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B 6 6 
11,2,3/ 

paHee ony llHKOBBHHblX pa OTBX 0/lHCblBBnl'!Cb pe3yllbT8Tbl paapa60TKH 

M8TOaa H3M8p8HHH aHeprHH y -KBBHTOB E y B KC8HOHOBOA ny3b!pbKOBOA K8Mepe 

B aaanaaoHe aHepraA oT 10 Mas ao 10 faa, Haa6onee yao6Hb!M Ha npaKTHKe s HH-

Tepsane F 
y 

OT 20 Mas ao 3 fas oKaaanca cnoco6 onpeaeneHHH Ey no cyM-

M 8pHOMy npo6ery aneKTPOHOB R B coaaaHHoA y -KB8HTOM /l8BHH8 1 H8 anHH8 

e e pa3BHTHH d 
/2/ 

B KBMepe 

TOB. 

8 HBCTOrulleA pa6oTe 8H81lH3HpyiDTCH TOqHOCTH OnpeaeneHHH aHepraA y -KBBH-

1. AHansa pa3Hb!X <PaKTopos, BllHHIDIUHX Ha ToqHoCTb 

onpeaeneHHH F 
y 

c /lOMO!UbiD 38BBCBMOCTH E = f ( R, d) 
y 

Ha ToqHOCTb onpeaeneHaH Ey c /lOMO!UbiD KPHBblX E ~ f ( R. d ) B/lH HIDT B 
y 

OCHOBHOM: 8) tPniDKTYBUHH aona aHepraH y -KB8HT8, C03a8BIU8rO /lHB8Hb 0 BbtaeneH

HOl! B BHae HOHH38UBH H8 H86/liDA<l8MOA B KaMepe anHH8 pa3BHTHH d 1 KOTO-

pb!8 , B OCHOBHOM 1 CBH38Hbl C tPniDK'1'Y8UHHMH B npOAO/lbHOM p83BHTHH /l8BHHbt; 

6) norp e iUHOCTH B H3M8p8HHH C /lOMO!UbiD KypBHM8Tpll np08KilHA H8 /1/lOCKOCTb ~lOTQ

rpa<!>HPOBBHHH CyMM8pHbiX allHH npo6erOB all8KTpOHOB I_ r ; B) HeonpeaeneHHOCTb 

MHHHMB ilbHOA anHHbl cneaoa, H861liDA88MbiX B /lHBHe 3/l8KTpOHOB H /l03HTpOHOB r , 
min 

~/liDKTYBilBH aona aHeprHH y -KB8HT8 1 BblA8/l8HHOli B K8Mepe, 38BHCSIT OT 

Toro, nonHOCTbiD na paasesaeTcH naseHb B o6naCTH .Ha6niDaeHHH H/lH HeT. Ecna 

pa3BHTH8 /lHBHH npOHCXOaHT B KBMepe qacTeqH0 1 TO B aallbH8l!IU8M T8KOA /lHB8Hb 

6yaeM HB3btBBTb o6peaaHHbiM. B Heo6peaaHHbiX nasHHX HeonpeaeneHHOCTH B R 
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CBS!38Hbl C TO'lHOCTblO H3MepeHHSl ~ r B C aeonpeneneHHOCTb lO MB HHM8flbHOH JlflHHbl 

cnenos a neKTpoaoe H no3HTpoHoB, Ha6niOnaeMhiX a Ka Mepe. EcnH a Ta .anaHa '!eTKO 

onpeneneHa 
H BO BCeX flHBH5!X 0JlHH8KOB8, He38BHCHMO OT llX nonHOH 3HeprHH, TO 

BBHJlY He38BHCHMOCTH ¢opMbl paBHOBeCHOI'O cneKTp8 aneKTpOHOB B flBBHe OT 3HeprHH 

/4/ 
flHBH5! nonH aaepraa, He nonne)!{awaH HafiniOJleHHIO, uyneT HeOnpeneneHH8 flHWb 

B T8KOH CTeneHH, B K8KOH HeOnpe neneHHbl ¢fl!OKTY8UHH JlOflH nonHOH 3HeprHH nepBB'l-

HOI'O 
y -KB8HT8, KOTOp85! He B b!)len5teTC5! B KaMepe H8 BOHB38UHOHHble nOTepH flHBHe-

BbiX aneKTpoaos H no3HTpOHOB. He nonne)!{awaH npHMOMY Ha6niOneHHIO nonH aHeprHH 

6yneT onaaaKoaa nnH acex naaaen a y'lHTbtsaeTCH a Kos¢¢HnHeaTe nponopuHoHanb

/2/ HOCTH k Me)!(JlY CyMM8pHblM npo6erOM aneKTpOHOB R B aaeprael\ y -KB8HT8, 

Bbt3saswero naseHb (E y = k R) . 

C uenbiO onpeneneHHSI MHHHManbHOH aa6niOnaeMoll nnHHbi cnenoa nHBHeBhiX 

aneKTpOHOB 6btn OT06pa!i 31 H30nHpOB8HHblH nHBeHb C p83HOH nonHOH 3HeprHeH Ey , 

nonaocTbiO pa3BHBaiOwi!HCH s KaMepe. B Ka)!{JlOM naaae Ha o6o11x CHIIMKBX cTepeo-

napbt 113MepRni!Cb nnHHbi npoeKUI!ll cnenoa r 
I 

acex Ha6niOnaeMbiX oTnenbHbiX naa-

HeBblX aneKTpOHOB B nnOCKOCT.Il cpoTorpaqJHpOB8HII5!. J1HBHH 6btnH pa3.neneHbl H8 qeTbi-

pe rpynnbi: 

1-H rpynna conep)!{ana necHTb nHBHell c nonHbiM npo6eroM aneKTpoHos R OT 

42 JlO 77 eM; 

Bee 

2-n rpynna - weeTHanuaTb nHaHell e R oT 78 no 143 eM; 

3-n rpynna 'leTb!pe nHBH5! C 

4-ll rpynna - OJlHH nHBeHb e 

R 

R 

OT 144 JlO 260 eM H 

6oflbine 260 eMx). 

6brnH noeTpoeHbi paenpeneneHHH nnHH enenoa nnn Ka)!{noro Knaeea nHsHell, 
xx) 

KpHBbie HOpMHpOB8Hbl B TO'!Ke, COOTBeTeTByiOwel\ t = 2 eM • Pe3ynbT8T 

ITOK838H H8 pile. 1. 

H3 paenpeneneHBll BHJlHO, 'ITO eyweeTayeT rpaHH'!HaH nnHHa npoeKUHH aa-

6niOnaeMbiX aneKTpOHOB, He 38BHeHW8Sl OT nonHOH 3Hepr11H nHBHSI II paBH85! 

0,5 :!:,0,2 eM. CnenoaaTenbHO, aa6niOnaeMaR nonH aHeprHH y -KBBHTOB a aeo6pe-

3aHHbiX nHBHllX !!BnHeTell npaKTH'!eCKH OJlHH8KOBOll, He 38BHeHmell OT nonHOH 

x) 3THM aa6op8M llH~'eil COOTBeTeTBOBanH 
aHeprHH, paBHbie E =0,59 R y 

Ey xx) Mae, R a MM) • • 

Bee aneKTPOHbi e nnaaaMB cnena, 6onbWHMH 2 eM 7aa6niOJl8K>Ten e a¢<PeK

THBHOCTbiO, 6nH3KOll K 100%, 
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aHeprHH E y • Owa6Ka s onpene n e HHH aHe praH y - KB8HTOB , B03Hl'l 

Heonpene n e HHOCTll r mtn , cocTaBnHeT "'6% . 

Owa6KH H3Me peHH5! ~ r C nOMOWblO KypBHMe T pa onpenenHflH 

o6pa30M. 6bl flll OT 06paHbl flHBHil , KOTOpbte flOflHOCTb lO pa3BilB8IOT C5! B 

Hlle R B HllX Kone6anOCb OT 10 JlO 5 00 CM , B CpeJlH HX ycnOBil5!X 

BOJlllflHCb MHOI'OKp8TDhle H3MepeHH5! y r OJlHHM H T eM )!{e H3MepH 

)!{eHO, 'ITO BO BCeX flHBH5!X cpe.aHee KB8Jlp8TH'lHOe OTKflOHeHHe COCT8 

norll'!Hhl e MHOrOKP8THhle H3MepeHil5! 6hlnH cnenaHhl H p83flH'!HhlMH 1!31 

Pa36poc He npeBbtwan 4 % : B nellc T BH T enbHOCTH s npouecce < 

WOI'O KOnH'leCTB8 cnyqaee HCnOnb3YIOTCH )lB yKp8TH bie H3Mep e HH5! ~ 

'ITO JlB8 ll3MepeHH5! OJlH03H8'!Hhl, ecna pa3HHUa s ~ r , onp enenell 

MepaTenHMH, ae 6onbwe 15% , cpenHHH pa36poc Me)!(JlY JlBYMH H3! 

nyqaeM Ha npaKTHKe Jlfl5! 60nbWOI'O K OflH'!eCTBA cnyqae B paBHblM 6,5~ 

~niOKTyBUHH B npOJlOflbHOM p83BHTHH flHBHH MOI'yT 3H8'lHTeflbHO 

aoc Tb onpeneneHHH Ey fli!Wb B cny'!BSIX, B KOTOpb!X onpeneneHI!e 

B0Jli!TC5! 

L\F.<ll 
y 

no o6pe3aHHOMY nHBHIO. CaeneHHH o senl!'li!He owH6KI! H3-3B 

B T8KHX cny'l85!X 6btnll nony'leHbl nyTeM 1!3MepeHH5! CyMM8J 

UHH npo6e roa aneKTpoHoa ~ r Ha· pa3Hb!X Jlfli!H8X pa3BIITII5! d 

o6pe3aHHbiX nHBHllX e onHHaKOBbiMH nona~>IMH nnHHBMII npo6eroa R 
0 

re 6brna nonyqeHa 3aaHei!MoeTb ow1160K s onpeneneHHH R OT ~ 
<ll / 2 / 

d np11 pa3HbiX 3Ha'leHHHX R0 , a 3aTe M owH60ic L\ E C p< 
¢ y 

'!eHHll L\ Ey yMeHbW8IOTCll, HO npH M8nbiX d , T.e. B O'leHb 06} 

HHX, MOryT 6biTb O'leHb 

60TKII nHWb niiBHH, JlnH 

6onbWIIMH, ~ npaKTHKe OK838nHeb npHI'OJlH~ 

L\E 
KOTOpbiX ::.=y_ < 30 % • 

Ey 

2. 0 38BHCHMOCTH E = f ( R' d) 
y 

Ha6op KPIIBbiX E y =f(R,d) 6bin noe TpOeH 9Kenepi!MeHT8 

llOCTpOeHH5! CeMeHeTB8 9 THX KpHBbiX, TBK )!{e KBK II CaMH KpHBbie, npi 

/ 2/ x) 
ony6nHKOB8HHOH pa6oTe , 

x) Ha aTOM )!{e aKenep!IMeHTanbHOM MaTepHane , HO Ha 6 onbwe ll 

TaKHe KpHBbte 6htnH nocTpoeHbi A.C. MapTbiHOBbiM. B o6nacTH KPHBJ 

nnn npaKTH'!eeKoro npHMeHeHHH (o6pe3 aHae He 6onbwe 30% E ) 
TH'!Hbie pe3ynbT8Tbl. y 

5 



C TO'iHOCTbiO H3MepeHHSI ::£ r H C HeOnpeneneHHOCTb!O MIIHIIM81IbHOA lll!IIHbi 

eKTpOHOB 11 no311TpOHOB, Ha6nJOnaeMbiX a KaMepe. Ecn11 aTa !lliHHa qeTKO 

a H BO acex l!IIBHSIX OAIIH8KOB8, He38BHCIIMO OT IIX nOl!HOfi 3Heprllll, TO 

8BIICIIMOCTH ~OpMbl p8BHOBeCHOrO cneKTp8 31!eKTpOHOB B l!IIBHe OT 3HeprHII 

nonS! aHepra11 , He nonne)f(amag Ha6.nJOneHHJO, uyneT HeonpeneneHH8 l!llllib 

TeneHH, B KBKOH HeonpeneneHHbl ~IOKTYBUIIII nOl!ll nonHOH 3Hepr11H nepBII'i-

KB8HT8 , KOTOp8S! He BbinengeTCSI B K8Me pe H8 IIOHH38UHOHHbie nOTepH l!IIBHe

pOHOB a noaaTpoHoa, He nonne)f(amaH npHMOMY Ha6nJOneHIIJO nonH aHepr1111 

HaKoaa nnH scex n11aHeft 11 y'iHTbiBaeTCH a Kos~~anaeHTe nponopulloHanb-

2/ 
Me)f(ny CyMM8pHblM npo6eroM aneKTpOHOB R II 3 HeprlleH y -KB8HT8, 

ro naaeHb (E y:k R). 

l!b!O onpeneneHHSI MIIHIIM81IbHOfi H861IJOnae MOH nliiiHbl cnenos niiBHeabiX 

6blll OT06pali 31 H301IHpOB8HHbil! l!HBeHb C p83HOH nOl!HOl! 3Heprllel! Ey , 

p83BIIB810lllHl!CSI B K8Mepe, 8 KB)f(nOM liiiBHe 118 060HX CHIIMK8X CTepeo-

pS!l!IICb nniiHbi npoeKulll! cnenos r 
1 

acex Ha6nJOnaeMbiX oTnenbHbiX l!IIB-

TpoHOB B nl!OCKOCTH cpOTOrpacpllpOBBHIISI. niiBIIH 6blllll p83.ll e l!ellbl 118 'leTbi-

pynna conep)f(ana necSITb nllaHeH c nonllbiM rrpo6eroM aneKTpoHoa R OT 

M; 

rpyrrrra: - weCTHanuaTb naaHeA c R OT 78 no 143 CM; 

rpynrra 'ieTblpe l!IIBHSI C 

rpyrrrra - on1111 l!H5eHb c 

R 

R 

OT 144 no 260 CM. II 

6ollbine 260 CMx) . 

11 rrocTpoeHbi pacnpenene111111 nl!IIH cneno5 nnH KB )f(noro Knacca naaael!, 

xx) 
ble HOpMHp05811bl 5 TO'iKe, COOTa e TCTBYIOWeH r : 2 CM • Pe3yl!bT8T 

1a pac. I. 

pacrrpeneneHHSI 5HniiO, 'iTO cyweCTayeT rp8HH'iH8SI n1!11118 npOeKUHH H8-

IX a neKTpoHoa, He 38BIICSIW8H oT nonHoH aHepr1111 nHBHSI a pa5H8SI 

:M. CnenoaaTenbHo, Ha6nJOnaeMaSI nong aHepr1111 y -KB8HT05 5 aeo6pe

IBHSIX S!Bl!Sie T CSI npaKTH'ieCKII OniiH8K050H, He 38BHCBllle A OT IIOl!HOA 

ITHM H860p&M llll~'e li COOT5eTCTBOB81!11 

\aa, R B MM) ' • 

aHepr1111, paaHbie E =0,59 R 
y 

•Ce 31!eKTpOHbl C nl!HB8MH cnena, 60llbWHMH 2 CM 1 aa6nJOn8JOTCSI C 3~K

'• 6naaKoli K I 00 %. 
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aaepr a a Ey • Ow11 6 K a a onpeneneHIIII 3HeprHH y - KB8 HTOB, B 0 3 HIIK810W 8SI 113 - 38 

aeon penen eHHOC TII r m in , COC T a a nHeT ~ 6%. 

O w n 6K H a 3Mep e HI!H ~ r c n o MOlllbJO KYPBHMe T pa onpe nen s:mi!Cb c nenyiOlll i!M 

o 6pa3 0M. E b!l!ll o To6 p a Hbi l!H B HH, I< OTOpbie nonHOCTb JO pa3 BHB8 IOT CH a KaMe p e . 3Ha'le-

HHe R B HHX I<01Ie6anOCb OT 10 AO 500 CM . 8 CpeAHIIX Y CliOBI!HX H3 M e p e HI!SI npo-

BOA I!l! I!Cb M HOrOKpBT IIbie 113MepeHHSI ~ r OAHIIM II TeM )f(e 113MepiiTe neM, 06Hap y -

)f(eHo, 'I TO e o a ce x nnaH HX cpen Hee Kaanp aTII'iHOe oTKnoH e HIIe cocTaanSieT 3%. AHa

norll'lHbie MH OrOK p 8TH bi e 113MepeHI!SI 6 b i1!11 Clle1!8Hbl II pa3ni!'!Hb1Ml! 113Mep11Te l!SIMII , 

Pa36poc He n peBbiwan 4%: B neftc TaaTe nbHOCTH a npouecce o.:Spa60TKII 6ollb-

w ore K01III'ieCTB8 cnyqaeB 11CnOl!b3YIOTCSI ABYKP8TH bie 113Me p e HIIH I r • npiiHSIB, 

'iTO naa 113MepeHIISI OnHO 3H8'iHbl, 

MepaTenHMII, He 6onbwe 15%, 

ecnH pa3HIIUa a ::£ r , onpene neHHbiX nayMg 113-

cpenHIIH pa36poc Me)f(ny ABYMH 113MepeHI!HMII no-

nyqaeM Ha npaKTaKe nng 6 ollbwor o KOl!ll'ieCTB.Jl cnyqae s paBHbiM 6,5%. 

¢1IIOKT y8UIIII B nponOl!bHOM p83BIITIIII l!HBHSI MOryT 3H8'iiiTel!bHO Blll!S!Tb 118 TO'i-

HOCTb onpeneneHIIH Ey l!IIWb B CliY'iBHX, B KOTOpb!X OnpeneneHHe Ey npo11a-

BOniiTCH 

IH:<ll 
no o6pe3BHHOMY l!IIBHJO. CaeneHIIH o aenll'liiHe ow116K11 113-38 ~IOKTyau11ft 

y 
a TBKIIX c nyqaHx 6bi1!11 nonyqeHbi nyTeM H3MepeHHH cyMMBpllbiX nniiH npoeK-

UIIH rrpo6eros a neKTpOHOB L r 118 p83Hb1X n1IIIH8X p83BHTIISI d B I!CKyCCTBeHHO 

o6pe3aHHbiX l!IIBIISIX c oniiiiBKOBbiMH rronHbiMII nniiHBMH rrpo6eros R 
0

: const • B liTO-

re 6b!1Ia rronyqeHa 385HCIIMOCTb ow1160K a orrpenene111111 R OT nl!HIIbl p 83BIITI! Sl 

¢ / 2 / 
d rrp11 p83HbiX 3Ha'ieiii!HX R 0 , a 3aT eM ow11601c /:; E • C poc ToM d 3H8-

¢ y 
q eHIIH /:; EY yMellbWBJOTCH, 110 rrp11 Mal!biX d , T. e. a o'ieHb . o6pe3811HbiX 1!115-

IISIX, MOryT 6biTb O'ieHb 

60TKH l!IIWb 1!1161111, nnH 

60llbWIIMII. ~ IIp8KTIIKe OK8381!11Cb IIpHrOnHblMII nl!H 0 6pa

f:;E 
KOTOpblX ::.::.y_ < 30 % . 

Ha6op Kpllabi x 

Ey 

2. 0 38BHCI!MOCTII E : f ( R' d) y 

Ey: f{R , d) 6bin noc TpoeH aKcnepiiMeHT al!bHO. Cnoco6 

nOCTp OeHHSI CeMeHCTB8 3TI!X Kp115biX, T8K)f(e K8K II C8MH Kp iiBbi e , IIpHBenellbl B paHee 

/2/ x) 
ony6n11KOB8HHOfi pa6oTe • 

x)Ha 3TOM )f(e 

T8KIIe Kp115ble 6bll!ll 

nnR npaKTH'ieCKoro 

Tll'iH bie pe3yl!bT8Tbl, 

3KCnep!f M eHT81IbHOM M 8Tep11B1Ie ,HO H8 6 0 l!bWeli CT8TI!CTIIKe7 BHOBb 

nocTpoeHbi A.C. MapTbiH05biM. B o6nacT11 KpiiBbiX, np11ronHoli 

npiiMeHeHHSI ( o6pe 38HIIe He 6onbwe 30% E ), nony 'ieHbi llneH-
y 
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Ha6 op KPHBb i X E =f(R,d) 
y 

npe acTaanseT c o6oA OAHonapaMeTpHqecKoe ce-

MeHCTBO 

R 0 = R [ 1 - exp I ¢ ( R 
0 

, d J ll , 

rae R
0 

- nonHhiH npo6e r ane KTpOHOB H no3HTpoHoa a Heo6pe3aHHOM nHaHe c non-

HoA 3HeprHell E y = k R 0 
. C uenbro npaKTHqecKoro npHMeHeHHH a npouecce pac-

qeTa 6onbworo KOnHqeCTBa cnyqaea He06XOAHMO KpHBhle E y = f (R, d) 3anHCaTb B 

naMHTb a neKTpoHHo-cqeTHoll MaWHHhl. .Uns aToro ceM ellcTeo yKa3aHHbiX KpHBhiX 

YA06HO arrnpOKCHMHpOBaTb ~YHKUHeH I . / 

[ 
2 q(l,5-y3,58-lqR 0 0, 48 8 ( lq d) -

R =R! 1-_!_< 10-lo o,225 
2 

- 5. 5!43 l 
+ 

[ 
2 8,215(3,58-1 R.) 

-10 0, 488 (lqd) + q.ll 
+ 10 lqR 0 +o, 77 

( 1) 
-8, 0978] 

l} -1 • 

3HaqeHHe R 0 

eTcH aenaqaHa 

nonyqaeM OTCIDA8 MeTOAOM HTepaUHH, HyneBbiM npH6rrHlKeHHeM HBrrH-

R • npoueaypa HTepauHH npoaonJKaeTCH n paa no Tex nop, no-

Ka He 6yaeT ahmonHeHo ycnoaae 

(E ) -( E ) 
y n y n-1 

~ Q. (2) 
(Ey)n-1 

~ 38BHCHT OT Tpe6yeMOH TOqHOCTH B onpeaeneHHH 3Hepl"'HH y -KBaHTOB, npaK

THqeCKH AOCTaTOqHO B3HTb Q :5 0,01. napaMeTpbl ~yHKUHH ( 1) 6binH llOA06paHbl 

qHcneHHbiM MeTOAOM c noMOillbiD MawHHbi GIER • ToqaoCTb oTo6paJKeHHH Ha-

6opa 3KCnepHMeHTarrbHbiX KpHBbiX 3TOH ~yHKUHeH B AH8Ua30He 3Hepl"'HH y -KB8HTOB 

OT 20 M3B AO 2 faa COCTaBnHeT B CpeAHeM 1%. MaKCHM8rrbHOe OTKrrOHeHHe He npe-

BbiWaeT 5%, 

Ha pHc. 2 noKa3aH aa6op KpHBhi X, paccqHTaHHbiX no ~opMyne ( 1) ans HeCKonb-

KHX 3HaqeHHH R 
0 

• KpylKK8MH o6oaHaqeHbi TOqKH, nonyqeHHbie H3 3 KCnepHMeHTa 

npH cooTBeTcTayromHx 3HaqeHHHX R 
0 

• KpHBhie, o6oaHaqeHHbie 70, 80 H 90%, Bhi-

aenHIDT o6naCTH H8 KpHBbiX, COOTBeTCTBYIDIUHe 30, 2Q H 10% o6pe3aHHID nHBHH 

KaMepe. 
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B 

3. AHanH 3 Toqaoc TH onpe aene HHH Ey H3 3aBHCHMOCTH E 
y 

8 h1We 6bJnH npOaHanH3HpOBaHbl nHWb OCHOBHble, ITOAA8IOIUHeCH aE 

KH OWH 60K B OnpeaeneHHH 3He pl"'HH Ey B aeAcTBHTe nbHOCTH Ha TO 

neHHH · E y MolKe T anHHTb eiue pS!Jl apyrHX npHqHH. HanpHMep, Mhl 

BH M e TpOM .:tn HHbl n poeiG.lHH cneAOB CH11bHO pacceHHHbiX qaCTHU H nHW~ 

yqHTblaaeM MaCwTa 6 npH nepexoae oT upoe!''li!H a nnocKOCTH nneHK H 

Hbi M AnH H8M B K8Mepe, 0wH6KH, BHOCHMhle TaKOH npoueaypoA, TpyAHC 

onpeaen e HRH TOqHOCTH H3MepeHHH Ey nyqwe acero 6wno 6w H3~ 

HbiM MeTOi\OM Ey ans y -KB8HTOB C H3BeCTHbiMH 3H e pl"'HSIMH, 

pacnonaraeM Ha6opoM y -KB8HTOB C H3BeCTHblMH 3HeprHHMH, U03TC 

TOqHOCTH OnpeaeneHHH Ey 6yaeT COCTOHTb B npoaepKe TOqHOCTH 

MaCChi H3BeCTHOH qaCTHllbl, pacnaaaromeHCH Ha 

uenbiD 6bmH oTo6paHhl 11° - Me30Hhl H3 "+ + Xe 

y -KB8HTbl, 11° -M 

B3aHMOAeHCTBHH 

pHqHbiM 3apHlKeHHbiM npOAYKTOM, Cnea KOTOporo OCTaHaBnHBanCH B I 

MH y -KBaHTaMH. TaKae B3aHMoaeAcTBHH MOlKHO HHTepnpeTHpoaaT& 

THna 11++ n .. X + p 6 
/5 , 

H8 KBa3HCBO OAHbiX HeHTpOH8X KCeHOH8 
,L. 2 y 

nerKO BbiAerrHTb pe8KUHH "+ + n .. "o+ P , HCnOnb3YH ~YHKUHID pacr 

qaea no yrny f'yy MelKAY y -KBaHTaMH, 

B na6opaTOpHOH CHCTeMe KOOpAHHaT MHHHMarrbHbiH yron paaneT. 

®min 
yy , reHepHpOB8HHbiX B peaKUHH 17 + + n-+ 17 0 + p -+ y + y + p 

paaeH 6°23', 0Kono 3TOI"'O yrna AOrrlKHO rpynnHpOBaTbCH 60nbWHHCTBC 

aaaqeHHH <"' yy • MHHHManbHhiH yron P mtn B cnyqae polKAeHHSI 

+ 0 
"+ft-+1) +p B peaKUHH 

yy 0 

cocTaanseT 26 20'. E .cnH npeanonoJKB 

L. 2 y 
3aMeTHOM KOnHqeCTBe ApyrHX qaCTHU, pacnanaiDIUHXCH H8 2 

M8_CC KOTOpb!X H8XOAHrrHCb 6bi B HHTepaane MaCC OT m !7 O 

WO BbiAerrHTb 17 O -Me30Hbi, UOnb3YHCb KpHTepHeM OT60pa: 

ceneKUHH B03MOlKHbil! ~OH cnyqaeB OT C06biTHH C qHCrrOM 

y -KBaE 

AO m 0 , 

11 c 
eYY =: 24 

y -KBaHT 

He npeahiwaeT 1%. B BhiAeneHHhiX TaKHM o6paaoM cnyqasx c "
0 

-M 

psnHCb nonHhie npo6era R aneKTpOHOB H U03HTpOHOB B rrHBHRX, C( 

KB8HTaMH OT pacnaaa !70-+2y , a 38TeM C UOMOillbiO 38BHCI!MOCTH 

onpeaensnHCb aHeprHH y -KB8HTOB H BblqHCrrHni!Cb 3<jxj>eKTIIBHble 1> 

BeCTHOll ~OpMyne: 

m = v 2 E E (1 - cos e ) . 
yy IY 2Y yy 

7 



KpHBblX E =f(R,d) y npe.o:cTasnHeT co6oA o.o:HonapaMeTpHqecKoe ce-

R 0 = R [ I - exp I ¢ ( R 
0 

, d ) 11 , 

nHhlH npo6er aneKTpOHOB H Tl03HTpOHOB B He06pe38HHOM nHBHe C non-

E y= kR 0 • C uenbro npaKTH qecKoro npHMeHeHHH s npouecce pac-

KOnHqecTsa cnyqaes He06XO.O:HMO KpHBhle E y = f (R, d) 3anHC8Tb B 

OHHO-cqeTHOH MaWHHbl, LJ.n g 3 TOI'O CeMelicTii!O yKa3aHHb!X KpHBblX 

CHMHpOBaTb ¢yHKUHeH I . / 

[ 
2 Q( l,5-y3,58-loR

0 0, 48 8 ( l q d l - ---------"-

I II-+(10-10 0,225 
- 5, SHS] 

+ 

e 215( 3, se -I oRal 2 ' 
_1 0 o, 48 e [ < I o d l + --:-1 o--=R-o-;+-;o::-,-:7;:;7:-- ~ 

(I) 

l}-1 . 
-8,0978] 

rronyqaeM OTCID.O:a MeTO.O:OM HTepaUHH, HyneBbiM npH5nHJKeHHeM S!BnH-

R . npoue.o:ypa HTepauHH npo.o:onJKaeTCH 

wnonHeHo ycnosHe 

(F: ) -(E ) 
y n y n-1 

~ Q. 

(EY)n-1 

n paa no Tex nop, no-

(2) 

)T Tpe6yeMOH TOqHOCTH B OTlpe.o:eneHHB 3Hepi'HB y -KBaHTOB, npaK

'OqHO B351Tb Q ~ 0 1 01, napaMeTpbl ¢yHKUBB ( 1) 6binB no.o:o6paHhl 

O.O:OM c nOMOlllbiD MaWBHbl GIER • ToqHoCTb OTo5pa>KeHHS! Ha-

•HTanbHbiX KpHBb!X 3TOH ¢YHKUHeA B .O:Hana30He 3Hepi'HH y -KBaHTOB 

! faa COCTaBnHeT B cpe.O:HeM 1 % . MaKCBMaTlbHOe OTKTlOHeHHe He npe-

nOK838H Ha6op KpHBbiX 1 paCCqHTSHHblX TIO ¢opMyne ( 1) .O:TlS! HeCKOTlb-

• Kpy>KKaMB o6oaHa qeHbi ToqKH 1 nony qeHHhie H3 3KCnepBMeHT8 

' IDlllHX 3HaqeHBSIX R 
0 

• KpBBhie, o6roHaqeHHbie 70 1 80 H 90%, Bhi-

Ha K pBBbiX, COOTBeTCTBYIDlllHe 30 1 20 B 10% o6pe3aHHID TlHBHH B 

6 

3. AHanH3 ToqHOCTH onpe.o:eneHHH Ey H3 3a BHCHMOCTH E = f(R,d) 
y 

8hi W e 6binH npoaHanH3HpOBaHbl nHWb OC HOBHhie, TlO.O:/:laiOUlHeCH aHanH3Y HCTOqHH-

KH OWH60K B Onpe.o:eneHHH 3 H e pi'HH Ey 8 .O:eHCTBHTe nbHOCTH H a TOqHOCTb Orrpe.o:e-

n e HHH E y MO>KeT snHHTb eme pga .o:pyrHx npHqHH, HanpHMep, Mbl H3MepHeM Kyp-

BHMCTpOM ilnHHbl npoeiG.!HH cne.o:OB CHJtbHO pncceHHHblX qaCTHU H nHWb B cpe.o:HeM 

y qHTb!BaeM M8CWT a6 TlpH nepexo.o:e OT npoe~: •UIH B nnOCKOCTH rrneHKH K .o:ei\CTBHTenb

HblM .O:TlHHaM B KaMepe, 0wH6KH, BHOCHMhle TaKOH npoue.o:ypoA, Tpy.O:HO yqeCTb, LJ.ng 

onpe.o:en e HHH TOqHOC TH H3MepeHHH E y nyqwe scero 6btno 6bl H3MepHTb yKaaan-

Hb!M MeTO,QOM Ey anH y -KBBHTOD c H3BeCTHhi M H aHeprHHMH. O.o:HaKo Mbi He 

pacnonaraeM Ha6opoM y -KBaHTOB C H3BeCTHbiMH 3Hepi'HHMH 1 Tl03TOMY nposepK8 

TOqHOCTH Onpe.o:eneHHH Ey 5y.o:eT COCTOHTb B nposepKe TOqHOCTH orrpe.o:eneHHH 

M 8CCbl H3 B e CTHOill qaCTHUbl, pacna.o:aromeJtcg Ha 

UenbiD 5binH OT05p8Hbl ITO - Me30Hbl H3 IT+ + Xe 

y -KsaHThi 1 IT 0 -MeaoHa. C a ToA 

B3aHMO.O:eHCTBHH C O.O:HHM BTQ-

pHqHblM 3apH>KeHHblM rrpO.O:YKTOM, cnea KOTOpOI'O OCTaHasnHB8nCH B KaMepe 1 H .O:BY

Mfl y -KsaHTaMH, TaKHe B3aHMo.o:eAcTsHH MO>KHO HHTepnpeTHposaTb KaK peaKUHH 

THna IT++ n -+ X + p 
,L. 2 y 

nerKO Bbl.O:enHTb peaKUHH 

/56/ 
Ha KBa3HCao6o.o:HhlX HeATpoHax KCeHOHa 

1 
• Cpe.o:H HHX 

IT++ n-+ ITO+ p 1 HCnonb3YH ¢yHKUHID pacnpe.o:eneHHfl cny-

qaes no y rny e.yy Me>K.O:Y y -KBaHTaMH, 

8 na5opaTOpHOH CHCTeMe KOOp.O:HHaT MBHBM8nbHblH yron paaneTa y -KBaHTOB 

EJ~1; , reHepHpOB8HHbiX B pe8KUBB IT++n->ITO+p->y+y+p npB 2 1 34fa~s/ct 

paseH 6 ° 23
1

, 0Kono 3TOI'O yrna .O:OTl>KHO rpynnHpOBaTbCH 50nbWBHCTBO Ha5nro.aaeMbiX 

3HaqeHBH f yy , MBHHM8TlbHbiH yron f' min B cnyqae pO>K.O:eHHH 1) 0 -qaCTHUbl 

+ o YY o 
B pe8KUHH IT + n-+ I) + p COCT8BnHeT 26 20', E.cnB npe.o:nonO>KHTb 1 qTo HeT B 

'- 2 y 
38MeTHOM KOnHqeCTBe .O:pyi'BX qaCTHU 1 pacna.0:8IDlllBXCH H8 2 y -KB8HT8, 3HaqeHBS! 

Ma_CC KOTOpblX HaXO.O:HTlHCb 5bl B BHTepsane M8CC OT m ITO 

WO Bbi.O:eTlHTb ITO -Me30Hbl, nOnb3YHCb KpHTepBeM OT5opa: 

ceneKUHB B03MO>KHbiH ¢oH cnyqaes OT C06hiTHH C qBCnOM 

.0:0 m 01 TO MO>KHO xopo

lJ 0 
flyy:: 24 , npH T8KOH 

y -KBaHTOB1 paBHbiM 4 1 

He npeBhiwaeT 1 %. B Bhi.O:eneHHhiX TSKHM o5pa3oM cnyqaS!X c IT 0 -MeaoHaMB H3Me

pHnHCb nonHbie npo6erB 

KBSHTaMB OT pacna.o:a 

onpe.o:enHnHCb aHeprBB 

BeCTHOH ¢opMyne: 

R 

ITO-+ 2y 

aneKTpOHOB B n03HTpOHOB B TlHBHS!X 1 C03.0:8HHbiX y -

E -f(R 1 d) , a 3aTeM C nOMOIDbiD 38BHCBMOCTH 
y 

y -KB8HTOB H BbiqHCTlS!nBCb 3¢<jleKTBBHbie MaCChi no B3-

m = v 2 E E (1 -cos e' ) • 
yy ty 2y yy 
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Ha pHC, 3 nOK838HO pacnpeaeneHHe cnyqaeB B peBKUHH THna rr++n .. X+p 

no yrny err 
.. 2y 

KpHBBH I SianSieTCSI TeopeTH'!eCKH pacC'IHTBHHOl!: AIIH rr 0 - Me3oaoa, 

KpHBBSI 2-anSI 1/ 0 - Me3oaoa. P acnpeaeneHHe cnyqaea, aaxoamnHXCH a pal!:oae 

A 
yy 

OT (')'"1
" ao f!yy= 24°, no 3cp<jleKTHBHb!M 

yy 
Dp08H8JIH3HpyeM 3TH cny'laH 

MBCCBM nOK838HO HB pHC, 4, 
£\ E 

113 aaann:3a pacnpeaeneHHH ~~'yy 

C UeJib iO onpeaeneHHSI TO'IHOCTH ~ , 
Ey 

H3BeCTHa CpeaHHSI 3!jJ<jleKTHBHaSI MBCCa m =132 M 3B yy 

a onpeaeneHHH "'yy , paaaaSI 28 M3B H cpeaHHSI KBBapBTH'IHB SI OWH6Ka 

~y =21 % ). B 3Ty OWH6Ky, 
myy 

KpOMe 
.'\E 
----L , aowna eme owH6Ka a onpeae-

JI6HHH p yy , KOTOpBS! T8K)!{e HaM 
F 

H3BeCTH8y H paaaa B cpeaHeM 9 %. 
£\F 

O w n:6Ka a orrpeaeneHHH 3HeprHH __ Y_ Bbipa)!{aeTcSI ¢opMynol!: 
EJC 

L\ E f. n m -m 11
)2 n f' - 6yy 

--..}L = i 2 j.J.._ ~ ( Yt_ YY) - ...L ~ ( ~H (If ) I 
E y n 1= 1 m)'Y 4 1-=1 tg f1YY1- 8 n2 

(3) 

(I) 4 (I) (I) 
rae myy - 3Ha'!eHHe 3!jlcpeKTHBHOJ! MBCCbl B aaHHOM Cnyqae, a f · y H f) - pe-

l y I yy 2 
3ynbTBTbi nepaoro H BToporo !113MepeHHH yrna et ) . Docne noaCTBHOBKH COOT-

yy L\ E 
BeTCTBYIOWHX 3Ha'leHHl!: nonyqaeTCS!, 'ITO BO BCeM Ha6ope cnyqaeB :::...:::J::_ "' 27%. 

E 
CJIY'I86B Coaep )!{aJili>Cb H TaKH/. B KOTOpb!X 

L\ R 
B pac cMaTpHaaeMoM aacaM6ne 

CTeneHb 06pe3aHHSI JIHBHeH 6wna aoaoJibHO 6oJibwaSI, -R- .. 30%. EcnH !13 3Toro 

BHCBM6JISI BbiaeJIHTb CJiy'!aH, B KOTOpblX CTeneHb o6pe38HHS! TBKOBa, 'ITO ljJnJOKTya
L\E 

UHH a R He 6onbwe 15% (Hx · 6wno 88), TO nony'!HM .:::..:::.X.= 23%. 
Ey 

B a el!:CTBHTenbHOCTH TO'IHOCTb a onpeaeneH.H.H Ey MO)!{eT 6biTb nyqwe. He-

o6xoaHMO, oaaaKo, Tpe6oaaTb, 'IT06bt cTeneHb o6pe3aHHS! nHBHel!: 6bma MeHbWe. DpH 

T BKOM o6pe38H.HH, KOTOpoe o6ecne•maaeT cpJIIOKTyaUHl! B R He 60JibWe HeCKOJibKHX 
£\E 

npOUeHTOB, MO)!{HO noJiy'IHTb 3Ha'!eHHe y= 12-15%, 

n y . . E 
oaaoaSI HTOI'l!, MO)!{HO CK83aTb, 'ITO TO'IHOCTb H3MepeHHSI 3HeprHH y 

p8BH8 12-35% B 3aBl!CKMOCTK OT CTeneHH 66pe3aHHH JIHBHSI, ·CneKTp y -KBBHTOB 

B cny'IBS!X , Bbl6paHHblX anSI onpeaeneH.HSI TO'IHOCTH MeToaa,npOCTHpaeTCSI OT 40 ao 

2400 M3B. 

Llo6aaoqaol!: , KB'!eCTaeaaol!: npoaepKol!: npaaanbHOCTH H3MepeHRH Ey SIBJIS16T-

CSI 8H8JIH3 pacnpeaeneHRl!: 3!jxp6KTliBHbiX MBCC m yy , nony'!eHHblX H3 BC6B03MO)!{-

Hb! X yy -KOM6l!H8UHl!: B CJIY'IBSIX Tlilla TT+ + n -+X+ p , rae ·K = 3,4,5,6, Doapo6aee 
-+Ky 

OCTBHOBl!MCSI HB CJiy'!aS!X C K = 4, PacnpeaeneHHe BC6X 990 · yy •KOM6HHaUHl!: B 

165 CJIY'IBSIX nOK838HO HB pHC, 5, Q)!{aaaeMOe 'IHCJIO 3cp<jleKTBBHhlX MBCC CO 3Ha'le-

8 

'i 

'! 
"' 

~ 

HHSIMH, COOTBeTCTBYIOIUHMH TT C -Me30H8MH, BO BCeX yy -KOM6HH 

He 60JibWe 1 / 3 OT 'U!CJIB BCeX B03M0)!{Hb!X KOM6HH8UHJ!:, Docne Bbl'l 

'!eHHOI'O no MeToay M OHTe-Kapno ( HB pH C. 5 CnJIOWHBSI KpHBBS!) , 11• 

OKOJIO 25% BCeX KOM6HH8UHl!: MOI'yT COOTBeTCTBOBBTb MBCCBM TT O - 1 

Ha pn:c. ti noKa3aHbi pacnpeaeneRBH yy -KOM6HH8UHl!: BO BC 

2y 3y • 4y Sy H 6y B Ka)!{aOM B3 pacnpeaenean:l!: r. 

Bb!p8)!{eHHblil nHK, COOTBeTCTBYIOIUHl!: MBCCe TT O - Me30Ha, 

n H T e p a T y p B 

I. 3.C. CTpyranbCKHl!:. MaTepHBJibl coaewaHHH no MeToar;Ke ny3blpb 
npenpHHT Ol1Hl1 )\~ 796, Lly6Ha 1961 j 

n.n. Koaoaanoaa, n.c. OxpHMeHKo, 3.C. CTpyranbCKHil. Dpenplll 
Lly6aa 1961; DT3 N! 6, (1961), 

2. 0. C11yaewakl, J. Danyam, z. S. Struaalakl. Aota Pbyaloa Polontoa, 2· f, 809 ( 1Q68); 

DpenpHHT Ol1Hl1 P-1144, Lly6aa 1962. 

3. E. HH'!HnopyK, 3.C. CTpyranbCKHil. npenpHHT Ol1Hl1 N! 1989, Ll:y 

4. C.3. EHJI6HbKHl!:. naaHHHbie npoueCCbl B KOCMH'IeCK.HX nyqax, Moe 
H3aaT, 1948. 

5. Z. S. Strugals.ld and T . Slemlarezulc, Phys. Lett . _!!, 347 ( 1964 ) . 

6. M.LlawKeBH'I, E; CnOBHHCKHil, 3.C. CTpyraJibCKHil. npenpBHT 
Lly6aa 1966. H4> (a ne'IBTB). 

PyKonHcb nocTynHna a a3aaTenbCKHl!: oT. 
10 MBSI 1967 I', 
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3 noKa3aHo pacnpe.oeneHHe cnyqaea B p eaKUHH THna rr + + n-+ X+ p 
-+ 2y 

KpHBaSI 1 SianSieTCSI TeopeTH'ieCKH pacc'iHTaaaolf .o-ns 11° - Me::loaoa, 

71 ° - Me30HOB, P acnpe.oenea11e cny'iaea, aaxo.omn11xcg a palloae 

.00 
0 

f'yy= 24 , no aljlljleKTIIBHbiM MaCCaM noKa3aHO Ha pi!C, 4, 
~ E 

cny'iaH c nenbJO onpe.oeneHHSI TO'iHOCTH ::..:::r. . ana311pyeM 3TH 

pacnpe.oeneHIISI m yy 
Ey 

H3BeCTHa cpe.ctHSISI aljlljleKTIIBHaSI Macca m =132 Mas 
yy 

KBa.ctpaTI!'iHa Sl OIII1!6Ka B onpe.oeneHIIII ~~'yy , paaaag 28 Mas 

21 %). B aTy OIIIII6Ky, KpoMe 
~ E 
~ 

E' 
, BOIIIna eme OIII116Ka a onpe.oe-

y , KOTOpag TaKJKe HaM 113B9CTHay II pasHa B CPe.ctHeM 9%, 
~ F 

a B onpe.oeneHHII 3Hep1"'1111 __ Y_ BblpaJKa9TC Sl lj>OpMynoJI 
EJC 

fi-- (ll Po' eo, 
1 1- 2 

~ (mYY-mYY) 2_...L,; ( YYf-· YY2 ) 1 
- =\ - L _ L . (I (I) 

n 1=1 myy 4 1"'1 t flyYI- ~yY2 
(3) 

g 4 (I) 
3Ha'ieHae aljlljleKTIIBHOH MaCChi B .ctaHHOM Cnyqae, a @- y II @( ll - pe-

y 1 yy 2 
~pBOI"'O II BTOpOI"'O 1113Mep9HI!Sl yrna elll , fiocne no.ctCTaHOBKII COOT-

yy ~E 
~ 3Ha'ieaall nonyqaeTCSI, 'iTO ao seeM aa6ope cnyqaea :::..:L = 27%. 

MaTpi!BaeMOM aHCaM6ne ·cnyqaea co.oepJKan~cb 11 
E 

TaKHl. B KOTOpbiX 

~3aaag naaaelf 6bma 
L\R 

.ooaonbHO 6onbmag, -R-.,30%. Ecna 113 aToro 

.cteni!Tb cnyqaa, B KOTOpbiX CTeneHb o6p93aHI!Sl TaKOBa, 'iTO ljlnJOKTya
L\£ 

1e 6onbllle 15% (ax · 6blno 88), TO nony'l:HM ~ = 23%. 
E y 

rBHT enbHOCTII TO'iHOCTb a onpe.oeneaaa Ey MOJKeT 6biTb ny'illle, He-

HaKo, Tpe60B8Tb 0 '!T06bi CTeneHb o6pe3aHHSl RHBHei! 6b!na MeHbllle, flp11 

ana, KOTopoe o6ecneqasaeT ljlnJOKTyanaa a R ae 6onbme aecKonbKIIX 
~E 

OlKHO nony'ii!Tb 3Ha'i9HII9 y= 12 -15%, 

IITOI"'H, MOJKHO cKa3aTb, 'iTO T6'i!iOCTb a·3Mepeaag aaeprna Ey 

B 3aBHCIIMOCTII OT CTeneHH 66pe3aHI!II rrHBHSl, ·CneKTp y -KB8HTOB 

6p aHHbiX .ORSl onpe.cteneHI!Sl TO'!HOCTII MeTO.cta,npOCTHpaeTCSl OT 40 .00 

:oll, Ka'iecTaeaaolf npoaepKoll npaaanbaocTa H3MepeH!!SI Ey SIBnSieT-

:Ipe.oeneaall aqxpeKTIIBHbiX Mace m yy , nonyqeaabiX 113 aceso3MOJK

:6aaauall B cnyqagx Tlilla rr+ + n -+X+ p , r.oe ·K = 3,4,5,6. flo.opo6aee 
-+Ky 

~ cny'iaSIX c K = 4. Pacnpe.oeneaae acex 990 · ty •KOM6naanall a 

•Ka3aHo aa pac. 5. OJK~~.ctaeMoe qacno aljlljleKTHBHhiX Mace co 3Ba'!e-

8 

.......... ----------

'i 

l 

HIISlMII, COOTB9TCTBYIOllliiMII TT O - M930HaMII 0 BO BC9X yy -KOM6HHaUI!SIX .ctOrrlKHO 6hiTb 

ae 6onbllle 1/ 3 OT '11!Cna acex B03MOlKHhiX KOM6Haauall, flocne Bhi'ii!TaHKSI ljloaa, nony 

qeaaoro no MeTo.oy MoaTe-Kapno (a a p11c. 5 cnnolllaag KpHaaSI), nonyqaeTcSI, 'ITO 

OKOnO 25% BCeX KOM6aaanall MOI"'yT COOTB9TCTBOBaTb MaCCaM TT O - M930HOB, 

Ha p11c, 6 noKa3aHbi pacnpe.oeneaag yy -KOM611Harrllll BO BCeX cny'iaSIX C 

2y 3y ' 4y Sy II 6y B KaJK.ctOM 113 pacnpe.oenea11ll nonyqaeTCSl '!9TKO 

Bbipa JKeHHbii! niiK, COOTBeTCTBYIOlllllll MaCC9 TT O -M930Ha, 

n 11 T e p a T y p a 

1. 3.C. CTpyranbCKHll. MaTepaanhi coaemaaag no MeTO.OHKe ny3hipbKOBhiX KaMep. 
fipenpaHT OH5IH N> 796, .lly6aa 1961; 
n.n. Koaoaanoaa, n.c. OxpiiMeHKo, 3.C. CTpyranbCKall. fipenpaHT OHRI1 P-700, 
.lly6aa 1961; TIT3 N9 6, (1961), 

2. O. Ceyeew•kl, J . Danyaz, Z. S. Struaalakt. Aota Phyaloa Polonloa, 2· t, 609 ( 1968); 

fipenpaaT OH5IH P-1144, .lly6aa 1962. 

3. E. Ha'!HnopyK, 3.C. CTpyranbcKall. fipenpaaT OH5IH N9 1989, .lly6aa 1965, 

4. C.3. EaneHbKIIA. nasHHHbl9 nponeCCbl B KOCMII'!9CKIIX nyqax, MoCKB8, rocTex-
113.08T, 1948, 

5. Z. S. Stru gals.ki and T . Slemlarezuk , Phys. Lett . .!l• 347 ( 1964 ) . 

6. M • .llawKeBH'I, E, CnoaaaCKHll, 3.C. CTpyranbCKHll. fipenpaHT OH5IH P-2736, 
.lly6aa 1966. 5!4> (a ne'!aTa). 

PyKOni!Cb noCTynana B 113.QaTerrbCKHll OT.cten 
10 Mag 1967 !"', 
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P!!C. 1. 

o,a 

A, r 
~,6 X 

0 
0 

o.~ 1- g 

0,4 ~ l 

• o.~ 1-

i~ 
o,n 

~ ~ 
0,1 1- ~ r. i: .. 8 • Q 

Zllf5&71 IOflfZI3Iolff511117 .. ., tO 

Yi_ (CM) 

Pacnpenenea11e nn.HH r 1 
cyMMapHbiMH npo6eraMII 
3) X R = 144- 260 CM; 

N( > 0) 
A= a · 

N(>2 c r.:I .,. ) 

cnenoa e+ 11 e 
R : 1 )t. R = 42 - 77 
4 ) 0 R> 260 CM. 

10 

B nHBHSIX C pa3Hb!MH 
CM j 2 ) 0 R=78-143 CM; 

R 
[•u•J 
JOOO 
2f00 
ZDGO ,., 
11100 
&GO 

600 

loGO ., 
%GO 

lSD 

100 
10 

10 

~ 

10 

zo 

80'/. 90'!. 

. ~-----:l90 
-=------1150 

-------- 920 

---------700 

/ ~~ 

• 110 

' 
lil4:..------------ 210 150 

62 
so 

27 

IO~~~~~T-~~~~~T-T-T-T-~~~~~~-

20 50 100 ·~ 110 zzo 210 JOO ~~ 110 d ( l'lroi_ 
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