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B 1971 rOAY A.M.6a~,Q~H BWCKa3a~ r~ noTe3y / 1 1 0 TOM, 4TO 
cneKTpbl BTOPI14HWX 4aCTl-H.\ BbICOK~X 3Heprl1~, pmKAeHHblX B pe3Yl1b
TaTe Heynpyrl1x I1AepHblX B3aIo1MOAeC1cTSI-I~ n pH CTonKHOBeH~1-1 peJ1~TIiI

BIiICTCKHX ~Aep, onpeAenA~TCA nOKal1bHblMI1 CBO~CTBaMIiI aAPOHHO~ 
MaTepl-1H , a He reOMeTpIiI4eCKI-IMIiI xapaKTepl1CTIiIK8MIo1 CTanKHBa~~IiIXCA 

06beKTOB /~opM~aKTopaMIiI/. 3Ta rl-lnOTe3a 03Ha4a eT pacnpOCTpa
HeHlile MaCWTa6HO~ IiIHBaplilaHTHOCTI1 Ha CTonKHOBeHHe penATHBHCTCKIo1X 
A,Qep. OHa CTI1MYl'H-1pOBana Io1HTeHCIo1B Hble 3Kcnep~MeHTanbHwe IiIccne
AOBaHIiIA, onpeAen~~lIIe npeAMeT penATIIIBIiICTCKO~ AAepHo~ ~1-13I11K~~/ 
H3 BceC1 cOBoKynHo cTIo1 BonpOCOB MW ce~4a c paCCMOTpl-1M O,QI-1H, B03
MO~HO , Halil60nee APKH~, KOf,Qa nplil CTonKHOBeHl11i1 penAT~BIiICTCKI-1X 

AAep 3HeprlilA pO~AeHHO~ IiIHKn03Ii1BHO~ 4aC1IiIUbl 3Ha41i1TenbHO npeBbl
waeT 3Heprlil~, npHxOAA~Y~CA Ha 0AIiIH HYKn OH YCKopeHHOfO ~Apa, 
T.e. KYMynRnlBHbl~ 3<!>¢eKT. ~T.aK, nOKanbHoe 83aIilMOAe~CTBlile, 

p aSHOBepORTHoe no 06beMY AApa. 3~~eKT~ norno~eHHR B036Y*Aa~
~e~ 4acTHU~, AB~~y~e~cA B RAepHo~ cpeAe AO ueHTpa nOKan bHoro 
B3al-1MOAeikTBIiIA , a TaK)!(e BaaIilMoAe~cTBIo1R pO)!(AeHH~X 4aCTI-1 l.\ MaJlbl 
iii He HMe~T cy~ecTBeHHoro 3 Ha4eHIiIA. TaKHM 06p a30M, I1MeeM nep
Boe cne ACTBl-1e r~ nOTeabl - npo nOPua.lOHaJlbHOCTb eepOI1T HOCTIiI PO)l(
AeHIiIR 4aCTIiIU /HHKn~3Ii1BHO rO ce 4e HIiIR/ 06beMY ¢parMeHTlilpy~~e ro 
RApa /xa paKTepHaA A -aaBIo1CJ.1MOCTb/: 

~~=F( p ) . /1/
A dp C 

HHeapHaHTHoe I-1HKn~3Ii1BHOe ce4eHlile pO)!(AeHHA 4aCTl-1 l.\ ~, OTHeceHHoe 
K 0 AHOMY HYKJlOHY ~parMeHTHpy~ero AApa c aTm4HblM eeCOM A. 
RBJlReTCR ~YHKUl-1e~ TonbKO napaMeTpoB J.1HKJ1~3J.1BHO~ 4aCTJ.1U~. 

KOHKpeTHbI~ MeXaHI-13M nOKanbHoro B3aI-1MOAe~CTBJ.1R /MoAenb 
B3aIilMoAe~cTBIiIR/ 6~n C~OPMYJlJ.1pOBaH Ha OCHoee IiIAe~ MacwTa6Ho~ 
I-1HBapl1aflTHOCTio'I , HHKnlO31-1BHOe ce4eHHe paBHO CYMMe MaCWTa6HO-IiIH
BapHaHTHbiX BKnaAOB B3aJ.1MOAei1cT8I-1R rpynn N -HYKJ10H08 tIlparMeH
TJ.1pylO~ero RApa C HYKnOHOM MHweHH: 

da A
E---::-:o I P(N)r(x'" ). /2/

dp N=Q N 

Ecnl!1 ~YHKUIiIR f J.1 HHKn~3Ii1BHOe C€4eHHe MacwTa6Ho-HHsaplii aHTHbl, 

TO peN) - 4li1Cna, 3a8I-1CA~He OT CB0i1CT8 Fl,Qpa. 3TIo1 K03t1l¢HUHeHT~' 


I1HTepnpeTlilpOBaJ1J.1Cb KaK BepOI1THOCTIo1 nOnaAaHJ.1R B xapaKTepHbl~ 


AnI1 Cl-1nbHblX B3aIilMoAei1cTBJ.1~ 06beM rpynn N HYKnOHoe. MaKCJ.1
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MaJlb HO B03MOlK Ho e, no porO Boe 3Ha4eHI-1e N = Q onpeAeIlReTCR 3Hep
nl e.:i pOlKAeHHO~ 4aCTI-1 L\bl (E c ) , 1-1 npl-1 6 0Il bWI-1X 3Heprl-1R X B3aI-1MO
Ae t.1 CT BY~~I-1X RAep pa BH O 

E c - Pecos Elc
Q 

= m 131 

r Ae Pc cOSSc - npOAOIlbHaR COC TaBIlRlOlI\aR Vl Mn YIl bca pOlKAeHHO~ 4ac
TI-1 1..1 bl , m - Macca HYKIlOHa IBblpalKeHl-1e AJ1R Q npl-1 KOHe4HO~ 3Hep rl-1l-1 
MOlK HO Ha~TI-1 B pa60Te 131 I . nOCKOIl bKY K03$$1-111I-1eHTbl P (N) 6blCTPO 
y6blBalOT C POCTOM N. TO I-1HKn~S VlBHoe Ce4eHI-1e E ~~ $aKTI-1 ~ 
4eCKI-1 onpeAeIlRe TCR Hl-1lKH MM npeAen OM I-1HTerpl-1pOBanl-1R no N,T.e. 

E d~ = F(Q). 141dp 

3TO - 04eHb BalKHoe I-1H¢OpMaT I-1BHOe cIleACTBl-1e rl-1nOTe3~ npeAeIlbHo~ 

$parMeHTall MI-1 RAep . Ae~CTB I-1T eIlbHO, COO THOWeHl-1e 141 YCTaHaBIlI-1Ba
e T 0AH03Ha4HYIO CBR3b MelK AY 3aBI-1CI-1MOCTbIO Ce4eHI-1R OT 3Heprl-11-1 
pOlKAeHHo~ 4aCT1-111 ~ n pVl $I-1KCl-1pO Ba HHOM y rIle 3MI-1CCI-11-1 1-1 yrIloBo~ 

3 a BMCMMOCTb IO npl-1 $ I-1 K CMpOBaHHo~ 3Heprl-1M I-1HKIlI03MBHO~ 4aCTI-111~. 

ne pB~e 3 KcnepMMeHT~ C pen RTM BI-1CTCKMMI-1 Ae~TPOHaMI-1 / 4 / , YC KO
peHH~MI-1 Ha CI-1HxpO¢ a30TpOHe Ay6H~, nOATBepAI-1IlI-1 rl-1nOTe3Y 0 Macw
Ta6HO~ MHBapMa HT HOCTI-1 I-1HKIlI03I-1BH~X cne KTpOB nl-10HOB npl-1 60IlbWI-1 X 
3 Heprl-1 RX pOlKAeHH~X RApaMI-1 Ae~TepI-1 R. 3 Hep r MR BTOPM 4 H~X nl-10 HOB 
SHa4I-1Te I1 bHO npeB~wana K I-1 HeMaTM4eC KI-1 ~ n peAe n CTOIlKHOBeH I-1 R OA
Horo 1-13 HYKIlOHOB YC Ko peHHoro RApa Ae~TepMR C RAp aMM (Cu) MI-1
WeHI-1. Ha6 n lOAaeMo e RBIle Hl-1e nonY 41-1 nO Ha 3~a Hl-1e KYMynRT I-1B Horo 3¢
¢eKTa. 

13-5 1B no c n eAHee BpeMR nOR BMn OC b 6 0Ilbwoe KonM4eCTBO pafiOT ' 
nOc BRli\eHH~X I-1CCneAO Ba Hl-11O KYMYIlR TMBHoro pOlKAeHI-1R 4aC TI-1L\. Hbl 
p aC CMOTp MM AaHHhle, MMelOli\Vl e OTHowe HMe K HaC TORli\e~ TeMe . B OC
HO BHOM 3TO - pe3YIl b TaT~ MC CIl eAO Ba HMR MHKIl 103MBHbiX c neKT poB 4ac 
TMlI 60n bW0t.1 3Hep n 11-1 (C) B Ha n paBne HMI-t " Ha 3aA" n p M 06nY 4 eH MI-t 
RApa A n pOT OHa MI-1 C MMnyn b COM 8,9 r3 BI c . N : 

P +A -> c+ .. . 

AaHHble / 6 1 Ha puc , l nOKa 3aH bI 3Kcne pMMeHT an bHbie no "'HKnI03MB
H~M MH BapMa HTHbiM ce4eHMflM pOlKAe HMR n MOHOB VI npOTOHOB C MM nynb
COM 500 M3B/ c n pM yrne 3 MM CCM M 1 80~ Ms pMCYHKa BMAHO, 4TO 
npeACKa s a HVl e IBWXOA Ha KOH c TaHTy/, CIleAYIOli\ee MS IlOKan bHOC TM 
BsaMMOAet.1C1 BMR IcooT HoweHMe 111/ , B~nOIlHR e T CR AIlR nMO HOB, Ha 
4MHaR C A - 20, AJ1 R npOTOHOB - C A - 10 0 . DOIlee Cl-1nbHblt.1 POCT 
ce4eHMfl pOlKAeHMR MeSOHOB Ha Il erKI-1X (A< 20) RApax 0 6YCIlOBIleH, 
nO-BMAI-1 MOMY, TeM, 4TO paAMYC Ile r Koro RAP a cpa BHMM C paSMepaMI-1 
HaIleTalOlI\e r O n poToHa . He MCKnI04eHo , 4T O AIlR npoT oHo B 3TOT 3$
t)leKT MOH<eT 6b'Tb Bblp alKeH 1-1 60Ilee CMIl b HO B c o rnaCMM C 3KcnepM
Me HTanbHWMM AaHHWMI-1. 3aMeTMM, 4TO BwxoA a APo HoB, V1SMepeHH~t.1 
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PUc .2. 3aBI-1CMMOCT M OT KI-1 ·~~I 
HeT M4eCK0 t.1 3He prMI-1 BTOp~4 

, I 
H~X Me30 HOB MH BapVl aHT H~x . 8 '~ f'\ 
ce4eH~~, HOpMHp08aHH~x Ha {) ,, I 

a TOMH~t.1 Bee $parMeHTMpy~ 0. 100 200' 1 /M3BI 

lI\MX RAep AI C+) M Pb(q). 2.00 500 BOO t 
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Ha p a3Aen eHHWX ~Apax- npOTOHaXJ He 3a BHC HT OT He~ T pO HHoro H3
6 blTKa, a onpeAenl'l eT C~ Tonb KO 3a p~AOM ~Apa 16 ,7 I. ,lVl Fl Ha c cy
~eCT BeHHO TO , 4TO 3aSHCH MOCTb OT a TOMHoro Beca $parMeH THpy~
~e ro Fl Ap a He cna6ee n ponOP4 HO Han bHOCTH 06b eMY Fl Apa. 

Ha puc . 2 nO Ka3aHbi 3K c ne p HMeHT a n bHbie Aa HHbie no I-1 HBapl-1 aH THblM 
Io1 HKnl03 101 BHblM Ce 4eH Io1i1 M p OII<Ae HHfl nlo10HO B , HOpMl-1pOB aHHblM Ha aTOMHW~ 
Bec $parMeH Tl-1py~~e ro ~Apa /an~MIo1 HH fl 101 CBIo1 HU a / B 3a SIo1 CI-1MOC TIo1 
OT KH HeTIo14ecKo~ 3 He p rlo1H Me30Ho B/ 6/ . Yron H a6n~Ae HIo1~ - 1 8 o ~ 
IiI Mny n bcbl nep BH4HbiX npOTOHOB - 8 , 9 r aB/c. CornaCHO KHHeMaTIo1Ke , 
nHOHW C 3Heprlo1e~ , 60nbwe~ 270 Ma B, MorYT 5b1 Tb p OII<AeHbI n p H 
CTo nKHOBeHIo1H ne p SIo1 4 Ho ro npOTOHa C Mlo1weH b~ 101 3 ABYX 101 60nee 
HY KnOHOB. lila p lo1 CYHKa BIo1AHO, 4TO 3a SIo1CIo1MOCTb Ce4eH Io1F1 pOII<AeH Hfl 
nlo1 0 HOS OT Io1X aHepr lo1 1-1 Io1Me eT B nep SOM nplo1 6nH II< e HIo1 H 3 Kc nOHe HUHa nb
HW~ x a pa KTep , n pIo14eM c aMa Benlo14 HHa ce4eH HFI H3Me H~eTC fl n p lo1Me pHO 
Ha 10 nopFi AKOB. 

Ha puc . :3 npHBeAeHbl 3Kc ne plo1Me HTan b Hbi e Aa HHble / 8/ no ce 4eH Io1~ 
pOII<AeH Io1F1 np OTOHOB An~ B3a Io1MOAe~ C TBIo1 ~ npOTOHOB /8 ,9 ra B/c/ C flA
paMIo1 C8 101 Hua 8 3a BIo1CIo1MOCTIo1 OT K Io1 He TIo14eC KO~ 3He p r lo1101 npOTOHOB, 
perlo1 c Tplo1 pye Mbix nOA y r no M 1 8 0~ lila plo1CYHKa BIo1 AHO, 4TO 101 B 3 TOM 
cnY 4ae a a SIo1 CHMOCT b HOC Io1 T aKcnoHeHUlo1anb HbI~ x apaKTep nplo1 H3 Me 
He HIo1H s enH4101HbI ce 4e HIo1~ Ha 8 nop~AK0 8. Oc06e HHO Ball<HO OTM e TIo1 Tb, 
4TO KaK An~ nIo10 HOB, TaK H An Fi npOTOHOB B 3 Hep r e TIo1 4e CKHX 3 a BIo1 
CIo1 MOC TRX ce 4eH Io1 ~ He Ha6n~AaeTC~ KaTaC TpO$ 101 4eC Ko r o YM eH bwe HIo1R 
ce4eHIo1 ~ n plo1 n e pe XOAe 1013 0 6 naC TIo1 HeKYMyn~T Io1 B HblX B3aIo1MOAeH C TBIo1 ~ 

K KYMym'1T Io1 B HO~, 

Ha puc.4 nO KaaaHbl p e 3yn bTa TbI, p a CCMOT peHHble AnR n HOHOB 
H n p OTOHOB, COBMe CTHO C Aa HH WM Io1 no pOIl<AeHH~ Ae~TpoHoS 101 AAe p 
TP HT HFl / 8 1 B saBIo1C Io1MOCTIo1 OT KYMynFlTHBHo ro 4101 cna MHHYC 5 apHoH Hbl i1 
3apFi A perlo1c Tp lo1 p yeMo ro $ p arMe HTa. lila plo1CYHK a BIo1 AHO, 4TO npeA
CKa3aH I-1e rlo1nOTe abi KYMynFlTIo1BHo r o ~AepHoro 3~eKTa /CooTHoweH He 
/4/ / Bblfl on HFleT CFI YAI-1BIo1Tenb HO T04HO. 3 HepreTH4e c KHe aaSIo1 CIo1MO CTH 
pOIl<AeH Io1 ~ pa 3nH4HblX $parMeHTOB Ae~cTBHT enbHo onIo1CblBa~TCA eAIo1Ho~ 

$YHKUHe~, aaBlo1cA~e~ OT KYMynFlTHBHoro 4lo1cna, 
\IIa rlo1 nOTeabi KYMynATlo1sHoro FlAepHo r o a~eKTa cneAyeT / 9/ , 4T O 

npl-1 paaHblX KYMynATlo1sHbiX 4101cnax Ce4eHIo1F1 reHepaulo1101 nlo1OHOB 101 I(ao
HOS paSHbi. 3KcnepHMeHTbI, BbinonHeHHble B ny6He / 7/ , nOATBepAlo1nlo1 
npeACKaaaHlo1e. Ha puc.5 BMeCTe C 3KcnepIo1MeHTanbHblMIo1 AaHHblMIo1 AnFi 
nHOHOS nOKaa aHa Bem14101Ha Ce4eHIo1F1 pOII<AeHIo1F1 K+ -MeaOHOB AnA Q '", 1,8. 

Ha puc . 6 nOKaaaHbI 3Kcneplo1MeHTanbHble AaHHble, nonY4eHHbie 
Ha nY4Kax nH oHoB /10 ,11/ C I-1MnlnbCoM 3 raB/c 1-1 nepBIo14HblX npOTO
HOB C I-1MnynbcoM 3,75 raB/ c / 12 nplo1 o5nY4eHHIo1 TAlI<enblX FlAep , lila 
pl-1CYHKa BI-1AHO, 4TO nplo1 paSHblX KYMynFlTIo1 BHblX 4101cnax BblXOA n~OHOB 
paBeH BblXOAY KaOHOB B nlo1OHHOM aKcneplo1MeHTe, H Ce4eHYle reHepa
41-1101 nlo1OHOS paBHO Ce4eHYI~ reHepaUIo1H KaOHOS B npOTOHHOM aKcne
pHMeHTe. 
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Puc.:3. 3a SIo1C Io1MOC Tb OT K~ 

HeTIo14e cKO~ aHe p r HIo1 STOP Io1 4 
H~X n pOTOHOB Io1Hs apHa HTH WX 
c e 4eHH H, HOpMlo1 pO Ba HH WX Ha 
a T oMHw~ Be c FlApa /c BIo1 He4/. 

1 
~ 

Puc . 4 . YHIo1Bepc anbH aFi Q 
a a BIo1CHMOC T b ce4eHIo1~ POII<-
Ae HIo1 p. nIo1 OHOB, npOTOHOB, 
Ae~TpoHoB 101 AAep TpYl TIo1F1. 
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RlC.5. CpaBHeH~e ee4eH~~ 


reHepa4~~ KYMyn~T~BHbIX K+

Me 30HOB( t) C ee 4eH~eM r e

Hepa4~~ Me30HO B An~ yrnoB 

3M~ec~~ 180° An~ nepB~4
H~X npOTOHOB 8 ,9 raB/e. 


PUc. 6. CpaB HeH~e ee4eH~~ 
+

reHepa4~~ KYMyn~T~BH~X ~ 
Me30HOB (!) e n~OHaM~ (~) 
AIl ~ nepB~4HblX n~OHOB e ~M

nynbcoM 3 raB/c, yron 
aM~CC~~ 162 °. a Tal(}f{e K+ (!) 
J.1 "+ (t~) An~ nepB~4 HblX npo
TOHOB e J.1MnynbcoM 3, 75 ra Bie, 

O yron aM~ee~~ 93°.
B lIO~ 10 

_

'  ~ ~ §!Dig- ~ 

•~ ~I!~
~~ 10 
..s ~i T10 

1 2a. 
6 

PUc. 7. CooTBeTcTB~e y rnoBbix 
~ aHepreTJ.14eC K~X 3aB~e~MO

eTe~ ee4eH~H re Hepa4 ~J.1 KyMY
n~T~BHblX nJ.10HOB np~ paBH~X 

KYMyn~T~BHblX 4~enax. 3 Kene
p~MeHTanbHble T04K~ - 3aB~

e~MoeTb OT y r na 3MJ.1Ce~J.1 

lOT 180° AO 50°1 n~OHOB e 
~MnymeoM 500 MaBie (-t), 
640 MaBie (~), 320 M3s"/C(~) 
Afl~ nepB~4HblX ~MnynbeoB npo
TOHOB 8,9; 4,4 ~ 1,4 raB/ c. ~ 

' *" 10° 

+1 

w 
Po P" 

-I a.s 0.50.10 
4.4 0.644 
H 0.320 

o 1- 2 a 
n p~BeAeHH~e aKene pJ.1Me HTan bHble AaHH~e ~ Bn~~TeR c~nbHblM 

~ HeT p~ B~anb HblM nOATBe p*AeH~eM r~nOTe3b1 KYMynRT~BHoro RAe pHO
ro 3Q~eKTa leooTHoweH J.1 e 1411. 

B 3 Ke nep~MeHTax Ay6H~ 6b1n~ ~3MepeH~ 3 aB~C~MOCT~ OT y rna 
3MJ.1 CC~ J.1 KYMynR TJ.1 8HbiX 4aeT~ 4 An~ ne r 4aH WJ.1X I ren~ R I ~ T A*en~x 

/c B~He4/ ~Aep / 3 / . B e OOTBe TCT BJ.1J.1 C nmo Te30i1 0 nOKanb HOM xa
paKT epe B3aJ.1MOAeRcTBJ.1~ yrnoBbie 3aBJ.1eJ.1MOCT~ OKa3an~Cb J.1AeHT~4
HbIMJ.1 An~ nerKoro ~ T ~)KenOro AAe p. 

Ha puc. 7 nOKa3aHbi 3KC nepJ.1MeHTaIlbHble Aa HHbie no I!> pa rMeHTa4J.1~ 
~Apa CBJ.1H4 a B 3aBJ.1 e~MOeT J.1 OT KYMyn~TJ.1BHOrO 4~cn a . CnnowHaA 
KpJ.1 Ba R npOBeAeHa no 3KCnepJ.1Me HTanbHblM Aa HHblM /puc . 5/ AIl!'! 3a
BJ.1 C ~MOC TeH OT 3HeprJ.1J.1 nJ.1 0HOB /~ KaoHoB/ npJ.1 ~~ KCJ.1pOBa H HoM yr 
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y' 
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I 10 
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ne 180 °. 
Ta KJ.1 M o6pa30M, c ei1 4a c MO* HO 

BeTCTB J.1J.1 y r noBblX J.1 3HepreTJ.1 4ee

reHepa 4~J.1 KYMynATJ.1BHblX 4aCT~4. 
B 3aBIo1CJ.1MOCTJ.1 OT yrna 3MJ.1CCJ.1~ 

nH TEPATYPA 

r OBOpJ.1 Tb 0 Ka4eCTBeHHOM COOT
K~X 3aBJ.1 CJ.1 MOcTei1 Afl A ce4eH~i1 

A ~MeHHO - J.13MeHeH~ e Ce4eHJ.1H 
o npeAen AeTC!'! KyMyn~TIo1B HbIM 4J.1enOM. 
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PYKonMCb 	 nocTyna-1na B H3AaT enbcKHR oTAen 
10 RHBapR 1980 rOAa. 

B~wen B CBeT o4epeAHo~ HOMep mypHana "()lH3~Ka 3neMeH
TapH~X 4aCTH~ ~ aTOMHoro RApa" , TOM II, B~n. 1. nOAnHcKa 
Ha *ypHan npOBOAMTCR B areHTCTBax H OTAeneHHRX "Co~3ne4a
TH", B OTAeneHHRX CBR3M, a TaK*e y o6~ecTBeHH~x pacnpOCT
paHHTeneR ne4aT~. " 
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