
15 Kon. 

l~ 

',. 

o" l~' 

,'. 

"\I 
i 

PeAaKTOp B'.B. Korrecoaa. MaKeT T. E. Ilonexo , 
~a~op ~~B~~etTaKOBo~. 

I, nOAriHcat;tO B nexar b 10.06.87. 
~opMaT 6P~90/16. O~c~THaA ne4aTb. Y4.-H3A.nHcToB 0,98. 

r14pa* 280. 3a~a3 39194. 
H3~aTen~cKHK OTAen, 06'~AHHeHHoro HHCTHT~Ta AAepH~X HccneAbBaHHH. 

, ,dy6Ha MoC'R~BC KO~ o6nac:rH., 

5 53~ 

:,'t' 

'0· ...'1 

.J 
.~ 

, 'I f 

'"1"'"~---J"'r"'~'" '..J - ~ ~....,

!~~ 
~ 
l 
I'"Oi 

:11 
_"'--"""1 lo 

COOfiIQ8HMR 
Ofi"b8AMH8HHoro 

MHÇTMTJT8 
RAepHb11 

MCCI8AOB8HMI 

AJfiHa 

{ 

I 
f: P16-87-304 

I, 
n.r.geckpoBh~B, M.M~~OMO~KOB 

i )~ 

'lf 

','
\r' tEHoMEHOnOr"qEç~AH MO~E~~ 
I' 
~. 

l, 11. nporH03H'pOBAHHH 'PAllJ1Al.ij10HHoR'oBcrAHOBKH,
l~ 
.rle nPH B3AH~Ó~ERGTBH~ 

1 
PEnHTHBHcXGK~X ~~EPt. 

J' 
f. C TOHK"MK MHmEHH~H 
I 

~ I, 
~. J 

1 1
" 

J'

} I
I

1 ,"')'
I !( 
I, 



~·I.II." 

, 'j' -I,;' . \ 

l~ r 

- 'r 

".;. 1~ 

m \ ~,,;,'r " N,1,1,-1 

~,~ \ y.)"',1.' .lt", 

:nf 
,,~ ~fJ lilj~l tl i' 

1" .~ ~} tilr "	 \I ~I:, ~1~'·N 
i'lft ~~1'" 

f. (	 tt~r: N\. -l/t ,;~~~':.11 " .ij t t
I' I ,.~ li	 '~j; ".r 

, f" 
1,:1' ,. , l,)~j1f • J /	 ç' ~ >'. ~, ,t\." ~t ,~j ~'\~'Ó 11, ; ,,:' '{, ,:;, .'

4/f" '/\ ',' , " 
j~t'\ 

ri~,i' '. r " 
1"'\1 \ (l<1 1 >it \. ,.., r '1,\:1~ r .... 

'i,,. ,rI:	 li~ 

}j:'l;~ ,,~. ,~l( ;~ ~;, .:11 I ~ . 
~~J<~ ,.b ~.f ", ,,,

,~J ~'l :t~ fir 
l f' 'l",	 \ "( : "I , ~ ....1,:,:, ",j" 1)" t'l'f ~J ~/.	 ~ • 

f'.i 
o)' "~\;:'t r~ ~l;r _.{t., ,to 

l l/<llt. I ~i 

1 

Ir...,: ~;' ,,~ , JJ:'i!t 
!'í "''llh I'~ '~t h ~, "'.I. 

-il	 
".i' 

,I ~'r Jl I
~i,l1t 't	 ~-/>.,.' 

Ih ',l. ~,.t 
/fi' a, 

... ~\ 1-~ .t
 
~"
 

1,1,1"1 

01 ....~, '\ ."
 
" l'l,.! \1
 
~ ~'\l' ~f '" If >11-'

''I;;' n' 
1;/ ,",JI,	 /,1 

,	 , .~}. 
u'\	 tI 

'UJ\ 

.\ 
lÃ " f:/	 t, 

i;'/j
J'S:~ 

},1' i\~ ~ 

:.,.\ t t e ~l :J.i,1ll l-" ~ 

~\:. .1 J.l·( ... 
\' 

tJj~ l~t 

'"", ~'I 
' 

f.~ , .1'" 

>'I' "	 \, "f I 

.. 
-l~'

"", r 
I
 

@,;~§~e;úmeHHbIA HHCTIfTYT JlnepHhl% HCC1I~AOB~~,>;~6Ha;. i~~1:;.. :1 
'i ~	 ~ ~4 ~~I .,~ ~ ~r ~.~ AI ...."fi 

1. ,s8E.llEHV1E 

Pa3B~T~e YCKbp~Tene~ T~men~x ~OHOB Ha B~COK~~ 3HeprH~ B 
OV1.Sm 11,2/ npa seno K He06xof-\~MOCT~ pa3pa60TKH M-eTOAa npOrH03~pO
BaH~~ paA~a~~OHHO~ 06CTaHOBK~ ~ 3a~~T~ OT ~3nY4eH~~, B03H~Ka~

~~X np~ B3a~MOAe~CTB~~ pen~T~B~CTCK~X ~Aep C Be~eCTBOM. 8 pa- 
60TaX 13-51 AaeTC~ 060CHOBaH~e MeTOAa paC4eTa A03~MeTp~4eCK~X 
napaMeTpOB non~ ~3nY4eH~~ C ~enb~ O~eHK~ paA~a~~OHHO~ 06CTaHOB
K~ npu _B3a~MOAe~CTB~~ ne rxvx ~Aep C 3Hepr~~M~ OT 86 M38/HYKnOH 
AO 3,65 r38/HYKnOH C Be~eCTBOM. HaCTo~~á~ pa60Ta flBn~eTc~ Aanb
He~W~M pa3B~T~eM pa60T 13-51 B CBeTe HOBblX 3KCnep~MeHTanbHblX 
oe ayns r aroa /6-9 I 

2. OCH08W METO.llA 

. 13- 5/ 
np~ pa3pa60TKe MeTOAa ~ ero pa3B~T~~ ~cxOA~n~ ~3 OC

HOBH~X 3aKOHOMepHOCTe~ 06pa30BaH~fl aApOHOB ~ OCTaT04H~X ~Aep

M~weHe~ B ~ApO-~AepH~X B3a~MOAe~CTB~~X, ~3 ycnoB~~ AocTynHocT~ 

anrop~TMa AD~ ~HmeHepOB-$~3~KOB, pa60Ta~~~x B 06naCT~ paA~a~~

OHHO~ 3a~~Tbl, ~ B03MomHOCT~ ~cnOnb30BaH~~ ~H$opMa~~~ O napaMeT
pax none~ ~3nY4eH~~, HaKonneHHO~ B ~ccneAOBaH~flX npOTOH-~Aep

H~X cOYAapeH~~. Ha OCHOBe pa60T/6-141 MomHO OTMeT~Tb cneAY~

~~e OCHOBH~e 3aKOHOMepHOCT~ 06pa30BaH~~ aAPOHOB B ~ApO-~AepH~X 

B3a~MOAe~CTB~flX, «o ropue 6bln~ ~cnonb30BaHbl np~ nocrpoeaua anr-o
p~TMa paC4eTa. 

2.1. nOA06~e A~$$epeH~~anbH~x pacnpeAeneH~~ aApOHOB no yrny 
aune r a ~ ~x 3Hepr~~ d 2a v / d E d n ~MeeT MeCTO AD~ pa3n~4Hblx 

c r anxa aaounaxca flAep ~, B 4aCTHOCT~, Ha6n~AaeTc~ nOA06~e d ~v/ 
/dEdG C A~$~epeH~~anbH~M~ pacnpeAeneH~~M~ B npOTOH-~AepH~X 

B3a~MoAe~ CT B~~X· ( d 2a v/ dE dn ) p _ A npa 3Hepr~~x HYKnOHO B E < Ec, 
rAe Ec - 3Hepr~~ cHap~Aa, np~XOA~~a~c~ Ha OA~H HYKnoH. 3Ta 
3aKoHoMepHocTb ~Bn~eTcR, 04eB~AHO, cneACTB~eM Toro, 4TO HYKno
Hbl C TaKO~ 3Hepr~e~ 06pa3Y~TC~ B OCHOBHOM B pe3ynbTaTe BHYTP~
~AepHoro KaCKaAa, KOTOp~~ ~H~~~~pyeTc~ OTAenbH~M~ HYKnOHaM~ 

~Apa-CHap~Aa, a He ~X cOBoKynHoCTb~. OTMe4eHHafl 3aKOHOMepHOCTb 
n03Bon~eT npeACTaB~Tb 3TOT KOMnOHeHT nonfl ~3nY4eH~~ ~ B ~ApO
~AepHOM B3a~MOAe~CTB~~ nocpeÃCTBOM cneAy~~ero COOTHoweH~~: 

1 



ç = N ç P-A ' /1/ 

rAe Ç~A - TOT *e KaCKaAH~~ KOMnOHeHT non~ ~3nY4eH~~, HO B 
npOTOH-~AepHOM cOYAapeH~~. 4~cno 3KB~BaneHTHWX npOTOHOB N on~
C~BaeTC~ ~opMyno~ 

~ . 06 [ ].Q,0781nA /2/N=A c+(Aa-l)' M-l,85, 

rne A c ~ A M - MaCCOBble 4~cna ~Apa-cHap~Aa ~ ~,qpa-M~weH~ COOT
BeTCTBeHHO. Pe3ynbTaT~ 3Kcnep~MçHTOB CB~AeTenbCTBY~T 06 OTCYT
CTB~~ cKonbKo-H~6YAb cy~ecTBeHHo~ 3aB~C~MOCT~ N OT 3Hepr~~ ~A

pa-tHap~Aa. 

2.2. 8 oõnac r a 3Hepr~~, 6n~3 K~X K E c , np~ ManblX yrnax O < 
<10°, Ha6n~AaeTc~ xapaKTepHa~ oc06eHHocTb, np~cy~a~ ~Apo-~Aep

HWM B3a~MoAe~cTB~~M - Han~4~e n~Ka B ~MnynbcHoM ~n~ 3HepreT~

4eCKOM pacnceneneaaa HYKnOHOB c Bepw~HoH npa E = Ec' r ne E 
3Hepr~~ HYKnoHo~ ~ Han~4~e 3Ha4~TenbHoro Kon~4eCTBa HYKnOHOB 
c ~> Ec' ~3MepeHH~e pacnpeAeneH~~ npoToHoB no ~MnynbcaM B 06
naCT~ n~KOB, npeACTaBneHHwe B C~CTeMe ~ADa-CHap~Aa, OKa3an~Cb 

npaKT~4eCK~ He 3aB~C~~~M~ OT ero 3Hepr~~ np~ 3Ha4eH~~X 0,4; 
1,05 ~ 2,10 r38/HYKnOH; np~ 3TOM 3Ha4eH~~ A~cnepc~~ pacnpeAe
neH~H no npOAonbHOMY ~ nonepe-uror-y ~MnynbcaM, onacuaaenux 
raycc~aHoM, OKa3an~Cb npaKT~4eCK~ OA~HaKOBWM~ I&!~ paBH~M~ 

np~6n~3~TenbHo(54 M38/c)~ 8en~4~Hw A~cnepc~~ pacnpeAeneH~~ no 
nonepe4HoMY ~MnynbCY, on~C~BaeM~X 3KcnoHeHu~anbHoH 4aCTb~, 

TaK*e OKa3an~Cb He3aB~C~MW OT Ec , 0AHaKo OTn~4H~M~ OT Ben~4~H 

A~cnepc~~ pacnpeAeneH~~ no npoAonbHoMY ~MnynbCY. 3TO 06CTO~
TenbCTBO YKa3wBaeT, B~A~MO, Ha TO, 4TO B pacnpeAeneH~~ HYKno
HOB, on~C~BaeMOM 3KcnOHeHTO~, 3aMeTH~H BKnaA BHOC~T HYKnOHW, 
npeTepneBw~e KBa3~ynpyr~e CTonKHOBeH~~. OAHaKO npK YCTaHOBne
H~~ 3aB~C~MOCT~ A~cnepc~~ 3KcnOHeHu~anbHOH 4aCT~ pacnpeAeneH~~ 
OT E o npeHe6pe*eM 3T~M ~aKTOM paA~ npOCTOTW anrop~TMa, Bw6paB 
3a OCHOBY napaMeTp ( 3KcnOHeHU~anbHoro pacnpeAeneH~~ no npo
AonbHOMY ~MnynbCY paBHWM 65 M38/c B C~CTeMe ~Apa-CHap~Aa. OT
Me4eHH~e $aKTW n03Bon~~T CAenaTb npeAnono*eH~e o TqM, 4TO 3Hep
reT~4eCK~e pacnpeAeneH~~ B 06naCT~ n~KOB $OpM~PY~TCR B OCHOB
HOM TeM~ HYKnOHaM~ HAep-CHap~AOB, KOTop~e He npeTepneBa~T CTonK
HOBeH~H /Ha6n~AaTen~/ c HYKnOHaM~ ~Aep-M~weHe~ np~ B3a~MOAe~

CTB~~ anep , ,~m.., HYKnOHaM~ ~Aep-CHap~AOB, nperepneaurux OAHOKpaT
Hwe CTonKHOBeH~~ c HYKnOHaM~ ~Aep-M~weHe~. napaMeTpw A~~~epeH
u~anbHoro pacnpeAeneH~~ HYKnOHOB - Ha6n~AaTene~ B na60paTopHO~ 

2 
C~CTeMe d av MO*HO nonY4~Tb Ha OCHOBe napaMeTpOB Toro *e 

dEdU 
:/6~/ 

pacnpeAeneH~~ HYKnOHOB B C~CTeMe ~Apa-CHap~Aa ~ npe06pa30
BaH~~ CKopocTeH no nOpeHUY: 

vc + v' 
v /3/
 

1 + ~
 
c 2 

rAe v lIf v' - CKOpOCT~ HYKnOHa B C~CTeMax naõoparopuoã ~ ~Apa

CHap~Aa COOTBeTCTBeHHO, V - 'CKOPOCTb HYKnOHa, COOTBeTcTBy~~a~c 
3Hepr~~ Ec, a c - CKOpOCTb CBeTa .. 

nepeXOA~ OT ~Mnynbca HYKnOHOB, cooTBeTcTBy~~ero 3Ha4eH~~ 

A~cnepc~~ pacnpeAeneH~~· (54 M38/c)2 B C~CTeMe ~Apa-cHap~Aa, 
on~CWBaeMoro raycc~aHoM, K CKOpOCT~ HYKnOHa B na60paTopHo~ C~C

TeMe cornaCHO /3/ ~ 3aTeM K 3Ha4eH~~ cooTBeTcTBy~~eH eH 3Hep
r~~ E,Q ~ E,Q - E c An~ pana 3Ha4eH~~ E c , vc , nonY4~M, 3a8~C~

MOCTb A~cnepc~~ 3HepreT~4ecKoro pacnpenene-ura TI = (E,Q - E ) 20T c
Ec· 8 pe3ynbTaTe OKa3anOCb, 4TO T 1 XopOWO annpoKc~M~PyeTc~ 

cneAy~~eH ~opMynoH= 

T1 = 28 + 0,064 Ec' M3 B . /4/ 

Eonsuraa 4aCTb HYKnOHOB-Ha6nIOAaTeneH ~MeeT Ben~4~Hbl nonepe-u-ux 
~MnynbcoB MeHee 100 M38/c ~ COOTBeTCTBeHHO Manwe /0 < 10°/ yr
nbl OTKnOHeH~~ np~ E c> 200 M38/HYKnoH. KpOMe Toro, .pe ayns r aru 
3Kcnep~MeHTa/6! nOKa3~Ba~T, 4TO A~cne~c~~ pacnpeAeneH~~ HYK
nOHOB no npOAonbHOMY ~Mnynbcy np~ pa3n~4H~X 3Ha4eH~~X nonepe4
Horo ~Mnynbca ecn~ ~ 3aB~C~T OT Ec , TO He3Ha4~TenbHO. 3T~ Asa 
~aKTa n03Bon~IOT C4~TaTb T 1 He 3aB~c~~eH OT yrna O An~ HYKnó
Hos-Ha6nIOAaTeneH. 

3aB~c~MoCTb nepaxe'r pa (1 / M38/ 3KcnOHeHu~anbHO~ 4aCT~ 3Hep
reT~4eCKoro pacnpeAeneH~~ OT Ec /M3B/ Hawn~ B B~Ae= 

(1 = 76 + 0,064 E c' M3B, /5/ 

np~Hp.B ero, TaK *e KaK ~ T 1 , He 3aB~C~~~M OT () An~ HYKnOHOB
Ha6mo,QaTeneH. 

Pe3ynbTaTw 3Kcnep~MeHTa ~ ~3no*eHHwe co06pa*eH~R n03Bon~~T 

A~~~epeHu~anbHoe pacnpeAeneH~e HeHTpOHOB ~n~ npOTOHOB-Ha6n~Aa
2~ d a v ~ 

Tene~( ) B na60paTopHO~ C~CTeMe KOOPA~HaT npeAcTaB~Tb 
dEdO H 

B B~;o,e 

_ (E o Es;.l O2 IE . Ecl O
 

d 2 20f 1 --(-1-- -e; aK(Ac,A )
av 2T12 
)H e 8 +-8 8 ) -_- _ M /6/ 

dEdO 4 1T02.(
2 1 

3 2 



3,QeCb 

8 1 := P1 --~---- /7/
V2 Pc ·i2·/E2 + 2E m c 2 

v v c c o 

r,Qe P1 = 54 M3B/c - Ben~4~Ha nonepe4Horo ~Mnynbca, np~ KOTO

pOM --~~ = 1, Pc ..: ~Mnynbc HYKJ10Ha B R,Qpe-CHapR,Qe, COOTBeT
281 2 P2 

CTBYlOlLI~~ E c' mo c - 3Hepr~R ·nOKOR HYKnOHa; O2 ::: - , rAe P2
() Pc 

Benl-14~Ha nonepe-u-or-o ~Mnynbca, np~ KOTOpOM -0- :::: 1; no ,QaHHbIM 
1.6/ 2 

pnc •.13 p eõoru P2 HaWJ1~ p'aSHblM 170 M38/c; a - ce4et:fV1e He
ynpyroro R,QpO-R,QepHoro s3a~Mo,Qe~cT8~H,np~H~MaeMoeHe 3a8~CHlLI~M 

OT 3Hepr~~ H,Qpa-CHapH,Qa / CM., Hanp~Mep, :/15 / /; K(A c. A M)- - na

p aaerp <pparMeHT a~~~, onpe,QenReMbu1 KaK cpenaee 41-1CJ10 npOTOH08 
~J11-1 He~TpoHOB-Ha6J1IO,QaTeJ1e~, o6pa3Y~lLI~xCH B e,Q~HI-14HOM aKTe B3a~

MOAe~cTB~H HAep-cHapH,QoB MaCCOBblM 4~CJ10M A c H,QpaM~ aTOMOBc
 
M~WeHJ,1 MaCCOBblM 4~CJ1qM A M '/14/ ;
 

AM
 

38

K(12. A ) = 0.41 + 1.23 e /8/

M 

1 
'uJ1fl R,Qep re.n~R K (4. AM ) :: - K ( 12. A

M 
), ,QJ1H K~ CJ10po,Qa K (16. A ) "" 

4 M 

:::: K(12. AM ). ; 

2.3. npoMemYTo4~oe MeCTO Mem,Qy HYKJ10HaM~-HabJ1lO,QaTeJ1HMI-1 ~ 

KaCKaAHWMI-1 4aCT~~aM~ 3aH~MaIOT HYKJ10H~, o6pa3YIO~l-1ecR B OCHOBHOM 
B O,Q~H04HbIX CTOJ1KHOBeH~HX HYKnOHOB R,qpa-CHapR,qa c HYKJ10HaM~ 

H,qpa-M~weH~. aJ1H H~X TaKme xapaKTepHO HaJ1~4~e ni-1Ka B 3HepreT~


4eCKOM pacnpe,qeneH~~ Ce4eHI-1R o6paaOBaHI-1R, o,qHaKO 3Hepr~R, np~
 

KOTOpO~ Ha6nlO,QaeTcR BepW~Ha pacnpe,qeJ1eH~R, c pOCTOM yrJ1a 8
 
YMeHbwaeTCR. YMeHbwaeTcR c pOCTOM 8 ~ BKJ1a,q 3Toro KOMnOHeHTa
 
B o6lL1ee ,qJ,1<p<PepeH~l-1aJ1bHOe ce4eH~e o6pa30BaHI-1R HYKJ10HOB; np~
 

3TOM H~3K03HepreTI-14eCKaR 4aCTb nl-1Ka B pe3YJ1bTaTaX 3Kcnep~MeHTa
 

~C4e3aeT no,q KaCKa,qH~M KOMnOHeHTOM. HaM npe,qCTaBJ1ReTCR J10r~4


H~M TaKo~ n~K on~caTb B riepBoM np~6J1~meH~~, TaK me, KaK ~ ,QJ1R
 
HYKJ10HOB-Ha6nlO,qaTeJ1e~, ,q8YMR COCTaBJ1R~lLIi-1M~:
 

8 (E _~2 e IE-Eol 
2 

1 d av Na -8;- --;2 -e:;- -€T- /9/
\--) C __ [2e· e 2 + 0.52e e l .
 

dEdO 1 
H
 

r2V277 

3AeCb: 
--~-

1,05 . 
r2 = r1 (0.28 + 1.14~ ). MaS 8 3 = 0.113 pan , /10/ 

E o = 50 + (E c - .50) cos (0,9 + O.109 In O.003 E c ) 8 , MaS, 8 4 == 0.36 pa A, /11/ 

4 

_~_<L __e_ 
"2 == (56+0.112E c-70e 140 )(0.28 + 1.14e 1,05). MaS. /12/ 

8eJ1~4~Hbl Ec , E , r2 ~"2 BblpameHbl B M3B, yron e - B pa
,q~aHax; CH = 1 cp-1 ,qJ1R He~TpoHoB ~ CH = 2,5 cp-1 AnR npOTO
HOB. Bce nOCTORHH~e B /9/-/12/ Ha~,qeH~ ~3 YCJ10B~R COrJ1aC~R pac
C4i-1TaHHbIX c nOMOlLlblO /9/- / 12/ BeJ1~41'1H ,qBO~HbIX ,q~<txPepeH~~aJ1bHbIX 
ce4eH~~ c 3t<cnep~MeHTaJ1bHbIMl-1 ,qaHHbIMw/6 - 13 I. 

B~XOA 4aCT~~, OTJ1~4H~X OT He~TpOHOB ~ npOTOHOB, B RAPO-R,qep
HOM B3a~Mo,qe~CTB~~ c 3Hepr~RM~, 6J1~3K~M~ K Ec , npeHe6pem~Mo 

MaJ1; TaK, Hanp~Mep, AJ1f1 77- -Me30HoB, o6J1aAalOlLI~x Ha~6oJ1bW~M au
XOAOM nocne He~TpoHoB ~ npOTOHOB, BblXOA COCTa BnReT np~ E1T -= Ec 
MeHee 1% no OTHoweH~1O K npoToHaM. 

3. OCHOBHblE <POPMynbl PAC4ETA PA,lllttAUlttOMHO~ 06CTAHOBKItt 

PaA~al..\~OHHYIO o6cTaHoBKY 6YAeM xapaKTepl-130BaTb ,q1-1<p<PepeH~~aJ1b

HblM pacnpeneneuaex <pJ1lOeHCa HYKJ10HOB <1>( E. 8, r). ~x yr J10BbIM 
o acnpeneneuaex dav/ dn ,<pJ1lOeHCOM <li (f) , r) ,. BblXOAOM HYKnOHOB 
y , nornolLleHHo~ D ~ 3KBI-1BaneHTHo~ ,q030~ H . 

YKa3aHHble n ap aae rpu nOJ1R 1-13J1Y4eH"I-1H Ha~,qeM -repea ,q1-1<p<pepeH
~~aJ1b Hoe ceveuue o6pa308aH~R HYKJ10HOB d2av / dE dO : 

d 2avn d 2v<I> (E • e, r ) _TI /131.2 2r dEdO r dEdO 

r,qe n - npÓI-13Be,qeH~e 4~cna R,qep-M~weHe~, np~xo,qRlLI~XCR Ha e,qJ,1
H~I..\Y nJ10lLla,ql-1, Ha 4~CJ10 R,qep-CHapR,qOB, na,qalOlLIl-1X Ha M~weHb, ry = 
= na - 4~CJ10 B3a~Mo,qe~CTBI-1~ B TOHKO~ M~weH~, r - paCCTORH~e 

OT T04~~ B3a~Mo,qe~cTB~~ ,qo paccMaTpl-18aeMo~ T04K~; 

oe 2 
dav == r ~..E..!::_ dE. 

/14/dn '0 dEdO 

'tJ dv 
<lI(8,r) = - --, /15/ 

r 2 an 

y = ryv == ry r dd~ an , /16/ 
o 

oe d2 
D (e , r) =.!L r cP __v_ dE • /17/ 

r 2 o dEdO 

5 



0 2 
rne 1> - t<03$$VI~V1eHT nepexona OT ornoeuca 4aCn'l~ t< nOrIlOl1leHHOIIr 2 -~- 1 
A03e. (av)n==aK(ActAM)[(h)~l-e 20~)+ -2- fC02,6)] + 

P2 f 1
aVl<t>$epeH~VlaIlbHOe Ce4eHVle 06pa30BaHVI~ HYt<IlOHOB Ha~AeM t<at< 0 1 

CYMMY TpeX, Yt<a3aHH~X B pa3AeIle 2, t<OMnOHeHTOB: /22/ 

d2 2 2 d2 v Kav (i..-~ ) + ( 
d av 

) + Na (~- .) /18/
dEdO dEdO H dE dn 1 dE da p - A 

d 2 vrne ( __K_) - AVI<t><t>epeH~VlaIlbHoe pacnpeAeIleHVle Kact<aAH~X
dEdO P-A 

He~TpoHoB VlIlVl npoToHoB no 3HeprVlVl VI yrIlY B OA~OM npoToH-~Aep

HOM B3aVlMoAe~cTBVlVI. 

~HTerpVlPY~ /18/ no 3HeprVlVl B COOTBeTCTBVIVI c /14/ VI VlMe~ 

BBVlAY /6/ VI /9/ AIl~ nepBoro VI BToporo CIlaraeMoro /18/ COOTBeT
CTBeHHO, a AIl~ TpeTbero - pe3YIlbTaT~ annpot<CVlMa~VIVI 3t<cnepVlMeH
TaIlbHWX AaHH~X B npOTOH-~AepH~X B3aVlMoAe~cTBVI~X /BTOpO~ 4IleH 
$OpM,Y-Ilbl /2/ Vl3 p'aõo ru 116·/ /, nOIlY4V1M: 

O O
dai.' _ uK(Ac,A M) 2Tl -2oi- -o;

1--- - [--e + --e +
 
dn O~ v'-~ (1 v'2;

/19/o e o-03 -o -OS 
+ CHNa[ 2e + 1,04e 4 -~ ] + Na C2 <t> e . 

[2;;r
2 

3AeCb: 

r Ec I AM 
C2<t> \ --- • HYKnOH ..' cp, /20/

M v 7100 63,5 

r ae M = 1 AIl~ npOTOHOB VI M = 2,5 AIl~ He~TpoHoB, n = 2 npu E c ~ 

~ 7100 t-13B VI n = 3 npa Ec" 7100 M3B,. A M - MaccOBoe 4V1CIlO ~Apa 

MlllweH\.-1; 

05 == 
1 

can, /21/ 
-0,26 + 0,55 In E' 

r~e E'- noporOBa~ 3HeprVl~ Ha6Il~AeHVI~ Hyt<IlOHOB. 

B axcnepaxeu r ax HepeAt<O nOIlY4a~T ce4eHVI~ o6pa30BaHVI~ óp ar-: 
MeHTOB (a v >n B TeIleCHOM YrIle O, xo topue MO)f{HO VI cnon b30 BaT b 

1.04 f 9+ C Na [ 417 f (0 ' O ) + ------,---"-=--- y"'2;; f (0 ,O )] + Na C <t> 217 fC 0 ' O ),
H 3 4 2 5 

II 
T2 

rAe 

O 

O~ •ri';; ( sin o + cos o )] , /23/f (tl ,O ) ---[l-e o
n 
2 n
1 + 0n 

a n nplllHIIIMaeT 3Ha4eHVI~ 2, 3, 4, 5 COOTBeTCTBeHHO /22/. nplII no
IlY4eHVIVI nep aoro cnar-aeaor-o onap anac s. Ha YCIloBVle sinO:::' O, t<OTO
poe cnpaBeAIlVlBo AIl~ cIlY4a~ HYt<IloHoB-Ha6Il~AaTeIle~; VlcnoIlb3Y~ 

nononua rensuoe ycno sae , e-CO/ On ) :::. 1 - -f-- ' ·<t>OPMYIlY /23/ nepe-
BeAeM B /24/ n 

e 2 
sco ,O) :::. --- . /24/

n 2 
1 + On 

~VlCIlO HYt<IlqHOB, B03HIllt<a~I1lVlX B OAHOM HeynpyroM B3aVlMOAe~CTBVlVI, 

VlIlIII MHO)f{eCTBeHHOCT b 11 nOIlY4V1M xa t< 

1/ == ( a v· ) 4 TT / a , /25/ 

npa O TT B /22/ VI /23/~ 

4. npOBEPKA AnnpOKC~MAU~~ ~ CPABHEH~E C 3KcnEP~MEHTOM 

Ha puc . 1 cpaBHVlBa~TC~ Vl3MepeHHbl~ '10/ VI paCC4V1TaHHble C no

MOl1lb ~ <t>OPMY Ilbl /18/ AVI<t><t>epeH~lIIaIlbHble ce4eHVI~ o6pa30BaHVI~ He~ TPO
d 2 v 

HOB. nplII 3TOM (. d ~ ) BbI4V1CJ'1~IlVl B COOTBeTCTBVIVI C pet<o-
Ed P- A
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~Ht<Il~3V1BH~e cnet<Tpw npOTOHOB, VlHBapVlaHTH~e OTHOCVlTeIlbHO npe
06pa30BaHVI~ nOpeH~a, npeACTaBIleH~ Ha pVlC. 2. B 3TOM cnY4ae npVl 
pac4eTe B <t>opMyne /19/ TpeTbe CIlaraeMoe CYMMW 3aMeH~IlVl Ha 

d 2 2v (Na)Ar:KCl
Na ( K) (~~) ,

dEdn p-A dEdO p+KCla p-'- KCl ~ 
AIl~ onpeneneuaa 3aBVlCIIIMOCTVI K( Ac , AM) OT A M VI A c • BeJiVl4V1Ha 
(av)n HaXOAIIITC~ nYTeM 
OTBeTCTBlII1II c /19/: 

VlHTerpVlpoBaHIII~ dav/dO no y rriy B co BblnOIlH~~ nepexon t< BeIlVl4V1HaM ,QVI<t><t>epeHl\VlaIlbHblx ce4eHVI~, 

aHTH~X OTHOCVlTeIlbHO npeo6pa30BaHVI~ nOpeH~a. ~3MepeHH~e 

VlHBap~1

cnet<Tp~ 

6 7 
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PHC • .1. Lbi<pePepeHI..J;HaJIbHhIe rtorrepenane CeqeHH51 o õpa30BaHH51 

HeHTpoHoB -d~:~~-- B 3aBHCHMOCTH OT HX 3HeprHH En H yrna 

asm e-r a 8 rrpn õOHõapgHpoBKe TOHKHX MHweHeH HS yr-rre porta H
 
MegH HOHaMH HeOHa 3HeprHH 337 M3B/HYKJIOH. o - 8 = 300 ;
 
~ - 8 = 45 0 ; ~ - 8 = 60 0 ; V - ,8 = 900 ; -:--- pacver rrpn
 
8 = 300 H 90 0 •
 

FHC. 2. I1HKJII03HBHhIe cne x r-psr 

rrpoToHoB rrpH BsaHMogeHcTBHH Hgep 
Ar c 3HeprHeH 800' M3B/HYKJIOH c 
KCl; --- - 3KcnepHMeHT; - - - - 
paCqeT. 

npOTOHOB B (Ar + KCe) -cOYAapeHII1
co 2.s jQ3 

RX _lL --ª-~ 1I1.B (p + KCe )
p2 dEdO 2a 

-o cOYAapeHII1RX (_E... ~ Q. 

~i02 p2 dE dOp +'KCI 
,l0 3all1MCTBOBanll1 1113 oaõoru /13/ • 
~ 
~ Ha pll1C. 3 CpaBHII1Ba~TCR pac
Ç'i01 1 

C4I11TaHH~e 111 1I13MepeHH~e 3aBII1CII1~ 
B MOCTII1 AII1$$epeH~lI1aJ1bH~X Ce4eHII1~ L 

o6pa3ÔBaHII1R npOTOHOB dO'v/ dO OT1O'h"'" 1D2' 
yrna Ha6J1~AeHII1R 8 no OTHOWeHII1~ 

pc , r3B/ c 

\~
 
a .~ ~
 
~I,O ~ ~
 

\' 
\ 

}l.o \.", "'-'"
 
ft \ " '"
 

7 \ ' '''''~I~ \ -. "-~" 
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20 440· 

, 
PHC. 3. llH~epeH~HaJIbHOe CeqeHHe oõpa30BaHHH rrpOTOHOB 
dO'v/dU B pe áxuan Ar + KCe -+ p + x: E c= 0,8 f3B/HYKJIOH. 

peSYJIbTaTW) . 
X - 3KcrrepHMeHTa, ~~~ - paCqeT leM. TeKcT/. 

I< HanpaBJ1eHII1~ nY4Ka RAep- cuapano a Ar . CnJ10WHO~ nll1HlI1e~ npen
cr aaneuu, pacc4111TaHHble B COOTBeTCTBlI1111 c /20/ Benll14111Hbl dO'v/dO , 
RBnR~lJ:~1eCR CYMMO~ I<OMnOHeHToB, I<OTOpb!e npencr aaneau r ax : 

8
f -- 

1,04 CH NO' -~.:_== e e4 
T2 V217 

8 
2 C NO' e- 113 

H 

8 -e
- NO'C 2cP e 5 

9 
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RAepHblX cOYAapeH~RX. B OTHoweH~~ RAep-M~weHe~ $OPMYJlbl anpoõu
pOBaH~ npaKT~4eCK~ BO BceM ~x A~ana30He MaCCOB~X 4~CeJl. 4TO 
KacaeTCR RAep-CHapRAOB, TO YKa3aHHaR B~we AOCTOBepHOCTb OTHO

J 

1 
I 

8 =0° 

C+C-p+X 

PHC. 5. HHKJ1103HBHbIA c ne x r p 

npOTOHOB npH B3aHMoAeAcTBHH 

HAep 12C 3HeprHH 1050 M3B/ 

HYKJ10H c HAP aMH 12C: --
3KcnepHMeHT; - - - - paCt.IeT. 
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PHC. 4. HHKJ1J03HBHbl(~' crrex-rp 

npOTOHOB npH B3aHMoAeAcTBHH 

HAep 4He 3HeprHH 1050 M3B/ 

HYKJ10H c HAP aMH 12C: --
3KcnepHMeHT; - - - - p acxe-r , 
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5. 05CY*AEH~E PE3YflbTATOB ~ B~BOA~ 

npeACTaBJleHH~e B pa3AeJle 4 pe3YJlbTaT~ C Y4eTOM pa60T '3-5/ 

CB~AeTeIlbCTBYIDT O np~eMJleMOCT~ ~3JlO~eHHOro B pa3AeJle 2 aJlro
p~TMa MeTOAa ~ ~PMYJl pa3AeJla 3. AocToBepHocTb nporHo~~pOBa
H~R A03~MeTp~4eCK~X napaMeTpOB nOJlR ~3JlY4eH~R oueH~BaeTCR K03$
$1-1 u~eHTOM 2, a A~$$epeHU~ an bHblX pacnpeneneuaã - He xyxe 4 8 

OTaeJlbH~X T04Kax 3HepreT~4eCKO~ ~ ~MnYJlbCHO~ WKaJl~. np~ 60Jlb
w~x yrn ax e ~ E < Ec noc ro aepaocr s n04T~ nOJlHOCTblO onpenenae'r
CR T04HOCTblO ~H$OpMau~~ o napaMeTpax B npoToH-~AepHoM CTOJlKHO
BeH~~. A~ana30H no 3Hepr~~ RApa-cHapRAa, B KOTOpOM npoBepeH 
aJlrOp~TM MeTOAa, npocT~paeTcR OT 80 M3B/HYKnoH /4/ AO 3,65 r3B/ 
HYKJlOH 1&/ • np~MeHeH~e $OPMYJl pacue r a np~ õonee BbICOK~X 3Hep
r~RX, B03MO>KHO, np~ BeAeT K AOnOJlH~TeJlbHbIM norpeWHOCTRM B on
peAeJleH~~ A03~MeTp~4eCK~X BeJl~4~H napaMeTpOB nOJlR ~3-3a HeYj 
4eTa, B 4aCTHOCT~, oc06eHHOCTe~ 06pa30BaH~R Me30HOB B RAPO-

BKnaA nepBOrO cnaraeMoro /19/ 3Ha4~TeneH n~Wb np~ yrnax 
MeHee, 100 ~ He npenc r aaneu Ha p~CYHKe. 

Cnetcrpu npOTOHOB B a + C ~ C + C cOYAapeH~RX noenc r aeneua 
Ha p~CYHKax 4 ~ 5 COOTBeTCTBeHHO. 
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C~TCR B OCHOBHOM K CHapRAaM C Ac ~ 40. Oc06eHHO 3TO OTHOC~TCR 

K He~TpoHHOMY KOMnOHeHTY nOIlR, cpaBHeH~e C 3Kcnep~MeHTOM no 
KOTOPOMY B CJlY4ae Nb + Nb = fi + x 18:1 nOKa3blBaeT, 4TO paCC4~
TaHHbJe BeJl~4l-1Hbl 3Ha4~TeJlbHO npe aenuanr ~3MepeHHble. HeRCHa CTe
neHb AOCTOBepHOCT~ np~BeAeHH~X $OPMYJl AJlR RAep-CHapRAoB C A > 
> 16 ~ MaJlblX yr.no a e < 100 ~3-3a OTCYTCTB~R AOCTynHblX HaM 
3Kcnep~MeHTaJlbH~XAaHH~X. B03MO>KHO, 4TQ np~MeHeH~e $OPMYJl pac
-rer a ~3 paarien a 3 np~ A > 16 ~ e < 100 np~ BeAeT K nepeoueu xec 
BeJl~4~H napaMeTpOB nOIlR ~3JlY4eH~R. 

B 3aKJl104eH~e a aropu 6JlarOAapRT A. P. Kpuno aa 3a noneaaue a a
Me4aH~R . 
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