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1. B B e ll e H H e 

11!,!21 ' B pa6oTaX 6bWH npeJinpHH!ITbi nonbiTKH ycTaHOBHTb BHll saaHCHMOCTH E = f(R ) 
• ~ 0 • 

npH HCITOI1b30BaHHH cneJiyJOIIlHX npeJinonolKeHHII: 

a) HOHH3aUHOHHbi9 noTepH sHeprHH sneKTpOHOB nocTO!IHHbi (20 Msa <E.< 200 Msa); 

6) paJIHaUHOHHbl9 UOT9pH 3Hepl'HH sneKTpOHOB 'lepes H311Y'I9HH9 Mai103HepreTH'IHbiX 

y -KBaHTOB ( Ey < E KpHTH'!eCKa!!) He saaHCRT OT sHeprHH nepBH'IHbiX sneKTPOHOB H pac-, 

npe)leneHbl CT8THCTH'19CKH paBHOM9pHO: 

_B) paJIH8UHOHHble ITOTepH Ha H311Y'I9HH9 y -KBaHTOB C SHeprHell, 6ollbW91! KpHTH'Ie

CKolt, y'IHTbiB810TCSI, T8K KaK npeJII10118!'89T CSI, 'ITO 3TH BTOpH'IHble y -KBaHTbl KOHBepTHpy

IOT B K8Mepe H K e+e -nap8M 11pH110lKHMbl ycnOBHSI a) H 6), 

To'IHOCTb npeJinOlK9HHoro B nepe'!HcneHHbiX pa6oTax MeTOJia (20%) JiaeT B03MOlKHOCTb' 

C'IHTBTb ycnoBHSI a), 6), a) anonHe npHeMneMbiMH B onpeJieneHHbiX orpaHH'IeHHbi_lt o6nacTSIX 

SHepl'HII, 011HaKO, KaK :;!TO 6y11eT BHIIHO HHlKe, WHpHHa o6naCTell, 1111!1 KOTOpblX npHeMI19Mbl 

a), 6), B) ( a STO aBTOMaTH'I9CKH np911110naraeT 11HH911Hb!l! BHII 3aBHCHMOCTH ,E-~ a kR 01 

r11e k = Const ) HeaenHKa H He npeBbiwaeT npH ManbiX sHeprH!IX 30-50 Msa, npH 6onbWHX 
, I 

sHeprHSJX (110 250 Msa) 20- 30 Msa, 

/1 I 121 B pa6oTax ' a Ka'leCTBe rpallyHpoBO'!Horo MaTepHana HcnonbsoaanHCh nosHTpo-

Hbl H3 I'- e -pacnaiiOB, KaK H3B9CTHO, CI19KTp e+ H3 ,_.+- e + -pacna11a HMeeT MBKCHMYM 

npH aepxHe·a rpaHHUe (- 53 Msa). 8KcnepHMeHTQI1bHbie rHCTorpaMMbi B o6eHx pa6oTax 

onHCbiaanHCb rnaiiKOII KpHBOII c Kos<jxjmuHeHTOM k" KaK HeHSBeCTHbiM napaMeTpoM. H~ll
+ 0 007 

JI9HHbl9 3H8'19HHSI k
1 
~ 0,59 + 0,02 H k

2
= 0,57 _ ~015 XOpOWO cornacyJOTCSI IIPYI' C IIPYI'OM, 

Ho KaK HeTpyJIHO BH119Tb1 s11eCb Hcnonbsoaanacb sHepreTH'!eCKaH o6nacTb - 30-50 Msa, 

B CBSI3H c Bbi!UecKasaHHbiM npc::tcTaBnSieT HHTepec HaiiTH BHII saBHCHMOCTH' E • = f( R •), 

He np911110118l'aSI ee anpHOpH 11HH9HHOH, 1111SI 6onee W~pOKOII o6naCTH H3M9H9HHSI SHeprHH 

sneKTpoHa. 

HacTOSII!laSI pa6oTa BbmonHeHa B CBSI3H c Heo6XOIIHMOCTbJO HSMep'SITb sneprHJO sneKTpQ-

+ ( 0 + + 
HOB B K.

3 
-pacna11ax 0 <E.< 228,5 Msa) H sHeprHJO " -MesoHOB B K .a H K118 -pac-

na11ax (sHeprHH e+ H e- 113 e+e- nap MornH MeHSITbCSI B npe11enax oT 0 110- 2501V'ea). 
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II. 0 5 lU ll S! 'I a c T " 

13/ 
8 pa5oTe paCCMaTpHBaeTCll B03M0li(HOCTb OllHCaTb tPYHKUHIO R 

0 
~ f(E) B BH!le; 

r z In( E + 1), (1) 

rne r - npooer B eaHHHuax paaHaUHOHHbiX llllHH, E - aneprHSI B eaHHHuax HOHH3aUHOHHbiX 

noTepb n a p a aHaUHOHHofl amme , y M H OlKeHn o tl Ha In 2 , Hcnonbayn snonne KOHKpeTiibrll perH

/4/ 
CTpa T Op 3 ll 9 KTpOHO!l - KCSHOH OBYIO llY3 blpbKOBYIO KaMepy , Mbl MOlK9M llllS! Hawero cny-

'!all ( llOil'lepKHBaeM : T Ollb KO anSI Hawefr reoMeTpHH, oonanaJOmetl onpeaeneHHoil: a<jJ<jJeKTHBHo-

CTbiO K perHC TpaUHH )' -KBaHTOB ) nepellHCaTb 3Ty 3aBHCHMOCTb B BH.r:19 

R 

ReIn(..&+ I) A B 
llllH EeS(eA-1), (2) 

r ne [ B ] ,r Mas, [A],= MM, [ R] e MM, a napaMeTpbr A H B HMSIOT, KOHe'IHO, TOT lKe 

141 
<jJH3H'I9C KH fi CMb!Cll, 'ITO H B , HO H9CKOllbKO !lpyroe 'IHC!l9HH09 3Ha'I9HH9, '19M npOCTO 

panHaUHOHHaSI nnHHa anSI Xe ll B9llll'IHHa HOHH3aUHOHHb!X llOTepb Ha paaHaUHOHHOfi .r:lllHH9 

ann H e r o , 3To He6onbwoe paanH'!IIe ao~HIIKaeT H3-3a Taro, 'ITO <j:lopMyna (I) y'IIITb!BaeT 

B T OpH'IH09 1!3llY'I9HH9 B Bl!ll9 Y -KBaHTOB I! noTepb 3Hepri!H Ha Oopa30BaHH9 ·O -3ll9KTpo-

H OB , BKll iO'IaH B03HIIKB!Olllll H no 3TOfi npll'IIIH9 pa36pOC Bbl'IIICll9HHb!X 3Heprllfl B KOpll!lOp 

ow;r o o K. E cnH lit e anSI rpaaynpoBKH BbloHpaTb co6btTHSI a orpaHH'IeHHOM oo'beMe, TO a HeKo

TOp brx CllY'IBS!X MOr)'T nOS!BllS!TbCS! )' -KBaHTbl C O.r:IHHaKOBbiMI! npooeraMH, HO C pa3HOH 3H9p

r;reil 3 a C'IS T TOrO, 'ITO 1{3lly'lallHCb BTOpH'1Hbl9 y -KBaHTbl C 50llbWOfi 3HeprHeft, He KOH

aepT Hp OBaBWH9 a KaMepe. TaKHM o6paaoM
1 

napaMeTpbr A H B cTaH OBSITCSI aaaHCHlllHMH 

KB K OT BenHqHHbl llnHHbi KOHB9pCH:H 1 T8K H OT reOMeTpHH KaMepb!, nanee M9TO.r:IOM Hall-

M9HbWHX KBa a paTOB noa 6epeM A H B 

ill, 3 K C ll e p H M e H T 

8 H aC T OS!lUS ft pa60T9 AilS! rpaayHpOBKH BbiOHpanHCb 

Toa Ha p a cnaaa 
+ + K .. TT 

172 

0 
17 + + 

Y
1

+y
2

-+e+e 
+ 

+:e + :e 

H a o T 6Hp a eMbie co6biTHSI HaKllB.r:lbi BBllHCb cneayiO!UHe y c noaHSI: 

I, Pac n aa 

2 , 06a y 

K+ 
172 

npOHCXO,[IHll B nOKOe, 

-KBBHTa KOHB9pTHp OB8llH B KBMepe, 

+ -
e e -napbi oT y KBaH-

3, r eoM e TpHS! pacnaa a npOXOill!lla T 9 CT KOMnllaHapHOCTI!, T,e, npoaepS!llOCb , ll9lKaT 

Ill! 008 y -KB8HTa I! 17 + -M930H B O.r:IHOfi nnOCKOCTH (yron M9lK.r:IY nepneH.r:IHKYllS!p OM K 

lll!OCKOCT H 'TO'IKB p a cnaaa - J-fi 
TT + - M930H8 H9 Tip9 B bllll8ii O lliH60K 

Y -KBaHT - 2-fi -y 
113M9peHHS!), 

4 

KBBHT., H HBTip8Bn9HH9M Bbin9T8 

4, Yron Mell<llY 

11 3 K:~ -pacna JJ.a. 

0 
y -KoanTaMn He npesbrwan KPIITll'leCKoro nnSI aHeprHH rr 

5, PaccTOS!Hne oT TO'IKII pacnaaa ao Ha'!ana n106oro y -KBBHTa 6hrno 6o 

(llll>l HCK!l!O'I9HHSI OOllbillllX OlllllOOK B H3MepeHHH yrna Bblll9Ta y -KBBHTa), 

3neprHSI KSlKilOrO )' -KBBHTa paCC'IHTb!BS!laCb no <jJOpM)'ll9 

2 
m 

rro 
Eyt 

2( Erro -P
170 

Cos.!/ 

rae EllO , P rro - aHepnrll 11 HMnynhC rr 0 
-Meaona H3 

i -ro y -KBBHTB OTHOCHT9llbHO HanpaBll9HIISI Bblll9Ta 

+ K,
2 

pacnaaa ,;
1 

- yron a 

11° -Me30Ha, 3Ta H3Be CT 

npllpBBHHBBllBCb B9llH'IHH9 
R + R-

Ey
1 

e ll [ e "t" + e A• - 2 I , 

( MBCCa aneKTpOHa C'I!ITaeTCS! paBHOH HYll!O), npn'leM Bbt6HpanHCb y -KBaHTbl C 

ana'!eHHeM aenH'IHH npo6eroa aneKTpona " noaHTpona napbi, no nporpaMMe M,H 

aneKTpoHno-c'!eTnoii MawHne 6hrnH paCC'IHTaHbl aHa'!eHHSI A " B 

A: 99,8 ± 7,5 

Be 39,0 ± 3,5 , 
6brnH Bbr6paHbl 3Ha'!eHHSI A = 100,0; B =39,0, 

0KOH'!aT9llbHO <jJOpMyny -.r:lllS! Ollp9!l9ll9HHS! 9HeprHH O.r:IHHO'IHOT'O 3ll9KTpOHB B 

K8Mepe MO>I<HO 38llHC8Tb B BHll9 
Re 

E e 39[e 100 - ·ll· . 
(3aBHCHMOCTb (6) npHaeaena Ha pHc, I). Toraa anSI aneprHH y -KaanTa HMe 

R + k 

(
. 10~ • . roo- 1 Eye · 39 e + :e - · 2 ·1 • 

8 OO!U9M Clly'!ae, KOT'.r:la HMe!OTCSI 8 -aneKTpOH"I H BTOpH'IHbie y -KB8HThl, MO> 

H8TIHCl!Tb 
n ~J... 

Ey = 39(~ e 100
- n] + :tl.Ey, 

1•1 

rae !J.Ey llOS!BllS!9TCS! 3a C'!eT TOT'O, 'ITO aneKTpOH 093 Bb!OHBaHHS! 8 -aneKTpOH 

H3llY'I9HHS! BTOpH'IHbiX y -KBBHTOB HM9ll Obi H9CKOllbKO 50llbWHH npo6e r, COOTB e T 

aneprHH 6onbwefi, '!eM cyMMa aHeprHii, nafiaeHHal! no Bll.r:IHMOMY npo6ery nepal! 

aneKTpoHa, 8 -aneKTpOHOB H BTOpH'IHb!X 
... . -

e e -nap. OanaKo H3MepeHHSI n o Ka3E 

tJ. E y a o6meM cnyqae neaenHKO " MOlKeT 6hrTb onymeno 6ea Bhrxoaa a a omH6Ky 1 

11TBK ~ 
Ey= 39 [l: e100 - •n I. 1 

3!l9Cb ll ·Bb! We n- ll0llH09 'IHCllO 9ll9KTpOHOB ll n03HTpOHOB, 

5 



.[lnSI npoaepKH MeTOAB 6bJnO nocTpoeHo OTHoweliHe EJir /Ev , rAe Ey Bbi'IHCneHo eop • aKcn Teop 

no (3), a Ey - n o (9). P acnpeAeneHHe noKaaaHo Ha pHc. 2. CpaBHHM nonyqeHHbte 
3KCn I ll 121 

peaynbT3Tbl c A3HHb!MH pa6oT ' • npH M8l!b!X 3HeprHSIX B o6nacTH OT 20 AO 50 Mas 

(6) B BHA9 

+ ~ - 1] ·= ~ • R = k Re. 
A A • ( 10) 

MO>K llO npeACTaBK Tb 38BliC KMOCT b 

B( 1 E.~ 

T oraa nonyqaeM 

E
0 

= (0,40 ± 0,06) R
0 (II) 

'ITO B npeAenax OWH60K COT'l!BCY9TCSI CO 3H8'19HH9M K03cpcpHUH9HTOB k 1 H k
2

• HeKoTopoe 

yMOH bWeHH9 k l!9f'KO 06bSICHHMO, TBK KBK k1 u k 
2 

S!Bl!SI!OTCSI yCp9AH9HHblMH KOacpcp1!UH9HT8MH, 

AaTOpbl 6naroAapSIT KonneKTHB na6opaHTOB aa npoAenaHHbte HaMepeHHSI H pac'!eTbi, 

n 11 T e p a T y p a 
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