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Ba:mHhiMH xapaKTepncTHKaMH aneMeHTapHhiX qacTnu sm,n:moTcsr 

aneKTpOM8I'HIITHbJe·-$opM4Ja~TOpb1 1 KOT~pble fi03B0,1ISIIOT KOnH"'eCTBeH-

HO OfiHCbJB8Tb B38HMOAefiCTBIIe "'SCTHU C 3~eKTpOMSI'HHTHbiM noneM~ 

EcnH "'SCTHUhl HSXOltSITCSI H8 MSCCOBOil: noaepxHOCTH, TO HX 4Jop·M:-

4JaKTOpbl -- <iJyHKUHH TonhKO KBaapaTa nepeltaBaeMoro 4-nMnynhcak2. 

3Ta ~enH"'HHS paBHS KBSApaTy MSCChl BHpTy~nbHOI'O <iJoTOHS (B MeT

pHKe J(l=k3 -k 2 ),.KOTOpblM o6MeHHB8JOTCSI "'SCTHUhl npn•'aneKTpo-· 

MSI'HHTHOM B3SHMOJieflCTBHH. 

3neKTpOMSI'HHTH8SI CTpyKTypa HyKnOHOB xopomo H3y"'eHa B 

o6nacTH npocTp8HCTBeHHOflOA06HbiX. nepeAS"' ( k 2 < 0) B Ofib!TSX 

no pacceSIHHJO aneKTpOHOB H8 npoTOHSX H aeil::roHaX /
7/: naHHbJe· 

o <iJopM<iJaKTope nnoHa npn · k 2 < 0 nony"'eHbl1 rnaBHhiM o6pasoM, 

ns aKcnepnMeHTOB no aneKTpopo:lKAenuro sapSI:meHHhiX nuoHOI1,, IS/. 

B o6nacTu BpeMeaunoAo6HbiX ·nepeAa'l ( k 2> 0) ASIIHbJe o 

$opM<iJSK~OpSX fiUOHS U·HyKnOHOB MO:lKHO nony'IHTb U3 3KCnepnMeH

TOB HS BCTpe'IHhlX·fiY'IKSX H npU H3y'leHUH peaKUUH o6paTHOI'O 

aneKTpopo:l!CAeHUSI flUOHOB ( 03n): 

11- +' p -> e+ + e- + n • · (1) 
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<J>opM!flaKTOp nHOHa Ha BCTpe'IHbiX ny'!Kax H3y'lancH- ~~~ 101 o 

O.nHaKo o6naCTb nepe.naq 0 < k 2 < 4m2 
• 1T 

.nnn peaKilHH e+e-... ~-"-

KHHeMaTH'!eCKH He.UOCTynHa. <J>opM!flaKTOpbl HyKnOHOB npH k 2 > 0 He 

nsyqeHblo nnn peaKUHH e +e- ... NN o6naCTb nepe.naq 0 < k2 < 4M2 

TaKJKe ae.nocTynaa. 

npaKTH'!eCKH e.nHHCTBeHHbiM B03MOlKHbiM HCTO'IHHKOM aKcnepH-
• ~ 

MeHTanbHbiX .naHHbiX no CTpyKType nHoHa B o6naCTH 0 < k 2 < 4m; 

H no CTpyKType HyKnOHa B o6naCTH 0 < k 2 < 4M
2 

SIBnHeTCSI peaKUHH 

osn. 

no HaCTOHrnero BpeMeHH peaKUHH_ 03n H3y'lanaCb TOnbKO npH 

OCTaHOBKax nHOHOB H npH BbiCOKHX" 3HeprHHX ( E 1T > 3 raa) o· 3KC

nep~MeHTbl npH OCTaHOBKaX nHOHOB I 111 xapaKTejms:roTCSI Manoit . 

BenH'IHHOH k 2 
1 noaTOMy. BnHHHHe aneKTpOMarliHTHbiX tPOpM!flaKTO

pOB Ha BepostTHOCTb npouecca Mano •. npn BbiCOKHX aaeprnnx I 121 

ns-sa pesoaaacaoro Mexa!IH3Ma polK.!leHnn ( e + e -) - nap peaK-

UHSI .UOCTynHa .nnn H3Mepe!IHH, HO Ce'!eHHe OKa3biBaeTCSI lle'lyBCTBH-

TenbHbiM K CTpyKType HyKnOHao 

Hsyqeaue peaKUIIH osn npn KHHeTH'IeCKOit aHeprHH rrHOHOB 

.no 350 + 400 M aB XOTH H CBSI3aHO C 6onblliHMH Tpy.UHOCTHMII 

d
2 

q :::: 10-:33cM2/ CTep2) 
dO 1 d02 

acne.ncTane Manoa aenn'IHHbi ceqeanst 

· H 6onblliOrO ypoBHSI tPOHa OT peaKUHit B3aHMO.neitCTBHSI nHOHOB C 

. npoToHaMn, o.nHaKo, 6esycnoBHo, HHTepecao no cne.nyromnM 

npli'IHHaM: 

1. npn STOlt aaeprHH MoryT 6biTb ~bi.UeneHbl C06biTHSI peaKUHH 

c aenuqnaoit k 2 , aa rropn.noK 6onbmeit, '!eM npu ocTaHoBK_~~. 

2. npu aToit aHeprHH H3 peaKUHH osn MOlKHO nony'IHTb 

.UaHHbie KaK 0 !flopM!flaKTOpe rrHOHa, TaK H 0 !fl~pM!flaKTOpe HyKnOHa 

B o6nacTH k 2 , ne.nocTyrrHoit .nnn aK·cnepHMeHTOB co BCTpe'IHbiMH 

rry'!KaMHo 
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3.~KaK cne.nyeT H3 MeTo.na, OCHOBaHHOrO Ha aHanHTH'IHOCTH 

!flopM!flaKTopoa, pa.nnyc nnoaa Han6onee 'IYBCTBHTeneH K aenH'IHHe 

!flopM!flaKTOpa B ·OKpeCTHOCTH k 2 
= 2f -

2 , llOCTyDHOH B aTHX 

aKcnepnMeHTax. 

4. Hs aaannsa osn MoryT 6biTb. nony'leHbl .naHHbie 0 Mexa

HH3Me o6paTHOrO tPOTOpOlK.!leHHSI 17-p -+ y* n , r.ne y* -BHpTyanb

HbiH tPOTOH C BpeMeHHno.no6HblM. 4-HMnynbCOMo 

nnccepTaunn nocanmeaa aKcnepnM~HTanbHoMy nsyqeanro peaK

!1HH osn. npn KHHeTnqeCKOH aaeprHH nftoiloB 275 MaB H aaannsy 

Bb~.neneHHbiX C06biTHH peaKUHH C uen~~ onpe.nemeHHH !flopM!flaKTOpOB 

nnoaa n HyKnoaa. 

nnccepT8UHSI COCTOHT H3 'leThlpex rnaB. B nepBOH rnaBe .naeT-

CSI OUeHKa a#eKTHBHOCTH perHCTpaf!:HH .!floHOBbiX peaKUHH H OnHCbl

BaeTCSI SKCrrepHMeHTanbHaH yc:aHOBKao ~0 BTOpOfi rnaBe npHBOllSIT

CSI pesynbTaTbi Kanu6poBoK annapaTypbi. B TpeTbelt rnaae onHCbi

aaeTCH o6pa6oTKa cTaTncTH'IecKoro MaTepuana. B '!eTBepToit rnaae 

rrpOBOllHTCSI aaanH3 Bbi.UeneliHhlX C06biTHH peaKUIIH 03n •. 

0CHOBHbie pesynbTaTbi~ COCTaBHBlliHe co.n_epJKaHHe lliiCCepTaUHH, 

6bmH nony'leHbi B 1969+ 1971 ro.nax H ns.naHbi a au.ne .coo6meana 

n npenpHHTOB OH.fiH, ·ony6nnKoaaHbi B JKypaanax "'.fl.nepaan !flusnKa"' 

11 .. npn6opbi H 1-exanKa aKCnejmMeHTa', .nonoJKeHbi aa KueacKoit 

Koa!flepeauun no !fllianKe BbiCOKHX aaeprnit B 1970 ro.ny, saperncTpu-

poBaHbi KaK H306peTeHHSI • 

1. 

3neKTpOHbi H IT03HTpOHbi OT peaKUliH 03n .neTeKTHpOBanliCb 

llBYMSI TeneCKOfiaMII (puc. J); · COCTOSlllilfMH IIa CUIIHTlinnSIUHOHHblX 
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" ~ ( c 6 n c 7 ) n qepeHKoBCKHX Cc 1 <n c 2 ) C'leT'IHKOB, qepeHKOBCKHX 
- v v . 

cneKTpoMeTpoB nonaoro nornomeansr (C3 n c 4 ) n ncKpOBbiX KaMep 

(HK 1 n HK2)• lleTeKTOpbi pacnonaranncb non yrnoM 90° K ny'IKY 

nHOHOB. flpOH3BeneHHe a¢4JeKTHBHblX TeneCHblX yrnoB < COCTaBnsrno 

n 1 n 2 = (0,186 .±.. o,007) cTep2. 

< ~·< " . \ " II II I -"---·· -~ 
- - Cr Cs cq 

~~1(2 

~~ fc2 

I f lc, I . (, 
< ,, : l 

0 20<"' ... 

Pnc. 1. CxeMa aKcnepnMeHTanbHofi ycTaHOBKn:· 11- < -ny'IOK nnoaoB, 

nanaromnfi Ha BOnopo.zmyro MH!Il9Hb J! 2 j C 1 -t C7 - CUHHTHn~sruyoa
Hble C'I9T'IHKHj C J H C2 -< noporOBbie 'lepeHK,OBCKHe C'I9T'IHKHj C

3 
H 

c4 - qepeHKOBCKHe crreKTpOMeTpblj HK1 H HK2 - HCKpOBble KaMepblo 

" " floporOBbie 'lepeHKOBCKHe C'I9T'IHKH C1 H C 2 HCnOnb30BanHCb 

nnR. rronaBneansr <Poaa nnoHoB Manon aaeprnn. B KaqecTBe pannaTopa 

C'I9T'IHKOB IIpHM9Hsrnacb nHCTHnnHpOBaHHaSI Bona C no6aBKOfi aMHHO

p -KHCnOTbl /!3/ o qepeHKOBCKHMH cneKTpOMeTpaMH H3M9pS!naCb 

aaeprng aneKTpoHoB n rroanTpoaoB. 11 cKpoBbie KaMepbi I 13/ rrpnMe-
, \ .· 

_HRnncb AriR BoccTaaoBneansr rrpocTpaacTBeHHofi KapTHHhl perncTpnpy-
.' .•• 

eMbiX co6biTnft.< < KaMepbi pa6oTann B TpeKOB~M peJKHMe. KonnqecTBo 

2 
BOnopona B MH!Il9HH COCTaBnS!nO 1,57 r/cM •< 

6 

') 

c, 

~ 

c, 
& 
c, 

16 

~ 

C...___, 'sl I """ ~ I I 

a: .. ~--

~. ~ . I 
s ~ 

c., 

Pnc. 2. EnoK-cxeMa aneKTpOHHKH: c1 ... c7 - CUHHTHnnHUHOHHbie 
"' " . v v . 

C'I9T'IHKH; c1 n c2 - qepeHKOBCKHe C'I9T'IHKH; Ca H c1 -qepeHKOB-
CKHe cneKTpoMeTpblj CC 1 .. CC5 - CX9Mbi COBnaneHnti:; aHTH"'-

cxeMa aHTHCoBnaneanfi; I> -ycnnnTenn; CM ...:. nnaefiHbtfi cMecnTenb. 

Ha pnc. 2 npnaeneaa ynpomeaaasr 6noK-cxeMa aneKTpoHHKn. 

KoppennpoBaHHbie BO BpeMeHH COOblTHSI BbiA9nS!nHCb '19TblpbMSI cxe-
/ 1/ ' . 

MaMH < COBnaneHHfi CC 1 .. CC4 o •J1MnynbCbl o'T neTeKTOpOB nocTy-

nann aa cxeMbi coBnaneanfi qepea uenn, aaaaa-qeane KOTOpbiX noasrT

Ho H3 pncyHKao lln<jl<jlepeHUHanbHbl9 nncKpHMHH6TOpbl BKniO'Iannc~ 

nnSI rronaBneHHSI HMnynbCOB C 6onblllOft aMIInHTynofi; floporH nncKpH

MHHaTOpOB B uensrx 'lepeHKOBCKHX C'I9T'IHKDB COOTB9TCTBOBanH 9&-
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npouel!THOif s4J<jleKTRBHOCTH perHCTpaUHH sneKTpOl!OBo a 'B uemiX 

~epeHKOBCKHX CII9KTpOMeTpOB ·ycTaHaB~HBanHCb Ha ypOBHe, COOT

B9TCTBYIOW9M saepriin sneKTPOHOB 20 MaB. KpoMe Toro, MacTep

nMnynbc Bb!pa6aTb!Bancg aneKTpOHHOif ?XeMoif TOllbKO B TOM cny~ae, 

ecnn cyMMapaoe aHeproBbJJieneane B cneKTpoMeTpax npeBbJWano 

120 MaB. 

J.iMnynbCbi OT BCeX JieTeKTOpjiB IIOJiaBanHCb Ha IISITHny~eBOl!: 

ocunnnorpa<jl. AMnnnTyJibi HMnynbCOB cneKTpoMeTpOB HsMepSinHcb 

6noKaMII aMIIliiiTyJIHbiX IIpeo6pa3oBaTenefi H B Jl9CSITH~HOM KOJI9 

<jloTorpa<jlnpoBaniicb BMecTe c aKpaHoM ocunnnorpa<jla. 

TaKnM o6paaoM, arrnapaTypa nosBoliSina nony~aTb npocTpaacT

BeHHYIO KapT:!J:HY perliCTpHpyeMbiX C06biTHif H ~Mili}HTYJIHO-BpeMeHHYIO 

nH<flopM8IIHIO OT Bcex JI9T9KTOpOB •. 

nnSI II3MepeHHSI, aMIIliHTYJlbi HMIIYllbCOB OT Jl9TeKTOpOB 6bm 

paapa60T8H HMIIyllbCHbili BOllbTMeTp, KOTOpbili II03BOliSI9T HaXOJIHTb 

M9JIH8HY li JlliCIIepCIIIO 8MilliHTyJIHOrO pacrrpeneneHHSI /2/ • 

2. 

1.JTo6bi BhiJiennTb co6biTHSI peaKunn- n onpeJiennTb ce~el!ne, 

Hy>Kl!O 3li8Tb xapaKTepHCTHKH Jl9TeKTOpOB li ~HCliO saperHCTpHpOBaH

HbiX IIHOHOB, npoWeJIWHX ~epea BOJIOpOJl MHW9Hllo nnSI onpeneneHHSI 

~ncna nnoHoB 6bmn naMepeHbi rrpoc~eTb;. annapaTypbi 
141 , oTaowe-.. 

ane ~ncna ~acTnu, npowenwnx ~epes Mnweab, K ~ncny ~acTnu, 

COC~HT8HHbiX MOHHTOpHb!M TeneCKOIIOM 0 a T8K>Ke OIIpenenSJliCH 

COCTaB ny~Ka. 

neTeKTOpbi Kann6poBaliHCb H8 ny~K8X aneKTpOHOB ll IIHOHOB. 

Bo BpeMSI aa6opa CTaTHCTHKH annapaTypa nepiiOJl~~eCKH Kann6poBa

nacb Ha ynpyro pacceSIHHhlX nnoaax. ITpn aTOM <jloTorpa<jlnpoBanncb 

8 

')" 

HCKpOBbJe KaMepb! H SKpaH IISITHlly~eBoro OCUHnnorpa<jla. flo CHHM-

KaM C HCKpOBb!X Kl!Mep OIIpe.cienSJllliCb HX , a<jl<jleKTHBHOCTbo nnSI C06bJ

THif c oJIHHM TpeKoM B HcKpoBoif KaMepe rrpoBoJiimocb nsMepeaue 

BpeMeHHbix CJIBnroB ~e:lKily nMrrynbcaMH c~eT~HKa c3 n ocTanbHbiX 

.JieTe~TopoB. Bbi~ncnS!nncb cpeJIHHe ~Ha~eHHSI BpeMeHHbiX CJIBHroB 

H JIHCII9pCHH pacrrpeJieneHHl!:e I13M9pS!liiiCb TaK>Ke aMIIliHTyJlbi HMIIynb

COBe PesynbT8Thl Kann6poBOK HCIIOllb30BanHCb IIpH o6pa60TKe CTa

T~CTH~ecKoro MaTepnana. 

rJepHOJIH~ecKne ·Kann6poBKri rroiasann, ~To arrrrapaTypa JinHTenb

aoe BpeMSI pa6oTana cTa6nnbHO. 

Ha BCe H3MepeHHSI saTpa~eHO OKOliO 350 ~aCOB BpeMeHH Ha 

CHHXpOUHKliOTpOHe n.HrJ. t.fepea MOHHTOpHbil!: TeneCKOII C~eT~HKOB 

6hmo rrponymeao 3,3. 1011 ..JacTnu. rJpoBeJieHbi TaK>Ke nsMepeHHSI 

C IIyCTOil: MHWeHbl00 BO BpeMSI KOTOpb!X ~epes· ~OHHTOpHbiil: Ten~CKOII 
. 11 . 

rrporrymeHo 0,45. 10 ~acTHu. 

3. 

B pesynbTaTe naMepeanil: 6i.mo rrony~eHo 52000 <jloTorpaqJHII: 

c rronaoil: MnweHbiO n 5000 <jloTorpa<f!nl!: c rrycToll:. 

Tax 

UHH 

CHHMKH C HCKpOBbiX KaMep o6pa6aTbiBaliHCb H8 rronyaBTOMa;.. 

ITYOC-50, aaTeM no rrporpaMMe reoMe:rpn~ecKoil: peKOHCTpYK

/14/ BOCCTaHaBnHBanacb TO~Ka B38HMOJiefiCTBHH H OIIpeJienSJnacb . . 

BepOSITHOCTb TOr0 0 qTo TpeKH HCXOJlHT H3 OAHOli TO~Kllo rJpOBOJIH

liHCb.T8K>K9 H3MepeHHSI BpeMeHHOrO IIOliO>K9HHSI H 8MIIliHTyJI·HMIIynb

COB no Cl!HMKaM c ocunnnorpa<jla •. 

Ha. OCHOBe STOll:_ HH<fJOpM8UHH 6binO BbiJieneHO 125. KBHJIHJiaTOB 

co6biTHl!: peaKunn 03IT c nona oil: MnweHbiO it · 2 KBHJIHJiaTa c nycToli 

MnweHbiO~ KOTopbie yJioBzteTBopHnn cn'eJiyrownM KpnTepHHM: Tpe6oBa-
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nOCb1 'JT06bi a K8:lKJIOfi HCKpoaofi KaMepe 6bJnO .TOnhKO,.nO:OAHOMy 

TpeKy1 . npOAOnJKeHHH. KOTOpb!X nepeceKaiOTCH a· MHWeHHi . OT6HpanHCb 

c·o6biTHH c aHeproabitteneHHeM a cneKTpoMeTpax E zli E2 >. 40 Maa 

H ( Ez '+ E2 > . 140 Maa .H c yrnoM Me:lKlly TpeKaMH 

{} i:2 .< ··165°. KpoMe Toro1 6hmH ·aaetteHbi aMnnHTYAHhie ·11 apeMeH

Hhie KpHTepHH Ha HMnynhCbl OT acex .tteTeKTopoa. KpHTepHH Ha 

aHeproabiAeneHHe H yron cagaaHbl C.JOC06eHHOCTHMH <f!()HB. 

Ehmo noKaaaHo, 'ITO speMeHHhie pacnpetteneHHH KaHAHAaToa 

COOTaeTcTayiOT KanH6poaO'JHbiM, pacnpetteneHHe no , MHHHManhH?MY 

'paCCTOHHHIO Me)KJiy TpeKaMH COOTBeTCTayeT pac'JeTHOMy. Ci>oH cny

•qaifHhiX coanatteHHH Man H OAHHaKOB. C nonHO!t H IlYCTOH MHWeHbiO. 

Y'IHTbiaaH ttaa co6biTHH c nycTofi .MnweHhiO, Mo~Ho <CJ:!enljTh ahmon, 

'ITO H3 125 KaHAHAaToa 110 :!:. 10 C06b!THH reHepnppaaHO H8 aotto

pone. 

Ha cnettyiOIIteM aTane o6pa6oTKH y'IHTbiaanocb To o6cToHTenhcT

ao, 'ITO HettocTaiOIItaH Macca, onpetteneiiHaH no naj:>aMeTpaM ttaH!Ioro 

C06b!THH1 AOmKHa . paBHHTbCH Macce HeifTpOHa. C aTOH uenb!O ttnH 

Ka:lKlloro cny'IaH cocTaanHncH <f!yHKUHOIIan: 

. - 2 7. (p -'-p ) 
( 2) u =I I I 

' ,_. 
i=l u2 

l 

... rtte p 1 · -HaMepeiiHbie napaMeTpbi. co6biTHH ( HMnynhc nHo!Ia, aHep

·rHH ~ yrnhi ahmeTa a~eK~poHo.a) 1,. u1 . ~ :_o~n6KH ~~Me~eH~H1 • a: ;
1 

-

Ha6op COOTaeTcTayiOIItHX napaMeTpoa, yttoaneTaOpHIOIItliX Tpe6oaa-.. ·- ,. . . ., ' :.~. ~ 

HHIO .. paBeHCTaa, HeAOCTaiOIIteif MaCChi Ma<;:ce !IeltTpOIIa. 8bi6Hpancg 

-TaKOH ·Ha6op napaMeTpoa _P.j 1 K_OTOpbiH COOTaeTCTayeT MHHHMYMY 

<f!yHKUHOHana .U 
: ~ . 

llnH abmeneHHH co6biTHif peaKunn 03IT ncnonbaoBanocb pac. -

npetteneHHeKaHAHAaToa no· aenH'IHHe W2 = Xk2l + X. 2 ····. .
1 

rtte 
n sp 

X 
2 •. 

kin = mzn U 1 a 2 
Xsp xapaKTepnayeT 

'ITO TpeKH HCXOAHT H3 OAHOH TO'JKH. 

10 

aepOHTHOCTb Toro1 

.. 

·r 

Q} 

6D .1:.. ·4 

6J 

S11 6D .r!,.·.f:, 

6} 

110 f!, +J:p 

Pnc~ 3. PacnpetteneHHe co6biTHif - KaHAHttaToa no aenH'Iime W2 = 
= Xk2i +X 2 ! a} ttnH acex KaH.!tll.[taToa ( 125 co6biTH!f); 6) H a} 

n sp 
ttnH KaHAHAaToa, paatteneHHblX no KpHTepHIO HOHH3aUHOHHhiX noTepb 

a C'JeT'JHKax Ca H c7 ; 6) 52 co6biTHH c Aa Hnll A7 > Ao = 116 
Aaep. a) 73 co6biTHH c A 6 H A 7 < A 0• 
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w2 
Pacnpe~eneaue Bcex co6hlTHft - KaH~H~aToB no BenH'IHHe 

npHBe~eao aa puc. 3. TaK KaK ~m1 co6biTHli peaKUHH 0311 

pacnpeneneaue no BenH'IHHe w2 ~on~HO COOTBeTCTBOBaTb )(2 -

aaKOHy C TpeMH CTeneHHMH CB060Abl 0 TO C06b!THH0 HMeromue 6onb

wue 3Ha'leHHH W2
, 3aBe~OMO cfloHOBbie. 

0Kasanocb, 'ITO sTH co6biTHH xapaKTepusyroTcH 6onbwoli 

aMITnHTYAOH HMnynbCOB B 60KOBbiX CjHHTHnnHUHOHHblX C'leT'IHKaX H, 

nO:-BHAHMOMy, CBH3aHbl C y -KBaHTaMH OT peaKUHH B3SHMOAeficT

BHSI rraOHOB C npOTOHSMH. 

11pHMeHHB K KaHAHAaTaM KpHTepuli HS HOHH38UHOHHb!e ITOTepH 

B 6oKOBblX CUHHTHnnHUHOHHblX C'leT'IHKax, ynanoCb Bb!AenHTb C06bi

THH peaKUHH ( 1) • C yqeTOM cfloHa C06b!THH C nyCTOll: MHWeHbiO H 
' . 

cnyqaftHbiX COBnaneHHH 'IHCnO aaperHCTpHpOBSHHbiX C06biTHll: peaKUHH 

0311. COCTSBnHeT no '" 63 ±_ 18. 

HcnonbayH sTy BenH'IHHy, MO~Ho paccqu~aTb ceqeaue Toft 

'laCTH peaKUHH, KOTOpaH Bb!AenHeTCSI ycTaHOBKOli npH ~OITOnHHTeiib-

Hb!X KPHTepHHX E 1 u E2> 40 MsB u 8 12 < 165°: 

f'la 3 = (5,2 ± 1,6).10 -34 CM2 • 

llncflcflepeHUHanbHOe ce'leHHe peBKUHH AnSI sneKTpOHOB C · 

saeprneft E 1 · H E 2 > 40 M sB, ·ucnycKaeMbiX B HHTepBane yrnoB 

70° < el,e2 J < 1100, paBao: 

d
2a 

d0
1 

d0
2 

-33 2 2 
(3,.4 ± 1,0).10 CM /cTep. 
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(3) 

(4) 

~ !, 
f 
' 

I 

II 
! 
f• 

t , 

4. 

llnH OITHCaHHH npouecca 0311 6binH Bbi6paHbl nHTb KHHeMaTH-

qeCKHX nepeMeHHblX: nonHSH sHeprHH B "- p -cncTeMe ueaTpa Mace 

w ( npu saepruu E '" 275 M sB w '" 1295 M sB), KBanpaT 

MaCChi BHpTyanbHoro ¢oToaa k 2 
, yron Me~y HMnynbcoM nuoaa 

H ¢oTOH8 B TT-p -cHCTeMe UeHTpa MSCC eY 
0 yron Me~y cHM-

nyribcoM aeli:Tpoaa u sneKTpoaa B ( e +e-) -cuc'I'eMe ueHTpa Mace 

e u yron Me~y rrnocKocTbro peaKuuu u nnocKocTbro pacrrana ¢o

Toaa ¢ • YcTaHOBKOft perHCTpHpOBanHCb C06b!THH B HHTepBane 

0, 75 f-2 < k;J < 3,0 f -2 CO cpeAHHM 3Ha'leHHeM k 2 = 2 f - 2 • 

Bbipa~eaue ~nH nn¢¢epeauuanbHoro ceqeaHH 6bmo nonyqeao 

B pa6oTe I 151 • llnH KOHKpeTHbiX paC'IeTOB HCITOnb30BanaCb aMrrnH

TYA£i ct>y6HHH, HaM6y H BaTaruaa /.16;. rrony'leHHBH H3 OAHOMepHbiX 

~HcnepCHOHHblX COOTHOWeHHH B CT8TH'IeCKOM npenene .• Monenb 

XOpOWO OITHCb!BaeT 3KCnepHMeHTanbHble naHHble B sneKTpopo~eHHH 

H CornacyeTCH C npyrHMII M()AenHMH. 

.B pa6oTe I 15t; a TaK:>Ke B p~6oTax I 17,181 yKaabJBaeTcH aa 

ManbJH BKnan nso6apbi t'l ( 1236) B ceqean.e npouecca 0311 B .oKpecT

aocTH pesoaaaca •. B paMKax Monenu ._ct>y6uau, HaM6y II BaTaruaa HaMu 

6bin. Bbi'IHCneH BKnan .B ,C~'I~~He. 6opHOBCKHX 'lneHoB,:.nso6apbl H 

IIHTep¢epeauuu n.so6apbi II 6opHOBCKHX qneHoB. Pac'leTbi npoBOAHnHCb 

MeTOAOM; M~?HTe-Kapno. llnH p03!'lrpb!ll!a C06b!THH peaKUHH HCITOnb-,, 
aoBanacb nporpaMMa MoneniipoBaHJ!H ¢asoBoro .o6'beMa " FOWL 

OMEGA " I 19l. Hs puc. 4 BHAHo, 'ITO BKnan uao6apbi B 
) • > • • .. ~-. ;. 

AH¢cflepeHUHanbHbie Ce'leHHH no nepeMeHHb!M k 2 H cos 8 YMan H ITO'I-
,· . ' . - . 

TII rronaocTbiO KoMneacupyeTCH BKnanoM na:rep¢epeauiiH uso6apbi u 

6opa,oBCKHX -:meHo~, 'I_TO IT03BOnHeT,. B ITpHHUHITe, na:rb Teop~TH'Ie

CKOe onJicaHIIe npouecca c TO'IHOCTbiO ae xy~e -10%. Hs~a Manoro 
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Pnc. 4. BKnaA B ceqeane peaKUHH osn 6opHOBCKHX qneHOB ( 1). 
H3o6apbl (2) H HHTepcflepeHiiHH (3) B 38BHCHMOCTH OT k 2 H, cas(JY 

BKnaAa H3o6apbl ce'leHHe IIpouecca Oon II pH E 17 = 275 MaB B 

MOAenH ~y6HHH, HaM6y H BaTarnHa cflaKTH'IeCKH 3aBHCHT TonbKO 

OT ABYX napaMeTpoB: OT aneKTpH'IeCKOrO cflopMcflaKTOpa llHOHa F17 

H H30TOIIBeKTOpHOrO AHpaKOBCKOrO cflopMcfla~Topa HyKnOH8 Ftv 

Ha puc. 5 npHBOAHTCH aKcnepnMeHTanbHbie pacnpeAeneHHSI no 

qeTbipeM He::JaBHCHMbiM 'nepeMeHHbiM, CnnOlllHbie KpHBbie Bbi'IHCneHbi 

npH F17 = Fl = 1,0 H xopolllo cornacyroTCSI c aKcnepHMeHTanbHbiMH 

ASHHhlMH, 'ITO AaeT OCHOBSHHe HCIIOnb30B8Tb MOAenb AnSI onpeAeneHHSI 

cflopMcflaKTopoB, C aTofi uenbro 6bmo Bbi'IHCneHo ceqeaue ll. ar(F17 , F1v). 

· 3aaqeHHSI F 17 H FV 
1 BapbHpOBanHCb B HHTepaane OT 0 AD 2,0, 

Pe3ynbT8Tbl Bbl'IHCneHHii: IIpeACTaBneHbl B BHAe Ta6nHIIbl H8 pHc,6, 

Ta o6nacTb, rAe B npeAenax OAHOii: aKcnepnMeHTanbHOfi OlllH6KH 

cymecTayeT cornacue Me~y TeopHeii: H aKcnepHMeHTOM, orpaHH'IeHa 

14 

dll~ 
(iff" IG.v j 

IP d6 
JiOiDi' 

IJJ 46 

~D 4. 
~ 

2.0 112 

- D ' t¥15 1111 D.IS -to -qs -QZ az 116 tD 

k2 (GtV/cl CJJsB'' 

d6 _-
dcos8(nl) 

-' d(f 
dcosvf"l 

/16. 116 

', 
Q; a. 

az 42 

0 J 0 
t ! 

-w -oJJ -az az 110 to -w · -o.s -az az a6 w 

CosO cos If 

:_-

·Puc, 5, ·-<;:pa'BH:eane aKcnepHMi:lHTanbHhiX pacnpeAeneHHii:-. no 'leTJ'>IpeM 
. He38BHCHMbiM .KHHeMSTH_qeCKHM nepeMeHHbiM C TeopeTH'IeCKHMH 
pac<~e:raMn npn F 17 = F_I = 1. · -. , --

··--:· 

·;·· 
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Fr 2,o 1,8 1,6 1,4 1.2 1.0 O.B 0.6 0,4 0,2 . o.o 

F,v 

2;0 1.84 1.66 1.57 1.59 1.69 1.90 2,20 2.59 ).09 J.6B 4,J6 

1.8 1.74 1.49 1,)) 1.27 1,Jo 1.44 1.66 1.99 2.41 2,92 '·" 1.6 ·1.7) 1.41 1,18 1.04 1.00 1.06 1.21 1.46 1,81 2,25 2.79 

1.4 1,81 1.41 1.ll Oo90 0.79 0.77 0.85 1.0) 1.)0 1.67 2.14 

1,2 1.97 1.50 1.IJ o.85 ~~0.68~1.18 1.57 
1.0 2,2) 1.68 1.2) 0.88 .621 0.46 O.J9 0.42 0.5~~ 1.09 

o.s 2,57 1.95 1.4) 1.00 ~·4) 0.29 0.25 0.)~~ 
0,6 2.99 2,)0 1.71 1.21 o.8 .49 o,28 o.17 o.14 0,22 o.J9 

0.4 J,5I· 2.74• 2,07 1.50 1.02 .~6 0.17 o.o7 o.o8 0.1~ 
0.2 4.ll ),27· 2,5) 1.88 1.)) 0.~~6 0,09 0,02 0,04 

o.o 4,80 ),89 ),07 2,)5 1,7) 1.20 0.7~,4), 0.19 0.05 0,00 

A~~'\A6•Q38 

Pac. 6. Cpasaeaae ceqeaHH /1 u T , Bhi'IHcneaaor.b s saBHCHMOCTH 

oT napaMeTpOB F 17 H Fl, c aKcnepHMeHTanbHbiM saaqeaaeM 

!!.a = 0,52 :!:. 0,16 a6a. Ta o6nacTb, rJie B npeJienax OJlHOti 

aKcnepHMeHTanbHOti owH6KH cymecTByeT cornacae Me*Jly TeopHeti 

H 3KCnepHlvleHTOM, orpaHH'Ie·aa CfinOWHbiMH nHHHHMHo 

cnnoWHbiMH nHHHHMH, KaK BHJIHo H3 Ta6nHUhi, cneua<!JHKa noBeJieHHH 

TeopeTH'IeCKOrO ceqeHHH T8KOBa, 'ITO MO~HO ycT8HOBHTb TOnbKO 1 

BepXHIOIO rpaHHUY JlnH o60HX <jlopM!flaKTOpOB: 

F
17 

< 1,25; F[ < 1,3 ( 5) 

H8 ypOBHe OJlHOti CT8HJ18pTHOti OWH6KH H 

F17 < 1,36; F; < 1,44 ( 6} 

H8 ypOBHe JlBYX OWH60Ko _YCT8HOBneHHe HH~Hero npeJiena JlnH 

!flopM!flaKTOpOB no HOnHDMy ceqeHHIO B03MO~O nH60 HpH !flHKCHpOBa

HHH OJlHDro H~ HHX, nH6o HpH HanH'IHH CBSI3H Me*Jly HHMH, 

Ecna npeJinono~HTb, 'ITO F17 = F1v , 'ITO He npoTHBope'IHT 

3KcnepHMeHT8nbHbiM Jl8HHhiM H3 aneKTpOpO~JleHHSI /8/,TO !flopM$aKTO

pb1 MO~HO onpeJienHTb C nyqweti TO'IHOCTbiO: 

16 

46 

• 11.4 

Q2 

-tO -Q6 -Q2 ,QZ. 46 1.0 

cosB1 

M-~·~l~ 
t2 

Q8 

a• 

ao 42 ll" 11.6 aa to 
e 

. diS 
droltlnll 

Q2 

I 

-fll -11.6 -42. az 116 to . 
cos or 

~n'J. d& 

12 

118 

a• 

ao 112 qq 1!8 aa to 
s 

Pac. 7. 3aBHCIIMOCTb 

¢opM!flaKTopoB: 1) Frr 
TeOpeT!I'IeCKIIX JIH<jl!flepeHUIIanbHhlX ceqeHIIti OT 

3) F 17 = 0, F; = 0,6. 

Ft = 1,0; 2) F17 = 0,8; Ff = 0,2; 
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v 
Frr = Ft 

+0,14 .. 
1,07 -0,17 (7) 

Ebrno noKaaaHo, 'iTO HeKoTopbie na nn¢¢epeHunanbHbiX ceqe

HHfi npouecca 03n (B oco6eHHocTn pacnpeneneHne no cos () Y 

00118JlS!OT CH11bHOfi 3SBHCHMOCTblO OT cfJopMcfJaKTOpOB ( pHC, 7), 

YfH¢op.MaunH o ¢opMe JlHCp¢epeHunanbHbiX pacnpeneneHnfi noaBonnT 

npn yBennqeHHH 'IHcna aaperncTpnpo.aaHHbiX co6bxTnfi onpenenHTb 

'cfJopMcfJaKTOpbJ 083 npenno1JO)K8HHfi 0 Ha11H'IHH CBH3H Me)KJlY HHMH, 

OcHoBHbie peaynbTaTbi nnccepTaunn MO)!{HO c¢opMynnpoBaTb 

cnenyromnM o6paaoM: 

1, C03JlSHS yCTSHOBKa, COCTOstmast H3 CUHHTH1111SIUHOHHbiX H 

qepeHKOBCKHX !='leT'IHKOB, qepeHKOBCKHX cneKTpO~eT~OB nonHoro 

nornomeHHSI1 HCKpOBbiX KSMep, nHTH1iy'i8BOro OCUH11110rpa¢a H BOJlO

pOJlHOll MHmeHH, YfayqeHbl XapaKTepHCTHKH Jl8TeKTOpOB H npOB8Jl8Hbl 

xann6poBKH, YcTaHoBKa naeT B03MO)!{HOCTb perncTpnpoBaTb npouec-

Cbl C 8118KTpOHSMH H no3HTpOHSMH B KOHe'iHOM COCTOSIHHH, llH¢cfJe

peHUHS11bHOe Ce'i8HHe KOTOpblX HSXO.QHTCH HS ypoBHe...,. lQ-33cM2/cTep2, 

2. Paapa6oTaa pH.rt 6noKoB ObiCTpofi aneKTpOHHKH, a TSK)!{e 

npn6opbi .Q11SI H3MepeHHSI cpe.rtHefi aMn1JHTY.Obl HMny1JbCOB OT .rteTeKTO-

poB, 

3, Ha6nro.rtanocb 63 :!:.. 18 co6biTHfi .peaxunn 03n npn KHHeTn

qecKofi aHeprHH nHOHOB 275 M aB, 

4, Onpe.rteneao ceqeane Tofi qacTH peaxunn, KoTopast Bbi.rtensteT-

CSI YCTSHOBKOfi npH perHCTpSUHH a118KTpOHOB H n03HTpOHOB C 

aHeprnefi E 1 H E2 > 40 MaB H c yrnoM Me)KJlY HHMH 012 < 165°: 
. -34 2 

ll a a = (5,2 ± 1,6), 10 CM 

llncfJcfJepeHUHS11bHOe ceqeHHe peaKUHH Jl11H aneKTpOHOB H fi03HTpo-

HOB c aHeprnefi E 1 n E2> 40 M aB, ncnycKaeMbiX non yrnaMn, 

011H3KHMH K 90° OTHOCHTe1lbHO HanpaB118HHSI nHOHOB, paBHO: 

18 

.. 

d 2a -33 2 2 (3,4 ± 1,0), 10. CM /cTep, 
dOt d02 

5, npoB8Jl8Hbl pac'ieTbl Ce'i8HHSI peaKUHH B paMKaX MOJ1811H 

<_!>y6nHn, HaM6y n BaTarnaa, PacqeTbx· rioKaaann, 'ITO B aacTostmeM 

aKcnepHMeHTe OCHOBHOfi BK11Sil B ceqeHHe BHOCSIT 6opHOBCKHe 'i118Hbl, · 

3To OOCTOSITe1JbCTBO no3B01JSieT Clle1JSTb BhlBOJl, qTo onncaHHe 

npouecca B paMKax Monenn ~y6HHH, HaM6y n BaTarnHa B03MO)!{HO 

C TO'iHOCTblO ..... 10%, 

· 6, Bbi'incneHHo_e nonHoe ce'leHne ll aT= 4,6 , 16-34 cM2 ( B 
v . . . . 

npennono)!{eHHH Frr = Ft = 1) B npenenax omn6ox cornacyeTcst 

C 8KCnepHM8HTS1lbHOfi B811H'iHHOfi fl aa = ( 5;2 :!:.. 1,6) , 10-34 6M2, 

PaccqnTaHHbJe ·nn¢¢epeH~Ha1lbHbie ceqeHHH (B npe.rtn0110)!{8JIHH Frr = 
. . 

=F/ = 1) xopomo onHCbiBS!OT COOTBeTCTByromne aKcnepHM8HTS1ibHble 

pacnpeneneHnst. 

7, nony'ieHbl H83SBHCHMbJe OU8HKH BepXHHX rpaHUU · cfJopMcfJaKTO-

poB Frr n F{ npn k2 = 21....2 

Frr · < 1125; F{ <•1,3 

Ha_ypOBHe .OilHOH CTSHJlapTHOfi OmHOKH .H 

frr < 1,36; · 

aa ypoBHe llBYX olliii6ox •. 

FI < 1,44 

8. B npe.rtnono)!{eHHH paBeHCTBa ¢opM¢aKTopoB· Frr H F J 
'ITO He npoTnBopeqH'r ·axcnepnMeHTS1ibHbiM .aamibiM npn k 2 < _0, 

3Ha'ieHne .anst ~opM¢aKTopoB nonyqaeTcst·. c ;;y~me.fi .• To'IHOCT~!O: : 
F

: •Fv .·107 +0,14 .•. · :· . . .. 
" rr· = t· = '. ·-0,17 ·• · • '· 

':~ i ,. ~:' ' '. ~ • '' . . . •s ~ ... ~: •. :. ,.. . ..: . ' 

OueHKa Jl11st ¢opM¢axiopa HYK~oHa BO BpeMeH~no.ao6Ho~ -o6nac-

Tn nonyq~iJa BnepBbJe, · 
w:"· . .,, 
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9. noK838HO, 'ITO !flopMa H9KOTOpblX an!fJ!flepeHUllanbHblX pacrrpe

aeneHllii ( B oco6eaaocTn !f!opMa pacrrpeneneHHli d ;,._; d cos () Y ) 

qyBCTBHTenbHa K BenH'IHHe !flopM!flaKTOpOB1 TaK 'ITO IIpll yBenH'I9Hllll 

cTaTncTn'IeCKoro MaTepnana aaanis an¢¢epeaunanbHhlX pacrrpeaene

nnu II03BOnHT IIOBhlCliTb TO'IHOCTb OIIpeaeneHliH !flopM!flaKTOpOB. 
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