 .. ) 
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/ '/ / / ,,,. .I ~ "' ¾-

#I 

Fite, I, qact:& cxew pacnB,lla, odcroae11aa B Hacron~ell padore. Ilepe
xo~, A8D~e COBilaJl8HHH c nepeXOAOII 243 K3B, odo3eaqeffll 
crpeJIMlllt c O,IIHHII xpyxoqxo11; C 219 K3B - c ABYIIH xpyzoqKallil. 
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- 168 
0 MYJILTHilOJILHOCTHX IlEPEXOJ!OB B !U!PE CT-___ ___ - . 

ll.DpCBK, B.3Bonr.cxa, ll.Plce38BKa, 
.RKCTBTYT ll,lteprua: HCCX6AOB8BHH,'IJAH, PJ:ex 

.,. 

Ha1m_a3y,1anca r- cnexTp168 '7'm , B3K~~eaauH npn nouoma repuaaaeBoro AeTeKTopa, 
H3rOTOM8BHOro AOKTOPOB Tpoyciurou H3 llBCTHTYTS ~H3HKH TB6PAOro Tena B Ilpare. 

-- B Ta6n. I npHB6A8BU aaaqeBHH 3HepraH H OTHOCHT8JI1,HLIX HHTBHCHBHOCTeH H86XDA881WX HaMH 
(- RHHHH. 3TH 3HaqeHHH ~B8CT8 C A8HHUBH 06 OTHOCHTMbHUX HHT8HCHBHOCTllX KOHllepCHOHB!lX 
3X8KTPOHOB,nonyqeuuux B pa6oTe J(xexo6a HAP· /I/,6unH H8MH BCllOXb30B8BU ~H onpeAeneBBH 

- llj'XhTMllORbHOCTeH nepeXOAOB. IlpH 3TOM MU HCllOXb30BMH xopomo H3B8CTHUH ~8KT, qTor= nepeXOA 
c 3HepraeH I84_K3B HBXHBTC~ nepeXOAOB THna E2. Ilony,1eaaue B8MH auaqeHHH KBK B cpeBHBHHH C 
TeopeTaqeCKMMH aaaqeHMHUH ~H p83HUX uyn»THllOXbHOCTeH npHB8A8HU B Ta6n.I. Tau xe yR838BU H 

__l!BPOHTl!l,18 auaqeHHH uyn»THllOXbHOCTeH nepeXOAOB, HaHAeBHUe HBBH MynbTHnOnbHOCTB nepeXOAOB, 
- COBepmaDmHXCH M8lltJlY YPOBHHBM poTanHOHHUX nonoc,HBXOAHTCH B nonHOM cornaCHH co auaqeHHHBH, 

KOIOpUX cne,tyeT OKHABT», HU8H B BHAY.KB8HTOBUe xapaKTepHCTHKH COOTBBTCTBYDmHX YPOBHeH. 
HaffAeHHU8 H81ffl uynbTHllOXbHOCTH nepeXOAOB C 3H8prMHBH 546,646,72L H 1279 K3B 1 COBepm8DmHXCH 
C ypOBHH 1543 K3B, 0AH03Haquo YCT8H0BXMB81lT KB8HTOBU8 xapaKTepMCTHKH 3TOrO YPOBHH KBK s-. 
Myn»THllOXbHOCTH nepeXOAOB c 3HeprMHBH 99,198,831 M IOI6 K3B,COBepmaDmHXCH c YPOBBH 1095 
K3B Ha YPOBHH poTanHOHHUX nonoc,n03BOXHllT npMru!CBTb ypoBHD !095 K3B KBaHTOBUe xapaxiepH
CIHKH 4-, 

Ey 

) 

9 

34 

98 

49 
22 

!f8 

47 

33 

,6 !f6 

2I 

n a T e p a T y p a 

I, K,P.Jacob, J,W,Mlhelich, B,Harmatz, T.H.Handley,Pby~.R~v.,.:!12,1102(1~60), 

Ta6nana 

Iy cl., Kexp. ot,c meop. 

EI E2 HI M2 
' 

155 3,73 
111 7,8.ro-2" 4,o• 6,6.IO-~" ~ 

I,5.10 E2 

53 2,3,IO-I 2,8.Io-I I,I I,4 2,0.IO EI 

28! 2,0.10-I 5,5.I0-2 2,0,10-I 4,2.I0-1 2,4 E2 

5,0.10-2 4,6.I0-2 I,6.I0-2 3,5.ro-1 
/npHHHTO 

786 I,9 EL 
I,6,I0-2 r,r.ro-2 3,5.ro-2 7,9~10-2 -

- ---- EI-tM2 
IO 2,s.10-
II I,7,I0-2 6,9.I0-3 2,0.10-2 6,6.I0-2 1,5.ro-1 E2,EI-tM2 

604 2,1.10-2 6,I.I0-3 -I,8.ro-2 4,I.I0-2 I,2.10-I E2-tMI 

52 3,s.10-3 3,9.I0-3 - 1,1.10-2 2,!>.10-2 7 ,o.ro-2 EI 

II4 1,4.ro-2 3,0.10-3 - 7,8.I0-3 I,7,ro-2 - 4,6~ro-2 E2/+MI/ 

9 2,5,10-3 2,tJ,I0-3 'I ,4,I0-3 I,6.I0-2 4,3,I0-2 El 

II3 2,tl,I0-3 2,2.10-3 5,s.10-3 I,2.10-I 3,2.10-2 EI 
-- ---
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Er Ir cl Kexp ~It "'tto,o, - : - -

EI E2 III - M2 ---

732 89 6,6_.10-3 2,1.10-3 5,6.10-3 1;2.10-2 - : -2 
s,o.ro E2 

748 217 5,s.ro-3 2,0,10-B 5,4.ro-s r,r.ro-2 2,9.10-2 E2 

817 IOOO 3,9.10-3 I,7.I0-3 '4,4.I0-3 B,6.I0-3 2,2.IO -2 E2-

822 228 4,3.ro-3 1,1.10-3 4,3.ro-3 8,4.I0-3 2,2.10-2 E2 

83! !40 I,4.I0-3 I,'6.I0-3 4,2.10-3 8,2.!0-B 2,I.I0-2 EI 

917 54 3,6.I0-3 I,4.I0-3 3,4.I0-3 6,5.I0-3 I,6.I0-2 E2 

IOI6 I,3 ~I,r.ro-2 I,I.10-3 2,7.I0-3 5,0.10-3 I,2.I0-2 112 

1279 44 8,I0-4 7,5.I0-4 I,7.I0-3 2,8.10-3 6,6.I0-3 EI 

1464 8 - 5,8.ro-4 I,3.10-3 2,0.10-3 4,6.10-3 -

-- cl-,. 

165 
HOB!lE ,llAHH!lE O PACilAJ(E Tm 

T.KynapoBa, B.3BOXDCKa, M.BeHc, 
ID!cmeyI 11.1tepaux nccne,11;0Ba11H1t, IJCAH Pxex -

HaBH 33yqanHCb cneKTpU r- nyqeli, KOHBepCHOHHUX aneKTPOHOB H e-- J"-COBiIBAeHHH I~T~ ." 

CneKTp (' - nyqelt llun n"onyqeH npH llOKOmH ct' -cnex~pOKeTpa C r_epll8.llll8BW ,11;6T8KTOpOK • - -
H3rOTOBH6HHUB ,ll;OXIOpOK TpoyCHXOK H3 IDICtHTyTa ~H3HXH TBep,11;oro Tena B Ilpare .Kpo11e nepexo~oB, 
H3B8CTHUX 113 6onee, paHHHX pa6oT, H8MH BB6HDA8HMCb .( _. XIIHHM c aaeprMHBH 507,855 ,1289 ,I366c 
H 1418 K3B, - . 

B Ta6n.I npMB8A8Hll 3HaqeBHH :rneprHli H OTHOCIIT8UHUX HHTeHCHBHOCTelt o- XIIHHH. 3Tll 3iia- -•
'l8HHH BlleCTe c ABHHHBH 0_6 OTHOCHTen»HLIX li!HTeHCHBHOCTHX KOHBepCli!OHHblX aneKTPOHOB ,nOJiy,lel!l!HX -
B pa6,/l/ H B HBCTOHmeli pa60Te,6~nH HCllOXb30B8HU ~H onpeAe»eHHH uyn»THllOHbHOCTelt·nepexO~OB, 
rrony,1euuue HBBH 3uaqeHMH KBK B cp0BH6HIIH C TeopeTaqecKHBH aaaqeHMHlffl MB pa3HUX 11ynbTHllOJ1:r.
HOCTeH npHB6A8HU B Ta6n.I. Tau ze YK838HU H BepOHTHUe 3H8'l8HIIH_ uyn»TllllOXDHOCTeH nepexo~OB. 

CneKTp KOHBepCMOHHUX aneKTpOHOB H3y,l8H B o6naCTH auepr11li 3HeKTPOHOB I060 - 1470 K3B 
npa nouoma .ft - cneKTpo11eTpa c ABoliaoli ~KycupoBKOli c npn6opau11 paapemeHHeu 0,2%, B Ta6n.2 
npl!BBABHU A8HHU8 06 8HepraHX nepeXOAOB H OTHOCIIT8XbHUX IIHT8HCHBHOCTHX KOHBepCIIOHHUX aneKTpo
HOB. Eun11 o6aapyxeau HOBUe KOHBepCHOHHUe aneKTpOHU K 1288,7 K 1365,7 HK I4I7,5. 

ITpH llOMOmH XHH30Boro fl - cneKTPOlleTpa C npouexyToqH!ll! 11ao6pazeaae11 aa6nDAMHCb COBna
AeHHH (K 243) ( 0 350), (K 243) (.,II86) M (K 296) ( 0II32). 

+B pa6oTe XapuaTna HAP• /2/-ypOBHD 590,0 KSB npHITHCUBBXIICb K~BHTOBUe xapaKTBPHCTIIKH 
3/2 • Cornacao H8WIIM ABHHUB,ocy~ccTBXH8TCH OAHa V.3 KBBHTOBUX xapaKTepl!CTHK (I/2 3/2 5/2)

He IICMDqeuo ll03TOIIY, 'lTO npH 3TOH aaeprHM ocymeCTBHH8TCH tY- B116panMOHl!Oe COCTOHHHe, OCHO
naHHOe HS ypoBHe O K3B 5;2- /523/. B coceAHHX ueqeTHUX H,ll;pax ypoBHM TBKoro THna TaKZe 
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ocy~eCTBnRDTCll np11 aaepr1111 500-600 K3B. B.r.conoB»eB /3/ yK83YB8X Ha B03MOXBOCT» B036yx,n;e
BHll TpeXKBaa11qacTzq11wc COCTOHHllll c KBBHTOBYMII xapaKTep11CTIIK8MII 3/2+H I/2+ npH 3BeprHH I,3M3B 

B pa6oTe rpoMOBa HAP• /I/ CAenaHO npeAnonoxea11e o TOK, qTo COCTOl!Hlle c KBBBTOBlil!II 
X8p8KTep11CTIIK8MH 3/2+ BBXOAIITCl! npll 8BBpr1111 1429 K8B, Ha~eHHlie B Hamett pa6oTeB-- r COB
Il8A8BBll (K 243) ( fII85) 11 ( K 296) (fII32) OOATB8pll,ll8DT CYJll8CTBOB8Hll8 ypoBBH np11 aron 
8Hepr1111. Ha~eHHlie uyn»TllllOn»BOCTII 4-x nepeXOAOB,COBepmaDIIUIXCH c YPOBHH I428 K8B,ll03BOnHDT 
cqHTBT» npe~ozeBBlie ~BBHTOBlie xapaKT8PIICTHKH (3/2 +) npaa11n»HUIIII. BTopoe Tp8XKB8311qacT11q
H06 COCTOHHlle T11na l/ + H81! 00KB Be YABnOCb 06aapyx11Tb, BO Mli 1111881! OCHOBaHHH cql!TBT», qro 
OHO, nO-Bll,ltlll!OKY, HaxOAIITCH npll 3HeprHB > 1428 K3B. 

] B T e p 8 T y p 8 

I. K,H, rpouoa, B.C.i'\lll:8n8noa, B,3BonbcKa, R.3BOXbCKHtt, ],],IleneKzc, 3.3.IleneKHC. 
~3B,AH CCCP, C8p.wza£,I95 (1963). 

2. B.Harmatz, T.H.Handley, I.W.Mihelich. Phys.Rev., ,lg§, 1186 (1962). 

3, B.r.ConoabeB, i3T~, 43, 246 (1962) 

T a 6 n 11 ~ a I 

Er I.I' (~ K)aKcn. EI E2~K)Teop. MI 

IBI 4 4,1.Io-2 s,s.ro-2 2,2.10-I 4,6.ro-I 

I96 28 3,4.I0-2 4,3.ro-2 I,8.ro-I 3,6.IO-I 

219 99 2,5,IO-I 3,5,I0-2 I,3,IO-I 2, 7 .Io-1 

224 2 8,8.IO -i!. 3,il.I0-2 I,2,I0-1 2,6,IO-I 

233+255 8 - - - -
243 IOOO r,ss.ro-Ia) 2,7.ro-2 9,3.ro-2 2,0.ro-I 

249 72 I,9,I0-2 2,s.ro-2 8,5.ro-2 I,9.IO-I 

264 I3 - - - -
279 I8 5,8.10-2 I,9.I0-2 6,2.10-2 I,3.IO-I 

292 ,..,57 4,0.I0-2 I,7.Io-2 5,4.I0-2 1,2.IO..I 

296+297 548 6,7.Io-2 I ,6.I0-2 5,I.10-2 I,I.ro-1 

307 <6 >8,I-.I0-2 I,5,I0-2 4,7.I0-2 r,o.Io-1 

312 9 I,6.IO-I I ,4.I0-2 4,5.ro-2 9.9.I0-2 

331 6 s,o.ro-2 I,5,ro-2 5 e ro-2 b,5,!0-2 
347 90 7,4.ro-20 ) r,1.ro-2 ' • -2 7,4.I0-2 . 3,3.IO 

357 7I 5,o.ro-2 r,o.ro-2 3,r.ro-2 6,9.I0-2 

366 II 7,I,ro-2 9,8,I0-3 2,9,I0-2 6,6,I0-2 
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"BKmoq, 
M2 o aepo111 

l!Yn»THn. 

2,3 ~I 

I,8 ~I 

l,2 ,II 

I,I ~lHCMD-
qaeTCll 

- -
8,a.ro-1 . 

MI+E2 

7,8,IO~I EI 

- -
5,5.10-I E2 
4,8.IO-I -
4,6,IO-I 

4,o.ro-1 EI,E211c-

3,8,I0-1 
M10qaeT, 
MI 

3,2.ro-1 MI 
2,8,ro-1 MI 
2,6.IO-I MI+E2 
2,3.ro-1 MI(+E2) 

Er Ir ~lt)3KCn, 

384 <6 >3,2.10-2 

389 66 I 2 ro-2 

400 3,3 
•• -2 

6,8,10 

42I 6 3,2.ro-2 

429 4 3,s.ro-2 

443 I7 r,5.10-2 

449 42 6,2.10-3 

456 ,..26 4,9.ro-2 

a) aaaqeHHe npaB11To 

Eel' I.r (""KhKcn. 

460 135 1,a.10-2 

472 8 3,6,I0-2 

478 8 4,I.Io-2 

488 24 3,6.I0-2 

507 2 -
514 7 3,6,I0-2 

527 <30 >1,r.ro-2 

543 36 2 2 ro-2 

559 <40 
t • 3 

>7,o.ro-

564 70 2,3,I0-2 

575+578 12 7,5.ro-3 

590 73 8,2.10-3 

606+608 I8 -
665 18 I O ro-2 

678+68I 8. 
• • -2 

I,4.IO 

700 40 7 ,3.ro-3 

747 ~IO -
807 326 9,7.ro-3 

839 I8 9,o.ro-3 

855 "'12 -
I 

EI E2(.lK)T80p. UI M2 3aMnq8a11e 
0 BBDOHT. 

·IIVJIUHOOJll,B. 

8,9.ru-2 2,5.10-2 5,9.ro-2 2,0.I0-1 EI lrlCMDqaeT 

8,4.ro-a 
. -2 

s 5 ro-2 I ,9.ro-1 EI( +112) 2,4.IO 
7,9.ro-3 2,3.10-2 s:2:10-2 1,a.ro-I MI 

6~9.ro-3 2,0.10-2 4,6.10-2 I,'.:>.ro-1 E2+LII 
EI+M2 

6,7,I0-3 I,9,IO..:.Z 4,3.10-2 I,4.IO;..J (MI(+E2) 
6,2.10-3 I,8.ro-2 4~1.10-2 I,3.:ro-1 (E2) 
6,0.10-3 I, 7 .ro-2 3,9.I0-2 I,2.ro-I .EI 
5,7.ro-3 . -2 

I,7.IO 3,7.I0-2 1,2.10-I (MI) 

·--
EI E2(.?K)Teop. MI M2 

5,7,I0-3 I,8.ro-2 3,6,I0-2 1,2.10-I E2 

5,4.ro-3 I,5.ro-2 3,5.10-2 !,I.IO-I Ml 

s,2.10-8 1,5.10-2 3,3.10-2 1,0.10-1 MI 

4,9.ro-3 I,4.I0-2 311.10-2 9,9.ro-2 MI 

- - - - -
4,4.ro-3 1,2.10-2 2,7.I0"'2 8,5,ro-2 EI+l.!2,MI 

4,2.10-3 1,1.10-2 2,6.10-2 7 ,9.10-2 El HCMDq. 

3,9.IQ-3 I I 10-2 2,8.10-2 7,I.10-2 MI 

3,6.ro-3 • . • . -2 
2,2.r_o-2. 6,5,I0-2 I,O.IO_ -

3,5.ro-3 9,8.Io-3 2,1.10-2 -6,2.10-2 MI 

3,4,ro-3 8,9.10-3 2,0.10-2 5,9.ro-2 -
a,2.ro-3 s,7.ro-3 I,9.I0-2 5,6.ro-2 Z2(EI+t!2) 

- - - - -
2,6.I0-3 6,8.ro-3 I,5.I0-2 3 9 10-2 MI 

2,4.ro-3 6,4.ro-3 1,4.I0-2 3'7\0-2 MI t •. ----

2,8.10-3 6,0.10-3 I,3.ro-2 3,5.10-2 E2(+MI) 

- - - - -
I,7.Io-3 4,4.I0-3 8,8.10-3 2,3,10 -2 MI 

I,6.ro-3 3,9.10-3 7,9.10-3 2,0.ro-2 Mf 
- - - - -
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El' Iy (O::K) :men. EI E2(""-K)Teop, MI 112 

954 12 3,9.10-3 I,3.ro-3 a,o.I0-3 5,9.I0-3 I,4.IO~ E2(-t-llI) 

!043+1047 5 3,4.rn-3 1,1.10-3 2,6.ID-3 4,6.rn-3 1,0.10-2 -
II33 75 9,8.I0-4 9,2.I0-4 2,2.10-3 3,8.ro-2 8,1.10-3 EI 

II86 III 1,0.10-:-3 8,6.10-4 2,0.10-3 3,4.I0-3 7,8.ro-3 EI 

1289 4 2,5.10-3 7,6.I0-4 1,8.10-3 2,8.10-3 6,4.10-3 MI 

1366 .,,4 I,2.10-3 7 ,0.10-4 I,7.IQ-3 2,4.10-3 5,4,10-3 E2,MI 

1382 29 1,8.10-3 6,9~10-4 I,6.I0-3 2,3.10-3 5,2.10-3 E2-t-MI 

!428-t-1418 51 4,2.ro-4 6,2.10-4 I 4 10-3 
"' . 2,2.10-3 4,9.10-3 El 

T a 6 n II u a 2 

KoHBepCl'JOHH8l! 3Heprlll! l-lHTBHCl'IBHOCTII KOHBepCl'IOHHhlX 
JIIIHIIII nepexo11a mrn11ll 

K IIBI,8 ?I 
," 

K II84,8 100 

I., 21 

M 4 

K 1288,7 9 

L, 2 

K 1365,7 5 

K 1380,5 47 

K 1417,5 4 

K 1427,0 I8 

\, 

I9ImO 
MYJIIiTl-!TIOJIIiHOCTI, 030MEPHOI'O TIEPEXO]lA ~ 

3.IIJialie,ep, B.£pa6eu, 0 .llparoyH 
l-lHCTl'ITYT H;llepHh!X IICCJIB;IIOB8Hl'IHj IJCAH Pxex 

C DOUOl!lbD uarHIITHOro cneKTfOMeTpa c ;IIBOllHoll WOKyCl'lpOBKOll 6UJll'I 1'13Mepemi KOHBepCl'IOHH!le 
aneKTPOHU 11aouepHoro nepexo11a 19 "'Os ,ql'ICT8l! OKl'ICD OClffll! B ecTeCTBBHHOll 1'130TOill!qecKol! 
ci1ec11 o6nyqanacD B peaKTope B TeqeH0e 20 qacoB HellTpOHHUI! TOKOI! 7 ,5.1012 HellTpOHOB/c1l cex. 
BneKTpOJIIITl!qecKII 1'13rOTOBJleHHUll IICTOqHIIK 06J1a;ll8JI xoponrau KaqeCTBOU. 3Heprllll 1130UepHoro 
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nefexo11a 74,37 ± 0,02 KSB 6una onpe11eneHa OTHOC11TenHo aaepr011 nepexo11a 80,557 ± 0,004 KBB 
B 

66 Er /I/. 
, I-la OTHOCl!Tenawc IIHTeHCIIBHOCTell KOHBepCIIOHHUX JIIIHl!J;! Lr : 1..n : /.,III = (51,0 !. 3,5) : 
(I0,9 ± 0,8): IOO 6uno onpe;11eneHo, qTo np11uecD cocTaBJll!eT (0;5 ~ O,I) % E4 B nepexo11e M3, 

llpll1!8CD E4 B U3 6Wla onpe;11eneHa DPII DOl!OlltH rpBWIIKOB, 11ao6paxaDIIUIX 38BIICHUOCTD p83JlffqHblJC 
KOHBepCHOHHh!X OTHomeHllll OT% np11uec11 E4. 

EWia TaKJte 11auepeHa rpynna M-11 JI - KOHEepCIIOHHUX Jll!Hllll, AJ!ll KOTopwc 6UJIII nonyqeBl,I 
CJl8;llyDIJtlt8 3H8'18Hllll OTHOCIIT8llHblX IIHT8HCIIJ!HOCTelt :Mr : ~I :Urn: MIY-t-Y : N'-t-0 : /. III = 
= (17,8 ± I,8) : (7,710,6): (33,o± I,7): (3,4 ± 0,3): (17,6-I,I): 100 • 
3HaqeHIIH M - KOHBepCIIOHHh!X K03\lXlllll.UleHTOB cpaBHIIB8JIIICD C /IBHH!llffl Poyaa II C /18HH!llffl qy II 
IlepnuaHa /2/, KoTopue npe;11nox11n11 nonyaun11p11qeceyD nonpaBey Ha aKpBHllpoBaHKe. K coxaJ1eH11D, 
BO BTOPOI! CJiyqae KBK He H8XO;lll!TCI! B cornac1111 C 3KCnep11ueHT8JIDHUUII 3HaqeHIIHMH )IJIH BCex M -
no11060J1oqeK, KaxeTCII, '!TO DOJ1yaun11p11qecK8ll nonpaBK8 H8 3Kp8HHPOB8Hl'l8 11aeT CJIHWKOM 38HIIE8HHOe 
aHaqeHJle. 

BKcnep11ueHTaJ1DHO onpe;11eJ1eHaul! nep11011 noJ1ypacna11a r,;~ = 13,0a± 0,21 qacoB cpaBBHBBJICR 
C npe;11CK838Hlllllffl BallcKonq:a.H H11J1DCCOBa. B nepBOU cJiyqae 11b1 DOJiyqllJIH 'ABB WBKTOpa aa11epxK11 
F _ 11',;2 3KCD , 
"' - r1.,. Ba;1cKonq: • 

fw (MB) = I,5.104 , 
'Fw (E4) =15,5 

II B npH6JIIIXBHIIII HIIJlbCCOHa 3Haqea1111: 

F,, (MB) := 8,08.102 

F,, (E4) = 8,7 

A II T e p a T y p a 

I. J.Marklund, B.Lindstrom. Nucl,Phys., !O, 329 (1963), 

2. Y.Y.Chu, M.L.Perlman. Phys.Rev.,~, B 319 (1964). 

0 CXEME PACllAM 
I49Gd-I4%u,-I49s.., 
K,BIIJIDCKlllt, B,B.KyaHeUOB, o.E.H11J1bCeH, 

o.CKIIJID6pallT 

,, 

l-lccJie;IIOB8HHD cxeu pacna11a 149G'd- - 149cu 11 
149& - 14~.., DOCBH!l(eHO IIHOro pa6oT. 

' 149 B H8CTOH!l(8lt padoTe npOBO;IIHTCII 8H8JIH3 3KCnep11MeHT8JIDHUX /18HHUX .r- cneKTpa G,,t,-
I49ch--149Sm, r- cneKTP /IBHHUX 1130TODOB 11a11ep11J1Cll Ge - ,llBTBKTOPOU C paa11epauu o, 7cJ21 
X 0,35'cil C OOIIOl!lbD 1024 -K8H8nDHOro BIIDJIIITY'AHOro 8H8Jlll38TOpa B IIHCTIITyTe Hi1JIDC8 Eopa npu 
KoneHrareHCKOU YHIIBepCl'JTeTe. 

l-laoTon 14t;t,nonyqaJ1c11 npu pacna11e B11,11;eneHHoro Ha uacc-cenaparope I49r&. Tep611eBue 
1'130TODU DOJlyq8JIIICD B peaKUHII rny6oKoro paC!l(enJieHIIII TBHTBJIB npOTOH81111 C 3Hepr11e« 660 MaB H8 
CIIHXPOUHKJIOTpOHe 01-!ffi! B ]ly6ae. XpouaTorpa@11qecKoe p83)16JIBHl'Je pe;IIKIIX 36116JID npoBOfllJIOCD B 
P8/IHOXllllllqecKOlt Jl860p8TOpllll B ]ly6He. Ha OCHOBBHl!ll 8H8Jli138 J"- cneKTpa I47:d_ 4~.._ ~ 9

Sm 
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B ra6ID!UaJCI,2 npHBO~HTCH 8KCnepHU8HT8nbl!Ne aaaqeHHH K03~H~eHTOB BHyrpeHHell KOHBepCHH dKH 
uynrznonaocrea or~ellHllX r - nepexo~OB. OrHOCHTenbHHe HBTeHCHBHOCTH nHHHll KOHBepCHOB
HWC aneKTpOHOBtB03HHK8DlllllX DpH pacaa~e 14~,BBHTH H3 pa60TH /I/. Ha fHCYHKe I f8CCM8TpHB8eTCH 
cxeua pacna~a 49G'd. ,llira pacqera aaaqemill l!of!/l paaaocrb uacc ~9G'd- 1 9Q<. npHHHMa
nacb no !eBH paBHOll 1497 K3B. neranbl!Nll 8HMH3 SKcnepHU8HT8llHHX ~8HHllX 6y~er ~8H B pa6ore, 
rorona~ellca K aeqarH. 

R R T e p a T y p a 

I. l.T. leneB. nHccepraUHH, ny6Ha (1964). 

Et, 
KSB 

149,9 

272,7 

298,8 
346,7 

461 

496 

517 

534 

646,5 

667,3 

790 

940 

K!f, 

76 
176 
254,7 
277,2 
327,7 

506,I 

528,7 

5,6 

Ta6nHU8 I 

Ta6nHU8 olKSKCD H uynbTHD0nbHOCTell r- nepeXO~OB, 
B03HIIK8ID~WC DPH pacna~e 149cd 

Teooerat1ec1rne K031 KDlllll!8HTH BHVTO.KOHB80CHH .t 
1110 

:;¥ JI( d, K3KCD. 
nenexon 

2580 

119 
IOOO. 
800 

28,3 

54,7 

79,2 

95,l 

43,7 

27,4 

224,0 

64,0 
~.l 

EI E2 E'.3 Ml 

550:!:. 40 3 3.I0-1 :!: 8,0.10-2 ~.7.I0-1 5,0.IO-I o:3.ID-1 

7,7 I,OI.10-I ,-2 6,1.10-2 9,6.I0-2 1,65,IO 

45,5 7,1.10 -2 . ,-2 
4,7.10-2 7 ,6.10-2 I ,32.10 

IOO 1,95.10-I 9,2.I0-3 3,0.I0-2 5,2.10-2 

0,38 2,1.10-'- 2 4,7.I0-2 I,4.I0-2 2,45.10-2 

I,O 2,86.10-2 3,9.I0-3 1.12.10-, 2,9.n' 2,0.IO -2 

0,9 l,77.10··2 a,1.10-3 l,04.IO-' I,86.10-2 

I,O I ,64.10-2 3,65.I0-3 l,03.10-, I,84.10-2 

0,1 3,58.10-3 2,3.IO - 3 6,1.10-3 l,45. 
10-2 

1,07.10-2 

O,l 5,7.10-3 2,2.10-3 5,6.10-3 ~,33.,_2 
• IO 

1,0.10-2 

0
1
5 I 3,48.10-3 l,45.I0-3 3~63.I0-3 6,4.10-3 

0,2 6,88.10-3 l,02.10-3 2,53.I□-3 4,2.10-3 

--
Ta6nHU8 2 

Ta6nHU8 dK 3Kcn. H MynbTHnOnbHOCTell J'- nepexo~oB, 
B03HHK8DlllllX DpH pacna~e 149 cu 

M2 

3,2 E2 

4,2.IO-I MI 

3,05.IO-I MI,E2 

1,95.IO-l M2 

7,9.I0-2 MI,E2 

6,3.I0-2 E3 

5,9.I0-2 MI ,E2 

5,8.10-2 MI,E2 

3,I.10-2 EI 

2,8.10-2 E2 

I,7.10-2 E2 

1,02,10-2 MI 

:Jr :JK ol,K 
3KCD. TeopeTHt1ecK11e Koa~HUHeHTH BH,Yrpe1rnell. I THO 

KOHBepCHH r-nepexo-
EI I E2 · I E3 I MI I M2 ~a 

2,9 
11,3 
58,7 
275 
298 

36,4 

38,0 

6,6 

7,0 
2 

25:!:. 6 
·100 

180.;!;8 

5 ,3.10.cr 
3.9.10-2 
9,4.10-2 

MI 
I,33.IO-

'2,3..t0,5 I,39.IO-' 

~,7..t0,4 0,90.10-2 

6,2 0.67,I0-2 

4, 7 .10-=r 2,3 
5,6.10-2 2,3.10-:z 
2 ,O .10-2 7 ,OS .IO · 
1~55.10-2 6,0.10-2 

I,O.I0-2 J,6.I0-2 

a,5.ro-3 1,0.10-2 

J,45.I□-3 0,95.10-2 

3.25.rn-3 AA rn-2 
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3,I 
3,0.10-I 
1.05.10-I 
9,0.10--2 

p,6.I0-2 

~.1s.10-2 

~.1.10-2 

.ss.10-2 

,EI 
EI 

MI,E2 
MI 
MI 

E2 

E2 
E2 

---..~ 

t'J 149 
64 u- 115 .,u,T1r1 
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llCCJlE)(OBAIDIE KOHBEPCllOHHI:lX 3JEKTPOHOB 
l130TOIIOB HEO)!IIMA 

U.ll.ABOTl!Ha, .c.T.IeJieB, B.r.KaJil!HHIIKOB, 

JJrY, Ollfil! 
d· 

CneKTP4KOHBepCHOHHiix 3JieKTpOHOB HeO,!tl!MOBOl.t 4lP8Ki1HII 1!3J'l8J!Cll B pa60T8X /I,2, 4/. B 
pa60T8X 12

, / )IJ!ll STl!X OilHTOB l!CilOJII.30B8Jll!Ch np116op1,1 c H6BHCOKIIU pa3pemeu11eu, '!TO CIIJlbHO 
38Tpy,!tHRJIO 1!3J'l6Hl!8 )IOBOJihHO CJIOXHOro KOHBepCIIOHHOro cneKTpa 1130TOITOB H60)1l!M8. MaJIOIIHTeH
Cl!BHHe nepexo·11u B pa6oTe /I I, BHITOJIHeHHOl.t Ha .ft - cneKTporpaqie, He MOl'JIII 6!ln o6uapyxeH!l 113· 
38 He)IOCT8TO'IHOl.t 8KTIIBHOCTI! IICITOJlh30B8HllliX npenapaTOB. 

Eonee ,!t8T8JlhHOe l!CCJI8)10B8Hl!e cneKTpa KOHBepCIIOHHHX 3JieKTpOBOB B60,!tl!MOBOl.t qipaKUIIII 
Heo6XO,!tl!MO npoBO,!tl!Th H8 np116opax C 6oJiee BllCOKl!M pa3pemeH1!61,! 11 CB6TOCIIJIOl.t. Hau 6!lJI8 npe,!tOC

_T8BJl6H8 B03MOXHOCTh IlPOB6CTII.H6CKOJlbKO Oill,ITOB Ha fl - cneKTpoueTpe C ,!tBOl.tHol.t qJOKJCl!pOBKOl.t 
nyqKa /S/. Onpe,!teJieHl!e 3Hepr11a 3Jl6KTPOBOB KOHBepc1111 ocy~eCTBJIRJIOCh M6TO)IOJ.! H)lepHoro pe3o
H8HC8 ( C TO'lHOCThD He xyxe 0,15% ). llp116opHoe pa3pemeH11e B Ham11x OnllT8X 6!lJIO =O,I%. 

QpaKu1111 Heo1111ua xpoMaTorpa~11qecK11 B!l)leJil!JIBCb 113 npO,!tJKTOB, nonyqaewx 113 ra110J111H11eBol.t 
MIIWeH11 IlOCJie o6JIJ'l6Hl!ll ee npoTOHBYII (Ep = 660 MaB).Bpeu11 06JiyqeHl!ll B O;llHOM 0Ill,IT6 COCT8BJIRJIO 
4 'laca, a· B ;llpyrou - 3 qaca. QpaKUHl!Jld BllXO,!tl!JIB qepe3 ~3 qaca noCJie KOHUB 06J1yqeu1111. 
AKTIIBHOCTh H8HOCIIJ18Ch Ha npOBOJIO'lKY 113 30JIOT8 (¢ = O,I uu) SJieKTPOJIIITl!'leCKl!U M6TO;llOM. 

lloJiy'leHH!le pe3yJihT8Tll np11Be;lleH!l B T86Jll!U8X I 11 2. no OTHOmeH'D IIHTeHCIIBHOCTel.t K - 11 L 
- JIIIHl!l.t onpc,!teJieH!l yYJlhTl!Il0JlhH0CTI! H6KOTOp!lX nepexo;lloBI39 .Hdll 13 Jld. 3TI! CB6;ll8lll!l! np11BO,!tl!T
Cl! B T86Jil!U8X 3 11 4. J!JI11 neP,eXO;llOB II4,3 11 232,0 KSB 13~d Ham11 B!lfor, o MyJlhTIIIlOJlhHOCTl!X 
IlO;llTBepQaDT BllBO,!tll pa60T!l 121, a ,!tJ!ll nepeXO;llOB 540,511 553,3 KSB 3.Wd38KJID'l8Hllll o yYJlhTII
IlOJlbHOCTl!X C;ll8Jl8Hll Bil8pB!l8. 

B cneKTpe KOHBepCIIOHHHX aJieKTpOHOB 6llJ!a Taia:e 06HapyxeHa K-JIIIHllll nepeX0,!18 c aHepruea 
145,3 KaB, B03HIIK8D~a11 np11 pacna;lle 141 Nd ( T '/4 = 2,4 'laca). 

ABTopu Bllp0llt8DT 6Jiaro;ll8PHOCU E.ll.rp11ropheBy 38 npe)IOCT8BJl8Hll6 !031,!0EHOCTII .BllilOJll!HTh 
113uepeH1111 Ha .JJ- cne11TpoueTpe c ;llBOl.tHol.t lj)oKyc11poBKo:t II cTy11eHTy-npa1tTHKBHTY B.EJTueBy 3a 
nouo~ np11 o6pa6oTKe pe3yJibTatoB. 
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Jl II T e p a T y p a 

1. K.H.rpoMOB, A.C • .ztauaryJillH, A.T.CTp11ra'leB, B.C.IDnHH6Jih •. ilaB.AH'CCCP, 
cep.qi11a. ,27,1557 (1963). · 

2. K.H.rpouoB, E.C.JlllteJienoB, I.T. le!eB, B.r.KaJIIIHHIIKOB, A.B.Ky)lpl!BU6B8, B.B.Ky3He-
UOB, H .A.Jle6e;t1eB, r .Uya110J1h, 3 .XeppuaHH. IlpeDpl!HT OIIHll, P-1857, )ly6aa, 19i;i.. . . 

3. rawa-JiyqH ,Ilo;t1 pe;t18KIU1el.t Jl.A.CJIHBB, ·11a11.AH CCCP,U-Jl, 1961. 

4. K.H.rpouoB, A.C • .ztauaryJiirn, Jl.H.H11Kl!TDK, B.B.Uypa'Bh6BB, A.A.CopOKl!B,M.3.IDTaJih, 
B.C.llln11H6Jlh. :m:m, !!:7,1644 (1964 ). • 

5. E.Il.rp11ropheB • .ztuccepTa~za HrY, Jlelll!Hrpa11, 1961. 

.LJI!! 

~/n . Ee (KSB) 

l 498,7 

2 5II,25 

3 , 530,7 

4 533,5 

5 546,5 

~ 
DD - Ee (KSB) 

I 72,0 
2 106,2 
3 107,4 
4 109,6 
5 112,7 
6 II4,0 
7, 157,9 
8 188,3 
9 224,9 

IO 
II 

225,75 
230,55 

12 231,8 

Ta6J111ua l 

KOHB.epCIIOHH!le SJI6KTPOB!l 137 Jld 

il;lleHTl!qll!K8Ullll 
Jllllllll.t 

K - 540, 7 

.K - 5~3,25 

K :_· 572, 7 

I., - 540,4 

L- 553,4 

Ta6uua 2 

KoHBepCl!OHHNe SJI6KTPOH!l 1!30TODOB 
Heo;,;11ua c T '/2. = 5 - 6 qacoB 

11,!teHTl!qJIIKBIUIR 
Jll!Hlli 

K - II4,0 
K - 148,l 
t.,i_ II4,3 
( K - 151, 6 ) 

M1 = II4,2 

/./ -- II4,3 
K - 199,9 
K - 231,9 
(l, t L.) -232, O 

1.,,- 232, 0 
M - 232,I· 
.N - 232 I 
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DnoCllTeJihllJ,i6 
IIHT6HCl!BHOCTH 

765 ±. 60 

'woo 
100 ± 15 

276 ± 28 

, 170 ± 22 

'0TBOCHT6J!Hli6 
IIHT6HCllBHOCTll 

6300 ± 200 -·as± 10 
• 830 ± 30 

5 ±, r,s 
/ !45 ± 7 

29 ± 3 
74; 18 

1000 
236 ± 20 
133 ± 16 

90 :!: IS 
27 ± 4 

,\ 



i 

t,,J 
K3B 

540,5 

Ta6JIIII\8 3 

OnpeA8Jl8Blle .ll}'JILTIIDOJILBOCTII n1eXOAOB 
114,311 232,0 X3B 1130tona 13 J,/d 

~~X3B Mero;it 3Kcnep111.rear Teoo1111131 onpeAeJieHllll 
EI E2 

II4,3 K /J.,
1 
-tl,, -t 

7,6 - 0,5 7,42 2,86 
139 Nd L,/l-. .;.8,o 5,8 0,4 

E2 E3 

232,0, K / L, 2,72± O,I6 4,0 I,7 

I39m lvd L,. -t t../ 1.,., I,77± 0,37 2,8 2,0 

Mero11 
onpe;it~JieHlll! 

K //., 

Ta6Jilll.t8 4 

OnpeAeJieHlle IIYJILTIIDOJILBOC?II nepeXOAOB 
540,5 II 553,3 K3BIS7.Nd 

Teop1111131 
Sitcnep1111ear 

EI E2 E4 E3 

'2,8 :!: 0,5 7,82 6,98 4,7 2,93 

MI 

7,02 

MI 

7,30 

12,5 

M3 

3,6 

4,0 

' 
M2 

6,65 

,,. 

M2 
,BblBO.ll 

6,03 MI 

7,8 

M4 

2,5 
M4 

I,9 

tBoa11ox 

M3 M4 
Hlilil TIii 
~YJir.Tll 
[IOJII>H. 

8,03 3,5E (E4l 

553,3 K / J., 5,9 ± o,a 7,88 7,14 4,38 2,96 8,04 6,64 8,09 3,2( ; M2 

x) 1Ip1111eqaa11e: Be IICKJIDqetta B03110llHOCTl>, qro Ha/.,- JlllHllD nepexo11a 540,5 K3B 
Ha!CJlS]ll,(BaercH K-JIIIHlll! 11pyroro nepexo;ita 137Jld, 1111em~al! oqea1> 
6Jill3KYD aaepr11D. IloaTOIIY BliBO)t o llj'Jll>TIIOOJil>HOCTII nepexo;ita 540,5 K3B 
IIOllet 11311eHllTl>Cll. B HamllX )t8Jll>HelilmllX 001,(tax ara B03110llHOCTl> 6y;iteT 
npoBepena. ~ 

HOBblll li30TOII BI 1./ 
H .r .3aiiueBa, M .H.KyaaeuoBa, M .r .Jio~JIOB, r .Mya11on1>, r .Ilij)pennep, 

061>e;itllH8HH1,[Jil IIHCTll~YT ll]18pHl,(X IICCJ18)t0B8Hlllil 
> fil 

llepBl,(e CBe;iteHllll O cymeCTB0B8Hllll Y (!!,(JIii DOJ!y,18HI,( B pa6ore /I/; B H8CTOll~811 coo6meHllll 
np11BO]ll!TC!I npe11Bap11TeJI1>Hl,(e peayJII>T8Tli no onpe;iteJieHIID nep11o;ita nonypacna11a aToro 11a0Tona. 

He~TPOHO;iteWIII\llTHUe 1130TQDI,( IITTPllll DOJiyqaJillCl> np11 o6JiyqeHllll CTPOHI\llll BUCOK08Hepr11qau1111 
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1 • 

\ 

nporoasim • .llizll 6ucrporo Ot)teJie~B IIBKpOKOJillqecrB 1/ or 118KpOKOJillqecrBS~ IICOOJil>30B8JICB 118TO)t. 
pscnpe;iteJUtteJil>ijon xpo11arorpa~1111 Ba c11J111Karene, npon11raHB011 H.llEHP (;it11 -2 ~arll.1lreKC11Jiopro~oc-· 
it<)pBal! Kzcnors). / 

lsccofoe 'IIICJIO II nepzo;it nqxypacns;its 8~onpe;iteJil!JIIICl> BS ocBoBe reBerHqecKo« CBH311 c 
11aorono11 8 R& (TI/2 = 4,7 qsc) /2 /. Jloqepa11e Haoronu Si HR(coB11ecTBo BH]leJil!JIIICl> 11a 
warepHBCKOro pa;itHoni1U1qec~11 :u,icroro 11rrp11H qepea onpe;iteJieHBlie HHrepBaJia BpeueBH. B noJiyqeB-
BUX npenspsrax ( S1, -t RC ) B reqelll!le 2-x qacoB np0Hcxo;it11JI0 BaKoDJieW1e R{, 11a S z. , nocne 
qero RC II S1- paa;iteJil!JIHCl>. AKtllBBOCTI> npensparoB RC 11aMep11Jiac1, ropnoBw cqerqnKou 
uns ICT-17. i 

\ 

.llJIB BeKoropia: npenaparoB Re HCCJl8)tOBBJICl! cl"'- cneKTP Ba CI\IIHTHJ!Jll!I\HOBHOII Y::cneKrpo-
11erpe C KPIICT8JIJIOH.N~1Qt') paa11epou 80x80 1111 H 100-KaBBJI!,Bl,(II 811MIITY)tHl,(II aeaJIH38topo11. Ilpz 
113118P8BBII 4- cneKTpOB B npensparaxf8 6UJIH 06HapyzeHli r - JIIIHHII C 3HeprllHllll,195,460, 
520, 790, 1050·,1335, 1470,1870 H 2090 K3B, KOTOpue pacna)t8JIIICI, c nepHO)tOII noJiypacna11a 

~5 ·qsc. 

ABSJlll3 noxyqeHl!llX peayJil>TSTOB HBllepeBB« DOK888JI, 'iTO 1130TOn 81Y Hlleer )tB8 nepHO)t8 
noxypacns;its: s t.5 IIIIH II 20 t ao·iwa.Sro 003BOJIIIJIO C;iteJiaTl> npe;itDOJ!OlleBl!e O cy~eCTBOB8HHH 

' . . 
)tByl: H30K8POB IITTPHll C IISCCOBliK q11cJIOII 81. 

l II T,e pa Ty p·s 

I. H.r.3alilU8BB, B.B.KyaBeUOB, M.H;KyaBeUOBS, Ma Xo IIK., r.MyaHO;l>, ·xaa1> lliy-llyHI>, 
qlltoy Mo-JlyB, B.r. l.jyimJ1. ll;itepBs11 wiiaHKS I, S,385, 1965 r. 

2. D.Strom.inger, J .M~Hollander, G.T.Se~borg. Rev
0

.Mod:Phys. ,2Q,II ,655, 1958. 
' ' 

fflP_QMAI'HHTHOE OTHOlllEIIllE Jll!H B03EYI,l{EHHOro CCX:TOHHIIH 87 KSB 155t;;d 

P.Kyneccs, C.Oraas1 E.Ily;itJIOBCKa, H.Crnqen, 
E. XpaCTB)U(, A.3. pliHK8BHq, 

IIBcr11ryr ll)tepao« w11anx11, KpBKOB, 
IIBCTHTYT Wll311KII HreJIJIOBCKOro YHIIBepcarera,KpaKOB 

.qacrora npeueccBH BO BBemHell 11arBIITBOII DOJie llltPS 155Gct B B036yz]leHHOII COCTO!IHIIH 

- C SBeprae« 87 K3B H3H8PHJI8Cl> )tll~epeH]:\llSJil>Hlill H8TO)t011 H3MeHeHHll yrJIOBOlil KOppeJil!UIIH raJ111a

llSJiyqeBIIB. qroOH 11a6ell:Stl> OCJIS6JieBllll yrJIOBOA ra1111a-rS1111S-KOppeJil!I\BII ll.3-38 B38BIIO)t8ACTBllll 

llltPS C BBYTPIIHOBHlill IISrHIITBW noxe11, 11auepea1111 npOBO)tHJIIICl> C pacnJiaBJIBHHl,(1111eraJIJIHqecKIIII 

acroqBBKOII rep611a npa re11neparype ~I3oo0c, IloJiyqeBHOe aaaqea11e r11poua~11Taoro oTHomea11l! 

9- = - (0.~75 ± 0.025) corJiscyeTcH B npe11eJiax aKcnep11uearaJil>Holil ~orpemaocrz co aaaqea11e11, 

B~lil)teHBWI paH1>me HS OCHOBe 8BSJill3S OCJI86JI8BHll IIBTerpSJil>HOA yrJIOBOH KOppeJIHUIIII, .Bli3B8H

Hon BJ!Hl!BHell CBBpXTOllKOA crpyKrypu. 
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HOB!:10 l:130TOII 174w 
1:1.~e11eTep,tt.r.3al!neBa, K1111 XoH CMJI, E.Ha,11xaKOB 

06~e,1111HeH11Hl! IIHCTIITYT HJiepi!UX IICCJie,llOB8Hllll 

Pa60T8 IlOCBHll!eHa n·o11CK8J.I ll30TOil8 174w .0,11a0Bpell~HHO H8'18T8 nporpa1111a 1!3ytreHHH B03-
J.IOXHOCTell ;tty6HeHCKllX yCKOPIITeJiell THJteJIUX l!OHOB ~H l!CCJieJIOBalli!ll no 11,llepaoll cnex?pocxon1111. 

l:130Ton 17\v-6uJI nonyqeH np11 06nyt1eH1111 np11po,11Horo ap611H 110HaJ.II! 12c' c aHepr11el! 81· l.laB 
Ha ycKOPHTeJie IIHOr038p~IIUX IIOHOB Y-150 la6opaTop1111 ~epHUX peaKUHll 01:!Hl:I. Onpe,11eJie~ne 

nep110,11a nonypacna.ita 174 w npoBO,llllJIOCI, no reHeTll'leCKOll CBH311 C ,11oqepHIIJ.I 1130TOilOJ.I I Ta. 
MH 3TOll neJIII BU)teJIHnCH pa,11llOXllllll'leCKI! 'IIICTUl! W , ll ll3 Hero Bli,ll;Mllnl{CI, ,llO'lepHlle 
ll3o:ronu T8HT8JI8 .l:1811epeH1!H BKTIIBHOCTII npOBO,llllnHCI, Ha CUHHTIIJIJIHUllOHHOJl r- cneKTpOl!eTpe. 

• Ha OCHOD8Hllll noJiyqeHHUX pe3yJil>T8TOB C,lleJial! BHB0,11 0 cymeCTDOB8Hl'!ll ll30T~na 174 w c 
nep110,11011 nonypacna,11a 3I121111H. 

rAMMA - CIIEKTPbl I55TC' 168 Tm '~173 .lu 

H.flcTpxe6CKllll, B.KypoeBH'I, 3.Ilpel!6um, 3.CyilKOBCKllll, 
A.3rJIIIHCKllll, 

liHCTIITYT H,llepHl,IX IICCJie)lOBBHlll! 
CBepK,BapmaBa (Ilon1,m~ 

!Ip11 no11oll!ll no.liynpoBol!HIIKOBUX ,11eTeKTopoBGe(Li,) pa811epo112 cit!.2w II paspemeaHell 5,8X3B 
Ha J,r662 K3B II Si(li} ,11eTe1t:ropoB pa31,1epoll 2~ .JllM H paspemeHHBII 5, 7 K3B Ha ErI05K3B 

6UJIII ll3Mepe!IH cneKTpu j"' - Jiyqel! 155 Tt , 168rm, I'l
3 Lu • 

~eTeKTopu 6!,!JIII npOK8Jill6pOB8HU no IIHTeHCIIBHOCTHM a6COJIDTHUM 11eTo,11011, 'ITO Il03BOJIIIJIO 
onpe,11eJIHTI, OTHOCllTeJI1>11He llHTeHCHBHOCTII y- Jiytrel! BTIIX Tpex H.itep. 

Ilpa onpe,11eJieHllll K03{J)(PIIUl!eHTOB KOHDepc1111 nepeXOJIOB B 155rcB KatreCTBe penepa llCilQJII,-, 
8QB8JICH K03{J)(PIIUl!eHT KOHBepCIIH ol,K nepexo,11a 86,5 (EI), 1181.!epeHHUll C no1.1onu,D TeXHllKH 
8a,11epxaHHUX COBilB,lleHHll C npllBJI8QeHH811 KOHBepTopa BP811H - 811nJIIITY.it8. 

1
CneUl!8Jll>HO IICCJie,llOB8JIOCI, OTHOllleHHe IIHT8HCIIBHOCTell r- nepeXOJIOB 86,5 11 I05,3 K3B THna 

EI 113-38 B08110XHOll BHOIIBJIIIII.B KOB{J)(PIIUHeHTe KOHBepCIIH O,llHOro 113 3TIIX nepeXOJIOB. HuKaKoll 
BHOMBJIIIH o6HapyxeHO He 6uno. 

1:13Yl!EHl:IE ( - CIIEKTPA li30TOilA. 74 B ~ 
H.B.BeJIHeB, B.A.I'B03,lleB, B.ll.ry,110B, A.B.KaJIHMHH, 

J:.M.Kp11xaHCK11l! 

Pli rK liA3 

C IlOIIOJl!I,D CUIIHTIIJIJIHUIIOHHOro cneKTpo11eTpa IICCJie,110BaHU y- cneKTPU 1130TOnOB 6po11a, nony
traewx B peaKUIIH Cu('.?C,xn) Be. 

11a11epeHU ,rneprllll II OTHOCIITeJI1>11He IIHTeHCIIBHOCTII p~a HOBUX ,t" - JIIIHllll 6po1.1a C nep110,11a
llll noJiypacna.ita (361 I) lll!H H (41 I) IIHH' COOTBeTCTBeHHO. B T86Jil!Ue • npHBe.iteHU BHeprHH ll 
OTHOCl!TeJII,HUe IIHTeHCHBHOCTII r- JIIIHHH C T I/2 =' 36 IIHH. ll30TOil C T I/

2 
= 36 1 I MIIH IIJI8H-

TH,PHUIIPOB8H K8K 74 8 z; · · 
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iCXOJIH ll3 noiyqeHHUX ,llaHH~.Ha DHC.I 11H npl!B0,111111 CX8KY HH%~11X ypOBHell 71!S't'o l:130TOn, 
pacna~BDlllllliCH C nepH0,11011 noJiypacna.ita (41 I) IIHH ,HJteHTll~HUIIPOB8H KBK HOBUlt Haouep 

74 B2, 
T.e. 4 m Bz. • · 

I 

E0 K3B 

5II 
420 :!: IS ' 

630 ! 5 

720 ± IO 

830:!: IO 

950 :!: 15 

noo:t so 
I23oi IO 

14501 30 

I705t 30 

!8601 50 

2230:!: 20 

3220± 20 

33501 so 

3Boo1 2ol 
4400± IOO 

T~6Jilll1B 

0THOCHT.HHTeHCHBHOCTI, 

2 x 100 
3,2 :!: I 

!35 1 IO 

I8 :I: 4 

3,0 :t· I 
,. 

3,5 :!: I 

6,8 1 5 
32 1. 6 \ 

6:!: 3 

7,3 :!: I,5 

. I:!: 0,5 

7,6 ~ 1,5 

3,2 1 I,5 

2 1 I,5 

3,2 1 I,5 

0,7 :!: o,5 

PACIIAJI. 145 Bu, . x) 
1:1. A,11eu,ll(,T! ll(eJIBB, M.R. ll.pl!BOnyc?oB, 
J,i.¢>11Hrep, 

'Kil 

.(860 -,-T- --
1 

i230 

(,!0 

0 

2+ffi·.. . . I 
2+ I 

o+ 

$a 7~ 

74 
Cxe11a HnHHX ypoBHell Se. 

06~8,llHHBHHUli HHCTIITJT H,llepHUX HCCJl8,110BBHHlt 

Ha uarHIITHOII fl - cneKTPOMeTpe C ,llBOllHOll ,llByxKpaTHOll ipOKYCllpOBKOlt /I/ t L> Hp = -
Hp . 

:= 0,22%, Q = O,I%,11ccJie,11oaaJICH cneKTp KOHBepcllOHIIUX SJI8KTPOHOB eBpon11eBoll ipp8KUHII B 06Jia:. 
CTI! aHepr11ll 700-2400 KSB H WPBKUHH ra,110JI11HIIH B o6JiacTH aHeprllll 1500 ~ 2700 .KaB. 

. l - , 

· ¢>paKUIIH eBpOnHH Bl,l)t8JIHJIBC1, 113 T8HT8JIB IIJIII OKHCII ap611H, o6Jiy'leHIWX IIPOTOHBIIH ·.c ailep
rHell 660 M3B HB CIIHXPOUIIKJIOTPOHe RH!I Ollflli (Bpellll o6Jiytr8HllH H3118HHJIOC1, OT 3,110 IO 'IBCOB). 
l:lcTO'IHIIK G:16!,!JI noJiy'leH coe,1111HeH11e11 Tpex ra.itOJIIIHll8BUX WP8KUHll,BUJIBJI6HHUX 118 o6JiytreHHoro 
Ta (Bp811H o6nyqeHIIH 9 '1800~)11 nepeO'IH~BHHUX qepe3 2-4 H8,118Jlll IlOCJI8 06JiytreHHH-Ta, • 

x) C:ry,11ear Bopo.HeJ.CKOrO rocy,11apCTB6HBOro YHIIDBpCHTBT8 

SJ 



CpaBHeH11e :lHepr11ll II IIHTBHCIIBHOCTell 1toHBepc11osHL1X x11s11ll qipaJtIUB e:spo1IBH II ra]lOJ!lll!l!IH · 
Il03BOJ!HeT pa3Jlllq11Tb KOHB6pCIIOHHL18 aneJtTPOBll 8BPOilil8BOll WP8lt1Ufll, llpllB81tJ18S811U!e 1!30TOll811 I4'i. 146 -

-a.11 fu ,ue np116eraH K onpe;llenel!l!IHII nepllO'AOB noxypacna;lla KaQoll JtOBBepcaouuoll JIBl!l!lll 
eBpomte:aol! 1JiP8KllllB. ,._ I 

.l!JIH ll;llBHT11qi11Kalll!B I
4
~:a o6xacTB aseprall 700-ISOO xa:a, 1111 HcnonbBOBana ;llBHBlle o 1tou

:aepc11oaHL1X 3Jl6KTpouax pa6oTu B.A.Eananae:aa B ]lp./2/ • .l!JIH Toqnoro onpe]leJtel!l!IH aueprBB KOB
~epc110HHUX fll8KTpOHOB 1!311epHeTCH IIBrBilTBOe llOJ!e B neurpe Cll8ltTpolleTpa 118TO~OII llPOTOBBOro 
peaoaauca / '· 3aBIICIIMOCTb KOaqiqi11n11eBTal4>//oT qaCTOTNfonpe]leJ!aJ!aCi 31tcnep1111eu?aJ1iBO npB KC
ll0Jli30Balilll! Toquux suaqeH11ll auepraHTh(B+C+C•)/3/,/4/. 

0TBOCl!TellbBNe l!BTeHCIIBHOCTII ~l!Bllll KOBBepc110HBWC. 3JIBKTpOBOB 'fl'· np11B:r'il!II lt O;llBOIIJ' 
11pe11ea11,11cnoJib3Yll T11i,_= 4,6 ]lBll / / .lt1lll I 46 E1t, 11 T,1z = 6,U ;llBl! //Ml! 5" Eu.. B o6nacu 
auepr11ll HIise IlOO lt3B 6UJIO yqTeHO T8Kllte pacce11uae 3JleRTPOBOB np11 npOXOS]leBBB nep:aoro B 

BToporo cqeTqllKOB. 3aBl!CIIIIOCTD a!MieKTBBHOCTII cqeTa TPOllBllX COBllB;lleHBll OT fijPrllll onpe]leJIH-
JIBCb 31\Cll6pllll6HT8.i!J;HO 1!8MepeH11e11 paapemeHHcro )I.! CllBKTpa I49,z > e,.;. . 

Om1161t11 OTHOCl!TeJIJ;H!,[JC IIHTeHCIIBHOCTell He np11Be]leH1,1, T8lt KBR BBlll! llOKB 8KCnepa11eBT8JlbBO 
l!CCJie~OB8HLl He 6blJII! (aaBl!Cl!IIOCTJ; om116K11 OT cqeTa BB ll8KCHuy11e JIIIBl!H). Ho nonarae11, qTo ;ltllll 
6ox:r,muacT:aa J1HH11ll cmn6Ka Bexllquau OTHoc11TeJil>Boll IIHTeHCHBHOCTB ue npeBumaeT 30% 11 MIi cna6ux 

_JIIIBHll-50%. ~ 

B TaOJ!BUe l npu:ae~eHN 3Hepruu II OTBOCBTBJ!bBUe HHTeBCl!BBOC?I! ltOBBepCBOBBWC aneRTpOBOB 
I
45

Eu. Hamn ~BHH!le cpaBHeBN c pe3yJI&rarBJIII ;llpyrux BBTOPOB /S, ,a;• 

Ha OCHOBBHBll CYMM r-nepeXOAOB H IlPBAllOJIOEeBHl! 0 TOIi, qTo ypoBeHb 894,32 lt8B l!BJ!l!BTCH 
nepBNII B036yiK~eHHNU YPOBHeu, COCT8BJl6B8 cxeua pacna]la /Puc.I/ 

T a 6 n H n a 

1:11' Hama taOoTa aBHNe 1rnVl'ux na6or 
nn EK (K3B) l'lAeHTW)!H- IOGO :J Er (KBB ) l'I~eHTHqJI - IOOO .'J . Pa6oTa KBllHl! :J( K894) .Kanu11 :J(KB9!J: J 
I 2 3 4 5 6 7 • 8 

II0,9 ± O,I K asoo± rooo (Bl (5) 
' 7) 

I., 1220± !80 (8) (7) 
M (8) I 191,32± 0,06 K I9I,4± O,I K 700± IOO caMs> 
l, '·. 

I 
IO± 2 (7) 

214± 2 K cna6. (5) 
338± 2 K 30 (5) 
364± 2 K 30 (5) 
372± 2 K ' 30 (5) 

~ 542,53± 0,25 K 72 542,I ± o,3 K 70± I5 (8) (5) 
(7) 

3 654,06± 0 ,33 !{ 188 653,7 i 0,3 K 130± 20 (8Ms> 
L, 

f 753,20:t. 0,60 K · 2, 7 K 
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I 

5 
6 

7 

8. 

9 
IO 

II 

I2 

I3 

I4 

IS 

I6 

I7 

I8 

I9 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

3I 

32 

33 

34 

35 

36 

37 

38 
39 

2 3 4 5 6 7 8 
765,03 ± 0,40 K 62 764,4 ± 0,4 K 60 :!: 15 (8) (5) (7) 

L, 3,9 

M 1,6 
839,40 ± 0,70 K 4,2 

849,08 ± 0,7J It 9,2 
857,I8 ± 0,70 K 2,5 

864,40 :!: 0,70 K 1,1· 

870,46 :!: o, 70 K 2,2 

88I,33 :!: 0,70 K 3,7 

894,32 :!: 0,44 it IOOO 893,3 ± 0,4 K 1000 (8) (5)(7) 
/., 54 l, 170+20 (8) 
M 

956,12 :!: 0,80 K I7 

!035,2 :!: 0,80 K 8,0 

1240,l :!: I,O K 0,6 
I, 0,2 

I284,I :!: I,O K 0,2 

1385,2 ± I,I K 0,2 

1423,9 ± I,l K 2,I 

I622,4 ± I,3 K 0,8 

1658,6 ± 0,9 K 128 I657,4 ± 0,0 K 260 (1) (5) (7) 
l, I8 I., 7,b ± 0,8 (I) 
M 

1005,I ± I,5 K 3 2 
' 

!858,3 :!: 1,5 K 0,9 

1876,6 ± I,5 K 8,6 I873,0 ± 7 K 6 ± I (I) (5) 
I., 0,8 

1946,9 ± I,6 K 0,2 

I963,0 ± 1,6 K O,I 

I972,0 ± 1,6 K o,s 

1997,2 K 38 I995,6 :!: 1,0 K I40 (I) (5) (7) 
l, 5,1 

M 

2III,I ± 1,7 K O,I 
2134,I ± I.7 K 0,8 
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l 

40 

41 

42 

43 

44 

45 

46 

47 

48 

2 3 4 5 6 7 

2192,9 ± l,8 K 0,3 
2206,9 ± l,8 K o,l 
22':>7,7 ± 1,8 K O,l 
2276,4 :!: 1,8 K 0,2 
2291,8 ± l,8 K o,os 
2329,0 ± l,9 K 0,4 
2340,9 ± l,9 K 0,2 
2387,7 ± 1,9 K 0,3 
2426,2 ± l,9 K 0,5 

JI H T e p a T y p a 

I. H. A.llall, K.H. rpo110B, 11.H. Ky3H81lOBa, Jly CII-THH, B.r, qYIIIIH, 
noKH8A Ha XV exerOAHOII COBe~aHHH no HA8PHOtt cneKTpOCKOilllH H CTPYKType 
8TOIIHOro ~pa' M11HCK' !965 . 

2, B.A.EananaeB, E.C • .l!JJtenenoB, A.Memtep,C.A,mectonanoBa. 

"" 

Te3HCH ~OK118AOB XV exerOAHOro COBe~aHHH no ~epHott cneKTpOCKOnHH H CTPYKType 
H~pa, CTp.52, MnHcK,1965 .• 

3, R,L,Graham, G,Murray, J,S,Geiger, Canad,J,Ph:,s,, !z_ No,2 (1965). 

4, J,A,Jungerman, M,E,Gardner, C,G.Patten, U,F.Peek. Nucl,Instr.and Meth., 
I~ 1 ,15 ( 1962 ). 

8 

5. I.T. IeHeB.naccepTBIUIH Ha COHCKBHHe yqeHott CTeneHH K8UAHA8T8 WH3HKO-M8T811BTHqecK!IX 
HayK, ny6Ha 11964, 

6. H.neuetep, ~.Monuap, E.HaAXBKOB, A.~.HoBropOAOB. 
IlpenpHHT OHHH,1915, ¼6ua,I964. 

7. 11.rr. ABor11xa, E.ll. rparopLeB, D.C. EropoB, X,T, IeneB, A.B. 3onoraBzH, H.A. JleOeAeB, 
B.C. CepreeB, 11.H. COB!lOB, llpenpaHT OIDIH, 1915, nyoxa, 1964. 

8, H,AHTOHLeBa, IA.EamanoBJ E • .l!JJtenenoB, K.KayH, A.Mattep, B.CunpHoB. 
ll(3TO, ~ 23 (196!). 
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IICCJIEllOBAHIIE CTIE~TPA KOHBEPCIIOHHhlX 31IBKTFOHOB 146cu. 
.ll 3HEPI'ETl1'lECKO,I OE1IACTII '1500-2700 K3B 

H, Milli, X, XeHeB, M,H, Ky3H8UOBa, Hy CH-TIU!, H,A, Ile6e.zteB, M, ~HHrep, 
06i>e.ztHH8HHHII HHCTHTYT H.ztepmnc lllCCJI8.ztOB8Hlllli ,'· 

llsuepeHHe cneKrpa KOHBepClllOHHHX 3Jl8KTPOHOB 146eu npOBO.llHJIOCb Ha uarHlllTHOM cneKTpo
uerpe c .ztByxKparl!oll qioeycHpOBKOli Ha yro:ir JrVi/1/ • 

.l!JIH IICCJie.ztOBaHHH cneKrpa KOHB8PCIIOHHIDC SJieKTpOHOR 146~u IICDOJ!b30B8JlaCb ra.ztOJIIIHl!eBaH 
qipaxuuH,BJ,J,lleJiaeuaa H3 ra11rana,oonyqeHHoro nporoHlilllll c 3Hepruea 660MsB,np11 s1ou qipaxlU!H ra-
.llO!lllHHH nepeoql!II!aJiaCb qepe3 15+30 ,llHeA nocJie KOHUa 06JifqeH11a H,CJie.ztOBateJibHO.He CO,llepxaJiaHII 
1456d, HI! 

145 t~. npll!cyruTBllle KOTOPIDC aarpy.ztHIIJIO 6u lll.zteHTlllqlllK81U!ID Il0JIY'l8HHUX pesyJibT8TOBl2/ 
Ha OCHOBe 113Becrmnc ,ll8HHHX O nepll!O,llaX nonypacna.zta lll30TOilOB lll O pa3HOCTHX uacc J.1e:Q¼' • 

COOTBeTCTBYIDl!lllX HeArpOHO,ll8qJIIIU!TH!lX 11aoronos Cd II fu /3/ , npe.ztnoJiaraJIOCb, 'lTO Bee 
JllllHlllll KOHBepClllOHHHX SJieKTPOHOB c 3Heprnell BUme 1500 MaB, H86Jiro.ztaewe B HCTO'lHllKe G'd,OTHO
CHTCH K 

146cu. IlOJI:y'leHHUe·pesyJibT8TU np'e,llCT8BJieHH B ra6Jil!Ue I, Orueruu, 'lTO np11 ~auepeHlllll 
cneKrpa KOHBepCHQHHHX_3JI8KT£0HOB B esponHeBoll qip8KUIIH Y.zt8JI0Cb YBepeHHO Ha6JIID,ll8Tb TOJ!bKO 
Ha1160Jiee IIHTeHCll~HUe JIHHHII 46cu, B ra6JIHUe I OHi! OTUe'leHU 3B83.llOqKoll. 

Ilp11 Onpe.zteJieHl!II 3Hepri!ll r- nepeXO.llOB B K8'l8CTBe rpwzyi!pOBO'lHUX JIIIHl!li IICil0Jlb30B8Jil!Cb 
Ha1160Jiee IIHTeHCIIBHUe JIIIHIIII KOHBepCi!OHHUX 3Jl8KTpOHOB ;fh, (B + C + C11 ) , KOTOpue H3UepeHU C 
BUCoKoli roqHOCTbID /7,8/. Enaro.ztapH arouy,omll!6Ka B onpe.zteJieHl!lll aHepr1111 11cc~e.ztYewx r- ~eoe
xo.ztoB COCT8BJIHeT 0,08% /l/. 

.ll03MOXH8H omll!6Ka B onpe.zteJieHl!II OTHOCHTeJ!bHIDC IIHTeHCHBHOCTell OT.zteJibHl,IX JIHHHII KOHBepCHOH
HUX 3Jl8KTPOHOB 3Kcnep11MeHT8JlbHO He IICCJie.ztOBaHa H B Ta6JIIIU8X I 11 2 He .ztaeTCH, 

B Ta6JIHUe 2 npHBO.ztHTCH noJiyqeHHHe H8MH yroqHeHHHe 3Hepr1111 paHee H3B8CTHIDC r- nepexo
.ztOB B H.ztpe 

146
Sm B 3HeprerHqecKoll 06JiaCTlll Hl!Xe !500 K3B, 3HeprHII nepeXO.llOB 7t7,33; 900,28; 

·1058,72; II76,7; !297,IO; !533,5 IISMepeHU HaMII II B pa6ore /9/ c roqHOCTbID O,C5%,11, K8K 
Bll.ztHO 113 ra6JIIIUU 2, B npe.zteJiaX ow1160K OHi!\ corJI8CYX)TCH ,1pyr C .ztpyrou. 

T a 6 JI II u a I 

~~ Hawa na6ora llaHH!le 1rnvrHX oa6or • 
nn . E .r (K3B) H.zteHTII- ., •.1u~.., E1 (KaB) 11.zteHTII- J•IOOO 

qJl!KaUl!H ,~ ..,.,.,, 
qli!KaUIIH _ J (l'Clli9) Pa6ora -

I I5d3,5 ± 0,8 Klf 2I !537 ± 5 K, I-, 15,o± 1,5 4,(5,6) ' 
2 1.,-f- 2,83 
3 I55I,9 ± 1,2 K 0,39 
4 1563,I ± I,2 K 0,37 1572 ± IO (K}, I.,. 4 ± I 4 
5 I5:i2,0 :!:. 1,3 K 0,8I I602 ± IO K I,7± 0,5 4 

'-6 1632,il :!:. 1,3 Klf I, 75 
7 j, -
3, 1648,2 ! I,3 I,79 I643± IO K 3,5± 0,5 • K 4 
9 I664,3 ± I,3 K 0,33 . 
[O 1687,3 ± I,4 Klf 3,00 !692 ± 8 K 3,5 ± 0,6 4 
[I /., 0,74 

[2 1692,3 :t 1,4 K -
[3 1712,2 :!:. I,4 K 0,67 !725 :!:. IO K I,0 :!:. 0,3 4 
[4 I756,2 ± I,4 Klf 3,I5 - 1758 ± 7 K 3,0 ± 0,4 4(5,6) 

.5!i 

~ 
Rama pa6ora llaHHue 1m, r11x na6or 

nn E,l" (!t3B) 11.zteHTII;.. J.IOOO Er (KaB) 11.zteHTll- ~~IOOO Pa6oTa 
qlllK81U!ll J l"t4:J) t;IIIK8UIIH ~(K749) 

IS 0,58, I 

I6, !767,8 ± I,4 Klf 0,94 -
.-

17. 1785,9 ± I,4 K* I,98 1795 ± 8 K - 3 ± 0,4 4 
17a /., 0,25 

Hl !803 6 ± I 4 K 0,72 
• I • 

19 /., O,I6 

20 !856,2 ± I,5 K O,I5 !849 ± IO 
\ 

K I;s± o,·3 4 

2I !878,8 ± l,5 K 0,26 

22 !899,0 ± 1,5 K O,OI 893 ± IO K CJia6, 4 

23 I93I,O .± 1,5 Klf 3;!2 934 ± 8 K 2,S±o,4 4 

24 ' 0,24 I., 

25 !979,2 ± I,b K 0,44 

26 !995,6 ± I,6 K 0,85 !992 ± IO K I,2 ± 0,3 4 

27 20!0,0 ± I,6 K · 0,40 

28 2037,7 ± I,6 K 0,27 ' 

29 2053,0 ± I,6 K!! 2,07 2050 ± IO K I,0 ± 0,3 4 

30 I., 0,20 

3! 208!,2 ± I,7 Klf 3,54 2078 ± 0,8 _ K 2,6 ± 0,4 4 (6) 

32 /., 0,4I I 

33 2!37,5 ± I,7 K 0,26 
\ 

34 _2!56,4 ± I, 7 Klf 8,I 
1 

2I5I ± IO K I,3 ± 0,3 4 

35 /., I,O I 

36 2165,8 ± I,7 Klf 0,6 

37 2!78,5 ± I,7 K 0,5 -

38 2205,3 ± I,8 Klf 2,4 

39 2II2,0 ± I,8 K -
40 2223,5 ± I,8 Klf . I,12 

4I 2246,6 ± I,8 Klf 3,69 

42 2269,0 ± I,8 Klf 5,94 

43 2286,I ± I,8 K 0,8I ' 

44 2522,5 ± I,9 K* I,59 

45 J,, 0,48 
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})j/? Hema oa6oTa 1IaHHHe "nvrl!X na6oT 
nn E,- (R3B) ll;lleHTI!- ~.IOOO E;(KaB) ll;ll8BTl!i- .1.IOOO Pa6o'fa qJl!R8I\llfl J (B:7!J'.9J qlllR81ll!H 'J CB:71+9J j-

46 2347,2 ± I,9 K* 4,91 ' 
47 2391,4 ,± I,9· K , I,41 

48 2402,9 ± I,9 K* , 3,43 ' 

49 2438,9 :!: 2,0 K* - II,4I 

50 I., I,55 

SI 2493,6 ± 2,0 K I,09 

52 2493,6 ± 2,0 I, 0,44 

53 2545,6 ± 2,0 K 0,64 

54 2588,I ± 2,I K* 0,39 

55 2612,3 ± 2,I K 0,02 

56 2622,4 ± 2,I K* O,IO 

57 2645,8 ± 2,I K O,IO 

58 2672·,o ± 2,I K 0,06 

59 27II,8 ± 2,2 K 0,03 ~· 
, 

60 2725,5 ± 2,2 K 0,06 ~ 

6I 2762,I ± 2,2 K 0,06 

Ilp111ieqau11e: B llOCJie;llHeil rpaqie B CR06KBX npHB8;!(8Bli pa6oTa, B KOTOp&X 
nonyqeau pesyJihTaTa, no;llo6uae pesyJihTaTaK n11r2pyeuolt pa6ora. 

Ta6Jil!Il8 2 

F.'ll! llama na60T8 llaHBae 1mvr2x na60T 
nn Ey- (RaB) l'!;l(eHTH- J.IO00 E0 (RBB) rl;lleHTH- J.IOOO Pa6ora /jJl!KBllHH J(K 749) /jJHRBlll!fl J(K ?1ig) 

I. 747,33 ± 0,35 K IOOO 747,2 ± 0,2 K IOO 9 

2 824,00 ± 0,64 K I,34 &22,I ± 2,5 K - I,5 ± 0,5 IO 

3 900,28 ± 0,43 K 34,44 901,5 ± 0,7 K 46 ± 9 9 ~ 

4 914,I4 ± 0;10 K i0,31 914,l ±. I,3 K 7±!' IO 

5 971,14 ± 0,76 K I,49 972,3 ± 2,0 K I,5 ± 0,4 IO 
I 

6 1058,72± 0,50 K 19,74 1059,6 ± 0,8 K I9 ± 4 9 

7 1086,I ± 0,8 K 4,99 1088,0 t I,5 K 4,I± o,8 IO 

8 1090,7 ± 0,8 K 2,59 I092,4! I,6 K I,9 t 0,7 IO 
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nn 

9 

IO 

II 

I2 

I3 

14 

IS 

16 

17 

18 

19 

Hama oa6oTa llaHBU8 i,nvr11x na60T 
3.IO00 E0 (RaB) H.zteBTI!- .1.IOoo Ed (RBB) H;lleHT11--

lj)HR81ll!fl J(K 749) lj)IIR8IU!H .7(K 7_49) Pa6o'fa 

II32,8 ± 0,9 K 4,25 II34,2 t I,4 K 4,4: ± 0,6 . IO 

II50,33! 0,56 K 24,48 II5I,5 ± 0,9 K 13,0 ± I,6 IO 

II76,7 t 0,9 K 10,0.7 II76,8 ± 0,9 K II± 2 9 

1297,IO± o,64 K ,26,43 1297,9 ± 1,0 K 22 ± 5 9 

1359,2 ± I,O K 0,96 1357 ,3 ±_ I ,5 K I,8 ± 0,6 IO 

1378,8 ± I,I K I,64 1379,I ± I,5 K 2,2 ± 0,6 IO 

1408,6 ± I,l K 4,48 1409,4 ± I,4 K 6,2 ± o,8 IO 

1469,9 ± I,2 K 0,31 1472,I ± 2,0 K 0,5 ± 0,2 IO 

1484,0 ± I,2 K 0,47 (1483) K 0,7 IO 
" 

1517,7 ± I,2 • K I,36 !518,4± I,7 K I,8 ± 0,6 ,IO 

1533,5 !. o,8 K 21,0 1534,4 ± I,5 K 14 ± 3 9 
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700 - 1600 KSB 
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5
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cneKrp KOHBepCHOHHUX aneKTPOHOB ·147eu • PaapemaD~8H cnoco6HOCTb cneKTpoMeTpa COCTaBnHeT 
0,22% H renecl!l,ln yron-0,1%. 

HapH,lly C 
14

~u B eBponHeBon WP8K!lllH H86RDA88TCH 148cu. ,KOTopun 38TPYAHH8T HA8HTHWH
K8!1llD KOHBepCHOH!lllX HHHHll H 06HapyxeHHe HHHHll cna6on HHT8HCHBHOCTH. Iloarouy 1W H3MepnnH 
HCTQqHHK cu ,BUAeneHHUll H3 raAORHHHeBoll 9P8KUHH qepe3 2-4 He~gnu nocne o6nyqeHHH T8H
Tana. Ha uenoqeK pacnyi~ H8HTPOHOA8WHUHTHWC H30TOilOB raAORHHHH / / oqeBHAHO, qro T8KOll 
HCToqHHK He COA8Pl!tHT 4 eu. HauepeHHH HaqHHanHCb qepe3 30 AHell nocne BUAeneHHH eBpOilHH 
H3 raAORHHHH, KOrAa HHT8HCHBHOCTb 146~, npHCyrCTBYJ)mero B HCTQqHHKe, yueHbmanaCb npHMepHO 
B 80 pas. 3HeprHH H OTHOCHT8Rb1!1,18 gHT8HCHBBOCTH KOHBepCHOHHWC aneKTPOHOB onpeAenanHCb TBKHU 
xe o6paaou, KaK oIWcaao B pa6ore I I. 

0mH6Ka B onpeAeneHHH 3HeprHH P8BH8 0,08% ;l!JlH BCex r- nepeXOAOB, a OmH6Ka B onpeAeneHHH 
QTHOCHT8Hbl!l,IX HHT8HCHBHOCTell ;l!JlH 6onbmHHCTB8 RHHHH KOHBepcHOHHWC aneKTPOHOB He npeBumaer 30% 
a ~RH cnaoux RHHHB-50%. 

PeaynbT8TU Hamen pa6oru noKa3aHU B TB6nHue I, rAe npHBOAHTCH T8KEe ~aHHUe APYrHX 
pa6or. 

B H3MCpHeuon o6naCTH 3HeprHll Bcero HMeeTCH 29 nepeXOAOB, H3 BHX 17 nepeXOAOB BnepBUe 
o6aapyEeHo B aamen pa6ore •. 

T a 6 n H u a I 

li1e Hama na6ora llaHHUe l!DvrHX D860T 
nn Er (KaB ) "A8HTH- .7.1000 EK (K8B ) HAeHTH- :J • 1000 ,X 1000 I p WHKBUHH j(K 617,4) QHK8UHf ,7(JIT9'8"J J(K677' 4) 6~: 

T8 

77 K 60 1,2,3 
4 

/.. 12 2,3,~ 
121,0± 0,4 K 500 ± 60 l,~,, 

/., 82 ± IO I,2,~ 

I98,0± 0,6 
H 28 ± 4 I 2 
K IOO ' 1:2,3 
/., 26 ± 3 rJ,4 
M 9 2 

I 601,09 ± 0,4~ K 69! 602,o:t 2,5 K 2,5':t C,3 962 ~.f,3, 
L, 0,4 ± O,OE 154 b:,2 

2 677,44 ± 0,54 K 1000 676,0± 2,5 K 2,6 ± 0,3 000 b:,2,3 ' 
\, u.J I, 0,5 ± O,O'i 192 

3 798,92 ± 0,56 K . 227 800 ± 3 K 0,76± 0,l( 292 ~.~,3' 
4 I, 38 /., O,I4 54 ll-
5 
6 
7 809,34 :!: 0,65 K 2,6 
8 828,95 ± 0,66 K 0,9 
9 856,93 ± 0,69 K 53 856 ± 4 K 0,17 ± 0,03 65,~ I 
IO /., 6 J, 0,03 I II,' l 
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100 Hama na6ora llaHHUe ""'"'IIX na6oT 
nn Ef (K8B ) HHA8HTII- :J .1000 (K8B UAeHTH- :, •1000 l1000 WHKBUHH 3.(K671,4} Er ~ilKBUHll Pa6ora . :J{RI98) J(K677,4} 

-

II 

12 867, 94 :!o,69 K 0,75 ,· 
I3 879,77 ± 0,70 K I5 88! ± 4 K 0,08 '.30,8 l,3 

14 I, 3,2 

15 M l,67 -
I6 885,71 ± 0,71 K I,7 

17 933,17 ± 0,75 K . 55,5 932 ± 4 K 0,17 ± 0,03 65.4' l 

I8 L 9,3 

19 u 2,I 

20 JI l,39 

21 942,28 ± 0,75 K 3,64 

22 955.,84 ± o, 76 K 239 957 ± 3 K 0,56 ± 0,08 215 l,3,4 

23 I, 33,3 /., 0,07 26,9 I 

24 M 10,l 

25 963,96 ± 0,77 K 0,61 

26 !053,l ± 0,84 K l,36 

27 1064,6 ± 0,85 K l,!3 

28 1077,2 ± 0,86 K !66,6 1078,± 4 K . 0,72 :!: O,IO 277 1,3,4 

· 29 L 62,6 L O,l 38,5 I 

30 M,-.N I6,8 

3I II58;I5-... 0,93 K 0,8 

32 II80,5 ± 0,94 K 2,49 
33 I., 0,35 
34 II96,6 ± I ,O K I2,6 II99 ± 6 K 0,034 ± 0,018 I3,I I 

35 /., 2,0 

36 M 0,44 

37 !255,5 ± I,O K 50,9 1256 ± 5 K 0,080 ± 0,015 30,8 l 

38 L I0,9 

39 · M I,95 

40 1274,8 ± l,O K I,33 

41 !318;9 ± 1,0 K 6,4 

42 1333,3 ± 1,1 K 15,7 1332 ± 6 K o,oao ± 0,008 II,5 I 

43 /., 2,!> I 
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N~ 
nn 

44 

45 

46 

47 

48 

49 

50 

51 

Hama oa6oTa llamrue rmrl'mr oa(5oT -
E6 (K3B) 

I35I ,0 :t I ,I 

!428,9 ± I,I 

1450,0 ± 1,2 

1467,I ± l,2 

!542,0 ± 1,2 

1655,6 ± l,3 

11,tBHTH- :J IOOO >1,!!BHTH- :J .IOOO :J.1000 qlHK8I(Hl! .7.(!t 617 ,'J) E.r (1t3B) (J!IIK8!1Hl! .7.(It I98J .1-(1t}m,11T 

K 4,3 

l., 0,58 -. 
K 2,88 

K I0,8 1454± 7 K 0,025 ± 0,008 9,6 
/., 2,22 

K 0,58 

K 0,22 

K 0,44 

BPE!.!ll Ill3HII YPOBHH 69,5 B H.l{PE 189os 
R.H. KpDKOBa, A,A.CopOKHH,, 

Hay1rno-11ccne.110BBTBJI!,CKHll HHCTHTyT l!.llBPHOil 
gll!SHKII MI'Y 

Pa6oTa 

I 

189 Cpe,tll IIIIBDII{IIXCH .ll8HHblX no VSB H8CTOHmee Bpeltl! OTCyTCTBYDT CBB,llBHHH O BpeMeHaX 
ltH3HII B036YE,ll8HHWC COCTOHHHil,aa HCKJIDq8HH81! H30M8pHoro ypoBHl! c 3Hepruell 30,8 K3B (T1;2 = 
= 5,7 qac.) · 

B Hamell pa6oTe H3MBpl!JIOCI, BP8Ml! ltH3HH YPOBHl! 69,5 K3B 189as-ueTO~OM aanaS,lll,IBBDilll!X 
COBna,teHHll C npeo6paaOB8T8JIBII BpBlll! - 8MnJIHTy,ta. llcToqHHKOII CJIYEHJI l ;'11,.lloqepHHll npo,tyKr 
l 89pt, nonyqeHHOll npu pacmenJIBHIIH 80JIOT8 npOTOH8WI c ,rnepr11ell 660 MaB.lla11epeHH!I npOBO.lll'lJil'!CI, 
H8 CI11'!HTHJIJIHl1HOHHOII cneKTpOM8TPe COBna,teHuil C Kpl'!CT8JIJIOII BHTpaueHa B KaqecTBe ,llSTeKTOpa 
KOHB8pCHOHHllX 3JIBKTPOHOB ((l +M)-69,5K3B K KPHCTaP.JIOI! .J/aJ(Tt) ,llJIH perucrpauuu peHTreHoB
CKOro 1{-H3JlyqeHHH Os H <P3Y-3ll B oOoux KaHaiiax. !lo C,l(BHry !18HTpOB Tllllt8CTH 3a,1(8pEaHHOll H 

•11rHOB8HHOll" c6°<:o) KpKBWC Hall,l(eHO cpe,l(Hee Bpe11H ltH3HH: 
"C (69,5) = (I,15 ± 0,15) , I0-9ceK, 

llcnoJII,3Yl! 3HaqeHHB K03ipg/HUl'!8HTa KOHBepCHl'l olnons= 13 , nonyqeHHOB no Ta6JIHl1811 
ChHBa .llJll! CIIBCH E2/Ml = 0,41, 14H BuqucJIHJIH nepuo,tu nonypacna,ta no OTH0ffl8HHD K p8,llH8!1HOHHUI! 
Ml-u E2-nepexo,tau: • 

T11fl_ (MI) = I,6.I0-8ceK H T//1 (E2) = 3,9.I0-8ceK, CpaBHBHHe 3THX Be~qus C O.llHOqacTHq

HUMII Ol18HK8UH T112 npHBO,llHT K ,j)aKropy 88,teplEKII 220 .llJIH 1.11-nepexo,ta H I( ycKOPBHllD B 120 pas 
,llJIH E2 -nepexo,ta, qro cornacyercH C npe,tcTaBJIBHl'!HIIH O KOJIJIBKTHBHOII xapaKrepe B036yiK~BHHl! 
COCTOHHHH 69,5 K3B, 

W · 2 2 PaccquTaHHUe H3 TI/2 (E2) BBJiuquau B(E2)1 = U,9 .t ll,I2 e (5apH, 

£l, = 5,I± 0,4 6apH u ,te<i)opMaUlll! O= 0,!63 ± 0,01 B npe,teJiaX Om1'!60K corJiaCYDTCH c peayJII,
T8T8Ml'l 3KcnepuMeHTOH no KYJIOH01lCKOMY B036Jli(.ll8HHD Os, 

l1p11Be,ll8HH8fl BepOHTHOCT!, B(!Jl) = 0 ,0061 ( el,, ) 2 ll H8BBCTH08 asaqeHue 11arHHTHoro 
l!.m,, 
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l!OM8HTa 189os _;U. = 0,65 H,ll.llBrH. Il03BOJIHDT onpe,tBJIHTI, rHPOMBrHHTHblB OTHomeHHl! g.u !/11· 
Ha ,tByx nap aHaqeHlll\ ,cBHaaHHUX c Heo,tHOSHaqHocuD aHaKa ± ( 9K - SR) , 

l) fJ,t + 0,52 H 9,= 0,31 I'! 2) !lK= + 0,35 M 9K=0,56,n~-BIUHMOMY, HyltHo.cquTaTI, 

npaBl'!nLHUWI nepBue aaaqeHHll, ecnH npHHHTI, BO BHHUaHHe COBORYTIHOCTI, ,taHHWC O BBJIHqHHaX [JR 

B uccne.11yeuol\ o6nacTH H,tpa. 

YrJIOB!lE.JWPPElU11Ul11 r.A!lil-H3JIYtmru!H 147 Sm 

T, I'oB0p31t, ll, Ba.BPHltY:S: , .._, 

~eApa 3:s:cnepz11earam,a0ll ~3B:S:B Yoaepcxrera KDpH-CKJIOAOBCKoll, 
Jil>OnBH (llon:i.ma) 

H311ep.11J1J11c:i. yrnoBue xoppena111111 ramm.-113n:f'leHBa B pacna.ite 
147cu - 147 Sm • Hc:rou11-

xo11 CJIYZIIX 8Bpolllll 113 ra,l(OJIHHHeBOll WPaK11HH,BH~eneHBOI B3 TaH?aJ!0B01 llllllmeBB, 00J1Yq8HBOR 
np0:r0uao c auepr111el\ 660 Jl3B, 

llOB:f'l8HH CX8.11YDll!ll8 peayx:i.:raru: 
680 - 122 lt3B .Jl2 = 0,128 !. 0,0II 
957 - 122 !3B .//,_ " 0,020 ;!:. 0,015 
600 - 198 ltllB .R,_ = 0,064 ;!:. 0,019 
862 - 198 lt3B .A:, = 0,054 ;!:. 0,0'.H 
76 - !22 ltllB ./I,_ =-0,282 ;!:. 0,060 

I250 - 198 nB 11,. =-O,0I4 !. o,o:3! 
600 - 122 !3B .11;.. > 0 

11-v = 0,002 !. 0,016 
Jlq .. - 0,0II !. 0,021 , 
.111/ = - 0,005 !. o,o'.35 
11. " 0 !. 0,055 

Koppexa1t11B 600-198 xaB, 862-198 :S:3B H 76-122 :s:aB BO H30exal!Jle oOparHor0 pacceanua 113Jlepa
JIBc:i. µa yrX0B 90°-126°-149°, OC%8JILHH8-.JtJIS yrnoB 90°-I'.35°-rso0• KoppeJISitJ'IB 76-122 !3B B3-
11epanac:i. :s:a:s: pa3aocrL cqe:ra c ~ax:i.:rpo11 0,5 IOI C"' HI IOI Gd nepeA cqenu:s:011 XBaH?OB 76 !3B, 

ll0 3TBK JSl!HHK: CllHBYl)0BHS 800 :S:3B-'.3/2, YPOBHS 1060 !3B-'.3/2, nepexoi 600 :S:3B-qBc:ml\ 
Ill, nepeXOA 680 :S:3B-llI + (21 :rr) E2, nepexo~ 862 lt3B-qac:ml EI,Ilpu HCTIOJlb30BaHHH ,llJIH nepe-
~O,l(a l22K3B sen11ql'!HH/ o /,B3H?Oll 113 H3UepeHHR BHYTpeHHell KOHBepCHl'l lliBBPAT~erepoi/II, aaa,teH
Hli B8JIHql'!HH H 3HaKH KO~H!{lt8HTOB CM8CH nepexo~OB 76 H 957 K3B, 

R H T e p a T y p a 

1, C.F.Schwerdfeger, H,J.Prask, J.W.J.lihelich. Nucl.Phys.,22.,168 (1962), 
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xpac:ra.1/1011 ~ J(re} 40 x 40, I 
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IX5m 76 122; 

' 
a.MIIJIHTy,1ta HMnYJil>COB 

Puc.2 
HK3X03Hepreruqecxaa qaCTh (-cnextpa I47Sm ,noJiyQeHHM C KpKC:taJI-

/1011 tf<I 3{Te} 30 X 40(4>i!J1Up 9,5 1111 Cu), 
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Yfl!OBUE ROPPIDUl!llll! fAIIJIA-H3.llYlfEHlm I45 s,,, 

- I , 
T. roBOP3R , JI.BaBpuJltY'x,s.cxonucn,D.Uircrex, ,!-

Ka4>e)ij)a 8xcnepHK8BraJll.BOA ~H3HRH YHHBepcxrera KI>pH-CRXO,llOBCROA, 
.IIJl(!uu (lloJ11,ma) 

HaKJI H3KepHRHC& yrBOBHe xoppeBHlllllf CHX&Bel!Dmx XaCXll,ltOB raKKa-B3/lyqeHHH B pacna,,;e 145
& -

145 s,,,. Hcnox&30Ba.lll!C& DJtXBe ucroquua qzcroro 1454 , no.t1qeuuoro B3 
aJioif,a-pacna.ita 

149 fC. llacr& H3K8P8BHA XoppeRHllllH 653-983 X3B BHUORReHO ,llOOai,oquo C 
HC?OqHHXOK B BH,lle 8BPOUH8BOA ~PaRllllH• -

noxyqeuo: 
lxa_xacx11,1ta 653-893 xaB 
lxa.xacxa.ita 543-893 X3B 
lRH xacxa,ii;aIII-543 X3B 

W(e) " I+(0,074.!,0,0I4) P2 {Cos6) , 
W(9} = I-(0,075.!,0,024) P2 (Cos 0) , 
W(0) = I+(O,OOB.!,0,030) Pa (Cose) 

(npimno pacnpe.1texeuae rzna I+A.,I~ , npzKeueue pacnpe.11;exeuHa I •A
2

~ + A, f',, 
BBOJ\Hf H838Jl8?HHe orXROHeH~H), 

Koppexa1t11a III-543 xaB H3Kepaxac& xax pa3uocr& pacnpe.1te1teJ!ll[A,noxyqeu111,1x c ~HR&rpo• 
0,5 w Cu H c ~unpol! Ilw PC + 0,5 w Cu • Orcyrcnae BHHllllllH aBHrHJIHltl!OBBOro 
H3Ryqeuaa H ooparuoro pacceHBHa npoBepeuo nyre• H3Kepeuaa accHKerpzx 90° - I50°. 

llo 3rHK .ltaBl!!IK CURB YPOBBH !435 X3B-I/2, nepexo,11; 543 X3B-qHcrHA EI, ,B8p0UBOCr&, 
no nepexo.it 653 X3B ecn qacmll EI•~ I3 ,5%. 
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l1Jlr.llil'$H_ll_E _llll1Pl!H!l qyBCTBl!TEJII,HO0 OEJIAC'l'lf B CilEKTPOMETPl!'lECKl,IX P- i- n_.._ 
AETEKTOPAX C IlOMOillhll BJIEKTPO~OTOI'PAfflJL 

A.C.AHTOHOB, JI.r.DcxecenHeBa, 
Olll!H 

!-

IlonynpoBOAHIIKOBSH HOHll3SQl!OHHaH K811epa aa nocJI8AHl!e HeCKOJlbKO ner HBJIMaCb npe;ltlle

TOII 6onbworo q11cna IICCJl8AOBSH11il. B STOii np1!60pe o6nacrb, tfyBCTBHremHaH K H,l!8pHOJIY 0any

qeH11D,- aro o6nacn npocrpaHCTBeHHoro aapHAS B p-h- nepeXOAe B IIOHOKp11cran~ Kp811HHH HJIII 

repllSHHH, IlocKOJlbKY DMaDl!lll8 qacTH!ll,I nonaAaDT B KPIICTSJIJI B OCHOBHOM nepneHAHKynapao IIJIOC

KOCTII aneKTPOHHO-AIIPOqHoro nepexoAa, IIHTepBall JIHHeilHOCTH 811MIITYA c11rHanoB np11 113118H8HHII 

aHepr1111 qacr11Q 38Bl!CIIT or Wllpl!Hbl o6eAH8HHOrO CJIOI! AeTeKTOpa. 

B AP8ilWOBblX p-,i - n - Aerexropax, CQCTOl!ll(IIX 113 Hll3KOOIIHOil n. - 06nacT11, BblCOKO

OIIHOil i - o6nacTH II p-o6nacTII c conpoT11BJ1ea11e11 IICXOAHOro uarep11ana, o6eAHeHHblil cnoil 

npocr11paeTCH BAOllb BCeil KOlllleHCIIPOBaHHOil i-06nacr11 np11 npHHOX8Hl!II AOCTaTOqHo BblCOKoro 

o6paraoro HanpaxeH11a. 

B HaCTOHWeil pa6oTe npeAnaraeTCH oqeHb 6UCTpUil II npocTOil M8TOA Alli! onpeAeneHHI! Wllpll
Hbl o6eAHeHHoro CJIOI! B KpeMHHeBblX p- i, - h - AeTeKTOpax 11,l!epHUX_ qacrm:i. MeTOA OCHOBUBaeT-

CH aa npoHBJleHHII p-n- nepeXOAa C DOIIO~D cyxHX aneKTPOWOTorpawHqeCKl!X npoHBIIT8Jieil np11 

np11KJ1Mb1BaHHII K nepexOAY HanpaxeHHH B 3SnHpaDll(ell HanpaBJI8Hl!II /I/. Ecn11 qacTHfibl 8J18KTPOWO

TOrpa~11qecKoro npOHBIIT8Jll! Hecyr nonox11TeJlbHb1Il aapll,l! (ll03HTIIBHblil npOHBllrem),oHH OTKJl!l,llbl

BBIOTCH Ha o6naCTII orp11QaTeJlbHOro npocTpaHCTBeHHOro aap!l,lla AeTeKTOpa, r.e. Ha p-o6naCTII 

p- n -nepexoAa, a ecn0 qacTHlll>I npoHBMTena aapl!llteHU orpHQaremHo (Herar11BHllil npOHBHrenb), 

OHH OTKJiaAIIBSIOTCI! aa n.-o6nacrH p- n- nepeXOA8, Ha pHc,I npeACTBBJieH KP81.!Hl!el3Uil p"'.i-Jt- 'Ae

reKTOp, y KOTOporo p- n. - nepeXOA npOl!Bll8H CYXHM noaHTIIBHblll 3J18KTPOWOTOrpaw11qecK0M npo

HBl!Tene11. Ill!!pl!Ha qyBCTBl!TellbHOil o6naCTII nonyqaeTCH, ecnH or rny61!Hbl aaneraHIII! AP8ilWOBOro, 

' p- n - nepexoAa orHH11aerca rny611aa aaneraHHI! p- n. - nepexoAa nocne AHWWYBHH nHTIIH. KaK 

IIBBe'cTHO,aTa Ben11qHH8 roqHO paBHS WHPl!He n. - 06nacT11. lla11epeH11e rny611Hbl aaneraHIII! AIIWWY

BIIOHHOro p- 11, - nepexoAa ocyll(eCrBJil!8TCI! nerno BJieKrpowororpaw11q~cKIIII M8TOAOM, Ha n0Kaa11-

Baeuo1.1 ,iereKTOpe TOJlll(HHa qyBCTBl!T8JlbHOil o6nacrH d = W - Wo = I,33 1111, AHaJIOI'l!qaue pe

BYJlbT8Tbl nonyqaIOTCI! II Ha rep11aHH8BblX p- i, - 11. - A8TeKropax. 
\ 

UeHHblll KaqeCTBOII 8Jl8KTPOWOTOrpa(!i11qecKoro 118TOA8 Hlllll!8TCI! B03MOXHOCTb IICCJieAOBaHHI! reo-

14erp1111 p- n - nepeXOAa, Ha pHc,2 noKaBaH npOl!BJI8HHllil CYXHII HeraTHBHh/11 npOHBl!Tellel4 p- 1Z- -

nepeXOA B OAHOII KpellHl!eBOU p- i - n - A8TeKrope. lilHpKH!l qyBCXBIIT8llbHOro CJIOH np11 Te1mepa

Type ,ipeilwa ISo0c nonyqHJll!Cb pa3J1Kqa111111:d.,,o. = 6, 73 1411,' dm/n = 6,06 MM. 

IlpoQeCc npoaBJieHHH p- n - nepexoAa B Kpe14Hll8BllX A8T8KTOpax C no110~10 cyxa.~ 8ll8KTpo

woTorpaw11qecKHX npoHBl!Teneil ocyll(ecrBnHeTca HeaaBHCllllO or cnoco6a o6pa6oTKH npoaBn3euoil 

noBepX!iOCTII A8T8KTOpa II He 1!3118HHer HX JJieKTpHqecKl!X xapaKrepHCTl!K 30CJie YAaJieHHI! npol!Bl!

T8Jll!, 

70 

Ha p11c.3 AaHbl BOllbr-a11nepHble xapaKTepi!CTHKI! ABYX o6paanon AO npOHBll8Hl!l! p- "- - nepe

xoAa cyXHII npol!BHrene11 (aenpep11Ba11e JIHHHH) H nocne cr11paHHI! npoaBl!Tena (KpecrHKH). 

Bnexrpowororpaw0qecK0il ueroA onpeAenea0a rny611Hu aaneraHHH p- n, - nepexo,ia B Kpe11-

a0eBux IIOHOKPHCTannax uoxer 611n npH118H8H C 6ommHII ycnexo11 Anl! KOHTPOJIH APeilwa JIHTIIH H 

AJIH HCCJ18AOB8Hl!H 06nacr11 npocrpaHCTB8HHoro aapll,l!a B KpellHll8BllX H repKaHll6BllX p- l - n -

AeTex:ropax Mepamc qac:rH~. 

JI H ~r e p a r y p a 

I. A.C.Aa:roHoB, JI.r.DcKecelllleBa, IlpenpHHT O~!Il!, 2232, J{yOaa, 1965. 

p-05ftaCMb 

/ 

:....-w--.: o, ...... 
' ' 

P11c. I. KaprHHa nepexo.1ta B xpewHeBOK p-i,-n, -.1te:rexrope,npo.11BJ1ea
aoro cyxKII no3HTHBHWI 3nexrpo~ororpa¢0qeCJtH11 npoaB11:rene11. 

5.,., -
P11c. 2. P-n, -nepeXO,ll B Kp81lHH8BOII p-l-n, -.1terexrope, npOHBJieH

BUa cyxl111 uerar11BHW1 31e1trpowororpaqi11qecxH11 npoaB11zene11. 
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J{CCJIEJ!0BAHHE CXEli P ACIIA.llA 

145~ _!L ~7 §u. _ 

K,BIIJll,Cltllll, 11.lfopreRcee, B.B.Ky:lBe1tOB, O,li,HunceR 
Hlicr11ryr l!lfllLCa liopa np11 KonearareBc1to11_yHHBepc11rere, Olllili 

l!CCHJt0B8111Ul cxe11 pacnll,lta 1454:°.,_ 11 147cu. DOCB.IIJlleBO IIBOrO paclor._ HacrOJllil8JI 

paclora BHDO.IIBJIJ!a.c:J, B 11scrnyre l!lfnca liopa npx KonellJ'areec11:011 yruiaepcnere. B · pad ore 

npo!OJtJ[JIOCL KCCHJtOBaRHe /' -cneupa 145 Cu. , 11311epeBROro c DOIIOIIILIJ Ge -DOJJYllpO-

BOJtBllltOBOrO- .1tere11:ropa (O, 7 ell x 0,35 c11), a raae 113yqMHcL cne1trp!,I e- - r-:- 11 JJ + - J--
coana.itee111t 145.fu. 11 147~ c noi.iou(L11 ropoll,ltaneoro m~CrH31l30pBoro J}-cne1trpo11erpa/I/ 

II r -cne1trpo11erpa C IICDOJU,30BaRKell 512-JtaRaJ!LBOrO 811I!Dt)',llllOrO aRaJIK3aropa 

~ fl.Cl. ~ 11:p11cra11J1a /4.7(7e) pll3Mepa1111 7,6 x 7,6 11112• 

Jl.1111 11311epen11 .; • -cnexrpa 11cno,u,3011a.11c11 11croqa11x 145eu. , noJ1yqeRRHII npz Pll3Jte-

JieBIIH Ba 11acc-cenaparope /2/ repclzeawc 113orono_a. 

llp11cyrcra11e 145cu. 11 147 a... B 11croql!l!Jte repCIHBB!IX H30ronoa oC!ycnoBJieao "" -pac-

DBJl:OII 149 78 11 15178 cooraercraemo. 
. . + 

JlJIJI IICCJ1e,1tOB8HllJI CD8lttpOB e - ( - II .Ji - r - COBD8,Jt8HIIII IICDOJII,30BaJICJI 

11croqH111t 145&. + 147& , BH,lleJleHHHH xpo11arorpaifiHqec1tH1111erOJtOll H3 repC!HeBOII 4/paJt

llllll cnycu JtDa JtHJI DOCJl_e ltORlla OCl,11yqeRH1I rBHrMOBOII 11Hlll8RH nporORallJI C 3aepr11el!. 660 ),(39 

Ra CHIIJ:p01lltltJIOrpoae Jlacloparop1111 RJtepHwt npoCIJ1e11 Ol!fili B Jly(!Be,1 Ha ocaoee BHMII3a 4 -
CD81trpa II cne1trpoB e - I{'- H .,6+ - r -COBDa.iteBl!lt npe,itJlaraetCJI ·cxe11a pacnBJl;a 
145 Cu, (p11c.1). B raclJllllle l DpHBe,lleHH 31tenepH11eHranHHe 3RaqeRIIJI lt034q)lllllteRrOB ltOBBep

CIIH 11 111nr11non~ocrell 4 -nepexo.1toa, B03Blllt8l)IIIHX npH pacnaJte 145 6... • Oraocnem.we 

JIBteHCIIBROCtll JIIIBIIII ltOBBepcKOBHwt 3Jle1trpOROB H 3BaqeRKJI 3Bepral! f -nepeXOJt0B~_B03Hll-

lt811JIIHX np11 pacna.1te 145 Eu- , B3JltH 113 paclor /J,4/, Hap.1_1,ltY c 01tcnepK11e~ranB1,11111 pe3yJii.-

rar1111H o 145 Et<. noJ1yqe111,1 JtBHHHe o 14 7 6.. · 
~ aRMll3a JB1- - J-' -COBD8,118Rllll c.11e.1t1er, qro no311rpo111,1 B 147 Cu, COBD8,lt81lr c 

r -Jiyq!IIIK C aeepr111elt 120 lt3B II 190 lt3B, qro DO,ltrBepz,Jtaer ,peay,u,ram,nonyqeawe _B pa

Clorex / 5, 6/; C JtPyrOII cropom,Jl3 cne1trpOB e - I(' - COBna,JteBHlt B lli'lCu.- C 1tORBepc11-

0RIWIIII aJ1e1trpOBl!IIH c ae:eprxen 120 11 197 lt3B cJ1e.1t1er, qro ·y -nepexo,ll;li c 311eprxaH 

676 . , 932 11 957 lt3B 11JtY? Ra ypOBem. C :mepr11eH 121 lt3B (5/2-), ·a _ J" -nepeXOJtl,l-=-- .. 

c 3aepr11ell 602 , 856 , 881 , 1199 11 1256 lt3B IIJlYl' Ba ypoeem. c aaeprn:elt 

198 xaa (3/2; 147 S,,, • JleranH1,1II aRMK3 peaynra1:oa ClyJter_ npoae,1teB B p¢ore, roroall;; 

111e1tc11 1t neqaru. 
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Il 11 :r e p a :r y p a 

I. O.B.Nielsen and O.Ko:foed -Hansen. Math.F:vs.Medd.Dan. Vid.Selsk., no. 6 29 (I955) 

2. K.O.ilielsen and O.Skilbreid. Nuclear In .. tr., 2
1 

15 (19.58). 

3. %. T. f.eJiea • Hcc11e,ll0BaH11e cxe1,1 pacna,l!a Hell:rp0H0,llelpl'lmi:rirux 1130:ronoa eapom111 ~ 

Jl11ccep:rruuu1, J!Y(SHa, I964, 

4. lf • .A.lt814, 14.H.Kp11aonycros, I.T.ZeJiea, 1.1,<?IIHrep, O pacna,l!e I45 cu. ,J!01tJ18,)t 11er11ero· 

coae~aHIIR no x~epnon cnexrpocxon1111 pe~xo3e1,1eJll,HUX 3J1eJ.1eHroa B Jlyc!He (!965). 

5. K. JI.rpo1,1oa, li,.liCe11eB, KYH CxH-11311111,, r.My:rno11.1,, XaH.I, IDy-:a:yH.1,, IIpenp11Hr Olflilf,P-2I66, 
JlyelHa, I965. 

6. Mc Nultv, E,Funk, J.Mihelich, Nuclear P~vsics , 55, 657 (I964). 

Te<lJ11111a I 

E.r, Teope:r11qecx11e xo3qxJJ11mie11:ru Tl!n 

7l' JK o(, /( xom1enc1111 ' , nepe-
lt3B 3JtCn. EI E2 MI xo~a 

IIO 52,3 rooool • 5,20. ro-I I,9. Io-I 8,4.ro-I I2,2.Io-I E2 

I9I 9,I .700..!;IOof31 2,oa.Io-I 4,o. Io-2 I,9. ro-I 2,2.ro-I III,E2 
5II 60,7..!;2,3 

542,' 80,0..!;0,5 7~I/ 2,43. I0-3 3,I.Io-3 9,o,ro-3 I,5.ro-2 EI 

654 l25I,5.:!;7,5 I88/4/ 2,02.Io-3 2,I.ro-3 5,6.ro-3 I,05.ro-2 
i EI 

765 24,8..!;0,8 62141 6, 75. Io-3 I,5.ro-3 3,8.Io-3 6,8 • ro-3 i.lI 

839, 11 8,4 4,741 I,35.I0-3 I,25.ro-3 3,I. ro-3 5,2. ,ro-3 EI 

850,0 I2,I 9,741 2,05.ro-3 I,22. Io-3 3,0. ro-3 5,I .ro-3 EI 

857,0 2,4 2,5/4/ 2,s. ro-3 I,2. ro-3 2,95.I0-3 5,0.I0-3 E2 

894,3 rooc rooo/41 E2 r,r2.ro-3 2, 7.ro-3 '4,6.ro-3 E2 

!658,6 "°37,0.::23 I28/4/ 2,5.ro-3 s ,s . ro-4 8,o.ro-4 I,r.ro-3 :u 
I805,I II ,5.1:0,5 3,741 7,5. ro-4 3,4. ro-4 7,o,ro-4 9,5. ro-4 tE2 

I876,G !2,4.::I,O 8,6141 I,87. ro-3 3,I. ro-4 6,5.Io-4 8,4.I0-4 MI 
!997,2 88.::2,0 38141 I,I7.I0-3 2,8.ro-4 5,5. ro-4 1,2. ro-4 MI 
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CIIIICOK PAEOT , 

npe,llcraBJieHHHX Ha vm pa6oqee coBelll!lHHe no IIJl:BpHoH cnenpocxonu11 
HeArpOHO,lle¢HIUl?KhlX 1130ronOB H 1130Uepl!ll B~ 

6-IO HllJIB 1965 r., Ay6Ha 

I. MoueHr HHeplll!H ¢ep1111-n~xocrH (npHYeHeHne K ,lle~op1111poBaHHm( a~). 
c.r.l{aJlMeHCKHH (BopoHezcltllH yHHBepcurer). 

2. Onynon:r.Hlle cocr~llmtll c K 7 =0- • 

<'-

P.E.EerxanoB, c.R.PaKOBHllKHII (IDIP, TamKeHr). 

J. HeKoropue ceoHcrea HeqerHHX B,llep•nepexoJtHoH oonacru. 

3.E.Eepnoeuq (R~TH). 

4. 06 o6onoqeql!HX 3~exrax npH ,llBJieHHH 11Jtep. 

E.T.reHnHKllaH (HA3), 

5. Bpa1J1aren:r.HllH cnenp B,llep npa Oon:r.mux uoueHrax. 

D,T,rpaH:r., A,l'l.RapXH!I (HA3). 

!65 e 6. O rpexxeaanqacraqHou cocro11HHH B ~~. 

H.A,EoHq-OcuonoecKaS1, BaH IJaH-zy, K.H.rpouoe (OHHH). 

7. KyJIOHOBcxoe B036YJ[.JteHae anexrpaqecxoro onynon:r.Horo nepexo,lla B 11~e 208 PC 
A.3.XpHHReBHq, C,Konra, C.H.lllHyqaK, l'l.KyaHeUOB 
(OHHH). 

· 157 . 8. HoBHe 11aoronu 157 Ct, , 1~6 c-c, n · Ho • 

llt,T.Xenee, B.r.lfa.JmHHHKOB, A.B.Ry,llp11Bneea, H.A.Re6e,lleB, 
c.rr.Maxapoe, r.My3HOJI:r., 3.XeppuaHH (OHHH, HrY). 

9. l'layqenne cnexrpa KOHBepCHOHHHX 3JieRrpOHOB 166 Tm ' 
A.A.A6,llyuaJIHKOB, B.rHaroeaq, K.H.rpouoe (Tamllll; OHHH). 

' 
IO. l'lauepeHHe npO,llOJI:r.HOH nOJIHpH3~H 3JleKrpOHOB uero,llOU Mennepa B 144. f'~ 

M.Cy6orOBHq, H.KypaHn (JIJJ6JIHH), 
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II. YrJIOBUe KOppeJill~ r8.UM!l.-H3J1yqen11a !45 Sm 

T.roBOP3K, H.BaBPHlltYK, 3.CRODBCKH, D.U11creK 
(JIJJ6JIIIH). 

!47 S 
12. YrJIOBHe xoppeJIIIUHII rauua-H3Jiyq8HHB m 

T.roeopaK, H.BaBpHlltYK (JIJJ6JIHH). 

IJ. l'lCCJ18,llOBaHH8 yrJIOBUX 6Bra-rruom KOppeJillnaff l60 TC 
M,Cy6oroeHq, H,KypaHn (JIJJ6Jll!H). 

I4. o pac~e !55 TC 

15: 

I6. 

E,C.AzenenoB, rr.A.THmKHH, H.A.mumeJioB (RrY). 

Hccxe,llOBaHHe COBD~8HHH KOHBepCHOHHHX 3JleKrpOH0B npn pacn~e 
165 Tm 

E.C.,Illl:exenoB, rr.A.TnmKHH, H.A.IDHmeJIOB (HrY). 

l'lCCJ18,llOBaHH8 cneKrpa KOHBBPCIIOHHHX 3Jl8K?p0HOB 
06JiaCrH !500 • 2700 K3B. 

I46 CU- B 3Heprer14'1eCKOH 

ll,Mau, X,ll!enee, ld,H.KyaHeuoea, Hy Cn-r1m, H.A.Jle6e,lleB, 
M.~nHrep (Ol'lfll'l), 

I7. 0 fl- - pacn~e I82 'ra. c 3HeprneH 6on:r.me 500 K3B. 

18. rruma-cneKrp naouepa 

B.A.EaJiaJiaee, H.A.BOHHOBa, E.C.,Illl:exenoe, n;H.MOCKBHH, 
C.A.mecronaxoea (HrY, H~Tl'l, BHHHM, PaAH8BHH'HHC?H?yT). · 

I60mf10 • 

E.rr.rpnrop:r.ee, KyH C11H-U3HH, r.My3HOJI:r., 9.XeppMaHH 
(RrY, OHHH). 

19. HeKoropue BOnpocu, cenaaHHHe c ocHOBHHIIII porannoHIIHllll nonocaMH. 
H,A.BonHOBa (R~Tl'l), 

20, K pacna)lJ I5J Sm ( .ft-) I5J eu-

20a, HOB118 ypOBHH B 155 CU 

n,PyHKe, x.rpa6ep, K.X.KaYff, X,3o,llaH, n.BepHep 
(PocceH,llOp<I>), 

n.1yHxe, x.rpa6ep, K,X.KaYH, X,3o,llaH, n.BepHep 
(PocceH.llON), 
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_,:______ 

. 2I. 0 1!30TOnax I56 C?, I! 
(660 M3B) • 

I
57 

Ho • OOpa30BaHl!e I 62 Ho B pea10U111 5;;,, + I' 

A.A.A0,Jtypa3aKOB, K.H.l'pouoB, qi.H.MyxTaCl!YOB 
(Taml!H, OIDllf). 

I55 . !56 22. HoBHe JtaHHHe o pacna.ite Ho II Ho 

K.H.l'pouoB, qi.H.MyxTaCl!YOB, r.H.YuapOB 
(Taml!H, OHHH). 

23. MeTOJ! yc11neH11ll 1!300paxeHl!ll cnaowc nl!Hl!ll KOHBepcl!OHHllX aneKTPOHOB, 00Hytl8HHNX 
npl! OOMOl!tl! ,,0 - C08KTporpaipa • 

24, · 0 pacna,lle I59 Ho 

R.H.l'pOMOB, 4i.H.MyxTacl!YoB, r.H.YuapoB 
(Taml!H, OHHH). 

K.H.l'pOl(OB, 4i.H.MyxTaCialOB (OlffiH, Tam!Ilf). 

25. BpeJ.IJI lltll3HI! ypOBHll 69,5 K3B B l!J!Pe I89 Os 

n.H.KpDKOBa I! n.A.CopOKl!H (ID!lillqi MI'Y). 

26. liOBHH 1!30TOO I74 UJ' 

H.neMeTep, H.r.3allneaa, !Ulll Xoa CHH, E.Ha,JtJ:aKOB 
<•~-

27. llp11Meaea11e caeroaoro 30HJta ,llns 11ccneJ!OBaHl!l! cTpyKTypH f- L - n 
BOJ!Hl!KOBllX Jl8T8KTOpOB I! onpe,llenea11l! Bpeuea11 ltll3HI! anexrpOHOB B 11X 
nacr11. 

B.-Bac11neB (OW). 

nonynpo-
f' - oo-

28. Hccne,llOhaHl!e KOpOTltOXIIBYl!tl!X ,,;, - 1!3nyqarenell B OOJiaCTI! 8 ~ - l't 

29. 

H.Maxyaxa, l.!.Maxymta, T.4ieaem (mum). 

. !57 !57!?) llpeJ!BaPl!TElHI,Hl,18 pe3ynuar1,1 l!CCne,llOBaHl!l! paCI!aJta H8'18THllX l!Jl8P Cu. , :f 
!63 78 !63 c-z, 11 I8I Hf , . \, 

n.Bepaep, r.l'paOep, r.3oJtan, K.X.Kaya, n.4iyaxe 
(PocceHJ!Opqi). 

30. liOBHll 113ouep I7? I.,,,,, c nepl!OJ!OU nonypacnaJta I60 y cex. • , 

u.xell3ep, R.4i.AnexcaHJtep (PocceHJ!Opqi). 

JI. TpeX'laCTl!'IHOe 1!30Uepaoe COCTOHH1!8 B !09 .7n 

K.4i.AnexcaH,llep, X.4i.Epl!HltllaH, U.Xell3ep, Y.Haar, 
B.HellOepT, X.POTTep (PocCeH,llopqi, OlffiH). 
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32. O pacnaJte 1116 Cd I! I46i',,, 

M.II.ABOT1!118., E.Il.I'puropi,eB, A.B.3onoraBHH, B.O.CepreeB 
(IlrY). 

33. Pacmv; r45 cu. 
M.IT.ABOTl!Ha, E.IT.rp11rop1,eB, x.T.!eneB, A.B.3onoraBHH, 
B;O.CepreeB (nrY, OID!H). 

34. Paclla,ll !47 cu. 

35. 

M.11.ABOTl!Ha, E.ll.l'p11ropLeB, A.B.3onOTaBl!H, H.A.HeOe,lleB, 
B.O.CepreeB (nrY, OID!H). 

Hccne,llOBaHl!e 1!30T000B ra,llOHl!Hlll! • 

M.l!.ABOTl!Ha. E.Il.I'p11rop1,ea, A,B,3onoraBl!H, R,A.IleOe,lleB, 
B,O.Cepreea, B,E.Tep-Repcecsnn (IlrY, OID!H). 

36, I'al!lla.-paclla,ll !55 re I687m 
II 

!73 /.,i,, 

37. 

38, 

39. 

40, 

41, 

42. 

H.Hcrp:euOcKl!ll, B,KypneBl!'I, 3,llpell6Hm, 3,CyllKOBCKl!ll, 
A.3rn11Hcx11 (Bapmaaa). 

!55 Ga, 1 - lpaKTOp B030y:JteHHOrO COCTOl!Hl!l! 87 K3B 

P.Rynecca, c.ora3a, E,iiyJtnOBcM, 
A.3.Xpl!HK8B1!'1 (KpaKoB). 

naa HOBHX xopo:rxonep110J!HHX 11aouepa DI /.,a, 11 ·I:36 /.,a, 

H,Craqeni,, E,XpaCTHl!K, 

B.T,I'pl!UHHa, A,IT.Knm'lapea, B,B,Peuaea (X4iTH), 

d - 11anyqeH11e I27 C:.s 
I 

I29cs 
I 

I'.32 Cs 11 136 Cs 

H.PxeaaHKB, A,Wnanex, H.~paHa, A.UamranHa 
(Pxe: - llpara). 

llccne,llOBaH11e pacna.ita D 2 + DJ /.,a, , 

H.~paua, H.P:eaaHKa, A.WnaneK, M.Bo6eUKH 
A.MamTanxa (PxeE - Ilpara)f · 
Il,4iyHxe, x.rpaoep, X.3oJtaH (Pocce11,llopqi). 

MyJ1u11non1,Hocn 11aoyepHoro nepexo,lla I9I.,Os • 

3.llnallnep, B.EpaOen, o.nparayn (P:l:e:ic - llpara), 

O napaMeTpe pa3Bl!3Haa1111s B 1!30TOnax 

B,4iellqiplll!K, 
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43. Al!OuaJILHBe EI-nepexoJtl,I B le~OplfflpOBaHHHX aeqeTHHX 11,ltpaX. 

E.Il.El!pOpaHp, B.~en~pllHX '(nrY). 
~· 

44. 0 llYJILTHOOJILHOCTSX nepeXOlOB B a~e 168 c~ 

45. Pacnal 145 cu 

H.DpcHx, B.3BOXLcxa, H.PJCeaasxa (PJCe:,qexocxoBaua). 

H.A,itaM, X.T.IexeB, M.H.Kp11BonyCTOB, M.~HHrep 
(Orum). 

46. Cnexrp XOHBepCHOHHHX anexTpOHOB 147 Cu, B OOJlaCTH 3Hepr11n 700-1600 X3B • 

H.A,itaM, x.xexeB, Ily CH-THH, M.tHHrep, 3.XeppuaHH, 
B.r.qyi.mu (OmIH). 

47 •. HOBHll 1130TOn 81 y 

H.r.3anoeBa, M.H.KyaHeooBa, 1.r.no!llllnoB, r.MyauonL, 
r.!Ilppennep (Orum). 

48. HccJ1elOBaHll8 KOHBepCHOHHHX 3Jl8XTpOHOB 1130TOl!OB H80lHJla • 

49. Cxeua pacna.ita 155 'i'C 

M.Il.ABOTHHa, I.T.Xexes, B.r.Ral!IIHHHXOB (Orum, IlI'Y). 

K.BHJILCXHll, B.B.lty3H800B, H.A.IleOeleB, O.E.jIHJILCeH, 
O.CXHJILOpattr (KoneHrareH, OIDIII). 

50. HccnelOBaHHe cxeM pacn~ 145cu. II 147e,.,_ 

51. O cxeMe pacna.ita 

K.BHJILCXHll, M.BopreHceH, B.B.Ky3H800B, O.E.HHJILCeH 
(Konenraren, OIDIII). 

149Ga. _ 149eu. -I~9 .Sm • 

K.BHJILCKIIJ!, B.B.KyaneooB, O.E.HHJILCeH, o.CXHJILOpallT 
(Konenraren, OHHH). 

52. HCCJl8l0BaHHe 003HTpOHHOro paCnala B8iTPOBOl8~HOHTBHX H30l0ll0B La, 
x.xeneB, B.Ral!HHHIIXOB, Y.HasapOB.(OHHH, Tamlll!). 

53. l!OBBe laHl!lie o pacna.ite ™~ 
T.KyoapeBa, B.3BOJILCxa, M.Benc (PJCeE - Ilpara). 

54. BaqHCJ18HHe BepOSTHOCTH woroxpaTHOro xyllOHOBCXOro B030yEl8HIIH Heaxc11aJ1LHWC Xl8P 
Oes HCOOJIL30BaHHS npH0JIHE8HIIR Ylapa • 

B.B.IIa.mxesHq (OIIBH). 
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55 • Ilpmioe OTTP8l8J18HH8 rllyOIIHll aaxeraHHll p- n, - nepexoM B Kp8MHIIH 
na C nouo~L» Cj'XHX 3JICKTpO<pOTOrpaqiHqecll:Rx npol!BMTelleR • 

A.C,AHtoRos, n.n.DcxecenHeBa (Orum). 

56. H3ytl8HH8 I - cnexrpa Haorona 74 Br-

f' - TH-

E.H.Eenaes, E.A.rB03l8B, B.H.fylOB, A,B,Ral!IDIIIH, 
n.M,Ky,r-raHCK!!ll (Pa~eBHtt HHCTIITYT). 

!JI 

..Ji 




