
I I 
I 

OB'hE/J;J1HEHHhlfl MHCTMTYT H~EPHblX MCCJIE~OBAHMff 
nASOP ATOPH.R .RllEPHblX nPo5nEM 

,.. I - 4938 

B.M. CH.Qopoe 

HCCJIE~OBAHHE B3AHMO~ERCTBHH IlHOHOB 

C IlHOHAMH, ~ORHAH OEPE3AP~KA ID10HOB, 

OBHAPYIEHHE HWA rEJOOI-8 

Cnel(H8JlbHOCTb 040 - 3KCDepHM8HT8JlbHU cl>H3MKa 

ABTope¢~aT nHCC8PT8UHH Ha COHCK8HHe yq~aoA 
CT8Il8HH non:-ropa $H3HKO-M8T8M8TH'l8CKHX H8yK 

\ 

lly6Ha 1970 



,/,; 

·-/; 

·, 

-'· 

.. /J ' ,J 
Pa5oTa BhI_non~eHa B na5opaTopHH 1si,11epahIX npo5neM O51,e-. 

AHHeHH0I'0 HnCTHTyTa S!JlE!pHbIX -Hccne;oBaHHli~ 
. . ( . 

·otl,HuHanbHb!e on~oHeHTbI: ) . ' ' .--, . 
. •/ 

•meH-KOpp.· AH CCCP, ·noKTOp ·, 

tl,HaHKO;.:_MaTeMaTH'l'.eciclix HayK;, · 

npotl,eccop_, 
.\ 

-·, 

B.H.ronb!laHCKHfi• 

_noKTop 4,HaHK?-MaTeMaTH'l'.eCKHX, 
·. - .. \ . ,, -

·e!r.KipHIInOB'.'"YrpIOMOB· H~YK, npotl,eccop ·, · 

noKTop _4,HaHK?..:M~TeMaTHiiecKHX · 

_HayK . ---· 
',\· . .-- p .M .P b!HAHH_ 

Benymee Hay'IHO-I!CcnenoB~TenbCKO_e .yq peJKi:\8HHe:, ; -

J.1H~TH~~~ . T~O~~TH~e6Kofi H • 9~~n;JH~e-H;~:b-~olt. 4,H3HKH~. --
; ' ~ ,I . - ' . ' • . ' . • •',. . ' '. ' -

' ,: :~·,./i ' - i 

ABTopetl,epaT paaocnaH 
, ·. '1970 -~! 

. ! 3aiuHTa • ~HCC8~T8UHH C_0CT0liTCSI _:,. ·,. 1970 I'~ 

.. j 

aa aacenaHHH Yqe"iwro COB8TaJia5opaTOpHH •SIJ:lepH,bll( 'npo5neM OHHH •. 
' ' . . - ' ' . - , 

.• 
i •. . - -· . 

Anpec: ;:ily5aa, MiicK0B~Koi!:' ~5~a.CTH'; 051,en~H~Hllblft iiHCTHTyT ' 

SIAepHbIX HCCn9J:lO,BaH·Hfi,' na5opaTOpHS! Sl/:l8p~blX npo5n~M,' '. . . . . ' . ' -- ',·' .. 
-' '\ :;" ·-;" . . '--'., 

,C J:{HCC:EJ~TfUHefi 'M0JKH0 03H8K0MHTbCSI .B '5H5nHOTeKe OJ.1f!J.1, 

"\ - _; ,-

Y'l'.eHblH ceKpeTapb CoaeTa . 
:__ ,,· ·:'- .... 

~ .. ''\. 

·KaHJ:lH/:laT ¢H3HKO~MaTE!MaTH'l'.8CKHX HayK 
' , . ' -

. _6.A.3~fiMH!lo'po;a 

,: 

J . 

. :~ 

,:,_; 

J~-

' . 
--!'.j . ' ..... 

; 

:( 

l 
'-

I 

.. 

~ 
~ 
t'<") 
<'1---
'-o 

, . 
" 

I - 4938 

B.M. CH~OpOB 

J-f CCJI~OBA~E B3AJ-1MO~EACTBJ-1H illf OHOB. 

C IDfOHAMJ-1, ~BOAHAH ITEPE3AP~KA ITHOHOB, 

OBHAPYJCEHHE H~PA rEJIHH-8 

· CneQHRAbHOCTb 040 - 3KcnepHMeHTRA&HWI cI>~3HKa 

ABTOpetl,apaT J:lHccepTaUHH Ha C0HCK8HHe Y'l'.~Hon 
CTeneHH J:lOICTopa tl,H3HKO-MaTeMaTHqecKHX HayK 

OZ..-.:.0;..:oor:m.1!-l e:r.cnn,r 
~~£WI ~cit.neloMBl1 

~nl·10T~ 



HccnenonaHl!e CBOllCTB CllnbHOro B3al!MonellCTBIIR sneMeHTap

llbIX '!aCTIIU l!Dm18TCR OAHOll 113 BaJKHellw11x npo6neM conpeMeHHOll 

gnepHoll ip11a11K11. EonbWIIHCTBo pa6oT, HanpanneHHhIX Ha peweHl!e 

3TOll npo6neMbI, B TOll 11n11 !!Holl CTeneHI! CBR3aHO C ll3Y'l8Hll8M npo

ueccon, npoTeKaJOWIIX C y'laCTl!eM 1T -M830HOB. C MOMeHTa o6Hapy

lK8HIIR M830HOB 6binll 113Y'!8Hbl MHOrl!e IIX BHyTpeHHl!e CB0llCTBa II 

CBOllCTBa B3al!MonellCTBIIR C npyrl!Mll '!aCTHUaMH, OnHaKO nony'leH

Hbie peaynbTa:bl He .yMeHbWHnH BalKHOCTH nponeneHHR nanbHellwnx 

11ccnenonaHnll. 3a nocnenHne necRTb neT oco6eHHo cnnbHO noapoc· 

llHTepec K H3Y'l8HIIIO peaKuHll MHOlK8CTBeHHoro o6pa30B8HHR M830HOB, 

o6pa30BaHl!R HX COBM8CTH0 C rnnepOH8Mll II K -Me30HaMn, B3aHMO

nellcTBHR 1T -Me30HOB C aTOMHb!Mll RApaMH. KnJO'l8BbIM BOnpocoM 

cTan aonpoc nonyqeHHR caeneHnll o 1r TT -naanMonellcTB11n. 

ilnc~epTau11g IlOCBRWeHa H3y'leHHIO B3al!MonellcTBHR 17 -Meao

HOB C HyKnoHaMH ll RApaMn, cneneHHR O K0TOpb!X paHee OTCyTCTBOBa-

1111. OHa HanncaHa Ha ocHoae nccnenoaaHnll, npoaeneHHhIX aBTopoM 

B nep11on 1957-1969 rr ll BKnJO'!aeT OCHOBHbie 3KCnepnMeHTanbHbie 

naHHbie Tpex UHKnOB pa6oT: 

I. Hay'!eHne peaKunll 1r N • ➔ 1r1rN n6nn3n nopora c uenbJO nony-

'!eHnR cneneHnll o 1r 1r -aaanMonellCTBllll; 

2. O6HapyJKeHne n nccnenonaH11e peaKunll naollHoll nepeaapRAKII 

1r -Me30HOB B HHTepaane sHeprnll OT O no 390 Msa, 

3. HccnenoBaHHe aaxBaTa OTpllU8TenbHbIX 1T -Me30HOB C o6pa-

30BaHH8M gnep 8 Li n 8 B • c uenbro noncKa HOBbIX nerKnx Rnep n 

nayqeHHR MeXaHnaMa aaxnaTa. 

8KcnepnMeHTbl 6binll BbIIIOnHeHbl Ha CllHXpOUHKnoTpOHe na6opa

TOpllll RA8pHblX npo6neM OH.RH MeTOAOM RAepHbIX qJOTOSMynbcnll. Pa-

3 



6oTa npoBommacb aBT0p0M C0BMeCTH0 c IO,A,EaTycoBbIM, C,Aisf-

; HSITOB'i,1M II B~A,Hp6oi!:, El' HCCneJ:t0BaHHSIX peaKuHi!: J:lB0i!:HOi!: .. nep~3a-. 

PSIJ:lKII TT·, -Me30H0B II B H3Y'leHHII MexaHH3Ma 3axBaTa npHHHMann 

yqacTHe tjJH3HKH H3 YHHBepcHTeTa nMeHH A,11,Ky3hl (r,Hccb1, CPP).-

11HcTHTyTa tjJH31IKII II MaTeMaTHKII AH M HP II <l>II3H'leCKoro IIl!CTII

TyTa BAH,· 

Bee 0CHOBHble pe3ynbTaTbI, BKnlO'leHHble B J:llICCepT8UHJO, :6b1nn 

ony6nnKoBaHbl B lKYPHanax H<I>, )KST<I>, llAH, Phys. Leu. II B rrpe_

. · /1-27/ 
rrpHHTax O11Hl1 • ,Han6onee BalKHble 1!3 HIIX J:lOKnaJ:tblBanHCb Ha 

Mell(tlyHapOJ:lHblX KoHtjiepeHUIISIX IIO qJH3HKe, K0TOpb!0 C0CTOSinlICb B 
' ,- ' 

KHeBe ( 1959 r,), PoqecTepe ( 1960 r,), )KeHeBe ( 1962 r,), lly6-

He ( 1964 r.), raTnlIH6ypre ( 1966 r,) n · AP,, II COJ:{eplKaTCSI B MaTe

pHanax STIIX 'KOH¢epeHuHi!:, 

Hnll(e KpaTK0 II3naraeTCSI COJ:teplK8HIIe J:{IICCepTaunn, 

I. 

TTepBaSI rnaBa II0CBSIIUeHa 11ccnenoBaHIISIM peaKUIIII 

TT-+ p ➔ TT+ +TT - + n ( 1) 

B o6naCTII SHeprHi!:, 6nH3KIIX K rropory Me3DHOo6pa30BBHIISI, B SKCI1e

p11MeHTax 6bmO 3aper11cTp11pomHO CBbIIUe 500 co6b1T11i!: J:{8HH0i!: peaK

UIIII Ilpll SHeprirnx rrepBll'lllblX Me30!IOB B IIHTepBane 200-300 M 9B, 

Ha oc11~Ba11n11 113Mepe11Hsi STIIX co6b1THi!: 6hmH orrpenene11b1 rron11b1e 

ceqeHHH peaKUIIII ( 1). 3aBIICIIMOCTb !IX BenH'III!lbl OT sHeprnn 11a

neTal01UIIX Me30IIOB, IIMilynbC!lbie II yrnOBbl0 pacrrpeneneHIISI BTOpll'I-
+ - . + 

llblX 'IBCTIIU II crreKTpb! Mace TT TT n TT - n -CIICTeM, o6pa3ylOIUIIX-

CH B na1111oi!: peaKUIIII, Pe3ynbTaTbl 9KCilepnMeHT0B rrpencTaBneHbl B 

Ta6ir, 1 H 11a pile, 1-5, J13Mepe11nsi rronHhIX ce'le1111i!:· rroKa3ann,' 'ITO 

cymecTBOBaBIUlle pa11ee TeopeTn'leCKIIe MeTOJ:lbl orrncaHIISI rrpoueccoB 

o6pa30BaHHSI Me30H0B Me30HaMII 11a HYKnoHax, pa3BIITb!0 Ha oc'110Be 

CTaTll'leCKOi!: M0J:{enn 6e3 yqeTa TTTT -B3allMOJ:{ei!:CTBl!SI, He i:taJOT 

cornaCIISI C sKcrrepnMeHT0M, TTOilblTKII paccM0TpeHIISI peaKUIIII ( 1) 

KBK rrpouecca IlpHMoro Bb16nBaH1ISI TT -M-~30118 113 IIIIO!IHOro o6naKa 

11yino11a B o6nacTn s11eprni!:, 6nn3KIIX K rropory Me3oHoo6pa3oBaHnsi, 

TaKlKe OK83an11Cb 11eyJ:10BneTBop11TenbllblMII, 

4 

f -
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i 

·1 

9Hepr1rn, Ma:e 

210 ± 7 

222 ± 5 

233 ± 7 

245 ± 15 

246 ± 6 

264 ± 12 

288 ± 12 

290 .± IS . 

Ta6nmxa I 

ce,rnmrn, 116H 

0,015 ± 0,003 

0,027 ± 0,005 

0,053 ± 0,0I3 

0,10 ± 0,04 

0,125 ± 0,028 

0,16 ± 0,06 

0,38 ± 0,09 

0,61 ± 0,I3 
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JIHTepaTypa 

84> -I, 529, 1965 
_n_ 
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IST4> 39 ,1851 ,1960 

84> l, 529, 1%5 
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llAH,!33,53,1%0 
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B HMnynbCHb!X pacnpelleJieHHllX BT0pH'IHblX 'IaCTHU, H3MepeH.,-

HblX 3KCnepHM6HTanbHo, Ohm 0TMe'IeH CllBHI' cneKTpa aellTpOHOB 

B CT0p0HY ManbIX HMnynbC0B 110 0TH0llleHH!0 K q,aaoBoll KpHBOll 

( pHc. 1). Ha6mO/l6HHbill aq,cj,eKT llBHnCll CBHlleTenbCTB0M T0I'0, 'ITO 

CHCTeMa H3 llBYX 17 -MeaoH0B o6paayeTCll 11peHMymecTBeHH0 C 

6onblllHMH MaccaMHo 3To ObinO 110/lTBeplKlleH0 IIPH 110/lpOOHOM nay

'Iemm ClleKTpoB aq,q,eKTHBHblX Mace 17+17 - -CHCT6Mbl BHa'Iane llpH 

aHeprHH 11epBH'IH0I'o 17- -Me3oHa, paBHoll 240 MaB, a 11oa.r:mee - B 

Tpex aHepreTH'IeCKHX HHTepBanax B 1:tHa11aaone 200-260 M aB. Pe

aynbTaTbI np1me1:tel!bl Ha pHc. 2 H 3. O1:tHOBpeMeHHO 0binH 11ony'Iel!bl 

ClleKTpbl aq,q,eKTIIBHbIX Ma~c 17+0 H 17-D -cHCTeM. OHH HM6IOT HeK0 -

T0poe 0TKnoHel!He OT q,aaoBOI'O- OO'beMa nHlllb .llpH MaKCHManbH0ll 

aHeprHH H-C yMeHblll6HlleM anepI'IIH 11epBH'IH0I'0 17 -Meaona 11on

ll0CTb!O cornacyIOTCll C q,aaoBbIMII KpHBblMHo . CneaoaaTenbHO, 17 N -

BaaHMOllellcTBHe ne M0JKeT 0b!Tb llpH'IH_HOll Ha6n101:taeMbIX 0TKnoHe

l!Hll. B TO JKe BpeM.11 ClleKTpbl Mace 1717 -CHCT6Mbl. BO BceM Hccneao

Bal!l!0M 1lHa11aaoHe anepr-Hll CHCTeMaTH'IeCKH CM611l6Hb! no 0Tl!0lllel!HIO 

K q,aaoBoll KpHBOll B CTopoHy 6onblllHX 3Ha'IeHHll Mace. TaKoe pac

X0JK/l6HHe c11eKTpoa Mace c pac11peaeneHHeM q,aao·BbIX oo'beMoB 6bmo 

Ka'leCTB6HH0 OO'bllCHeHo BnH.lll!HeM 17 17 -B3aHM0/lellcTBHll B K01!6'1H0M 

C0CT0.IIHirn. 3aBHCHMOCTb KBaapaTa MaTpH'IH0I'O sneMeHTa peaKUHH ( 1) 

OT MaCCbl 17 17 -CHCT6Mbl npe11cTaBne11a Ha pHC. 4. 11a pHCYIIKa BH/l

Ho, 'ITO MaTpH'IHbill sneMeHT M0l!0T0HHO BoapaCTaeT H HHK8KHX ano

ManHll peaoHaHcnoro xapaKTepa B HHTepaane 280-350 MsB ne aa6n10-

1laeTcll. 

ITony'IeHHbie aKcnepHMel!Tanbllbie llal!Hbie IT03B0nHnH onpeaenHTb 

paaHoCTb 11nH11 paccellHHll 17 -MeaoHa 17 -Me30l!0M B s- -C0CT0ll-

HHH MeT0ll0M AacenbMa-rp116oaa. B Teop1m rpH6oaa, AHcenbMa H 

/28/ 
AHHCOBH'I(l 0binH Y'IT6l!bl 1717 H 17 N -B38HM0llellcTBHll B K0ll6'III0M ' 

COCTOlll!HH. Cornacno HX pa6oTaM, KBaapaT_MaTpH'Il!0I'O sneMeHTa 

peaKUHH ( 1) C TO'Il!0CTb!O ll0 nHHeilHbIX 110 0TH0CHTenbllblM llMllynb

CaM 'InenoB paBel! 
2 . 2 

M = p (I + ck12 + dku ) , 

12 

I 

1 

rae p
2 

·-KBaapaT MaTpll'IH0I'O aneMeHTa peaKUHH (1) llpH nopo-

I'OBOll 9HepI'HH, k12 ll k 13 - HMnynbCbl 
+ 

17 -MeaoHa C00TBeTCT-

B6HH0 B CHCTeMe II0K0ll 17+17 - ll 17+ n 

c / d paBHo 

C ao - a 2 

• OTHOlll6HHe Kosq,q,nuHeHTOB 

a b 1/2- b a/2 

3necb 3 o JI ·a 2 - llnlll!bI paccelll!Hll 17 -Meaoaa Ha 17 -Me-

aoHe C ll;OTOIIH'IeCKll,MH CllllHaMH 0 JI. 2; h1/2 H ba/2 - nnHHbl 

paccellHHll 17 -MeaoHa Ha HyKnone. 

ITepBall ITOITbITKa 011peaeneHHll ,pa3H0CTH llnHH 1717 -paccelll!Hll 

C IT0M0lllb!O 9T0I'0 M6T0/la Oblna 11pennpHl!l1Ta 110 peaynbTaTaM, 110--

/4/ 
ny'IeHHbIM llpll 9Hepnrn 290 M;,iB • B aanbHellllleM Oblllll HCII0nb30-

BaHbl 9KCll6pHM6HTanbHbi6 llaHHbie B o6nacTH snepr-Hll, 6nll3KHX K 

11opory Meaoaoo6paaoBaHHll1 • - 200-245 M aa, rne yrnoBbie pac11pene

ne11Hll Bcex BT0 pH'Il!blX 'I8CTHU B peaKu1in ( 1) ll30T p0lll!bl ( pHc. 5) • 

PaaHOCTb nnHH 1717 -pacceJIHHll 6bma 11onyqeaa paBaoll 

a 0 - a
2 

= + (0,25 t 0,05 ) h / µ c 

3TOT peaynbTaT H0X0llHTCll B cornacnu c 11ony'IeHHbIM panee 
/4/ 

CpaaHeHne paanll'IHblX peaKI\Hll o6pa30B81!Hll M630H0B Me3oHaMH 

1103Bonuno aaKn!O'IllTb, 'ITO 17 -Me30Hbl B3anivtonellCTBYIOT. M6lKllY co-

6oll B paccMaTpHBaeMoll o6naCTH aaepr-Hll 11penMymecTB6HH0 B C0CT0-

llHHH C ll30T0IIH'I6CKIIM CIIHH0M T 1717 = 0 • Ha ocnoaaHHH .aToro 6bm 

cnenaH ~b!B0ll 0 TOM, 'ITO a o 6onbllle, 'IeM a 2 H, cnenoBaTenb-

HO, BenH'IHHa ao 11onoJKHTenbHa. 

ITonHoe ce'IeHHe y11pyroro paccellHHll 17 + -MeaoaoB Ha 17 -Me-

/29/ 
aonax 011penenlln0Cb 9KCTpa11onlll1H0HHbIM M6T0ll0M t.Jy-noy O B HH-

Tepaane 'Mace 17 17 -CllCTeMbl 280-340 MaB llyTeM nHHellaoll 9KCTpa110-

nllUllH aenH'IHHa ce'IeHHll Oblna nony'I~Ha paaaoll 

a(17+17- ➔ 17+17-) ={25±9)10-2 ~cM2• 

11aMepeHHH paanocTn s -BonnoBbIX nnnn H nonnoro ceqennll y11py-

+ -
I'0I'O 17 17 -pacceHl!HSI IT03B0nHnn nony'IHTb BenH'IllHbl a o =0,4 H 

a 2 =O, 15 H Bbl'IHCnHTb Ce'Iel!HSI pacceHHHll 17 -Me30Ha Ha 17 -Me-

30He llpH 11yneBoll 9H6pI'Hll BO Bcex aapllll0BbIX C0CT0llHHllX: 

13 



a( 17+17- ➔ 17+17 -) 

0(17+17- ➔ 77°17°) 

a ( 17 ° 77 ° ➔ 77 + 71-) 

a ( 17 0 17 0 ➔ 77 0 17 0) 

4 77 2 27 2 
a g- /280 + 82 / -• =(25t9) 10 - .CM , 

= :
17 

/ 8 2 - 8 0 / 2 = (3,5 ± 1,4) 10:.,27cM~ 

1:77 /32 -80 /2=(7,0t.2,8) 10-27CM2, 

877 ·2 
-

9
-/80 +282 / 2 =(27±7) I0-27cM, 

a ( 17t.77± ➔ 17 t77 t) =877 /82 / 2 ( 11 t 4 ) 10 -
27 

CM
2 

a·(17t.77o ➔ 77~17°)-=477 /3 2 / 2 (5,5±2)10-27 cM
2

. 

- /30/ 
no peaynb'taTaM TeopeTll'!eCKIIX pa6oT ' B KOTOpb!X B3allMOAeiicT-

Bl!e 17 -MeaoHa C 17 -Me30HOM 113yqanOCb Ha OCHOBe cneKTpanb

Hb!X npencTaBneH11ii, aMnn11TyA paccesrnm1 MaHnenbWTaMa, 11 no aHa

qeHmo pa3HOCTII 80 - 82 ' HaiineHHOMY 3Kcnep11MeHTanbHO, 6bma 

onpeneneHa KOHCTaHTa 17 17 -B3al!MOAeiicTBl!ll! 

A 0,07 ± 0,01 

PeaynbTaTbI 1!3MepeH11ii ·nonHhIX ceqeH11ii peaKu1111 ( 1) wccmeKT

poB Mace BTOpl!qHb!X qacT11u, np!!BeneHHbIX B n11ccepTau1111, np11 BbI

COKl!X 3Heprlll!X 11ccnenoBaHHoro l!HTepBana nOATBepJKAeHbl naHHb!Mll 
/31-33/ 

npyr11x pa6oT • np11 aHeprl!lIX, Ha116onee 6n11aKHX K nopory 

Me3oHoo6paaoBaHllll, 3TII peaynbTaTbl enHHCTBeHHbl, OH!! lIBllnllCb 

Kpl!Tep11eM npoBepKll paan11qHblX TeopeT11qecKIIX MOAEinell, pa3B11Tb!X 
/34 35/ -

c npl!MeHeHl!eM anre6pb! TOKOB ' , BblBOllbl 3Tl!X Teopllll o ·na-

paMeTpax 17 17 -Baa11Monel!CTBllll noATBeplKll8IOT peaynbT8TbI, nony

qeHHbJe B n11ccepTau1111, Ha p11c, 6 naHo cpaBHeH11e pacqeToB, Bhmon-
/36/ 

HeHHbIX B pa6oTe , c peaynbTaTaMH, npencTaBneHHbIMII B n11ccep-

Tau1111, 11 c naHHhIMH npyr11x pa6oT, 

II • 

Bo BTOpoll rnaBe naHo on11caHl!e 3KCnepl!MeHTOB, B KOTOpb!X 

6bmO o6HapylKeHo lIBneHl!e llBOiiHOll nepeaaplIAKll 17 -Me30HOB, II 

npoBeneHb1 11ccnenoBaHHll aToro SIBneHHll, 

14 

/12/ 
B nepBOM onbITe, Bb!IlOnHeHHOM D 1963 r. ' 3MynbCl!OHHall 

KaMepa 6bma o6nyqeaa 17 + -Me30HaM11 c a11epr11eii 80 MaB, B npo

lIBneHHhIX 3MynbCIIOHHblX cnOlIX np0113B0llllnCll nol!CK OCTaHOBl!Billl!XCll 

17 - -_Me_30HOB no xapaKTepHbIM O -3Be3ll8M, Cnellbl IIX npocMaT-

pi!BariHCb. Ha6mOAaTeneM B 3MYl;lbCl!OHHOii KaMepe, OKaaanocb, qTo 

OTpl!UaTenbHbJe 17 .-Me30Hbl B03HIIK8IOT B 3Beaaax, o6paaonaHHbIX 

nepBllqffbIMII nonOlKIITe11bHI>IMII Me30HaMII, TaKIIM o6p030M, B 3TOM 

onbITe 6bmO o6HapylKeHo, qTo np11 B3allMOllellCTBIHI C aTOMHbIM llll

poM nono_lKIITenbHhiii 17 -MeaoH npenpamaeTCll B 0Tp11uaTenbHhiii ':lea 

o6paaoBaHl!ll nononHIITenbHbIX Me3oHoB, TaKoe npenpameJ111e 61,mo 

naaBaHo anoiiHofi nepeaapllllKOll 17 -Me3oHa, AHanor11qJ11,11.1 cnoco6oM 
. -

6bmll aaper11cTpupoBallbl co6bITUll llBOiiHOii nepe3apllllKU 17 -Me30IIOB, 

B aanbHeiiwux - aKcnepuMeHTax · peaKu1111 llBoiinoii nepeaapSillKII 

17 + - u 17 - -Me3oHoB Ha· llllpax B cpoToaMynbc11u uccneuonanucb 

B UHana30He 3HeprHii OT 0 uo 390 MaB, Ebinll H3Mepel!bl ceqeJIHll 

3TllX npoueccon, aHepreT~qecK11e_ n yrn0Bb1e pacnpeueneHllll BTopnq-
• A. . 

HhIX MeaoHoB, npoBeueH ananll3 lIAepHbIX pacmenneH11it, conpoBoJKua

-IOl!lHX peaKUHII_ UBOiiHoii nepeaaplIUKll, CneuirnnbHbie 3KCnepnMeHTbl 

6binll Bb!IlOnHeJlbl llnll '1myqeHllll 3TllX npoueccoB na llllpax Be ' C 

Al , Zn , Cd , Ni 

pllC, (7-i 1), 

11 Pb • PeaynbTaTbI npeacTaBneHhI Ha 

ilm1 06'blIC!le!lllll MeXaHH3Ma Ha6nIOuaeMoro lIBneHl!ll B UIICCep

TaUIIII paCCMOTpeHbl llBe cxeMbI, no KOTOpb!M MOlKeT npollCXOUIITb 

UBOiiHall n'epeaaplIUKa 17 -Meaona B llllpe-M11IlleHI!: 

17 + + n ➔ 170 + p 

L170 + n 17 + p ( 1) 

17 + + ( 2n ) ➔ 17 - + ( 2p ) ( 2) 

CpaB11e1111e 3Kcnep11Me11Tanbllb!X U8!1HbIX C TeopeTnqeCKIIMII pac
/37 38/ 

qeTaMII I CBl!UeTenbCTByeT O TOM, qTo B uel!CTBIITenbHOCTH 

ocymecTBnlIIOTCll o6e 3TII cxeMbl, 

np11 UBOiiHOH nepeaapllllKe 17 -Me30JIOB aTOMl!bie supa MoryT 

11CnbITb1BaTb nepexOUbl B 11306apHble COCTOlIHIIB C 113MeHe1111eM 3apg-
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)la 118 )lBe e)lHIIH!lbl. B )lHCcepTBUHH OTMe'laeTCSI BaJK!IOCTb nccne

)lOBBIIHSI TaKHX nepexo)lOB )lnSI H3y'le!IHSI CTPYKTYPbl S!Jlep, IIX a11a

norOBbIX COCTOSl!lllil c 6onb11IHM H36b!TKOM 11eli:TpOIIOB HnH npoTOII0B 

H )lnSI H3y'le!IHSI nap!lbIX KOppensiunli: HyKnO!IOB B H)lpax. ITon'll:!pKI!Ba

eTCH B03MOJKHOCTb ncnonb30Ba!IHSI )lBOli:Holi: nepeaapsinKH " -Meao

HOB )lml o6pa30B8IIHSI !I0BbIX aTOM!lbIX Sl)lep, nenaBeCT!lbIX B nacTo

Sllllee BpeMSI, H )lnSI H3y'le!IHSI M!IOI'O!leli:TpO!lllblX CHCTeM: 

" - + 
14 N ➔ "+_+ 8 B + (6n ) 

" 
+ 18 0 ➔ "+ + sB 

➔ "++8Be 

+ 2 H + 

+ ( to He) 

(8n) 

ITpn aneprnnx, npeBbIIIIaromnx nopor Meao11006paa0Ba11nn, npencKa3bI

BaeTCSI B03MOJK!IOCTb ocymecTBne!IHH peaKUHli: Tnna: 

"-+·A ➔ "++"+ + B ... 

PeaynbTaTbl nepBbIX 3KcnepH!-.:!e!ITOB, Bbmon11e!l!lb!X 'Ii .,lly6He,· noi1110-

CTblO UO/:ITBeplKJleJibl, B )ll!CcepTaUHH coo6maroTCI! peaynbTaTbl aKcne-

pnMe!ITOB, BblIIOn11eH!lbIX B Jlpyrnx na6opaTopnsix, n )laeTcH o6aop 

TeopeTn'lecKHX nccnen0Ba11nli: peaKunli: JlBoli:noli: nepeaapnnKn, 

Ill • 

TpeTbH rnaBa .rrocBnmena nccne)loBannnM sinep11oro aaxBaTa 

" -Me30HOB H IlOHCKaM IIOBbIX nerKHX Sl)lep, 

B aKcnepnMe11Tax 6bmo aaperncTpnpoBaHo· oKono 18000 a -aBean, 

B KOTOpbIX rrpncyTCTB0Ban T -o6pa3Hblli: cneJl, Ha OCII0Be 3T?I'0 Ma

Tepnana _6binH npoBeneJibI pa6oTbI c uenblO noKaaaTenbcTBa cymecT-
s . 

B0BaHHH CBepxTHlKenoro H30T0ITa rennn- He I IlOHCKa TeTpaHeli:Tp0-

Jia -( n4 ) H nayqe11_nn MexaHnaMa aaxBaTa Me30H0B nnpaMH, 

BoaMOJK!IOCTb cyme~TBOBaHHSI si~pa 8 He, CTa6nnb11oro no 0T-

11011IeHHIO K ncnycKa!IHIO 11eli:Tp0H0B, 6bma npencKa3aHa .H,E.3enbno-
/39/ /40/ 

BH'leM n B,H.ronbLiaHCKHM B 1960 I', OuJiaKo CTpororo 3KC-

nepnMeHTanb!IOI'O Ll0Ka3aTenbCTBa cymecTB0BBIIHSI TaK0I'O S!Llpa LIO 

1965 I', He 6bmo. B LIHCCepTBUHH coo6maroTCSI pe3ynbT8Tbl nccneao

BBHHil, Bbl~0nHe!IHbIX Ha CHHXp0UHKn0TpOHe na6opaTOpHH siaep!lbIX 

npo6neM OH.RH, B K0TOpb!X 6binH aaperHCTpHpoBa!lbl aKTbl poJKne!iHH 
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I. 

:-
1· 
i 

i 
•· 

.:..J 

' 
,I 

11 'paerrana sin~p 
8 

He • TT011eK rrpo11aBoA11nesi .no T -o6paaHbIM ene

naM e AByMSI sneKTp0HHbIMII enenaMH, K0T0pbie A0nlKHbI 6hmH B03-

HIIKaTb eornaeHo rrpenrronaraeMofi ex eMe paerrana 8 He • Ebmo aape

r11eTp11poBaHo 16 eny-qaeB o6paaoBaHHSI 
8 

He rrp11 aaxBaTe TT - -Meao

H0B sinpaMII yrnepona, aaoTa :II -K:11enopona. B 15 113 HIIX 6b11{ T0'IH0 

yeTaHoBneH KaHan peaKu1111. TTp11Mep 0AH0ro :113 T8KIIX eo6bITHfi rro

KaaaH Ha MIIKpocjJoTorpa<tmn ( pile. 12). PeaynbTaTbl Kl!HeMaT!l'IeeKo

ro aH_an11aa rrpeneTaBneHbI B Ta6n11ue II 

CpenHee 3Ha'IeHHe MaeebI aToMa 
8 

He rrony'IeHo paBHbIM 

M 8ae= 7482,5 ± 0,4 MsB. 

/41/ 
3TOT peaynbT8T HaX0A:l!TeSI B eornae:1111 e naHHbIMII pa60Tbl 

Ha cjJaKTa eymecTB0BaHIISI f3 -aKTIIBH0ro sinpa 8 He 6bino 

enenaHo aaKn10'IeH11e, 'ITO 3Hepr:11si eBg's:11 TeTpaHefiTpoHa (een11 oH 

cymecTByeT) He rrpeBbIIUaeT 3, 7±.0,4 M sB. B rrpoTHBH0M cny'Iae 8 He 

pacrranancsi 6bI Ha 4 He +n 4 • 

C TeopeTll'IeCKOfi T0'IKH apeHIISI •B03M0lKH0CTb eyIUeCTB0BaH:l!H 

• . /42/ n 
CBH38HH0fi Cl!CTeMbl :113 'JeTb1pex HellTp0H0B He IICKmOieHa • o-

9T0MY B pHAe 9KCIIep:11MeHT0B !Ip0B0A:l!nllCb II0IICK:11 peaKullfi C o,6pa-

30BaH11eM TeTpaaefiTpoHa. OnHaKO HII B 0AH0M 113 HliX 9T0 HAP0 He 

6bmo o6HapylKeHo. B pecjJE!!p11pyeMofi pa6oTe coo6maeTeH o rroHCKax 

TeTpaHefiTp0Ha B peaKUIIII 

TT- +12 C ➔· s B + n 4 

' 3To - eAIIHCTBeHHaH ABYX'I8CTll'IHaSI peaKUIIH 0AHony'IeBoro Tl!rra 113 
8 8 

Bcex B03M0lKHblX peaKUl!fi C 11crrycKaH11eM HAep Li 11n11 8 rrp11 

aaxBaTe TT - -MeaoH0B nerKIIMII HApaMII B qJOTOSMyn&e11:11. Ha KIIHeMa-
8 . 

TIIKII enenyeT, 'ITO rrpo6er HAep B A0nlKeH paBHHTbeH 37 MKM B 

rrpenrron_olKeH1111, 'ITO . 9Heprm1 eBH3:1! TeTpaHefiTpoHa paBHa HynIO. E.binO 

rrpoaaan11a:11p0B8HO 63 a -3B83AbI, B K0T0pbIX IIMenesi T0nbK0 T 
. . . ' 

o6paaHhifi. enen. PaerrpeneneH:l!e no Anl!HaM sTHX cnenoB rro~Bon:11no 

3aKnIO'IIITb 06 OTpHuaTenbHOM peaynbTaTe rro11eKa AaHHOfi peaKu:1111. 

BepXHHH rp~Httua.ee BepORTHOeT:11 no 0THorneHHIO Ko BeeM aaxBaTaM 
- , -6 

TT· -MeaoHoB HApaM:11 yrnepona rrony'IeHa MeHbrne, 'IeM 2,6.10 • 

.. 
22 

1· 

P11e. 12. M:11KpocjJ0TorpacjJ:11H eo6bIT:l!H Ngl. 
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4 
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6 

7 

s 
9 

IO 

II 

12 

I3 

14 

15 

Ta6nnua II 

P e a K ~ • H 

Ii +e1~ -. Hes +He3 +H1 

If"+cI2 - Hes+H2+HI+HI 

'If",;.or6 .-HeS+H1+He4+He3 

If"~c12 ~ Hes+H1+He3 

If"+cI2 -Hes+Ht+n2~HI· 

Ii +c12 . - Hes +H1+H2~H1 

If"+cl2 -Hes+HI+H2+HI 

If"+cl2 -HeS+HI+H2+HI 

Ii +e12 - Hes +H1+H1+H1+n 
If"+cl2....,. HeS+HI+HI+HI+n 

If"+c12 - HeS+H1+H1+H1+n 
n-+c12 - He8+H1+H1+H1+n. 

n-+c12 --Hes+H1+H1+H1+n 

If" +c12 - HeS+H1+H1+H1+n · 
n-+NI4 Hes+H2+HI+HI+HI+n -- . 
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llacca aTO- IBCSHTO!t, llacca neA-
xa Hes,llaB xaccH · i Tpona,!.laB 

Hes,!.IBB 

7481,7,±3,I 30,2±~,r, 

7480,0±I,I 2S,5±I,I 

7482,6±1,0 31,I±I,O 

7483,2±1,0 31,7±1,0! 

74S2,5±I,O 31,0±I,O, 

7483,5±1,0 32,0±I,O 

74S3,0±I,O 31,5±1,0 

7481,7±1,0 ~0,2±1,0 
934,6±5,0 
94I,S±5,0 

· 94I,9~,o 

934,3±5,0 
949,S±5,0 

347,4±5,0 

940,6±5,0 
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B pa6oTe 6bm npoaeaea TaK>Ke anam13 acex 3aperHcTpllpoaaa -

HhIX co6b1T11lt aayxnyqeaoro T11na, B03HHKa10m11x np11 3axaaTe 11--Me-

30HOB RapaMI! C • N • 0 ; II npo113aeaeHa Oll8HKa BepoRTHOCTelt 

cneay10m11x peaKu11tt: 

( _ 12c 
WI 17 ➔ 8 Li + 4He) <1,9.10-6 

W2 ( 17-14 N ➔ 8Li + 6 Li)< 4,6.10- 6 

W3( 17_J
6

Q ➔ s B + 
8 

H1;) < 1,8. 10 - 4 

w4(11-t2c ➔ 
8 Li + 3 He + n ) ~ 2,2 . 10-4 

W5(11l6Q ➔ 8Li + 7 Be + n ) <;_1,2 . 10 - 5 

CneKTpb1 BTOpll'IHhIX 'IaCTHll OT peaKu1111 11- + 12 C ➔ 8 Li + 3 He+ n 

( p11c. 13 11 14) noKa3hIBa10T xopowee cornac11e c TeopeTH'IeCKIIMII 

pacqeTaM11
1381

, BbmomieH~hIMII B npeanono>Ken1111 npRMoro n~rno-

meHl!R 17 -M830HOB accou11au11ett 113 'I8Tblpex HyKnOHOB ( 
4 Li ) 

Rape 12 C • 

B 3aKnJO'I8HIIII a11ccepTau1111 llpl!BeaeHbl OCHOBHbie Bb!BO/lbl: 

B 

f., J1ccnenoBBHbl llpOll8CCbl pO>K/l8HIIR 3apR>K8HHblX 17 -M830HOB 

17 -M830HBMII Ha HyKnoHax II Rnpax B IIHTepaane 3Hepr11tt 

200-390 Maa., 

II • OrrpeneneHbl OCHOBHbie rrapaMeTpbl 'B3al!MO/leltcTBIIR 17 -Me-

30HOB C 17 -Me3oHaMI! llpll HyheBOH 3Heprn11: 

1) 113MepeHa pa3HOCTh /lnl!H 1717 -pacceRHHR B s -COCTORHHH: 

( a o - a 2 ) ~ ( 0,25 ±. 0,05 ) ti / µ c 

2) , OrrpeaeneHa KOHCTaHTa CBR3H 17 17 -B3aHMO/l8HCTBHR: 

A ~ ( 0,07 ± 0,01 ) 

3) nony'I8Hbl C8'I8HHR pacceRHHR 17 -Me3oHa Ha 17 -Me3oHe 

BO Bcex 3apH/l0BblX COCTOHHHHX. 

m • Orrpeneneao ce'IeHHe yrrpyroro pacce11HIIR 11 + -Me30HOB Ha 

11 -Me3oHax, 

B IIHTepaane Mace 17 17 -CHCTeMbl 280 .. 340 M 3B 3TO ce'I,8Hl!e 

COCTaBnHeT 

(25 ,1. 9) 10 - 27
cM~ 
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IV • OoaapyJKeHo . srnnem1e llBOfiHofi nepe3apll/lKII nonoJK11Tenh -

Hb!X 11 0Tp11uaTenbHhlX 77 -Me30HOB II 11ccneAOB8Hbl OCHOBHble xa

paKTepllCTIIKII npoueCCOB llBOfiHOfi nepe3apll/lKII HS pa3n11qHbIX ll/lpax 

B IIHTepaane aHeprllfi OT O JlO 390 MaB. 

V
O 

nonyqeHO llOKa3aTenb~TBO cymecTBOBSHIISI caepXTSIJKenoro 

1130Tona remrn - 11/lpa 
8 

He. 
OnpeA~neHhl OTHOCIITenhH~Ie BepOSITHOCTII ero oopa30B8Hllll npll 

3axaaTe 77 -Me30HOB smpaMII yrnepolla, a3oTa II K11cnopo1la. 

1,!3MepeHa Macca aToMa 
8

He : 

M = ( 7 482 ,5 ± 0,4) M aB . 

VI • HccnenoaaH pllll peaKu11fi c o6pa30BaH11eM 
8 

Li 11 
8 

B npll 

38XBaTe 77 -Me30HOB nerKl!MII ll/lpSMllo 

TTpoBeAeHbl nollCKII TeTpaHefiTpoHa II ycTaHOBneHO, qTO OTHO

c11TenbHSll aep0S!TH0CTb ero oopa30B8Hllll B peaKUllll 77- +12 C ➔ 8 
8 +n 

4 
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