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BBenenmne

[Tporpamma " Pusuka ¢ n-mMe30HaMu~ ABISIETCS JIOTMTIECKUM TTPOMOJIKEHIEM TITKITa YKCIIEPUMEH-
TOB TI0 MCCENOBAHNTO MIOH-HYKIOHHOTO B3anMoneicTBust, Boinoiussinerocs B [INAD ¢ 1970 r.

[To cBomM cBofcTBaAM 1)-ME30HBI CYIECTBEHHO OTIUYAIOTCS OT 7-Me30HOB. OIHO W3 TITaBHLIX
pasnumauii — o uMeioT pasnudnbie m3ocmuibl (1T = 0 mist n-mesona w T = 1 mias 7-Mme3oma).
Kax crencreue, nN-cucrema (T = 1/2) cBasana tombko ¢ N*-pesonancaMu — B OTIHYNE OT
7 N-cuctembr, KoTopast MOKeT OBITH cBs3ana Kak ¢ N*-, Tak u ¢ A-pesonancamu. Ecian m-meson
COCTOUT TOJBKO U3 u- W d-KBApKOB, TO 7)-Me30H CONEPKUT €Ile W S-KBapK, YTUM OOLICHIETCS
ero GObITasl Macca.

Beumy masoro Bpemenn xusuum n-mesona (6 X 107! ¢) HeBo3MoKHO MOMyYnTL CBOGOMHBIE
MyYKW DTUX YacTUIl, U TO3TOMY HHPOPMAINIO O XapaKTepe B3alMONENCTBUS 7)-ME30HOB C HY-
KJIOHAMU U SIPAMU MOKHO U3BJI€Th TOJIBHKO Iy T€M U3y UeHus ITPOIECCOB 06PAa30BAHUS 1)-ME30HOB
oM MeficTBUEM pa3jnvdHbIX YacThIl. B HacTosiee BpeMs HYKcIepuMenTaabHas THPOPMAIUI O
B3aNMOJIECTBUN 7)-ME30HOB ¢ HYKJIOHAMI ¥ SIAPAMU MPaK THIECKH OTCYTCTBYET.

[MUAD pacmomaraer XopoImmMm BO3MOKHOCTSME [IJIsI M3YUEHUST TPOIECCOB 06Pa30BAHIS
7)-M€e30HOB TIONl NefCTBUEM MUOHOB. KCIIM TOBOPUTL O HIIEMEHTapHOM IIpoTecce T p — NN, TO
nopor 5Toil peakiinu pasen 685 MoB/c; ceuenne GpicTpo pacTeT oT mopora, HOCTUras BEIUYU-
HBI 045t 2~ 2 MOH Tipu P = 785 M»sB/c. Ilns (7,n) peakuuii Ha sapax mopor 3HAYNTETHHO HIKE.
[Tu-mesonnbiii kKanan cuaxporukgorpora [INAD nosponser momydaTh WHTEHCHBHBIE TYUYKN
MIOHOB KaK pa3 B HTOM IUAIla30He MMITYILCOB.

I/ICCJ'IeI[OBaHI/Ie 06p330BaHI/ISI 7-MEe30HOB Ha HYKJIOHAX

[lepBoift sTan mporpaMMbl — W3ydeHnme TIpolecca m p — NN B OKOJOMOPOTOBON 0b6iracTu
suepruii. IeTambHoe mcciaenoBanme SHEPreTUYECKON 3aBUCUMOCTHU CedeHus O6pa3oBaHUS 1)-
Me30Ha BOIM3M MOpOTa MO3BOIUT TOIYYIUTH MHPOPMAIINIO O TaKuX (PYHIaAMEHTATBHBIX Xapak-
TepucTuKax 7/V-B3amMONENCTBYSI, Kak IianHa paccesuns. B oramume ot 7/N-cmcTembr, min-
ma 1 N-paccessHus MOIOKUTENbHA, T.€. 77 /N-B3anMoneiicTBIe HOCUT TPUTIATHBATETLHBIA Xapak-
Tep. DTO MO3BOISIET HAMESTLCS Ha CYIIECTBOBAHUE CBSI3AHHBIX COCTOSHUU 7)-ME30HA € SIPOM
(7-Me30HHDIX siep), eciii IJINHa PAaCcCesHUs TOCTaTOdHa BelnKa. B HacTosiee BpeMs pesyib-
TaThl Pa3HbIX AHAN30B, UCIOIL3YIOMINX HAHHLIE SKCIEPUMEHTOB IO POKIEHUIO 7)-ME30HOB
MUOHAMU ¥ Y-KBAHTAMMU, MAalOT Ml PeajbHOl JacTu Manubl 7 /N-paccesunsl BeIUIAHBI, CHITHHO
ornmyatornmecs apyr oT apyra (ot 0.3 no 0.9 dm). Bomee Tounoe onpenenene 5Toil BeTMINHL!
6ymeT UMeTh KapIUHAJILHOE 3HAYEHWe ISl ONEHKN BO3MOXKHOCTH CYIIECTBOBAHMUS 7)-ME30HHBIX
srep.

[Tomryuenmbie B pe3yabTaTe SKCIEPUMEHTOB MaHHbIE OYIyT MCIOIL30BAHBI TAKKe IS TPO-
BEPKM TeopeTHdecKoil monenn cBszaHHbIX KaHaioB 7N — 7N, 7N — 77N u 7N — nN,
npenioxennoi Jny n ap. (1988) mis coBMECTHOTO OMUCAHNS TTPOTECCOB TTMOH-HYKIIOHHOTO B3a-
nMOTIETTCTBUS U 0Opa30BaHUsI 7)-ME30HOB.

OKCIEePUMERTRI IO OIPENETeHNIO BLIXOMa PEAKIn 7 p — 7n ObLIN BLINOIHEHBl Ha



nu-Me30HHOM KaHasie cuHxporukioTpona [TUAPD nyrem nerexTupoBaHus BBIIETAIONINX HET-
TPOHOB 1 ONpenejeHns UX dHePrui Ha OCHOBE BPEMSIIIPOJIETHON METOMUKH.

KunemaTtuka mporiecca 7~ p — nn B OKOJIOMOPOTOBOIT 06/IacT TaKoBa, YTO B jabopaTop-
HOW cucTeMe KOOpIWHAT BCEe HEeITPOHBLI MCIYCKalOTCs BIepen, B OTHOCUTEILHO Y3KOM KOHYCe.
MaxcuMaabHBIH yTO BbIJIETAa HEHTPOHOB YBEIMYUBAETCS TI0 Mepe POCTa UMITYI/Ihca HajleTa-
IOIIUX TTUOHOB, TTPM 3>TOM Oo/bllasi 4acTh HEWTPOHOB UCIYCKaeTCs TMON yrilamMu, OJU3KUMHU K
MaKCUMaJIbHO BO3MOKHOMY. Hpyras crnennduyeckas ocOGEHHOCTD 3TOrO TIPOIECCa — KakKTOMY
yray BblJeTa HellTpoHa B Jiab. cucTeMe fo‘b OTBeYaloT MIBa yIila B CUCTEME TEHTpa Mace (OmmH
COOTBETCTBYET BBUIETY HEUTpPOHa B MEpPEIHION, a NPYTroil — BBUIETY B 3a1HION Tonycdepy B
C.I.M.). DTO O3HAYAEeT, YTO MO/ 3aHaHHBIM YTJIOM 0! nerexTHpyIOTCA MBE TPYIIIHI HEHTPOHOB
C Pa3IUYHBIMU SHEPLUSIMUA.

B oxomomoporoBoit obtacTu o6pasoBanme 17-ME30HOB TTPOUCXOMNT TOILKO B S-cocTosmnu. B
DTOM TPENIOIOKEHNN YUCIIO0 NeTeKTUPYEMbIX HelITPOHOB ONpenesiseTcsl BhIpaKeHeM:

N = NﬂNpa":nUtotAn 5 (1)

rne N, — umcino napatommx nronos; N, — uncio nporonos B mutmenu (1/cm?); &, — sddek-
TUBHOCTH HEMTPOHHDLIX CUETUNKOB; Oy, — MOJHOE cedenne mporiecca; A, — yrIoBoll akcemTamc
(T.e. MO TOIHOTO TENECHOTO YTIIa B C.II.M., OXBaThiBaeMas neTekTopoM ). QueBnino, 94To mpo-
n3Benenne MByX (QYHKIUH, OMHA U3 KOTOPBIX, O, PE3KO YBEIUUUBAETCS C POCTOM UMITYITLCA,
a mpyras, A,, YMEHBITAeTCS, MaeT 3aBUCUMOCTD, XapaKTepHU3yIOoIIytocs HagwdaneM nuka. s
YCIOBUNT PEATLHOTO HKCIEPUMEHTA HTa 3aBUCHMOCTH MOJIKHA OBITH yCpemHeHa ¢ yYeTOM WM-
MyJILCHOTO pacipeneseHus YacTUull B Iy YKe.

DKCIepUMEHT 10 W3MEPEHUIO BLIXONOB peakiuu 7 p — nn [1] ObLl BhINOTHEH Ha ITH-
Me30HHOM Kanaje cuaxporukiorTpona [INAD. Pabora Boimonmsiack poccniicko-aMepuKaHCKON
KoJtaboparineii, B KoTopyio Bxomuian nmoMumo ¢usukoB [IMAD yuenvie Kanmupopuuiickoro ynm-
BepcuTeTa B Jloc-Anxenece w Abummickoro xpuctnanckoro yausepentera (CIIA). Cxema ske-
MEPUMEHTAIILHON YCTAHOBKY TIpeNCTaBIena na puc.l.

B skcnepumenTe ncmonbioBatach KUIKOBOMOPOMHAs MUIIEHL BaKyyMHOTO Tuma. Bomopor-
HBII KOHTelHep mMeeT BUI BEPTUKAILHOTO MUIWHApa BuICOTON 12 cM m mmamerpom 10 cm,
tommnia ctenok 100 mxm amiomunust. QKuKeHne BoAOpona B KOHTENHEPE OCYIIECTBIISIETCS
My TEM €ro OXJIaXKIEHNs KUIKIM TeJTIHeM.

HeTekTopbl HERTPOHOB GLLITH CIIPOEKTUPOBAHBLI U M3TOTOBIeHB! B Kammpopruuiickom Y uu-
BepcuTete B Jloc-Amxenece. JleTekTop cocTonT M3 Tpex MIOTHO MPUIIETAIONINX IPYT K APYTY
CIMHTUIIATINOHHBIX OJTOKOB, MMeIOMTNX pasMepnl 25.4 cm X 25.4 cm X 8.9 em (HocneﬂHMﬁ pa3s-
Mep — mmpuna). Kaxneiii 610k mpocmarpuBaeTcs nsyms POY | BRIoYaeMBIMI Ha COBIAEHTE.
Hanta cnnHETIILIITOPa TOCTATOIHA, YTOOBI 00ecnednTh M PEK TUBHOCTD PETUCTPAINT HEHTPO-
HOB Ha yposHe fe MenbIre (.2. [leTekTopbl 6b1TH TpenBapUTETLHO TTPOKATHOPOBAHEI € TTOMOIITHIO
"MedeHbIX HeATPOHOB 0T peaknmu 7~ d — nn ¢ sHepruei ot 83 mo 290 M»sB; ommbka B ompe-
nenennn s>gdexTuBHOCTU cocTanaser +£0.007.

Hs ymenbienus ypoBHst Gpoma, 00y CITOBIEHHOTO HEHTPOHAMT OT MHOTOYAC THIHBIX PEAKITNT
+ tr~ 7% MulIeHb OKpyiKeHa BETO-CUeTHUUKaMI, IepeKphlBa-
IONIIMY TeJIeCHBIN yron npubmusutensbio 1.5 cp. CpabaTwbiBanme 060T0 U3 HTUX CIETIMKOB,

TAA 7 p - 7T N WA T p — T
BBI3BAHHOE TTPOXOKIEHNEM Yepe3 CIUHTUILIATOP 3apsKEHHOTO MUOHA OT YKa3aHHBLIX BHIIIE pe-
aKIunii, popMUpyeT CUTHAI 3alpeTa Ha 3alyCK YCTaHOBKMU.

Hommbrit wMyabCHbIi 3axBaT mronnoro Kamana [IUAP cocrasaser Ap/p = 6% (nmonmas
mupuHa Ha noaysbicore). [lockombky BOIM3M MOpora MOMHOE CedeHie MCCAEMYEMOTO MPOTec-
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Puc.1. Cxema skcnepuMenTaibioll yeranoBku. T —xwunkoBomopontas muiiienb; N1-+-N4
— HeliTpoHHble neTekTopsl; S1, S2 — MoHuTOpHBIE cueTunku; 53, 5S4, V3 — cueTunku aHTHU-
COBTAeHT Ha OTKIOHeHHOM TTyUuKe muoHoB; V1, V2, V4, V5 — cueTUnKnu aHTUCOBIAIeHTT
BOKPYT Mutrenw; M — OTKIOHSIONINH MarHuT.

ca OBICTPO pacTeT ¢ MMITYIbCOM, JKelaTeTbHO TPH TTPOBENeHNN M3MepeHud pa3dnTh Bech 3a-
XBaTBIBAEMBIN MTMAlla30H UMITYJIILCOB Ha HECKOILKO Goilee y3KuX maTepBaioB. C 5Tol METBIO
B NIMCHEPCHON TIIOCKOCTW B CpelHeN JacTHW KaHaja OBII TTOMeINIeH TOMOCKOI M3 BOCBMU Y3KWX
BEPTUKAIBLHBIX CHUHTUIIAIOHALIX CUeTUYNKOB (Ha PUCYHKe He TOKa3aHbl). My nbLcHbIl wH-
TepBaJl, BbIIEIIEMbIIT KaK/IbIM U3 5TUX CY4eTUYNKOB, cocTaBiaser ~1.5%.

[Tpu npoBenerny MaHHOTO SKCIEPUMEHTA UMITYJITLCHBIN 3aXBaT MTHOHHOTO KaHasla OblI YMEHb-
IIIeH Ty TeM TOMeETeHnsT 4-cM MMIyIbCHOTO KOJTMMaTopa B MUCIIEPCHON YacT! KaHaja, Teper
TOMOCKOIOM MYy YKOBBIX cueTUYnKOB. HbIME citoBaMu, ObIIN 3a/1eiiC TBOBAHBI TOIBLKO MBa OIIM K ali-
e K OCH MydYKa caeTdnka >Toro rogockorna (H4 n H5).

Wsmepennst BBITIOTHEHBI TIPU 3HAYEHUSX MEHTPAITBLHOTO MMIYJIbca nyuka nuoHoB 670, 680,
690, 695, 700 u 710 MoB/c. Ilns kaxnoro uMmiyibca Habop MaHHBIX NPOU3BOMUIICS ONHOBPEMEH-
HO B IBYX MMIYJIbCHBIX WHTEPBaaX, COOTBETCTBYIONINX MyYKOBbIM cueTumkam H4 u Hb5.

Buixonbr peaxiuu obpa3oBaHUs 7)-ME30HOB ONPENENSINCH TYyTeM MeTeKTHpoBaHus obpasy-
IOIIUXCsST HeRTPOHOB. Bbinienenne HeMTPOHOB, BOZHUKAIONIMX WMEHHO B Pe3yJbTaTe peakinu
7P — NN, OCYIMIECTBISIOCH TMYTEM W3MepPEHUs WX BpeMeHW TpojleTa Ha 0a3e MeXKIy MOHU-
TOPHBIM CYETUNKOM (PaCHONOKEHHBIM HETIOCPENCTBEHHO Tepel MUIIEHBIO) U COOTBETCTBYTO-
UM JTeTEKTOPOM HeHTpoHOB. lIpumep BpeMsnposeTHOro crnekTpa NpUBeNeH Ha PUC.2; YUCIIO
HENTPOHOB HOPMUWPOBAHO Ha ONWH Taalolinii mrmoH. YeTKo BUIleH MOIIHBIN MWK, BbI3BaHHbLIN
nomajaHueM B IeTEKTOP Y-KBaHTOB OT pachafia o6pasylomuxcs T0- U 1)-Me30HOB; 11 YI06CTBa
JaabHenIen oo6paboTKM MTKajla Mo OCH abCIIIce CMeTTeHa TaKmM o0pa3oM, ITOObI Havallo OTCUe-
Ta COBMAMAIIO C 3TUM MTMKOM. BTopoil nuk o6y ciioBieH HellTpoHaMu, 0Gpa3yIoNINMUCS B PEaKIInT
0

TP — T on, TpeTUil 1 4eTBEPTHIN — HEUTPOHAMM, NCITY CKAEMBIMU B PEAKIIMU 7~ P — NN B TIepel-

HIOIO 1 3aHIOIO HOJIYCqbepy B C.II.M. HOBOJIBHO 3HaYUTEJIbHasd HellpephiBHas C]QOHOBEL}I IIOOJIO2KK a

nof 7-MUKaMu oB6ycJIoB/IeHa HeflTpoHaMU, BOSHUKIIUIMU B TaKUX peaklusax Kak 7= p — wom’n,

77 p — 777 n w 1.0 Jlag Toro, 4TOOBI ONpENeNnTh YICI0  XOPOInX~ COOBITHUIL, CBA3AHHBIX C
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Puc.2. BpemsanponeTHBIH cIeKTP, 3apeTUCTPUPOBAHEBIH OOTHIM W3 HeTPOHHBIX CUETUN-
KOB.

H3ydaeMbIM [IPOIECCOM 00pa30BaHUs 1)-ME30HOB, HCOOXOMUMO HTY IIOIJIOKKY BbIUECTh.

Mgl ncnonb3oBaIi yIPOLIEHHBIH aIropuTM 06paboTKH, a IMEHHO: BMECTO OLNPENeICHNs -
cia " xopotnx” coBBITHI (T.€. IOl O )-TMKaMI Ha PUC.2) MbI BBIYHCIISITN MOITHOE THCITO
coberTuit NV, Bo BpemsiiposieTroM ~“okHe” or 14 mo 34 Hc, 3axBaTbIBatoleM oba 7)-IHKa, U OT-
KJIaIBIBAIN 3aTeM 3Hadenue [V, Kak (QYHKIMIO UMIylIbca HajeTatollero nuoHa. llomyuennas
3aBHCHMOCTD IPENCTaBIsIeT cob60l cyMMy KPUBOI BLIXOA 1)-ME30HOB U IIbefecTasla 3a CUeT pe-
axumit poxgenus mmoroB (77 p — 7°7n m T.m.). PopMa >TOTO ThemecTana B CPaBHUTETHHO
HeGOJIBIIIOM HCCIIelyeMOM MHTEPBAJe UMITY/ILCOB MOKET ObITH alllPpOKCHMUPOBAHA HIPSIMOIl Tu-
HUell, HaKJIOH KOTOPON olpenesieTcsl U3 aHaIu3a y9acTKOB BPEMSIPOIETHBIX CIEKTPOB, HAXO-
nsmuxcs Boaan oT n-nukos. [locte BeranTanus 5Toro nbefecTata Mbl IOy UM KPUBBIE BBIXOIA
peaknmm 7 p — 7n, OpencTablennnle Ha puc.d. llpuBenenntie ommbxu npencTaBisIoT coboi
KBaJpaTUIHYIO CYMMY CTATHCTHYECKON NOIPEITHOCTH U CHCTEMaTHIeCKON OUINOKN, CBI3aHHON
¢ mpolenypoll BbMHUTaHUS Ibenecrana. MakcuMyMbl KpUBBIX BbIXO#A NIPU YBEIUYEHUU yTrIla
CMEIIATOTCsS B CTOPOHY GOMBIIIX MMITYThcoB — ecn ipn 0/%% = 0.9° 5TOT MaKcHMyM TIPUXOIIT-
cs ma P ~ 690 MoB/c, To mpu 0%® = 10.5° on cooTsercTByeT P ~ 710 MsB/c.

KpuseiMu na puc.3 mokazambl pe3yibTaThl pacderoB no dopmyne (1). Bxomsimas B o1y
dopMyily BesmunHa yIJIOBOrO akcenTaHca A, momydena ¢ nomornbio MonenupoBanus no Monte
Kapio, yunreiBaoliero pealbHyio T€OMETPUIO DKCIEPUMEHTA 1 U3MEPEHHBIE TPOCTPAHCTBEH-
Hble XapaKTepUCTHKN MydYKa; 3HadeHne macchl n-Mesona M = 547.45 M»sB/c? Geuto B3sTo M3
nocnenuux Tabnun Particle Data Group. B pacuerax mcnonb3oBaitachk B KauecTBe IepBOLO IpH-
OIMKEHNSI 3aBUCUMOCTE TIOITHOTO CEYEHUsT OT UMIYIIbCA Opor(p), TOTYUEHHAS Ty TEM AMTPOKCH-
Malli¥ MMEIOMINXCS SKCIePUMEHTAIBHBIX TAHHBIX B [IPEINOIOKEHUN, YTO IPOLece T p — NN
uneT depes Bo3Oyxknenne Siq(1535)-pesonanca. Pacyernble 3aBHCHMOCTI HOPMIPOBAHDI Ha YKC-
HepUMEHTAJIbHBIE TaHHBIE B MaKCHMyMax KPUBBIX. Kak MOXKHO BHIETH, pacdeT XOPOIIO OIU-
cbIBaeT (POPMY KPUBBLIX BBIXONA [JIs BCEX YIVIOB. JTO COIJIacUEe CBUIETEILCTBYET O TOM, UTO
SKcIepuMeHTalbHble pe3yiabrarhl [INAD cornmacyioTes ¢ BhIIeNpUBENEHHBIM 3HAUCHIEM Mac-
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ChI 1)-Me30Ha, a MCHOIL30BaHHAsS AlMPOKCHMAINS Oty (p) aleKBATHO OTpaKaeT PealbHYIO 3a-
BUCUMOCTE CEYEHUS OT UMIysihca. C MpPyroil CTOPOHBI, XOPOIIIOe COTIachue MEXKIY PacueToM I
DKCTIIEPUMEHTOM MOATBEPKAACT MPaBUILHOCTHL aOCOTIOTHON KalMOPOBKU MMITYILCHOW ITKAJIbI
MU-ME30HHOTO KaHajla — CABUT PacYeTHOW KPUBOU OTHOCUTEIBHO 3KCIEPUMEHTAILHO U3MEpeH-
Holt saBucuMocTn He mpesbitmaeT 0.5% (3.5 M»sB/c), aro maxommTes B mpemesiax TOYHOCTH
IPOBENEHHOI paHee KaauOPOBKH UMITYILCHON KAkl KaHaa [2].

0.93° 9.5°

k’E-7

N €-7 2.01° 1€e-7 6.26° 1€-7 10.5

12L1E-7 1.5°

2 L L i L
660 680 700 720 660 600 700 720 660 680 700 720
P, M3B/c P,MaB/c P MaB/c

Puc.3. Brixonsr peakium 7~ p — N0 OIS PA3IUIHBIX YTII0B BBHTeTa HEHTPOHOB.

N3mepenne ceueHHMM 7 p-paccesHUs C Mepe3apsagkol B obJjacTu
IIopora poXJIeHUs 7)-Me30Ha

CremyToruii 5Tam mporpaMMbl — n3Mepenne nudepennnarbHbIX CEUeHUN T~ p-PacCessius ¢ Tre-

pesapsankoil B muamaszoHe mMmysiabcoB oT 415 mo 725 M»B / c. OnHa W3 OCHOBHBLIX IIejlell STOro

0

OUKJIa S9KCIEPUMEHTOB — NCC/IeJOBaHUE ITIOPOTOBBIX aHoMaanil B peakunm 7T_p — 7°n B objlacTu

mopora obpasoBanus 7)-Me3oHa. OTKpbIBanme HOBOTO HEYIPYTOro KaHajda 7T P — NN IOTK-
HO TPUBOIUTL K TIOSBJICHUIO M3JIOMOB B 3aBUCHMOCTH HudrpepeHInalbHBIX CEeYeHUN peakiuu
0

7T_p — 7N OT UMIIyJIbCa. HGTELJIBHOG n3MepeHne XapakTepa 5TOU 3aBUCHMOCTH B 0b0JacTH

BOIM3NM Iopora poxXaeHnsd 1-Me3oHa MO3BOJINT MPOU3BECTN NPAMOE BOCCTAHOBJIEHNE aMITJIAT Y AbI
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T~ p-paccesiHusl ¢ lepesapsIKoil B ToUKe, cooTBeTCTBYIoMIel nopory (P = 685 M»B/c). Cpasre-
HIEe BEIUYNHBI 3TON aMIIJIUTYIBI C TOI, KOTOpas U3BJeKaeTCs 13 HKCIepUMeHTalbHbIX TaHHbBIX C
MOMOIIBIO (Pa30BOr0 aHaJM3a, TOCTYKNUT XOPOIIUM TeCTOM KOPPEKTHOCTH MPOLeIypbl aHalIn3a
1 CIIPaBeINBOCTH UCIOAb30BaHHBIX TP €ro MPOoBEleHWN MPEeANoI0KeHNN U NPUbInKeHNNd.
Anass BpeMANPOTEeTHBIX CIIEKTPOB (Pic.2) TTOKa3biBaeT, 9TO HEMTPOHBI OT PEakKIum T p —
790 mposBIAIOTCS Ha HUX B BUJE IIMKa, PACIIOI0KEHHOIO Ha JIOBOILHO 3HAUUTEILHON (OHOBOI
MOAJI0XKKe, I BbIYMTaHUe 3TON MOMJIOKKN MPUBOIUT K OOJBIION CHCTEMaTUYeCKol olnbKe mpu
oTpenesIeHN N Yncila HEHTPOHOB, OOPa30BaBIINXCS B pe3ybTaTe TaKol peakinn. YTobbl yMeHb-
I TH 3Ty OMUOKY, OBIIO pelleHo NeTeK TUPoBATh HEUTPOH Ha COBIIaAeHUe ¢ OTHUM U3 Y-KBaHTOB
orT pacnana 70 — 2v. DhPexT ny-coBlaleHnil HALIAMHO WITIOCTPUPYETCs puc.4, Tue mpeacTa-
BJIEH MCXOOHBLIN BpPEeMSIPOJEeTHBLIN CIeKTp W TMOoKa3aHo, Kak OH W3MEHSeTCs TPU perucTpaliun
HENTpOHA Ha COBIANeHWe ¢ Y—KBAaHTOM. BumHo, 4TO MepBbIl MOIIHBIN MUK W (POHOBas TOM-
JIOKKa CYIIeCTBEHHO TIONAaBASIOTCS, & HEUTPOHBI OT peakliuu Mepe3apsaku BLIASISIOTCS OYeHb

YEeTKO. !
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Puc.4. BpeusiponeTHble CeKTpEl HETPOHOB [0 (BBepXy) u mocse (BHU3Y) BKIIOUEHTS
n7y-COBITaIeHMI.

1CH€I[yeT O6paTI/ITI> BHIMaHNE Ha pas3/IMYHBIC HIKAJIBEL IO OCH OpAMHAT Ha BEPXHEM I Ha HUXKXHEM PHUCYHKaX
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CxeMa >KcIeprMeHTaJbLHON yCTaHOBKH IIOKa3aHa Ha pic.). Pacnonoxenne meTeKTopos Hell-
TPOHOB B IIEPBOM IUKJIE M3MEPEHUI Takoe &Ke, KaK B NPEeNbIIyIIeM dKCIepUMEHTe, TEM CaMbBIM
nU3MepsAeTcs CeYeHne T p-PacCesHns ¢ Nepe3apsaiaKoil B 3aIHION Ioaychepy, oad yriaos oT 150°
1o 180° B c.i.m. [leTexTophl 4-KBaHTOB pa3sMelaroTcs Mo yIJlaMi, KHHEMaTUYeCKH COITPSIKEH-
HLIMU 110 OTHOIIEHNIO K JIeTeKTopaM HeITpOHOB. B KadecTBe raMma-IeTEKTOPOB HCIOIL3YIOTCS
IIBa THIa 3JIeKTPOMarHITHLIX KaJOPUMETPOB IOJIHOTO MOTJIoIenns. [lepBhlil cocTouT U3 BOCh-
M (4X2) 4epeHKOBCKIUX CIEKTPOMETPOB, M3TOTOBIEHHLIX 113 GJIOKOB CBUHIIOBOTO CTEKJIa TUIIA
SF-5 pasmepamu 15 cm X 15 cm X 3D ¢M Kaxabpiil (Mocaequuii pasMep — TOJIINHA ), BTOPOIl —
u3 mectHanunatn (4x4) kpucranios Csl(Na) pasmepamu 6 cm X 6 em X 30 cm kaxmwrii. [epen
KaJiopr JITITO
3apsKe

FaMMa ~ neTexTop
W1 8 4EPEHKOBCKUX CIEXTPOMETPOR

faMMa - acTexTOp j %%
w1 16 xpuctannos Cs/ (Na)

Puc.5. Cxemaruueckoe u3obpaxenue 5KCIEPUMEHTAIBLHON YCTaHOBKH.

Ilocne Toro, xax B pe3ynbTaTe dKCIepUMeEHTa W3MepPeHo 9ncjo ny-coBHamennit V., Benn-
ynHa qudQGepeHalbHOr0 CeueHns peakinuy 7 p — 70
ompenesieHa ¢ MOMOIIbLIO COOTHOIIEHUS

n B cucreMe nearTpa MacCc MOXKET OLITL

do Ny
0 lab ) (2)
dQY N.N,AQb ] e, F,

roe N, — 9uciIo NMNOHOB, IPOIIEAIINX Yepe3 BONOPONHYIO MUIIECHDL 3a BpeMs dKcIepuMenTa; [V,
— umcro mporornos B mummenn (1/cv?); AQB — renecHbiit yrom B a6, cumcTeme, 3axBaTBIBaC-
MBIl IeTEKTOPOM HeHNTPOHOB; J, — HENTPOHHBIN sIKOOUaH; &, — >PPEKTUBHOCTH TeTEKTOPA Hell-
TponoB. Kospdurment [, obosHagaeT, KaKyro OO BCEX Y-KBaHTOB OT pacliajia 7 -Me30HOB,
KUHEeMATHICCKH COMPSIKEHALIX ¢ HefiTponamu B TesecnoM yrite AQ | permcrpupyer ramma-

NeTEKTOP; 3TOT KO3PPUIIMEHT onpenenseTcs Iy TeM MoneanpoBanns 1o Moure Kapio ¢ yuetom
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TOYHON T€OMETPHUN SKCIIEPUMEHTA, TPOCTPAHCTBEHHBIX XapaKTEPUCTHUK My YKa TMaaionX THO-
HOB, DHEPTETHIECKOTO PA3PEIIEHNS] U TIOPOTa PETUCTPAIIH TaMMa-IeTEK TOPOB.

YTo6B!I TPenoTBPaTHTE BKITAM OT PACCESHUS Ha MOHUTOPHOM CYETUYNKE W KOHCTPYK TUBHBIX
s7eMeHTax MUIIEHN, TPU KakKIOM U3 UMITYILCOB W3MEPEHUS BLITOIHIIOTCS KaK ISl 3allOJTHEH-
HOW BOMOPOIOM, TaK ¥ MJISl MyCTON MUIIEHN, U 3aTEM MPOU3BOAUTCS MOKAHAILHOE BLIYUTAHIE
COOTBETCTBYIONINX BPEMSTIPOIETHBIX CIEKTPOB — MOCITe HOPMUPOBKY Ha OMUH MAJAONINIl TTHOH.

[IpemBapuTenbuble pe3yabTaThl 06pabOTKN MaHHBIX, MOJTYIEHHLIX B MEPBLIX MUKJIaX W3Me-
penuii [3], npencrasienbl Ha puc.6; IpUBENEHBl TOILKO cTaTUCTUYeCKue norpetnHocTu. Heko-
TOpbie HapyIIEeHUs MOHOTOHHOCTH u3Mepentoi 3apucumoctu do/df) oT ummnyibea , nabaronaio-
mnecs B obracTu obpasoBamis n-mesona (685 MoB/c), sBasioTes oTpakenneM TOPOTOBBIX AHO-
MaJTii, yIOMSHY ThIX B Hadase pasnena. s meTambroro ncciaenoBanms 5Toro sPpPekTa Hy KHbI
n3Mepenust ¢ 6oslee BLICOKUM pa3pellenrieM 10 UMITYIILCY HAJeTAONINX THOHOB.

Kpusbivu wa puc.6 nokasamsl npenckaszanust dasosoro ananusa [1UAD-94 [4], B koTopom
5THU MaHHbIE HE WCMOB30BaINChL. Bummo, 4To B 1esioM (pas’oBbIil aHaan3 MpaBUILHO OMUCHIBAET

XapakxTep MRAMENEHHOW RARMCUMOCTT CeUEHTS OT WMTIVITRCA. XOTS U UMenTcsS cviTiecTBeHHBIE

PacxXozxKIer

o N

+~

d6,/dQ,Mbn/cp

2 1 1 1 ] 1 1 1 ] |

640 660 680 700 720
‘ P, MaB /[
Puc.6. TlpenBapuTenbHble pe3yibTaThl H3MepeHNs N(pepeHINaIbHbIX CeIeHmit T~ p-

paccesHus ¢ Mepe3apsinKoil s CIeMYOIMINX yIIoB B C.I.M.: a) 157°; 6) 166°; B) 177.5°.
Kpussimu moxasannt mpenckaszanus gasosoro ananmsa [[TUAD-94.

[lonyuennbie Tounble 3HaUeHWs NuddepeHnnaTbHbIX CeUeHUN T~ p-paccessHus ¢ nepe3apsii-
KO# TIO3BOJISAT — MOMWMO MCCIASNOBaHUS TMOPOrOBBIX AHOMAJWN — KOJUYECTBEHHO OLEHUTHL (-
dexT 3apsnoBoro pacienienus B FPs3-paze. Takoe paciiensienne BrepBble ObLIO 06HAPY KEHO B
pesynbTate daszosoro amanusza [[NAD-94 [4], onnako npensrcTBUeM [/ €10 NETAILHOTO aHa-
N3a CIAYKUT HENOCTATOYHAS TOYHOCTD onpenenenus Pss-da3 nis 7~ p-paccesHus, 4TO, B CBOIO
odepenb, CBSI3aHO B OCHOBHOM € OTCYTCTBUEM TOYHBIX 3KCIEPUMEHTAIbHBIX HaHHBIX 10 CEYeHU-
M T p-paccesHus ¢ nepesapsnkoil. Kpome Toro, n3 m3MepeHHbIX UMIYJIbLCHBIX 3aBUCUMOCTEI
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ceveHus BrepBbie OynyT M3BJIeUeHbl TaHHbIE O TOPOTOBLIX aHOMAJINIX B W~ pP-pacCesHUN ¢ mepe-
3apSAKOl M O BeITMYMHE aMILIATYAbI DTOW peaklin Npu UMITYJIbce, COOTBETCTBYIONIEM TOPOTY
obpa3oBaHusl 1-Me30Ha.

PaspaboTka n-cnekTpoMeTpa

MCCJIGI[OBELHI/IG HpOHeCCOB O6pa30BaHI/I}I U—MGSOHOB Ha }II[pELX Tpe6yeT CO30aHMs I[eTeKTOpEL HO-
BOTO TUIIa — 77—CH€KTpOMeTpEL7 IIO3BOJIAIOIIIETO HEe TOJIIBLKO peFI/ICTpI/IpOBaTB 77*M630H7 HO 1 OHpe—
neJisiThb €ero SHGPFI/HO C BBICOKOfI TOYHOCTLBIO. HpI/IHHI/IH I[efICTBI/I}I n—CHGKTpOMeTpa — I/ISMepeHI/Ie
sHepruit [9; m Fy NBYX 7—KBaHTOB, 0O6pa3yoOMIMXCs TPU pacnamie 1 — 27, U yria UxX pasieTa
77/). HOCJIG TOPO7 KaK 5T BEJIMYMHBI I/IBMepeHIDI7 KMHeTHn4YeCKad SHGPFI/I}I 77—M630HEL MOXKeT 6BITB
OHpeI[eJIeHEL C IIOMOIIIBIO COOTHOIIICHM A
(2me? 1V
E77 = —mc ) (3)
(1—¢)(1—X?)

rme m — Macca n-mMesona, a Bennanna X = (K — Ey)/(Fy + Ey) xapakTepusyer pacrupenerenne
SHEPIUU MeXKIY IBYMS ~-KBaHTaMu. MokKHO ToKa3aTh, 4TO B CAydae CHMMETPUIHOIO pas3jeTa

y-kBanToB (X < 0.1) mas ompenernenns SHEPIUE 1)-Me30Ha ¢ TOYHOCTHIO MacinTaba 1-2 M»B
HeoOXOMMMO bHepreTuueckoe paspeltenue nis v-kBautoB AFE/E ~ 10% u yriaoBas To4HOCTS
Ay ~ Supan. B [INAD usroroBiern mpoToTuir n—CcneKTpoMeTpa, COCTOSIINNA 13 IBYX KaJOpU-
MeTpoB 1o 16 kpuctannos Csl(Na) — B xondurypanmn (4x4) — B kaxmom. Pasmep oTnerbroro
kpuctaniga — 6 cm X 6 cm X 30 cwm.

30 600
—r
X
. — i
20F _ _ 400 .
o
™ I
- o
wl x
D —— g-
< I
10 200 ¢
! I 0
0 100 200 300
E,MaB .

Puc.7. llonoxenne nnka B AMIIJINTYJHOM CIIeKTpe (Hp?[MBIe JII/IHI/II/I) I BeJInYnHa SHepre-
TIYeCKOT'0O pa3pelleHlld (KpI/IBBIe) B 3aBUCIMOCTN OT SHEPIuM IIadaloIlNX Ha KaJOopUMeTp
SJIEKTPOHOB. HaHHBIe OJId OeHTPaJbHOI'O CYeTUYHMKa ITOKa3aHbI pr)KKZ’tMI/I, pe3yJbTaThl,
IoJIydeHHble CYMMUIPOBaHUEeM CHUTHAJIOB C HeBATU KPUCTAJIOB, — TPEYIrOJIbHNKaMU. HpI/I-
BelleHO TaKiKe (KB&I[paT) IIoJIoZKeHIe IINKa, OTBeYalolero KOCMni4eCKuM MIOOHaM
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Bemonmena swepreTnueckas KaaubpoBKa KaJOPUMETPOB € MCIOIB30BAHIEM TTYYKa HIIEKTPO-
HOB DPa3iNUHLIX dHepruil [5], pesyiabrarsl mokasanbl Ha puc.7. Bumno, uto Bemuunua suepre-
Tvyeckoro paspetenns AF/FE (nonmas mmpuHa Ha TOMYBLICOTE) IS OTAETHHOTO KPUCTAIIA
mensercs ot 18% no 16% npm Bospacranum sueprum saextponos ot 100 no 250 MboB; mns
kiacrepa u3 9 kpucramios Besmunna AF/FE pasna 13% u 10%, coorBeTcTBEHHO.

OTrpaborana MeTonuKa dHepreTHaeckoil BuicTpoiikn Momyieii Csl(Na) npyr oTHocHTeNnbHO
IIpyTa ¢ UCIOTh30BaHNEM KOCMUYECKUX MIOOHOB. [Ipw mpoxoxmeHnn >Tux peasTUBHCTCKUX da-
ctut gepes kpuctasna Csl(Na) onn Buinessiior B Hem suepruio npubausuTensio 40 MoB, o6pasys
B aMIUTHTY/IHOM CIEKTPe deTKo pukcupoBanuyio aunmio. [[pomenypa BoicTpoliku 3akmodaeTcs
B TOM, 4TO Hampsxkenus na POY mombupatorcss Takum obpa3oM, 9TOOLI IS BCEX KPUCTA-
JIOB 5Ta JINHWSI HAXOMMIAaCh MPUMEPHO B OMHOM U TOM K€ KaHajle aMIINTYIHOTO clieKTpa. B
MaJTbHeNTIeM JINHTSI, 00y CITOBIIEHHass KOCMUYEeCKIMU MIOOHAMI, UCTIOIL3YeTC s [/ KOHTPOIIS 3a
NOIITOBPEMEHHON CTAOMILHOCTELIO oTnenbHbiX cdeTunkoB Csl(Na) Bo BpeMs skcmepnmenTOB.

Onncannpiii BLITE 7)-CIEKTPOMET] TIpelHasHaden s NeTeKTUPOBaHUs HeNTpPaIbHbIX da-
CTUIl, KOTOPbIe paclamaloTcs Ha mBa ~y-KBanTa. [ms permcrpanum mpoteccoB Ttuma 7~ p —
797, 77p — 7% n u npyrux, cBAzaHHLIX ¢ o6paszoBaHUEM TpPeX, YeThIpeX U GOJbIIEro Yucia
~-KBAHTOB, HEOOXOMMM JIETEKTOP € YTJIOBBIM aKCEMTAHCOM, OInM3KuM K 47. DTHU peakiuu Iia-
HUpyeTcs n3ydaTh B bpykxosiiBenckoil nanmonansroil maboparopun (CIIA) ¢ ncnompsoBannem
nerexkTopa Crystal Ball.
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