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no~ yrn oM 90° ~ na6oparopaoB cHcTeue H3Mep eH Bwxo~ 
[ 0 r =ltBaHTOB OT pacna,na /' =We 30HOB11 06pa3yeMUX He~TpOHa= 

1m 590 M3B Ha ~eRTepHiL, Onpe~eJieHHWe Ha OCHOBaHJtH'I 3THX 

H3MepeHH~ llOJIHWe ceqeHHR 06pa30BaHHR c 
0

=We30HOB B ( n -
(, .'l 

H ( n-- n ) =COy~apeHHRX OKa3EUIHC!, paBHLIMH Or~ = (7~4.:,2 9 0)o 
7:

0 
, . =27 2 ; ro=27cw2 0 = (I~7+0, _, )oiO Cli 0 

nn -

n~~ rew •s yrnou npoH3B e~eHLI H3wepeHHR oTHOCHTen~soro 

awxo.-a { =KBaHTOB oT pacne.~a 
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j =We30HOBt o6pa3y~~HXC R 
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Ha pa3nHqH~X 3neweHTaXo 3aBM CHUO~T!, BWXO~a 

2 
~=KBaHTOB 6nH3= 

Ka K ¢YHKUHH A /3o 

Io B B e & e B H e 

llponeccw o6pa3 oB aHHR ae~Tpan&swx we30HOB npH B3aHMo~e~= 

CTBHH He~TpOHOB B~COKO~ 3Hep rHH C HYKJIOHaUH H CJIOZHLI»H R~pa~ 

H3yqeHhl w:eHee ~eTaJI&H o , qe:u no,no6Hwe .•e nponecchl, BLI3h1Baewe 

npOTOHaMH o JTO CBR3aHO C cym~CTBeHHO CSon~mHMH Tpy~HOCTRMH, 

BCTpeqa~IJ.iHMHCR B OnlilTaX C HeUTpOHaw:Ho K TaKHW: Tpy~HOC THW 

MOKH O OTHeCTH , C O~HO~ CTOp OHLI, OTHOCHTeJI!,HO CJia6we HHTeH= 

CHBHOC TH nyqKOB He~TpOHOB, H ,, C ~py ro~ C TOpOHLL, Jla.Jihle ceqe= 

HHH 06pa30BaHHR 
c. ') 
! =Me3 0HOB f~H 3HeprHHX Be«TpOHOB nopH~Ka 

ycOuJur 
400 M3B, nonyqeHHLIX sa 6on&m~HCTBe cy~ectBeRHUX CHHXp onHKJIO-

TpoaoBo 
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ITonyqesawe sa CKHXpOUHKnOTpOHe ]adopaTOpHH R~epH~X 

npodnew ae~rpoaoa c 3HeprHe~ oRono 600 M3B no3aonHno aaqarL 
('; ') 

cHcrewa.rHqecxoe H3yqeaHe npoueccoB poz,JteHHR r: =Me3osos se~ -

rpoaawM sa ayKnoaax K cnoaawx R~paxo HaMM yze cood~anHcb pe3yn»= 

TaTii K3MepeRKR ceqeHKll o6pa30BaHHSi 'J i
0 
=14e30SOB B ( n - P ) ~ 

coy~apeRKRX (I)o R uouesTy oxosqasKR sactoR~e~ 
pador~ Ow!K nonyqeau donee nons~e ,JtaHsHe o cneKrpe se~rposos, 

KcnonL30&aBmHxcg B aamHx onwrax, a raxze 3aBepmeaw H3uepesHa 

.JtH¢¢epeauHaJLRiiX ceqeaKA ynpyroro ( n -p )-pacceHKR, KOTO= 

poe Ouno HcnonJJ30BaRo RaUH B paelore (I) ~na onpe~eJieHHR aClco

nDTsoa BenHqKRW ceqeHHRo ilORBJeHHe HOBWX ,JtaHHHX ll03BO!ReT 
c-7 () 
)/ 

HeCKOn bKO yroqHHT~ ceqeaHe Onp ~nR 3¢¢eKTKBHOA 3HeprHK 
fi O ')7 2 

npOTOSOB 590 M3B H npHBO~HT K 3RaQeHH~ ~P =(5,7!I,5)ol0=c CM o 

B HaCTORuteR paCloTe CO,Jtepza'I'CR pe3ynbTaT~ H3WepeHHR non-
(";"";o 

HWX ceqeHHA j l -Ue30HOB B CTOnKHOBeHHRX He~TpOHOB C HeA-

TpOSaMH K ~earpoaaUK, a raxze ~asawe o swxo~ax ~ -Kaasroa 

or pacna~a 
0 

]I -we30HOB, o6pa3yewwx searposa~ sa a~pax 

pa3nHQHWX 3JeUeHTOBe 

ll3 yxa3asawx onwroB · aaHClonll,wHa HHTepec npe~craBnReT 

H3yqesHe npouecca o6pa3oBaHHR 
~0 
)I =Me30HOB B COy,JtapeHHSiX 

HeAtpOHOB C HeATpOHaWH, TaK KaK 3Ta peaKUHSi )tO nOCJie~Hero 

apewesH ae Clwna oClsapyzeHao 



= 3 = 

ITpH Hccne~osaHHH nponecca o6paaoaa HK H 
c 0 
_, - Me30HOB Ha 

~eDtepHH npOBO,ItHJIHCL pa3HOCTHWe OilWTW C MHmeHSiMH 11 3 -;:_,) () 

it 1-12 0 o KOHtenuepaim ,ItJI.R T RJ:eJIOA H 06lt4HOA BO,Itbl CJI Y:EHJU'I 

nHJIHH,Itpbl H3 DJieK CHr naca ~Ka . eTp OM 40 MM, ,ItJIKH OD 40 MM H C 
r; 

TOJI~ilHOB CTeHOK 0, 5 W o ( - KBaHTW OT pacna~a Ji =Me3 0HOB 

perHCTpHpOBaJIMCb, KaK H B ( I), TeJieCKODOW, pacnOJIOXeHHUM IT OJt 

yrnou 90° K nyqKy ue«rpoHoB M cocraaneHuuu K3 CUHHTL1JIJIHUHOH =

Hwx cqeraHKOB H qepeuxoscKor o ~eteKtopao BeJIKQHHa nonuoro 
0 

ceqeHH.R o6pa30BaHlUi 7 i =Ue 30HOB, onpe,IteJIReMa.R ITO BLIXO.ItY 

f =KB8HTOB ilOJt yrJIOM 90° B Jia6opaTOpHOD CHCTeue, cpaBHM-
~c 

ren~tno cna6o 3aBHCHT or yrnoaoro pacnpe,IteneHHR J1 =Me soHoB 

B CHCTeMe IteHTpa KHep L\HH CTH.IIICHB81HltilXCR HYKJIOHOB ( eCJIJII 

TOJILKO B yrnoa ou pacnpe,IteJieH~H cna6o awpazeuu aeqeruble 
,.., e n c:. r.- o 

c reneHH \JJJ o , r,ne v , yroJI 'J ~ =lle3oHa a eM crewe 

qeHTJR HHepr.tHH) o ITo3TOMY npH onpe,lle.neHHH ceqeHHR po:r,D;eHHH 
r,; o 

r.-: 0 J 

J 1 =Me30HOB ua ,lle~rpoue (},)o, · , a ra~exe npH onpe~eneHMH 
'iio 

pa3HOCT:r1 ceqeHH~ ,JteMtpOHa H IIO.JJ;OpO,D;a On (d p/ Mbl III CXO,ItHJIH 

H3 3Toro npe,Itn onoxeHHH H KpOttle roro npeHe6pe ranH H3MeHeHHew 

yrJi oB oro pacnpe~eneHHil 
c t) 

-' . =Me30HOB, 06pa3yiHitHXCH 118 CB R= 

3aHHbiX HYKJIOHax ,ne ~Jpoua no cpa:eneHHI) c pacnpe,lteJieHMew 
r.-:0 
)I -Me30HOB, o6pa3yDmHXCR npH COJ,ItapeHKRX CB060)J;HWX 

HYKJIOHOBo 

BcJie)J;CTBHe T1.') ro, q ro 3qxp1BKT 061I38HHWA HeRTpOHY, CBH3aHHO= 

norpe6oaanocL 6onhmoe KOnMq ectao apeMeHH ~ns nonyqeHRH ue

o6xo~HMOR CTaT~CTHqecKOA TOQBOCTH o 
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B pe3yJibTate ~tts~epeHH~ 6!iJia onpe,D;eJieHa seJIHt~HHa OTHO= 

rueHHII 
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J TO COOTHOWeHHe fl03B01IfleT no H3BeCTHO:WY ceqeHk!IO Gnp 

Ha~ TH pa3HOCTb ceqeHM~ 06pa30Ba HMR 

coy,D;apeH~ttstx: 

h
0
=Ue30H8B rJ B r ,_, 11. r o 

c O 
. Jl =27 2 
~(d·-p, = (l,7! 0,5)ol0 CM, 

r·- o 
a Ta&xe onpe~e~HTb ceqeHMe oc5pasosaHHst Jl -wesoHoB B ~t d = 

coy)lapeHHstx: 
'·10 

6 - =27 2 n d - (7,4.! 2,0)~ IO CM o 

.Pa3HOCTh 

0 
'if 

6n(d · P) , ecJIH npeHe6pet~h CBst3hD HYKJIOHOB B )leR = 

tpoHe, npe)lcTaBnsteT coc5o~ HHTepecyDmee Hac cet~eHHe oc5pasosaHHst 
. o ] i 0 

J' =Me30HOB B coy,napeH!fstX HeatpOHOB C He~tpOHaM11 0 n r o 

BenHt~HHa 3¢¢eKTHBHO~ 3HeprHH, COOTBetCTBYDmast Haa)leHHUM 

c et~ eHI1RJA , onpe,JteJistetc st cnextpou HeRtpOHOB 11 ¢YHKUMeR sosdyz,IJ;e = 

HHst Hccne,D;ye:wux nponeccoso 0,D;HaKo,aax noxas~naDT pa cqetw, np11 

,naHHGM cneKTpe HeatpOHOB 3Ta BeJIHQHHa OTHOCHTeJibHO MaJI O tiJB = 

CTBMTeJihHa K ~YHKQH:t1 B030yz,neHH Ro TaK, HanpHMep, np11 3aMeHe 
3 ) 5 

~YHKUI.Ut B036yx.neHIUt ~( ' Ha ~\ (r.ne K=WKCHMa.JibHU~ 
c 0 

iH4TIY1I hC J i =Me30HOB B CHCTeMe t\8HTpa HHepUMH CtaJIKHBaDmHXCst 

HYKJI OUOB ) 3qxpeK THBHaR 3H8pfHR B03pac taeT m1mb Ha 3+ 5 M3B o 

Cor nacHo ( 2) ¢YHKI~HR B03dyx~eH~tt .H peaKUHH p -r n -- T' 
0 

+ ( P
1 

n ) 

6JI!tt3Ka K nepBOR 3aBHC:t1MOCT11, a ~YHKUHst B030yz)leHHR peaKUHH 
0 

p ., F - ft + p 1- p KO BTOpOlt , 3TOT ¢a.Kt IT03BOJI:-let )l1Ist 
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~L~M~J:'·,:lH H ~o~x eetreHvrii o6pa3oBaPmSI '' ' ~:ueaoH&B Ha .:zr;e~rp oHaxj) 

U ~~ge ~a C~O~H~X H~pax, c · ~ Ta Tb ~~eKTHBHYD 3Hepr~D 

3R~tpO H OB~ KaK ~ B (I), 6JIH 3KOR K 590 M3Bo 

KaK H 3Be c1 H O ~ B on~Tax~ BYno~ae HH~x ErylloHrex opao H 

r 0 Ce .. 'II.YBa HOS hl.M(
3)' c He~ TpOU.MH' HMellJnHWH 3Hep rHD 400 M3B ~ 

C~ C TeMaTM48CK O~ pa3HVI U~ B HHTeHCHBH OC THX r =KBaHTOB 
( 

OT :wuueaeit H3 1 n 
.1 

o6aapyzHib He y~an oc b; 

aBTop~ ~aD r nvrru & oueHKY BepxHero npe.:zr;e~a cet.~eHHR odpa 3oBaHKR 
n 

'.', =Me30f!OB B COy.ztap eHII\HX HeATp OHOB C HeATpOHaWH g 
r ( r 

n , .. , Io=28 2 
n <• C:W o 

Conoc raBneHHe nonylleHHhiX HaWH ;taHHhiX c aTlnm pe3yJib taraMH 

GBK,leTe~l>C TByeT Od Otz eHb dLl CTpOM pOCTe BepOJtTH OC TH o6pa30Ba= 

RMH 
r 0 
,' =Me30HOB B n ;; =COy,JJ;a.peHZRX, llO,JtOdBO TOMY, KaK 

3 '!'0 KMe e T Me c TO B p ,': =C Oy,1Iape HHRX o B 060HX CJiyt.laHX 

3TO YOKHO op~HCHHTb Teu, t.ITO npH nepeXO.zte K 6oJi e e BLl COKHM 

3Hepr HHM Hat.I ~HaDT Hr paT b p OJi b KOHe t.I HLle COCTORHHR HYKJIOH OB 

C 60JibWHMH op6H TaJi bHLlWH MOMeHTaMH ( g ? 0 ) fl03TOMY nepec rae T 

Hrpa r& poJib 3a npe T Ha odpa3o BaHHe 

=C Oy~apeHHHX , CB R3aHHLlR C CDXpaHeHHeM llOJIH OrO WOWeH Ta H 

t.~ e THOC TJ1 npH HC flJCKaH~K nceB,D; OCKaJIRpHoro J I =Me 30Ha B fJ 

~. = COCTORHYnt, a HYKJIOH OB B 

Hatt).'(eH HaH Ha MM seJIH4HHa 

omM6oK c ce4eHHeM o6pa3oBa HHR 

S =COC TORHHKo 
0 

) · 

6 coBna.:zr;aeT B npe.ztenax nn. 
r. 0 
) i =Ue3 0HOB B p c; =COy.ztape = 

HKHX~ paBH~M ,:zr;JIR 3HeprKH 590 M3B, corJiaCHO asMepeHHRM Doflp oKOID · 

KKHa K AoTRTIKHHa (I , 8,!0 ,4) ci 0 =27 cM2 (2)o COBOKYllHOCTb 3TTI1X 

.ztaHHhiX He np OTVIBOp eq HT 3apH).'( BO " CHMMeTpK~ fl).'(epHLlX CHJi o 
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G, J' / T'" 
C ~pyroR CTOpOH& OTHOilleHHe ceqeHH~ ~ '~ -p)!6~P 9 

~ 3MepeHHOe HaMH C cyme CT3 eHH O OOR~ille~ TOli HOCThD, ll eM a0COJIDTH&e 

BeJIHq MH~ COO TBeT CTBYDutHX ceq eHH~, OKa3aJIOCb WeHhme OTHOmeHMR 
11 ~ r; 0 

G F~ /f5 p(d-p' =0, 4I.:.O , 08 , HswepeaHoro ~JIR 3Hep r 11H npoToHO B 

5e0 M!3 B( 2)o 3TOT cpa itT , ilOBH~l'IMOWy, CBR~eTeJi bC TByeT 0 TO W9 

q ·r o B np e,n;noJIO}ICHHM paBeHc taa 6f~ ) ::::: 6 ~: celleHHe oOpa3oBa= 
<:-- 0 

HIHI S1 ~Me30IiOB Ha ~etiTpOHe, MeH bWe CYWH celleHii1~ o0pa3 0B8.HH .R 

ue~Tpan&H~X Me 30HOB Ha CBOOO~HUX npOTOHe H He~Tp OHe o 

r;-'0 

3" Q0~30B8.Hiie .IL '"'We 30H9B lje£iT}20H8.JI!!...!J1!__ 

....£JlOI:HWX f!ij~ 

AHanorH4HHM nyteM (taKze no~ yrnow 90°) 6uJI H3MepeH 
r. · ' 0 

O THOCHTeJihHhl~ BhiXO~ r - .ttBaHTOB OT pacna,na. J1 ~We30HOB 9 
OCipa3YDtnHXCR B COy,D;apeHHRX He~TpOH OB C 3cfxPeKTHBHOR 3Hep= 

rHe~ OKOJIO 590 M3 B c R,D;paMH Be , L ' Fe ' Cu ' s Yl. ' 

p~ M U o W3MepeH~R C T RXeJI O~ 11 06hlliH OM BO,D;on il03BOJIHJIH 

TaKze onpe,n;en~Th Buxo.n J ~KB8.HI' OB Ha R~paX ,Jte~TepHR H KHC~ 

nopo.nae Ko;mqec rso aeuteC TBa B MHmeHRX no,ll6Hpanoc:& np!ti6JIM3H~ 

T8AbH O O,D;H HaKOBhiM no BhiXO,D;y 0 - KB8.HTOBe BeJIH4HHa norJI O= 

uteHitifl 1 - KB8.HTOB B C8.YHX 06p8.3U8.X onpe,D;eJIRJI8.Cb H3 ~3Be C THhiX 

3KC nepH MeH Ta.JJ bHJiX ~aHHLIX no ilO JIHblN Ce4CHkUIM norJIOutOHHH 0 = 

It BaH I' OB B pa3JH1 4HhiX Bemec TBaX( 4) o Pe 3yJibT8.Tbl H3Mep eH~~ 
1p e,D;c ra:eneHhl B raOJIH~e Io B n o cne~aeA KOJIOHKe TaCiJIHUH ,D;JIR 

:;paBHeHHR 1130CipaxeHa cpJHKi\M>l 
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(I) 

( B OTHOCHTeRLH~X e~HHHnax), npe~c TaBRRDmaR C060« 3aBHCHMOC Tb 

06p8.30BaHHR 
r: () . 
J. - ue30HOB or arowaoro Beca BemecTBa B npe~~ 

n ono~eHHH, lJTO We30HU 3¢¢eK THBHO poz~aDTCR TORbKO Ha no BepXHOC = 

TH~X HYKROHaX R~paX) o 
KaK MOZH O BHle Tb, nonyqeHHaR 3KCnepHMeHTaR bHa R 3aBHCH = 

WO CTb BWXOla r = KBaHTOB OT aTOWHOrO 1eca c or nacyeTCR C 
90 . 

BW4 Mc neHaoR no ~opuyne (I) lR a 3neweHTOB ot yrnepo~a w Me~H o 

.llnR cawwx ne rKHX R~ep H , ]) , Be no.IIJlleHHaR 3aBHCHMoc Tb 

BWX O,lla r =K BaHTO B OT aTOMH IO rO B ~ca TaK'Ie Mano OTJIHlJae TC R 
., ) ~ c 

OT 3aKOHOMepHOCT.: "'·· ··- o ,llJI .fl 60JI 9 e TJizenwX 3neMeHTOB v n , 

VI CL B~X O,D; ( = KBaHTOB pacreT Me~neH He e o 
L 

T a 6 .11 H y ,a [ - ----~ 

r-·-.--------------·--·-4"1"', ~.__.~~~- 8 ~ t ---, ~ Q I (- • d . [r (' -· "J ) ,_ ) I t · ~- r:;:: "J I . ~ • j 
3neweHT A I p l c r• - / 0 no v..,D . 
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I,2! O, I 
I , 6I.;t 0,08 
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0,77 
I 
I,2I 
I,70 
e~J '"' q), 

- ) .~ 

4,30 
5,60 
6,05 
6,75 

X) TipH B~4HCJieHJiU1 3TOH ~YHK T.i\~!fo HCIT OJl b30BaJIHC b Hai1,neHH~e 
HaMl1 3Ha4eHHR 0~ T 

0 H (i. 1 c 
n c.. r> r 
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Har.i,n:eHHaH Ha omne 3aBi1Cil4CIC 1'D BWXO,lta " =KBaHTOB OT 

a TOUH OrO Beca C B~leten hCTByeT 0 10M, qro r =Ue 30HW 3~eK TM B= 

HO p 0Jt,Itai>TC11 B OCHOBHOM Ha riOBep XHOCTHLIX HYKJIOHaX R,Itpa c llpe,It= 

flOJia raa, qro Me30HW 06pa3yDTC H TOJibKO Ha fl OBepXHOCTH H,Itpa 9 a 
0 

taKze~ qro r = KB&HTLI o: pacna,n:a ". =Ue30Ha ,ltB~JtyTCH B TOW 
l 

xe ua npasneaww, qro ~ 
(."' 0 
"
1

• =Me30H M qro fl OTOK HeRTp OHOB no Mepe 

npOXOX~eHMH HMK TOJI~H a,npa, 3KCri OHeH~M&JibHO y6~!aet, HaNK 6~JIH 

!Nll OJIHeH~ OQeHKK OTH OC Kten bHO rO B~X O,lla r = KBaH TOB OT pa3JIHq = 

H~X 3JieMeHtOB fl Ol yr JI OY 90° B na6opatOpHOM CHCTeMe o ilpK 3TOM 
2/3 

OTC tynJieHKe OT 3aKOHa f/ MO:Ee T 6b1Tb y,nOBJiel'B OpH TeJJbHO 06'&= 

SICHeH O OTHO CTATeJJbHO MeHbllle11 np 03pa qHOC1'bl) THJteJILIX H,llep ,ItJJ Jl 

He~ Tp OHO B BLICOKH X 3Heprl'l~ no cpaBJteHHI) C JieriUU4H c TIO,It06HaJl 

Kap TMHa 83aHMO,n;eUCTBKJl , KaK yKa3LiflaJJOCb aBTOpaYM pa6 0Tbl ( 5 ) 
Q_ · 

Ka qecTBeHHO COrJiacyJiTCSI C ~IX OflliT Clllm, B KOTOpLI.X onpe,JteJIJlJJHC b 

38Bl1CTAUOCTH BLIXO,n;a d =K BCiHT OB OT atOUHOfO Beca riO)l; yrJraWH 

0 p * 160° ,ri.JI R. r ex a e R,Itep npH 6 oM6ap,n:~p oBKe HX nporoaaMM c· 

aaep r~e~ 660 Ma Bo O,n:Ha Ko n onyq~Tb noJiaoe KO JIHq ectB eHHOe 

corJia co:eauHe ncex peayJi bTaron c noMODlbl> c,n;eJiaHHLIX HaWK npe,u;= 

n on ozeaH ~ He y,n:ae TC Ro 
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