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l1 3 n y 'l e HH e y - K B a HTOB B rr N B38HM o n ei1CT B HH S K c rrepHM e HTanbHO 

aa 6n~nanocb B pa 6 oTax / 1,2 / , B / 2 / perHc TpHpooan acb peaKUHH 

( 1 ) 

li 8HanH3HpOBanCH HMTiynbCHblit C!leKTp y - KB8HTOB C TO"'KH 3peHHH MO!le

nH, paCCMOTpeHHOA B / 3,4,5 / , CornaCHO YK838HHOA MO!lenH OCHOBHOH BKnaa 

B >KeCTKy~ '18CTb HMnynbCHOrO ClleKTpa y - KB8HTOB aaeT I1pOUeCC
1 

O!lHCbi

BaeMbiH !lHarpaMMOI' 1 ( pHC.1). Bbl!leneHHe BKnaaa STOH !lHarpaMMbl HBnHeT

CH OC06eHHO HHTepeCHbiM 1 TaK K8K I103BOnHeT onpea e nHTb KOHCT8HTY ¢oTo

pO>K!leHHH rr -Me3oaa Ha rr -Me3oHe /3/, llpyrHe, HaH6onee sepOS!THbie, Me

xaHH3Mbi HCI1YCK8HHS! y -KB8HTOB Ilpe!lCTaBneHbl !1HarpaMM8MH 2,3,4,5 (pHc.1 ), 

CooTBeTC TBY~II.llie HM c e 'l e HHSI 6binH paccMoTpeHbi B / 5,2 1 . 3KcnepHMeHTanb-

HaSI OUeHKa KOHCT8HTbl y- 3fT B38HMO!lell:cTBHS! aana 3H8'1eHHe C2~,5.;t-. i>,)'2 / , 

HacTOSI!llHli SKcnepHMeHT S!BnSieTCS! npoaon>KeHHeM pa6oTbi /2 / , 

3xcnepHMeHT 

PeaKUHSI rr p ... ,- py HCCneuosanaCb C IlOMO!llb~ 25- C8HTHMeTpOBOit 

BOllOPOllHOit IlY3blpbKOBOH KaMepb! Ha TIY'IKe rr -Me30HOB C SHeprHeH ( 339:!; 

+ 12) Mas, YcJIOBHS! onbiTa H reoMeTpH'IeCKHe KpHTepHH oT6opa noapo6ao 

OI1HC8Hhl B pa6oTaX / 6/ . 

OoMHMO peaKUHH ( 1), perHCTpHposanHCb cneay~mHe rrpouecCbi: 

p "0 
(2) 
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17- p .. ,. p , (3) 

II'- p .. ,- rr +· D ' (4) 

rr-p .. ,on (5) 

/!'\. 
e-'e+ ·y 

B peaynbTaTe aHan.Haa HaeHTH~HUHposaHo 148 c n y qaes (1), 158 c nyqa

es peaKUHH (2) , •10500 ynpyrHx co6biTHA H .. 1200 co6hiTH A peaKUHH (4). 

npoueCCbl ( 4)' ( 5) Bbiaen5!nHCb OJIHC8HHbiM paHee MeToaoM 16 I . 

0TaeneHHe co6biTHA. peaKUHA ( 1), (2) OT yrrpyroro rrpouecca (3) rrpoHa

soaHnoch JIO OTKnOHeHHIO OT ynpyroit KHHeM8THKH TBK, K8K 8 TO OJIHC8HO B 

pa6oTe 121. YcnoBHS! BbiaeneHHS! B HaCTOS!UieM 8 KCrrepHMeHTe OhinH y n y qme

Hhi 6naroaapS! npHMeHeHHIO HosoA rrporpaMMbi o6cqeTa c o6bi TH A 11 I , a a a qH

TenbHO JIOBblCHBUieit TOqHOCTb KHHeMaT.HqeCKHX napa M e Tp OB p ea KUHH. 

B peaynhTaTe 6bmo Bbiaeneao 322 aeyrrpyrHx c o 6biTH S!, npH 8 TOM rrpH

Me.cb ynpyroA peaKUHH c 8Hepr.Heli 340 Mss B rrpouecc ( 1) He npesbimana 

2,5 co6biTHS! x). CpeaH HaeHTH~HUHposaHHbiX TaKHM o 6p aaoM c o 6 biTHA Mory T 

6biTb ynpyrHe cnyqaH, Bhi3BaHHbie HH3K08Hepr.HqHbiMH rr -Me30H8MH, HCKnJO-

qeHHe KOTOPbiX 6hmo rrpoaenaHo cneayiOUIHM o6paaoM. 

B oTo6paHHbiX co6biTHS!X nposepS!nHCb cooTHOUieHHS! yron-HMnynbc B 

npeanonmKeHHH, qTo co6biTHe sJBnS!eTCS! ynpyrHM c Haqa nbHOA 8HeprHeA, pas

HOH cyMMe 2-x aapS!)I(eHHbiX qacTHU. 

Ecn.H COOTHOWeHHS! BblliOnHS!nHCb anSI o6e.HX qacTHU B rrpeaena x 3-x OWH-

OOK, TO co6biTHe cq.HTanocb y npy rHM. 

TaKHM o 6paaoM ObinO OT6poweHo 16 co6bJTHA, HHHUHHposa HHbiX HH3 KO-

8 HePI"'HqHbiMH rr -Me3 0H8 MH, 

nocKOnbKY peaKU.HS! ( 1) npOS!BnS!e TCSI K8 K ManbiH 8~~eKT H8 ~OHe 6onb

UIOI"'O q.Hcna COObiTHit, Heo6xoa.HMO ObinO y6e aHTbCS! B TOM 1 qT O Bhiae n e HHbie 

XJ npuMeCb uenHKOM OTHOCHRB Cb K peBKUH H (J), ITOCKOflbKY npou eCC (2) 
xopowo oraenner cn o r y npyr ofl pea xuuu. 
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C06b!THSI He SIBnSIIOTCSI IInOXO H3MepSieMbiMH ynpyT'HMH C06biTHSIMH. llnSI 3TOT'O 

BCe 306 co6biTHlt 6binH He3aBHCHMO H3MepeHbi 4 pa3a. Pe3ynbTaTbi H3MepeHHlt 

xopowo cornacoBhiBanHCb apyr c apyroM. KpoMe Toro, anSI co6hiTHA peaKUHH 

( 1) IIOCTpOeHbl pacnpeaeneHHSI IIO reoMeTpH'IeCKHM IIapaMeTpaM, OT KOT~ 

pb!X 3aBHCHT TO'!eOCTb H3MepeHHlt, a HMeHHO ! IIO anHHaM TpeKOB '18CTHU1 

a3HMyTanhHbiM H rny6HHHhiM yrnaM. PacnpeaeneHHSI noKa3anH, 'ITO oTo6paH

Hbie C06biTHSI He BbiaeneHbl IIO OTHOWeHHIO K ynpyT'HM C TO'IKH 3peHHSI re~ 

MeTpH'!eCKOlt KOH~HrypaUHH. 

llnSI C06biTHlt, IIpHHaane)KaBWHX peaKUHSIM ( 1) H (2) 1 6binO IIOCTpOeHO 

pacnpeaenenHe no KBaapaTy neaocTaJOmelt MaCChi (pHc.2). !13 rHCTorpaMMbi 

BHaHo, 'ITO C06biTHSI rpyiiiiHpy!OTCSI BOKpyr Ll.BYX 3H8'!eHHlt M 
2 

1 paBHbiX 
0 

0 H 1352. fleBbllt IIHK, COOTBeTCTBYIOWHlt C06biTHSIM ( 1) 1 8CRMMeTpR'!eH H 

HMeeT XBOCT B o6naCTH OTpHUaTenbHbiX M ~ • noao6HaSI 8CHMMeTpHSI xa

paKTepHa AnSI CIIeKTpOB ManbiX HeAOCTa!OIUHX MaCC B 3KCIIepHMeHTaX H8 IIy-

3bipbKOBbiX KaMepaX / 8 /. llnSI pa3AeneHHSI peaKUHlt (1) H (2) T'HCTpOrpaMM8 

IIO M 
2 (anSI M 2 > ,12 X 1 o3 MaB2 I c4) 8IIIlpOKCHMHpOBanacb cyMMOA ABYX 
0 0 . 

KpHBb!X raycca. To'!Ka nepece'!eHHSI 3THX KpHBbiX ( M2 
9·103 M3B2 /c4) 

0 

6hina Bbi6pana B Ka'leCTBe rpaHHUhi pa3aeneHHSI peaKuHA H 2. 

Co6biTHSI c M! < 9•103 ( MaB/c2 )2 6binH OTHeCeHbi K peaKURH ( 1), a 

c M: > 9•103 (MaB/c2)2 - K peaKUHH (2). 

llnSI co6biTHH, HMe!OIUHX M: > '9.·1 o3 
( Mas/c2 )

2
' CTpOHnaCb <jlyHKUHSI 

pa3peweHHSI B IIpeanonO)KeHHH, 'ITO OHH IIpHHaane)K8T peaKUHH (2). nony'!eH

H8SI KpHB8SI XOpOWO OIIHCbiBana IIp8Bbllt IIHK T'HCTOT'paMMbl. 

npHMeCb C06biTHlt ( 2) B peaKUHIO ( 1), OUeHeHHaSI IIO <jlyHKUHSIM pa3pe

WeHHSI1 OK83anacb paBHOlt 12 C06biTHSIM. 

llnSI KOHTponSI 6bino nocTpoeno pacnpeaeneHHe scex co6biTHA no ·BenH-

2 
'IHHe M 

0 
I v , rae v - CKopocTb qacTHUbi B eaHHHuax c 

nocKOnbKY CKOpOCTb <jJOTOHOB AOn)KH8 paBHSITbCSI 1, TO AnSI C06biTHA, 

panee HAeHTH~HUHpoBaHHbiX KaK cny'!aH peaKURH ( 1), senH'!HHa II ~I v He 

aon)I{Ha npeBbiWaTb 3Ha'!eHHSI 9•10
3

• KaK BHLJ.HO H3 T'HCTorpaMMbi (pHc . 3), 

TOnbKO 6 C06biTHA peaKUHH ( 1) He YAOBneTBOpHnH 3TOMY Tpe60B8HHIO. 

Ha ocnosaHHH pacnpeaeneHHSI no M ~ 6hmo nattaeno, 'ITO peaKUHH 

( 1 ) IIpHHaane)K8T 148 C06biTHA, a peaKURH ( 2) - 158. 
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Ka~aoe eo6hlTHe o6e'IHThlBanoeb no fit - nporpaMMe B 2-x rHnoTe-

38X, eOOTBeTeTBY!OlllHX pe8KUH5!M ( 1), (2), 

PaenpeaeneHHS! eo6hiTHii ( 1), (2) no )( 2 npeaeTaBneHbi Ha pHe,4,5. 
mh> 

DhinO npoBeaeHo KOHTponbHoe pa3aeneHHe eo6hiTHii no X 2 -KpHTepHJO 

enoeo6oM, OnHe8HHbiM B i 9i, 

Tio.oaBnS!JO!llee 6onblUHHeTBO eo6biTHtl Haae~HO H.lleHTH!jlHUHpOBanOeb aTHM 

MeToaoM, OaHaKo 15 eo6biTHii e M~<9x103 H 16 eo6biTHll: e M:<9x1Q3 Mor

nH Ob!Tb OTHeeeHbl K8K K TOft:, T8K H K apyroli peaKUHH, ~TH BenH'IHHbl pae-

eMaTpHB8nHeb K8K OKOH'I8TenbH8 5! OUeHK8 npHMeeH H Y'IHTbiBanHeb npH Bhl

'IHeneHHH OWH60K B ee'IeHHS!X, 

Ce'ieHHS! onpe.oen5lnHeb TaK ~e, KaK H B i 6 i _ H oKa3anHeb paBHhiMH: 

-27 '. 2 
a(l)= (0,16 + 0,0::!)x 10 eM, 

-27 
a(2) = (0,17 + 0,02) x 10 

AHanH3 pe3ynbT8TOB 

2 
eM • 

Ha pHe,6 npeaeTaBneHo paenpeaeneHHe eo6biTHtl ( 1) no HMnynbey y -

KB8HTOB B e,U.H,, KOTOpoe 6binO nOeTpOeHO eneayJO!llHM o6p830M, 

K HMnynbeHoMy eneKTPY Haae~Ho H.OeHTH!jlHUHpoBaHHhiX eo6hiTHH ( 1) 

6bina .oa6aBneHa nonOBHHa aHanorH'IHOro eneKTpa 31 eo6biTH5!, KOTOpbie He 

6hmH pa3.oeneHhi no X 2 -KpHTepHJO, 

113 rHeTorpaMMbl BH.llH0 1 'ITO HenOnb30B8HHbit\ MeTO.ll Bbi.({eneHHS! peaK

UHH ( 1) n03BOn5leT 3¢!jleKTHBHO perHeTpHpOB8Tb y -KB8HTbl e HMnynbeOM, 

npeBoexo.o5llllHM 40 MaBie, He6onbwoe KOnH'IeeTBO eo6biTHtl e k <AD MaBie 
y 

MO~eT 6b!Tb nonHOeTb!O 06'b5leHeHO HanH'IHeM OWH60K B Onpe.oeneHHH HMnynb

ea y -KB8HT8, TipH6nH~eHH85! OUeHK8 a!jl!jleKTHBHOeTH nOK83ana, 'ITO B HH

TepBane ( 40+80) MaBie OH8 eoeTaBn5leT He MeHbllie 80%, a B ene.oyJO!lleM -

He MeHbllie . 90%, B Tot\ o6naeTH HMnynbeOB, rae npOBO.OHne5! KOnH'l:eeTBeH

Hblt\ aHanHa, T,e, anSI ky > 160 MaBie, a¢¢eKTHBHOeTb perHeTpauHH 6bma 

.. 100%, nOCKOnbKy ~eeTKHe y -KB8HTbl Bbl3b!B810T 6onbWHe OTKnOHeHHS! OT 

ynpyrot\ KHHeM8THKH, 
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TeopeTIPieCKHJ:i aHanH3 HMnynbcHoro cneKTpa y -KBBHTOB nposotmnc5! 

no Mo.aenH, y'IHTbiBBIO!lleJ:i .aHarpaMMbi 1,2,3,4,5 {pHc.1). OcHOBHOJ:i BKna.a B 

cneKTp .aaeT TOpM03HOe H3ny'IeHHe 1 rrpe.acTaBneHHOe .QH8I'p8MM8MH 2,3, Vi H

Tep~epeHUHSI Me*.llY .QH8I'p8MM8MH 2,3 He paCCM8TpHBanaCb 1 T8K K8K OH8 He 

rrpeBbiWaeT 10%. BKna.a aHarpaMMbi 4 rrpeHe6pe*HMO Man ( CM , /5/ ). ilHarpaM

Ma 5 paCC'IHTWBanacb B pa6oTe / 10 / , r.ae 6wno nony'IeHo nonHoe ce'IeHHe, 

paBHOe 9•10-3° CM2 , B npe.anono*eHHH, 'ITO B38HMO.QeHCTBHe B KOHe'IHOM COC

TOSIHHH H.QeT B OCHOBHOM 'Iepe3 pe30H8HC (3/2, 3/2), ilH~~epeHUH8nbHOe Ce

'IeHHe B H8CT05!1!1eJ:i pa6oTe Bbl'IHCnHnOCb 1 KBK H B /2/ 1 riO ~pMynaM H306ap

HOH Mo.aenH H HOpMHposanocb Ha rronHoe ce 'IeHHe , rrony'IeHHoe B / 10 / . 

f1yHKTHpH8SI KpHB8SI H8 pHC.6 OllHCbiB8eT BKnaa .QHarpaMM 2,3,6 (HHTep

~epeHUHSI .aHarpaMM 2,3 c 5 CTporo paBH8 0). no k y = 120 Mss/ c KpHB85! 

rip8KTH'IeCKH npe.acTaBnHeT Ce'IeHHe TOpM03HOI'O H3ny'IeHH5! 1 TBK KBK BKna.a 

liHarpaMMbi 5 He npeBbimaeT 15%. B *eCTKoJ:i 'IBCTH cneKTpa TeopeTH'IeCKaH 

KPHBBH 3H8'IHTenbHO o TnH'Ia e T CSI OT sKcnepHMeHTanbHoro pacnpeneneHHH. KaK 

6btn0 riOK838HO paHee /5/, 8 TO OTnH'IHe JlOn*HO 6b!Tb OTHeCeHO 38 C'IeT JlH8r

p8MMbl 1. BKnan .aHarpaMMbi 1 Bbi.aenHnCH B o6nac TH k y > 160 M ss/ c t npH 

8 TOM HHTeocbeoeHUHS! Me*JlY JlH8I'08MM8MH 1 H 5 He V'IHTbiBanaCb) , 3KCne

pHMeHT8nbHOe Ce'IeHHe
1
COOTBeTCTBYIOJllee 8 TOH o6naCTH HMnynbCOB 1 paBHO 

3,78x10-29 CM2 , CyMM8 BKna.aOB OT JlH8I'p8MM 2,3 H 5 COCTSBnHeT 0,72x 

x1o-2 9 cM2 • TaKHM o6pa30M, onpeneneHHWJ:i H3 8KcnepHMeHTa BKnan .aHar

paMMbi 1 coc TasnHeT l'l. u :3Kcn . = 3,06 x 1o-29 CM2, Ce'IeHHe, nony'IeHHoe 

HHTerpHpOB8HHeM HMrrynbCHOI'O CneKTpa 

nacTH k y >160 Mss/c, paBHO 15 1 6.u
1 

y -KB8HTOB OT JlH8I'p8MMbl 1 B 06-

= 3 16 c 2 X 10-2 9 CM2. ITpH-
Teop. ' 

p8BHHB85! !:;. U 1 TeOP. K 6. (1 1 :3KCn. , H8XOJlHM: C 2 
= 1 ::!: 0,2 ( OlllH6Ka 

CT8THCTH'IeCK85!), BbinO Bbi'IHCneHO JlH~~peHUH8nbHOe Ce'IeHHe, COOTBeTCT-

BYIO!llee JlH8I'p8MMe 1, C HCnOnb30B8HHeM H8HJleHHOI'O 3H8'IeHH5! KOHCT8HTbl 

C 
2 

• CrrnomHaH KpHBaH Ha pHc.6 onHCbiBaeT cyMMapHbiH BKnaJJ. .aHarpaMM 

1,2,3,5. 

Pacnpe.aeneHHH no yrny BbtneTa )' -KB8HTa B c.u. H. rrpeJJ.CTaBneHbi Ha 

pH c. 7. BepXHS!H rHCTorpaMMa onHCbiBaeT yrnosoJ:i cneKTp y -KB8HTOB JJ.nSI 

scex co6biTHJ:i peaKUHH ( 1). BHJlHO, 'ITO y -KBaHTbi neTHT npeHMymeCTBeH-
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HO BnepeA, qTQ X8p8KTepHO AnR TOpM03HOrO H3nyqeHHR. 38WTpHXOB8HH8R rH

C TOrp8MM8 npeACT8BnReT yrnOBOH CTieKTp y -KB8HTOB AnR C06biTHH C k > 
y 

160 M 3 B ic . 

B 3 8 Kmo qeHHe 8BTOpbi cqaT810T CBOHM npHRTHbiM aonroM no6n8rOA8 pHTb 

fl.fl.HeMeHOB8 38 TIOCT8HOBKY 38A8qH, TIOCTORHHOe BHHM8HHe H CH C TeM8THqec

KHe o6Cy)!(AeHHR 1 E.M.OoHTeKOpBO 38 BHHM8HHe K p86o•re H UeHHbie 38Meql:l HHR 

¢.f.TKe6yqaBy 1 B.f.fpHWHH8 - 38 none3Hbie 06Cy)!(AeHHR H TIOMOWb B p860-

Te. ABTOpbi npH3H8TenbHbi f.l1.CenHB8HOBy, B.A.)!(yKoBy, B.f.fpe6aHHHKy, 

f.fla6MaHy, A.O.M8Hbiqy a Be eM, KTO npHHHM8n yq8c Tae B nonyqeHHH a o 6-

p 8 6oTKe -nneHKH. 
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