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1971 



PI - 6190 
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3.C.CTpyraJibCKHH 

CllEKTPM 3~~EKTJ1BHMX MACC KOMBlitHAUlitA 

1( 0 .-ME30HOB lit f -KBAHTOB, COllPOBOWIOIUlitX 

,ll,BYXJIYqEBME 1( + • Xe B3AlitMO,ll,EHCTBlitH 

llPlit litMllYJibCE lllitOHOB 2,34 r3B/C 
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1. B B e .n"'e'~H ll e ! 

· f __ ·-,;~ ). ~-- . . ~~~>:-~?:.~{. -.~·~-~·~::~r,j,~:~~7·:~:~~::rl.'~:·J:.~~~ · 
Ha cHIIMKax c KCelrDHbBolL·nyahipbKOBofi KaMepbi ·!1B8'·0lUB1 paaMe-

poM 550x280x1~0 MM3, o6~yqi-~i~i(-i;-~'r;:~q~KE{ .. :~+ -~ea6~ri~'ic liMITynbCOM 
~ < • • ~~: ' '- ·~ • :~ :· ~ _:: : ", ' ~- " -

2,34 faB/C
1 

IICCJtenoBaniiCb CIIeKTpbl aqi4JeKTII,BH.biX M!icc KOM6IIH8Ullfi 77°-Me_; 
• ' p ~ '- • 

· aoaOJ3 II y -KBaHTds-tn:cl'lyxnytieEihqcipe~:~~tu~foc-rr +-.:::·XerBbmo rrpocMoTpeHri bBbi-
. -· ,· - ~#J 

me 500000 cTepeoljloTorpa4JIIfi. -· ~ ·i 

B cTaTbe::rrp,IIBeneHbi ·pacnpeneneli~st a4JijleKTimHi.xx{Ma.cc: M( yy), M ( u0
y), 

. - , --·; . ..,._-: "'---~ ... ~-····-····r· ........... -.. ~~·;.'""""'7'1-~~-.... ,.. .... '1~-~.-""---

M ( 77°yy) ,· M ( 17 °rr'PJ I M ( 77°77° y) ... M(rr~1J.~I!.;~.UJ11Rq~,l!.~~ a:¥arin~ STIIX .. pacrrpene~e;_ 
HIIfi II o6cy~neH~ o6IUIIS CBd'fi&T~a'(~o~y~eH!i"biX~'~rl~KfpoB aljl!fJeKTIIBHbiX Mace. 

. ' ' .· ' L--.. ·---L~~~~[~,"~~It?t~~~=~~.J . ,· 
2. MeToliH~ecKHe Bonpocbi 

npoCMOTp CHIIMKOB IIpOBOlliinCSI llB8:lKllbl C uenbiO IIOIICK8 C05biTHfi ~ +- Xe 

c llB yM ~{:I ~·a pS1/K~ Hl;l;b~MIIv BTOP,I;I!JH ~lMJf.::.!J;Ij.C:n,~u.aJ..,iii; ~ ,C,I) IIP.OijQ~~eM¥,~~- {I:ID?J>lt1- 'IIIC

n~M raMMS;.:::*aaiiTobr:!:nii;t:'rifi{~~ai!fiiHEfr"b ''tiffaix'ifa'Ji11 'oi6ii'pi!n~b:fht~ltrb~~fly•u;~, 
·- ~ -;_ .. : , , , ; .: _ . . · , ~/;- ~> ~Y: )t:: :j.~\ , : :'"1L~~:. ~ :·Y>t- :;",. ~: t• .. !; 't-: l.?.~l.'.if', .A-~:~f,V1ri~'.:i.if6' ;o,:~~;l}:·~~~n~!:r _ , .. 

H8XOllHBI11IIeCS1 B OIIpeneneHHOfi UeHTpanbHOll o6naCTII KaMephl (pHC. 1 1,B KO-

TOpblX OllH8 Il3 BTOpii'IHbiX 38pS1:lKeHHbiX '18CTIIU OCT8H8BniiBanaCb B KaMepe, 
' . ' •. ' . '' ' . - '·. ~ ~ {_; ; - ' 

He pac~ananacb II He rronBepranacb S!:nepHoMy B3BIIMorieficTBHIO. · 

·,,( 

. OrpaHII'IIIB ce5SI TaKpfi KaTeropiiefi co6biTRfi, Mbi IIMenH neno B ocaoB-

HOM C ,B38IIMOnefiCTBIIS1MII TIIII8 

17 + + p ... 17+ + p + X 
L..,.ky 

(1) 

/1-3/ 
Ha KB83IICB060llHbiX IIpOTOH8X KCSHOH8 • • X 0603H8'189T BCIO Ha6nronaeMyiO 

CHCT9Myf I'8MM8-KB8HTOB1 B03HIIKII1IIX IlnH OT pacrrana HSKOTOpOfi '18CTIIUbl H8 
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'i ,, ,,,B KC~Hoaosoft nyahip&KOBoft,KaMepe. PaaMepbi. o6nac;rH ;,;ABHbl B. panHa-. 
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77° .:_:~eSOHbl. H raMMri-K~~ 
~o -Mes~HOB, . 

Mri~H~~n~~aH aaepr 
; .. •.: '•+ ,. ··.,. 

..; 5 · M aB, ·,77 -MesoHhi, ocT 

xapaKTepHoit u'eiio'IKe. 3BJ 

npnqeM aneK~pOHbl JineHTH 

BHllY-nx. cneiia. ·17- ..:},i'eaori1 

npOTOHOB no HOHH38UHH,H. 

rn:il:· raMM8-KB8HTOB, aa6l 

~cnH npH aTOM Tpe60B8Tb 

l!eM 6nnaKofi K 94%, 1'o':':3 
B KaJKnoM oTo5paHHD 

-neil.CTBHH: H :TD'I9K KDHBepC 

l:ll=.0;5·MM 0 a:TaKJKe•n 

C03A8HHblX raMM8-KB8HTa: 

8yy MelKn'y .aanpaBneHHHMI 

{0;5:.:.2)0 ~-- n~· noiia'oil: ·~m 
raMMB-KB8HTOB onpeaen,HJ . . . 

perncTpaun:n raMMa-KBaHT 

{pHCo } ) H KOHBepTHpyiOm: 

rnn MDlKIID H3MepHTb c · ic 

PacnonaraH·CBenean 
\ 'c ·)~ '~ ~;; '< ,> "/' ·~·~, 

H o6 yrnaX: ·:aMHC£Hk· a.THX 
• • ~· J ·' < ... ·' "• ·,.,: •• "'- •• ,· ·- ···"'.').· •• ·, 

co6biTHH" onpenenHTb · 3cjlcjle 

TOB ( .k = 2,3 ... ), ~binD 

B03MO~HO pa3nH'I8Tb ~AH 

l:aMMa-KBBHTbl. ila6m 

ro smepaoro Baan:Moneil.c 

6btTb 'onpeneneaa ··f!~ .. cjlop 

k 

M2(k ) '('' ., : 2 y = ,&., ·····.:M I 
i l,t=l·'• 

..... " ¥./' ~- ~····" 

M 2( y I y I ) = 2 Ey,Ey 
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CTH B38HMOAeliCTBHlt :J 

~~. f~A~!!~I ~ ~: Pfl_A!fl!-:-y; ! ; 

I 

1 

1 

'~ ;" .~. ·.: ".··. .. . . ~ 

oT pacnaaa reaepnpoBaHHhiX B peaKunn 

"0 -~~eaouoB. .,-. · ;. 

'Mn~~~in~'ii~S! ·'aaepr:Rn aa6moaae~btX ~ ;~a~ep~ 'npoToa6B co'cTaBi:t's!eT ' ... : <t ' _.; •.· ,:•;: .. '•>:' '' ':', ·. ' :, '::'··· -;"•.:···::, .,; ' ,·;~·,,,.,•:;' 
..; 5 M aB. ·" -MeSOHhi, ocTaHaBnHBatomnecsr B KaMepe, naeHTniflnf:inpytoTCH no 

x'apaKTepHoil: ueno'!Ke aapsr1KeHHhiX npoayKTOB pacriaJia ;, TT -ti ... ~ ji +''~''· e+ + 
npn.JeM aneKTpoHbi n~eHTH~nunpyroTcsr '~er~o -H '6eaoTKasn'o nb ZxapaKii~pHOMY' 

. ~ ., ' . ' 
Bnay H:x 'cnena. ·"-:Mesoli:ht ·c anepriisi:Mli Bhillie :'!eM 10 Mas oTmi:<JaiO'icsr o'r 

npOTOHOB no HOHH38UHH H MHOI'OKpilTHOMy paccesrHHIO. HH)KHSIH. rpaHHIIB :aHep..;., 

I'Hil: raMM8-KB8HTOB 0 Ha6ntoaaeMbiX B KaMepe, H~XOUHTCH OKono 8 M 3B 0 HO 

ecnH npH STOM Tpe60B8Tb noCTOSIHCTBa 3~~eKTHBHOCTH Ha6ntoaeHHSI B cpea

ileM 6nH3KOH K 94%, TO aia' rpaHHUa CllBHHeTCsi K 15 M aB • 

. 8 Kil)KUOM OT06paHHOM· C06biTHH H3MepsrnHCb .KOOplliiH8Tbl TO'IKH' B38HMO-

)leil:CTBHSI>. n TO'IeK ··KoHBepcnn. .raMMa-KBaHTOB ._c TO'IHOCTbiO ll X,. ll Y c= .• 0, 1 MM 0 

/lZ "':' .0,5 'MM,' a -T8K)K9 nonHbiil: npo.6er :aneKTpOHOB. H H03HTpOHOB B nHBHHX0'. 

C03U8HHhiX raMMil-KB8HT8MHo'· .C :.TO'IHOCTblO - .5%. 'ro'IHOCTb HSMepeHHH- yrn~ 

@y·y Me~'y .HanpaBneHHHMH 3MHCCHH UBYX· nto6b!X raMM8-KB8HTOB. COCTaBnHe'r,-

(0;5:...:.2)0~- n~· n'ait'Ii:ofi Jinniie 'itpo6era JIHBHeBbiX 9i:teKT;ClH,OB aJieprJi:n.' Ey 

raMMa-KBaHTOB onpenensrtoTCH c ;O'IHOCTbto ( 12 ... 35)%14-6/. B~posrTHOCT~ 
perHcTpaunn raMMa-KBaHTOB, renepn'poaaHHbiX B ueaTpanbHOil: o6naCTH KaMepbi 

(pnc. 1) H KOHB9pTHpytolllHX no Bceil: o6~aCTH, KaMepbi 0 HO. TaK, 'ITO HX SHep

I'HH MQ)Kl!O H3MepHTb C TO'IHOCTblO He Xy)Ke 35%, COCTaBnsreT B Cp9llH9M 80%. 

P acnonarasr • cBenennsrl:.m -ois ---:aHeprHH -K8)KllOPO .raMMa -KBaHTa .. B. c o6hiTHH 

n o6 yrn~~·;;~·¥H:'b~1(1{, aTIIx.:'raMMa=K:~aHTOJ3 0' Mb~Ho B Ka)KaOM aaanH(3HpyeMoM 

co6b!T~H~;~~p~;~n~;~ ~ ~~<i>~~;~BH~IO --M~~cy ---M(k y) ~-~ oM6IfnaunH /,k_ r~M-Ma-KBaH-
, ., ~ ' 

- TOB ( ,k = 2,3 ••• ) •. ~binD Hail:aeHO, ~ITO k M0)1{9T 6biTb paBHO. aa)Ke 8 'H eme 

B03M0)KH0 pa3nH'I8Tb OUHHO'IHhie raMMa-K~aHTbi H onpeaemiTb HX SHepi'HH. 

r.~MMa-KBaHTh;: 'aa6ntoaatoT~sr KaK reae'p'upoBaHHhte B To'l~e ··nccneayeMo

ro sraepaoro BsanMoaeil:cTBHsr, noaToMy a~~e-KTHBHaSI 'Macca': M(k·y) Mo)KeT 
;· • • j 

6biTb ·onpeaeneHa .no ~opMyne: ~ 
.. ~ ·:~~ 

(2) 

5 



aesaBHCHMO OT TOI'0 1 IIpOHCXO)lSIT STll raMMa-KBaliTbi OT pacrrana aeKOTOpOfi 
' ,,:·· •• ,. •• j '-~·' ' -~-' :· :.~-- .• ' ' l ;· ; .. ~-·-· ';; .:-·:_ ,'' .· ~:7. "' -·-

CHCTeMbi rrocpencTBOM, aarrpnMep, rrO-MesoaoB, nnn TJO -MesoaoB, nnn Boa~ 

anKaiOT rrpSIMO B, rrpouecce pacrrana aapSiny c rr 0 -MesoaaMn nnn 7J 0 ~~dso~~~n. 
T~~~o~r~ .orrpe~~ne~nS!. M( k y): -~aBn~n': .. o~. T~~~~~T~, o~~~nenea~~ .. E·Y.'~·(H)YtYi 
llnSI cnyqaeB C k = 2. ny'IIIIaSI. TO'IHOCTh OIIpeneneliHSI s!jJ<jJeKTHBHOll MaCChi JlOCTH-. 

' "., 0 0 • • ,\ " < • ' ~ • ' • • " r ' 

raeT .(10 .. ,12)%, nnSI ,cny:IaeB c k= 3 :- oKono (8.~.10)% n llJ!SI cny'IaeB c 

.k = 4. - oKono (.7 1- 8) %. CpenaSISI TO'IliOCTh orrpeneneHnSI - M ( k y) cocTaB-. . . . . ' . ' \- . -~ 

nSieT (15 1- 20)%. 

·., ~ . : 

3. 3KcrrepnMeaTan.h!Ibie naHHbie :·;· 

Ha 500000 CliHMKOB 6brno ·. Bbr6pa:Ho oKono 4000 ~cny'IaeB Tnrra .. ( 1 ) ; llnSI 

850 cny>IaeB 6brnll ll3Mepellbl SHeprnn raMMa-KB8liTOB' C .TO'IHOCTblO ny'lure 

35%. ··B•·ocTanhllbiX co6brTnSix aenhsSI 6brno. rrpoBecTn nsMepeanii, 'B ·pesynhT·a

-re· KOTOphix' 6brnn 6br nocTnrayi:br R<enaeMbre .TO'IHOCTn, B Ta6nnue ·1· rrpnBeneao 

pacrrpeneneane. aaannsnpyeMbiX' co6biTHii IIO 'IHCny raMMa-KB8HTOB, B Ta6nn-' 

Ui'' He BOUinH. C06biTHSI 1 B KOTOph!X, Ha6monanHCJ, paCII8Jlhl " V O .,...'18CTHUhi. 

Ta6nnua l 

Pacrrpen'enerme cnyqaea Trirra' ( 1) ·no· qncny' raMMa-KaaaToB 

~~~---,-·--~--~----------- .. -----
qHCJIO H3MepeH
H~X ·coclbiTHH 

Gpe,IJ;HHtt c.TaTHCTH- . 
treCKHtt B8C C06~THSI 

T!iHI 
CJiytraSI -----1 ' . '. ·. --1 

'lv '=· 2 

.k, ·= ) . . 

. 1<, .,;· 4 

lv = 5 

lv = 6 

513 

I43. 

145 

l6 

33 

6 

'1,63 

2,04; 

2,38 . 

3,20 

~,4I. 

: : ~ 

3,1. 06mne eBen 

a) KnaeTn'IecKne sa 

Ha pnc. 2 rroKasano 

'leCKHM sHepr:nSIM B co6_bi~ 

rnn rrpoToaoB orrpenenSinF. 

5%. 

6) qHepreTH'IeCKHe 

3aepreTn'IecKne, c'rre 
' ' 

raMM8-KBaHTOB IIOK838Hbl · 
. . 

'IeCKHfi Bee raMM8-KB8HTa 
I • '" 

KaK BHilHD ns':pncym 

KaK H non)KHO, 6biTh 1 KOI',I: 
. i - -· ' 

rrO -Me30llblo C pOCTOM 'II 

CSI .MSII''Je, 

B) Yrno~oii crreKTP. 
I ~ . l • j.·' 

YrnoBbre_ pacripeneiiE 

. B na6opaTopaoii cncTeMe,· 

'ITO yrnoBhre pacrrpenem 

B C06b!THHo 

r) Pacrr
1

penene.Hn~~5 
KB8HT8MH 

Ha pn~~ 5 rroKas~Ht 
cyMM apaoii sfieprnn, yao 

neHHfi yqHTblB'anCSI CTaTHC 
r' • ., .• ~ • .. ., I' . .. 

rrponsseneane secoB· ra1 

3.2. C n y q a H c 

Pacripellen'eaHe : 9¢~ 
·'{'l;.i·.: • ..._ ' 

B ·co6biTHSIX THIIa ( 1 ). C k 

pacrrpe.lieneHHSI y'IHTbiBan 

pacrrpeneneann ¢oH oTc 

MeHbUie 10 co6biTHii. B 



'b~ :~T p~Cfo181l8 Ij9KOTO?O~ 

r 710 -Me30HOB1 HnH B03:

IOH8MH HnH 1J O -M930H8MH. 
. ' ' ~ -. ' ' ; " ' ' , 

onpeaeneHHSI Ey H ey,y; 

4¢eKTHBHOfi MBCChl llOCTH-

4 , 10)% n nnSI cny'IaeB c. 

t~neHHSI · M ( k y): Cf?9TaB"'='. 

!Hhie 

I 'cny'IaeB Tnna ( 1 ) ~ lln.11 

TOB' C TO'IHOCTbiD ny'Illie 

· naMepeanli, ·B peaynbTa

~. B Ta5nnue 'r IIpHBeneao 

iMMa-KBaHToB. B · Ta5nn

pacnanhl V0 ~'!8CTH~~· 

!M8..;KB8HTOB ·' ·' . 

II;HJ.dt CTaTMCTM
[tMlf Be·c C 0 dhlTMSl 

·:I,'63.; 

2,04,: 

2,38 

Y3,20 

~ 1J, 4I 

,·_: 

. ';·• 

·,, 

1 

; 
! 

3.1. 05mne CB9Jl9HH.I1 

a) KnHeTH'IecKne aaeprn~BTO~H'I~~~ ~poTo~~B 

Ha pnc.; 2 IIOK838HO pacnpenene&He BTOpH'IHhlX ,IIpOTOHOB ITO KHH9TH-
. ' ' 

'IeCKHM aaeprn.11M B co5hiTHSIX Tnna (I) c k = 2,3,4,5~6. KnHeTH'IeCKHe aaep-

rnn IIpOTOH~~ onpenen.llnHCb H3 38BHCHMOCTH1npo5er-aHeprH.I1 C TO'IHOCTbiO 
; ""'"' . --~.·- : ,·· 

5%. 

5) ~HepreTH'I9CKH9 CII9KTpbl I'8MM8-KB8HTOB 
;-,'j_ 

3aepreT~'IeCKHel c'neKTpbl I'8MM8-KB8HTOB .. B .. cp5biTHSIX. C pa3HbiM 'IHCnOM . . . ,· .. 
raMMa-KBaHTOB noKaaa&bi ·a a pnc. 3. B .. Ka'fJlOM cny'Iae y'IHThiBancSI cTaTHCTH-

1 
'I9CKHti Bee raMM8-KB8HT8e 

KaK BHJlHO ia'· pncyaKa;• Be~· c:_neKTpbi' HMeiOT MaKCHMYM B o5nacTH 70M aB, 

KaK n non)lmo' 5bJTb, K:orn~ 'OCHOBHbiM HCTO'IHHKOM raMMa:-KBaHTOB .11Bn.l1roTCSI 

rrO -M930Hblo C pOCTOM 'IHCna raMM8-KB8HTOB 'B C05b!THH: CIT~KTpbl CT8HOB.I1T-

B) YrnoBoti cneKTP. raMMa-KBaHTOB 

YrnOBbi9 pacripeiieiielilm raMMa;_KBaHTOB B co5b!THS!Jt. THIIa ( 1) c k =2 ••• 6 

. B na5opaTopaoli cncTeMe KoopllHHaT noKaaaHhi. n.~. pnc~ 4.' I1a· pncyaKa BHJlHO, . 

'ITO yrnOBbie pacnpeneneHHSI IIO'ITH He 38BHC.I1T OT 'IHCIIS raMMa-KB8HTOB 

.B C05b!THH. 

raMMa-

KB8HT8MH 

Ha pn~·.: 5 noKaaaao pacnpeneneane co5hiTHli Tnna·: (·1) c k = 2 ••• 6 rio 

cyMM apaoli aireprHH, yuocnMoli raMMa-:KBaiiia;,m. Dpn rro.cTpoean~ pacnpene-
' . 

- ne&Hli Y'IliTbl~.anc.ll . CTBT_l!C.TH'I~C~H~_ :B:ec. KB~O~O C05b!THSi 1 Bbl'IHCIISI9Mblti KBK 

npOH3BeJl9HHe' Bec,oB;"raMM8-KB8HTOB1 OTHOC.IllliHXCSI K ll8HHOMY C06biTHIO. 

3.2. Cny'IaH c llBYM.Il" raMMa - KBa&TaMH 

Pacripeile.lieiiB:e a¢¢eKTHBHbiX Mace KoM5naaunli aByx 'raMMa-KBaHToB 
·.;_'\{1'.'-': ~ " ,;·.·.; ·;·.<~~~--2y ·i ··:·;· ·~''~;.-· t ·~ " ' 

B ·co5hiTHSIX Tnna ( 1) c k ·= 2,- M 2 y noKaaaao ua pnc. 6. Dpn cocTaBneHHH 

pacnpeneneHHSI y'IHThiBanHcb cTaTHCTH'IeCKHe Beca raMMa-KBaHTOB. B aToM 

pacnpeaeneHHH ¢oa oT co5hiTHit c ~mcnoM raMMa-KBaHTOB > 2 o'IeHb Man, 

Menbme 10 co5biTHli. B pacnpeaenenHH qeTKO na5nroaaeTc.l1 nHK B patioae 
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PH c. ' 2 •. ~acnpeJleneJIHe .. npoTOHOB, no· KHHeTH'IeCKHM aaepl"HSIM, B , peaKUHSIX.· 
THna ( 1) c k = 2,3 ... 6 raMMa-KBSHT8MH B 'na6opaT,OpHoii CHCTeMe KOOpllHHaT. 
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Puc: 3. 3HepreTH'lecJ 
c k • 2,3 ••• 6 raMMa-
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Puc.~ 3~~ 3HepreTH'lecJCHe ciieKTpbl raMMS-KBSHTOB B 'co5b!THHX TH_na. ( 1) 
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3Ha'I9HIIli S(jltfleKTIIBHhiX Mace, COOTB9TCTBYIOmiiX IT 0-Me30HY. B STOM lliiKe 

750 co6hiTHli. Co6hiTHH, aaxonHmnecH . B o6nacTn -a4J4leKT.I!BHhiX Mace M ~r>.sooM aB, 

npencTaBnHIOT co6oii: cnyqan pacrrana 71° -Me3oHa ~ rroJ;aHany 71°-> 2y, nx oKo-
. . f 

no 70. 
~ ,~· 

3.3. C n y q a ir c T p e M SI ·r. a M ·M a 
::·· 

KBBHTBMII . 
Ha pnc. 7 rror<;~3~"H.o~pacrr'penenealle :a#eKTH.BH-~Ix lviacc M~~ B co5hx

TIIHX c k = 3. Ha puc. 8 rroKa3aHo pacrrpeaeneHIIe 9~¢eKTIIBHhiX Mace M 2 Y 
,. : . i i •• r·----"'\, ... ··;;. Jv 

B cnyqagx c k= 3. Ha6moaaeTcSI MaKCHMyM a o6nacTn stfltfleKTHBHhiX Mace, 

COOTBeTCTByiOmiiX IT,O -Me30Hy. _. 

Cnnomaofi KPHBOli Ha pnc. ··-7 no~a3aHo pacnpene.rieane a<b<beKTIIBHhiX Mace 

KOM611HaUIIH 113 Tper·r-a.tvi~a:...:K~~HTOB a' C06biTHHX c -~'-= 4. 3Ta KpHBaSI no-

ny<IeHa 9KCnepiiMeHTaJlbH0 1 HOpM11pOBaHa Ha IIOJlHOe 'IIICJlO C06h!TIIfi C TpeMH 

raM Ma-KBaHTaMn. KaK BHJlHO H3 pnc. 7, ~6a -;~crrpe~-eneHHH xopomo corna

cyiOTCH apyr c apy~oM. TaKIIM o6pa3oM:· co6bx;;SI ~:'~peMSI raMMa-KBaHTa

MII SIBJlHIOTCH B OCllbBJiOM'.' co6!5JTHSIMII · C <JeTbipbMH r'aMMa-KBaHTaMII 1 B KO

TOphiX OJlHll raMMa-:KBBHT. He ~~ii:iix 3apey;~CTp_II~O~-aH ;~ KaMepe. Konn<IeCTBO 
1 ' . 

T8KIIX C06biTHH cornacyeTCH C OlKIIJla9MbiM iKOJlllq'9CTBOM 1 Bhl'IIICneHHbiM C yqe-
l i 1 ~ >'. . 

'TOM atfltPeKTIIBHOCTII perHCTpaUHII_ raMMa-KBaHTOB.' 
·' ' • . .f. 

3.4. Cnyqan c 'I~TbiPh,MH-··raMMa -·KaaaTaMH 

Pacnpeaeneane ·acex c~yqaea· c k:::.":' _.1,:·:-~o" stfltfleKTHBHbiM MaccaM 

rroKa3aHo aa pnc. 9.· PacnpeaeneHne a¢tfleKTIIBH~x Ma6~ KoM6nHaullfi 113 aayx 

raMMa-KBaHTOB B' co6hiTHHX c k = 4, M ~ ~ nqKa3a~~ ira pnc. 10. B 8TOM 

pacrrpeneneHIIII Ha6monaeTcH OT'IeTmiB~;f, IIIIK, co~TBeTc~'ByiOmllfi Macce 1r
0 -Me-

aoaa. 
-. ' : i·· ··~·. ';} 

Bee co6hiTIIH :·c , ';IeThipbMH raMMa-KBauTaMII 6hmn pa3aeneHbi ua Tpll 

Knacca. K nepBOMy Knaccy OTHeceHhl CJ1y'Iall 1 B KOTOphiX JlJlH llBYX He3aBII

CIIMhiX raMMa-raMMa KOM6HHaUHfi IIOJlyqaJIHCb 3li8'I9HHSI stfltfleKTIIBHhiX Mace 

M!~," neJKamne· B :IIH'repBaixe ;o-r ,go •ao ''·180 ·Mss:'.~-~?o~aeTC,TByiO-

meM IT 0-Me30UaM. Bo BTOpofi KJlBCC 6hlJlll 3a'IHCJ19Hhl C06hlTIISI 1 B KOTOp~X 

T01IbKO OJlHa raMMa-raMMa KOM6HHaUHSI HMena stfltfleKTHBIIYIO Macey IT
0
-Me30-

Ha, a BTOpaH1 He3aBHCHMaH raMMa-raMMa KOM6HHaUHH ]laBana 3Ha<JeHHe atfl

tfleKTHBHOfi MDCC hi, He llOIIallaiOmee HH B HHTepBaJl Mace, COOTBeTCTByiOmHil 

170 -M930Hy, HH B HHTepBaJl Mace, COOTB9TCTByiOmHfi TfO- M93DHy. 
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~ 0-Meaonv. B aToM nnKe 

lKT~BHbiX Mace M ~r> .300M aB, 
!,:'.;,: 

iiO i Kl:!Hany T/O-> 2 y, HX OKO-
?,-;· 

BBHT8MH 

B~~~'x Mace M ~ ~ B co6bi

l ~¢¢eKTHBHbiX Mace M 2 Y 
··-··' 3 v 
!aClTH 'a<fJ$eKTHBHbiX Mace, 

• l •'c 

~ ~ . 

lenemre sdJdJeKTHBHbiX Mace 

C ·,~·~= 4. 3Ta KpHBaSI no

e. t!ncno co6biTHli c TpeMSI 
-- 1' 

peAeneHHSI xopowo corna···1., 
c; TpeMSI raMMa-KBaHTa-

1'. raMMa-KBaHTaMH 0 B KO

lH i~-~aMepe. Konn'leCTBO t . . 
:BOM0 Bbl'll!CneHHbiM C yqe-

KB8HT8MH 

·'s$$eKTHBHbiM M8CC8M 
... ; ~ 

Ma~c KoM6nnaunli H3 ABYX 

3a~O' Ha pnc. 10. B STOM 

eTc~'syrownii Macce rr 0 -Me-

; 6bmH pa3AeneHbl Ha TpH 

OT6phlX AnH ABYX He3aBH

l'l9HHSI s<fl<jleKTHBHbiX MaCe 

10 · M aii, ·-. coo'i-seTcTsyro-
. :;·~ ·. >·;· 

:eHbl C06b!THSI 0 ,B KOTOpb!X 
. . 0 
peKTHBHyro Macey 11 - Me3o-

lUHSI AaBana 3Ha'!eHH9 s<fl-

Macc, COOTBeTCTByJOIUHli 

)"roiUHli 7[0- Meaoay. 
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,Ung 'f/0 -Me3oHa B COOTBeTCTBHH C JlOCTH)KHMbiMH TO'IHOCTSIMH npHHH

MaliCSI HHTepaan Mace oT 400 llO 700 Msa. K TpeTbeMy Knaccy co6biTHlt 

6bi1IH OTH9C9Hbl TaKHe, B KOTOpbiX H3 _llBYX H938BHCHMbiX raMMa-raMMa KOM-

6HHaUHlt OllHa HMena s<j$eKTHBHYIO Macey 1T 0 -M930Ha, a BTOpag T/ 0- M930Ha. 

H a pnc. 11 noKaaaHo pacnpeJleneJme scjlcjleKTHBlihiX Mace M 4y ( rr 0 rr 0 ·) 

llliH nepaoli: rpynnhi co6BTHli:. Ha pnc. 12 npJaeJleHo pacnpeJleneHHe s¢¢eK

THBHbiX Mace M4yC rr0yy) llliSI co6biTHli: BTopoli: rpynnhx, a lia pnc. 1a - pacnpe-

Jleneline M~yC rr 0 ~ 0) ··· llii~ ci;6i,~Tnli: TpeTbeil:··;:;pynn~x: '13~~ ··'Tpn pacnpelleneliHSI, -:1 
lie coAep~aT KaKHx-nn6o cTaTHCTH'!eCKH o6ecne1e\Hhixf oco6eH~ocTeli:. Alia- . ~ 
1IH3 ITOKa3biBaeT, 'ITO· C06biTHSI THITa 1T O y Y npeJlqT,1BIISilOT C060H B OCHOBHOM )J 
co6biTHSI THna rr 0 rr 0 • a KOTOpbiX Macca OllHOro na ; rr 0 ~MeaoHoa nonana a He - -· · 

; ! ~ j 

HHTepaana' 90-180 M sa na-aa onm6oK naMepeHHSI; ' ··· 
i 

Pac~peJleneliHe scjlcjleKTHBHhiX Mace KOM6HHauHil: j no TpH raMMa-KaaHTa 

llliSI C06b1THH C k = 4 noKa3aHO Ha pHC. 14. :_ ,-; .. :;>. 

3.5.' C II y 'I a H C n Sl T b 10 r a M M a ~ K B a~H T a M H 

. Pac~pelleneHHe · acjlcjleKTHBHbiX Mace M ~ ~ n~Kasalih'"~a pnc. 15. Cpaalie

HHe aToro: pacnpeJleneHHSI c pacnpelleneline~ • .M 1 J, a Ta:K)Ke yqeT scjlcjleKTHB

liOCTH perHCTpaUHH raMMa-KBaHTOB ITOKa~biBaeT, 'ITO !nQ'ITH ace C05biTHSI 
~- .... .l ; .• 

C ITSITblO raMMa-KBaUTaMH Ha CaMOM .ilene· SIBIISIIOTCSI CQ6biTHSIMH C llleCTblO 
?--~ I 

raMMa-KBBHTaMH, B KOTOpb!X OllHHi H3 raMMa-KBaHTOB He\ 6bi1I saperHCTpHpO-
'-· ~,_,( >,.";.,.:-. '"_..:,: ·:·,, ~.' .... ~: .~~-:.~,-• ,~M .. _.·~·-.. ~-··,;:--•·-· ........ ~-:·--,~·.-~ 

BaH B KaMepe. : .. , ,,.-.. -'•' ,,·,;_ .'2:\ :::0 0 

Ha ~~~~:1}6, 17 H 18 npnaeJleHbi pacnpeJleneHHSI a¢¢eKTHBlibiX Mace KOM-

6nliaunil: no JlBa, TpH H '19Tblpe raMMa-r<BaHTa COOTB9TCTB9HHO B C05biTHSIX 

c k= 5. ': . .~: ';"',·.· ·:.~ ,,-_ .. ,_. ~-~.·:r --"' ·--. ~-··'· ·--~·"': 

3.6. Cnyqan c llleCTbiO raMMa - KBaHTaMH 

PacnpeJleneHHe acjl$eKTHBHbiX Mace M! ~ noKasaHo lia pnc. 19. B aTo 

pacnpeJl9119HHe . BXOllSIT KaK Clly'laH C pOJf(.lleHHeM lJ O -M930HOB, pacnaJlaiOliiHXCSI 

0 3 0 6 0 no KaHany lJ -+ 1T -+ Y , TaK H cny'laH Hepe30HaHCHoro pOifUl9HHSI Tpex TT -Me-

30HOB. 

Ha pnc. 20,21,22 H 23 npHBelleHf.I pacnpeJleneHHSI acjlcjleKTHBHbiX Mace KOM-

6nliaunlt no llBa, TpH, 'leTbipe H ITSITb raMMa-KBaHTOB COOTBeTCTBeHHO B C0-

6b!THSIX C k = 6. 

,:, 

16 

f1 
~ 

----

0 

•' j ·J. !. '!.·,:":<, ~.~:iJ 

P11c. 9. PacnpeneneJ 



MH .To~HOCTRMH npHHH

eTbeMy Knaccy co6biTHii 

II:MbiX raMMa-raMMa KOM

a, a BTopag ~ 0- Meaona. - ,_ ' 

HBHhiX Mace M 4y(77° 17°) 

~o·pacnpeaeneHHe a#eK

r, a na pHc. 13 - pacnpe-

·a·c~ .,.TpH; pacnpeaeneHHst, 
i 

IHhiX1 oco6ennocTeil. Ana-

1BnH~T C060i! B OCHOBHOM 
l 0 ; .. 
i 77. 1 MeaoHOB nonana BHe 

L.:.~ l 
l \ 

~i!~ n? TpH raMM8-KB8HT8 

~ } 
~ 'rt;, 

IB~HTa MH 
~ f 

ano •. ~a pHC. 15. CpaBHe-

a T~Kme yqeT a~~eKTHB

~TO ino~TH Bee C06biTHR 
I .. 

:st·· c~Gb!THHMH c mecTbiO 
! 

>B . H~ 6bm aaperHcTpHpo-
..,.--~-.... -~.)" 

a#eKTH!3HbiX MaCC KOM

rBeTCTBeHHO B C06biTHHX 

tBBHTBMH 

aaaHo aa pHc. 19. B aTo 

-MeaoHoB, pacnaaarowHxcst 
- 0 

ro polKJleHHst Tpex " -Me-

Sl ~~eKTHBHbiX M8CC KOM

>B COOTB9TCTB9HHO B CO-

Wr----------~----, 

80 

70 
.. . . · .. -~: 

60 

50 

4o 

.30 

20 

-··· 
,··::·:'<,' 

0 200 400 600 aXJ 1000 1200 iltOO 
M~~ (~) 

' "~ f .. ~· ·.T.':;<' · .. ':_· ·-:! ... _:,•,:. . ;. '~ 

P11c. 9. Pacnpenenea11e a#eKTHBHbiX Mace M ~ ~ B co6biTHHX c k = 4. 

c'.l 17 



Sl 

·v 
,{,. 

lf ::> XHHJ.I'I90:> a ,{ Z' W :>:>BN XI'IHIIHJ.Xa~ 6HHaUal1adU:>l1d •01 •:>Hd 

0 

~ 0 

·, ·~·. ;, 

L-----------------------------------~M 



1>-

B' co6biTHl!X C lc = 4. 

w 
eo 

50 

ItO 

so 

20 

10 

0 200 4001 &10 
; 

\ 

BOO 1000 1200 1i+DD ' 

M~+r(i:·~· ),Mev 

::' l 

PHc. 11 • .Pacnpe~en~HHe: a4JcpeKTHBHbiX Mace-M 
4 
~ 10 rr O). 

' .. ·> 

; -

19 



II 
''! 
I 
1 

II 
,I 
''I 

II 
!lj, 

"'ji\ 
ll 

!II 

~L~~:l 
H 

w.---------------------~ 

) 

30 

20 

10 

o ~oo ~o 60o soo; '1ooo 1200 M11r ~ nlr-tev 
Puc. 12. PacnpeAenenHe a4J4JeKTHBHhiX Mace M4i 11° y y} • 

w~------~----------~ 

iO ,....... 

5 

,..-

Q roJ tal fD) BOO iOOO 

M'1r(1i
0 7) Mev 

PHc. 13. PacnpeAeneHHe acjlqleKTHBHbiX Mace M4 'Y ( 110 71 O } • 

20 

--.,) 

·';"~ 

;t ,'''","0',::" 

PHc; 1< 



~0 
w 

20 

0 200 .400 ;600 aoo ; moo 
M~~ (Mev) 

Pnc. 15. PacnpeJleneane 81j>!jleKTHBBhlx Mace M ff r. B co6bJTHHX c k = 5. 

; ·.·22 

iOO .------------, 

w 

0 tOO 200 D) La!. 500 600 
2¥ ··. . .. 

Msr,(~J-·.;;;::.-,·~ ;. >.. ,! ,; '"'~ ;~':: ... :0r"~> 
~ ·. 

·.;:~ t .. \ ~ 

Pnc. 16. PacnpeJleneane ~eKTHBHbiX Mace M:: B co6biTHHX c k = 

23 



.W 

mo 

. -

:50 

0 roo fa) 1m i tOOOC M~~(Mev). 

Puc. 17. PacnpeAe~-eHR~· ·a<jKjleKTHBJiblX Mace M:? B co6blTHSIX c lc s. 

'i 

24 

w 
60 

40 

20 

tt aoo - M ~~ (M~) 
-' .\<-_.-.•. '<; ·~ ':. '\ :_:· ,_d·: ~. '"'. < 

200 .ltOO 500 

Pnc. 18. PacnpeneneHI~e .s4JcpeKTHBJibiX Mace M~~ B co6biTHliX c k = lS 

25 



"'· 

w 
20 

~0 

LtOO 600 

i ~ • 

aoo iOOO 
' 
M~~ (Mev) 

; : .!-.·.! ;:r ,. !J 

PHC. 19. PacnpeneneHHe 34><PeKTHBHbiX. Mace M:~ B co5hiTHSIX c lc = a. 

. ,, :_· ~-. 

<•> t,_,___, 

·" . ~; 1 ·-.··.· _ .. , 

. 26 

) 

W: r-~~.,-,---__,.----

200 

0 
«", 

100 600 

Mn(Mev} 

Pric~ 20; PacnpeneneHHe ~eKTHBHbix Mace M: ~ . 

. 27 



w 
400 

300 

200 

fOO 

.·.} 0 

- • --·e 

800 ,~ 1000 
M 3~ {Mev} . &r 

Pnc~ 21.-.:PacnpeneneaHe :acjJ¢eKTHBHbiX Mace M ~ y 

28 

·w 
300 

200 

iOO 

' 200 ~ 

~'- -' '-< 

i 
'!,..,._...,_,.;' 

600 · BOO M~~(Mey} 

PJc:: 22: ;;~c:penen~:~~- ~~~~::;:~·~:~c M: ~ 

29 

,';';'. 

""'" 



w 

100 

50 

0 

,----------------------1-l 
i. 

·I 

1.n,.~ i ,..,...,..,.,., 

ii 

l 
:i 
j 
v 
l 

,:j 
"; 
..• 
~:-

'l 

i 
I 

< :~ 

i 
I 
.! 

'·f 

I 
. ~--

.1 ., 
i 

'i 
J 
:t 
l-
~: 
'i 
' 

' :~ . :, 

~~ ' 1' .I 

r~_::: 
{:'"'",..-"' 

~\l 1-.. --~--o-=: -~-~~ J 
!:.:~· !~: ~ 0t:~;: .1T ...... 

· SY( ) 200 ~:· ;4QQ~J:a.600 .aoo~'''dOOCbM 6T M~x ,~:; 

Pnc. 23. PacnpeAeneane a¢¢eKTHBHbiX Mace M 5 Y. 6y 

30 ~E-~ 

I 

· 'AHl1nH3: pa'cnpenen 

nm1 co5biTH.tl c rii05biM ' 

weCTBOBaHHe OTqeTnHE 

B co6bi;~m{ ~.,;~; 
HHeM TT.IL Me30HOB H cny 

COOTHOWeHHe Me>_K.OY, CE 

peaKUHH THna (1): 

.!1![ 
a( 

B co5biTHHX c qe 

C05biTHfi: TTO TT.!!_ C;5b~T 

TaKHX C06biTHfi B pe~KU 

a(11 

a(11 

ITony'leHbi yrnoBhie 

THna ( 1) npu nMnynbce. : 

KonH'IecTBo co6h~ 

05bSICHSieTCSI KOnH'IeCTBO 

THfi C 'leTblpbMS! H WeCTl 

poBaH OllHH .113 raMMa-K 

C pO)K)leHHeM onaoro TT 0-

TT0-Me30HOB B peaKUHH 

c 

I. Z. S. Strugalsk 
170 (1964). 

2. M. llawKeBn'l, E. C: 



1acc M5 Y 6y 

- '- i- ~ ·~ 

4 •. B bl B 0 JJ. bl 

'AHaJma'· pacrrpenenemdi:··rro :aq,q,ekTHBHhiM MaccaM JJ.Byx· raMMa-KBaHTOB 

JJ.nSI C05biTHii: C llJ05bJM 'lllCnOM l'8MM8-KB8HTOB k . = 2,3, ••• 6 IIOK83blB89T ·cy

lll9CTBOB8HH9 OT'leTnnBoro nnKa, cooTBeTcTByromero Macce 11°- Me3oHa~ 

B co5br;~Six_ c :n':By~SI-_ra'M~a'-KaaH::razv.iir · BhlnensnoTcSI. ~ny:'laii "6 po~ne
HneM 11 Q.. MeaoHoB n cnyqa.n c po*neHneM 1] 0-~eaoHoB. Dony'leHo cnenyromee 

COOTHOlll9Hll9 M9)KIJ.Y C9'19HllSIMll pO)KIJ.9HllSI 77°:- Me:;toHOB ll lJo -M930HOB B 

peaKunn Tnrra ( 1 ) : · · ' · 

=(9,3 ± 1,9)%. ( 2) 

B co5brTnsrx c 'l9TbipbMsr 

co5hrTnii:: 11° 11 £ co5hiTHSI n 11° 

raMM8-KB8HT8Mll BbiJJ.9nSIIOTCSI JJ.B9 I'PYIIIlbl 
0 

l] - co5bJTHSI. CooTHOllleHne. Me)KIJ.y qncnoM 

T8KllX C05biTllii: B peaKUllll THIIa ( 1) cnenyromee: 

(3) 

Dony'l9Hbl. yrnOBbl9 ll 8HepreTH'l9CKHe CIIeKTpbl I'8MMa-KB8HTOB B peaKUIU! 

THIIa ( 1) IIpll llMIIynbCe nepBll'lHblX 77 -t_ M 930HOB p = 2,34 raB/c. 

KonnqecTBo co5hrTnii: c TpeM SI n nsrTblO raMMa-KBaHTaMn nonaocTbiO 

05'bSICHSI9TCSI KOnll'l9CTBOM C05b!Tllii:1 IlpOllCXOJJ.SIIIlllX COOTB9TCTB9HHO OT C05bi

Tllll c qeTbipbMH n mecTbiO raMMa-KBaHTaMn B cny'laSix, Korna HeaaperncTpn

poBaH onnH na raMMa-KB~HTDB. CooTHOllleHne M9)K/J.Y KonnqecTBOM cnyqaeB 

C p0)KIJ.9Hll9M 0/J.HOI'O 17°4.:le30Ha ll KOnll'l9CTBOM cnyqaeB C p0)KJJ.9Hll9M JJ.BYX 

110- MeaoHoB B peaKunn Tnna (1) cnenyroruee: 

a( 1770) 

a (2170) 
= 2,:3 -: 0,3 

n H T e p a T y p a 

1. Z.S. Strugalski, T. Siemiarczuk. Phys.Lett., 1:_!_, 
170 (1964). 

2. M. llaliiK9BH'I1 E. CnoBH!ICKHl!, 3.C. CTpyranhCKHfi. 51<1>, §., 341 . ( 1867). 
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npenpHHTbl H C006ll 
HMHoro · o6Meaa, ymmepc 

H8Y'IHbiM rpynnaM H OTJ 

nonyqaTenHM H3~8E 

HBHTb HHHUH8THBY B 6ec 

06MeHa npHHHM8IDTCSI H 
ny6nHK8UHH no TeMaTII:K 

EaHHCTBeHHhlfi BHA 

9TO penpHHThl (OTTHCKR 
H pSiae cnyqaea Ml 

Gone~ KpynHhiM nony'laT 
cnaTb H8M K8KHe-nH50 

>Kypaanbx, H3A8JOlllHecg E 

HanaTenhCKHA oTae . 

COB H8 Bb!CbinKY H3A8Hl 

YK83b!B8Tb HHAeKC aanp 

nHCbM8 no BCeM Bl 

oTaenhllbie HaaaHHH cnea 

Aapcc .ann nocbinKl 

6ecnnaTaoti noamrcKH Ha 


