


BBEAEHHE 

noa~TPOH~~ 6~n aaper~cTp~posaH s 1951 rOAY Ae~4eM/l/. B 3TOM 
OnbiTe n03~TpOH~ OT paA~OaKT~SHOrO ~CT04H~Ka 3aMeAn~n~Cb S raae 
AO Tennos~X CKOPOCTe~ ~ o6pa30S~San~ no3~TPOH~~. 

Ha TeopeT~4eCK~x pac4eTos cneAYeT, 4TO Ha ycKop~Ten~x s~co
K~X 3Hepr~~ MOryT 6b1Tb nony4eH~ pen~T~S~CTCK~e n03~TpOHHH /2-5/. 
Ha YCKOPHTen~X npOTOHOS OCHOSH~M HCT04HHKOM no3HTpOHHeS ~sn~~y
C~ aTOMH~e pacnaAbl 17° -Me30HOS: 

17o-> y + A2e• /1/ 

0THOCHTenbHa~ sepO~THOCTb npo4ecca /1//3/ C y4eTOM paAHa4HOHH~X 
nonpasoK/6/ pasHa 

P = W(11~-> Y + A2e) = 0,60a4(1 _ 2Sa) = 1,6886-Hr-9 • 
W(17o-+y+y) 9 
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PaccMOTOHM Te CSO~CTSa oen~THS~CTCKHX n03HTPOHHeS, KOTOp~e 

no3son~~T aaper~cTp~posaTb A2e H s~nonHHTb c noMO~b~ no3HTPOHHes 
P~A ~~3H4eCKHX HCCneAOSaHH~. 

B pacnaAe /1/ noa~TPOHHH HcnycKa~Tc~ c op6HTanbH~M MOMeHTOM 
L = 0 H cnHHOM S = 1. Bepo~THOCTb o6paaosaHH~ no3HTPOHH~ c rnas
H~M KSaHTOS~M 4HCnOM 0 npOnOP4HOHanbHa 

p -1/n 3 , 
n 

/3/ 

H An~ OCHOSHOrO COCTO~HH~ pasHa 

p
1 

=1,40•10-9 , /4/ 

XapaKTepH~e raMMa-~aKTOP~ no3HTPOHHes, reHepHposaHH~x Ha cepny
xoscKOM ycKop~Tene, pasH~ ... 1 0 3 . npH TaKHX y -<llaKTopax ny40K 
no3~TPOH~es, HaXOA~~HXC~ S COCTO~HHH 0 = 1, S = 1, ocna6n~eTC~ 
H3-3a pacnaAOS S e pa3 Ha AnHHe - 40 KM, a S COCTO~HHH 0 = 1, 
S= 0 - Ha AnHHe -40 M. 

np~ AS~*eH~H n03HTPOHH~ S MarHHTHOM none, Hanp~*eHHOCTb KOTO
poro H nepneHAHKyn~pHa HMnynbcy no3HTPOHH~, s CHCTeMe noKo~ A2e 
S03HHKa~T 3neKTPH4eCKOe H MarHHTHOe non~ C Hanp~*eHHOCT~MH 

E = ~yH. i1 = yH, /51 

rAe ~ = v/c , v - CKopoCTb A 2., y = (1 _ ~ 2)-1/2. Ecn~ 3Ha4eHHe 
E npes~waeT HeKoTopy~ senH4HHy E 0 ,To no3HTPOHH~ pa3sanHsaeTc~. 
npo4eCC HOCHT noporos~~ XapaKTep /2/.An~ OCHOSHOrO COCTO~HH~ aTo-
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Ma ~=1) E1 = 1,4.105 3, H, cneAOBaTenbHO, n03HTPOHH~ B MarHHT
HOM none MOlKeT Cy~eCTBOBaTb npH ycnOBHH: 

/3yH < 1,4.105 3. /6/ 

AnH nepsoro B036YlKAeHHoro cocTOHHI1H E2 = 1 , 3 ·1 0 4 3. 
Ecn11 ny40K no3HTPOHI1eB c S = 1 npoXOAI1T 4epea MarHHTHOe none 

C HanpHlKeHHOCTbiO, YAOBneTBOpHIO~e~ ycnOBI1~ /6/, TO BOnHOBaH ¢YHK
l!Hfl aTOMa 6yAeT cynepn03111..!11e~ BOnHOB~X ¢YHK4HA A2e B CHHrneTHOM 
H TpHnneTHOM COCTOHHHHX. C POCTOMH npHMeCb CI1HrneTHOro COCTOH
HHH yseni14HBaeTCH, 4TO npHBOAI1T K yMeHbWeHI110 BpeMeHH mi13HI1 no-
3HTpOHHeB. BepOHTHOCTb o6HapymeHI1H aToMa nocne MarHHTa B CI1Hr
neTHOM Hnl1 Tpl1nneTHOM COCTOHHHH 3aBHCI1T OT BenH4HH H, Y 11 Ani1Hbl 
MarHHTa f. EcnH nocne MarHHTa HMeeTCH pacnaAH~~ npoMelKyTOK, TO 
11HTeHCI1BHOCTb ny4Ka n0311TPOHI1eB 6yAeT OC4HnnHpOBaTb B 3aBHCI1Moc
TH OT Beni1411H H, y 11 f/7/. 

As11raHCb B none aToMa, penHTI1BHCTCKI1~ no3HTPOHI1~ MOlKeT paasa
nHBaTbCH 11n11 soa6ymAaTbCH. BepoHTHOCTI1 3TI1X npol!eccos 6~n11 s~-
4HcneH~ B /8/*,oTKYAa cneAyeT, 4TO sepoHTHOCTb paasana 6onee 4eM 
Ha nopHAOK npeBbiWaeT CYMMapHyl') BepOHTHOCTb nepeXOAOB 1S-> 2P 
H 1S ->3P. Ce4eHI1e pa3Bana 6~CTPO yseni1411BaeTCH C POCTOM 3apHAa 
HAPa. Ocna6neHI1e ny4Ka A2e B e paa B yrnepOAe 11 sonb¢paMe 
npOI1CXOAHT Ha Ani1HaX, paBH~X /8,9/ COOTBeTCTBeHHO: 

Ac = 0,22 MKM, Aw= 0,009 MKM. 171 

np11 AB11lKeHI111 A2e B cnoe Be~eCTBa TOn~I1HO~ L ... 10 Ac speMH npo
XOlKAeHI1H T OKa3biBaeTCH MHOrO MeHbWe BHYTPI1aTOMHOrO speMeHH ro / 10/: 

T « Y7o · !8! 

04eHKI1 noKa3biBaiOT /IO/, 4TO np11 B~nonHeHI111 ycnoBI1H /8/ norno~eHI1e 
ny4Ka A2e Ha411HaeT OTnl14aTbCR OT 3KCnOHeH411anbHOrO 3aKOHa Ha 
100% ylKe np11 L .e 4A. KsaHTOBOMexaHI14ecKoe paccMoTpeHI1e B3ai1MOAe~
CTBI1H ynbTpapenfiTI1BI1CTCKI1X A 2e c se~ecTBOM /11/ o6Hapym11no, 4TO 
KOnl14eCTBO no311TPOHI1eB, npoXOAfl~l1x 6ea paasana cno~ L, np11 L >>A 
nponopl!I10HanbHO L -I. 

Ha ycnoBI1fl /7/ cneAyeT, 4TO np11 saa11MOAe~cTBI111 npoTOHOB c 
BOnb¢paMOBO~ MI1WeHb10 TOn~I1HOH -1 MKM OCHOBHbiM 11CT04H11KOM n0311-
TPOHI1eB 6YAYT pacnaA~ /1/. HaMepflfl aas11c11MOCTb 11HTeHCI1BHOCTI1 
A2e OT Ton~I1Hbl M11WeHI1, MOlKHO MOAenbHO-He3aBI1CI1MbiM cnoco60M 113Me
PI1Tb speMfl lKI13HI1 17°-MeaoHa/3,12/, 

B HaCTOfl~e~ pa6oTe npoBeAeHo Ha6n~AeHI1e ynbTpapenfiT11BI1CTCKI1X 
n0311TPOHI1eB, B03HI1Ka~I1X np11 B3a11MOAe~CTBI111 npOTOHOB C 3Heprl1e~ 
70 r3B C fiAPaM11 yrnepoAa.l1 AaHa Ol!eHKa BePOfiTHOCTI1 pacnaAa /1/. 

*Ce4eHI1e pa3Bana A2e B COCTOfiHHH C S 0 6blno pacc411TaHo s 191. 
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§1. CXEMA 3KCnEPHHEHTA 

PHc.I. CxeMa ycTaHoBKH. a/cxeMa 
KaHana: p - rryqoK rrpOTOHOB; 

M- rrneHoqHaH MHmeHh; n - rrneH
Ka H3 naBCaHa; KIT - KORRHMaTop; 
H - ropH30HTaiTbHOe MarHHTHoe 
none; K - KOHBepTop H3 rrneKcHr
naca; 6/ cxeMa pacrrono~eHHH 
MarHHTa H p;eTeKTopoB: CM - rromoc 
MarHHTa CTI-73; BK - BaKyyMHaH 
KaMepa; )lK I , )lK2, )lK3 - rraKeTbJ 
p;pefHpOBbJX KaMep; S1, S2 :;. Cl.\~m

THRRHI..\HOHHbJe cqeTqHKH; C1, C2 -
ra30Bhle qepeHKOBCKHe cqeTqHKH. 

B AaHHO~ pa6oTe ocy~ecTsneHa cxeMa ¢opMHPOBaHHH H AeTeKTHpo
saHHH ny4Ka n03HTPOHHeB /pHc.1/, npeAnOmeHHaH s/7/, 

B npHMOnHHeHHOM npoMemyTKe ycKOPHTenH Y-70 ycTaHosheHa MH
weHb /M/ H3 yrnepoAHO~ nneHKH /13/ nno~aAbiO 60x60 MM 2 . Hcnonbao
sanHCb MHWeHH TOn~HHO~ 0,5 MKM H 0,35 MKM. no3HTPOHHH B~BOAHTCH 
H3 KaMep~ YCKOPHTenH no BaKyyMHOMy KaHany, pacnono~eHHOMY nOA 
yrnoM 8,4° K npoTOHHOMY ny4KY/P~ AnHHa KaHana pasHa 40 M, Te
necH~A yron 2,6· 10-5 cp. KaHan noACOeAHHHeTcH K saKYYMHO~ KaMe
pe YCKOPHTenH 6e3 neperOPOAOK. Ha4anbHaH 4aCTb KaHana 3KpaHHpo
BaHa OT pacceHHH~X none~ MarHHTOB YCKOpHTenH: HanpH*eHHOCTb oc
TaT04HOrO nonH H 0 cT<1 3. BAonb KaHana Ha AnHHe ~23 M npHnomeHo 
rOpH30HTanbHOe OAHOPOAHOe MarHHTHOe none /H/ HanpH*eHHOCTbiO 
56 3, KOTOpoe nponyCKaeT n03HTPOHHH C HMnynbCaMH p <2,5 r3B/c 
H B~BOAHT H3 ny4Ka y -KBaHTOB H n03HTpOHHeB 3apH~eHHble 4aCTHL!bl 
C HMnynbCaMH P < 3 r3B/c. 

KaHan 3aKaH4HBaeTcH saKyyMHO~ KaMepo~ /BK/, noMe~eHHO~ B aa
aop MarHHTa Cn-73 /CM/. B~XOAHOe OKHO KaMepbl BblnOnHeHO H3 aniO
MHHHH TOn~HHO~ 0,8 MM H HMeeT pa3Mep~ 400 MM no BepTHKanH H 
2000 MM no ropH30HTanH. AnH npoBeAeHHH ¢oHOBbiX H3MepeHH~ B Ha-
4anbHO~ 4acTH KaHana ycTaHasnHsanacb nascaHosaH nneHKa /n/. AnH 
npoBeAeHHR KanH6poBOK B KOHI..!e Ka~ana ycTaHaBnHBanCH KOHBepTop 
/K/ H3 nneKcHrnaca. 

no3HTPOHHH (A2e) pa3sanHBaiOTCH KpaeBbiM MarHHTHbiM noneM Cn-73. 
3neKTPOH~ H n03HTpOH~ perHCTPHPYIOTCH ABYMH TenecKonaMH, COCTOH
~HMH H3 Tpex naKeTOB APe~$08~~ KaMep AK1, AK2, nK3, CL!HHTHnnH-
4HOHHbiX c4eT4HKOB S1, S2 H raaoBbiX 4epeHKOBCKHX c4eT4HKOB C1 H 
C2. npH HanpHlKeHHOCTH nonH cn-73 H = 4600 3 perHCTPHPYIOTCH 3neKT
POH~ H n03HTPOH~ C HMnynbCaMH, nelKa~HMH B HHTepsane 
400 + 1000 M3B/c. 
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§2. AETEKTOPW M 3nEKTPOHMKA 

Ape~~oe~e KaMep~ ~cnonbay~TCH AnH ~3MepeH~H KOOPA~HaT 3neKTpo
HOB ~ noa~TPOHOB. KaMepbl pa6oTa~T e caMoracH~eMcH cTp~MepHOM 
pe>K~Me /l4/, 3ToT pem~M, o6HapymeHHbl~ ~ ~ccneAoBaHHbl~ e/15-17/, 
noaeonHeT nony4~Tb aMnn~TYAY c~rHana c KaMepbl Ha ABa nOPHAKa 
6onbwy~, 4eM e nponop~~oHanbHOM pem~Me. 

Tp~ naKeTa COAepmaT wecTb x -nnocKocTe~ /c~rHanbH~e npoeonoK~ 
pacnonmKeHbl eepT~KanbHO/ ~ wecTb y -nnocKocTe~ /c~rHanbHble npo
eonoK~ pacnonomeH~ rop~30HTanbHo/. 4yecTB~TenbH~e paaMep~ Kall<AO~ 
nnocKOCT~ - 3x0,8 M2. CpeAHHH 4aCTb KaMep /eepT~KanbHaH nonoca 
W~p~HO~ 327 40 CM/, 4epe3 KOTOPY~ npOXOA~T ~HTeHC~BH~~ npHMO~ 
ny40K 4acT~~. CAenaHa He4yBCTB~TenbHO~. neeaH ~ npaeaH 4acT~ 
KamAoro naKeTa pa6oTa~T Heaae~c~MO. War HaMOTK~ c~rHanbHbiX npo
eonoK paeeH 10 MM. l<amAaH x -nonynnocKOCTb COAepm~T 128 KaHanoe 
cbeMa ~H¢opMa~~~. y -nnoc~ocTb - 80 KaHanoe; TaK~M o6pa3oM,ecero 
~MeeTCH 2496 KaHanoe. 

3neKTPOHHaH annapaTypa KaMep/18/ CKOHCTPY~POBaHa AnH per~CTpa
~~~ TOnbKO OAHO~ 4aCT~I..Ibl B Ka>KAO~ nonynnOCKOCT~. 3TO n03BOn~no 
cy~ecTeeHHO coKpaT~Tb o6beM annapaTyp~ ~ np~MeH~Tb napannenbHOe 
KOA~POBaH~e HOMepoe cpa6oTaBW~X npoeonoK/19/, a AnH ~3MepeH~H 
epeMeH~ APe~¢a e Ka~o~ ~3 nonynnocKocTe~ ~cnonb30BaTb TOnbKO 
OA~H epeMH-ll~¢poeo~ npeo6paaoeaTenb. AnH noAaeneH~H ¢oHOBbiX co-
6~T~~ ~cnonbayeTcH npo1..1eccop/20~ oT6~pa~~~~ co5~T~H c ABYMH 
TpeKaM~, nema~~M~ B rop~30HTanbHO~ nnOCKOCT~ Ha OA~HaKOBO~ e~
COTe. BpeMH np~HHT~H peweH~H npOI..IeCcopa - 12 MKC. np~MeHeH~e 

npo1..1eccopa noaeon~no yny4W~Tb cooTHoweH~e 3¢¢eKT/¢oH AnH per~
cTp~pyeM~x co6~T~~ e AeCHTK~ pa3. 

KaMep~ ~Me~T cneAY~~~e xapaKTep~cT~K~: KOOPA~HaTHOe paapewe
H~e a~ 0,2 MM, epeMeHHOe pa3peWeH~e 300 HC. 3¢¢eKT~BHOCTb cpa
fiaT~BaH~H nonynnOCKOCT~ - 99%, a ee TpeKOBaH 3¢¢eKT~BHOCTb - 90% 
ecneACTB~e c60H KOAOB np~ npOXOll<AeH~~ ABYX 4aCT~ll• 3Ha4eH~H 3$
¢eKT~BHOCTe~ COOTBeTCTBY~T 3arpy3Ke 10 6 4aCT~I..I·C-l. Pa6o4~~ A~ana-
30H HanpHmeH~~ n~TaH~H KaMep - 500 B. 

CI..I~HT~nnHI..I~OHH~e c4eT4~K~ ~Me~T anepTypy 1x0,5 M2 ~ npocMaT
p~ea~TCH 4eT~PbMH $OTOYMHOll<~TenHM~ ¢3Y-30. 

noporoe~e 4epeHKoecK~e c4eT4~K~/2l/ ~Me~T anepTypy 1x0,5 M2 
~ npeAHa3Ha4eHbl AnH per~CTPal..l~~ 3neKTpOHOB ~ no3~Tp0HOB C yrno
S~M pa36pocoM +10° oTHOC~TenbHO HopMan~. C4eT4~K~ HanonHeH~ 
¢peoHoM-12 np~-aTMoc¢epHoM AaeneH~~. An~Ha ra3oeoro paA~aTopa 
pasHa 1,5 M. nopor 4epeHKOBCKOrO ~3ny4eH~H COCTaBnHeT AnH 3neKT
POHOS -10 M38, AnH M~OHOB- 2,1 r3B, AnH rr-Me30HOB 2,8 r3B. 

B KamAOM c4eT4~Ke HaXDAHTCH ABa 3epKana pa3MepaMH 750x600 MM2, 
$DKYC~PY~~~e 4epeHKOBCKOe ~3ny4eH~e Ha ABa $OTOYMHOll<~TenH ¢3Y-
496. 3epKana HMe~T $OPMY, 6n~3KY~ K 3nnHnT~4eCKO~, H ~3rOTOBneH~ 
~3 3nOKC~AHO~ CMOnbl C saKYYMHbiM HanblneHHeM aniOMHH~H, TOn~~Ha 

3epKana 4 7 5 MM. nepeA $OTOYMHOll<HTenHM~ HaXOAHTCH CMeCT~Ten~ 
cneKTpa ~3 p-Tep¢eHHna AnR yeenH4eH~H aMnn~TYA~ 3a c4eT TpaHc-
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~OpMa~~~ ynbTpa~~oneTOSO~ 4aCT~ 4epeHKOSCKOrO ~3ny4eH~H S S~
A~MY~ o6nacTb. Ko3¢¢~~~eHT ysen~4eH~H aMnn~TYAbl - 1 ,5. 

3¢¢eKT~SHOCTb C4eT4~KOS S cpeAHeM no nno~aA~ COCTaSnHeT 
97 7 99%. CpeAHee 4~cno ¢oTo3neKTPOHos - 5 7 6. CpeAHeKsaApaT~4-
H~~ paa6poc cpeAH~x aMnn~TYA no nno~aA~ SXOAHoro OKHa paseH 
6 7 8%. 

B 3Kcnep~MeHTe ~cnonb3Y~TCH 6noK~ 6biCTpo~ 3neKTpoH~K~ ~ 6no
K~ s cTaHAapTe KAMAK /18-20,22,23,27 ,2s1. 

MacTep-~Mnynbc s~pa6aT~sancH np~ cosnaAeH~~ c~rHanos oT c~~H
T~nnH~~OHHbiX ~ 4epeHKOSCK~X C4eT4~KOS. np~ 3TOM s 6noK~ KAMAK 
aan~c~sanocb 50 wecTHaA~aT~paapHAH~x enos: aMnn~TYAHo-speMeHHaH 
~H~OpMa~~H OT C~~HT~nnH~~OHH~X ~ 4epeHKOSCK~X C4eT4~KOS, HOMepa 
cpa6oTasw~x nposonoK, speMH APe~~a ~ noKaaaH~H MOH~Topoe. 3a
TeM npo~eccop oT6~pan co6~T~H, e KOTop~x TpeK~ 3neKTpoHa ~ no-
3~TpoHa neman~ e rop~30HTanbHOM cnoe e~coTo~ 4 eM; ~H¢opMa~~H 
o TaK~x co6~T~Hx nepeAaeanacb e 38M M-6000 ~ aan~c~eanacb Ha 
MarH~THYIO neHTy. 

§3. nPEABAPI1TEnbHMI 06PA60TKA AAHHbiX 

06pa6oTKa Ha n~H~~ c 38M npoBOA~nacb c noMO~b~ c~cTeMbl npor
paMM CAS-~/24/.c~cTeMa noaeonHna aa li~Kn ycKOP~TenH np~H~MaTb 
~H~opMa~~~ o ABYXCTax co6~T~Hx ~ aHan~3~poeaTb nony4eHH~e AaH
Hble c noMO~b~ 56 r~cTorpaMM, COAeP>Ka~~x aMnn~TYAHble ~ epeMeH
H~e cneKTP~ CI..I~HT~nnHI..I~OHH~X ~ 4epeHKOBCKMX C4eT4~KOB, pacnpe
AeDeH~H no HOMepaM cpa6oTaewMx npoeonoK M no epeMeHM APe~¢a 
e KaMepax. 

AnH KOHTponH 3a pa6oTo~ ycTaHOBKM e 1..1enoM coeMeCTHO c npo
rpaMMO~ DAS-~ Mcnonb3oeanacb nporpaMMa npoeeAeH~H TpeKoe no 
HoMepaM npoeonoK. np~MeHeHH~~ anropMTM noaeon~n, o6pa6aT~BaH 
np~HHT~e co6~T~H, KOHTponMpoeaTb pa6oTy APe~¢oe~x KaMep, ¢opMy 
~ nonomeH~e ny4Ka no OTHoweHMIO K ocM KaHana. 

§4. M3MEPEHMfl 

noTOK y-KeaHTOB B KaHane npH Ha6ope CTaT~CT~K~ 6~n paBeH 
6,7·10 7 3a ~~Kn pa60T~ YCKOpMTenH npM An~TenbHOCT~ c6poca Ha 
MMWeHb 1,7 c. BenM4~Ha c6poca orpaH~4Meanacb aarpyaKaM~ APe~
¢oe~x KaMep. Bo epeMH Ha6opa cTaTMCT~KM 3arpy3Ka AK nOAAepm~ea
nacb Ha ypoeHe 106 c-1. CpeAHee 4Mcno 3anycKoB aa I..IMKn - -2·10 3 , 
nocne nOAaBneH~H 6biCTpbiM npOI..IeCCOPOM - ~0. nonH~e nOTOK~ y
KBaHTOB, npOWeAW~X 4epe3 KaHan np~ pa6oTe C M~WeHRMM TOn~~HO~ 
0,5 MKM ~ 0,35 MKM, paBH~ COOTBeTCTBeHHO 2,25· 1012 M 4,29·10 1 ~ 
nonHoe 4~CnO 3an~CaHHbiX Tp~rrepOB 3, 8 ·1 06 • 

HapHAY c Ha6opoM noa~TPOH~ee nposDAMnMcb ¢oHOBble ~3MepeH~H. 
AnH 3Toro s Ha4anbHY~ 4aCTb KaHana BBOA~nacb nneHKa ~3 nascaHa 

5 



TOI11!1YIHOi1 10 MKM, KOTOpal'l AOillKHa 6bii1a Pa3Bai1YtBaTb no3YtTPOHYIYI, 
He OKa3~BaR BnYil'IHYIR Ha APYrYte 4aCTYI~~- noTOK y-KBaHTOB "' nonHoe 
4YICnO TpYtrrepOB npYt 3TYIX Y13MepeHYtRX 6~I1YI paBH~ COOTBeTCTBeHHO 
4,23.1012 "' 1 ,2. 106. 

AnR KanYt6pOBOK nepeA cn-73 ycTaHaBnYteanCfl KOHBepTOp Yl3 nneK
CYtrnaca TOnl!lYIHOH 2,5·10-3 paAYta~YIOHHOtli AnYIHbl. 3neKTpoH-n03YITPOH
H~e nap~, reHepYtpoeaHH~e Ha KoHeepTope, no3eonYtnYt onpeAenYtTb 
nono>KeHYte ny4Ka y -KeaHTOB Yl O~eHY!Tb T04HOCTHble xapaKTepYtCTYIKYI 
YCTaHOBKYI. 

MOHYITOPYIPOBaHYte ny4Ka y-KeaHTOB OCyl!leCTBnRnOCb ABYMR Tenec
KOnaMYI. Ka>KAbiH COCTORI1 Yl3 C4eT4YIKa aHTYICOBnaAeHYtH, KOHBepTopa 
Yl3 CBYIH~a pa3MepoM 2x2x0,5 CM3 Yl ABYX C4eT4YIKOB COBnaAeHYtH. 
B nepeoM TenecKone ece C4eT4YIKYt - c~YtHTYtnnfi~YIOHHble. Bo BTopoM 
OAYIH Yl3 C4eT4YIKOB COBnaAeHYtR - 4epeHKOBCKYIH C paAYtaTOPOM Yl3 
BOAHoro pacTeopa aMYtHo-r-KYtcnoT~/ 251. BTopotll TenecKon He perYtcT
pYtpoean MeAneHH~X ¢OHOB~X 4aCTYI~, npOXOAYIBWYIX 4epe3 C4eT4YIKYI 
COBnaAeHYIH Yl OCTaHaBnYtBa~l!lYIXCR B KOHBepTOpe. noKa3aHYtfl OfiOYtX 
MOHYITOPOB COBnaAai1Yt. 

§5. XAPAKTEPHCTHKH nAP 3nEKTPOHOB H n03HTPOHOB, 
B03HHKAI01JtHX nPH llHCCOU11AUUH n03HTPOHHfl B MArHHTHOM nonE 

3neKTPOH Yl n03YITPOH, B03HYIKa~l!lYie npYI AYICCO~Yta~HYI n03YITPOHYIR 
B MarHYITHOM none Cn-73, o6naAa~T PRAOM xapaKTepH~X npYt3HaKOB. 

1 • Yrnbl TpeKOB e + Y1 e- OTHOCYITenbHO ropYt30HT anbHOH nnOCKOCTYI 
i) ll .. - -· . - - - ~ ... -- - - - ~ - -.., e' •• v e- 1•1U~IUI f'l 1-'Qgn~Jt 1"'1~/T\""',1 \,..VVVIo"l t a I lt-'VHV"Itn\,.onru~n;. "'tCIJC.;l MCII nn I 

TpeKYI HanpaeneH~ B MYIWeHb. 
2. Pa3HOCTb B~COT ~y Me>KAY e+ H e- Ha B~XOAHOM OKHe BaKyyM

HOH KaMepbl pasHa Hyn~. 
3. PaccTORHHe ~ Me~y nPOAOn>KeHH~MH 4epe3 MarHHT TpeKaMH 

paBHO Hyn~ Ha BXOAe B Cn-73. 
4. To4Ka HcnycKaHYt.R e+e- napbl ne>KHT e Toill 4aCTH ce4eHHR Ka

Hana, rAe npOXOAHT ny40K y-KBaHTOB. 
5. HMnynbcbl p e+ H p e- paBHbl Me>KAY co6oi1. 
BenH4HH~ Oe+, Oe-, ~y, ~x, Pe+•p e- e AeillcTBHTenbHOCTH YtCKa

>Ka~TCA H3-3a HanYt4Yifl rOPH30HTanbHOH COCTaBnfl~eH MarHHTHOrO 
non.R Cn-73, a TaK>Ke Yt3-3a MHOrOKpaTHOrO paccef!HHR 4aCTH~ B an~
MHHY!eBOH MeM6paHe, B APeH~OBbiX KaMepax 1-1 B B03AYXe. 

nPOAYKTbl pa3Bana n03YITPOHHfl BbiAen.RnHCb nyTeM BBeAeHHfl orpaHH-
4eHYIH Ha eenH41-1Hbl (}e + , (} e-, ~y , ~ 1-1 Ha KOOPAYIHaTbl T04KH YIC
nycKaHHR napbl. npr-1 3TOM Y4HT~eanacb 3aBHCYIMOCTb 3TYIX napaMeTpoe 
OT HMnynbcoe e+ 1-1 e-. BHA 3aBYtCHMOCTei1 6pancR Yt3 aHanYt3a pac
npeAeneHYtH no 3TYIM >Ke nepeMeHHbiM e+e- -nap, reHepYtpoeaHHbiX Ha 
KoHeepTope Yt3 nneKcYtrnaca. 

Anfl BbiAeneHYIA n03YITPOHHeB YtCnOnb30Banocb pacnpeAeneHYte f = 
p + 

ln-p e; e 3TOM pacnpeAeneHYtYt nPOAYKT~ pa3eana A2e AOn>KHbl rpyn
e-

nYIPOBaTbCR B Y3KYIH nYIK B OKPeCTHOCTYI HYI1fl. 
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§6. nPOBEJlEHHE TPEKOB H OnPEJlEnEHHE HMnYnbCOB 4ACTHU 

B Ha4ane o6pa6oTKYI 6blnYt onpeAeneHbl napaMeTpbl APeill<)>oBblx <I>YHK
~YIH AI1fl Ka>KAOH CYirHai1bHOH ni10CKOCTYI, yrn~ noeopoTa Yl Bei1Yt4YIHbl 
CABYirOB ni10CKOCTeH APeH<)>OB~X KaMep APYr OTHOCYITenbHO APYra. Co-
6biTYte OT6Ytpai10Cb Anfl aHanH3a, ecnYI B Ka>KAOH Yl3 ABYX npoeK~Yii1 
o6oHx TenecKonoe cpa6aT~eano He MeHee 4eT~pex cYtrHanbH~x nnoc
KocTeill. H3-3a neeo-npaeotll HeonpeAeneHHOCTYI e Ka>KAOH npoeK~"'"' 

npOBOAYII10Cb 2° TpeKOB /n - 4YICI10 cpafioTaBWYIX ni10CKOCTeH B npoeK
~YIYt/, Yl3 KOTOPbiX OT6Ytpai1CR OAYIH C MYIHYIManbHbiM 3Ha4eHYteM X 2 . 

TaK KaK nepeA MarHYITOM cn~73 HeT KOOPAYIHaTH~X AeTeKTOPOB, TO 
npYI onpeAei1eHYIYI YIMnyi1bCOB npeAnonarai10Cb, 4TO 4aCTYI~~ B~XOAl'IT 

Yl3 MY!WeHYt. /lnfl onpeAei1eHYIR YIMnYI1bCOB Yl KOOPAYIHaT BXOAa 4aCTYI~ 
B MarHYIT cn-73 npeABapYtTei1bHO MeTOAOM MoHTe-Kapno pa3blrpbiBai1YICb 
co6~TYtfl eblneTa A2e Yt3 MYtweHYt "' YIX nocneAY~I!lero pa3eana e none 
cn-73. TpaeKTOPYIYI 3I1eKTPOHa "' n03YITPOHa B MarHYITe paCC4YITbiBa
nYICb MeTOAOM PyHre-KyTTa c Hcnonb3oBaHY!eM KapT~ MarHYtTHoro nonR. 
nony4eHH~H Hafiop AaHHbiX - HMnynbc 4aCTYI~bl pe, KOOPAYIHaTbl ee ane
Ta x0 • Yo "' BblneTa x, y Yt3 MarHYITa, yron BblneTa Yl3 MarHYITa e ro
PYI30HTanbHOH nnocKOCTYt Ox-6bln Hcnonb30BaH AnR annpoKCYtMa~YIYI 

Ka>KAOH Yl3 Tpex BenYI4YIH X O, Yo , p e nonYtHOMOM OT Tpex nepeMeHHbiX 
x, y , ex . MaKcYtManbHaR cTeneHb nom-tHOMOB He npeeblwana 4. 

§7. HllEHTH<I>HKAUHR e+e--nAP, B03HHKAIOmHX nPH JlHCCOUHAUHH 
n03HTPOHHR 

Anfl BbiAeneHYifl n03YITpOHYieB Ha napaMeTp~ ~. ~y Yl (}i BBOAYII1YICb 
orpaHH4eHYtfl, 3aBYICRI!lYte OT YIMnynbCOB e+ Yl e-. HH>Ke fiYAYT npY!eo
AYITbCR TOnbKO 3Ha4eHYifl rpaHYIL\, COOTBeTCTBYIOIIIYie p e + = p e- = 
= 600 M3B/c. nocne npoeeAeHHl'l TpeKoB "' eeeAeHYtfl M~rKYtX orpaHYt-
4eHYtH 

I~I<21MM, 1~1<18MM, je1j<10,5MPaA /4/ 

Y13 3,8·10 6 C06b1TYIH OCTanocb 6,4.10 4. PacnpeAeneHYie 3TYIX co6biTYIH 
no £ c waroM 0,02 npHBeAeHo Ha pHc.2a. 

3aTeM 6bii1YI OTfipoWeHbl CofibiTYIR, B KOTOPbiX T04Ka YICnycKaHYIR 
e+e--napbl I1e>Kana BHe ofinaCTYI npOXO>KAeHYIR ny4Ka y-KBaHTOB, Yl Ha 
napaMeTpbl 6bii1YI Hano>KeHbl nocneAOBaTei1bHO 6onee >KecTKY!e orpaH~-t4e

HYI.R: 

1~1 < 12 MM, I~YI < 7 MM, j(}1 I < 8,3 MPaA 

1~1 < 9 MM, I~YI < 3,4 MM, 10 11 < 6,5 MPaA. 

"' !51 

!6! 

OcTanocb -12000 "' -3800 co6biTYti1 cooTBeTCTBeHHO. PacnpeAe-
neHYifl 3TYIX co6~TYIH no f npYtBeAeHbl Ha pY!c.26 "' e. B 3TYIX pac
npeAeneHY!l'IX Y!MeeTCR Y3KYIH nHK B OKPeCTHOCTYI f = 0. /lai1bHei1wee 
YCYII1e~Yie KPYITepYteB He npYIBOAYIT K CYI!leCTBeHHOMY YI1Y4WeHYI~ co
OTHOWeHYI.R Me>KAY 3<)><)>eKTOM Yl <)>OHOM. 7 
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PHc.3. Pacnpe~eneHHH /a,o H s/ 
coobiTHil: c!JoHa, y~osneTsopHIDmHX 

KpHTepHHM /4/, /5/ H /6/ 
.._VV .l .U\- .1 '- .1 D~.n.n'""" .11V t o 

PacnpeAeneHMe 2e, nocTpoeHHoe c waroM 0,005 /pMc.5a/, annpoK
CMMMpoeanocb CYMMO~ ABYX KPHB~X: nHK annpOKCMMHpoeancH pacnpe
AeneHMeM fay~ca, a $OHOBaH nOAnOmKa - nnaBHO~ KPHBO~, OTKYAa 
6btna Ha~AeHa nonHaH WMPHHa nHKa Ha nonyB~COTe: ~::lKCll"~ 2, 4%. 3TO 
3Ha4eHHe 6nH3KO K pac4eTHO~ senH4HHe annapaTypHoro pa3peweHHH 
no nepeMeHHo~ E: ~pacq~ 2,3%. 

Ha pMc. 3 npHBeAeHbl pacnpeAeneHMH no t $oHoe~x co6btTH~, 
Ha6paHH~x c naecaHoeo~ nneHKo~ TOnlJIHHO~ 1 0 MKM. Co6btTHH YAOBneT
eopH~T COOTBeTCTBeHHO TeM me KpHTepMHM, 4TO H Ha pHC.2. 0TCyT
CTBHe Ha PMC.3B nHKa 06bHCHHeTCH pa3BanOM n03HTpOHHH 8 nneHKe 
H YAaneHMeM e +, e- H3 KaHana 04HlJia~lJIHMH nonHMH. 

ny40K no3HTpOHHeB HMeeT Ty me KOH$Hrypa4H~, 4TO H ny40K $o
TOHOB. no3TOMY AnH e+e~nap, YAOBneTBOPH~lJIHX ycnOBH~ /6/, HO 
MCXOAHIIIHX H3 TO~ o6naCTH KaHana, rAe HeT n03HTPOHHeB, 8 pac
npeAeneHHH no c nHKa He AOnmHo 6~Tb. PacnpeAeneHHe TaKHX nap 
no f npeACTaBneHO Ha pHc.4a, H3 KOTOporo BHAHO, 4TO Y3KH~ nHK 
8 OKpeCTHOCTH f = 0 OTCYTCTByeT H, cneAOBaTenbHO, He reHepHpyeT
CH $OHOB~MH np04eccaMH. 
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PHc.4. Pacnpe~eneHHH coohlTHH cTa
THCTHKH TIO c: a/ reHepHpOBaHHhlX 
BHe ny'l:Ka y-KBaHTOB H y~OBneTBO
PHIOmHX KpHTepHIO /6/; 6/ Y~OBneT
BOpHIOmHX KpHTepHID /5/, HO He 
y~oBneTBOpHIO!ll,HX xoTH Obi no o~HOMy 
napaMeTpy KPHTepma /6/; B/ pac
npe~eneHHe COOb!THif OT KOHBepTO
pa, y~OBneTBOPHIOmHX KPHTepHIO /6/. 

Ha pHc.46 npeACTaeneHo pacnpe
AeneHHe no nepeMeHHO~ c e+, e-
nap, YAOBneTBOPR~Hx ycnoeHRM 
/5/, HO He YAOBneTBOpR~lJIHX XOTH 
6~ no OAHOMY napaMeTpy ycnOBHHM 
!6/. OTcyTCTBHe y3Koro nHKa yKa-
3bteaeT, 4TO OH CBH3aH TOnbKO C 
TeMH napaMH, KOTOp~e HCnycKa~TCH 

M3 He6onbwo~ o6nacTH no ~. ~Y 

M 8i. 
Ha pHc.4e.npeACTaeneHo pac

npeAeneHHe no nepeMeHHO~ c e+e--
nap, reHepHpoeaHH~x Ha nneKcHr

nacoeoM KOHBeOTOOe H YAOBneTBOPH~lJIHX ycnOBHHM /6/. 0TCYTCTBHe 
Y3KOrO nHKa yKa3~BaeT Ha TO, 4TO HCnOnb30BaHHaH annapaTypa H CH
CTeMa KpHTepHeB He $OPMHPY~T nHKOB, ecnH HX He AOnmHO 6~Tb no 
$H3M4eCKHM nPH4MHaM. 

AMnnHTYAHbte cneKTP~ a 4epeHKOBcKHX c4eT4HKax AnH co6btTH~, 
JlemalJIHX 8 MHTepeane £= +0,08, COOTBeTCTBY~T 3JleKTPOHaM. Cny-
4a~H~e coenaAeHHH a 3TO~-rpynne co6~TH~ He npeewwa~T HeCKOJlbKHX 
nP04eHTOB. 

1-13 npHBeAeHHoro aHanH3a cneAyeT, 4TO co6btTHR a m1Ke o6ycnoe
neH~ AMCC04Ma4Me~ 8 MarHHTHOM none YJlbTpapeJlHTHBHCTCKHX n03MT
POHHeB. TaK KaK OCHOBH~M HCT04HHKOM n03MTPOHHeB HBnHeTCR pacnaA 

TT
0 

-+ y + A2e, TO Ha6n~AeHHe no3MTPOHHeB RBJlHeTcR eMecTe c TeM 
o6HapymeHMeM aTOMHoro pacnaAa TT

0 -Me3oHa H, cneAoBaTenbHo, npo-
4ecca npHMoro npeepalJieHHR epeMeHMnOA06Horo $oToHa B aToM. 

KonH4eCTBO no3HTPOHHee onpeAeJlHJlOCb no co6btTHRM cTaTHCTHKH 
H $OHa, YAOBJleTBOpR~lJIMM KPMTepHRM /6/, i-13 pacnpeAeJleHHH CTaTHc
THKH no f /pHC.2B/ noKaHaJlbHO BW4HTaJlOCb $OHOBOe pacnpeAeJleHHe 
/pHc.3e/, HOPMHPOBaHHOe Ha nOTOK y-KBaHTOB, COOTBeTCTBY~lJIH~ 
CTaTHCTHKe. Pa3HOCTHOe pacnpeAeJleHHe COAepmHT B Tpex 4eHTpanb
HbtX KaHanax NA 2e= 185~_30 . 

AflH 04eHKH BeJ1H4HHbt p npeAnOJlaraJlOCb, 4TO BCe $OTOHbl H no-
3HTPOHHH HcnycKa~TCR "o -Me3oHaMH. OcHOBHaH HeonpeAeneHHOCTb 
nocne TaKoro AOnylJieHHH o6ycnoeneHa norpeWHOCTb~ e onpeAeneHHH 
4HCJ1a A2e• KOTOpWe pa3BaJ1HBa~TCR H B036ymAanTCR B MHWeHH: 04H-

9 
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PHc. 5. a/ PacnpegeneHHe co6biTH:i1 

CTaTHCTHKH, YAOBJieTBOpHW~X 

KPHTepHw I 6 I , no c c mar oM 0, 005 ; 
6/ pacnpegeneHHe co6biTm1: cTaTH

CTHKH, YAOBJieTBOPHW~X KpHTepHW 
/6/, nocne Bbr<IHTaHHH <PoHa, c rna
roM 0,01. 

IJ.IaiOUIVI€ MarHVITbl nponyCKaiOT TOnbKO 
n03VITPOHVIVI B OCHOBHOM COCTORHVIVI. 
Hcnonb3oeaHHble e Ka4eCTBe MVIwe
Hei1 yrnepo,qHble nneHKVI paccnaVI
eanVICb, a OT cTeneHVI paccnoeHVIR 
3aBVICVIT ,qonR 17° -Me30HOB, pac
na,qaiOIJ.IVIXCR e npe,qenax MVIWeHVI, 
VI, cne,qoeaTenbHo, KOnVI4eCTBO 
pa3BanVIBWVIXCR VI B036y,qVIBWVIXCR 

no3VITPOHVIeB. TaK KaK cTeneHb paccnoeHVIR VI pa3BVITVIe 3Toro npo
~ecca e Te4eHVIe ceaHca HeV13eecTH~, To o~eHKa eenV14VIH~ ,qenanacb 
,qnR MVIWeHVI 6e3 paccnoeHVIR VI nonHoCTbiO paccnoeHHoi1 MVIWeHVI. EcnVI 
Y4VIT~BaTb TOnbKO Ce4eHVIe pa3Bana, TO ,qnR BenVI4VIH~ p nony4aeM 
3Ha4eHVIR: p = I 1 ~ 21. 10-9. TeopeTVI4ecKVIe pac4eTbl nonHoro ce4eHVIR 
eo36ylK,qeHVIR A2., OTcyTCTBYIOT. EcnVI npe,qnonOlKVITb, 4TO ce4eHVIe B03-
6ylK,qeHVIR paBHo ce4eHVIIO pa3eana, To eepxHee 3Ha4eHVIe p yeenVI4VIT
CR B -2,5 pa3a. 

llpVI onpeAeneHVIVI p Y4VITbiBanacb 3()l()leKTVIBHOCTb perVICTpa~VIVI no-
3V1TpOHVIeB, o6ycnoeneHHaR orpaHVI4eHHbiM ,QVIHaMVI4eCKVIM AVIana30HOM 
MarHVITHoro cneKTPOMeTpa I -32%1 VI noTepRMVI no3VITPOHVIeB 3a C4eT 
oc~VInnR~VIi1 I ~10%1, 3¢¢eKTVIBHOCTb AeTeKTopoe I ~40%1, o6pa6oTKVI 
I ~70%1 VI ,qp. noT OK y - KBaHTOB YMHO>KancR Ha K03¢¢VI~VI€HT ~ 0 '9' 
Y4VITbiBaiOUIVIi1 ,qon10 y -KBaHTOB, VIAYIJ.IVIX Vl3 MVIWeHVI. 

ABTOP~ BbiPalKaiOT 6narOAaPHOCT b B. n. AlKene nosy, .Q. KVIWY' 
Ei.M.noHTeKopeo, H.E.TIOPVIHY, B.A.~p6e - 3a noA,qeplKKY 3KcnepVIMeH
Ta; B.H.raHV14eBy, n.M.OHVIllleHKO, B.r.Ca30HOBy, B.H.CVI,qopoeoi1, 
n. M. CMVIPHOBY - 3a npoeKTVIpoeaHVIe annapaTypbl VI noMOlllb npVI ee 
Vl3roToeneHVIVI; B.r.3VIHOBy, A.H.CVIHaeey - 3a o6ecne4eHVIe 3Kcne
PVIMeHTa 3neKTPOHH~MVI 6noKaMVI; A.B.CaMoi1noey 3a o6cYlKAeHVIe no
CTaHoBKVI On~Ta VI ~eHH~e COBeT~; ~.r.Eiawe, T.C.rpVIranaWBVInVI, 
A. 1-1. rpVIrOpbeBy, 3 .1-i.Ma'nb~eey' A.A. Onei1HVIKY, 5.A. Cepe6pRKOBY' 
C.A.4epHOMY - 3a noMOIJ.Ib npVI co3,qaHVIVI annapaTypbl; A.n.Kypoey 
3a ycTaHOBKY nneHo4Hblx MVIWeHei1; H.A.BnaAVIMV1poeoi1, H.A.KanVIHVIHoi1, 
B.B.AnVI3aAe, T.A.EinoxVIH~eeoi1, B.n.Kypo4KVIHY, JK.n.nycTblnbHVIK -
3a y4aCTVIe B VI3MepeHVIRx; A.M.BaxpoMeeey, n.H.Koponeey, B.M.KyA
PRB~eey, ~.A.nacTo4KVIHY, Ei.H.necHVIKoey, B.A.CMVIpHoey - 3a noA
roToBKY KaHana VI ,qeTeKTOPOB K pa6oTe; C.r.nnaCTVIHVIHOi1, r.B.no
KVI,QOBOi1, B.¢.4ypKVIHOi1 - 3a noMOIJ.Ib npVI o6pa6oTKe VI o¢opMneHVIVI 
AaHHbiX; n.H.3onbHVIKOBY VI KOnneKTVIBY ¢oTona6opaTOPVIVI 3a o¢opM
neHVIe pa6oTbl. 
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