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IIABEJI ®i/IOPOBHY EPMOJIOB

3. 3. booc, M. U. Ilanaciox,
B. U. Caspun (HUHUAD MTY)

30 utong 2012 roga ucnoansiercsa 80 jeT co aHA poxaeHU Tpodeccopa
[TaBsna @énoposuya EpmMonoBa, KPyIHOTO y4eHOTO, TPU3HAHHOTO MUPO-
BOTO crierraancra B obsmactu pusuku Boicokux auepruit. [lases MénopoBuy
¢ 1978 rona B Teuenue 32 yieT ABJALAICI 3aBEAYIOMUM U HAYYHBIM PYKOBOJIU-
TesieM ofHOTO u3 Beaymux otaenoB HUMAD MIY — ornena akcnepuMeH-
TaJTbHON (hu3nKu BeicOKkux aHepruil. [laBenxr MénopoBud yires n3 )KM3HN B Mae
2008 roya, octaBuB 1ocie ceOs1 OrPOMHOE HAyYHOE HACJIeHe, CAaKeHHO pabo-
TAIOMNI HAYYHBIN KOJIJIEKTUB, GOJIBIIIOE YUCIIO YUCHUKOB.

Kparkas ouorpacdus. [Tases Déxoposry EpMosios poausicst B ropose JIeHnH-
rpazie. [Tocse mkosbt B 1950 roay moctynui B BoenHno-mMexannueckuii ”HCTUTYT
(ubrHe bBanTuiicknii TeXHUYECKUI TOCYHUBEPUTET), B KOTOPOM IIPOYYMJICS J1Ba
roj1a, a 3aTeM, JKeJiast OBBICUTH CBOI YPOBEHD B 00/1aCTH (DUBUKM, KOTOPYIO JIOOIIT
BCIO CBOIO KM3Hb, TlepeBeJics Ha 3-i Kypc dusndeckoro dakysbrera JIeHMHrpa-
cKoro rocynapcerBentoro yausepeurera. [locse okonvanus JITY B 1955 romy on
ObL1 HaTIpaBJieH Ha paboTy B JlabopaTopuio simepHbIX pobiem OVIAN (r. [{y6na),
r7ie paboTall CTapIIM TEXHUKOM, 3aT€M UHKEHEPOM U HAYYHBIM COTPYAHUKOM.
B 1966 roay EpMoJIOB 3allIUTHI KAHAUIATCKYIO IUCCEPTAINIO 1 ObLI MepeBe/IeH
B UHcTuTyT husuku Boicokux auepruii (r. [IpoTBUHO), rae paboran cHavama
HAYaJbHUKOM JJaDOPATOPHUH, 3aTEM HAYATHHIUKOM CEKTOPA M HAYAJIbHUKOM
Hoipas/iesieHns y3bIpbKOBBIX KaMep. B 1974 rony [laBen DénopoBuy 3ammTut
JIOKTOPCKYIO uccepraiuio, u yske B 1978 roxy emy 6bL10 MPUCBOEHO yueHOE
3Banue npocdeccopa. B Tom ke roay oH ObLT epeBeieH Ha paboty B Hayuno-
HCCJIe/IOBATE/IbCKUI MHCTUTYT si7iepHOH (hnsnku MoCKOBCKOT0 rocyiapcTBEHHOTO
YHUBEPCUTETA Ha JIOJIZKHOCTD 3aBE/IYIONIEr0 OTAeJ0M U3MEPUTEbHON TeXHUKI
(BIIOCTIEZICTBUN — OT/IE] SKCIIEPUMEHTAIbHON (PU3MKK BBICOKMX 9HEPTHil).

Hy6wua. ITocse pacupenenenust B OMAN B 1955 roay I1. ®@. Epmosios cpasy
AKTUBHO BKJIIOYHJICS B MCCJIEOBAHUS Ha CHHXPOIUKI0TPoHE Jlabopatopuu
sepHbIX 1pobsieM. OueHb OBICTPO OH MPETIOKUI U PA3BUJ HOBYIO METOMKY
ra30BbIX MUIIIEHEH, COBMECTHO C KOJIJIETaM U BBITIOJTHIJI CCJIeIOBAHNS 110 TPOBEPKe
TEOPUH YHUBEPCAIBHOTO YeThbipexhepMUOHHOTO B3anmoelicTBus. B 1958 roxy
I1. @. EpmosioBbiM BiiepBbie ObLiia M3MePEHa BEPOSITHOCTD PAcTiaia HEMTPaTbHOTO
nroHa Ha ¢oToH U [lanuTii-napy, U3MepeHbl UX dHEepPreTUYeCcKue XapakTepu-
CTUKU W 3aPETUCTPUPOBAH TIEPBbBIN IOCTOBEPHBIN cJydall pacmajia 3Toro MoHa
Ha yeThipe asteKkTpona. B 1959 roxy ObLIO BBITIOIHEHO OIHO 13 IEPBHIX H3MEPEHHIT
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BEPOSITHOCTH 3JIEKTPOHHOTO paciiajia MMoHa. B aToM ke roy 1M ObLiIa IpeIiosKeHa
MPOTpaMMa UCCIEOBAHA [1-aTOMHBIX TIPOTIECCOB M KaTaIN3a SAEPHBIX PeaKITnii
B Ta3000pa3HOM BOIOpo/ie. BriepBbie HaO/M01ATICS PSIT HOBBIX SIBJIEHUI B 9TON
obsactn GU3MKH, TaKUX Kak A by3ust pu-aToOMOB B BOIOPOJIE, Z-3aBUCHMOCTD
repexBaTa MIOOHOB K CJIOJKHBIM si/[paM, HaOJIIO/IeHUe KaTasii3a MIOOHOM SIIEPHOI
peakinu ¢ o6pazoBanreM resmsi-3. CoBMecTHO ¢ Kosteramu B 1965 rojy oH cesai
OTKPBITHE PE30HAHCHOI 3aBUCUMOCTU 00PA30BAHUS MIOOHHBIX MOJIEKYJI IEUTEPUSI,
KOTOPOE JIE)KUT B OCHOBE COBPEMEHHBIX NCCIE0BaHNI U-KaTaim3a, 1 B 1973 rony
MIPOBEJT U3MEPEHNE BEPOSITHOCTH SI/IEPHOTO 3aXBaTa MIOOHA TTPOTOHOM.

IIporBuno. B nepuos paborer 8 DB B IIporsuno [Tasen Déxoposuy
AKTUBHO 3aHUMAJICS MCCJIe/IOBAaHIEM «MATKHX» aJPOHHBIX ITpolieccoB. B psne
POCCUIICKHX 1 MEKITYHAPOIHBIX 9KcTIepuMenToB Ha yekoputesnsax MMBI, CERN,
FNAL 6bLiy IpoBeieHbI eTaabHbIe HCCAeJOBAHNS MHOKECTBEHHOIN reHepalium
aIPOHOB B 00J1aCTH HAYAJIbHBIX 9HEPTUH agipoHOB u HelTpuHo 30+400 I'9B.
B 1967—1978 rozpax II. @. EpM0JI0B BBIIOJIHIII EPBbII MUK paboT MO Hccie-
JIOBAaHUIO MHKJIIO3UBHBIX MTPOTIECCOB M MHOKECTBEHHOMY 0OPAa30BAHMIO YaCTHIL
B CTOJIKHOBEHUSIX TTMOHOB, KAOHOB, IIPOTOHOB ¥ aHTUIIPOTOHOB IIPU 9HEPTUAX
ceprryxoBckoro yckopuresist (30+70 I'sB) ¢ momMo1ibio MeToIMKN 1y3bIPbKOBBIX
Kamep, TJIaBHOI U3 KOTOPBIX SIBJISIACH 4,5-MeTPOBasi JKUKOBOIOPO/IHAST KaMepa
Mirabelle — B To Bpemst oxHa 13 KpymHeiinmx B Mupe. [lepBbie ucciemnoBanms,
npoBejieHHbIe Ha yekoputesie MBI Ha crierraibHO cenapupoBaHHbBIX ITyYKaxX
YaCTUI[ BBICOKUX SHEPTUH, SIBUJIUCH PE3YITATOM OOJIBIIMX YCUIIHIT KPYITHOTO
MEK/yHAPOIHOTO KOJIJIEKTHBA yueHbIX 1 nHkeHepoB u3 CCCP, Opaunimn u psaa
eBporieiickux crpat, Bxoausimx B CERN, a posb [1. @. EpmosioBa B ioctanoBKe
9KCIIEPUMEHTOB U (PU3UUECKON ITPodIeMaTuKu, 0OpabOTKe JAHHBIX M UX aHAJII3e
SIBJISITTACH Belylell. B pesysbraTte ncciaenoBaHuii ObLIM MOJTyYeHBI HOBBIE,
YHUKaJbHbIE JIAaHHbIE 10 MHOYKECTBEHHBIM U MHKJIIO3UBHBIM ITpolieccaM. Boimos-
HeHHbIe uccaeoBanms Ha kamepe Mirabelle siBusmics, o cymecTBy, Hauamsom
HOBOTO HaIpaBieHus B (DU3MKe BBICOKMX 9HEPTHil — U3YYeHUs ITPOIeCCOB MHKJTIO-
3MBHOTO 00pa30BaHUs IPU MHOKECTBEHHOI TeHEpaIly YaCTHIl, KOTOPOe ObLIO
passuTto B ganpHeiinem B MOBI u HUMA® MI'Y Ha 60JbIIOI CTAaTHCTHKE
B CIIETIMAIbHBIX aKcriepuMenTax ¢ K-, K-Me30HamMu 11 ¢ aHTUTTPOTOHAMM.

Bo Bpemst pabotsr B UDBI I1. D. EpMoJIoB SIBIISIICS TakKe PYKOBOANUTETIEM
OJTHOTO W3 MEPBBIX HEUTPUHHBIX dKciiepuMenToB B Fermilab (E-180). ITasen
DénopoBuY € KOJJIeraMy BIIEPBbIe B HEHTPUHHBIX MCCJIEI0BAHUIX JI€TATHHO
U3yl 00IIIHE XapaKTEPUCTUKU TIIyOOKOHEYIIPYTOTO PACCESHIUST | TIOKa3aJl COOT-
BETCTBUE HKCIIEPUMEHTAIbHBIX TAHHBIX ObEPKEHOBCKOMY CKelmHTY. Briepsbie
B aHTHHEHTPUHHBIX B3aMMOEHCTBISX HAOTIOAAINCH IBYXJICIITOHHbBIE COOBITHS
1 COOBITHS ¢ M30BITKOM CTPAHHBIX YACTHUII, YTO MO3BOJMIIO OIIEHUTH CEYEHUST
POSK/IEHVST HOBBIX OYAPOBAHHBIX YacTUIL. Takyke ObLIM UCCIIEI0OBAHBI XapaKTePH-
CTUKH U COOTBETCTBYIOIIE KOHCTAHTBI /1711 ITPOIIECCOB € HEUTPAIbHBIMU TOKAMHU.

Mocksa. [Tocne nepexona 8 HUMAD MTIY II. @. EpmosioB Bo3riaBu
MaciTabHbie paboTHI 110 CO3MAHUI0 KPYITHOTO aBTOMATH3MPOBAHHOTO M3MEPHU-
TEJIbHOTO KOMILJIEKCa JIIst aHa mM3a MHMOPMAIUK ¢ GOJIBIINX ITy3bIPHKOBBIX KAMEP
U ruOPUIHBIX CIIEKTPOMETPOB. Tem cambiM Obla 3a10;KeHa OCHOBA JIJIsT IIPeBpa-
mennss HUUAD MTY B onus U3 JTUAUPYIONIUX EHTPOB (DPUBUKHU BHICOKUX
aHepruii. B uncruryre B 1984—1989 rogax B corpynnndectse c CERN u UDBI
oz pykosojcrsoMm I1. @. Epmosiosa ObLia nmposegera o6paboTka u pusnye-
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CKUI aHaJIM3 JJaHHBIX ¢ EBPOMEiicKOTo TOPUIHOTO CIIEKTPOMETPa B 06JacTh
srepruii 250+400 I'9B (akcnepumentsr NA-22, NA-23, NA-27). [Tonydentbie
B 9TUX paboTax cucTeMaTHyecKue u HanboJsiee TOYHBIE PE3YIbTATBI 10 U3YYEHHIO
MSITKUX a/IPOHHBIX MTPOIIECCOB, CEYEHNIO 00PA30BAHNUST PE30HAHCOB, TIPOSIBJIEHUTO
KBapKOBBIX 9((PeKTOB B AMHAMIKE B3aUMOJICHCTBUI SABJSIOTCS YHUKATbHBIMU
Y COCTABJISIOT OCHOBY JIJIST TOCTPOEHUST COBPEMEHHBIX KBaPK-TJIIOOHHBIX MOJIETIEN
MHOKECTBEHHOTO POK/IECHUS YaCTUIL C MATIBIMU TIONIEPEYHBIMU NMITYJIbCAMMU.

Oco60 x0Tes0ch Obl MOAYEPKHY T, YTO HAUYaThie 110 MHUIHATHBE U TIPOBE-
peHHble o pykoBoacTBoM IlaBra MénopoBuya paboThl IO CO3AAHUTO
B HUUAD MI'Y nepsoii B Poccun KOMILIEKCHO# CHCTEMBI 110 pa3paboTke,
IPOEKTUPOBAHUIO, MACCOBOMY [IPOMU3BO/ICTBY Ha MPEANPUATUAX U TeCTUPO-
BAHWIO KPEMHUEBBIX M1 MUKPOCTPUIIOBBIX JIECTEKTOPOB SBUJMCH OCHOBHBIM
mrarom, nossosuBmuM HUMAD MTI'Y craTh ogHUM U3 JUAEPOB B 00J1aCTH
9KCTIepUMEHTAJbHON (HU3UKKN BBICOKUX dHepruil. JleTekTopsl okazananuch
BOCTPeOOBAHBI JIJIsI TIPOBEIEHUST PA3IMYHBIX MCCJAE0BAHUN HA YCKOPUTEJSIX
U B KOCMUYeCKUX JiydaX. Ha ocHOBe J1abopatopun KPEMHUEBBIX I€TEKTOPOB
OBLIN CO3/IaHbBI ATIEKTPOH-AIPOHHBII cenapaTop 17st yetanosku ZEUS (DESY,
kosnaiiep HERA), cymmecrBennasd yacTh BEPIIMHHOTO MUKPOCTPUTIOBOTO
netexktopa ams yctanoBku D0 (FNAL, Tevatron) n noHU3animoHHOTO JleTeK-
TOpa MeKyHapoHOTro kocModusnyeckoro akcrepumenta ATIC.

B aTux KpymHEHINX MeK/TyHAPOAHBIX KOJTA00PAIUSAX MTOMTYYeHbI IMPOKO
M3BECTHBIE B MUPE PE3YIbTATHI MO TJIyOOKOHEYTIPYTOMY PACCESTHUIO, CTPYKTYPE
npoToHa, GoToHA, TOMEPOHA, OCYIIeCTBAEeHB TecThl CTaHAapTHON MOIeJH,
OTKPBIT CaMbIil TSIKEJIblil KBApK B IIPUPOJIE — {-KBapK.

C onpenensiomum yuactuem rpymmst pusnkoB HUNAD MTI'Y nox pyko-
BozcTBOM I1. D. Epmosiosa B 1994—2005 ronax Ha ycranoke ZEUS B aiekTpoH-
IPOTOHHBIX CTOJKHOBEHUSIX TIPOBEIEHBI JeTATbHbBIE MCCIe[0BaHMsS 00pas3o-
BaHMs BEKTOPHBIX ME30HOB (BKJITOYAS | /) M YACTHUIL C OTKPBITHIM OYapPOBAHUEM
B TJIyOOKOHEYTIPYTUX U AU(MPAKIIMOHHBIX MTPOIECcaX, B OCHOBHOM, TTOITBEPIK-
JIAoIIe COBPEMEHHBIE TEOPETHYECKHUE TIPe/ICKa3anmsl. Briepoie HaOI0MAIICS
s dexT HecoXpaHeHUs S-KaHAJIBHON CIUPAJbHOCTH MPU 0OPa3oBaHUM P,
@-Me30H0B. OOHAPYIKEHO TIPEBBINIIEHNE CEIEHUST POKIAEHNST D-ME30HOB OTHO-
cutesibHO cytecTByomux mozesein KX/I. Briepssie B 2004 romy skcniepuMen-
TaIbHO HAGJIIOAJICS BKJIAJl «<MOPCKUX» CTPAHHBIX KBAPKOB B IPOTOHE MYTEM
ncciaeoBanust 00pa3oBaHUs (-Me30Ha B ONPEAeNEHHOI KMHEMAaTHYeCKON
obactu riyGOKOHEYIpyrux B3auMogencTsuii. B akciepumente DO rpymnna
dusukoB nox pykosogcTBoM II. M. EpmosioBa ¢ mcnorb30oBaHueM HOBBIX
METO/IOB aHAJIN3a BHECJA OCHOBHOM BKJIa/l B MOJIyYeHNEe PEKOPAHBIX OTPaHN-
YeHUI Ha MacChl BEKTOPHBIX JIEMTOKBAPKOB U B paOOTHI 110 TIOUCKY OJIMHOYHOTO
POSKIIEHHUS {-KBapKa B JIEKTPOCTA0bIX B3AUMO/ICHCTBHSIX METOJIOM HEHPOHHBIX
cereil. B otzene, koropbim pykoBozu [1. @. EpMosioB, Takske BeIMCh aKTUBHbIE
paboter 1o aApyrum npoekrtam, B yactHoct, ATLAS, CMS u LHCb (FNAL),
ILC, SELEX (FNAL), SLD (SLAC), SVM (Darmstadt), PHENIX (BNL).

Oco60 nyxHO OT™METUTD dKCTIepuMerT CB/I, KOTOPBIiT TIPOBONIICS U TIPOOJ-
JKaeT OCyNIeCTBISAThCs HayckopuTesie Y -70 B [IpoTBrUHO rpynIaMu iccieoBateeit
3 HUMAD MI'Y, UDBI u OUAN. I1. ©. EpMOIOB SIBJISLICS OZHUM 13 IIABHBIX
OPraHu3aTopoB U pyKoBoauTesieil akcniepumenTa CB/l na mupokoarneprypaHoM
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MarHUTHOM CIIEKTPOMETpPe ¢ BEPITUHHBIM feTeKTopoM. C ncmoib3oBaHneM
B Ka4eCTBe BEPIINHHOTO JIETEKTOPA OBICTPOIMKINPYIOIIEN My3bIPhKOBOI KaMepPbI
MIPOBEJIEH TEePBbIN ATAll AKCIIEPUMEHTA, B KOTOPOM TIoJIy4eHa JIydiiasi OlleHKa
MIOJIHOTO cevYeHust 00pa30BaHUsT OYapPOBAHHBIX YaCTHUIL JIJIsI BCETO MHTEPBaia
KMHEMaTUYeCKUX IepeMeHHbIX. Y HUKaJIbHble NCCIEI0BAHUS POKIECHUS 04apO-
BaHHbIX YACTHI[ B OKOJIOIIOPOTOBOI 00J1aCTH OBLIN ITPOBEIEHBI C TOMOIIBIO MOJEP-
HusupoBanHoit yctanosku CB/l Ha ocHoBe BiiepBble co3iannoro B Poccun
nozt pykoBozictBoM 11. D. EpmMosioBa MUKPOCTPUTIOBOTO BEPITUHHOTO JIETEKTOPA
Ha 10 Teic. ammuTy1HBIX KaHanoB. MccenenoBanus va CB/I o pyKoBojcTBOM
I1. ®. EpmosioBa MHOTOYaCTUYHBIX TIPOIIECCOB TIPU MasIbix aHeprusix (50+70 I'aB)
O3BOJIMIIN OOHAPY/KUTH WHTEPECHBIE OCOOEHHOCTH, B YaCTHOCTU, KOPPEJISIIIUT
JUTS TIpEJIETbHBIX MHOKecTBeHHOCTeH aipoHoB (30+40 yactuir).

B atom ke akcniepumente Ha ycraHoBke CB/l B TpOTOH-s1/1epHBIX B3auMO/1€ii-
crustx ipu aHepruu 70 o B 611 0OHapysKeH y3Kuii OapuoHHBII pe3oHaHC, paciia-
patouuiicsa na nporon u K’ -meson ¢ maccoit M=1523+2 (crar.) MaB u mmpunoii
<14 MaB na 95 % C.L., ssBistiomuiicst KaHIUIATOM B CTPAHHBIN MEHTAKBAPK.
Crarucrrka sxcriepumenTa (~ 400 cOOBITHIA 7IsT TAHHOI MOJIBI PACTIa/ia) sIBJISIETCST
HanOOJIBIIEH TT0 CPABHEHUIO C IAHHBIMU 9KCIIEPUMEHTOB, B KOTOPBIX HAOIIOIAJICST
3TOT pacta/l. Bwiio yeTaHOBIEHO, YTO cCeYeHre ero POKICHNS COCTABISET TTOPSIKA
5 MKOH Ha HYKJIOH, U OH POK/IAETCSI ¢ OTHOCUTETLHO MastbiMu aHeprusivu (x ~0,1).
Itum HabmoaeHreM [Tasen MEnopoBuy 0co60 ropauicst. X04eTcst OTMETUTD €r0
HAYYHYIO CMEJIOCTb IIPU OTCTAaUBaHUU CIIPABEJINBOCTH Pe3yJIbTaTa, [IOCKOJIbKY
HaOJIIO/IEHIE PE30HAHCA BHI3BAJIO KPaliHe HEOHO3HAYHYO, TOPO OCTPO KPUTHYE-
CKYIO PeakI1io B Hay4HOii cpe/ie.

Henb3s ne ckazatb o Toit posu [laBia MénopoBuya, KOTOPYIO OH CHITPAJ
[PY OPraHW3aluy HAYYHOU TJI00aJbHOM CITyTHUKOBOM TEJTEKOMMYHUKAI[U-
onnoii cetn «PA/INNO MI'Y», cosnannoit Buepssie B Poccuu B 1993 roxny
Cosnanue atoit cetu nozposuao HUMUAD MTIY u apyrum poccuiickum
A71epHO-(DU3NYECKUM UHCTUTYTAaM BKJIIOUUTBCS Ha CAMOM I1€peIOBOM YPOBHE
B MEXK/TyHAPO/IHbIE HAYYHBIE TIPOEKTHI.

I1. ®. EpmosioB — aBrop 6ostee 550 HaydHBIX TyOJUKAIUI 1 MOHOTpadmii,
MOJT €T0 PYKOBOJICTBOM 3aluiieHbl 17 KaHAMAATCKUX ANCCePTAINii, MHOTHE
13 ero yYeHUKOB U COTPYIHUKOB CTAJIM JIOKTOpaMU HayK. B Teyenne MHOrux
JIET OH YHTaJl CTYJEHTaM OYeHb HHTEPECHBIN KYPC JIEKIIUH 110 3JIeKTPOCTabbIiM
B3auMo/ieiicTBUAM Ha usnyeckoM dakyabrere MI'Y. I1. @. EpmosioB 6bin
u36paH akageMruKoM MeXIyHapoJHON aKaJeMUK HayK BbICIIEN IKOJIbI U
VZIOCTOEH TIOYETHOTO 3BaHUS «3aCTYKeHHbIM HaydHbIN coTpyHUK MIY». On
ObLT MHUIUATOPOM CO3/[AHUSI U COPYKOBOAMUTENIEM BEIYIeil HAYIHO MIKOJIBI
Poccun «CoBmecTHOE 9KCTIepUMEHTAIbHOE UCCIE0BAHUE U TEOPETHYECKOE
MOJIEJTMPOBAHUE JIEKTPOCTAOBIX B3AMMO/ICHCTBUN U MEXaHU3MOB POIK/ICHIS
TSIKEBIX KBapKOB». [1. M. EpMoJIOB SIBJISLICS PYKOBOUTEIEM MHOTUX POCCHUIA-
CKUX 1 MeXaAyHapoaHbix rpanTtoB PO MU, mporpaMmbl « Y HUBEPCUTETHI
Poccuny» Munncrepersa nayku, CRDF, INTAS u np.

[TamaTb 0 HE3ayPSIZIHOM yUEeHOM U ITPeKpacHoM uesioBeke podeccope [1asie
dénoposuue Epmosiose, 0TaaBIeM BCIO CBOIO JKU3Hb U TAIAHT OE33aBETHOMY
CJIYKEHUIO POCCUIICKON M MUPOBOIi HayKe, HaBCer/la OCTAHETCs B cep/lax ero
MHOTOUYNCJICHHBIX KOJIJIET M YIEHUKOB.



YACTb 1
BOCIIOMUHAHUAA O I1. ®. EPMOJIOBE

OTkpbIBatoT paszes BocrioMuuanus cectpel [1aBina énopoBuya
0 JIETCKUX TO/IaX U IOHOCTH OYIYIIEro y4eHOTO. A abiie cOOpaHbl
CTaThb¥ KOJIJIET, YUeHUKOB, npy3eil [laBma MéxopoBuua Epmo-
JoBa. OiHM M3 HUX pacKphiBaioT EpMosioBa Kak uesioBeka, Apyrue
6oJIbIIle BHUMAHWS Y/IEJISIOT €ro JeTUIaM — 9KCIepUMeHTaM.
HecmoTpst Ha pa3iMuHbIil CTUJIb TIOBECTBOBAHUS M PA3HOPOIHOCTD
MaTepuaja, Bce aBTOPBI JOOWINCH €INHOI 1IeJIN — 3aIedaT/iesi
MHOTOTPAHHYIO JIMYHOCTh HE3aYPSIIHOTO YUEHOTO U YeJIOBEKa.



IOHBIE I'OAbl MOEI'O BPATA

A. @. Kasanxuna (Epmonosa)

A, cectpa [TaBra Ménoposuua, Autonnna MEnopoBHa, OT CBOETO UMEHU
1 OT uMeHu crapiiero 6para Bukropa MénopoBnya, Xouy MOAETUTHCS BOCIIO-
MUHAHUAMU 00 OTHEIbHBIX d1KM304axX kusnu [lasia B JlenuHrpaze 10 ero
orbesna B Jlyony B 1955 roy mociie okonuanus JITY.

Hamu popurenn — @énop Bacuabesuy u Mapust CrenanoBHa — OblLIn
pozom us ropoja ITporcka. 1o HeOOIBIIO KUBOIKUCHBII TOPOJOK IO beperam
peku Ilponu (mpurtoka Oku) B 40 kM ot Paszanu. /lo Hactosiiero spemenu
XOPOIIIO COXPAHUJIACH TJIABHASI YJIHIIA CTAPOTO TOPO/Ia BIOJb BBICOKOTO Oepera
PEKM 32 UCKJIIOYEHKEM TJIaBHOTO XpaMa Ha IleHTPasIbHO 1itoiaau. leficTByoT
u ceifyac 1Be rumHaznm — «bemasg» n «Kpacnas» — 1o okpacy 31anuii, B OHON
13 KOTOPbIX yuriicss Muuypus, tam crout ero 61oct. B 3ATCe ropoa 10 Hemas-
HETO BPEMEHU COXPAHSIINCH TIEPKOBHBIE KHUTH C 3AMICSIMUA 000 BCEX JKUTETISIX
ropojia, poauBimxcs 1o pepoJiorun 1917 roza.

B 1991 roay mue norpeboBasoch NOATBEPKAEHIE POJACTBA HAIEeH MaTepu
u ee 6paTa s1 6e3 Tpyjma HalllJla BCe B 3THX KHUTAX, a TakyKe MPOYKMTaIa

i ] npo 6paTheB U CeCTEP HANIUX POAUTEE.
OueHb UHTEPECHO OBIJIO JIEPKATH B pyKax
3TU TOMa, UCIUCAHHbIE KaJIUTpapuuecKnm
nouepkoM. K coxkasmennio, kKak MHe CKa3aan
B 3ATCe, KHUTH COOMPAIOTCS YHUUTOKHUTD:
OHM 3aHUMAIOT CJUIITKOM MHOTO MeCTa.

B 1928 roxy ponuresnu npuexanu B Jlenun-
rpaz. [lo 1930 roga mepebpasinch 1 ocTagbHbIE
POJICTBEHHUKH, U CBs3b ¢ [Iporckom npak-
THYeCKHW TpekpaTuiaack. [laBank poaumics
30 mrons 1932 roga. sKumm MbI B IeHTpe Topoza
Ha Boabmoit MockoBckoii yiuie, 6J11M3K0
ot Hesckoro nmpocnekra. Ha dororpadusax
30-x rozos (doro 1) mou 6paTbs (0ueHb
MOXO’KHE, MEKLY TTPOYNM, Ha ce0sT B3POCIIBIX)
cTogT Ha (oHe ABepH, Kyaa CrpysKaau xjiebd
(Bx071 B 6YJIOUHYIO OBLJT C YJIAIIHI ), I B KOMITAHUH
Bcex pebst Hartero Bopa (oto 2).

Otell UMeJl HECKOJIBKO Pabounx creru-

Doro 1. Buts u [1asen nepen . .
BOIHOI AJIbHOCTEN N TPYAUJICA Ha 3aBO/E «KpaCHI)II/I
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OKTsI6pb», BBITYCKABIIIEM aBUAIIMOHHBIE MOTOPbL. JTO MPEATNPUATHE CYIIle-
cTByet u ceituac — Kb n 3aBog um. B. d. Kimmosa.

®doro 2. /letn mamrero aBopa, 1936 .

C HauasioM BOIiHBI 3aB0j1 Gl TiepebasupoBat B Yy, Bepree — 1o Y dy,
B ropos1 YepHUKOBCK (B HacTOsIIee BpeMs paiioH ropojia Ybb — YepHUKOBKA).
Buiiarogapst sToMy Hallra ceMbst COXpaHUIach 6e3 morepb. IIpo rojbl 9BaKyarum
s ysKe KOe-uTO MMOMHIO, TaK Kak MHe B HauaJie BOIHbI ObLJIO YEThIpPe TO/Ia, a K ee
OKOHYaHUIO — ysKke ceMb. JKuim Mbl B Gapakax Ha 10—12 cemeil. Y kaxmoi
ceMbu ObLIa OIHAa KOMHATA ILJIOMIA/bIo IipuMepHo 15—16 kB. MmeTpos. Orelr cam
crenal Bcio Mebesib, BKIIoYast iatstHoil mkad. B komuaTe ObLT MOIION, T/1€
XPaHWJINCH OBOTITH.

Bapaku cocraBisiim 1esnyio yauIly ¢ 1epeBIHHBIMU MOCTKaM# BIOJIb HUX.
3a Gapakamu IIJ1a CTEIb C OBparaMu U TIOTOM, B TPEX-YETHIPEX KUITIOMETPaX —
peka Besas, Boab KOTOPOi OBIIN OTOPOIBI. 3€JeHb POCa TOJBKO Y PEKH.
[TomH10, 4TO Ty/Aa MBI XO/TUJIN 32 YEPEMYXOI.

BpaTbsmM pUX0AMIOCh OY€Hb MHOTO pab0TaTh, MbI BBIPANUBAIN OYEHD
MHOTO OBOIIEH. Y Halrell ceMbi GbLIO MHOTO OTOPOIOB, IOATOMY MbI He T0JI0-
Ay M la’ke TOMOTaJIN TeM, KTO, HaJesiCh Ha CKOpOe OKOHYaHUe BOWHBI,
B 1942 roxy nudero He nocaauia. Oreir OblJI OYEHD TPYIOJIOOUBBIM 1 TIPE]I-
NPUUMYUBBLIM YesoBekoM. I1o ero saganuio 6parbs (B 0cCHOBHOM — BukTop)
JieJIaTi KaKue-TO MeJIKe MeTaJlsIndyecKre 3aroToBKu. Y aTuMm, KoHeuHo, 0ueHb
nomoraiau poautesasiMm. Ho y Tlasia rmaBHoil paboToi 10 10MYy GbLIO MPUTO-
tToByenue obena. [leso B ToM, uTo B GHapake Obljia BCETO JIUIIb OJHA MJINTA,
KoTopast Toruaack aposamu. C paboThl Bce TIPUXOANIIH OHOBPEMEHHO U MeCTa
Ha TUINTE He XBatasio. [1aBes ¢ ero parmoHaIbHbIM XapaKTepoOM OIeHUT 06CTa-
HOBKY. TTocJie MKOJIbI OH TOPOIUIICS IOMOM, TOTIAJI IJTUTY U OBICTPO CTApaICs
BCE CBApUTh. 3aTeM KOpMUJ (MU He KOPMUJI, a BeJeJl JK/1aTh POANUTeseil) Hac
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¢ BukTopom 1 Bce 3aKyThIBaJI B 0/iessa /10 TPUX0/ia MaMbl 1 rianibl. A Besib [1aBiy
OBLJIO B TO BPEMSI BCETO JIEBSTH JieT (K KOHILY BOWHBI ysKe YeTHIPHAIIIATD).

DJIeKTpUYECTBA BHAYaJIe He OBLJIO COBCEM, a TIOTOM JIaBajiu ¢ OOJIBITUMU
nepepbiBaMu. Tak 4TO KM/ B OCHOBHOM C KEPOCHHOBOH JIAMITOH.

Jlo mKoJbl OBLIO MOJITOpPa-ABa KUJIOMETpa Yyepes 1oJjie. BecHoil u oceHblo,
KOT/Ia 3eMJIsI pAaCKHUCAJIa, XOANIN «KPYKHBIM» IIyTeM. DTO YK€ TPU-YeThIpe
KUJIOMETPA.

3umoit 6paThsi MHOTO KaTaICh Ha JIbIKAX. JTO OBLIO MPAKTUYECKH €/[HH-
CTBEHHBIM pa3BJiedeHreM. 3uMa 1 JieTo TaM ObLn Hactosiue: oT — 30 1o + 30
rpasycoB.

BukTop pacckasbiBaet, 4TO B HEU30EKHBIX [PaKax eMy MPUXOIUIOCH 3aIl1-
marh [TaBia, oToMy 4To TOT OBLT elie MaJ u ¢Jiad.

B 1945 roay MbI ¢ MaTepbio (0TIIa OTITYCTUJIN TOJIBKO Yepe3 Toj1, B 1946 romy)
BepHyJHch B Jlenuurpaa. Bpemst 661710 oueHb Tsikesnoe. Pojauresnn BIOUBaICh
U3 CHUJI, YTOOBI HAC HAKOPMUTD U 0/1eTh. VIM MpUX0oammoch 3a60TUTHCST TAKKe
0 IJIEMSTHHUKAX MaTepu, KOTOPble BEPHYJIUCH U3 JETCKUX IOMOB, UX POJAUTENN
oru6JI BO BpeMst OJI0KA/IbI.

Yuuanch Mbl XOPOIIIO, TOTOMY 4TO yueba ¥ UTPbl BO IBOPE — 9TO OBLIO
BCe, N3 4ero CoCTosAsa Halla ’Ku3Hb B gieTcTBe. [laBesr ouenb Masio BpeMeHn
POBOIMII 32 OMANTHUMU ypokamu. OODBSICHSII 3TO TEM, YTO JeJIall 3aaHst
He Te, 4TO 3a/IaHbl Ha CJIeIy IO /IeHb, a Te, KOTOPbIe OH TOJILKO YTO ITPOCJTY A
B Kyacce. 51 He 3Ha10 GOJIbINE HUKOTO, KTO MOCTYTIA ObI TaK JKe.

Bce cBOOOIHOE BpeMst MbI IPOBOAMIIN BO ABOPE. VIrp ObLIO MHOTO: TIITAHIP,
IPATKHU, JIANTA, CKAKATKU U «KJIACChl» Y JIeBOYEK, HOKMYKHU Y MaJIbuMIlIeK.
Chavasa cocuuTaeMcs: «Ha 3JIaTOM KPBLJIbIle CUIENHU 11aph, I[apeBUY...»
W [T0eXaJii [0 CAaMOT0 Bedepa, MOKa POJUTENN He 3arOHsIT JoMOoi. Pebsita
nocrapiie, rakue Kak Ilases, urpaan B Bosieii60J1. ITo GbLIO UX OCHOBHOE
yBJledeHne, KoTopoe u octasnoch y [1aBna Ha Bcio sku3Hb. OH Urpas notom
3a yHuBepcuret, umes 1-it paspsaa. Ho oTily B )kM3HM NPUIILIOCH BCTABUTD
MHOTO CTEKOJI B OKHA ¥ CBOU U COCEJIei, TaK KaK ITpreM «pe3aTh> [laBes ocBon
MMEHHO BO /1Bope ioMa Ne 5 Ha B. MOCKOBCKOIA.

[TepBoie roasr TOCEe BOWHBI MBI ¢ [aBOM €311 B TMOHEPCKUN JIarephb.
Jlareps ot 3aBoja «Kpacubrit OKTsiOpb», Tiie paboTas orelr, ObLI B TPEKPACHOM
Mmecte: Ha KapesabckoM neperneiike, Hepaneko ot IIpunosepcka, Ha puncknx
xytopax. Tam cpasy 3aMeTu/i ClioKOMHBIN 1 Pa3yMHBbIIl XapaKTep MOero Opara,
U BCE TOJBI OH OBLT TIPe/ice/laTeIeM COBETA [PYKUHbL: HOCUJI TPU KPACHBIX
rosiocku Ha pyoartike. [To Tem Bpemenam 31o 661710 0uenb moyeTHo. Kakoii-to rog
s1 ObLJIA TIpeJiceIaTesIeM CBOEro MIIA/IIIEro oTpsiia (HaBepHOe, 110 6J1aTy) 1 OT/ia-
BaJia eMy YeCTh Ha yTPeHHel JnHelike. BUKTOD ¢ HaMu yiKe He €371, TaK Kak ObLI
CJIUIIIKOM B3POCJIBIM JIJIST JIaTePst. A 51 OYeHb JIIoOuIa Te MecTa U e3/I1ia Tyja
1o feBsiToro kiacca. [laBes Torga mpues:kasi B TOCTH U JIaBall MacTeP-KJIacChl
o Bosieiibosry. Ha dortorpadun us mmonepckoro jareps (doro 3) Iasen crour
cIIpaBa BO BTOPOM psy. Ero jierko ysHaTh 110 TpeM HaIllMBKaM Ha pyKase.

B Te BpemeHna j1au HU y KOTO He O6b110. BpaThst, Oyydn yke ctapiiekiacc-
HUKaMH, IIPOBO/INJIN JIETO B TOpOJie. B XOpoIIIy1o Moroy OHM €3/11JIN KyTIaThCs
Ha Cysnanbckue osepa B lllyBasoBo. OT Halero oma /1o o3ep X0AUJI TpaMBait
Ne 20. Ha oxHoM 13 03€ep y Hallleii COCeIKU 10 dBaKyaruu ObLI JOMUK. BoT 910
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Doro 3. Orpsiz nuoHepckoro Jarepst ot 3aBoga «Kpacubrii OkTsi6pb», 1946 r.

Obla Halla «6asa OT/bIXa»> Ha MHOTHE TOJIbI, MOKA OBLIN KIUBBI CTapUKKU. MbI
WX JI0 CHX TIOP BCIIOMUHAEM ¢ OOJIBIINO# 61aro[apHOCTBIO.

ITpo cBoIO JabHENIyI0 yueOy Tocse MIKOJIbI MbI BCE PEHIajn cCaMOCTOs-
TesbHO. PopuTenn nanu Ham nosHyio cBobomy. Ilpasaa, orer He cMOT ObI
BCEX TPOUX YYUTDh B UHCTUTYTAX, U BUKTOPY, Kak cTapiieMy, MPUIIIOCh UITH
B BoeHHOe yuyusnie. OH OKOHUMJI BOEHHO-MOPCKOE MHKEHEePHOe YYUJInIIe
uMeHu J[3epsKUHCKOTO0, cTal TermmoTeXHUKOM (hoto 4). C 6oabImuM TPy oM
Bukrop nemobuan3oBaicst 4epes aBa rojia mocje OKOHYAHUS yIUTUIITA
u yxe 6osee 50 et paboTaer B IEHTPAIbHOM KOTJIOTYPOMHHOM MHCTUTYTE
nm. U. U. Tlonzynosa. Muoro nipoextuposas u ctpoun TIIL o Bceit cTpane,
ceiiuac npuHuMaet y4yactue B ctpoutenbctse TIII Ha peke IIpone okosio
ropoga [Iponcka. Kpyr 3amkHyicst.

Doro 4. /IBa GpaTa-Kpacasiia ocJae OKOHYAHMS BYy30B: BUKTOP — BOCHHBIN MOPSIK
u [laBes — HaunHatoumii pusnk, 1955 .
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[TaBes mocsie oKOHYAHUS MIKOJBI TOCTYTNJ B BoeHHo-Mexanmvyeckuii
WHCTUTYT HA KOHCTPYKTOpckuil dakymabret. [locie BToporo xypca jetom
Ha KaBrosioBckux osepax oH mosHakomuics ¢ dusukamu us JII'Y, mopas-
MBICJTUJI ¥ HAadaJl YYUTh (DU3UKY, 4TOOBI OCEHBIO C/IaTh AOTMOJHUTEIbHBIN
aK3aMeH 1 0e3 1oTepu Kypca repeiiti Ha pusdax. Kypcossie paboThi 1 JUILIoM
oH nesan y bopuca IlerpoBuua /l:xesenoBa, KOTOPBIH /lajl eMy PEKOMEH/1a-
TeJIbHOE MUChMO K cBoeMy Gpaty Benenukry [lerpoBuuy /[xkesnenosy, B [[yoOHy.
Tawm [TaBes 6bLT T€TOM TIEPE]] TIATHIM KYPCOM, U TY/A K€ OH yeXaJs 0 OKOH-
yanuu uHcTUTYyTa B 1955 romy.

Xouy ere pa3 BCMOMHUTH CIIOKOKHYI0 pagyMHOCTD [1aBma, KoTopas momoria
B kn3Hu 1 MHe. [locae okonuanus 10-ro kiacca g co CBOUMU IATepKaMu
pernia, 9To Toxke Oyay moctynarh Ha pusdak. [TaBesr 06bACHII MHE, YTO 9TO
Gezymue, uTo HU B y4uebe, HI TeM GoJiee B paboTe st HUKOT/IA HE CMOTY TSITAThCST
¢ My;KUMHAMU, U OTBeJI MeHS 32 PyKy B IIpUeMHYI0 Komuccuio xumdpaka. On
OKa3aJiCsT COBEPIEHHO mpaB. KoHeuHo, HauaJbHUKAMU Y MEHsI BCera ObLin
MY KUHHBI, HO Pab0OTaTh € YIOBOJIBCTBUEM U JlaXKe CAeJaTh YTO-TO MOJE3HOE
st BIIoJTHE cMoTJa. /[a, xopotmast rosioBa u gobpast aymra crocoOHbI TOMOYb
MHOTHM.

B sakiouenue ot Hallell ceMby XOUy BBIPA3UTh IIyOOUaiInyio Oaromap-
HOCTBH COTPY/THUKAM HHCTUTYTA 32 TIaMSITh U JII0OOBH K Haremy Gpary.

Kasanxuna Anmonuna @édoposna,
maaowas cecmpa Ilasna @édoposuua Epmonosa
21.02.2012



BOJIBIIIOM YYEHbII1 1 OPTAHU3ATOP

C. C. I'epwumetin (MDBI)

A nmosuakomuics ¢ [laBaom MEgopoBuueM cpasy Ke MOCJTE CBOETO
npueszna Ha pabory B OMAU B despase 1960 roxa. B ato Bpems B Jlabopa-
TOPUM AJEPHBIX IP0OJIeM ObLIM Pa3BepHYThl pabOTHI 10 IPOBEPKE 3aKOHOB
Yuusepcanbuoro (V-A)-B3aumopeiictBus, mpeanoxennoro B 1958 roay.
[O. 1. TIpokormkus 06yMbIBAJ U TOTOBUJI KCIEPUMEHT 110 U3MEPEHUIO
BeposiTHOCTHU GeTa-paciaga mioHa (4to Ha MexyHapoaHoi KoHbepeHInn
1960 roma 6110 TpU3HAHO aOCOMIOTHO Ge3HAMEKHBIM JEJIOM), a TPyIIa
b. M. ITonTtekopso u P. M. CyuisieBa, ¢ ojiHOl cTropossl, 1 rpynna B. I1. /[xkese-
oBa — C JIPYTOii, TOATOTABAUBAIN ONBITH O TPoBepKe 3aKOHOB (V-A)-
B3aMMOJICHCTBUS JIJISI MIOOHOB C HYKJOHAMU. JTO B3aUMOJIEMCTBUE K TOMY
BpeMeHU ObLI0 Masio udydero. CyImecTBoBa M TOJbKO JaHHBIE M0 3aXBaTy
MIOOHOB SIpaMU, U3 KOTOPBIX CJIEI0BATO, YTO KOHCTAHTA B3aNMO/IeHICTBUS
10 TOPSI/IKY BEJUYMHBI COBIAZaeT ¢ KOHCTaHTO# Geta-pacnasa. Hu tounoe
3HaYeHNe KOHCTAHTBI, HU (hOpMa B3aMMOIEMCTBUS He OBLITN U3BECTHBI. Tpedo-
BAJIOCH MOZIPOOHOE U3YyUEHUE MIO-3aXBaTa TIPOCTEHIITMMU SIIPAMH, JKeJIaTeTbHO
IPOTOHAMU U feiiTpoHaMu. VIMeHHO Ha 5Ty (AyaJbHYIO) IIEPCIIEKTUBY ObLia
nactpoeHna rpymnmna B. II. /[xxenenosa, B koTopyto Bxoaua [I. @. Epmosios.
B cBsA3u ¢ Masioit BeposiTHOCTBIO MIo-3axBaTta B Bogopo/e (1072 B konmeHcupo-
BAaHHOM BelllecTBe) OoJiee PealbHBIMU U JIOCTATOYHO XOPOIIIO MHTEPIIPETHpPYE-
MbIME OBLITH 9KCIIEPUMEHTBI [0 MIO-3aXBary B rejuu-3. VIX roToBmIa TpyIina
B. M. ITouTekopso — P. M. CyusieBa. O6Ge TpyIIIIbI TIPEANoIaraan UCIoab30-
BaTh TeXHUKY Au(by3HOI KaMepbl, 1 Yy 06enX BO3HUKAIU TTPOOIEMBI ¢ ME30-
ATOMHBIMU TIPOIIECCAMHU, TIPE/IIIECTBYIOMIMME 3aXBaTy MIOOHOB SIZIPAM.

31ech, 4TO6BI OBLIO TTOHSITHO JajbHeliee, MHE TPUXOIUTCS HATTUCATH
0 cBoux paborax B a1oii obactu. B 1958 roay st 0GHapy K, 4TO ME30aTOM
BOJIOPO/IA 32 CYET CTOJKHOBEHUH C MPOTOHAMM, COTIPOBOXK/IAIONINMUCS
MIOOHOM, €O cKOpocThio mopsiaka 10 ¢! mepexoauT B HUIKHEE COCTOSTHUE
CBEPXTOHKOI CTPYKTYPHI (€ TIOJTHBIM CTUHOM M€30aTOMa, PABHBIM HYJI0). DTOT
a(deKT MPUBOMUT K MPAKTUYECKH TMOJTHON AETOISIPU3ANNN MIOOHOB B BOJIO-
poze. [ToaToMy okaspiBaeTCst HEBO3MOKHBIM 9KCIIEPUMEHT, MTPE/JI0KEHHbII
T. 1. JIn u 1. H. durom, o nposepke (V-A)-B3auMozieiicTBUs 1myTeM U3Me-
PEHUs YIIIOBOW aCUMMETPUM HEUTPOHOB B TIPOIlECCe Up —> nv,. Bwmecre ¢ Tem,
Kak Mbl 3aMeTiiin ¢ S. B. 3esnboBuuem, epexo/ B HUJKHEE COCTOSTHHUE CBEPX-
TOHKOU cTPYKTYpbI B caydae (V-A) BapuaHTa yBeJMYnBaeT B YeThIpe pasa
BEPOSITHOCTD MIO-3aXBaTa MPOTOHOM. Takum 06pa3om, namepenue abCcoMOTHON
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CKOPOCTHU MIO-3aXBaTa MOIJIO CJYKUTH MPOBEPKOI YHUBEPCATHbHOTO 3aKOHA.
[leno, omHAKO, OCIOKHSIOCH TEM, YTO COTJIACHO HAIIUM PacyeTaM B JKUIKOM
BOJIOPOJIE ME30AaTOM P JA0JIKEH ObLI ¢ OOJIBIION BEPOSTHOCTHIO IIPUCOEIUHITD
K cebe JIOTIOJHUTEIBHBIN TIPOTOH 1 00Pa30BBIBATH ME30OMOJIEKYJTY pup. Tak
YTO MIO-3aXBAT MPOUCXO/IUT B OCHOBHOM B Me30MOJIeKYJIie (T/ie UHTEPIIPETAITHST
ero ycaoxkHsercst). B ¢Ba3u ¢ atum rpynna B. I1. /Ixxesenosa nyianupoBaJsia
B KauyeCcTBe KOHEUHOU 11eJI1 TIPOBECTU M3MePEeHNEe CKOPOCTU MIO-3aXBaTa
B razoo6pas3HoM Bojopoje 1npu aasienusx 10—20 armocdep, Korjga mepexos
B HUJKHEE COCTOSTHUE CBEPXTOHKOM CTPYKTYPbI yCIleBaeT POU30iTH, a 0Opaso-
BaHUEM Me30MOJIEKYJT MOKHO MTPeHeOPeUb.

JLtst HaJIesKHBIX TOYHBIX U3MEPEHUIT MI0-3aXBaTa He0OX0IMMO OBLJIO ITpe/IBa-
PUTETHHO 9KCIEPUMEHTATHHO U3MEPUTD BEPOSTHOCTU PA3JIMYHbBIX ME30MOJIe-
KYJISIDHBIX TIPOIIECCOB, B YACTHOCTH, CKOPOCTD Tepexo/ia B HUJKHEe COCTOIHUE
CBEPXTOHKON CTPYKTYPBI Me30aTOMa M BEPOSITHOCTh 0Opa3oBaHUsI Me30-
MoJiekyJT pup. Tloc/ieHIO0 BeJUUNHY MOKHO OBLIO OTPEAENNUTh, U3MEPSIS
BBIXOJl KaTaju3a s/[ePHON peakilnu B Me30MoJieKyJiax pdy Ipu pasiryHbIX
KOHIIEHTpAIUgX geltepusd. ITUM U 3aHgaach rpynna B. I1. /[:kenenosa,
B COCTaBe KOTOPOIi IJIaBHBIM JeiicTByomuM juiom ctaua 1. @. Epmosos
BMecTe co cBouM yuenukom B. B. @unbuenkosbiM. [lapaiienbno ¢ Hamu
M3ydYeHneM MIO-3aXBaTa W MIO-KaTainu3a 3a TPaHuIel 3aHUMaJINCh HECKOJBKO
rpynm: rpynmsl Oyayumx Hobenesckux naypeatos JI. Jlegepmana B Komym-
6uiickom yauBepcutere u rpynmna K. Py66ua 8 CERN, rpymmna B Yukaro u zp.
B otsinuue ot rpynnet B. I1. /[skesierioBa oHU POBOAMIN U3MEPEHUS B SKUIKOM
BOJIOPO/IE U C TIOMOIIBIO 9JIEKTPOHUKY (UTO TIO3BOJIUIIO UM YCTPAHUTD IPUMECH
cnupra, HeobXoauMYyIo st paboTsl nuddysunonnoit kamepsr B. I1. /Ixenre-
nosa). B akcnepumenrtax /IxxenenoBa — EpmosioBa yjanoch B cornacuu
¢ 3apyb6exkHbIMKM pabOTaMU IIPAaBUJIBHO OIPEAEIUTh CKOPOCTh 00pa3oBaHUs
MEe30MOJIEKYJT PPU, OMHAKO (TTO-BUANMOMY, U3-3a IPUMECH CITUPTA) CKOPOCTh
obpasoBanus pdu-mMosiexy Gblia 3aHmKkeHa. (ITa omubKa Oblaa MmorpasjeHa
rpynnoi JI. Jlenepmana.)

Bwmecte ¢ Tem, ipu n3ydueHnn MIO-KaTajinsa B JleMTepUn 0Ka3ajaocCh, YTO
ckopocTh 0OpazoBaHust Me3omosiekya ddpu B yeroBusax auddysHoii kameps
[OYTH Ha MOPSIIOK OOJIbIIE, YeM 9TO OBLIO U3MEPEHO B JKUIKOM JeHTepun
[PU HU3KOH TeMIepaType. ITO HUKaK He MOTJIO ObITh OOBSCHEHO BIUSHUEM
IpUMeceil 1 He YKJIaIbIBAJIOCh B TEOPHIO 00pa3oBaHMst ME30MOJIEKYJI. M bl IPOBO-
mi ¢ [Tasaom MéxopoBryeM MHOTHE Yachl, 0 TIYOOKON HOYN aHATH3UPYsI
9KCIIEPUMEHT 1 06CysKaas pe3yabTarbl. OTmpeneseHHY 0 HaJeKIy Ha 00bsc-
HeHUe J]aBajio TO, YTO MHE B CBOE BPeMsI YIa/I0Ch B Pe3yJIbTaTe pacyeToB 0OHAPY-
JKUTh B ME3OMOJIEKYJIE CTab0CBSI3aHHBIN BpalllaTeIbHO-KO0J1e0aTeIbHbII YPOBEHD
C aHepruei cBsa3u Menblie 7eV. Hanuyne Takoro ypoBHs B CBSI3U C IaBHUM
3ameuanneM S. B. 3eb1oBrda MOTJIO IPUBOIUTD K PE30HAHCHOMY 00Pa30BaHUIO
Me30MOJIEKYJI. DTy TUTIOTE3Y Mbl BbicKaszaiu B 1962 rony B nokmane va Poue-
cTepckoii KoHpepennun. B passutue stoii runoressr [laBen MénopoBuy mposest
aHaJIM3 PaCIIPeIe/IeH s 10 CKOPOCTH aTOMOB d U B Pa3JIMUHBIX OIBITAX U TIOJTY YT
JIENCTBUTEHHO HEYTO BPOJIE PE30HAHCHO# 3aBrcnMocTi. OOpazoBaHIe ME3OMO-
sekya ddy B c1aboCBsSI3aHHOM COCTOSTHUM MOTJIO TIPOUCXONUTD TOJIBKO C Tepe-
Jladeii SHEPIUU CBA3U sapaM MoJieKy bl D,. PaccMoTpersb Takyio BO3MOKHOCTD



Bonvwoii yuenwiii u opeanuzamop 19

S IOPYYUJI CBOeMY acipanTy n3 Jctonnu J. B. Becmany. U on nefictBuTesibHO
HAIIIe]T TAKOI MEXaHW3M, YUTsI PaciipeiesieHIe aTOMOB d |l TI0 CKOPOCTSIM.,

Tak B pesyJ/ibTare Hallell COBMECTHON PabOThl ObLI OTKPHIT PE3OHAHCHBII
MeXaHu3M 00pa30BaHUsT ME30MOJIEKYJI. BaskKHOCTH €To cTajia O4eBUIHOM, KOT/Ia
B pesysbrare pacuetoB JI. V. [loHoMapeBa u ero rpymmbl Bo30y:KAeHHBIN
YPOBEHD C OYEHb MAJIEHbKOI 9HEPTUel CBsI3U OBLIT 0OHAPY/KEH B ME30MOJIE-
KyJie fieiirepusi-Tputusi, u Hamu ¢ Jleoruaom VBaHoBIHYeM OBLIO MIPEICKA3aHO,
YTO B CMECH JIENTEPUsI-TPUTHS OJUH Me30H 3a BpeMst cBoell skusuu (2 10°)
MOKeT B cpe/iHeM BbI3BaTh nopsijaka 100 peakuuii siiepHoro cunresa. ATOT
pe3yJabTaT CTUMYJUPOBAJ U3yUeHUE BCEX aCIEKTOB MIOOHHOT'O KaTaJaun3a
BO MHOTHX JiaGopaTopusix mupa: B Poccun ([lyone, Fatunne), B CIIIA, Anonuwu,
Kanaze, lIBeitnapun. Ho ncxoaHbIM TyHKTOM 3TOTO SBUJOCH OTKPBITHE,
clleJTAHHOe TIPEK/IE BCETO B Pe3yJibraTe TiiareibHoi pabots [laBma Mémxopo-
Buda EpmosioBa. Uto ke kacaercst nposepku (V-A) Bapuanra ciaboro B3au-
MOJIENCTBYSI MIOOHOB C HYKJIOHAMU TI0 MIO-3aXBaTy B ra3000pa3sHOM BOJIOPO/IE,
TO OHO OBLITO TIOsTydYeHo rpymnoit B. T1. [[skesenoBa ¢ TouHocThio mopsiaka 10 %,
coBmasiiel ¢ MUpoBbiMU gaHHbIMU. U Tosibko B 2008 roay (ciiycTs poBHO
50 Jiet mocJie mepBoOro MpeIoKeHrs ) OHO OBIJIO TPOBEPEHO € MPOIEHTHON
TOYHOCTBIO B COBMECTHOM 9KCIIEPUMEHTE Ha Me30HHOM (habpuke SIN.

CoswmectHast pabota capyskuia mensi ¢ [TaBiom MEnopoBrYEeM U €ro ceMbeil.
s1 6bLT OYeHD pajt, Koraa oH nepetiesa Ha pabory B MDBD. CoBmecTHO ¢ HIUM
MBI TTOJITOTOBHJIN TIPEITPUHT O MPOrPaMMe UCCIe0BAHUIN Ha OOJIBIION KIIKO-
BOJOPOZIHOI KaMepe, COOpYsKeHKe KOTopoil 0bcy:xaanoch ¢ Dpanimeii.

Boobiie 3nauenune pabor EpmosioBa st vccie0BaHU, TIPOBOIUMBIX B
VDBI, tpyaHo niepeorieHuTh. MM Gbita pazpaboTana Best IporpaMMa pocMoTpa
U U3MepPEeHUii Ha My3bIPhKOBBIX KaMepax, BhIJIaHbI 3aKa3bl HA MMPOU3BOJICTBO
U 3aKynKy coorBercTByoiero obopynoanus. Comectro ¢ C. H. CokooBbiM
U MaTeMaTHKaM¥ COCTaBJIeHBI porpaMMbl oOpaboTtku. [TaBenr MéxopoBuy
omyOJIMKOBaJI TIepBble Pe3yJIbTaThl, oJay4YeHHbIe Ha kKamepe Mirabelle. B nasib-
neitmem B IMBI ne BosHuKasio mpobieM ¢ 06pabOTKOIl KaMePHBIX CHUMKOB
(B TOM YHCIIe TTOTyYeHHBIX B COBMeCTHBIX akcriepuMenTax B CERN).

ITOT OMBIT CHITPAT BAXKHEHNIITYIO posib B opranusanuu pabor 8 HUMAD
MTY, kyna Epmosios Brocaeactsun nepemies. Ho 06 aTom srydiie Harmumiry T
ero coTpyaHuKU. 51 xoTes OBl TOJBKO OTMETHTD, YTO MCKIIOUUTETbHAS YeJI0-
BeyecKasi Mopsi/I0YHOCTD, HayyHasl Y4eCTHOCTb M B3bICKATEJbHOCTh, BHUMaHUe
K JIOistM U uX ripobsiemam cHuckaau [lasmy DEnopoBudy 6oJIbIIOe yBaKeHe
u m060Bb HaydHOI obmiecTBeHHOCTH. Ero opranmsatopckue crocodOHoCTH
npusenn K tomy, uto HUNAD MI'Y cran ogHuM 13 BeAyHUX IEHTPOB
B 00J1acTu (PU3UKHU BHICOKMX IHEPTUH U YUYACTHUKOM MHOTHUX COBMECTHBIX
nccse/JOBaHUil.

Nms TTasra Ménopouua EpMosioBa M0KHO HABCETIA OCTATHCS B UCTOPUU
Haileil HayKu.



N3MEPUTEJIbHO-BBIYNCJIUTEJIbHbBIN
KOMIIJIEKC HUUS® MTY JIJII OBPABOTKU
NHO®OPMAIIUU B ®U3UKE BBICOKUX
AHEPIUM

H. U. I'puwun (HUUAD MT'Y)!

ITox pykosoacteom Epmosiosa I1. @. B nepuoa 1981-1985 pus obpa-
60TKM WHGOPMAIMU B (DU3MKE BBICOKMX 9HEPrHil OBLI CO3/1aH N3MEPUTEIbHO-
BeIUMcaANTENbHBIN KoMIiekc HUMADM MI'Y. B cosganun 91010 KOMILIEKCA
MPUHUMAJIN yYacTHe
*or HUMAD MTY (r. Mocksa):

bparuna JI. B., boxsarun B. A., Becenosckag T. B., Bumuesckas A. M.,
I'aBpioces B. T, Tony6xos 1O. A., I'punmua H. 1., Epmakos I'. T., 3a6poaun E. E.,
3otkun C. A, Nonos I'. T'., Kozsos B. B., Kpamapenko B. A., Kpyrmnos H. A.,
Kymk A. 1., JTiotos C. U., Mapkos C. A., Mypsun B. C., Opdanunxnii C. B.,
[Ipockypsakos A. C., Paxmanos C. U., Pykosuukun B. I1., Capsruena JI. U.,
Cusoxmnokos C. 0., Cornukosa H. A., Cymumun II. I'., Tuxonosa JI. A,
Xowmskos A. K., IlIkyperkos A. B,

*or UDBI (r. CepiryxoB):

lFonuapos B. A., Kypkun b. JI., Jlourunos B. /l., IOpnanos B. /1;
*or MPTU AH CCCP (r. Mocksa):

Bonu-Ocmonosckuii A. JI., Bacbkun B. ., Beprau6 U. JI., T'yces-
Honcxkoii B. I1., Ocumnios E. A., Cerues A. 0., Tusnnman M. I11., ¥YBapos B. A,
Ycrunos B. I1L

BBenenue

B nauane 1980-x ro/0B B psijie MHCTUTYTOB cTpanbl, Takux kak DB
(r. CepniyxoB), UTOD, OV, B 3apybeKHBIX HAYYHBIX I[eHTPaX EBPOIIBI
u CIITA 6bn pazpaboTaHbl U yCIENTHO (QYHKIIMOHUPOBAIN CPABHUTETIHHO
MOIIIHbIe CUCTEMbI aHaIN3a JJAaHHBIX ¢ TPEKOBBIX YCTAaHOBOK (I1y3bIPbKOBBIX,
HCKPOBBIX, CTPUMEPHBIX KaMep, THOPUIHBIX CIIEKTPOMETPOR ), HCTIOIb3YOIINX
(GUIHEMOBBIN CheM MHPOPMAIIIH.

[l mpoBeieHust UCcyeloBaHuil B 001aCTH 9KCIIEPUMEHTAIbHOI 1 Teope-
TUYeCKOW (hU3UKU BBICOKUX IHEPTUH, CO3/IaHUI HAYUYHO-METOANYECKON

! Tlo marepuaiam myOJUKAIMA: ABTOMATH3AIMS UCCEIOBAHUN B sIIEPHON (DU3UKE U CMEK-
HBIX obsactstx: MmaTepuabl [11 BcecotiozHoro cemnnapa, r. Toumicn, 22—26 okr. 1984 r.; nipe-
npunt HUUAD MTY-87-001, ITTS No 2, 1988.
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6a3bl yueOHOTO TIpollecca U MPpUBJICYEeHUs K (DyHIaMEHTATbHBIM HCCIIeI0Ba-
HUSM HAYYHBIX KaJPOB APyTruX yHuBepcutetoB crpanbl B HUMUAD MIY
B corpyanundectBe ¢ UDBI (1. Cepnyxos) u MPTU AH CCCP B nepuon
1981—1985 rozmos 611 pazpaboTal U CO3/[aH YHUBEPCATbHBIN U3MEPUTETBHO-
BhruncanTenbHbIN KoMmIieke (MBK) Ha ocHOBE cOBpeMeHHOI 0TeUeCTBEHHOM
BBIYUCJIUTEIBHON TEXHUKHU U allllapaTHO-TIPOrPaMMHBIX cpe/icTB. Komiuiekc
CO3/IaBAJICS B paMKax 11eJIeBO KOMIIJIEKCHOM HAyYHO-TEXHUYECKO IPOrPaMMbl
0.11.027.05.02 TKHT CCCP na XI nsaTusierky.

1. IIpuHIUIIBI TOCTPOEHUS M CTPYKTYPa KOMILIEKCa

[Tpu co3maHny aBTOMAaTU3UPOBAHHOTO KOMILJIEKCA OBLIN YUTEHBI CIIEILY-
fotre TpeboBanust, 00YCIOBIECHHBIE HEOOXOIUMOCTHIO TPOBOIUTH MCCIIEI0-
BaHUsI 10 HarboJIee aKTyaIbHbIM TIPoGaeMaM (hU3UKK BBICOKUX IHEPTHIL.

+ CucTeMbl KOMILJIEKCa JOJIKHBI OBLIH TPOBOAUTH 06PabOTKY MH(MOpPMAIINH,
3aperUCTPUPOBAHHON HA TaKUX (POTOHOCUTEJIAX, KaK IJIeHKa, s/1epHble
dboroamyabcun, rosorpammbl. [Ipeanonaranocs noaydyenne nupopmaum
¢ JIOOBIX OTEYECTBEHHBIX U 3aPYOEKHBIX DKCIIEPUMEHTATBHBIX YCTAHOBOK,
BKJIIOYAst GOJIBIITHE MTy3bIPHKOBBIE KAMEPbI, THOPUIIHBIE CIIEKTPOMETPHI, Heli-
TPUHHBIE BEPITUHHbBIE IETEKTOPHI U T. [I.

+ Komriuiekce gosken 6611 001a1aTh BOSMOKHOCTSIMU TIPOBEIEHUST TOJTHOTO
1uKiIa 00paboTku, HaunHasg ¢ 0TObopa HanboIee BaKHBIX COOBITUN B3au-
MojieiicTBUS, OIMMPOBKU KOOPJAUHAT TPEKOB, (DUIBTPAIINN, HAKOILJIEHUS
GOJIBIINX MACCUBOB JJAHHBIX BILIOTD [0 TTOJyYeHUs U3 HUX (DU3UIECKUX
pe3yJbTaToB.

* I[TpubopHast TOYHOCTH U3BMEPHUTEIBHBIX YCTPOICTB A0/KHA Oblia OBITh MaK-
CUMAJIbHO BBICOKOU M COCTABJIATH TIOPsI/IKA 1 MKM B 11€JI1X KUHEMAaTHYeCKOTO
BbIJIeJIEHUs] OT/IEeJbHBIX KaHAJIOB peakIuil /sl COOBITUI B3aMMOIEeCTBUS
B IITUPOKOM MHTEPBaJie 3HePrui BIJIOTh /10 aHepruii 1 TaB, noctrxuMbix Ha co-
BPEMEHHBIX yCKOpUTEsix. KoMIuieke osmkeH ObLT BKITIOUATh KaK aBTOMATHYE-
CKH€ CUCTEMBI, TaK U ITOJIyaBTOMATUUYECKUE CUCTEMbI C DYYHBIM YITPABICHUEM.

+ Komruiekc osken ObLT Hapsiy ¢ 06paboTKON N300paskeHnil BKIIOYATH BO3-
MOKHOCTH, obectieurBaIire pa3paboTKy aBTOMATU3UPOBAHHON armapa-
TYPbI M IPOrPAMMHBIX CPE/ICTB /IS IIPOBE/IeHUsT Ha YCKOPUTEJISIX BBICOKUX
3HEPIUil 3KCIIEPUMEHTOB € 3JIeKTPOHHOU MeToiMKo. [IponsBouTebHOCTD
KOMILJIEKCA J0JKHA OblJIa COOTBETCTBOBATH OJIHOBPEMEHHON 06paboTKe
JMAHHBIX HECKOJIBKUX KPYIHBIX 3KCIEPUMEHTOB C UCIOJIb30BAaHUEM KaMep-
HOW METOIVKA M COCTAaBJIATH 0K0oJsIo 100 ThIc. cOOBITHI B TOM, a Takke 0bOe-
criednBaTh 06PabOTKY OJHOTO-[BYX 9KCIIEPUMEHTOB, OCHOBAHHBIX HA 3JIEK-
TPOHHBIX JIETEKTOPAX.

Komruteke 6bIT TTOCTPOEH O IBYXYPOBHEBOMY HEPapXUUECKOMY MPHUH-
IUTTY: Ha BePXHEM YPOBHE HaXOJIUJINUCH JBe MeHTpasbHbie IBM (1I[OBM)
cpe/iHel TPOU3BOAUTEBHOCTH, Ha HUsKHEM — MaJjible © MUKpoDBM coBmecTHO
C IIPOCMOTPOBO-U3MEPUTEJIBHON U JAETEKTUPYIOLIEH anapaTypoi.

Ha IT9BM Bozsaraimch (hyHKIMI COTIPOBOKIEHUS IUKIa 00paboTKH, cHop
W aHAJIN3 IaHHBIX n3MepeHuil. [lockoabKy crermanan3npoBaHHoe MaTeMaT -
yeckoe obecriedeHne CompoBOKIEHUsST 06pabOTKH, KOTOPOE OCYIIECTBJISIIOCH
B peaJibHOM Maciitabe BpeMeHH, 10 00beMy aMsITH CPABHUMO C OTIePaTUBHOMN
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namsateio IBM, To ipu Bei6ope IIOBM 661710 periero ucnonb3oBats DBM
EC-1045, koTopble, XOTsI 1 HECKOJIBKO YCTYHAJIU 10 TPOU3BOAUTETbHOCTU
IBM EC-1060, 1o ux ammapaTHble CPeCTBa U ONePAIIMOHHbIE CUCTEMbI ObLIN
6oJ1ee IPUCIIOCOOJIEHBI JIJIsE PEeKIMa paboThl ¢ BUPTYAJIbHON MaMSITHIO.

Ucnonbsyembie B komiuiekce [IOBM-1 u [IOBM-2 umenn onepaTuBHyto
namath 1 Mo6aiitT u 4 MOailT cooTBETCTBEHHO, 2 UX 110JTHAY BHEIIHSS 1aMITh
Ha MarHUTHBIX Auckax cocraisia (100x12) Mo6aiit. OCHOBHBIMH PEKUMaMM
pabotbr IITOBM gaBisiinch oriepaTUBHBIN U ITAKETHBIN pesKUMbL. PeskuM omnepa-
TUBHON 00paboTKN WHGOPMAIINT, BKIIOYABIINI PEKUM PasieieHust BpeMeH!
1 paboTy 10 MOKCKY ¥ M3MEPEHMIO B PeajbHOM MaciiTabe BpeMeHH, [IPUMe-
HAJICS B caydae B3anmogierictsusa [[9BM ¢ 9BM nusknero ypoBHs nepapxun
WJIH B CJTy4Yae UAJIOTOBOTO OOCTYKMBAHUSI TEPMUHAIBHBIX CTAHIINN, KOTOPbIE
6bLu oKII0ueHbl K IITOBM. Pexxnum makeTHO 06pabOTKU UCIIOIb30BAJIC,
KaK IPaBuUJIO, IPU MPOBEIeHUN 00pabOTKH IAHHBIX U3MEPEHHUI Ha ATare reoMe-
TPUYECKOTO, KWHEMATUUECKOTO WJIM CTATUCTUIECKOTO aHaJIN3a, TIPU BBITIOJ-
HeHnH (PU3MYECKOTO aHAJIN3a HKCTIEPUMEHTAJIbHBIX JTAHHBIX, 4 TAK/KE IIPU TeOPe-
TUYECKUX pacyeTax.

Csasp [[OBM-1 ¢ 9BM HmxHero ypoBHS HepapXUdecKOl CTPYKTYPBI
KOMILJIEKCA OCYIIECTBJISIIACH Yepe3 MPOIeccop TejaeoOpaboTKN TaHHBIX
EC-8371. 3ror nporeccop paboTast o[ yrpaBieHueM CTaHAaPTHON aMYJISIIIN-
OHHOU TPOrpaMMmbl, 3arpyxkaemoit [[9BM-1.

O6MeH saHHBIMU Meskay DBM BepxXHEro u HUKHETO YPOBHEH MepapXuu
BBITIOJIHSJICS OJIOKaMU JTAHHBIX epeMeHHOH nHbl. Kaxabrit 610K BXOIMIT
B MH(GOPMAIIMOHHOE COOOIIEH e, TTEPelaBAEMOe 110 JIMHUH TTOCJIe[0BATENLHON
CBSI3M TIOJ1 yIIPaBJIEHUEM IIPOrPAMMHBIX CPE/ICTB MEKMaIIUHHON cBst3u. OOMeH
BBIIIOJIHAJICS B CTAPT-CTOITHOM peKUMeE €O cKOpocTbhio 2400 6uT /¢, UCIoib-
3yeMmbiii kog oOmMena KOU-7, nepenaua nosyaymiekcHas. Cesasp IITOBM-2
¢ IBM HukHeEro ypoBHs Mepapxuu peasn3oBbIBaJach yepe3 yCTPoHCcTBO
cBs31 BeraucauTeNpHbIX Mamui (Y CBM) co cKOpoCThi0O MPOrpaMMHOTO
obmena 10 40 Kobaiit/c. Oyuknusymu Maiabix DBM, KOTOpBIME SIBISITTUCD
pacmupentbie KoHuryparun IBM tuna CM-4 u CM-3, sBastiuck coop,
KOHTPOJIb ¥ HaKoIIeHne nHdopmaimn 06 o0bekTax usmepenuii. Kpome toro,
B OT/IEJIbHBIX CUCTEMAaX Ha HUX BO3JArajiuch 3a/1a9u YIPaBJIEHUS U3MePU-
TEJILHBIM TIPOIIECCOM B PEATIbHOM MacIiTabe BpEMEeHH.

Bce mukpodBM komriiekca, B KauecTBe KOTOPBIX UCITOTH30BAINCH TOJBKO
nporeccopbl IBM «Iimextpornka-60» (uam MC-1201), coBmecTuMbIe
o cucreMe kKoMaug ¢ CM 9BM, npepHazHavainch il JOKAJIbHOTO YIIPaB-
JIEHUsI U3MEPUTEJbHBIMU TIPHOOpPaMu. B cooTBeTCTBUM ¢ MOCTaBJEHHBIMU
TpeOOBAHMAMK U COBPEMEHHBIMU 3aa4aMi (PU3UKHU BHICOKUX DHEPTUI TeXHU-
YecKHe CPeICTBA KOMILTEKCa 0OPa30Bai CIIEAYIOIINE CHCTEMBI.

1. Cucrema 06paboTku puabMoBoil HHGOPMALMU € JETEKTOPOB CPELHETO
pas3mMepa (JIByXMETPOBBIX ITy3bIPbKOBBIX KaMep, NCKPOBBIX Kamep, CIIeKTPO-
METPOB TI0 MCCJEI0BAHUIO IMUPOKUX aTMOCGHEPHBIX JUBHEN) 1 (DOTOMH-
dopmarn 6aHKa JaHHBIX (POTOSAEPHBIX PEAKIUN U APYIUX aHATOTMIHBIX
YCTAaHOBOK. JTa cucTeMa BKJ0Yaia yetbipe npubopa J[II-2, tpu mpubopa
BIIC-75 u tpu npubopa MIIC, mogepuusuposantbix B HUMAD MTI'Y.
[Tpubopsr MIIC ucnoab3oBaauch TakkKe s MPeABAPUTETHHOTO 0TOOpa
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COOBITHIT ¢ HOJIBINIOI My3BIPLKOBOI BOOPOIHOI KaMepbl Mirabelle, a taxke

JUIST IPOBE/IEHNUsT y4eOHOTO TIpoIecca.

2. Cucrema 06paboTKy (hUaIbMOBOI MH(POPMAIUK C J€TEKTOPOB GOJIBIINX pas3-
MepoB (13mepenust cobpiThii ¢ kamepsl Mirabelle, or6op 1 namepenne cobbi-
THUII ¢ eBporeiickoro rubpuaHoro cuexkrpomerpa ET'C u npoman-hpeoHoBoii
y3bIpbKOBOIT Kamepbl «Ckat» ) Ha ocrose 10 ipubopos ITYOC-4.

3. beicTpozeiicTByoMas aBTOMAaTU3NPOBAHHAS CUCTEMA N3MEPEHUST TUCKPET-
HOIi U TTOJIyTOHOBOH MHMOPMAIIMKM HA OCHOBE CKAaHUPYIOIIETO 3JIEKTPOHHO-
JiygeBoro aBromata «IJINT».

4. Cucrema 06pabOTKY st/IEPHBIX (POTOIMYIIBCUT 1 TOTOrPahUUECKUX CHUMKOB
Ha OCHOBE JIBYX TPEXKOOPIUHATHBIX U3MEPUTENbHBIX TTpubopoB TUII-1.

5. CucreMa aHAIM3a JAHHBIX U3MEPEHUST U T0JydeHust (GU3NIeCKUX pe3yJib-
TaToB Ha ocHoBe ABYyX IBM EC-1045 n MmatemaTu4eckoro obecredeHust
BEPXHETO YPOBHS NEPAPXUUECKON CTPYKTYPBI KOMILTIEKCA.
ABToMaTH3MpOBaHHAsI cucTeMa 06PA0OTKU AIEKTPOHHBIX HKCIIEPUMEHTOB

npe/Ha3HavYaIaCh /IJIST CO3/IaHUS alapaTypbl, MOATOTOBKU ABYX 3KCIIEPU-
MEHTOB Ha YCKOPUTEJISAX 2JEKTPOHHBIMU METOAMU: CIIUHTUJLJISIIIIOHHOTO
MarHUTHOTO CIIEKTPOMETPaA MO MCCAEIOBAHUTIO B3AaMMO/IEICTBUI HYKJIOHOB
U ME30HOB C sI/[paM¥ Ha yCKopuTeJse Jabopatopun Boicokux anepruit OUMAN
U TUOPUIIHOTO CIIEKTPOMETPA C BEPIIMHHBIM J€TEKTOPOM HA OCHOBE TOJIO-
rpaduyecKkoii my3bIPbKOBOI KaMephbl M BHEITHUX 2JIEKTPOHHBIX JIeTEKTOPOB
10 UCCJIEJIOBAHUTO PEIKMX ITPOIECCOB B MTyYKax YacTuil mpu anepruu 10 70 9B
Ha yckopuresie DB,

Cucrema Briovyana IBM CM-4 u CM-3, neTeKTupyIoniyio anmapaTypy
(CHUHTUJUISIUOHHBIE CYETYNKH, TTPOITOPIINOHATIbHbBIE KaMePhI ), OBICTPO/IEii-
CTBYIOIIME CIIEIITPOIIECCOPBI /st 0TOOPa COOBITHIT 1 0KOJIO 40 TUIIOB GJIOKOB
PETUCTPUPYIONIEN W YIPABISAONEN 9JTEKTPOHHON anmapaTypbl, pazpadbo-
tanubix B HUMAD MTI'Y B ctanpaprax KAMAK 1 KAMAK-KOMITEKC,
a TakKe MaTeMaTudeckoe obecredeHune st pabOThI YCTAHOBOK B PeajbHOM
maciitabe Bpemenu. MHbopMaIys Ha MArHUTHBIX JIEHTAX C JAHHBIX YCTAHOBOK
HOCTyIa/la B CUCTeMY aHaiusa 1 oOpabaTsiBaiach Ha DBM EC-1045.

2. TloryaBTOMaTHYECKAsT H3MEPHUTEIbHAS MOICHCTEMA
Ha 6a3ze npudopos JITUII-2

JlanHas 1mojgcrcTeMa COCTaBJsiJa OCHOBY cucTeMbl 00pabOoTKU (HUJIb-
MOBOH MH(pOPMAIINH C IETEKTOPOB cpeHNX pa3mMepoB. Eé cozmanne B 1981—
1982 rogax — o/iuH 13 NEPBBIX HTAIOB B PeAJn3aIUN ACHCTBYIONNUX B JTUHUIO
¢ 9BM usmepuresnbubix yctanoBok komiiekca HUMAD MTY. B npuniuire,
9Ta MOJACHUCTEMA MPeCcTaB/Isia co00il aHaJIOr MKUPOKO PACHPOCTPAHEHHbBIX
M3MEPUTENBHBIX YCTAHOBOK Ha Oaze mpubopos ITYOC-1, Ho B oT/inume OT HUX
OblyIa TIOCTPOEHA Ha OCHOBE COBPEMEHHOI TeXHUKU U CTAaHAAPTHBIX YCTPOICTB
1 B CUJIy 3TOTO OTJMUYaJach OTHOCUTEJIbHOU TPOCTOTOM. B cocTas mojcu-
cTeMbl BXouJn: yeTsipe npubopa JUII-2; manag 9BM CM-4 ¢ onepaTuBHOi
namaTbio 256 Koaiit; oqun kpeiitt KAMAK, pasmelaemblii B 0HOI 13 CTOEK
CM-4, ¢ pynxknunonanbabivu Moayasimu MPK, /I/] u korTpOIepoM KkpeiiTa
KK; getnipe andasutno-mndposbix qucies tuna K/E-810A860.
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Onruko-mexanndeckast vactb npubopa JJII-2 npeacrasiisiia coboil 1By X-
KOOPAIMHATHBIN U3MepuTebHbI Mukpockotn Y MIM-29 npoussoacrsa JIOMO
C JaTYNKAMU MOJIOKEHUS HAa OTPakKaTeJbHBIX [U(MPAKIITMOHHBIX pelleTKax,
MO3BOJISIBIINX BECTH M3MepeHne 00bekTa (B II0CKOCTH KoopauHat X, Y)
¢ paamepamu 280 u 100 MM, coorBercTBeHHO. 151 06paboTKK (DUIBMOBOI
uH(bOopMaIy MPUOGOPHI OBLIH JIOTMOJHEHBI JIEHTOIPOTSKHBIMIA YCTPORCTBAMMU
Ha Tpu POTOTIEHKH, MUPUHON 50 MM, 3TT€KTPOMEXaHUYECKIUMU TIPUBOAMU
M3MEPUTETbHBIX KAPETOK C PYYHBIMU OpraHAMU yIPaBJIEHUS U CUJIOBOU
9JIEKTPOHUKOMN. DJIEKTPOHHbBIE MOLYJIH 00€CTIEYMBAIN PETUCTPAIINIO KOOP-
JIMHAT, a KAKABIH BYXKAaHAJbHBIN IpaliBep — JIOTHYECKOE COMPSKEeHNE IBYX
nuciieeB ¢ Maructpanbio kpeiita KAMAK; andasutno-nmdpoBbie guciien
SBJISLINCH CPEACTBAMHU [Auajora omepatopoB mpubopos ¢ IBM. Anmapa-
TYPHOE COTIPSIPKEHNE MarucTpasu Kpeiita ¢ cucteMuoi maructpanbio OBIIIAA
IMIMHA obecnieunBai koutposiep kpeiita KAMAK.

Ha 9BM CM-4 Bo3znaranuch GyHKIIMKM IpUeMa U XPaHEHUST U3MeEpPH-
TeJIbHOUW MH(MOPMAINK, KOHTPOJIS AEHCTBUI OllepaTopa B peabHOM BPEMeEHH,
KOHTPOJISI KI3MEPEHUIT 1 X KaueCTBa, KOOPANHAIINN OJTHOBPEMEHHOI 00paboTKI
Pa3IMYHBIX dKCIIEPUMEHTOB. CTPYKTYPHO-JIOTHYECKAs cXeMa IO/ICUCTeMbI OTpa-
JKaJla B3anMO/IEHICTBIE alliapaTHBIX W TPOTPAMMHBIX CPeICTB. /laHHbIMY SBJIS-
JINCh 3HAYEHUS KOOPAMHAT, CUMBOJIbHAS nH(pOpMalns anhaBUTHO-IIUPPOBBIX
nuctuteeB, komauasl KAMAK u agpec Bekropa npepoiBanust. OOMeH JTaHHBIMU
B CHCTeMe MOT MHUIIMHUPOBATHCS IIPOTPAMMHBIMU CPEJCTBAMU COIIPOBOK/ICHUS
U3MEPUTEIHHBIX TIPOIECCOB WU OTlepAaTOPAMU U3MEPUTETHHBIX TTPUOOPOB
C IIyJIbTOB yTIPaBJeHUs U TEPMUHAJIOB.

Perucrpanust KOOpAUHAT BBITOJTHIAIACH CIEAYIONUM 00PA3OM: JaTYUKOM
JINHEIHBIX IepeMelleHnii Kaxk 01 nsmepuressbHoil Kaperku (X n Y) npubopa
JINTI-2 dopmupoBasuch aBe cepUU UMITYJIBCOB, CABUHYTBIE OJJHA OTHOCH-
tesibHO ipyroii Ha 90°. ITocTyuB Ha BX0/bI cXeMbl ()OPMUPOBAHUS CUTHAJIA, 3TU
JIBe CEPUH MMITYJILCOB TIPEOOPA3OBBIBAJINCH B CYETHbBIE UMITYJIbChI JTMHEHHBIX
nepemMenieHnii COOTBETCTBYIOIIEH KapeTKH.

BsaBucnumocty ot 3Haka cBura (pasbl Ha OIHOM 13 BBIXO/IOB CXeMbI (POPMUPO-
BaJMCh cueTHbIe UMTYJIbehl U™, U™, KOTOpbIe 3aTeM TIOCTYIIAIN Ha COOTBETCTBY-
IOI[e BXO/Ibl PEBEPCUBHOTO cyeTyrKa koopauHat. [Ipu nocryniennu ¢ nymabra
yrpasisenust komauasl OTCYET tekytiee 3Hauenne peructpa B MOMEHT OTCYT-
CTBUSI HA €T0 BXO/IAX CYETHBIX UMITYJILCOB TIEPECHIIAIOCH B OyhepHBIN perucTp,
a cxeMa (hOPMUPOBaHMS 3aIIPOCA OOCTYKMBAHUS YCTaHABJIMBAJIA CIIEI[HAIbHBIIT
CUTHAJ U BblJIaBaJla €0 Ha MarucTpaslb Kpeira.

[Tepenavya manHbBIX MEXIY ABYXKAHATbHBIM JpaliBepoM aucies u auda-
BUTHO-IIM(POBBIMU [TUCIIIIEIMU OCYTIECTBIISIJIACH ITOCIEI0BATETBHBIM KOJOM
B CTapT-CTOIHOM peskrMe co ckopocThio 9600 6ut/c mo aBym 20 MA TOKOBBIM
nersisiM (TIpUeMHOM 1 Tiepeatorieir). [Ipsimoe n o6paTHOE TIOCTIET0BATENHLHO-
HapaJuieJibHOe TPeodpa3oBaHue JaHHBIX 0 KaK/IOMY KaHaJy JpaiiBepa BbIIOJI-
HSLTOCH OT/EBHBIMU CXeMaMU MPpeoOpa3oBaHusl, TOCTPOEHHBIMU HA OCHOBE
YHUBEPCAJTbHBIX acCHHXPOHHBIX 1Tpuemo-tiepeaaTynko (UART) tuma AY-5-
1013. Csasb xkaxkxgoro UART ¢ TOKOBOI TIeT/Iel JIMHUN CBI3W OCYIIECTBIISIACH
gepes cxemy corsiacoBanusi ICL, a ckopocTh paboThI 3a/1aBasiach TEHEPATOPOM
gactorbl OSC u Morsia ObITh Pa3IMYHOM Jist Kaskoro 3 Hux. DopmupoBaHue
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CUTHAJIOB YTIPABJIEHU, PETUCTPAIIS COCTOSTHUSA (hJIaTOB 3aIIPOCOB TIPUEMHUKOB
U mepeaTynKoB, a TaKyKe UX MacKHpoBaHue obecrednBainch cxemoir FDS.
B cocraB 2T0i1 cXeMbl BXOUIN PETUCTP YIIPABJIEHUS U COCTOSTHUS U PETUCT]P
MAaCKMPOBAHUS. Y TIPABJISI 3TUMH PETUCTPAMU W PETUCTPAMU TAHHBIX TIPUEM-
HIKOB 1 nepegaTyrkoB obonx UART pemudparop DC 110 ocTyIjieHuo Ha ero
BXOJI COOTBETCTBYIONIIX KOMaH/I.

AnmapaTHO-JIOTUYECKOE COTJTaCOBaHME CUCTEMHBIX Maructpaieiit IBM
CM-4 u xpeiita KAMAK obecnednBaioch mporpaMMHO-YIIPABISIEMbBIM
KOHTpoJIepoM Kpeiita. KoHTposep npeacrasied 4eTbIpbMs YCIAOBHBIMU
6smokamu. biioku READ u WRITE obecnieunBasu armapaTHoe CONpsiKeHe
IIWH JaHHBIX cucTeMHbIX Maructpasieit kpetita KAMAK nu 9BM CM-4. biok
VECTOR dopmupoBas 3ammpoc npepbiBaHUs 1IEHTPAJBHOTO MIPOIECCOPa ITOM
IBM wu azpec BekTOpa MPePHIBAHUST [IJIsI BBI30BA OOCTYKUBAIOIIEH TTPOTPAMMBbI
ynpasienust ooMenom gauubivu (FSSS). Yipasienue paboToii Bcex 610KOB
Ha YPOBHE ammnapaTHOTO COMPSIKEHNS CUCTEMHBIX MarucTpaseil BbITOJIHSLI
670k NAF.

CorpoBosk/IeHe 3MEPUTETBHOTO TPOIlecca OCYNIECTBISIIOCH IO YIIPaB-
serunem mporpammuoil cuctembl CAMC, paszpaborantroin B HUMAD MTY.
B coctas cuctempr CAMC kpoMe AMaIOTOBBIX TTPOTPAMM BXOIUJH TaKKe
CpelCcTBa AaBTOMATHU3AIINH TIPOTPAMMIPOBAHIS], 00ECTIEYNBAIOIIIE PEIAKTHPO-
BaHMe TeKcTa, H(GOPMaIMOHHBINA MMOMCK 1 paboTy ¢ dailiaMu. ITU cpeacTBa
I03BOJISIIN MCIIOJIb30BATD AUCILIEH N3MEPUTETHHOTO TIPUOOPA JIJIST TOATOTOBKU
MPOTPaMM, IAHHBIX U JOKYMEHTAIINN OJTHOBPEMEHHO C TIPOIECCOM N3MEPEHUs
Ha JIPyTUX Tpubopax.

[uanorosas cuctema CAMC uMmesia 1ByXypOBHEBYIO CTPYKTYPY: Cymep-
BU30p peasbHoTo BpeMenn SVRT (MoHUTOpP) — BepXHUI ypoBEHb, HAOOD
nuangoroseix nporpamMm-mpoieayp (PROC) — nmwxnuit. Mounutop CAMC
1 He0OXOMMbIe THAJIOTOBbBIE TIPOTIEyPhl KOMIIOHOBAJIUCH B €IMHBIN 3aTpy-
30YHBIN MOJ/YJIb, KOTOPBIN 3alycKaJjicd Kak O/lHa U3 3ajlad MHOT03a/[auHOM
onepanunontoi cucrembl. Mountop CAMC ocTaBajicst HeM3MEHHBIM, a Habop
JIMAJIOTOBBIX TIPOTIEYP U3MEHSIJICS 10 Mepe He0OXOAMMOCTH, OOBIYHO 3TO
TIPOTIEIYPHI COTTPOBOK/IEHUST M3MEPEHN 171 My3BIPbKOBBIX KamMep, MarHuT-
HOTO CIIEKTPOMETpPa, YHUBepcaIbHas mporpamma oludpoBkn rpadguyeckoit
uHGOPMAINHT, TECT U3MEPUTETHHOTO TIPUOOPA U TIPOIIEAYPHI ABTOMATU3AIINN
IPOTPAMMUPOBAHMS.

B pexxume uaMepeHust AUAIOT OCYIIECTBIISIJICS HA YPOBHE COOOIIEHMI
(cTpoka TekcTa, Habop KOOpAWHAT U3MepeHHOro 0ObekTa). [IporpaMMbr
JMasora, peasin3oBaHHbie HA g3bike DopTpaH, ABJISINCH YNCTHIMU TTPOIEY-
pamMu 1 IOTYCKaJIM MX OJJHOBPEMEHHOE MCII0JTb30BaHNe HECKOJIbKIMU TTPOIlec-
CaMM, TeM CaMbIM JIOCTUTAJIACH OIIpe/leJIeHHAs CTelleHb MHTErPAIIUKA CHCTEMBI
B 11esioM. CpeicTBa CUCTEMBI TTO3BOJISIIIN CO3/IaBaTh TPOTPAMMY /THAJTIOTOBOTO
COTIPOBOXKIEHUS KOHKPETHOTO 9KCIIEPUMEHTA HEMTOCPE/ICTBEHHO MOJIb30Ba-
teseM. CTpouaach cxeMa JUaJOTOBOTO COTIPOBOK/IEHUS B BH/IE TIONArOBOTO
BBIYUCJIUTEIBHOTO TIPOIECCa, U HECKOJIbKO TAKUX IPOIeccOB (Pa3IndHbIX
WJIA OJIMTHAKOBBIX ) MOTJIU BBITIOJIHATHCS OJJHOBPEMEHHO B PEKUME MYJIbTHOO-
CITY KMBaHUSI.
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[To mosy4yernu cooOIIEHUs OT OTIEpaTOPa UBMEPUTEIBLHOTO YCTPOICTBA
MOHUTOP 110 TabJIUIIE TIPOIECCOB OTPEIEIISLT, KAKOI BBIYMCIUTETBHBII TPOIIECce
oOC/IyKUBaeT JJaHHOE YCTPOICTBO, 1Iar, Ha KOTOPOM ObLJI IIPEPBaH 9TOT IPOIIECC,
u azpec OydepHoil 0b6acTH MepeMeHHbBIX npoitecca. bydepuast obractb
pasmepom 0,5 K6aiit BbIze/IsIaCh KaXK/IOMY JOTHYECKOMY YCTPOUCTBY, KOTO-
POMY CTaBHJICSI B COOTBETCTBYE U3MEPHUTEbHBII IIPUOOP U AUCILIEN OTTepaTopa
atoro npubopa. MakTuyecku, yepes aTy 00J1aCTh 06ECIIEUNBAIOCH CIIEIIJICHIE
(byHKIIMOHATHHBIX MO/LYJIEH TpOTpaMMHBIX cpencTB cuctembl CAMC.

Nudopmanus, nmoaydyeHHas B npoilecce u3MepeHuil, HaKaInJanBaaach
Ha MarHUTHBIX JUCKAX, U 3aTeM MOCJe e€ COPTUPOBKU U 1Peobpa3oBaHMs
B hopmar 'MM/IPA cucrtemsl miepenuchiBajach Ha MArHUTHYIO JIEHTY, KOTOpast
nepegaBajach s nociuepyomieis oopaborku va I BM NBK. O6MmeH janHbIMU
nsMeputenabHol nogacuctemsl ¢ [ILIBM ocymniectBisincs kak mocpeicTBOM
MarHUTHBIX JIEHT, Tak U yepes ycrpoiicTBo cBsisu Y C. Cucrema CAMC pabo-
Taja B cpezie onepainoHHoii cuctembl PADOC, tpeboBasa okosno 30Ko6aiit
OIepaTUBHON MaMSTH, 00CIyKUBaIA 10 BOCBMU U3MEPHUTENbHBIX YCTPONUCTB
B peaJibHOM Maciitabe BpeMeHH.

Cob6crBenHas omubka mpudopos JMII-2, HaiigeHHas 110 pe3yJabTaTaM
nu3MepeHui KaTnOPOBOTHON PEIIETKH, cOCTaBuUIIa B cpereM 1,5 mkm. Cperite
KBaJ[paTUYHbIE OCTATOUHbIE OTKJIOHEHUS IIPY U3MEPEHUH ITYYKOBBIX TPEKOB
mocJjie TEOMETPUIECKONW PEKOHCTPYKIIMH COCTABISIIN 8 MKM B MJIOCKOCTH
MJIEHKH JIJIST IByXMeTPOBOI BosiopoiHol kKamepbl CERN.

3. IloryaBroMaTnueckas cucremMa Ha 6a3e npoekropa [IYOC-4

[lannas cucreMa sBJI4JacCh OJHOW M3 TJIABHBIX CUCTEM KOMILJIEKca U,
B OTJIMUHE OT MPEbIAYIIEN CHCTEMBI, OHAa ObLTa pean30BaHa Ha 6ase BBICOKO-
ABTOMATU3MPOBAHHBIX YHUBEPCAJIbHBIX U3MepUTeIbHBIX TpoekTopoB IIY OC-4.
OnTuko-mMexanudeckas 9acth npoektopoB [1YOC-4, opuentupoBanHas
Ha JIOKaJIbHOE yIpaBjieHne oT cobctBeHHoil IBM, Obima paspaborana JIOMO
coBmectHo ¢ MPTU AH CCCP u UDBI B 1974 roxay. [lepsbie npubopsr,
yIpaBJjieHue KoTopbiMu ocytiectBignoch IBM M-6000 u 101L.-1903, uctosib-
30BAJIUCH JIJ1s1 3a/1a4 00pabOTKH (hUIbMOBO# MHMDOPMAIIUH ¢ GOJIBIIIX TTy3bIPh-
koBbIX Kamep IITAJI u «CraT» B HEUTPUHHBIX HCCaeA0BaHUAX. B nanpaeliniem
Ha OCHOBE MOJIEPHU3MPOBAHHOTO BapuaHTa 3THX MpoekTopoB B IMBI Obuia
co3/lana cuctema ¢ ucrosbzoBanuem Masioin IBM P/IP-8 /E (n mukpod BM
«IJnexrponnka-60») u [[EC-10.

[MTockoabky B HUMAD MTY 60bIINHCTBO 9KCIIEPUMEHTOB, CBSI3aHHBIX
¢ 06paboTKOIl (huaIbMOBOIT MH(POPMAIINHT, TPOBOAUINCH coBMecTHO ¢ IMDBI,
B IaHHOI cucTeMe Oblia coxpaHeHa cTpykrypa cucrembl IMDBI, no ona orm-
yaJiach TUIIOM IeHTpasibHON D BM, MyabTHIlIEKCOPOM Ilepeiauy TaHHbIX,
CXeMHO¥ peasn3alueil ycTpoucTB oOMeHa JaHHBIMK U YIIPABIEHUS HHTEP-
(beticHOI 2/IEKTPOHUKON M3MEPUTEIHHOTO TIpoeKkTOopa. KpoMe Toro, B rpoliecce
CO3JJaHWST CUCTEMBI OB BHECEH P/l YCOBEPIIEHCTBOBAHUN B POEKTOP
ITYOC-4.

Takum 06pazoM, B cocTaB 001Ieil CHCTEMBI BXOMIN CJELYIONIIE TeXHU-
yeckue cpeactBa cucteMbl HUMAD MIY: gecsath aBTOMAaTU3UPOBAHHBIX
npoektopoB [ITYOC-4, II9BM tuna EC-1045, npoteccop rteaeobpaboTkn
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naunbix (ITT/]) tTuma EC-8371. Kaxplit aBTOMAaTU3MPOBAHHBIN TTPOEKTOP
BKJII0YAJI ONITUKO-MeXaHUYecKoe yCTPOHCTBO, MUKPOIBM Tuma «3JiexTpo-
Hrka-60» (nam MC-1201), andasutHo-nndpoBoii aucnieil (TepMuHaI)
tuna K/IE-810A860, cunosyto (CI) u unrepdeiicayio (1) anekTpoHUKY.
OpranamMu py4yHOTO yIIpaBJIeHUSs, KOTOPbIE UCIIOJIb3YeT OIepaTop, sBJISJINCH
Tpek6os (TB) u kiaBuarypa TepMuHaIa.

Jlornueckoe coryacoBanue 119 ¢ cucteMHON MarucTpasibio yrpasJsioniei
MuKpoIBM (YOBM) obecriednBanioch IporpaMMHO-YIIPABISeMbIM KOHTPOJI-
JiepoM kpefita (kpeiT KoHTpoJuiep, KK).

OcHOBHBIMU OTNITUKO-MexXaHnueckumu anemeHTamu [1YOC-4 apranuch
yeThIpexKaHaIbHble (puabMONpoTsKHbIE yeTpolicTBa (DITY); usmepurenbhbie
kapetku X, Y ¢ amanazonoM uamepennit 220299 Mm (1aTumky TUHETHBIX
riepeMeInieH it KapeToK ObLIH TOCTPOEHBI HA OCHOBE OTPaKaTENbHbIX T pPaK-
IIMOHHBIX PEIeTOK ); /IBAa KaHaJIa TPOEKIIMOHHON ONITUKH, TO3BOJISAIONINE NUMETh
Ha TOPU30HTAIBHOM 9KpaHe olieparopa n300paskeHre co CMEHHBIM KoahduIm-
eatoM yBesmuerns (15x u 60x).

Bce atu anemenTsl ynpassinch MUKpod BM. Cxema kaHajia KOMaHHOTO
yIpaBJeHUs UCIOJHUTEIbHbBIMU yeTpoiicTBamu (1Y) 6bita peasnsoBaHa
C TIOMOTIBIO BXOJTHBIX U BBIXOJIHBIX perucTpoB Moxyieii LAM mHTepdeiicHo
9JIEKTPOHUKHU U 6JI0KOB cniioBoii asiektponnkn Y CO, Y/1O u YIIY, koTopsie,
COOTBETCTBEHHO, ObLIN BKJIIOUEHBI B Tienn asekTpoasuraresiss MO mexannsma
cmenbl 00bekTHBOB (MCO), ncrounnkos csera (MC) onTu4ecKoil cXeMbl
MPOEKTOPa, dJjieKTpoliHeBMOMexaHndeckoro kiamana (DIIMK) mexannszma
npukuma gorornenku (I1M). [Ipu 3anucu B perucTp yrnpaBiaeHUus MOIY IS
LAM omnpenenennoro koza ynpasaenus (KY'), kotopslii moctymnan ot apaii-
Bepa KOMaHIHOTO yIIPaBJIeHUs, Ha €T0 BbIX0/e (pOPMUPOBATICS CUTHAT YIIPaB-
aenus (CY) nug coorBerctByioniero NY.

Curnasbl coctostHrst 00beKTOB yipasienus (OY) dhopMupoBasuch KoHIle-
BbIMU BbIKJII04YaTesnsiMu (KB) u peructpupoBasmch perucTpoM COCTOSTHUS
aTOTO Xe MOy id. CUTHAJIBI aBAaPUITHOTO BBIKJTIOUEHNS, KOTOPbIE Takke (hopMHu-
poBasiuch KB, ucrosnb3oBainch 6J10KaMU CHIIOBOI 3JIEKTPOHUKH JIJIST Pa3Mbl-
KaHUS 1[eNN YIIPaBJIeHNS B cJlydyae BOSHUKHOBEHUS TIPeIaBaPUHON CUTYyaTTNH.
Nudopmanus o coctostiun 06bekToB yrupasiaenus (COY) cuuThiBasach
0 HeOOXOMMOCTH COOTBETCTBYIONIMMU J[paliBepaMiu YIIPABJICHUS C TEJIbI0 eé
aHaJIM3a P BBIITOJTHEHUH aJITOPUTMA YIIPABICHUS.

CxeMBbl KaHAJIOB aBTOMATUYECKOTO PEryJINPOBAHUS PEATN30BbIBAINCD
¢ moMoIibio peBepcuBHBIX cueTunkoB (PCY) u nmpeobpasoBareseii Kojaa
yupasiaenus (IIKY) monyneit LAC u LAM unrtepdeiicHoll 27eKTPOHUKA
1 GJIOKOB CHJIOBOIA 9JIEKTPOHUKH. Y CTPONCTBAMHY, OCYIIECTBIISIBITUME HETTO-
CPEJICTBEHHOE MEXaHMYECKOe JeHCTBIE Ha 00BEKTHI aBTOMATHYECKOTO Pery-
aupoBanusg (OAP), apasgnuch sanekTpoaBUTATEN. Y CTPOUCTBAMU TTO3UITUO-
HUPOBAHUS SIBJISJINCH U3MEPUTEIbHbIe KapeTKu X 1 Y, KapeTka KOH/IEHCOPOB
1 yeTbipe (GUIbMOTPOTSKHBIX YCTPOICTBA.

PeryupytomumM ycTpoicTBOM, obectiedrBaommM GopMUpPOBaHUEe KOIOB
yrpasJsomux BozzelictBuit C (nT) coOoTBETCTBYIONETO aATOPUTMA yIIPaB-
JeHud, asuasdnach Y 9OBM, Ha BX0Jl KOTOPOIi, KaK Ha PeryJsTop, B IUCKPETHbIE
MoMeHTHI BpemeHu oT Moayseir LAC nocrynanu 3nadenus N (n'T). Beanunaa
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N (nT) aBagnach TeKymuM 3HaYeHUEM JUHEHHOTO TlepeMeIeHnsl COOTBeT-
ctBytoniero OAP, a C (nT) — xop ynpasagioniero Bo3zaeiictsust atoro OAP
nmst nuckpernoro momenTa Bpemenu n'T. Kox C (nT), moctynuBiimii B MOy b
LAM, npeo6pasossiBasicst cxemoit [TKY B cooTBeTcTBYyMOMIEE YITPABIISAIOIIEe
BozzeiictBre U, kotopoe yepes 6710k YV ¢ koadunmentom nepegaun K >1
nozgasasoch Ha 1Y coorBetcTBytomero OAP.

3ambikaHre (GYHKIIMOHATBHON CBSI3U KOHTYpa ypaByienus kaxjaoro OAP
BBITIOJTHSJIOCH TPOTPAMMHBIM JIPAiiBEPOM, € TIOMOTIHIO KOTOPOTO PEaTN30BbI-
BAJICS €T0 AJITOPUTM yiipaBieHns. OCHOBHOI 11€JIbI0 aJITOPUTMOB KaHAJIOB aBTO-
MaTHUYECKOTO PETYJIUPOBAHUS SIBJISJCS BBIBOJ] B 3aJIaHHOE TTOJIOKeHNEe (KOOp-
JIMHATY) U3MEPUTENbHBIX KapeTok X 1 Y 1 KapeTKu KOH/IEHCOPOB, a B ciIyyae
yrpaBieHns GUIbMONPOTSIKHBIM YCTPOHCTBOM — TPOTSKKa (TTepeMoTKa)
orornenkn Ha onpeaeseHHOE YUCI0 (HOTOKAAPOB. 3ajaloliee Bo3ielicTBIe
COOTBETCTBYIOIIET0 KOHTYPA YIIpaBJIeHUs MOTJI0 BBOAUTHCA Kak [[OBM, Tak
1 OI1EPATOPOM TIOCPECTBOM TPEKOOJIa UM KOMAH/L ¢ KJIAaBUATYPhI TEPMUHAJIA.

Brimosinenue reHTpasibHbIM ITpoiieccopoM Y IBM anropuTmoB yrpaBieHus
BCEMU KaHAJIaMW PETYJIUPOBAHUS OCYIIECTBIISAIOCH TTO TIPEPBIBAHUSM, YaCTOTA
KOTOPBIX 3a/1aBajiack yactotol noctymnasimx ot KK umnynscos. Kontposiep
BKJIOUaN Maructpanabubie npuemo-nepenatynku (LI n TINK), cxemy
ynupasyenus u perucrpanun cocrossuuii (YPC) u renepatop TaKTUPYIONINX
nmtyabeos (T'TIT).

B cocraB dusnueckoro nnTepdeiica, 0OecredrBaBIIero armapaTHoe COTpsi-
xerue [1OBM ¢ YOBM, Bxoanau: nporeccop nepepaun ganubix ([1T/),
sunann cssa3u (JIC) u yeTpolicTBa aCHHXPOHHOU MTOCTIEI0BATENbHON CBI3U
(YC). IIT/L BBITIOJNHSIO POJIb CBA3YIONIETO 3BEHA, ero mojakaodenne k JIC
npou3BonIoch 1Mo cThiky C2 yepes cxemy corsnacoBanust (CC). Kaxgaa JIC
npescTasisieT coboit ase 20 MA-TOKOBbIE MeT/U (IIPUEMHAsT U TIepeIatoIas ).
Cxema coryiacoBanust obecriednBaja npsiMoe u oOpaTHoe npeobpasoBaHme
TOKOBBIX CUTHAJIOB M YPOBHel HanpsikeHuii ctoika C2, a Takke JoTUYeCKoe
yIpaBJieHUEe TI0 CTHIKY, YTO UCKJIIYAT0 HEOOXOAUMOCTD UCIIOJb30BAHUS
MOJIeMOB. ATIIiapaTHOe COoNpsiKeHne cucteMHoi Mmarucrpaiu Y 9BM c JIC
ocymiecTsiseTcs yepe3 Y C.

OcHOBHBIM (PYHKIIMOHAJIbHBIM Ha3HAYEeHHWEM yCTPOHCTBA IOCIE/10Ba-
TEJIbHOI CBSI3U OBLIO TPSIMOE U 00paTHOE MOCJIeI0BATEIbHO-TAPAJLIETbHOE
peobpa3oBane JaHHbIX 0OMEHA ¥ JIOTHYECKOE B3AaMMO/IEHCTBIE C CHCTEMHOMN
maructpajibio Y IBM. IIpeobpasoBaniue JaHHBIX BBIIOJIHII YHUBEPCAIbHBIN
acMHXPOHHBIN preMo-tiepeaaTank (Y AIIIT), cBs3b koToporo ¢ JIC obecreun-
Basiach uHelHbIM TpueMHuKkoM (JIITPM) u nepepatunkom (JITIP/I). Cxembr
JITIPM u JIITP /I 66111 peanmsoBanbl Ha 6asze onTporos tua A0/{101 u npezo-
CTaBJISIJIN BO3MOKHOCTD KaK aKTUBHOTO, TaK U MACCUBHOTO MOJKJIIOYEHUS
K uHuM cBa3u. Jlornyeckoe B3aumojieiictsue Y AIIII ¢ marucrpanpio Y 9BM
OCYIIECTBJISITIOCH Yepe3 MarucTpajabHble IpueMo-TiepeaTInKH 10/ yIIpaBJie-
HUEM CXeMbI PETUCTPAIINH COCTOSTHUH 1 yTPABICHMUS.

[Tporpammuoe obecrnedenne cuctembl 1Y OC-4 6b110 co3nano Ha 6aze
paspaborannoro B UMBID kommiekca nporpammubix cpeacts RTFAS.

B cocras criermanusuposatntoro mporpamMuoro obecriederust (ITO) Bxomuan
I[TO YOBM u 110 I[I9BM.
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Oyukiusamu [10O YIBM gBisiiuck: TOKaJIbHOE YIIPABJIEHUE UCTOJHUTEb-
HeiMu yerpoiictBa [TY OC-4, obmen panubivu ¢ IIOBM u tepmunamom omepa-
Topa. T GYHKIKUK ObLIN PeAIM30BaHbl C IOMOIIBIO IPOTPAMMHBIX JPaiiBepPOB,
paboTaBIINX MO KOHTPOJIEM TIporpamMbl yipasienus. [10 YIBM ssasiioch
YHUBEPCAJIbHBIM, HE3aABUCUMBIM OT THIA 00pabaThiBaeMbIX (POTOCHUMKOB
U KOHKPETHON MO/IbI pabOThI (ITOMCK COOBITUI B3aMMOENCTBUSI, NU3MEPEHUST
uT. 1.). O6beM aMsTH, 3aHIMMaeMBblil TPOrPpaMMHBIM 06eCTIed4eHUEM, COCTABIISLI
10 Ko6aiir. IIporpammuoe obecneuenre Y DBM, kotopoe pasmemnianock [IOBM,
3arpyskajoch B orepaTuBHyIO naMsith Y IBM cobcTBEeHHOI TTPOrpamMmoii-
3arpys3umrkoM, HaxoauBsinemcs B [IT113Y YOBM.

Oyuknuamu [1O IDBM saBastiics:

* COIIPOBOK/EHME TEXHOJOTUYECKOTO IIporiecca 06paboTku B 11000ii Mojie
paboThI;

* HAKOILJIEHWE U COXPaHEHUe JaHHBIX, B3AUMOJIelicTBIEe ¢ HaHKAMU TUTYJIb-
HBIX JIAHHBIX,

* BBITIOJIHEHIE HeOOXOIMMbIX BHIUNCIIEHUII;

* QHAJIN3 Ka4eCcTBA JAHHBIX N3MEPEHMUIT;

* peflakTHPOBAHUE HAKOTICHHOW NWH(MOPMAIIUH TIPU OMMTUOOYHBIX EHCTBUSIX
oTIepaTopa;

* BOCCTAHOBJIEHVE COCTOSTHUSI CHCTEMBI TIpU c60siX B pabore TpubOOPOB KOM-
I1eKca, Briiodas IO BM,;

* HAKOILJIEHWE W aHAJIM3 CTATUCTIYECKON HHMOPMAIMK 110 paboTe KOMILIeKca
1 KaKJ0TO OIlepaTopa;

* obecrieyenne cBsI3u MexxIy ornepaTopamu mpu6opos I[IYOC-4 u oneparo-
pom [IOBM, a Takske BeyImuMu 9KCIIepUMeHT (PU3UKAMU.,
BaanmogeticTue mesky mporpamMmmoii conpoBoxkaenns (11C) n mporpammoii

ynpasienus (I1Y) peainsoBbsiBasioch Ha yPOBHE MPOTOKOJIOB «IIPOIIECC —
MIPOTIECCY C TOMOIIbI0 0OMeHa coobieHusiMu. Takoe coodIIeHe MOTJIO COIEP-
JKaTh 3ajlaHue, TEKCTOBOE COOOIIEeHNE, YACTUYHYIO M/ TIOJIHYI0 HHMOPMAIIIIO
00 06beKTe U3MepeHst, Mojie PadOThI WK e€ dTarre.

Coobmuienue, nocrynusiiee 13 I1C B I1Y, aHaIu3upoOBaIOCh HA TIPEAMET
BBITIOJTHEHUSI TIOCJIEAYIOMNX AeHCTBUI (JMaIoT ¢ omepaTopoM, paboTa apaii-
BepoB I1Y usmepurenbaoro npoektopa). Peakmus I1C Ha coobienune, mocry-
nusiree ot ITY, onpezensiioch Kak cojepsKaHreM COOOIIEHUs, TaK U COCTOSI-
HUEM CTPYKTYPBI JaHHBIX, HAKOTIJIEHHBIMU K TEKYIIIEMY MOMEHTY B Ipoliecce
BBITIOJIHEHHBIX EHCTBUI HA JAaHHOM U3MePUTETbHOM MpoekTope. COBOKYII-
HOCTh BCEX BO3MOKHBIX jieiicTBuil (peakiuii) ITC ObLta BecbMa pazHooOpasHa.
B Hanbosee ob1em BuIEe MX MOKHO OOBEAMHUTD B CJIELYIOIIUE TISITh KIaCCOB:

* nonostHeHUe cTpyKTypbl fanHbix ([[C/1);

* u3Menenue cTpykTypsl qanubix (MC/);

* BBITIOJIHEHUE TeX WJIW WHBIX BhIUncaeHn ¢ ganabivu (B/1);

* 00MeH JJaHHBIMU ¢ BHEITHUMU MarHUTHBIME HakonuTeassMu ganabix (O/1);

* (hopMupoBaHUe U MEPECHIIKA COOOIEHII 1 yKa3aHUll 10 paboTe oTeparo-
pam nipoextopoB u [I3BM (YO).

O6men coobuierussmu Meskay T1C u ITY BBITOTHSIICS HA YPOBHE <ITOPT —
MOPT», yIpaBjieHne 0OMEHOM 00eCTIeYMBAIOCh TPOrPAMMHBIMU CPEICTBAMU
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MEKMAIIMHHON CBSI3H, B COCTAB KOTOPBIX BXO/IUJIN IUCTIETYEP U TPAHCTIOPTHBIE
crauiuu. TpaHCIIOPTUPOBKOIT cOOOIIEHUI HAa BEPXHEM YPOBHE Hepapxude-
CKOIl CTPYKTYPBI YIIPABJISI AUCIeTYeP, 0OTpadaThIBABIIMI TPAHCIIOPTHBIN
npoTokos. Kaxkmaas TpaHCTOpTHAS CTaHINS, peanu3ys TPOTOKOJ YIIPaBIeHUS
MHGOOPMAIMOHHBIM KaHAJIOM TePeiavi, OCYIIECTBIIsIa 0OMEH COOOIEHUSIMI
110 husnYecKoMy HHTEPDENCY MEKMAITMHHO CBSI3U B PesKUMe 00CTyKUBaHUST
cBOEN ouepenn coobueHMit, chopMUPOBaHHOIT Ha BHenHel mamsTi [[OBM.
B cucreme ObLIM HPUHSATHL CJeAyIONMe COrJIalleHus s oOMeHa coobiie-
HUSIMI: 0OMEH MHUIIMIPOBAJICS TOJIbKO 0T Y 3BM; mHTEpIpeTals 3aaHHOro
pesknMa oOMeHa (1pueM /tiepegada) mpoussoauics IIOBM; o qoctoBepHOCTH
IPUHSITOTO WH(MOPMAIIMOHHOTO COOOIIeHNs Ha JTI0OOM YPOBHE YBEIOMIIEHIE
IIPOUCXO/IAJIO C TIOMOIIBIO CITEIUAMbHBIX CIYKEOHBIX KOIOB, TlepeiaBaeMbIX
HUCTOYHUKY COOOTICHMUS.

[TporpammHOe obecliedeHre CUCTEMbI TO3BOJISJIO IIPOU3BOAUTL 0Opa-
60TKY (PUIBMOBOIT MHPOPMALIMK Pa3JIUYHbIX 9KCIIEPUMEHTOB OJHOBPEMEHHO
B CJIELYIOIINX PEKUMaX PabOTHI:

* MPOBEJIEHNE TTOJHBIX U3MEPEHWIT COOBITHST,

* [EPBUYHBII TPOCMOTP, 0TOOP COOBITHI 1O TIeJIEYKa3aHUSIM;

* CBepKa pe3yJ/ibTaTOB JBYX HE3aBUCUMbBIX IPOCMOTPOB;

* cHaTHe UG POBOI MAacKW (M3MePeHe OHON MM HECKOJBKUX TOUYEK Ha Tpe-

Ke) JIJISI aBTOMaTUYeCKUX U3BMEPUTETbHBIX YCTPONCTB.

Kondurypaiust cricteMbl MOTJIa U3MEHSIThCS AMHAMUYECKH, 6e3 HapyIIeH s
npoiecca paboThl.

[TporpamMmmuOe obecriedenue st oTedecTBeHHbIX DBM, co3mannoe B
HUUAD MT'Y na ocuose nakera nporpamm RTFAS, umeno cymecrsenmbie
OTJINYUS.

1. ITostHOCTBIO OBLIN U3MeHEeHbI Tporpammbl paboter I1C ¢ daitaamu JaHHBIX
Ha BHEITHUX HOCUTEJISX.

2. [TporpamMMHBIe CpecTBa MEKMAITMHHOIO ¥ MEKIIPOTPAaMMHOT0 0OMeHa
JIAaHHBIMU B cHcTeMe OBLIM Pealn30BaHbl B COOTBETCTBUMU ¢ nuMetornmucs B OC
EC 9BM cpeacrBamMu 1 anmapartypoii.

3. Bepcus s3bika @oprpan-4 nast EC 9BM ne nojnepskuBaia opMatHbie
O0OMEHBI TTAMSTh — MaMSITh, ISl 3TUX TleJIeil MCTIOIb30BAJICS CIIeNNATbHBIN
MaKeT IIPOrpaMM.

4. Paznuuwe B jymHe cjoBa gaHubiX [[OBM u 3apybesxkubix 9BM mnorpe-
60BaJIO TEPECTPOIKHU IIPOTPAMMHOTr0 obeciiedeHust B CTOPOHY OoJibIiei
TUOKOCTH.

5. Pazmums B anmapaTHON 4acTH Ha HUJKHEM YPOBHE CHCTEMBI TOTPebo-
BaJI COOTBETCTBYIONEN MOANMDUKAIIUY U 1TepepabOTKU €€ TTPOrPaMMHOTO
obecriedeHusl.

Cob6crBennast omubka npubopos [TYOC-4, HaliienHas 1o pe3yJabTaTaM
KaJnOPOBOYHBIX M3MepeHuH, Haxoauack B npegenax 1,3-3,5 mxm. Cpej-
HEKBaIPATUYHOE OCTATOUYHOE OTKJIOHEHUE NPU U3MEPEHUN TPEKOB TOCJIe
reoOMeTPUUYECKOI PEKOHCTPYKIIMHU COCTABJISANIO 6 MKM B IJIOCKOCTH TJIEHKU
17151 Ty 3bIpbKoBoii Kamepnl EI'C.
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4. ABTOMaTHYeCKHii U3BMepPUTEIbHBII CKAaHATOP

DJIEKTPOHHO-JTy4eBOI n3Meputesb TpekoB (DJINT) — ckanupyromniee aBTo-
MaTH4ecKoe yCTpoicTBO — Obl1 paspaboran comectHo MPTU AH CCCP
u HUMAD® MI'Y njist BBICOKONIPOU3BOAUTETHHON 00paboTKN (hIIbMOBOM
nHbOpMaIIH.

OcnopubiMu koMrionentamu AJINT apasmucey:

* TeJIeBU3MOHHO-JIOTNYECKIil KoMILIeke «Meson», paspaboranubii Bo BH-
UT u mopepuusuposatbiii B HUMAD niist BeINOIHEHNS 33144 00pabOTKN
(hOTOCHMMKOB C TPEKOBBIX /IETEKTOPOB;

* HJIEKTPOHUMKA YIIPABJIEHUS, PeATU3YIONast ObICTPhIE AJITOPUTMbI YIIPaBJIe-
HUsT 1 IpeoOpasoBaHust MHMOPMaIUU U3 aHAJIOTOBOI B IIU(pPOBYIO0 GopMy
1 06parHo;

* [IyJIbT, NIpeHA3HAYEHHBIH 7151 TIPE/ICTaBJIeHUs PE3yJIbTaTOB aBTOMAaTHye-
CKOM 06pabOTKHM orepaTopy U 0OecTiedeH s BO3MOKHOCTH TOJTyaBTOMATH-
YeCKUX U3MepeHui;

« 9BM CM-4 juist yripaBJieHHs M OpraHu3aiiui paboThl BCEX KOMIIOHEHT CKa-
HUPYIOIIETO aBTOMATA 110 aBTOMAaTUYECKUM U JIUAJIOTOBBIM aJITOPUTMAM.
ABTOMaTHUYECKOE U3MEPEHNE BBITIOJHSJIOCH TI0 CJIEYIONIEN CXeMe.
[Ipenmsuonnas IJIT tuna «KianHok» renepupoBasia Ha 9KpaHe CBETOBOE

ATHO AraMeTpoM 0Kosi0 20 MkM. C MOMOTIBIO 3€PKATbHO-JTHH30BOTO 00HEK-
THBA, UMEIOIIEr0 MaJibie abeppalinu, aTo MATHO (POKYCUPOBATIOCH B MJIOCKOCTH
naMmepsieMoro otokaapa. biok Npenm3noHHOTO yIIpaBJIeHUs ABUKEHUEM
Jiyda 110 3HaYeHUSIM KOOPAWHAT, BbizlaBaeMbiM DBM B mudposoit popme,
(hopmMHIpOBaT COOTBETCTBYIOININE TOKU B KaTyITKaX OTKJIOHEHUS JIy4a, ITOMenast
CBETOBOE IIATHO B TOUKY Ha M300pakeHUH, BBIOPAHHYIO TIporpaMMoii. J{oist
cBeTa, IpoIle/Ias yepes IIeHKy 1 nonagaromas #Ha Y, ObLaa npornopumuo-
HaJIBHOII TIPO3PAYHOCTH 3aCBEUYECHHON YacTh M300paskeHus. BIoK nsMepeHmst
OIITUYECKOI TIOTHOCTH TIOC/Ie psijia mpeodpasoBanmii curHaia OIY dopmu-
poBaJI KOJI MPO3pavyHOCT B UG POBOIT (hopMe, TPUTOIHOM /st BBojia B D BM.
Taxum 06pa3om, IporpaMmMa aBTOMaTHYECKOr0 U3MEPEHUs MMeJla BO3MOKHOCTD
aHAJIM3UPOBATh pacIpee/IeHrst OITUYECKOH IIOTHOCTH B JIF00OI yacTh n300pa-
JKEHMSI.

910 o3Havasno, yro DJINT B IpuHITUIIE ITO3BOJISET aBTOMAaTHYECKUA aHAJIN-
3UPOBATh MOJYTOHOBBIE N300paKeHs OOBEKTOB IPOU3BOJBHON TIPUPOIBI,
YZIOBJIETBOPSIIONUX CJEAYIONMUM OTPaHUYEHUSIM: MUHUMAJIbHBIN pasmep
00beKTOB (MPOCTPAHCTBEHHOE Pas3pelieHne aBTOMATa), OIPee/sIeMbIil Irname-
TPOM ITSITHA, cocTaBsteT 10—20 MKM; MaKCUMAaTBHBIN pa3mep ToJIst (OTOKapa —
95%x60 MM?; quamasoH U3MEPSIEMbBIX IIJIOTHOCTEH, 3aBUCSIINI OT OTHOLIEHUS
CUTHAJI /IITyM U3MEPUTETbHOrO TpaKTa, cocTaBisier 1,5—2D; nmorpemnoctsb
MO3UITMOHUPOBAHUS JIyUa, ONPe/leIgionias TOYHOCTh U3MePEeHNs KOOPAMHAT,
He npesbiniaeT 1—-2 Mxm. XoTst prOOp ABJISJICS YHUBEPCATIbHBIM, OCHOBHOM €ro
3aj1aueil B UBMEPUTEIHHO-BBIYUCIUTETLHOM KOMILJIEKCE SIBJISLIOCH aBTOMATHU-
deckast 00paboTKa MHPOPMAIIHH, TTOJTy4aeMON ¢ TPEKOBBIX JE€TEKTOPOB. UTOOBI
u30eKaTh MPOTPAMMHOI TTepepaboTKy Beeit ntdopmarmu ¢ kazapa (okoso 100
Mo6urt), annaparypa npubopa Bbio/HsIa 3G HEKTUBHOE CKaTie NH(GOPMAIHH,
nepenaBasi B ABM uHTerpasbHble XapaKTepUCTUKK JTHHEHHBIX 0OBEKTOB.
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KpoMme Toro, aJaropuT™Mbl aBTOMaTu4ecKoii 00paboTKH UCIIOJIb30BAIH METO]
MPOCJIEKMBAHUS, UTO B CUJIY CBSI3BHOCTH JIEMEHTOB TPeKa NCKJITI0UaJIo U3 N3Me-
penust 6osee 90 % xaapa. U, HakoHell, B aBTOMaTe OBLIHM MPEAYCMOTPEHBI
JIMAJIOTOBBIE CPEICTBA, C TIOMOIIBIO KOTOPBIX YETIOBEKY-0IepPaTOPy MpeoCcTaB-
Jisitach rpacdudeckast u Moy ToHOBas MH(MOPMAIIHS O XOJIe ¥ Pe3yJibTaTax aBTo-
MaTU9IeCKO#t 00pabOTKH U BOSMOKHOCTD OMEPATHBHOTO BMEITATETbCTRA.

Pabouee MecTo oneparopa BKJI0Yaio B cebst [Ba CTaHAAPTHBIX TEJIE€BU3U-
ounbix Mouutopa tTia BKS0B60, pyrknmnonaabHyto 1 aahaBuTHO-1IHGPOBYIO
KJIABUATYPbI ¥ YCTPOICTBO mo3utimonnposanus (Tpekbo) (doro 1 u 2). Tese-
BU3MOHHOE N300paskeHne YaCcTh Kajapa IepeaaBajoch ¢ MOMOIIBIO TeJeKaMep
Ha O/INH U3 MOHUTOPOB ¢ yBesnderreM 30X, 10CTaTOYHBIM JIJIsI BU3YaJIbHOTO
paspereHust MaIbIX 00HEKTOB (110JIe 3PEHUsI KaMePbI COCTABJISLIO 8x 12 MM, ero
MoJI0’KeHne 3a1aBayioch n3 IBM).

Doto 1 u 2. B 3asie uamepurebHO-BbIuncaUTENLHOTO KoMIiekca HUUAD MTI'Y (Bropoit
B CCCP no moutaoctu nocse komiiekca UDBI) 110 o6paboTke 1 aHamusy (HpuibMoBOii
nHbOpMaIK ¢ 6OJBITNX MY3bIPHKOBBIX KaMep U THOPUIHBIX crieKTpoMeTpoB. B 1981-1997 rr.
€ TOMOIIBIO 9TOTO KoMItekca (cosman B 1981 1.) GbLn mpoBeaéH GOMBINON UK NCCAETOBAHNI
MSATKHUX a[POHHBIX ITPOIECCOB U M3yYeHNe B3AUMO/IENCTBUI HEUTPUHO B 9KCIIEPUMEHTAX
Mirabelle, «Cxkar», «Jlroamunas, 15-dpyrosoit kamepe FNAL, Esporeiickom rubpuiHom
CIIEKTPOMETPE
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[Tpu aBTOMaTHYECKNX U3MEPEHUSAX OTIEPATOP BU/EJ Ha 9KpaHe MOHUTOPA
HCXO/IHOE M300paskeHre U CBETOBOE IISTHO, CKAaHUPYIOTIee 3TO N300paskeHue.
OnnoBpeMeHHO Ha Apyroii MoHuTOop 3 IBM BrIBoAMIIOCH Tpaduueckoe
n300pakeHre pe3yIbTaTOB M3MePEHUst B (DOpMe, OTyCKAIOIIell BU3yaabHOe
CpaBHEHUE ¢ UCXOAHBIM n3obpaskeruem. IIpu c6oe aIropuTMOB aBTOMATHYE-
CKOTO M3MepeHud (1oTepe Tpeka MpHu MPOCIeKUBAHNH, TIEPEeX0/ie Ha IPYTOi
TPEK U T. I.) OTIepaTop € MOMOIIbI0 TpeKOOoIa COBMEIAT Ha 9KPaHe MOHM-
TOpPa CBETOBOE TSATHO ¢ HYKHBIM 0ObEKTOM, BOCCTAHABIUBASA TEM CaMbIM
IIPaBUJIBHYIO 110CJIE/I0BATE/IBHOCTD U3MEPEHMSL.

Bosbioe sHadenue aist 06JerdeHust 1 ycKopeHust paboThl olieparopa
UMeJTH TaKue 0COOEHHOCTH UIE0JIOTUN ATlAPATHBIX M MTPOTPAMMHBIX CPEICTB
INaIoTa, Kak BO3MOKHOCTb COBMEIIEHUST HAa 9KPaHe MOHUTOPA UCXOHOTO
n300paskeHust ¥ IAHHBIX, BRIBOAUMBIX u3 BM, pazHoobpasue criocoboB mpej-
cTaBjeHUs nHGOPMAIINH, TIPUCYIIIee PACTPOBBIM AMCILIESIM, BBICOKUE TUHAMU-
YecKre XapaKTePUCTUKH BhIBO/IA TPAhUUeCKUX TaHHbBIX.

s noctusxkenus Hanbosbiieil 9GeKTUuBHOCTH 00pabOTKN CHUMKOB
Ha aBTOMate TPeOOBAIOCH MOTyYeHIEe MPEIETbHBIX XapaKTEPUCTUK TOUHOCTH,
cTabUIBHOCTH, TPOCTPAHCTBEHHOTO PA3PENIEHUsT TIPU BBICOKOI CKOPOCTH
CKaHUPOBAHUsI, KOTOPbIE TPYAHO OOECIEYNTh YHCTO ANMapaTHBIMU CPeI-
CTBaMH JIJIs BCETO /[MANa3oHa MPUMEHEHUH U TeM HoJiee TPYIHO MOAIEPKUBATH
B TIpOITecce 9KCILTyaTalim.

B 9JIUT 6bL10 1IpeycMOTPEHO MPUMEHEHHE TIPOTPECCUBHOTO MPUHITUIIA
JOCTUKEHUS HEOOXOAMMBIX MTapaMeTPOB MyTeM HCIOJIb30BaHUS MaTeMa-
TUYECKON KOPPEKIINU TIOrPENTHOCTEeH annapaTHeiX yeTpoiicts. IBM Oblia
BKJIIOUEHA B KOHTYD yIIpaBJeHUst OOJBIINHCTBA YCTPOUCTB anmaparyphl,
HauMHas OT YCTPONCTBA MEPEMOTKHU TMJIEHKN U KOHYAs U3MEPEHNEM KOOp-
auHat. [Ipu aToM nMesach BO3MOKHOCTD YJIYYHIUTh TOYHOCTD, pa3perieHue,
HepeXOIHbIe XapaKTEPUCTUKN TPUOOPa TyTeM TIPOBEIEHNsT KATNOPOBKHU COOT-
BETCTBYIONIUX YCTPONUCTB U UCIIOJIb30BAHUS €€ Pe3yJIbTaTOB 9 HACTPOUKU
1 KOPPEKIUH JIAHHBIX, TOCTYIAOIINX ¢ TPHOOPa B peabHOM BPEMEHTL.

[Tporpammuoe obecrieyennie IJINT, kpome GYHKIIMOHAIBHBIX TPOrPAMM
COTIPOBOKIEHNUS aBTOMATUIECKNX U3MEPEHU 1 COTTPOBOXKIECHUS OTIepaTopa,
BKJII0YaJI0 B cebst psi/i KAIMOPOBOYHBIX M TECTOBBIX TIPOrpaMM, obeciieunBa-
IONIKMX TIPOBEPKY U HACTPOIKY MpubOpa B MPOIlecce SKCIIyaTal M.

5. ABTOMaTH3UPOBaHHBIE YCTPOUCTBA TPEXKOOPAUHATHBIX H3MEPEHUIA

Jlist uccienoBanmii pPOKAEHUS KOPOTKOKUBYIIIUX YaCTUIl, PETUCTPUPY-
€MBIX MPEIU3NOHHBIMI BEPIIMHHBIMI TPEKOBBIMU JETEKTOPAMU C BBICOKUM
npocTpaHcTBeHHBIM paspenieHueM (20 mxm), B HUVAD® MTY 6b1mu paspa-
GOTaHbI [Ba ABTOMATU3NPOBAHHBIX YCTPOICTBA, 0OECIIEUNBAIOTIIX TPEXKOOP-
AUHATHBIE u3MepeHus Ha ocHoBe pubopos TUII-1 npoussoacrea JIOMO,
¢ MCKpeTHOCTEIO oTcuera 0,5 MkM. OIHO U3 YCTPOUCTB OBLIO MPeIHAZHAYEHO
11t 06paboTKK ToorpaduIecKnX U300pakeHuii, a Apyroe — 1t 06paboTKu
n300paskeHn i, 3aPETUCTPUPOBAHHBIX B (DOTOIMYIIbCHOHHBIX TIIACTHHAX.

O6mast cTpykTypa 3THX ycTpoiict TakoBa: npubop TUTII-1, onTuueckuit
kaHais (OK), ynpasastomas mukpod BM tunta MC-1201, uatepdeiicnag (M)
u cusioBas (CI) ajleKTPOHUKA.
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Nsamepurenpubie kapetku (MUK) mpubopa ynpasisauch MUKpoIBM
yepe3 MoAyJIb (POPMUPOBAHUS YIPABJISIONNX Bo3aeicTBuilt 1D u 610KM
C3I. Tekymue koopauHaTel KapeTok X, Y, Z perucTpupoBaJuch MOLYISAMU
perucrpanuy KoopauHat M9, Ha BXO KOTOPBIX MOCTYIAIN HEOOXOIUMBbIE
UMITYJIbCHI OT TpeobpasoBareseil auHelHbix nepemenieruii (ITJITT). Cpsazu
MukpodBM ¢ mamnoit 9BM CM-4 u TepMrHAIOM OTlepaTopa OCyIecTBISINCH
4yepes ycTpolicTBa rocsuenoBatebHol cBsa3n (Y 1IC).

B cocras mynbTa onepatopa KaxkaoTo yCTPONCTBA BXOANUIN aa(haBUTHO-
nudposoit aucrieit Tuna KAE-810A860, TB-mouutop (TBM) u oprans
ynpasienust (OY) usmepurenbHbiMu kapetkamu ipu6opa TUTT-1.

CornpoBosk/ieHre U3MepPUTEIbHBIX ITPOIECCOB, BLIIIOJIHIEMBIX Ha YCTPOIi-
CTBAaX, OCYIIECTBJISJIOCH CITEIMATBbHBIMU TTPOTPaMMHBIMU cpeficTBaMu CM-4.
ITH cpeficTBa 0OECTIeYNBAIIN IUAJIOT C ONlePATOPaMH, TIpeobpa3oBaHiie, HaKO-
IJIeHne U MOUCK JaHHBbIX u3Mepennii. Mcnosb3zoBanue rpadudeckoro qucmmiest
(TI1) 66110 HEOOXOAMMO JIJIST TOCTPOEHUSI TIOJHOW TOTIOJIOTUH HCCIenye-
MOTO COOBITHSI Ha OCHOBE JIAHHBIX U3MEPEHU U TieJieyKa3aHu i, MOy IeHHbIX
OT IPYTUX JETEKTOPOB (PU3NIECKOH YCTAHOBKHU.

HaubGoJiee cyniecTBeHHBIMU dJIeMEHTAMHE, JONOJIHsouMu iprbopbr THTI-1,
SBJISITACH ONITUYECKHE M MeXaHWYeCKUe CXeMbI TIOJIyIeHUs U BU3yaTu3aIiun
n3o0paskeHust, paspaboTKa KOTOpbIX Oblia BeimoaHeHa B HUMAD MI'Y.

CxeMa ONTUYECKOTO KaHala yCTPOHCTBA 00pabOTKY TOJOTpahUIeCKITX
M300pasKeH Uil BRITJISAUT caeayonum o6pazoM. COBOKYIMHOCTh ONTHYECKUX
9JIEMEHTOB HTOTO KaHaIa 00eCIIeYnBaIIa, BO-MEPBHIX, (POPMIPOBAHHUE JTA3EPHOTO
Iy4Ka /IJIs OCBELIeHUs TOJIOIPAaMMBbI U, BO-BTOPBIX, ITPOEIIMPOBAHKE JIOKAJIb-
HOTO 00’beMa BOCCTAaHOBJIEHHOTO TOJIOTPaduuecKoro M300pasKeHUsT Ha BUIUKOH
TB-kamepsbl. DjeMeHTbl ONTHYECKOTro KaHana 1+4 1 1a3epHblii MICTOYHUK CBETA
ObLIH pasMelnieHbl Ha kapetke Y, o6bekTuB 7 u TB-kamepa — Ha KapeTke Z.

OnTuyeckue sIeMeHTHl KaHAIa BBITOJIHAIN caenyomue dyHkiun. Jlyd
ot sazepHoro ucrounurka tuma JITH-105 npoxoans yepes MUKPOOObEKTUB
¢ yBeanueHreM 62X, MPOCTPaHCTBEHHBINH (GUIBTD, IPEACTABIABIINI cOO0I
mradparmy auamerpoM 30 MM, u 06bekTuB Thna IOmurep-11 (F=135 mm).
B 21011 yacTi onTHYECKOTO KaHaA JTa3ePHBIH ITy4OK pacinpsics u popmMupo-
BAJICS IIJIOCKUIA BOJTHOBOW (DPOHT, HEOOXOAUMBIIT /IJIsI OCBEIEHSI TOJIOTPAMMABL.
ChopMUpOBaHHBIN JTa3ePHBII MYYOK OBLI TOXKAECCTBEHEH UCXOJAHOMY OIOP-
HOMY, KOTOPBIM ObLjIa 3aperncTPUpPOBaHa TOJIOrpaMMa Ha (DOTOTIIIEHKE.

C moMoTIbIo 3epKajia, MOJHOCThI0 paboTaBIero HAa OTPAsKEHUE, PACIIIH-
PEeHHbII JIa3epHBIH ITyYOK HAIIPABJIAJICS HA FOJIOTPAMMY, 3aperUCTPUPOBAHHYIO
Ha (oTomnaeHke, KOTopas pacioJarajach Mexxay CTeKJaMu MPUKUMHOTO
MeXaHM3Ma, pa3MenieHHOTo Ha KapeTke X. DparMeHThbl IPOCTPAHCTBEHHOTO
n300pasKeHsi, BOCCTAHOBJIEHHOTO 110 TOJIorpamMMe, (hOKyCHpoBaInuch 0ObEK-
tuBoM tuna lOmurep-8 (F = 52 mm) na Buaukon TB-kamepst tuna KTTI-79.

CdopmupoBannbiii TB-kaMepoil TeJ1leBUSMOHHBIN CUTHAJ T10/[aBAJICS
Ha TB-monutop. KoopamHaTel TpeKoB, BBIBe/IEHHBIX HA 9KpaH T B-mMonuTopa,
U3MepsINCh MeToZIoM Bu3npoBaHus. C IOMOIIbIO OPTaHOB YIIpaBJIeHUs U3Me-
PUTEJBHBIMU KapeTKaMU OllepaTop yCTPOMCTBA COBMEIAN 3JIeMEHT TpeKa
C BU3UPOM, KOTOPBbIii ObLT HaHeceH Ha 9kpaH TB-MOHUTOPA, ¥ ¢ TIy/IbTa MojaBal
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KOMaHy yrpasJigionieli MUKpod BM 11g BbITIOJTHEHUS OTIepaIiiyl PEeTUCTpariun
1 BBOJIA TEKYIINX KOOPAMHAT U3MEPUTENbHBIX KapeTok X, Y, Z B maMsaTh IBM.
CxeMa ONTHYECKOIO KaHajla yCTpoiicTBa 06paboTKy M300pakeHUN TPEKOB,
3apeTUCTPUPOBAHHBIX B (POTOIMYJIbCHH, BhITJsAAe a Tak. CHOPMUPOBAHHBIN
Ha BBIXO/le UICTOYHNKA CBETA TTYUOK JIy4el 110 BOJIOKOHHOMY CBETOBOJTY HAIIPaB-
JISJICS HA CTEKJISTHHYIO TJIACTUHKY, Ha KOTOPOU OBLIT HAHECEH CJION siepHO
dhortoamynbenn TosmuHoi 150+250 mxm. [TmacTiHa pa3meniansach Ha CIHEIH-
QJIBHOM TIPEIMETHOM CTOJINKE, KOTOPBIN 3aKperisiics Ha KapeTke X. MlcTounmk
ceeta (tunn OBC-1) 1 BOJIOKOHHBIN CBETOBO/] pa3MeNiaJiCch Ha KapeTKe
Y. ®parment uzobpaxkeHus1, 3aperuCTPUPOBAHHBIN B (hoTOIMYIbCUH, (HOKY-
cuposaJjics MUKPooObekTuBOM Ha BuAUKOH TB-kamepst (KTII-67) u 3atem
BeiBOIIIICS Ha TB-MoHuTOp. B KauecTBe MUKPOOOBEKTHBA UCTIOIH30BAJICS
Habop cMeHHBIX aHaxpoMaTnyeckux (CM-18, CM-21) u mianaxpomaTuye-
cknx (CM-29) Mukpoo6bekTBoB. KoahduineHTb! ONTHYECKOro yBeTnYeHs,
MOJIy4eHHbIe JIJIST IaHHOU cxeMbl, nMesn 3Hadenust 15x, 30x u 60x. IToe
3peHust npu 3ToM 661710, cootBeTcTBeHHO, 600, 300 11 150 MrkM. Habop cMeHHBIX
MUKPoOOBeKTHBOB 1 TB-kamepa pasmernaiich Ha KapeTke Z.

6. O01ee nporpaMMHOE oOecIeyeHne

[TosHbIil 1K 00pabOTKU 1 aHaM3a HH(GOPMAIMK PA3IHIHBIX (PU3NIECKITX
9KCIIEPUMEHTOB IIOMUMO IIPOIPaMM YIIPaBJIEHWUSI N3MEPUTEIbHBIMU IIPUOO-
pamu, paboTaomumu B uHI0 ¢ IBM, TpeboBas CJI0/KHOTO MaTEMaTHYECKOTO
obecrieueHnst, KOTOPoe BKJII0UYaIo 00II[1e CHCTEMHBIE TPOTPAMMbI, HEOOXOIUMbIE
IPOTPAMMBbI TEOMETPUUYECKON, KHHEMAaTHYECKOH, CTATUCTHYECKON 00paboTKH,
a TakyKe CIelnaJIu3UPOBaHHBINA HabOp IporpaMm 00pabOTKU 1 aHaJM3a HHPOP-
MAInuu ¢ THOPUTHBIX U 9JIEKTPOHHBIX YCTAHOBOK. Bech KOMILIEKC STUX TPOTPAMM
ObLI AIATITHPOBAH U BBEJIEH B 9KCILIyaTaluio Ha 1ByX OBM EC-1045.

Marematuueckoe obecriederrie ObIIO TOCTPOEHO Ha HGaze OMeparmoHHON
cuctembl OC EC 6.1, 9-i1 pepaxiuu. KoHkpeTHbIN €€ BapruaHT ObLI HACTPOEH
Ha PEXUM C TIePEMEHHBIM YUCJIOM 337124, COBMECTHO MCIOTb3YIONNUX BUPTY-
aJbHYI0 MaMsTh 0 16 MOaiiT, u BKJI0OYAT BO3MOKHOCTH PaGOThI CHCTEMBI
B pekuMe pasziesieHus BpeMeHH, a Takxke nuanoroBbie pegaktopsl (TERM,
PUM), kak /17151 JIOKQTBHBIX, TaK ¥ 711 yAQJTEHHBIX IUCTLTEEB.

B kauecTBe 1makeToB mporpaMM 0O0OIEro MaTeMaTUYeCKOro HazHaYeHus
HanboJiee BaKHBIMU sIBJsTIOTCS iporpammbl Oubanoreku CERNLIB, B Tom
yucye PATCHY- n HYDRA-nakeTsr.

PATCHY -niaket CJrysKuJt iUIst TIO/IEPKKH, Pa3padOTKH, XPaHEHUSI U COTIPO-
BOKJIEHMS OOJIBIIMX MHOTOBEPCHOHHBIX IIPOrPaMM. DTOT HAKET COAepsKall
MTPOTPAMMBI YITAKOBKY TEKCTOB TTPOTPAMM B KOMIIAKTHBIN BUL JI7IST TOJITOBPe-
MEHHOTO XpaHeHusT 1 00paTHON pacnakoBku ¢aitnoB. OH comepsKal TaKKe
Cpe/cTBa pelakTUPOBaHNA (HaiiioB, TTO3BOJISIONINE NUMETh B TEKCTOBOM BHjIE
HECKOJIbKO Pa3JIMYHBIX BEPCUI OHOI MPOTPAMMbI U JAIONINe BO3MOXKHOCTD
paboTarsb ¢ 110060ii U3 HUX.

HYDRA-naker 6b11 npegHasHadeH a1 paboThl ¢ JMHAMUYECKIM PacIpe-
JieJIeHeM TIaMsITH IIPOTPAMM TT0JTb30BaTeJIsl, HAITMCAaHHbIX Ha si3bike DopTpaH.
ITOT MAKeT MO3BOJIS/I HAKAILIMBATh, XPaHUTh 1 00padarbiBaTh HHMOOPMAIIHIO,
0 KOJIMYECTBE U CTPYKTYPe KOTOPOIT HET MPeBAPUTENIbHBIX CBEIEHMUII.
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Ha OBM EC-1045 6b1iu mocTaBieHbl HECKOJBKO BEPCUIl TeOMETPH-
yecKux nporpamm, paboramomux B cucreMe HYDRA u npesgHasHaueHHBIX
JI7IST BOCCTAHOBJIEHUS TIPOCTPAHCTBEHHBIX KOOPAUHAT U TTapAMETPOB TPEKOB
110 IAHHBIM U3MepeHni. B ToM uncire ObIIN TporpaMMBI 171t 00pabOTKH TaHHBIX
¢ 6OJIBIINX ITY3bIPbKOBBIX Kamep (TporiaHoBast kamepa JIBD OV, Mirabelle,
«Jlronmutas u p.), THOPUIHBIX CIIEKTPOMETPOB ¥ IPYTUX JAETEKTOPOB. Kute-
MaTHYECKHIT aHaIN3 COOBITUI U BHIGOP TOI MM MHOW IMIIOTE3bI KJAACCHpu-
KaIM¥ 9aCTUIl B COOBITUN TIPOU3BOIUIICS 10 PE3yIbTaTaM T€OMETPUIECKON
PEKOHCTPYKITUU C TIOMOIIbI0O KWHEMATUYECKUX TIPOTPAMM, TaKKe HAITMCAHHBIX
B HYDRA-cucreme. OcHOBHOI TTPOTPaMMOIT CTATUCTUYECKOTO aHAIN3a COBO-
KyIHOCTH coObIThil siBjisiach nporpamyva HBOOK, omnepupyrtomnias ¢ jeHToil
cymMMapHbIxX pe3ysibtatoB (DST) n npepnasnavennas 11 mogydeHnss OKOHYA-
TeJTbHBIX (PU3NIECKUX PE3YTHTATOB.

Boib1oit 06beM MaTeMaTHuecKoro obecriedenus Obui nocrasiied Ha EC-1045
1st 06paboTKK MHMPOPMAIIUN ¢ THOPUIHBIX YCTAHOBOK, TAKUX KaK €BPONEHCKIIA
rubpuaHbiii ciekrpomerp (ETC) u emy mogo6ubie. OCHOBY 9TOTO CIIEIHAD-
HOTO MaTeMaTHYECKOTO 00ECTIEYEH ST COCTABIISLIN TIPOTPAMMBI CHHXPOHU3AIIAN
JIAaHHBIX TIPOCMOTPA ¥ M3MEPEHUIT COOBITHI, 3aPErMCTPUPOBAHHBIX TPEKOBBIM
NEeTEKTOPOM, C TAHHBIMU 3JI€KTPOHHBIX JETEKTOPOB, BKJIOUAS MPOTPAMMBI
MOJIHOM TEOMETPUYECKOI PEKOHCTPYKITNN BO BCEX JIETEKTOPAX CIIEKTPOMETPA.

Kowmrurekce nporpammuoro obecriedennst Ha EC-1045 comepskan 6ubanorexy
o6mux nporpamM CERNLIB, koMmILIeKe IporpaMM aHaJIMTUYECKUX BBIYKC-
JIEHUH, TTaKeThl IPOTPaMM JIJIST TIPeICTaBJICHUs 1 ipeobpa3oBanus rpadude-
CKOIT MH(MpOPMAIINH, a TAKKe PSIJl CIAYKEOHBIX U BCIIOMOTATETbHBIX TIPOTPAMM,
TaKUX KaK MPOrpaMMbl KaTMOPOBKU U3MEPUTEIBHBIX TIPUOGOPOB, CTATUCTIYE-
CKOTO aHa/n3a paboThl TIPOCMOTPOBO-M3MEPUTENBHBIX CHCTEM ¥ OTIEPATOPOB,
Pa3JIMYHOTO POJIA MOJIETUPYIOITUE TPOTPAMMBI.

7. Ucnonb30BaHKe H3MEPHUTEIbHO-BIYMCIUTEIbHOIO KOMILIEKCA
B 00padoTKe (PU3HYECKHX IKCIEPHUMEHTOB

Cosanue 1aHHOTO U3MEPUTEIbHO-BbIUMCINTENBHOTO KOMILIEKca 1103BO-
JIUJIO HAYATh ITUPOKYIO TIPOTPAMMY HAyUHBIX UCCJIEIOBAHUN B 001acTU (DU3UKU
BBICOKUX HHEPTHUIA, @ TAK)Ke MCIIOJb30BATh €r0 B IPYTUX 9KCIIEPUMEHTATbHBIX
U Teopetndeckux 3agadyax. O6paboTka mHGOPMAIMK TPOBOAMUIACD IO CJAE/Y-
IOINM 9KCIIEPUMEHTAM.

1. NccnenoBanne B3anMOIeliCTBUIT TPOTOHOB, KAOHOB, TMOHOB C MIPOTO-
HaMU B uHTepBasie uMiryibcoB 250—-350 I'9B /c na maTepuase, moaydyeHHOM
B 9kcriepuMenTax NA-22, NA-23, BBIIIOJHEHHBIX Ha €BPOIEHCKOM THOPUIHOM
cuexkrpomerpe (ETC), KoTopbIil BKII0YAI OBICTPOLUKIUPYIOLUIYIO IIY3bIPh-
KOBYIO KaMepy U 2JIEKTPOHHbBIE JIeTeKTOPbI PA3JINYHOT0 THIa. AHAJIN3 dKCIIepH-
MEHTaJIbHOI HHMOPMALIUK TPOBOAUICS coBMecTHO ¢ DB, mabopatopusmu
CERN u ipyruMu HayqYHbIMU TIEHTPaMU.

2. UccnepoBanne B3anMOIECTBUH aHTUTIPOTOHOB M TIPOTOHOB C UMITYJICOM
32 I'sB/c ¢ 11es1p10 IeTAIBHOTO N3YyUYEHUST CBONCTB aHHUTUJISITIMOHHBIX KAHAJIOB
B coBMecTHbIX ¢ MMDBI akcnepumerTax Ha OOIBINON KUAKOBOLOPOLHON
y3bIpbKOBOIT Kamepe Mirabelle.
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3. Nzyuennie B3auMo/IeliCTBUI aHTUTIPOTOHOB, AaHTHJIEUTOHOB, EHTOHOB
C IPOTOHAMU U JieiiToHaMu B oOstacTut mMITysibcoB 12—22 I'9B /¢ Ha maTepuaie,
MOJIYYeHHOM C IByXMeTPOBbIX BojopoiHbiX Kamep OMAN u CERN.

4. VlcceoBatnne B3auMO/IEHCTBIN HEUTPUHO U aHTUHEUTPUHO B 00JIaCTH
snepruii 3—30T5B B coBmecTHbix ¢ DB skcnepumenTax Ha 6OIBIION
mporaH-(ppeoHoBOIT y3bIPbKOBOIT Kamepe «CKat».

5. dyuenue sapo-sepHBbIX B3aUMOENHCTBUIL, 3aPETUCTPUPOBAHHBIX
C TIOMOIIBIO /IBYXMETPOBOH ITPOIIAHOBOI KaMepbl IIPU dHEPTUIX CUHXPoda3o-
tpoHa JIB9 OUAN.

6. AHa/IM3 MIOOHHBIX CIIEKTPOB MHUPOKUX aTMOCHEPHDIX JTUBHEH, PETUCTPU-
PYEMbBIX UCKPOBBIMHU KaMepaMu MarHuTHOTO criekTpomerpa HUUAD MT'Y.

7. O6paboTka MaTepuasIoB JJist OaHKa JaHHBIX 110 (POTOSIEPHBIM PEAKITUSM
npu sHeprHsx 10 100 MaB.

PaspaboTka anmnapaTypbl 9J€KTPOHHBIX U THOPHUIHBIX dKCIIEPUMEHTOB,
a Takyke 3aBepliieHne paboT MO CO3/[aHUI0 ABTOMATU3UPOBAHHBIX CHCTEM TPEX-
KOOPJMHATHBIX U3MEPEHUN MO3BOJIIIA TIPOBECTH 0OPAbOTKY CIEAYIONINX
9KCIIEPUMEHTOB.

1. NccnepoBanne afipoH-s/IepHBIX B3auMoielicTBuil ipu sHepruun 10 2B,
npoBoUMBIX Ha yckopuTesie JIBD OUAN ¢ nmomonibio MarauTHO-CITUHTUII-
sstiinonHoro criekrpomerpa HUMAD® MT'Y.

2. Nzyuenne 06pa3oBaHust OYaPOBAHHBIX YACTHIl B HEHTPUHO-HYKJIOHHBIX
B3aNMO/ICHCTBUSX € TIOMOIIBIO YCTAHOBKH, BKJIOYatoeill 6obinme 0JI0KN
AepHBIX (GOTOAIMYJIBCUNT I MATHUTHBIN CIIEKTPOMETP CO CTPUMEPHON KaMepoii
(coBmectnbiii akcriepumenT MUDU — ODUAH — UTODO — HUUAD MTY).

3. UccrenoBanne 06pa3oBaHusi 04apOBAHHBIX YACTUI[ M PEKUX TIPOIECCOB
B a/IPOH-TIPOTOHHBIX B3auMoielicTBUAX 1pu aHepruu 60—-70 9B ¢ momorsio
CIEKTPOMETPA C BEPIIMHHBIM J€TEKTOPOM, BKIOUYAIOMIUM OBICTPOIUKIIN-
PYIOIIYIO TMY3bIPHKOBYIO KaMePy M MHOTOKaHAJbHBIE CUCTEMBI 3JIEKTPOHHBIX
neTekTopoB (coBmecTHbIN sKkcriepumeHT HUNAD MT'Y — MDOBD — OUAN —
NOBD TTY — UDBS Kaz. CCP — skcniepument CB/I-1).

WamepurenbHo-BhrancuTeibubiii koMmiuieke HUMAD MI'Y abdextrBHO
HCII0JIb30BAJICS TaKKe JIJIsT IPOBEeHUsT yueGHOTO Tpollecca Ha OTAeJeHUN

ITOCTAHOBJIEHHMEM COBETA MUHUHCTPOB COIO3A CCP
or 28 anpeas 1984 200a
NPUCY)XAEHA

NPEMHS COBETA MHHHUCTPOB CCCP

EPMOJIOBY
[TaBny ®enopopuuy, —
RUE/PEHHE B HAPOJHOE XO3SHCTBO YHMBEPCAJBHOTO
MUCHTETHHONO KOMILTEKCa

ulrpas CGEP,

~
Fotyoghchlpennozo
G u rexnure

Hauanrvnuk Ordena no npemusm
Cosera Munucrpos CCCP
Tocydapcreennoeo komurera CCCP
no Hayke u TexnHuke

Afm, (/1. KHCEJIEB)
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saepHoil pusnku (husrmueckoro (paxyabrera, A1 00pabOTKK JaHHBIX U TEOpe-
THUYECKUX PACYeTOB pas3iuuubiMu nojapazaenenusimu HUNAD, a takxe
npyrumu ¢akyabretamu MI'Y.

3a co3faHue U BHEAPEHNE B HAPOJHOE XO35HCTBO YHUBEPCAJIBHOTO
U3MEPHUTETbHO-BBIUMCANTEBbHOTO KoMILtekca [1. . EpmosioBy Gblia nmpucysk-
nena npemust Cosera munuctpo CCCP.

N

[nyGoroyeamaemotii roCY AAPCTBEHHbIV
KOMWUTET
[lapen Jemoposuu! cocp

Nno HAYKE

N TEXHUKE

flpumume om . Komuccuu no npemuam Cosema
Munuempoe CCCP cepdeunsie nosdpaesenus ¢ npu=

ceoeHuem  Bam 0 0 nayp
npemuu Cosema Munucmpos CCCP u  nomenanus
d d A u Oa jjweli  nmoo: pHOU

/i /16
paéomsr Ha 61az20 Hawel cOYUANUCMUYECHOU Podunsi.

IMpeacesareiib KOMHCCHH
i aKaJeMHK W Tk MAPYYK




PABOTA CII. ®. EPMOJIOBBIM I10 ®U3UKE
BbBICORUX OHEPI'IU

JI. U. Capviuesa| (HUHUAD MTY)

A nozunakomuiiack ¢ [Tanom Ménoposuuem Epmosniosbim B 1976 romy, koria
oH etrie ObLT cOTpyAHUKOM VHCTUTYTA U3UKK BBICOKKX 9HEpruil B [IpoTBIHO.
Hama nabopatopus aipoOHHBIX B3aUMOAEICTBUN BKAIOUMIACH B PAaOOTHI
¢ my3bIpbKOBOI kamepoii Mirabelle mo npexnoxenuio corpyannka MDBI
I1. B. Hlngnuukosa. OH Ke NPeIoKUI HadaTh OpraHu3anmuio o6paboTKu
CHUMKOB ¢ My3bIpbKOBOI KaMepbl Mirabelle 8 HUMA® MTY. B UMBI
aTuMu pabotamu B TO BpeMst pykosoaua A. M. Moucees.

[TaBenr MémopoBuy, y3HAB 0 HaIlleM KeJaHUKW paboTaTh MO IMPOTrpaMMe
Mirabelle, momor Ham copueHTHPOBATBHCS B 9TUX TIPOEKTaX. DblIa BbIeIeHa
kBaptupa B [IpoTBUHO /11 MPOXUBAHUS HANTUX COTPYAHUKOB, TaK KaK OHU
JIOJKHBI OBLITA yYaCcTBOBATh B ceaHcax 00JIydeHUs My3bIPbKOBOIT KUIKOBOIO-
POIHOI KaMepbl aHTUTIPOTOHaMu ¢ sHeprueit 32 5B /c ¢ Tem, uTOOBI BioC e -
CTBUM M3yYaTh COy/JapeHusi TPOTOHOB ¢ aHTUnporonamu. Ho B To Bpems
B HUUAD MTY He 6bL710 anmapaTypbl IS BHITOJHEHUS paboT 1o 06paboTKe
CHMMKOB C T1y3bIpbKOBOiT kamepbl Mirabelle. ITpezicrosiio 3akazats mpocmo-
TPOBBIE CTOJIBI, COOPATh UX B KOPITyCe BBICOKUX SHEPTUH, 1 BCs aTa pabora
10 CO3/IaHMIO TIeHTPa 06PabOTKN CHUMKOB C ITy3bIPHKOBON KaMepPhI Jieryia
Ha mieun [Taia Dénoposuda EpMosioBa, KOTOPBIi ObLI IpUTJIALeH Ha paboTy
B HUUAD MTY B 1978 roay (doto 1 u 2).

Kax Tos1bK0 ObL1 OpraHu30BaH 0T/ SKCIEPUMEHTATBHON (DMBUKI BBICOKUX
9HEPIUIA, B €r0 COCTaB BOIILIA Halma Jaboparopusi. B mepBbIx paboTax 1mo axciie-
pumenTy Mirabelle mox MonM pyKOBOICTBOM y4acTBOBAJIM COTPYAHMKH JTabopa-
topuu A. C. IIpockypskos, H. A. Kpyrmos, H. I1. Kapnunckas, a Takke coTpy-
Huia gaboparopun B. C. Mypsuna JI. H. CMupHOBa 1 acimpanT Kadeapsl
KocMuuecknx jydeii puszdaka MI'Y, rpaxknanma Uuanu Xarnymas besurmpas.
IT0 ObLITa HEOOJIBIIIAsT TPYIIA COTPYIHUKOB JTAOOPATOPUH, TAK KaK OCHOBHbBIE
pa6orsr Besnch B OUSIN B /IlyOHe u Ha BBICOKOTOPHON CTaHIIMU Aparail
nozx EpeBanom. bosbias s3acayra [lana @énopoBuua cocTosiyia B TOM, 4TO OH
GJ1aroskesIaTesIbHO OTHECCS K HAIIUM PaboTaM, He CBSI3aHHBIM C 9KCIIEPUMEHTOM
Mirabelle u moguepkHys 9Ty caMOCTOSTETBHOCTD, OCTABUB B KOMITETEHITHH
Halell jabopaTopuu OTAeNbHOE (DMHAHCHPOBaHUE, IITATHOE PAaCICaHMe,
MOMEIIEeHNsT, TaOeJbHBIN yUeT U MEPBUYHBIN yUET MaTEPUATbHBIX I[EHHOCTEN.
Meskty pyKOBOACTBOM OTJIE/Ia U PYKOBOJCTBOM JIAGOPATOPUH OBLIO 3aKJIFOYEHO
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®Doro 1. OnuH U3 TPOCMOTPOBBIX CTOJIOB,
KOTOPBIe paboTaJN B TPOCMOTPOBO-
nuaMeputeabuoM nearpe HUUAD MT'Y.
Beero ux B nentpe 6b110 16. [lokasaHHbIi
31IeCh CTOJI CeiYac UCIoIb3yeTCst
B CIIEIIMATIBHOM SI/IEPHOM TIPAKTHKYMe
(pu3uka BbICOKMX aHEPTUIT ) Kadeapbl
(usuku kocmoca.
Dotorpadust BITOTHEHA
c.H.c. B. 1. Pyznp

Doro 2. [Tpumep K'p-B3auMoneiicTBs, 3apEruCTPUPOBAHHOTO B Y3bIPHKOBOI KaMepe
RCBC CERN (RCBC — 6bIcTpo IUKJINPYIOIIAsa My3bIPhKOBast KaMepa YCTaHOBKH
European Hybrid Spectrometer).
®Dororpadus Beinostena c. . ¢. B. 1. Pyzap
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COOTBETCTBYIOIIEe COTJalleHne, KOTOPoe HEYKOCHUTENbHO BBITIOTHSIOCD.
[Taes DénopoBuY Beera JOBEPST CBOUM COTPYIHUKAM U He 0OpeMeHsiT ceOst
MEJIKUMU aJIMUHUCTPATUBHBIMHU JleJTaMU. TeKyTue BOIPOCHl, BOSHUKAIOIINE
B OTJIEJIE, OH PElial He3aMe[TUTEIbHO, He ToKuIasich coopanuii CoBera oT/erna.

ITo pesysbratamM 06pabOTKM AaHHBIX C IIy3bIPbKOBOI Kamepbl Mirabelle
6b1n 3amuiiensl Tpu Kaaauaarckux (A. C. Ilpockypsikossim, H. A. Kpyriio-
BbIM 1 Xanymad benurupas) u ogna foxkropckad auccepramnud (JI. H. Cmup-
HOBOIT). PaGoTa 110 CO31aHKIO IIPOCMOTPOBOIO LIEHTPA U PE3YIbTaThl UCCIIE0-
BaHWii, BBITIOJHEHHBIX HAa HeM, OB OTMedeHbl JIOMOHOCOBCKOII peMueii.

Mol ¢ ITaBiom DéxopoBrudeM HEOAHOKPATHO 00CYKAATN POJIb CTYIEHTOB
B paboTax, Be[yIuxcs B otiese. Ero oTHOIeHe K HeOOX0UMOCTH 00yIeHUsT
CTYJIeHTOB Ha Ga3e HalIero Hay4yHOTO OT/eJa OblJIIO UM BBICKA3aHO TaKIKe
u B 6ecesie ¢ B. H. EnbInHbIM BO BpeMst TIOCEIIEHUST TOC/IeTHIM HAIIET0 WHCTH-
TyTa. EpMOJIOB To1uepKHyJI 3HAYEHUE TPOCMOTPOBOTO TIEHTPA KAK JIJIS PETeH s
HAYYHBIX 1TPO6JIeM (DU3MKHU BBICOKUX 9HEPTHUH, TaK U JIJIsT OOyUeHMsI CTYIEHTOB
(pusuueckoro axkysbTeTa, A BHITTOTHEHNS UMW MTPAKTUKU U JIUTIIOMHBIX
pabot B 1abopaTOpUsIX OTAEA.

Meuroii [Tapna Déxoposrya ObLIO yYacTHe HAIIETO OTAEIa BO BCEX DKCIIe-
PUMEHTAX, BeYIINUXCsT Ha BOTBIIOM aipOHHOM KOJITalijiepe, Tak 4TO OH 0[00pH-
TeJIbHO OTHECCS K BKJIOYEHUIO Hateil mabopatopun B CMS-akcrepumMenT,
seaymmiica B CERN na Bosbinom agponnom kKosnaiigepe. OH 0q00puI Takxe
Hallle corJiallieHre 0 COBMECTHON /lesATeIbHOCTU ¢ yHUBepcuTeToM 1. Ociio
(Hopserus). Ceituac Hama gabopatopus yyactByeT B skciiepumente ALICE,
TaKKe COTPYAHUKH oTiesa paboratoT B akcriepumertax ATLAS u LHCD.



PABOTA CII. ®. EPMOJIOBbIM
B HUNAD® MI'Y

JI. H. Cmuprosa (HUHUAD MTY)

C I1. ®. EpM0JIOBBIM CBSI3aHbI IPKHE CTPAHUIIBI PA3BUTUS IKCIIEPUMEH-
TasbHON (hrsnuku Beicokux anepruit B HUMAD MT'Y. Uepnaunbie nmomernienust
30ubl b TmaBroro 3panus MIT'Y 6buti MecToM 6a3npoBaHUsT OT/IE/Ia BHICOKUX
sHepruii B 70-e Tozpl yiieniero Beka. HeBbICOKMIA, Masio 3aMevaronii OKpy-
JKAOIINX, COCPEIOTOYEHHBII B cebe YesIoBeK, ¢ OOJIBIITNM 3apsiioM BHYTPEHHEH
sHeprun — takuM s yBuzena [lasna Ménoposuua B 310 Bpemsi. OH TOKe pa3me-
CTUJICS Ha Yep/lake, HO C €T0 MOSIBJIEHUEM MMOIBUJIOCH OIYIEHNE TPSAYIAX
repeMeH.

Mbi paboTasi Ha HeOOIBIIUX TIPOCMOTPOBBIX cToJIax B cektope B. C. Myp-
3MHA C IJIEHKaM¥ JIByXMeTPOBOI mpornanoBoil kamepsl JIBD OUAN, 30-moii-
MOBOI 1y3bIpbKOBOIT Kamepbl FNAL, ctpumepnoii kamepst UTID (doto 1).
B 1978 roay st npucoeauamnaach K paboTaM Ha jK1IKOBOLOPOIHON I1y3bIPhKOBOI
kamepe Mirabelle 8 UDBI, [TporBuno, ox pykosoactsom JI. V. CapbrueBoit
U MHOTO BPeMEHH ITPOBOAMIA B KOMaHANPOBKax. B MockBe OBLIN OpraHmu30-
BaHbl pabOTHI 110 TPOCMOTPY TIeHOK Kamepbl Mirabelle, o6iyuennoit anTu-
nporoHamu ¢ umiyabcom 32 I'sB/c. Komnbiorepruas o6paboTka pe3yibTaToB
IIPOCMOTPA, U3MepeHus 1 (husrdecKuii anaau3 nposoauanch 8 MMBI, B mabo-
paropun A. M. MouceeBa, B HEIIOCPEJICTBEHHOM COTPY/IHUYECTBE C KOTOPBHIM
Besnch a1u paboter. Jlaboparopust JI. V. CapbiueBoii, HACKOJIBKO MHE H3BECTHO,
cpasy BOIILJIa B COCTaB OT/ieNa, co3naBaeMoro [TaBmom DEénopoBuuem.

YcrosiBimecs: CTPYKTYPbl MEHSTIOTCSE ¢ TPYIOM, HO OT PYKOBOAUTEJIS 1abo-
patopuu B. C. Myp3uHa s1 MHOTO CJIBIIIIaJMa TTOJOKUTENbHOT0 00 OpraHu-
3aIMOHHON JesaTebHOoCTH, pa3BepHyToil [laBiom DénopoBuyem. B nauane
80-x romos smabopatopust B. C. Mypsuna Boiwia B cocras otzena [1. @D. Epmo-
soBa. Kaskprit corpyiHuK 1abopaTopuu HMeJT IPU 3TOM ITPaBO BRIOOPa — Iepe-
XOMUTH B HOBBIW OT/IeJl WU HeT. Sl BocpuHSAIa 3TOT MEPEX0]] ¢ BOOLYIIEBIIe-
HUEM, O3KUIaHNEeM HOBBIX BO3MOKHOCTeH. HekoTopble COTpYIHUKY MTPETIouIn
ocTtaThcs Ha npeskneM Mecte. Ho u onu Boriu 3ateM B otzes 11 @. Epmosiosa,
MHOTO TI033Ke, TI0cJIe 001Iei OpraHu3alMOHHOM TePeCTPONKY (PU3MKU BHICOKUX
sunepruit B HUMAD. B ToT nepron mepcrekTuBbl, pazBepuyThie [laBaom
DénopoBrueM B CBSI3M C CO3/laHMEM HOBOTO MPOCMOTPOBO-U3MEPUTEIBHOTO
IIEHTPA B HOBOM KOPITyCe BBICOKMX 9HEPTHI 1 OpraHu3aIfeil y9acTrs B HOBBIX
MEXKTyHAPOHBIX 9KCTIEPUMEHTAX, CTATTH OYEBU/IHBI JIJIT MHOTHX.
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Doro 1. 3acepanue cexropa OBI, Gyuyuieit saboparopuu HelitpuHHoii pusukun OIDBI
oz pykoBozctBoM pod. B. C. Myp3suHa, 110 06¢ysk1eHn0 00pa3oBaHus CTPUIIIMHTOBBIX
(bparmMeHTOB BO B3aMMO/IEHCTBUSIX YCKOPEHHBIX siziep ¢ sipamu mutiern, 1980 r. Ha doto:
B. C. Mypaun, C. 0. Cusoknokos, JI. H. Cmupnosa, C. 1. JTiotos, H. H. Menbiukosa
(OUAN), 1. H. Epodeesa

B. C. Mypsun rtecuo obmascs ¢ I1. @. Epmososeim. ITasaa Déxopo-
BUYA MpHUBJIEKaIa mupokas apyauinst Bragumupa Cepreesuua. O6beuHsLI
ux u obuwit uaTepec K dpusuke wHerpuno. [To nnurmaruse Iasaa Mémopo-
Buua saboparopust B. C. Myp3una Hauajia y9acTBOBATh B 9KCIIEPUMEHTAX
¢ HelTpuHHbIMU yukamu B D BO: Ha 60J1bIoi my3bIpbKOBOi Kamepe «Ckar»
¢ B. B. AmMocoBwiM 11 B akcriepuMenTe E128, rie B3aumoeiicTBus HeHTPIHO
PErucTpUPOBAINCH B CTOIKE S/1€PHOIN (DOTOIMYJIBCUN U U3MEPSLIINCD 110 1ieJIey-
Ka3aHUIO 3aPETUCTPUPOBAHHOTO Tpeka MiooHa. 1. @. EpmosioB nojep:kuBat
pabotsi 1o poexty B. C. Mypsuna «BATICC», rje mianupoBajoch periucTpu-
poBaTh TpeKn MIOOHOB B Bojie 03epa Mcchik-Kysb 0T paccessHnii KOCMUYECKUX
HEWTPUHO U HelTpuHHOTO Myuka n3 FNAL, nporie/miero yepes Tory 3emrn.
ITo npemnoxenuto I1. M. Epmososa B8 1989 roay maboparopust B. C. Mypauna
Havasia paboTel B aKkcrieprMenTe E632 1o m3amepeHuto B3auMOo/IeiCTBIIA HEHTPUH-
Horo myuyka FNAL, e aneprus neiitpuno gocrurana 500 5B, makcumaibmoit
TOT/Ia 9HEPTUN JIJIsI HEUTPUHHBIX MTyYKOB. Bee 3T paboThI TOCITY KN OCHO-
BaHUeM JIUIsl iepenMenoBanust jaboparopun B. C. Myp3auna B 1abopatopuio
HEUTPUHHON (PU3NKHU, KOTOPOE OHA HOCUT TIOHBIHE.

I1. @. EpmoJioB Best paboTy 0JHOBPEMEHHO 110 MHOTUM mpoektam. Camo
cosanue OOJBIIOTO UBMEPUTETBHO-BBIYUCAUTENbHOTO IeHTpa B HUUAD,
CpaBHMMOTrO 110 MaciTady ¢ aHajornuubiMu eHTpamu MDOBI u OUAN,
TpeboBao GOBIINX OPraHU3alMOHHBIX yeuauii. Kpome maMepuTeabHbIX
pubOOPOB TPeOOBAIOCH Pa3BEPHYTH KOMITBIOTEPHBIE YCTAHOBKH JIJISI COTIPO-
BOKIICHUS MIPOIlecca U3MEPEHUI, CO3/1aTh BBIYUCIUTEbHbII IIeHTP Ha Gase
JIOCTYIIHBIX B TO BpeMs1 MatnH kjaacca EC. MHe Tpy/iHO IIpe/icTaBUTh, CKOJIBKO
cut Bee 310 TpeboBasio ot [Masia MEnopoBrya, HO CO CTOPOHDI, KaK s TOT/IA 3TO
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BOCHPUHUMAaJA, Maciitab paboThl GBI KOJOCCATIBHBIN, B Hee ObLIO BOBJIEYEHO
JI0 COTHM YeJIOBEK, MOKET Jaske GoJiblie. B 1eHTpe MM u3MepeHust MIeHOK
C BEPITMHHON BOJOPOIHOI Kamepbl EBPOIIeiicKoro rubpuiHOTO CIIEKTPOMETPA,
kamepsl Mirabelle, nByxmerpoBoit mponanosoit kamepst OUAU u apyrux.
PaspabarbiBajiich CCTEMbI CKAHUPYIOMIMX TPUOOPOB JIJIsi aBTOMATHYECKIX
M3MEePEHUIT TIJIEHKH C TIPUBJIEYEHUEM JPYTUX UHCTUTYTOB.

Jlaboparopueit neitrrpunnoit husuku B. C. Mypsuna ¢ 1989 roza B 1ieHTpe
BeJINCh U3MepeHus 1aeHoK ¢ 15-yToBoit my3bipbkoBoit kKamepbl FNAL (doto
2), 3aII0JIHEHHOW HEOH-BOJOPOJHON cMechio. BhicOKasi MHOXKECTBEHHOCTD
cobbITHit (110 20 TPEKOB 1 BBILLE), HEBO3MOKHOCTD IIPOITYCKA COOBITHIA € ILIIOXIM
Ka4ecTBOM M300pakeHuUsT U3-3a KOHTPOJISI COCTaBa IyYKa, 0COOEHHOCTH TPEKOB
B TIJIOTHOM cpejie KaMepbl — BCE 3TO CO3/[aBAJI0 MHOKECTBEHHBIE TPYAHOCTH
MIPU U3MePEHUIX. BosbIIoil BKJIa B TPOBe/IeHNe NU3MEPEHWI BHECU COTPY/I-
Huky Hareil taboparopun . H. Epodeesa u O. 10. Jlykuna. Okosio gByX Jjiet
HAIPSIKEHHO pabOThI MOTPeHOBAIOCH JIJIST 3aITyCKa MOJTHOM cucTeMbl 00paboTKI
HelTpuHHBIX coObITHi. [To pe3ysibraTamM aHaM3a HaHHBIX O/ PYKOBOJICTBOM
B. C. MypsuHa Obliia 3aluiieHa Kanauaarckas auccepranust E. Bararu.

Doto 2. Dotorpadust B3BaUMOIEHCTBIS HEUTPUHO ¢ HEOH-BOOPOIHO# cMechio B 15-hyToBoi
my3bIPbKOBOIT Kamepe B axcriepumente E632. 113 Nuclear Physics B, 36, p. 557
©1994, Elsevier

[Taia MénopoBrYa MHTEPECOBAIN HEKOTOPbIe 0COOEHHOCTH paciipeieie-
HUI HEUTPUHHBIX cOObITHIT. OH MbITAJICS TPUBJIEYb K HUM BHUMAHVE, HO TPOIIECC
06paboTKy TpeboBaJ CIAUIMKOM GOIBINNX YCUJIUH, 1a ¥ CTATUCTUKA DKCITe-
pumenTa 6bia HeBesnka. OMHAKO HAM 9TH PabGOTHI TOMOTJIN TPUOGpecTH
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OTIBIT TIPSIMBIX MEK/YHAPOIHBIX KOHTAKTOB. PyKoBouTEIEM 9KCTIepUMEHTA
E632 6pu1 /1. P. MoppucoH, 3acayskenusiii corpyaauk CERN, pykoBoauTesn
M YYaCTHUK MHOTUX 9KCIIEPUMEHTOB Ha My3bIPbKOBBIX Kamepax (doto 3). On
y/IeJIs1J1 MHOTO BHUMAaHUS POCCUMCKUM yJacTHUKaM IpoekTa. VIMeHHo 1o ero
cosety B Hayasie 1992 roga MHOIO OBLJIO IPUHATO PelieHKe TPUCOEIUHUTHCS
K 1ipoekty Bosbinoro agponnoro kosaiizepa (BAK). I1. @. Epmosio nipotus

9TOrO MPEAJIOKEHNA HE BO3PpasKaJl.

Doro 3. Yuacrnuku coernanus akcriepumenta E632 B UTO® (navano 1990-x rr.)

Moii nepBbiii HertocpecTBenHblit KoHTakT ¢ [1. @. EpMosioBbiM cocTosiicst
B CBSI3U C MOJTOTOBJIEHHOI MHOIO IOKTOPCKOII uccepraiueii « KBapkosbie
a(hdeKTH BO B3aUMO/IEHICTBUSIX aHTUTTPOTOHOB C TTPOTOHAMY TIPU UMITYJIbCE
32 I'2B/c». EpmosioB noasiepskan samuty auccepramuu. B 1990 romxy pesyiib-
TaThl UCCIIE0BATEIbCKIX paboT Ha Kamepe Mirabelle BMecte ¢ paboramu [Tasia
DénopoBuya 10 CO3/IAHNTI0 U3MEPUTENHHO-BBIYUCIUTETHHOTO KOMILJIEKCA
6bin ynocroensl Jlomonocosckoit npemun MITY. Ee maypearamu cranu
I1. ®. Epmosios, H. A. Kpyruios u st (hoto 4). JI. V. CapbrueBa, pyKoBOAUBIIIAs
paboramu HUMAD na kamepe Mirabelle, yske ObL1a jiaypeaTom 10 ipeMun
Y He MOTJIa BOUTH B aBTOPCKUH KOJIJIEKTHB.

B 1988 rozy I1. @. EpMosioB npeioxua Mie B3sTh Ha pabory Depy Pusar-
JMHOBY, 3aIIUTUBIITYTO B 9TO BPEMSI TIOJ] MOMM PYKOBOJICTBOM JIMTIJIOM, U TIPHUCO-
eIMHUTBCS K coTpyaHndecTBy EBporeiickoro ru6puasoro criekrpomerpa (ET'C)
110 akcrepuMeHTy NA-22, 910 GbIJIO TIOUETHBIM Hpe/IoKeHreM, paboTer mo EI'C
MMEJIU B OTJIesie TPUOPUTETHBIN cTtaTyc. Mbl ¢ DJiepoii 3aHsIIUCh NCCIe10Ba-
HUEM KOPPEJISIINI 3aps’KeHHbIX YaCTHUI] B 3/[POHHBIX B3aUMOJICHCTBUIX MTyYKOB
MOJIOKUTENBHO 3aPsiZKEHHBIX TTHOHOB, KAOHOB U MTPOTOHOB € UMITYJIbcOM 250
I'sB/c (dporo 5). Beibop temsr padot I1. @. Epmosios e orpannumsan. Haium
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. IUTLJIOM

JIAYPEATA JIOMOHOCOBCKOM ITPEM

Yuennit Coser
MOCKOBCKOI'O S5
FOCYIAPCTBEHHOIO YHUBEPCUTETA

umenu M. B. Jlomonocosa

pewenuem ot 12 Hos6pa 1990 roza
npucyaur npemmio umernn M. B. Aomon

BTOPOH CTemneHu
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IPOQECCOpY, HAYAABHHKY OT
Hayuno-nccaesosateabckoro |
SAAEpPHOK (PU3HKH,
KPYT'AOBY Hukoaaio Aaex
CTaplueMy Hay4YHOMY CO!

- CMMPHOBOW Auzun Hux
BeZylleMy HAay4HOMY C
paboTHMKaM TOro ke HH
3a UMKA pabor

BAHHE MEXAaHW3MOB MHOXKE
CTHL B Pp-B3aUMOAENCTBUSX NP

Jaunbit zunrom

EPMOAOBY

Dorto 4. [Tutiom JIaypeaTa Jlomonocosckoit mpemunt MT'Y, npucysxaentoit I1. D. Epmosiosy,
H. A. Kpyrsosy u JI. H. Cmupnosoii B 1990 roz[z 3a LIUKJI MCCIeI0BaTEIbCKUX PAbOT Ha KaMepe

Mirabelle

Pe3yJIbTaThl B BUJIE PUCYHKOB, HOCTPoeHHbIX DJ1epoil, MPUCyTCTBYIOT BO MHOTHX
O630an 110 MHOFOqaCTI/I‘{HOﬁ ANHaMUKe. BI)I.TIO ITOKa3aHO COBITa/[EHUE KoppeJIH—
IIUOHHBIX (DYHKIINI 3aPs)KEHHBIX YACTUIL B /]POHHBIX COYIAPEHUSX U TIPOIECCEe
ete” AHHUTUJIATINN. BHepBbIe 6BIJIO NCCJIeIOBaHO IIOBE/JECHUE KOppeJIHI_[I/Iﬁ
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110 OBICTPOTE B 3aBUCHMOCTH OT TIONEPETHOTO UMITYJIHCA YACTHUI] U A3UMY-
TaJIbHBIX YIJIOB TIAPBI YACTHUIL. BOJIBIIYIO TOMOIIb B BBIIOJTHEHIH PadOT OKa3all
B. Kurrenn, pykoBoautesnn akcriepumerTa NA-22. B aTom coTpyaHnyecTse,
ydacTueM B KOTOpoM Mbl 00s13anbl [laBiry DEmopoBUYy, MBI TAKKe MOJTYIIN
I[IEHHBIT OITBIT HETIOCPEACTBEHHO PabOTHI ¢ 3apyOEsKHBIMU KOJIIETAMH, TIO/I0-
TOBKH CTaTeil JIUist myOJUKAINK B 3apyOeKHBIX JKypPHATIAX. DTOT OIBIT MPUAAIT
MHe yBepeHHOCTH /7151 yuactus B ipoekte LHC.

Doro 5. YuukanbHoe cobbitue K p-szaumoneiictsus npu 250 5B /¢, 3aperucrpupoBantoe
B akciiepuMente NA-22, rie 10 3apsskeHHBIX YaCTHIT POAIINCH B Y3KOM UHTEPBAJe
10 nceBao6bicTpoTe. CHUMOK ¢ OBICTPOILMKIUPYIOLIEI BOAOPOIHON My3bIPbKOBOI KaMephl —
BEPIIMHHOTO feTekTopa skcepuMenta NA-22. 113 Nuclear Physics B, 36, p. 552
©1994, Elsevier

[Tepsoiit pasrosop o nmpoekte LHC ¢ IlaBnom MénxopoBudem cocTosIICs
B HavaJsie 1992 rona, korma s BepHyJIach ¢ COBENAHUS 1O 3KCTIEPUMEHTY
E632, npoxomausiiemy B Can-@paniucko. Jletena st tyna Aapodiorom yepes
XabapoBCK U ¢ ABYMs JOIOJHUTENbHbIMY Nepecagkamu. Ceituac TpymaHO
IPe/CTAaBUTh cebe OMIYIEHNsT TOTO BpeMEHH, KOT/[a OBIJITN OTIIYIIEHbBI 1[€HbI
u craju 6ojiee OUeBUIHBI KOHTPACTHI JKM3HU B IIpejie/iaX Hallell cTpaHbl,
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KOTOPYIO 1 Tlepeceksia B 06a KOHIIA, ¥ B CPaBHEHUH ¢ 3apYOEKHBIMU CTPaAHAMYL.
bBrino sicHo, 4TO Hala HayKa MOJKET YIleJIeTh TOJIBKO B TECHOM COTPY/IHUYE-
CTBE C 3aMaJ[HBIMU ITPOEKTAMU. IT0XA IKCIIEPUMEHTOB € UCIOJb30BaHNEM
My3bIPbKOBBIX KaMep Moaxoania K KoHiy. Baagumup CepreeBud Myp3un
BOCTOP’KEHHO PacCKasbIiBaJ B Hatiell 1aboparopuut 06 YHUKaJIbHBIX KPEeM-
HUEBBIX JIETEKTOPAaX, COBMEIEHHBIX C 3JIeKTPOHUKOW CUUTHIBAHUS CUTHAJIOB,
paspaboTKoii KoTopbix 3anuMascs Ilasen Ménxopouy. Yike Oblia co3gaHa
naboparopus 1o pa3paboTKe TaKUX JeTEKTOPOB. ITO ObLIM NpoekThl Ilasia
DénopoBuua, ero geTekTopbl. B Hamreil mabopaTopuu 1mox pyKOBOJACTBOM
B. C. Myp3una co3iaBajnch ra3oBble JeTEKTOPHI JIJIsI HEUTPUHHOTO MTPOEKTA
Ha kosnaiizepe MBI B [IporBuHo. bhija cienana mombiTKa MPeAI0KUTh
ux juist axcrepumMenToB B MepmueBckoil HarmoHanbHOU tab6oparopuu CIITA.
TewM He Metee, COOCTBEHHOTO MEPCIIEKTHBHOTO MEK/IYHAPOAHOTO MTPOEKTA Y HAC
He 6b110. Bee Mou moes1ku 3a py6Gesk TIPOXOIHIIH 110 TIPUTTIAIIECHUSIM U 32 CYET
3apyOesKHBIX KOJLJIET, TOITOMY JIJIsl HOBO# pabOTHI MHE MPEACTOSIO HAYaTh
cobcTBenHbIN TpoekT. O6Iazass IUIb ONBITOM PabOTHl HA TTY3bIPHKOBBIX
KaMmepax, TPYAHO PEIINThCS HA CAMOCTOSTEIbHYI0 PabOTY € IETEKTOPAMHU, JaxKe
€CJIM eCTb OILyIIeHNe OPTaHU3AIMOHHOI COCTOATEIbHOCTH. MeHs nojepskanu
Te, KTO MOT BBITIOJTHATD Takue paborsr: Basepuii JKykos, Anexcanup Jlapuues,
Spocnas TpumkeBud. ITo GBI XOPOIINiT KOJJIEKTUB. BBIIO MOATOTOBIEHO
MUCHMO OT UMEHU TUPEKTOPA UHCTUTYTA C TPOCHOOI BKIIOUYUTH MOIO TPYIIITY
B skcnepuMenT CMS, opranusanionnoe copelianie KOTOPOro MpoxXo/ 1o
B /lyoue B hespasie 1992 roga. Tam ke Oblia omipe/ieieHa METOIMKA, 10 KOTOPOI
rpytina Oy/ieT y4acTBOBaTh B IpoeKTe « BHyTpeHHUI TpeKep ¢ NCTI0/Ib30BaHNEM
MuKpocTpunoBbiX ra3oBeix kamep (MCI'K)». [Tocie Bosspanienns B MockBy
U opranus3oBanHoil MHOIO BcTpeun [TaBina DénopoBuya ¢ mpepcTaBuTeieM
CMS EpmoJioB cobpasi coBelanue ¢ 1MeJIbI0 BBISICHUTD, YTO MPEACTABIISIOT
coboii atu gerekTopbl. Hekoropoii madopMalmeil o HUX paciojarai ToJIbKO
Basepuii JKykos. [TpuHIunmua bHbIX BO3pasKeHUH 110 Oyayiieii paboTe BbICKa-
3aHo He Obl10. Ha TOM 1 pasorivce.

Xouy oTMeTHTh BHUMaTeabHOe oTHONeHue [TaBma DénopoBnya K HOBBIM
MPEATOKEeHUSIM, €T0 TOTOBHOCTH MO//IepKaTh MHUIIMATUBY. Masio KTo 3HaJT
06 MCTK, 510 6BLT COBCEM HOBBII THIT MIPENU3UOHHOTO JIETEKTOPa. YdacTue
HOBBIX IPYIII TIPUBETCTBOBAIOCH. MbI OBICTPO HAIILIN KOJIIET [JIst COTPYHMU-
JyecTBa 10 pa3paboTKe aTUX AeTeKTOpoB B MockBe 1 3a pybeskom (¢oto 6).
[Moayunsau rpartel INTAS, NWO. Cobpasii MCIbITaTeIbHBINA CTEH], CTAJIH
M3rOTaBJINBATD IO/JIOKKH JIeTeKTOPa, HAHOCUJIN Ha HUX CTPUIIOBYIO CTPYK-
TYPY /It BBITIOJTHEHUST U3MEPEHHUIA, CAeTaa HeOOXOIUMYTO Ta30BYIO CUCTEMY
(dorto 7). Banepus JKykosa cpady npuraacuuau s pa6orsr mo MCTK
B CBOGOHBII yHUBEpPCUTET T. Bpioccesb, HO Hallle COTPYAHUYECTBO ¢ HUM
npozoszkanock. CBOGOIHbIN yHUBEpCUTET Bproccesist OblI HATMM HapTHEPOM
eme B HeliTpuHHOM akcriepumMente E632. S paboTaia B HeM HECKOJIBKO MECSIIIEB
B 1990-1992 ronax mo nmpuriamennio yHuBepcuTeTa. beia moaroToBieH
oroBOp 0 coTpyanudectse,  [laBesn MEnopoBuy MoceTusr ATOT YyHUBEPCUTET
B 1993 .

[Tnanupyst yuactue B ipoekre LHC, s1 paccunTbiBasia Ha CHIIBI IaAOOPATOpPUN
B. C. MypsuHa, crpeMuiach 00ecIiednTh J0JATOBPEMEHHOE HallpaBJieHIe PabOThI
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Doro 6. O6cyskIeHne KOHCTPYKIIME MUKPOCTPUITOBON Ia30BOM KaMepbl HA COBEIAHNH

B IIpare B 1994 roxy. Corpyanuku OIMBI JI. H. Cmupnosa, B. 10. JKykoB u yuacTHUK

COTPYIHUYECTBA 110 pa3padOTKe MUKPOCTPUIIOBBIX Ia30BbIX KamMep 13 Bemnkobpuranm
(Liverpool group) J. N. Jones

i,
/‘,“m’,l‘#

Doro 7. Ycranoska O9DBI HUMAD 110 usyuenuto ahdHexToB crapeHust ApeiihoBbix TpyOOK
TPEKOBOTO JleTeKTopa TepexoaHoro uaaydenus skcriepumenta ATLAS (1990-e rr.)
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B saboparopun. Jletom 1992 rozna Iases MEROPOBUY MPETIOKII HAM TIEPEiiTH
B 1pyroii akcriepument, Oyaymmit ATLAS. B CMS npezcrosiio paborats Jabo-
patopuu JI. V. CaporueBoii. Beiio tTpyano paccraBatbes ¢ moabmu us CMS,
MBI y3Ke ycTesau noApykuThes. Ho Bce moHMMasm, 4To B TaKUX MTPOEKTaxX He Bce
sasucut ot Hac. B ATLAS Tlasen @énopoBuy 06beANHNUII CUJIBI TPEX JTabo-
paTtopuii: KpeMHUEBBIX I€TEKTOPOB, 3JIEKTPOHUKU U HEUTPUHHON (DUIUKH.
o dusukny vactun va LHC 6b110 TOT/IA eliie 0YeHb AaleKko, Kak 0Ka3ajioch,
MOYTH [BA/IATD JIeT. S ToToBa Oblia K IECSTH TOIaM, HO U 9TO Ka3aJl0Ch OYeHb
6osbinuM riepuoom Bpemen. I1. M. EpMoioB mopy4ui MHe KOOPAMHUPOBAThH
texymie pabotel B ATLAS. CoTpyaHnYecTBO CTOIb PA3HOPOIHBIX KOJLIEKTUBOB
OBLIIO TIPEUMYIIIECTBEHHO OPraHnU3aIllMOHHBIM. Kayk/IbIil 3aHUMAJICST TPUBBIYHBIM
HarpaBieHneM padoT, TeM 6oJIee YTO KPEMHHUEBBIE IETEKTOPbI YiKe IPUMEHSIINCH
EpmonoBeim B Heckonmbkux akcriepumenTax — ZEUS B DESY, D0 na Tevatron
u apyrux. Okaszanock, uto ATLAS Toke BK/II0OYaeT MUKPOCTPUIIOBBIE Ta30BbIe
KaMepbl KaK 4acTh BHYTPEHHETO /IeTEKTOpa. ITO 0O3HAYAJIO, YTO HAIlIA TPYIIa
sutysuacToB MCI'K mosker Haiitu cebe npumenenre B ATLAS. PykoBojicTBO
ATLAS noanepzxano aty nnunmatuby. Corpyanudectso MCI'K — ATLAS
IPUHSJIO HaIly IPYIITY B CBOW KOJIeKTUB. [[Be apyrue sabopatopun paboraim
B COTPYZHIMYECTBE MUKPOCTPUTIOBBIX KpeMHUEBBIX /ieTeKTopoB SCT — ATLAS.
[Maes MERopoBUY MBITAJICS BKIIOYUTH MEHST B pabOTY 10 KPEMHHUEBBIM JIETEK-
TOpaMm, HO paboTaTh B 4ys;KOM JTabOPaTOPUU OKA3aI0Ch HEBO3MOKHO. OIBITHbIE
COTPYAHUKHU C HEJIOBEPUEM OTHOCUJIMCh KO MHE KaK CHEIHAJUCTY JAPYTOro
npoduis, Gpusuky, a He Meroaucty. HysKHO GbLIO caMUM HaXOAUTH U JI€IaTh
paboty, HeobxoauMyto /st cos3aanus gerektopa ATLAS. OxHoBpeMeHHO
HY’KHO ObLIO paspabaThiBaTh MaTeMaTU4YeCKoe obecliedeHne 1 ajrOPUTMbI
aHas3a JaHHbIX B akcriepumenTe ATLAS. 9rta pabora Briodaia u pa3padoOTKy
[POrPaMMHOIO obectiedeHust, u (PU3MIECKYIO IPOrpaMMy OyAyIINX U3MEPEHUI.
Bce aT0 TpeboBasoch A MOATOTOBKH MPOEKTOB sKciepumenTa (doro 8),
npoxoxaerust KoHKypcoB komutera LHC 8 CERN (LHCC). Heob6xoanmo 66110
MOJIYYUTh U (DUHAHCOBYIO TIOJJIEPIKKY POCCUMCKON CTOPOHDI.

C Moeil TOUKH 3peHwsl, 371ech ObLI0 cepbesHoe ormure mpoekTa LHC ot pabor
B DESY u na Tevatron. B Tex akcriepuMeHTax /ieJio IMeTH ¢ HallHOHAJbHBIMU
smaboparopusiMu, rie OblIa onpejaeaeHHas cBoOoa IPUHATHS (PUHAHCOBBIX
cxem yvactust B mpoekte. Ha LHC B ATLAS npasuiia Obuiv 00IIMMIE IS BCEX.
Kaskprii prHOCHIT cBOE (hHaHCHpOBaHuMe /st obectiederust cBoux pabot. Eciun
pabory omraunBaia 3apybeskHas 1abopaToOpus, a BHIIOIHSIACH OHA HALIMMU
COTPYIHUKAMHU, 3aCYMTHIBAJIACH OHA Ha cYeT 3apyOexkHoit mabopatopun. Cxema
ydacTust Kaxa0ro pocceuiickoro wactutyta B ATLAS obcyxkaanach cHadaia
Ha pabounx coBemmanusix poccuiickoit yactu ATLAS, motom ¢ pykoBoanTeem
npoekta. Y o111 06Cy:KIeHUsT TPOXOAUIN MHOKECTBO UTEPALIUIl ¢ U3MEHEHUEM
CaMOoro ITPOEKTA, CPOKOB, 00Tl CTOMMOCTH, U3MEHEHUSI 1IeH, UTO OBLIO 0COOEHHO
XapakTepHo /i1 Poccuu B TOT 1eproj BpeMeHu, 0co0bIX cXeM (prMHAHCHPOBAHUS
MMPOEKTa POCCUMCKON CTOPOHOM.

[TaBesr MémopoBuy jiesia CTaBKy Ha MUKPOCTPUIIOBbIE KDEMHUEBBIE JIETEK-
TOPBI KaK OCHOBHYTO MeTOMKY st yuactus B ATLAS. PykoBojacTBo akciepu-
MEHTa He MOJIeP;KUBaIo 9Tol nHunratuBbl. Kak mpoxomauan pabotsr B SCT,
MHe He n3BecTHO. Ho nMenHo BXokenne rpynibl B corpyaandectso MCI'K
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Doro 8. YuacTHuku coseranus 1o skcrnepumentam Ha LHC, Iy6Ha, 2000 r.
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nocay:kuyo ocHoBoii asst npucyrerBuss HUMAD MIY B ATLAS. B nanb-
HeiitreM, koraa B 1995 rojy cTajio sicHo, 4To 9Ta METO/IMKA He OY/eT UCII0Ib30-
Batbcsl B ATLAS, mameit rpyrine mpesioxkuian BOUTH B IPYTOH TIPOEKT BHYTPU
9KCIIEPUMEHTA, B KOTOPOM OBIJIO IOCTATOYHO CUJIIBHOE POCCUICKOE TTPUCYT-
ctBre. CYNTANOCh, UYTO OJIMH YHUBEPCUTET HE B COCTOSIHUM CAMOCTOSITEJIBHO
y4acTBOBATh B GOJIBIIOM TIPOEKTE U (DUHAHCOBO, U M0 KOJNYECTBY YUACTHIKOB.
Jlsist Toro 4TOOBI COXPAHUTD TIPUCYTCTBUE TPYIINbI BO BHYTPEHHEM JIETEKTOPE
yCTaHOBKH, ObLIT BBIOPAaH TPEKOBBIiT fieTeKkTop nepexoaHoro uaaydenus (TRT).
I1. ®. Epmosios nopep:kai atoT Beibop. Itot mnepuos pabotsl 8 ATLAS 6bii
CJIOJKHBIM. Y CIIEIITHOMY €0 IPEOI0IEHNIO B OOJIBIION CTEEHN COAEICTBOBAIO
yuacrre B. V. CaBpuna, K KOTOPOMY st 00paTHIach 3a MOJJIEPKKON B TIEPETOBOPAX
c [TaBmom DénopoBruem.

Hawm npunuiocs HailTh cBoe MECTO B IIPOEKTE W BBIITOJIHUTD MOJTHBIA ITUKJI
pabot o coszpanuto gerekropa TRT: oT «kejre3a» [0 TPOrpaMMHOro obecrie-
uenust. Cozmanue mporpammuoro obecrieuernsi ATLAS Mbr mpoBonim Tak:xke
B MOJICUCTEME TPHUITEPA BHICOKOTO YPOBHSI U B paMKax pa3paboTKu (hU3NUEeCKOi
MPOTPaMMBbI HKCIIEPUMEHTA TI0 M3YYEHUIO PEIKUX pactanoB B-me3oHoB. 3amaua
110 U3YYEHUIO PEIKKIX PACIIOB OJIN3KO MepeceKasach ¢ paspaboTKON MIOOHHOTO
TPUTTEPA BBICOKOTO YPOBHS. ITO MO3BOJISIIO MOMyYaTh (DITHAHCOBYIO MTOIEPIKKY
nst komanaupoBok B CERN st . K. Pusaraunosoii u C. FO. CuBOKIOKOBa,
KOTOPBIM MBI 00sI3aHbI COXPAaHEHNEM HATPABIEHUs (DU3UIECKOTO aHATN3A
9KCIIEPUMEHTA HOBOTO TIOKOJIEHNUST B HaIllel JTabopaTopuul U MOJIETUPOBAHUEM
uccienoBanuii B-dusuku va LHC B nenom. @usnueckuii aHaina He MOTydast
(punaHCcOBOM TOIEPKKM HU OT poccuiickoi ctoponsl, HU oT ATLAS (doto 9).
[Tpuxomunock UCob30BaTh BHYTPEHHUE PECYPCHI, T. €. SHTY3Ua3M.

Doto 9. JI. H. Cmupnosa, A. C. Bosmbipes, C. 0. CUBOKIOKOB 06CYKIAI0OT PE3YIbTATHI
MO/JICJINPOBAaHUS PeKOHCTPYKINN B*-Me30H0B B akcniepumente ATLAS

O6parenne k B-dusuke npousonwio we ciaydaiino. Enie B camom Havyase
opranuszanuu pabot Ha LHC mHe ObLI0 TIOHSTHO, YTO [JIsT yYaCTUsI B AaHAJIA3€
Oy/IyIIero aKCIeprMEHTa HYKHO HMETh CEPhE3HYI0 TEOPETHYECKY10 Ha3y, OHOI
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dberomeHooTHE Gy eT MaJo. [IpUMEPOM TIOCIYKIIIO TECHOE COTPYIHIUYECTBO
[TaBa MémopoBuya ¢ TeopeTuKaMu B 9KcriepuMeHTax Ha Tevatron u B DESY.
O6cyxnenust ¢ B. A. Auucosuuem uz [TVSD B 1. TaTyrHa MO3BOINIIN OTIpEIe-
JIUTHh BO3MOKHYIO OPTaHU3AIMOHHYI0 OCHOBY TaKOTO COTPY/IHWYECTBA. BbLIo
peleHo, 4to B Moeii mabopatopun HauHet paborats /1. V1. Menmxos. Ho mipe-
cTOs1710 TIosyunTh corsacue [laBia Ménoposuua. OH 0YeHb PEBHUBO OTHECCS
K 3TOMY TIPeJJIOKEHUIO U JI0JITO He JjaBaJ pazpenieHus. Toabko mocse ero
mnuHoi Berpeun ¢ [1. V1. MeanxoBbIM BOIIPOC O 3a4MCAEHUH PEIIICS OBICTPO.
Nmenno Toraa, 8 1993 roay, mbl pemnuin paborats B B-dusuke u Boi6pain
UCCJIEIOBAHUS PEAKUX PAcagioB B-Me30H0B. DT0 OBLIO COBCEM HOBOE HAITPaB-
aenne. B 1995 roxy B smaboparopuu nosiusicst Moit actimpant H. B. Hukurun.
He nmMmesa BosmoskiocTu B Teuenue 1atu et Bole3katbh B CERN, on 3annmascsa
TeopetrndeckuMu paboramu B obsactu B-busuku. Takum ob6paszom, Hara
rpy1ia BHecCJa TOCTOWHBIN BKJIAA B pazBuTue dhusnyeckoii nporpammbr LHC,
4TO OTPAKEHO B JIOKYMeHTax npoekra. KoreuHo, atu paboThl OBLIN TaKKe
onobpenst [TaBrom DénopoBuueM. 3ech He TPEOOBATIOCH OJTUX PA3TOBOPOB.
Pemrenust ITaBen DénopoBuy mpuHUMAa OBICTPO U BCET/IA B TTOJIb3Y PA3BUTHS
Hayku. J[ymalo, 4To Halll CKPOMHBII 00beM MaTtepuasbHoro ydactuss B TRT
ATLAS, onpenesnstiornuii HeOOJIBITOE KOJUIECTBO YIACTHUKOB HKCIIEPUMEHTA,
U ycuexu, 10CTUrHyToie B B-dbusuke, nogronknynu IlaBna @énoposuua
K yuaactuio B skciepumente LHCb.

Mte TpyAHO TPeICTaBUTh, HACKOJBKO CJI0KHOI Oblia 3ajiaya mpucoe/n-
nerust k LHCb. Ho B 210 Bpemst yike 3aBepinninch ocHoBHbIe paboThl B DESY,
ObLIT cO3/IaH KPeMHUEBBIiT 1eTekTop B akcriepumenTe D0. Oueuto, uto [Tasiy
DénopoBuuy TpeGOBAIOCH HAWTH HOBOE TOJIE JIJIST IPUIOKEHUST CBOUX CH,
CBOETO 9HTY3Ma3Ma B PelleHNN 33/1a4, CO3/IaHUU HOBBIX JIETEKTOPOB.

Most nocenusist Berpeua ¢ [asiaom Dénoposuuem Oblia 3HAMEHATETHHA.
Omna npomnaa B8 CERN, kyna on npuexan B ¢espaisie 2008 roga BmecTte
¢ M. M. MepkunbiM [17ist 006CysKIeHUst cBoero yuacTust B akcriepumente LHCb.
Briso BUHO ero BoTHEHNWE B OXKUITAHWY TTEPETOBOPOB, TIPUHATHS PEITEHUI.
Hamu yyactaukn skcniepumenta ATLAS Cepreit CuBoxkisiokoB, Kornctantin
Tomc u g npuraacusau [TaBra @énopoBuua Ha MUHU-OaHKeT B Kaderepun
CERN otmeTuts ero npuess. OH ¢ pajlocThio IPUHSJ HAIlE MPUTJIANeHNE.
Koneuno ke, [TaBesr MEénopoBuy He MOT OTKA3aThCsl OT BO3MOKHOCTH 3aKy-
PUTH, U MBI Pa3MECTUJINUCDH B OTPAKIEHHOM CTEKJOM IIOMEIeHUN TOCpen
kadeTepus, OTBeIEHHOM /I KypsnuX. B maMsaTu HaBceria ocTaics Topsauit
unrepec Iasia Méxoposuua B aToii 6ecese k pusuke Ha LHC. Ilepesxknsas Beeii
Ay1oii 3a pekoHcTpyKinio TpekoB Ha CB/I, on ¢ mpucTtpactrem pompanmbad
HAC 0 TOM, Kakas ke Oyzaer MHOKkecTBeHHOCTD TpekoB Ha LHC. ITorpyskennbie
B MIOOHBI, MBI HE MOTJIA COOOIIUTH €MY 3TO YUCJIO0. ITO OUEHb PAa304apOBaJIO
[TaBna MénopoBrua. Bee BpeMst Hallleil BCTPeUn OH CO CTPACTBIO MTPOIOJIKAI
TOBOPUTH O CBOEM HOBOM ITPOEKTE, O (PU3HKe.

Bo Bpems aToro Bu3nTa MHe Takke yIaJIoCh OpraHn3oBaTh BeTpeuy [laBma
dénopoBuua ¢ ero gaBHuM Apyrom I'eprom Xapuresom. Boir o6muii jany
B kaderepurn CERN u cHoBa pasroBopbl 0 Oyaymux padoTax, IpoeKTax.

Boubiiie Mbl ¢ HUM He BCTpeyasuch.



PABOTbBI HA EBPOIIEMICKOM Ir'MBPUTHOM
CIIEKTPOMETPE

JI. A. Tuxonosa (HUHUAD MTY)

B 1982 rony namu kostern uz MMBI I1. B. lllasmaukos u J. I1. Kucrenés
npemoxuin HUAD MI'Y npunsats yuactue B nuccaenoBanusx na Esporreii-
ckom rubpugaom crekrpomerpe (EI'C) CERN. Takast BO3MOKHOCTH TIOJTHO-
IIEHHOTO yYacTHUsI B OJJHOM M3 BEYIUX IKCIIEPUMEHTOB 10 (pU3NKe BBICOKUX
9HEPruil mosiBuIach B cBs3u ¢ co3ganuem B HUNAD B 1981-1983 ronax
YHUBEPCATHHOTO N3MEPUTEIbHO-BBIYUCINTETBHOTO KOMILIEKCA.

Ouenb 6bIcTPO OblIa cO3/1aHa rpyIIna (GU3MKOB, B KOTOPYIo, Kpome I1. M. Ep-
MoutoBau JI. A. TuxoHoBo, BXoanau MoJioble crieruanuctsel ud3 MI'Y u MU OU
B. I'. A6zees, B. T. Taspioces, 1. B. Topenos, C. A. 3otkun, H. A. CotHukoBa,
E. K. HIa6anuna (poro 1). ITosaHee k Ham nipucoeannminch 10. A. Tony6Kos,
b. b. JleBuenko, JI. H. Cmupnosa, @. K. Pusatautosa.

41\ A= & \
Doro 1. Yuacrauku kosrabopannu EI'C — wayunsie corpyannkn HUMAD MTY
10. A. Tony6kos, C. A. 3otkuw, B. I'. TaBpioces, B. B. Jlepuenko, E. K. [[Ta6anuma,

H. A. Cornukosa, JI. A. Tuxonosa u guriomuuiist V. B. Atanukosa u K. B. Cuporenko.
Host6pp 1991 1.

ETC — mupoxkoanepTypHBIil IBYXIJIe4€BOI THOPHUIHBII CIIEKTPOMETP
C Pa3BUTO KajopuMeTpuell 1 cucTeMoil nieH TP UKAINN 3apSyKeHHBIX YaCTHII.
B kauecTBe MuIeHeil u BEPIIMHHBIX [ETEKTOPOB UCIOIB30BAINCH OBICTPOIIN-
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Kupytotre my3bipbkoBbie Bogopoanbie KamMepbl (LEBC, RCBC). ET'C skctio-
HupoaJscs B myukax yckoputessi SPS CERN nipu sneprusix npotonos 250,
360 1 400 I'sB (axcnepumentsr NA-22, NA-23, NA-27) u sueprusax K /="
me30H0B 250 I'9B (NA-22) u n-mezonos 360 5B (NA-27).

Ocnosubimu goctounctBamu ET'C sBasmics:

1) BBICOKAsT TOYHOCTD OTpe/ie/ICHNUST BEPIIIIH;

2) BO3MOKHOCTD UJIEHTU(DUKAIINY 3aPSAKEHHBIX YACTUI] BILJIOTh /10 UM-
mybcoB 200 9B /¢ u pasperennem < 2,5 %;

3) eTeKTUPOBAHNE HEUTPATBHBIX YACTHII.

B paborax wa EI'C yuyactBoBain okoso 20 yHUBEPCUTETOB U HAYIHBIX
neaTpoB EBpormsr, Unaun n Anonun.

B 80-90-x romax XX Beka EI'C gBisisicss ogHOM U3 KPyTHEHIINX B MUPe
YCTAHOBOK 110 U3YUYEHUIO PA3JIUYHBIX ACTIEKTOB MHOKECTBEHHOTO POKICHUS
YaCTUI] TIPU BBICOKUX SHEPTHSAX U OJIHON U3 TTOCJEJHUX YCTAHOBOK C MTy3bIPh-
KOBBIMHM KaMepaMH, T. K. «dpa My3bIPbKOBBIX KaMep» yiKe 3aKaHUYMBAJTACh.
B HUMSA D nauasio o6paboTKY JAHHBIX 110 pp-B3anmoeicTsusim ipu 360 5B
(NA-23) coBmasio ¢ 3amyckom uamepurenbubix mpubopos [1YOC-4, pabo-
taBimx Ha auaun ¢ IBM EC-1045. B 1982-1983 roga ¢usuku B. I'aBpioces,
B. A6usees, 1. Topenos, H. I'puiiint 3aHMaINCh OTIAAKONH CHCTEMBI TIPOTPAMM
COIPOBOK/IEHMSI TIPU IIPOCMOTPE CHUMKOB 1 U3MEPEHUM COOBITHIT Ha TJIEHKAX
¢ RCBC, co3mpaBanm crennaabHble CEPBUCHBIE TPOTPAMMBI TI0 HAKOTLIIEHUTO
(hailsIoB ¢ JaHHBIMU U cOpachIBAaHUIO UX HAa MarHUTHBIE JIEHTHI. BBIT npojean
HOAPOOHBII aHAIN3 TOYHOCTU U3MEPEHMIT U OIIPeeIeHNUs IapaMeTPOB TPEKOB
B HUMAD u npoBeneno cpaBHeHNEe HAIMX JaHHbBIX C JaHHBIMH, TTOJTY4Y€H-
uoivmu B D BD u yrusepcurerax MHcOpyka u Tokuo.

Paborasiu Bce ¢ OOJIBITUM 9HTY3Ma3MOM, HE CYUTASICh CO BPEMEHEM, 4acTo
e3auiu B [IPOTBUHO JIJIst KOHCYJIbTAIUA U COBMECTHBIX 06¢cyskaennii. Hamo
OTMETHTD, 4To Hamu KoJutern n3 UDBI 3. Kucrenés, I'. ’Kosobos, B. Cron-
uyenko, V. Asunrenko, O. YUKWIEB U APyrre OUueHb MOMOTaId HAM B TIPHOO-
pereHnn ombiTa 00PabOTKY JIAHHBIX C TAKUX CJIOKHBIX yCTaHOBOK, Kak EI'C.
HayuHbIMU PYKOBOAMTEISIMU 9KCIIEPUMEHTOB OBLIM U3BECTHBIE €BPOTIEHCKIE
yuénpie ipodeccopa Jliocher MonTtane u Boabdpam Kurtenn, KoTopbie
B TeUEHHE BCeil COBMECTHOI paboThl OKa3bIBaJl HAM BCSYECKYIO TOIAEPIKKY
u momotib. M yxxe B Havase 1984 roma Mbl TPUCTYTINAIN K MAaCCOBBIM M3Mepe-
nusM 1iéHok ¢ RCBC B akcniepuMenTax NA-23 u NA-22 1 BHec/ I 3aMETHBIN
BKJIQJl B OKOHYATEJIbHYIO CTATUCTUKY 3TUX 9KCIIEPUMEHTOB. DTO TO3BOJUIIO
3aTeM BceM (hU3MKaM Halllei TPYIIITbI IPUCOEIUHUTHCS K COBMECTHOMY aHATTU3Y
pasanyHbIX (PU3UYECKUX 3a/a4, AKTUBHOMY YYaCTHUIO B KOJLIabOpalMOHHBIX
coBetnanugx. Pesymnbrarsl akcriepumenToB EI'C nipescraBigianch Ha MHOTUX
MeJK/TyHApOHBIX KOH(ePeHTNIX 10 (pr31MKe BBICOKUX 9HEPTUI U IIUTUPOBA-
quch B 0030pax sxypHanoB Y MH u Physics Reports.

Cpenun nanubix, moaydeHubiX B nmpoekte EI'C, cienyer BoiiequTh Te,
B M3YYEHUW KOTOPHIX MPUHUMATIN aKTUBHOE y4acTHe COTPYAHUKU Halei
TPYIIIIBI.

ITO TIpesK/e BCEro onpejesieHne CeYeHUN W CIIEKTPOB 0UYaPOBAHHBIX
YaCTHUII, BIIEPBBIE TOJYYEHHBIX B TO BpeMsl npu sHeprusx 6osee 100 I'sB
B pp-B3anMozericTBusax (NA-27).
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Bl BbIIOTHEH GOJIBINONM MK PabOT 1O BBIAEIEHIIO CTPAHHBIX YaCTHUI]
u pesonancoB B K*/n*-nyukax npu 250 I'sB (NA-22), npuuém panubie
st K'p-B3auMoneicTBUN MO-TIPEKHEMY OCTAIOTCS YHUKAJbHBIMU, TaK
kak K'-myuxoB ¢ aneprueii 6osee 250 ['9B 10 cux mop He mosyveHo.

OcobGeHHO CJIe[lyeT OTMETUTD UCCIeI0BAHNE KOPPEJISIIHIA YaCTUI] B MHOXKe-
creerHoM poskaenun (NA-22, NA-23), B mepeMeHHBIX OBICTPOTHI (), OTIE-
peunoro uMmiyabca (P ), asumyranbHoro yria, a Takke 9KCIepuMeHTaIbHOe
n3ydeHune mopesieHns (PakTOPUaIbHBIX MOMEHTOB MIPU YMEHBIIEHUN WHTEP-
BaJsia 6eicTpoT (y) U ycraHoBJIeHKE a(DdheKTa «[1epeMesKaeMOCTH .

BaskHo Takike yIIOMSIHYTh paGOThI 110 U3YYEHUIO aJPOH-SIEPHBIX B3aUMO-
neiictuit (NA-22, NA-23), tak kak BHyTpH 1my3bipbkoBoil kamepbl RCBC
OBLII 3aKPEIIEHbI TITACTUHDI U3 AJIIOMUHUS U 30J10Ta. B 1mesom Habmofanach
ciabasi A-3aBUCHMOCTD M TIOZI00¥E BCEX MPOIECCOB JIJIsI PA3JUIHBIX TUTIOB
MTyYKOB.

B 210 Bpemst akTHBHO pa3padaTbIBAINCh PA3IMIHbIE MOJIEJIH JIJIsT OTIMCAHVIST
MHOKecTBeHHBIX mpoiieccoB poxaenus yactuil (PYTHIA, FRITIOF, DTU,
LUND, MKTIC) ¢ ucrnoib3oBanreM pa3jinaHbIX MEXaHU3MOB 00pa30BaHM
KBapK-T0oHHBIX cTpyH. Jlanubie ET'C wHoT/12 OKa3bIBAIMCh BEChbMa KPUTHY-
HBIMU JIJIsT TTPE/ICKAa3aHn 3TUX MOJlesIelt.

Cueyer mog4epKHyTh, 4TO (DU3UKH HAIIEH IPYIIBI OYe€Hb aKTUBHO 001I1a-
smch ¢ Teopetnkamu A. B. Kaiinamoseiv, H. C. Amesmabiv, V. M. JIpeMuHbIM,
C KOTOPBIMHU Y HAC YCTAHOBUJIUCH U IIPOJIOJIKAJNCH MHOTHE TOJbI TEeCHbIE
JPYKECKUE KOHTAKTBI, @ UX TIOMOIIb B «TEOPETUYECKOM» 0OPa3OBAHNUHN HAIIUX
COTPY/ITHUKOB IIPOCTO HEOIleHUMA.

OrisizibiBasich Ha To/ibl paboThl B skciepumMentax ET'C (epBast coBmMecTHast
nyo6smkarust B 1985 roy, mocsessist B 2006 ro/y ), X04eTcst I03aBUA0BATH BCEM
HaM, TaK KaK 9TO OBLIO BPeMsl HATIPSIKEHHON M OYEHb TLIOIOTBOPHOI PaboThI,
a [l HAIlTUX MOJIOZIBIX COTPYZIHMKOB — TOJIBI CTAHOBJIEHUS KaK CIIEINATNCTOB
BBICOKOTO ypoBHs. HenapoMm HeKoTOpbIe 13 HUX TTOTOM JIETKO BKJIIOYUJINCD
B paboTsl Ha yckoputese Tevatron (skcepument D0) — H. A. Coraukosa,
E. K. Illa6anuna, 0. dp6a, na kosnaiinepe LHC (akcnepument ATLAS) —
JI. H. Cmupnosa, @. K. Pusaraunosa, u na kosnaiigepe HERA 8 DESY
(axcniepument ZEUS) — 1O. A. Tony6kos, B. B. Jlepuerko u C. A. 30TKuH.

Pesyabratel, monydennnie B akcniepuMenTax EI'C, Bomim 3atem B Tpu
nokropckux (0. @ucsk, 10. Tonyokos, JI. TuxoHoBa) U JBe KaHAWIATCKUX
mccepranuu (D. Pusaraunosa, 0. SIp6a).

3asepinas cTaThio, X049y OTMETUTH 0coOyio uepty II. @. EpmosoBa —
BU/IETD aKTYQJIbHOCTDh 1 HOBU3HY OUepe/IHBIX HAIIPaBJICHUH B (PU3MKe BHICOKUX
9HEPIUil U MPUJIOKUTH MAacCy YCUJINIL, BKIOUast COOCTBEHHOE 3/[0POBbE,
[ OCYIIECTBJIEHUS y4acTHUsI B HUX COTPYIHUKOB Haiero otaena. OaHum
M3 TTPUMEPOB ITOTO SABJISIOTCS CBOEBPEMEHHOE CO3/[aHNEe M3MEPUTETHHOTO
IIeHTpa U MOJKII0UYeHre GU3UKOB OT/Ie/Ia K paboTaM TaKUX YCIENTHBIX MEK/LY-
HAPO/HBIX KOJTabopaInii, Kak EBporeiicKuii ruOpUIHDII CIIEKTPOMETP.



BOCIIOMUHAHU O PABOTE C IIABJIOM
DOEJOPOBUYEM EPMOJIOBBIM

JI. K. Inaounun (HUUAD MTY)

B HUUAD MTY g nauan paborars B Mmapre 1981 roga cpasy mocie
okonuanus ¢pusndeckoro dakyiabrera MI'Y, Ho ¢ [laBrom DénopoBuuem
EpMosioBbiM mo3HAKOMUIICS He cpasdy. J[oBOTBHO M0T0E BpeMsi st paboTal
B ocHOBHOM B ITID. TIpumepno B 1983 roxy mMbl Hauaau ak THBHO 0Opaba-
THIBATh (PUIIBMOBBIN MaTepuas ¢ IByXMeTPOBOH 1my3bipbkoBoii kKamepbl CERN,
4TO U [0 TOBOJ mo3HakoMuThest ¢ [laBiom Ménoposuuem. OH B TO BpeMst
3aBe/I0BaJ OT/IEJIOM U3MEPUTEJIbHON TeXHUKH, U Mbl, COTPYIHUKU OT/esa
BBICOKMX 9HEPTHUIA, UMEJN BO3MOKHOCTh UCIIOJIb30BaTh PECYPCHI €T0 OTIea.
Pecypcol 110 TeM BpeMeHaMm ObLIN HEMAJIBIE: /[BE€ BHIYUCIUTETHbHBIE MAIIITHBI
EC-1045, mpocMOTpPOBbIE CTOJIBI, BBIYNCIUTEIbHBIE MAIIUHBI J[JIsI COIIPOBO-
KAeHus mpocMoTpa. [To moBoay f0oCTyma K 9TUM «HECMETHBIM O0raTcTBaM»
IpUXOAUIOCHh WHOTAA 001IaThest ¢ [Tasmom MEnoposruem. OH Beeraa pasroba-
pHUBaJI O4eHb KOHKPETHO, MO-/I€JI0BOMY, Cpasy ObLIN BUIHBI HACTOSIINE OpTra-
HU3aTOPCKIE CIIOCOOHOCTH.

B 1992 roxy IMasesr DénopoBuy HaIIET BO3MOKHOCTD JJist pabOThI B KOJIjIa-
6oparm ZEUS 8 DESY (Tam6ypr). K aroii pabote on npusiék mens, Mpumy
Kop:xasuny, Pomana /lementheBa, Hukonas Hosokmanosa. Otaen [1asma
DénopoBrua K 9TOMY BpEMEHU ysKe HA3bIBAJICS OT/IEJIOM IKCIIEPUMEHTATBLHON
(U3MKY BBICOKUX SHEPTHI, a MBI OB COTPYAHUKAMU OT/EJIa BBICOKUX
9HEPruil. ITo He MOCAYKUIO, OJHAKO, IIPENATCTBUEM /IS HAIlero y4acTHs
B akciepumente ZEUS. Beex mochutanu B TamOypr cpasy Ha aBa-TpU Mecslia,
4TO B TO TOJIOJHOE BPEMS [[aBAJIO MIAHC TPOKOPMUTH cebst U ceMbio. MHue
[TaBenr MénopoBuy mas B3aiimbl geHbru Ha Ouser 1o [amOypra. Cymma Gbiia
okoJio 100 1onnapos, 4TO B TOT MEPUO/T MIPEBBIIIATIO MO0 TO0BYIO 3apILjiaTy
B HUUAD, Tak uto ata nmomorb 6bita HeotieHuma. B 1993 rony HUNAD
ObLT O(UIINAIBLHO TPUHAT B cocTaB KoJumaboparmn ZEUS, u Mbl cTanu e3auTh
B ['amOypr peryssipro. [TaBen DénopoBud paccrparmuBai o paboTe B MPOEKTe
mocJe Moe3/I0K, pa3penias COPHbIe BOMPOCHI, NICKPEHHE PA0BAJICS HAITUM
nepBbIM ycniexam. B 1994 roy Mbl BBITIOJTHWIIN OIMH U3 aHAJU30B JIJIS KOJLJIA-
6opammonnoii cratbu «Study of D* (2010)* Production in ep Collisions at
HERA»', Physics Letters B 346 (1995) 399—414. B aroii pabote BriepBbie ObLIO
M3MEPEHO POXKEHNE C-KBAPKOB (YapMa) Ha 9JIEKTPOH-TIPOTOHHOM KoJLIalijiepe
HERA u ycraHOBJIeH OBICTPBII POCT MOJIHOTO cedeHust (POTOPOKICHUST YapMa

! Cwm. crp. 178 prannoro usganusi.
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C POCTOM 9HEPTUH B3AMMOJIEHCTBUSL, YTO CBSA3aHO ¢ OBICTPBIM POCTOM TJIFOOHHOM
MJIOTHOCTH TTPOTOHA TIPY YMEHbBIIIEHUH JIOJIA MMITYJIbCA IPOTOHA, TIEPEHOCUMOT
rioonom. Opranusaimontast pabora [Tasma MéropoBrya sIBUIACH OCHOBOI
JUIST 9TUX U MHOTHX JIPYTUX Pe3yJIbTaToB KoJmaboparuu ZEUS.

B cepeaune 90-x T010B BCTaJ BOIIPOC O MPUCOEAMHEHUN JTaOOPaTOPUN
BBICOKUX 9HEPTHUH, MOCTIeTHEN Ta00PaTOPUH, OCTABIIEICS OT OT/E/Ia BBICOKUX
sHepruii, k oteny II. @. Epmonosa. Camo npucoenuuenne siBHO Ha3peso
1 0COOBIX BOTIPOCOB He BBI3BIBATIO. OHAKO OBLIO MPEATOKEHO MOTHOCTHIO
pachopmupoBarh J1abopaToprio U BKIIOYUTH €€ B coctaB abopartopuu [Tasia
Dénoposuya. ITo TorganHUM yCJIOBUSM UTPBI MBI, COTPYAHUKH JTaOOPaTOPHH,
JIOJKHBL OBLJIM HA 9TO COTJIACUTHCSI. BBIIO MpoBeieHo cobpanie, PUXOINII
AUPEKTOP MHCTUTYTA (K 9TOMY BpeMeHU uM yske 611 Muxana Vropesuy
[Tanacrok), ybesxkaan Hac BoiiTu B coctaB jJabopatopuu II. . Epmososa.
Cobpanue, 0HAKO, He TOJEPKAI0 Haeio pachopMUpOBaHust J1abopaTOPpUn
M COTJIACMJIOCHh TOJIBKO Ha BXOJK/I€HUE B cocTaB oTaesnra EpmosioBa B kauecTBe
eIMHOTO KOJIIEKTUBA. S I0BOJIbHO MIYMHO BBICTYTIAJ Ha 3TOM cOOpaHuH,
OTCTamBas coxpaHeHue jabopatopun. [[MpeKTOp BHIPA3UJ HEYIOBOJIbCTBIE
Halleil mo3uiuei, Ho B KOHIlE KOHIIOB coryiacuiics ¢ Heit. [TaBen MénopoBuy
He y4acTBOBaJ B cOOpaHUM, HO, KOHEYHO, 3HAJ O €Tr0 XOJ€ U pe3yJbTaTax.
Hukorza, ogHako, BIOCJAEICTBUN OH He BBIPA3UJ KaKOr0-JT1O0 HEyM0BOJIb-
CTBUSI MOMM MyOJIMYHBIM BBICTYIJIEHUEM TIPOTUB €T0 MO3KUIIUH.

B 1997-2004 romax st moctostHHO HaxoauJcst B [aMOypre u BcTpevasicst
c [TaBnom MénopoBuyeM BO BpeMs MOUX MPUe3 0B B MOCKBY UJIU €ro
KOpPOTKUX BU3UTOB B ['amMOypr. EpmosioB criparmBai o paboTe, HHTEPECOBAJICS
[JIAHAMU W HEPEIKO 00CYIKIal X0/ U MEPCIEeKTUBBI PabOT B 9KCIIEPUMEHTE
CB/I, koTopbiM ObLI CUJIBHO yBJIe4éH. Bo Bpemst o/iHOTO U3 nipue3ion [laBia
Dénoposrua B DESY kT0-TO M3 HaNmX KoJIer Ha BeUePUHKE PEJIOKII TOCT
3a TeX JII/Ie, KOTOPBIE BBITIOHSIOT HEOOXOIUMYIO, HO HE CaMyI0 HHTEPECHYTO
paboty, uMest B BUy B YaCTHOCTH OPTaHU3aI[MOHHYIO JAesITeIbHOCTD [laBia
Dénoposrua. EpMOJIOB yIMBUIICS 9TOMY TOCTY U CKa3aJI, YTO OH C 35 JieT 3aHu-
MaeTcsl Opranusaleil HayKu u /71 Hero aTo Ipu3BaHue.

[Tpumepno ¢ 2000 roga ITasen MEnoposuy Havax TepeOUTH MEHS 110 TOBOLY
samuthl. CHavana ckasan: «Cobepute BMectTe 70 PUCYHKOB € TOAITUCSMES .
S cobpau, mpuBés, mokaszan. On cupocuin: «I'me texer?» Ilpumiocs nucarh
TeKcT. EpMOJIOB TIPOJIMCTA MOTT OIYC U BeJies TIPOBEPUTH rPAMMATUKY U 100a-
BUTH OJIATOIAPHOCTH B KOHIIE. [TOCKOIBKY S1 K TOMY BPEMEHU YK€ PYKOBOIHII
rpymmoi B kosurabopariuu ZEUS, to [Tases MémopoBud Beste Io1aBaTh IUCCEP-
TAIUIO cpa3y Ha JOKTOPCcKyio B coBeT MMDBI. 3ammura npoxoausia 10BOJIbHO
O’KMBJIEHHO, ¢ KpUTHYecKnMU 3aMedanusamu. [Toka mio rosocoBanme, [1aBesr
DénopoBuY TEpeKUBAI, TOBOPUJI, 4TO HE OKUIAET OoJiee IBYX-TPEX TOJIOCOB
«TIPOTHUB», PACCKA3bIBAJI, YTO BO BPEMS €TO 3AITUTHI HE XBATUJIO BCETO JIBYX
rOJIOCOB, YTOOBI 3aCYMTATh KAHAMIATCKYIO IUCCEPTAINIO KaK TOKTOPCKYIO.
[TporosocoBanu eAMHOTIACHO, YTO BO MHOTOM, KOHEYHO, OTPAsKaJIO aBTOPUTET
[TaBa MénopoBuua.

B despasie 2008 roga ITasen Méxoposuy cepbEsHo 3aboen. S kakoe-To
BPEMST UCTIOJHSLI €T0 0OSI3aHHOCTH B OT/IEJIE, a TIOTOM ObLIT BBIHYSK/IEH yeXaTh
B DESY nuia 3aBeprienus cratbu. CTaThio Mbl 3aKOHYWJIN, 3aKJIIOUNTETBHOE
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KoJL1abopanroHHoe utenue npoxoauio 14 mas 2008 roza 10 mo3aHero Beyepa.
Korma Bcé 3akoHUMIIOCH U 51 10OPAJICST 10 KOMITBIOTEPA, TO YBUIET KOPOTKOE
nucbmo ot Hukonas 3otosa: «Cerogans Beuepom ymep II. D.» Ilocrae Toro
KaK IPOIIEN MePBbI MIOK, s HalKucal PYKOBOJACTBY KOJIIabOpaIi IIUChMO
¢ TpochOOit 100aBUTD B YKE COTJIACOBAHHBIN TEKCT CTATHY OJHY JAOMOJHU-
tesbHYI0 (hpasy. Tak k cratbe “Production of excited charm and charm-strange
mesons at HERA”, European Physical Journal C 60 (2009) 25—42, nostBuioch
HOCBSIICHUE:

“Dedicated to the memory of our colleague Pavel Ermolov”!.

! Cwm. crp. 199 nannoro usganusi.



MO KOJIJIETA IIABEJI ®EJIOPOBUY
EPMOJIOB

. M. I'pamenuyxuii (OUAN)

B nanexue BocbMuiecsTBIE TOMBI TIPOILIOTO CTOJIETHUS CONJINUCS B OJTHOM
MecTe W B OJTHO BpeMs 4eTBepPO YUEHBIX JOBOJBHO cpeanux jet. Comncs
U 3aCIOPUJIH, KaK OOBEIUHUTD YCUIUST ¥ BBITTOJTHUTD 9KCIIEPUMEHTATBHYIO
paboTy Takyo, 4ToObI OHA OTBEYaIa MHTepecaM (DU3UKH 1 nHTepecaM (hU3UKOB,
CTOSIINX 32 TIJIe4YaMU 3TUX YUEHbIX.

A 3Basm aTux ydennix tak: Hladppanos Muxann JImutpuesuy, I'pame-
nutkuit rops Muxaiinosuu, Epmosios IlaBen Ménoposuy u Moucees
Apremuiit MuxaiijioBu4 1 paciiosiosKeHbl OHU B TIOPSI/IKe YMEHbIIIeH NS BO3pacTa.
Kaxiplit 13 HUX TIPOIIE CBOU MyTh, TEPEKUJ CBON yCIleX U CBOU HEy/Iauu.
Ho 6b110 1 06111ee — pabora Ha GONBIIMX BOJOPOAHBIX KaMepax — JAByXMe-
TpoBas «Jlroamuias u MEOTOKyO0Bast Mirabelle. A B pesysibrare o0beaHeHUS
CHUJT «POJINJIACH» OBICTPOIMKINPYIOTIAs Ty3bIPhKOBAST KAMEPA [HAMETPOM
150 MM, McroIb3yeMasi Ha EPBOM JTalle HKCIEPUMEHTA KaK BEPITUHHBIII
IETEeKTOP MAaTrHUTHOTO ClieKTpoMeTpa. MarHuTHBIN CIEKTPOMETP TTPeIoia-
raJloch U3TOTOBUTH Ha OCHOBE MOJIepHU3NPOBaHHOTO MarHuta MC-7 Kamepsr
«JllogmMuIa» ¥ MOMEINEHHBIX BHYTPU HETO OOJIBIMTUX MPOMOPITHOHATHHBIX
Kamep. Bot u cranoButcs Tenepb nousaTHoii ab6pesuarypa CBJl — CrekTpo-
metp ¢ Bepummaubim [erektopom. CTPoOro roops, Takoil npubop sABJIseTcs
MHOTOIIEJIEBOT YCTAHOBKOI, HO OBLIO PEIIEHO COCPENOTOYUTHCS Ha MCCIIE0-
BaHUU TIPOIECCOB POKIEHUST OYAPOBAHHBIX YACTHIL B OKOJIOTTOPOTOBOIT 00/1aCTH
HEPTU.

Hauasace pabora o coznanuio CBJI. Koneuno, 6b1tn pas/esieHbl 00s13aH-
HOCTU «cTOpOH»: OUAN — pexoncrpyknus marauta, UMBI — OvicTporu-
kaupyiotias kamepa, HUNAD MT'Y — sekTpoHuKa mponopIruoHaJIbHbIX
KaMep MarHUTHOTO CIIeKTpoMeTpa. B coctaB ycTaHOBKY OBLIO PEIIEHO BKJIO-
YUTH TAaKXKe TaMMa-CIIEKTPOMETP, 32 U3TOTOBJIEHHE KOTOPOro B3siicst TOumc-
CKUU TOCYIapCTBEHHBIN YHUBEPCHUTET, M PYKOBOJCTBO 3TOH pabOTOI OCYIIecT-
Bisin H. C. Amarsiobenn.

Boir m36pan ¥ KOOPAMHATOP COAPYIKECTBA, HA IEPBOM ITalle MM CTaJl
A. M. Momucees.

Ho riazgko 6b1710 Ha GyMmare... B peajibHOCTH jKe IPUXOIMIOCH B TOM WJIK MHOI
CTENeHN BCEM y4acTBOBaTh BO BceM. HeoOX0MUMBbI OBIJIN YacThle BCTPeun
JUIsT OTIEPATUBHOTO PelieHusT BO3HUKAOINX TpobaeM. OHU, KaK MPaBUIIO,
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npoxoauan B HUMAD MI'Y. Hato 6b11u iBe ipuuntbl. Bo-nepsoix, HUMAID
JIESKUT TOYHO TTocpeinHe myTn Mexay JlyoHoit u [IpoTBIHO, a BO-BTOPBIX, 1 9TO
rJIaBHOE, «XO35IMHOM» aTuX BeTped 6611 [TaBes Ménoposuy Epmosios.

CoO6CTBEHHO TOBOPST, IMEHHO C 9TOTO MOMEHTA M HAYMHAETCST MO paccKas
o0 HEéM (ApyTe, KoJljere, yieHOM ), BepHee 0 HeCKOJIbKUX 21U30/[aX Hallero
JMaBHUTIIHETO 3HaKOMCTBa. Havasoch oHo B /lyOne Ha Oepery Bosiru, mpojiosska-
soch B [IporBuno Ha 6epery IIpoTsbl u naee B MOCKBE, MOSKHO CKa3aTh, TIOYTH
uto Ha Oepery Mocksbi-pexu. B [lyone ITasauk cran kanaugaTom, B IIporBuno
[Tama — ysxe gokTop, a B Mockse [lasenr MénopoBuu — mpodeccop.

B OUSAY Mbi paGoTajiy B pa3HbIX JJa00PaTOPUSAX M BCTPEUYANNCH Yallle BCErO
Ha rsike. [[aBiuK yBIeYeHHO pacCKasbiBal O CBOEH paboTe 110 MIO-KaTalusy.
Sl ke meuiicst CBOMMU MO3HAHUSIME B 00JIACTH MHOKECTBEHHOTO POIKICHUST
vacTuil. Berpeun Oblin HEYaCTHIMK, HO OUEHb JIJISI MEHSI TI0JIE3HBIMU, TOTOMY
uro ITaBjuK ¢ GOJBITUM YMEHUEM MOCBSIIIAI MEHST B TAilHbI CJIA0BIX B3AMMO-
JIeUCTBUI.

Caepytotuii «1tukJ» Haix Berped npousornes B M B B [Iporsuno. [1ama
6L ipurtaiied Ha paboty B UDBI, a st 6bIBas TaM B 9aCThIX U JIJTUTETHHBIX
KOMaH/MPOBKax. 3/1€Ch HAIU WHTEPECHI COMM3UINCH: U OH, U 5T TPOBOAUIN
WCCIeOBANNS CUJIBHBIX B3auMoelicTBU. /a 1 MeTonmka ObLa CXOKel:
JKUMIKOBOJIOPO/IHBIE My3bIPbKOBBIE Kamepbl Mirabelle u «JTioqvuas.

Hy u HakoHerr, Kak s ysKe I¥cal B HAUaJe, CIIyIMI0Ch HeN30eKHOe — MbI
HavYaIu coBMecTHY0 paboty. U Torma s1 B mosiHoi Mepe onern tasant [1aira
DénopoBrua 1 Kak y4eHOTO, M Kak opraHuzatopa. IIpu ero orpoMHoii 3aHsi-
TOCTHU Y HAC Bcerjia ObIIO [OCTATOYHO BPEMEHU Ha 0OCYIKAeHNE HAINX /e,
U Bcerjia T Gece/bl IPUBOIUIN K PEabHBIM PEIICHUSAM, KOTOPBIE Yalie
BCETO BBITIOJHSINCE. B aTOM ObliTa O0J1b1ast 3acayra [lasra Méxoposuya c ero
YIAUBUTETbHON CIIOCOOHOCTBIO TPE3BO OIEHUBATH JACHCTBUTEIBHOE MTOJIOKEHUE
Bellel.

O6ummvu yeunusimu ycranoska CB/I-1 mosiBusiach Ha cBeT, ObLIO TIPOBe-
JIeHO 0OJTydeHre MydyKoM TPOTOHOB ¢ aHeprueit 70 9B Ha yckopurene UMDBI
U Havasach 06paboTKa MOTy4eHHOTO MaTtepuasia. Ha 5ToM artarie mpuxonioch
pelaTh MHOTO METOIMYECKUX 3a/1a4, O/[HA U3 HUX okopuiach [laBay Mémnopo-
Buuy. 5 pacckaxy o Heil mogpobHee.

BaskubiM aTaroM 06pabOTKY SABJSIETCS TeOMETPUYECKAss PEKOHCTPYKIIHS
COOBITHIT M CBSI3b JIAHHBIX C TY3bIPHKOBON KaMepbl U MATHUTHOTO CIEKTPO-
Metpa. OOBIYHO TIPUMEHSIEMbIE METO/IBI JIJIST PEIIEHS TON 3a/Iaui OKa3aJIiCh
MaJIONPUTOIHBIMHU, U 3/IECh MPOsIBUIACH criocoOHocTh [TaBia MémopoBuua
HATH HETPAAUIIMOHHBIN My Th perieHus 3aaadn. VM GbL1 MpeioKeH ajro-
PHUTM, Ha OCHOBE KOTOPOTO pazpadoTajii OPUTHHAIBHBIA METO/ (METO/I TIepe-
MEHHOTO UMITYJIbCA) C NCIIOIb30BAHUEM B ITPOIIEyPe PacIio3HABAHNS U PEKOH-
CTPYKIIMK TPEKOB B CIIEKTPOMETPE AllPUOPHOI MH(POpMAI 06 yriax BbLIETa
U TOYKE B3aUMOJICUCTBUS U3 JJAHHBIX C My3bIPbKOBOU KaMepbl. [IpuMenenue
9TOr0 METO/Ia TIO3BOJIKIIO CYIIECTBEHHO YCKOPUTH IpoIiece 00paboTKU JaHHBIX
1 Pe3KO MOBBICUJIO HA/IE’KHOCTD Pe3yJIbTaTOB.

Ha ocHoBaHWM MOJTy4eHHBIX TaHHBIX ObLIA MPOBEEHA OIlEHKA CeYeHUsI
0YapOBAaHHBIX YACTHUI[ BO Bceil oOacTu uamMeHenus (heitHMaHOBCKON mepe-
MEHHOI1 P BBIOPAHHON sHEepPTUU POTOHOB. Ha aToM mepBbIil aTam paboTs
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CB/I-1 6bL1 3aKOHYEH U, KaK 9TO ObLIO 3allJJaHUPOBAHO, HAYajlach MOJAEp-
Huzanus ycranoBku — nepexoa CB/I-1 B CB/[-2. T'maBHast ocob6eHHOCTD
CB/I-2 cocTosiia B TOM, 4YTO B Hell TPOM30IILIa 3aMeHa BOJIOPOTHON KaMepbl
Ha BEPIIMHHBIN IETEKTOP, OCHOBAHHBIN HA MCIOJb30BAaHUN MUKPOCTPUTIOBBIX
JETEKTOPOB U COOTBETCTBYIOIIEl asekTponnku. Bkaasa [Tasia DénopoBrua
B 3TOT IUKJ paboT 6611 onpezessitonuM. OJHAKO 9TO YiKe APYTOil CIOKET,
U B 9TUX paboTax s y4acTHsi He TIPUHUMAJT.

KoneuHO, MBI TIPOIOJIKAIN BCTPEUIATHCST ¢ HUM, 0OCYIK/IaTh HAYUHBIE,
lla ¥ JKUTeCKue HOBOCTH, U Ka)K/asi BCTpedya He TOJbKO oboraiiaia MeHs,
HO U JIOCTaBJIsIIa UICTUHHOE Y/I0BOJIbCTBUE.



CIIEKTPOMETP C BEPHIMHHbIM
AETEKTOPOM: UCTOPUA CO3JAHUA
N PASBUTHUSA

C.TI. bBacunaodse (HUHUAD MTY)

BBeneunne

B 1984 rony Tpems rpymnmnamu ¢pusukoB moj pykoBojactsom I1. @. Epmo-
goBa (HUNAD MI'Y), A. M. Mouceesa (MD®BI) u . M. I'pamenuiikoro
(OUAN), 3annmaBIuxcs npexjie UccaeJoBaHUsMU Ha JKUJKOBOJLOPOIHBIX
y3bIPbKOBBIX KaMepax, a Takke COTPYAHUKaMU JTabOpaTOPUH 3JIEKTPOHUKN
uz HUBIL MTY (C. T. Bacuiaase) ObLI IpeIoKeH IPOEKT dKCIePUMEHTa
0 U3MEPEHUIO CEYEHUTT U U3YYEHNIO MEXaHU3MOB 0OPa30BaHMUST OYaPOBAHHBIX
JaCTHI] B aJ[POH-aJ[POHHBIX B3aNMO/IeNCcTBUAX Ha CepIryXoBCKOM yCKOPUTETE
V-70 ¢ ucnosib3oBanueM ObICTPOIMKIUPYIOIIEN My3bIPhKOBOI Kamepsr [1].

VccenenoBanust IporieccoB 06pa3oBaHus 0OYapOBAHHBIX YACTHIL C TIPHMEHe-
HUEM MO06HO0 METOAUKY SIBJISJINCH HOBBIMU JIJist aHepruil CeprryXoBCKOTO
yckoputess. OKuaansoch, 4To MOJTydeHHbIe 3KCTIepUMEHTAJbHbIE TaHHbIE
OymyT cofepKaTh KaueCTBEHHO HOBYIO MH(MOPMAIIIIO, KPUTHUHYIO JJIST TOHM-
MaHUsI MEXaHU3MOB aJIPOHO0OPA30BAaHUST OYaPOBAHHBIX YACTHII

IIpeano:xkenue nepBoii CTaANu IKCIEPUMEHTa

[TepBasg yacTuita c HOBBIM KBAHTOBBIM YHCJIOM «C» (0O4apoBanue) — D-Me30H,
Obl1a oTKpbITa B e'e -annuruisin B 1976 romy [2]. K ykazanunomy Bo BBeieHUN
BpeMeHu ObljTa HaKOTIeHA CPABHUTENBHO O0JIbInas wH(OpMAIiust O CBONCTBAX
0YapOBAHHBIX a/IPOHOB (BpeMeHa JKM3HU, MOJIbI PACIIA/IA) U MTOJIyY€eHbl OIIEHKH
ceueHUil uX 0O6pa3oBaHKs B €€ -aHHUTUIALMK [3] B JIenTOH-aApOHHBIX [4]
u hoToH-aApoHHBIX [5] B3anMoeiicTBUsAX. OAHAKO dKCIIepUMeHTaIbHas
CUTYAIHS C A[POHHBIM POKIEHIEM OYapOBAHUS SIBJISJIACH BO MHOTOM HESICHOM.
[TepBbie TIpsiMbIe 9KCIIEPUMEHTATBHBIE JOKA3aTEIhCTBA 0OPa30BaHUS 0YapoO-
BAHHBIX ME30HOB U GAPMOHOB B aJIPOHHBIX CTOJKHOBEHUSX OBLIH TTOJTYY€EHbI
Ha ISR nipu sHeprusix Js = 50+60 5B [6, 7]. Onenku ceyenust o6pasoBaHMst
0YaPOBAHHBIX YACTHUIIL, TIOJYyYEHHBIE B 9TUX U MOCJIEAYIONINX 9KCIIEPUMEHTAX,
OKa3aJIiCh HEOKUIAHHO BBICOKUMU: G (¢, €) ~ 100+500 M6 [8]. TTosryuennbre
Ha ISR nannpie mo auddepeHnnaIbHBIM CEYEHUSIM CBUIETETHCTBOBAIN
0 HaMIuK GOJBIIIOTO BKJIA/IA B TTOJHOE cedeHue G (¢, C) OT TPOIEcCoB ¢ obpa-
30BaHUEM OYaPOBAHHBIX HAPHOHOB B 00s1aCTH (hparMeHTaI[H [IPOTOHA.

Onmaxo 1pu 6osee Boicoknx aneprusasx FNAL u SPS (P = 300+400 I'sB/c)
OB TTOJTyYeHBI CYTIECTBEHHO MEHBIITHE OIEHKH MTOJTHOTO CeYeH s 00pa3s0BaHUsT
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OYapoBaHHBIX YacTHIl, G (¢, €) ~ 30 M6 [9, 10]. C apyroii CTOPOHDI, IPK SHEPTUSAX
yckoputensa B Cepryxose (P <70 I'aB/c) Tounbie nannbie o cedennu o6paso-
BaHUS 0YaPOBAHHBIX YACTUIL OTCYTCTBOBAIH (MTOJTyUYeHHBIE OTIEHKU JIesKaIN
B oOmactu ¢ (¢, ¢) ~ 5+50 Mk6 [11, 12]. B T0 ke Bpemst sKCIIepUMEHTAIbHbIE
pe3yJIbTaThl B 3TO 00JIaCTH SHEPTUN MOTJIM OKA3aThCsl BEChbMa BaKHBIMU
TS BBISICHEHUS TTPUPO/IBI MEXaHU3MOB POKIEHNS OYaPOBAHHBIX YACTHII.

[ToaTomy B KayecTBe 1epBoOYEpeIHON 3a/lauM dKCIIepUMeHTa Mpeia-
raJuch TOYHOE M3MepeHUe MHKJII3WBHBIX CEYEeHUN MPOIECCOB B PP-
1 mp-B3auMojielicTBuAX npu aHeprusix 60+70 9B u omenka nx tononoruye-
CKUX cedeHuil. B ciyuae moaTBepsKIEHMS JOCTATOYHO OOJIBITNX CEUeHUI 9TUX
IIPOIECCOB IIPU JAHHBIX dHEPrUAX IPEAI0arajoch olpeaeJuTb UX dHepre-
TUYECKYTO 3aBUCUMOCTD /10 MUHUMAJIbHBIX 3HAYEHUH 9HEPTUH, TIPU KOTOPBIX
OHH elle JIOCTYIIHbI u3MepeHnio. B kayecTBe JanbHeiIero pasBuTus UCcue/10-
BaHUIl IPOIECCOB 06Pa30BaHUsT OYAPOBAHHBIX YACTUI[ OBLIO MPELYCMOTPEHO
u3yJdeHre MexaHu3Ma 00pa3oBaHMsI ap OYaPOBAHHBIX YACTHIIL.

BecpMma BakHBIM ITPE/ICTABIISIOCH TAKKe U3YYeHNE KOPPEJISAIUU ITPU TAPHOM
00pa3oBaHUU OYAPOBAHHBIX aJPOHOB; a OCOOBIH MHTEPEC BHI3bIBAJIN U3Me-
penns nossgpusanuu A’ -6aprona, Tak Kak 9TH JaHHbIE TO3BOJISAIN TIPOsIC-
HUTH MEXaHN3M BO3HUKHOBEHUS C U MOHATH 3(PGhEKT OOTBIION MOJSIPU3ANNN
A-runeponos ¢ P, > 0,5 I'sB/c, obnapyskennblii B pN-B3anMo/1eiicTBUAX
B MHTepBase nepBUIHBIX nMiryabcoB 20+2000 5B /c.

ITocTranoBka skcnepumenTa. [Ipu sneprusax CeplnyxoBCKOTO yCKOPHU-
TeJist, T/Ie cedyeHne 00pa3oBaHusa OYapPOBAHHBIX YACTHIL B aJlPOHHBIX B3aUMO-
JeCTBUSX CYIIECTBEHHO yMEHbIIAETCs, HAbMIOIeH e KA OT X paciiajia
B crieKTpax 9 (hEeKTUBHBIX MACC CTAHOBUTCS 3aTPY THUTEIbHBIM 13-32 KOMOU-
HaTopHOTO oHa. Kpome TOro, Bcerma cynecTByeT HEOJHO3HAYHOCTD
B OTOJK/IECTBJIEHUH HABJII0aeMOTO KA B pacnpejaeaeHnn 3(hHeKTUBHBIX
Macc ¢ CUTHAJOM MMEHHO OT pacrajia 4acTUI] C OTKPBITBIM O9apOBaHWEM,
MOCKOJIBKY He MCKJI0YeHa BO3MOKHOCTH CYIIECTBOBAHUS MPU OJU3KUX
3HAYEHMSIX MACCHI IPYTUX CBI3aHHBIX COCTOSHUH, HE UMEIONINX KBAHTOBOTO
gucaa C = 1.

OmBIT TPeABIAYINX 9KCITEPUMEHTOB TTOKA3bIBAJ, YTO TIPU MCCIEIOBAHUN
06pa30BaHus OYaPOBAHHBIX YACTHIL B aJ[POHHBIX B3aUMO/IEHCTBUSAX HanboJIee
HaJIeSKHBIE U JIeTaTbHbIE TAHHBIE MOXKHO TIOJIYYUTh Ha YCTAHOBKAX, NMEIOTNX
BepuinHHbI geTekTop (B/]) BbICOKOTO paspelieHusi, KOTOPbIil TTO3BOJISLT Obl
PEeTUCTPUPOBATH BEPIIUHY OT Paciajia KOPOTKOKUBYIIEH YACTHUIIBI.

BBuzsy orpannyenHbIX pasMepoB Ipelu3noHHbIX B/l BO3MOXHOCTH Takoii
YCTAHOBKH O U3YYEHUIO MPOIECCOB 0O6PA30BAHKS U Paciiaja 04apOBaHHbBIX
aJIPOHOB CYIIECTBEHHO 3aBUCAT OT COCTaBa BHEITHUX /[ETEKTOPOB, COMPOBO-
sxkparommx B/[. B wactHocTH, ipu KomOuHaImu npernusnonHoro B/I ¢ mupo-
KOAMePTYPHBIM MAarHUTHBIM CTIIEKTPOMETPOM, YePEHKOBCKUMU JIETEKTOPAMU
U IeTEKTOPOM Y-KBAHTOB CTAHOBUTCS BO3MOKHOM 1MOJIHAS AeHTUhUKAINS
3HAUNTEJBbHONW YAaCTH PACTaZOB OYaPOBAHHBIX YACTHI[ HA 3apsSKeHHBIE
U HelTpaJbHbIE a[POHBI, YTO 0OECTIeYBAET ONpe/Ie/eHIe UX BPEMEH KU3HU
n n3Mepenue auddepeHImaaTbHbIX CeYeHTT.

[ToaTtomy syt MiccsieoBaHust 0Opa30BaHsi OYaAPOBAHHBIX a/[POHOB Ha YCKO-
puresie MBI 66110 PEATIOKEHO CO3/IaTh HOBYIO 9KCIIEPUMEHTATIBHYIO yCTa-
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HOBKY, COCTOSIIIYIO U3 TTPEIIU3NOHHOTO BEPIIMHHOTO JIETEKTOPA, MaTHUTHOTO
CIIEKTPOMETPA C TPOBOJOYHBIMU KaMePaMy U TOAOCKOTTMYECKOTO YePEHKOB-
ckoro y-cuiektpometpa (puc. 1 caenytomiero naparpada). ITOT ClIEeKTPOMETP
¢ BepmuHHBIM jieTekTopoM (CB/I) npesanosarasoch pa3aMecTuTh B KOpIyce
[TK-1 ycropurenst ¥Y-70 Ha MecTe KUAKOBOIOPOIHON TTy3bIPHhKOBOM KaMepbl
«JIropmunay (OUAN).

OcHoBubie cuctembl ycranoBku CB/I-1. B npennoskenun axcrnepuMenTa
6611 000CHOBaH TPeOyEeMbIil YPOBEHDb XapaKTEPUCTUK OCHOBHBIX JI€TEKTOPOB,
CHCTEM 3alTyCKa U Peructpainuu faiubix yctaHoBku CBJI-1.

Bepwunnwviii demexmop. B xauectse B/l npemnaranioch Mcmoib3oBaTh
Manyio (06beMoM 15x7x7 ¢cM?) GBICTPOIMKIUPYIONIYIO KUITKOBOIOPOIHYIO
My3bIPbKOBYIO KaMepy B KOMOWHAI[UK C MPEIU3MOHHBIM KOOPIUHATHBIM
JIETEKTOPOM MOHU3AIMOHHOTO ThIa. OCHOBHONW 0COOEHHOCTBIO MPe/IIoia-
raemMoil KaMepbl SABJISIACh BO3MOKHOCTD TOOoTpadunueckoro chema nHdop-
Mainuu. /[oCTOMHCTBOM 9TOTO MeTo/1a OBIJIO BBICOKOE TPOCTPAHCTBEHHOE
pasperiierue (HECKOJIBKO MKM ) T10 BCeit TryOrHe KaMepbl, TOT/Ia KaK ¢ 0ObIYHOIM
ONTHKOI TaKoe pa3pelieHne MOKeT ObITh JOCTUTHYTO TOJBKO B O4€Hb TOHKOM
caoe xugakoct (~ 1 Mmm). BestenctBue aToro 3arpysky KaMepbl Ty4YKOBBIMU
JACTUIIAMU MOKHO ObLT0 MOBbIcHTH B 10 + 20 pas, 4To MO3BOJISIIO IPOIBH-
HYTBCST B 00JIaCTh MEHBINX cedernit. CInTaIoCh, 4T0, TOCKOJBKY CyMMapHOe
BPeMsI 4YBCTBUTENBHOCTHU OBICTPOIMKIUPYIOIIENH KaMePhl COCTABJISIET TOJIBKO
HECKOJIbKO TIPOIEHTOB OT BPEMEHU BBIBOJA MYyYKa, BO3MOKHOCTH Habopa
CTATHCTUKHU C MOMOIIBIO TAKOW YCTAHOBKHU OY/IyT BeChbMa OrPaHUYEHbI, HO 3TO
006JIeryuT OIeHKY G (¢, C) Ha IIEPBOM dTalle KCIIEPUMEHTA.

[TockosbKy B TO BpeMst poOieMa yCIEIHOTO COBMETEHUsT PesKMa ObICT-
POTO MUKJIUPOBAHUSA C TOJIOTPAGUIECKUM CheMOM NH(POPMAITUN /IS KUTKOBO-
JIOPOJIHBIX KaMep elile He Obljia PeliieHa MOJHOCTHIO U TPeOoBaIa ITUTENbHBIX
METO/IMYECKUX MCCIe/JOBAaHNI, HAa TIEPBOM 3Talle 9KCIIepUMEHTa Mpe/IIoJia-
rajloch UCIIOJb30BATh KJIACCUYECKYIO ONTUKY. OTBIT IPYTUX 9KCIIEPUMEHTOB
MOKa3bIBAJ, YTO TPU UCIOJb30BAHUY CIIEIUATHHBIX 0OHEKTUBOB MOKHO
pocTurHyTh paspererust I = 20 MkM Ha riryOute hororpadupoBaHuist ~ 2 MM.

[Ipenu3nOHHBIN KOOPAUHATHBIN NETEKTOP MJIAHUPOBAJIOCHh CO3/1aTh
Ha OCHOBE TIOBEPXHOCTHO-0aphePHBIX MUKPOJIEKTPOAHBIX KDEMHUEBBIX /IETEK-
topoB (MK/I), pacrosioxkeHHBbIX HETIOCPeICTBEHHO Tiepel U 10cJie y3bipb-
KOBOH JKMIKOBOJIOPO/THOM KaMepbl. OCHOBHAS 3a/1a4a 3TOTO IeTEKTOPa 3aKJI10-
JaeTcs B BOCCTAHOBJIECHUN KOOPIMHAT BEPITUHBI TIEPBUYHOTO B3aNMO/IEHCTBYS,
YTO HEOOXONUMO [IJIsT OPTaHU3AI[UH TPUTTEPA.

Maznummnwiii cnexkmpomemp. AHaIN3 UMITYJTbCOB YaCTUIL I0JIKEH TTPOBO-
JUTBCS B MArHUTHOM CIIEKTPOMETPE C IIPOBOJIOYHBIMHU IIPOIIOPIUOHAIBHBIMU
kamepamu (I1K). /s Hero npeamnosarasock ucroab3oBatb Maruut MC-7
OT Ty3BIPbKOBOI Kamepbl «JI1ogMuma» ¢ HEPAaBHOMEPHOCTHIO BEJINYNHBI
MarHuTHOTO T10J1sI He Xyske 5 % mpu H = 1,8 T.

HemocpenctBenHo mocsie BepIIMHHOTO IeTEKTOPa MIJIaHUPOBATIOCH YCTaHO-
BUTH TPH OJIOKA MMOJYMETPOBBIX TPOMOPIIUOHATBHBIX KAMED C IITArOM HAMOTKU
CUTHAJIBHBIX ITpoBoJiodek 1 MM. BHyTpH Marnura cjieioBajio yCTaHOBUTD HIECTh
6JIOKOB TIOJIyTOPAMETPOBBIX MPOMOPIIUOHATBHBIX KaMep C IIaroM HaMOTKHU
2 mm. OO11iee YNCIO CUTHAIBHBIX TPOBOJIOYEK B MPOMOPIIMOHAIBHBIX KaMepax
pasro ~ 13 000. Kaxzapiii 610K IPOMOPIIMOHANBHBIX KAMEP COCTOUT U3 TPEX
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KOOPAMHATHBIX IIJIOCKOCTEH B OJTHOM ra30BOM 0O'bEME: JIBE TLIOCKOCTH ¢ 00BIYHOM
OPTOTOHAJIbHON HAMOTKOW M TPEThS IJIOCKOCTh € «KOCOW» HaMOTKOM 1moj; 30°
K BEPTUKAJIU [IJIs1 YCTPAHEHWST HEOTHO3HAYHOCTH ITPH OTIPe/IeJIEeHUU KOOPIUHAT
HECKOJbKIX YaCTHII.

Todockonuueckuii cnexmpomemp y-keanmog. JIJisk perucTpaliuu y-KBaHTOB
MPeoIaraJoch UCIOIb30BATh TOAOCKOTMYECKWH CTIEKTPOMETP, MPEICTABIIS -
ot u3 cebst Matpuity 13 1344 1eTeKTOPOB TOTHOTO MOTJIOMIEHMST 13 TIPO3pay-
HOTO CBUHIIOBOTO cTekJa. [lmmna crexos 50,5 ¢M, MPSIMOYTOJIbHOE TOTIEPETHOE
ceveHue ¢ JUIMHON cTOPOHBI 38x38 MM?, B TOpPIlE CTEKOJ MoCTaBaeHbl (HOTO-
sstekTpoHHbIe yMHOKHUTE DY -84. ObI1as momnepevyHas IIOMAAb JeTeKTopa
~1,6x1,2 m?. CorylacHO pacueTam, BEPOSITHOCTb PErUCTpaIiii 2y-KBaHTOB OT T,
ABJISAIOIUXCA TIPOAYKTOM paciiafia A™ uan D-Me30Ha, BBLIETEBIINX B CUCTEME
IIeHTPpa Macc B NiepeIHIoio mosycdepy, paBHa ~ 20 % u ~ 27 %, COOTBETCTBEHHO.

3anmauy cozznanus gerektopay-kBaHToB ([ E'A) 1 asekTpoHUKY K HEMY B3
Ha cebst THCTUTYT (DUBMKHU BBICOKUX 9HEPTUH 1Ipu TOMINCCKOM YHUBEPCUTETE.
B nanpueitmem cunamu UDBI (IIpoTBUHO) B 9/IEKTPOHUKY PETUCTPAIIUN
OBLIN TTOCTABJIEHBI 3apsi/i-TI(poBbIe TpeodpazoBaTenu pupmbr Le Croy.

Cucmema sanycka. B cuity ciiokHOCTH aJropuTMoB 0T6Opa U HEOOXO/IH-
MOCTH TIPOBO/IUTH €T0 B MHTEHCUBHOM ITOTOKE YACTHUIT TPEITOTIATATIOCH UCITTOTh-
30BaTh JIByXyPOBHEBYIO CUCTEMY 3aITyCKa.

BoicTpsrii Tpurrep mepsoro yposus (B mpezesnax 100 He) mosmkeH ot6upath
COOBITUST B3AMMOJIECTBIS TEPBUYHON YACTHIIBI, TIPOUCIIE/Iee B 06J1acTh
PaCHOJIOKEHUST BEPITUHHOTO JIETEKTOPA, ¥ BBIPadaThiBaTh CUTHAJ CTPOOUPO-
BaHUS 3JIEKTPOHUKN PETUCTPAIUY ITPOBOJIOYHBIX KaMep.

[Ipeamnosarajoch, 4TO Ha BTOPOM ypOBHE OyjeT IPOU3BOAUTHCS Ooiee
KECTKUI 0TOOP B3aMMOJIEHCTBUI B OrpaHnYeHHOM 9((GEeKTUBHOM 00beMe
BEPIIMHHOTO [IETEKTOPA, a TAKKe OTOOP M0 MHOKECTBEHHOCTHU 3aPS/KEHHBIX
YJACTHIL B 9TUX B3aUMO/ICHCTBUSX.

[To nanabiM c ipoBosiouHbIX Kamep (11K) nkpemuauneswix fetekropos (MK/I)
BOCCTAHABJIMBAETCS TPAEKTOPUS ITYYKOBOW YACTHUIIBI M PACCUYUTHIBAIOTCH X-
u Y-KOOPAMHATHI BEPHIMHBI B3aUMOJIEHCTBYS, KOTOPbIE B IIPE/ITOJIOKEHNH,
YTO MYYOK MPOXOAUT TOYHO TI0 OCU YCTAHOBKHU, OyIyT PAaBHBI KOOPAMHATAM,
usmepenubiM B MK/I. [l onpenesiennst TpaeKTOPUU BTOPUYHBIX YaCTHII,
HapuMep, B MIOCKOCTU XZ UCTONb3YI0TCSI X-KOOPAMHATHBIE TJIOCKOCTH
MEK/I n nByx mporikamep. OTcueThl, COOTBETCTBYIOIINE OJIHOMY TPEKY, TIPOU3-
BOJSITCS. METOIOM 11epeOOPOK, UCXO/st U3 TPEOOBAHMS UX MPUHAIJIEKHOCTH
O/IHO¥ TIpsiMOTi. PacueTHOE BpeMs BOCCTAHOBJIEHUS CHEIIIPOIECCOPOM TPUT-
repa BepITUHBI B3AUMO/IENCTBHS OIIEHUBAJIACH B HECKOJIbKO MUKPOCEKYH/I.

B03MOKHOCTH yCTaHOBKH 110 Ha0Opy cTatucTuku. ;KuakoBoopoaHast
Kamepa ¢ 1auHoil addexTruBHOrO 06BeMa 10 cm® u 3arpyskoii 30 MpoTOHOB
3a IUKJ paciuupenus, paboraomas ¢ yacroToi 20 Iy, mpu Mcmoab3oBaHum
TPUTTEPA BTOPOTO YPOBHSI, TIO3BOJISIET 32 OIHU CYTKU PAbOTHI B ITyUYKe YCKOPH-
TeJIS C JVTATENLHOCTHIO cOpoca ~ 1 ¢ momyunts ipu 50 %-Hoit s dekTHBHOCTH
45 THIC. CHUMKOB, 4TO obecrieunBaet cTatuctuky ~ 1,2 co6/mk6. [Tpu oxumas-
memcst B pp-B3anmoseiictBusx npu 70 9B /c cevennn obpazoBanust ogapo-
BaHHbBIX YacTuIl 6 (¢, ¢) = 10 Mx6 Ha 400 ThIC. CHUMKOB MOKHO OBIJIO ITOJIyYUTh
~ 100 coObITHII ¢ 0YaPOBAHHBIMK YACTUIIAMMU.
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Ecym e nepeiiTi K TpUrrepy Ha B3auMOJelCTBHE ¢ N = 6, TO IIpU He3Ha-
YUTETHHOM YMEHBIEHUN YHCIa COOBITHIT ¢ 04apOBAHHBIMU YACTUI[AMK YHCJIO
CHUMKOB cOKpatutcs 1o ~ 220 Tbic.

Annapamypa ons o6pabomxu dannvix. J17st 00pabOTKU CHUMKOB, MOJIyYeH-
HBIX Ha TIEPBOM 9Talle SKCIIEPUMEHTa, ObLIN MCIOJIb30BAHbI OOBIYHBIE TTPO-
CMOTPOBO-M3MEPUTENBHBIE TIPOEKTOPBI ¢ GorbiM yBesandenueM (10 50+60),
koTopble umesch B UDBID u HUMAD MI'Y (npoektopst [TYOC-4).

Peamuszanusa cucrem CB/I Ha mepBoii cTagnu 9KCIIepUMEHTa
OO61iuit Bt co3MaHHbIX eTekTopoB yeranoBk CB/I mokasan Ha pucyHke 1.

Puc. 1. /lerexropsl u maruut ycranosku CB/I:

1 — OBICTPONUKINPYIONIAS Ty3bIPHKOBAsI KAMePa, 3aMEeHEHHAS BIIOCIIE/ICTBUN HA aKTHBHYIO
MUIIEHB; 2 — TPenn3noHHbIi BepinHublii gerektop (ITB/1); 3 — 610K KOOpAMHATHBIX
nerekropos (K/I) nepen maraurom, cHauasna ato 6buii MeTposbie mporikaMepsl (1K), a satem
6s0k Mutuapeicdosbix Tpybok (M/1); 4 — marauTHbIil ciektpoMerp (MC) BHYTpH MariuTa;
5 — yepeHKoBcKuit ra3oBbiil getekrop (U/1); 6 — crmaTmIAmoHHbI rogockot (CT); 7 —
nerexrop y-kBautoB (JIETA); C1, C2, C3, C4 — cCUMHTHIIAIIMOHHBIE IETEKTOPbI MOHUTOPA
myJKa

MownwuTtop, BepIIMHHBII 1eTeKTOP U MojcucTeMa 3amycka. OIHOl U3 11esreit
aKcriepuMenTa, nosxydusiiero B UMDBO naszsanue E-161 [13], aBasinack peru-
CTpaIust KOPOTKOKUBYIINX OYAPOBAHHBIX YACTHI] TPU SHEPTHUAX CEPITYXOB-
ckoro yckopuresst Y-70. Perrenue 91oii 3aaun TpeGoBaIo BBICOKOH TOYHOCTH
onpenesenus koopauuat (~ 50 + 100 MKM), KaK BepIIMHbBI TIEPBUYHOTO B3AUMO-
JeiiCTBUS, TaK U TOYEK BTOPUYHON aKTUBHOCTHU OT pacliajia 4apMoB.

B CB/I-1 BepumnubiM fetekTopoM (B/1) siBiistiach GbICTPOIMKIMPYIONIAs
My3bIPbKOBAsT KaMepa, COBMECTHO C MUKPOCTPUTIOBBIMU KPEMHHUEBBIMHU JIETEK-
topamu ¢ marom ctpurnoB 50+200 mxm. [Tocieanue caykar 1151 MOHUTOPH-
poBaHMA IyuyKa U 3amycka ycranoBku. Mudopmanua ¢ MK/I sanuceiBanacsh
TaK)Ke Ha MAarHUTHYIO JIEHTY U UCIO0JIb30BAJIACh IPU T€OMETPUYECKOI PEKOH-
CTPYKIIMU COOBITUI.
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Pacnosioskenne u coctaB 1eTEKTOPOB, BKIIOUEHHBIX B CUCTEMBI MOHUTOPH-
POBaHUSI TyYKa, BEPITUHHOTO JIETEKTOPA U TTOJICUCTEMbI 3aITyCKa, M300PasKeHbI
Ha pucyHke 2.
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Puc. 2. Pacnosiosxkenue 1eTeKTOpoB 1 OJI0K-CXeMa arnaparypbl 0Tbopa coObITHI 1 cOopa JaHHbIX
B HAYaTbHOI CTaj[iH SKCIePUMenTa. Y CIOBHbIE 0603HaueHus: C, , — CIUHTHLIAINOHHEIC
nerexropbl (C, nmeer orsepcrue noz my4ok, C,., C,, C, llpI/ICTaBJleHbl BILIOTHYIO JIPYT K JIPYTY,
mexay C, m C. HaXOJUTCA IIEJIb 7 MTPOIyCKa nyqKa) MK/l — MUKpPOCTPHIIOBBIEC KPEMHHEBBIC
L[BTEKTOpr K — MTPOTIOPITHOHATIbHBIE KaMepbl (MHIEKCAMHU X, Y, U, V 0003HAUEHDI CTPHUIIDI
WJIH TTPOBOJIOYKH, HATIPABJICHHBIC COOTBETCTBEHHO 10 TOPU3OHTAIIN, BEPTUKAJIN UK 00Pa3yIoIie
yrabt £ 10,5° ¢ BeprukaibHoii ocbio); CC — cxema coBnagennit; BP — 6710k perucrparuu JaHHbix

Cuunrunaanuonnsie gerekropsl C,, C,, C, umenn pasmepbr 80x80, 80x80
1 3x38 Mm% C mmeeT oTBepcTHe /IS IpolrycKa Iydka. Ilydyok pacripocrpans-
€TCSI BJI0JIb OCU Z, eT0 TIOTIePeYHOoe CeueHre BBITSIHYTO B BEPTUKAIBHOM HAIIPAB-
JIEHWH BOJIb ocu Y U uMeeT pasMepbl ~ 2x40 Mm% Mutiienb OKpysKeHa criepein
U €321 IBYMSI TeJIECKOTIaMU U3 TIPOTTKaMep U MUKPOCTPHUTIOBBIX KPEMHUEBbIX
eTeKTOpoB. UnCI0 KaHAIOB CUNTHIBAHUS JaHHBIX cocTaBiisiio 128, 256 u 512
s MK/, MK/, u MK/L,, cooTBeTCTBEHHO (CyMMapHO€E YKCJIO KaHaI0B —
896). Paccrosnua MKJ/L, 1 MK/, 10 Mutienn cocTaBisno 25 ¢M.

DJIEKTPOHHAS almaparypa MOJCUCTEMbI 3aIlycKa ObLTa BBITIOJTHEHA B CTaH-
napre KAMAK-KOMITEKC [14] na ocHOBe cXeM HaHOCEKYHTHOU MOTEHIIH-
aJbHOM JoTUKH [15] m BKJIOYAIA: MOYJIM COBIIAJeHUI U aHTUCOBIAJEHUH,
moxyau peructpanuu bP-214, cernmporeccopsl, yHUBEPCATbHBI MUKPO-
nporteccop INTEL 80386 ¢ taktoBoit yacroroit 33 M1, 1Be iepcoHaibHbie
IBM <«3diexrporuka-85». MHOTOYPOBHEBBII TpUTTEP OBLI MpeAHA3HAYEH
N7 pelieHus caeyIomnX 3a/1ayu: BeljleieHrne TTyYKOBOM YacTUIIBI B KaHaJle
10 COBIAMEHUIO UMITYJIbCOB OT CHMHTUJIAIMOHHBIX AeTekTopoB C, u C,
(curnan — «MoHUTOP»); OlpejeleHre B3aUMOIEICTBUS 110 BhIObIBAHWIO
HavyaJbHOUM YaCcTHUIBI U3 TTydKa (Tpurrep 1-ro ypoBHS); BbIIeJIEHUST B3aUMO-
JeiicTBU, mpousoteaAnnx B aHeKkTuBHOM 00beMe MUtiieHu (TpUrrep 2-ro
yPOBH# ); oboraiieHne aKCIepruMeHTaIbHON BBIOOPKU COOBITUSIMU C PacIiaaMu
gapmoB (tpurrep 3-ro ypoBHs). O6e [IIBM ciayKuau s orepaTuBHOTO
KOHTPOJIS allllapaTypbl, BU3YaJIU3alllMK JaHHBIX, YIIPaBJIeHUsT paboTON CIiell-
MPOTIECCOPOB M TPUTTEPHOTO TIPOIIECCOPA.
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Marnutssbiii cnekrpoMetp. [llupokoanepTypHblii MAarHUTHBIN CIIEKTPO-
Metp (IITAMC) gaBmsisicst U 10 CUX TIOP SIBJLETCS OJJHOM U3 OCHOBHBIX YacTel
ycranosku CB/I. Kameps! neponayanbHo Obliu crpynimupoBaisl B 10 610K0B,
Tpu 6JI0Ka OBLIM YCTAHOBJIEHBI ITEPEl MATHUTOM (BITOCJIEICTBUN OHU 3aMe-
HEeHbI Ha JpeiioBble KaMepbl) U ceMb HaXO/SATCS B MarHuTe (Ha puc. 3a OHU
[OKa3aHbl BHIIBUHYTHIMU U3 MarHuTa). B kax1oM 610Ke MOKET ObITh OT JBYX
710 TPeX IJIOCKOCTEI, IIPOBOJIOYKHU B KOTOPBIX PACIoJiaraloTcsl B BEpTUKAJIbHOM
(Y) unu «koceix» (U, V) HanpaBienugx. B 3aBucuMoctu oT pazmepa Kamepbl
YICJIO TIPOBOJIOYEK B KAK/I0M IJIOCKOCTH MOsKeT ObiTh 0T 602 10 704; obuiee
HCIIOJTb3yEMO€E KOJMYECTBO MJIOCKOCTEN cocTaBsieT 28, a 001iee KOJUIECTBO
CUTHAJIBHBIX ITPOBOJIOYEK 0K0JIO 18 ThiCAY.

Puc. 3. MarauTHBII CrIeKTPOMETP: A — MIPOMOPIIMOHATIbHBIE KaMePbl MATHUTHOTO
CHEeKTPOMETPa; b — aJIeKTpoHMKa perucTpaluy CUTHAJIOB C KaMep
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B cuny orpanndenHocTH MecTa B MaruuTe (3a30p MeXIYy KaMepaMu
Y MarauTOM COCTaBJsIeT 6 CM) Ha caMMX KaMepax pa3MeIeHbl TOJTbKO YCUIUTe-
an-dhopMupoBaTesid, a anmaparypa perucTpaiuu CUTHAJIOB HAXOJAUTCS
B kpeiitax KAMAK, momenieHHbIX B 9KCIIePUMEHTAJIbHOM JOMUKE (cM puc. 30).
JlnuHa coeiuHUTETbHBIX Kabeseit coctaBisieT ~ 50 M. OH KpeiT copepRuT
BJIEKTPOHUKY PETUCTPAIUU JIJIT OTHOU TLIIOCKOCTH.

Coem cuznanos ¢ nponopyuonarviulx kamep. CbeM U yCcuieHne NMITYJIbCOB
C CUTHAJbHBIX MPOBOJIOYEK MPOMKaMep MPOU3BOAUTC ABYMS TUTIAMU
ycusuresieii-hopMupoBaTesiei:

1) 16-kananpubIME yeuuTeasmu paspadotku UAD COAH (HoBocubupck),
OCHOBY KOTOPBIX COCTaBJIsIET rOpu/IHas nurerpaibhas cxema 155Y /(1 [16];

2) yCUIUTENSIMU, Ha OCHOBE THOPUIHON MuKpocxembl Y 115, paspaboTku
JINAD (Jlenunrpan) [17].

Bxonnoe conporuBnenue yeunaureseir nepsoro tuna ~ 1 kOwm, ycunenue
o HanpspkeHuio ~ 300. Ha BbIXOj1e CTOUT KJII0Y ¢ OOIIIM SMUTTEPOM C PETY-
aupyembiM oporom cpabatsiBanust (ot 300 1o 700 MB), pasBuBaommii Tok
10 30 MA, T. e. criocoOHbIIE GOPMUPOBATH B BHIXOAHOM Kabese (BuTas 1apa,
BOJTHOBOE cornpoTuByienne ~ 110 OM) UMITysIbCchl HANIPSKEHUS B JIOTUYECKUX
ypoBaax TTJI. Pagn ynpormerus cxem (popMupoBaHUe BBIXOIHBIX UMITYTHCOB
0 JUTUTETbHOCTH HE TIPOU3BOIUTCS.

[TpakTuka mokasaJsa, 4TO B CUJy BeChbMa BBICOKOH TIJIOTHOCTH MOHTaXKa
nMeercst 3aMeTHOe 0OpaTHOE BIMSHUE BBIXOIHOIO CUTHAJIa Ha BXOJ YCHUJIN-
TeJiell, 9T 1pu OOJIBITOM KOJUYECTBE KAHAJIOB JI€JAET MOJACUCTEMY CheMa
CKJIOHHOH K BO30Yy K eHI0. [[09TOMY BeJTMunHA BEIXOHOTO TOKa (hPOPMHUPOBA-
Teslell B yCUIUTEISIX Oblila CHIZKEHA TPUMEPHO Ha TOPSIIOK — 10 MITHUMAJIb-
HOTO YPOBHS, HEOOXOAMMOTO st cpabatbiBanus BXoa0B TTJI-MUKpOCXeM.
Jlj1s1 TOTO Ha BBIXOJIE COEIMHUTENbHBIX Kabeeil ObLIN MOCTaBIEHBI TPE0D-
pasoBare/in UMIeJaHcoB (¢ BOJTHOBOTO COIPOTUBIeHUs Kabeus 10 ~ 1 kOm)
B BU/IE TPAH3UCTOPOB ¢ 0011eill 6a3oil. B ycumnTensx BToporo Tuia BHIXOAHON
TOK OBbLJT OTPaHUYEH y’Ke Ha CTAJNK MPOEKTUPOBAHUS BBEJIEHUEM BBIXOIHOTO
TOKOBOTO KJifoda (~ 5 MA).

Opeanusavyus moodyiell pezucmpayuu. B coctaB Kak10ro Kpeira peru-
CTPAIMY BXOJAT CJIETYIOTIIE MOTYJIH:

* 64-KaHAIBHBIE MOYJIN PETUCTPAIINHI U KOJAUPOBAHUS CUTHAJIOB C MPOITKA-

Mmep PITK-213 [18] (ommH Kpe#lT COOTBETCTBYET OJTHOM MPOTIKaMepe );

* kpetiT-kouTposiep KIITK-671 [19], Beixomsmuii Ha MEKKPEUTHYIO Maru-

CTPaJib, CBA3BIBAIOILYIO MOJIYJIH € IIEHTPAJIbHBIM KPEUTOM;

* cllelUaIN3MPOBAHHBIE MO/IYJIA PA3BETBJIEHUS TAKTOBBIX CUTHAJIOB U CUTHA-

JioB 3amycka TP-183;

* ceseKTOpHI 3apocoB C3-611, huibTpyloniue mepea KOAUPOBAHUEM MOJLY -

JIW PETUCTPAIINN, He MMEIOTINe TaHHbBIX.

Moayau perucTpanuu CUTHAJIOB ¢ TpolikaMep umetoT 1o 64 Bxozaa [18],
B KaxkgoM kpeite comepsxkurcd ot 10 no 11 moayneit (puc. 4). Ix ocHOBY
cocTaBJisieT OBICTPO/IENCTBYIOIIEE 3alTOMUHaoIIee ycTpoiicTBo (3Y) Ha 16
64-paspsaHbIX CJI0B, KOTOpoe (GUKCUPYET HAJIMUMEe WU OTCYTCTBUE CUTHAJIA
Ha KakKJIOM M3 BXOJIOB MOJYJISI B TaKTaX, MOBTOPSONUXCS ¢ ieproom 80 He
(12 MT). ITockoabky 3Y umeer 16 azpecHbIX BX0/I0B, CyMMapHasi JIJIMHA



Cnexmpomemp ¢ 6epuunibiM 0emeKmopom: ucmopus co30anus u paseumus. 711

BPEMEHHOTO MHTepBaja XpaHeHUus1 MH(popMaIuu o MpeabIAyIeM COCTOSHUN
BXOJIOB cOCTaBJisteT ~ 1,2 MKC. DTO BpeMsi MOKET OBITh CITOJIb30BAHO JIJIsI BBIPA-
GOTKM CUTHAJIA 3aIyCcKa TOACKCTeMbI (Tprrrep 1-ro ypoBHST) MO HEOOXOIMMBIM
(puzmyecknm KpUTEpUSIM.
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Puc. 4. Pactionoxenue momysteit B kpeittax peructpanuu [IIAMC

TakToBBIE UMITYTLCHI TEHEPUPYIOTCS B TIEHTPATBHOM YTIPABJISIONIEM KpeiTe
CHUCTEMBI U 3aTeM PACTIPEIENIIOTCS B /IBa 9Tala M0 BCEM KPENUTaM C TIOMOIIBIO
16-kanambHbIX pazBerBUTENEN B ypoBHAX NIM. IlenTpasmmzoBantnoe TakTH-
poBaHKe CHUMaeT PobJIeMy WHINBUIYaJbHOI TTOACTPORKH, CBOHCTBEHHYTO
CUCTEMaM CO CXeMaMU 33/IePKeK B KayK/IOM KaHaJe PerucTpaIiii.

Curnan 3amycka pactpeesisseTcs 1Mo MOLYJIIM PErUCTPAIlui U3 1eHTPaJIb-
HOTO KpeiiTa aHaJOTUYHBIM 00pa3oM depe3 TaKue jKe pa3BeTBUTENN (CM.
puc. 4). Ilpu noctyniennn HpoHTa CUTHAMA 3alTycka 3Y B KaKIOM MOJYJIe
MePEBOINTCS U3 PeKUMA 3aNUCU B pexkuM uTenusd. [l Boienenus dakra
MIPOXOJKIEHMST YaCTUI[B Y CUTHAIBHON TIPOBOJIOYKH (B MOMEHT OTOOPaHHOTO
B3aMMO/IECTBUS ) HEOOXOAUMO BBIIIOJTHUTD CJIEAYIOIUE AeHCTBHSL:

1) oTcTynmuTh BO BpeMeHM Ha3a/] Ha M CJI0 TAKTOB, PAaBHOE 3a/I€P5KKE CHCTEMbI
3aIlyCKa;

2) B KaXXJIOM KaHaJe BBIJIEIUTH (HaKT TMOSBICHUS UMITYIbCA C YCUTUTES
B HCCJIEJTlyEMOM TaKTe, TO €CTh!

a) yOeanThCst, 4TO B MPEAbIAYIIEM TaKTe COCTOsTHUE BX0oAa 3Y ObLIO PaBHO
HYJIIO,

6) yOeauThCs, 4TO B UCCJIEyEMOM TaKTe WU B CJIEAYIONEM TaKTe COCTO-
sTHUE BXO/la M3MEHUJIOCHh C HYJISl Ha eJUHUIY (Ba TaKTa HEOOXOAMMBI, TaK
KaK B OJJHOM TaKTe UMIIYJIbC MOKET OBITh «Cpe3aH» U MOTEPSIH);

3) BeIpaboTaTh KO/ CPabOTABIIETO KaHAIA.
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Uccnenyembie B ycTanoBKke hu3nveckue MpoIecchl XapaKTepusyioTces
6OJIBIIOI MHOKECTBEHHOCTHIO POKIEHUS] BTOPUIHBIX YACTHUIL, TOITOMY
CO 3HAUUTEJHHON BEPOSITHOCTHIO BO3MOKHO MOSBJIEHNE MHOTUX CUTHAJIOB
B MOJIyJie PETUCTPAIlUK B OTAEJbHOM B3amMoaeiicTBun. CiremoBaTerbHO,
K K/[BII MOJLYJIb PETUCTPAIMY JIOJIZKEH UMETh BHYTPEHHIOI CTEKOBYIO TTaMSITh
(LIFO) ayist XpaHeHUst HECKOJIBKUX KOZOB CPadOTaBIINX KaHAJIOB.

B ommceiBaemoii cucteme JsMHA cTeKa MO3BOJISIET TECTUPOBATD BCE KAHAJIBI
ofiHOBpeMeHHO. Torja mpu JBOUYHOM KOAUPOBAHUK HEOOXOAUMO TIOBTOPUTh
ONMCaHHbBIE BHIIIE AeicTBUS 64 paza — 1eso, Tpedyiolee 3HAYUTENBHOTO
BPEMEHH, TIPUYEM CyMMapHas [JIMHA KO/a, OJyYeHHas B pe3yJbraTe, Oyaer
JIOBOJIbHO GoutbInoii (64 kozma o 6 6ut). ['opasno BeirogHee pa3dbuth 64 BXoa
B MO/IyJie PETUCTPAIIUN Ha TPYIIIIBI 10 BOCEMb KaHAJIOB U COXPAHUTH MTPE/ICTAB-
JIeHUe JAHHBIX B TPYIITIEe B UCXOJAHOM — JIMHEHHOM Kozie (T. €. B BUjie Habopa
13 8 GUTOB), a B IBOUYHOM KOJIE ITPECTABJISATH TOJBKO HOMED TPpyTIbl (3 6uta).
Kak HeTpyiHO BU/IETh, MAKCUMAJIbHAST OOIIIast JITTMHA KOJIa B 9TOM CJIyJae paBHa
88 6ut (8 xomos 1o 11 6ut), a He 384 Oura.

JLytst BBITIOTHEHUST IEHICTBUIA B TPYTITIaX, OTMEYEHHBIX B MyHKTax 1—3, He0O-
XO/IMMO YeTbIpe TAaKTOBBIX CUTHaJNA (4-11 TaKT HY’KEH [IJ1s1 3alIOMUHAHUS KO/
TPYTIBI B CT€KE). ITH AEHCTBUSA MOBTOPSIOTCS BOCEMb Pa3 OIHOBPEMEHHO
BO BCEX MOJYJIAX PerucTpanuu u Bo Bcex kpeiitax. OJlHOBpEMEHHO C KO-
pOBaHMEM TTPOU3BOAUTCS (PUIBTPAIINS «HYJIEBBIX» TPy (HE COMAEPIKAITNX
HU OJIHOTO cpaboTaBIiiero Kanasia). Beero s KogupoBaHusi BCeX CUTHAIOB
HeoOX0AUMO 32 TaKTOBBIX MHTEPBa/Ia, YTO 3aHUMAET BpeMsl, MeHbIlle 6 MKC.

Y1pasJieHue mpoieccoM KOAUPoBaHst 0epyT Ha cebst KOHTPOJLIIEPHI KPEHTOB
[19], rerepupyrotre o cUTHATY 3aITyCKa BOCEMb CEPUH 13 YeTBIPEX CABUHYTHIX
JIPYT OTHOCUTEJTHHO JIPyTa BO BpEMEHH UMITYJIbcOB. Ecii B Moy e peructpanum
3aperucTpupoBaHa XoTst Obl 0J{HA cpaboTaBIlast TPYINa, TO 0 OKOHYAHUK
YIPaBJISIONIEN TAKTOBOW CEPUM OH BBICTABJISIET CUTHAJ 3a1Ipoca 00CIy K-
Banus. Haunnas ¢ aToro MOMeHTa cucTeMa rotToBa K CYUTBIBAHUIO JaHHBIX,
KOTOPOTO, B TIPUHITUIIE, MOKET U He OBITh, €CJIN TTOICHCTEMA 0TOOpa (TpUrrep)
BTOPOTO YPOBHSI BBIIACT OTPUIIATENLHOE PEIIEHHE, T. €. 3a0paKkyeT coObITHE,
0TOGpaHHOE TIOACKCTEMOI 0TGOPA IEPBOTO YPOBHSL.

Ienmpanvnoiii kpeum cucmemvl. OCHOBHBIMU MOJAYJISIMU II€eHTPAJIbHOTO
Kpeiita (puc. 5) sIBJISIIOTCSI:

* kpelT-koHTpoJIephl BeTBelt KKC-731 [20];

* KOHTPOJLJIEP IEHTPaJbHOTO KpeliTa [21] (co cBOMM cesleKTOPOM 3alIpOCOB
C3-611 [22]), cBsA3bIBAONINI anmiapaTypy ¢ OH-JIAITH KOMITBIOTEPOM;

* IPOrpaMMHO-yIpaBJsieMblil 010K 3axepxkn (263Y-122 [23], ananazon
64 HC) 1151 CHATUS KPUBBIX 33/I€P5KAHHBIX COBIIQ/IEHUN TIPOTIOPIIMOHATBHBIX
Kamep;

* JIB€ TIaphl CIIeTMaIn3npOBaHHbIX Moyteii TP-183 pasBeTBieHNsT TAKTOBBIX
CUTHAJIOB M CUTHAJIOB 3aIlyCKa IIEePBOil CTYTIeHHU;

* reHepaTop (MMHUTATOP) CUTHAJIOB 3arycka (JeBbiit Moy b Clock-730A);

* TeHepaTop (MMUTATOP) CUTHAJIOB HavyaJjia IIuKJIa YCKOpeHus: (IIpaBblil MO-
nyab Clock-730A);

* MoyJib ‘Interrupt’ cuctembl cuHXpoHU3aNK |24 ];
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* 1Ba BXOAHBIX peructpa 214-BP-16 aToil mojcucTeMbl, IpUHUMAIOIIAE HO-
Mep 04epeHOTO COOBITHS OT CUCTEMBI 3aITyCKa YCTaHOBKH.
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Puc. 5. IlenTpasbHblii u BcrioMoraTeibHbIi KpeiiTol aekTponnku [ITAMC; BHu3y mmokasaHa
KalbesibHas! TaHe b CCTEeMbI CHHXPOHU3AIMN

Bo BcrmoMoraTesnbHOM KpeliTe HAXOAMTCS CIBOEHHAS CXeMa COBITQIeHUIA
2CC-1511, ¢ TOMOTIBIO KOTOPOII MOKHO YCTAaHABJINBATD PA3JINYHBIE PEKUMBI
MarHuTHOTO criekrpomerpa. CrucreMa MoKeT paboTaTh B TPEX PEKMMAX:

1) rect B 06mieit CB/l mporpamme;

2) TecT B CIIeNUaJN3UPOBAHHOI TTPOTPAMME;

3) pabounii peskuM B 001Iell IIporpaMMe.

Opeanusavus cuumvieanus dannvix. JIJisi MOCTPOEHMST CUCTEMBI UCIIOJIB30-
Banbl kpeirtel KAMAK. OHako Ha MarncTpasm Kpelita peau30BaH MPOTOKOJI
KOMIIEKC [14], anpecroe TpOCTPaHCTBO KOTOPOTO — 24 pa3psjia — COOTBeT-
CTBYET COBPEMEHHBIM CTaHAapTaM (MCI0Ib30BaHbl TUHUM W 1-24). [IpunaATh!
MepBI 110 YBEJNYeHN10 PU3NIECKOro ObICTPOAEHCTBUS MArMCTPAJIM: TIOHU-
skenbl 10 500 OM BeIMYMHbBI HATPY30UHBIX CONPOTUBIIEHUI JIMHUN MarrCTpaIn
(11 3TOTO BBEJIEHBI CIIETIMAIbHBIE MO/LYJIM — TEPMUHATOPHI ), & B MOLYJISIX PETrr-
CTpaIiy U KOHTPOJLJIePaX UCIOb30BaHbl IPUEMOIEPEIATYNKN ¢ OOIBIIUMU
BBIXOJITHBIMU TOKaMM. 3a CYET 9TUX Mep JTUTETbHOCTD ITUKJIA Ha MAaTrUCTPAJIN
camkena 10 600 Hc, T. €. TOYTH BABOE TI0 CPABHEHUIO C IIUKJIOM HAa MaruCTpaIn
KAMAK.
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Cuctema cuurtsiBanus B [ITAMC nientpann3oBannas, oHa IMEET, TaK e
kak B KAMAKe, Tpu nepapxmnueckux ypossi (puc. 6).

IBM PC

———

LsHTpankHEIH ) 1 | Kpsim

| ZJL 12 |
| Kpeim 1.1 TF 21F T 31 Kpesim 4.1
I 1 | | | | I I
t Kpeiim 1.2 i 2.2 3.2 ' Kpeir 4.2 |
I | I |
L anl T -k
| KpeiiT 1.3 I 2.3 3.3 I KpeiiT 4.3
I 1 I I
yml R B L
| Kpeir 1.4 2.4 3.4 KpeiT 4.4
| 1 I
| j | I I I I | 3 |
. Kpenr 1.5 . 2.5 3.5 . KpenT 4.5 |
| | I I I I I |
| Kpenr 1.6 | 2.6 3.6 | Kpenr 4.6 |
| | | |
L. s (a B
| Kpeum 1.7 1 2.7 3.7 i Kpenr 4.7
| | I I I I | |
. 1 A i 3
Bereer 1 Betee 2 Berer 3 BetTeb 4
HHTepdeficHEe KOHTpOJNeprl: 1 — koHTpoansp IBM PC
2 - KOHTpoOAJNEep BETBH
3 - koHTponnep kKpeiTa

Puc. 6. CTPOGHI/IG MaFI/ICTpa]IeP’I CUCTEMDBI CHUTBbIBAHUA MarHUTHOTO CIIEKTPOMETPa

Bbi60op 1eHTpasn30BaHHON CTPYKTYPBI 00YCIOBJIEH OMHOTUITHOCTHIO
GOJIBIIOI MAacChl J€TEKTOPOB, IPOCTOTON aJrOPUTMOB KOAMPOBAHUS 3ape-
TUCTPUPOBAHHBIX JJAHHBIX, OTMYCKAIOIIEH TIeHTPAJIN30BaHHOE yIIpaBIeHUE,
a TaK)Ke TeM, U4TO JaHHbIe JIO0JKHbI HAKAILJIMBAThCSA B OJHY OOIILYIO IAMSITh.
[Ipumenenne iporokoa KOMITEKC mo3Bosinio yHH(UIUPOBATH CTPOEHUE
Marucrpaeil B Kpeiitax perucrpaiui, (KabeabHbIX) BETBSIX M B IIEHTPATbHOM
kpeiite (mo cyt, B KOMIIEKCe nmporokon maructpanu BetBu KAMAK
nepeHeceH Ha MarucTpain KpeiuTos). Becero nmeercs yetsipe BeTBU (KaxKmast
co cBoUM MHTepdeiicHbIM KOHTpoJiepoM [20] B 1leHTpaIbHOM KpeliTe, CM.
puc. 4). Kaxias BeTBb MMeeT 110 ceMb KpeToB peructparuu. K nenTpaibHoMy
KpeiTy mok/oueH on-jaitd komnbiorep (IMB PC) uepes cBoil coOCTBEHHBIN
nHTepdelicubiii KoHTpoJiep [21]. B HeM ke HaXoAATCS MOJYJIU CBS3U
C CUCTEMOI1 3alycka.
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Ecom B1ieHTpasbHOM KpeiiTe MOy4yeHo OTPUIATETbHOE PelIeHNe OT CUCTEMBI
3aIycKa BTOPOTO YPOBHS, TO KOMIIBIOTEDP BBIZAET HA MarucTpasb IEHTPAJb-
HOro Kpeiita curHas copoca (Z), KOTOpbIil pacipeessieTcs o BceM KpeiTaM
CHUCTEMBI Uepe3 MarucTpaJv BeTBEW U /lajiee Ha BCe KPEUTHI PeTUCTPAIUU.
Ecam xe perienne mosioxknuTenbHOE, TO HAUUMHAETCS MTPOIIECC CYUThIBAHUS.

[TockosbKy OJIMH KPEUT COOTBETCTBYET OJHON KOOPAMHATHOM TIJIOCKOCTH,
TO BEPOATHOCTb TOTO, YTO IIPU 3AIIyCKE CUCTEMbI KasK/blil ee KpeHT Coep:KUT
TMaHHbIe (71 YTEHWS ), IOBOJBHO BeIMKa. B CUTy 3TOTO TaHHBIE CUNTHIBAIOTCS
POCTEHIITNM CIOCOOOM — TTyTeM MOCJIEA0BATETHHOTO TOOYEPEHOTO OIPOca
(110 «ITpOoTpaMMHOMY KaHasy ). [leHTpasbHbI KOMIIBIOTEP CUUTBHIBAET JaHHbBIE
C KaK/JIOTO KpelTa 10 TeX 110p, IIoKa UMeeTCs MOATBePsKeHIe HaTu4Ks JaHHbIX
(Q) B MKJIe YTEHUs, TIOCJIE YeTO OH TIEPEXOIUT K CYUTBHIBAHUIO CJIEAYIONIETO
KpenTa.

B npemenax kpeiitTa cuuThIBaHUE TPOUCXOAUT CJAEAYIOMMUM 0OPa3oM.
Kax yske roBOpmIOCh, €CJTM MOJTYJIb PETUCTPAIIMY UMEET JJAaHHbIE, TO OH BBICTAB-
JseT curHas 3anpoca obcayskuBanus (L). Ha 25-it craniuu kpeiita nMeercst
CeJIeKTOp 3ampocoB [22] ¢ mpruopuTeTHBIM MHUbpPaTopoM (B ABOUIHBIN KO );
PUOPUTET OTOOPAKAET TTO3UIII0 MOYJIst B Kpefite. Kop Tekytero (nanbosee
MPUOPUTETHOTO) 3aIPOCa TEePEIAeTCs CeEKTOPOM IO TOTIOJNHUTETbHON Maru-
crpasu [ 14] Ha koHTpoJIep KpeiiTa. IIpu nosyyeHnn ot KoMIibloTepa KOMaH bl
CUUTHIBAHUS KOHTPOJIJIEP MCTIOIB3YET 3TOT KOJI /71T CANTBIBAHUS MMETOTIIAXCS
JAHHBIX U3 MOJLYJIsl perucTpalnu (CTOIbKO pa3, CKOJIbKO UMEETCsI CJIOB B CTEKe).
Ecan nannabie B MOMyie perucTpaiiuy ucueprianbl, TO TOCTEHUN CHUMAET
curtais L u B cieiyionieM 11KJe HaYMHAeTCsl OIIPOC CJIe/yIoNero 1o IPUopHu-
TeTy (110 TTO3UITMN ) MOJIYJISI peTucTpaiiuu. B pe3ysibTaTe, Ha ypoBHE KpenTa
He TpebyeTcst TOTMOJTHUTETbHBIX MPOTPAMMHBIX JAEHCTBUI 110 HAXOKIEHUTO
KOJIIMPOBAHHBIX JAHHBIX (3TO JIeJaeTCs alapaTHBIMU METOJ[aM1 ) M CYUTHI-
BaHMe UJIeT C MAKCUMAJTbHO BO3MOKHOM JIJIS allliapaTypbl CKOPOCTHIO.

DaxTopoM, ONPeIeJIIONINM CKOPOCTh CUNTBIBAHUS, SBJsIETCS (hr3ndyeckoe
OBICTPOIENICTBIE MATUCTPATM BETBH, IIUKJI CUUTBIBAHUS OJHOW KOOPIUHATHI
3aHuMaer ~ 4,5 Mkc. Beero B cobpitun cuntsiBaercst ~ 300 csioB, T. €. Bpemst
CUMTBIBAHKUA OJHOrO coObITUs 3anuMaer ~ 1,2 mc. Takum o6pasom, 3a Bpems
BBIBOJIA ITy4Ka M3 yckopuresis (~ 1 ¢) umeeTcs: BO3MOKHOCTD IIpUeMa JJaHHbIX
ot ~ 700 cobbITHIi.

IIpozpammmno-annapamuoie cpedcmea KOHMPOLs cucmemol. JLJist CIieKTPo-
MeTpa CO3/[aHa CUCTeMa KOHTPOJISI, TIO3BOJISTIONIAs TIPOBEPSTH PaboTOCITOCOD-
HOCTb Ha YPOBHE OT/EJbHBIX KPEHTOB O€3 HAJIMUUsI MydKa C YCKOPUTEJIS.
Ee ocHoBoOIi gBageTcd reHEepaTOpP UMITYJIbCOB, CUTHAJI C KOTOPOTO MOJKET
OBITH MMOJIaH Ha JIIOOYI0 U3 KAaTOAHBIX TJIOCKOCTEH MPOMOPIIMOHATBHBIX KaMep
C TTOMOII[bI0O MEXaHNYEeCKOTO KoMMYyTaTopa. VM3-3a Halmnumsa napasuTHBIX
eMKOCTeH «KaTo/[Has TIIOCKOCTh — aHO/HAS MTPOBOJIOYKA» CUTHAJ TeHepaTopa
pa3BETBJISIETCS 10 BCeM KaHasiaM, 6J1aroiapst 4eMy MOKHO TIPOBEPUTH paboTy
Ka’K/I01 TTIPOBOJIOYKH B KAJK/IOU KaMepe.

BropbimM BaxKHBIM MOy JIeM MOJICUCTEMbI KOHTPOJIS SIBJISETCS ITPOrPAMMHO-
yIpaBIsgeMbIii MOy b 3a7epxkku [23] ¢ mmarom 1 He n nuanazonom 128 Hc,
MO3BOJISIONUI C/IBUTATH BO BDEMEHU MMITYJIbC 3aI1yCKAa OTHOCUTEJbHO CUTHAJIOB
C TIPOBOJIOYEK.
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[TporpaMMHBIM KOMIIOHEHTOM CHUCTEMbI KOHTPOJIS SIBJSIETCS HAITMCAHHAS
Ha a3bike C ¢ mpuMeHeHneM TpaduyecKiX CPe/ICTB IPorpaMmMa, KOTOPast:

1) mTpou3BOAUT TTPOBEPKY PabOTOCITIOCOOHOCTH IEHTPATHLHOTO KpeliTa
CUCTEMBI;

2) IpoBepsIeT KaK/IbIi KPEUT PETUCTPAITNN B KayK/ION U3 BETBEN;

3) IpoBepsIeT KAKIYIO ITPOBOJIOYKY B KaXK/I0 U3 TIJIOCKOCTEN myTeM Habopa
1 HaOJTI0/IEHUsT THCTOTPAMM C TECTOBOTO TEHEPATOPA;

4) cTPOUT KPUBBIE 3a/IePKAHHBIX COBIIAJCHU A KaK/101 IJIOCKOCTH,
KaK B TECTOBOM, TaK U B paboueM pesknumax (Ha MydKe), 4To TO3BOJISIET OAOU-
paTh ONTUMAIBHYIO 3a/IePKKY CUTHAJIA 3aIyCKa.

MarHuTHBII CHEKTPOMETP SABJISIETCS OJHUM M3 KPYNHEHIINX B CBOEM
KJlacce B Halllell cTpaHe. B Tedenne MHOTUX JIeT OH YCIEITHO 9KCILTyaTUPyeTCsI
Ha yckopuTesie ¥Y-70 u 1011 TOTEpb BpeMEHH 9KCIIEPUMEHTA, BbI3BAaHHASI HEHC-
[PABHOCTSIMU aTIapaTypbl CIIEKTPOMETPA, ObLIa TIPeHeOPEKUMO MO,

l'[pe;[.nomem/le BTOpOﬁ CTauH IKCIIEPUMEHTA

Kak 6bL710 U3/105K€HO BbIllle, Ha IEPBOM dTale — B 9Kciepumente E-161 —
B KayeCTBE MPEIU3NOHHOTO BEPIIMHHOTO [eTeKTOpa Obljia MCII0Jb30BaHa
OBICTPOIMKJINPYIOIIAst JKUIKOBOJOPOIHAS Iy3bIPbKOBast KaMepa ¢ HaCcTPoO-
eHHOH 110/1 Hee CUCTEeMOH 3allyCKa YCTaHOBKH, a U3 CIEKTPOMETPUYECKON
YaCTU U3TOTOBJIEHBI TOJBKO IMUPOKOATEPTYPHBIN MATHUTHBIN CIIEKTPOMETP
C TPOTIOPIIMOHATBLHBIMU KaMePaM# U TOJI0OCKOTTNYECKUIl eTEKTOP raMMa-
kBaHTOB. [IpeaBapuTesbHble pe3yabTaThl, IOJyYeHHbIE HA IEPBOM 3aTalle
aKcIiepruMenTa, Obiu gosoxkenbl Ha XX VII MexayHapoHoil KoHepeHun
1o (hu3uKe BBICOKUX dHepruii [25].

Ha BTOpOM aTare sKkcriepuMenTa TUIAHUPOBAIOCH CO3/IaTh OBICTPOIENCTBY-
IOIUI TPEIU3NOHHBIN BEePIIMHHBIN 1eTEKTOP, OCHOBAHHBIN Ha 3JIEKTPOHHOMI
METO/JIMKE, M Pa3BUTh CIIEKTPOMETPUYECKYIO YACTh YCTAHOBKHU, YTOOBI CyIIle-
crBerno (npumepHo B 100 pas) yBemuuTh TeMi Habopa ctaTucTUKH. [Ipej-
noxenne o mogeprusain CB/I 6b110 nmogarotosiero B 1998—1999 roxax [26]
cunamu corpyaunkos HUMA® MTY, UMDBI (Tlporsuno), OMAUN (/ybHua)
u UMDBI ToOuincckoro rocyHUBEPCUTETA, BCETO KOJLTabopalinst HaCYUThIBajIa
B TO BpeMst 93 uestoBeka, pyKoBouTesieM ke GecemenHo siiisisicst 11, @. Epmorios.

OcHoBHbIE 1IeJTH BTOPOIi cTaiuy ucciaenoBanuii. [lesnn, koTopeie MOXXKHO
OBLIIO IOCTUYD TOJIBKO MIPU YBEJTMYEHNN CTATUCTUKHU 110 PEKOHCTPYUPOBAHHBIM
pactiajziaM 04apOBaHHBIX YACTHIL, (GOPMYITUPOBAIUCD CIEMAYIONIUM 00OPA30M.

1. amepenne mMoJaHOTO cedyeHUs: 00Pa30BaHMsT OYAPOBAHHDBIX YACTHUIL
Ha si/[paX KPEMHUsS ¢ TOYHOCTHIO He Xyxke 10 % (Tpebyemasi cTaTHCTUKA
~ 300 pacmason).

2. amepenne A-3aBUCHMOCTH TTOJHOTO CEYEHUS TI0 IAaHHBIM Ha gapax Si
u W (tpebyemas cratuctuka — 110 500 paciagos /s Kask10i 13 MUIIEHEiT).

3. smepenue nuddepennnanbHoro ceyenns B nepemennbix Oeiinmana u p,,
usyuenue sacdekra suauposanus (Tpebyemast crarucruka — 1o 1000 pacnanos
JUIST KasKIOU MUIIIEHN ).

4. Tloucku a(h(heKToB, CBI3AaHHBIX ¢ MEXaHU3MOM BBICBOOOK/ICHUST BHY TPEH-
Hero ouapoBanus (Tpebyemast cratuctuka — 2500 + 3000 pacmamoB st Kaxk 101
13 MUIIeHei ).
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5. ITposepka npumenumoctu TB KX/[ nis onmucanusi 0KoJ0moporoBoro
0O6pa3oBaHus OYaPOBAHHBIX YAaCTHI[ M TIPOBEPKa MPEACKa3aHUN JBYXKOMIIO-
HEHTHBIX Mojesiei [27, 28] (tpebyemast cratuctuka — 25003000 pacnanos
JUIST K101 U3 MUIIeHell ).

6. Onpenenenne 6PSHYMHIOB MAJTOM3Y4YEeHHBIX pacnanos A’ -6aprona
(Tpebyemast cratuctuka — 25003000 paciazoB /s KasK101 13 MUIIEHEIT).

Cocras ycranosku CB/l a5 BToporo atana skcnepumenra. /s penenus
[ePeYnCACHHBIX BhIIIE 3a1a4 TpeboBaiach SKCIepUMEHTalbHAs YCTAaHOBKA,
C TIOMOTITBIO KOTOPOI1 MO’KHO BOCCTAHOBUTD KMHEMATHUECKIE XapaKTePUCTUKN
OYapOBaHHbIX YaCTUI[ B LIMPOKOM JManasone ux X, u p,. Kak mokasano B [1],
TaKue BO3MOKHOCTH ¢ CaMOro Havyasia Oblin 3as10skenbl B ipoekte CBJI. Ontako
I BBITIOJIHEHUST BTOPOTO aTamna skcrnepuMenTa yctanoska CB/l-1 nomxna
6b1a GBITH MOIEPHU3UPOBAHA U JIOTIOJIHEHA PSIZIOM HOBBIX JIETEKTOPOB.

Ee ocnoBoli mo-nipexxHeMy CIYKUJIU MUPOKOATIEPTYPHBII MarHUTHBIN
CIEKTPOMETP C TIPOMOPIIMOHATHHBIMHI TPOBOJIOYHBIMUA KaMepaMu 1 IETEKTOP
raMMa-KBaHTOB M3 YEPEHKOBCKUX CYETUYNKOB MOJHOTO MOTJIONEHUS, KOTOPbIe
ObLIM M3TOTOBJICHBI U OTJIa)KEHBI Ha MIEPBOM JTarie akcrepumenTa. Ha tom ke
gTare ObLJTH U3TOTOBJEHbBI U OTJIaKEHBI CIIUHTUIISIMOHHBIE [eTEKTOPBI
U MaJjble TTPOMOPIIMOHANbHbIE KaMePhl VIl IMAarHOCTUKY TTyYKa, a TaKxKe
GOJIBIION CIMHTUJUISIIMOHHBIN FO0CKOII, PACIIOIOKEHHDII Mepej] 1eTEKTOPOM
Y-KBaHTOB.

Jlsist BTOporo atana TpeGOBAIOCh MOJATOTOBUTD CJIEAYIOIIe HOBBIE JeTEK-
TOPBI:

* IPEIU3UOHHBI BEPIUINHHBINA JETEKTOP C BBICOKUM OBICTPOIEHCTBHEM

Ha OCHOBE MUKPOCTPUIIOBBIX KDEMHUEBBIX JIETEKTOPOB;

* GJIOK M3 MIECTH II0CKOCTEe MUHU-APEiiPOBBIX TPYOOK;
* TIOPOTOBBIN TYENCTHIN YEPEHKOBCKUI AETEKTOD.

Kpowme Toro, TpeboBasioch pazpabotarh U M3TOTOBUTH HOBYIO 3JIEKTPOHUKY
CHCTEMBI 3aITyCKa, a TaKJKe CUcTeMY cO0pa ¥ MPeICTaBIeHNUsT JAaHHBIX HA OCHOBE
HOBEHIX (B TO BPeMsi) OBICTPHIX CETEBBIX CPECTB CBSA3KM U HOBBIX KOMIIHIO-
tepoB. Hiske naercst 6oJiee mogpoOHOe ONMcaHue MpeIaraBuimxcst IeTeKTOPOB
u cucreM asektponnkn CB/] Broporo stana.

OcHogBubie petexktopsl ycranoBku CBJI-2. CymectBennbliil mporpecc
B MCCJIeIOBaHUM a[po0OPa30BaHUsl OYAPOBAHHBIX YACTHUI[ HA BBIBEJIEHHBIX
IyYKax 3a OMUChIBaeMble TO/IbI OBLT TOCTUTHYT OJIAr0iapsi Pa3BUTHIO TEXHUKU
NPENU3NOHHBIX BepIUHHBIX eTeKTOpoB (IIB/l), ocHoBaHHBIX Ha 3JieK-
TPOHHOI METOJIMKE ¥ BHEJAPEHUN MOIIHBIX MTPOIECCOPOB, CIOCOOHBIX OBICTPO
o6pabaTbiBaTh 6OJBIION 06BEM 9KCIEPUMEHTANbHBIX JaHHBIX. JTa TEXHUKA
MI03BOJISIET C/leJIaTh OBICTPYIO OIEHKY IPOMaxa BTOPUUYHBIX TPEKOB OTHOCH-
TEJILHO TIEPBUYHOI BEPIIMHBI /111 0TOOPA COOBITHSI ¢ PAaCIialaMi KOPOTKOKI-
BYIIMX YACTUI[ B peaTbHOM BPEeMEeHU JKCIIePUMEHTA, a TaKKe BOCCTAHABINBATD
BepIIMHBI 9THX pacnagoB. Kpome toro, B cocrase IIB/l MoryT ObITH JIETKO
MCI0JIb30BAaHbI MUIIIEHU € PA3JTMYHBIMU ATOMHBIMU HOMEPaMU A.

B akcriepriMeHTax CIIeIyoIIero MOKOJIEHUs 10 U3ydeHuIo (hoTo- 1 axpoobpa-
30BaHUS TSKEJNbIX KBAapKOB Ha BbhiBeseHHBIX Iyukax CERN’a u FNAL’a 6buin
uciosb3oBabl caoxubie [IB/I, cogepakariie 60JIbII0e Y1CI0 MUKPOCTPUIIOBBIX
KpeMHUeBbIX geTekTopoB (MK/]) ¢ o6uuM 4mcioM KaHaJI0B B HECKOJIbKO
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necaTkoB Thicau [29, 30, 31]. KonmnyecTBO MOJTHOCTHIO BOCCTAHOBJIEHHBIX
pacrazoB 04apoOBAaHHBIX YACTHI[ BBIXOMJIO HA ypoBeHb 10°, 4TO 1M0O3BOJISLIO
HepeiTH K JeTaJlbHOMY MCCJIe0BAHMIO IMHAMMUKHN aJpooOpasoBaHust 04apo-
BaHHBIX KBAPKOB 1 MEXaHM3MOB UX PACIIaja.

[TockosbKy BeMuMHa IIpoMaxa § = ¢_IPaKTUYECKHU He 3aBUCUT OT MMILYJIbCa
pacmnajapiieiics ogapoBanHoil yacTuisl [32 + 50], rexauka 1B/ moxer
6bITh 9(P(HEKTUBHO MCIIOIb30BaHA /IS YIyYIIEHUs] OTHOLIEHUS] CUTHAJ /Ty M
B UCCJIEJOBAHUSIX aIPOOOPAa30BAHUsST 0YAPOBAHHBIX YACTHUI] B OKOJIOIOPOTOBOM
obmactu. [ToaTomy st peaiM3aliiy BTOPOTO dTara SKCIEPUMEHTa 10 UCCIe/10-
BaHMIO 06Pa30BAHMUST OYaPOBAHHBIX YaCTHIL, OJTyunBInero Homep SERP-E-184,
[peIIaraaoch UCIIOJIb30BaTh ObicTpoeiicTByomuii [TB/I, ctpykTypa KOTOpOTo
OTITUMU3NPOBAHA JIJIT UCCIIElyeMOTO Tara30Ha SHEePTUi.

IIpeyusuonnviii eepuunnuviii demexmop. Oxumgaembie Gynkun [1B/]]
COCTOSIJIU B CJIE/LYIOTIIEM:

* Ha ypoBHe on-line ot6opa cOOBITUI TOKHBI 06ECTIEYNBATHCSI TOTHBIE W3-
MepeHUsT KOOPAUHAT TOUKN B3auMoeiictBust (£ 150 MKM) 1 KoopauHar
Ha TPAEKTOPUSIX TIEPBUYHON U BTOPUUHBIX 3aPSTKEHHBIX YacTUIl (£ 5 MKM),
MO3BOJISION[E YCTAHOBUTD (DAKT B3aUMO/IEMCTBUSI TEPBUUHOM YaCTUIIBI
B MUIIIEHU U HAJTMYNE BTOPUYHBIX BEPIINH, OJTM3JIEKANUX K TEPBUIHOII;

Ha yPOBHE T€OMETPUYECKON PEKOHCTPYKIIUU TPEKOB OTCUYETHI C IeTEKTOPOB
[IB/1 moskHbBI rapaHTUPOBATh BBICOKOE (~ 3 MPajl) IBYXTPEKOBOE Pa3peliieHre
JIUIST 3aPSIKEHHBIX YACTHUIL, UCITYIIIEHHBIX TI0/l MAJIBIMU YTJIaMU, U 00eCIiednBaTh
abdeKTIBHOE BOCCTAaHOBJIEHNE TPACKTOPHIA BCEX 3apsKEHHBIX YaCTHI;

* HA YPOBHE BOCCTAHOBJIEHUSI TOMOJIOTUU COOBITHI, TaHHbIE, TOJTyIeHHbIE
¢ momortibio TTB/, momskibl 06ectiednTh PEKOHCTPYKITUIO BTOPUYHBIX BEP-
IIWH, PACTIOJIOKEHHBIX HA PACCTOSTHUU JI0 5 MM OT ITEPBUYHOTO B3aUMOJIeii-
CTBUS, U IIPUBS3KY K HUM <«TPETUYHBIX» TPEKOB.

[lns BeimosmHenus atux pyukmnuit [1B/] mosken BRIo4aTh ciepyiomnime
3JIEeMEHTBI, CXeMaTU4YeCKH TI0Ka3aHHble Ha PUCYHKe 7:

* myukoBbIi Teseckot (I1T) uz tpex map MK/l ¢ oproronambHoit opreHTaIm-
eit mukpocrpunos (MK/I, ., Ha puc. 7), usmepsomux BeprukaibHyio (Y)
U TOPU30HTANMBHYIO (X) KOOP/AMHATEI TyYKOBOW YaCTHUIIbI; Pa3MePhl 9TUX
MK/ v mmprHa ux 1mara npuBegeHsl B Tabauie 1;

* akTuBHYIO MutieHb (AM) u3 ogHOI BosbhpaMoBOH (HOJTBIHM U MATH KPEM-
HUEBBIX CTPUIIOBBIX JIETEKTOPOB padMepoM 8xX8 Mm? u marom crpura 1 mm,
PaCIIONIOKEHHbBIX HA PACCTOSAHUM 2 MM APYT OT Apyra; nepsbiii (AM,) (or-
HOCUTEJIbHO HallpaBJIeHUA IyYKa ), PacIoIoKeHHbII nepes ¢hoabroii (AM,),
MBTOTOBJIEH U3 Si; CYeTYMKH, cTosdume 3a Gonbroit (AM, + AM,), n3roros-
senbl u3 GaAs nim us Si; nerekropel AM,, AM,, AM, nmeior ropusoHTasib-
HYI0 OPYMEHTAlMIO CTpunos, a AM, u AM, — BepTUKaIbHYIO;

 BepmuHHBIN Teseckon (BT), Braovaomuii ogud npubop ¢ 3apsioBoi

cea3bio (I13C), Tpu X, Y-mapsr MK/I, BXOASMMX B TPUTTEPHYIO CUCTEMY,
n xkBajipyier UY VX, KoTopbiit (hyHKIITMOHATBHO OTHOCUTCS K TPEKOBOM
cucreme CB/I;

«TA/IOBYIO» TIPOTIOPITMOHATIBHYIO KaMepy ¢ padmepamu katoma 150%150 mm?,
KOTOPBII CErMEHTUPOBAH B CHICTEMe KOOPAWHAT M- Ha 384 sdeliku («Taias ).
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Tabnuya 1
Ne MK/l | Paamep, mm? | Ilar, MKM Opuenip. Kox-so Ipenycuaurenn
MHKPOCTPHIIOB KaHAJOB

1,2 3,2x3,2 25 X, Y 128x2 GASSIPLEX
3,4 3,2%3,2 25 X, Y 128%2 — Y=

5,6 3,2x3,2 25 X, Y 128%2 — “—

7,8 16x16 25 X, Y 640x2 — “—
9,10 32x32 50 X, Y 640x2 — “—
11,12 52%52 50 X, Y 1024x2 — “—
13, 14 52%52 50 U,Y 1024x2 VIKING
15,16 52%52 50 V, X 1024x2 — “—

[letanbnoe monenupoBanue koncetpykiuu [IB/] B esax ee ontumusanmm
atg 3a1a4 otbopa coOBITHIT ¢ paclajaMi 0YapOBaHHBIX YaCTHIl TOKA3aJI0,
YTO TIPYW UMITYJIbce majiatonux yactuil e Boiie 70 9B /c Teneckon BT nossken
UMETb I0OCTATOYHO MaJjbie paccTossHusS Mexay mapamu MK/, Bxoggamuvn
B TPUTTEPHYIO YaCTh, U OBITH MAKCUMATbHO MpuOIMKeH K AM.

Baox munu-opetigposvix mpybox. Jlns conpsikenus Tpekos yactuil B IIB/]
U TPEKOB, 3apPEerMCTPUPOBAHHBIX B IIPOIIKaMepPax MarHUTHOTO CIIEKTPOMeTpa, U
MOBBITIEHNS TOYHOCTH U3MEPEHUS YTJI0B BblJIeTa 3aPSIKEHHBIX YACTUIL BBOJUTCS
JIOTIOJIHUTENBbHBIN 010K Munuapeiidoseix Tpybok (M/IT), On npeacrasisier
coboil CUCTEMY U3 IMINHIPUYECKHUX IIJIEHOYHBIX CYEeTYMKOB (TPYOOK), 00benn-
HEHHBIX B YeThIPE /IBYXCJIONHBIX TIJTAHAPHBIX MOJLYJIS.

Bouiee mogpobHas u peaqnsoBaHHas KOHCTPYKIKS APeiGOBBIX TPYOOK
OTIMicCaHa HUKe B MpoeKTe « TepMann3zanusy.

lopozoswiii uepenkosckuil cuemuux. [lnsg naeHTuukanum 3apssKeHHbIX
YACTUI TTPEJIArajgoch NCI0JIb30BATh MHOTOKAHAJIbHBIN ITOPOTOBBIN Ta30BbIN
YEePEeHKOBCKUH CYETYNK, Pa3MelieHHbIl Mexxay MmarautoM MC-7 u ciimHTII-
JISTTIOHHBIM TOIOCKOTIOM. JTOT CYETUYNK COCTOUT M3 IBYX CEKITNH JIMHON TpH
MeTpa ¢ BXoHo# aneptypoit 177x130 cm?. B 3ajHeii yacTu cyeTdrKka pacioJia-
raloTCs YeTbIpe TOPU3OHTAIBHBIX Psijia TPSIMOYTOJbHBIX chepUIecKuX 3epKaj
10 BOCEMb IITYK B Kaxk10M. Pazmepbl 3epkasia 42x33 ¢cM? ¢ paJiiycoM KPUBU3HBI
R =200 cwm. [Tosnas moBepXHOCTD, IepeKpbiBaeMas 3epKajaMu, COCTaBISIET
265x155 cM? B IPOEKINHU Ha TJIOCKOCTD, TIEPIEH/IUKYISIPHYIO OCU CYETUHKA.
O6beM cuetunka npocmaTpuBaercs 32-ms1 OIY-125 ¢ quameTpoM KaToja
140 MM, gonosiHeHHBIME cBeTOCOOpHUKaMU BuncroHa. Psiom ¢ penurenem
DIY pacnosioken OBICTPDII TPEAYCUTUTENb, CUTHAJ ¢ KOTOPOTO M0 KOaK-
CHATbHOMY Ka0eJTio TIoCTymaeT yepes auHuio 3agep:kku Ha AIIII, ¢ koroporo
CUMUTBIBAETCS KPEUT-KOHTPOJJIEPOM B JIOKaJIbHYI0 I BM.

3arosHeHHBIH hpeoHoM pu aTMochepHoM faBiennn u Temrepatype 20 °C,
cueTyrK obecrednBaeT UAeHTU(HUKAINIO T-MEe30HOB B MHTEPBAJIE UMITYJIHCOB
ot 6 10 21 T'aB /c ¢ achdexTuBHOCTHIO 98 %, uTO MO3BOIUT B 50 % ciaydaeB
Ha/le;KHO pa3aenuth D° 1 D°-Me30HbI, 3aperucTpupoBaHHbIE B CIIEKTPOMETPE.

Cuunmunnsayuonnsviti zodockon. Cuuntuiaasinunouusiii rogockon (CI')
pasMelieH Ha MOJBUKHON MmraTopMe TaMMa-/eTeKTopa Ha PACCTOSHUN ~
8,3 M OT MUIIIEHU U COCTOUT U3 /IBYX IJIOCKOCTEHN CIMHTUJIJISIITMOHHBIX /IeTeK-
topos (H,) u H,)), HanpaB/ieHHbIX BEPTUKATIBHO U TOPU3OHTAIBHO. ['OPU30OH-
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TaJbHas TJIOCKOCTh UMeeT 12 1eTeKTOPOB CO CIIMHTUILISTOPAMU, U3TOTOB-
JIEHHBIMU METO/IOM 3KCTPY3UHU C TEPMOILIACTUYECKOH (POPMOBKOI cBETOBOIA
Ha Konile. Pazmep pabouero mosist cupHTHILIATOPA eTekTopa 200x2400 Mm?
npu tosnuHe 10 mm. BepTtukasibHas MJI0CKOCTbh COCTOUT U3 12 1eTeKTOpOB
¢ pazmepoM pabouero 1moJist ciuHTHAIsATOpa 200%1400 MM,

KoHCTPYKTUBHO ZETEKTOPHI TOAOCKOIIA SABJASIOTCS TTOJTHOCTBIO aBTOHOM-
HBIMU U CBETOM30JUPOBAHHBIMU, KasK/blil eTEKTOP OocHaIlleH (POTOYMHOMKHU-
tenem @IY-110 ¢ cCMIIBHOTOUHBIM JIEJIUTETIEM U UMEET MOHUTOPHYIO CUCTEMY
U3 JpaiiBepa U cBeTOBO/AA. ['0/I0OCKOTT CMOHTHUPOBAH HA paMe, 3aKPerJeHHOU
Ha (hepMe raMMa-ZIeTeKTopa.

DJIEKTPOHMKA PETUCTPAIIMN CUTHAJIOB CO CIIMHTUILIAIMOHHOTO TO0CKOIIA
conepskut 36 hopmupoBatesieii curHanos, 36 KaHAJIOB CTPOOUPYEMBIX PETUCTPOB,
a JIoTHKa 0TOOPa BKJIIOYAET B CeOST TISITh MHOTOBXO/IOBBIX CXEM COBIJIEHUIA.

Jemexmop eamma-keanmos. 115 peructpanum m°-Me30HOB U Y-KBAaHTOB
OT pacrazia 0OuapoOBAHHBIX YACTHI] UCTIOTB3YETCS TOAOCKOTTMYECKUI TeTEKTOP
ramma-kBaHToB ([JE[A) ¢ pagmatropamMu M3 CBUHIIOBOTO CTeKJia, paciio-
JIO’)KeHHBIN Ha paccTosgsuuu ~ 8,9 M ot aktuBHOU Munienu. /[ETA cocrosn
u3 32 x 42 — 4 = 1342 (ceitvac 1536 — 4 = 1532) 4epeHKOBCKUX CYETUNKOB
MIOJTHOTO TTOTJIONIEHHUSI C TIOTIEPEYHBIM pa3MepoM CTeKoJ 38x38 MM? 1 IJIMHOMN
505 MM, ocHanierHbix DIY-84—3. Ob1as nonepeyHas oAb AeTeKTOpa
~1,8x1,2 m2. KoncrpykrusHo JIETA BbiltoiHeH B BHjile aBTOHOMHOTO JIETEK-
TOpPa U YCTAaHOBJIEH HAa PACCTOSHUU TpexX MeTpoB 3a MaruuToM MC-7 Ha nat-
(dbopme, obecrieunBaroIIeil IUCTAHIIMOHHO YITPABJISIEMOE TIEPEMEIIEHIE TI0 IBYM
MOTIEPEYHBIM K ITyYKy KoopauHataMm. B peructpupyiomieii anexrponnke JJETA
MCIIO0JIb3YI0TCs Ha TiepBoM atarie 48-kananbHbie ALLIT LeCroy 2282A, pasme-
nieHHbie B ByX kpelitax KAMAK, B Kak/loM U3 KOTOPBIX JIJIs TTPE/IBapu-
TEJILHOTO aHa/IN3a JIAHHBIX MMEETCsl CUCTeMHBIIT porteccop. Cucrema cbopa
nHopMaIUY M03BOJSEeT TPUHUMATD U lepelaBaTh Ha JoKajibHyo JBM
110 300 c0b. /c.

JETA oGecrieynBas perucTpaiuio y-KBaHTOB B MHTEPBAJie UMITYJIbCOB
o1 300 MaB /c 1o 20 I'sB /c c KoopamHaTHO# TOYHOCTBIO 2 + 3 MM. CIIEKTpOMeTP
nMeJ1 TeoMeTprudeckyto a(peKTHBHOCTD PerucTpaliii OAMHOYHBIX T°-MEe30HOB
oT pacnaga A’ u D, BbIIETAIOIMX B CUCTEME TIEHTPAa MacC B MEPEAHION TTOJTy-
cdepy, ot 20 % mo 30 %.

IIpuHIMIIBI OpraHU3anuy cUCTEMbI 3anmycka ycranosku CB/I-2. Haubooee
MepPCIEeKTUBHBIM TTPECTABISAICS MOAX0/, B KOTOPOM Ha OCHOBE JaHHBIX
¢ IIB/I B peasibHOM BpeMEHU 9KCIEPUMEHTA OTOMPAIOTCS COOBITHUS, UMEIOTIe
BTOPUYHYIO BEPIINHY, OJIM3IIEKAILYI0 K TIEPBUYHOIL.

Tpuezep 1-20 yposus (L1). Anmaparypuo tpurrep L1 pa3out Ha 18e gacTu:

* 6picTpbIi iperpurrep L1.1;

* noabiil Tpurrep L1 = L1.1-L1.2;
rzie L1.1 BerpabaThIBaeTCst HA OCHOBAHUY OTCYETOB € MyYKOBBIX CIIUHTHUJLIISIIIN-
OHHBIX CYETUYMKOB U CIIAHTUJISIIMOHHOTO TOA0CKOTIA, a 1.1.2 BbipabaTbiBaeTcst
MIPU HAIMYUY CUTHAJIA OT B3aUMOJIEMCTBUS B aKTUBHOW MUTIIECHU.

Bpewms Boipaborku tpurrepa L1 He goskHo npesbimaTh 400 He.

Tpuzzep 2-20 yposus (L2). Tpurrep L2 ocHoBan Ha GBICTPOIl OIIEHKE MPO-
Maxa TPaeKTOPUIl BTOPUYHBIX 3apPSIKEHHBIX YaCTHUI] OTHOCUTEJbHO IIePBUYHON
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BepmmHbL. [Ipocreiinuii anroputm L2 nmpennonarazocs peaan3oBaTh Kak moce-
JI0OBATEJIbHOCTD CJIeIYIONINX orieparuii (1aro):

a) o moucky B orcuerax MK/ TIB/I mpstMbIX TPEKOB, BBIXOASIIMX 3 00J1aCTH
B3alMO/IEHICTBUS;

6) 110 BBIZICJICHUIO 110 BEJIMYMHE TPOMaxa B Z-IIJIOCKOCTH TEX U3 HIX, KOTOPbIE
MOTYT BBIXO/IUTH N3 BTOPUIHON BEPITUHBI.

WexopupiMu TaHHBIMY, TTOJTOTOBJIEHHBIMU CYUTHIBAIONIEN 2JIEKTPOHUKON
1 HeOOXOAMMBIMY JIJIs paboThl anroputMa (B mrockoctu ZX wiun ZY), nperno-
JIaraloTCs:

1) Homepa (koopanHaTHI ) cpaboTaBiux KaHatoB Tpex MK/I mepe aktuBHOM
MUIIEHbIO;

2) HOMep ZeTeKTopa aKTUBHON MUIIEHH, T/ TTPOU30III0 B3aNMO/IeHCTBIE
(AM,, AM,, AM,, AM,);

3) HoMepa (KOOpAMHATHI) cPabOTaBIINX KAaHAJIOB B Tpex Tpurrepabix MK/]
ocJjie MUIIIEHM.

ANropuTM TIpeycMaTpuBaeT CJAEAYIONLYIO TTOCAe/I0BaTebHOCTD Ollepalinii
(maros).

[. CunTpiBanMe NCXOAHBIX JAHHBIX B IAMITh KOMIIbIOTEpA C allllapaTyphbl
perucTparuu u 06paboTKa KIacTepPOB.

I1. Boiesnenue my4KkoBOro Tpeka.

s MK[[S( 4 CTPOUTCSA JIBYMEPHBIN MACCHUB, 3JIeMEHTAMHW KOTOPOTO SIBJISI-
I0TCS NIPe/IBbIUMCIeHHbIE 3HaUueHNs KOOPAMHAT B IaHHOM JIeTEeKTOpe B 3aBU-
CUMOCTH OT HOMEPOB KaHaJIOB MKZ[1(2) u MK[[S(G). B xauectBe Z-koopamHat
IIPU 9TOM IIPUHUMAIOTCS KOOPAMHATHI IleHTpa KpeMHUeBbIX Imactud MK/L.
ITpu o6paborke panubix ¢ IIT arsa xkaxkaoit mapsl ¢cpaboTaBIINX CTPUIIOB
B MK/, . MKZIS(G) MpoBepseTCs HAJTWYKe OTCYeTa B IIPeJICKa3aHHOM KaHase
MK[[BW EcJii Iy4KOBBIX TPEKOB 0Ka3aJ0Ch OOJIBIIE OJTHOTO, UCTIOIb3YETCsI
mporiesypa BpI6opa n3 HUX TPEKa, CBSZAHHOTO € IEPBUYHON BEPITHHOI.

1. Beruucsenue nmomepeyHoil KOOPAMHATHI B3aUMOJICHCTBIS B MUIIICHHU.

Hna kaxporo gerekropa AM. akTUBHOI MUIIEHN B aMATH KOMIIbIOTEPa
CTPOUTCS JABYMEPHbBIII MACCUB, 3JIeMEHTaAMH KOTOPOT'O SBJISIOTCS TIPE/BbIUNC-
JIEHHbIE 3HAUEHUST KOOPAMHATBHI B JIAHHOM JIETEKTOPE B 3aBUCUMOCTH OT HOMEPOB
kaHanoB myakoBeix MK/, , 1 MK/ . IIpu aTOM 3a Z-KOOpANHATY JleTEK-
topa AM (i) npuHUMaeTcs KoopJAuHaTa MeHTpa KPeMHUEeBON MJIaCTUHBI.
JLJist TTOJTy 9eH ST TIOTIEPEYHON KOOPAMHATHI B3AUMO/IEWCTBIST HYKHO 0TOOpATh
OIIMCAHHBI BbIIIE MACCUB B COOTBETCTBUU C MOJYYEHHBIM HOMEPOM /IeTeKTOpa
aKTUBHON MuUIIeHU (B KOTOPOM HAGJII0ATI0Ch B3aUMO/IEICTBUE) U C/IE/IATh
BBIOOPKY 3JI€EMEHTa U3 3TOr0 MacCUBa 1O MHIAEKCAM, COOTBETCTBYOIUM
HOMepaM KaHasioB, cpaboTtaBmiux B mydykoBbix MK/I. /o BbImo/iHEHNST 9THX
onepaiuii mo nadopmaiuu 06 ypoBHE CUTHAIA HA KaKIOM MUKPOCTPHUIIE
JIeTeKTOPOB AMi, MOCTYIUBIIEH ¢ MOAYJIel aMIJINTYHOTO aHaJIn3a, ITpoBe-
psieTcst mpaBUIIbHOCTH 0TOOpa Ha yposHe L1 HOMepa geTeKTopa, B KOTOPOM
MIPOU30IIJIO B3AUMO/IEHCTBHE.

[l KOHTpOJIS 1ToTyYyeHHOe 3HaYeHe KOOPJAMHATBI CPaBHUBAETCS C KOOP-
JMHATON cpabOTABIIETO CTPUIIA.

IV. Borunciienne nmpomaxa /i 1pejrnosaraeMoro Tpeka.
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J17151 BBITIOSTHEH WS IAHHOTO TIara JIJist KaK/I0TO IeTeKTOPpa MUIIEHU B TaMATH
CTPOSITCS MAaCCUBbBI, aHAJIOTUYHbIE ONMMcaHHbIM B 1mare 111, Ho paccuuTanubie
JUTS MKI[7(8) n MK/, (12y PACTIOIOKCHHBIX 33 MUIIECHDIO. [Tonrepeunast Koop-
JUHaATa [epeceyeHus Ipe/IoaraeMoro Tpeka ¢ IJI0CKOCTbIO B3auMo/iel-
CTBUSI OTIPEIETISIETCST TIyTEM HAXOXKeHUsT cpaboTaBix KkaHaioB B aTux MK/]
1 BBIOOPKU dJIeMeHTa MaccuBa JIJis JaHHoro jgerekropa AM (i). Ilpu aTom
MOTYT BO3HUKHYTb TPH CJEAYIONTNE BO3MOKHOCTH.

1. Pa3HocTh MeXy TOTIEpeYHO KOOPANHATON U BBIYMCICHHONW KOOPIH-
HATO¥1 OOJIbIIE 33IaHHOTO 3HAYEHMSI TpoMaxa. B aToM cirydae mpenosiaraeMblii
TpeK 0TOPACHIBAETCSI, BBIOMPAETCSI CJeyolias mapa cpaboTaBIIMX KaHAJIOB
B 3aBUCUMOCTHU OT HaIpaBJeHusi oTOpoiieHHoro Tpeka u mar 111 moBropsiercst
JI0 MCUYepIIaHKst BCeX cpabOTaBIIMX KaHAJIOB.

2. ITorepeunas koopanHaTa coBNafaeT (B Mpeeiax 3a/JaHHON TOYHOCTH) C
KOOPIMHATON B3aNMO/IEHCTBU. DTO O3HAYAET, YTO UCITYTIEH TPEK U3 TePBUIHON
BEPIIMHBI, U OH TaKKe UcKIodaeTcs u3 paccmorpenus. [1lar 111 moBTopsietrcst
Ha cJIe/lyIonieil mape Tovex.

3. Pa3HocTb monepeyHbIX KOOPJAUHAT TTOMaaeT B IIpeJleJibl, 3a/laHHble
115t TpoMaxa. B aToM cirydae MOKHO TIPETIONOKUTD, UTO MCCJELYeMBbIH TTpe/-
noJiaraeMblid TPEK BBIXO/IUT U3 BTOPUYHOUN BEPITUHBI, U IEPEUTH K CJAEIYIONEMY
miary.

ITocne onpejesienns IPoOMaxoBs Ui Beex mepe6opok mo orcueram MK/L,
MK/, nna Y-mnockoctu u MK/I,, MK/, g X-nmockocTu cpean HUX orpe-
JIeJIsIeTCs MAaKCUMaJIbHBIN TTPOMaXx.

V. IIpoBepka peajbHOCTH IIPeIoaraeMoro Tpeka.

Crpoutcst ABYXMepHBIN MacCHUB /JIS Kaxka0i napsl Touek u3 MK/[
MK/, ,,, d71eMEHTaMI KOTOPOTO SABJISIOTCS KOOPANHATDI IIEPECEYEeHIIsT IIPSIMOi
nuHun, nposenennoil yepes MK/, . /lanee n3 nanHOro maccusa aesaercs
BBIOOPKA TI0 MHIEKCAM, COOTBETCTBYIOIINM Tape TO4YeK, BhIOpaHHbiM Ha trare 111
1 nposepsiercst npucytersue 8 MK/l | kanaa, cpaboTaBIIero B TOUKe Iepe-
ceyeHus MPSIMON, IPOBEIEHHOI Yepe3 BIOpaHHyIo napy. Eciu npucyrcTsyer,
TO CYMTAETCSI, YTO BBIOPAH PEaIbHBIN TPEK, U OCYIIECTBIISIETCS TIEPEXO/T K CJIEITY-
forteMy tmary. Ecii Het, BBIOUpaeTcst ceayrolias napa Touek 1 moBTOPSIeTCst
mar I11.

V1. BoipaboTka cUrHaIa B yIIPABJISIONLYIO JIEKTPOHUKY.

B s3aBucumocTu oT pesysibTara BbIIOJTHEHUS alropuT™a (To ecThb, HallieH Jin
TPEK C 33JJaHHBIM TTPOMAXOM UJIM HET) MOChLIAeTCs] COOTBETCTBYIONINI CUTHAJ
B YIPaBJIAIOILYIO allliapaTypy, MPOBOAUTCSA COPOC UM CYUTHIBAHUE TAHHBIX
U [TO/ITOTOBKA K TIPUEMY CJIEYIONIETO COOBITHSI.

OskuaemMbie TEMIBI HA0OPA CTATHCTHKU. TOYHBIX 9KCIIEPUMEHTATbHBIX
JAHHBIX TI0 CEYEHUIO a/[pO0OPa30BaHUsI 0OYaPOBAHHBIX YACTHUI[ B OKOJIOIO-
poroBoit ob6iactu Ha Bpems Hanucauus npepnoxennss CBJI-2 He nmenocs.
CyuiecTBoBaBIIHE SKCIIEPUMEHTAIbHbIC OIleHKN G,(C) JIeXaan B obracTn
HECKOJIbKUX MKO [32], 03TOMY MpH MPOrHO3UPOBAHUK BBIXO/Ia OYaPOBAHHBIX
JacTHI] B pA-B3anMOIEHCTBUAX HA BTOPOM JTarle 3KCTIEPUMEHTA 71T CeUeHUS
00pa3oBaHUs C-TIap B JKECTKUX MOATPOIeccax Obla MPUHSTA PACUETHAST BEJIH-
unHa 6,(c) = 1 MKO, a B KauecTBe OIeHKN BKJIajla MEXaHM3Ma BBICBOOOKICHHS
«BHYTPEHHETO» 04yapoBaHus OblIa B3ATa Beanunna o, (c) = 1,4 MK0, cieny-
0ITast U3 PACUETOB, MPOJIeJIaHHbIX B [27].

78) 4
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[Tpu pacematpuBaemom Bapuante AM (macturna W tommunoi 0,0026
1 9eThIpe cueTyrnka U3 Si ¢ TaKOH ;Ke TIOJHOM TOJIIIUHON ) U TIPeAJTOKEHHBIX
BbIIIIE ceYeHUsIX 00pa3oBaHus CC-11ap, B IIyYKe IIPOTOHOB ¢ HHTEHCUBHOCTHIO
3-10% p/c (mpu graMeTpe MOMEPETHOTO N300pakeHus mydyka Ha AM ~3 Mm)
B AM Gyner npoucxoauth npumepto 1,5-10% B3 /¢, cpeau KoTopeix Oyger
He MeHee 2,5 cobbiTuii ¢ (cc)-nmapoit. [Ipu pacTskke mydKa B OHY CEKYHILY
Ha yckopurese Y-70 3a CyTKH HEIPEepPbIBHON PabOThI MOKET OBITh IIOJIy4YeHa
CTaTHUCTHUKA, IPUBeACHHAs B TabauIe 2.

Tabruya 2
Bcero co0bituii Coobitnii ¢ (¢, €)
3a UK 3a CYTKH 3a HUKJI 3a CyTKH
C muienu 1,5-10% 1,4-108 2,5 2,4-101
TTocie L1 2,5-10° 2,4-107 1,2 1,2:101
ITocye L2 1,4-10% 1,3-106 0,7 6,5-10°

Mo3KHO OIIeHUTD, uTo cpeau 6,5-10° coObITHI ¢ 0Opa3oBaHUEM 0YaPOBAHHbIX
vacTuil OyayT Haxoautbes: 12,8 DY, 23,2 D, 27,5 D°-me30108 u 56,7 A -u03
A, -runepoHos [47].

Peanmusanus cucrem CB/l Ha BTOpoii cTajiuu skcnepuMeHnTa

HauneMm ¢ cucteMmbl, KOTOpast ObljIa OYTH He ONMCAaHA B IIPEII0KEHIN
CB/I-2, Ho 6e3 KOTOPOii COBMeCTHAsl, COrJIacoBaHHas PaboTa BCEX OCTaIbHbBIX
CUCTEM YCTAaHOBKU HEBO3MOJKHA.

Cucrema cunxponusdanuu CB/l-2. Cuctema CHHXPOHU3AIINN BKJIOYAET
B cebst moayan TPC, CunxpoH, Interrupt, 633-182. IToapobHO MopyIN
CUCTeMBbI CUHXpOHU3anuu onucanbl B [33]. Himke kpaTko mpuBeieHbl HazHa-
JyeHue U (PyHKIMOHATbHBIE 0COOEHHOCTH KaK/IOTO U3 MOJLYJIEH.

Mooyae TPC npennasuavet ajist 06pabOTKYM CUTHAJIOB, MOCTYMAONUX
CO CIIMHTUJIISIIIMOHHBIX IETEKTOPOB TIEPBUYHOTO 3aITyCKa, M UMEET /[BA TPAKTa,
COBIIA/IEHUI ¥ aHTUCOBNleHN . TpakT anTucoBnazennii peasinzoBan Ha MIMC
K500TM131. B 1iesisix yMeHbIIIeHUS BAUSTHUS [TYMOB CY€TYMKOB, BKJIIOUEHHBIX
B TPAKT aHTUCOBIIAJEHUsI, BXO/IbI MOJYJISI, OTBEYAION[ME 32 OTH CUETUUKHU,
cTpobupyiorcst curaaioMm co Bxoga C1. /I BBIXOAHBIX CUTHAJIOB TTEPBUY-
Horo 3anycka T1.1 m TRS 3anepskka curnana B MojyJie coctaBisetr 16 Hc,
4TO 00YCIOBJIECHO TPUMEHEHEM BHYTpeHHe KaOeabHO 3a1epKKN 6 HC.
Basknoit cocTaBHO 4acThio MOYJISI SIBJSIETCS BOCBMUPA3PSAHBIN PETUCTP
(bmaroB Tpurrepa, MO3BOIAIONINI BBIJITABATh HA BBIXO/[I CUTHAJIBI COBIIA/IEHUIA
CIUHTUJIISIITMOHBIX CYETYUKOB, OTHY M3 YACTOT BCTPOEHHOTO B MO/IYJIb TeHEePa-
TOpa, CUTHAJI IPOrPAMMHOIO 3allyCKa YCTAaHOBKU JIMOO IIPOIYCKAaTh HA BBIXO/
CUTHAJI C O/THOTO U3 PE3EPBHBIX BXO/IOB.

Cuuntunnginuonnsie cuetunku C3 u C4 ycranaBiauBaioTcs Ha dJaHIe
KOKyXa, 3akpbiBatoiiiero MK/l aktuBHoM Mutiienn u tpexeproii yactu 1B/,
4TO oGeciieurBaeT UX HaJeKHYIO0 FeOMEeTPUYECKYIO IPUBSI3KY. Bbixo/ ¢ aHo1a
cuetunka C4 nopasajsicst Ha BXoj AByxX ¢opmupoareseit 4M-115. [lopor
epBoOro ObLJI YCTaHOBJIEH Ha PErUCTPAIMIO OJAHON YaCTHIIBI, IIOPOI BTOPOTO
OBLI TOTHAT OTHOCUTEIHHO MEPBOTO C IEJbI0 BLIIEJUTH B3aNMO/IEHCTBIE
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B CaMOM I1acTuke. Beixo BToporo hopMupoBatesist BKIIOUAICS B TPAKT aHTH-
coBnasiennit Moy TPC.

B 1esisix cHUKEHMST BJAUSTHUS PACCESTHHOTO MarHUTHOTO TOJIsT Ha paboTy
DY CHMHTUIISIIMOHHBIX CYETYNKOB HA KOKYX Kaxaoro MIY ycranasiupa-
JINCh KOMTICHCAITMOHHbBIE KATYTITKH.

Mooyav Cunxpon, HaXOQANUICSA B IEHTPAJIbHOM KpeiTe JOKaJbHOIM
cucreMbl Trigger rpejiHazHauyeH:

* U1 TIpYeMa U Tiepe/iaui B OCTaJlbHbIe JJOKAJTbHbIE CUCTEMbI CUTHAJIOB CHH-
XPOHU3AIINHY;

* JUUIST 3AITyCKa CHCTEMBI cOOpa TAHHBIX AaKTUBHOW MUIIIEHH, CIIHTUILISI[HOH-
HOTO T'0/I0CKOIIa U YePEHKOBCKOTO /1eTeKTOPa;

* st popMupoBanust 32-pa3psIHOTO ATMIapaTHOTO KOjla HOMepa COObITHS,
a TakyKe JIJIsT OPraHU3aI[MH 3aITPOCOB Ha 0OCTYKMBaHUE B JIOKATBHOI CHCTE-
me Trigger.

Cyeryrk HOMEpPA COOBITUST MHKPEMEHTHPYETCSI CPE30M MMITYJIbCa CUTHAJIA
«wHKpeMeHT». Moayab mpuauMaeT NIM curnan «navanos» u curnanst C12,
CC u T1.1, mocrymnaromuiue u3 moayist TPC, curnanst 6JI0KMPOBOK OT BCeX
JIOKAJIbHBIX CHCTEM YCTAaHOBKHU U CJTYSKUT JIJist OPTaHU3AIINH 3aIIPOCOB HA 0OCITY-
JKUBaHMe B JIOKaJIbHOI cucteme Trigger. Mo/ysib MMeeT cJieiyiole perucTphl:
PETUCTP MACKH 3ATPOCOB, PETUCTP COCTOSIHISI 3ATIPOCOB, PETUCTP MACKH OJIOKH-
POBOK 1 32-paspsiHbIil cueTYnK HoMepa coObITHIA. TIpy mocTyIeHnI curuaja
COBTA/IEHUST CIIMHTUJISTTMOHHBIX CYETYNKOB HA BXOJl MO/TYJTh YCTaHABINBAET
BHYTPEHHIOIO GJOKHUPOBKY, KOTOpPast MOKET OBITh CHSATA JINOO MPOrPaMMHO
nocJie nepefaadn faHubix B DBM, 6o anmapatHo, eciiu CUTHAJ TPUTTepa
[EePBOTO YPOBHS JIOKHBIN. 3ajiep;KKa MOALYJIs 110 curHasty «MoHUTOp» cocTaB-
aget 40 He.

Moodyno Interrupt BuimoasieT GYHKITUHN, aHATOTUYHBIE MOAYTI0 CUHXPOH,
B Kaxk/101 JIokanbHOM cucteme. Mojyu Interrupt mpesiHazHayeHbl /171 pruemMa
U [epejladyi CUTHAJIOB CUHXPOHU3AIMK U 3allycka cucteM cOopa JaHHBIX,
a Takyke JIJIsl OPraHU3aIUN 3aIPOCOB Ha 0OCayKUBaHue B JoKaibHbie DBM
Y BBICTABJIEHUS CUTHA/IA OJOKMPOBKH, MEPEIAaBAEMOIl B JIOKATBHYIO CHCTEMY
Trigger. Moayam nMe0T BO3MOKHOCTD BBITIOJNHSATH WHANBUIYAJIbHbBIE
oriepalnu, XapakTepHble 71 JaHHOU JIOKAJIbHOW cucTeMbl. Interrupt moxer
HaXOJINTHCS B OJTHOM M3 JIBYX COCTOSAHUI, ABTOHOMHBIN My COBMECTHBIH.
B 3aBUCUMOCTH OT COCTOSHUS MOLYJIb TPUHUMAET CUTHAJIBI 110 OTHOM U3 IBYX
rpyni. ABTOHOMHBIN PeKUM KCIIOJb3yeTCs IPU OTJa/KaxX CUCTEM peru-
CTpaluu, COBMECTHBIN — MPH HAOOpe CTATUCTUKK B COCTABE BCEIl YCTAHOBKH.
3aziep:kka Moy id o curHany «MonruTtop» cocrasiget 30 He.

Moaynabr BO3-182 MosxeT ObITh MCIOJIB30BaH Kak OJOK 3a4ePKKU
B auamasone 100 nc + 100 ¢, kak 10-pas3psaHbIii CUeTUNK C TIPEAYCTAHOBKOM
WJIM KaK TeHepaTop cepuu MeaH/p B TpexX AuarnaszoHax, MUKPOCEKYHIHOM,
MUJIJIUCEKYHTHOM M CEKYHIHOM. B 1060M 13 Tpex AMana3oHOB MHOKHUTENb
3aziepxkku (nim nepuojia) uamensiercd ot 0,1 1o 100. Ha nepeaneit nanenn
MO/TYJIsT UMEIOTCSI CTAPTOBBII BXOJI, BXOJl MPUHYAUTENBHOTO cOpoca, BHIXO/
3a/lep;KaHHOTO UMITYJThCa U /IBA BBIXO/Ia MHTEPBAJIA. Bce BXO/BI M BBIXOIBI —
NIM. Moaysb ve ynpasasercs o maructpanu KAMAK. B cucreme cunxpo-
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HU3AIUM OH MCIOJIb3YETCS /IJIsI OPTAaHU3AINH PA3JIMYHBIX BPEMEHHBIX BOPOT,
a TaK’Ke /171 MOHUTOPUPOBAHUS TTAPAMETPOB MTyJKa.

Cosmecmuas paboma modyiei cucmemvl CUHXPOHU3AyuU. JlomycTum,
cucteMa paboTaeT MO CUTHATY MEPBUYHOTO 3AIyCKa OT CIMHTUJIISIITHOHHBIX
cyeTynkoB. JlomycTtumM, 4TO JIoKaJgbHbIEe cucTeMbl Trigger, Vertex u Spectro
paboTaioT B pexKuMe MOJTHON CMHXPOHU3AILMH, a JJoKaabHas cucteMa JJETA —
B PEXMME YaCTUYHOI CUHXPOHU3AINH, T. €. IPUHIMAET He Kak/0e COOBbITHE.
CueTunk cOOBITHIT paBeH HYJII0. J[OMyCTUM TaKKe, YTO BCE JIOKATbHBIE CUCTEMBbI
CHSIJIU CUTHAJ GJIOKMPOBKU.

Mopaynap Cunxpon B joKaJabHOU cucteMe Trigger npunumaer curuan H
u pasnaeT cuHXpoHU3upoBaHublid curHan HC Bo Bce JoKasTbHBIE CUCTEMBI.
[Ipu 9TOM B KaK/0H M3 JTOKATbHBIX CHCTEM AIMaPATHO B3BOUTCSI OJIOKMPOBKA,
U B JIOKQJIbHYIO cucTeMy Trigger moCTymaioT CUrHaiabl «3ausaTs. JlokanabHble
IBM kazoii u3 cucrem obpabarsisator HC, cHumast 6J10KMpPOBKY 1mocJie oopa-
6OTKM.

Mopyabs Cunxpon B jokanbHoli cucteme Trigger npunumaet curnan CC
niu T1.1 u yepe3 40 HC BBIIaeT CUHXPOHU3UPOBAHHBIN cUTHAT « MOHUTODP»
JIJTIST 321y CKa 3JIeKTPOHUKHY Tpurrepa repsoro yposus T1. Ha ocnoBe curnasnios
«Mouurop» au60 T1 B Mmomysie CHHXPOH BbipabaThIBA€TCSI CUTHAJ <«HHKPE-
MEHT», KOTOPbII Pa3jiaeTcst BO Bce JoKalbHble cucTeMbl. [Ipu aToM B Kaxk10ii
U3 JIOKAJIbHBIX CUCTEM alMapaTHO B3BOAUTCS OJOKUPOBKA U MEPEIAeTCsT
B JIoKaJbHYTO cuctemy Trigger. [lo ¢poHTYy curHama «<MHKpeMEeHT» 3aMUChI-
BalOTCS 32-pa3psAHble PETHCTPhI HOMepPa COOBITHIT B KasK{0N JTOKATbHOI
cucteMe. 32-paspsiiHbIN cyeTynK coObITHIT B MOy e CUHXPOH HHKPEMEHTHPY -
eTcs 110 Cpe3y UMITYJIbCA CUTHAIA < MHKPEMEHT» . 3aMeTHM, 4TO CUTHAJ <MHKpe-
MEHT» MOKET MMeThb Pa3HyI0 33/1eP>KKY OTHOCUTEIBHO TIPOXOKAEHNS YaCTUIIbI
B 3aBUCUMOCTH OT TUTIA TPUTTEPA YCTAHOBKHU.

Ecau nokanpuasg cucrema [JETA, paboratonias B pekuMe 4aCTUUHOM
CHHXPOHM3AIINH, He ycresa 00paboTaTh «HaYaao», TO OHa He IPUMET COOBITHE
C HOMEPOM «HOJIb». HO curHa/M «<MHKpPEMEHT» BCe PABHO 3AIUIIET PETUCTP
HOMepa COOBITHIA

st nokanmbHOt DBM 06paboTka cOOBITHS 3aKII0UaeTCs B CJIeAyIoei
MOCJIe/IOBATEIbHOCTH:

1) mosyuenune n 06paboOTKa 3apoca U3 MEHTPATIHBHOTO KPENTa;

2) omnpoc peructpa Homepa coObITHI;

3) ompoc KpelToB 1 3a1KCh JAHHBIX HA KECTKUI WM BUPTYAJIbHBIH JHCK;

4) mporpaMMHOe CHsITHE GJIOKUPOBKH.

B naysax mexay copocamu yckoputessi KosiekTop npuHuMaer mo cetu
Ethernet nanHble U3 KakI0M JIOKAIBHOW CUCTEMBI, CITUBAST UX 110 HOMEPY
cOOBITHS, 1 OCBOOOIKIAET MECTO Ha ANCKaxX JoKanabHbIX D BM. B aT0 Bpems Bes
yCTaHOBKA OJIOKUPOBaHA OT MIPUEMa CIIEAYIONUX COOBITUIA.

Momyab CuaxpoH uMoyu Interrupt BJoKaJIbHBIX CUCTEMAX PETISITCTBYIOT
IIPOXOK/IEHUIO «PEe3aHbIX» CUTHAJIOB. B mepuo/ oTajIku cucteMa CUHXPO-
HU3aIun obecrnedynBaeT BO3MOKHOCTD HE3ABUCUMO PabOTHI IJIsT KAXKA0N
JokaabHol cucteMbl. DyHKIMOHAIbHAS CXEMA B3AUMOJIEHCTBUS MOy el
CUCTEMbl CHHXPOHU3AIINN MTOKa3aHa Ha PUCYHKe 8.
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Puc. 8. OyuxunoHambHast cXeMa B3anMO/ICHCTBIS MOJYJIEH CUCTEeMbI CHHXPOHU3AIINI

Cucrema 3amycka ycranoBku CB/I-2 B akcniepumente E-184. /7151 ipose-
nenust axcrepumenTa E-184 Obu1 BoiOpan Tpurrep, OCHOBAaHHBIN Ha OBICTPOI
orenke amrnTy curdanos ¢ MK/l aktusro#t mutienn [26]. Takasg orenka
MO3BOJISIET TAKJKe ONPENeUTh Z-KOOPANHATY B3auMOJIecTBIS. AKTUBHAS
MWUIIIEHb, UCIOJIb3yeMasi B yCTaHOBKe, Obliia BbIOpaHa B CIIeyioleil KoHpury-
paruu. MutieHs ciesiana U3 MATH KPEMHUEBBIX TJIACTUH TomuHON 300 MKM
pazMepoM 8x8 MM?, cerMeHTHPOBAHHBIX HA BOCEMb MOJOCOK (CTPUIIOB)
mupuroit 1 Mm. JlerekTopbl MutiieHn uMeu HeOombInol (MeHee 1 MKA)
TEMHOBOU TOK ¥ OBLIN CTPYIIITHPOBAHBI 110 HATIPSIKEHHIO TTOJTHOTO 00€THEHS,
KoTOpoe cocTasJsiio Beanunny ~ 50 B. Hanpskenue npobost 1eTeKTOpOB
munienu npesbiiiano 200 B [24]. Mexay BTOPbIM U TPETbUM CJIOSIMU MUILIEHU
Oblyla yCTaHOBJIEHA CBUHIIOBasE (poJIbra TOMIUHON 240 MKM, a MEXKIY TPEThUM
U YeTBEPTHIM CJOSIMU — IJIACTHHKA yriepoja touaniuuoi 520 mxm. [lar
YCTaHOBKHU BCeX IJIOCKOCTEH MUIIEHU COCTaBJAN 4 MM 110 1yuky. /lerex-
TOPBI AaKTUBHOHN MuIieHu, Kak u Bce MK/l yctaHOBKY, OB H3TOTOBJIEHBI
B HUNMB r. 3esenorpan u npomin cepTuuKamuio Ha KOMILTIEKCE TECTU-
pyrotiei armapaTtypbl uamepennst napamerpo MK/I [34, 35].

Kak nokasanu pacyetsl, mpoBejieHHble B [36], eci BTOpUYHbBIEC YAaCTUILBI
perucTpupoBaTh B mosiocax CrimaTHIsiinonHoro rogockomna (CI), pacmosio-
JKEHHBIX HA HEKOTOPOM YIJIEHUH OT OCH ITYYKa, TO MOSKHO 00€CTIednTh OBICTPhIi
0TOOP COOBITHI, MEIONINX BTOPUYHBIC YACTUIIBI ¢ GostbimiM P DT0 1mo3posser
BBIJIEJITH COOBITHSA ¢ (C C)-TIapaMu ysKe Ha TIEPBOM YPOBHE 3aIyCKa YCTaHOBKH.

[lns1 3armycka JIoKaJIbHON CUCTEMbI Spectro CUTHAJ TPUTTEPA JI0JIKEH TTOCTY -
nuTh B Hee He 1o3:ke 700 He OT MOMEeHTa TIPOXOKIEHUS ITyIKOBOU yacTutlbl. J{ist
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3aIycKa JIOKaJbHOU cucTembl Vertex, OCHOBOI CUCTEMbl perucTpalii KOTOPOii
sBistioTCst yeusmtesin Gassiplex, TpUTTEPHBIN CUTHAIT IOJKEH TIPUXOINTH YE€Pe3
400+500 ne otHOCUTENBHO B3anMoieiicTBrst B AM. Bpemst oT MoMeHTa TIPOXO3K-
neHust yacTuiel yepe3 AM /10 mpuxoa TPUTTEPHOTO CUTHAJIA B JIOKAJbHYTO
cucremy JIET A ve nomxno mpessiinath 400 He. ITO caMoe KPUTHYHOE U3 YCJIOBU
PabOThI CHCTEMBI 3aITyCKA.

INEeKTPOHNKA CHCTEMBI 3amycKa. B cocTaB 2/IeKTPOHUKY CUCTEMBI 3aITyCKa
YCTAaHOBKHU BXOJIST CJIEAYIONTNE MOTYJIH.

Anaaruzamop axmusnoti muwenu (AAM). Monynb nipe/lHa3HAY€eH JJIs
YCUJEHUS U aMIJIUTYIHON AUCKPUMHUHAIIUU CUTHAJIOB, TTOCTYMAIONIX
C TPOMEXYTOUHBIX ycunuteaein AM. Mojysb cofep:KUT BoceMb KaHAJIOB
aAMILIUTYAHOM AMCKPUMUHALIMY, IIECTh (B POaHaIOrOBbIX IIpeodpasoBarTeieil
(ITAIT) muis 3ajaHusT TIOPOrOB K BOCEMb IIN(POAHATIOTOBbIX IIpeoOdpasoBaTeieil
Uit cBrra 6a30BOM IMHIK 1 TecTpoBanust Moxy.ist. [Toceanue Bocemb [IATI
SBJIIOTCS MHAWBUIAYAJTbHBIMU JIJIST KQJK/IOTO BXOJIA.

Ha Bxo ka0ro KaHasa mo/IaloTcs CUTHAIBI TIOJIOKUTENTbHON MOJIIPHOCTH,
KOTOpBIe 6e3 ycuseHust u 6e3 MHBEPCUU MOAI0TCST Ha BXOBI TPEX KOMITapa-
TOPOB, 33/IAI0NNX TPU YPOBHS AuCKpuMuHaiuu. Ha BTopbie BX0/bI KOMIIA-
PaToOPOB MPUXOST MOPOroBble HanpsKkeHus ¢ Mukpocxem [LAIL IToporoswie
ILATI crpynmupoBasbl Tak, yto ogut ITATT o6cykrBaeT 01H U3 TPEX MOPOrOB
II7IST 4eThIPeX M3 BOCbMM KaHAJIOB. B ciydyae mpeBbITIIeHNS TOPOra Ha BBIXOIE
KOMITapaTopa BO3HUKAET TOJIOKUTEIbHBIN TIeperaj HAPsKeHs, KOTOPBIT
3apsKaeT eMKOCTb, 33/Ial0TyI0 BpeMs BbIJIep;KKH BbIxo/1a okoso 100 me. IT1o
CEJIAHO JIJIST Cy4asi, KOTZIa BXOJHbIE CUTHAJIBI IIPUXOJAT HECKOJIBbKO PaHbIIe
TPUTTEPHOTO UMITYJIbCA.

Uepes 20 Hc mocse mpuxoa TPUTTEPHOTO CUTHAJA JaHHbIE ¢ KoMIIapa-
TOPOB TIOCTYIAIOT B IPUOPUTETHBIE MTNU(GPATOPHI 1 3AMTUCHIBAIOTCST B PETUCTPHI
BBIXO/IHBIX TaHHBIX. Yepes 40 He mocse mpuxo/1a TPUTTEPHOTO CUTHAJIA TaHHBIE
rOTOBBI ¥ CTOSIT Ha BbIxoe MoayJsi B Tederue 200 He. Pesysabratom paboTh
Moy ISt siBJiseTcst 16-pa3psiHoe C10Bo, TO /iBa pa3psi/ia Ha KaHaJl, cofiepsraIiee
KOJT aMIIJTUTY/IbL.

Mooynv RGH (pezucmp 200ockona). 16-paspsansiii moxyab RGH (peructp
rOJIOCKOTIA) TIpe/IHa3HAYEH JIJISI PETUCTPAIMU CUTHAJIOB CO CIIUHTUJLISIIUOH-
HOTO TOJI0CKOIIA 1 TIOJATOTOBKY JaHHBIX /151 paboThl Moyt T-HOD. 9tot xe
MO/IyJib UCTIOJIb30BAH B CUCTEME PETUCTPAIIUU YePEHKOBCKOTO JIETEKTOPA.
Momyb umeer 16-kaHaIbHBII BXO/, MLIEH(OBbII BXOJI CTPOOA 3AMUCH, TILIEH-
doBbIil BXoz ObicTporo cOpoca u 16-KaHaIbHBINA MHBEPCHBINA BBIXOJ. 3allKCh
0 CTPOO-UMIIYJIbCY C HepeAHell aHeIn OpraHru30BaHa TakK, 4To U (GPOHT,
U yPOBEHb CHUTHAJa CO BXOJa OyAyT 3allMCaHbl B PETUCTP Ha BCEH TPOTSI-
JKeHHOCTH cTpoba 3anucu. JlaHHble Ha BBIXO/E MOJYJIS He CTPOOUPYIOTCS.
[l TecTUPOBAHMS TPUTTEPHOU HTEKTPOHUKHI MMEETCS BO3MOKHOCTD 3aMTUCH
peructpa ¢ marucrpasin KAMAK.

Moodyav TPM-2 (mpuzeep muwenu). Monyns TPM-2 npennasuauen
JUId TIPUHSATHUS PENIeHUsT OTHOCUTEJIbHO HEYNPYTOTO B3aMMOJIEUCTBU S
MEePBUYHON YACTHUIIBI B TIATH aKTUBHBIX CETMEHTHPOBAHHBIX TITIOCKOCTSX U JIBYX
MACCUBHBIX TJIOCKOCTAX MUIIEHU. Mo/1yJib OPraHU30BaH KakK JBYXyPOBHEBOE
oriepaTUBHOE 3artoMuHammee yerpoitctBo (O3Y) ¢ Mpou3BOIBHBIM TOCTYIIOM,
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B KOTOPOM JIaHHbBIE BBIX0/IA TIEPBOTO YPOBHS SBJISAIOTCS aJ[PECOM JIJIST BTOPOTO.
UcnonbzoBana UMC CY7C192-25 cratuueckoit mamsitu ¢ 16-10 aapecHbiMu
BXOJIaMU U YeThIPbMsl pas/eJIbHbIMKU BXOJaMU /BbIX0JaMU JaHHbIX. PaboTa
MOJIYJISI HAYMHAETCS 110 TIPUXO0/LY CTAaPTOBOTO CUTHAJA C TTepelHell MaHes .
DpoHT cuTHaAMA yCTaHABJIUBAET TPUTTEP TyCcKa, GOPMUPYS BHYTPEHHUT
curHas goctyna kK O3Y. ITOT cUTHAN MOCTyMaeT Ha pa3penraiiue BXOIbl
BXOJHBIX OydepoB, a TakKe Ha BX0/bl BbIOOpa kopiyca O3Y.

[larnpie ¢ gt 16-pa3pAaHBIX BXO0B TOCTYAIOT HAa a[PECHBIE BXOBI
O3Y nepsoro yposHsi, paboraroire 1o cxeme 16—2, a jaHHbBIE ¢ UX BBIXOI0B
MOCTYMAOT Ha afpecHbie BXoabl O3Y BTOPOro ypoBHst, paboTAOIIETo 10 CXeMe
10—1. /lanusbie ¢ Boixosa O3Y BTOPOro ypoBHS MOCTYIIAIOT HA CXEMY COBIIA-
JeHWs, Ky/ia MOCTYTA0T TakyKe CUTHAJBI COCTOSTHUS CIIUHTUIIAIMOHHOTO
rojiockorna. Bee atu curHasibl (GUKCUPYIOTCS B CTATYCHOM PETUCTPE IO CPe3y
curHajia Tpurrepa mycka. CUrHAJ ¢ BbIXO/a CXEMbI COBIAZIEHUI (hOpMUpyeTcs
o jutntesibnoctu (50 HC) v mocTyTaeT Ha BBIXOAbI MOayJist. [TosHast 3ajeprkka
MOJTyJIsl HA BBIJIAUy CUTHAJIA TPUITepa MepBoro ypoBHs He rpesbiiiaeT 100 He.
B momyns Betpoen Bochmupaspsanabiil [{AIL mpennasnadeHHBIN A5 CKBO3-
noro tectupoBanuss AAM, ATl u TPM-2. DyukimonaibHast cxema MOJLYJIst
MoKasaHa Ha PUCYHKe 9.

Mooyav T-HOD (mpuzzep zodockona). Monyap T-HOD npeanasHauen
JJTST TIPUHSATHS PellieHns] OTHOCUTENbHO HAJTUINS BTOPUYHBIX YACTHUI] B CITMH-
TUJISIIIMOHHOM TOZOCKOTIE U MOJKET Mpeobpa3oBaTh Kak TaOJIUIy J00YT0
KOMOWHAIWIO BXOIHBIX Pa3psimoB. Cxema MOIyJIst YIPOIIeHa 10 CPaBHEHUIO
¢ moxysiem TPM-2 u nipezcrasisier us cebst 1a ogHoypoBHeBbix O3V, pabo-
Talomux 1o cxeMe 16—1, BBIX0O/IBI KOTOPBIX MOTYT BBIZIaBATHCS OTEJBHO
Ha MEPEIHIOI0 TaHe b, 60 cobupathes 1o jorudeckomy M /M. Vcnoss-
3oBana ta ke UMC CY7C192-25 cratudeckoii mamsitu. Mo/ysib BMeeT aBa
16-pa3psiIHBIX BXO/Ia ajipeca, BXO/IbI Hayaja IpeoOpPasOBaHMs U «3aleTKU-
BaHUS» PE3YJIbTATa, & TAK)KE BBIXO/[bI TOTOBOTO PETEHMS.

Bsaumodeiicmeue modyaeii cucmemvt sanycka. CUTHAIBI TOCTYTAIOT CO CITUH-
TUJIISIIMOHHBIX CYETYUKOB U (GOPMUPYIOTCS TIO AMILITUTY/IE U JVIUTETbHOCTH
u monatoTcd B Moayab TPC. ETo BBIXOAHOI MMITYJIbC MTOCTYTIAET B MOYJIb
SYNCHRO-2, xoropbiii BeIpabaThlBa€T CUTHAJ, CJAYKAIIUNA CTPOO-CUTHATIOM
nast mogysneit AAM u RGH u ctapTOBBIM CHTHAJIOM JIJIs1 paboOThI MOy JIeit
TPM-2u T-HOD. IlapamieabHo curiajibl co CIIMHTUIISIIMOHHOTO TOA0CKOIIa
(hopmupyIOTCS 11O AU TENBHOCTH 1 3anMchiBaioTcs B peructpbl RGH. Curnast
¢ 16-pazpaaubix Beixog0B RGH noctynatoT Ha BX0oa61 MOAyaga T-HOD, rae
IPOUBBOAUTCS OJAHOYPOBHEBOE TabiuuHOoe npeobpasoBanue. BoixoaHoi
curnas moxaysst T-HOD, nmocrynarommit #Ha Bxoa moaysst TPM, MoskeT GbITh
BbIpabOTaH Ha OCHOBE JIF0O0N KOMOMHAIIMU BXOHBIX CUTHAIOB. CXeMa B3arMo-
neicTBUA MOy Jiel mpuBesieHa Ha pucyHke 10.

Jlnst BeipaboTku curHaja T1 curHajbl ¢ CErMEHTOB J€TEKTOPOB MUIIEHU
YCUJIUBAIOTCST OBICTPHIMI MAJIOTIYMSIIITUMHE Y CUJTUTEISIMU 1 TTOIAF0TCS TI0 KOAK-
CUAJIbHBIM KabeJisiM B JIBe TPYIIbl MOayJaeil. Tpu MoLyJist epBOM IPYIIIIbI,
anasoro-mudpossie mpeodpaszosaresu (AILIT), umeror mo 16 kanamos 12-
PaspsIIHOrO aHaJIoTO-IIMMPOBOTO peodpazoBanus. [IsaTh MOpyIEii BTOPOI
rpynsl AAM mMeroT 1o BoceMb KaHAJIOB TPEXyPOBHEBON TNCKPUMITHAINN.
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Puc. 9. Oyuknnonanbuas cxema mojysst TPM-2
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Puc. 10. OynknnonasbHast cxeMa B3anMOIEHCTBUSI MOJIYJIEN CHCTEMBI 3aITyCKa

[TapanenbHo JaHHBIE AHATU3UPYIOTCA MOAYIAIMU AAM, KaxkbIii KaHaJ
KOTOPBIX COIEPSKUT YCUIIUTENh, TP KOMITApaTOpa U MPUOPUTETHBIN MM paTop
U BbIpabaThiBaeT ABYXPA3ps/IHOE CJIOBO, TaK Ha3bIBAEMBIN CTATyC KaHaJa.
Pesyabrarom pabots kaskaoro moaysist AAM ssisercst 16-paspsiiHoe ¢lioBo,
cojiepskaliiee HH(GOPMaIIUIO O BOCbMU KaHAJIaX aMIIJIUTY/HOTO aHAIN3a U ITOCTY-
naroree Ha BBIXOJI C TTepeTHel TTaHe I MO JIS.

JIBYXpaspsiiHbIN CTATYC KasKION MJIACTUHBI BHIPAOATBIBAETCS MOy JIEM
TPM-2 8 O3Y mepBoro ypoBHs Ha OCHOBE JIAaHHBIX O Ka)K/IOM CTaTyce KaHaJa:

00 — ner vactuns! (Bce cerments 00),

01 — omgna yactuia (Bce cermentsl — 00, a oqun — 01),

10 — nBe wacTuipl (ecTh 0JinH cerMeHT ¢ KojioM 10 niam aBa cermeHnTa
¢ komamu 01),

11 — Tpu yacTuIrsl (€CTh OJWH CETMEHT ¢ KogoM 11, um ecTb 0IMH CETMEHT
c kogom 10, a pyroii cermenT umeeT ko 01, nim ecTh /1Ba cerMeHTa ¢ KOJAaMU
10, nsm ectb Tpu cermenTa ¢ kKogamu 01).

Craryc mumenu BoipabarsiBaetcss B O3Y BTOPOTO ypOBHSI Ha OCHOBE
cTaTyca KasK/0i racTuHbl. CUTHAJIBI CTaTyca MUTIIEHN W COCTOSHUS TOJIOCKOTIA
ompesesdioT Bbixo Tpurrepa Moyt TPM-2, T1-uctunno wiau T1-m10xHO.

OcHoBHas crarucTuka Oblia HabpaHa pU TPUTTEPE, TPEOYIOIEeM Halndnue
Tpex u 6oJiee YacTHIl BJIIOOON U3 MSITH IIOCKOCTEH aKTUBHON MUTIIEHU U HAJTTYHE
ABYX 1 GoJIee YaCTHIL B CJIEAYIONIEH 3a HEll MJIOCKOCTH, TIPU 3TOM TPehGOBaIOCh
Hasimune cpabarbiBanus B AByX miaactuaax CI. Moxyau AAM wmenn auna-
MHUYECKUH [UanasoH, COOTBETCTBYOIMNN 1stTi yactuiam. [Toporu AAM 6buin



92 Yacmw 1. Bocnomunanus o I1. @. Epmonose

HACTPOEHBI Ha OJTHY, /[BE U TPU YACTHUIIBI COOTBETCTBEHHO. COOBITHS C BEPIINHOMN
B criuaTUIIsITOpe C4 He BCTpevaroTcst BCJIEJACTBIE TPUMEHEHUS aHAJI0TOBOTO
VETO na curnain ¢ C4. Tabuiisl, 3anucbiBaemblie B Mmopyan TPM-2 u T-HOD,
COCTaBJISLIIMCH B BUJI€ TEKCTOBBIX (PaiiyioB, COEPKAIUX TTOCTPOUHO ajipec
U 3aIchbiBaeMoe JaHHoe, py oMoy makera LabView 4.0. Ouu 3anocuimch
B TIaMsTh MOJYJeil OJJHOKPATHO TPU CTapTeé OCHOBHOI MpoTpaMMbl cOopa
JTaHHBIX. BpeMms IpuHATHS pellleHns1 0T MOMEHTa OCTYIIJIeHS] CUTHaJIa Ha BXOJL
moayass CUHXPOH /10 BBIZIAaYM CUTHAJIA TPUTTEpa ¢ Bhixoga Moayas TPM-2
coctaBuio 200 He. 3azepskKa CUTHAJMA OT MOMEHTA ITPOXOXK/AEHUS YaCTUIIbI
yepe3 MUIIIEHb /10 TIOSIBJIEHNST CUTHAJIA TPUTTepa B JioKaibHOl cucteme [JETA
He ripesbimana 350 He, 4TO 00eCednsio CHHXPOHHYIO PaboTy y-I€TeKTOpa.

Ha pucynke 11 mokazano mpocTpaHCTBEHHOE paciipefiesieHne BAOIb och Z
BEPIINH B3aUMOJIEICTBUS, TI0JyYeHHOE € IIOMOIIIbIO BOCCTaHOBJIeHHBIX B [1B/]
TPeKoB. SIBHO BUIHBI B3aUMO/IEMICTBUSA KaK B KDEMHUM, TaK U B MACCUBHBIX
yrJjiepojie U CBUHIIE, B COOTBETCTBUH C KOJMYECTBOM BEIEeCTBA B 3TUX CJIOIX.
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Puc. 11. IIpocTpancTBenHOE pacnpe/iesieHIe BepIInH B3aUMOAEHCTBIS B/IOJIb OCU Z
B aKTUBHOW MUIIIEHN

BepmuHHBIN MUKpOCTPpUNOBHIi neTekTop. CTpoeHMe, mapaMeTphl
CEHCOPOB BEPITUHHOTO JIETEKTOPA TMTOKa3aHbl HA pucyHKe 12a, a 9/IeKTpOHNKA
CcheMa CUTHAJIOB [TOJHOCTBIO onrcaHa B pabote [37]. CyMMapHOe KOJNYeCTBO
KaHAJIOB YCUJIEHWS W (DOPMUPOBAHUS CUTHAJIOB COCTaBIsIeT 0K0JI0 10 ThICSY.
Ha pucynke 126 cxemarndecku 1mokazaHa CTPYKTYpa BEPIIUHHOTO JETEKTOPA
[38], ona Bk/IOUaeT B cebst caeAyIolie YacTu.
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Puc. 12. BHeuHuii MUKPOCTPHUIIOBBIN AETEKTOP: A — 00U BU/| BEPITMHHOTO JE€TEKTOPA
ycranosku CB/I-2. Ha sajueM 1iate BUAHBI IJIOCKOCTH APeiOBbIX TPYOOK € YCHIUTENAMM;
b — cTpoenne cocTaBHBIX YacTell BepHIMHHOTO JIeTeKTopa

1. [TyukoBbIil Teseckom, NpeAHasHAYeHHBIN 51 peructpanuu daxkra
IPOXO’K/EHUS U OTIpe/le/IeHUsT HAallPaBJIeHNs HAaYaIbHBIX, ITyYKOBBIX YaCTHUIL
OT yckoputessi (IIPOTOHBI) U COCTOSIIETO U3 TPEX Map CEHCOPOB, obecieyn-
BAIOIINX [TOJIHOE TIePeKPBITHE IO/ ITyYKa, C TUaMeTPOM OKOJIO 3 MM.

2. AxTuBHasg (TPEKOUyBCTBUTEIbHAS ) MUTlleHb AM, B KOTOPOIl IPOTOHBI
B IIPOTOH-SI/IEPHBIX B3aNMO/IeICTBUSX BBI3BIBAIOT IIEPBUYHBIE B3aUMO/IEH-
CTBUS, Majiag 4acThb U3 KoTopbix (~ 107%) comepkuT ouapoBaHHbBIE YACTUILHI
WJIN Pefikiie COOBITUS ¢ OOIBIIOIT MHOKECTBEHHOCTHIO POJKIEHHBIX a[POHOB,
a Takke y3Kue aJ[pOHHbIE PE30HAHCHI.

3. OcHoBHast — TpeKOBasl 4YacTb BEPUINHHOTO JIeTEKTOPa PerucTpupyer
TPeKH, BblJlesIsleT IePBUYHYI0 U BTOPUYHYIO BepiIuHbl. OHA COCTOUT U3 IIATH
(X, Y) map ceHcopoB, 06ecednBaronxX PerucTpainio TPEKOB B allepType:
250 mpaz o yrary © u 0-360° 1o yroty ¢, r/1e © — MOJISIPHBII YTOJT BTOPUYHBIX
TPEKOB OTHOCUTEJIbHO HAIlPaBJEHUS HAUYaJIbHOTO IIYYKOBOTO TPeKa, a ¢ —
HAYaJIbHBII YroJl B INIOCKOCTHU, EePIeHIUKYISAPHON Iy4KOBOMY TpeKy (och Z
COBIIAJIAET C HAIlpaBJIEHNEM ITyUYKa HayaJbHBIX IIPOTOHOB). YKa3zaHHas arep-
Typa COTJIaCyeTCsI € allepPTypPOH APYTUX 1eTEKTOPOB YCTAaHOBKU.
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3ajmaHHas anepTypa U pa3Mepbl CEHCOPOB, MPOU3BOUMBIX Ha OCHOBE
100-MUIIUMETPOBBIX MJIACTUH KPEMHUS, IIPUBOJISAT, IO OCH Z, K pa3MepaM
CEHCOPOB M UX B3aHMHOMY PacIiOJIOKEHUI0, yKazaHHbIM B Tabsuie 3 (3a Z = 0
MPUHIATA KOOPAUHATA IIEPBOTO CEHCOPA aKTUBHOU MUIIIEHM ).

Tabnuya 3
Howmep cen- Pasmeps1
. Paccrosnue
copauopu- | Haznaue- | Pacmosoxke- paboueit Z-xoopauHara,
MeKAy CTpH-
eHTanus HHE HH€ CTPUIIOB | 06JaCTH CeH- MM
HaMu, MM
CTPHUIIOB copa, MM
1,2(x,y) [Tyuxossrit | Bepr., ropus. 16x16 —1000; —1000 25
3,4 (x,y) tesieckont | Bepr., ropus. -500; =500 25
5,6 (x,y) Bepr., ropus. —12; 11 25
7-11 (y) AxrtuBHas | Beprukaib- 8x8 0, +4, +12* 1000
MUIIIEHD Has +18, +22
12-13 (x,y) | Tpexosas | Bepr., ropus. 16x16 +31; +32 25
14-15 (x,y) 4acTh Bepr., ropus. 32x32 +51; +52 50
16-17 (x,y) | merekropa | Bepr., ropus. 51x51 +81; +82 50
18—19 (x,y) Bepr., ropus. 51x51 +106; +113 50
20-21 (u, v)* Haxuon 10,50 51x51 +120; +126 50

* Jlyist uccyieloBaHKs 3aBUCUMOCTH CEYEHHIT OT aTOMHOTO HOMepa sijipa 1o Z-KoopanHate +8 MM
pacroJioykeHa macCuBHAst MUIIIEHb — (PoJIbra n3 CBUHIA, TOMMMUHON 220 MKM; TI0 Z-KOoOpAuHaTe
+16 pacrosioskena macCUBHast MUIIIEHb — MJIACTHHA YIIepoja, TOMMuHON 500 MKM.

Axmuenas muuiens. [l penenus (pusandecKux 3a1ad ¢ UCIOJTb30BaHUEM
BEPITMHHOTO JIETEKTOPA HA MUTIIEHD BO3JIOKEHBI cyeyiontue (hyHKITUN:

* BbIZIeJICHIE COOBITHIA C IEPBUYHBIM B3aNMO/ICICTBIEM B MUIIIEHN HA CTa/IMN
BbIPaOOTKM CHTHAJIa TpUrrepa 1-ypoBHs;

* IpeBapuTeIbHAsK JOKATU3aIMs BepImuHbl coObITH 110 Z 1 X, Y KoopIuHa-
TaM, UCIoJib3yeMas fiajiee B (hopMUpOBAaHUN TPUTTEPA 2-TO YPOBHS U TIOCJIE-
JYIOTIE TEOMETPUUYECKON PEKOHCTPYKITMK COOBITHST,

* obecrieyeHne BO3MOKHOCTH MCCIEIOBAHMS A-3aBHCHMOCTH MEXaHIU3MOB
00pa3oBaHMsI O YaPOBAHHBIX YACTHUI[ ITyTEM YCTAHOBKU MEXK/Y €€ aKTHBHBI-
MU CJIOSIMU JIOTTOJTHUTEJIBHBIX TACCUBHBIX CJIOEB, BBITIOJTHEHHBIX M3 BEIECTB
C 3aMETHO OTJINYAINMUCS 3HAYEHUSIMU aTOMHOTO HOMepa, HarpuMmep,
nérkue (H, Li, C) u tsxénie anementst (Au, Pb, Pt, W).

OO61mumii BU MUIIIEHH, B cOOPE C TPEABAPUTETbHBIMU YCUIATEISIMU, TIPUBEIEH
Ha pucyHnke 13.

Muiiienb, cocTosimas u3 Habopa CTPUIIOBLIX KpeMHUEBBIX ceHcopoB MC7-
MC11, cMoHTHpOBaHa B IIEHTPE TIEYaTHOH TIJIaThl, U3TOTOBJIEHHOHN M3 CTEKJIO-
TEKCTOJIUTA TOJMMHON 1,5 MM B Bujie aucka auamerpoM 200 MM ¢ OTBepcTrEeM
B 1ieHTpe fnamerpom 30 MM. Ha 970l JKe T11aTe ycTaHOBJIEHBI TIPE/IBAPUTETHHBIE
YCUJIUTEIN MUllleHn (II0JIHOe YUCJI0 yCUIuTesleil Ha 1aTte pasHo 48). lnuna
KOMMYTAIIMOHHBIX ITPOBOHUKOB, CBSI3bIBAIOIINX TTOJIOCKHA MUIIEHU CO BXOOM
yeunutesneit, mesee 30 MM.

C6opka MUIIEHN BeJETCS HEITOCPEACTBEHHO Ha MMeYaTHON I1aTe ¢ MO3M1-
[IHOHUPOBAHKEM TI0 TIEHTPaIbHOMY OTBepcTH0. COOCTBEHHO MUIIEHD BBITIOJ-
HeHa B Bujie 1unHApa. CTeHKN UIMHPa 00pa3yroTcst COOPAaHHBIME B TTAKET
MJIEKCUTJIACOBBIMU KOJIbIIaMU. /JIHO M KpBINIKA MUJAWHAPA — aJIOMUHUEBas
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Puc. 13. Buenruuii Buji MUIIIEHN, CMOHTUPOBAHHON HA T1€4aTHON T11aTe (B IIEHTPE).
B oxpyskeHun MUIleHn MOYKHO BUJIETD IITECTb TPYIIN MPEBAPUTENBHBIX YCUINTEElN 110 BOCEMb
yeusmreseil B kaskoii rpymme. CripaBa IoKa3aHo KpelvieHre KpeMHIEBOTO eTEKTOpa

doabra TommuHoi 20 MkM. B paboyeM cOCTOSTHUN MUIIEHb OPUEHTHPO-
BaHa TakK, YTO OCb IIMJIMH/pa COBIIAJIaeT ¢ HAIIPaBJIeHUEeM IIePBUYHOTO IIy4Ka
yacTull. Mexay Kax1oi mapoil koJiell BJoKeHa U HaTSHYyTa ledaTHas IJ1aTa,
BBIIIOJIHEHHAS U3 aJIOMUHU3UPOBAHHOIO MOJUUMU/IA (TOJIMHA HECyIero
nosmumuzia paBHa 10 MKM, Ile4aTHBIX aTIOMUHUEBBIX IPOBOAHUKOB — 20 MKM,
cM. puc. 13 cripaBa), Ha KOTOPOW 3aKpelyieH KpeMHUeBbIi geTexktop. Hats-
JKeHUe IJIaThl B PA/IMAIbHOM HAaIlPaBJIEHUHN OCYIIECTBJISETCS aBTOMATHYECKU
pu cO0PKe MUIIEHH, BCJIEICTBIE KOHUYECKOTO MTPOMUIIST COMPSIKEHMST KOJIEI]
ApYT ¢ napyroM B nakete. Koadduiment pactsakenus naaThl B pajnaJbHOM
HanpasseHnu coctasiseT 0,04 BesnunMHb BHYTPEHHETO pajuyca KoJibla.
[To nenTpy Kaxx10il U3 NJIAT K ATIOMUHUEBbIM IIPOBOJIHMKAM Pa3BapeH KPeMHU-
eBblil cencop. Kpenienne kprcrasia ceHcopa K IJ1aTe OCyIecTBIISeTCS TOJAbKO
3a CUET er0 CUMMETPUYHON pa3BapKH.

INeKMPOHUKA CoeMa U PeUCMPAyUYU CUZHAL08. B BePIIMHHOM JIeTeKTOpe
HCIOJIb3YIOTCA /IBA TUIIA YCUIUTEIbHBIX MHOTOKAHAJIbHBIX MUKPOCXEM:

* «laccunnexes [39] (16 kananos, 10 MI'r), ycunuBarotime CUrHabl ¢ CEHCO-
poB mmyukoBoro Teseckona (cencopa MC1 + MC6) u ceHCOPOB BEPITMHHOTO
tesieckora (ceracopsl 12 + 17) (puc. 14, cnesa);

* «Bukunr» [40] (128 kananos, 10 MI'n) g cencopos MC17 + MC21, koTo-
pble 0beceyrBaloT TPEKOBYIO crcteMy (puc. 14, cripasa).

[TepBBle MUKpPOCXEMBI, BBULY MaJIOTO BpeMeHU (hOPMUPOBAHUS UMITYJIhCA
(~ 0,5 MKC), IIpUMEHEHbI ¢ 1eJIbI0 JajIbHelileil opraHusalui CUCTeMbl 0TOOPa
BTOPOTO YPOBHS /IS BBIZIEJIEHUST OUaPOBAHHBIX YACTUIT; BTOPBIE UCTIOJIBb30BAHBI
C TeJIBIO YIIPOIIEHHST KOHCTPYKIIUH BEPIIMHHOTO fleTekTopa. O01Iee KoIn4ecTBO
KaHAJIOB yCUJIeHns M (hOPMUPOBAHUS CUTHAJIOB cocTaBisieT 0KOJI0 10 Thicsd.

[lng perucrpanuu u anaausa uHdopmalnu, mocTymnamolieil oT ceHcopoB
yepes ycusurenan «laccuriekes u «BUKuHr», paspaboTaH KOMILJIEKT 3JIeK-
TPOHHBIX MOJyJIeil. OCHOBHBIMU ABJISIOTCS:

* Momysib AAB, mpesHazHadyeHHbIN 751 PerUCTPAIINU U aMIIJTUTY/THOTO aHa-
JIN3a CUTHAJIOB C YCUJIUTEJNbHBIX MUKpocxeM «laccuriekcs;

* Mmomysib AAT-N, mpeaHasHauyeHHBIN /71 PETUCTPAIINN ¥ aMTITUTY/THOTO aHa-
JIN3a CUTHAJIOB C YCUJIUTEJIbHBIX MUKPOCXeM « BUKUHT»;
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* MozyJsib «Komir» KoMITpeccuu laHHbIX ¢ BBIX00B 6;10k0B AAB;
* Moaysib KAA, KOHTpOJIIep aMIJIUTYIHOTO aHAJIA3A.

Puc. 14. MuxpocTpumossle eTeKTOPBI ¢ MUKpocxeMaMul «['accutiiekes (ciaeBa) m « BuxkuHrs
(cripaBa)

Ornucanue TPUHIMIIOB PAGOTHI U yCTPOICTBA HIEKTPOHUKY TIPUBEEHBI
B paborax [37, 38].

Pa6oma modyns «Komns ¢ mpuezepom L2. Monynb «Komi» coenuusiercst
¢ yctpoiictBoMm L2 munoii, coctosmieit u3 12 pazpsanos panubix (D0-D11),
muann TpeboBanust nepepadn (TR), munuu 3ampoca Ha nepezpady cioBa (WR)
U JIMHUM TToATBepskAeHus nepepayn caosa (WS). Ilepsoie 14 curnanos Bbipa-
6arbiBaeT Moayab «Kowmr», mociaexauit — L2. [lepenada ocyimecTBisieTcst
ACUHXPOHHO B COOTBETCTBUU CO CJEAYIONUM IIPOTOKOJIOM.

1. IIpu nosgBaeHun nHGOPMAIINN B BBIXOAHON aMaTh «Komty» mocheimaeT
B L2 curnan TR.

2. YerpoiictBo L2 BpicTaBisier Ha A WR cuTHam 3ampoca Ha mpueM
CJIOBa.

3. «Komm» mepenaer 10-paspsiiHblii KoJ OCHOBHOTO cjioBa-ajipeca AAB
(R11 =R12=0) niu 11-paspsiaroe ciayxebHOE coBo (R12 = 1) 1 roToBHOCTH
TaHHbIX WS.

4. YcrpoiictBo L2 nmpunnmaeT nadopMaliuio u cHuMaeT 3armpoc WR.

5. «Komn» cunmaer nannbie 1 WS.

6. Ecain ieperarzoe ¢JioBo He ObLIO CIIyKeOHBIM, TO TIOBTOPSIIOTCST TYHKTHI
2+5, unaue «KoMIr» 0THOBPEMEHHO CO CHIATHEM JanHbix 1 WS cHumaet curnas
TR, cUrHAU3UPYS TeM caMbIM 00 OKOHYAHWH TIepeadyn MHMOPMAI[HHL.

IIpoezpammnoe obecneuenue sepuuniozo demexmopa. B coctaB BepumHHOTO
JETEKTOpa BXOJAAT YeThipe ObicTpoaeiicTByomux koMmnbiorepa (IBM PC,
knacca Pentium I11 800 M Tty u Bbimie):

* [IBa JIJIST BEPIIMHHOTO JIETEKTOPa C TapajiebHON 3aMichio WHOOpMAITIT
OT BEPIIUHHOTO TEJIECKOIIA ¥ TPEKOBOI CUCTEMBI JIJIsT 0OeCTIeUeHUsT HYKHOTO
ObICTPOIEHCTBUS BEPITUHHOTO JAE€TEKTOPA;

* OJIVH [I7ist 0OeCTIeYeHnsT CUCTEMBI 3aITycKa (Tpurrepa);

* OJIMH TIEHTPAJbHBII KOMITBIOTEP, 0OECTIeYMBAIONINI TTPUEM U aHAJIN3 WH-
(hopmarniuu co Beeil cucteMbl B 11€JI0M, BKJIIOUAsl KOHTPOJIb PYTUX J€TEeKTO-
POB YCTaHOBKH, B COCTaBe KOTOPBIX pabOTaeT BEPIINHHDII IETEKTOP.
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Bce koMmmbioTepsl paboTaoT Mo oneparuonHoi cucremoir Windows-98,
HeHTpaabHbIil KombioTep — 1o Windows-2000. SI3bikoM nmporpaMmMupo-
BaHwUst JIUIs1 pa3paboTku siBiisiiicst C++ B MHTErpupoBaHHbIX 060109Kax Borland
Builder 5.0, Borland C++ 5.02. Bce mporpamMmMbl cHaOKeHBI YIOOHBIM T0JIb-
30BaTebCKUM MHTEePGeiicoM, COBPEMEHHBIMU CPE/ICTBAMU BU3YaTU3alNU
1 TpaIeCKUM MPE/ICTABJIECHNEM TaHHBIX.

PaspaboranHoe mporpaMMHOe oOecriedeH e BePITHHHOTO IETEKTOPa BKJIO-
qaet B ceOst:

* TecThl MOy Jiel cBs3u kpelita KAMAK 1 komibioTepa;

* TECTBI MOJLyJIeli CHHXPOHU3AIINH;

* TECTHI JTEKTPOHHBIX MOJyJIell BEPITUHHOTO JAETEKTOPa ¢ UMUTAINEN eTo
pabOThI OT TECTUPYIONIMX CUTHATIOB;

* IporpaMMHOE oGecriedeHne Ik MeTOMYECKUX CCIIeI0BaHMIl;

* HabOP TporpamMm st c6opa JaHHBIX ¢ BEPITMHHOTO JIE€TEKTOPA.

Cucrema nporpamMmm mo HabOPy CTATUCTUKU 06eCIedrBaAET CIeyIONne
ynkuun.

1. ITpoBenenne KamMGPOBOYHBIX U3MEPEHUI U BHIYNCIEHIE KATMOPOBOYHBIX
KOHCTAHT, KaK TIPY PYYHOM 3aITyCcKe, TaK U B aBTOMATHYECKOM pesknMe. Pesyirb-
TaThl KAJIMOPOBKU 3aAHOCSTCS JIJIsI KaK/10# TIIOCKOCTHU B (hailsl Mbe1ecTanios,
ob11me pe3y IbTaThl KaIMOPOBKU MOKHO yBU/AETh B haitie svd.log. BusyanbHo
Pe3yJIbTaThl KATMOPOBKU MOKHO BUJIETh HAa THCTOTPAMMAX MJIOCKOCTEIL.

2. 3arpyska KaIuOPOBOYHBIX KOHCTAHT B MOJLYJIM aMILIUTYIHOTO aHAIN3a
(AAM, AAB, AAT-N).

3. PesxxuM «KoMIugiuns JaHHBIX ¢ Ucnioyb3oBanneM moayieit KOMII
u cxeM (pusbTpanuu fanabix Mogysieir AAT-N.

4. C60p maHHbIX o Beex paboratoniux KaHauos (~ 10 000) B pexkiiMe UCKITIO-
YeHUsI «HYJIEBBIX» KAHAJIOB cO cKopocThio /10 ~ 1 000 cob. /c.

5. Cosnanue, 3amoJiHeHe U BU3YaJNU3AI[UI0 THCTOTPAMM [IJIsI KOHTPOJIST
KauecTBa JAHHBIX (CpeHre aMILINTY/IbI, CHIEKTPhI CUTHAJIOB TI0 BBIZIEIEHHBIM
KaHajlaM U MHTETPATIbHO 110 JIeTEKTOPY ).

6. PaGoTa cXeMbl CHHXPOHU3AIMK OT MPSIMbBIX TPOXOASIIUX YACTUIL, TPUT-
repa IepBOro YPOBHS B aBTOHOMHOM pPeKMMe U COBMECTHO C OCTAJbHBIMU
MO/ICUCTEMaMU YCTAaHOBKH.

7. 3anuch 1 Xpa"neHre Gu3nueckoin nHGOpMaINK Ha JKECTKOM JUCKE B aBTO-
HOMHOM PeKUMe.

8. Ilepemaua maHHBIX U yIpaBIeHe 3aJaHUSIMU C UCTIOJIb30BAHUEM TTPOTO-
kosia TCP /IP 1ipu cOBMECTHOM peskrmMe paboThl.

BeprmmHHBI IeTEKTOP W 9JeKTPOHUKA CUUTHIBAHUS CUTHAIOB MCIIBITHIBA-
JINCh B COCTaBe OCTaJIbHOM amnmaparypsl yecranoBku CB/l-2 na myuke yckopu-
tesist UDBI. Tostydens cieayioniyie XapaKTepUCTUKNU:

* J10J1s1 HepabOoTAIONIMX 1 IIYMSIIIMX KaHAJIOB 3 % (13 9200);
* TOrPEIIHOCTb U3MEPEHUs KOOPAMHAT

B CEHCOPaX C MIaroM 25 MKM 5 MKM,

B ceHcopax ¢ marom 50 MKM 10 MKM;
* TOTPENIHOCTb U3MEPEHNs YTJIOB 0,2 mpaz;

* 9 PeKTUBHOCTD PETUCTPAITUN TPEKOB 96 %;
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* perucTparyst MHOKECTBEHHOCTH TPEKOB 6ouiee 40 TpeKoB;

* ObIcTpOMEIiCTBIE 1000 co0./c.

[TosryyeHHbIe XapaKTEPUCTUKN COOTBETCTBYIOT MUPOBOMY YPOBHIO TapamMe-
TPOB BEPIIUHHBIX JI€TEKTOPOB.

IIpeano:xenue axkcnepuMeHTa < Tepmanuzanusi»>

MHozkecTBEHHOE POK/IeHIe YaCTHIL IIPU BBICOKON SHEPTUU SIBJISIETCST OJTHOM
u3 pyHIaMEeHTAIBHBIX TPOOJIEM B (PUBKKE aPOHOB. ITOT TPOIECC HE MOKET
6b1Th onucan B KX /[ mo teopuu BoamytieHunii. Teopust gaeT ToJbKO Kade-
CTBEHHYIO KapTUHY SBJIEHUS: CTOJIKHOBEHNE a/[POHOB MHUIIMUPYET TTapTOHHBII
Kackajl. Ha koneuHoM aTare mapTOHHOTO KacKajia, KOT/Ia SHEPTUST OTHOCUTETh-
HOTO JIBUKEHUS MAPTOHOB MCYEPIIaHa M CYNECTBEHHBIMU CTAHOBSITCS CUJIbI
KOH(allTHMeHTa, TAPTOHBI 00BEMMHSIIOTCS, 00pasyst afipoHbl. MexaHusm yep-
skaHud 11BeTa (KoHbaitHMeHT) HensBecTeH. [loaToMy B HacTosIee Bpemsi Teope-
TUYECKA HEBO3MOKHO PACCUMTATD TJIaBHBIE XaPAKTEPUCTUKU MTPOIecca: pacipe-
JieJICHUE 110 MHOKECTBEHHOCTH, 9HEPTETUYECKNI 1 MACCOBBII CIIEKTPbI YACTHIL.

[ess mpoekTa « Tepmamuzarnusy, npeanoxennoro B 2004 rogy Ha ycTaHOBKe
CB/I-2 [41] u nonyuusBmiero Homep SERP-E-190, cocTtout B uccienoBanumn
KOJJIEKTUBHOTO TTOBE/IEHUST YACTUI] B TIPOIECCE MHOKECTBEHHOTO POKIEHUS
B PP-B3auMO/IEHICTBUY TP AHEPTHH Tyuka 1poToHoB E = 50+70 I'3B. B nacro-
siiee BpeMsl pacipeziesieHne 4acTUI] TI0 MHOKECTBEHHOCTH TIPU ATO HEPTUU
M3MEPEHO JI0 YMCJIa 3apsiKeHHbIX yacTull n, = 18. Cpeanee 4nc/Io 3apssKeHHbIX
yactul coctasiser n, = 5,6. Kunemartuueckuit npenen cocrasiaser n_= 69.
37ech n_ ecTh YHMCII0 3aPsKEHHBIX M HEHTpanbHbIX MMOHOB. [lnannposasoch
yccse10BaTh coObITHA ¢ MHOXKecTBenHocTbio N, = 10+30. B aroii obmacTu
3Ha4YMTETbHAs 4acTh SHEPrUy B cucTeme nentpa mace (E = 11,6 I'sB) npespa-
IMIAeTCST B MACCY POKAEHHBIX YaCTHUIL.

[TepBoii aTar uccaeJOBAaHUN MPE/JIaragoch BBIITOJHUTD € ITOMONILIO yCTa-
HoBku CB/I-2. Xotsa CB/l-ciekTpoMeTp co3maH AJsT NCCAEA0OBAHMS POKIAECHMST
U paciiajia 04apOBaHHBIX YACTHUI], OH UMEET OCHOBHbBIE KOMIIOHEHTBI, HE0OXO-
JIIMBIE JIJIs1 BBITTOJIHEHUST (PU3NYeCcKOll TIPOTPaMMBI ITpoeKTa « TepMann3anus».
Jlong agantanyu yecranoBku CB/I k 3alauaM 1mpoekTa TIpejnosaraioch J10Mo-
HUTEJTHHO CO3/IaTh CJIe/IYTOTNeE TTOJCUCTEMBI:

1) IOTIOJTHUTH MUTIIEHHYIO CTAHITNIO MUTIEHBIO 13 JieTkux szaep: LiD nmm Be;

2) co3aTh KUIKOBOJOPOHYIO MUIICHb;

3) cosmaTh JOMOMHUTEIBHYIO TPEKOBYIO cHicTeMY Ha 6ase ApeiioBbIxX TPyOOK;

4) co3maTh CUCTEMY TPUTTEPA JIJIsT OTOOPaA COOBITUI ¢ GOJIBIION MHOKECTBEH-

HOCTBIO.

Mumienu. /[sis pa3menieHnst MATIIEHT B JaHHOW KOHCTPYKIIUM YCTAaHOBKU
MMEETCsT TIPOCTPAHCTBO BJOJb TIydka — 7 ¢M. [Ipu aToM MuUIienb u3 OepuiiIis
MoskeT umethb Tosmunay h = 13,0 r/cm? MrHoBeHHasT CBETUMOCTD MUIIIEHU
(B mpepneax pacTsikku mydka to, = 1 ¢) cocrasusier L = ['h-N,v/A =
= 8,7-103° cm %c ' ipu unTencupHoctu myuka 107 B nukie. /autenbHOCTD
IIMKJIa YCKOPEHUs COCTaBJIAET 7 C, HOTOMY CPE/IHss CBeTUMOCTb B CeMb pa3
mewnblie u coctasysier L=1/7 =1,2-10% cm2c!. [losist B3BauMoieficTBuS 1mydKa
B MuIenu coctapasger r =h/A =13,0/75,2=1,7-10"". Mroosennas u cpegss
4acTOTHI COOBITHIT ecTh coorBeTcTBenHo N = 1,7-105c'u N = 2,4-10° ¢,
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AHaJornuHble XapaKTePUCTHKU KIIKOBOOPOIHOI Mummenu: h = 0,5 r/cm?,
L=30-10%1=42-10®cu*c’,r=1,0-10% N, =1,0-10°c’, N, =1,6-10"c.

B nanHOM aKCTIEpUMEHTE BAXKHEHIITYIO POJIb UTPAET MPOTSIKEHHAS MUIIIEHb.
Pacnipenenenve coObITUI B3aUMOIENCTBHS MyYKa C sAPAMU MUIIEHH TIO €€
00'beMy CHIKAET BEPOSITHOCTD HAJIOKEHUSI JIBYX MJIM O0Jiee COOBITHIL B 9JIeMeHTe
obbeMa, onpeessieMoM pasperrennem B/l Yem Bbllite TOYHOCTD JIOKATU3AIIN
BEPIIUHbI, TeM MeHbIIIe (POH OT HATOKEHHBIX COOBITUIA.

Kamepsl TpekoBoii cucremsl. Tpekosas cucrema Ha Oase 2304 npeiihoBbix
TpyOOK (straw tubes) momoMHAET KPEMHUEBDIIT BEPITUHHBIN €TEKTOP U TO3BO-
JISIeT HaJIe)KHO BOCCTAHABINBATD MHOTOUACTUYHBIE COOBITHS U TIPOIOJIKATD
TPEKU B MAarHUTHBIH criekTpoMeTp. CricTeMa COCTOUT U3 TpeX MOJIyJIei ¢ pa3Me-
pamu 480x483, 700x771 1 900x1059 mm? (BbICOTA U IITUPUHA COOTBETCTBEHHO).
Pasmepbr BoIOpaHbI U3 YCIOBUSI COOTBETCTBUS YTIIOBOMY aKCEITAHCY KPEM-
HUEBOTO BEPIIUHHOTO JIETEKTOPA M MepeHeN YacTH MarHUTHOTO CHEKTPO-
MeTpa. Kaskabiit MOIYJIb COCTOUT U3 TPEX Kamep, U3MePSIONINX KOOPINHATHI
yactuil X, U, V. Kameps! kaxzoro Mmoaysig upeHtuyiel, Ho U- u V-geTekTopsl
MOBEPHYTBI OTHOCUTENBHO ocu Y Ha yriael = 10,5°. Moayu pacipe/esieHbl
1o nmyuky Ha 6aze 950 Mmm. Kamepbl Ka/10ro MOIYJIst CABHHYTHI 110 IIYYKY APYT
otHOCUTesMbHO Apyra Ha 100 Mmm. Kaxkgas kamepa comep:KuT JBa €051 TOHKO-
cTeHHBIX [peiidoBuix Tpybok. [Juamerp Tpy6ok: d = 6 mm. [last ycTpaHeHust
JIEBO-TIPaBOil HEOMPEIEJIEHHOCTH B U3MEPEHUN KOOPAUHAT YacTUIl TPYOKU
MIEPBOTO CJIOSI CIBUHYTHI OTHOCUTENBHO TPYOOK BTOPOTO CJIOSI HA BEJTUIHHY
paauyca d /2. TonmuHa cteHoK TpyOoK (KaTomos) okoso 70 mxm. Mudop-
Malysi CY4UTBHIBAETCS C AaHOHBIX TIPOBOJIOK inaMeTpoM 30 mkM. Kaskaas mposo-
JoKa (TpyOKa) SBJISETCST HE3aBUCUMbBIM KaHaoM perucrpaiuu. [leHTpaibHas
30HA Kax0u Kamepsbl, pazmepoM 10x10 MM, HeuyBCTBUTEIbHA K TYYKOBBIM
yactuiiaM. ToYHOCTb u3MepeHus KOOPAMHATHI 110 BpeMmenu jpeiicda 150 Mrm.
Bpewmsi-nindposbie mpeobpazoBaTesi Ha KasKIbli TPUTTEPHBINA CUTHAJ TI03BO-
JSI0T PETUCTPUPOBATH HECKOJIbKO UMITYJIBCOB, MOCJIE0BATEIbHO TTPUXO-
JSIUX ¢ aHo/Ia TPYOKHU. [[ByXTpeKOBOe paspelienne 0KuaaeTcst okoso 1,5 M.
Paccrosnue mexay momysasmu ~ 150 mm. [lepBsiii MoayJsib pacrosaraercs
Ha paccTostHry 50 ¢M OT MUIIEHU. ITO MAKCUMAJIbHAS BEJIMYNUHA, BO3MOKHAST
B JIaHHO# reoMeTprn yctaHoBKU. OHa obecriednBaeT MUHUMAIbHO BO3MOKHYIO
3arpysKky Kaskaoit TpyOxu. Hampumep, B COOBITHI ¢ MHOKECTBEHHOCTBIO 3apsi-
skeHHbIX yacTuil 30 Ha IeHTpaIbHYI0 TPYyOKY nazaet B cpeareM N = 4,3 acTuil.
Cpennee uncio 4acTuil, monapmux B mojocky Ax = 0,15 cm (1ByXTpekoBoe
paspetenue), coctasisier 1 = (N /d)Ax = 1,1, a BeposITHOCTD HATOKEHUSI IBYX
TpeKoB ecTh ® = 2(1/2) n%exp(—n) = 40 %. Tak kak Kaxmast TpyOKa paboTaer
HE3aBUCHMO, TO BEPOSITHOCTHh HAJIOKEHUS TPEKOB B MOjyJie (IeCTh CJI0EB)
Oy/IeT MeHbIIe TPUBEICHHON BbIIIIe OIIEHKH.

Peamm3anusa cucrem CB/l Ha TpeTheii cranu akcrepuMeHTa

Cucrema 3anycka ycranoBku CB/I-2 B axcnepumente E-190. Paccmotpum
CHavaJia CoCTaB almnapaTypbl, KOTOPasi PeabHO ObljIa CO3/aHa /ISt IKCIIEPHU-
meHTa «Tepmanusanus» Ha yctanoBke CB/[-2.

lemexmopul, 6xodsiuue 6 cucmemy 3anycxka. Cxema roJOBHON 4acTh yCTa-
HOBKH MIOKa3aHa Ha pucynke 15.
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My4koBbIA TpurrepHbii BepwuHHbIN Opetidosbiit
Teneckon rofocKon, [AeTeKTop Tpekep
& 60 Mmm Uz V2 U3 v3
Ut Vi Maruur
C1 C2 \ xixexaxaU
X1 X2 X3 C4C3 70mm
Wi = > 3
N b Al s ll ‘ V g Mponkamepe
TRIN % MarHMTHOro
ITRTRT I A CrneKkTpoMeTpa
My4oK  v1 vz v3 MuLueHb p §
H2 Y1Y2Y3Y4 V
Y1
< > YZ
150 mMm Y3

Puc. 15. Cxema rosioBnoit gactu ycranosku CB/I-2

Ona BKJII0YAET CJIeYIONIIE 3JIEeMEHTHI.

1. ITyukoBblii Teseckorl. Briovyaer ciunTuisnonssle gerekropsl C1+C4
U TPEeKep M3 MEeCTH TIOCKOCTEH TTOJIOCKOBBIX KPeMHUEBHIX /1eTeKTOPoB (X, Y)
pasmepom 10x10 mm2 Illar mostocok cocrasisier 50 MrMm. Tpekep omnpexpensier
TPAaeKTOPHIO Kaxa0ii myukoBoil yactuibl. Cuerunku C1+C4 BbipabaThiBaioT
TPUTTEP HA MYYKOBYIO YACTUILY (TPUTTEP HYJIEBOTO YPOBHS), PETUCTPUPYIOT
MHTEHCUBHOCTD ITyYKa U ero BpeMeHHy1o pacTsikKy. Cuetunk C3 umeer oTBep-
cTue 1715 poxoja mydyka. On BkiioueH co cuetynkamu C1, 2, 4 Ha anTHCOBIA-
JieHue JIJ1s1 TI0/IaBJIeHUs] IaJlo I1y4Ka.

2. JKunkoBoopoiHasg MutiieHb. PazMepbl MUTIIEHN: JTTHA COCYA TT0 YUKy
70 MM, muametp 27 mm. TommmmHa 1aBcaHOBBIX cTeHOK cocyaa 100 Mkm.

3. TpurrepHblii CIIUHTUIISIIIMOHHBINA TOJIOCKOT (OTIMChIBAECTCS HUKE).

4. Bepmunnbiii getektop. B nero Bxonat 10 miockocTell moJI0CKOBBIX KpeM-
HueBbix cueTunkoB (X, Y, U, V). Cuetuuku (U, V) nMoBepHyTbl OTHOCUTEIHHO
cuetynkoB (X, Y) Ha yros = 15°. I1lar mosiocok 25 mxm u 50 Mxm. Bepiunnbiii
JIETEKTOP SBJISETCS BaXKHEH UM 2JieMeHTOM ycTaHOBKU. OH 1103B0JIsIeT BOCCTa-
HOBUTH TPAEKTOPUU 3aPSPKEHHBIX YACTUI[ B COOBITUSIX ¢ MHOKECTBEHHOCTHIO
24 u Boimte. [Ipu aToM onpesiesiIioTCs MOJT0KeHNS IEPBUYHON U BTOPUYHBIX
BepinuH (pacnaas K- 1 A°-yacrtuir).

5. Jlpeiidosbiii Tpekep. COCTOUT U3 AEBATH IIOCKOCTEl ApeiihoBbIX TPYOOK,
KOTOPbIE OIIPe/IeJIAI0T KOOPAMHATBI Ha TPAEKTOPUU YACTUIL C TOUHOCTBIO 200 MKM
[42]. DTO MO3BOMISIET YTOYHUTH TTApaMeTPhI TPEKOB, TIOJyYeHHBIE B BEPITUHHOM
JIETEKTOP,e 1 ITPOAOJIKUTD UX B TPEKep MarHUTHOTO CIIEKTPOMeTpa.

[Ty4ok MpOTOHOB BBIBOJUTCS U3 YCKOPUTEJIS U30THYTHIM MOHOKPHUCTAJIJIOM
kpeMuus. IOctupoBka 1my4yka Ha MUIIEHb U €T0 IapaMeTpbl MOHUTOPUPYIOTCS
myukoBbiM Teseckonom. Cuetunku C1+C4 Takke BbIpabaThIBAIOT CUTHAJ
MEePBUYHOTO 3aITyCKA TPUTTEPHOI 3JIEKTPOHUKH.

Tpuzzepnoiii zo0ockon. Yactora pp-B3auMOICICTBIIT B BOAOPOIHON MUIIICHIN
npu wHTeHcuBHOCTH myuka 2-10% 1 /¢ cocraBasier 2-10% 1 /c. Cucrema c6opa
JTAHHBIX YCTAHOBKU NMEET MaKCUMATHHYIO CKOPOCTh PETHCTPAIIUU COOBITUI
¢ 60JIBIION MHOKeCTBEHHOCTBIO 2:10% 1 /c. Vcxons us meeil sKcrepuMenTa,
TPUTTEPHAs CHCTEMA J0JKHA TOAABJSAThH OCHOBHOI MOTOK COOBITUN ¢ MaJIOi
MHO’KECTBEHHOCTBIO U OTOMPATh PeIKUe COOBITUST ¢ MHOKECTBEHHOCTHIO 3apsi-
JKEHHBIX YacTHIl OOJIbIIIE 3aJaHHON. AHAJII3 UMEIOIIUXCS TAHHBIX J[AeT OLEHKY
napIHanbHOTo ceueHns 6 = 1 M6 s obmacti MHOKecTBeHHOCTH N, > 10. JTa
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BesimyrHa B ~ 3(0) pa3 MeHbIIIe TTOJTHOTO HEYITPYTOT0 CEUeHU S PP-B3aMMOICHCTBUS.
Taxum o6pasom, ycTaHOBKa opora Tpurrepa Ha sesmuuiy n, = 10+12 pemaer
TIOCTABJICHHYIO 33/[a4y. 3aMeTHM, 4To B obmacTu n , > 20, T/e JaHHbIe OTCYT-
CTBYIOT, 9KCTPATIOJIMPOBAHHOE MapInaIbHoe ceuerue coctansier ~ 0,1 MKO,
a OXKMIaeMast CKOPOCTh CYeTa COCTABJISIET 2 €00, /4.

[Tosyuenne curaana o COOBITUN ¢ MHOKECTBEHHOCTHIO BBIIIE 3a[AHHOTO
opora JI0OCTUTAETCS € MTOMOIIbIO CIIUHTUJIISIIMOHHOTO TOA0CKOTIA, TIOKa3aH-
HOTO Ha pucyHke 16.

Puc. 16. Tpurrepusriii rogockomn: A — cxema TPUTTEPHOTO rofockona, 1 — ciuHTHILIATOP, 2 —
cBetoBof, 3 — DAY, 4 — nenurens OIY; B — TpurrepHsbIil rOAO0CKOI B TIPOIIECCe MOHTaKa

lomockom BeimtostHeH B hopme pomantkn. Ona nmeet 19 sreniecTKOB — CITAHTHII-
JISITOPOB, PACIOJIOKEHHBIX IT0 hopMe ArcKa quameTpoM 260 mm. /[rck mmeeTt oTBep-
CTHe B IIleHTpe uaMeTpoM 3,2 MM JIJIST TTpoITycKaHust mydka. CIIMHTUIISTOD THTIA
BC-408 nmeet hopmy ycedeHHOI TPEyTOJIbHON IJIACTUHBI BBICOTON 28 MM 1 OCHO-
BatueM 8,6 mm. TosmuHa mractusbl 1,8 Mm. OHa 06GepHyTa B ATIOMIHUPOBAHHBII
JIAaBCAH TOJIIIMHON 6 MKM JIJIsST yMEHbIIIeHUs 1T0Teph cBeTa. CBETOBO U3 OpTaHy-
YECKOI0 CTeKJIa OIITUYECKU coefrHeH ¢ JernecTkoM U DIY-147-2 ¢ noMolbio
ontudeckoit anmokcuaHoi cmossl EPO301. 3amura kaxgoro @AY ot BHel-
HEro MarHUTHOTO 110Jist, 0K0J10 50 Taycc, ocyInecTBIsIeTCs: CI0eM MIO-MeTasLIa
tosmuHo# 0,3 MM; oty deH hakTop ocrabienws ouist, paBHbiil ~ 100.

[Tpu nnTencuBHOCTHU TyyKa nmpotoHoB 2-10° 1 /¢ 3arpy3ka oHOTO JienecTKa
3apsiKeHHBIMU YaCcTUIIAMK, UAYIIUME U3 MUIIEeHH, cocTaBiaser ~ 1031 /c.
OcHoBHas 3arpysKa ajieMeHTa Tpurrepa GOHOBBIME YacTUIIAMK 0OYCJIOBIEHA
rasio myudka. [Ipm onTuManbHOI I0CTUPOBKeE MydKa oHa coctasJsier 2:10% 1 /c.
[Ipu cpemnem Toke anoxa MY, pasnom 0,1 MA, ¥ CUIBHOTOUHOM JeJIUTEIE
JOTycTUMas 3arpy3ka ajementa tpurrepa cocrasiaser 10°1/c. [lenutenn
DOY umeer conporunnenueM 4,2 MOwm u cpemaunii Tok 0,4 MA. Beizensemast
TEIJIOBAsl MOIITHOCTD OJIHOTO KaHajla perucTpaiuu mpu atTom cocrasisier 0,8 Bt
(TosTHast MOIIHOCTH Toj0cKomna ~ 15 Br), 4To He MPEBOCXOAUT OTTYCTUMOTO
mpe/esia CUCTEMbI OXJIAK/IEHUS AJIEKTPOHUKH.

3aBHCUMOCTDH BEPOSITHOCTH cpabaThIBAaHUS CUCTEMBI TPUITEPa OT YHCJ/IA
TPEKOB JIJIsT TOPOTOB 110 MHOKecTBeHHOCTH M = 3, 8, 12, 16, 20 u 24 wacTun
npuBeqeHa Ha pucynke 17. Hederkuit mopor cpabaThiBaHUs 3JIEKTPOHUKN
00ycCJI0BJIEH Pa3bpOCOM aMILIUTY/I CUTHAJIOB.
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Puc. 17. BepositHOCTH cpabaTbiBaHUst TPUITEPA OT YMCJIA TPEKOB B TOLOCKOIIE

duekTponuka apeiidossix kamep. /[peiihoBbie TpyOKH, 0OOMUM KOJIHYE-
crBoM ~ 1500, umerot auametp 6 Mmm u Bpems apeiida ~ 60 re. Moy Bpemsi-
1 poBOTO MpeodpasoBatust, paspabOTaHHbIE ISk 9TUX JETEKTOPOB, UMEIOT
IIeHY JieJIeHs], PABHYIO 2 HC, 4TO [TO3BOJISIET UMETh KOOPIMHATHOE pa3peliene
Ha yposte 0,15 Mmm.

B ocHoBy 32-kaHaJbHBIX ycUIHUTENE-(OPMUPOBATEIEH JIJIsT CheMa CUT-
HAJIOB ¢ ApeidoBbIxX TPyOOK Oblia mojoxkeHa paspadborka [43].

Anmapatypa perucTpanuy CUTHAJIOB ¢ ycuiaurtenaeii-hopMupoBaresieit
conepkut nBa kpeiita peructparu MUCC [44] anst curHATOB ¢ ApeiihoBbIX
Tpybok u oauH kpeiit KAMAK st ciHXpOHM3aInKu CUCTEMHOI paboTh
[24] — pucynox 18.

B cocras kpetitoB MU CC BxozsT cienytomime MOy Iu:

* 64-kananpuble MOy JID-82 MHOXKECTBEHHOTO BpPeMsA-TIU(POBOTO Tpe-
0OpasoBaHus (JIO MSATH «CTapTOB» B KaXK/IOM KaHAJIE, «CTOI» OOl ), TleHa
IeJeHusI KaHaaa — 2 He;

* KpeitT-KoHTpoJsutepbl JID-83, Bhixoasiue Ha Maructpaib Q-bus, cBsizbiBaio-
nyio nx ¢ kommbiotepoM trma IBM PC;

* cIlelUaJIn3uPOBaHHbIE MOJIYJIM YIIPABJIE€HUI-Pa3BETBAEHUS CUTHAJIOB, JID-
87p;

* crangaptasie MU CC-passerButesu sorndeckux (NIM) curnanos, JI9-67.
JleTekTOp raMMa-KBaHTOB C 3JIEKTPOHUKON yIpaBJIeHUs U PETrUCTPaIH.

B ocHoBe MHOTOKaHAJMBHOTO JIeTEKTOPA raMMa-KBaHTOB HaxoauTcsa 1344
CBUHI[OBBIX cTeKJa pazMepoM 505x38x38 MM?, cOCTBIKOBAHHBIX TOPI[AMU
¢ (poroanexkTporHpiMu ymuoxkureasmu MOY-84. Pacnosioxenue nreTekTopa
B YCTAHOBKE MTOKa3aHo Ha pucynke 19.

[TepBoHaua bHO 9JIEKTPOHUKA PETUCTPAIMU OblLIa IOCTPOEHA Ha OCHOBE
3apsa-uudpossix nmpeobpasoBarteneil pupmbl Le Croy tuma 2282 [45].
[TockoabKY 3T BOCbMUKaHAJIbHbBIE, JOBOJBHO yCTapeBIIe MOAYJIH UMEIOT
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6ouibIioe Bpems 1peobpasoBanus (~ 40 MKC), TO B IOC/IeiHee BPeMst OHU ObLIn
3aMeHeHbl 96-KaHaIbHBIME 3apsiA-nndpoBbiMu TpeodOpaszoBaresimu QDC-96,
sxosiumu B cucremy MUCC [44] pazpab6orku TDBI.
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Puc. 18. Cocras anmaparypbl perucTpaiuy CUTHAJIOB ¢ APeiipoBbIX TPYOOK U MEKMO/LYIbHbIE
COeITHEHHST
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Puc. 19. By czaau Ha geTeKTop raMMa-KBaHTOB (CIIpaBa OT I[eHTpa) ¢ KabeJasMu CUTHAJIOB
¢ DIY. JleBee BusieH ra3oBblil UePeHKOBCKUIT ieTeKkTop. CiieBa BBEPXyY PacIosiokeH
JKCIEPUMEHTANBHBII 1oMHK Ne 1, I/ie ycTaHOBIICHA 3JIEKTPOHNKA MATHITHOTO CIIEKTPOMETPA,
B IIEHTPE — HKCIIEPUMEHTAIBHBII IOMUK Ne 2 ¢ 3/IeKTPOHUKOI 3aITyCKa ¥ BEPITHHHOTO
nerexropa. CripaBa B cepe/iiiHe BU/IHbI MAHOMETPBI Fa30BOii CHCTEMBI IIPOIIOPIIMOHAIBHBIX
Kamep 1 ApeiioBbIX TPYOOK
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Puc. 20. Cocras arnmaparypbl PeruCTpalui CUTHAJIOB C JIETEKTOPa raMMa-KBaHTOB
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Ha pucynxke 20 nmokasan cxemMaTU4eCcKUil BUJ JETEKTOPA raMMa-KBaHTOB
(cteBa BBepxy, maciiTtad ~ 1:100) u ero a1eKTpOHHOI armapaTyphbi.
Arnmaparypa coznepsxut 8a kpeiita MU CC st perucrparuu curanos c @Y
u oxuH kpeiit KAMAK st Beipabotku curaasia «Ctpobs Ha 3apsii-1iindpoBbie
npeobpazosaresu (3I1IT) u st cuHXpoHM3aIK PabOThI ¢ OCTAIBHBIME YaCTSIMU
ycranoBkH [46]. B coctas kpeiitoB M CC BxozaT coemytoniye MOyJIH:
* 96-kananbHbIe MOAYM JID-71 perucTparuy CUrHaJIOB;
* KpeitT-KoHTpoJsuTepbl JID-83, Bhixoasine Ha Maructpaib Q-bus, cBsi3biBaio-
nyio ux ¢ kommnbiotepoM tuna IBM PC;
* crangaptabie MU CC-passerButenu gorndecknx (NIM) curnanos, JID-67.

B Becennem ceance 2002 roga JIETA 6bi1 061yuen yzxkum (d = 3 Mm)
nyukom a5eKTpoHoB (E = 15 I'aB), koTopslii mMoca€10BaTETHHO 3aCBEUNBAI
MEHTP KaXKI0TO U3 jeMeHToB. CucTeMa rmepeiBIKeHNs YIIPaBIsiIach OT IBYX
mozyJieit KAMAK — juig moniepeunbix koopaimHat X v Y (HaXO/SATCS B BEPXHEM
Kpeiite, cm. puc. 20).

C momotipio K03(hbuImeHToB BhIpaBHUBAHUS OB MTOJyYeH CyMMapHBIT
curHaJ aseKTpoHHoi JaBunbl B JIET'A, KoTophiii mpenctasiien Ha pucyHke 21a.
Mo:xHO ciienaTh 3aKI04eHue, 4To aHepretrudeckoe pazpenienue J[ETA coctas-
astetr 1/15 (6,7 %).

Dbl BbIZIEIEH TaKsKe CUTHAJ OT HEUTPaJIbHBIX MHOHOB Tipn 00sryuerrn CB/I
nyukom potonoB 70 I'aB. Ha pucynke 216 nmokaszau crekTp 3 HeKTUBHBIX
Macc IByX JIMBHEN TPy TpeOOBaHWM, YTOOBI X CyMMapHast aHeprusi 6biia 6oJiee
10 I'sB.
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II. ®. EPMOJIOB 1 O9KCITEPUMEHT CB/{

B. B. Ilonos, JI. A. Tuxonosa (HUUAD MTY)

Ycranoska «CriekTpomeTp ¢ BepmuHHBIM jleTekTopoMs» (CB/l) pacnosara-
eTcst B myuke npotoHoB B kopnyce [1K-1 yckopurens ¥Y-70 UDBI. Bospacr
3TOi ycTaHOBKU mpubimxkaercs Kk 28 rogam. B ee jkusHu ObIBaiu BCAKME
epHUO/Ibl: yCIIeNTHbIe, MeHee YCIeNlHble, NHOTA TIePUO/Ibl 3aCTOST; MEHS -
JIUCH OTAEJbHBIE IETEKTOPHI, CO3/IaBajiach HOBAs almapaTypa, yIydllaauch
9JIEKTPOHHBIE CUCTEMBI M TPOTPAMMHOE 0O€eCTIeUeH e, MEHSIINCH (hrU3nUecKie
3a/la4¥, HO HEU3MEHHO OCHOBHBIMU YYaCTHUKAMU 3TUX PabOT OCTaBaIUCh
corpyauuku UDBI, OUAN u HUUAD MTY (doto 1).

"1 s

WED

yf b4
Py LS ;‘{ 3

Doro 1. YuactHuku pabouero cosemanus sxcnepumenta CBJI
B HUUAD MTY 27 utonst 2006 r.

Komanay HUNA D MTY Bce atu roast Boaraasusi 1. @. Epmosios,
nocsieinue 20 JeT OH ABJISIICS HAyYHBIM PYKOBOAUTEJIEM BCeX 9KCIIEPUMEHTOB
na CB/I, u Ha ero neuu JerJa Tsxxesast Hollla, KOTOPYIO OH YeCTHO U My’Ke-
CTBEHHO HEC JI0 KOHI[A CBOEI JKU3HU. 32 9TU TO/bI OBLIO OMyGIMKOBAHO OKOJIO
40 paboT ¢ ONUCcaHIEM alapaTypbl, METOINYECKUX Pa3pabOTOK U (hU3MIECKUX
pe3yJIbTaToB, mosydeHHbix Ha CB/IL

! udopmaiinio o HUX MOXKHO ToueprinyTh Takxke u3 crateii C. I. Bacuianze, V. M. Tpame-
nurkoro, E. C. Kokoysmnoii, A. B. Ky6apoBckoro B 9ToM ke cOOpHUKE.
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A Haumnasmoch Bee B 1984 rosy, korna 6b110 0MyOJIMKOBAHO TIPETIOKEHITE
akcrepuMenTa «VcceegoBanne 00pa3oBaHus YaCTUIL C OTKPBITHIM O4apoBa-
HUEM B aJ[POHHBIX B3aUMOJICHCTBUSAX MIPU HEPTUAX CEPITYXOBCKOTO YCKOPH-
tenst» (IIpenpunt UDBI 843, 1984). Ha ocHOBe 5TOTr0O IIpoeKTa AUpEKIIHeit
DB B 1985 roay ObL1 BKIOYEH B [JIaH MHCTUTYTa aKciepumMeHT E-161
10 U3y4eHn0 0OPa30BAHNS 0YaPOBAHHBIX AJPOHOB B PP-B3aMMOIEHNCTBUSIX
npu 70 I'sB/c na tubpuaHoil ycranoBke «CIIEKTPOMETP € BEPIIUHHBIM J€TEK-
Topom (CB/I-1)».

K aromy Bpemenu nsyueHue 04apoBaHHBIX YACTUI] C OTKPBITBIM U CKPBITBIM
ovyapoBaHUeM yske akTUBHO Besioch B akcniepuMenTax CERN 1 FNAL B agporHbIX
U JIENTOHHBIX Iyuykax npu aHeprusax soiire 200 ['aB. [Tosyyennblie gannbie
10 CEYEHMSIM, MOJIaM paciiajia U BpeMeHaM JKM3HU B OCHOBHOM HETIJIOXO OITHCHI-
BAJINCh TEPTYPOATUBHON KBAHTOBOW XPOMOANHAMUKON. OIHAKO MTPU 9HEPTUSIX
menbiire 100 T'aB, T. e. B 061acTH 9HEPTHil CEPITYXOBCKOTO YCKOPHUTEIST, OIEHKU
CeyeHMs yapma [IPOBO/IMJINCE TOJIbKO Ha ycTtaHoBke BV C-2 B myuke HeHTPOHOB
co cpenteit aHeprueit ~58 I'sB u B Tak HazbiBaeMoM beam-dump akcriepumenTe
C UCTI0JIb30BaHEM HEHTPUHHOTO KaHama. [lonydeHHbIe BeTMUMHBI ceUeHU s
yapMma CYIIeCTBEHHO Pas3Jnvyajnch U HaXOMAUIUCh B MHTepBaie 5—50 MKOH.
B aTtux ycTanoBKax BepHIMHBI paca OB KOPOTKOKUBYIIUX OYaPOBAHHBIX
YaCTHUI[ He PETUCTPUPOBAINCEH. U 103TOMY co3anne THOPUAHON YCTAaHOBKH
C BEPUIMHHBIM JETEKTOPOM OBLIO aKTyaJbHO U HeoOxoaumo. HavanbHas
cxema ycranoBku CB/[-1 cocTosiia us 6bICTPONMKINPYIONIEH KUIKOBO-
nopojaHoii my3sipbkoBoit Kamepsl ( BIIIIK) ang perucrpannu nmepBuvHOM
1 BTOPUYHOI BEPIINH, HIUPOKOAIEPTYPHOI0O MAarHUTHOTO CIIEKTPOMeTpa
(ITAMC) ¢ pacnosokeHHBIMUA BHYTPU MarHuTa MPOBOJOYHBIMU MPOIIOP-
IIUOHATTLHBIMU KaMePaMH JIJIsI OTIPeIeIEHIST UMITYJIbCOB 3aPS?KEHHBIX YaCTHUIT
U CCTeMbl MOHUTOPUPOBAHMS U TPUTTUPOBaHus myuka. [Ipensoskennas cxema
BecbMa HaloMuHaMa coctaB ycranoBku NA-16 EBpomneiickoro ru6puiHoro
CIIEKTPOMETPA, HO B yrpounieaHoM Bapuante, a bIIITK Boirnsgmaena mosrope-
HueM my3bsipbkoBoil kKamepbl LEBC. Beto cucremy 06paboTKi CHUMKOB TakKKe
ctpownstu 110 aHayorun ¢ NA-16.

ITepBbiii ceaHc o HAOOPY CTAaTUCTHKY cocTosics B 1992 rofy, ObLIO OTCHSATO
180 ThIC. CHUMKOB, U3 KOTOPBIX TOJIbKO ~40 % Jiekasu B paboueM 0GbeMe KaMepbl
1 0Kk0J10 30 % COOBITUI HE UMEJIH CIIEKTPOMeTpUYecKoi nadopmar. Bropoit
cearc cocrosiicst B 1994 roy, Ho u3-3a Herosiaiok B pabote BIIITK 6b110 oTcHSATO
Bcero 150 ThIC. CHUMKOB, ¥ C Xy/IIIIIMU, YeM B [IEPBOM CeaHCe, ITapaMeTpamMmu
TpekoB. B pesyibrare mocsie ABOWHOTO TIPOCMOTPA IJIEHKU U 00CYeTa 1Mo KuHe-
MaTHYECKUM IIpOoTrpaMMam OBLIO OcTaBiIeHo s anaiu3a 109 Teic. Heynpyrux
pN-B3aMMOIENHCTBUII ¢ MHOKECTBEHHOCTBIO N > 4, 4TO COOTBETCTBOBAIO
qyBCTBUTEIBHOCTH dKcrepuMenta 4,96 co6./Mx6H. Ha cruMkax Gbisio HafizeHo
TPHU TPEXJIYUYEBBIX paciiaja BOJIM3W TePBUIHON BEPIIUHBI, IBA U3 KOTOPHIX
ObLIIM 3aPETHCTPUPOBAHBI B CIIEKTPOMETPE, YTO MO3BOJIUIIO WICHTH(DUITMPOBATH
nx Kak D ~-me30nHbl. /[Ba HEUTpaIbHBIX paciiaja, 3aperucTPUPOBaHHBIE B KaMepe
U B CIIEKTPOMETPE, OB HAECHTU(DUITNPOBAHBI KaK pactaibl aHTHD’-Me30HOB.
B pesyabrate B 1997 roxy Oblia mosydyeHa oLeHKa MOJTHOTO cedeHns 00pa3oBa-
HUsI Tap OYapPOBAHHBIX YaCTHUI[ B 00sacTu (heiHMAHOBCKOI MepeMeHHOon
—1 <X, <+1, pasuas o, (charm) = 1,6y, (crar.) + 0,3 (cucr.) MKOH, 4TO GbLIO
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COTIOCTAaBUMO ¢ JaHHbiMu beam-dump-akcnepumenta mpu 70 TaB u BesmmunHOiA,
OXKMIaeMOI U3 rpejickasanwuii meprypobarnsHoit KX /I, Ho mo-TipeskHeMy TPOTUBO-
peuarieii manubiM skcriepumenta BUC-2 (em. AM, 2001, . 64, Ne 5, ¢. 958—968).
K sTomy BpemeHu crajia 0ueBHIHA OYeHb HU3KAsh CKOPOCTh Habopa CTaTHUCTUKU
JUIST TATTbHENTIIETO U3yYeHnsl CBOMCTB OYapoBaHHbIX YacThll, U perennem HTC
DB npoexr E-161 6b11 IpHOCTAHOBJIEH.

Ho yuxe k 1996 rony kosuradoparueit CB/] 66110 pazpaboTano HOBOe TIpej-
noxenue Bropoit ctaanu skcrnepumenTa CB/[-2 (nmpenpunt IHEP-96-98,
npernpunt HUNAD MTI'Y 99-28/586) ¢ 3ameHoii BOLOPOAHOM KaMepbI
Ha aKTUBHYIO Mutliedb (AM), cocTodMyIo U3 MJIACTUH yTAepoIa, KPeMHUS
M CBUHIA, U NMPEINU3UOHHOTO BepimuHHOTO gAetekrtopa (II1B/l) ¢ Bricokum
OBICTPOIENICTBIEM HA OCHOBE MUKPOCTPHUIIOBBIX KPEMHUEBBIX [IETEKTOPOB,
conepzamiero okoso 10 000 kananos peructpanuun. Takoi tum [I1B/l cosna-
Basica torza B Poccun Brepsbie. K Tomy ke B coctaB CB/l-2 Bkaovyannch
N€TEKTOP Y-KBAaHTOB U3 YePEHKOBCKUX CUETUYNKOB MOJHOTO TOTIOIIEHUS
(IETA), n3roToBJyiIeHHBIN 1 OTJIA)KEHHBIN ellle Ha TePBON CTAJANN IKCIIEPHU-
MEHTA, a TaK/Ke CIEeNUaJbHO CTPOUIICS OJIOK M3 MUHU-APeN(OBBIX TPYOOK
1 TTIOPOTOBBIA MHOTOKAHAJIbHBIN YePEHKOBCKUI CUETUUK JIJI Pa3jieJIeHUs 3apsi-
JKeHHBIX yacTull (muonoB, K-me30H0B 1 mpoTonoB). Co3iaBaiach Tak:Ke HOBAs
9JIEKTPOHUKA CUCTEMBI 3aITyCKa U CUCTEMBI cOOpa JTaHHBIX CO BCEX JETEKTOPOB
YCTAHOBKH C MCIIOJIb30BAHIEM COBPEMEHHDBIX OBICTPBIX CETEBBIX CPEJICTB CBSI3U
U HOBBIM MOKOJIeHHeM on-line-koMmbioTepoB. Best ata MojepHU3aIus ycra-
noBkn CB/I-2 mpennasnavanach Ui CyMECTBEHHOTO MOBBIIIEHNST CKOPOCTH
Habopa JaHHBIX BO BPEMsI CEAHCOB Ha yCKOpUTEe'.

Ha noBowm astamne sxkcnepumenta (E-184) pacmupunaace u dusndyeckas
mporpamMma uccieoBanuii. OCHOBHBIMU ee 3a/[a4aMy CTaJIu:

* n3Mepenne A-3aBUCHMOCTH IIOJIHOTO ceyeHus 0Opa3oBaHus 4apma G,
(charm) na aapax C, Si, Pb (Heo6xoxumas cratuctuka ~ 500 coObITHIT
JUIST KaKJI0TO S1/1pa);

* uaMepenue cnekTpos X, 1 P 1718 04apoBaHHBIX ME30HOB 1 6HapUOHOB U 13-
yuenue s dexra TUANPOBaAHNS;

* orcku 3(HEKTOB BEICBOOOIKIECHSI BHYTPEHHETO YapMa B IIPOTOHE B CJTydae
yBesmdeHust cratuctuku 10 ~ 1000 coObITHiT 1715 KayKI0H MOJIBI PACTIaia;

* poBepKa u yrounenue npeackasannii TBKX/I a1 oko0noporosoit 06-
JIACTY DHEPTUI POKIEHUS YapMa;

* BBIJICJIEHNE W M3YYeHWe CIIeKTPOB CTPAHHBIX YacTHIl (A, X, E — runepoHoB
n K-me3oH0B) B pA — B3aumojetictsusx npu 70 9B /c;

* MOWCK CTPAHHBIX MSITHKBAPKOBBIX 9K30THYECKUX OAPUOHOB M CPaBHEHIE
UX CBOWCTB C XapaKTEPUCTHUKAMK TPAIUIIMOHHBIX TPEXKBAPKOBBIX Oapuo-
HOB.

Jlig yeranosku CB/I macTynmua HOBBIHN, OYeHb CIOKHBIN M OTBETCTBEHHBIH
HEePUO/], B CYIHOCTH, TIEPUOJI CO3aHUST HOBOW CJIOKHOM THOPUIHON ycTa-
HOBKH, KOTOPOI1 paHee TP aHEPTUAX yckopuTess ¥Y-70 He cylecTBOBAO.

[TepBbiM GosbiuM yerexom ObLTO TpoBeertre B 2002 tory ceaHca B mydke
npoTtoHoB ¢ umnyJibcoB 70 I'sB /c B HOBOM cocTaBe JIeTEKTOPOB YCTAHOBKHU

! Tloppobuee 06 atom cM. cratbio C. I. Bacunanse.
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CB/I-2 (E-184) u nonyuenue ~ 52 man Heynpyrux pN-B3auMojieincTBuil.
Hauanace o6paborka HabpauHoii cratuctuku. OneHku a3 GeKTUBHOCTH
paboTBI OTAETBHBIX AETEKTOPOB MPOBOAMIUCH ¢ UCIIOIH30BAHUEM TIPOTPAMM
FRITIOF u GEANT. Co3nanuem JieHTbl CYMMapHbBIX Pe3yJbTaTOB 3aHUMA-
auck napaienbio dpusnkn OB u HUMAD® MTI'Y, ucnonb3ys pasubie
MOIXOJIBI TIPY OTIPe/IeJIEeHNH TIEPBUYHON 1 BTOPUYHO BEPIINH, U OJMHAKOBBII
OPUTHHAJBHBII METOJ OTpejieJIeHNs] UMITYJIbCOB YAaCTUIl B MATHUTHOM CITEK-
TPOMETPE — «METO/] TIEPEMEHHOTO UMITYJIbcar, pazpaborantbiii 1. M. Epmo-
soBbiM, A. B. Ky6aposckum, M. C. JleBuiikum (B coctaBe cucteM 006paboTKM
sta nporpamma HasbiBaercss SVDRECO). Haunnas ¢ 2002 roga pexkum paboTbl
YCTAHOBKHU HA YCKOPHUTEJIE COCTOSIN, KaK MIPABHUJIO, U3 IBYX €3KETO/[HBIX CEAHCOB!
KOPOTKOTO BECEHHETO MeTOInYecKoro ceanca (~ 1—1,5 Heziesn) v UM TeIbHOTO
(busnIecKOro oceHHero ceanca JJist Habopa CTaTHCTUKHU (~ OJIIH MECSIII).

OCHOBHOII aHaJIM3 10 BBIIEJICHUIO PACIaJIoB 04YapOBAHHBIX ME30HOB 1 Oapu-
onos nposoanan pusuku MDBI (A. I1. Bopobbes, A. A. Kupsikos, M. E. PoHb-
xuH, B. H. Pagosukos, A. I'. X0oJIofeHKO U JIp.) TIPU aKTUBHBIX 00CYKIACHISIX
u cropax ¢ ¢pusukamu HUMAD u OUMAN. Ha cratucruke ~ 50 cobbITuii
(mu1st Beex sitep) OBbLIN BBIJETEHBI PACa/lbl HEUTPAIbHBIX D-ME30HOB B MOJIE
D°— K, nojtydeHbl UX CIIEKTPbI U OIIpe/ie/ieHa OlleHKa II0JIHOIO CeYeHUs G,
(charm) mipu 70 T'aB, pasHast 6 = 7,1 + 2.4 (crar.) + 1,4 (cuct.) MKOH /HYKJIOH.
PesynbraThl ObliM OMYyOJIMKOBAHBI B CTAThIX «Perucrpamus poxaeHus
U PacIajioB HEHTPAIbHBIX OYAPOBAHHBIX HEH30HOB B pA — B3aUMOJICHCTBUAX
npu 70 I'3B na ycranoske CB/[-2» (Psidosukos B. H. u np. [lpennpunt DB
2009-9; AD, 2010, 1. 73, Ne 9, ¢. 1586—1596) 1 «CBoiicTBa HENTPATBLHBIX OYAPO-
BaHHbBIX Me30HOB B pA-B3aumoeiictBusx 1ipu 70 I'aBs» (Psidosuros B. H. u jip.
[Mpenpunt UDBI 2010-2; AD, 2011, 1. 74, Ne 2, c. 342—349).

I'pymma pusukos HUMAD MTY Bo riiase ¢ I1. D. Epmosiossiv (A. B. Ky6a-
posckuii, B. 10. Bosxos, B. B. [Tonos, C. 1. Jliotos, JI. A. Tuxonosa) npucry-
nuia K Boigenennio crpannbix yactull (K?u A’) na crarucruxe, nojydennoii
B ceance CB/I-2 B 2002 roay, ¢ 11eJibio 0OHAPYKEHUST 9K30TUYECKOTO TISATHU-
kBapkoBoro (uudds) ®*-6apuoHa ¢ MOJOKUTENbHOI YETHOCTBIO U CTPAHHO-
cthio +1, maccoit 1530 MaB /c? u mupunoii I' < 50 MaB /c?, pacnagaronierocst
o kananam nK* nmm pK° 9tor 6apuon 6b11 npeznckasan JI. /IbSKOHOBBIM,
B. IlerposbiM 1 M. ITossikoBeiM B 1997 T. B pamMKkax KUPaTbHON COJUTOHHOUN
MOJIeJIN KaK CaMbIi JIETKUH YJIeH aHTU/IeKYTI/IeTa eHTaKBaPKOB.

K 2003-2005 rogam cutyarus ¢ 9KCIepUMEHTAIbHBIM OOHADYKEHHEM
®'-6apuona Oblaa CJI0KHON U mpoTuBopeunBoii. Okoso 10 skcrnepuMeH-
TaJbHBIX TPy, Kak npu Hu3kux aneprusx (DIANA, LEPS, CLAS (d)),
tak u npu Beicokux (CB/l, ZEUS u np.), noarBepAnIn cyniecTBOBaHUE
O*-6apunoHa, B T0 ke Bpems apyrue skcrepumentsl (HERA-B, CDF u ap.) ero
He oOHapyxwun. K tomy ke xosmmaboparust CLAS mnipu yBesnnvyeHun cratu-
CTMKU TaK)Ke 0TKA3aJIach OT CBOETO MEPBOTO MOJIOKUTETBHOTO pe3yibraTa (CM.
0030p M. /lanumnosa arXiv: hep-ex,/0509012).

B HUMAD MT'Y nouck @*-6aprioHa cocTosi U3 AByX sTanos. Ha mmepsom
atare pu orbope K’ Me30HO0B, paciafaBIIuxcs nepei BepIIHHHBIM IeTEKTOPOM
B o6macti 0,2 < Z < 35 mm B criextpe addextuspix Mace M (pKY) nabsmo-
nasicst peoHanc ¢ maccoir M = 1526 + 3 (crat.) + 3 (cuct.) MaB /c?u mupunoit
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I' <24 MsB/c?upu craructudeckoii 3Haunmoct 5,86. OT6GOP MPOBOAUICS
U MHOKECTBEHHOCTH 3aPsKEHHBIX YacTHIl B epBUuHOii Bepmmbe N < 8
1 uMILyJibcax npotoHos 4 < P < 21 I'sB/c u Tonbko ana X, (pK?) >0 (Hd)
2005, T. 68, Ne 6, c. 1012-1019).

Ha Bropom stane soigensannck K? Me3onbl, pacnapuinecss MeK1y BepIIMH-
HBIM JIETEKTOPOM U MArHUTHBIM CIieKTpoMeTpoM (35 mm < Z < 600 mm). [Tocae
NpUMeHeHNs TeX JKe YCIOoBHii oTbopa yactuil B crekTpe Mace (pK?) cucrembr
HabJroacst pesonatc ¢ maccoil M= 1523 + 3,1 MaB /c?u craTucTuyeckoi
3HAYUMOCTBIO 5,66 ((hoTo 2).

dorto 2. Pouecrepckas kondepeniinst ICHEPO6 110 ¢husuke BoicOKuX aHepruii, MockBa,
2006 r. IT. @. Epmosos, B. A. Hukurtun u B. B. [TornoB — nocieinie 3amedanust K 10KJIaLy
B. B. [TonoBa 06 u3yuenuu y3koro GapuoHHOIo pe3oHanca @'p B pA-B3auMOIENHCTBISIX
mipu 70 I'9B/c na ycranoske CB/[-2

[Tociie oObeguHEHNS ABYX BBIOOPOK CTATUCTUYECKAs 3HAYUMOCTH OblIa
orerena kak 8o (392 cobbrtust Hazx horoM B 1990 cobbiTHil), 4TO GBLIO K TOMY
BpeMeHU HAWUJIYUIIUM Pe3yJbTaTOM IIPU BbIZEJEHUN ITOW MOJBI paciiaia
©*-6apuona. Pactipeziesienys no nepementoii X, umesm mik mpu X, ~ 0 1 cpesnee
<|X]|>~0,1. Besmanna cedenst poxkzietst © -6aproHa Obijia Moy deHa paBHO#
6BR (@' —>pK?) =4,9 + 1,0 (crar.) + 1,5 (cucr.) Mx6n/Hyxaon ama X, > 0 (arXiv:
0803/3313). UnTepec k pesyapratam CB/[ 1o nmenrtakBapky moaTBep:KaaeTcs
1 Y4MCJIOM CChLIOK Ha Haim paboTsr: okosio 300. B Hacrosiee BpemMs IpoBOAUTCS
CpaBHUTEJIbHBII aHaIN3 clieKTPoB O -6apuoHa u ruriepona A (1520), nabromae-
MOTO B HallleM aKcriepuMenTe B Mojie pacrazna A (1520) —-Kp, B pamkax ogHOTO
13 BO3MOKHBIX CIIeHApUEB CTaH/IaPTHOM KapTUHBI KBAPK-TJIIOOHHOTO B3aMMO-
netictBus ([lementne P. K. [Ipenpunt HUWA® MI'Y, 2011-8/872).

B 2003 rony dusukun OMAN Bo raase ¢ npodeccopom B. A. Hukutunbim
HPE/VIOKUIINA UCT0Ib30BaTh yetanoBKY CB/I-2 1yist usydeHust COObITHIA OOJTBITON
MHOKECTBEHHOCTH, TaK 1osiBujcs nmpoekT « Tepmanuzanusy» (IIpenpuat OVAN
P1-2004-190). 9tot npoext (E-190) npemsaran usydaTb cOBCEM JPYTON KPyT
3a/1a4, KOTOpbIe PaHbIlle B 9KcTiepuMeHTax Ha ¥Y-70 He ctaBuiuch. [Ipenenbras
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MHO’KECTBEHHOCTb, 3aPETHCTPUPOBAHHAsI paHee B cOObITHsIX B Kamepe Mirabelle,
pPaBHSIACH Nmp. =16. B nipoekre «Tepmasmzanusy mpeajarajoch u3MepuTh
TomoJioTndeckre cedeHus 10 30 3apsKeHHBIX YaCTUI] B KOHEYHOM COCTOSTHUN
B PP-B3aUMOJIENICTBUSX MIPU IHEPTHAX My4YKOB 1npoTonos 50—70 I'sB, korma
3HAYMTENIbHAS 9YaCTh SHEPTHH B C. II. M. U/IEeT Ha 00pa3oBaHue BTOPUYHBIX YACTHIL.
ITO TIPUBOUT K BOSHUKHOBEHUTO A[POHHON CUCTEMBI C BBICOKOW TLIOTHOCTBHIO
UOHOB. BestecTBre 3TOTO MOSBISIETCST BO3MOKHOCTD HAab/II01aTh KOJIJIEK-
TUBHBIE 9P (DEKTHI, CBI3aHHBIE ¢ MHOTOO030HHON MHTEPdhEPEHIINEeN, aHOMaIbHbIE
baykTyarnmm ynca 3apssKeHHBIX M HEUTPAThHBIX TTMOHOB KaK Pe3YJIbTaT TPOsiB-
JIEHUSI TUOHHOTO KOH/IEHCATa, CTPYU TOKIECTBEHHBIX YACTUIL U JIP.

[TaBesr DEénopoBUY aKTUBHO TO/IIEPIKAT ATOT MPOEKT, OTCTAUBAs B INPEK-
i DB ero akTyaabHOCTh U OCYIIECTBUMOCTD. {151 5TOr0 OBLIO HE0OXO-
mumo B yeranoBke CB/l-2 3aMeHNTh akTUBHYIO SI/IEPHYTO MUIIIEHb HA JKUIKOBO-
JIOPOJIHYTO KaMepy M CO3/IaTh HOBYIO TPUTTEPHYIO CUCTEMY JIJISI CYTIECTBEHHOTO
HO/IaBJIEHISI COOBITUI ¢ MAJIOH MHOKECTBEHHOCTBIO. Bee ocTanbHbIe 1eTEKTOPBI
ycranoBku CB/I-2 6bui ToTOBBI K HAGOPY CTaTHCTUKH.

JKumkoBomopoHast myssipbKoBasi kamepa Obiia co3nana B OV, a HoBast
TPUTTEPHAsS CHCTEMa COBMECTHO pazpaboTaHa M M3TOTOBJIEHA COTPYAHUKAMU
OoudAU, HUNAD MTY u UDB3. B 2005 roay 6bia mmpoBeseH mpoOHbII
3anyck ycranoBku CB/[-2 B myuke nmpotoHoB ¢ umnyiabcom 50 I'9B. 3atem
B 2006—2008 rogax MpOBOAMINCH CEAHCHI [JIsh Habopa CTATUCTUKY COOBITUI
¢ 6oJIbI0iT MHOKeCcTBeHHOCTBI0. OcobeHHo ycnentabiM 611 ceanc 2008 roza,
Korja ObIIO 3aperucTpupoBaHo 3,85 MIIH COOBITUI € Nmp. > 8, U3 KOTOPbIX
OKOJIO 2 MJTH UM€JTU BEPIIMHDI B3AaUMOAENCTBYSI B 3(D(HEKTUBHOM 00bEME BOJIO-
pozHoit MuteHu. /[yt OKOHYATETHHOTO aHAIN3a OBLIIO UCTIOIBb30BAHO OKOJIO
1 main cobprtuii. [locse onpepeseHust MOMPaBOK HA AaKCENTAHC YCTAHOBKH,
9 HEKTUBHOCTD TPUTTEPA U CUCTEMBI 0OPAOOTKY TAHHBIX TIPU MOJIETUPOBAHUN
o iporpamme GEANT Gbiiu 101y 4eHbl pacrpeieIeH st TI0 MHOKEeCTBEHHOCTH
3apsiKEHHBIX YaCTUIl B pp-B3aumoeiicTBusx rnpu 50 I'sB BmioTs 10 Nsap. = 24,
T. €. K paHee M3MepeHHbIM Ha kamepe Mirabelle Tomosmornyeckum ceueHmsm
66110 106aBIEHO BOCEMb HOBBIX TOYEK. [IpOBe/IeHO CpaBHEHUE MOTYyUYEHHBIX
JTAHHBIX C HEKOTOPBIMU MO/IEJIIMU, BKJIIOYAst MOJIEJTh TJIIOOHHON JTOMWHAHT-
HOCTH, OOJIBINX OTKJIOHEHUH OT MPeICKa3aHmii He OOHAPY/KeHO (CM. TTPETTPIHT
NDOBI 2011-4; AD 1. 75 Ne 3 (2012) 343).

Ha craructuke 500 Thic. COOBITHIT M3MEPSINCH TaKKe (PIyKTyaluu drcia
HEHUTPaJIbHBIX MHOHOB B COOBITUAX € OOJIBIION MHOKECTBEHHOCThIO. Mojesu-
pPOBaHUE PETUCTPAIMH Y-KBAHTOB OT PACIIa/ia HEUTPATbHBIX TMOHOB B KAJIOPU-
metpe /IET'A ¢ momoribio porpammbl PYTHIA 5.6 nokasaso JuHeiinyio 3aBu-
CUMOCTH MEKTy YMCJIOM 3aPETUCTPUPOBAHHBIX Y-KBAHTOB U CPETHUM YHCTIOM
HeUTPaJIbHBIX THOHOB B coObITHH. [Toce BBeIeH s TOMPaBOK Ha MOTEPIO 3apsi-
JKEHHBIX TPEKOB M3-32 aKCENTaHCa YCTAHOBKH, JIeHCTBUSA Tpurrepa u adgdexk-
TUBHOCTU CUCTEMBI 00PabOTKM JaHHBIX OBLAK MOJYUYEHbBI paciipepeleHus
4nc/Ia HelTpalbHbIX MMOHOB N /1715 KakK/10r0 3HaYeHUs IOJIHOTO YKMCJla YaCTHUIL
B cobbiTnm N = Nw + N, u usmepen napamerp ¢aykryaunii o = D/<N>.
B obmactu N, > 22 ¢rykryanum uicia HelTpaabHbIX TMOHOB BO3PACTAIOT,
4TO B HEKOTOPBIX CTATHCTHYECKUX MOJIEJISAX YKa3biBaeT Ha MPUOJIMIKEHIE
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CHCTEMBI ¢ OOJIBITUM YHCJIOM MUOHOB K COCTOSTHUIO MMMOHHOTO KOH/IEH CATa.
Jlannbriii ad ekt Habmogascs Biepsbie (cm. mpenpuat UMOBI 2011-5).

JlJ1s1 cy1ecTBEHHOTO yBEJIMYEHUST CTATUCTUKKY 0OYapPOBAHHBIX U CTPAHHBIX
gactuil B 2010—2011 rogax ObLIM IPOBEIEHBI CEAHCHI B paMKax rmpoekTa E-184
Ha MosiepHu3upoBanHoi ycranoBke CB/I-2 B myuke TPOTOHOB € UMITYJIbCOM
50 I'sB. bBouio 3apeructpupoBano ~ 100 M Heynpyrux pN-B3anMOIelCTBUIA,
4TO MMO3BOJIUT MOJIYYUTH OOJIee TOUHBIE JaHHbBIE 110 A-3aBUCUMOCTH, CIIEKTPaM
U CeYeHUSM Pa3HbBIX MO/ paciia/ia 09apOBAHHBIX W CTPAHHBIX YACTHIL TP dHEP-
THSIX CEPITYXOBCKOTO YCKOPHUTEJISI.

3a Bce Bpems paborsr CBJI 6b110 BUAHO, KaK AYX HPUPOKIEHHOTO
dbusuka-akcrepumentaTopa He nasan [laBry Démxoposuuy mokos. OH 3HaAJ
KOHCTPYKITMIO W TPYAHOCTH CO3/IaHNS BCEX /I€TEKTOPOB YCTAHOBKH, BHOCHJI
CBEKWE UIed B METOJIUKY PEKOHCTPYKIIMU TPEKOB M CO3/1aJl OPUTUHATbHBIN
METO/I OTIpeieJIeHUsT UMITYJIbCA YaCTUIl B MAaTHUTHOM CIIEKTPOMETPE — «METO/I
MEePEMEHHOTO UMITYJIbCA.

Ero Beunas 03a604€HHOCTD, KaK U TJe JOCTaTh CPEACTBA /IS IPOBEICHMS
CEeaHCOB U MOJIEPHU3AIMU YCTAHOBKHU, He 0CBOOOK/Ia/la ero OT COGCTBEHHOTO
y4yacTHsl B ceaHcax Ha YCKOpPHTeJe, KOTOPble OH CTapaJicsl He TPOIyCKaTh.
BosrmaBagg KpynHbI 9KCIIepUMEHTATbHBIN OTEJ, OH UMeJl MHOKECTBO
APYrux 00sI3aHHOCTEH U MOT IIPUCYTCTBOBAThH Ha ceaHcax He OoJiee yeM 1o 2—3
nust oaps (hoto 3). Bbuio BUAHO, KaK €ro 9TO TATOTUIIO: OH MBITAJICS BOOOTIE
HE YXOAUTD ¢ PabOTHI, TO3BOJISISE ceOe JIUIIb U3PEeIKa TPUKOPHYTh Ha HEYI0OHOM
nuBaH4yuKe. Vl MONBITKY /IeKyPHBIX COTPYAHUKOB OTIPABUTH €TO HA HOUJIET
B TOCTMHUILY 3a4aCTyi0 OKaHYMBAJIUCh HeyIaueil....

®oro 3. I1. . Epmosios u Bexayiumii iporpammuct B. 0. BosikoB peraior BO3HUKIITYIO
npobJieMy Bo BpeMs cearca Ha yckoputese Y-70, 21 gexabps 2006 r.

Boicokuii aropurer Ilasina Ménoposuya cpeau 4ieHOB KOJIabopamun
CB/I momoras uzberatb HEHYKHBIX TPYJAHOCTENR BO B3aUMOOTHOIIEHUSIX
COTPYJHUKOB Pa3HbIX MHCTUTYTOB, TaK KaK OH BCET/la BBIJ[BUTAJ HA ITePBbII
IJIAH BAKHOCTD MOJTYYeHU S HA/IESKHBIX 9KCIIEPUMEHTATbHBIX JIAHHDBIX.



IIABEJI ®i/IOPOBHUY EPMOJIOB
N HABJIOJAEHUE IIEHTAKBAPKA

A. B. Kybapoecxuii (HUUAD MTY)

C ITaBnom DénopoBuuem s moznakomuiicst B 1995 rofy, koraa mocje OKoH-
YaHWs YHUBEPCUTETA UCKAT HAYYHOTO PYKOBOAUTEJISI [IJIsT TOTO, YTOOBI TIPOIOI-
KUTH 00ydenue B actiupantype. Junaomuyio pabory s genan B [IpoTBuHO
B J1abopatopuu u3BecTHOro (husnka-skcrepumentaropa JI. I'. Jlanacbepra u Mmor
IPOIOJIKATH PabOTy TaM, HO MHe GbIJIO MHTEPECHO TTO3HAKOMUTBCS C IPYTHMU
unctutytamu, B vactioctu ¢ HUMAD MTY. I1. @. EpmosioB Ha TOT 1epuos
BpeMeHH ysKe ObLT 3aBE/YIONIIM OT/IEJIOM 9KCIIEPIMEHTATbHON (PU3UKU BBICOKUX
9HEPruii 1 1ocJie Hallero ¢ HUM Pa3roBOpa OH COTJIACUJICS CTaTh MOMM Hay4YHBbIM
PYKOBOJUTENIEM C TEM YCJIOBUEM, YTO 51 3aliMYCh 06PabOTKOIT TaHHBIX IKCIIE-
pumenta CB/I (Cnexktpometep ¢ Bepmunnubim /letekropom). Ha ToT MoMeHT
S ellle COBEPIIEHHO HE 0CO3HABAJ TOTO, HACKOJBKO MHE TIOBE3JI0, UTO CyAb0a
cBeJIa MEHS ¢ 3TUM 4eIoBeKOoM. [1o mpaB/ie TOBOPSI, ST UCIIBITHIBAI OOJBIITOE
JKestaHue opaboTaTh B BEAYIIMX MUPOBBIX JTabopatopusix, Takux kak FNAL
nin CERN, orHako penmun 3aaumaThbest akcriepumerToM CB/l, TockoibKy MeHst
3aMHTepecoBasia 3a/a4a, KoTopyto Mue rpestoxui [1. @. Epmosos.

CB/I — muororiesnesast rubpuaas ycranoska B OB (TIporsrHo) paboTaia
B TIyuKe TPOTOHOB ¢ sueprueit 70 [9B. [TaBes DénopoBud ¢ KoJIEraMu U3yJasi
06pa3oBaHIe OYaPOBAHHBIX YACTHIL: TIPH ITOM IHEPIUH JAHHBIX HE OBLIO, & OKOJIO-
IIOPOTOBOE POXKAEHNME TAKUX YaCTUIl 0O4eHb MHTepecHOo. HekoTopble TeopeTukn
(B yactHoctu Ctan bpoackuit) npeackaspiBaiv HalIUyYKe B IPOTOHE BHYTPEH-
Hero yapma. Ha CB/I k ToMmy BpemeHu OblLI IPOBEEH 9KCIIEPUMEHT, 1 BeJIach
06paboTKa TaHHBIX € Ty3bIPHKOBON KaMepbl 1 MArHUTHOTO criekTpomerpa. Obpa-
6OTKa CHIMKOB C ITy3bIPhKOBOI KaMephI yCIenrHo mpoBoauiack B HUMAD,
a BOT IIPOTPaMMbI PEKOHCTPYKIIUU TPEKOB B CIIEKTPOMETPE eliie He ObL10. Tak
S CTaJl 3aHUMAThCS JIAHHON 33/1a4ell, KOTopasl BIIOCJIeJICTBUN TIOJTy4nJIa Ha3BaHue
SVDRECO. BoccraHoBJieHe UMITYJIbCOB B IIPOIIOPIIMOHATBHBIX KaMepax 0OBIYHO
HAYMHAJIOCH C TTOCTIeTHEN 110 TIUKY KaMepbl U TPeKH TSHYJIUCH K BepiuHe. [laBesn
DEnopoBIY PEJIOKIIL JPYrOil cI10c00, Ha3BaHHBIN METOLOM IIEPEMEHHOIO
HMITYJIbCA, B KOTOPOM HUCITOJIb30BAJIOCH IOBOJILHO TOYHOE 3HAHKE BEPIITUHBI B3aK-
MOJIEVICTBYS U YTJIOB BBIJIETAIONTNX 13 Hee yacTwil. [Ipr aToM B HEKOTOpOM MHTEP-
BaJie BAPbUPOBAINCH UMITYJILCHI YACTHI] M TOAOUPAIICH TPEKH, KOTOPbIE JIYYIIie
BCETO MOTJIN OIMCATh PaIpe/ie/ieHne «XUTOB» B MArHUTHOM CIIEKTPOMETPE.

[TepBast Bepcust pOrpaMMbl PEKOCTPYKITHM ObLTa HATIMCAHA, IAHHBIE YCIIEITHO
oOpaboTaHbl, ceyeHus 06pa30BaHKs 0OYaPOBAHHBIX YaCTHUIl oaydeHbl. [Tocite
OKOHYAHUST aCIUPAHTYPHI s1 yKe He COMHEBAJICS B TOM, T7Ie UMEHHO 51 Oy 1y pabo-
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TaTh, — HACTOJIBKO s OBLT BOCXHUIeH cBouM <«iredoms» [TaBiom Déxoposruem
1 Toil aTMochepoil, KoTopas 1apuia B ero oTjene. /la u co3panue nmporpamm
PEKOHCTPYKITUHU caMo 110 cebe 0ueHb MHTEPECHOE JIEJI0, TAK YTO s YCIIENTHO
3aIUTUI IuccepTanuio (1o pesyabTaraM, moaydeHHbM Ha CB/I) 1 Hauan cBoto
TpyHoByIo gesitesibHocth B HUMAD MTY B mabopatopuu I1. @. Epmosiosa.

[TocJie IepBOTO 9TAra IKCIEPUMEHTOB OBLJIO PEIIEHO MOAEPHU3UPOBATH
ycranoBky CB/I, 1 BMecTO mMy3bIphKOBOI KaMepbl YCTAHOBUTH KPEMHUEBBII
BEPITUHHBIN E€TEKTOP, YTO MO3BOJUIO OBl HA TIOPSIAKUA YBEJTUIUThH CTATH-
cTUKY. MUKPOCTPUTIOBBIIT KPEMHUEBBIN JIETEKTOP — OYEHDb CIIOKHBII TIPUOOP
M YCTAaHOBOK C TAKMM BEPIIUHHBIM JeTEKTOPOM B Poccui erie He ObLI0, TaK
yto [laBmy DEénopoBuuy mpeacTosiio MPONTH BCe ATAIbI U3TOTOBJIEHUS /IETEK-
TOpa, OT YepTesKel 1 AJIEKTPOHHBIX CXeM JI0 U3TOTOBJIEHNS KDEMHUEBBIX IJIACTUH
C HAHECEeHHBIMH HAa HUX CTPUTIAaMU. A MHE ITPEJICTOSLIIO CO3/IaTh HOBYIO TPOTPaMMY
PEKOHCTPYKINH /i7Ist 00paboTKH maHHbIX aKkciepumenta CB/I-2. B obriem nerek-
TOPBI OBIJIN CO3/IaHbI M BKJIOYEHBI B ycTaHOBKY. B 2002 roxy mpormes oueHb
YCHEMNHbI ceanc: 66110 HabpaHo 0K0I0 50 MJIH TPUTTUPOBAHHBIX HEYIIPYTUX
cobbrtuit. Ceatc ObLI 10JITUM, 04€eHb HerpocThiM. [Tases DExopoBuy yacTo ocra-
BAJICSI HOYEBATD MPSIMO HA YCTaHOBKE. XOTENI0Ch ObI OTMETHTD, 4TO EpMOJIOB ObLI
BBIIAIONITIMCS 9KCIIEPIMEHTATOPOM W TIPUPOSKICHHBIM PYKOBOIUTEIIEM, BCET/IA
3HAJI, YTO U KaK HEOOXOAMUMO C/IeJIaTh B OTPEACICHHBII MOMEHT, Te HailiTu
Jo/eil, KOTOpbie MOTJIM Obl YCTPAHUTH HEMCIIPABHOCTHU, HEN30EKHO BO3HU-
Karolue mpu paboTe CJI0KHOI IKCIIEPUMEHTAIBHOM yCTaHOBKU. MOKHO CMETIO
cKasarb, uTo ecjiu Obl He [Tases DExopoBud, — BPsiL JIM MOKHO ObLIO Obl HAOpaTh
TaKyI0 CTATHCTUKY, U BOOOIIIE TIPOBECTH ATOT HKCIIEPUMEHT.

[Toce okoHYAHMST 9KCTIEPUMEHTA S € KOJIJIETAMU 3aHUMAJICS TTPOTPAMMOIA
pexoHCcTpyKInu. [IpecTosizio BOCCTAHOBUTD MUJIJIMOHBI COOBITHI, TTOITOMY
MBI UCKAJIU HOBBIE OBICTPBIE AJITOPUTMBI BOCCTAHOBJIEHUST BEPIINH B3aNMO-
JeiCcTBUS B BEPIIMHHOM JIeTeKTOpe U UMITYJIbCOB B MAaTHUTHOM CIIETKPOMETPE,
UCTIOJIb3YSI BCe TOT Ke, mpesiokennbrii [1. @. EpMosoBbiM MeTO/ IEpeMeHHOTO
umtysbca. Co3maHHble TIPOTPAMMbI OBLIN UCTIOIH30BAHBI /IJIsI BOCCTAHOBJIEHUS
TPEKOB CTPAaHHBIX YacTuIl, K-Me30HOB 1 A-TuIepoHOB, OBIJIO TOKA3aHO OYEHD
Xopoliee pa3pelreHre KpeMHUEBOTO BEPITMHHOTO IETEKTOPA.

Kak pa3 B aT0 Bpemsl Hauajlachb UCTOPUS IeHTaKBapKa 0, 9K30TUYeCKOi
YaCTHUIBI, Ipe/icka3zannoi metepOyprekumu Teopetukamu . V. [[bsikOHOBBIM,
B. IO IlerpoBeim 1 M. B. [lossikoBbiM. CTOUT OTMETUTH, YTO HA UX OPUTH-
HaJbHYI0 cTaThio “Exotic anti-decuplet of baryons: Prediction from chiral
solitons”, ony6ankoBannyio B kypHae Z. Phys. 8 1997 rony, Ha cerogusmii
NeHb cymectByeT okoJio 700 cchimok. MIHTepec K MeHTakBapKaM B (hM3UKe
3JIEMEHTAPHBIX YaCTHIL OBLT OTPOMEH, U 0 HAOIIOIEHUH TTeHTaKBapKa, KOTOPBIIA
Oy UMst 07, TTOSIBUJIUCH COOOIIEHNs U3 SITTOHCKO# Kosmaboparmun LEPS
u amepukanckoil koanabopanuu CLAS. Takxe oO6pasoBaHue eHTaKBapKa
Habozana Kosabopamus Juana us UTOD B Mockse. [Taen Dénoposuy
OYeHb 3aUHTEPECOBAJICS ITUMH COOOIIEHUSIMU U MPEITIOKUI TTOCMOTPETD,
a He BHUJIeH Jin TeHTakBapk B JaHHbix CB/[-2. Bepmunublii 1eTEKTOP MO3BOJISI
BbLE/UTD pacnajbl K-Me30H0B, a HeHTaKBapK 110 TEOPUM MOT pacliafaThes
Ha nporod u K°-me3zon (uau neiitpon u K*-meson). J npoananuszupoas
nannabie CB/I-2 1 K BeJITMKOMY YAMBIEHUIO OOHAPYIKII YACTHUILY, KOTOpast
pacraganach Ha IpoToH 1 K-Me30H 1 Macca KOTOPOi COOTBETCTBOBAJIA MTPeT-
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ckazaHHOU Macce 0°-6aprona. Korza st mokasas atu pesynbrarsl [TaBay Démno-
POBHUY, OH OY€Hb 00PAOBAJICS U € DHTY3MAa3MOM cTaJl GoJiee TToApoOHO U3ydaTh
obpasoBanue ieHTakBapka Ha yctaHoBke CB/I-2. Bekope B skypHaste «S mephast
(busnka» ObLTa OMYOJIMKOBaHA CTAThsT O HAGJIOEHUH TTeHTAaKBapKa B ITPOTOH-
SIEPHBIX B3anMojieiicTBusx. Hamo ckasarb, 4To pajabHeiinas cyapba meHTa-
KBapKa He CTOJIb PajlyskHa, Kak 310 06110 B 2003—2004 rogax. OnHako JaHHbIE
CB/I-2 1nioka onpoBepruyTh elre He yaanioch'.

[Tocse onybaukoBanust crarbii [TaBes MEQOPOBUY TIPEITIOKUI YBEIU-
YUTH CTATUCTUKY BOCCTAHOBJIEHHBIX K’-Me30HOB, pEKOHCTPYUPYST COOBITHS
C BepIIMHAMHU BHE KPEMHHUEBOTO JIETEKTOPA, KOTOPHIX OBILJIO TOpa3io OoJIbIIle,
yeM coOBITHI ¢ BepiimHaMu B HeM. [[J1s1 3TOro moTpeboBainch HOBbIE AJIT0-
PUTMBI, & TJIaBHOE, GOJIBIITIE BHIYUCAUTEIbHBIE MOtTHOCTH. [TaBesr DénopoBuy
JIOTOBOPUJICS € 3aBELYIOIIMM BbIUMCIANUTENbHOTO 1leHTpa MI'Y, u nporpamma
peKOHCTPYKIMH Obla amymieHa. /[ o6paborku Beex 50 MH cOOBITHI TTOTPE-
60BaIOCh OKOJIO TTOJIYTO/Ia HEMTPEPBIBHOW PabOTHI KOMITBIOTEPOB KJIACTEPA.
[Mapasrenpro B. 1O. BoskoBbiM BeJicst IpyToii aHAIN3 COOBITHI ¢ BEPITMHAMUI
B 00'beMe KPEMHHUEBOTO IETEKTOPA, TIEJTh KOTOPOTO 3aKJII0YAIACh B YBEJIUYEHUN
TOYHOCTHM BOCCTAHOBJIEHWSI TPEKOB ¥ BepiinH. Bekope 06a ananmnsa Oblin
3aKOHUYEHBI. Pe3ysbrar ObLI OJUH — MEeHTAKBapK HaGJI0[aeTCsT B 9KCIEPH-
merTe CB/I-2 Bo Bcex BBIOOPKAX COOBITUI. DTOT Pe3y/abTaT OBLI IPeACTaBICH
Ha MHOTUX KOH(EpeHIUIX, B YaCTHOCTU HA KPyNHelileil KoHdepeHnun
no (usuke anementapubix yactuil ICHEP, kotopasg B 2006 roay nmpoxoauia
B Mockse B 3nannu PAH.

[lannbie yenenmmoro ceanca 2002 roma mpo1o/Kaiy aHaIM3upoBaThes (husn-
kamu HUMA® MTY, MDOBD u OUSAN. Boliu mosydeHsbr U omyOJIMKOBaHbI
pesyJibrarhl ocHOBHOI 3a1aun CB/I-2 (monck o6pa3oBaHst O4apOBAHHBIX YACTHIL).
YcraHoBKa eriie pa3 Obljia MOJIEPHU3UPOBAHA, U3TOTOBJIEHBI [OTMOJTHUTETbHBIE
IIJIOCKOCTH ISl BepIIMHHOTO JieTekTopa. B OMAN npenmoxuam u co3aam apeii-
(boBble KaMepbl, KOTOPbIE TTOMECTUIA MEK/LY BEPITUHHBIM JIETEKTOPOM U CIEeK-
TPOMETPOM, 3apadoTasl IETEKTOP TaMMa-KBaHTOB, U3TOTOBJIEeHHbII B [TpoTBUHO.
Ha CB/I-2 npoBoauicst HaGOp CTATUCTUKYA B PaMKaX HOBOTO 9KCITEPUMEHTA
10 VICCJIEIOBAHIIO COOBITHI C BHICOKOH MHOKECTBEHHOCTBIO, TIPOIIIEJT eIIle O/[IH
cearc HabOpa CTATUCTHUKM JIJISI TIOUCKA PACIAI0B OYAPOBAHHBIX YACTHIL.

[TaBean Ménoposud EpMosioB ObLT BhIAAOMINMCS 9KciepumMenTaropom. OH
MOCTOSTHHO YUTAJI HOBBIE CTAThH U Beer/ia ObLI B KYPCe BCEX 9KCIIEPUMEHTATBHBIX
U TeopeTndeckux pe3ysbraTtoB. OH BHUKAJ BO Bce MpoOJeMbl, Oyib TO KpeM-
HUEBBII IETEKTOP WUJIN TTPporpaMMa peKoHCTpyKimn. Ceifdyac COTPYZHUKHT OT/esa
paboraror B tabopartopusx FNAL (OHAJT), CERN (IIEPH), DESY, BNL, GSI
U T. JI., pa3pabaThiBaeTCs BEPIIUHHBIN eTekTop st yeraHoBkn CLAS12 B 1abo-
paropun [Ixxeddepcona (JLAB). ITox pykosomctsom I1. M. EpmosioBa 6biin
MOJIyYeHbI JIpyrue 3HauuTeabHbIe pe3yabTaThl B akcniepumente DO (FNAL).
[TaBesr MémopoBrY MOT OBI €llle MHOTOE CAEeIATh JJIsT IKCIEPUMEHTATbHON
(busuKm, HO OH BBITIOJHUJI 3a/1a9y, KOTOPYIO CYUTAJ OCHOBHOI: co3/tan B Poccun
akcriepuMeHTanbHyto yeranoBky CB/I, 3arem CB/I-2 v mostyunst Ha Heli pe3yJib-
TaTbhl MUPOBOT'O 3HAYEHMUSI.

! TTogpo6Hee 06 5TOM MOKHO IIpoUnTaTh B sKypHase Ilpupoma 7(1103), 2007, mare-
puas craTbu ipuBezieH Huke. Cu. ¢. 165.



ITPOERT «TEPMAJIM3AIIUA>
B ORCIIEPUMEHTE CB/I-2

E. C. Koxoyauna (OUAN)

MHe nocuacTIuBIIOCh O6bITh B KoMaHae IlaBia Ménoposuua Epmosiosa
¢ MoMeHTa paboThl 110 TpoekTy «Tepmasu3zanus». Byayun mo o6pazoBanuio
TEOPETUKOM U TIOIAB B AKCIIEPUMEHTAJIbHYIO TPYIIITY, 51 BBIHYK/AeHa Oblia
MOCTUTATh IKCIIEPUMEHTATIbHYIO HayKy Ha paboueM Mecte. PaboThI 110 TIPOEKTY
Haeil rpynmnoil us OMAY moutn He BesuCh, 1 ¢1ab0 MpeACTaBIIsAIa, KaKie
3ajlauM ¥ KaK HaM MPEACTOUT pemarh. [pymnna Oblia MaJouncaAeHHas, IPaKTH-
gecku 6e3 ombita. [Tocsie mepBoro Halrero ceanca CTajio MOHATHO, YTO paboTaTh
Ha/I0 IIOCTOSIHHO 1 OCBaWBaTh BCe C HYJIS.

[TaBer DénopoBuy MOKa3bIBaI JUIHBIHN TIpuMep BO BeeM. Illesr Ha HOUHOE
JIEKYPCTBO, OCTABAJICSI C TEMH, Y KOTO Bo3HUKaau TpyaHocT. OH ymesn OpaTh
OTBETCTBEHHOCTD Ha cebsl ¢ TIepBbIX [Hell ceaHnca. Ctapasicst ObITh B Kypce Beex
JieJi, CTaBUJI 3a/la4i, IJIAHUPOBAJ ceaHc, TpeboBas ucnorHenns. Koneuno,
BO3HUKAJIM KaK¥e-TO TPYAHOCTH, fake Hebobime kKoudaukrer. [Tapea Mémo-
POBUY yMeJT X PEryJIMPOBATh, TPU3HABAJ CBOU OMIHOKHU, €CJIU OBLT HETIPAB.

Kak-T0 32 cTOJIOM OH CTaJ1 BCIIOMUHATh, KOMY IIepBOMY IIPUIILIA B TOJIOBY H/l€s
usydeHust 6obIIoi MHOKecTBeHHOCTH. O Hell TOBOPUJIM BO BpeMeHa paboTh
Ha kamepe Mirabelle. KoneuHo, B To BpeMs perucrpaius peakux coOObITUI
C BBICOKO¥ MHOKECTBEHHOCTDHIO ObLTa Hepeasn3yeMa. B mocsemyronime To/bl
[TaBmy DénopoBrYy y1a10Ch OCYIIECTBUTD CBOM IIJIAHBI C BBICOKOKBATU(DUITUPO-
BaHHOI KoMaH 101 akciiepumenTaropos uz MOBI, HUNAD MI'Y u OUAN.

B tpyanbie huHancoBbie BpeMeHa OH yMeJl HaXOAUTD /IEHbTU /IS TIPOBe-
nenust 6ospiux ceancoB Ha Y-70 B UDBI. Tosbko mocjie ero KOHYUHBI Mbl
MOYyBCTBOBAJIHU, YTO 3aMeHY eMy HalTu TpyAHO. OH yMeJs BUETh HAMHOTO
JaJIbliie OKPY/KaIONINX, yOeIUTh UX B CBOEH TPaBOTE, 0COOEHHO 9TO KAcaJIOCh
YUHOBHUKOB OT HayKu. Best ero koman/a 6b11a BOCTpeOoBaHa BO MHOTHX MEK/LY -
HAPOJHBIX TIPOEKTAX, IPHoOpeTast BHICOKHIT podeccnonanbHbiii yposetb. Ho,
KayK/IbIil yYACTHUK 3HAI: 4TO ObI HU CJIYIHIIOCH, B KAKOM ObI IPYTOM ITPOEKTE OH
HU y4acTBOBAJ — OH JIOJIKeH siBUThCS B [IporBuno Ha ceanc va CB/I.

CioxxuBImMiics ApyKHBIN KoaaekTuB coTpyanudectsa CB/[ Bo MmHorOM
o6s13aH cBouM co3znanueM [laBny Démopouuay. OH OBLIT TPUMEPOM MCKPEH-
HETO CJIYKEHUS ee BeJTMYeCTBY HayKe. ITO MPOSIBISETCS U MOCTE eT0 yXO/a,
B mocJeayioniue ceancol. Pa3zbpocanHbie 0 MUPOBBIM 1EHTPaM, YYACTHUKN
corpynandectBa CB/l u ceifuac crapaioTcs mMpuHUMATh yyacTHe B ceaHcax
Ha yckoputese Y-70.
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BcecnomuHaio 3abaBHblil caydyail. MHOIMM M3BECTHO O CTPOroil oxpaHe
B IMBI. HakanyHe Haiero oThesjia Be4epoM Hao ObLI0 3a0paTh 3JIeKTPH-
YecKUi YalHUK, KOTOPBIH g MPUHeCcJa U3 TOCTUHUILEI (B3aMeH CTOPEBIIETO).
B mokymeHTax Ha BBO3 OH HUT/E He OBLI OTMeveH. BorHecTn ero o6paTHo
s monpocuia Auzpionty Kytosa, yxoausiiero us g1abopatopun mocJaeHUM.
[TosanHO BeduepoM s1 y3HaJa, 4TO, HA MPOXOJHOU €ro 3ajiep:Kkaja oxpaHa
u orobpasa yaiinuk. Ocrasisite npubop B MDBI He xorenocs. Hamr pyko-
BoauTesb n3 MMBA mocoBeToBas 010K /1aTh 10 yTPa, HO s HE COTJIACUJIACh
U penInTeIbHO HallpaBuaach B HoMep k EpMosioBy. MeHst HeMHOTO yIuBUIN
IPOMKast 3CTpajiHasl My3bIKa, KOTOPYIO OH CJIyIIAJ 110 TEJIeBU30PY, U HECKOJIbKO
HEINPUBBIYHBIN JIOMAITHUT BU/I. Y3HAB O KOH(PUCKOBAHHOM YallHUKE, OH TIPeJi-
JIOKIJI MHE KOMIIeHcaluio B pasmepe 350 pybuieil (mpuMepHast CTOMMOCTD
vaiinuka). [[sist Hero ato 66110 TpocToe 1 BepHoe petenue. Ho s He cormmacu-
sack. IIpoBe/s nByxuacoBbie TeperoBOPbI C OXPAHOIL, 51 BEpHYJIACh B TOCTUHUILY
cuactiuBasi. B pykax y Memst ObLT 3aBETHBIN YaliHUK!

B. A. HuxkuTusn, pykoBoauTesb nmpoekta «TepMmanusaiusy, BCIOMUHAET
o nenoBoii Bctpeue ero u 1. @. EpmosioBa y 3amecturesst aupektopa MDOBI
A. M. 3aiineBa. Kak Epmosios, Tak 1 HukutuH crapajmnch OTMETUTH B Pa3ro-
BOpe COTPYAHUKOB cBOMX MHCTUTYTOB. CTomno B. A. Hukutuny momoxuthb
nepex A. M. 3aiiiieBbiM Oymaru ¢ Hammmu pesyJsbTatamu, kak [TaBes Mémxo-
pPOBUY JIETKUM [[BUKEHUEM PYKU OTOABUTaN ux obparuo. B. A. Hukurtuu
He C/laBaJjicsd U CIIOKOWHO BO3BpallaJ UX Ha MecTo. Tak, COPeBHYSICh MEXIY
cOo0O, OHM TIPEICTABIIIN OCHOBHBIE PE3YJIbTATHI.

[Tasesnr MEmopoBUY CUIIBHO YAUBUJICS, KOT/Ia 3ail11eB COOOIINII, YTO BUAE
B apXMBE€ MOIO CTaThIO C IPEJBAPUTEIbHBIMU PacpeieIeHUsIMHI 10 MHOKe-
CTBEHHOCTH T10 JIBYM MIPOEKIIHsIM. DT0 OBLT IOKJIa/1 Ha KoHpepeHinu B J[Hernpo-
neTpoBcke. EpMOJIOB GBI HEZIOBOJIEH TEM, UTO CTAThsT He 00CYIKIaIach ¢ KOJLIe-
ramu. [To BozBpamiennio B /[yony B. A. HUKuTHH rpeaypein MeHsl, 4T0 CKopee
BCETO MHE TIPEJICTOUT cepbe3Hblil padroBop ¢ [laBiom Mémnopouuem. Tak oHO
U CJIy9nsioch. S mormbiTasmach mo tenaedony o0bsicHUTHL EpMOIOBY, 4TO TIpej-
BapuTeJbHbIE JaHHbIE TAKKE MOKHO M HYKHO TTyOJIMKOBATH, 3TO HEOOXOAUMO
HE TOJIBKO JIJIsE aTTECTAIlUHU, HO U JIJIST TOTO, 4TOOBI HAYYUTHCS ITUCATh CTAThH,
Tak Kak 6e3 MPaKTUKU 9TO HEBO3MOKHO. MbI CIIOPUJIH TOPSYO U Y KAKIOTO
OBLIM CBOW BECOMbIE apTyMEHTBI. B KOHIle KOHIIOB, 51 mooberana ero nadop-
MEPOBATh 0 BCeX MyOIMKAIUSAX U BbICJAIA CBOIO mpe3eHTaiiio. KakoBo 6110
yIMBJIEHUE, KOT/Ia Ha CJAEAYIONMil IeHb OH TTO3BOHUJ MHE U CIIOKOWHBIM
OOPOsKENATETTHHBIM TOJIOCOM TIPEJIOAKILIT CBOIO TIOMOIIb U BHEC UCTIPABJIEHUST
B TEKCT.

Benomunuaercs ero pagocts, korza Axnapronia KyToB moydus BO BpeMsi
ceaHca TepBble OI[EHKU MHOKeCTBEHHOCTH. Bce cOTpyIHUKN OKPYKUJIN €r0
¢ AHjipeeM ¥ 9MOIMOHAIBLHO 00CY KN MTEPBbIE PE3YIbTAThl. ITOT MOMEHT
MHe XoTeJsioch 3amneuaryetb. Ho moka g nckama Camy IOkaeBa ¢ doTtoan-
paToM, 00CysKAeHIEe 3aKOHYNIOCh, Tak JieJlaiuch IepBble U YBEPEHHBIE [Iaru
110 UCCJIEIOBAHUIO 00JIACTH GOJIBITON MHOKECTBEHHOCTH.

I1. ®. Epmosios, pykoBoautesb corpyaandectsa Mirabelle, Bcmomunann,
9TO OH ¥ €r0 KOJIJIETH MEUTAJH MPOJABUHYTHCS B 00JIACTH MHOKECTBEHHOCTH
3HAYUTENbHO OOJIbIe cpeiHeil. Bo BpeMeHa Imy3bIPhbKOBBIX KamMep 9TO ObLIO
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MPaKTUYECKU, HeJOCTUKUMO. M ToJIbKO Yepes TpuAIaTh JieT COBpeMeHHast ycTa-
HoBka CB/I-2 u MomepHU3UPOBaHHOE MTPOTPAMMHOE 0OeCTIeYeHNE TIO3BOJIIIIN
BBITIOJIHUTD TaKue uccaenoBanus Ha yckopurese ¥Y-70 (MDOBI, IIporBuno)
B ipoekTe « Tepmasm3sariusi>. [[oMcK HOBBIX KOJIJIEKTUBHBIX SIBJIEHUI B 00J1aCTH
60JIBII0I MHOKECTBEHHOCTH OKaszasics ycnenrubiM. Corpyaandyectsom CB/]
(OUAU, HUNAD MTY u UDBI) B s10ii 06/acTi 06HApyKeH 3HAYM-
TeJIbHBIN pocT JryKTyaluii yncjaa HelTpaJbHbIX ME30HOB.

IKCcIepUMeHTaIbHbIE MCCIeA0BaHNs OBV BBITIOJTHEHBI Ha MOJIEPHU3HPO-
BatHoil ycranoBke CB/[-2. O6sydyeHne yHUKaIbHON BOJAOPOIHON MUIIICHHU,
coznannoii B OV, ocyniecTBIsSI7I0CHh BBIBEIEHHBIM ITPOTOHHBIM TTYYKOM Y -70
¢ aneprueii 50 T'sB. Paspaborannbiii 8 OMAN CluHTUIIAIMOHHBII TOLOCKOII
[I03BOJIMJI TI0OABUTH PETUCTPALIMIO COOBITHIL ¢ MAJION 3aps10BOil MHOMKECTBEH-
HOCTBIO U IIPO/IBUHYTHCS HA TPU MOPS/IKA BHU3 110 TONOJOTMYECKUM CeYeHUSIM
B HCCIIeyeMyIo 001acTb. Bosibinast 3apsiioBasi MHOKECTBEHHOCTD JI0CTATOYHO
XOPOIIIO OIMHCAHA MOJIEJIBIO TIIOOHHOW JTOMIUHAHTHOCTH, pa3paboTaHHON HAMU
JJ1s1 TOHUMaHWSI MeXaH3Ma MHOKECTBEHHOTO POKIAECHMUS.

Baxubiit anemenT ycranoBku CBJ/l-2, 3jieKTpOMarHUTHBIN KaJOPUMETP,
OKazaJicst BOCTPeOOBAHHBIM ITPH PETHCTPAIUU TaMMa-KBaHTOB. C ero moMoIbio
yIaJIOCh BOCCTAaHOBUTH MHOKECTBEHHOCTH HEHTPATbHBIX MHOHOB. COTPYIHN-
4ecTBOM Oblyia pa3paboTaHa YHUKAJIbHAS MPOTELyPa aHAIN3a, BKIIOYAIOIIAsT
MoJIesTUpOBaHMe PabOTHI 3JIEMEHTOB YCTAHOBKH, BBEJIEHNE MOMTPABOK HA aKCETI-
TaHC, 3(PEKTUBHOCTU PETUCTPAIIMU U PEKOHCTPYKIIUH.

C pocTom MTOTHON MHOKECTBEHHOCTH 3HAYNTENbHAS OIS KMHETUIECKOM
9Hepruu Hajeramolero mporona (mouru 50 % B HallleM 9KCIIEPUMEHTE) TPAHC-
dbopmupyetcsa B maccy BTopuuHbiX yactuil. [Ipu aneprun ¥Y-70 npenmyte-
CTBEHHO poxaaoTcss 6030HbI. C POCTOM MHOKECTBEHHOCTH YMEHBIIAETCS
UX KIHETUYeCKast SHEPTHs, 1 BO3MOXKHO 0OpasoBanue bose-DUHINTEHNHOBCKOI
kounencanuu (bOK). Corpynauku MHCTHTYTA TeopeTndyeckoil Hhu3nKu
um. H. H. Boromo6osa (Kues) u ynusepcurera @pankdypra M. 1. Topen-
mreits 1 B. B. Beryn B 2007 roxy cuenanu npeackazanue o bBOK. Onu mpen-
JIOSKUJIN JIJIS1 ee TIOUCKA U3MEPUTh 3aBUCUMOCTb HOPMUPOBAHHOMN /IUCIIEPCUN
(oTHOIIIEHNE AUCTIEPCUN K CPeHEN MHOKECTBEHHOCTN ) HEUTPAJIbHBIX MTMOHOB
OT TIOJTHOM MHOKECTBEHHOCTH, PAaBHOI CyMMe 3apsiKeHHbIX U HeUTPaTbHbIX
Me30HOB. Pe3koe BozpacTaHue 3TOW BeJMYUHBLI C POCTOM IIOJTHOTO YUCJIA
IIOHOB JI0JIKHO OBIJIO YKAa3bIBaTh Ha MePexojl cucteMbl B cocTosine BIK.

B nacrosimee BpeMs MpOBOANUTCS aHAJIN3 JJAHHBIX HA YBEJIMYEHHOW CTATH-
CTUKe JUUIST TPOJIBUIKEHUST B 001acTh elie 6oJbieil MHOKecTBeHHOCTH. ObOpa-
30BaHue MMOHHOTO nau KaoHHOro bAK mpenckasviBaeTca B acTpodusnke
BO BHYTPEHHEM sjIpe KOMIAKTHBIX HEHTPOHHBIX 3BE3]I TIPY HU3KUX TeMIlepa-
Typax.

Bonpimag 3acyra B ycrenrHoM BBITIOJTHEHUT TTPOEKTA TTPUHA/IJIEKUT HATIIEMY
noporoMy yuuTesio u pykosoauresio [lasiry @énoposuuy Epmosiony.



CETb PAINNO MI'Y

C. @. bepexcnes (HUHUAD MTY)

CerojiHst BceM OYEBUIHO, YTO OJAHUM U3 HanboJsiee 3HAYUMBIX HayYHO-
TeXHUYEeCKUX JOCTUKEHUH MOCIe/THEr0 BpeMeH , BJUSIONMM Ha ;KU3Hb KaxK/10T0
desoBeKa, siBisiercs urepuer. Kak 06bI9HO 1 ObIBaeT B TAKUX CIyYasix,
BHEJIpEHME 3TOT0 «HOBILIECTBAa» B MUPE, U B TOM 4KcJie U B Poccu, 11110 HMIMpoKuM
dbporTOM. Peanbabie pe3ybTaThl JOCTUTATUCH M BHEPSTICH PA3TMYHBIMU IPYTI-
TaMH, ¥ €CJIN OJIHA M3 HUX J0OMBAJIACH YCIIEXA, TO YePE3 KOPOTKOE BPEMST JIPyTast
TpyIINa MOBTOPSIJIA 3TO pellieHne NI He3aBUCUMO TToJTydasia TaKOM e pe3yabTar
IpyruMm myteM. TeMm He MeHee, POJib «IIEPBOMPOXOIIEB» CYIIECTBEHHA — OHU
yckopuin npuxos Muteprera B Poccuio, obecrieunin 60jiee MHTEHCUBHOE
MCIIOJIb30BAHUE €T0 Ha TIePBBIX 0paX B YHUBEPCUTETaX U UHCTUTYTaX. MHor1e
13 TeX, KTO MOTOM aKTUBHO pa3BUBaJ 1 BHeApsis VIHTepHeT, BliepBble CTOIKHY-
JIICh C HUM B CT€HAaX CBOMX y4eOHbIX 3aBefeHnil. OHUM M3 TaKUX «IIE€PBOIPO-
xozneB» 6611 pykoBoauMblii IT. @. EpMOIOBBIM OT/ie]1 9KCIIePUMEHTaIbHOM
dbusuku Beicokux suepruit (OIDBI) HUUAD MTY.

IIpoekr BPKC Paguo MI'Y

B nauasne 1988 roga no nnunuatuse MBI 8 O9MDBI cocrostiock cose-
IaHue, Ha KOTOPOM 00CY7K/Iaach BO3MOKHOCTD CO3[aHMs KOMITBIOTEPHOI ceTh
¢ ieatpom B HUUAD MTI'Y mast obecriedeHnst CBSI3U MEK/y WHCTUTYTaMH,
BeLyIIUMI COBMECTHbIE MCCIIE0BAHMS B 00J1acTH (PUBMKHU BBICOKMX DHEPTHIA.
[Ipeamoaranock, 4To ceTh OyAeT IMOCTpoeHa Ha Hase MOAEMOB U aHATOTOBBIX
Tesie()OHHBIX JIUHUI C TUTTUMIHBIMU JIJISI TOTO BPEMEHH U TaKOW TEXHOJOTUU
ckopoctsamu 2,4—9,6 Kéur /c. [1. @. EpMoJioB npeaioKua aBTopy JaHHON
CTaThU 3aHATHCS ITUM BOIIPOCOM.

Jl0BOJIBHO CKOPO CTAJIO SICHO, YTO TPAJAUIIMOHHBIN MTOAX0, OA3UPYIOMIUICS
Ha HU3KOCKOPOCTHBIX KOMMYHUKAIUSX, HE 1aeT CYNeCTBEHHOTO BBIUTPHIIIA
B [IPOBEJEHUN COBMECTHBIX MCCaef0BaHnil. MHOTOYNCIEHHBIE 00CYKIEHU
CO CIeNUaJnCcTaMu B MPOU3BOACTBEHHBIX OPTAaHU3ANMAX U MHCTUTYTaX
MunucTepcTBa CBI3U MO3BOJINJIN C/IEJIaTh BBIBOJI, YTO CYIIECTBYET BO3MOK-
HOCTb, UCTIOJTB3Y ST IIU(POBBIE KAHAJBI ITepe/lauynl TaHHbBIX, TTIOCTPOUTD BBICO-
KOCKOPOCTHYI0 KOMIBIOTEPHYIO CETh CO CKOPOCTSIMH mopsiaka 2 Méut /c,
00ecrneynBaloyio peajlbHyi0 pacipeieeHHYI0 BhIYUCAUTENbHYIO CTPYK-
TYpy st GU3UKK BBICOKUX dHepruil. Ve co3manus Takoil CeTH ¢ 1EeHTPOM
B MI'Y aktusno noanepsxkain [1. @. Epmosios, a 3atem nqupekius HUNAD
MTY (M. W. Ilanaciok, B. . Caspun, 1. b. Tenmnonr), pekropatr MI'Y



124 Yacmo 1. Bocnomunanus o 1. @. Epmonose

(B. A. CanoBuununii), otnenenne sigepHoit dusnkun PAH (A. H. Cxpuncknii)
u qupeknust MDBI (H. E. Topun).

Ha cienyiomem stamne Obuin paspaboTaHbl TEXHUYECKHE TPEAT0KEHUS
MO CO3/ITAHWIO CeTH. B aTHX MpeioKeHNsX MIaHNPOBATIOCHh TTIOCTPOUTH CETh
Ha 6asze nudPOoBBIX pagropeseiHbIX JuHMiL. [TpeiosKkeHns ObLIN PACCMOTPEHBI
1 o106perb COBETOM 110 aBTOMATHU3AIIMKN HAyYHbIX UccenoBanuii ipu I[1pesu-
nuyme AH CCCP, bBiopo otnenenus sinepuoit pusuku AH CCCP, Hayuno-
TEXHUYECKIM COBETOM BOMCK CB:3M U cormacoBanbl ¢ MuncBsa3n CCCP. boun
usaan npukas mo MI'Y, nopyuasmumit HUMAD MTY paspaborky u cospanie
BBICOKOCKOPOCTHOM paguopesieitnoir komnpioTeproii cetn (BPKC) Paauo
MTYVY, B cocrase O9DBI g nposegenns 3Tux paboT GblIa OpraHu3oBaHa
naboparopust mudpossix cereit (JIL[C). B 1991 roay unctutyt I'unpocBsisb
Muscsisu CCCP mo 3akazy HUMA® MI'Y (ara pabora huHaHcupoBaiach
MBI B pamkax npoekra Y HK) paspaborai TexHUUECKUI TPOEKT KaHAIBHOI
yactu cetn Pagno MT'Y. Bl nmosrydens! pazpenieHus Ha BCe 4acTOThI, COTJia-
COBaHBI BCE TOUKM pa3MeNIeHsT BBICOKOYACTOTHBIX ycTpoiicTB. Ho B KoHIle
1991 rozma punancuposanue Beex pabor mo Y HK mpexparuiioch u peausaius
npoekta Paguno MI'Y nprocrtanoBuiacs.

¥Y3en anexkrpounoii mourst MI'Y. IlepBast BuyTpukammycHas IP cetp MI'Y

B 1991 rony pacnapaercs CCCP. Ilpekparniaercss Wi CujibHO OTPaHUYN-
BaeTcs (hpuHaHCHpOBaHUe BceX HAaydyHbIX TPpoekToB B Poccuu. I1. . Epmosios
AKTUBHO IIBITAETCS HaJIa[UTh KOHTAKThI ¢ 3apy0OesKHbIMU apTHepamu. [ToaTomy
OH aKTUBHO noj/iep:kuBaeT npoekT coznanus B JILLC ODBI ysmna aek-
TpoHHOU TTouThl MI'Y. ITOT nipoekT hunancupyercss Hayunbim napkom MITY
nu HUNAD MT'Y.

I1. @. EpmoJioB mipe1ocTaBu COOTBETCTBYIOIIEE TIOMEIEHNE JIJIsT Pa3Me-
MIeHN y371a. Y 3eJ1 BKI0YaJ JOBOJTHHO MOIITHYTO TIO TeM BpeMeHaM IeHTPATbHYIO
MaIllMHY U KOMIIBIOTEP-KOHIIEHTPATOP, OCHAIIEHHBIN HECTAH/IAPTHBIM OYEHb
nemieBbiM MogeMoM CompLink4800, mocrasiastembim upmoii JInnrtek. [Tosb-
30BaresibcKasl MalinHa, Takke ocHaniennasgs CompLink4800, coequnsiiach
C KOHI[EHTPATOPOM, ¢ IpoBaiiziepoM paboTaja IeHTpaJbHas MalliHa, OCHA-
MIeHHAas JJOPOTUM CTaHIAPTHBIM MOZIeMOM. Takas cxema T03BOJIUIA TIOHU3UTD
JUIS TToJTh30BaTesell (PUHAHCOBBIN MMOPOT OPTAHU3AIIUN JIEKTPOHHON TTOUTHI
B 3—4 pasa. B 1991-1992 romax mo atoii cxeme 8 MI'Y paboraso 6osee 50
MOJTb30BATETLCKUX MAIITHH.

[leHnTpanbHast MamHa paboTasa KpyrjaocyTouno. K Hell MOKHO ObLIO
nozaksoyarbest o Ethernet u o BeigesiennbiM kanamam. CrcremMa okasajiach
ocTaTouHO 3(h(heKTUBHON U MOCTENeHHO K eHTpadbHoMy y3iay cetn B JILIC
HavaJIu TOJIKJI0YAThCS 110 BbIJIEJIEHHBIM JUHUAM 110 mpoTtokosy TCP /1P
JIoKasrbHble ceT IpyTux dakyabreToB (BMK, HUBIIL, xumdax u T. 1.). Takum
obpaszom B MT'Y nosiBusiack nepsast BHyTpukamiryctast [P cerb.

Cetbp Pagno MI'Y

B 1991-1992 ronax II. @. EpMosioB aKTUBHO IIbITAJICST HAWTU (DUHAH-
cupoBaHue A4 peanusainuu npoekta Pagno MI'Y y 3amaziubix mapTHepoB.
[Tocsie MHOTHX MONIBITOK TTPOEKT 3aMHTEPECOBAJ HEMEIKUN YCKOPUTETbHBII
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rientp DESY B TamOypre u nHemerkyio Hayutnyto cerb DFN. Cpabotaso cpasy
HECKOJbKO (haKTOpOB. Bo-TiepBhIX, MUHUCTEPCTBO HAYKK ['epMaHnu XOTe0
0Ka3aTh NOJJIEPKKY POCCUICKON HAyKe B PA3BUTUU MEKIYHAPOIHBIX HAYUHbBIX
KOMMYHUKaIuii, 1 pabounii mpoekt Pagno MI'Y, Briovaormii Bce HeoOX0-
JIMMBbIE COTJIACOBAHWS, BBITJIS/IEN JOCTATOYHO pecriekTabebHo. Bo-BTOPHIX,
DESY, mranupyionuii corpyiHudath ¢ yuactuukamu nnpoekta U'TODO, DUUAH
nu HUUAD® MT'Y B uccienoBanusx, npoBoauMbix Ha yckopurteie HERA,
obecrieuns HeoOXoaUMYIo noaaepxkKy. IIpoext ObLi1 3amymien. B 1993 rony
ObLIa TIOCTPOEHA CETh PAJANOPEIeHHBIX JIUHIIT 1 criyTHIUKOBast inHust DESY —
HUMAD MTY. B reuenue psga ger kanaa DESY — HUMAD MTY 6bLt
CaMbIM KPYIIHBIM MHTEPHET-KaHaJoM, cBa3biBalolUuM Poccuio ¢ BHEITHUM
mupoM. OH paboTas yepe3 poccuiicKuii CiryTHUK «Pajyra», Ha 3eMHBIX CTaH-
[USIX POCCUIICKOTrO ITPOU3BOACTBA. IlosBiIeHe BBICOKOCKOPOCTHOTO KaHasIa
MPUBEJIO K TOMY, YTO MHOTHE HAyUYHble OPTaHU3AIUN CTAJIH MOJAKII0OYAThCS
K rieHTpasbHoMy y3iay B HUMAM MTY o BeiesernbiM nausiv. B MTY 6buta
passepuyTta [P-ceTb, cBg3aBIlas 3HaYUTEJIbHYIO YacThb ojpasjienaeHuiit MI'Y.
B 1995 rony HUUNA® MIY B uncsie ceMr OCHOBHBIX HAyYHbBIX U KOMMEp-
YeCKHUX OIepaTopoB MHTEPHETA MO/INCAJ COTJallleHne O CO3/[aHUN TOYKH
obOMeHa TpahUKOM MEKIY POCCUNCKUMU HHTepHeT-ceTsiMu. /o aToro MoMeHTa
GOJIBIIMHCTBO POCCUIMCKUX CeTeil CBSI3bIBAIUCH MEKIY cO00IT uepes 3apy-
GexxHbIx 1poBaiizepos. Cozzanue poccuiicKoil Touku oOMeHa, 00beAnHUBIIEN
OCHOBHBIX POCCHUICKHUX OTEPATOPOB, OBLJIO OJHUM 13 BA)KHEHIITNX MOMEHTOB
B OPraHM3aIUN POCCUNICKOTO MHTEPHETA.

Ecan nHa nayasbHOM aTalle MpoeKTa OH IOYTH TOJTHOCThIO (DUHAHCUPOBAJICS
MUHHUCTEPCTBOM Hayku ['epmanuu, To o Mepe ero pa3BUTHUSA U PaCIIUPEHUs
JHCJIa HAyYHBIX OPraHU3aIiil, HCIOJb3YIOINX KaHa, Bce OOJIBINYIO0 4acTh
(buHaHCUPOBaHUS CTa0 Oparh Ha ceOst MUHUCTEPCTBO HayKu Poccuu.

Ycnex B peanmsanuu mepBoro mpoekrta mos3poana HUMAD MI'Y u DESY
Beiurpath Ba rpanTta INTAS Ha coszpanne MeXyHAPOAHOHN CEeTHU CITyTHU-
KOBBIX KaHanoB Muartepuera ¢ entpom B DESY. ¥3en cetu B8 DESY u Bce
nepudepuitiblie y3Jbl Haxoauauch noj yrpasiennem HUNAD® MT'Y, DESY
obecrieunBaio TpaH3UT TparKa ceTH B HeMeIKyo Hayunyio cetb DFN u manee
B MupoBoii utepuer. Best ceTh 3a rickiiouenneM karnana Ha MosioBy paborasa
yepe3 POCCUUCKUE CIIYTHUKYA U Ha POCCUUCKUX 3eMHBIX CTaHIUAX. MexxayHa-
POJIHAs YaCTh CETH BKJIOYasa 1eCTh KaHAJIOB, CBA3bIBAIOINX C MUPOBBIM
WHTEPHETOM HaydHble ¥ yueOHbIE HHCTUTYTHI, PACIIOJIOKEHHbIE B ADMEHWH,
benopyccun, I'pysun, Kazaxcrane, Mosioe n Ha Y kpaune. Poccuiickad 4yacTb
COCTOS1JIa U3 KaHAJIOB, CBA3BIBAIONNX C BHEITHUM MHUPOM MOCKOBCKUI y3eJI
cetu B HUNAD® MTY, yann B UAD CO PAH, [TUAD PAH, CAO PAH,
y3es Ha HayuyHoM mtosurone AW PAH u HUUAD® MI'Y na ozepe Baiikaur.
CryTHUKOBBIE Y3JIbI CETH PAa3MEIaTuCh B OCHOBHOM B (DM3WYECKUX WHCTHU-
TyTaX, UMEBIINX OTHOIIIEHNE K (DyHIaMEeHTATbHON s1/IepHOT (husuke u (husnKe
BBICOKUX DHEPTHU.

Nsnavanbuo cetb Panno MI'Y 3anymbiBasach Kak KOpIopaTUBHAs CeTh
o ¢usuke Boicokux aHepruii. OxHaro xk 1995 roxy ona o6¢yskuBasa 6ogee 200
HAyYHBIX OPTaHU3aIUil 1 YHUBEPCUTETOB, HEe UMEIOIINX OTHOIIEHUS K S/IePHOI
dusuke. [lna yuera cneruduyecknx UHTEPeCOB A1epHO-(HU3NIECKUX MUHCTU-
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TYTOB (CBSI3aHHBIX, B YACTHOCTHU CO 3HAYUTETHHBIMI 00beMaMU TiepeIaBaeMoit
undopmaruu 1 obecredyeHreM HYHKIMOHUPOBAHUS KPYITHOMACIITaOHbBIX
ME3K Iy HapOIHbBIX KoJLIabopainii ) obiee cobpaHue OTae/1eHIs sepHON DU3UKN
PAH B mapre 1994 rosa npunamno petenrie o GyHKITMOHUPOBAHUN B PAMKax
cetn Pagmo MI'Y xoprioparusHoit Poccuiickoit cetu 1mo pyHmaMeHTaIbHON
saepHoil pusnke u ¢pusnke Boicokux sHepruit RUHEP /Radio-MSU.

Cerb Paguo MTY B 90-e romsl obecriedrBaia Mo CBOMM CITYTHUKOBBIM
KaHaJaM 3HAYUTETbHYIO 9acTh MEKIYHAPOIHOTO HaydHOTO Tpaduka Poccun
u Oblia OJJHON M3 KPYyHMHEHINX KOMIbIoTepHBIX ceTeil Poccuu. TTo mepe
PasBUTH HAIIMOHAJIBHBIX HayuHO-00pasoBareabHbIX ceTeit RUNnet u RASnet,
6a3nPYIOIINXCST HA ONITOBOJOKOHHBIX KAHAJIAX, MEKYHAPOIHBIE CITy THIKOBbIE
KaHaJIbl TIOTePsJIN cBoe 3HaueHue g Poccun u cetb Pajmo MI'Y ckoniieH-
TPUPOBAJIACH B TIEPBYIO OYepeb Ha obecriedeHnn moTpebHOCTEN POCCUIHCKUX
A1epHO-(PU3NIECKUX IEHTPOB.

B nacrosimee Bpemsa cetb Pajuo MI'Y aBisercs onHoil n3 KpynHeimmnx
KOpIIOpaTUBHBIX ceTeil Poccun u BbITTOHAET (PYHKIIMN CETEBOTO oliepaTopa
JUIsT OOJIBIIUHCTBA POCCUIICKIX MHCTUTYTOB, PabOTAOIMNX B 061aCTH (DU3UKN
BBICOKUX 9HEPTHuil, I/ MHCTUTYTOB TPOUIIKOTO HAYYHOTO 1IeHTpa U 715 psia
nHCTUTYTOB MockBbl. LlenTpasnbubie ysubl cetu Pagno MI'Y cBa3anbl Mexmy
coboii ¥ ¢ BHEITHUM MUPOM KaHanamu eMkocTbio 10 Twrabut. B 2010 roxy
6b1710 opranuzoBaHo noakaoderne MMBI k cern Pagmo MTI'Y 10-rura-
OUTHBIM KaHAJIOM, B OyinsKaiiiiiee BpeMsi 10 TaKUM jKe KaHajlaM TIAHUPYeTCsT
MOJIKJTIOYNTD eTlle HECKOJbKO WHCTUTYTOB.

IIpoexT «BupryanbHblii I€JIKOBBINA Ty Th>

[TepBast ouepenp crytaukoBoii cetn as ctpad CHI ¢ meatpom B DESY
CTPOUJIACH HA OCHOBE OT/IEJIbHBIX TTPOEKTOB 10 IPUHITUITY COE/IMHEHUH TOUKA —
Touka. bosee adexTuBHAS OpraHu3aIKsa, OCHOBaHHAs Ha 00IIEeM TPSIMOM
KaHase 3amag — BocTok m Habope MHAMBUIYaTbHBIX 0OPATHBIX KaHAJIOB
Bocrok — 3amag, ObLa HCIoJb30BaHA TPY OPTAHU3AIMH BTOPOI OYepe/Ir CeTn
B COOTBETCTBUHU C MPOEKTOM «BUpPTyanbHbIil MeTKOBBIN 1yThy. [IpoekT ocy-
mectsisiacs ¢ 2000 mo 2010 roa. B ero pamkax Oblia co3mana cucremMa CryT-
HUKOBBIX JIUHUH € 1leHTpasbHbIM y370M B DESY u nepudepuitnpiMu y3iamu
B Tpex crpanax Kaskasa, natu ctpanax Cpenneit Asum u B Adranucrane.
ITo aTUM JUHUAM HayIHO-0OpPa30BaTeNbHBIE COOOIECTBA CTPAH-YIACTHUIL
[IPOEKTa TOJYYUJIU TOCTYIl B MUPOBO# VIHTepHeT. B pamkax 1mmpoekTa Bo Bcex
9THX TOCYIAPCTBaX OBLIN CO3/IaHbI HAIIMOHAIbHBIE HAYYHO-00pa30BaTeIbHbIE
cetu (NREN). HUNA® MI'Y ocyiecTBiisiy TeXHUYECKOE YIIpaBJIeHue BCeid
CUCTEMOTl, TO/I eTr0 HAaYaJOM HaXOAWJINCh KaK IEeHTPATbHBIN y3es CeTH, Tak
1 iepuepuitHble y3Jibl CTpaH-ydacTHUIl. HyKHO OTMETUTh 3HAUNTEIbHBIN BEC
poccuiickoro Tpaduka B 001Ieii 3arpyske cucrembl. st crpan KaBkasa poccuii-
ckuii Tpacduk cocrapysin 15-20 %, nns crpan Cpenneit Asun — 30-40 %.
B 2009 roay no corsiacosanuio ¢ paspaborunkom DegepasbHOl CUCTEMBI
nH(OpPMAIMOHHO-06pa30BaTENbHBIX PECYPCOB HHCTUTYTOM <«HDOpMUKa»
Hay4HO-00paszoBaTebHbIM ceTsiM crpat KaBkasza u Cpesaeii A3uu ObLT OTKPBIT
CBOOOIHBIN JIOCTYI K 9THM PECYPCaM.
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Cetp Paguo MTI'Y cpirpasia cBoio posib B CTaHOBJIEHUU U pa3BuTuu Murtep-
Heta B Poccum u ctpanax CHI'. Ona u ceiiuac nmeeT Ba)kHO€e 3HAaUYeHUE
B 00ecrieueH I KOMMYHUKAIIUSIMU HaydHBIX uccaenoBanmii B Poccun. Ha Beex
sTanax ¢popmupoBanus cetn Pagno MTY srustaue I1. D. Epmosiosa 66110
3HAUUTENbHBIM. OueHb MHOTO 3aMeyaTebHbIX JIIOJeH TOIep;KUBATN TPOEKT
Ha Pa3HbIX €0 ATAIAX, MHOTHE TIPUHSLIN JKUBEIIee yyacTue B ero pa3paboTKe,
dbunarncoBoM u nHGOPMAIIMOHHOM 06eCIeYeH I , TTOIEeP/KAIN B TPY/IHBIE
BpeMeHa, KPOIIOTINBO 3aHUMAJINCD ero pa3BuTneM. OHAKO MOKHO CKa3aTh,
uro 6e3 [Tasma Ménoposuua cetb Pagro MTY He 6biia Ob co3ana.

I1. ®@. EpmosioB okoJio ciiyTHUKOBbBIX crannuii cetn Pagro MT'Y (RUHEP/RADIO-MSU),
pactionokeHHbIX B aboparopun DESY (r. TamGypr)



HUUAD MT'Y B OKCHHEPUMEHTE D0
HA KOJJTAUJAEPE TEVATRON

JL. B. Jlydxo (HUUSD MIY)

Jlwunas waunmatusa IlaBaa Méxoposuuya EpmosoBa mo paspaborke
U BHEJPEHUIO KPEMHUEBBIX JeTEKTOPOB B KOJIJIAN/IEPHBIX 9KCIIEPUMeEHTaX
Jajia BO3MOKHOCTD ripsiMoro yuactust HUMAD MI'Y B akcriepuMeHTaIbHBIX
HCCJIEIOBAHUSIX BEIYIINX MEKIYHAPOIHBIX Kossmabopaiuii. Mcmosnb3ys cBoit
onbIT pabotsl 70-x rogos XX Beka B HalmoHanbHON yCKOPUTEIbHOI 1a00-
paropuu um. 3. @epmu, [TaBen DETOPOBUY MPEAIOKUT PYKOBOJCTBY KOJLIA-
6opar DO coBmectrbiit ¢ HUMAD MI'Y npoekt co3ianusi KpeMHUEBOTO
MUKPOCTPUIIOBOTO /IETEKTOPA BEPIIMH B3auMOIeNiCTBUH 1 pacnanos (¢oto 1,
2). [lnst 06bsiIcCHEHUSI BA)KHOCTH TAaKOTO TIPEJIOKEHIS He0OXOIUMO OCTaHO-
BUTBHCS HA HEKOTOPBIX JIETAJISIX AKCIIEPUMEHTA.

®oro 1. Dororpadust 0JJHOTO U3 IMCKOB COCTABJISIIONINX BEPITMHHDIN geTekTop DO

Kosmabopanus D0 6bi1a cosana st IpoBeIeHrs UCCIeJOBaHIA Ha OHO-
MMEHHOM JleTeKTope KoJutaiiziepa Tevatron, cTaJKuBaBIIero MPOTOHBI C AaHTHU-
nporonamu 1ipu aueprun 1,8 TaB (puc. 1). [lo Hawama paboTsl KoJIalizepa
LHC Tevatron gosarue ro/ibl ocTaBajics CaMbIM MOII[HBIM YCKOPUTEJIEM B MUPeE.
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[Tapamnenbno ¢ koanabopameit DO wa Tevatron paboraja kojurabopaius
CDF, npoBoauBIast skCepuMeHT Ha OT/IeJIbHOM, OJITHOMMEHHOM JIETEKTOPE.
OcHOBHOI 3aa4eii 060UX IKCIIEPUMEHTOB SBJSIOCH OTKPBITHE TOII-KBapKa,
CaMOoro TSKEJIOT0 U3 TpecKasbiBaeMbix CTaHAaPTHON MOIEIBIO U TOCTIEIHETO
13 He OTKPBITHIX KBAPKOB, HA TOT MOMEHT.

Doro 2. Dororpadust cOOPaHHOrO BEPUIMHHOTO JETEKTOPA, TIePe]l yCTAaHOBKOIL B sieTexTop DO.
BepImHHbIi IETEKTOP COCTOMT H3 MIECTH YeTHIPEXCAONHBIX bappesieii, nmeeT 12 BHyTpeHHUX
JIMCKOB M YETBIPE BHENTHUX. DJEKTPOHUKA COAEPKUT Gosee 30 ThIC. KAHAJIOB C IaroM
CYUTBIBAHUST 56 MKM

[TpakTuYecku Bce paciiajibl TOM-KBapKa 00s3aTeJIbHO BKJIIOYAIOT h-KBapK,
CcJleIoBaTeIbHO UAeHTU(DUKAIUS b-KBAPKOB SIBJISIETCS] BECHMA CYIIECTBEHHBIM
MOMEHTOM B PETUCTPAIUU POKIEHUS TOT-KBAPKOB U BCell (DM3UKHU, CBI3aHHON
C TOII-KBapKoM. B Hacrosiiee Bpems yKe XOPOIIo U3BeCTHO, YTO BEPUINHHBIN
IEeTEKTOP, C TOMOTIBIO KOTOPOTO MOKHO M3MEPUTDH PACCTOSTHUE MEXKIY
BTOPUYHON BEPIIMHON 00pasoBaHKsl aJiPOHHON CTPYH ¥ IEPBUYHOI BEPIITUHON
B3aMMO/IEMCTBUSA CTATKUBAIONINXCS YACTUTL, TTO3BOJIIET TTPOBECTU MIEHTU(DU-
Karuo b-kBapkoB HarboJiee adbexkTuBHBIM 00pa3oM. Bo3aMOKHOCTD HeHTH-
(dbukanyu b-KBapKOB € MOMOTIHIO U3MEPEHUN PACCTOSTHUSI MEK/TY BEPITHHAMU
00ycJIoBIeHA OTHOCUTEIHHO OOJIBIIMM BpEeMEeHeM JKU3HU ME30HOB, COIEP-
JKalux b-KBapK.

Bo Bpemena crpoutenbeTBa getektopa D0 He OBLIIO TAKOTO Y€TKOTO MOHU-
MaHUsT HeOOXOUMOCTH COOTBETCTBYIOIIEH YaCTH JIETEKTOPA, U 0 MOJIEPHU-
3aruu getektop D0 He MMesT BO3MOXKHOCTH UAEHTUMUIIUPOBATH b-KBapKu
110 BTOPUYHOI BeplnHe, YTO TPUBOJANJIO K 3aMETHOMY OTCTaBaHUIO Pe3YJib-
taroB KoJtabopanuu DO 1o cpaBHeHuUIO ¢ pesyabTatamu kostaboparun CDF,
KOTOpad IpejycMoTpesa JaHHYIO 4acTh B COCTaBe CBOETO JIeTeKTOpa.

B 90-x rogax B Fermilab cymecTBoBasa serena, cBsiszanHast ¢ OTKPBITHEM
torn-kBapka B 1995 roay obenmu kosmabopanusimu ogHoBpeMerHo. CyTh ee
coCTOsIIa B TOM, 4TO Korjaa HobesreBCcKuUil KOMUTET paCCMATPUBAT BOIIPOC
0 TOM, KOMY ke MOKHO aTh HoOeeBCKyI0 PeMUI0 3a OTKPBITHE TOTI-KBapKa,
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TO CTAJIO SICHO, YTO 33 CAMO OTKPBITHE HYKHO HATPAANTh 00€ KoJmaboparmn,
BKJIIOUABIINE B CyMMe OKOJIO THICSIYHU YeJOBEK, UTO JJIg JaHHOW IpeMun
HeBO3MOXHO. OTHAKO TIpe/lJIoKeHne CO3/1aTh BEPHIMHHBIN IeTEKTOP CTaJO
OTHUM U3 KJITI0UeBBIX (aKkTOpoB B Tom-pusuke. [loaTomy, B KauecTBe 0OTHOTO
13 BO3MOKHBIX BapuaHTOB HOMUHAIMK Ha HoOesieBCKyTo TIpeMuio, CBA3aHHBIX
C OTKPBITHEM TOI-KBAapKa, PACCMATPUBAJIOCH IIPE/JIOKEHNE HOMUHAIINN 32 MJIET0
U CO3/IaHKe BEPIINHHOTO /IeTEKTOPa, 0KA3aBIIEro CyNeCTBEHHOEe BIUSHIE
Ha 3KCTIEPUMEHTATBbHYIO (PU3UKY TOT-KBapKa. TOT BapUAHT 1O PSLY TPUYUH
He TIOJIYYMJI MOJJIEPKKHU, HO €ro CYIeCTBOBAaHKE MMOJYEePKUBAET BAXKHYIO,
0COOEHHYTO POJIb TAHHOI YaCTH JIETEKTOPA.
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Puc. 1. Cxema serekropa D0, BepITHHHBIN IETEKTOP PACTIOTIOKEH Ha paccTosTHIm 15,7 MM
OT OCH TIPOTOHHBIX IIyYKOB B 1ieHTpe Aerekropa (Silicon p-strip Tracker)

[TaBes MEmopoBUY TIPEIOKUI PYKOBOACTBY KoJstabopanuu DO paspa-
60TaTh COBMECTHBIN MPOEKT MO CO3aHUI0 BEPIIUHHOTO JE€TEKTOPA BO BPEMsI
IJIaHUPYyeMOoi MoJiepHU3alnu Beero getektopa D0. 9o npensosxkenne BbI3BaIo
rOPSTYYIO TO/JIEPIKKY CO CTOPOHBI PYKOBOJCTBA KOJITAOOPAIIUH 1 TO3BOJIUIIO
dusukam HUMNAD MIY yuacTBOBaTH B MCCIEI0BAHUIX M aHATM3€E TAHHBIX
akcriepuMenTa DO.

[TaBen MémopoBuy npepcTaisiii MOCKOBCKHIT YHUBEPCUTET U PYKOBOIUI
rpynmnoii pusukos u ntxkenepos HUMAD MTY, yuacrBoBasiux B pabore
koJsmaboparuu D0. B wacTHOCTH, OH PYKOBOAWI paboTaMU 110 CO3/aHUTO
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3HAUUTEIBHON YaCTU BEPIIMHHOTO JETEKTOPA MPU MOJEPHU3AINHN YCTAHOBKU
DO0. Texanueckyo KOOPAMHAIMIO 10 CO3/JaHUIO J€TEKTOPA OCYIIECTBIISI
Muxann MepkuH.

Co3/1aHHbII ETEKTOP YCIENHO PaboTall 0 CAMOTO 3aKPBITHS KoJLIaiifepa
Tevatron 30 centsiopst 2011 roza, T. e. yke nocie cmepru [Tasia @éxoposuya.
Jlnanast unuimmatusa [Tasaa MénopoBuya 1ama BO3MOKHOCTD OOJIBIIO rpyIITie
dusukos MI'Y BraounThCs B paboTy Beayuieil kosrabopaiuu B hbusnke
BbICOKUX aHepTuil. Koopaunuposan ¢pusnueckue uccnepoBanuss HUNAD
MTY B npoekte DO duyapa booc. Hekotopbie n3 pe3yibTaToB aKCIIEpUMEHTA,
MOJIYYEHHBIX IIPU HerocpecTBeHHOM yuacTun huszukoB HUMAD MT'Y, 3aciy-
SKUJIN 11eJIBII P/ Harpajl, Kak MesK/yHapoIHbIX, Tak U poccuiickux. Hanpumep,
Bk yueabsix HUMAD® MTIY B uccienoBanusi, CBsi3aHHbIE ¢ OMHOYHBIM
POXK/IEHUEM TOTI-KBapKa, HEOJHOKPATHO OTMEYAJICs B MTyOJUKAIUSX HOBO-
creii Fermilab, a tpu yyactauka rpynmst (3. Booc, JI. [lyako u M. Mepku)
6b111 oT™MedeHbl JlIomoHocoBckoit ipemueit MTY um. M. B. JlomoHocoBa
B 2007 roxy.

B saksouenne HeoOxoanMo oT™MeTuTh, uTo IlaBes Ménoposuu Epmoiion
PYKOBO/IMJI UCCJIEIOBAHUSAMHU, TPOBOAMMBIMU (DU3MKAMU OT/IesIa B 9KCIIepU-
menTte DO, B cioxkubIe A1 poccuiickoit Hayku 90-e rogaer. Humera yaeHbrx
U CMEHa JKMU3HEHHBIX IIEHHOCTEH TPeOOBAIM OT PYKOBOIUTEST 0000 4y TKOCTH
U CIIOCOOHOCTH TIO/IEP/KATh U 3aNHTEPECOBATH CBOMX COTPYAHUKOB. [laBiy
DénopoBruy yAaI0Ch HAUTH HYKHBIE CJI0BA M MAaTEPUATBHYIO MOAIEPKKY
uccnenosareseil. O6 5TOM TOBOPUT TOT (haKT, YTO TPy COTPYAHUKOB MOCKOB-
CKOT'O YHMBEPCUTETa, yyacTBoBaBIIas B akcrepuMenTe DO, He pocTo He pacria-
JIaCh, a TOOMIACh 3aMETHBIX ¥ ITPU3HAHHBIX pe3ysibraTtoB. Ha aTux uccienoBa-
HUSAX OBLIO BOCIUTAHO TIEJI0€ MTOKOJIEHNE YUEHBIX U 3alUINEHbI KaH/HIaTCKITe
1 JIOKTOPCKHe fuccepraiyi. HekoTopbie u3 uccieioBaresieil mepenuin Ha pabory
B 3apyOesKHbIE YHUBEPCUTETHI, HO OCHOBHASI YaCTh IPYIIIIBI TPOIOJIKAET PA3BH-
BaTh POCCUICKYIO HAayKy B co3mannoMm [laBiom Ménoposudem OTjiesie sKcepu-
MeHTaJIbHOI (husuKu BbicOKuX anepruit HUMAD MTY.



Ob YUYACTUU 03 DPBI HUUAD MI'Y
B ORCIIEPUMEHTE ZEUS

O. Jlyxuna (HUUAD MTY)
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«...B TO BpPeMsI KaK HaIlIX B3OPbI

obpartieHbl B Oy/Iyliee B MpeBKYHICHUH 9y/Iec,
MBI MOJKEM OTJISTHYThCST HA3a/l U U3YMUTBCS
[IPO/IETTAHHOMY Ty TH .

U3 xnueu bpaiiana I'puna

«Inezanmnas Beenennasi>

B 1984-1991 ronax B HanmonasbHoMm yckoputresnbHoMm 1eHTpe DESY
B 1. TamOypre (Tepmatust) ObLUT IOCTPOEH TIEPBBIN B MUPE 3JIEKTPOH-TIPOTOHHBII
kosnaiiiep HERA, BKOTOpOM IIPOTOHHBIH ITyYOK CTATKUBAJICS C 3JIEKTPOHHBIM UJIN
no3utpoHHbIM. [TostHast sHeprust B3aumozieiictsus Obiia 320 T'aB B cucreme rieHTpa
Macc croskHoBeHus. [lesib uceseioBanuii Ha yHukaabHoM Kosuaiiziepe HERA —
HoJIyyeHue cBe/IeHnit 0 PyHIaMeHTaTbHOM YCTPOMCTBE MaTepUN Ha PACCTOSHUSX
nopsinka 10716 + 10717 ¢cm u Menbire. /[Ba KPYIHBIX MHOTOIEIEBBIX ETEKTOPA,
H1 n ZEUS npennaszHadannch i AeTaIbHOTO U3Y4eHN JIETTOH-KBAPKOBBIX
CTOJIKHOBEHWH, KBAPKOBOW CTPYKTYPBI TIPOTOHA, KBAPK-aHTUKBAPKOBBIX TIPOSIB-
JIHUIi BO B3aUMO/ICHICTBUSAX (DOTOHOB, MEXaHU3MOB POK/ICHUS TSKEJIbIX KBAPKOB,
MOMCKA HOBBIX YaCTUI] M UX B3anMmojieiicTBuil. HoBbIl yCKOpUTENIb — B T€ TOIbI
e/IMHCTBEHHBIN B MUPE JIEIITOH-a/[POHHBII KOJUIaliiep — OTKPbIBAT BO3MOKHOCTH
MCCJIeIOBAHUS TIPE/ICKAa3aHNil KBAHTOBOI XPOMOIMHAMUKY U OTIPe/IeIEHUS Ty Tel
ee sabHelinero pazsutus. [lyist paboThl Ha ATUX KPYITHOMACHITAOHBIX IKCITe-
PUMEHTAIbHBIX YCTAaHOBKAX ObLIM 00pa30BaHbl HHTEPHAIIMOHATIBHBIE TPYIIIIBI
YUEHbIX U UHKEeHEPOB. BBuy oTcyTcTBHS B POCCHu MOIIHBIX COBPEMEHHBIX YCKO-
puteneit, [1. D. EpmosioB, 3aBeiytonuii OTeI0M 9KCIIEPUMEHTATIBHOM (hU3UKN
BbicoKnX anepruiit HUMAD MT'Y, penrm ucnob30BaTh BOSMOKHOCTD PAGOTHI
B paMKaX MeK/yHApO/{HOTO HAYYHOTO COTPY/THIYECTBA.

Ha py6esxe 90-x ronoB XX Beka no unuinaruse 1. @. EpmosioBa 1 ozt ero
HEIOCPe/ICTBEHHBIM PYKOBOJCTBOM U3 YHCJa COTPYAHUKOB OT/ies1a dKCIIepH-
MeHTaJIbHOI (pusuky Bbicokux anepruit HUMAMD MTY 6bL1a chopmupoBana
rpymmna st paboTsl B akcriepuMente ZEUS, B KOTOPYIO BOULIN WHKEHEPBI-



06 yuacmuu O9DOBI HUUAD MTY ¢ sxcnepumenme ZEUS 133

3JIEKTPOHIIUKH, TTPOTPAMMUCTHI, (PUBUKU-IKCIIEPUMEHTATOPBI U TEOPETUKH,
texunyeckuii mepconan. B 1993 rony HUNAD MT'Y cran opunmraabubim
wienoM kosmaboparuu ZEUS, B coctaB KoTopoit Bxoauan 50 WHCTUTYTOB
u ynusepcuteToB us 15 crpan EBpornbl, A3un u AMepuku.

Cpenu 0CHOBHBIX 3aj1a4, KOTOPBIE IIPEICTOSAIO PEIIUTh € TOMOIIbIO yCTa-
nosku ZEUS, cienyer BbiieiuTh U3ydeHue mporeccoB riyboOKOHEYIIPYToro
paccegHnusi, GoTOpOKAEHNS ATPOHOB, TIOUCK HOBBIX YACTUI] B HOBOM JHaria-
30He aHepruil. /I yCmenHoro n3ydeHnsi 9TUX MpoIeccoB He0OXOMMMO OBLIO
YBEPEHHO Pa3/IesIsATh aPOHHYIO W 9JIEKTPOHHYIO KOMIIOHEHTBI, POKIATOTINECST
B IIPOTIECCE B3AaMMOENCTBYS UM BOZHUKAIOIIME B PAciiaZlax HeCTaOMIbHBIX
yacTull (aJIpOHOB, JIEMITOHOB), B TOM YHCJIe PETUCTPUPOBATDH OJJMHOYHBIE dJIEK-
TPOHBI HA (DOHE A[POHHON CTPYH.

Pentenuem a1oil 3a1auu, KOTOpasi B CyIIIHOCTHU SIBUJIACh PeabHbIM MaTepu-
arbibIM BRIagoM HUUAD MT'Y B cosnanue ycranosku ZEUS, u 3ansiiach
rpymmna corpyaanko OIMBI oz pykososctsom I1. M. Epmoiosa. [1ist 6oee
3 heKTUBHOTO pa3iesieHnst a[POHOB U 3JIEKTPOHOB OBLIO TPE/IOKEHO 0TI
HUTD yKe CYIecTBYONnii asiekrpoMarunThbiil kamopumeTp (ECAL) ycranoBku
ZEUS anpon-anekrpontbim cermapatopom HES (Hadron-Electron Separator).
Pasnenenmne curHasoB OT 3JIEKTPOHOB W AJIPOHOB, MPOTIEITUX Yepe3 TaKyIo
CHUCTEMY, OCHOBAHO Ha Pa3JMYUU B MPOJOJILHOM U MOMEPETYHOM CEUeHUSIX
3JIEKTPOMArHUTHOIO U aJ[POHHOTO KacKa/loB. ¥ cenapaTopa /iBe He3aBUCUMbIe
gyactu — RHES u FHES. RHES (Rear HES) pacnonosken B HamrpaBjieHun
BblIeTa paccesiHHbIX aekTpoHoB, FHES (Front HES) — B nanpasiennn nosera
npororos. RHES u FHES upeacrabisin co6oii ¢/ion U3 KPeMHHUEBBIX JeTeK-
TOPOB, YCTAHOBJICHHBIE HA IIyOUHE TPeX PaJUallMOHHBIX JJIMH KaJOpUMeTpa
ycranoBku ZEUS (1 p. 1. = 0,32 cm, matepuan kamopumerpa — ypan). O6rmas
crpykrypa FHES u RHES onunakosa, Ho FHES paspabaTsiBajicst 1 ycraHas-
mBasics moske RHES, u B ero aieMeHTbI ObL BHECEHDBI CYIECTBEHHbIE M3Me-
HeHVist, moBbInaoue ah ek TuBHOCTH ero paboTsl. OcHoBHbIe 31eMerThl RHES,
paspaborauubie 8 DESY, 6blin U3roTOBJIEHBI HA MIPEANPUATHIX [epMaHu,
Anmonum u CIITA. Hacts cemapatopa RHES, ycranoBnennas na jgerexrope
ZEUS, nauyayia paborarp B peasbHoM aKrcrepumMente B 1995 roxy. Ilepenusist
qacth FHES, ocHOBHBIE 9/1eMeHTBI KOTOPOTO ObLIN pa3paboTaHbl COTPYTHUKAMU
O92DBD HUMAD MT'Y, 6b11a BBeieHa B akciyaraimio B 1997 roy.

B kauectse perexktopoB HES 6biin BeiGpaHbl KpeMHUEBbIE MOJTYTTPOBOJI-
HUKOBBIE IeTeKTOPBl. OTHOCUTEIBHO BBICOKASA MJIOTHOCTh KPEMHUS MO3BO-
JisiJla yBEPEHHO PEruCTPUPOBATH CUTHAT OT MUHUMAJIbHO MOHU3UPYIOTIUX
JacTHUI[ IPU MaJIoU ToJmnuHe aeTekropa — 380 MkM. Pazmep 1eTeKTOPOB —
3,40%3,05 cm? Ob61mas mionanb KpeMHUEBBIX JeTEKTOPOB cernaparopa 0KoJI0
20 m?, muamerp HES — 3 M, o61ee konmuectso kanainos RHES u FHES —
6ouiee 20 000 (dporo 1).

Ha moment cosnanus (cepeanna 1990-x ronos) HES aBinsicsa kpynHeiimmm
B MUpeE TI0 TIJIONAI KPEMHUEBBIM IETeKTOPOM!

Koncrpyxtusno HES mmen MHOTOYpOBHEBYIO MOYIBHYIO CTPYKTYPY,
YTO YIPOIIAIO AOCTYT K OTAETbHBIM YACTSIM YCTAHOBKU U 00JIETYAI0 PEMOHT.
OcHoBYy cernapaTopa CoCTaBJISIN IeTeKTUPYIOIINe IIJIaThl, CojlepsKalllie J1Ba
KPEMHHUEBBIX IETEKTOPA U JIByXKaHAIbHBIN 3aPsI/IHO-UyBCTBUTE/ILHBIN YCUIUTEND
C BBIXOJHBIM KaOeJbHBIM JpaiiBepoM. J[eTeKTrpyIomne miaThl MOHTHPOBAIICH
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Doro 1. AZPOH-3TEKTPOHHBIIT Doro 2. Bui MOTOCTOINHBIX MEYaTHBIX MTaT (JIBIK)
cerraparop HES ycranosku ¢ ycranossiennbiMu Detector Cards
ZEUS cocront u3 20518 qmonos
C IJIOMIA/Ibio KpeMHus 20 m?

Ha JUTMHHYIO0 MHOTOCJIOIHYTO TIeYaTHYIo IaTy 1 3anumaiy ~ 50 % ee mose3Hoi
nomaan. [Tosnoe nepekpoITre 0CTUTATOCH TTPU HAJIOKEHUH JIBYX IIJTAT TAaKUM
06pa3oM, 4TOOBI IETEKTOPHI HA OJIHOI TIaTe TIEPEKPHIBAI HEAKTUBHbIE 00JIACTH
npyroit. COopKa 13 IBYX COEIMHEHHBIX ILJIAT — JIbIKA — TPEICTABIISIIA KOHCTPYK-
TUBHYIO €JIMHUITY IETEKTOPHON YaCcTH cerapaTopa. /[Be miaThl CKIapIBAIICh Tak,
YTO JIETEKTOPBI OKA3BIBAJINCH BHYTPH «JIBIKI» — 9TO UCKITIOYAIIO UX TOBPEK/ICHIE
MPU YCTAaHOBKE BHYTPb KaTOpuUMeTpa. Tpu «JIBIKN» BMECTE CO CIMTHIBAIOTIEH
AJIEKTPOHUKON cocTaBsiiin ofrn Moayiab HES (doto 2).

[Tox pyxoBoacteom I1. @. EpmoiioBa corpyaankun O9DOBID HUNAD MT'Y
COBMECTHO C PSIIOM HAy4YHO-TTPOU3BOICTBEHHBIX TTpeanpuatuii Poccuu: HITO
«9JIMA» (r. 3enenorpan), HITO «Apanrapay (1. C.-Tlerep6ypr), HITO «Ypan»
(r. Exkatepunbypr), HITO um. Jlapoukuna (r. Mocksa) u nipu yaactun DESY
co3qlayiu epeiHuil afpoH-aieKTpoHubiil cenmapatop FHES nisa nerexktopa
ZEUS Ha criyionmHbIX KpeMHUEBBIX ceHcopax (12 ThIC. CEHCOPOB C YCUTUTEJISIMHT )
C CHCTEMO MHOTOCJIOMHBIX IITITH CYUTHIBAHUS, Y CUJTUTEISIMU-(OPMUPOBATEISIMI
1 9JIEKTPOHHOI CUCTEMO#T pETHCTPAIK TaHHbIX. HeOoIbIast ToIIHA KpeMHH-
€BBIX JIETEKTOPOB (BMECTE C IEKTPOHUKOIA OKOJIO 3 MM ) TIO3BOJIIJIA YCTAHOBUTH
CJIOH TAaKWX JIETEKTOPOB B 2JIEKTPOMATHUTHYIO YaCTh KaJIOPIMeTpa TPAKTHUECKN
6e3 U3MEHEHMsI €r0 CBOWCTB, TIPH ATOM YJIYUIIUB Ha TIOPSIOK YUCTOTY 0TOOpa
¥ TOYHOCTb U3MEPEHNs dHEPTUN 3JTeKTPOHOB U (hoToHOB. [IpnMenenne Hesa-
BHUCHMOTO aJTOPUTMA TIOUCKA KJIACTEPOB U MCCJIEIOBAHMS CTPYH TaKKe CTaJIo
BO3MOKHBIM C UCIIOJIb30BAaHUEM a/IPOH-3JIEKTPOHHOTO CelapaTopa.

TexHudyeckyio MOAEPKKY, IKCIIIYATAINIO, TIPOTPAMMHOE obecrieuenne
U COTIPOBOJK/IEHIE KOHTPOJISI pabOTHI AJIEKTPOHUKH A/[POH-3JIEKTPOHHOTO Cela-
paropa HES ¢ momenTa nnctanagiuuum B ycranoBky ZEUS u 0 okoHuaHUSA



06 yuacmuu O9DOBI HUHUAD MTY ¢ sxcnepumenme ZEUS 135

paboThl KoJutaiigepa ocymiectsisan corpyaauku O9MBI HUUAD MTY.
[TaBes MEROPOBUY CYUTAI ITO UCKITIOYUTETHHO BasKHBIM U 0CO00 TIO[YEPKUBA,
4TO CUJIAMU OT/ie/1a ObLI pazpaboTaH, U3rOTOBJIEH, IIPOBEAEH MOHTAXK JI€TEKTOPa
1 ero uHTerpaiusd B cuctemy ycranoBku ZEUS ¢ nocsieyroieit akcrryatanuen
B peskuMe Habopa craructuku. HES mpogosskan HerpepbiBHO paboTaTh BILJIOTH
no ocranoBkn yckoputesnss HERA 30 wrons 2007 roma (doto 3).

= X8 TH

Doro 3. DESY (1. Tambypr), ZEUS Contol room. 30 uions 2007 1. 23:40. I1. d. Epmonos
HaGJTI0/IAeT 32 MPOIIECCOM OTKJIIOUEH ST TTNTAHUS A[POH-3JEKTPOHHOTO CEMapaTopa yCTAHOBKU
ZEUS nepen nornoit octanoBkoii kosmaiigepa HERA

Vcrosb30BaHue Oy TPOBOAHMKOBBIX KPEMHHEBBIX JIETEKTOPOB MTPU OOJIBIIOM
KOJIMYECTBE KAHATIOB CYNTHIBAHMUST 1 GOJIBITNX PasMepax PErHCTPUPYIONIUX yCTa-
HOBOK Ha COBPEMEHHBIX YCKOPUTEJISAX BBI3BATIO HEOOXOAMMOCTH Pa3pabOTKH psijia
CIIela/IbHBIX 2JIEMEHTOB Pa/In03JIeKTPOHUKH JIJIS1 CHSATHSI CUTHAJIOB C JIETEKTOPOB.
C a0l 3a1a9€ii COTPYTHUKH OT/IeJIa YCIEeNTHO CIIPaBUIIHCD.

Cosmanre Takux MPUOOPOB HAKJIAIBIBAJIO JKeCTKIEe TpeboBaHUsT Ha Oe3jie-
(beKTHOCTD UCII0JIB3YEeMOTr0 KPEMHUS, YUCTOTY IPUMEHSIEMbIX B TEXHOJOTH-
YeCKOM TIPoIecce PeakKTUBOB M HEJOIYCTUMOCTh MAJIEHIITNX MEeXaHUYeCKUX
MOBPEsKACHUHN Ha BCeX aTarax IMpon3BO/ICTBA.

[ToaTomy BaxkHOU MPo6GIEMOIT OBLIO TaK/Ke U3MEPEHHE DIEKTPIUIECKUX
XapaKTepPUCTUK JIeTeKTOPOB C 1eJIbI0 ITPOBEPKU UX KadecTBa. /{15 aToro
o nnntmatuse 1. @. Epmonosa B HUMA® MI'Y 6611 co3an aBToOMaTH-
3UPOBAHHDBII KOMILJIEKC [IJIs1 OIIpe/ieJIeHHs TTapaMeTpoB JieTeKTopoB. MHoro-
CJIOMIHBIE TIeYaTHbIE TIIATHI IJIsT MOHTa)Ka KPEMHUEBBIX JEeTEKTOPOB U MATYUKN
cucTeMbl KOHTPOJIst okpyskatorieit cpeubl aiast FHES ycranosku ZEUS 6pbiin
M3TOTOBJIEHBI U TPOTECTUPOBAHBI COTPYAHUKAMU OT/IETIA.

Cozmanne na 6aze O MBI o naunmaTuse 1 o pykosoacTsom I1. . Epmo-
JIOBa KOMILJIEKCHOW CHCTEMBI 10 pa3pabOTKe U MacCOBOMY IIPOU3BOJICTBY
GOJIBIITX KPEMHUEBBIX I MUKPOCTPUIIOBBIX JIETEKTOPOB MO3BOJINJIO MTOIHSIThH
HAYYHBIH MTOTEHIIMA OT/esa Ha HOBBIH ypoBeHb. Duznku HUUAD MI'Y
CTaJIN TTOJTHOTIPABHBIMY YYaCTHUKAMU MHOTUX MEK/TyHAPO/THBIX 9KCTIEPUMEHTOB
Ha KpynHenmux yckoputessix mupa — HERA, Tasarpon, a Bmocnencrsun
un LHC.
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BoimnostHeHye Hateil rpyTmoil 001X Ko/rabopannoHHbIX paboT, TaK Ha3bl-
Baembix ZEUS common tasks, u yuactue B obectiedennn cTabuiIbHO pabOThI
o co6opy zanubix DAQ (Data AcQuisition) HaXOIUJIKCh IO NPUCTATbHBIM
saumanuem [laBna Ménoposuya. Corpyanuku HUNAD MTY Buecan
3aMETHBIN BKJI/I B PA3BUTHE TPUTTEPHBIX CHCTEM, CHCTEMBI cOOPa U TIEPBUYHOIA
06pabOTKY IAHHBIX, U3y4YeHHe TPEKOBOI 1 KAJTOPUMETPUYECKOI CUCTEM JIETEK-
TOPA, IKCIIyaTAI[MIO YCTAHOBKHU.

Doro 4. llenrpanbhbrii y3ea cetn RUHEP/RADIO-MSU, pacnionoskennsiii B DESY
(r. TamGypr). Ysen HaxoauJICs MO yIpaBieHreM Jabopatopuu g posbix cereit OIMBI
HUMSAD MTY u obecriednBag KOMMYHUKAIUH 111 (DU3UKU BBICOKUX HEPTHii 1 HAYYHO-
06pa3oBaTeIbHBIX YUpeKIeHNi Kak B Poccun, Tak U Ha BCEM MIOCTCOBETCKOM IIPOCTPAHCTBE

Pesomonnontbim 66110 ogaepskanroe 1. . Epmososeim B 1993 rony
petienue o co3nanuu ciytHukoit cetu HUUA® MIY — DESY ¢ npomyckHoit
criocobHOCTHIO 256 K6uT /€, 4T0 TapaHTUPOBATIO MIPSIMOE YUACTHE CIEIUATNCTOB
HAIIIETo OT/IeJIa B AKCILTyaTallik YCTAHOBKY 1 0O0PabOTKeE JAHHBIX B 9KCIIEPUMEHTE
ZEUS. IIpopsiB B co3pannu Ha 6aze ODMDBI comectHo ¢ DESY kpymHeii-
nreit B Poccuu Hayunoit teekommynankaiinonHoi cetun RUHEP /RADIO-MSU
(doTo 4) TPy/IHO TTIEePEOIIEHNTh. DTa CETh OTKPbLITA HAYYHBIM IIeHTpaM 1o (hU3nKe
BBICOKMX 9HEPI Uil IpakTHdecku Ha BceM rpoctpancTBe CHI nocesie HeBumannyio
BO3MOKHOCTD yalleHHOTO on-line goctyna Kk 06paboTKe 1 aHAIU3Y TaHHBIX.
Du3nKK OT/IETTA MOMEHTATIBHO € OJIATOAAPHOCTHIO BOCTIPUHSLIN OTKPBIBIIIAECST
[ePCIIEKTUBbI JIJIsT aKTHBHOTO yYacTHst B oBceneBHOM sku3tn ZEUS koma6o-
pariu. B Hatry sKu3Hb CTpEeMUTETHHO BOPBAJIUCH 2JIEKTPOHHAS 1TouTa, VIHTEpHeT,
3aTeM BUJIEOKOH(EPEHTTU. ..

IDKCIIEPUMEHT BCeT/la TTPOBOJUTCS C TEJTbI0 TTOJYUYeHUsT Pe3yJbTaTOB.
[Torumast 6e3yCcIOBHYIO BaKHOCTD CO3/IaHUsI €TEKTOPOB, aBTOMATU3AIUN
9KCIIepUMeHTa, obectiedeHrs 0OpabOTKHU TOJIyUYeHHBIX JaHHbIX, [TaBen Mémxo-
pOBUY, MIPEK/E BCETO, BBIAEISAT OPUTUHAIBHOCTD M HOBU3HY (DU3UIECKUX
3aad. [ToHsATH CyTh (PU3UUECKOTO ABJIEHUS OBLIO /LISt HETO MPEBBIIIIe BCero!

Kaszasocn, He 6b110 (hrsndeckoii TeMbl, eMy He HHTepecHOil. OH ¢ OrpOMHBIM
HUHTEPECOM CJIEIUT 32 BBIXOJOM BCEX KOJJIAGOPAIMOHHBIX CTaTeil, aKTUBHO
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00CY KA Ia’Ke caMble MEJTKUE MEeTOIMYECKIE BOIIPOCKI aHAIM3a. DL Ype3Bbi-
YaHO PaJl ¥ TOP/l TEM, YTO Y COTPYAHUKOB OT/IEJIa €CTh BO3MOKHOCTH yUaCTBO-
BaTh B HOBATOPCKUX MUCCJIEIOBAHUSX Ha Tepe/IHeM Kpae HayKH.

Breigaoommmcs BKIaI0M B pa3BUTHE KBAHTOBOW XPOMOIMHAMUKN CTaJH
moJiydeHHbIe B 9KcliepuMenTax Ha yckopurtene HERA gannbie o ctpykType
dJIeMEHTAPHBIX YACTHI] Ha CBEPXMAJIBIX PACCTOSTHUAX. VICITOIhb30BaB BO3POCITYIO
MOIIb TEXHOJIOTUT JIJIsT U3y4YeHUsT TIyOMH MUKPOMEPA OOHAPYSKUIIHU, YTO TLJIOT-
HOCTH MAPTOHOB (KBApPK-aHTUKBAPKOBBIX TTap W TJIIOOHOB) PE3KO YBETMINBA-
ercst Ha paccrostausix mopsiika 10710 em. A BMecTo HaO/I01aeMbIX PaHee TPeX
KBApPKOB M B CPeJIHEM OKOJIO IBYX TJTIOOHOB MIPU OTIPE/IeJIEHHBIX YCIOBUAX
YICJIO TAPTOHOB yBeanunBaercst 10 20—25 kBapkos u 60—70 rioonos. Ciesno-
BaTeJbHO, TPOTOH (A TaKKe W APYTHE ATPOHDI) UMEET CIOKHYIO CTPYKTYPY —
IIOMUMO TpeX KBAapKOB, U3 KOTOPBIX, KaK MPE/I0Iarajoch, COCTOUT HYKJIOH,
B HeM, BCJefcTBUE (DayKTyaruii, o06pasyercs: 00J1aK0 BUPTYaIbHBIX TJIIOOHOB.
VX rcmycKaloT KBapKH, U 3aTeM OHU CHOBA MCY€3al0T ¢ 00pa3oBaHeM KBapK-
AHTUKBAPKOBBIX Map. DbPeKT rirroHHoro 06aKka JeKUT B OCHOBE COBpe-
MEHHOW TeoOpHUU KBAHTOBOW XPOMOJMHAMUKH.

Ocob6eHHO 3HAYUTENbHBI JOCTUKEHWST COTPY/THUKOB OT/Ie/Ia B M3y4YE€HUN
I PaKIIUOHHBIX TPOIECCOB B ep-B3anMomeicTBUAX. C onpemensonum
yuactueM rpymibsl HUMAD MT'Y nox pykosoactsom I1. M. Epmosiosa na ycra-
HoBke ZEUS npoBe/ieHb! eTaqbHble HCCAe0BaHNs 00pa30BaHKs BEKTOPHBIX
MEe30HOB U YaCTHI[ C OTKPBITHIM OYapPOBAHUEM B TTyOOKOHEYNPYTHUX U T paK-
HUOHHBIX npoleccax. Ob6HapyxkeH ahdeKT HecOXpaHeHUs S-KaHAJIbHOM
CIMPATLHOCTH TIPU 00PA30BAHUU P-, P-ME30HOB. BriepBbie TIPOBe/IeHO n3Me-
peHe MpooIbHOI CTPYKTYpBI poToHa F . B npoBesennom anaamse Tpe6o-
BaJIOCh HAJIE)KHOE BBIJIEIEHNE PACCESTHHOTO 3JIEKTPOHA, YTO CTATI0 BO3MOKHBIM
GJ1arojapst UCIOJIb30BAHUIO A[POH-3JIeKTPOHHOTO cenapaTopa HES. Beimos-
HeHHbIe U3MEPEHNA TOBOPAT 0 HeHyJleBoM 3HaueHnu I . Briepsoie Ob1 aKkce-
PUMEHTATIBLHO OIIpe/ieieH BKJIAJ MOPCKUX CTPAHHBIX KBAPKOB B IIPOTOHE ITyTeM
nccsesioBaHns 0OpasoBaHust G-ME30HOB B OTIPEIeJeHHON KMHEMaTHYeCKON
ob6JacTy TIIyGOKOHEYPYTUX B3aUMOIEHCTBHUI.

JlpyruM BasKHBIM HaTpaBJieHneM pabOThI TPYTIIBI OT/E/Ia B PAMKax KOJIIa-
6oparn ZEUS aBisiercst usydenue pokaeHust D-Me30HOB, B COCTaB KOTOPHIX
BXOJIUT CaMBIH JIETKUU U3 TSIKEJIBIX KBAPKOB — C-KBapK.

Bymyun cam ouapoBan ¢usukoii, [Tasesxr MEmopoBuy ObLT TPOCTO HEPABHO-
nyiieH K ¢pusnuke oyapoBaHHBIX YacTull. OH CUUTAJ, UTO /IeTaTbHOE U3yYeHHE
XapaKTePUCTUK OYAPOBAHHBIX OAPUOHOB BasKHO JIJIsl YTOYHEHUS TAaPAMETPOB
Mojiesield, pa3BUTHIX HA OCHOBE KBAHTOBOW XPOMOJMHAMUKU.

[Tpu yyactuu rpymibl COTPYAHUKOB OT/IeJIa IPU aHAJIN3€e TaHHBIX, TTOJY-
YEeHHBIX ¢ MTOMOIbI0 ycTaHoBKU ZEUS, o6HapyKeHO TPEBbIlIeHIe CeUYeHUsT
poxmenus D-Me30HOB IO CpaBHEHUTO ¢ TTPEACKA3aHUSIMU CYIIECTBYIOTINX
mozeneit KX/I. Kak npusHanue ocoboro Briazna ¢pusukos HUNAD MTY
B M3y4YeHNEe MEXaHIM3MOB POJKIEHUST YapMa O/lHa U3 KOJTabOPAIIMOHHBIX paboT
nocssiniena namstu [1. @. Epmosiosal.

! Tloppobree 06 atom cM. cratbio JI. K. Tnagununa u ¢. 199-219 Bo BTOPOIi 4acTi KHKUIH.
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Production of excited charm and
charm-strange mesons at HERA

ZEUS Collaboration

Abstract

The production of excited charm, D;(2420)° and D3(2460)°, and charm-strange,
D,1(2536)%, mesons in ep collisions was measured with the ZEUS detector at
HERA using an integrated luminosity of 126 pb~!. Masses, widths and helicity
parameters were determined. The measured yields were converted to the rates
of ¢ quarks hadronising as a given excited charm meson and to the ratios of
the dominant D3(2460)° and Dj;(2536)* branching fractions. A search for the
radially excited charm meson, D*(2640)*, was also performed. The results are
compared with those measured previously and with theoretical expectations.

Dedicated to the memory of our colleague Pavel Ermolov.

Crarbs, nocsamennas namsatu [1. @. Epmosnosa. European Physical Journal C 60 (2009)
25-42 p.

Bestuecku nipusercrosadt I1. @. Epmosio n nmybianyHoe npejactaBieHne
MOJIYYeHHBIX Pe3yabTaToB. bosee 50 MOKIa0B HA MEXKYHAPOIHBIX KOH(De-
PEHIUSX CAeJaJr COTPYJAHUKH OT/Hea Mo Marepuasam paborel B ZEUS
kostaGoparuu. C OnpenessonuM yuyacTueM COTPYIHUKOB OTesa omyo.im-
KOBaHO 6oJtee 25 KoJutabopannoHHbIX cTareil. [To MaTeprasam MpoBeIeHHBIX
HUCCTeIOBAHUT TMOATOTOBJIEHO TMECTh KAHAUAATCKUX U OJlHA JOKTOPCKas
JIVICCEPTAIls], BBITIOJTHEHBI YeThIPE TUILIIOMHBIE paboThI. [IlecTepo cTymeHTOB
dbusnyeckoro dakyabrera MI'Y ObLu purjaiieHbl y4acTBoBaTh B JleTHei
nrkosie DESY.
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[TaBen DEnopoBuY Beera MOAEPKUBAJT HHTEPEC MOJIOIEKH K MTPOBO-
JIMMBIM HCCJIE/JOBAHUAM M CTAPaJICs U3bICKATh MAJEUITyI0 BO3MOKHOCTD
I HemocpeacTBeHHOTO nipucyTcTBud B DESY namux ctynenTos u acnu-
PaHTOB.

30 uionst 2007 roxa kosunaiinep HERA 6b11 octaroBjIeH. 3a 1ocaeayolime
nBa roga ycranoBka ZEUS 6bita OJHOCTBIO IeMOHTHPOBaHa. A KoJrabo-
pauust ZEUS ¢ yaBoeHHON sHepruei 10 cux mop MpooJrKaeT oOpabaTbiBaTh
MOJTYYEeHHBIN 9KCTIEPUMEHTAIbHBIN MaTepuaa — Be/lb ITPOBOUMbBIe (hU3mye-
CKHe UCCJIe/IOBAHUS UMEIOT KaK CAMOCTOSITEIbHYIO IIeHHOCTD, TaK U CJIyXKaT
JUIsT pazpaboOTKK JIETATIbHOI TPOTPaMMbI (PU3NIECKUX UCCJAEIOBAHWUIT 1 TTPe/I-
ckazanwnii aiist LHC (oo 5).

CrenuanucTsl otjena, npoieanme «mkoay ZEUS kosmabopanuus, yxe
BOCTPeOOBAHbBI B HOBBIX 9KcIiepuMeHTax. [[0TydeH b UMI ONBIT HEOOXOAUM
u B akcriepumentax #Ha LHC, u B mogrotoske Oyayiux vccmiepoBanuii Ha [LC,
u B pa3paboTke HOBBIX jieTekTopoB st XFEL u usuku kocmoca.

Hecomuenno, snauntenbhprit Bkaag HUMAD MTY B pabory kosrabo-
pauu ZEUS 06ycyioBjieH TECHBIM B3aUMOJIEWCTBUEM HHKEHEPOB-2JIEKTPOH-
HIMKOB, IPOIrPAMMUCTOB, IKCIIEPUMEHTATOPOB U TEOPETUKOB 1O/l PYKOBO/I-
CTBOM YY€HOTO-9HTY3HMaCTa U TaJaHTAuBOTO opranusaTtopa [1. @. Epmosiosa.
Bosee 50 coTpyAHUKOB OT/€Ia BHECJH CBOIO JIETITY B YCHEIMIHYIO paboTy
B coctaBe Kosutabopanuu. [{ns maorux u3 Hac ZEUS cran riiaBHBIM 9KCIIepH-
MeHTOM B xusHU. [lns [TaBia DénopoBrya — ouepeIHBIM B COTMTHOM CITHCKE
yoKe OCYIIeCTBJICHHBIX...

Doro 5. 75-neranii o6uaeii I1. D. Epmosos Berperua B DESY (r. Tam6Gypr), npuruMas
ydactuie B paboTe CHMITO3IyMa, TIOCBSIIIIEHHOTO OKOHYAHUIO PaBOTHI 3JIEKTPOH-TTPOTOHHOTO
koJunaiizipa HERA

[TaBenr MénopoBuy 001aaJ YAMBUTENBHBIM, IPUCYIIUM TOJHKO €My UHTY-
UTUBHBIM TOHUMaHUEM TOTO, KAKUMU CUJAMU U KaK MOKHO OCYIIECTBUTD
9KCIIEPUMEHT, ¥ MOT 3apa3uTh CBOMM dHTYy3na3MoM KoJter. OH BepuJ, 4To Te
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foCTUKeHMs1 GYPHOTO TIPOTPecca, CBUAETESIMI 1 YYACTHUKAMU KOTOPOTO MBI
cTaau Ha pybexke CTOJETHI, CMOTYT 060TATUTh HAIIM 3HAHUSI U YIOBJIETBO-
puTh HayuHoe Jo60nbITcTBO. ObJaast YHUKATBHBIM COYETAHUEM HAYYHOTO
BUJIEHUSI ¥ CIIOCOOHOCTH MPAKTUYECKON PeaTn3alini 3aMbICJIOB, OH TIPUIAJ
Kap/InHAJbHO HOBBII XapakTep Haiieil paboTe B KOJIEKTHBHBIX HCCIIEI0Ba-
HugX. beaycsoBHBIM 1ocTOMHCTBOM yuacTus otnaena B ZEUS skcnepumente
[TaBesr DEmOPOBUY CYUTAT €TO IEJTOCTHOCTh — OT IMOCTAHOBKY 3a/1a4 (HU3H-
YeCKUX MCCIeI0OBAHUN, Pa3pabOTKU U CO3[MAHUS J€TEKTUPYIOMINX CUCTEM
JI0 aHAJIN32a 9KCIIEPUMEHTATbHBIX JaHHBIX.

Kaskercst o4eHb Ba)KHBIM COXPAHUTD U YIIPOYUTH 3apabOTaHHbIE COTPYAHU-
kamu OO DB nozuiuu B MEXKIyHAPOIHOM HAYYHOM COTPYHUYECTBE.

ITO Jiydliiee, YTO MbI MOXKEM c/iesIaTh B maMsTh o [1aBie Ménoposuye Epmo-
JIOBe.

Jluteparypa
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YACTD 2
JORYMEHTDBI K BUOTPA®UU

ITayvacTb COCTOUT IPEUMYIIECTBEHHO M3 Fa3€THBIX U JKYPHATIBHBIX
Ty OJIMKAINHN, PACTIOTIOKEHHBIX B XPOHOJOTHYECKOM MOPSIIKE. ITO
Ba)KHENIIHE TOKYMEHTDI, OTMEYAIOIINeE TJIABHbIE COOBITUS B JKU3HU
[TaBna Ménoposrua EpmosioBa: cTaThs 1 IOKyMeHTaIbHOE TIOITBEPIK-
nenue cuenanioro [Tamom DEnopoBrUYEM OTKPBITHS, TIOTydeHUe UM
KaH/IM/IaTCKOI CTelleHH, ero cOOCTBEHHAs JKyPHa/IbHasT Iy OJIMKaIInsI,
TI03/[PaBJIEHIST C I00UIIEEM 1 MHOTHE JIPYTHE.



HKyprnaa arcnepumenmaavioii u meopemuveckoii gusuru
T.-46 1964 Bun. 6

KATAJIN3 OTPUIIATEJIbHBIMII MIOOHAMU SAJEPHOI
PEARIINN CHUHTE3A d --d-—He® |- n

B. II. Hxuceaenos, II. @. Epmoacs, 10. B. Hamuwes,
B. H. Mockaaes, B. B. Quavuenros, M. Dpuma

B anddysmonnoil xamepe, HanmoaHeHHO jaeiiTtepmeM o nasmenma 7,2 arx, saperm-
crpuposauo 20 cayuaes eme ne sabmonasmeiica peaxmmn (2). Brixoj atoit peawmmm (2)
10 OTHONIeHHIO K BRIXOAY peaknmi (1) cocrasaser 1,20 + (0,37. OmeHKH OTHOCHTEILHLIX
BEIXOZIOB peakmmii (3) m (4) pmalor ¢ BepoatHOocTh 90%, wro w(3) [ w(l) =< 0,43 u
w(4)/w(£) = 0,13. Bmixox peaknmum (1) corzacyerca ¢ JaHHLIME, HANJEHHLIME HaMu
_pamee ['], opmako Beixopsl peakmmit (1) m (2) B HamHX SKCIEePHAMEHTAX NPHMepPHO Ha
HNOPAAOK REJIMYMHEI NPEBRIIAIOT Te, KOTOPhIe MOMKHO O/MHIATL HA OCHOBAHMH JAHHBIX
o0 pearnuu (1), noaydeHHEIX B FKHAKOM JeiiTepum psamom asrtopos [ 5]

I’IEBECTHO, HUTO OTpHIATEJERHBIC MIOOHEBI, OCTaHaABJIANBaACH B p,ei‘['repna, oﬁpa-
3yI0T d|\-Me30aTOMEI, 4 3aTeM B pesyibraTe 00pasoBaHHsA Me30MOJEKYIApPHBIX
MOHOB ddj. MOryT KaTalHs3MpOBaThH AAEpPHLIC peakmum cunrTesa !):

(&=H=p - (1)

He® 4+ n 4 p" (2)

dp + d — ddp — lpu+t : (3)
[ He®u 4+ n (4)

i+ p (5)

B pange skemepnmenTanbasix paGor [2%] GLumm MOmyueHBI CBOJEHHA O BEI-
xone peakmum (1).

Iensio macrosueii paBoTsr, TpomoIKAIONICl MK HMCCIACLOBAHMIT ME30-
ATOMHBIX IIpomeccoB B razoobGpasHom Bomopose [*¢], asnanocs oGHapymenme
He Habmoaasmeiica panee peakmui (2). YcaoBHsA ONbITA MO3BOJSAIM PErHCTPU-
PoBaTh Tar;ke pearimio (1) I HOJYYRTH HEKOTOPHIE OIEHKH BHIXOIOB PearI(mii
(3) m (4). Onenxru Brixona peaxmun (5) TPeGYOT AONOMHUTENBHOI 006pabOTKI
u GyayT onyGaMKOBaHLI IMO3HEE.

Hax m pamee, onsir mpoBopuics ¢ momougsio audy3mOHEOIl KaMepsr gma-
merpom 380 ax, nomentennoii B MarauTHoe noxe 7000 Oe. Tax kak sapser-
HBIE IPOAYKTHI peakumii (2) — (4) mmeor nnskme sueprmn (Heckoabpko MeV),
nasnenue rasa B Kamepe (94% Dz + 6% Ho) mus yseanmuenns pumunt upoGe-
roB Oputo camxeno o 7,2 arx. Vicnoansosapmmiics rasd GhUI OYMINEH OT IIPH-
MecH TPHUTHA A0 KoHmeHTpamm: 5 - 10712 ar. %, a Tarske 0T BO3MOKHEIX TIpHMe-
ceii ipyrnx rasos o koumentpammm << 0,01 at. %. B xawecrse paGoueit smj-
KOCTH UPHMEHSICA HOpMalnbHBIT nponuiaossii cuupr CsH,;OH, woropsti oGec-
IMeYNBaJ CyMMAPHYIO KOHNEHTPAIHI0 ATOMOB YIJIepOAa 1 KHCIOPOjAAa B YyBCT-
BHTEABEHOM 00Beme kamepwr meHee 0,1 ar. %. ;

ITpr geyxparHom npoemorpe 33800 crepeodororpadmii Guno maiigeno 3330
OCTaHOBOK OTPHIATECALHEIX MI00HOB. IIpm arom Geur sapermerpmposan 21 coy-

) Beposataocth pearmuii Ges IpoMe;KyTOUHOI cTagmm 06GpasOBAHES MEZ3OMOJEKYIAD -
HOro mona ddp, coraacuo ['], mommma OGBITH CYmMeECTBeHHO MEHBIIE.

! Pabora, noc/y:KuBias oOCHOBOM oTKpbiTus p-kataausa (JKITD, 1. 46, B. 6, 1964).
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Haranus oTpHnaTe bHBIMI MIOOHAMI AAEPHON pearmum 2043

gaii peaknun (1). Cayuam 5Toii peaknum Jerko naeHTHOUIIPOBAINCH O TIPO-
feram sjilpa TPUTHA M NPOTOHA, a TaK/e 10 YIIy pasiera MesKAy HAMH, KOTO-
PBIil ¢ TOYHOCTHIO J10 omNOoK uamMepenis 611 pasen 2 180°. Toxwsko B nsaTH CIy-
gasnx peakmmm (1) M3 TOYKH, rje HIpoMsOLLIA SAEPHAS PEAKINA, BBIXOIUI
9eTKHil cJeJ 2JeKTpoHa pacnaja. JTo CBA3AHO € TEM, YTO H3-3a HHU3KOIl ILTOT-
HOCTH IapoB IPONHIOBOro cumpra d@@eKTHBHOCTL permeTpamun IeKTPOHOB
OT pacmajia MIOOHOB B dTOM OIIBITE COCTaBJAMda Jime 33 %.

Beuay ornocurensno muskoii @ EKTHBHOCTH permcTpamum 5IeKTpOHOB
caygan pearknuit (2) — (4) MoryT wacTo nMeTh TOJBKO cJef OHOI BTOPHYHOIT
3apPAYKEHHOIl  YaCTHOBI 1, CJIe0OBATEIbLHO.

BRITJISJIETh TaK 7K€, Kak 0JHOJIYYEBLIC 3Be3JIbI '; .

OT 3axBaTa MIOOHA SApPaMIl YTIIeposa . LI s
ruciaopoga. Iloatomy s BoIfedeHIA THTe- ;‘] : o o
PECYIONX HAC CJAYy4YaeB  JIBYXYAaCTHYHBIX g 2 p7 5 I 0

pearmmii (2) — (4), B KOTOpBIX 3apsaskenHble
YacTHIEI MMEIOT CTPOro OlpejieseHHbIe TPo-

SO & N
T

]

il

Gern, OBIJIO MOCTPOEHO paclipeielIe e OHO- 'Ea‘

AYYeBBIX 3Be3] 110 npoberaM BTOPHYHBIX Ya- 3,

crun (puc. 1, a). B pacupeneineHunnm mcnonnp- o 2 * & 7z
30BAJHCh TOJBKO Te CJy4al, B KOTOPBIX M- & ve'  elw® ¢

Ha npoesnumn cljeja  BTOPHUYHOIL HacTHIIBL § 12, ) { }

Geia Goabme 1 MM, a yroa Messjay Hanpas- sl 8 o
CIeHMeM clefla MIOOHA B TOYKEe OCTAHOBRI It 2l r\-|—L|-| i' !
CA€A0M BTOPHIHOI HACTHILI 3aKTI0YEH B mpe- p | = ot =
aeaax 20—160° B pacupejenenite BHeceHb 0 2 e )
Tarse 4 ciaydas, y KOTOPBIX KpoMe cjema Ts- fpobee, mm

JRET0Il  BTOPHYHOI YacTHibl  Habd01aeTes Pe

I e 2JeKTpoHa pacraja.
Aas ydera oHa OAHONYYEBBIX 3Be3[ OT

3axBaTa MIOOHOB ApPAMH YINICPOJA I KICJ0poja OB MCIOAB30BAHBI JaHHLIE
APYTOro oneiTa, KOrjla KaMepa HaNoOJHAJIACE BOJOPOJAOM A0 JABIEHUA D aTM
M 9HCI0 OCTAHOBOK MIOOHOB OBIJIO TAKHM (K€, KAK M B HACTOAIIECM OIBITE
(c meiitrepnenm). Ha pue. 1, 6 npuseseno pacupenesenne mo npoderaM BTOPTIY-
HBIX YacTHI[, IIePeCYHTAHHBLIM K JIaBJCHNI0 7,2 arm, B OJHOJYYEBBIX 3Be3/ax
B onbiTe ¢ BojoponoMm. llockoabky mosmnpie uneina 3Be3jn ¢ BUANMBIMHE JydaMu
OT 3axXBaTa MIOOHOB s/ipaMu B 000HX onnitTax Oamskm apyr K apyry (21 o 17
B onsiTax coorsercTBeHHo ¢ Do m H2)?, To nas yuera hoHa MOMKHO BOCIHOAB30"
BATHCA 1POIEYPOoil BRIYMTAHUA paclipejeaeHiis, npejcrasiennoro na puc. 1, 6,
n3 pacupeaerenns Ha puc. 1, a. Iloayuennoe taxkum obGpasoMm, pacunpepenenue
no npoberam moxasano Ha puc. 1, 6. Crpearamm 3iechk yKaszaHB pPacYeTHEIC
anavennsa npoderos He® mua peaxmun (2), (He’n)* — pusn peaxnunm  (4)
w ¢t — pasi peaknun (3). Ha srom ke pucyHke NyHKTHPOM yKasaHO H3MepeH-
HOe pacupejesenne mo mwpoderam sgep Tputns or peaknmm (1). M3z pme. 1, @
BHAHO, 9TO C yYeTOM 3KCIHePHMeHTAIbHOTO paspemerinsa auaun He® 20 eaxywaesn
€ 1IpoHeroM BTOPHYHOI TAMKEION YacTHIBL 0KOJI0 2,5 MM MOTYT GBITH OTHECEHBI
K pearimi (2). B 5T0 41e10 BXOAAT I yIOMAHYTHIC BBIIE 4 CIydasi ¢ BIeKTPO-
vOoM pacmana. Mororpadusa opHoro Taroro caydan peaxmun d + d — He® + n,
HaTaJn3npoBanHOIl MIOOIIOM, IIPHUBEACHA IS HILTIOCTPAauIT Ha puc. 2.

2 M3-3a OTHOCHTeNBHO ciaaboii cBasm M0OHA B cncreMe ddil TOYTH BCfA DHEPTHA
pPeaknuy pacrpeiesIAeTcsa MeHAy TKedAbMu dacTunaMu ¢ u p (mam He® m n B pearonu
(2)) m mostomy ofe BTH PEAKIUI MOTYT PaccMaTpHBATHCHA ¢ OOJBIION TOYHOCTHIO KAk
JABYX4aCTHYHLIE,

% B arm umcsaa 3Besj BXOJAT, HAPAAY € MHOTOJXYYEBBIMH, TOJBKO Te OJHOJYYeBbHIe
3Be3/Ibl, ¥ KOTOPHIX npoGer BTODHYHON YACTHILI TIPeBEIIIaeT 8 M.
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204 4 B. Il. Imenenosn, I1. . Epmosios m Ap.

OTraoumenne Beixomos peaxknuii (1) m (2) mocae BHeceHHs IONMpPABKHI Ha
appexruBHOCTS, permerpamuu peaknuu (2) cocraBiser, Kak M O/RHIAIOCH,
BeNHYNHY, OJM3KYI0 K eJUHHIE:

w(ddp—He® +n + p) /w(ddu—>1t + p + pn-) = 1,20 = 0,37.

B meszomomeryne ddp peasnmm (1) m (2) nayr npm Manelx  SHEpPrHsAXx,
1 HabaogaeMoe OTHOMIEHIE BBIXO/0B HaXOANTCH B COTJIACHHN ¢ JMaHHBIMI 110 OT-
HocuTeabHOMYy BEIXOAy peanmmit D(d, n)He® n D(d, p) H®, nonyuemnnimm Ha

Pmc. 2

VCKOPOTeNBHEIX TPYOKAX IPH MHHIMAJBHBIX JCCJIEJOBAHHBIX SHEPrusAXx meii-
rponos 4—20 keV [7].

Ha ocHoBaHMH HKCHEPHMEHTAIBLHOTO pacIpejieJicHusa 1o TpoberaM MOMKHO
ONMEeHNTH TaKske BepXHIe Ipejensl ias Beixonos peaknuit (3) m (4). Cunras,
KaK BHAHO N3 pue. 1, 6, 9TO 4mcio ciaydaer s Kajsaoil M3 dTHX peakiuii me
MpessnaeT eANHANE, ¢ BepoaTHocThio 90% MOKHO YCTAHOBHTH, ITO

w(ddp — He?p + n) [ w(ddp— He? + n + p~) < 0,13,
w(ddp—pu + t) [w(ddp—1 + p + p-) < 0,43.

Teoperngeckne omenku [ ®] maoT aua 9THX OTHOIIEHMII COOTBETCTBEHHO
~0,13 m ~0,01.

Cunenyer orMeTnTh, 4T0 BEIXOJ peaknun (1), ompemenenusrii B HacToAme
pafoTe ¢ y4eTOM BEpPOATHOCTH Iiepexoja MIOOHA OT JeHTPOHOB K CIOKHBIM
aapaM, cocrasisionieit 35%, cormacyercs ¢ HalileHHBIM HaM#W paHee BBIXO-
JIOM BTOil peakmum NpH gaBienmn Aeiitepus B kamepe 16 arx [4]. Opnaxo BoI-
xoner peakmmit (1) m (2) B Hammx »KcmepmMeHTaX NPHMEPHO Ha IIOPANOK
BEJIMYMHEL BBIIIE, Y€M T, KOTOPHIE MOKHO OKHJATh Ha OCHOBAHHMM JIAHHBIX
0 BeIxope peakmuu (1) B smuprom meitrepun [+ °] (B nmpegmomosrennu 100-mpo-



Kamanus ompuyamenvrolmu MooHamu s0epHol peaxyuu cunmesa... 1435

Karaana orpunatelLHLIMI MIOOHAME AAEPHOIl peaKmun 2045

HEeHTHOIT BePOATHOCTH ANEPHOIl peaknum B MeaoMoueryie ddp). IToxa mer me
HamIir y,tl.on.n{ernopn'renbﬂoro O00'BACHEHUST 2TOTO Pasamuansg.

B sakioueHme aBTOPHI CUMTAIOT CBOMM NPHATHEIM JIOJTOM I06IarogapuTh.
C. C. T'epmreiina 3a moxesnsle 00Cy/KIeHAA U MHTEpec K padore.

OfbeMHe AL HHCTHTYT Iocrynmuiaa B pegarkimo
AJEPHBIX MCCIEAOBAHMIL 10 derpaas 1964 r.
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CATALYSIS OF THE d + d — He? - n FUSION REACTION
BY NEGATIVE MUONS

V. P. Dzhelepov, P. F. Yermolov, Yu. V. Katyshev, V. I. Moskalev,
V. V. Fil'chenkov, M. Friml

Twenty cases of an hitherto unobserved reaction (2) are recorded in a diffusion
chamber filled with deuterium to a pressure of 7.2 atm. The yield of the reaction (2)
relative to that of reaction (1) is 1.2 = 0.37. Estimations of the relative yields of
reactions (3) and (4) show that with a probability of 909 w(3) /w(1) < 0.13 and
w(4) /fw(2) <0.43. The yield of reaction (1) agrees with data previously obtained
by us [*]. However in our experiments the yields of reactions (1) and (2) exceed
by approximately an order of magnitude the values which should be expected on
basis of the data on reaction (1) obtained in liquid deuterium by a number of
authors [*5]. 3
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Onro u3 coObITHIT B ITy3bIPHKOBOIT KaMepe, MOATBEPIKAA0IIee sIBIEHNE
p-Kataausa ¢ obpaszosanuem He?.

®Dotorpadust TPEKOB YaCTHUI[ B MY3bIPHKOBON Kamepe, peakiusi, IPUBO-
Asas K 06pazoBaHUIO TPUTHSI.
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Cnpagska o npuopuTere OTKPbITUSA
«SIBjIeHrEe Pe30HAHCHOTO 00Pa30BaHMST MIOOHHbBIX
MOJIEKYJI IeUTepusi»'

CipaBKa O NPUOPHTETE OTKPHTUSA

Buepsie CyuHOCTH OTKpuTHR "fiRleHUe DE30OHAHCHOrO 06pasoBaHuf
MOOHHHX MOXGKy: Zefirepus™ apropos Jxexnenosa B,l,, Becuana 3.A,,
Tepareiina C.C., Epmomoma .9, ¥ dumbueHKOBA B,B, Ginma cHopuMyaupo=
Basas

B 4acTH SKCNEPUMEHTANBHOr0 OCHADYXOHUA AAHHOT'O ABIGHUSA B
6ro BOBMOBHOr'0 OUBACHEHWS HA OCHOBE I'MIOTESH O PE30HAHCHOM Xapar=-
Tepe nponecca 0JpasOBAHWA MOSOMONGKYN ZAeliTepus =

B Zoxzazax Jzeanenosa B,l., I'epureitia C.C., Epmonosa [149,,
PunBYeHKOBA B.Be ¥ Zp. HA KOHQEpeHIWH N0 (UsWKe BHCOKNX sHEpPIruil :
B LEPH (I962 r,) u lyome (I964 r.), a 7arske B crarse Jizenenosa B,ils
Epuonosa 1,9,, Punsuenxosa B.B., ¥ Ap., OonyGmuxopanmoit B "Ayprane
sKcnepuMenTansHolf W Teopernvecxofl pusuxu™ B 1966 r,, .50, ¢,I235
(maTa 10CTYIAGHMA DYKONUOW CTATHM B peAAKIMD - 23 zexadpa 1965 r.)j

B YaCTH TEOPOTUYGCKOr0 OCBACHOHWS YKASAHHOrO ABAGHUS HA
OCHOB® KOHKDETHOrO MEXAHASMA DE3OHAHCHOrO 0CPas0BaHUA ME30MONEKYN
Aeilrepus =

B cTaThe Becuwama 9.A,, OnyoauxoBanHO#l B xypHane "lucmma B
K3TO" 32 1967 rey 745, C.II3 (ZaTa NOCTYMAGHNA PYKOMNOM B DPERAKIMD
I9 noadpa 1966 r.)s Hss. AH BCCP, cep. (uaura u uaTeuaruga, 1969 I,
2,18, c.429.

lloATEEpRANGHNA NPUOPHTOTA OTKPHTUS ABTODOB COAGPXATCH B ORe=
vecrBennolt U sapyGesuoil ureparype, Hampuuep:

Breunlich W.H. et al., Phys. Lett., 1982 , 112B, p.319;

Bracei L., Fiorentini G., Phys.Rep., 1982, 86, p.170;
Breunlich W.H. et al., Jones S.E. et al Reports on Muon Cataly-
sis Section of the III International Coaference on Emerging
Nuclear Energy Systems, Helsinki, Finland, June 6-9, 1983;
Balin D.V. et al. Muon Catalized Fusion, 1987, 1, ps 127+

_—

An 0GBEAURGHRHOrO W
m:lpopm louuonnng“ - W"’“
S— HoHe BoromGos

! Crpaska nopnucana aupexropom OWSAN akagemukom AH CCCP H. H. Boronio6oBbim.
OtkpoiTre ObL10 3aperucTprpoBano 28 anpes 1988 roga TocynapcTBEHHBIM KOMUTETOM 110 H30-
OpeTeHusaM u OTKpbITHAM. Biosterenb «OTkpbiTus 1 nzobperenus», 1988, Ne 46, ¢. 3. OTkpbI-
te 6bL10 BHeceHo B Tocymapersennbiii peectp otkpoiTuii CCCP B ob6actu spepHoil husukn
u pusKKN BbICOKUX sHepruii mog Ne 349 ¢ npuopurerom ot 23 nexabpst 1965 roga. B annoranmn
roBoputcs, uto apropamu: B. T1. /[xxesnenoBeiM, J. A. Becmanowm, C. C. Tepmireiinom, I1. ®. Ep-
MosioBbIM U B. B. DuiibueHKOBBIM — OblJIa YCTaHOBJIEHA HEM3BECTHASI PaHee 3aKOHOMEPHOCTh
06pazoBaHust MIOOHHBIX MOJIEKYJI JIefTePUst, 3aKIIOYAIONIAsICS B 3HAUNTEIbHOM YBEJTUICHIH
cKOpoCTH 06pPa30BaHMs ITUX MOJIEKYJI B ra3000pa3HOM JlefiTepru [P MOBBIIIEHUH TeMITepa-
TYPbI, 00YCIOBICHHAS CYIECTBOBAHUEM B MIOOHHOI MOJIeKyJIe jiefitepus ciaboCBsA3aHHOTO
KoJiebaTesIbHO-BPAIATebHOTO YPOBHSL.



BCEI'IA B IIOUCKE'

K. Ozanecsin, B. @usizun, nayunvie compyonuxu JIAII

Henasuo yuenstit coset JlabopaTtopun
SIIEPHBIX TTPOOJIEM €IMHOTIACHO TIPUCY I
[MaBny M®énopoBuuy EpMosioBY yuéHYIO
cTelleHb KaHUAaTa GU3NKO-MaTreMaTnye-
CKUX HayK. TeM caMbIM TIO/IBe/IeH M3BECTHBII
WUTOT BECbMa YCIENTHO MTPOBOUBIINXCS UM
HCCJIeIOBAHUI OJITHOTO M3 HOBBIX HAIPaB-
JIeHnH (GU3UKN — (PU3NKN MIO-ME30aTOMHBIX
MTPOIIECCOB.

OnHako KpyT BONPOCOB, HAJI KOTOPHIMU
pa6oran ITaBen MéxopoBuy, He 3aMbIKa-
eTcsl UMb 3TUMU 1pobiemamu. [lepBoit
KpyIHO# paboToii Epmosiosa 6b110 co3panie
Ha ocHoBe paspaborku rpymisl M. C. Koso-
JlaeBa yCTaHOBKU ¢ (D Hy3noHHON KaMepoi
BBICOKOTO /IaBJeHUS B MATHUTHOM IIOJIE.
B KOHCTPYKITMIO KaMepbl OB BHECEH P/
YCOBEpIIEHCTBOBAHU, CYIIIECTBEHHO MTOBbI-
I1. @. Epmonos. @omo I1. 3o1vnuxo6a  cyBIINX a(HEKTUBHOCTD ee PabOTHI.

ITepBas rpymma paboT, BHIIOJTHEHHBIX
I1. ®. EpmosoBeim coBMecTHO ¢ 0. A. Bynaroswim, B. I1. [[xenenoBeim,
B. 1. MockaseBbiM, Obli1a CBsA3aHa ¢ UCCAEL0BAHUAMY B 00J1aCTH TMOHHOM
(busukn. ITr pabOThI OBLIN MTOCTABJIEHBI € 1IEJBIO0 IKCIIEPUMEHTATHLHON TPOBEPKU
JUCTIEPCUOHHBIX COOTHOITIEHWH J17T51 TUOH-HYKJIOHHOTO PACCESTHUS, TTOMCKA PEIKUX
THIIOB PACIaJIOB IM-ME30HOB U MCCJIE0BAHNS PACCESTHNS TMOHOB HA TeJINN.

B aTux paborax OBl MOJYUYEH Pl HOBBIX BaKHBIX pe3ybraToB. Tak,
B 1959 roxy I1. . EpMoJI0B U ero ToBapuiiy BIepBble HaOJII0Jaau paciial
OTPUIIATEJIBHOTO NMU-Me30Ha Ha 3JIEKTPOH U aHTUHEUTPpUHO. B aToMm xe romy
MU ObLJT 3aPETUCTPUPOBAH TIEPBbIil JOCTOBEPHBIN CiIyYail BeCbMa PeIKOro
pacrajia HeuTpaJbHOTO TTM-Me30HA Ha JIBA 3JIEKTPOHA U JIBA MTO3UTPOHA, TTOJTY-
YeHbl TTePBble XapaKTEPUCTUKH JAPYTOM MOJIBI Paciiajia 3TOro Me30Ha Ha dJIeK-
TPOH, MMO3UTPOH U TAMMa-KBaHT.

'O zammre 1. @. EpMoJIoBbIM KaHANAATCKOI ANCCEPTAIINY « DKCIIEPUMEHTAIBHOE HCCJIE0-
BaHMe MIO-aTOMHbIX TIPOIIECCOB B Tazo000pasHoM Bopopoae». [aseta OMSN «3a KoMMyHU3M»,
Ne 67, 24.08.1966. Pybpuka «JIioau Hatero ropojias.
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Hawub6ousee nosno tamant I1. @. EpMoioBa MposiBUIICS B MOCTEAYIOMIIX
paboTax 1o U3y4eHNIO MIO-ME30aTOMHBIX ITPOIECCOB B ra3000pa3sHOM BOIOPOJIE
u sefitepun.

CKOHIIEHTPUPOBAB Ha MPOTIKEHUN MOCTETHUX CEMU JIET CBOU YCUJIHS
B 9TOI MHTEPECHOI U MaJIOU3y4yeHHOIl 001acTi (DU3UKHU, OH ITOJIYYU GOJIbIIOE
KOJIMYECTBO OPUTHHATBHBIX M HOBBIX Pe3yJIbTaToB. VM, coBMECTHO ¢ pyrumun
COTPYAHMKAMHU, BIIEpBbIe OBLIN M3MEPEHbI CEYeHUsI PACCESIHUSI MIO-aTOMOB
Ha TMPOTOHAX W AEUTPOHAX W CKOPOCTH 00pa30BaHUsI MIO-MOJIEKYJ BOIO-
pojia, YCTAaHOBJIEHBI BaXKHbIE 3aKOHOMEPHOCTU KUHETUKU MIO-aTOMHBIX
U MIO-SIIEPHBIX PEaKInii, a TakKe N3y4eH MeXaHU3M U U3MePEeHBbI CKOPOCTH
nepexojia Mio-Me30HOB OT BOJIOPO/IA K S/IpaM JIPYTUX 3JIEMEHTOB.

[k aTUX KMCcae/0BaHU B HACTOSIIEee BPeMsl SIBJISICTCS] €/IMHCTBEHHbBIM
B MUPE I10 TIOJHOTE OXBaTa MPOOJIEMBbl U KOJMYECTBY MOJYIEHHBIX PE3YJIb-
TaTOB.

B mporiecce BBITIOTHEHMST 9TOTO IMKJIA PAa0OT BCTPEYATOCh MHOTO HEOKU-
JIAHHBIX TPYHOCTEN, TIPEOIONIETH KOTOPbIE 0KA3aJI0Ch BO3MOKHBIM TOJIBKO
6srarosapst KOJI0CCATHbHON HACTOMYMBOCTHU |, TIPSIMO CKaKeM, CAaMOOTBEpP-
sxkeHHol pabore ITaBina EpmosioBa. MHTeppeTaus mMoayuyeHHbIX JaHHbIX
TpeboBasa HEPEIKO TMPEKPACHOTO 3HAHUSI 1IEJIOTO Psijla OTpacaell (pusnkm,
BeCchbMa JlaJleKuX OT (DM3MKHM dJeMEHTapHBIX YacTull. Pemaomum o6¢cTos -
TEJNILCTBOM 371€Ch TTOCHY KUK Oosrbinas apyauius [Tasma MéxopoBuya u ero
CIIOCOOGHOCTH IIPOHUKATD B CYTh SIBJICHUIA.

XapakTepHbiM /151 ¢TIt paboT EpMosioBa siBiistercst 6oJiblas HaaéKHOCTh
[0JIy4aeMbIX UM PE€3yJIbTAaTOB, KOTOPBIE BCET/Ia MOATBEPIKAAIUCH OOIBITUM
KOJIMYECTBOM KOHTPOJIbHBIX M3MEPEHHUIT, CTATUCTUYECKH 0OOCHOBAHBI U YaCTO
MOJIKPETIJIEHBI ellle U KOCBEHHBIMU MTpoBepkaMu. O BBICOKOM 3KCIIEPUMEH-
TaJIbHOM MacTePCTBE aBTOPOB 9THX PAbOT XOPOIIO CKa3ajl B CBOEM BbICTYILICHUN
Ha yueHoM coBeTe akazieMuk b. M. [TonTexkopso: «...Cpa3y ckaxky, 4To aKCIIe-
PUMEHTATbHAS METONKA HAXOJUTCS Ha YPOBHE COBPEMEHHOU HKCIIEPUMEH-
TasbHOU U3k, MoKHO faske cKa3aTh, YTO HUT/E B Mupe nuddy3noHHbIe
KaMepbl He UCII0JIb30BAIMCh TaK MACTEPCKU U TaK YCIEIHO, Kak B JlaGopa-
topun siepHbIx mpobaem OUAN, B rpymmax, pykoBoauMbix P. M. CyisieBbim
u B. I1. [IzxenenioBbim, rje pabortaet auccepradt. A o GOJIBIIIOM TPY/Ie U HACTOM-
YUBOCTH 9KCIIEPUMEHTATOPOB JIyUIIle BCETO CBUETENbCTBYET TTPOCTas Mudpa:
500 000 dororpadmii. imeHHOo cTosbKO (hoTorpaduii ObLIO MOJYIEHO Ha KaMepe
U jietasibHO 06paboTano EpMOJIOBBIM 1 €10 KOJLIeTaMH.

Tamant u pyz [asma @énoposuda EpMosioBa Gb1T I0CTOIHO OlleHEH MHOTHMU
M3BECTHBIMU (DU3NKAMU, BHICTYIABIIMMY HA 3aIUATE; ONTOHEHTAMHU aKaJIeMITKOM
b. M. IlonTtekopgo, urenom-koppecnongenrom AH CCCP B. U. Tombpanckmnm,
npodeccopom B. I'. KupusnoBbimM-YTpioMOBBIM, a TaKkKe TTPUCYTCTBOBABITUMU
Ha 3amure nmpodeccopamu C. C. l'epmreitnom, JI. . Jlammaycom u nipyrumu,
KOTOpbIE OTMEeTHIIN, uTo fuccepTariyst I1. M. EpMosioBa HAMHOTO IipeBbiiaeT Tpebo-
BaHUS MIPETbIBIIEMble K KAaHAUIATCKIM JICCEPTAIAM, U HAXOIUTCS Ha YPOBHE
JIOKTOPCKOI. PykoBomuTeb pabot rpyiisl ywieH-koppecnougerr AH CCCP
B. I1. [I>xesienos, TaksKe OTMETUBIIMIL GOJIBIION, BKIa, caenanubiii [1. M. Epmo-
JIOBBIM B (DM3UKY ME30HOB, TOBOPUJT O cyacTImBoM couetanuu B [1. . Epmosose
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GOJIBIIIOTO TAJTAHTA UCCIIE0BATEIS C UCKIIOUNTEIBHBIM TPYA0JI00NEM, TPAHH-
YalM C CAMOOTBEP;KEHHOCTBIO.

Bricokas mpoHUIIaTEIbHOCTD, MTOCTOSIHHBIN TTOMCK HOBOTO, CTPpEMJIeHUE
3aHUMATHCST TPYIHBIMU M aKTyaabHBIME 33jadamu cerofst BeayT [laBma Méno-
poBHrya HOBbIMU IIyTAMHU. OH CHOBa HAUMHAET UHTEPECHBIH aKcIiepuMeHT. V1 Mbl
He cOMHeBaeMcst, uTo [1aBest cymeeT mpeooieTs Bee TPYAHOCTH, YTOOBI yCIETHO
ero 3aBepInTh. Takoil y>K y Hero xapakrep.
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SHwe

31ech MbI IPUBOJIMIM TPH TIEPBbIE CTPAHUIIBI IIPOEKTA AKCIIEPUMEHTOB ¢ 15-dyTOBOII ITy-
3BIPHKOBOI KaMepoii B 1ryuke HeidTpuno E-180, KoTopslil ObL1 0406peH HalMOHAIBbHOI JJabopa-
topueii CIIA (NAL). II. @. EpMoJioB yyacTBOBaJ B paspabOTKe 3TOIrO IIPOEKTA U B IIPOBEAECHUN
3aIJIaHUPOBAHHBIX IKCIIEPUMEHTOB.
ITostHBIIT TEKCT ATOTO IOKYMEHTA OITyOJIMKOBAH 110 a/[PeCy:
http://Iss.fnal.gov/archive/test-proposal /0000 /fermilab-proposal-0180.pdf.
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ABSTRACT

A study of antineutrino interactions in the 15-ft bubble chamber filled
with a neon-hydrogen mixture is proposed. This mixture provides good de-
tection efficiency for a neutral component and lepton identification. We re-
quest a total flux of ~1019 interacting protons at the highest available energy
for the proposed program.

Our program includes the measurement of total cross sections of
antineutrino interactions, inclusive and exclusive reactions, which can be
described by either charged or neutral currents, pure lepton interactions
and searches for new particles and new phenomena.

As a first step, we ask for 200, 000 photographs at the earliest pos-
sible date with a mixture of the order of 30 atomic percent neon in the
bubble chamber.

We propose performing this experiment as a joint effort of groups
from the USSR and USA: Institute of High Energy Physics, Serpukhov;
Institute of Theoretical and Experimental Physics, Moscow; National

Accelerator Laboratory, Batavia; and University of Michigan, Ann Arbor.
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15-(pyToBas my3bIpbKOBast Kamepa, AProHHCKas HalmoHajbHas tabopatopust, barasust, CIITA.
B 70-¢ roapt I1. D. EpmoJioB 6bL1 OHIM 13 PYKOBOAUTEEH (Spokesperson) HeRTPUHHBIX
skcnepumenToB E-180 (NAL), npoekT KoTopbix OblI pazpaboTaH Npu ero ydactuu. B aTux
HKCIEPUMEHTAX BIIEPBbIE B HEUTPUHHDIX PEAKIMSIX ObLIM IETAIbHO UCCIIEA0BAHbI OOIIIe
xapakrepuctuku riayboxoneynpyroro paccesttvist. C 1989 r. o unuiatuse I1. @. Epmosiosa
rpyrna HUMSA® MTY B pamkax mexyHapoanoro corpyaandectsa (E-632) npoposskuia
n3yueHue B3auMo/IeHCTBUN HEUTPUHO U AHTUHENTPUHO BBICOKOH 9HEPTUN C SI/IPAMHU C
oMot 15-hyToBoil My3bIPHKOBOIT KaMepbl
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A search for pe events produced in an antineutrino hydrogen-neon experiment using the
Fermilab 15-ft bubble chamber is reported, Based on a single candidate, the 90%-confi-
dence upper limit for the relative yield of u*e” events is 0.5% of all charged-current
events with antineutrino energy greater than 10 GeV.

Recently evidence has been reported for neu-
trino-induced events with both a positron and a
negative muon in the final state. At high energy
these events are reported to occur at a level of
~1% of all neutrino interactions. There is evi-
dence that the rate of strange-particle production
in these events is anomalously high. The exis-
tence of these events cannot be explained in terms
of the properties of known particles and interac-
tions.!?

This Letter reports on a search for similar
events produced in an antineutrino beam. The
data are based on an exposure of 74400 pictures
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obtained with use of the Fermilab 15-ft bubble
chamber filled with a hydrogen-neon mixture con-
taining 21 at.% of neon. The density of this mix-
ture is 0.3 g cm "3 and the average y conversion
length is 140 cm.

The chamber was exposed to a broad-band dou-
ble-horn-focused antineutrino beam. An absorp-
tive plug downstream of the target was used to
suppress the neutrino contamination to less than
4% of the flux. The proton energy was 300 GeV
and the mean proton intensity was (0.8-0.9) x10*?
protons /pulse,

The external muon identifier (EMI) was used in

Reprinted from Physical Review Letters. Volume 38. Number 6. 7 February 1977. J. P. Berge
et al. “A study of Antineutrino Interactions in the NAL 15-ft Bubble Chamber Filled with
Hydrogen and Neon”, pp. 266—269 © 1977 with permission from Elsevier.

I1a crarbs gBisgeTcs nepsoi nybaukaiueil corpyanndectsoM NAL-THEP-ITEP-University
of Michigan pesynbraToB akcrepuMeHTOB ¢ 15-GyTOBOI My3BIPHKOBOIT KaMepOil B IMydKe Hell-
TpUHO HaloHaabHOI mabopartopun CIITA (NAL).
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FIG. 1. The electron-detection efficiency 7 deter-
mined from a study of electron-positron pairs plotted
as a function of electron energy E,.

this experiment. The EMI consists of approxi-
mately 600 g cm "2 of zinc absorber together with
the magnet coils inside the vacuum vessel of the
bubble chamber followed by 23 m? of multiwire
proportional chambers.® Muon candidates seen
in the bubble chamber are extrapolated to the
EMI in an attempt to match them with fitted coor-
dinates in the proportional chambers.* For low-
momentum muons both EMI geometric acceptance
and background problems are important; there-.
fore, only tracks with an acceptable match in the
EMI and with momentum greater than 4 GeV/c
are considered as identified muons,

The film was divided equally among the four
laboratories and scanned for neutral-induced
events with visible momentum along the beam di-
rection, p,, greater than about 1 GeV/c. Events
consisting of a single charged track only were not
included in the scan. A total of about 3000 events
were found. .

Events with p,>7.5 GeV/c in a fiducial volume
of 21 m® were examined by physicists searching
for evidence of electrons or positrons at the pri-
mary vertex. Each track was examined carefully
over its entire length. Any track which spiralled
smoothly to a point in the liquid or which had any
visual indication of catastrophic energy loss
—bremstrahlung (sudden curvature changes and/
or converted pairs), tridents, large 6 rays, or an-
nihilation (in the case of positrons)—was consid-
ered an electron or positron candidate, Each
electron or positron candidate was measured and
fitted over its entire length to find evidence of ra-
diative energy loss. Electron or positron candi-
dates which showed definite evidence of energy
loss inconsistent with any other mass assignment

TABLE L. List of events with single electrons or pos-
itrons with E,> 200 MeV,

Event P, E, EMI muon Ve
number  (GeV/c) (GeV) (GeV) (GeV/c)

1 26 1.4+ 0.1 None None

2 8 2.0£0.1 None? None

3 21 12+ 2 None None

4 33 32+7 None? None

5 54 35+ 5 8.7° None

6 56 56+ 13 None?® None

7 68 67+ 10 None? None

8 32 1.2+0.01 17.3¢ None

9 10 6.3+ 0.4 None None

10 42 31+8 None None
11 55 3712 None 4¢

12 153 130+ 40 None? None

2All secondaries identified as hadrons in the bubble
chamber.

YFor u* of u*e* candidate.

CFor u* of u*e” candidate.

dFor a K 50.

were considered as identified.

In order to measure the detection efficiency for
electrons produced with the same spatial distribu-
tion as the events in the bubble chamber, physi-
cists examined both tracks of each electron-posi-
tron pair produced within 20 cm of the primary
vertex of an event. Each track was examined to
see whether it would have been classified as an
electron or positron candidate with the same cri-
teria as were used for tracks from the primary
vertex. Figure 1 shows the measured electron-
detection efficiency as a function of the electron
energy E,. This efficiency decreases with in-
creasing E, to an approximately constant value
n=0.70+0.08 for E,>800 MeV.®

As the electron energy decreases, the number
of expected background events becomes large as
discussed below. Therefore, events with elec-
trons or positrons at the interaction vertex with
E,<200 MeV are not considered further. After
removing electron-positron pairs, twelve events
have an electron or positron apparently originat-
ing at the interaction vertex. These events are
listed in Table I. The energies E, are deter-
mined from curvature measurements corrected,
where appropriate, for detected bremstrahlung.

Five events have all tracks other than the elec-
tron or positron identified as hadrons in the bub-
ble chamber. Only events 5 and 8 have a muon
identified by the EMI and are considered as ue
candidates. Event 11 has a 4 GeV/c K,°; no other
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~——— CLOSE-IN COMPTON ELECTRONS

6 ——=-- ASYMMETRIC DALITZ PAIRS + ASYMMETRIC

CLOSE-IN PAIRS

EXPECTED EVENTS

FIG. 2. The expected number of background events
with E, > E i due to close-in Compton electrons and
due to asymmetric Dalitz pairs and close-in pairs,

event shows any evidence for a strange particle.

In order to assess the significance of the two
pe candidates, consider the following back-
grounds:

(1) Electron neutrinos and antineutrinos are ex-
pected to be present in the beam at about the 1%
level. Events 3 through 7 and 9 through 12 in
Table I have leading electrons or positrons and
are very likely to be v, - and 7, -induced events.
A v, or 7, event can simulate a pe event when a
hadron is misidentified as a muon by the EMI.
The probability that a hadron is misidentified as
a muon by the EMI is estimated to be ~3%. With
the assumption that all the events in Table I are
v, - or U, -induced, this background is estimated
to be ~0.03 y*e* and ~0.15 u*e” events.

(2) The film quality is such that a close-in
Compton electron vertex (within about 2 cm of
the interaction vertex) may not be resolved. This
background has been estimated from the measured
v spectrum, Figure 2 shows the expected number
of charged-current events with close-in Compton
electrons with E,>E ;.

(3) Events with asymmetric y conversions with-
in 2 cm of the primary vertex or asymmetric Dal-
itz pairs having an undetected electron or posi-
tron, apparently have a single positron or elec-
tron at the interaction vertex. With the assump-
tion that electrons or positrons with E, <5 MeV
are always undetected, the expected number of
such events has been estimated from the observed
spectrum of Dalitz pairs and close-in pairs and
is shown in Fig. 2. As E, decreases below 200
MeV the background from both sources (2) and
(3) increases rapidly.

(4) Small-angle K, decays are estimated from
the observed number of K ° decays and decay
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kinematics to contribute 0.02 ¢~ and 0.04 ¢* back-
ground events,

Event 5 is the only u*e* candidate. In addition
to the u* and the e* in this event, there are two
negative hadrons. Interpreted as a v, charged-
current event, the estimated antineutrino energy®
E; is 64 GeV, and the estimates for the scaling
variables” are x=0.001 and y=0.86. However,
the presence of a high-energy leading e * suggests
that this event may be a 7, event with a positive
hadron misidentified as a muon even though the
expected number of such events is only ~0.03,

Event 8 is the only u*e” candidate. Events of
the type p*e™ are of the particular interest be-
cause the lepton configuration is charge-conjugate
to the configuration y e* observed in neutrino in-
teractions as reported in Refs. 1 and 2. In addi-
tion to the p* and the e, there are four positive
hadrons and two negative hadrons in this event.
Interpreted as a 7, event the estimates for the
antineutrino energy and the scaling variables are
given by E;=36 GeV, and x=0.066 and y=0.51.
The combined background from all sources (1-4)
considered above for E,>1.2 GeV is 0.2+0.2
events., In fact, for this particular event there
is a small track of unknown sign at the interac-
tion vertex which could be a positron with energy
~2 MeV which would indicate that the electron is
part of a very asymmetric Dalitz pair. The elec-
tron track overlaps four other tracks at the inter-
action vertex and it cannot be excluded that it is
due to a Compton electron. The event is not con-
sidered compelling evidence for 7, -induced p‘e”
events.

Table II shows the upper limit at 90% confidence
for the yields of p*e™ and u*e* events relative to
all antineutrino charged-current events based on
a single candidate in each case, The upper limit
on the relative yield of pe events with associated
neutral strange particles detected via charged de-
cay modes (V°) is also given based on zero candi-
dates. The number of charged-current events

TABLE II. Upper limits for antineutrino-induced pe
events as a function of energy (90% confidence level).

Charged- aute”) o(utet) a(uev?)

Ej current ok *X) o(1¥X) o(L¥X)
(GeV) events (%) %) %)
>10 1120 0.5 0.5 0.3
>20 630 0.9 0.9 0.5
>30 330 1.7 1.7 1.0
> 40 160 2.1 3.6 2,1
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has been corrected for missing single-track
events.® No correction is necessary for random
scanning losses which affect both the pe events
and the other charged-current events equally,®
No correction has been applied for EMI accep-
tance; the assumption is made that the EMI ac-
ceptance for pe events is the same as for all oth-
er charged-current antinuetrino events. The up-
per limits have been corrected for the electron-
detection efficiency n =0.70. The upper limits
are applicable for electrons with energies E,
>200 MeV and for muons with energy above 4
GeV.

We wish to thank the Hawaii and Berkeley
groups for their assistance in operating the EMI
and for making available to us their EMI pro-
grams. We also wish to thank the members of
the Neutrino Laboratory at Fermilab and the
scanning, measuring, and secretarial staffs at
our respective laboratories for their contribu-
tion to this experiment.

*Visitor from the University of Bonn, Bonn, Germa-
ny.

tVisitor from the Centre d’Etudes Nucléaires de Sac-
lay, Saclay, France.

{Visitor from the Rutherford High Energy Laboratory,
Chilton, Didcot, Berkshire, England.

'H. Deden et al., Phys. Lett. 56B, 361 (1975).

%J. Von Krogh et dl., Phys. Rev. Lett. 36, 710 (1976).

°R. J. Cence et al., University of Hawaii Report No.
UH 511 217 76 (unpublished), and Lawrence Berkeley
Laboratory Report No. LBL-4816 (to be published).

‘In this experiment, a muon is considered to be iden-
tified by the EMI if the muon confidence level for the
match is greater than 4% and if the hadron confidence
level is less than 10%.

The electron-detection efficiency measured in this
experiment is somewhat higher than the value quoted
in Ref, 2 “about 20—30%.” A more recent determina-
tion from the same group [J. Von Krogh, in Proceed-
ings of the International Conference on the Production
of Particles with New Quantum Numbers, University
of Wisconsin, Madison, Wisconsin, 1976 (unpublished)]
gives the result 0,48+ 0.07 for E,=1~5 GeV.

$The antineutrino energy E; is estimated for indivi-
dual events with use of an average correction for neu-
tral energy-loss characteristic of the total event sam-
ple.

"The scaling variables are defined by x =Q?%/2mv and
y =v/E5 where @? is the square of the four-momentum
transfer, v is the energy transfer to the hadrons in the
lab, and m is mass of the proton,

8The missing single-track events are expected to be
largely confined to the region of small y. The number
of missing events is estimated assuming a y distribu-
tion of the form dN /dy =(1+y +3y? —By (1L —3%y) with B
=0.8 (see for example W, G, Scott, in Particle Seavch-
es and Discoveries—1976, AIP Conference Proceedings
No. 30, edited by R. S. Panvini (American Institute of
Physics, New York, 1976) and extrapolating toy =0.
The correction is 14% for E; > 10 GeV and less at high-
er energies.

9The scan efficiency was measured in a partial dou-
ble scan and was found to be 92+ 2%,




INO3APABJIEHUA KOJIJIET 110 CJIYYAIO
30-JIETUA II. ®. EPMOJIOBA

30 urona 1982 r.

IIyTh B Hayke

Compyonuxu OUT HUUAD MT'Y

30 uions 1982 roga ucnonusiercs 50 net
€O Hs1 poxk/ieHust HadasnbHuka OTesa uame-
puTesibHON TexHukn podeccopa Epmomnosa
[TaBsa MémopoBuya.

[Iyte B nayke II. @. EpmosnoB Havau
B 1955 rony nocsre okoHYaHUS (PUBUIECKOTO
(axysibTeTa TIEHUHTPAJICKOTO YHUBEPCUTETA.
EMy mocyacTuBuIOCHh paboTaTh B KPYyII-
HeHIMX HayuyHbIX 1eHTpax CoBeTCKOTO
Coro3a, 3amagHoit EBpornsr 1 AMepukm.

B /ly6ue, B O6beIMHEHHOM WHCTUTYTE
sIepHBIX nccsenoBannii ¢ 1955 mo 1966 rog
UM ObLJT BBITOJIHEH PSI/T OYEHb BAKHBIX M B METOIUYECKOM IIJIAHE TPYIHBIX
AKCIIEPUMEHTOB 110 MCCJIEJOBAHUIO PEJIKUX AJEKTPOHHBIX KAHAJIOB pacnaja
MUOHOB, M0 U3YYEHUIO CBOWCTB ME30aTOMOB U ME30MOJIEKYJI, TI0 U3MEPEHUIO
BEPOSITHOCTH 3aXBaTa MIOOHOB IpoToHaMu. Ho ocobeHHo 6oJibiioe 3HaYEHIE
uMesia pabora 1Mo 0OHAPYKEHUT0 AHOMAJIbHO OOJIBIIIOTO BBHIXO/A SIIEPHBIX
peaknuii B fefirepun npu p-kataause. Jta pabora akTyalbHa ¥ B HACTOSIIIEE
Bpemsi. B 1980 roxy satot nuks padot 6u1 yaoctoen 1-it mpemun OUAN.

B 1966 roxy I1. ®@. EpmoJios Hauas paboraTh B MIHCTUTYTE (DUBMKHU BBICOKMX
sHepruii, B IIporBuno. B TO BpeMs pasBopaunBasnuch pabOThI 10 CO3MAHIIO
aTOro KpyIHeliniero B Haiieil ctpane entpa. U I1. @. Epmosnios ¢ suTy3u-
a3MoM B3sics 3a pabory. Heboubinas nepBoHadanibHo JabopaTopus BBIPOCIa
B OT/IeJI C COTHSIMU COTPY/JHUKOB. BBLT cO3/1aH TPOCMOTPOBO-M3MEPUTEIbHBIN
KOMILTIEKC, 06eCeunBaIonii B HacTosIee BpeMsi 06paboTKY HECKOJIbKIX
coTeH ThIcsY cTepeodoTrorpaduii ¢ My3bIPbKOBBIX Kamep B roj1. [lapasnienbno
¢ OpraHM3anMOHHOI paboToll o cospanuio enrpa MBI nposoauiuch
U HayuHble uccaenoBanus. Cpean HUX HY;KHO OTMETUTD (PyH/IaMeHTalIbHbIe




160 Yacmo 2. [lokymenmol k 6buozpagpuu

paboThI IO U3YUYEHUIO MHOKECTBEHHBIX MPOIECCOB B PP-B3aUMOIEHCTBUSIX
pu 70 T'9B, 0030pHbIe dKCITEPUMEHTHI HA CEMAPUPOBAHHBIX MYYKAX YACTHUI
B untepsasie 30—70 T'5B. II. D. EpmoJioB yessi 601bIioe BHUMaHWUE ¥ TI0/I0-
TOBKE HAYYHBIX KQIPOB BbicOKOU kBanudukanuu. [lox ero pykoBogcTBOM
BBIPOCJIO MHOTO YYEHBIX, KAaHN/IaTOB HAYK.

[IpexkpacHBIM UTOTOM MHOTOJIETHUX PadOT, HAYATBIX C CO3/IaHUS IKCIIE-
PUMEHTATBHON 6a3bl U 3aKOHYMBIIMXCS MOJTYYEHUEM BaKHBIX (DU3NIECKUX
Pe3yJIbTaTOB, SIBUJIACH JOKTOPCKas auccepTalus, 3amuiiernas 1. @. Epmo-
JgoBbIM B 1974 Topny,

I1. @. EpMoJIoB 1 €ro paboThl XOPOIIIO U3BECTHBI 3a pyOeskoM. OH yuacTBOBAI
B COBETCKO-(DPAHILy3CKOM 9KCIIEpUMeHTe, COBMecTHbIX akcriepumenTax ¢ CERN,
usyuasi, paborast 8 bataBuu, HeliTpuHHBIE B3auMOieiicTBUS Ha 15-hyToBOI
y3bIPbKOBOIT Kamepe. TeM caMbiM OH BHeC OOJIBINOI BRI/l B PA3BUTHE MEK/LY -
HAPO/IHBIX CBs13€il Halllell HayKH.

MHoro/IeTHSS TIJI0/I0OTBOPHAS HAYYHO-TIe/IaTOTUYeCcKast U OPraHu3alnoOHHasT
NesATeIbHOCTD ObLTa BEICOKO otteHeHa: IT. . EpmoJioB ObLT HarpaskieH OpIeHOM
«3HaK 1moveras.

B 1978 roay II. @. EpmoJios Hauan paborars 8 HUMAD MTI'Y u BHOBB
B3SJICS 32 HEJIETKYIO 3a/1a4y CO3/JaHUU U3MEPUTETbHO-BBIYUCIUTETHHOTO
1ieHTpa, rosioBaoro B cucteme Munpysa CCCP u 1o cBouM Maciitabam mpuoIim-
xkatomerocst K kpynueimnm mearpam CCCP. U omsath pabota HaunHaIach
C HYJIS, C OJTHOTO CTOJIA B UyKOM ITOMEII[eHUN.

3a xopotkuii cpok 1oz pykosozacTsoM I1. M. EpmosioBa GbL1 co31an oTAE,
o106panbl KBATU(GUIIMPOBAHHBIE KAZPbl (DU3UKOB M WHIKEHEPOB, TTOJTYYEHO
U BBEJICHO B CTPOU coBpeMeHHOe obopymoBanue. U XxoTst ocHoBHast pabora
elie BIIEPe/N, B OT/IeJie yiKe HauyaTa 00paboTKa MePBhIX 9KCIIEPUMEHTATHHBIX
TAHHBIX.

Corpyanuku otaena 3uaiot [TaBia MéxopoBruua Kak 1esieyCTPEMIEHHOTO,
IpelaHHOTO HayKe YeJoBeKa. 3HAIOT U KaK IPUHIIMINAIBHOTO KOMMYHHUCTA
Y OT3BIBUMBOTO TOBAPUIIIA.

[TaBen @énopoBuu EpMoIOoB HAXOAUTCS B paciiBeTe TBOPYECKUX CHI.

Konnextus oTnena nusMmepuTeIbHON TEXHUKY JKeJIAeT €My 3/I0POBbS 1 aJTh-
HEeUIINX yCIIeXO0B.

1o Hameii apbl

Compyonuxu JIHB UDBI

Ucnonusiercs 50 ner [any Ménoposuuy EpmosioBy, ueoBexy, ¢ nMeHeM
KOTOPOTO CBsI3aH BasKHEHINii iepruojt B uctopun HCTUTYTA (PUBUKHM BBICOKUX
sHepruii B Cepmyxose. 3a 10 jiet ipu ero HerocpeacTBeHHOM yuactun DB
[IPEBPATUJICS B OAMH M3 KPYIHEHINX B MUPE IEHTPOB 10 06paboTKe Huib-
MOBOI WH(MOPMAIIUT € TTY3BIPHKOBBIX Kamep. OT MPOCTHIX N3MEePHUTETbHBIX
MukpockonoB [IYOC no coBpemennbix npoektopoB [1YOC-4M, ot rpy1ibt
B 20 4yeT0BEK /10 MOy TBICSTIHOTO KOJJIEKTUBA — BOT Iy Th CEKTOPA ITy3bIPhKOBBIX
Kamep, BO TsiaBe KoToporo ctosn [TaBenr Dénoposuy. Bozuukarotue Ha 9TOM
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MyTH YPe3BBIYATHO CJIOKHBIE OPraHU3aAIMOHHbIE, MHKeHEePHO-TeXHUYEeCKIe
U Hay4dHbIE MPOOJIEMBI PEIIAJNCh B KpAaTYalIline CPOKU ¢ IPUCYIIIHUM €My
3HAHUEM [IeJ1a, dHepTueli U 9HTY31Ma3MOM.

HecMoTpst Ha oTpoMHYIO opranusanunoHHyto padory, [lasea Méxoposuy
HUKOT/Ia He 3a0BbIBAJI M O HAyYHOU JeATeIbHOCTU. PyKoBoANMAas UM jrabopa-
TOPHUS YCHENTHO BBITTOJHUJIA TPOTOH-TIPOTOHHBIN 9KCITIEPUMEHT Ha KaMepe
Mirabelle ipu 70 I'sB, B KoTOpOM GBI TIOJIyYeH Psiji HHTEPECHBIX (DU3UUECKUX
pe3ysbTaToB. JIJIsT MHOTUX MOJIOJIBIX COTPYIHUKOB JTA0OPATOPHUM ITOT IKCITE-
PUMEHT SIBUJICSI IPEKPACHOI IKOJON CaMOCTOSITE/IbHON Hay4HOI pabOTHI.
1975 rog, roj «<ouapoBaHus», 3actaer Ilapia Méxoposrya u ero 1abOpPaToOpUIo
HEHTPUHHBIX B3aWMOJIEHCTBUI Ha MepeHeM Kpae MCCIe0BaHnil B obracTu
HEUTPUHHON (PU3NKU: yIAaCTHUKAMU COBMECTHOTO COBETCKO-aMEePUKAHCKOTO
AHTUHENTPUHHOTO dKcIepuMeHTa Ha 15-(yToBOI My3bIPHbKOBOI KaMepe.
Hab6aonenue ye-coObITil, OTCYTCTBUE Y-aHOMAJINM, Je€TaJbHOE HCCIIeL0-
BaHMe CBOICTB IPOIECCOB IIyOOKOHEYTIPYTOrO pacCessHust aHTUHENTPIHO
Ha HYKJIOHAX — JIaJIEKO He TTOJTHBIN TepedeHb YHUKATbHBIX PE3YTbTATOB, TTOJTY-
YEeHHBIX B 9TOM 9KCITEPUMEHTE.

B aT0oT 3HAMeHaTe b HbII AeHb JIabopaTopus HETPUHHBIX B3aMMOIECTBUI
DB cepaeuno noszapasisier Bac, goporoii Ilasen Ménoposud, ¢ roduaeem
1 JKeJaeT KPEIKOro 3/[0POBbs, CUACThSI U JJAJbHENINNX yclieXoB B Bameit
MHOTOTPAaHHOHN HAYYHON /1€ TeJIbHOCTH.



KYPCOM HTII!
I1. EPMOJIOB, 3asedyrowuii omoerom HUUSD, npogheccop

XopoIio u3BeCcTHO, 4T0 Hanbosree hyHIaMEHTAIbHBIE TIPOOJIEMbI CTPOCHIMS
Marepuu Ha CBEPXMAaJIbIX PACCTOSHUSIX PEIIAIOTCS B CJIOKHBIX UCCIIeI0BAHUSIX
3JIEMEHTAPHBIX YACTUI] U UX B3aUMOJIEHCTBUM, IPOBOJIMMBIX HA YCKOPUTEIIX
BBICOKUX DHEPTU.

BypHbiii noxbeM 9T0ii 06J1aCTH HAYKK B TIOC/IEIHUE TO/IbI 00YCJI0BJIEH 3amMeya-

TEJIbHBIMU JOCTUKEHUAMUN TEOPUU N IKCIIEPUMEHTAJIbHBIMU OTKPBITUAMUA, TAKUMUA
KaK yCTaHOBJIEHUE MaciTabHOR NHBAPpMaHTHOCTHN MHKJ/IIOSUBHbBIX ITPOIECCOB,
KBaHTOBasA XpOMO/IMHaMHWKa U KBapK-TVIIOOHHAsA CTPYKTYpPa CUJIbHO BSB.HMOI[eﬁ-
CTBYIOIUX YaCTUIL, €IMHCTBO JIEKTPOMArHUTHBIX 1 cJ1abBIX CHJT 1 JIOKa3aTeJIbCTBO
CyIIE€CTBOBAHUA ITPOMEKYTOYHOIO BEKTOPHOT'O 6030Ha, 06Hapy>1<eH1/Ie ceMelicTBa
HOBBIX HECTaOUJIbHBIX AJ[POHOB, CBA3AaHHBIX C TAKEJIbIMU KBapKaMU.

ITH U APyrUe BaKHbIe YCHEXU ObLIU JOCTUTHYTHI TOJBKO Giaropapst
Pa3BUTUIO YCKOPUTEJIeH U MEeTOJI0B UCCIe/J0BaHNS, OCHOBAHHBIX HA UCIIOJIb-
30BaHUU HOBEUNINX JOCTUKEHUN TEXHUYECKUX HAYK U COBPEMEHHOI TeXHO-
JIOTUH, B TOM YKCJIe OPUEHTUPOBAHHBIX Ha IPUMeHEeHNe MOIHBIX CPE/ICTB

! Tazera «MockoBckuii Yuusepcurers, Ne 3(3533) ot 21.01.1987. Py6pura «Ha mepennem
Kpae HayKI».
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BBIUMCINUTENBHON TEXHUKU U 3JIEKTPOHUKU. 3/eCh ce/lyeT HAIIOMHUTD,
4TO MMEHHO B (hU3HMKe BBICOKKX aHepruii 6osbine IBM u cucrembl 06paboTKu
Ha UX OCHOBE NMPUMEHSIINCH y3Ke B KOHIle 50-X TOZ0B. ITO CBSI3aHO ¢ GOJIBIION
UHOOPMATHBHOCTHIO UCCIELYEMBIX OOBEKTOB, KAKOBBIMU SIBJISTIOTCSI MHOTO-
YaCTHYHbBIE B3aMMO/ICHCTBUS WK MPOAYKTHI Paciiajia HecTabUIbHBIX YACTHII,
a TaksKe ¢ OBICTPOIPOTEKAOIIUMI TPOIIECCAME U HEOOXOMMOCTHIO BBIIETICHIST
B peaJibHOM Macintabe BpeMeHH PeIKUX sIBJIEHUIT Ha yPOBHE OOMBIITOTO (hoHA.

MT'Y kax Beaymniuii By3 1o MOJATOTOBKE HAYUYHBIX KAJIPOB U KPYITHEUIIU]
HAYYHBIN TIEHTP CTPAHbI, ECTECTBEHHO, HE MOKET CTOSITh B CTOPOHE OT Pa3BUTHS
reHepaJbHOTO HallpaBJieHus: coBpeMeHHo dhusuku. [lo nnnimaruse u oz pyko-
BozicTBOM akazeMukoB A. A. Jlorynosa u C. H. Beprosa 8 HUMA®D 6bii paspa-
6oran n B XI nsitusietke co3man kpynneiimuii B cucteme Munsysa CCCP u AH
CCCP usMepuTeIbHO-BBIYNUCUTEBHBIN KOMILIEKC TI0 06paboTKe HHMOPMAIIUK
¢ GOJIBIITNX TPEKOBBIX JIETEKTOPOB, YCTAHOBJIEHHBIX HAa COBETCKUX U 3aPyOeKHBIX
YCKOPUTEJSX BICOKUX 9Hepruil. OH OCHOBaH Ha MCIIOJIb30BAHUN TTPEIU3H1-
OHHBIX U3MEPUTETHHBIX TIPHOOPOB, KOHTPOJUPYEMBIX MAIBIMU W MUKPOI BM
1 pabOTAIMMI B PEATbHOM BPEMEHU IOJ] OOIINM yIpaBieHueM aByx JBM
EC-1045.

ABTOMATH3MPOBAHHAS CHCTEMA CITOCOOHA MTPOBOAUTD TTOJHBIN ITUKJ 06pa-
601ku 110 100 THICSY CHUMKOB B TOJI € JIF0OOBIX (DOTOHOCUTEIEH, BKJIFOYAs CTEPEO-
CHUMKHM € GOJIBIIKX My3bIPHKOBBIX KaMep, TMOPUIHBIX CUCTEM, ObICTPOJIEHCTBY-
0NN aBTOMATU3WPOBAHHBIN aHAN3 MH(MOOPMAITNHU B SI/IEPHBIX (DOTOIMYIIBCHUSX,
a TaksKe rosiorpaduueckux u3obpaskenuii. Biarogapst asromy GhusvKY 1 HaYMHA-
IoII1e MccieoBaTe n OJIYYUIN BO3MOKHOCTb Yy4aCTBOBAaTh COBMECTHO C BeJly-
UMY WHCTUTYTaMU, CTPAHbBI U 3apyOesKHBIMI IIEHTPAMU B aHAJIN3€ KPYITHOMAC-
TaGHBIX HKCIIEPUMEHTOB B 00JIACTH aJiPOHHON U HEUTPUHHOI (DU3UKH.

ITO COCTaBJIIET OCHOBY 11€JIeBOI KoMILekcHoi rrporpammbl MunByza CCCP
«@u3nka BbICOKUX aHEPTUi» Ha XII maTuieTky, ToJI0BHON opraHusalueit
B KoTopoii sBssiercst HUMAMD. PaspaboratHas cucrema u O BM mmpoko uemosib-
3YIOTCS B y4eOHOM MPOIIeCcCe, a TAaKKe JIJIst TPOBE/ICHNST HAYYHBIX UCCJICI0BAHUIA.

Uraxk, caenan BaKHBIN, HO TOJBKO TEPBBIN IIar B pa3BUTUU METOJUYEC-
CKOU 6a3bl HKCIIEPUMEHTAIbHON (hU3NKKM BbhICOKUX aHepruii 8 HUMAD.
Bynymiee — B pa3paboTKe U CO3[[aHUU KOMIBIOTEPU3UPOBAHHBIX YCTAHOBOK
C 9JIEKTPOHHBIM CheMOM HMH(pOPMAIWH, TIPeJHaA3HAYECHHBIX I pabOTHI
Ha yckoputesisax. [lepBas n3 HUX — MAaTHUTHO-CIIUHTUJIISITMOHHBIN CIIEKTPO-
metp — cosgana B HUMAD u yxe peiictByer Ha yckopuresire OObeIMHEHHOTO
MHCTHUTYTA SIZIEPHBIX UCCIen0oBanuil. Bropas sHaunrebHO GoJiee MOIIHAST yCTa-
HOBKa — CIIEKTPOMET] C BEPIIMHHBIM JIeTEKTOpoM — co3gaercss B HUMAD
coBMecTHO ¢ HayuyHo-uccie0BaTeibCKUM BbIYMCAUTENbHBIM 1leHTpoM MI'Y
U PSJIOM JIPYTUX UHCTUTYTOB.

B nacrosiniee Bpemst HanboJiee mepcreKTUBHBIM HAIIPABJIeHNEM CTaHO-
BUTCS TOJITOTOBKA K MCCJIEOBAHUSM HA KPYITHEHIIIEM B MUPE YCKOPUTETHHO-
HaKOMUTEITbHOM KOMILIEKCe, coopyskaeMoM B HcTuTyTe husmkm BbICOKUX
9HEPTHil. 3/1eCh OTKPHIBAIOTCS TIyTH K TIPOBEPKE TEOPHUH, 00bEIUHSIONNX BCe
M3BECTHbIE HAM CUJIbI IPUPO/IbI, IOUCKU BO3MOXKHOI CTPYKTYPbl KBAPKOB
U JIENITOHOB, TO €CTh HAYKH, TpeOyIoIieil 00beIMHEHHBIX YCUTUIA MHOTUX KOJLIEK-
THUBOB, U KOTOpasl /IeT MOJIO/IbIX, TAJIAHTIMBBIX U IPelaHHbIX (DU3UKe clielra-
JINCTOB — MBI HaJIeeMCsl — BOCIUTAHHUKOB MOCKOBCKOTO YHUBEPCUTETA.
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28 anpesst 1988 r. TocymapcTBeHHBIN KOMUTET 110 U300PETEHUSIM U OTKPbI-
TUSIM 3aPErUCTPUPOBAJ OTKPbITHE, caeaHHOe B OObeIUHEHHOM MHCTHU-
TyTe SIepHBIX nccaenoBanuil uneHamu-koppecnongeatamu AH CCCP
B. Ixkeneniosbim u C. TepinteiiHoM, JOKTOPOM (hU3UKO-MAaTEMATUUECKUX HAYK
[1. EpmonoBbiM 1 kaHuAaTaMU (DU3UKO-MaTeMaTHUYeCKUX Hayk J. Becmanom
u B. OuibyeHKOBBIM. S1epHast peakIys CUHTe3a MEeXKy aTOMaMU BOZOPOIa
U €ro M30TOMaMU JiefiTepueM U TPUTHEM HeOObIYailHO BaKHA JIJIST BCETO YeJio-
BeuecTBa. HeoGysmanHass — B COTHSAX U ThICsTYaX GOErOJOBOK, OHA BHYIIAET
OTIPaBJIAHHBIN y:Kac JIO/ISIM, C YIIPaBJseMoil ske ee hopMOil HacereHue 3emMin
CIIPaBE/JIMBO CBSI3BIBAET HAEK/BI HA Jydliiee Oyyiiee, Ha 9HEPIeTHUECKY IO
006€eCTIeYeHHOCTD HaIIEeH TTMBUIN3ATIIH.

Muorwue ro/pl GusuKu OIOTCS HAl TEM, KaK 00y3/1aTh CBOEHPABHBIN sijiep-
HbIi cuHTes. /17151 oJiyYeHrst 9HEPTUH HA/I0 CHAYaJIa ee 3aTPaTUTh, YTOObI cOH-
3UTD S7ipa aTOMOB. BOT 1 HarpeBaoT 1MyIasMy /10 COTEH MUJLTMOHOB TPAlyCOB.
Ycnexu Ha 3TOM IyTH €CTh, HO 710 TOOE/IbI elile He OJIM3KO.

Kyna menee n3BecteH 1pyroil BO3MOKHBIH Ty Th — TaK HAa3bIBAEMbII XOJIOHBIN
A/lepHBIN cUHTE3. B 9TOM cirydae B KauecTBe KaTaJIn3aTopa s/IepPHOI PeaKInu
UCTIOJIb3YIOTCSI MIOOHBI — 3JIEMEHTAPHBIE YACTHUIIBI C 3aPSIZIOM, KaK Y 9JIEKTPOHA,
HO B 200 pa3 Tsuxesee. TyT Toke cHauaIa HAIO BIOKUTD SHEPTUIO — B KAuecTBe
reHepaTopa MIOOHOB HCIIOJIB3YIOT MOIIHBIN YCKOPUTEIb. MIOOHBI GOMOAPAUPYIOT
BOJIOPO/I M €T0 M30TOIIBI 1 00Pa3y 0T MIOOHHBIE aTOMBI. (Y HUX BOKPYT SIZ[pa BMECTO
9JIEKTPOHA BpaIaeTcst MiooH ). M3-3a 60JIBINON MacChl MIOOHA PAa3MeEPbI ITUX
aromoB B 200 pa3 menbiiie. [ToaTomy B MoJIeKy1aX MIOOHHOTO BOIOPO/IA, JA€HTEPUST
U TPUTHUSA 1/IPA OKA3BIBAIOTCS HA MAJIOM, HYKHOM JIJIs PEAKIIMK CHTE3a, PAcCTO-
stuun. [Tocsie curTe3a MIOOHBI OCBOOOKIAIOTCS, U BCE TOBTOPSIETCS] CHOBA.

Ousukn 13 J{yOHbl 00HAPYIKIIIM, YTO TPU ONPEIETEHHON, OJIM3KOI K KOMHAT-
HOM, TeMIiepaType JeliTepus 1 JaBJIeHnu Bcero okoso 40 atMmocdep cKopocThb
06pa3oBaHus MIOOHHBIX MOJIEKYJI, @ CJI€I0BATEIbHO, U YMCIIO PEAKIHIA CHHTe3a
PE3KO BO3PACTAET, U 32 CBOI KOPOTKUI BEK MIOOH YCIIEBAET C/eIaTh JOBOJIBHO
mHoro. Kak rmokasajim BIIOC/IeICTBUI HCCIIEIOBAHNS Y HAC B CTPAHE ¥ 32 PyOEKOM,
9TO SIBJICHNE e1I1e SIPUe MPOSBIISIETCS B CMECH JIEUTEPHs C TPUTHEM B OIIPEIeTIEHHON
nponopiwu. TyT orH MIOOH criocobeH Bbi3Bath 6ostee 150 peakimii ciHTe3a. ITO
elle He OTPaB/IbIBAET IMOJHOCTHIO PACX0/IA SHEPTUH HA €T0 POK/IEHNE, HO BCE Ke
OTKPBIBAET TIEPCIIEKTUBBI OCYTIECTBJIEHIS XOJIOIHOTO S/IEPHOTO CHHTE3A.

! Coobiienne o perucTpaiun oTKpbIThs, caenantioro 8 OMAN B. I1. [xxenenosbim, C. C. Tep-
mrreitnom, [1. @. Epmosiosim, 3. A. Becmanowm, B. B. @uibuenkosbiM. M3sectust ot 29.04.1988.
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CUCKYIICHHBIN B (DHU3UKE

YUTATCIIb, B3F}'IF{HYB Ha Ha-

3BAaHME, MOJAYMAET, YTO aB-
TOPBI XOTAT 3aUHTPUTOBATH €TO
U3JIUIIHE 3MOIMOHAIBHON (dpa-
301. HO OHA JEUCTBUTENBHO OTPA-
JKAeT HEOOBIYHO OCTPYIO U IPOTHU-
BOPCYHMBYIO CHUTYAIHIO, CIOKUB-
MyIOCs CEMYAC C OTKPBITHEM U UC-
CIEeJOBAHUEM HEKOTOPBIX CyOBs-
JEPHBIX 9aCTHUILL.

CoBpeMeHHasg KapTHHA (DU3H-
YECKOI'O MHPA HA 3JIEMEHTAPHOM
yposHe mnpejacrasasgercs CraH-
JApPTHOU MOJIENBI0O — TEOPHUEH,
KOTOpast ycrmemHo paboraer 60-
nee 30 ner. CraHgapTHASA MOJEIb
BKJIIOYAET B CEOS TEOPHUIO IJNEKT-
pocnabex B3aUMOJAEHCTBUN 13-
moy—DBarnbepra—Canama u Teo-
PHIO CUJIBbHBIX B3AUMOJECHUCTBUIT —
KBAHTOBYIO XPOMOJMHAMHUKY.

JIK30TUYECKMUE YACTULbI

B CramgaprHon mojenu (pyH-
JAMEHTATBHBIMU COCTABIAIOMUMHI
BEMIECTBA ABIAIOTCA MECTD JEITO-
HOB M IIECTh KBAapKOB. IlepBhie
TPU JIETKUX KBAPKAa 0603HAYAIOT-
cs OykBaMu u, d U §, OT AHIVIUH-
CKUX CIOB up (BepXHuUit), down
(HMKHUN) U strange (CTPAHHDBIN).
ITepenocyukamMyu B3AUMOJCHUCT-
BUH CIyKaT 6030HBL (GOTOH, BEK-
TOPHBIE OO30HbBI M I'IOOHBL Teo-
pus CUIbHBIX B3aUMOJACUCTBUM
OINUCHIBACT CUJIBI, YAECPKUBAIOMIKE
KBAPDKM BHYTPH aIDOHOB — 4Yac-
THI], U3 KOTOPBIX, B YaCTHOCTH,
COCTOHMT BEIECTBO. B cooTBeTCT-
BHUH C 3TON TEOPUCH KBAPKHU B3aH-~

© Epmonos I1.O., Ky6aposckuii A.B.,
Huxurun B.A., 2007

IHaeen ®edoposur Epmonos, 00kmop pu-
3UKO-MAMEMAMULCCKUX HAYK, npopeccop,
3a6e0Y10uyull 0Mmoenom IKCNePUMeHMAanbHOL
pusuru v.cokux dnepeuti Hayuno-uccneoo-
8AMENLCKO20 UHCMUMYMAa 20ePHO PUu3uKu
umJ/l.B.Cxobenvyvina MI'Y. 3anumaemcs 9Kc-
NnePUMeHMAanbHO-MeOPeMULeCKUMU UCCILe-
008AHUAMU INCKMPOCAAOBLX U CUNLHBLX B3a-
umooeticmeuti. Jlaypeam npemuu Cosema
Munucmpos CCCP (1984).

Anexceii Barepvesuu Kybapoeckuii, xar-
ouoam GuU3UKO-MAMEMAMULCCKUX HAYK,
cmapuinii Hayunolil COmpyoHuKx moz2o e
omoena. O6aACMb HAYUHLIX UHMEPeCO8 —
aKCnepuMenmansroe uccredosamnue poxoe-
HUA 04APOBAHHBLX HACMUY, IKIOMUUECKUX
6apUOHHbBLX COCMOARUL, AOPOHHAA CNeKm-
pockonus.

Baraoumup Anexceeéuu Hurxumun, 00%K-
mop Pu3UKo-mamemamu1eckux Hayx, npo-
gpeccop, navarvrukx cexmopa Jlabopamopuu
pusurxu vacmury, O6se0UHeHH020 UHCMUNMY -
ma A0epHuLx uccaedosanuli. Iaypeam Iocy-
oapcmeennoii npemuu CCCP (1983).

MOJIEHCTBYIOT IPYT C IPYTOM, 006-
MEHHUBAACH OCOOBIMM YaCTHIIA-
MU — TJIOOHAMU. KBapKH, 1€nTO-
HBI 1 ITIIOOHBI HA JAHHOM YPOBHC
HAIIMX 3HAHUN OKA3BIBAIOTCA HC-
TUHHBIMM 3JIEMEHTAPHBIMHU YaC-

TUILAMH, T.C. HE UMCIOT BHYTPCH-
HEH CTPYKTYPBIL.

AZDOHDBI, UMEIOIUE CIOKHYIC
CTPYKTYPY, B 3aBHCHUMOCTH O1
KBAPKOBOTO COCTaBA JAENATCA H3
ME30HBI U OAPUOHDI; ME3OHBI CO-

NPAPOTA ¢« Ne7 « 2007

[

! Crarpsi-naypeat konkypca PODOU. ITpupoaa, Ne 7, ¢. 11, 2007. PenpunT ¢ pasperieHust

JKypHasa.
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®U3BUKA

CTOSIT M3 KBAPKA M aHTUKBApKa
(qq), a 6apuOHBl — U3 TPEX KBAP-
KOB (gqq). CaMble <«IIOTIYJIAPHbIE>
AZIPOHBI — IPOTOHBI U HEUTPOHBI,
craraiomue sijiep BCEX XUMHYeC-
KUX 3JE€MEHTOB. KBAPDKOBBIA CO-
CTaB INPOTOHA — JBA U-KBAPKaA
" OJIUH d-KBapK (uud), a HEUTPO-
Ha — udd. B 1poTOHE MOCTOAHHO
BO3HHUKAIOT U HCYE3AI0T KBAPK-aH-
THUKBAPKOBbIE TIAPbl WU IJIIOOHBI,
YTO XaPAKTEPHO I CHIBHOI'O
B3aUMO/ICHCTBUA. 3/1€Ch HAC OyeT
HHTEPECOBATD €IE U «CTPAHHBIN»
S-KBAPK, KOTOPBII BXOJAUT B CO-
craB K-ME30HOB U CTPAHHBIX 0a-
PUOHOB — T'UIIEPOHOB. Takue yac-
TUILBE B 40-X rO1ax OblIM OOHAPY-
JKEHBl B KOCMHUYECKUX JIyydX,
4 Cervac B OOJBIMUX KOTUYECTBAX
POXAAIOTCA HAa  YCKOPHUTENX.
K-ME30HBI U THIICPOHBI XapaKTe-
PU3YIOTCS CTPAHHOCTBIO — KBAH-
TOBBIM YHCJIOM, KOTOPOE YKa3bIBA-
€T Hd HAJTUYHUE B UX COCTABE XOTS
6Bl OHOTO CTPAHHOTO KBApKa.
CTPaHHOCTDb §-KBAPKa PaBHA MHU-
HYC €IMHHUIIE, T03TOMY OOBIYHBIE
6apUOHBI HE MOT'YT MUMETh I0JO-
JKUTENBHYIO CTPAHHOCTb.

Ha ceropiHsmuun JIeHb KBAH-
TOBAsS XPOMOJMHAMHUKA OCTATOY-
HO XOPOIIO OMUCHIBAET BCE MHO-
roobpasue  3KCHEPUMEHTAIBHO
Ha6JII0/JAEMBIX ME30HOB U H6apHO-
HOB, OOBEAUHSAS UX B MYJIbTUIIIC-
Thl (OKTETBI, HOHETBl U JIEKYIUIE-
TBI), TTOJOOHO TOMY, KaK TAGIHUIIA
MeHgeneeBa OObEAUHACT XUMH-
yecKue 3j1eMeHTh (puc.l). Kpome
TOT'O, 3TA TEOPUs NPEACKA3BIBACT
1 JIPYTHE, «9K30THUECKHUE>, 0ObEK-
TBI, TAKHE KK INIIOOOJBI (CBA3AH-
Hbl€ COCTOAHUA ITIOOHOB, g9), TU-

O6puabl  (CBA3AHHBIE COCTOSIHUSA
KBAPKOB U INIIOOHOB ggq ), 4 TaKXKe
MHOTOKBAPKOBBIE COCTOSHUS, Ha-
npuMep TETPAKBAPKHU (¢qqq) WU
TIEHTAKBAPKH (9994q).

O BO3MOKHOCTH CYIECTBOBA-
HUsI TICHTAKBAPKOB B Havaxe 60-X
IOJIOB YIOMMHAJI OJIMH U3 CO3/ia-
Tenen Teopun KBapkos M.Temn-
MaHH, a TAKK€ U3BECTHBIN (PU3UK-
teopeTuk PJxadde ns Maccauy-
CETCCKOTO TEXHOJOIMYECKOTI'O MH-
cruryra. Jxadde npepnoxu
ONHUCAHUE TEHTAKBAPKOB B pPaM-
KaX CO3JJAaHHOW UM «MOJICJIU MEII-
KoB> [1]. B aTOM MOmEnH aipOHbBI
paccMaTpUBAIUCh KAK CBOCOOPA3-
HBIC TY3bIPbKU — «MCIIKH», BHYT-
pU KOTOPBIX JIBUXKYTCA KBApKH,
KBAPK-aHTUKBAPKOBBIE mapbl
U I'TIOOHBL. IIONBITKH 3KCIEPU-
MEHTAJIBHO  3aPETUCTPUPOBATH
CBOOO/IHbIE KBAPKM MM TJIIOOHDI
HE YBEHYAJIUCh ycnexom. [Toaromy
B CTAaHZAPTHON MOJIENU MOCTYIIH-
pyeTcs CBOMCTBO IUIEHEHHUA WU
HEBBIJIETAHUA KBAPKOB U IJIIOOHOB
13 aPOHOB. Bo BCex mpeaioxen-
HBIX MOJIC/IAX HEHTAKBAPKU ObLIH
OYCHDb TSAKEIBIMU U UMEIM OYE€Hb
MajI0€ BpeMs KU3HU.

Bpems JKU3HM HECTAOUIBHON
CHCTEMBI OJJHO3HAYHO CBA3aHO
C HEOTIPEJICTICHHOCTRIO €€ MaCCHI.
OTO IPaBUIO B KBAHTOBOU MEXa-
HUKE HA3bIBACTCA COOTHOIIEHUEM
HEONPEAEIEHHOCTH BPEMA-IHEDP-
rus (MU macca). Bmecro repMuna
«BpeMs KU3HN> (PU3UKU 329ACTYIO
MPEATIOUYUTAIOT UCIIONB30BATh O-
HATHE <IIMPUHA PACTIaa», T.€. YEM
60JbIIE BpEMs JKU3HHU YACTHILBI,
TeM MEHBIIE €€ MUPUHA (MHTEP-
BAJI, B KOTOPOM JIEKUT €€ IHEPTUS,

Puc.1. OkTeT U aekynnet 6apuoHOB, NOCTPOEHHbIE HA OCHOBE KBApKOBOW MoAeny
KBAHTOBOI xpomMopuHamuku. CTpaHHOCTb 0603HaueHa byKBOI s, @ 3apap — §.

niad, uHaue, Mmacca). C TOUKHU 3pe-
HUS AKCIEPUMEHTATOPA ITOT TEP-
MHUH O3H44aeT pasbpoc (pucnep-
CHIO) PE3YIbTATOB HM3MEPEHUS
MaCCBHl Ha OOJBIMIOHN CTATHCTHKE
co6pITUH. B KBAapKOBOIT MOjENH,
COrJIAaCHO HanboJsee MOMYIIPHBIM
TEOPHUAM, MEHTAKBAPKHU JIOJIKHBI
HUMETHh MACCy opAaKa 2 3B u mu-
puHy nopsaaka cotTen MaB, uto ze-
JIaeT HAOMIOJECHUE TAKHUX YaCTHIL
OYEHD CIOKHBIM.

DKCHEPUMEHTAIBHOE HAOIIO-
JIEHUE 3K30TUUYECKUX COCTOSHUIA
1 U3Y4EHHE UX CBOMCTB CTANO OB,
HECOMHEHHO, OYEHb IICHHBIM Ma-
TEPUAJIOM IS JaJbHEHUIIETro pas-
BUTUS TCOpI/II/l CHUJIBHBIX B3aMMO-
JgercTBrui. Ha cerousmuni JeHb
cpean  ME30HOB  HaBIIOAAI0TCA
KaHJU/AThl B TJII000NB U JIpyrue
3K30THYECKUE PE3OHAHCHI (BKIIO-
4yasg OTKPBITBIE HEJABHO B HeE-
CKOJIBKUX JTA60OPATOPHUAX TSKEIbIE
pesonancol  X(3872), X(3970),
Y(4260)), 0fHAKO OKOHYATEIHLHO
3TU PE3yJAbTATHI €Ille HE HHTEp-
IIPETUPOBAHBL DK30THYECKUEC Oa-
PUOHBI 10 HEJABHET'O BPEMEHU HE
PEruCTPUPOBAIUCE.

JpyruMm Mo/ IX0/J0M B OTTMCAHUN
cTpoeHnusa GAPUOHOB CHYKUT TAK
HA3BIBAEMAS «MOJIE/Ib KHUPATbHBIX
COJIMTOHOB», KOTOPAsl TAKKE OCHO-
BBIBACTCSl HA PENICHUIX YpaBHE-
HUH KBAHTOBOM XPOMOJMHAMHUKH
U pa3pabaThIBACTCS TEOPETUKAMU
B TEUEHHE HECKOIBKUX IECATKOB
siet. KupanapHbple COMUTOHHBIE MO-
JICIU TPEJIOKEHDBl AHITTUUCKUM
¢usukom T.Ckupmom B 1961 1. [2].
[IpeanoaaraeTcs CymecTBOBAHUE
1OJIsL C HEJIUHEHMHBIM CAMOJCHCT-
BreM. KBaHTBI HJIM YACTHUIIBI 3TOTO
IIOJIs IO CBOUM CBOHCTBAM OIU3KKN
K XOPOIIO U3BECTHBIM T-ME30HAM.
ITpu BO3OYNK/JCHUU TAKOTO OIS
BO3HHUKAIOT YEJUHEHHBIC BOJHBI —
COJUTOHBI. SIBICHUE COJUTOHOB
NPUBBIYHO I MaKPOCKOIHYEC-
KO (PU3UKKM (HApUMEP, BOJHBI
IIYHAMH — 3TO COJUTOHBI). Moje-
JI OCHOBAHBI Hd MaJIOM KOJTMYECT-
B€ HUCXO/IHBIX MPUHIIUIIOB U JAI0T
BO3MOKHOCTb BEChbMa 3KOHOMHO-
IO ONMHCAHUSA GAPHUOHHBIX CHCTEM
C Pa3MUYHBIMU CBOUCTBAMU. B ux
paMKaxX YTBEPXKAACTCS, YTO BCE
Jlerkue 6apUOHBI — 3TO COJUTOH-
HbIE PEIIEHUS YPABHEHNH KBAHTO-

]
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BOM XPOMOJMHAMUKH, T.€., HAIIPH-
MED, MPOTOH COCTOUT HE U3 TPEX
TOYEYHBIX KBAPKOB, 4 IPE/ICTABIIA-
€T COO60M pa3Ma3aHHOE B IPOCT-
pancTse none. Tak yAaeTcs Hemno-
XO ONMCAThb MACCOBBIE CIEKTPHI
U3BECTHBIX JICIKUX OapUOHOB,
4 3d0[IHO U NIPEJCKA3ATh CYMECT-
BOBAHME AHTHUJIEKYIJIETA TEHTA-
KBAPKOB, C IETATBHBIM OITUCAHUEM
UX CBOMCTB M pacmajos. TepMuH
«AHTU/IEKYIIET> O3HAYAET JIMIIb
TO, 4TO Ha pUC.2 purypa nepesep-
HyT4 BEPIIMHOH BBEPX IO CPABHE-
HHUIO ¢ (purypoit Ha puc.l. Ho Tak
JK€, KaK Ha puc.l, CTPaHHOCTDb
NPEJCTABIEHHBIX YACTHI] BO3PAC-
TAET CHU3Y BBEPX. B HMXHEM pagy
HAXOAATCS 4aCTUIBl C  JBYMS
CTPAHHBIMU KBAPKAMH, T.€. UMEIO-
MKE CTPAHHOCTD —2. A B BEPIINHE
pacmosiaraeTcsa MEHTAKBapKk O ¢
3K30TUYECKON CTPAHHOCTBIO +1.
OCHOBBIBASICH HA MOJIEIM KHUPAJb-
HBIX COJUTOHOB, B 1987 r. mojb-
ckuii teopetuk M.IIpacanosBuy
MpeCKa3al CyIEeCTBOBAHUE JIET-
KOrO IEHTaKBapKa C Maccou
1530 M3B, 0gHAaKO B €ro TEOpHUH
OBIIIO MHOT'O CBOOO/IHBIX ITAPAMET-
pOB, TIO3TOMY /sl 3KCIIEPUMEH-
TANbHON NMPOBEPKUA OHA HE TOJHU-
gach. CUTyanuss M3MEHUIACh B
1997 r. mocine Ony6IMKOBAHUS
CTATbU TEOPETUKOB u3 CaHKT-
IeTepbypra J.Jpsakonosa, B.Iler-
posa u M.IlonsgkoBa, B KOTOPOH
NIPEJICKA3BIBANOCH CYIECTBOBAHUE
AHTUJIEKYIJIETA JIETKUX TIEHTa-
KBApPKOB. /[lng IOCTPOEHHUA aAH-
TUJEKYIJIETA aBTOPBI B34JIM pPa-
Hee HAOGMOAABIIYIOCS YaCTUIY
N(1710), npejnoNoKuB, 9TO OHA
COCTOUT M3 MATH KBAPKOB. B pe-

uussd

ddssu

Puc.2. AHTMAEKyNNeT neHTaKkBapKos,
npenoXeHHbI [IbAKOHOBbIM,
MeTpoBbiM 1 MoNAKOBLIM.

3YJIbTATE HA BEPXYIIKE TPEYT'OJb-
HHUKA OKazaics ©'-6apuOH C Mac-
cort 1530 MaB, mupuHo# pacnaja
<15 M3B, KBapKOBBIM COCTABOM
ududs ¥ TIONOKUTENIPHOU CTPAH-
HOCTBIO (CM. puc.2). ©'-6apuonH
JOJIKEH OBUI PACHAaThCs HA HEM-
TPOH U K'-ME€30H WM HA IIPOTOH
u K°-ME30H, U 3TO /]aBAJIO JKCIIE-
PUMEHTATOPAM IPAMOE yKa3aHUE,
B KAKUX PEAKIMAX CIEJYET UCKATh
3K30TUUECKYIO 9aCTHIY [3].

NepBbie
3KCnepuMeHTaNbHble
HaMeKHu

ITepsoe coobuieHue o HabI0-
JeHun ©*-6apuoHa MOCTYHHIO
B Havazne 2003 r. u3 Anonuun. Kou-
JIEKTUB cOTpyaHudecTsa LEPS, pa-
60TaIOMUI Ha ATOHCKOM YCKOPH-
Tene SPring-8, Habmoan OKoJIo
20 cobpITHH, B KOTOPBIX POXa-
JACh YACTHUI[A C MaCCOH OKOJO
1540 M3B u mupunoi I' < 25 M3B,
pacmajaiomasacs Ha HEUTPOH U
K*-me30H. Taxkoit pacmaj mo3BO-
€T OAHO3HAYHO OIPEAEIUTh
CTPAaHHOCTb ©*-62pUOHA: OHA OKa-
3ajach paBHOM +1, U, crego-
BATEJIbHO, MUHUMAJIbHBIN KBAPKO-
BBIN COCTAB [TAHHOW YaCTHIIBl —
ududs [4]. Bckope mocne 3TOro
0 HabI0AeHUN O©-6apHOHA CO00-
muaa rpynna DIANA U3 MOCKOB-
CKOTO MHCTUTYTA TEOPETUYECKOHN
U 3KCHEPUMEHTAIbHOU (DUUKU

~KBaHTb! BbICOKOM
3Heprum

Z

fpentepuesas
MUILLEHb

(UTDD), koTopas 3aHOBO 06pabo-
TaJla IaHHbIE, NTOJy4eHHbIE B 80-X
I'oj1ax B 9KCIEPUMEHTE C KCEHOHO-
BOM MY3BIPHKOBOM KaMePOU. B Tom
3KCHEPUMEHTE MEHTAKBAPK Ha-
Gmofancs B mydke K'-ME30HOB,
B3AMMO/ICHCTBOBABIIUX C SAPAMU
KCEHOHA, U PACHa/aJICs HA CTPaH-
HbIM K°-M€30H U IPOTOH [5].

ITOCKONBKY B TAKOM pEAKIIUU
CTPAHHOCTH TOXKE paBHA +1, MOX-
HO C YBEPEHHOCTBIO I'OBOPUTH O
Ha6/I0/JCHUN TIECHTAKBAPKA. DTHU
3KCIIEPUMEHTBI MOJACTETHYNIN (DH-
3UKOB U3 JIPYI'UX J1a60pPaTOpUIL,
u Bckope (B 2004 r.) o perucrpa-
MM TEHTAKBAPKA JONOXKUIU CO-
tpysuudectsa CLAS (Jlabopato-
pus um.T.Jxepdepcona, CIIA),
Saphir (ELSA, Tepmanus), Hermes
u ZEUS (DESY, l'epmanus), COSY-
TOF (COSY, Tepmanus), CBI-2
(MHCTUTYT (U3UKH  BBICOKHUX
sHepruit — UOBY). O Habmoxe-
HAU ©-6aproHA COOGUIMIN TaK-
JKE€ TPYIIB 9KCIEPUMEHTATOPOB,
KOTOPbIE aHAIU3UPOBAJIH JJAHHBIE,
MOJIy4EHHBIE HA Iy3BIPHKOBBIX Ka-
Mepax HanmmoHnanpHOIT 1aboparto-
pun um.D.®epmu (CIIA), EPHa
n OO6BEIUHEHHOIO WHCTUTYTA
AgepHbIX uccaepopanuit (OVAN)
[6]. Ha puc.3 cxeMaTu4ecku nu3ob-
PaXEH MPOLECC BO3MOKHOTO 00-
Pa30BaHMA MEHTAKBAPKA HA yCTa-
Hoske CLAS B CIIA.

Onucatp HEOOBIYHBIE CBOMCTBA
3TOU YaACTULBl (MANIyI0 MACCy
U IMIUPUHY) B3SUINCh MHOTHE U3BE-

NeHTaKksapk

d
Q9=
HEMTPOH
o

K

Puc.3. nntoctpaums npouecca, B KOTOPOM POXAAETCH NEHTaKBAPK

B akcnepumente (Jefferson Lab., CLLUA).
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(ud)

w

(ud)

Puc.4. B mopenu Ixadde—Bunyeka
neHTaKBapK MOXET NpeACcTaBnATh
co60it CBA3AHHYIO CUCTEMY U3 [IBYX
AMKBApKOB W O{HOM0 aHTUKBApKa.

CTHBIE TEOPETHUKHU, MPEJAraBuIe
CaMBple PA3TUYHBIE TEOPETUUECKUE
MOJeNH. YK€ YIOMHUHABIIUICA
Ixadde n naypear HobeneBckoi
npemun O.Bundexk Npeanoxuin
CBOIO MOJI€NIb, B KOTOPOH IEHTa-
KBAPK COCTOAT U3 ABYX JIUKBAPKOB
(ud) ¥ CTPAHHOTO AHTHKBAPKA §
(puc.4) [7]. B apyrux mopenax
MEHTAKBAPK MPEJCTABIAT COOOH
CBA3AHHOE COCTOSIHUE TPUKBAPKA
U JUKBAPKA, 4 HEKOTOPBIE TEOPE-
TUKU NIpeIaraau mMogensb KN-mo-
JIEKY/IbL. B 06mEeN CI0KHOCTH 32
J1Ba r'OZla MMOSIBUIOCH OKO0 500 Te-
OpeTUYECKUX PabOT, B KOTOPHIX
Pa3BUBAJINCH CTAPBIE U HOBBLIE
MOAXO/bI B ONTUCAHUKM MHOT'OKBAP-
KOBBIX cucTeM. [To aTOoMy moBoay
Ha OAHOM u3 KoHdepeHnuit Ipa-
CaJIOBUY 3AMETHII, UTO <«TEOPETH-
yecKkoe OOOCHOBAHUE CYIIECTBO-
BAHUS TIEHTAKBAPKOB C MAJIOM IIU-
PHHON HAa CErOJHAIMHUI ACHD /a-
HO BO MHOTHX Pa3JINYHBIX MOje-
JIaX, U €CIn B SKCHCpI/IMCHTHX
C BBICOKOHM CTATUCTHKOM OOGHApY-
JKUTbh TEHTAKBAPKU HE YAACTCA,
TO 3TO OY/JET elle 60JbIIEH 3araj-
KO¥M, 4yeM HX HEOOBIYHO Maias
MacCa ¥ OMIUPUHA>.

PacTywas HeyBepeHHOCTb

K navany 2004 r. 4ucI0 mojo-
JKUTEIbHBIX PE3YNIBTATOB CTAJIO
NPUOGIMKATHCA K TONYTOPA AECAT-
KaM, ¥ Ka3aJI0Ch, YTO HET HUKAKUX
COMHEHHIT B TOM, UTO ©*-6apuoH

cymecrsyeT. OJJHAKO MOABUINCH
paboThl  HEKOTOPBIX dABTOPOB,
B KOTOPBIX BBICKA3BIBANUCH MPEJ-
MTOJIOKEHUSA O TOM, UTO HA6II0/[a€-
Mas 4aCTULA MOKET OBITh PE3YIIb-
TATOM OMMOKM B AHANIMU3E IKCIIE-
PUMEHTAIBHBIX IAHHBIX, «OTPAKE-
HUEM» IPYTUX, YKE U3BECTHBIX Pe-
30HAHCOB WJIH K€ MPOCTO (DIYKTY-
aLMEN, IOCKOJNbKY CTATHUCTUKA
MTOJIOKUTENbHBIX 3KCIIEPUMEHTOB
6bl1a HE OYEHDb BBICOKA. CTA/IM 11O~
SABJISITHCS COOBIIECHUS O PE3YJIbTa-
Tax JIPYIUX 3KCIEPUMEHTOB, Ha-
npumep HERA-B (DESY), BES-II
(IHEP, Kurair), ALEPH (LIEPH),
CDF, HyperCP (HanuonanpHas na-
6oparopust um.D.Pepmn), SPHINX
(MDBD, Poccnus), a TakkKe 3KCIie-
PUMEHTOB HAa TAK HA3bIBAEMBIX B-
¢abpukax — Belle (KEK, Anonns)
u BaBar (SLAC, CIIIA), B KOTOPBIX
MEHTAKBAPK C Maccou 1530 MaB
ob6HapyxeH He 6bi1 [6]. Hamo 3a-
METHUTH, YTO GOJBITUHCTBO OTPH-
LATENbHBIX PE3YIBTATOB OBLIO MO-
Jy4eHo n1ub0 Ha e'e-Koynmaipe-
pax, 1160 B 3KCIEPUMEHTAX C a/j-
DOHHBIMHU  IY4KAMU  BBICOKOH
9HEPIUU. A IO MHEHUIO HEKOTO-
PBIX TEOPETHUKOB U 3KCIIEPUMEH-
TATOPOB, B MOAOOGHBIX 3KCIEPH-
MEHTAaX BEPOATHOCTH HAGIIOLATH
YaCTUIly U3 NIATH KBAPKOB OYEHb
Hu3ka. Heo6x0/1MMO OBIIIO IPOBE-
CTU pAJl 3KCIEPUMEHTOB U Ha-
6paTh CTATUCTHUKY, JOCTATOYHYIO
JUIS TOTO, YTOOBI YOEUTENBHO /10-
Ka3aTb WU K€ YOEeJUTEIbHO OI-
POBEPTHYTH CYLECTBOBAHUE 3ard-
JIOYHOM YyacTUIbl. M Takue 3Kcme-
PUMEHTBI 6BUIM MOCTABIEHBI (DU-
sukamu u3 rpynn LEPS, CLAS
n COSY-TOF. B ato xe BpeMsa
rpynmna DIANA u3 UTO® o6paba-
THIBAJIA OCTABIIYIOCS YACTh CBOUX
JAHHBIX, 4 B HAIIEM 3KCIIEPUMEH-
Te CBJI-2 cO31aBAJIMCh HOBBIC AJI-
TOPUTMBI, KOTOPBIE MOIJIH MO3BO-
JIUTHh NPUMEPHO HA MOPSAJOK yBE-
JIUYUTD CTATUCTHUKY.

Pe3ynbpraTbel HOBBIX 3KCIEPH-
MEHTOB Ha ycraHoske CLAS mo-
SBUINCH B Hauyane 2006 r. [8].
B 3THX 3KCHEPUMEHTAX C BBHICO-
KOI CTATUCTUKON Oblaa CAETaHa
MONBITKA MOJTBEPAUTD HPEJBINY-
MUHA [OJOXKATEIbHBIN PE3YIbTAT,
OOGHAPOJOBAHHBIN TEM JKE KOJ-
nekTuBOoM B 2003 1., 2 TaKXKe UC-

CJIEJIOBATh BO3MOKHOE POKICHUE
©*-6apuoHA B JIPYIUX PEAKIMAIX,
IJle Iy90K 3HEPTUYHBIX IaMMa-
KBAHTOB B3aUMOJEHUCTBOBAN C
NIPOTOHOM, HEUTPOHOM WIU AJ-
pom jgeitrepus. OgHAKO 06HAPY-
JKUTb IEHTAKBAPDK HE Yy/al0Ch.
ITpUIIIOCh NPU3HATD, YTO MPEJbI-
JyIIME MONOKUTENbHBIE PE3YILTA-
Thl OKa3aJIUCh UIPOM CTATUCTUKHU
1 KaKUX-TO APYIUX (PU3HYECKUX
MIPOLECCOB, KOTOPBIE HE ObIIM yU-
TEHbl NPU AHAIU3E JaHHBIX. Ho-
Bble 3KcrepuMeHTE CLAS mocra-
BUJIN ITIOJ COMHECHHE U PE3YABTATHI
corpyanuuectsa  SAPHIR, mo-
CKOJIbKY OblIa MCCIEAOBAHA IO-
XOKas peakius ¢ 60JIbIIEH CTATH-
CTHUKOI. B TO k€ camoe BpeMst Obl-
JIM TPEJICTABIEHBl HOBBIE PE3YIIb-
TATHl MEPBOOTKPBIBATENEH TIE€H-
TaKBapKa — AINOHCKOT'O COTPY/-
HuvyecTsa LEPS m poccuiickoro
DIANA. B AIOHCKOM 3KCIIEpUMEH-
T€ ObIIO HOATBEPKIAEHO 06pa30-
BaHUE O'-6apUOHA NPU B3AUMO-
NEUCTBUM I'AMMa-KBAHTOB C A/1pa-
My jeirtepus, a rpynmna DIANA,
06paboTaB BCE CBOM JAHHBIE, 11O~
Ka3aJ1a, YTO B 9KCIIEPUMEHTE JICH-
CTBUTEIBHO HAGIIONAECTCH Y3KUH
pE3OHAHC € TOJOXUTEIbHON
CTPAaHHOCTBIO. IIMK OcCTaxcd Ha
mecre [9].

Hawe «pa»

DKCIEPUMEHTANbHAA YCTAHOB-
ka CBJI (CriekTpoMeTp C BEpPHMIUH-
HBIM JIETEKTOPOM) OblIa CO3JaHa
B Havyasne 90-X roJioB COTpyAHUYE-
cTBOM Hay4HO-UCCIE0BATENb-
CKOTO MHCTUTYTA AAEPHOI (Pu3u-
ku MIV (HUUAD MIV), UDBD,
OUWAN npu yyactun TOUIMCCKOTO
IOCY/IaPCTBEHHOI'O YHUBEPCUTETA.
VCTaHOBKA NPEAHA3HAYATACh I
HUCCIEOBAHUA PEIKUX CIy4aen
POXIEHUA «OYAPOBAHHBIX» YaC-
TUL, (KOTOPBIE COAEPKAT B CBOEM
COCTABE TAXKENbIN C-KBAPK) HA yC-
kopurene V-70. Ha nepsom aTane
HUCCIEJOBAHUN B Ka4yeCTBE BEP-
MUHHOI'O JETEKTOPA U MUIICHU
HCIOJb30BANACH CIENUATBHO Pa3-
paboTaHHAA BOAOPOJHASA MY3bIPb-
KOBas Kamepa — npubop, mo3Bo-
JA0MUAR poTorpaduposarh Tpe-
KM 3aPSAKEHHBIX YACTHUI], KOTOPBIE

]
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POXIAIOTCA IPHU B3aUMO/IEHCTBUI
Iy4Ka IIPOTOHOB C BEIIECTBOM Ca-
MOH KaMmepsl. [1y3bIpbKOBAsA KaMe-
pa — oueHb TOYHHIH npubdop
(IPOCTPAHCTBEHHOE PA3PEIICHUE
My3BIPbKOBOM Kamepsl Ha CBJI 6bI-
JIO OKOJIO 3 MKM), OJJHAKO MEJIJICH-
Hbll — Ha CBJ] 66110 06padoTano
Bcero okono 100 Teic. ororpa-
¢uit [10]. TToaToMy Jyis BTOPOTO
3TANa UCCIEAOBAHUN OBUIO NPHU-
HATO PENIEHHUE CYIECTBEHHO MO-
JIEPHU3UPOBATDH YCTAHOBKY. Bmec-
TO Iy3BIPHKOBON KaMEPbl OBLI yC-
TAHOBJIEH BIIEPBbIE Pa3pabOTaH-
HBIH B POCCUM TNpENU3UOHHBIN
BEPIIMHHBINA J€TEKTOP HA OCHOBE
KPEMHHUEBBIX MOJNYIPOBOJHUKO-
BBIX CEHCOPOB. JIETEKTOD M CYH-
TBIBAIOI[ASl CUTHAJIBI JIEKTPOHUKA
ObITH CIpOEKTUPOBaHbl B HUUSAD
MIV, U®BD B COTPYAHHUYECTBE
C NPEANPUATHAMU 3JTEKTPOHHOMU
NPOMBIIIJIEHHOCTH 3€Ie€HOorpaja
(puc.5). BepumMHHBINA AETEKTOP
PETUCTPUPYET BEPIIMHY B3aUMO-
JIEUCTBUA IIy4Ka NPOTOHOB C BE-
MECTBOM MMIIEHHU U YIJIBI BBUIETA
3aPAKEHHBIX YACTHUI, KOTOPBIE
MOTOM OTKJIOHAIOTCA CHJIbHBIM
MAarHUTHBIM IIOJIEM, U UX UMITYJIb-
Cbl UBMEPSAIOTCA C TIOMOIIBIO Mar-
HUTHOTI'O CHEKTPOMETPA 0oOmen
JUIMHOM OKOJIO 4 M. CHEKTPOMETP

Puc.5. Mpeumn3noHHbIi MUKPOCTPUNOBLIA BEPLNHHbI feTekTop ycTaHoBkN CBJI-2,
YCTaHOBJIEHHBI HA ONTUYECKON CKaMbe. [leTeKTop, Haxoaswmics
B CBETOHEMPOHULLAEMOM KOpMyCe, COeMHACTCA C NOMOLibI0 Kabeneit ¢ MopynamMu

CYMTBIBAIOWEN INEKTPOHUKMU.

COCTOUT M3 18 MPOMmOPIIMOHAIIb-
HBIX KaMep, PErucTPUPYIOMHUX
MOMEHT IIPOJIETA 3APSKEHHOM Ya-
cTUIBl. B cocTaB  yCTaHOBKU
CBJI-2 BXOJUT TaKXKE JIETEKTOD
YEPEHKOBCKOI'O M3JIy4EHUs, 103

BOJIAIONUIT ONPENENATh THUI Yac-
TULBI (OH OTJENAET MPOTOHBI OT
- 1 K-ME30HOB), 4 TAKXE MHOTIO-
KaHAJIbHBIM  JETEKTOp TraMma-
KBAHTOB. CXEMATUYECKU YCTAHOB-
ka CBJ/I-2 n3o6paxkeHa Ha puc.6.
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Puc.6. IkcnepumeHTanbHas yctaHoeka CBJl-2 (cxema). 1 — MUKPOCTPUNOBbI BEPWUHHDI A€TEKTOP, 2 — AAEPHAA MULLIEHD,
3 — MarHuTHbI CNEKTPOMETP C NPONOPLUOHANbHBIMU KAMEpamMu, 4 — MarHuT, 5 — [EeTeKTOp YepPeHKOBCKOTO U3JyYeHus,

6 — [eTeKTop raMma-KBaHTOB.
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B 2002 r. Ha MOJIEPHU3UPOBAH-
HOM ycTaHoBke CBJI-2 6bu1 IpOBE-
JIEH OJJUH CEaHC PabOoThI U OJIyYE-
HO OKOJIO 50 MJIH COOBITHI B3aU-
MOJENCTBUSA NPOTOHOB C AAPAMH
KPEMHHUS, CBUHIIA U yIIeposia. DTH
COOGBITHSL OBUIN TPOAHANIU3UPOBA-
HbI C HOMOII[BIO TIPOTPAMM PEKOH-
CTPYKLIMH, CO3AaHHbIX B HUHAD
MIV. Ina o6paboTKu mpejaBapu-
TEJBbHO OTOOPaHHBIX 20 MJIH CO-
OBITHIT ObLI IPUBJIECYEH BBICOKO-
NPOU3BOJUTENBHBIA KOMIIBIOTEDP-
HBIM Kaactep HaydHo-uccienoBa-
TENbCKOTO BBIYMCIUTENBHOTO
neHTpa MIV. B pesynabrare Obl1
NMPOAHANM3UPOBAH CIIEKTP MacC
CHUCTEMBI, COCTOAMEN U3 MTPOTOHA
U HEUTpalrbHOro K°-mesona. [na
MOBBIMEHHUA JOCTOBEPHOCTH pe-
3YJBTATOB ObIIO CJIENAHO /IBE HE3A-
BUCUMBIE BEIOOPKHU: OTAEIBHO PAC-
CMATPUBATUCH K°-ME30HBI, KOTO-
phl€ pacnajajnuch Ha PACCTOSHUMN
10 35 MM, U K’-M€30HBI, KOTOPbIE
pacnagaanuch Ha PACcCTOAHHHU OT
35 10 600 MM oT MumeHu. Tpeku
OT pacnajos K’-Me30HOB IIEPBOTO
TUTA PETUCTPUPYIOTCA B BEPIIMH-
HOM JIETEKTOPE, MTO3TOMY U3MEpPE-
HUA YIJTIOB UX BBUIETA TOUYHEE, YEM
1711 K°-M€30HOB BTOPOT'O THIIA, I'7I€

M= 1522 + 3 (crar.) M3aB/c?

JUIL U3MEPEHUS YITIOB HUCIONb3Y-
€TCSI MATHUTHBIN CIIEKTPOMETP.

ITocne BOCCTAHOBIEHHS BEP-
MUH Pacnagos K°-Me30HOB ObLIN
MOCTPOEHBl PACIPEJAEAEHUS 10
MHBAPUAHTHON Macce K'p-cucre-
Mbl M OOGHApYXKEH Y3KHUH NUK
B Macce 1523+3 M3B ana o6oux
BBIOOPOK (puc.7). CraTucrudec-
Kasg 3HAYUMOCTb IHUKA B OOOHUX
CIy4asix OKOJO 6 CTAHAAPTHBHIX
OTKJIOHEHHUI, 2 CYMMapHOE YUCIIO
cobpiTui nmopsaka 390 [11]. droT
pEe3yABTaT MOATBEPKAAET MPEJbI-
YU TIOJOXKUTENbHBINA PE3Yb-
TaT CBJI-2, KOTOPBIH 6BLI O1y6IH-
KOBaH B )KypHase «fnepHas ®dusu-
Ka» B 2005 1. [12], mony4eHHbIid HA
MEHbIIEN CTATUCTUKE, ¥ HA CETO-
JTHAMHUANR JIEHb OCTAETCA CAMBIM
3HAYUMBIM PE3YJIBTATOM B MHUPE
Cpeliu 3KCIEPUMEHTOB, IJ€ Ha-
6mo/ancs y3Kkuit 6apuoH C Mac-
coit 0K0J10 1530 M3B.

Pusuku u3 rpynnel CBJI-2 BHuU-
MATENbHO TNPOUHCIEKTUPOBANIHA
TIOJYYEHHBIH pe3ynbraT. Bo-mep-
BBIX, OBIJIO IIPOBEPEHO, HE ABJACT-
€1 11 HABIOAEMBIF ITUK KAKUM-TO
apTeakTOM, KOTOPBIN IOJy4aeT-
€Sl U3-31 HEMPAaBUIBHO PaboTaio-
MUX NPOrPaMM PEKOHCTPYKIHU.

Bce CcOOBITUS-KAHAUAATH ObLTHA
NPOCMOTPEHBI C MOMOIIBIO MPO-
I'PAMMBbl, BU3YaTU3UPYIOMIEI HA K-
paHE MOHUTOPA BOCCTAHOBJIEHHbBIE
TPEKU. YUUTHIBATUCH TAKKE BO3-
MOJKHBIE «OTPAKEHUS» U3BECTHBIX
YaCTHUI] B 3Ty 0614CTh MACC — Ta-
ke 3(PdEKTH B NPUHITUIE MOTYT
Ha6II0aThCS, €CIU JETEKTUPYE-
MBIE YACTHIIbI HENTPABUIbHO HU/IEH-
TU(UIUPYIOTCS, HATIPUMED PEalb-
HBI T-ME30H INPUHUMAETCH 3a
MPOTOH. B IaHHOM 3KCIEPUMEHTE
TAKUE OTPAXKEHUA He HabIoja-
JIUCh. Bce 3Tu npoBepku noAgTBEp-
JWIN, YTO B 3KCHEPUMEHTE JIEH-
CTBUTEIBHO HAOMIOAAETCA PE30-
HAHC, 06NaJaI0MUH y3KOH IMUpPHU-
HOM. [laipHENIee HU3Yy4YEHUE €TI0
CBOMCTB ITIOKA34J10, YTO PE30HAHC
pOXAAeTCa  NPEUMYIMIECTBEHHO
C MaJIbIM IPOJIOJIbHBIM UMITYJIbCOM
B CUCTEME IIEHTPa MacC. Mojieb,
B KOTOPOH MNEHTAKBAPKU OOpaA3y-
I0TCA B 3TOH KHHEMATUYECKOH 06-
J1aCTH, 6bUIA HEJABHO NPEATOKEH
TEOPETUKOM U3 PU3UYECKOrO MH-
cruryra PAH C.ILBapanoseim [13].

JlaHnHpIE,  MOJyYEHHBIE  HA
CBJ/I-2, MOTYT O6BACHUTD OTPUILA-
TEIbHBIE PE3YIBTATH HEKOTOPBIX
3KCHEPUMEHTOB C HNPOTOHHBIMH

M=1523.6 + 3 (crar.) MaB/c?

350 300 4
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§ 200
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g 1 3
0 e T 0 -+ ; T T
1450 1500 1550 1600 1650 1700 1450 1500 1550 1600 1650 1700
M., MaB/c? M., MaB/c?

Puc.7. Cnektpbl macc cuctembl K°p, 3apernctpupoBaHHble B akcnepumente CB[l-2. CneBa — BeplwmHa pacnajos 1 UMNYNbCbl
K-Me30HOB perucTpupoBanuch B BEpWHHHOM AeTeKTope 1 cnekTpomerpe. CnpaBa — To/bKO B criekTpomeTpe. B o6omx
CMeKTpax BUAEH MUK, COOTBETCTBYIOWMI 06pa3oBaHmio O*-6apuoHa.

NPAPOTA « Ne7 « 2007



Ioucku nenmaxsapra npodonxcaromes 171

DU3UKA

nyuykamu, Hanpumep SPHINX wnau
HyperCP, koTopbie paboTanu B CO-
BEPIIEHHO JPYroi KUHEMATHYEC-
ko obmnactu. K coxanenuio,
g 6oJiee ETaNbHOIO M3y4EHUS
CBOMUCTB HAOII02€MOT'O PE3OHAH-
ca 400 cOOBITUH HEZOCTATOYHO,
Tak Kak (GoH Benuk. Heobxoaum
HOBBIN 3KCIHEPUMEHT, CO CTATUC-
TUKOM 110 KpaiHEH Mepe B JECATh
pa3 Gosbmeit. DKCIEPUMEHTH Ha
CBJI-2 npojomKaTcsa — B HACTO-
Al1ee BpeMs yCTaHOBKA HAXOAUTCH
B COCTOSHUM aKTHUBHOW MOJIEPHU-
3alUM. YCTAHABIUBAETCH HOBBIM,
VIYYIIEHHBIN BEPIIMHHBIN [ETEK-
TOP, HOBAsl, CIIEIUAIBHO Pa3pado-
TaHHasg B OMAM cucrema TpeEKo-
BBIX JPEH(OBBIX KaMep, MOCTPO-
€HHAA HAa OCHOBE TEXHOJOI'MH
«straw tube», HOBas 3JIEKTPOHUKA
ramMmma-geTekropa. MojepHU3upy-
€TCA TPUITEPHAs CUCTEMA U CHC-
TemMa cbopa AAHHBIX, YTO MO3BO-
JIUT CYHMIECTBEHHO YBENIUYUTD 3(-
(PEKTUBHOCTD YCTAHOBKH U CKO-
poCTb HAOOPA CTATUCTKU. B 1exad-
pe 2006 1. HA MOAECPHU3UPYEMOI
ycranoske CBJI-2M 6b11 mpoBejicH
sKcrepuMenT «TepManusanus» 1mno
HU3YUEHHUIO MPEJENbHBIX MHOKECT-
BEHHOCTEN BTOPUYHBIX YACTHUIL.

Kro noctaBut TouKy?

Bompoc 0 cymecTBOBAHUH
MEHTAKBAPKA HJIH, BO3MOXHO, Ka-

KOT'O-TO JIPYyroro 06beKkTa ¢ aHano-
TUYHBIMHU CBOWCTBAMU 70 CHUX Iop
OCTAETCS OTKPBITBIM. ABTODPBHI HE-
KOTOPBIX O030pDOB YK€ DPEIININ
s cebs, 4TO NEHTAKBAPK HE Cy-
MECTBYET, MOIPOCTY HUIHOPHUPYS
MTOJIOKUTENbHBIE PE3YIBTATHI, 10-
JIY4EHHBIC MEXKIYHAPOAHBIMU CO-
TpyAHUYeCTBaMH. OIHAKO HENAB-
HO, HaIlpuMep, MOABUIACh TEOPE-
THYECKasd paboTa, B KOTOPOM IO-
Ka3bIBAETCS, YTO IIOCHEJHUE pe-
3ynbraThl 3KkcnepumenTa CLAS Ha
JIEATPOHE HE MPOTUBOPEYAT TEO-
pUU U HE MOTYT OJJHO3HAYHO OII-
pOBEPraTh IMOJOXKUTEIbHBIE DE-
3yabTarhl [14]. B gpyro# reoperu-
4yecKor paboTe ¢ ygactuem JIbsiko-
HOBAa U ITOJNAKOBA TIPEIATAETCH
HUCKATh MEHTAKBAPK B HOBBIX JIAH-
HBIX 3KcnepuMenTa CLAS, yu4nuThI-
Basg KBAHTOBYIO MHTEP(HEPEHIUIO
[15]. CrouT OTMETUTH TAKKE U BO3-
MOKHblE HAOIIOACHUSA  JIPYIUX
KaHAWJATOB B IEHTAKBADKH —
0°(3100), 2, 2°(1860), ©*(1530)
u N(1680), 0 KOTOPBIX COOOLIAIOT
COOTBETCTBEHHO COTPYAHHUYECTBA
H1 (DESY, TIepmanus), NA49
(CERN, HIsernapus), STAR (BNL,
CIIIA) u GRAAL (ESRE, ®panrnus).
IT03TOMY OKOHYATENbHBIH OTBET
MOKET OBITb MOJNYYEH TOJBKO IO-
Cjl€ aHaaM32 JaHHBIX HOBBIX 3KC-
NEPUMEHTOB € OGOJIBINOH CTATHC-
TUKOH B JOCTATOYHO MHUPOKOMN
KMHEMAaTH4eCKOH obmacTu. Oco-
6EHHO 3TO KACAETCH T€X IKCIEPU-

MEHTOB, MOJIOKUTEIbHBIE PE3YIIb-
TATBl KOTOPBIX OMPOBEPIHYTH I1O-
Ka HE y/]a10Ch.

DKCIEPUMEHTATOPHl HE CUAAT
CI0Ka PYKH — BEJETCS HAbop cTa-
TUCTUKM Ha Koynanjgepe HERA
(DESY, Tepmanus), rae paboraer
ycranoska ZEUS, o6opygoBaHHas
HOBBIM BEPUIMHHBIM JETEKTOPOM.
JanpHEUINE 3KCIEPUMEHTH 1O
MOMCKY IMEHTAKBAPKA HAMEYECHBI
B AAnonun. Hy u, HaKoHE1, NJIaHU-
pYETCsl SKCIIEPUMEHT HA YCTAHOB-
ke CBJI-2, B KOTOpOM npejmnonara-
€Tcsl HA6PATb CTATUCTHUKY, IE€CATH-
KPaTHO HPEBBIMIAIONIYIO TY, KOTO-
pasg €CTb HA CErOJHAIIHMUI JJCHb.
HoBbIE JIETEKTOPBI, MHIICHb U
CNEIUATBHBINA TPUITED JENAI0T
ycTraHoBky CBJI-2 mojxopsmert
JUIS TOMCKA HE TOJBKO IEHTAKBAP-
KOB, HO U JIpYI'UX PEJKUX aAPOH-
HBIX COCTOSIHMH, CYIIECTBOBAHUE
KOTOPHIX /IO CHUX IIOP OCTAETCH
107l BOIIPOCOM.

IIpejckazanue CymecTBOBA-
HUA IIEHTAKBAPKOB B 1997 1. 1 mo-
CIEAYIONHE MOJOKUTEIbHBIE pe-
BYJ'[I-;T’J,TBI Janu XOpOLHI/ll;I TOJYOK
1 AKCIEPUMEHTATOPAM, U Teope-
TUKaM. Hayka 060TaTHI1ach HOBBI-
MU 3HAHUAMU O (DU3UKE AZPOHOB,
HE3aBHUCHUMO OT TOr'O, KaKUM O6y-
JIET OKOHYATEIbHBINH BEPAUKT (PU-
3UYECKOr0 CcoobmecTBa O Cy-
MECTBOBAHUN TMEHTAKBAPKOB —
3TUX HEOOBIUHBIX, IK30THYECKUX
YACTHUIL. B

PaGoTa BRIIOJIHEHA IIPH HOAAepKKe Poccuiickoro ¢ponaa GyH aMeHTAIbHBIX HCCAELOBAHMN (IIPOEKTHI
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The DO Collaboration reports on a search for the standard model top quark in pp collisions at
Js = 1.8 TeV at the Fermilab Tevatron with an integrated luminosity of approximately 50 pb~'. We
have searched for ¢7 production in the dilepton and single-lepton decay channels with and without
tagging of b-quark jets. We observed 17 events with an expected background of 3.8 + 0.6 events. The
probability for an upward fluctuation of the background to produce the observed signal is 2 X 107°
(equivalent to 4.6 standard deviations). The kinematic properties of the excess events are consistent
with top quark decay. We conclude that we have observed the top quark and measured its mass to be
199*1) (stat) =22 (syst) GeV/c? and its production cross section to be 6.4 + 2.2 pb.

PACS numbers: 14.65.Ha, 13.85.Qk, 13.85.Ni
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In the standard model (SM), the top quark is the weak
isospin partner of the » quark. The DO Collaboration
published a lower limit on the mass of the top quark of
131 GeV/c?, at a confidence level (C.L.) of 95%, based
on an integrated luminosity of 13.5 pb~! [1]. A subse-
quent publication [2] reported the top quark production
cross section as a function of the assumed top quark mass.
In that analysis, we found nine events with an expected
background of 3.8 + 0.9 events (statistical significance
1.9 standard deviations) corresponding to a production
cross section of 8.2 = 5.1 pb for an assumed top quark
mass of 180 GeV/c?. The Collider Detector at Fermi-
lab (CDF) Collaboration published evidence for top quark
production with a statistical significance of 2.8 standard
deviations, a top quark of mass 174 * 10%]3 GeV/c2,
and a production cross section of 13.9i2j§ pb [3]. Pre-
cision electroweak measurements predict a SM top quark
mass of approximately 150—210 GeV/c?, depending on
the mass of the Higgs boson [4]. In the present Letter,
we report new results from the DO experiment that firmly
establish the existence of the top quark.

We assume that the top quark is pair produced and de-
cays according to the minimal SM (i.e., t7 — W*W ™ bb).
We searched for the top quark in channels where both W
bosons decayed leptonically (ex + jets, ee + jets, and
upm + jets) and in channels where just one W boson
decayed leptonically (e + jets and u + jets). The single-
lepton channels were subdivided into b-tagged and un-
tagged channels according to whether or not a muon was
observed consistent with » — u + X. The muon-tagged
channels are denoted e + jets/u and p + jets/u.

Here we present an analysis based on data collected
at the Fermilab Tevatron at \/s = 1.8 TeV with an inte-
grated luminosity of 44—56 pb~!, depending on the chan-
nel. In the present analysis, the signal-to-background
ratio for a high-mass top quark was substantially im-
proved relative to Ref. [2]. An optimization of the selec-
tion criteria was carried out using Monte Carlo top quark
events for signal and our standard background estimates.
The result of this procedure was a factor of 3.7 better
background rejection while retaining 70% of the accep-
tance for 180 GeV/c? top quarks. This corresponds to a
signal-to-background ratio of 1:1 for a top quark mass of
200 GeV/c?, assuming the expected SM top cross section
[5]. The improved rejection arises primarily by requiring
events to have a larger total transverse energy.

The DO detector and data collection systems are de-
scribed in Ref. [6]. The triggers and reconstruction algo-
rithms for jets, electrons, muons, and neutrinos were the
same as those used in our previous top quark searches [1,2].

The signature for the dilepton channels was defined as
two isolated leptons, at least two jets, and large missing
transverse energy . The signature for the single-lepton
channels was defined as one isolated lepton, large £, and
a minimum of three jets (with muon tag) or four jets (with-
out tag). The minimum transverse momentum pr of tag-
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ging muons was 4 GeV/c. Requirements pertaining to
the magnitude and direction of the Fr, the aplanarity of
the jets A, and the allowed ranges of pseudorapidity 7
were similar to Ref. [2]. Muons were restricted to |n| <
1 for the last 70% of the data because of forward muon
chamber aging. Eventsinthe uu + jets and u + jets/u
channels were required to be inconsistent with the Z + jets
hypothesis, based on a global kinematic fit. The principal
difference between the present analysis and the analysis
of Ref. [2] was the imposition of a minimum requirement
in all channels on a quantity Hy, which we defined as the
scalar sum of the transverse energies E; of the jets (for
the single-lepton and wu + jets channels) or the scalar
sum of the E7’s of the leading electron and the jets (for
the ex + jets and ee + jets channels). The kinematic re-
quirements for our standard event selection for all seven
channels are summarized in Table I. In addition to the
standard selection, we defined a set of loose event selec-
tion requirements, which differed from the standard set by
the removal of the H7 requirement and by the relaxation of
the aplanarity requirement for e + jets and u + jets from
A > 005t0 A > 0.03.

For the dilepton channels, the main backgrounds were
from Z and continuum Drell-Yan production (Z,y" —
ee, up, and 77), vector boson pairs (WW, WZ), heavy
flavor (bb and c¢) production, and backgrounds with jets
misidentified as leptons. For the single-lepton channels,
the main backgrounds were from W + jets, Z + jets, and
multijet production with a jet misidentified as a lepton.
The method for estimating these backgrounds was the
same as in our previously published analyses [1,2].

Hy is a powerful discriminator between background and
high-mass top quark production. Figure 1 shows a com-
parison of the shapes of the Hy distributions expected
from background and 200 GeV/c? top quarks in the chan-
nels (a) ex + jets and (b) untagged single-lepton + jets.
We tested our understanding of background Hr distribu-
tions by comparing data and calculated background in
background-dominated channels such as electron + two
jets and electron + three jets (Fig. 2). The observed
Hr distribution agrees with the background calculation,
which includes contributions from both W + jets as calcu-

TABLE I. Minimum kinematic requirements for the standard
event selection (energy in GeV).
Leptons Jets

Channel Er(e) pr(u) Nis Er Er  Hp A
epm + jets 15 12 2 15 20 120

ee + jets 20 2 15 25 120

pp + jets 15 2 15 - 100

e + jets 20 4 15 25 200 0.05
not jets 15 4 15 20 200 0.05
e + jets/u 20 3 20 20 140
n o+ jets/u 15 3 20 20 140
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FIG. 1. Shape of Hr distributions expected for the principal
backgrounds (dashed line) and 200 GeV/c? top quarks (solid
line) for (a) es + jets and (b) untagged single-lepton + jets.

lated by the VECBOS Monte Carlo program [7] and multijet
events.

The acceptance for ¢7 events was calculated using the
ISAJET event generator [8] and a detector simulation based
on the GEANT program [9]. As a check, the acceptance
was also calculated using the HERWIG event generator [10].
The difference between ISAJET and HERWIG was included
in the systematic error.

From all seven channels, we observed 17 events with
an expected background of 3.8 = 0.6 events (see Table II).
The probability of an upward fluctuation of the background
to 17 or more events is 2 X 107%, which corresponds to
4.6 standard deviations for a Gaussian probability distribu-
tion. Our measured cross section as a function of the top
quark mass hypothesis is shown in Fig. 3. Assuming a top
quark mass of 200 GeV/c?, the production cross section is
6.3 = 2.2 pb. The error in the cross section includes an
overall 12% uncertainty in the luminosity. The cross sec-
tion determined from the loose selection criteria is in good
agreement with this value, demonstrating that the back-
grounds are well understood. We calculated the probabil-
ity for our observed distribution of excess events among
the seven channels and find that our results are consistent
with top quark branching fractions at the 53% C.L. Thus,

TABLE IL

1 (@) N (b)
> a
8 150—— 20
=] m
g 100+ 15
2 10
o -
LE 50_ 5 + ‘i’
0 T r 0 T T
0 200 400 O 200 400
H, (GeV)
FIG. 2. Observed H; distributions (points) compared to the

distributions expected from background (line) for
25 GeV/c and (a) e+ =2 jets and (b) e+ =3 jets.

Er >

we observe a statistically significant excess of events and
the distribution of events among the seven channels is con-
sistent with top quark production.

Additional confirmation that our observed excess con-
tains a high-mass object comes from the invariant masses
of jet combinations in single-lepton + jets events. For
this analysis, we selected single-lepton + four-jet events
using the loose event selection requirements (27 events).
An invariant mass analysis was performed, based on the
hypothesis 17 — W*W~bb — €vqgbb. One jet was as-
signed to the semileptonically decaying top quark, and
three jets were assigned to the hadronically decaying top
quark. The jet assignment algorithm attempted to assign
one of the two highest-E7 jets to the semileptonically de-
caying top quark and to minimize the difference between
the masses of the two top quarks. The invariant mass of
the three jets assigned to the hadronically decaying top
quark is denoted by m3;. Among the three possible jet
pairs from the hadronically decaying top quark, the small-
est invariant mass is denoted by my;. Figure 4 shows the
distribution of ms3; vs my;j for (a) background (W + jets
and multijet) (b) 200 GeV/c? top Monte Carlo simula-
tion, and (c) data. The data are peaked at higher invariant
mass, in both dimensions, than the background. Based

Efficiency X branching fraction (¢ X B) using standard event selection and the expected number of top quark events

({N)) in the seven channels, based on the central theoretical 7 production cross section of Ref. [5], for four top masses. Also given
are the expected background, integrated luminosity, and the number of observed events in each channel.

m, (GeV/c?) ep + jets ee + jets puu + jets e + jets ©n + jets e +jets/u u + jets/u All
140 € X B (%) 0.17 £ 0.02 0.11 = 0.02 0.06 = 0.0l 0.50 = 0.10 0.33 = 0.08 0.36 = 0.07 0.20 = 0.05
(N) 1.36 = 0.21 1.04 + 0.19 0.46 = 0.08 4.05 = 0.94 247 = 0.68 293 + 0.68 1.48 = 0.42 13.80 = 2.07
160 € X B (%) 0.24 = 0.02 0.15 = 0.02 0.09 = 0.02 0.80 = 0.10 0.57 = 0.13 0.50 + 0.08 0.25 = 0.06
(N) 0.94 = 0.13 0.69 + 0.12 0.34 = 0.07 3.13 = 0.54 2.04 = 053 1.95 = 0.39 092 = 0.24 10.01 = 1.41
180 ¢ X B (%) 0.28 = 0.02 0.17 = 0.02 0.10 = 0.02 1.20 = 030 0.76 = 0.17 0.56 = 0.09 0.35 = 0.08
(N) 0.57 = 0.07 0.40 + 0.07 0.19 = 0.04 242 + 0.67 141 =036 1.14 =022 064 =0.16 6.77 = 1.09
200 & X B (%) 0.31 =0.02 020 =0.03 0.11 =0.02 1.70 = 020 0.96 = 021 0.74 = 0.11 0.41 = 0.08
(N) 0.34 = 0.04 025 +0.05 0.11 =0.02 1.84 + 0.31 0.95 = 024 081 £ 0.16 041 = 0.10 4.71 = 0.66
Background 0.12 £ 0.03 0.28 = 0.14 025 + 0.04 122 =042 0.71 =028 0.85 = 0.14 0.36 = 0.08 3.79 + 0.55
JLdi(pb™') 479 +57 55767 442=+53 47957 442+53 479 =57 44253
Data 2 0 1 5 3 3 3 17
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FIG. 3. DO measured #7 production cross section (solid line (b) loose event selection.

with one standard deviation error band) as a function of
assumed top quark mass. Also shown is the theoretical cross
section curve (dashed line) [5].

only on the shapes of the distributions, the hypothesis that
the data are a combination of top quark and background
events (60% C.L.) is favored over the pure background
hypothesis (3% C.L.).

To measure the top quark mass, single-lepton + four-
jet events were subjected to two-constraint kinematic fits
to the hypothesis 17 — W W ~bb — €vqgbb. Kinematic
fits were performed on all permutations of the jet assign-
ments of the four highest-E7 jets, with the provision that
muon-tagged jets were always assigned to a b quark in
the fit. A maximum of three permutations with y? <7
(two degrees of freedom) were retained, and a single
x2-probability-weighted average mass (“fitted mass”) was
calculated for each event. Monte Carlo studies using the
ISAJET and HERWIG event generators showed that the fitted
mass was strongly correlated with the top quark mass.
Gluon radiation, jet assignment combinatorics, and the
event selection procedure introduced a shift in the fitted
mass (approximately —20 GeV/c? for 200 GeV/c? top
quarks), which was taken into account in the final mass
determination.

Eleven of the 14 single-lepton + jets candidate events
selected using the standard cuts were fitted successfully.
Figure 5(a) shows the fitted mass distribution. An un-
binned likelihood fit, incorporating top quark and back-
ground contributions, with the top quark mass allowed to

(a) (b) (c)
8

0
WO 7 ) A . ) S
S ((\'l\ S ((\'L\

<5 O

%) /))

G (A

% O % A0

FIG. 4. Single-lepton + jets, two-jet vs three-jet invariant

mass distribution for (a) background, (b) 200 GeV/c? top
Monte Carlo simulation (ISAJET), and (c) data.
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vary, was performed on the fitted mass distribution. The
top quark contribution was modeled using ISAJET. The
background contributions were constrained to be consis-
tent with our background estimates. The likelihood fit
yielded a top quark mass of 1993; (stat) GeV/c? and de-
scribed the data well.

To increase the statistics available for the mass fit, and
to remove any bias from the standard H; requirement,
we repeated the mass analysis on events selected using
the loose requirements. Of 27 single-lepton + four-
jet events, 24 were fitted successfully. The removal of
the Hy requirement introduced a substantial background
contribution at lower mass in addition to the top signal,
as shown in Fig. 5(b). A likelihood fit to the mass
distribution resulted in a top quark mass of 1993‘]’ (stat)
GeV/c?, consistent with the result obtained from the
standard event selection. The result of the likelihood fit did
not depend significantly on whether the normalization of
the background was constrained. Using HERWIG to model
the top quark contribution resulted in a mass 4 GeV/c?
below that found using ISAJET. This effect was included
in the systematic error. The total systematic error in the
top quark mass is 22 GeV/c?, which is dominated by the
uncertainty in the jet energy scale (10%).

In conclusion, we report the observation of the top
quark. We measure the top quark mass to be 199717 (stat)
+22 (syst) GeV/c? and measure a production cross section
of 6.4 = 2.2 pb at our central mass.
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Abstract

We report the first observation of charmed mesons with the ZEUS detector at HERA using the decay channel D** — (D —
K™ #")@" (+ c.c.). Clear signals in the mass difference AM=M(D*)-M (D") as well as in the M (Kar) distribution at the D°
mass are found. The ep cross section for inclusive D** production with Q> < 4 GeV? in the yp centre-of-mass energy range
115 < W < 275 GeV has been determined to be (32+7+) nb in the kinematic region {pr(D*) > 1.7 GeV, |n(D*)| < 1.5}.
Extrapolating outside this region, assuming a mass of the charm quark of 1.5 GeV, we estimate the ep charm cross section
10 be o(ep — ctX) = (0.45 £ 0.117%7) ub at \/5 =296 GeV and (W) = 198 GeV. The average yp charm cross section
a(yp — c&X) is found to be (6.3 £ 2.2153) ubat (W) = 163 GeV and (16.9 £ 5.2 $2) ub at (W) = 243 GeV. The increase
of the total charm photoproduction cross section by one order of magnitude with respect to low energy data experiments is

well described by QCD NLO calculations using singular gluon distributions in the proton.
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1. Introduction

In high energy ep collisions at HERA the leading
order QCD contribution to charm production is the
photon-gluon fusion (PGF) mechanism [1,2]. In this
process the photon participates as a point-like parti-
cle (direct photon process) interacting with a gluon
from the proton and giving a ¢C pair (yg — c¢).
The PGF cross section for ep — ¢CX behaves like
do/dQ? ~ Q2 and is dominated by the exchange of
almost real photons (Q? = 0), i.e. by photoproduction
events where the electron is scattered by a small angle.
As a consequence, the contribution of the Deep In-
elastic Scattering (DIS) regime, Q? > 4 GeV?, where
the scattered electron is seen in the main detector, is
expected to be small compared to photoproduction.

Apart from the direct channel, charm photoproduc-
tion at HERA can also proceed via the resolved photon
processes [ 3,4], where the photon behaves as a source
of partons which can scatter off the partons in the pro-
ton (mainly gg — c¢Z). QCD-based models predict
that these types of processes dominate over the direct
processes for light quark production [4,5]. This pre-
diction has been confirmed by measurements of the
ZEUS [6,7] and H1 [ 8] Collaborations. The predicted
open charm cross section at HERA has two major un-
certainties: the mass of the charm quark () [9,10]
and the structure functions of the proton and the pho-
ton. Next to leading order (NLO) corrections have
been calculated and found to be substantial [9,11].
The full NLO cross section o(ep — ¢¢X) at HERA,
obtained using m. = 1.5 GeV and the structure func-
tion parametrisation MRSD’_ [12] for the proton and
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GRV HO [13] for the photon is predicted to be ~
0.9 ub [10] at /5 = 296 GeV. A variation of m. by
+0.3 GeV changes the values of the cross sections by
a factor of 2. The predicted relative amount of the di-
rect and resolved contributions depends on the photor
structure function parametrisation. For DG [14], GRV
or ACFGP [15] the resolved contribution is less than
30%, but if the LAC1 [16] parametrisation is used
the resolved contribution can be 50% or more and the
predicted cross section can increase by almost a factor
of 2. As a consequence, estimates of the total charm
cross section o(ep — c¢X) at HERA vary between
0.3 ub and 2 ub.

We search for open charm production at HERA
with the ZEUS detector by looking for the fragmen-
tation products of the heavy quarks which produce a
D*(2010) %, The method relies on the tight kinematic
constraints of the decay chain 6

D** - D¢ —» (K~7)7e, (1)

where the momentum of the pion coming from the D*
(‘soft pion’, 7r5) is just 40 MeV in the D* rest frame.
Consequently, the mass difference [17]

AM = M(D%rg) — M(D®) = 145.42 MeV

can be measured much more accurately than the D*
mass itself. This low Q-value of the D* — DO
decay yields a prominent signal in an otherwise phase
space suppressed kinematic region, the threshold of
the M(Kmms) — M(K7) distribution.

We assume that the fraction of D** originating from
bb is negligible [1].

2. Experimental setup

Data were collected during the 1993 running period,
when protons of energy E, = 820 GeV were colliding
with electrons of E, = 26.7 GeV. Collisions took place
between 84 electron and proton bunches with typical
beam currents of 10 mA. Additional unpaired bunches
of electrons and protons allowed an estimation of beam
related background.

The total 1993 luminosity collected by ZEUS was ~
550 nb~!, of which 486 nb™! were used in the present

4 In this analysis the charge conjugated decay chain D*~ —
BO7ry — (K+tm~)my is also included.
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work. This restricted sample contains runs taken with
stable trigger conditions and the tracking chambers
operating fully in the nominal magnetic field.
Charged particles are measured by the ZEUS inner
tracking detectors, which operate in a magnetic field
of 1.43 T provided by a thin superconducting coil.
Immediately surroundmg the beampipe is the vertex
detector (VXD) [18] consisting of 120 radial cells,
each with 12 sense wires. It uses a slow drift velocity
gas and the presently achieved resolution is 50 gm in
the central region of a cell and 150 wm near the edges.
Surrounding the VXD is the central tracking detector

(CTD) which consists of 72 cylindrical drift chamber
layers, organised into 9 ‘superlayers’ [19]. With our

present calibration of the chamber, the resolution of the
pres: 10T nofthe

CTD is around 260 um. The resolution in transverse
momentum for tracks going through all superlayers is
a(pr)/pr ~ /(0.005)2 pZ + (0.016)2 where pr is
in GeV. The single hit efﬁcnency is greater than 95%.
The efficiency for assigning hits to tracks depends on
several factors: very low pr tracks suffer large sys-
tematic effects which reduce the probability of hits
being attached to them, and the 45° inclination of the
drift cells also introduces an asymmetry between pos-
itive and negative tracks. Nevertheless, the track re-
construction efficiency for tracks with pr > 0.1 GeV
is greater than 95%. Using the combined data from
the VXD and CTD, resolutions of 0.4 cm in Z and
0.1 cm in radius in the XY plane®’ are obtained for
the primary vertex reconstruction. From Gaussian fits
to the Z vertex distribution, the r.m.s. spread is found
to be 10.5 cm, in agreement with the expectation from
the HERA proton bunch ipnmh

The hlgh resolution uramum—scmtillator calorimeter
(CAL) [20] is used in the present analysis to calcu-
late global quantities of the events. It covers the polar
angle range between 2.2° < 8 < 176.5°, where § = 0°
is the proton beam direction. It consists of three parts:
the rear calorimetcr (RCAL) covering the backward
pwquf&pluuy : range ( —-34 < 7 < —0.75); the
barrel calorimeter (BCAL) covering the central re-

47 The ZEUS coordinate system is defined as right handed with
the Z axis pointing in the proton beam direction, hereafter referred
to as forward, and the X axis horizontal, pointing towards the
centre of HERA.

48 The pseudorapidity 7 is defined as — In(tan %), where the polar
angle # is taken with respect to the proton beam direction.

gion (—0.75 < 1 < 1.1); and the forward calorime-
ter (FCAL) covering the forward region (1.1 <7 <
3.8). The calorimeter parts are subdivided into towers
which in turn are subdivided longitudinally into elec-
tromagnetic (EMC) and hadronic (HAC) sections.

The sections are subdivided into cells, each of which

101€ secions arc subdivigaed 1niQ CeLs, ac

is viewed by two photomultiplier tubes. Under tes
beam conditions the CAL has an energy resolution
in units of GeV, of og = 0.35\/E(GeV) for hadrons
and o = 0.18/E(GeV) for electrons. The CAL alsc
provides a time resolution of better than 1 ns for en-
ergy deposits greater than 4.5 GeV, and this timing is
used for background rejection.

We use two lead-scintillator calorimeters (LUMI)

f’7| 1 to measure the luminosity as well as to tag very
1] o me uminosity as tag very

small Q? processes. Bremsstrahlung photons emerg-
ing from the electron-proton interaction point (IP) at
angles below 0.5 mrad with respect to the electron
beam axis hit the photon calorimeter 107 m from the
IP. Electrons emitted from the IP at scattering angles
7 — 0, < 6 mrad and with energies 0.2 E, < E, <
0.9 E, are deflected by beam magnets and hit the elec-
tron calorimeter placed 35 m from the IP.

3. Trigger conditions

Data are collected with a three level trigger [22]
The hardwired First Level Trigger (FLT) is built as
a deadtime free pipeline. The FLT decision is based
on energy deposits in the calorimeter and luminosity
detectors, on tracking information and on the muor
chambers, We rpnmrp a logical OR of five condition:

on sums of energy in the calorlmeter cells: either the
BCAL EMC energy exceeds 3.4 GeV; or it exceeds
2.0 GeV, if any track is found in the CTD; or the
RCAL EMC energy, excluding the towers immediately
adjacent to the beam pipe, exceeds 2.0 GeV; or 1!
exceeds 0.5 GeV, if any track is found in the CTD:

A tha ROAT ERACY aocse § ina tha hagrm Nine
Or NE RNUAL Livio CucIgy, uu,luuulg ic ocam pllK

towers, exceeds 3.75 GeV.

The Second Level Trigger (SLT) uses informa-
tion from a subset of detector components to sepa-
rate physics events from backgrounds. It rejects protor
beam-gas events using particle arrival times measurec
in the forward and rear sections of the calorimeter
reducing the FLT trigger rate by aimost an order o

magnitude.
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The Third Level Trigger (TLT) has available most
of the event information. It is used to apply stricter
cuts on the event times and to reject beam-halo and
cosmic muons. Beam-gas interactions are rejected by
requiring:

- a reconstructed Z vertex position within 75 cm of
the nominal interaction point,

- > (Ei—pz) >3GeV,

- Yipz/YEi<09 ,

where the sums run over all calorimeter cells i and pz;

is the Z-component of the momentum vector assigned

to each cell of energy E;.

The following additional TLT requirements are
made in order to further reduce the background and
the output rate:
= (P )max > 0.5 GeV and (py Imax > 0.5 GeV and

(P )max + (P7 Ymax > 1.3 GeV, where (pf* ) max

is the track of positive or negative charge with the

highest pr,
- transverse energy outside a cone of 10° around
the proton direction in excess of 5 GeV; or

S (B —pz) > 15GeV;or 3, pzi/>  Ei < 0.8;

or an electron with energy larger than 5 GeV de-

tected in the LUMI electron calorimeter.

4, Kinematics
Neutral Current ep scattering e (k) + p (P) —

e (k') + X can be described with the following kine-
matic variables:

V5 =/ (k+P)? = \/E,E, =296 GeV ,

the total ep centre of mass energy;
@ =-0"=(k-K)?,

the four-momentum transfer squared carried by the

1 calandmene

Vll tuai puvwon,

q-P

k-P’

the Bjorken variable describing the energy transfer to
the hadronic system; and

y=
B

Wi=(q+P)=-0"+ys+m,

the centre of mass energy squared of the yp system,

WllClC I”lp lb UIC mass Ul lllC PlUl.Ull

The variable y can be determined to a good approx-
imation from the hadronic system using the Jacquet-
Blondel expression [23]:

>i(Ei — pz)

YiB = 7-E

with the sum running over all calorimeter cells i except
for those associated with the scattered electron.

If the scattered electron is seen in the main detec-
tor (DIS events) or in the LUMI electron calorimeter
(tagged photoproduction events), the variable y can
also be obtained from:

E, 1—cos@,

=1-Z2e
Y= 1TE T 2

5. Monte Carlo simulation

The Monte Carlo programs HERWIG [24] and
PYTHIA [25] are used to model the hadronic final
states in ¢ production. Both generators include parton
showers in the initial and final states. Fragmentation
into hadrons is simulated with the LUND string model
{26] as implemented in JETSET [27] in the case
of PYTHIA, and with a cluster algorithm in the case
of HERWIG. The lepton-photon vertex is modelled
according to the Weizsacker-Williams Approximation
(WWA) [28] in the case of PYTHIA, whereas HER-
WIG uses exact matrix elements for the photon-gluon
fusion (PGF) component and the Equivalent Photon
Approximation (EPA) [29] for resolved processes.

For these Monte Carlo models a large number of

cC events was generated, but only those containing at

least one charged D*, decaying into D%rs with sub-
sequent decay D® — K, were processed through the
standard ZEUS detector and trigger simulation pro-
grams and through the event reconstruction package.
With both Monte Carlo programs we have generated
events with both direct and resolved components, set-

$iemy 2 — 1 BT Tha momtan dancitiag 1o tha e
tung m, = 1.00€V. 110c parion densities in the pro-

ton were described by MRSD’_ and by GRV HO in
the case of the photon. For systematic checks, we
also generated events using different parametrisations
for the proton (MRSDj [12], CTEQ2M’ [30] and
GRV HO [31]) and the photon (DG, ACFGP and
LAC1). To check the dependence of the results on the

e e e Ty e e T e ey

Lllallll mass dbhu“lCU lll lllC lVlUlll.b Laro simuiations
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the whole analysis was repeated using the default val-
ues for m, in both Monte Carlo generators (1.35 GeV
in PYTHIA and 1.8 GeV in HERWIG).

6. D* observation
6.1. Reconstruction method

In order to select a kinematic region where the ef-
ficiency of the tracking detectors is high and system-
atic uncertainties are well understood, the following
requirements on the tracks are made:
~ pr > 0.16GeV;

- |n| < 1.5, corresponding to 25° < @ < 155°,

Pairs of these tracks with opposite charge are com-
bined and considered in turn to be a kaon or a pion.
The combination is accepted as a possible D® candi-
date if the K7 invariant mass lies in the range

1.80 < M(Km) < 1.93GeV

(the nominal value of the D° mass is 1.865
GeV [17]). To reconstruct D* mesons, these D° can-
didates are combined with an additional track having
opposite charge to that of the kaon. Assuming this
third track to be the soft pion, the mass difference
AM = M(Kmrms) — M(K7r) is then evaluated.

Monte Carlo studies show that after these cuts more
than 95% of the decay products of the D? satisfy pr >
0.5 GeV, with a mean value of 1.5 GeV. These high
transverse momentum tracks have a higher reconstruc-
tion efficiency and a better track extrapolation to the
vertex. As a consequence, the following more strin-
gent cut is applied to them:

pr(XK),pr(m) > 0.5GeV.

From Monte Carlo studies we find that the 7 trav-
els essentially in the same direction as the D* itself.
Therefore the 5| < 1.5 cut on the single tracks limits
the n(D*) range to:

|n(D*)| < 1.5.

This cut was thus also applied.
Moreover, we have restricted our analysis to:

pr(D*) > 1.7GeV,

since more than 95% of the D*’s fulfil this condition
after the above cuts.

10
ZEUS 93 DATA

No. of Combinations / 1 MeV

0 11+‘¢.L.Lm.‘.|

140 145 150 155 160 165
AM (MeV)

Fig. 1. AM = M(Knms)—M(Krr) distribution for DIS candidates:
0% > 4GeV? and y, < 0.7.

6.2. AM and M(D®) signals

DIS events are defined to be those having an elec-
tron identified in the CAL with y, < 0.7. The Q? for
these events is larger than 4 GeV?2. We find that 20%
of the events in which we find a D* candidate fulfil
this requirement. This relatively large fraction of DIS
candidates, reproduced by the Monte Carlo programs,
is due to the higher trigger acceptance for DIS events
than for photoproduction events, and to the harder
pr(D*) and pr(ms) spectrum for these events. We
show the AM distribution for the DIS candidates in
Fig. 1. A clear D** signal around the nominal value
of AM is observed which is evidence for D** produc-
tion at HERA in DIS with 9% > 4 GeV2.

The 80% of the D* candidates which are not
identified as DIS events have 0? < 4GeV? and are
called photoproduction events. Of these, 27% are
tagged in the LUMI electron calorimeter, in agree-
ment with Monte Carlo simulations and the ZEUS
photoproduction measurements [6]. To reduce pos-
sible background from DIS, where the electron is
not identified, we require yjg < 0.7 [7]. The true W
and y are underestimated using the Jacquet-Blondel
method. We correct the measured Wig with Monte
Carlo methods [32], resulting in a corrected W value
which will be used in the following. Comparison with
the W measured from events with a LUMI tag shows
that the estimated true W has a systematic uncertainty
of less than 10%. The cut on yjg corresponds to
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40 | a)

ZEUS 93 DATA +

No. of Combinations / 1 MeV
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0
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AM (MeV)

50

| 2) ZEUS 93 DATA
40
30

20

No. of Combinations / 20 MeV
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o :
1.4 15 16 1.7 1.8 1.9 2 2.1
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Fig. 2. a) AM distribution for photoproduction events hav-
ing 1.80 < M(Km) < 193 GeV: signal (dots) and wrong
charge combinations (dashed histogram). The dashed line is a
fit to the wrong charge background using the parametrisation
A(AM — myz)®, where my is the mass of the pion. The solid
line is a fit to the distribution, parametrised as a sum of the
same function for the background plus a Gaussian for the sig-
nal. b) (Kar) invariant mass distribution for those candidates with
142 < AM < 149 MeV. The fitting function is the sum of a
Gaussian and an exponential.

W < 275 GeV. Furthermore we will restrict ourselves
to W > 115 GeV where the acceptance is above 8%.
The AM distribution for these photoproduction events
obtained with the set of cuts described above is shown
in Fig. 2a. A clear peak around AM = 145.5 MeV is
observed.

In order to check the background shape, pairs of
tracks with the same charge are selected for calculating
the K7 invariant mass (wrong charge combination
method). This distributionis fitted with the maximum-
likelihood method using the function: A x (AM —
m,)®, where A and B are the free parameters of the
fit.

The signal distribution is then fitted assuming
this function for the background plus a Gaussian to
parametrise the signal shape. The corresponding fits
and the normalised background are also shown in
Fig. 2a. The background shape parameters obtained
in the signal fit agree with the values obtained by
fitting the wrong charge distribution.

We observe 48 + 11 D*’s above background, with
a signal to background ratio of about 1.5. The mean
value of the AM signal obtained from the fit is AM =
(145.440.2) MeV, consistent with the nominal value.
The corresponding width is (0.940.2) MeV, in agree-
ment with 0.7 MeV obtained from Monte Carlo sim-
ulation. The mean W for these events is (W) = 198
GeV.

To check whether the D*’s are produced accord-
ing to the decay channel (1), we show in Fig. 2b the
M (K) distribution for the events in the AM range
from 142 MeV to 149 MeV. A clear signal is seen
around the nominal value of the D° mass. In order to
fit this distribution we have used an exponential back-
ground shape plus a Gaussian for the signal. The num-
ber of observed D%’s is 43 + 12, consistent with the
number of D*’s obtained from the fit to the AM distri-
bution. We obtain a mean value of M (D°) = (1.854%
0.005) GeV, slightly below the nominal value, with a
width of (18 + 4) MeV, consistent with the value of
17 MeV obtained from Monte Carlo simulation.

7. Cross sections
7.1. ep cross section

The cross section is obtained using the expression:

P
~ L x BR x Acc’

where N = 48 is the number of observed D*’s,
L = 486 nb~! is the integrated luminosity, and
BR = (2.73 £ 0.11)% [17] is the combined branch-
ing ratio of the decay chain (1). The acceptance Acc
was calculated as the number of detected over gen-
erated D* — Karms decays in the kinematic range
chosen, using Monte Carlo methods including the
trigger simulation. We have used the PYTHIA Monte
Carlo prediction with MRSD’_/GRV HO structure
function parametrisations for the proton/photon to
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Table 1
Acceptances and cross sections

235

(W) N Acc Aext A(Acc -+ Aext) o(ep — ctX) Integrated o(yp — ctX)
(GeV) (%) (%) SF MC (ub) @ (ub)

16316 21%7 81 162 tDe  +54% 023+008%03 00367 63+22%53
243£24 2838 224 88  Rw  +30% 021 £006*}1 00122 169 £ 5274
198420  48+11 114 137 8o +48%  045£0.4110Y,  0.0488 9.1 £22%75

correct our data and quote cross sections. The overall
acceptance in the kinematic region {pr(D*) > 1.7
GeV, |p(D*)| < 1.5} for the W range from 115 to
275 GeV is Acc = 11.4% for the above Monte Carlo
program.

We describe here the checks that are found to have a
significant contribution to the systematic error. For the
acceptance, a systematic shift of +18% is estimated
using different structure function parametrisations and
+14% using HERWIG with MRSD’_/GRV HO as a
different Monte Carlo program. Also, a systematic er-
ror of 8% is found by varying the cuts on pr(K, )
between 0.3 GeV and 0.7 GeV and on pr(rs) be-
tween 0.1 GeV and 0.25 GeV. Adding these errors in
quadrature yields a total systematic error in the ac-
ceptance calculation of *2*%. The systematic error on
the number of events is 10%, estimated by using dif-
ferent background parametrisations to fit the signals.
The systematic error of the luminosity measurement
is 3.3%.

Using the above quantities we measure an ep Cross
section for D** production,
a(ep — D**X) o(ep — D**X) + o(ep —
D*~X), of

o(ep — D*:X) = (32 + 7(stat) H(syst)) nb

in the kinematic region {pr(D*) > 1.7 GeV,
|n(D*)| < 1.5} and 115 < W < 275 GeV. This cross
section is valid for Q2 < 4 GeV?. The statistical error
also includes the one due to the Monte Carlo statistics.

In order to quote a cross section for charm produc-
tion we need to correct for the fraction of events in
which a charm quark pair fragments into D** or D*~
as well as for the acceptance Ay, of the kinematic re-
gion {pr(D*) > 1.7 GeV, |p(D*)| < 1.5}. The for-
mer is (52.0 + 4.2)% [33] and the latter is calcu-
lated by using PYTHIA with MRSD’_/GRV HO to

be Aex; = 13.7% for the region 115 < W < 275 GeV.
This extrapolation outside the kinematic region has
a large uncertainty. In extrapolating pr(D*), the un-
certainty is mainly due to the strong dependence on
the m, value and for n(D*) it comes from the large
differences between the different structure function
parametrisations in the region [p(D*)| > 1.5. As
a consequence, the systematic error of the product
Acc - Aex, is very large. We have fixed m, to 1.5 GeV
and quote the systematic error A(Acc - Aex) coming
from the different structure functions and using HER-
WIG (SF and MC in Table 1 respectively). Using a
value of m, of 1.35 GeV (1.8 GeV) results in a shift
of +25% (—40%) of the estimated cross section.

We therefore estimate the ep charm production
cross section at /5 =296 GeV for Q% < 4 GeV? in
the range 115 < W < 275 GeV as

+0.37

o(ep — ccX) = (045 £ 0117575,

) ub.

This procedure was also carried out dividing W into
two ranges, 115 < W < 205 GeV and 205 < W <
275 GeV. The (W) for the events in these two ranges
were 163 GeV and 243 GeV respectively. The error
in W is dominated by the systematic uncertainty of
the Jacquet-Blondel method. The results are shown in
Table 1.

7.2. yp cross section

The yp cross section can be obtained from the cor-
responding ep cross section using the EPA formula:

Ymax Ql%uu
«n,,(s)=/dy/dQ2 SD(y,0%) - 0yep (W07,
Yenin 02

where
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Fig. 3. Total ¢¢ photoproduction cross section as a function of W. The solid dots are the ZEUS measurements and the open dots are
earlier measurements from fixed target experiments. The inner error bars are the statistical and the outer ones the systematic errors. The
solid line represents the central prediction of NLO calculations with MRSD’_/GRV HO parametrisations of the proton/photon structure
function using ug = me (for me = 1.5 GeV) as the renormalisation scale. The shaded band represents the theoretical uncertainties coming
from varying this scale in the range 0.5 < ug/mc < 2. The dashed line represents the central prediction of MRSD’_/LACI and the

dash-dotted line is MRSD{/GRV HO.

1 2 24,2
@(y,0%) =%@{1+(1 SRS

. 2
is the flux of transverse photons, O%;, = mi{=,

Q2 = 4GeV? and m, is the electron mass. Since the
median 0% ~ 1073 GeV? is very small, we can as-
sume the photons to be on-shell and therefore neglect
the loneitudinal contribution and the Q2 denendence

the longitudinal contribution and th eper
of oy,. The yp cross section is then obtained as
the ratio of the measured ep cross section and the
photon flux factor & integrated over the Q2 and y
range covered by the measurement. This procedure
assumes that o, (W) is independent of y in the
range of the measurement. As this dependence is not
known a priori, the above calculation procedure was
repeated assuming a proportional or logarithmic rise
in W. An increase of 5% in the resulting cross section
was found at (W) = 163 GeV and less than 2% at
(W) =243 GeV.

The estimated charm photoproduction cross sec-
tion is (6.3 +£2.2783) ub at (W) = 163 GeV and
(16.9£5.2+13°) ub at (W) = 243 GeV, assuming
m. = 1.5 GeV (see Table 1). In Fig. 3 we show
our measurements for the total ¢¢ photoproduction
cross section as a function of W, in addition to ear-

lier measurements in fixed target experiments [35]
and NLO QCD calculations [34] for m, = 1.5 GeV.
The solid line represents the prediction with the
MRSD’_/GRV HO structure function parametrisation
for proton/photon using pg = m, as the renormalisa-
tion scale. The shaded band represents the theoretical
uncertainties coming from varying this scale in the
range 0.5 < ug/m, < 2. We also show the extreme
predictions of MRSD’ /LAC1 (dashed line) and
MRSD}/GRV HO (dash-dotted line) for ug = m..
We note that our measurement of the total charm
photoproduction cross section at these high W values
is in good agreement with those calculated using sin-
gular gluon distributions in the proton like MRSD”
or GRV [36].

We have observed 48 D*(2010)* mesons in the
decay channel D** — D%+ — (K~ #+)#t (4c.c.)
in photoproduction events from ep collisions at
HERA. Cross sections have been determined for these
events with Q% < 4GeV? and 115 < W < 275 GeV.
The ep cross section for inclusive D** production is
found to be (32 + 7+3) nb in the kinematic region
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{pr(D*) > 1.7 GeV, |n(D*})| < 1.5}. Extrapolating
outside this region and assuming a mass of the charm
quark of 1.5 GeV we estimate the ep charm cross
sections to be o’(ep — c&X) = (0.45+0.117%37) ub
at /s = 296 GeV and 115 < W < 275 GeV. The
average yp charm cross section o(yp — ccX) is
found to be (6.3 +2.2*53) ub at (W) = 163 GeV
and (16.9 £ 5.2*1%%) ub at (W) = 243 GeV. NLO
QCD calculations using a gluon momentum density
in the proton ~ x~1/2 at low x are in good agreement
with the observed increase of the cross section by
one order of magnitude when the yp centre-of-mass
energy increases one order of magnitude with respect
to previous low energy experiments.
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Abstract—Data from the SVD-2 experiment that were obtained at the IHEP accelerator in 70-GeV/c
proton—nucleus interactions are analyzed with the aim of searches for an exotic ©* baryon that decays
through the pK§ channel. The reaction pN — pK2 + X characterized by a bounded multiplicity of charged

secondaries is used for this analysis. A resonance of mass M = 1526 + 3(stat.) £ 3(syst.) MeV/c” and

width T' < 24 MeV/C2 is observed in the invariant-mass spectrum of the pKY system at a statistical
significance of 5.60. The mass and the width of this resonance correspond to the recently found positive-
strangeness ©* baryon, which was predicted to be an exotic baryon consisting of five quarks (pentaquark),
uudds. The total cross section for the production of a ©F baryon in pA interactions is estimated at a
value within the range 30—120 pb for zr > 0. An analysis of the A dependence of the cross section for
©*-baryon production does not reveal a significant deviation from the A dependence for inelastic events
(~A%T). © 2005 Pleiades Publishing, Inc.
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describing pentaquark hadrons were proposed a few
decades ago [2—6]. In [1], the ©F baryon, which
is the lightest member of the antidecouplet of pen-
taquarks, had a mass of 1530 MeV/c2, a width of
T' < 15 MeV/c?, a spin of 1/2, and a positive parity.
Later on, Stancu and Risca [7] proposed describing
a stable wudds pentaquark within the constituent
quark model. Capstick ef al. [8] put forth the idea
of an isotensor pentaquark, while Karliner and Lip-
kin [9] developed a cluster model, considering the
©7T baryon as a bound diquark—triquark state. Jaffe
and Wilezek [10] proposed a model where the ©F
baryon consists of two diquarks (ud) and a strange
antiquark. Simultaneously, attempts were made to
predict pentaquarks of negative and positive parity
by using lattice QCD models [11, 12]. The model of
chiral solitons was described in more detail in the
review article of Kopeliovich [13].

The predictions of Diakonov, Petrov, and Polyakov
[1] gave impetus to experimental searches for pen-
taquarks; as a result, corroborations that the ©F
baryon exists recently came from several laborato-
ries (LEPS [14], DIANA [15], CLAS(d) [16, 17],
SAPHIR [18], ITEP [19], CLAS(p) [20]). In those
experiments, the ©% baryon was observed as a
narrow resonance peak in the n K+ or pK9 invariant-
mass spectra, its mass being about 1540 MeV/c?.
More recently, the HERMES Collaboration reported
the observation of a narrow baryon state of mass
1528 MeV/c? in quasireal photoproduction [21],
while the ZEUS Collaboration recorded a peak at
1522 MeV/c? in the pK channel [22].

In the present study, we report on the results of
our searches for the ©F baryon in the proton—nucleus
interactions (in silicon, carbon, and lead targets) in-
duced by a 70-GeV/c proton beam from the acceler-
ator of the Institute for High Energy Physics (IHEP,
Protvino). Specifically, we study the reactions

pN - Ot +X, ©F —>ng,
by using the SVD-2 setup.

The data obtained in this way were analyzed for the
inclusive reaction of bounded charged-particle multi-

plicity in the region of projectile-proton fragmentation
(zr(pKg) > 0)[23].

Kg — gt~

2. SVD-2 SETUP

The main objective of the SVD-2 experiment
is studying charmed-particle production in hadron-
nucleus interactions at threshold energies [24—30].

The layout of the SVD-2 setup is shown in Fig. 1.
The basic elements of the setup are the following:
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(1) a high-precision microstrip vertex detector
(MSVD) including

(a) a microstrip beam telescope (MBT) [it con-
sists of three pairs of XY silicon microstrip detectors
(MSD 1-6) having 128 strips spaced by 50 pm],

(b) an active target (AT) [it consists of five mi-
crostrip silicon detectors of thickness 300 pm, a lead
foil 220 pm thick, and a carbon target 500 pm thick
(the distance between all targets is 4 mm)],

(c)amicrostrip silicon detector (MSD){it consists
of three pairs of XY microstrip silicon detectors (MSD
7 and 8 have 640 strips spaced by 25 pm, MSD 9 and
10 have 640 strips spaced by 50 pm, and MSD 11 and
12 have 1024 strips spaced by 50 pm) and a UYVX
quadruplet (MSD 13—16) having 1024 strips spaced
by 50 pm [27]};

(2) a large-aperture magnetic spectrometer
(LAMS) including

(a) and electromagnet MC-7A characterized by
an aperture of 1.8 x 1.3 m? and a distance of 3 m
between the magnetic poles (it creates a uniform
magnetic field of strength 1.18 T),

(b) two sets of wire proportional chambers (WPC)
(the first set is formed by one UYV triplet character-
ized by a sensitive area of 1.0 x 1.0 m? and a distance
of 2 mm between the wires and is placed in front of
the magnet in the scattered magnetic field; the second
set consists of five triplets UYV of sensitive area 1.0 x
1.5 m?; some chambers of this set are placed in front
of the magnet, while the remaining ones (13 cham-
bers) are positioned between the magnetic poles in a
uniform magnetic field [28]);

(3) a multicell threshold Cherenkov counter (TCC)
(the counter was constructed for identifying charged
particles; it has an entrance aperture of 177 x 130
em? and consists of 32 spherical mirrors arranged
in four rows of eight; the threshold momenta of
charged particles are 4 and 21 GeV/c for # mesons
and protons, respectively; the counter is filled with
Freon and is operated at a temperature of 20°C and
atmospheric pressure; in the momentum range from
4 to 21 GeV/c, the detection efficiency for charged
pions is 70% in the data-acquisition run);

(4) a gamma detector (DEGA) (it consists of 1536
full-absorption lead glass Cherenkov counters; each
counter has an area of 38 x 38 mm? and a length
of 505 mm; the total sensitive area of the detector is
1.8 x 1.2 m?; the gamma detector ensures the detec-
tion of photons in the energy range from 50 MeV to
20 GeV at a coordinate resolution of 2 to 3 mm).

The SVD-2 trigger system generated a trigger
signal that was based on data obtained with the beam
scintillation detectors placed in front of the active
target, data obtained with the scintillation hodoscope
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Fig. 1. Layout of SVD-2 setup.

situated behind the threshold Cherenkov counter, and
data on ionization losses in the silicon detectors of the
active target.

Each of the five planes of the active target was seg-
mented into eight strips. The signal from each strip
was transferred to the input of a three-level compara-
tor. Coded data from the output of the comparators
were fed to the input of a two-level RAM, where the
trigger signal was developed by using lookup-table
modules. This method made it possible to extract
events in which the primary vertex was in any of the
active-target planes [29].

The SVD-2 setup was irradiated with a proton
beam of momentum P, =70 GeV/c and intensity
I = (5—6) x 10° protons per accelerator spill. The to-
tal statistics of the experiment were 5 x 107 inelastic
events. With allowance for the trigger efficiency, the
total sensitivity of the experiment was 1600 events/ub
for inelastic pA interactions.

3. PROCEDURE FOR DATA PROCESSING
AND RESOLUTION OF THE SVD-2 SETUP

The algorithm for reconstructing the position of
the primary interaction vertex is based on the so-
called tear-down procedure [31, 32]. At first, straight
lines are drawn through the X and Y counts in the mi-
crostrip tracker by the least squares method. We then
apply quality criteria to the reconstructed tracks in
order to remove fake and badly reconstructed tracks.
The surviving tracks are included in a vertex fit for
which the quantity x?(Ny) is calculated. Further,

each track is excluded separately from the fit, and
the new quantity x?(NV; — 1) is computed for the
remaining tracks. We then select those tracks whose
elimination leads to the maximum value of the differ-
ence x2(Ny;) — x?(Ny — 1) under the condition that
this difference exceeds a threshold A, that was
chosen to be three. Such tracks have an increased
impact parameter with respect to the primary vertex
and, because of this, are excluded from it. In the
present analysis, the minimum impact parameter for
the secondary tracks was 40 to 60 pm, depending
on the target used. The above procedure is repeated
as long as there remain tracks that can be excluded.
For a further analysis, we select events involving a
well-reconstructed primary vertex and two or more
tracks having increased impact parameters with re-
spect to the primary vertex. These events are tested
for the presence of a secondary vertex (V0 decay) in
both the X and the Y projection. The application of
different clustering methods [33] makes it possible
to improve the accuracy in determining the primary
vertex. This accuracy (resolution) was estimated at
70 to 120 pm for the Z coordinate and at 8 to 12 pm
for the X and Y coordinates. For secondary vertices,
these resolutions are 250 and 15 pm, respectively. The
impact-parameter resolution for tracks characterized
by momenta in the range 3—5 GeV/c is 12 um, while
the average angular acceptance of the vertex detector
is 250 mrad.

In order to reconstruct charged-particle tracks in
the magnetic spectrometer, a novel method (variable-
momentum method) was developed for the SVD
setup. In the procedure for track recognition and

PHYSICS OF ATOMIC NUCLEI Vol.68 No.6 2005
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Fig. 2. Effective-mass spectrum of the 777~ system.
The £1.70 region is bounded by the vertical lines.
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Fig. 3. Effective-mass spectrum of the pz~ system.

reconstruction, use is made in this method of the
a priori knowledge of the angular features of the
tracks and of interaction-point coordinates in the
vertex detector [34]. For an analysis of data of the
SVD-2 experiment, the method was improved by
using precalculated tables including the coordinates
of the points of intersection of possible tracks with
the planes of the proportional chambers. This en-
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Fig. 4. (a) Total effective-mass spectrum of the 77 K%
and 7~ K2 systems and (b) effective-mass spectrum of
the A°7* system.
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Fig. 5. Effective-mass spectrum of the pK§ system in the
reaction pN — pKg + X.

ables one to increase the speed of the algorithm
by two orders of magnitude. A spectrometer that
involves a vertex detector makes it possible to attain
high resolutions in the effective masses of strange
particles—for example, the standard deviations in
the effective-mass distributions for K% mesons and
A® hyperons are, respectively, 4.4 and 1.6 MeV/c?
(see Figs. 2 and 3). The momentum resolution for a
track involving 15 hits measured in the proportional
chambers is 0.5—1.0% for the momentum range
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Fig. 6. Effective-mass spectrum of the pK% system in the reaction pN — pKY + X with allowance for the selection criteria

(i) and (ii) (see main body of the text). The dotted histogram
FRITIOF code.

4—20 GeV/c. The errors in measuring angles are
determined by the coordinate resolution of the ver-
tex detector and by the effect of multiple Coulomb
scattering in target materials and in silicon plates and
are estimated at 0.2 to 0.3 mrad. The average angular
acceptance of the magnetic spectrometer is 200 and
+150 mrad for, respectively, the horizontal and the
vertical coordinate.

Figure 4a shows the total effective-mass spectrum
for the 7+ K§ and 7~ K2 combinations. In this spec-
trum, the K*(892)-meson peak is quite distinct. In
Fig. 4b, one can observe the X (1385)-hyperon peak
in the effective-mass spectrum of the A%z system.
The masses and widths of these peaks and the masses
of Kg and A are in good agreement with the values
presented by the Particle Data Group [35].

4. ANALYSIS OF THE EFFECTIVE-MASS
SPECTRUM OF THE pK% SYSTEM

Events for which the multiplicity of charged par-
ticles in the primary vertex was not greater than
five were selected for analyzing the effective-mass

shows the background obtained upon a simulation based on the

spectrum of the pK system. This selection pursued,
first of all, the goal of suppressing the combinatorial
background and the goal of reducing the probability
of the emergence of events involving rescattering on
nuclei and the background from K2 mesons pro-
duced in the central rapidity region. About 34% of
all inelastic events and about 15% of all detected
K2 mesons satisfy this selection criterion. For the
selected events, the mean multiplicity of particles,
including 7% mesons and neutral strange particles, is
eight.

KY mesons were identified by their decay to two
charged 7 mesons (K2 — 77 ~), where two un-
likely charged tracks intersected at the common sec-
ondary vertex. Candidates of mass M (pm~) less than
1.12 GeV were rejected in order to eliminate the back-
ground of A%-hyperon decays. The final effective-
mass spectrum of the 7F7~ system is shown in
Fig. 2. For the ensuing analysis, we selected about
3800 K9 mesons that decayed before the first plate
of the vertex detector (decay length not larger than
35 mm). The average decay length of K9 mesons is
<20 mm.

PHYSICS OF ATOMIC NUCLEI Vol.68 No.6 2005
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Fig. 7. As in Fig. 6, but upon the application of the selection criterion PKL; < P, [38].

Protons were selected as positively charged parti-
cles for the case where the number of recorded counts
in the magnetic spectrometer was not less than >15
and where the momentum was within the interval
4<P,<21 GeV/c. In this momentum range, m
mesons must be recorded by the the Cherenkov
counter; therefore, the absence of hits in the threshold
Cherenkov counter was also required.

The effective-mass spectrum of the pK2 system is
shown in Fig. 5. This spectrum does not show any
noticeable peaks, apart from some excess of events in
the vicinity of 1530 MeV/c2.

In the ensuing analysis of the spectrum, we applied
the cuts

(i)490 < M(7r77) < 505 MeV/c?

and

(i) cos a > 0, where « is the pK 2 emission angle
in the c.m.s. of the projectile proton and the target
nucleon involved.

The first of these cuts improves the resolution
in the effective mass of the ng. system, while the
second corresponds to the spectrometer aperture and
suppresses the background of 7 mesons misidentified
as protons.

PHYSICS OF ATOMIC NUCLEI

Figure 6 shows the eifective-mass spectrum of
the ng system that was obtained upon the appli-
cation of these cuts. The spectrum exhibits a narrow
peak at a mass value around 1526 MeV/c2, the hali-
width being o ~ 10+ 3 MeV/c?. In order to esti-
mate the background shape, we simulated the back-
ground of inelastic pSi events on the basis of the
FRITIOF code [36]. In the simulation, we took into
account the trigger efficiency, the setup acceptance,
the errors in the track parameters, and the conditions
of Kg—meson decays. From Fig. 6, one can see that,
in the mass region above 1550 MeV/c?, the resulting
curve does not fully describe the actual background,
and this may be due to the presence of excited X*+
resonarces in this region that decay to pK2 with a
sizable partial cross section [35]. For the K'N system,
the presence of broad peaks in this mass region may
be a consequence of the Deck mechanism [37]. In
order to suppress these peaks, it was proposed to ap-
ply the kinematical cut Pro < F, [38], which, in the
mass region above 1550 MeV/c2, leaves around 90%
of all © -baryon decays and efficiently suppresses the
decays of X*T resonances.

The final effective-mass distribution of the pK2

Vol.68 No.6 2005
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system is shown in Fig. 7. In order to describe the
spectrumin the region 1.3 < M (pK2) < 1.7 GeV/c?,
we employed a Gaussian distribution for the signal
and a fourth-degree polynomial for the background.
The dotted-line histogram represents the background
obtained in the simulation according to the FRITIOF
code. One can observe 50 events in the peak above
the background of 78 events. The statistical signifi-
cance of the peak within the mass window AM; =
45 MeV/c? was estimated on the basis of the ratio
Np/+/Ng, where N is the number of background
events and Np is the number of events in the peak
above the background and was found to be 5.60.
By using data on the above inclusive reaction alone,
it is impossible to determine the strangeness of the
observed resonance; however, we interpret the ob-
served state as the recently discovered ©F baryon of
positive strangeness, since, in the mass range 1500—
1550 MeV/c?, we did not observe 3** resonances.

It was verified that the observed peak is not
a reflection of other known resonances (such as
K**(892) or A%) or an artificially generated peak.
Also, no significant peaks were found in the effective-
mass spectra of the pKg system for events in which
the proton mass was assigned to a 7+ meson that
was detected by the threshold Cherenkov counter.
In the selected events, the admixture of 7+ mesons
was estimated at a level of 10% (upon taking into
account the above selection criteria). The admixture
of K mesons was found to be negligible (less than
5%), since KT mesons of momentum in excess
of 10 GeV/c must be recorded by the Cherenkov
detector.

Since neither the mechanism responsible for the
production of © baryons nor the dependence of the
cross section on the multiplicity of charged particles
is known, one can only roughly estimate the total
cross section for the production of ©T baryons in
the proton—nucleus interactions. The detection effi-
ciency for ©F baryons was estimated on the basis
of a simple Monte Carlo model involving variations
in the energy spectrum of the pK2 resonance. In
estimating the cross section, we took into account
the contributions of the decays ©F — pK?2(25%) and
K} — ntn~ (68.6%), the probability of K2-meson
detection in the vertex detector, and the acceptance of
the setup. The detection efficiency for K9 mesons was
refined on the basis of a comparison of the observed
number of events with that expected for the inclu-
sive production of Kg. mesons in the reaction pN —
K3 + X, the respective production cross section be-
ing well known [39]. The resulting detection efficiency
for ©F baryons is 0.07%. The total cross section

PHYSICS OF ATOMIC NUCLEI

ALEEV et al.

for the production of ©F baryons in proton—nucleus
interactions was estimated at 30 to 120 ub (in the
region xr > 0). So large a scatter is explained by the
uncertainties in the dependence of the cross section
on the multiplicity of charged particles, the different
numbers of events for different background models,
and the uncertainties in the detection efficiency.

An analysis of the A dependence in the vicinity of
the observed peak did not reveal any significant dis-
tinction from the analogous dependence for inelastic
events (~A°%T). This result contradicts the conclu-
sions drawn in[19], where it was stated that the cross
section for @ -baryon production in v A interactions
depends strongly on A.

5. CONCLUSIONS

The inclusive reaction pN — pK9 + X has been
studied at the IHEP 70-GeV/c proton accelerator
with the aid of the SVD-2 setup. Upon the appli-
cation of some cuts, a narrow resonance of mass
M = 1526 =+ 3(stat.) & 3(syst.) MeV/c? and width
T' < 24 MeV/c? has been observed in the effective-
mass spectrum of the pKY system at a statistical
significance of 5.60. The mass and the width of the
resonance correspond to the recently discovered ©F
baryon of positive strangeness, which was predicted
in [14—21] to be an exotic baryon consisting of five
quarks (pentaquark), uudds.

ACKNOWLEDGMENTS

We are grateful to V.P. Kubarovsky (RPI/JLab),
B.B. Levchenko (Institute of Nuclear Physics,
Moscow State University), and N.P. Zotov (Institute
of Nuclear Physics, Moscow State University) for
stimulating discussions and comments.

This work was supported in part by the Russian
Foundation ~ for ~ Basic ~ Research  (project
nos. 03.02.16894 and 03.02.16869), the program
Universities of Russia (project no. 02.03.030), and the
Council of the President of the Russian Federation
for Support of Leading Scientific Schools (grant
no. 1685.2003.02). Special thanks are due to the
Ministry for Industry, Science, and Technology of
the Russian Federation for support in developing the
vertex detector (contract no. 40.032.11.34).

REFERENCES

1. D. Diakonov, V. Petrov, and M. Polyakov, Z. Phys. A
359, 305 (1997).

2. R. L. Jaife, Talk Presented at The Topical Con-
ference on Baryon Resonances, Oxford, UK, 1976,
SLAC-PUB-1774 (1976).

3. A. V. Manohar, Nucl. Phys. B 248, 19 (1984).

Vol.68 No.6 2005



198 Yacmo 2. Jlokymenmol k 6uozpagpuu

20.
21.
22.

OBSERVATION OF A NARROW BARYON RESONANCE

. M. Chemtob, Nucl. Phys. B 256, 600 (1985).

. M. Praszalowicz, in Proceedings of the Workshop
on Skyrmions and Anomalies, Cracow, Poland,
1987, Ed. by M. Jezabeck and M. Praszalowicz
(World Sci., Singapore, 1987), p. 112.

. H. Walliser, Nucl. Phys. A 548, 649 (1992).

. Fl. Stancu and D. O. Riska, hep-ph/0307010.

. S. Capstick, P. R. Page, and W. Roberts, hep-
ph/0307019.

. M. Karliner and H. J. Lipkin, Phys. Lett. B 575, 249

(2003); hep-ph/0307243.

R. L. Jaffe and F. Wilczek, hep-ph/0307341.

. S. Sasaki, hep—]at/0310014.

. F. Csikor et al., hep-lat/0309090.

. V. B. Kopeliovich, Usp. Fiz. Nauk 174, 323 (2004)

[Phys. Usp. 47, 309 (2004)].

LEPS Collab. (T. Nakano ef al.), Phys. Rev. Lett. 91,

012002 (2003); hep-ex/0301020.

DIANA Collab. (V. V. Barmin ef al.), Yad. Fiz. 66,

1763 (2003) [Phys. At. Nucl. 66, 1715 (2003)]; hep-

ex/0304040.

. CLAS Collab. (S. Stepanyan et al.), Phys. Rev. Lett.

91, 252001 (2003).

CLAS Collab. (V. Kubarovsky and S. Stepanyan), in

Proceedings of 8th Conference on the Intersections

of Particle and Nuclear Physics (CIPANP 2003),

New York, NY, USA, 2003; hep—ex/03070884

SAPHIR Collab. (J. Barth et al.), Phys. Lett. B 572,

127 (2004).

A.E. Asratyan, A. G. Dolgolenko, and M. A. Kubant-

sev, Yad. Fiz. 67, 704 (2004) [Phys. At. Nucl. 67, 682

(2004)]; hep-ex/0309042.

CLAS Collab. (V. Kubarovsky et al.), Phys. Rev. Lett.

92, 032001 (2004 ); 92, 049902(E) (2004).

HERMES Collab. (A. Airapetian et al.), Phys. Lett.

B 585, 213 (2004).

ZEUS Collab.

ex/0405013.

(S. Chekanov et al.), hep-

PHYSICS OF ATOMIC NUCLEI

Vol. 68 No.6 2005

23.

24.

25.

26.

27.

28.

29.
30.
31

32.
. A. A. Kiryakov, V. N. Ryadovikov, A. V. Kubarovsky,

34.

35.

36.
37.
38.
39.

981

SVD Collab. (A. Aleev et al.), Preprint No. 2004-
4/743, NIIYaF MGU (Institute of Nuclear Physics,
Moscow State University, Moscow, 2004); hep-
ex/0401024.

N. S. Amaglobeli ef al., Yad. Fiz. 64, 958 (2001)
[Phys. At. Nucl. 64, 891 (2001)].

E. N. Ardashev et al., Preprint No. 99-28/586,
NIlYaF MGU (Inst. Nucl. Phys., Moscow State
Univ., Moscow, 1999).

A. Leflat, A. Kubarovsky, ef al., Nucl. Phys. A 699,
352 (2002).

P. E Ermolov et al., in Universities of Russia—
Basic Research. Elementary-Particle and Nuclear
Physics (MIFI, Moscow, 2002), p. 89.

A.N. Aleev et al., Prib. Tekh. Eksp., No. 5, 51 (2003)
[Instrum. Exp. Tech., No. 5, 624 (2003)].

G. A. Bogdanova et al., Prib. Tekh. Eksp., No. 4, 31
(2001) [Instrum. Exp. Tech., No. 4, 449 (2001)].

L. A. Tikhonova et al., Frascati Phys. Ser. XXXI, 413
(2003).

G. Borisov, DELPHI Note 94-125/PROG 208
(1994).

M. Narain and F. Stichelbaut, DO Note 3560 (1999).

and V. V. Popov, Preprint No. 2003-38, IFVE (Inst.
High Energy Phys., Protvino, 2003).

P. E Ermolov, A. V. Kubarovsky, and M. S. Levitskif,
Prib. Tekh. Eksp., No. 5, 39 (1998) [Instrum. Exp.
Tech., No. 5, 626 (1998)].

Particle Data Group (K. Hagiwara et al.), Phys. Rev.
D 66, 010001 (2002).

H. Pi, Comput. Phys. Commun. 71, 173 (1992).

A. M. Endleref al., Z. Phys. C 7, 137 (1981).

B. Levchenko, hep-ph/0401122.

V. V. Ammosov ef al., Nucl. Phys. B 115, 269 (1976).

Translated by A. Isaakyan



Eur. Phys. J. C (2009) 60: 25-45 THE EUROPEAN
DOI 10.1140/epjc/s10052-009-0881-x
PHYSICAL JOURNAL C

Regular Article - Experimental Physics

Production of excited charm and charm-strange mesons at HERA
ZEUS Collaboration

S. Chekanov', M. Derrick', S. Magill', B. Musgrave', D. Nicholass'<, J. Repond', R. Yoshida', M.C.K. Mattingly?,
P. Antonioli’, G. Bari®, L. Bellagamba®, D. Boscherini’, A. Bruni’, G. Bruni’, F. Cindolo®, M. Corradi’,

G. Iacobucci®, A. Margotti®, R. Nania®, A. Polini’, S. Antonelli*, M. Basile*, M. Bindi*, L. Cifarelli*, A. Contin®,

S. De Pasquale*Y, G. Sartorelli*, A. Zichichi*, D. Bartsch’, I. Brock’, H. Hartmann®, E. Hilger’, H.-P. Jakob’,

M. Jiingst’, A.E. Nuncio-Quiroz’, E. Paul’, U. Samson’, V. Schonberg’, R. Shehzadi’, M. Wlasenko’, N.H. Brook®,
G.P. Heath®, J.D. Morris®, M. Capua’, S. Fazio’, A. Mastroberardino’, M. Schioppa’, G. Susinno’, E. Tassi’,

J.Y. Kim®, Z.A. Ibrahim’, B. Kamaluddin’, W.A.T. Wan Abdullah’, Y. Ning'?, Z. Ren'", F. Sciulli'’,

J. Chwastowski'', A. Eskreys'', J. Figiel', A. Galas'', M. Gil'!, K. Olkiewicz'', P. Stopa'', L. Zawiejski'',

L. Adamczyk'?, T. Bold'2, I. Grabowska-Botd'2, D. Kisielewska'2, J. Eukasik'2, M. Przybyciei'?, L. Suszycki'Z,

A. Kotanski'><, W. Stominski'*f, U. Behrens'#, C. Blohm'*, A. Bonato'*, K. Borras'*, R. Ciesielski'*, N. Coppola'*,
S. Fang'?, J. Fourletova'*2, A. Geiser'*, P. Gottlicher'*", J. Grebenyuk'*, I. Gregor', T. Haas'**, W. Hain'*,

A. Hiittmann'4, F. Januschek'“, B. Kahle'*, LI Katkov'*, U. Klein'*, U. Kotz'*, H. Kowalski'?, E. Lobodzinska'*,
B. Lohr'4, R. Mankel %, I.-A. Melzer-Pellmann'*, S. Miglioranzi'*, A. Montanari'4, T. Namsoo'*, D. Notz'*J,

A. Parenti'?, L. Rinaldi'*¥, P. Roloff'*, I. Rubinsky'*, R. Santamarta'*!, U. Schneekloth'*, A. Spiridonov'*™,

D. Szuba'*", J. Szuba'*°, T. Theedt'*, G. Wolf'4, K. Wrona'4, A.G. Yagiies Molina'“, C. Youngman”,

W. Zeuner'*, V. Drugakov'>, W. Lohmann'>, S. Schlenstedt'”, G. Barbagli'®, E. Gallo'®, P.G. Pelfer'’,

A. Bamberger'x, D. Dobur'$, F. Karstens'$, N.N. Vlasov'5?, P.J. Bussey"’*q, A.T. Doyle'q, W. Dunne'’, M. Forrest'?,
M. Rosin'’, D.H. Saxon'?, I.O. Skillicorn'?, I. Gialas’’*, K. Papageorgiu®’, U. Holm”', R. Klanner’',

E. Lohrmann’!, P. Schleper”!, T. Schérner-Sadenius®', J. Sztuk’!, H. Stadie’!, M. Turcato’!, C. Foudas”?, C. Fry>?,
K.R. Long”’, A.D. Tapper”?, T. Matsumoto”’, K. Nagano”?, K. Tokushuku®>*, S. Yamada?®, Y. Yamazaki’>-,

A.N. Barakbaev®*, E.G. Boos>*, N.S. Pokrovskiy>*, B.O. Zhautykov>*, V. Aushev>>", O. Bachynska”, M. Borodin®’,
I. Kadenko?, A. Kozulia?®, V. Libov?, M. Lisovyi>, D. Lontkovskyi>*, I. Makarenko?, Tu. Sorokin>,

A. Verbytskyi2>, O. Volynets?>, D. Son”°, J. de Favereau?’, K. Piotrzkowski’’, F. Barreiro’®, C. Glasman®,

M. Jimenez?®, L. Labargazs, J. del Peso?8, E. Ron?%, M. Soares?®, J. Terr6n®, M. Zambrana®S, F. Corriveau?’,

C. Liu®, J. Schwartz?°, R. Walsh?’, C. Zhou?’, T. Tsurugaiw, A. Antonov®!, B.A. Dolgoshein3 I, D. Gladkov®',

V. Sosnovtsev’!, A. Stifutkin®', S. Suchkov’!, R.K. Dementiev’, P.F. Ermolov>>", L.K. Gladilin®2,

Yu.A. Golubkov>2, L.A. Khein*2, I.A. Korzhavina’2, V.A. Kuzmin’2, B.B. Levchenko’%", O.Yu. Lukina®2,

A.S. Proskuryakov>?, L.M. Shcheglova®’, D.S. Zotkin>?, I. Abt**, A. Caldwell**, D. Kollar>, B. Reisert>>,

W.B. Schmidke’?, G. Grigorescu®*, A. Keramidas**, E. Koffeman*, P. Kooijman’, A. Pellegrino’*, H. Tiecke’*,
M. Vizquez**l, L. Wiggers**, N. Briimmer™, B. Bylsma®, L..S. Durkin®>, A. Lee®, T.Y. Ling®, P.D. Allfrey>°,
M.A. Bell’°, A.M. Cooper-Sarkar’°, R.C.E. Devenish*°, J. Ferrando*’, B. Foster*°, K. Korcsak-Gorzo’°, K. Oliver’°,
A. Robertson’, C. Uribe-Estrada’®, R. Walczak°, A. Bertolin’’, F. Dal Corso*’, S. Dusini®’, A. Longhin®’,

L. Stanco’’, P. Bellan’®, R. Brugnera®®, R. Carlin’®, A. Garfagnini’®, S. Limentani’®, B.Y. Oh*’, A. Raval*’,

J. Ukleja®®", J.J. Whitmore®**, Y. Iga*", G. D’Agostini*', G. Marini*!, A. Nigro*', J.E. Cole*>Y, J.C. Hart*2,

H. Abramowicz*>7, R. Ingbir*}, S. Kananov*’, A. Levy*®, A. Stern**, M. Kuze**, J. Maeda**, R. Hori*,

S. Kagawa*™>*, N. Okazaki*’, S. Shimizu®, T. Tawara®’, R. Hamatsu®, H. Kaji*>**, S. Kitamura*®“, 0. Ota**,
Y.D. Ri*®, M. Costa*’, MLL. Ferrero*’, V. Monaco*’, R. Sacchi*’, A. Solano*’, M. Arneodo*®, M. Ruspa*®,

S. Fourletov*’¢, J.F. Martin*’, T.P. Stewart*’, S.K. Boutle’’", J.M. Butterworth’", C. Gwenlan ", T.W. Jones"’,
J.H. Loizides*, M. Wing**!, B. Brzozowska®', J. Ciborowski’'*¢, G. Grzelak’', P. Kulinski’', P. Euzniak>'-*",

J. Malka>'*", R.J. Nowak’!, J.M. Pawlak’', T. Tymieniecka®', A. Ukleja®', A.F. Zarnecki’', M. Adamus’?,

P. Plucinski®>*!, Y. Eisenberg”?, D. Hochman’, U. Karshon>>, E. Brownson’, T. Danielson’*, A. Everett>*,

D. Kc¢ira’®, D.D. Reeder’*, P. Ryan>*, A.A. Savin®*, W.H. Smith>*, H. Wolfe’*, S. Bhadra>, C.D. Catterall®>,

Y. Cui”, G. Hartner”>, S. Menary>?, U. Noor>”, J. Standage’’, J. Whyte>>

@ Springer

With kind permission from Springer Science+Business Media: The European Physical
Journal C, Production of excited charm and charm-strange mesons at HERA, 60 (2009), pp.
25-42, ZEUS Collaboration. DOI 10.1140/epjpc/s10052-009-0881-x.

Ita craths KoJabopanuu ZEUS Gbiia nocssena namstu [lasaa @égoposuua Epmoiiosa.



200 Yacmw 2. /lokymenmot x buozpapuu

26 Eur. Phys. J. C (2009) 60: 2545

IArgonne National Laboratory, Argonne, IL 60439-4815, USA®Y
2 Andrews University, Berrien Springs, MI 49104-0380, USA
3INFN Bologna, Bologna, Ttalyd?
“University and INFN Bologna, Bologna, Ttaly3?
Physikalisches Institut der Universitdt Bonn, Bonn, Ge:rmany"lk
SH.H. Wills Physics Laboratory, University of Bristol, Bristol, UK2Y
7Calabria University, Physics Department and INFN, Cosenza, Ttalya"
Chonnam National University, Kwangju, South Korea
9Jabatan Fizik, Universiti Malaya, 50603 Kuala Lumpur, Malaysia832
ONevis Laboratories, Columbia University, Irvington on Hudson, NY 10027, USA#X
The Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy of Sciences, Cracow, Poland®®
12Faculty of Physics and Applied Computer Science, AGH-University of Science and Technology, Cracow, Poland®Y
"3Department of Physics, Jagellonian University, Cracow, Poland
“Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany
Deutsches Elektronen-Synchrotron DESY, Zeuthen, Germany
LINFN Florence, Florence, Italy?"
l7University and INFN Florence, Florence, Italyzm
'8 Fakultit fiir Physik der Universitit Freiburg i.Br., Freiburg i.Br., Germamyak
lgDeparlme:nt of Physics and Astronomy, University of Glasgow, Glasgow, UK2Y
ODeparlment of Engineering in Management and Finance, Univ. of Aegean, Mytilene, Greece
2 Hamburg University, Institute of Exp. Physics, Hamburg, Germany®
22Imperial College London, High Energy Nuclear Physics Group, London, UK?Y
Znstitute of Particle and Nuclear Studies, KEK, Tsukuba, Japan®©
Institute of Physics and Technology of Ministry of Education and Science of Kazakhstan, Almaty, Kazakhstan
21nstitute for Nuclear Research, National Academy of Sciences, Kiev and Kiev National University, Kiev, Ukraine
26Kyungpook National University, Center for High Energy Physics, Daegu, South Korea?P
2Tnstitut de Physique Nucléaire, Université Catholique de Louvain, Louvain-la-Neuve, BelgiumaZ
28Departamemo de Fisica Teérica, Universidad Auténoma de Madrid, Madrid, Spaina“
ngepartment of Physics, McGill University, Montréal, Québec, Canada H3A 2T8%
30Meiji Gakuin University, Faculty of General Education, Yokohama, Japan®
3'Moscow Engineering Physics Institute, Moscow, Russia®s
2Moscow State University, Institute of Nuclear Physics, Moscow, Russia?
3 Max-Planck-Tnstitut fiir Physik, Miinchen, Germany
3*NIKHEF and University of Amsterdam, Amsterdam, Netherlands?d
35Physics Department, Ohio State University, Columbus, OH 43210, USAZW
®Department of Physics, University of Oxford, Oxford, UK2Y
3TINFN Padova, Padova, Ttalya?
38Dipalrtimento di Fisica dell’ Universita and INFN, Padova, Italyan
9Depaﬂment of Physics, Pennsylvania State University, University Park, PA 16802, USA%X
Polytechnic University, Sagamihara, Japan®®
41Diparlimento di Fisica, Universita ‘La Sapienza’ and INFN, Rome, Italya‘rl
“2Rutherford Appleton Laboratory, Chilton, Didcot, Oxon, UKV
Raymond and Beverly Sackler Faculty of Exact Sciences, School of Physics, Tel Aviv University, Tel Aviv, Israel
44Depa.erent of Physics, Tokyo Institute of Technology, Tokyo, Japan®©
4SDepartment of Physics, University of Tokyo, Tokyo, Japani®
4 Tokyo Metropolitan University, Department of Physics, Tokyo, Japan®©
“TUniversita di Torino and INEN, Torino, Italyan
“8Universita del Piemonte Orientale, Novara, and INFN, Torino, Ilalya“ .
Department of Physics, University of Toronto, Toronto, Ontario, Canada M5S 1A74
5OPhysics and Astronomy Department, University College London, London, UK®V
SWarsaw University, Institute of Experimental Physics, Warsaw, Poland
S2nstitute for Nuclear Studies, Warsaw, Poland
B 3Departmem of Particle Physics, Weizmann Institute, Rehovot, Israelal
S*Department of Physics, University of Wisconsin, Madison, WI 53706, USAZW
Department of Physics, York University, Toronto, Ontario, Canada M3J 1P34

t

1am

Received: 24 November 2008 / Published online: 4 February 2009
© Springer-Verlag / Societa Italiana di Fisica 2009

Dedicated to the memory of our colleague Pavel Ermolov. ©Also affiliated with University College London, UK.

“e-mail: tobias.haas@desy.de dNow at University of Salerno, Italy.
bDeceased. “Supported by the research grant no. 1 PO3B 04529 (2005-2008).

@ Springer



Production of excited charm and charm-strange mesons at HERA 201

Eur. Phys. J. C (2009) 60: 25-45

27

Abstract The production of excited charm, D (242())0 and
D} (2460)°, and charm-strange, Dy (2536)*, mesons in ep
collisions was measured with the ZEUS detector at HERA
using an integrated luminosity of 126 pb~!. Masses, widths
and helicity parameters were determined. The measured
yields were converted to the rates of ¢ quarks hadronising
as a given excited charm meson and to the ratios of the
dominant D3(2460)° and Dy;(2536)* branching fractions.
A search for the radially excited charm meson, D* (2640)*,
was also performed. The results are compared with those
measured previously and with theoretical expectations.
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1 Introduction

Heavy-quark spectroscopy has recently undergone a renais-
sance with the discovery of several new states [1]. The prop-
erties of these states challenge the theoretical description of
heavy-quark resonances. Therefore, further measurements
of excited charm and charm-strange mesons are important.
The lowest-mass states of the cg (cq) system (¢ =
u,d,s) with spin zero (D mesons) and spin one (D*
mesons) and with orbital angular momentum L = 0 are well
established [1]. A singlet and a triplet of states with L =1
are expected. These P-wave (L = 1) mesons can decay to
charm mesons with L = 0 by emitting a pion or a kaon.
Heavy Quark Effective Theory [2, 3] (HQET) predicts that,
in the heavy-quark limit (my — o0), the properties of the
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P-wave mesons are determined mainly by the total angular
momentum of the light quark, j = L 4 s, where s denotes
the spin of the light quark. Consequently, the four states are
grouped in two doublets with j =3/2 or 1/2. Only D-wave
decays are allowed for the members of the j = 3/2 doublet;
therefore they are supposed to be narrow. On the other hand,
the members of the j = 1/2 doublet decay through S-wave
only and therefore are expected to be broader [4, 5]. Due to
the finite charm quark mass a separation of the two doublets
is only an approximation and amplitudes of two observable
states with J© = 1 can be mixtures of D- and S-wave am-
plitudes. Here J and P are the total angular momentum and
parity of the cg system.

Two pairs (neutral and charged) of narrow non-strange
excited charm mesons, D1(2420)%* and D3 (2460)**, and
a pair of narrow charm-strange excited mesons, Dy (2536)*
and Dy, (2573)%, were observed and tentatively identified as
the members of the j = 3/2 doublets with J* = 17 and 2,
respectively [1]. Recently, the HQET expectations were sup-
ported by the first measurements of the broad non-strange
excited charm mesons: neutral and charged D(’§(2400)0*i
with J” = 0% [6, 7], and D;(2430)° with J* = 1T [6].
The predicted broad non-strange charged excited charm me-
son with J? = 1% has not yet been observed. The recent
discovery of two additional charm-strange excited mesons,
D,(2317)* with J” =0T and Dy (2460)* with J© = 1%
reported initially by BABAR [8] and CLEO [9], respec-
tively, revealed their surprisingly small masses and narrow
widths [1]. The small mass values forbid their decay into
DWK final states.

In addition to the orbital excitations, radially excited
charm mesons D'(J¥ =07) and D¥(J¥ =17) were pre-
dicted with masses of about 2.6 GeV and dominant decay
modes to Dt and D*7r, respectively [10, 11]. An obser-
vation of a narrow resonance in the final state D**7 7~
at 2637 MeV was reported and interpreted as the radially
excited D** meson by DELPHI [12]. However, OPAL
found no evidence for this narrow resonance in an analo-
gous search [13].

Production of non-excited charm and charm-strange
hadrons was extensively studied at HERA [14, 15]. The
large charm production cross section at HERA also provides
a means to study excited charm and charm-strange mesons
produced in ep collisions. The first such study is reported
in this paper. It is restricted to decays, for which significant
signals were identified:

D1(2420)° — D*tx ™,
D3(2460)° — D** 7=, DTr ™,
D;1(2536)" — D** K2, DK,

@ Springer

The corresponding antiparticle decays were also measured."
A search for the radially excited charm meson, D* (2640)*,
in the D**r+ 7~ final state was also performed.

2 Experimental set-up

The analysis was performed using data taken with the ZEUS
detector from 1995 to 2000. In this period, HERA col-
lided electrons or positrons® with energy E, = 27.5 GeV
and protons with energy E, = 820 GeV (1995-1997) or
E, =920 GeV (1998-2000). The data used in this analysis
correspond to an integrated luminosity of 126.5 +2.4 pb~!.

A detailed description of the ZEUS detector can be found
elsewhere [16]. A brief outline of the components most rel-
evant to this analysis is given below.

Charged particles were tracked in the central tracking de-
tector (CTD) [17-19], which operated in a magnetic field
of 1.43 T provided by a thin superconducting solenoid. The
CTD consisted of 72 cylindrical drift chamber layers, orga-
nized in nine superlayers covering the polar-angle® region
15° <6 < 164°. The transverse-momentum resolution for
full-length tracks was o (pr)/pr = 0.0058 pr & 0.0065 &
0.0014/pr, with pr in GeV. To estimate the energy loss
per unit length, dE /dx, of charged particles in the CTD
[20, 21], the truncated mean of the anode-wire pulse heights
was calculated, which removes the lowest 10% and at least
the highest 30% depending on the number of saturated hits.
The measured d E /d x values were corrected for a number of
effects [22] and normalised such that the corrected value was
one for a minimum ionising particle. The resolution of the
dE /dx measurement for full-length tracks was about 9%.

The high-resolution uranium-—scintillator calorimeter
(CAL) [23-26] consisted of three parts: the forward (FCAL),
the barrel (BCAL) and the rear (RCAL) calorimeters. Each
part was subdivided transversely into towers and longitu-
dinally into one electromagnetic section (EMC) and either
one (in RCAL) or two (in BCAL and FCAL) hadronic sec-
tions (HAC). The smallest subdivision of the calorimeter
was called a cell. The CAL energy resolutions, as measured
under test-beam conditions, were o (E)/E = 0.18/+/E for
electrons and o(E)/E = 0.35/«/E for hadrons, with E
in GeV.

The luminosity was determined from the rate of the
bremsstrahlung process ep — eyp, where the photon was
measured with a lead—scintillator calorimeter [27-29] lo-
cated at Z = —107 m.

!Hereafter, charge conjugation is implied.

2From now on, the word “electron” is used as a generic term for elec-
trons and positrons.

3The ZEUS coordinate system is a right-handed Cartesian system, with
the Z axis pointing in the proton beam direction, referred to as the
“forward direction”, and the X axis pointing left towards the centre of
HERA. The coordinate origin is at the nominal interaction point.
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3 Event simulation

Monte Carlo (MC) samples of charm and beauty events
were produced with the PYTHIA 6.156 [30] and RAP-
GAP 2.0818 [31] event generators. The RAPGAP MC used
HERACLES 4.6.1 [32] in order to incorporate first-order
electroweak corrections. The generation included direct
photon processes, in which the photon couples directly to a
parton in the proton, and resolved photon processes, where
the photon acts as a source of partons, one of which par-
ticipates in the hard scattering process. The CTEQSL [33]
and GRV LO [34] parametrisations were used for the
proton and photon structure functions, respectively. The
charm and bottom quark masses were set to 1.5 GeV and
4.75 GeV, respectively. Events for all processes were gener-
ated in proportion to the MC cross sections. The Lund string
model [35] as implemented in JETSET [30] was used for
hadronisation in PYTHIA and RAPGAP. The Bowler mod-
ification [36] of the Lund symmetric fragmentation func-
tion [37] was used for the charm and bottom quark frag-
mentation. To generate D*'* mesons, which are not present
in the JETSET particle table, the mass of a charged charm
meson in the table was set to 2.637 GeV, its width was set to
15 MeV and the decay channel was set to D*T Tz~ [12].

The PYTHIA and RAPGAP generators were tuned to de-
scribe the photoproduction and the deep inelastic scatter-
ing (DIS) regimes, respectively. Consequently, the PYTHIA
events, generated with Q2 <0.6 GeVz, were combined with
the RAPGAP events, generated with Q2 > 0.6 GeV2, where
Q? is the exchanged-photon virtuality. Diffractive events,
characterised by a large rapidity gap between the proton at
high rapidities and the centrally-produced hadronic system,
were generated using the RAPGAP generator in the diffrac-
tive mode and combined with the non-diffractive MC sam-
ple. The contribution of diffractive events was estimated by
fitting the Nmax distribution* of the data with a linear combi-
nation of the non-diftractive and diffractive MC samples.

To ensure a good description of the data, the trans-
verse momenta, pr(D*t, Dt, DY), and pseudorapidity,
n(D*t, DT, DY), distributions were reweighted to the data
for the combined PYTHIA+RAPGAP MC sample. The
reweighting factors, tuned using a large D*T sample (Sect. 4),
were used for D* and D® mesons relying on the MC de-
scription of the differences between the D*t and D* or D°
distributions. The effect of the reweighting on the measured
values was small; the reweighting uncertainty was included
when evaluating systematic uncertainties (Sect. 8).

The generated events were passed through a full simula-
tion of the detector using GEANT 3.13 [38] and processed
with the same reconstruction program as used for the data.

4The quantity 7may is defined as the pseudorapidity of the CAL energy
deposit with the lowest polar angle and an energy above 400 MeV.

4 Event selection and reconstruction
of lowest-mass charm mesons

Events from both photoproduction [39] and DIS [15] were
selected online with a three-level trigger [16, 40]. The first-
and second-level trigger used CAL and CTD data to select
ep collisions and to reject beam-gas events. At the third
level, where the full event information was available, the
nominal charm-meson trigger branches required the pres-
ence of a reconstructed D**, DT or D candidate. The ef-
ficiency of the online charm-meson reconstruction, deter-
mined relative to the efficiency of the offline reconstruc-
tion, was above 95%. Events missed by the nominal charm-
meson triggers but selected with any other trigger branch,
dominantly from an inclusive DIS trigger and a photopro-
duction dijet trigger, were also used in this analysis.

In the offline analysis, only events with |Zy«| < 50 cm,
where Zy is the primary vertex position determined from
the CTD tracks, were used. The D*T, D1 and D° mesons
were reconstructed using tracks measured in the CTD and
assigned to the reconstructed primary event vertex. To en-
sure both good track acceptance and good momentum res-
olution, each track was required to have a transverse mo-
mentum greater than 0.1 GeV and to reach at least the third
supetlayer of the CTD.

To suppress the combinatorial background, a cut on the
ratio pr(D*t, DT, DO)/E?]OD, motivated by the hard
character of charm fragmentation, was applied. The trans-
verse energy, E9T>10° , was calculated as }~; 4. - 100 (Ej sin6;),
where the sum runs over all energy deposits in the CAL with
the polar angle 6 outside a cone of & = 10° around the for-
ward direction. Moreover, the measured dE /dx values of
those tracks that were candidates to come from D*¥, DF
and DY were used. The parametrisations of the dE /dx ex-
pectation values and the )(2 probabilities /x and I, of the
kaon and pion hypotheses, respectively, were obtained in
the same way as described in previous publications [39, 41].
To maximise the ratios of the numbers of correctly assigned
kaons and pions to the square roots of the numbers of back-
ground particles, the cuts /g > 0.03 and /; > 0.01 were
applied.

The measurements were done in the full kinematic range
of Q2. Events produced in the photoproduction regime with
0? < 1 GeV? contributed 70-80% of the selected D*+, DT
and D° samples.

4.1 Reconstruction of D** mesons

The D** mesons were identified using the two decay chan-
nels

D*t — Dnt — (K2, 4.1

D - DOnt - (K ntnta )t 4.2)

@ Springer
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The pion from the D*+ decays is referred to as the “soft”
pion, 7, because it is constrained to have limited momen-
tum by the small mass difference between the D* and
DO [1].

Selected tracks were combined to form D° candidates
assuming the decay channels (4.1) or (4.2). For both cases,
DP candidates were formed by calculating the invariant
mass M(Km) or M(Knm) for combinations having a to-
tal charge of zero. The soft pion was required to have a
charge opposite to that of the particle taken as a kaon and
was used to form a D** candidate having mass M (K ;)
or M(Knrmmg). To reduce the combinatorial background,
requirements (see Table 4.1) similar to those used in a pre-
vious publication [41] were applied.

The mass difference AM = M(Knng) — M(Km) for
channel (4.1) or AM = M(Knnnng) — M(Knrm) for
channel (4.2) was evaluated for all remaining D** can-
didates. Figures 4.1a and 4.1b show the mass-difference
distributions for channels (4.1) and (4.2), respectively.
Peaks at the nominal value of M(D*T) — M(D°) are ev-
ident.

To determine the background under the peaks, wrong-
charge combinations were used. For both channels (4.1) and
(4.2), these are defined as combinations with total charge
+2 for the D candidate and total charge +1 for the D**
candidate. The histograms in Fig. 4.1 show the AM dis-
tributions for the wrong-charge combinations, normalised
to the distributions of D*T candidates with the appropriate
charges in the range 0.15 < AM < 0.1685 GeV for chan-
nel (4.1) and 0.15 < AM < 0.16 GeV for channel (4.2).
The upper ends of the normalisation ranges correspond to

Table 4.1 Requirements applied for selections of D** candidates in
the decay channels (4.1) and (4.2) (see text). The mass resolution de-
pendence on pz (D*T) is taken into account in the requirement on con-
sistency of the reconstructed and nominal D° masses

Decay D** channel (4.1)  D** channel (4.2)
pr(K) (GeV) > 0.45 >0.5
pr(m) (GeV) > 0.45 >0.2

pr () (GeV) >0.1 >0.15
pr(D*H)/EG>1 >0.12 >0.2
pr(D*) (GeV) >1.35 >238
[n(D*+)]| <16 <16
M(D°) (GeV) for 1.83-1.90 1.845-1.885
pr(D**) <3.25 GeV

M (D) (GeV) for 1.82-1.91 1.845-1.885
3.25 < pr(D**) <5 GeV

M (D) (GeV) for 1.81-1.92 1.835-1.895
5 < pr(D*t) <8 GeV

M(DP) (GeV) for 1.80-1.93 1.825-1.905

pr(D*Y) > 8 GeV
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the trigger selections of D**t candidates in the two decay
channels. The multiple counting of a D** candidate pro-
duced by DO candidates formed by the same tracks was ex-
cluded [41].

To improve the signal-to-background ratio, only D**
candidates with 0.144 < AM < 0.147 GeV for channel
(4.1) and 0.1445 < AM < 0.1465 GeV for channel (4.2)
were kept for the excited charm and charm-strange meson
studies. After background subtraction, signals of 39500 +
310 D*T mesons in channel (4.1) and 17300 & 210 D**
mesons in channel (4.2) were found in the above AM
ranges.

The AM distributions were also fitted to a sum of a mod-
ified Gaussian function describing the signal and a back-
ground function. The modified Gaussian function was de-
fined as

Gauss™ exp[—0.5 -le/(HO'S"‘)], 4.3)
> 16000 — T
) H 4 ]
2 14000 |- (1) o ZEUS (126 pb™) ]
0 — —L backgr. wrong charge R
© 12000 . i
& L D™ — (Kn)mg i
o 10000 |- N(D*) = 39500 = 310
c L
il
= 8000 [
£ i
S 6000 [
g L
G 4000 -
2000 — Gauss™ + backgr.
ol ] ol ]
0.14 0.15 0.16
M(Krn,) - M(Km) (GeV)
~ 10000 - — _
2 - (b) o ZEUS (126 pb™)
2 8000 —1L_ backgr. wrong charge |
g H D™ — (Kmnm)m, i
@ 6000 N(D™) = 17300 = 210
K<) |
©
£ 4000
£ L
8
2000 — Gauss™ + backgr.
! \

0.14 0.15 0.16
M(Knzizrr) - M(Knnr) (GeV)

Fig. 4.1 The distributions of the mass differences (dots),
(@) AM = M(Knmtg) — M(Kn) for D*t — (Km)m, candidates
and (b) AM = M(Knnnmy) — M(Knn) for D+ — (Knwm)m
candidates. The solid curves represent fits to the sum of a modified
Gaussian function and a background function. The histograms show
the AM distributions for wrong-charge combinations. Only D**
candidates from the shaded ranges were used for the analysis of
excited states
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where x = [(AM — My) /o |. This functional form described
both data and MC signals well. The signal position, My, and
width, o, as well as the numbers of D** mesons in the
signal window were free parameters of the fit. The back-
ground function had a form A - (AM — m,+)® - exp[C -
(AM — m,+)], where m,+ is the pion mass [1] and A,
B and C were free parameters. The fit yielded mass dif-
ference values of 145.46 + 0.01 MeV for channel (4.1)
and 145.45 £ 0.01 MeV for channel (4.2), in agreement
with the PDG value [1]. The widths of the signals were
0.59 £ 0.01 MeV and 0.51 £ 0.01 MeV, respectively, re-
flecting the detector resolution.

4.2 Reconstruction of DT mesons

The D mesons were reconstructed from the decay DT —
K~n*tx*. In each event, two tracks with the same charges
and pr > 0.5 GeV and a third track with opposite charge
and pr > 0.7 GeV were combined to form D™ candidates.
The pion masses were assigned to the two tracks with the
same charges and the kaon mass was assigned to the third
track, after which the candidate invariant mass, M(Km),
was calculated. To suppress the combinatorial background, a
cut of cos 6*(K) > —0.75 was imposed, where 6*(K) is the
angle between the kaon in the K77 rest frame and the K
line of flight in the laboratory frame. To further suppress the
combinatorial background, a cut py(D%)/ E"'T>10° > 0.25
was applied. To suppress background from D*t decays,
combinations with M(Knw) — M(Km) < 0.15 GeV were
removed. The background from D} — ¢n™ with ¢ —
KK~ was suppressed by requiring that the invariant mass
of any two D™ candidate tracks with opposite charges was
not within £8 MeV of the nominal ¢ mass when the kaon
mass was assigned to both tracks. Only DT candidates in the
kinematic range pr(DT) > 2.8 GeV and —1.6 < n(D™") <
1.6 were kept for further analysis.

Figure 4.2a shows the M (K ) distribution for the Dt
candidates after all cuts. Reflections from D} and A} de-
cays to three charged particles were subtracted using the
simulated reflection shapes normalised to the D;” and A}
production rates previously measured by ZEUS [39]. A clear
signal is seen at the nominal value of the D* mass. To im-
prove the signal-to-background ratio, only D candidates
with 1.850 < M(Knm) < 1.890 GeV were kept for the ex-
cited charm meson studies. The mass distribution was fitted
to a sum of a modified Gaussian function describing the sig-
nal and a linear function describing the non-resonant back-
ground. The fit yielded a DT mass value 1867.9 + 0.5 MeV
in agreement with the PDG value [1]. The width of the sig-
nal was 12.9 & 0.5 MeV, reflecting the detector resolution.
The number of D* mesons yielded by the fit in the above
M (K ) range was N(DT) = 20430 £+ 510.

31
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[0 L 4
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@ 20000 (~ e ZEUS (126 pb™")
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© i N(D®) = 20430 = 510 |
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Fig. 4.2 The distributions of the invariant masses (dots) for (a) the
D* — Knm candidates and (b) the D°/D® — K candidates after
the reflection subtractions. The solid curves represent fits to the sum
of a modified Gaussian function and a background function (dashed
curves). Only candidates from the shaded ranges were used for the
analysis of excited states

4.3 Reconstruction of D° mesons

The D° mesons were reconstructed from the decay DY —
K~n*. In each event, tracks with opposite charges and
pr > 0.8 GeV were combined in pairs to form D° candi-
dates. To suppress the combinatorial background, a cut of
|cos0*(K)| < 0.85 was imposed, where 0*(K) is the angle
between the kaon in the K7 rest frame and the K line of
flight in the laboratory frame. To further suppress the combi-
natorial background, a cut pr (DO)/E%]OU > 0.25 was ap-
plied.

For selected D candidates, a search was performed for
a track that could be the soft pion in a D** — DOz de-
cay. The soft pion was required to have pr > 0.1 GeV and
a charge opposite to that of the particle taken as a kaon. The
corresponding D° candidate was rejected if the mass differ-
ence, AM = M(Knmy) — M(Km), was below 0.15 GeV.
All remaining D° candidates were considered “untagged”,
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i.e. not originating from identified D** decays. Only D°
candidates in the kinematic range pr(D®) > 2.8 GeV and
—1.6 < n(D%) < 1.6 were kept for further analysis.

Figure 4.2b shows the M (K ) distribution for untagged
DO candidates after all cuts. A reflection, produced by D°
mesons with the wrong (opposite) kaon and pion mass as-
signment, was subtracted using the rejected sample of the
D mesons originating from D** decays [39]. A clear sig-
nal is seen at the nominal value of the D® mass. To im-
prove the signal-to-background ratio, only D° candidates
with 1.845 < M(Km) < 1.885 GeV were kept for the ex-
cited charm-strange meson studies. The mass distribution
was fitted to a sum of a modified Gaussian function describ-
ing the signal and a background function. Monte Carlo stud-
ies showed that the background shape was compatible with
being linear in the mass range above the signal. For smaller
M (K ) values, the background shape exhibits an exponen-
tial enhancement due to contributions from other D° de-
cay modes and other D mesons. Therefore the background
shape in the fit was described by the form [A + B - M (K )]
for M(Km) > 1.86 GeV and [A 4+ B - M(Kn)] - exp{C -
[M(Km)—1.86]} for M(Km) < 1.86 GeV, where A, B and
C were free parameters. The fit yielded the D° mass value
1864.94+0.2 MeV in agreement with the PDG value [1]. The
width of the signal was 17.4£0.2 MeV, reflecting the detec-
tor resolution. The number of untagged D® mesons yielded
by the fit in the above M(Km) range was N(D8n1ag) =
22110 =+ 440.

5 Study of the excited charm mesons D{ and D3
5.1 Reconstruction of D?, D;‘O — D*T7~ decays

To reconstruct the D?, D;‘O — D*Tm~ decays, an excited
charm meson candidate was formed by combining each se-
lected D** candidate (Sect. 4.1) with an additional track,
assumed to be a pion (7,), with a charge opposite to that
of the D** candidate. The additional track was required to
satisfy the pion d E /dx hypothesis with /; > 0.01 (Sect. 4).
To reduce the combinatorial background, the following re-
quirements were applied:

pr(my) > 0.15 GeV,
cos0*(D*T) < 0.9

pr(D*tm,)/ES71 > 0.25,

for the D** decay channel (4.1), and

pr(my) > 0.25 GeV,
cosf*(D*T) < 0.8

pr(D*m,)/EF71Y > 0.30,

for the D** decay channel (4.2). The decay angle 6*(D**)
is the angle between the D** in the D** 7, rest frame and
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the D**r, line of flight in the laboratory frame. A cut
n(m,) < 1.1 was applied to exclude the region of large track
density in the forward (proton) direction.

For each excited charm meson candidate, the “extended”
mass difference, AM®' = M(Knmyn,) — M(Kmmg) or
AM®™ = M(Knnnmgn,) — M(Knmmamg), was calcu-
lated. The invariant mass of the D**m, system was cal-
culated as M(D**m,) = AM®™ + M(D*")ppg, where
M(D**)ppg is the nominal D* mass [1]. The resolution
in M(D*Tm,) around the nominal masses of the D(l) and
D;O mesons [1] was estimated from MC simulations to be
5.6 MeV.

Figure 5.1a shows the M (D**x,) distribution for D**+
meson candidates reconstructed in both decay channels
(4.1) and (4.2). A clear enhancement is seen in the range
2.4 < M(D**m,) < 2.5 GeV, where contributions from
D1 (2420)° and Dj (2460)° mesons are expected. The wide
D;(2430)° meson, which is also expected to contribute
to the M(D**7,) distribution, is not distinguishable from
background due to its large width (384227 + 74 MeV [1]).
No enhancement is seen in the M (D**r,) distribution for
wrong charge combinations (histogram) formed by combin-
ing a D*T candidate and 7, with the same charges. The
wrong charge distribution lies generally below the distrib-
ution for the combinations with the appropriate charges, in
agreement with MC predictions; this is expected near thresh-
old since, due to charge conservation, the invariant mass dis-
tribution for random track combinations with total charge
42 should lie below that for track combinations with total
charge zero.

5.2 Reconstruction of D;O — DTx~ decays

To reconstruct the D;O — D* ™ decays, an excited charm
meson candidate was formed by combining each selected
D™ candidate (Sect. 4.2) with an additional track, assumed
to be a pion (7, ), with a charge opposite to that of the D
candidate. The additional track was required to satisfy the
pion d E /dx hypothesis with I, > 0.01 (Sect. 4). To reduce
the combinatorial background, the following requirements
were applied:

n(my) < 1.1, pr(my) > 0.30 GeV,
pr(Dtm)/EF 105035, cos6* (D) < 0.8,

where 0*(D%) is the angle between the DT in the D*¥x,
rest frame and the DV, line of flight in the laboratory
frame.

For each excited charm meson candidate, the extended
mass difference, AM®™ = M(Knnm,) — M(Knm), was
calculated. The invariant mass of the D, system was
calculated as M (D m,) = AM®™ + M(D%)ppg, where
M (D1)ppg is the nominal D mass [1]. The resolution in
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M(D*m,) around the nominal mass of the D;O meson [1]
was estimated from MC simulations to be 7.3 MeV.

Figure 5.1b shows the M (D* 1) distribution for the se-
lected excited charm meson candidates. A small excess is
seen around the nominal mass of the D;‘O meson. The wide
D(”;(2400)0 meson, which is also expected to contribute to
the M (D™ r,) distribution, is not distinguishable from back-
ground due to its large width (261 &+ 50 MeV [1]). As ex-
pected from parity and angular momentum conservation
for a 11 state, no indication of the D? decay to DT~
is seen. Feed-downs from the D? and D;‘O mesons decay-
ing to D*T7~ with a consequent D** decay to a DT
and undetected neutrals, predicted by MC at M(D*Vx,) ~
2.3 GeV, are not seen, probably due to the large combinato-
rial background. No signal is seen in the M (D V) distri-
bution for wrong charge combinations (histogram) formed
by combining a D* candidate and a 7, with the same
charges.

5.3 Mass, width and helicity parameters

To distinguish the D? (17 state from j = 3/2 doublet) and
D;O (2% state from j = 3/2 doublet) mesons from each
other and from the wide D (2430)0 (17 state from j = 1/2
doublet) meson, the helicity angular distribution was used.
The helicity angle («) is defined as the angle between the 7,

2.3 24 25 2.6 2.7 2.8 29
M(D*r,) = AM®™ + M(D*)pp (GeV)

and 77, momenta in the D** rest frame. The helicity angular
distribution can be parametrised as

dN

o« 1+hcos’a, (5.1)
dcosa

where 4 is the helicity parameter. HQET predicts & = 3
(h = 0) for the 17 state from the j =3/2 (j = 1/2) dou-
blet, and h = —1 for the 27 state from the j = 3/2 doublet.

Figure 5.2 shows the M (D** ) distribution in four he-
licity intervals. The D?—meson contribution is increasing
with | cos(a)| and dominates the excess in the M (D**x,)
distribution for |cos(a)| > 0.75. The dependence of the
D;O-meson contribution on the helicity angle is less pro-
nounced; it is consistent with the expected slow decrease
with |cos(a)].

To extract the D(l’ and D;O yields and properties, a
minimal x? fit was performed using simultaneously the
M (D% ) distribution (Fig. 5.1b) and the M (D**x,) dis-
tributions in four helicity intervals (Fig. 5.2). Each of the
DY — D**7x~, Di® — D* 7~ and D3° — D*r~ signals
was represented in the fit by a relativistic D-wave Breit-
Wigner function (see Appendix) convoluted with a Gaussian
resolution function with a width fixed to the corresponding
MC prediction. The dependence of the detector acceptance
and resolution on the M(D**m,) or M(D m,) was ob-
tained from MC and corrected for in the fit function. Equa-
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Fig. 5.2 The distribution of
M(D**:7,) = AM®™ 4+ M(D*")ppg
for DY, D}* — D**x
candidates in four helicity
intervals: (a) |cosa| < 0.25,
(b) 0.25 < |cosc| < 0.5,

(€) 0.5 < |cosa| <0.75 and
(d) |cosa| > 0.75 (dots). The
solid curves represent the result
of the simultaneous fit with the
background contribution given
by the dashed curves (see text)
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tion (5.1) was used to describe the helicity distributions. The
acceptance dependence on the helicity angle, found from
MC to be very weak, was corrected for in the fit function.
Yields of all three signals, the D(l) and D;O masses, and
the D? width and helicity parameters were free parameters
of the fit. Since the data were not able to constrain reli-
ably the D;O width and helicity parameter, the D;O width
was fixed to the recently updated world average value of
43 + 4 MeV [1] and the HQET prediction, h(D;O) =—1,
was used for the helicity parameter.

To describe backgrounds in the M (D** 7r,) and M(D " 7,)
distributions, a functional form with three shape parameters
xA exp(—Bx + sz), where x = AM®* — m_+, was used.
It was checked that such a functional form describes the
wrong charge distributions well. The yields and shape para-
meters of the M(D**1,) and M (D™ r,) background func-
tions were independent free parameters of the fit. Since nei-
ther data nor MC demonstrated a sizeable background de-
pendence on the helicity angle, the same background func-
tion was used for the M (D**m,) distributions in the four
helicity intervals.

The expected feed-downs from DY, D;O — D*r —
DT~ + neutrals (Sect. 5.2) were included in the M (D% 1,)
fit function; the effect on the fit results was small. Contribu-
tions from the wide D;(2430)° and D3(2400)0 states were
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2.6 2.8 2.2 2.4 2.6 2.8
M(D**x,) = AM®™ + M(D™)oq (GEV)

added to the M(D**m,) and M(DVm,) fit, respectively.
Their shapes were described with a relativistic S-wave Breit-
Wigner function (see Appendix) convoluted with a Gaussian
resolution function with widths fixed to the MC prediction.
The masses and widths of the wide excited charm mesons
were set to the world-average values [1]. The Dj(2430)°
yield was set to that of the narrow D (2420)0 meson since
both have the same quantum numbers. The D (2400)° yield
was set to 1.7 times the D;‘O — DT~ yield as observed
by the FOCUS collaboration [7]. The yield measured by
FOCUS covers both a direct signal from the D(’; (2400)0
and a feed-down from the D;(2430)°, decaying to D** 7~
with a consequent D** decay to a DT and undetected neu-
trals [7].

The results of the simultaneous fit including all contri-
butions are shown in Figs. 5.1-5.2. The fit with 15 free pa-
rameters described well the M (D¥,) distribution and the
M (D**r,) distributions in four helicity intervals with a Xz
of 913 for 925 degrees of freedom. The numbers of recon-
structed excited charm mesons and values of all free back-
ground parameters yielded by the fit are summarised in Ta-
ble 5.1.

The differences between the D? and D;O masses and
M (D*1)ppg were
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Table 5.1 The numbers of reconstructed D? and D;o mesons and val-
ues of all free background parameters yielded by the simultaneous fit
of the M (D" m,) distribution and the M (D**r,) distributions in four
helicity intervals (see text). The mass, width and helicity parameters
are given in the text

Final state D*trm, D*m,
Signal yields

N(DY) 3110 £340

N(D3%) 870 + 170 690 + 160
Background parameters

Yield 169+ 18 1540 =+ 300
A 0.37+0.3 1.27+0.7
B 1.3£03 7.7+04
C —1.4403 23+£03

M(DY) — M(D*)ppg

=410.2 £ 2.1(stat.) = 0.9(syst.) MeV,
M(D3%) — M(D*)ppG

=458.8 £ 3.7(stat.) T3 (syst.) MeV,

and, hence, the masses of the D(l) and D;O were

M(D?) = 2420.5 + 2.1(stat.) £ 0.9(syst.)
+0.2(PDG) MeV,
M(D}%) =2469.1 + 3.7(stat.)t1 2(syst.)
+0.2(PDG) MeV.

The first uncertainties are statistical, the second are system-
atic (Sect. 8) and the third are due to the uncertainty of the
M (D*")ppg value. Small errors due to the uncertainty of
the M(D*T)ppg — M (DT )ppg value were included in the
systematic uncertainties. The measured D? and D;O masses
are in fair agreement with the world average values [1]. The
DY width yielded by the fit is

(DY) =53.2 £ 7.2(stat.) 33 (syst.) MeV

which is above the world average value 20.4 £+ 1.7 MeV [1].
The observed difference can be a consequence of differing
production environments. The D(l) width can have a size-
able contribution from the broad S-wave decay even if the
S-wave admixture is small [42, 43]. A larger S-wave ad-
mixture at ZEUS with respect to that in measurements with
restricted phase space, which can suppress production of the
broad state, could explain why the measured D(l) width is
larger than the world average value.
The D(l) helicity parameter was

R(DY) = 5.9139 (stat.) 23 (syst.).

This is inconsistent with the prediction for a pure S-wave
decay of the 17 state, 1 = 0. It is consistent with the predic-
tion for a pure D-wave decay, h = 3.

In the general case of D- and S-wave mixing, the helicity
angular distribution form of the 17 state is:

ocr 4+ (1=r)(1+3cos’a)/2
dcosa

+/2r(1 —r)cos¢(1 —3005204), 5.2)
where r = I's/(I's + I'p), I's/p is the S-/D-wave par-
tial width and ¢ is the relative phase between the two am-
plitudes. Using (5.1) and (5.2), cos¢ can be expressed in
terms of r and the measured value of the helicity parame-
ter, h:

_ B—=hn)/B+h)y—r

N,

(5.3)

Figure 5.3 compares with previous measurements the range
restricted by the measured h(D(l)) value and its uncertain-
ties in a plot of cos¢ versus r. The ZEUS range has a
marginal overlap with that restricted by the CLEO mea-
surement of 7(DY) = 2.741149 [44]. BELLE performed a
three-angle analysis and measured both the cos ¢ and r val-
ues [6]. The BELLE measurement, which suggested a very
small admixture of S-wave to the D;(2420)0 — D*tx—
decay and almost zero phase between two amplitudes, is
outside the ZEUS range; the difference between the two
measurements, evaluated with (5.3), is ~2 standard devia-
tions.

e . r ‘ . ——

8 1 -? DY mixing
8 i

N — ZEUS (126 pb™)

0.5 N vy, =stat. h

r + stat.®syst. ]

0Ff .

05 [ .

Eps ]

Fig. 5.3 Cosine of the relative phase of S- and D-wave amplitudes
versus 7 = ['g/(Fs+Tp) inthe D; (2420)° - D*tx~ decay from the
ZEUS, CLEO and BELLE measurements. There is a marginal overlap
between the ranges defined by the ZEUS and CLEO measurements.
The difference between the ZEUS and BELLE measurements, evalu-
ated with (5.3), is ~2 standard deviations
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5.4 Fragmentation and branching fractions

The numbers of reconstructed D(l), D;O — D*Tx~ and
D;O — DT~ decays were divided by the numbers of re-
constructed D** and D* mesons, yielding the rates of D**
and D* mesons originating from the D(]’ and D;‘O decays.
To correct the measured rates for detector effects, the rela-
tive acceptances were calculated using the MC simulation
as ratios of acceptances for the DY, D;‘O — D*Tzr~ and
D3% — D7~ states to the inclusive D** and DY ac-
ceptances, respectively. The acceptance of the requirement
Iz > 0.01 for the additional track was calculated with data
using identified pions from D*T decays (Sect. 4.1), to be
(98.9 £ 0.1)%; only pions in the kinematic range of the ad-
ditional pion selection were used.

Charm production at HERA is larger than beauty pro-
duction by two orders of magnitude. The small b-quark rel-
ative contributions, predicted by the MC simulation using
branching fractions of b-quark decays to the charm hadrons
measured at LEP, [45-48]° were subtracted when calculat-
ing the relative acceptances; the subtraction changed the rel-
ative acceptances by less than 1.5% of their values. The rela-
tive acceptances were 52% for the D‘I), D;‘O — D*t7~ and
47% for DE‘O — DT~ in the kinematic ranges described
in Sect. 4.

The fractions, F, of D** mesons originating from D?
and D;O decays were calculated in the kinematic range
[n(D*N)| < 1.6 and pr(D**) > 1.35 GeV for the D*+
decay channel (4.1), combined with channel (4.2) for
pr(D*T) > 2.8 GeV:

F pgs prtn-ypee = 104+ 1.2(stat) X0 3 (syst.) %,

fD;OA)D*+ﬂ,/D*+ =3.0 £ 0.6(stat.) £ 0.2(syst.)%.

The fraction of D+ mesons originating from D;O decays,
calculated in the kinematic range p7 (D) > 2.8 GeV and
n(Dh)] < 1.61s

F psos pin-ype = 1-3 % 17(stat) 3 (syst.) %.

The fractions measured in the restricted py(D*T, DT)
and n(D**, D) kinematic ranges were extrapolated to
the fractions in the full kinematic phase space using the
Bowler modification [36] of the Lund symmetric frag-
mentation function [37] as implemented in PYTHIA [30].
Applying the estimated extrapolation factors, ~1.1 for
FD?,D;OHD**’H’/D’H’ and ~1.2 for fD;“»Dﬂr/D% gives

fextr

tat V1] (oue
DVos pr /Do =11.6 & 1.3(stat.) ", (syst.) %,

SThe published branching fractions of the b-quark decays were recal-
culated using updated values [1] of the relevant charm-hadron decay
branching fractions.
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Fex =3.3+0.6(stat.) + 0.2(syst.) %,

Dy D*+r=/D*+

Do pia-ypr =8O F 2.0(stat.) "]} (syst.) %.
In the full kinematic phase space, the extrapolated fractions
of D*T originating from D(l) and D;O and of D originating
from D;‘O can be expressed as

. 0
_Je=Dh
DY— D*t—/D*+ flc— D" DY— D>

]_-cxtr f(c - D;O)

DO Dr Dt = fle— D) ‘BDSOHD**’TI—’

Xtr _f(C—)D;O) B
D> Dtr-/pt T fle— D) "PDyO— Dt

where the fragmentation fractions f (¢ — D?), flc— D;O),
f(c— D*") and f(c— D7) are the rates of ¢ quarks
hadronising as a given charm meson, and B DY D
BD;OA Detn— and BD§'0~> D+ are the corresponding branch-
ing fractions.

These expressions provide a means to calculate the frag-
mentation fractions f(c — D(l)) and f(c — DE‘O), and the
ratio of the two branching fractions for the D;O meson:

extr
DY— D*+x~/D*+

fle>Dh=—% < fle— D*h),
DY~ D~
extr Cf( st
Fopeine e (€= D)
fle— D) =—3
BD;“—> D*ta— + BD?—» Dta—
Xtr . +
. —
D%~ Dtr— /D fle— D7)
BD;O*)D*+N7 + BD‘Z’aDﬁr’
Xtr o +
BD;"—>D+r D"~ Dt /D fle=D7)
= Xtr 3 k4 °
BD;O%D*‘F;T* DO D+ Dt flc— D*T)

The f(c — D*¥) and f(c — D%) values, previously mea-
sured by ZEUS [39], were recalculated with the updated
PDG values of the branching fractions [1] to be

fle— D*) =20.4 £0.9(stat.) 05 (syst.) 7] (br.) %,
fle— D) =217 + 1.4(stat) T2 (syst) 19 br.) %,

where the third uncertainties are due to the branching-
fraction uncertainties. This yields

BDZOH Dt

5 =2.8 £ 0.8(stat.) T3 (syst.)

D30~ Dt

in agreement with the world average value of 2.3 £ 0.6 [1].
Theoretical models [43, 49, 50] predict the ratio to be in the
range from 1.5 to 3.
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Table 5.2 The fractions of ¢ quarks hadronising into the DY, D,_’io and
D:rl mesons (Sects. 5.4 and 6.4). The first uncertainty is statistical and
the second is systematic (Sect. 8)

fle—= D) (%] fc— D) (%] flc— D) (%]

ZEUS 3.5£0470¢  38+£07707  L11+0.16'09
OPAL[47] 2.1£07£03 52£22+13 1.6+04£03
ALEPH [48] 0.94+0.22 40.07
Model [51] 1.7 24 0.54

Assuming isospin conservation, for which

BDll‘aD*ﬁz* =2/3,

Bpso_, prtn- + B pig =2/3,

yields f(c— DY) and f(c— Di°) (Table 5.2). In order
to check fragmentation universality for the excited charm
mesons, the measured fragmentation fractions are compared
and found to be consistent with those obtained in eTe™
annihilations. The measured f(c — D?) and f(c — D;‘O)
values are above the predictions of the thermodynamical
model [51] (Table 5.2). The sum of the two fragmentation
fractions,

fle— DY)+ fe— D3%) =7.3£0.8(stat) "7 (syst.) %,

agrees with the prediction of the tunnelling model of

8.5% [52]. The predictions of both models are based on fits

to the production rates of light-flavoured hadrons at LEP.
The ratio

fle— DY)/ f(c— D3%) =0.93 4 0.20(stat.) % 0.16(syst.)

is consistent with the simple spin-counting prediction of
3/5. Both thermodynamical and tunnelling models suggest
the ratio should exceed the spin-counting prediction due to

the difference between the D? and D;O masses.

6 Study of the excited charm-strange meson D;
6.1 Reconstruction of D;rl — D*t Kg decays

The K g mesons were reconstructed in their charged-decay
mode, KJ — m¥x~, for those events containing a D**
candidate. To identify Kg candidates, displaced secondary
vertices reconstructed from pairs of oppositely charged
tracks [53] were used. The identification efficiency degraded
for the displaced secondary vertices close to the primary ver-
tex. Therefore, additional secondary vertices were formed
from pairs of oppositely charged tracks that were not as-
signed to one of the displaced secondary vertices. This was

done by calculating the intersection points of the two tracks
in the XY plane and requiring |[AZ| <3 cm between the
two tracks at the intersection point. To reduce the combina-
torial background originating from tracks from the primary
vertex, the additional secondary vertices with distances be-
tween the primary and secondary vertices in the XY plane
of less than 0.5 cm were removed.

To reduce the combinatorial background, it was required
that py > 0.15 GeV for each track from any Kg candi-
date, cosa*¥ > 0.97 and cosa?? > 0.85, where a*¥ and
a?? are the projected angles in the XY and ¢Z planes, re-
spectively, between the Kg—candidate momentum and the
line joining the primary to the secondary vertex. Figure 6.1
shows the invariant-mass, M (7 ~), distribution for all re-
maining K g candidates. Only K (S’ candidates with 0.480 <
Mz +r~) <0.515 GeV were kept for the reconstruction of
excited charm-strange mesons. The mass distribution was
fitted to a sum of a modified Gaussian function describ-
ing the signal and a linear function describing the non-
resonant background. The fit yielded the K (g) mass value
497.8 +0.1 MeV, in agreement with the PDG value [1]. The
width of the signal was 4.1 0.1 MeV reflecting the detec-

% T R ———
= o ZEUS (126 pb™) il
— 1000 — ] e . -
5 events with a D™ candidate ]
Q mod

@ L — Gauss™" + backgr. i
_g --- background fit i
2 800 [~ N(KY =8540 = 120 i
e}

£

S

(@]

600

400

200

P S T [ S S IS

0.525 0.55
M(x'n) (GeV)

0.45 0.475 0.5

Fig. 6.1 The distribution of the invariant mass, M (7 ~), in events
with a D** candidate. The solid curve represents a fit to the sum of a
modified Gaussian function and a linear background function (dashed
curve). Only K g candidates from the shaded range were used for the
analysis of the excited charm-strange mesons
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tor resolution. The number of reconstructed Kg mesons in
the range 0.480 < M(n 7 ~) < 0.515 GeV yielded by the
fit was N (K9) = 8540 £ 120.

To reconstruct the Dj'l — D*'*'Kg decays, a D:'] -meson
candidate was formed by combining each selected D**
candidate (Sect. 4.1) with the K? candidates reconstructed
in the same event. For each D:rl candidate, the extended
mass difference, AM®™' = M(Kamsntn™) — M(Knm) —
M@E*Tn~™) or  AM M(Knnamgntn™) —
M(Knnmmng) — M(wtw™), was calculated. The invariant
mass of the D** K(S) system was calculated as M (D** Kg) =
AMS + M(D*")ppg + M (K Q)ppg, where M(K 9)ppg is
the nominal Kg mass [1]. The resolution in M(D*"’K(S))
around the nominal mass of the D:'l [1] was estimated from
MC simulations to be 2.2 MeV.

Figure 6.2a shows the M (D** K(S)) distribution for D**
meson candidates reconstructed in both decay channels.
A clear signal is seen at the nominal value of M (D:’l).

Ly S S B B B B B

S 8of § E
N AEy \ o ZEUS (126 pb™) E
N E — simultaneous fit E
2 60F --- background fit =
1%} E 3
§° N(DZ,) =100 = 13 E
T 4 E
£ E
Qo = i |
§30§ E
S 2F E
10 E
o P B P B I B
25 252 254 256 258 26 262 264
M(D™*KY) = AM®™ + M(D™)ppg + M(K)ppg (GEV)
180 (T
160 - (b) N(DZ,) = 136 = 27 E
140 E
120 [~
100 |~ =
80 | E
60 [~ E
40 E
20 E
oBl v vt e b 11

2.36 2.38 2.4 2.42 2.44 2.46 2.48 25
M(D%K,) = AM™ + M(D%)5p (GeV)

Fig. 6.2 The distribution of (a) M(D*iKg) = AM™ +
M(D*")ppg + M(Kppg. where AM™ = M(Knmymtn™) —
M(Knmy) — M(rtn™) or AM®™ = M(Knrnnmsmtn™) —
M(Knrnmg) — M@@+ta~), for D.ﬁ — D*iKg candi-
dates and (b) M(D°K,) = AM®' + M(D%)ppg, where
AM™ = M(KnK,) — M(Kn), for D% — D*K+/D*K~
candidates (dots). The solid curves represent the result of the simulta-
neous fit with the background contribution given by the dashed curves
(Sect. 6.3)
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6.2 Reconstruction of D;rl — D*0K+ decays

Monte Carlo studies show that a signal from the D:rl —
D*OK* decay, with a consequent D** decay to a DV and
undetected neutrals, should be seen in the M (DK ™) dis-
tribution with an average negative shift of 142.4 + 0.2 MeV
with respect to the nominal D;"l mass [1], and that the shape
of the signal can be reasonably well described by the modi-
fied Gaussian function (see (4.3)) with a width of 3.1 MeV.

To reconstruct the Dfl — D¥g+ decays, an excited
charm-strange meson candidate was formed by combining
each selected untagged D candidate (Sect. 4.3) with an ad-
ditional track, assumed to be a kaon (K, ), with a charge op-
posite to that of the particle taken as a kaon to form the D°
candidate. The additional track was required to satisfy the
kaon d E /dx hypothesis with [x > 0.03 (Sect. 4). To reduce
the combinatorial background, the following requirements
were applied:

(K <1.1,  pr(Ka) > 0.60GeV,

pr(D°K,)/ES10 > 0.35, cos6*(D") < 0.8,
where 0* (DY) is the angle between the DY in the DYK,, rest
frame and the D°K,, line of flight in the laboratory frame.

For each excited charm-strange meson candidate, the ex-
tended mass difference, AM®' = M(KnK,) — M(Km)
was calculated. The invariant mass of the DK, system
was calculated as M (D°K,) = AM® + M (D% ppg, where
M(DO)P[)G is the nominal D° mass [1].

Figure 6.2b shows the M (DYK,) distribution for the se-
lected excited charm-strange meson candidates. A signal is
seen at the expected position of the feed-down from the
D:rl — D*0K* decay. No signal from the known decay
D (2573)T — DK+ [1] was observed, probably due to
the large combinatorial background.

6.3 Mass, width and helicity parameters

The M (D**Kg) distribution in four helicity intervals is
shown in Fig. 6.3, with the helicity angle («) defined as
the angle between the K 2 and 77, momenta in the D** rest
frame. The D;rl signal decreases with |cos(a)].

To extract the D:] yields and properties, an unbinned
likelihood fit was performed using simultaneously values
of M(D°K,), M(D**KYJ), and cos(a) for D**K? com-
binations. The observed narrow signals in the M (D*TK g)
and M (DOKa) distributions were described in the fit by a
Gaussian function and a modified Gaussian function, re-
spectively. Equation (5.1) was used to describe the helicity
distribution. The acceptance dependence on the helicity an-
gle, found from MC to be very weak, was corrected for in the
fit function. The average shift of the signal in the M (D°K,)
distribution with respect to the mass of D;"l meson was fixed
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Fig. 6.3 The distribution of M(D**K?) = AM™ +
M(D*)ppg + M(KQppg for DY — D*KY candidates in
four helicity intervals: (a) [cosa| < 0.25, (b) 0.25 < [cosa| < 0.5,
(¢) 0.5 < |cosar| < 0.75 and (d) [cosa| > 0.75 (dots). The solid
curves represent the result of the simultaneous fit with the background
contribution given by the dashed curves (see text)

to the MC prediction (Sect. 6.2). Yields and widths of both
signals, the D:] mass and the D:'l helicity parameter were
free parameters of the fit.

To describe the background in the M (D*TK g) distribu-
tion, a function x4, where x = AM®*, was used. The back-
ground description for the M(D°K,) distribution required
a functional form with two shape parameters x* exp(—Bx),
where x = AM®™ — mg+ and mg+ is the kaon mass [1].
The shape parameters of the M(D**Kg) and M(D°K,)
background functions were independent free parameters of
the fit. Since neither data nor MC demonstrated a sizeable
background dependence on the helicity angle, the back-
ground function for D**K g combinations was assumed
to be helicity independent. The numbers of reconstructed
D:rl mesons and values of all free background parameters
yielded by the fit are summarised in Table 6.1.

The widths of both signals yielded by the fit agree with
the MC predictions for the corresponding resolutions. Thus
the value of the natural D:i width cannot be extracted. The
difference between the D;rl mass and M (D*")ppg was

M(DJ}) — M(D*)ppg = 525307041 (stat.)
£ 0.10(syst.) MeV,

and, hence, the mass of the D; was

M(DJ}) = 2535.57F04] (stat.) £ 0.10(syst.)
£0.17(PDG) MeV.

The first uncertainty is statistical, the second is system-

atic (Sect. 8) and the third is due to the uncertainty of the

M (D*")ppg value. Small errors due to the uncertainties of

the M (D*+)ppg — M (D%)ppg and M (K 9)ppg values were

included in the systematic uncertainty. The measured D:rl

mass is in good agreement with the world average value [1].
The D;r] helicity parameter was

h(D}}) = —0.74F0 (stat) 08 (syst.).

The measured / value is inconsistent with the prediction
for a pure D-wave decay of the 11 state, h = 3, and is
barely consistent with the prediction for a pure S-wave de-
cay, h = 0. Figure 6.4 shows a range, restricted by the mea-
sured h(D_jl) value and its uncertainties, in a plot of cos ¢
versusr = I's/(I's +I'p) (see (5.3)). The measurement sug-
gests a significant contribution of both D- and S-wave am-
plitudes to the Dj;(2536)T — D*+K2 decay. The ZEUS

Table 6.1 The numbers of reconstructed D; mesons and values of
all free background parameters yielded by the unbinned likelihood fit
performed simultaneously using values of M(D°K,), M(D*T K ) and
helicity angle for D** K g combinations (see text). The mass, width and
helicity parameters are given in the text

Final state D* K DK,
Signal yields
N(D;) 100 £ 13 136 £27
Background parameters
A 0.43£0.06 0.4340.05
B 43+1.0
. : r : T :
e \\\
2 [
© C N
05 | \&
o :_ D}, mixing
[ — ZEUS (126 pb™)
F v, sstat. N
05 - = stat.@syst. 3
[\ CLEO 3
[ ¢ BELLE ]
L o U B n
0 0.2 0.4 0.6 0.8 1
T/(Tg+Ty)

Fig. 6.4 Cosine of the relative phase of S- and D-wave amplitudes
versus r = I's/(I's + I'p) in the Dy (2536)" — D** K decay from
the ZEUS, CLEO and BELLE measurements
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range agrees with that restricted by the CLEO measurement
of h(Dj}) = —0.23704) [54] and with the BELLE three-
angle measurement of both cos¢ and r values [55].

6.4 Fragmentation and branching fractions

The numbers of reconstructed Djl — D*TK (S) and D;”l —
DK+ decays were divided by the numbers of recon-
structed D** and untagged D° mesons, respectively, yield-
ing rates of D** and untagged D° mesons originating
from D;rl decays. To correct the measured rates for detec-
tor effects, the relative acceptances were calculated using
the MC simulation as ratios of acceptances for the D:’l —
D**KQand DY, — D*OK™ states to the inclusive D** and
untagged-D0 acceptances, respectively. The untagged-DO
acceptance included subtraction of a small contamination to
N (ngag) from unidentified D*t mesons. The acceptance
of the requirement /g > 0.03 for the additional track was
calculated with data using identified kaons from D*t de-
cays (Sect. 4.1), to be (95.3 £ 0.2)%; only the kaons from
the kinematic range of the additional kaon selection were
used. Subtraction of the small b-quark contribution changed
the relative acceptances by less than 2.2% of their values.
The relative acceptances were 38% for D;r] — D*tK (S) and
48% for DJj — D**K* in the kinematic ranges described
in Sect. 4.

The fraction, F, of D*T mesons originating from Djl
decays, corrected to the fraction of K mesons decaying as
K 2 (50%) and to the branching fraction of the Kg decay
into 7t7w~ (69.20% [1]), was calculated in the kinematic
range |n(D*1)| < 1.6 and pr(D**) > 1.35 GeV for the
D** decay channel (4.1), combined with channel (4.2) for
pr(D*T) > 2.8 GeV:

F o pre goypes = 135 £ 0.18(stat.) £ 0.03(syst) %.

The fraction of untagged D° mesons originating from
D; decays, calculated in the kinematic range pr(D%) >
2.8 GeV and |n(D%)| < 1.6 is

F s 00 1, = 1:28 £ 0.26(staL.) £ 0.07(syst.)%.

The fractions measured in the restricted py (D*T, DO) and
n(D*t, D%) kinematic ranges were extrapolated to the
fractions in the full kinematic phase space (Sect. 5.4).
Applying the estimated extrapolation factors, ~1.2 for
}-DPIHDHKO/DH and ~1.5 for FD:rlﬁD*oKJr/ngag, gives

B e oy = 167 %0.22(6tat) & 0.07 (syst.) %,
Tt bt D, = 193 % 0.40(stat.) 012 (syst.) %.

In the full kinematic phase space, the extrapolated fractions
of D** and untagged D° mesons originating from D;rl can
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be expressed as

. +
Xt _f(‘%Dsl) B
Dj—D*+KO/D*+ — flc— D*T) D> D* KO
. +
Jrextr fle— D5|) .
+ 0 o = Q0 < K0 K+
D{,— D* K+/Durmlg f(C—> Dgntag) D{,—D*K

where the fragmentation fractions f (¢ — D:rl), f(c— D*M)
and f(c— ngag) are the rates of ¢ quarks hadronising as
a given charm meson, and BTD;_’D*TKO and Bt o+
are the corresponding branching fractions.

These expressions provide a means to calculate the frag-
mentation fraction f(¢ — D:rl) and the ratio of the two D;rl
branching fractions:

Fr - fle— D*)

f(c_>D+)_ D:"—>D*+KO/D*+
s/

BD;‘)D*-#KD +BD:§»D*0K+

Jrext . f(c— DY
D:rl_,D*OKJr/DSnmg f( )

untag

BD:rI_,DwKo-FBD:r‘_)D*oKJr

Xtr 0
F© . —
Bqu—»D*O K+ D= D OK+/Df f(e = Dungag)

BD:-]ﬁDHKo fe[))(g%D**’KU/D**' - f(c— D*Y)
Using f(c — D*T) and f(c — D°) [39], recalculated with
the updated values of the branching fractions [1], and calcu-
lating the fragmentation fraction into untagged D°

fle—= DYyue) = fle— D% — flc— D) Bpes_, pog+
=139.8+ 1.9(stat.) £ 1.5(syst.) 733 (br.) %,

where Bp.+_, po,+ is the branching fraction of the decay
D*t — pOr+ (67.7% [1]) and the third uncertainty is due
to the branching-fraction uncertainties, yields

BD* DK+
T E L 2.3+0.6(stat.) & 0.3(syst.)
BD;»DHKO

in comparison with the world average value of 1.27 +
0.21 [1]. Isospin invariance requires the matrix elements of
the two measured D; decay modes to be the same, while
an enhancement of the D** K final state is expected due to
the larger phase space [50].

Assuming that the decay width of the D;Fl is saturated by
the D*K final states, i.e.

BDWLI‘)DH»KO +BD+1*>D*OK+ =1,
f f

yields f(c — D:rl) (Table 5.2). The measured fragmenta-
tion fraction value agrees with those obtained in e* e~ anni-
hilations and is above the prediction of the thermodynamical
model [51].
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The ratio for the two 17 states
fe— Df)/f(c— DY) =0.31=£0.06(stat.) 903 (syst.)

represents the strangeness-suppression factor for P-wave
charm mesons. The measured value agrees with measure-
ments of the strangeness-suppression factor for the lowest-
mass charm mesons [15, 39, 56] and with the value of 0.3,
used by default in simulations based on the Lund string frag-
mentation scheme [57, 58].

7 Search for the radially excited charm meson D*'+

To search for the D*+ — D**7 7~ decays, a D¥ can-
didate was formed by combining each selected D** can-
didate (Sect. 4.1) with two additional tracks with opposite
charges. The additional tracks were assumed to be pions
(nai), and were required to satisfy the pion d E /dx hypoth-
esis with /; > 0.01 (Sect. 4). To reduce the combinatorial
background, the cuts () < 1.1 and cos8*(D**) < 0.8
were imposed, where * (D**) is the angle between the D**
in the D**w}tw; rest frame and the D**x 7, line of
flight in the laboratory frame. To further reduce the com-
binatorial background, the following requirements were ap-
plied:

pr(rE) >0.15 GeV, pr(D*fa;)/ES710 > 0.25

for the D** decay channel (4.1) and

pr() >025GeV,  pr(D**nfr;)/ES 10 >0.30
for the D** decay channel (4.2).

For each D** candidate, the extended mass differ-
ence, AM®' = M(Knrynn;) — M(Knmy) or AM®t =
M(Krrrmn_yrra*na’) — M(Knnmmg), was calculated. The
invariant mass of the D**x 7, system was calculated as
M(D** ;) =AM + M(D*")ppg. The resolution in
M(D**w ;) around 2.64 GeV, where a narrow signal
was reported by the DELPHI Collaboration [12], was esti-
mated from MC simulations to be 5.6 MeV.

Figure 7.1 shows the M(D*tr ;) distribution below
2.9 GeV. The distribution was investigated in the full acces-
sible range; no narrow resonance was observed.

An estimate of the fraction of D** mesons originating
from the D*+ — D**z T 7~ decays was performed in the
signal window of 2.59 < M(D**r;"7;) <2.69 GeV. This
window covers both theoretical predictions [11] and the
DELPHI measurement [12]. The M(D*"rfx;) distribu-
tion was fitted outside the signal window to the background
functional form with two shape parameters, x* exp(—Bx),
where x = AM®' — 2m_+. The number of reconstructed

41
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2 | e« zEUS(126pb")
g 300 - — background fit
2 ----fit interpolation
2 i MC signal normalised \’
S = to upper limit
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M(D"73m) = AM®™ + M(D™) o (GeV)

Fig.7.1 The distribution of M (D**x; ;) = AM®+M (D**)ppg,
where AM™ = MKnrgSny) — M(Knm) or
AM™ = MEKnrrrgnin,) — MKrrwmy), for
D¥* — D*:ptng~ candidates (dots). The inset shows the
D** signal window covering both theoretical predictions and the
DELPHI measurement. The solid curve is a fit to the background
function outside the signal window. The shaded histogram shows the
Monte Carlo D*'* signal, normalised to the obtained upper limit (95%
C.L.) and shown on top of the fit interpolation (dashed curve)

D** mesons was estimated to be 104 & 83 by subtract-
ing the background function, integrated over the signal win-
dow, from the observed number of candidates in the win-
dow.

The number of reconstructed D*+ — D*Txtmr~ de-
cays was divided by the number of reconstructed D**
mesons, yielding a fraction of D* mesons originating from
the D*'* decays. To correct the measured fraction for detec-
tor effects, the relative acceptance was calculated using the
MC simulation (Sect. 3) as a ratio of an acceptance for the
D¥* — D*Txtx~ state to the inclusive D* acceptance.
The acceptance of the requirement I, > 0.01 for the addi-
tional tracks was calculated with data (Sect. 5.4). Subtrac-
tion of the small b-quark contribution, performed under a
conservative assumption that all D*'* mesons are produced
in charm fragmentation, changed the relative acceptance by
~1.7% of its value. The relative acceptance was found to be
34% in the kinematic range described in Sect. 4.1.

The fraction, F, of D*T mesons originating from D**
decays was calculated in the kinematic range |n(D*1)| <
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1.6 and p7(D**) > 1.35 GeV for the D** decay channel
(4.1), combined with channel (4.2) for pT(D*+) > 2.8GeV:

Fpws s prtnsn- o+ = 0.54 £ 0.43(stat.) 503 (syst.) %.

The fraction measured in the restricted p7(D*T) and
n(D**) kinematic range was extrapolated to the fraction
in the full kinematic phase space (Sect. 5.4). Applying the
estimated extrapolation factor, ~1.2, gives

FR8e, pet iy e = 0.67 £ 0.53(stat) 10 (syst.) %.

In the full kinematic phase space, the extrapolated ratio can
be expressed as

_flesD")
D¥+— D¥t = /Dt = m *Pp¥t— Dt
where the fragmentation fraction f(c — D*) is the rate
of ¢ quarks hadronising as D**, and Bp«+_, prtp+g— is
the branching fraction of the decay D** — D*Tx T,
Using f(c — D**) [39], recalculated with the updated
branching fractions [1], an upper limit was set on the product
of the fraction of ¢ quarks hadronising as a D*'* meson and
the branching fraction of the D¥* — D*T7+7~ decay in
the mass range 2.59 < M(D** 7)< 2.69 GeV:
flc— DN Bpw_, prtp+n- <0.4% (95% C.L.).
The upper limit is the frequentist confidence bound calcu-
lated assuming a Gaussian probability function in the uni-
fied approach [59]. It is stronger than the 0.9% limit on D*'*
production in charm fragmentation obtained by OPAL [13].
The ratio of the D¥* — D**x*x~ to DY, D30 —
D*T 7~ decay yields, calculated as

RD*’*%D**T:*T[*/D?, D30~ D=
Xtr
FeD*/+~>D*+Jr+71*/D*+
extr + extr ’
DY—D*tx=/D*+ D30~ D*tx /D*F

is compared with those obtained by DELPHI [12] and
OPAL [13] in Table 7.1. The ZEUS measurement is more

Table 7.1 The ratio of the D** — D**z¥7x~ and DY, Dz*“ —
Dt~ decay yields, R psre s prt i+ 7=/ DY, DY~ D= The first un-
certainty is statistical and the second is systematic (Sect. 8)

RD‘H»D*+n+n*/n?.pgoan*+r

DELPHI [12], Z° — bb, c&
OPAL [13], Z° — bb, c¢

49+ 18 +10%

5+£10£0.2%

<22% (95% C.L.)
0.6

4.5 +3.6705%

<12% (95% C.L.)

ZEUS, ep — ccX

sensitive to the existence of a narrow resonance decaying to
D*Tx+ 7~ However, it is sensitive only to the resonance
production in charm fragmentation while the LEP measure-
ments are also sensitive to beauty fragmentation.

8 Systematic uncertainties

The systematic uncertainties of the measured values were
determined by varying the analysis procedure and repeat-
ing all calculations. The sizes of the variations were chosen
commensurate with the estimated uncertainties of the rele-
vant parameters and variables. The following groups of sys-
tematic uncertainties were considered.

{81} The uncertainties related to the signal and helicity

extraction procedures were obtained as follows:

— for the D** signals: the ranges for the background nor-
malisation were reduced by 2 MeV on either side; the
fit was used instead of the subtraction procedure;

— for the D™ signal: the range for the signal fit was re-
duced by 20 MeV on either side; the amounts of the
subtracted D" and A} reflections were varied in the
range of their uncertainties; a higher-order polynomial
was included in the background parametrisation;

— for the untagged D° signal: the range for the signal
fit was reduced by 20 MeV on either side; the value
of M(Km), where the background form with the ex-
ponential enhancement turns into the linear form, was
varied between 1.84 GeV and 1.88 GeV; a higher-order
polynomial was included in the background parametri-
sation;

— for the D? and DE‘O signals: the ranges for the signal fit
were reduced by 20 MeV on either side; higher-order
polynomials were included in the exponential of the
background parametrisations; the masses and widths
of the wide excited charm mesons were varied in the
range of their uncertainties [1] and their yields were
varied by +£50%;

— for the D? helicity distribution: the acceptance depen-
dence on the helicity angle was varied in the range of

Table 8.1 The total and §;—33 (see text) systematic uncertainties for
the mass, width and helicity parameters of the excited charm and
charm-strange mesons

Total 81 8 83
M(DY) [MeV] +0.9 o4 +0.8 +0.0
M) MeV] 13 08 £1.0 oo
(DY) [MeV] 3 33 +0.2 0.0
h(DY) 2 S +0.0 +0.0
M(D}) [MeV] +0.10 A +0.08 +0.02
h(D) ooe 006 - +0.00
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Table 8.2 The total and §;—89 (see text) systematic uncertainties for extrapolated fractions, for ratios of the dominant branching fractions and for
fragmentation fractions of the excited charm and charm-strange mesons

Total 81 8 83 84 8s 86 87 83 8o
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Xtr +93 +8.5 +0.6 22 H11
7:7,?% D /D —144 ~139 ~03 +0.0 0.1 -23 - ~0.6 +0.7 +2.6
Xtr +65 +5.1 403 +24 +1.0 +2.8
feD;u_, DD+ -71 -59 -05 +0.0 0.1 -21 - —0.6 +1.2 -29
xtr +12.3 +10.8 +3.0 +02 +2.8 +1.0 14 +4.6
7;;04,)+7,—/D+ —16.7 —15.8 -0.7 ~1.0 0.1 -3 - 0.4 -1.0 —42
D30~ pta— +18.3 +12.0 +1.7 +0.4 +132 +0.5 +1.3 +3.2
o ~20.0 —16.1 0.4 +0.2 +0.0 -1.0 —112 —0.3 ~09 4.8
D3V D¥Fa—
. 0 +11.5 +8.5 +0.6 +22 +6.9 +1.1
fle—Dy) ~16.4 ~139 -03 +0.0 0.1 -23 -738 —0.6 +0.7 +2.6
<0 +12.3 +82 +0.9 +0.1 +27 +7.7 +0.3 12 +4.0
fle— Dy ~14.6 ~11.8 —0.0 ~07 0.1 -238 —7.1 —0.0 -10 -36
xtr +45 +1.6 +0.7 +0.1 +1.7 +37
J:Zﬁ DM KO DR —4 20 ~03 +0.0 +0.0 ~00 +0.1 ~10 +0.6 33
Xtr +63 +1.9 +3.0 +3.8 +0.5 14 +33
DYy DK /DYy -83 -4.0 -0.7 0.2 0.3 -35 - —0.4 —0.7 —6.2
B
Dy DK+ +12.5 +2.7 +2.6 +0.2 103 +3.6 +11.0 +1.2 +0.9 +2.0
B o —133 —43 04 -1.0 - -35 -103 —18 —0.4 —6.0
D:l — D¥+ k0
™ + +74 14 +23 +0.1 +2.6 453 +0.6 +1.1 +32
fle—Dgp) -8.6 —2.8 —0.6 0.2 +0.2 -238 —6.1 —0.4 —0.7 —438
xtr +4.7 +3.0 +1.6 +20 +13 420 12
Fpwre D ta— /D —15.0 —13.9 -20 - +0.2 24 - —07 ~1.0 —45

its uncertainty; the background functions in the four he-
licity intervals were allowed to have separate normali-
sations;

— for the D:’l signals: the ranges for the signal fit were re-
duced by 12 MeV on the upper side; higher-order poly-
nomials were included in the exponential of the back-
ground parametrisations; the average shift of the signal
in the M(D°K,,) distribution with respect to the mass
of D;’l meson was varied in the range of its uncertainty
(Sect. 6.2);

— for the D:rl helicity distribution: the acceptance depen-
dence on the helicity angle was varied in the range of
its uncertainty; the background function was allowed
to have a free helicity parameter;

— for the D*7 signal search: the range for the back-
ground fit was reduced by 12 MeV on the upper side; a
higher-order polynomial was included in the exponen-
tial of the background parametrisation;

e {57} The uncertainty of the tracking reconstruction and
simulation was taken into account by varying all momenta
by +0.1% (magnetic field uncertainty) and by changing
the track momentum and angular resolutions by +5% of
their values.

e {83} The uncertainties of M(D**)ppg — M(D)ppg,
M(D* )ppg — M(D%)ppg and M(KQppg were in-
cluded.

{86} The uncertainties of the fragmentation fractions
f(c— D*F), f(c— D%) and f(c— Dgntag) were de-
termined by adding in quadrature their statistical and sys-
tematic uncertainties and the errors originating from the
branching-fraction uncertainties. The uncertainty of the
branching fraction of the K 2 decay into 77~ [1] was
also taken into account.

{67} The model dependence of the acceptance correc-
tions was estimated by varying the pr(D*t, DT, D°)
and n(D*t, Dt, DY) distributions of the MC sample by
their uncertainties; the MC fraction of the lowest-mass
charm mesons produced in a vector state was taken to be
0.6+0.1.

{83} The uncertainty of the beauty subtraction was deter-
mined by varying the b-quark cross section by a factor
of two in the MC sample and by varying the branching
fractions of b-quarks to charm hadrons by their uncertain-
ties [45-48].

{89} The extrapolation uncertainties were determined by
varying relevant parameters of the PYTHIA simulation us-
ing the Bowler modification [36] of the Lund symmet-
ric fragmentation function [37].° The following variations
were performed:

— the mass of the ¢ quark was taken to be 1.5+ 0.2 GeV;

%An adequate use of the Peterson fragmentation function [60] for the
extrapolation was not possible due to the absence of predictions or
measurements of the Peterson parameter values for all involved charm
mesons. Using the Peterson fragmentation function with the same pa-
rameter value (0.05) for all charm mesons increases the extrapolation
factors by 10-25%.

e {84} The uncertainties of the d E /dx requirements applied
to the additional tracks (Sects. 5.4, 6.4 and 7) were taken
into account.

e {85} The uncertainty of the CAL simulation was deter-
mined by varying the CAL energy scale by £2%.

@ Springer
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— the strangeness suppression factor was taken to be
0.3£0.1;

— the fraction of the lowest-mass charm mesons produced
in a vector state was taken to be 0.6 +=0.1;

— production rates of the excited charm and charm-
strange mesons were varied by +50% around the cen-
tral values tuned to reproduce the measured fractions
of ¢ quarks hadronising into D?, D3° or D;

— the Bowler fragmentation function parameter r, was
varied from the predicted value 1 to 0.5; the a and b
parameters of the Lund symmetric function were var-
ied by £20% around their default values [30].

Contributions from the different systematic uncertainties
were calculated and added in quadrature separately for pos-
itive and negative variations. The results are given in Ta-
bles 8.1-8.2.

The relatively narrow AM, M(Knx) and M(Km)
ranges, used for the excited charm and charm-strange me-
son studies, selected only the central parts of the D*+, D+
and D signals, respectively (Sect. 4). It was checked that
increasing the narrow ranges by 25-50% produced no effect
on the results beyond the expected statistical fluctuations.
Similarly, no systematic shifts were found when removing
the n(7,, K;) < 1.1 requirement from the excited state se-
lections (Sects. 5.1, 5.2, 6.2 and 7). It was also checked that
the D? width value cannot be significantly reduced by in-
cluding an interference between the signal and background.

9 Summary

Sizeable production of the excited charm and charm-strange
mesons was observed in ep interactions. The measured
masses of the D?, D;O and D:i are in reasonable agreement
with the world average values [1]. The measured D? width
is

(DY) =53.2 £ 7.2(stat.) 33 (syst.) MeV

which is above the world average value 20.4 £ 1.7 MeV [1].
The measured D? helicity parameter is

h(DY) = 5.930(stat.) 23 (syst.),

which is inconsistent with the prediction of 4 =0 for a pure
S-wave decay of the 17 state, and is consistent with the pre-
diction of & = 3 for a pure D-wave decay. In the general case
of D- and S-wave mixing, the allowed region of the mixing
parameters is consistent with the CLEO measurement [44]
and marginally consistent with the BELLE result [6].

The measured D:’l helicity parameter is

h(DJ}) = —0.747 33 (stat.) )05 (syst.).

@ Springer

This value is inconsistent with the prediction of 2 =3 for a
pure D-wave decay of the 17 state, and is barely consistent
with the prediction of & = 0 for a pure S-wave decay. The
measurement suggests a significant contribution of both D-
and S-wave amplitudes to the Dy1(2536)F — D*+Kg de-
cay. The allowed region of the mixing parameters is consis-
tent with the CLEO measurement [54] and with the BELLE
result [55].

The ratios of the dominant D;O and D:rl branching frac-
tions are

B

#0_y Dt —

2T _2840.8(stat) 3 (syst),
BD;Oﬁ D*tg—

Bp+_, prog+

T~ —2.340.6(stat.) + 0.3(syst.)
BD:i‘)D*+ KO

in agreement with the world average values [1].

The fractions of ¢ quarks hadronising into DY, D;O or
D;rl mesons are consistent with those obtained in eTe™ an-
nihilations (Table 5.2), in agreement with charm fragmenta-
tion universality. Sizeable fractions of the D*+, DT and D°
mesons emanate from these excited states.

No radially excited D** meson was observed. An up-
per limit, stronger than that obtained by OPAL [13], was
set on the product of the fraction of ¢ quarks hadronis-
ing as a D** meson and the branching fraction of the
D¥* — D**nFT 7~ decay in the range of the D** mass
from 2.59 to 2.69 GeV:

flc— D¥*) - Bpui L prigin- <04% (95% C.L.).
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Appendix: Relativistic Breit-Wigner function

The mass distribution, M, of a resonance with a non-
negligible natural width decaying into two particles is de-
scribed by a relativistic Breit-Wigner function with a mass-
dependent width [61]:

dN MMoT (M)
4N )
dM = (M? — M})? + MZT2(M)

MO [J* 20+1 .
r(M)=To— = Fl(p*, pi),
(M) 0M<P5 (r*, po)

where I'g is the nominal resonance width, p* is the momen-
tum of the decay products in the resonance rest frame and
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p§ is the value of p* at the resonance nominal mass Mo.
The hadron transition form-factor, F!(p*, py)» in the Blatt-
Weisskopf parametrisation [62] equals 1 for S-wave (I = 0)
decays and

F2(p*, pi) =

9+3(pgr)* + (pgr)*
9+ 3(p T+ (p)?

for D-wave (I = 2) decays, where r = 1.6 GeV~! is a
hadron scale.
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Henosnnbim 6611 661 c6opruk o Ilasie Ménoposuye Epmosose
6e3 dororpaduil, JOKYyMEHTUPYIOUUX MHOKECTBO MOMEHTOB €r0
HACBINIEHHON KMU3HU. ET0 cemMbsl, ero mopTpeTsl, KaKAbI U3 eT0
BOKHEHNTITUX 9KCIIEPUMEHTOB 1 JKM3HEHHBIX ATAIOB, HABCET/Ia 3alle-
JaTJIEeHHBI KaMePOH TeX, KTO OBIJI C HUM PSIZIOM.
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Crpanmuiia u3 cemeiinoro anb6oma. Ha ¢pororpadusx: math Mapust Cremanosa u orert @émop
Bacuibesnu Epmonossr, crapmmii 6par Buktop Méxoposud Epmonios, Maamas cectpa
Anronnna @énopora Epmosioba (Kazankuna) u [Taen @énoposuy Epmosios, r. JleHUHTpaj

IMasenr Ménoposuy ¢ poaurensmu Mapueit CrenarnosHoil 1 Ménopom Bacuibesnuem
Epwmonossimu, . MockBa
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[1.D. Epmosios, 1962 r. ITaBesn MEnoposuy ¢ poukoit Marieii B jetb
3alTUTHI IOKTOPCKOH uccepTaruu, 12 utosrs
1974 r. noc. IIporBuno (r. CepiyxoB)
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[Masen Ménoposud Epmosios ¢ cympyroit Jlapucoit [TeTpoBHOI B TOCTSIX y diieHa-
koppecnorgenta AH CCCP H. H. ToBopyHa noma, r. [{y6Ha, 1978 1.
H. H. ToBopyH — pyKoBOAUTEb JTAGOPATOPUK BHIYMCIUTEIbHON TEXHUKU U aBTOMATU3AIUI
(JIBTA) OUAN ¢ 1966 rona

[Magenr ®énoposuy ¢ cynpyroii Jlapucoii [TeTpoBHOIt Ha YHUBEPCUTETCKOM MTPOCITEKTE,
r. Mocksa, oxtsa6pn 1980 r.
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Oriy, @énopy Bacunbesuuy Epmosiony, 80 ser, 1985 r. (ciipaBa — 6par Bukrop @énoposuy)

Mawme, Mapun Crenanosne Epmosiosoii, 100 ser, r. Canxr-Ilerep6ypr, 2001 r. (cieBa —
cectpa Antonnna MénoposHa)
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JlupexTop Jlaboparopun saepubix npobsem (JIAID) OUMAN B. I1. [xenenos (B meHTpe)
C COTPYAHUKAMU B 9KcIlepuMenTaabHoM 3aje. 11. @. EpMosIoB B mocjenneM psiLy, BTOPoii
cripasa, r. Jly6Ha, 1960 .

I1. @. Epmouios ¢ kosuteramu B JISIIT OUSU, r. [ly6ua
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I1. ®@. Epmosos, corpyauuk JIAIT OUAN, B kyayapax XII MexaynapoaHoin KoHbepeHIuu mno
(busuke BbICOKUX sHepruii, T. [[ybHa, 5—15 aBrycra 1964 r.

-oe

Cexrop 1y3pipbKkoBbIX Kamep UMD BI, kotopsim pyxkoBoaua kanauzaat ¢.-m. . [1. . Epmosos
(creBa OT 3HAMEHN ), 3aHJT 1-€ MECTO B CONMATNCTUIECKOM COPeBHOBaHNH, TToc. [IpoTBHHO
(r. CepmyxoB), 1973 r.
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B. . Mockaues, I1. @. Epmosios, E. A. Asees, [Tpencenarens TKAD A. M. Tlerpochsinii,
A. H. Hekpacos B 3ase 6oJibl0# 1my3bipbKkoBoii kamepbl Mirabelle, noc. ITporsuno
(r. CepniyxoB), 1974 .

.

Iupexrop UDBI akazemux A. A. JloryHos, M. B. 3umsiaun, B. A. SIp6a, [1. @. Epmosnos.
WncturyT pusmkn Beicoknx anepruii, moc. [Iporsuno (r. Cepmyxos), 60—70-e rr.
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[Iperuanonubiii MUKPOCTPUIIOBDII BepIINHHLI feTekTop yetanoBku CB/I-2, BriepBbie
cosmannblii B Poccun os pykosojctBom I1. @. EpmosioBa. UDBI, r. [TpoTBuHO

JInzep xoanaboparun CB/I-2 npodeccop I1. D. Epmonos na ceance B UDBI,
noc. Iporsuno (r. Cepnyxos), 16 nexabpst 2004 r.
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Obcyskaenne nabopa craructuku Ha yeranoske CBJl B ceance 2004 r. CiieBa HanpaBo:
3aBEIYIONIII JIa6%paTopHef/’I nerextupyomux npudopos A. I1. Bopooses (M1DBI),
pykoBozuTesb kostabopaiu CBJI npodeccop I1. @. Epmosos (HUUAD MTY),

c.u.c. T. IT. Tomypusa (OUAN), 16 nexabpst 2004 .

Yuacrauku sxcriepumMeHToB Ha CB/l B aKkcIiepiMeHTaIbHOM 3aJle YCTaHOBKI
(corpynankn HUVAD MTY, MDBD Iporsuto, OUAN [lyona), 21 Hos6pst 2008 .
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3au yrpaBaenus getekropom DO
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Busur IToas Tpannuca (pykosoautens D0 kosmiabopaiuu, 1983—1996) ¢ skenoit
B MockoBckuii yausepcuret B Hostope 1996 r. Ha cHuMke Bo Bpemst o6esia B CTOJIOBOI
B rrasroM 3panun MI'Y I1. @. Epmonios (ceBa) c¢ [Tomem I'panmmcom u ero skeHoit bapbapoit
(B ientpe) u kosuteramu uz HUMAD® MI'Y — C. D. BepeskneBbiM (BTOPOIi cJieBa),
A. H. Comomuasim (cipasa), B. C. MypauasiM (BTOPOII c1ipaBa)

Jlaypeatsr mpemunt umenu M. B. Jlomonocosa nepsoii crerienu 2007 1. 9. 3. bBooc, JI. B. [lyako
u M. M. Mepkun (HUAD MTY) B akTOBOM 3a/ie YHUBEPCHUTETA.

[Ipemust 6biIa IPUCYsKIEHA 32 BKJIA/L B [IePBOe HAOIIOJIEHIE 3JIEKTPOCTA00T0 POKIEHIST
torn-kBapka B 2006 r. B axcniepumente DO (FNAL). I'pynma 2)1/131/1}@13 HUWAD MTY nox
pykosojzictBoM I1. @. EpMosioBa BHECIa OCHOBHOM BKJIaJl B PabOTHI MO [IEPBOMY HAOIIIOIEHIIO
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orpaHnyenwuio Ha mapamerp V,, Marpuiisl Kabn66o—Kobasmm—Mackapbr
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YyacTHUKE MeXRIyHAPOAHOTO 9KcrepuMenTa D0 B axcriepuMeHTaIbHOM 3aJIe.
Hauunonanbhas ma6oparopust um. 3. @epmu (FNAL), barasus, CIIA
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I1. ®@. EpMOJIOB Ha CUMIIO3UYME, TIOCBANIEHHOM OKOHYAHUIO PAGOTBI 3J1EKTPOH-IIPOTOHHOTO
kostaiinpa HERA. Koudepenir-zan maboparopun DESY, r. Tam6ypr, 30 utons 2007 r.
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I1. ®. Epmoinios u mpodeccop I'. Bombd, pykoBoautess komrabopannu ZEUS (1988-1994)
Ha Teppuropun yeranoBku ZEUS B nocsienauii gerb paborsl kosutaiinepa HERA, r. TamGypr,
30 utonst 2007 1. (dpoto C. B. Dypaerosa)

I1. @. Epmosios u Hayiap 3éaunr, qupekrop DESY 1o Hayunoit paGore (1981-1993), ¢ skeHoid.
Jlaboparopust DESY, . Tam6ypr, 30 uions 2007 .
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Becena I1. @. Epmosioa 1 H. I1. 30oToBa B KyJIyapax CHMITO3MYMa, TIOCBSIIIEHHOTO OKOHYAHITIO
pabots komtaiinepa HERA. JTa6oparopus DESY, r. TamGypr, 30 utons 2007 r.

Berpeua kosurer: C. Pysun u I1. @. EpMosioB B KyJyapax CHMIIO3UYMa, TOCBSIIIIEHHOTO
okoHvanuIio paborsl kosuaiizepa HERA. Jlaboparopust DESY, r. Tam6ypr, 30 utonst 2007 r.
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IMocaenuue mutnyTet pabotsl yekoputeist HERA: I1. @. EpmosioB B 3asie yipasJieHust
ycranoskoii ZEUS, r. Tam6ypr, 30 urons 2007 r.
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nenb paborsr kosuaiizepa HERA, r. Tam6ypr, 30 utons 2007 r. (Doro C. B. Dypierosa)
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TIpodeccop I1. D. EpmosioB
u ipoceccop H. I1. 3oros
MOIOT PYCCKIE POMAHCHI.
TeppuTopust 1abopaTopui
DESY, r. Tam6ypr, 3 uioss
2007 r.
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Pextop MI'Y akanemuk B. A. Caposauunii Bpydaer I1. @. EpmosioBy  aumiom 3aciysKeHHOTO
nayunoro corpyaunka MI'Y B akroBom 3ase ynusepcutera, r. Mocksa, 2003 T.

[Tpodeccop I1. . Epmosio. HUMAD MTY, 1 derpasus 2006 .
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