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l.Bseneuae 

nocne o6Hapy>KeHRR B !,ICOKOne>K8 W ero K30MepHoro COCTORHKR B liApt 
130 

B/ I / 6blnK 

HaA.aeHbi ewe .nee HOBbiX JtOpOTK: O>KH BY lUHX a KTHBH OC TH. Uenb Hac T o H w eA pa6oTbi a aKnKP.IB

n acb a onpe.aeneHHil sHe prKA nepexo.aoa, nepHo.n oa nonypacna.ua H H.llBHTHcjmKBUHH H,t6 n fo-

.D.8BWHXCSI HOBbiX 8KTHBHOC T e A. 

MeTOAKKil 3 JCcn epH M e H Ta - KMnynbCnoe o6nyqeHK e " K 3 Mepemr e nsyx c n e KTpo s s 

sann HHhrx HHTepaanax M e >KAY KMnynbCBM K UKKn o Tp o Ha - n o npo 6Ho o nK c aHa a pa6oTe
1 11 

8 O TnH'iH9 OT 3TO A M 9TQa,HKH B .U 8HHbiX OflbiT8X B p 9MSI nonypac na,aa 6hlll0 H. 3 M9p9HO H8 

.0.BYXM9pH OM 8H81lH38TOpe B pe>KHM 9 8MrinH T y .OHOrO 8H81lH38 B noc n e.aOB8T91lbHbiX Bp9 M 9 HHblX 

128m 
HHTepaanax, raMM8 - cn eKTp H3DMepa La 6htn Ha Mepe H Ha repM llHH e aoM .neTe KT"pe . 

128 m 
2. Vi 3 o M e p La 

np .. o6nyqeHHH ycKope HHb!MI! KOHBMK 
14 

N Ha Bb!BeneHHOM nyqKe UKKn OTpOHB Y-150 

MKW9HeA onoaa TOTl l.UHHO A - 35 Mr/cM
2 , o6oraweHHbiX H: 30T O:l8MI1 llBSn, 

119
Sn H 

120
Sn , 

6blnB B036y>KAeH8 HOBBll 8 KTKB HOCTb C nepHOAOM nonypac nana T 11 ~ (0.56:; 0,05) c eK, 

cn e KTp H pacnan KOTopoA noK83 8Hbl H8 pHc. I " 2. 

TaKall >Ke BKTHBH OCTh 6 brna HaAneHa npa o6nyq eHR H ycKopeHHblMH KOH 8 MH 
12 

C 

TOHK OA MHWeHH cyp bMbl ( 6 Mr/ cM
2

) H MKW e HR, o6orar.ueHHOA H 30TOilOM 
121 

Sb • 

.LlnR K A e HTH cjJKKBU KK nponyKTOB pe8KUKH 6binH K3 Mepe Hhl cp yHKUKK B036y >K A e HKH 

l pHc. 3-5). MaKCHMBnbliljR sHeprKR KOHOB 
12

C a 
14

N cocTaanHna- 80 H - 11 0 M 3 s 

COOTBeTCTBeHHO H H 3MeHHn8C b C ll OMOlllblO 8niOMRHKe8blX cpOn b r . no cpopMe cpyliKUKJ! 

B 036y>KAeHHH K nono>KeHHSIM KX M81tCH MYM OB 6hinH KAeHTHcpKUHpOB 8Hbl c n eAyiOUl Ke pe8KUHH, 

npHBOAli LU He K o6pa 3 0B8HHIO HOBOA 8KTHBHOCTK: 
118 14 128 

Sn ( N, 4n) La, 

It 9 Sn ( 14 N' 5 n ) 1 28 La ' 

120 Sn ( I4N, 6 n) 1 2e La, 

3 



121 Sb ( 12 C • Sn ) 12s La • 

Halle>KBOCTb THKOII aneHTRcj)HKHUHH 6h!na npoaepeHa c llOMOlllbJO H3Mepeaaoll HaMR cj)yHKURR 

8036y>KneRBR peliKUBB 
130 

Te ( 12 c, 4n) 138 mCe . 

0AHHKO BH ll cpyHKUHII l'I036y>Kll9HII.!l H fl01l O>K9HH e MHKC I!MyMOB He llHIOT llOCTaTO 'IHOI"'O 

OCHOBARHS1 D UnarBTb, qTQ p98KURH H.O.yT lf9p93 COC TB.B HOe R.apo C IIOCn e.ayK>LllHM HCII 8 p9HH9M 

TOJl bXO H eiTpOHOB. T8K K8K B 9 TOA 06J18CTH M8CC, no RCCJ19.U088HHHM l{oniiHH8 H: KnHHre-
/ 2 / 12 

Hll , peaKUHH THUll ( C, ax n ) TaJ<>Ke HM910T 60llblll B9 C&'!eHBH H 110ll06Hble cpyHJ<UIIH 

.II 036Y>Kli9HHB . 

3TO 06CTORT91lbCTBO 110Tpe6oaano 11pOB9li9HHR JlOllOllHHTellbHb!X OllbiTOB. 0TCJTCTBB9 

naHHOII HKTHBHOCTH Cpena 11p0llYKTOB peaxuHR 
116 1 5 

Cd + N B HHTep.aan e 3 HeprHH HOH08
1 

COOTB8TCTBYIO!ll9M HCD6p9HIIIO 'leTblpex H&IITpOHOB, HCKllJO'IaeT B03M O>KHOCTb peaKUHH 
IU 14 1,21 

Sn ( N, a2n) Cs .KpoMe TOI"'O, cpaaaasanocb nornoweaae peHT!"'eaoacJ<o!"'o H3nyqeaaa 

TOHilHMH CJlOSU,•H Tennypa II CypbMbl, RM 9K>UlHMR OllH H 8KOByJO TOJllUHHy. He3aBHCHMO OT 

U01l0)f{9HKfil H TOJlU l HHbl. CJ109B 8 THX 891U9CTB flOrJ10lU9HHe cypbMOA HRKOr.o,a He n p9Bblill8J10 

nornowea11e TennypoM( TB6n. I). vl3 3Toro cnenyeT, 'ITO peaTreaoacKoe H3nyqeaae ae 

npHaa.o.ne>KHT ne3HJO. 

06nyqeaue 
122 

Sn H 
120 Sn ROB liMB 

12 
C C 3He p!"'Hell, COOTBeTCTBYIOW&II BcnapeHHIO 4 H 

5 HSATpOHOB, noxaaano, qTo p98KUHH 14 1<4 H 14 
( N,p2n),{ N,plt), ( N, p4n) a ( N,pSn) 

T810K 8 MO>KHO K CX.nJOqHTb. 

Cne.aOBllT9RhHO , HOBBst BKTKBHOCTb npHHB.One>KHT HJlpy 
128La.Mo)KHQ HCKnJO'rH1Tb TOT 

cflBKT, qTo HB.6nJO,nBeM8SI p9HTreHOBCK8st nRHRSI B 3 8.0.8p .>K8HHOM rBMMa-cn eK.Tpe B03HHKn8 

nocne K -3axaaTa. Ta1roll n ep exon B 11npo 
128 

Ba non>Kea HM&Tb c nnhHYIO xoMnoaeaTy 

{3+ -n epexoAa, a aa nHHHR 5 11 K3B ae aa6n 10AaeTcH pacnaAa c n epuon oM Tll ~0,56 cex. 

Vf3 3TOrO cne.a:yeT, qTo HOB B H 8KTHBHOCTb HBnSI9TCSI H e HaBeCTHbiM .0.0 CRX nap H30MepHbJM 
128 

nepexon oM B llnpe La. 

B rBMMa-crreKTpe B3oMepa ( puc. 9) 1 xpoMe pea TreaoacKOI"'O rraKa, TBK >Ke aa6monaJOTCll 

nae nHHHH c 3Hepl' RHMH Ey 1• 67,5±0.5 a Ey 
2

- 104 ± 1 J<3B. 

p8HTf'9HOBCKOro llRitB I HB6nJOJl89MbiM nKHHSIM cne.nyJOJUHe: 

1./Iy- 5,0± 0, 8 , 

I • ..riy • ~ 

.u ly2/IY 1 • 0, 18 ± 0, 05 

0THO!ll9HHH HHTeHCHBHOCT&II 

B cnOKTpe KOBBepcaoaHbiX 3n e KTp oa oa ( puc .6) , H3 Me oeHHOM n on ynp oBOllHHKOBbiM 

neTexTopoM Si ( Li) c r n y6aaoa npeAcpa > 2 MM , aa6 n10nae Tc a nRHHH 3n eKTpoaoa aHyTpea-

aell KOHaepcaH E L+M- 98 ± 2 K38 H, KpOM8 TOr O, p e HTr8HOBCK8fl RHHH H, TBK KBK B 3TOA 

o6n acTa 3HApr'HH ne TeKTOp 'IYBCTBHTenea K y -KBaaTa M. H3 a a anu3a cnexTpa cnenyeT, 

'ITO OTaoweaae K ; L+M 3HH'IBTenbRo M8 Hbwe enaaaubl. Ha oca oa aau a 3TOI"'O 

4 

MYllbTH llOllbHOC TH M 2, M3 H 

E3 H E4. Ouea Ka KBK nepex 

n p oTBBop e'IHT E4, a o coanana 

EcllH rrpennono>KHTh, 'IT 

8 03HHK 89T 8 Op 0119CC9 K -><• 
a yeT n pyr'HX, TO o6e llHHHH 

x on y 
2 

c :.aepraell I 04 _: 

E 

ly I ( 1 

H I x,.. a . 

6y.a.yT B biiiOJlHSITbCSl T OJlbKO B 

B 3TOM cnyqae nepexon y 2 ' 

npK 061ly'leHHH yCKOpeHI 

a 30 Mr/cM
2

), o6oralll8HHOI! 

HaAneHB paaee H9H3B9CTH8Q a 

Ha puc yuKe 7 npRaenea raM" 

J.:I 3 MepeHHBH n pK o6ny'le l 

ll li W911 K 06p 63 0BaHHIO HOBOI! 

S KTHB HOC T b He 6wna HS AD8H8 

121 
Sb aa 99,6% , cnenyeT, 'ITO 

MH cpyH KUHH B036y >Kll9HH!I COE 

H&IITpOHOB H3 COC THBH OI"' O llllp 

( pRC . 8) COOTB&TCTBy&T p eaK: 

a ocTh peaKuHII 
123 

Sb ( 
12 

C , p 2 

naaao ll liKTHBHOCTK cpenu npc 

a o6n y qeaue 
127 J a -qacTK u. 

H9A:Tp0 H OB , H 8 B biB9,09HH OM n; 

uccnen oaa uall H eMeuKoA A KBL 

123 Sb( 12C, an) 130 Cs a 123Sbl 

B aanep>KBHHOM r'H,..Ma

E y•( 95 _: 5 ) K3B, npH'I&M n HHk 

llHHRel!. 0TH Olll 8HH9 3THX llRHP 



>~ H3MepeHHOI! HBMR ~YHXUKH 

ryMOB He .U810T llOCT8T OttHOPO 

c rrocneJly~wHM acnapeHReM 

IBHHRM '-!onmma H KnaHre-

8HHH H llOJl06HMe ~YHXUHH 

lbHbiX OllbiTOB, 0TCJTCTBHe 

I HHT8pB81I8 3 HeprHH HOHOBl 

,Q3MO>KHOCTb pe8KUKH 

TreHoscx oro H3nyqeHHH 

>nwHHy. He3BBHCHMO oT 

OA HHKOrLI.B He rip8BbiW8nO 

8HOBCK08 H3nyqeHKe He 

'CTBYIO:.UeJI HcnapeHHIO 4 H 

~.p4n) H ( HN,pSn) 

La,MO)I{HO HCKniO'IKTb TOT 

rBMMB-cneK:Tpe B03HHKn8 

b CHnbHyiO KOMIIOHeHTy 

nepHOJlOM T ~ ~o ,56 cex. 

.IM llO CRX rrop K30M9pHbiM 

ITHKB, T BK>Ke Ha6niO.ll8lOTCB 

IOW9HHSI HHT9HC KBHOC T e A 

ld nonynpOBO.llHHKOBbiM 

~HHSI 3neKTp OHOB BHyTpeH

~H IIHHHSI, TBK KBK B 8 TOA 

ana3a cneKTpa cne.nyeT, 

OBBHHH 3TOI'O 

MynbTHnonbHOCTH M2, M3 H M4 HCJCnJO'IB~TCll. Bo3MO)I{HbiMH MynbTHnonbHOCTRMH RBnR~TCR 

E3 K E4. Oueaxa KBK nepexoJlB y 2 104 xas JlBeT senK'IKHY a LMN~IO. Taxa" oueHxa 

npoTIIBope'IHT E4, HO cosna)laeT B npeJlenax norpewHOCTK axcnepKMeHTanbHbiX JlaHJi bi~ c E3. 

EcJIH npeJlnonO)I{HTb, 'ITO nHHHH E x=3 4 I3B RBnRe TCK peaTrewscJ<oll nHHHeA, IOTopaK 

B03HHKBeT a npouecce K -KoHsepcHH,H ttTo , ;:poMe HB6H IO.aaeMbiX nepexonns.,He cywecr-

a yeT Jlpyrax, TO o6e nHHHII Ey 2 H Ey 
1 

JlOn)I{Hbi o6pa30BBTb y - xacxBJl. TaK xax nepe-

xo.o y 
2 

c 3 HepraeA 104 :!: I K3B HMeeT MynbTKnonbHoCTb E3, ycnoBKH KHTeHCKBH OC TK 

ly 
1 

( 1+ a 
1 

) - ly 
2 

( 1+ a 
2 

) 

6yJlyT Bblll OnHHTbCS! TOnbKO B TOM cnyqae, ecnH MynbTHllOn bH OC Tb nepexoJla y 
1 

- M 1. 

B 3TOM cnyqae n epexoJl y 2 S!BnHeTCS! H30MepHb1M nepexoJlOM. 

130 
3. VI 3 o M e p La 

flpH o6ny'leHKK ycxopeHHbiMH aoHaMH 
14 

N c 3HeprHe ll Bbrwe 90 Mas MHW8HH onosa 

~ 30 MrfcM
2

), o6oraweHHOll H30TOllOM 122 Sn, H TOHKOl! MHllJ8HH cypbMbl (6 MrfcM
2

) 6hrna 
-3 

HaAJleHa paaee H8H3B8CTHBS! BKTHBHOCTb c nepHOJlOM nonypacnaJla T ~- ( 9,2:!: 0,5) 10 cex. 

Ha pac y Hxe 7 npHBeJleH rBMMa-cneKTp 3Toll BKTKBHOCTH. 

l-;13MepeHHBH npH o6ny'leHHK Sb HOHBMH 
12 C rpyHKUHR B036y>KJlSHHH peBKUHK, npKso-

.a. st weA x o6paaoaaHRIO HOBOA a xTHBHOCTH , n o KaaaHa HB pHcyHKe 56. VIa Taro, &.~To T BKBst 

8KTKBHOCTb He 6hrna HaA,neH8 llpH o6nyqeHHH MHW8HH cypbMbl , o6or81tl8HHOA H30TOfl8M 

121 Sb Ha 99,6%, cne.uyeT, 'ITO peBKUH SI rrpOHCXOJlHT HB K30T OI18 
12 3

Sb. flonO)I{8HKe MaKCHMy-

MB <i:J yHKUKH B036y>K.0. 9HHSI COBll8.U89T C paccqHTBHHbJM 3 R a qeHH 9 M n,nSI KcnapeHHSl llSlTH 

aei!TpoHoa K3 cocTBBHoro llilpB 
13
\a. BHJl ~YHKUHH B036y>KJleHH!I peaxuHH 122 Sn + 14 N 

) 
122 14 • 1 30 

(pRe. 8 cooTBeTcTsyeT p eaKUHR HcnapeHKSI 6. HeiiTpOHOB Sn ( N , 6n) La. Bo3MO>K-

HOCTb p eaxuHA 123 Sb( 12 C,p2n)
132

Ba H 
123 

Sb(
12

C,p3n) 
131 

Ba HCKn~qaeTCSI OTCyTCTBHeM 

JlaHaoA BKTKBHOCTH cpeJlH npoJlyKTOB peaxuKl! 
124 

Sn ( 
12 

C, 4n) 
132 

BaH 
124 

Sn ( 12 C, Sn) l!ll Ba, 

8 o6nyqeHR9 l2? J a -qacTHU B MH C 8 HeprH eA:, COOTB9TCTBYJOUleA H CrtapeHHJO O.llH OrO H .ll.BYX 

aeATpOHOB, HB BhiBeJleHH OM nyqxe uKxnoTpo na Y-120 B UenTpBnbHOM HHCTHTyTe HJlepHbiX 

KccneJloBaHKA HeMenxoA AxaJleMHK Hayx a PocceHJlOp~e rroxa3an o , 'ITO p e aKuHH 
123 

Sb( 
12

C, an) 
130 

Cs H 
12 3

Sb( 
12

C, a2n) 
129 

Cs TaJC)I(8 MO>KHO HCKII~'IRTb. 

B 3aJlep)l{aHHOM raMMa-cneJ<Tpe 6hlnK o6aapy)l{eHbl JlBe nKHHK Ex z 34 K:'IB H 

Ey= (95:!: 5 ) K:'IB, rrpH'IeM nHHKSI E, c 6 onbllloll sepo!!THOCTbiO SIBnHeTCSI peHTreaoacKol! 

RHHH9A. 0THOWeHHe 8THX IIHHHA: COCT8.BnS1eT 

I X I I y = 5 ,1 + 0,2. 

5 



npeJJ.nonaraR, 'ITO JIHHHII E. - 34 )(3B IIBJIRBTCll peHTI:'BHOBCII:Oll , nonyqae ... II:03cj:l!pHuHeHT 

II:OHBEIJICKH K -o6onO'III:H a K • 5,1 ;!: 0,2, 'ITO COOTBBTCTeyeT MY1lbTHD01lbHOCTK E3 HnH 

~2. E3 acKn~qaeTCII K3-38 II:OpOTII:Ol:'O nepsoJJ.a nonypacnaJJ.a B B3-3B OTCYTCTBHH cHnbHor-o 

DilKS 3 11BKTpOHOB BHyTpeHHBll KOHBBpCHH HB L + M -o60JIO'IKB. Vf30MBpHOe COCTOHHIIB HMBeT 

sHepr-HJO B036y>KJJ.BHKH E - 95 ;: 5 lt3B, <l>BKTOp 3BnpeTa H3oMepsoro nepexoJJ.a, no 

OUBH J<B ~Olll«OBCKOPO, COCTBBJIHBT F ~ 10 J• 

4. 0 6 c y }I( JJ. e s B e 

Uen&IO HBCTOHUJeA pa6oTbl IIBnRnocb HccneJJ.OBBHHe RJJ.ep B o6nacTK z >54 H 

N < 78, B XOTopoll, no npeJJ.CKB38HHJO WenaAsa
13

•
41

, HJJ.pa JJ.OJI)f(Hbl 6wTb .uecj:lopMRpoaaHHbl

MH • TaJt Jt.BK o6a R30Mepa RBnRDTCR K30MepaMH HeqeTuo-HeqeTHhlX sraep, a cnitHhl ocHos

HhlX COCTORHRA 3TH X .s..aep HeJlOCTBTO'IHO H3B9CTHhl, TO flOK8 H9BD3MO}f(HQ onpe.nenHTb 

K.BaHTOBhle xapaKTepRCTHKM B30MepHbiX yposaea. TonbKO ua cyw.ecTBOBBHHSI Ha6niO,aaeMbiX 

HBMH H30 ... epHblX nepeXO.UOB B 
128 

La H 
130 

La HeB03MO>KHO C.UB118Tb onpe.ueneHHOe 3BICJl~'le
HHe 0 .UBcpOpMB!lHK 3THX H.UBp. VfBTepnpBTBUKH H30Mepoe JCB)f(eTCR B03MO>KHOl! K C DOMOUlb~ 

MO.UBJIK HK11bCOH8, K C DOMOUlbiO MO.UBJIK 060JIO'IBK ccpepR'iBCICHX H.Uep. 

B 38XJl~'iBHKe 8BT0pbl Bblp8>K8~T 6nar-o.uapHOCTb npocj:leccopy r.H. <t>nepoay 38 

HHTepec 1< pa6oTe, r-pynne SI<cnnyaTanBK UKKnoTpoaa Y-150 so rnaae c B.A. 3ar-epoM a 

B.C. Ancj:lPBBblM, o6ecneqHaUJell 'JeTKY~ pa6oTy ycKopHTenH, B .B. '{PpMoweHuesy 38 no

MOlllb npR 06pa60TKe .llBHHhlX. 
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)j!, nonyq8e"' K03qJ<pHUH8HT 

MYUbTHUOUbHOCTH E3 HUH 

I Ha-aa OTCYTCTBHR CHilhHOrO 

J.130MepH09 COCTO~HHB RM99T 

Mepuoro nepexoa.a, no 

B o6n8CTK Z >54 K 

n>KHbl 6b!Tb .UerpopMHpOB8HHbl-

THblX SJJJ.9p, a CflKH.bl OCHOB-

B03MO>KHO onpe.aenHTb 

J.8CTBOB8HHR HB61tK>.Q,88MblX 

rh onpeneneHuoe aaKniDqe-

rcsr B03MO>KHOA: H C flOMOWblO 

:x H.Uep. 

opy r.H. <l>nepoey 38 

rnaae c E.A. 38repoM H 

3. L[PpMoweHueay 38 no-

rl,Rotter, 

5 ( 1963). 

_]_._ 446 ( 1961). 

'hys,, ~ 108 ( 1963), 

)3 ). 

1964). 

:3.U8T8UbCKKA OT.Uen 

i6r, 

PaccTOlOHHe 

nornoTHTenJ:r 
.U8T8KTOp 

( ,..M) 

40 

2 

Ta6naga 

Tonw&H8 TonwHH8 YfHT8HCRBHOCTb peHTr. llHHKB 

nornOTHT911SI nornoTHT91lR c Te 
H3 Sb 2 H3 T'2 

) VfHT8HCHBHOCTb (,..rjCM ) (,..r/CM peHTr. UHHHH 

c Sb 

47,3 47,3 0,94 + 0,23 

110 110 0,84 + 0,25 
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PHc. I. 

lflfCAOifH~ 

12-103 
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3'tkt& 

20 

.3¥ IU.8 

'to 

67/(116 

2D 40 

128m 

n k•• 

60 80 ({)() KOHOA 

6(1 ~ IIXJ KOHOA 

raMMa-cneKTp HaoMepa La , KaMepeHHbll! nocne o6nyqeHHH (0,2 ceK) , a aa.naH-

HbiX HHTepsanax M9>K.Q.Y HMnynbC8MH UHKROTpOH8 . 

BpeMH H3 MepeHHH 3clJ<j:>e J<TB -
BpeMSI aa.nep>KKH -
BpeMH Ha MepeHHH <j:>oHa 
a) H3 peBKUHH Sb + 12 C , 
6) "" peaKuHH 119 Sn+ 14 N 

3,2 ceK, 
0,5 ceK, 
3,2 ceK: 
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