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OBIIAA XAPAKTEPUCTHUKA PABOTbI

AKTYaJbHOCTb T€MbI HCCJIEI0BAHUSA

Macca Ton-kBapka SIBJSI€TCSI OJJHUM M3 KIIFOUEBBIX MapaMmeTpoB CTaHIapTHOM
MOJIEI — OOIIETPUHATON B HACTOSIIEe BpeMsl TEOPUH CTPOEHUS MaTrepuud Ha
YPOBHE  OJJEMEHTApHBIX  YacTHIl H  (PyHIAMEHTaJbHBIX  B3aUMOJICHCTBHIA.
[Ipermu3nonHOe W3MEPEHHE MAacChl TOM KBapKa CHOCOOHO TMPOJUTH CBET Ha
BOKHEUIIYI0 Tpo0ieMy H3TOW MOJEIM — HCTOYHHK MPOUCXOXKICHUS Mace
dbyHIaMEHTAIbHBIX  YacTull. B craHgapTHOM  Moaenu sl OOBACHEHUS
MPOUCXOXKJEHUSI MacChl KaJIMOPOBOYHBIX OO030HOB (KOTOpHIE JIOJDKHBI  OBIThH
0e3MacCOBBIMH, YTOOBI YHOBIETBOPSTH TPEOOBAHUIO JIOKATBHOM KalTuOPOBOYHOMN
MHBApUAHTHOCTH) BBOJUTCS CIIEMAIbHOE MOje XWUITCa, Yepe3 B3aUMOJCHUCTBHUE C
JPYTHMH TOJSIMU COOOIIAIOIIEe MacCy KaTHOPOBOYHBIM 0030HaM U GepmuoHaM. U3
HaJlMyusi TaKoro MOJi CJIEIYET CYIIECTBOBAHME MACCHBHOIO CKaJsIpHOro 0OO30Ha,
Ha3pIBaeMoOro dactuied Xwurrca. Ilouck 0o3oHa XwWrrca, IOCICIHEH W3 YaCTHIL
CTaHJIApPTHOM MOJIeNIM, YbEe CYIIECTBOBAHHUE JIO CHUX IOp HE TOJITBEPKICHO
AKCIIEPUMEHTAJIBHO, ABJISIETCSA MIPUOPUTETHOM 3amavyeit COBPEMEHHOM
sKcriepuMeHTaIbHOM (u3uku. B pamkxax CranmaptHod monenu macchl W-0030Ha,
TOI KBapKa W YacTUIbl XWITCAa CBA3aHbl MEXAY COOOW dYepe3 paauallMOHHBIC
nonpaBku. Takum oOpa3oM, NPEIU3MOHHOE U3MEPEHUE MACChl TOI KBapKa, HAPSIY C
TOYHBIM U3MEpeHUuEeM Macchl W-0030Ha MO3BOJIIET OIPAHUYUTH 00JIACTh BO3MOXKHBIX
3HaQUEHUM Macc 0o030Ha XWITCA, YTO YPE3BBIYAMHO BAXKHO JJIA TOHUCKA HTOTO
nocieaHero sneMeHra CrangapTHol Mopaend. OTCyTCTBHE SKCIEPHUMEHTAIBHOTO
MOATBEPKJICHUS CYILIECTBOBAHUS YACTUIIBI C MapamMeTpaMu, COOTBETCTBYIOLIUMHU
npeAckazanusaM CraHgapTHOW MOJIETM, MOXKET I[IOCTaBUTh TMOJ] BOIPOC €€
JIOCTOBEPHOCTh M TIPUBECTH K CEPhE3HOMY KPHU3HCY B COBPEMEHHOU (u3uKe,
TpelyroniemMy nepecMoTpa Haubosee GyHAaMEHTAbHBIX MPEACTABICHUN O CTPOSHUU
MaTepuHu.

YeKopuTENbHBIA KOMIUIEKC TABaTpOH HAa MOMEHT BBINMOJIHEHHS PabOThI ObLI
€IUHCTBEHHOW YCTaHOBKOM, ITO3BOJIMBIIECH IIPOBECTH IPELU3UOHHOE HW3MEPECHUE

MacCChbl TOII-KBapka. I[OCTI/I)KCHI/IG BBICOKOM TOYHOCTHU HU3MCPCHUA CTAJI0O BO3MOKHBIM



B pe3y/ibTare IIyOOKOW MOIEPHU3ALMH KAaK yCKOPUTEILHOTO KOMILIEKCA TaK M
YCTaHOBJIEHHOTO HAa HEM yHUBEpcanbHOro aerekropa CDF, mo3sonuBLInE IPOBOIUTE
(GU3MUECKME HUCCNIENOBAHUS IIPH  PEKOPAHBIX 3HAYEHMAX DHEPTMHM  MPOTOH-
AHTUIIPOTOHHBIX CTONKHOBEHUH ( Vs=1,96 T»B ) n ceetumoctu (~4x10% cm*c™).

Leab paGoThl.

Ilenbto maHHOM pPabOTHI SBISETCS MNPEIU3UOHHOEC H3MEPEHHE MAacChl TOI
KBapKa B OJHOJICITOHHOH BBIOOpPKE COOBITHM IApHOTO POXKJICHHS TOI-KBAPKOB Ha
naHHbIX 3kcnepumenta CDF.

Hayuynasi HOBU3HA.

B npoBeneHHoM B AaHHOW pa0oTe M3MEPEHUM MAcChl TOM-KBapKa BIEPBBIE
UCIOJIb30BaHa MH(MOpMAIIUS OT pa3IMYHbIX KOMOWHATOPHBIX BapUaHTOB MPUCBOCHUS
CTpy# B COOBITUM MpPU BOCCTAHOBJICHHHM MAaCChl TOIM-KBapka, OOBEAMHEHHAs TMpHU
MOMOIIM METOJa Hauyulleld TuHelHo HecMmenieHHou onieHku (BLUE). B otinuue
OT MPOBOAMBIIUXCS pPaHEE U3MEPEHUH, B KOTOPBIX OTOMPAIHUCH TOJBKO PEIICHUs C
HAWITY4IIMM %> M OTOPACBIBAINMCH APYTME DPEIICHUS, NaHHAS METOAMKA IO3BOJISET
0oJiee MOJTHO MCIOJIb30BaTh MH(POPMAILMIO B COOBITUM MPHU PEKOHCTPYKIIMU MaCChl
Ton-kBapkoB. ClieyeT Takke OTMETUTb, YTO Ha MOMEHT NpOBeIeHUs pPabOThI
MOJTyYEeHHbIE U3MEPEHUs ObLITU €IMHCTBEHHBIMHU JIJIS1 JAHHOW CTaTUCTHUKHU.

HayuyHo-npakTHyecKas 3HAYUMOCTb PA0OThI.

M3mepenne mMacchl TOIl KBapKa B OJHOJENTOHHOW BBIOOPKE BAaXKHO HE TOJBKO
camo ce0e, Kak YTOYHEHHE KJrodeBoro mnapamerpa CTraHAapTHOM Mojaenu, HO B
CpPaBHEHHU C JAPYTUMH HM3MEPCHUSMHU, BBHIMOJIHEHHBIMH C TMPUMEHEHHEM JpPyTUX
METO/IMK, Ha APYTUX BbIOOpKaX — AWJIENTOHHOM M aJpOHHOW, M TaKXe Ha APYrux
yCTaHOBKaX. B cilydae korma pesynbprarhl pa3jiMyHbBIX H3MEPEHHMH COIVIACyIOTCS
MEXIy cO00M, OHU MOTYT OBITh OOBEIMHEHBI JIJIS MOTYUYEHUsI 00JIee TOUHOTO 0OIIEro
u3Mepenus. [lonydyeHne pa3inuuHbIX 3HAYEHUNH MOXKET CBUACTEIHCTBOBATH O IIOXOH
Ipoleaype H3MEHEHHsI, HEaIeKBAaTHOM MOJAEITUPOBAHUHU M3y4aeMbIX MPOIIECCOB OO
HEMpaBWIbHOU paboTe 000pYyHIOBaHUS SKCIEPUMEHTANbHOM ycTaHOBKU. C npyroi
CTOPOHBI, IOJYUYEHUE PA3IUYHBIX PE3YJBTATOB AJIS PAa3HBIX KaHAJIOB pacnaaa MOXKET
CBUJICTEIbCTBOBATh 00 Yy4YaCTHUM YAaCTULl M SBICHUH, BBIXOIALIMX 32 paMKHU
CrangapTHOM MOJEIH.

OnucanHplii B paboTe MeToN MIA0JOHOB MOXET HaWTH (M HaAXOIUT)



MIPUMEHEHHUE JUISI IIMPOKOTO CIIEKTpa HM3MEPCHHH KaKk B (PU3MKE DIIEMEHTapHBIX
YJaCTHI], TAaK U B JAPYTHX OOJACTAX IKCHEpPUMEHTaNbHOU (u3uku. [IpuBnexarensHON
CTOPOHOM JAHHOW METOJAWKHU SIBISIETCS CiIydail KOTJa 3aBUCHUMOCTb H3MEPSEMOTO
napaMeTpa OT HaOII0IaeMbIX HE MOXKET OBITh IOCTOBEPHO YCTAHOBJIEHA JIJISl KaXKI0TO
KOHKPETHOTO H3MEPEHHUs, HO BMECTE C TeM MEXJIy HUMU HAOIIOaeTCs CHIIbHAs
CTaTUCTHUYECKass Koppensaiusa. VMEeHHO MeToloM IIa0JIOHOB TOJYYEHBI IIepPBbBIC
n3MepeHus: Maccol Ton kBapka Ha LHC (ycTynaromue mo TOYHOCTH NPUBEICHHBIM B
JTaHHOM paboTe).

Pe3ynbrarel pabOThl MOCHYXXKWIM JJI1 Pa3BUTUSI TEOPETUUECKUX TMOJOKEHUN
(U3UKK  DJIEMEHTApHBIX YacTUI] M TPUMEHSIOTCS B  HCCIEIOBAaHMSIX  Ha
AKCIIEPUMEHTABHBIX YCTAaHOBKAX KPYIHBIX Hay4dHBIX 1eHTpoB Depmmiabd (CLLIA) u
LIEPH.

OCHOBHBIE Pe3VJbTAThI, BLIHOCHUMbIE HA 3AIUTY
1. Pe3ynbrar wu3MepeHUss MacChl TOI-KBapKa Ha OJHOJENTOHHOM BBIOOpPKE

skcniepumenta CDF npu unterpansHoi ceetumoctu 1 Gpo™:
M, = 168,9+2,2(cmam.)+4,2 (cucm.) 5B/ ¢

2. Pesynprar wu3MepeHUsi MacChl TOI-KBapka Ha OJHOJENTOHHOW BBIOOPKE
skciepumenta  CDF  npu  wHTerpaabHOHM — cBetMMoctH 318 16! ¢
MCITIOJIb30BAaHHEM HH(POpPMAIIUU O b-MEUECHWU W KATHOPOBKH IIKAJIbI YHEPTUU

cTpy# o macce W-0030Ha:

173,532 (cmam.+JES)+1,3 (npou.cucm.) B/ ¢*
=173,5" 3B/’

3. Pa3BurHe MeTona U3MEPEHUs MACCHI TOII-KBapKa.
C mnomowpBI MOJEIMPOBAaHHSA IOKA3aHO, YTO HCIIOJB30BAHUE METOAA
Hawiyumied nuHelHod HecmemeHHoW oneHku (BLUE) mpu oObenunenun
pemieHuit oT 3-X KOMOMHaUW{ CTpyHd B COOBITUH (IIPH BOCCTAHOBICHHH W-

OO30HOB M TON-KBAapKOB) C HAUMEHBIIMMHU 3HAYEHHSAMU 7% IO3BOJSAET



YMEHBIIUTh CTATUCTUYECKYIO OTPEIHOCTh u3MepeHust Ha 10%.

4. Pa3paboTka ¥ 3amyCK KOMIUIEKCA MPOTPaMM, IMO3BOJISIONINX yCTAHABIMBATH U
KOHTPOJIUPOBATh B ABTOMATUYECKOM PEKUME BHICOKOBOJIETHBIC HAIPSKEHUS HA
CUETUMKAX MIOOHHOM cucTteMbl ycTaHOBKM CDF u moporoBble HanpsKeHHs
JUCKPUMHUHATOPOB CUTHAJIOB JJisi oOecredyeHuss HaJekHOHW U d(DPeKTuBHON
pabOThl CUCTEMBI CUETYMKOB U Mepeaauu uHpopmaiuu 006 uX COCTOSHUU B OH-

JaliH pexuMe B LIEHTp ynpaiieHnus yctaHoBkoi CDF.

Anpobanus padoTbl ¥ MYOJMKAIMHA.
[TonydyeHHbIE B IUCCEPTALIMU PE3YJIBTAThI 110 M3MEPEHHI0 MACChl TON KBapKa

BKJIFOUEHBI B JI0KJIa]l Ha koH(MepeHnuu B La Thuile (Mtanus) [1] u npeacraBieHs! B
psne nokianoB Ha kKoHdepeHiusax: 4th International Workshop on Frontier Science
(Milan 2005), 25th International Symposium on Physics in Collision (PIC 05), u
Particles and Nuclei International Conference (PANIC 05). OcHOBHBIE pe3yibTaThl
paboThHI JOKIABIBATUCH HA HAyYHO-MeToandeckux cemunapax JIAIT OUSU, a Takxe
Ha MEXJIYHapPOJIHBIX COBEIIaHUAX 10 (r3uKe ToN KBapka kosmadopanuu CDF.

Juccepranus HamrcaHa Ha OCHOBE HAyYHBIX pa0OT, BHIITOJIHEHHBIX C YYACTHEM
astopa B JISII OUAN, MHOH (I1uza) u ®epmunad B nepuos ¢ 2001 mo 2006 r. [To
pe3yabTaraM HCCIEOBAHMM, COCTABUBIIMX OCHOBY JHCCEPTAllUU, OITyOJIWKOBAHBI
cnemnytorue padotsl [1],[2],[3],[4],[5],[6]

O0beM ¥ CTPYKTYpa padoThl.

HNuccepranust o0beMoM 125 cTpaHuI] COCTOMT W3 BBEACHUS, TpeX IVIaB U
3akmodeHus. OHa comepkuT 55 pucyHkoB u 15 tabmui. CHHUCOK ITUTHPYEMOM

JUTEPaATypPbl COAEPKUT 93 HaUMEHOBaHUE.

COIAEPKAHUE PABOTbI

Bo BBegeHMM O0O0OOCHOBBIBAECTCS AaKTYaJIbHOCTh U (OpMyIUpyeTcs Lelu
HCCIIEIOBaHUS, OOBSICHSCTCS] HAayYHasi HOBU3HA U HAYyYHO-TIPAKTUYECKash 3HAYUMOCTh
pabothel. Takke 3/1€Ch OMUcaHa CTPYKTypa JUCCEpPTAIMU U MPUBEJICHBI JIETIINE B €€
OCHOBY ITyOJIMKAIUH.

IlepBasi riaBa CONEPKUT TCOPETUUYECKHUE ACHEKTHI UCCIEAyeMOM MPOoOIeMbl,

BAKHBIC JUJIA IMOHMMAHHA IIOCICAYIOOICTO MAarcpuajia; B HEH TaKXKe M3JI0KEeHA



¢usnueckas MOTHBAIMs MpPEACTaBIeHHON pabotrhl. IlpuBeneHBl OCHOBHBIE
ITOJIOKEHUS CranpapTHOi MOJIEIIN, ONMCHIBAIOLIEH (yH1aMEeHTAJIbHbIE
MpEeNCTaBIeHUs 00 AJIEMEHTAPHBIX YacTHIaX W B3auMojAeucTBUsAX. B Hacrosiuee
BpeMsl CTaHJapTHash MOJENb SBIISETCS OOIICTPUHITON TeOpuel, OMUCHIBAIOIICH
NPAKTUYECKU Bce HaOmronaeMble SIBICHUS B (PU3MKE DJIEMEHTapHBIX YacTull, €
IIPEACKA3aHUsl IOATBEPKICHbl B MHOTOYHMCIICHHBIX OKCIEPUMEHTAaX C BBICOKOM
TOYHOCTBIO. TeM He MeHee, OCTaeTcsl Psii BOIMPOCOB, TpeOyromux nposcHenus. K
HUM OTHOCHUTCS, B YACTHOCTH, HaOJIfoqaeMasi Hepapxusi Macc JIEMEHTAPHBIX YaCTHIL,
OTJIMYAOIIMUXCS MEXAY coO00i Ha nopsiaku. OXupaercs 4to u3ydyeHue (PU3MKH ToI-
KBapKa, YaCTULbl C CAMOW BBICOKOHM MacCOW, CPaBHUMOW C Maccamu siAEp TKEINbIX
AIIEMEHTOB, IPOJIBLET CBET Ha JIAHHYIO MPOOIeMy.

Baxneiimelr 3amayeit coBpeMeHHOW (DU3UKU SBISETCS SKCIEPUMEHTAIbHBIN
MOMCK YacTUIbl XWITCA, CYIIECTBOBAaHHWE KOTOPOM HEOOXOAMMO MIJisi OOBSCHEHUS
MOSIBJICHUS] MacChl y KaTMOPOBOYHBIX 0030HOB U (hepMHOHOB. Macchl 0030Ha XuUrrea,
Ton KBapka W W-0030Ha CBsI3aHBI MEXJIy COOOW MOCPEICTBOM pPaJHALMOHHBIX
nonpaBok. Takum o0pa3oM, TOYHOE U3MEpPEHHWE MacChl TOIN KBapka Jaer
BO3MOXKHOCTb OTPaHUYHUTh 00JACTh JOMYCTUMBIX 3HAUEHUUW MACChl YaCTHUIIbl XUITCA,
YTO YPE3BBIYAWHO BAXKHO IIPU ITOMCKE 3TOr0 MOCJIEAHEr0 HEIOCTAOLIErO AJIEMEHTA
CrangapTHON MOJEIH.

Bo BTOpOIi II1aBe NpUBOAUTCS ONKMCAHUE DKCIEPUMEHTAIBHOW YCTAHOBKA —

ycKkopuTesbHOro KoMmiiekca Tasarpon u aerekropa CDF, a takxke onucanbl pabOThI
[0 MOJEPHM3ALMM IEMEHTOB ycTaHOBKM CDF — BpemsnposieTHOro aetexkropa u
CUCTEMbl CUMHTWUISLUOHHBIX CUETYMKOB MIOOHHOW CHCTEMBI CHCTEMBI, B KOTOPBIX
aBTOP IPUHHUMAJ AKTUBHOE Yy4aCTHE.

YcekopuTeNnbHBIA  KOMIUIEKC «THPBaTpoH» TPENCTaBiIseT COOOW CHCTEMY
YCKOpUTENEH, 00eceunBaroIX MOCIEA0BATEIbHOE YCKOPEHUE TyUYKa MPOTOHOB 0
sHepruu 980 3B, nomydyeHne aHTUIPOTOHHOTO MyYKa U YCKOPEHHUE €ro J0 TOU Ke
sHepruu. l{upkynupyromuye B TyHHENE KOJUIaAepa OKPYXKHOCTBbIO 6,3 KM Iy4yKH
IPOTOHOB M AHTUIIPOTOHOB CTAJKHBAKOTCS Kaxable 396 HC. B 30HaX CTOJIKHOBEHUS
HaxonATcs yHuBepcanbHble aetekTopel DO u CDF, duxcupytomme dusndeckue
IIPOLIECCHI TPOUCXOIAIINE B PE3YIbTATE CTOJIKHOBEHUMN.

VeranoBka CDF BhINONIHEHA IO CXeMe, KJIACCUYECKOM I MHOTOIIEISBBIX



ACTCKTOPOB HaA CTAJKHBAIOIIHUXCA IIY4YKaX M HMMCCT, B LOCJIOM, HNWIMHAPHUYCCKYIO
CUMMCTPHUIO, @ TAKKC CUMMCTPHUYHA OTHOCHUTCIIBHO ITINIOCKOCTH HepHeHI[HKYHHpHOﬁ

OCH TTYYKOB (OCH Z).

LieHTpanbHble MIOOHHBIE AeTeKTopbl YEHTpankHeIE KanopiMeTphb

CTEeHOYHbIN apPOHHbIN \/
KanopumeTp

TopLeBble KanopuMeTpel

MPOMEXYTOuHbIE
MHOOHHbIE
AETEKTOpbI

nepegHAn L—
3/M KanopumeTp

MOHWUTOpP CBETUMOCTU
BPEMANPONETPHLIN AeTekTop

LieHTparibHbIA BHELLHWIA Tpekep
KPEMHWEBLIN BEPLUNHHBIN 4ETEKTOp
MPOMEXYTOUHB K KpEMHNEBLIN AETeKTop

Puc. 1: Yemanoexa CDF Il ¢ yxazanuem 0CHOBHbIX 0emeKmOopHbIX CUcCmem

BOnu3u 30HBI CTOJIKHOBEHMSI ITyYKOB PacCIOJIOKEHBI MOJYIPOBOIHUKOBBIC
TPEKOBBIE JETEKTOPHI, OOECIEUUBAIOLIUE TPEUU3UOHHOE H3MEPEHUE TPACKTOPUi
3apsHKEHHBIX YacTHUIl B 3TOW 0OJacTH, YTO OCOOEHHO BAXKHO IJIsi OOHAPYXKEHUS
BTOPUYHBIX BEPIIMH OT pacrajga B-Me30HOB, ciayKalux, B YaCTHOCTH HJisi 0TOOpa
coObITHil ¢ TOm KBapkamMu. CHapyX¥l TOJYMPOBOIHUKOBBIX JIETEKTOPOB HAXOIUTCS
uunuHapudeckas gaperdonas kamepa (COT). TpekoBass cucTeMa YCTaHOBKH
3aKJIFOU€HA B MAarHUTHBIA COJIEHOM] CO3JAIONIMK Toyie HanpsikeHHOCThI0 1,4 Tn. C
BHYTPEHHEH CTOpOHBI coiieHoujga B xone MozaepHusanuu CDF  pa3smennen
BPEMSIIPOJIETHBIM ~ JETEKTOP HAa  OCHOBE  CHMHTWJUIAIIMOHHBIX  IUIACTHH,
MpeIHa3HAuYEHHBIN 711 UACHTH(PUKAIUY 3apsHKEHHBIX YacTHI] B 00JIACTH MMITYJIBCOB
no ~2 I'B/c.

ConeHoupi Take BBINOJHSIET poOJib paaudaropa JJisi  IEHTPaIbLHOIO

MIPEKOHBEPTEPA, JIOMOJHAIOIIETO PACIOJOKEHHBIA 32 HHUM 3JECKTPOMATHUTHBIN



KaJIOPUMETP VIS JTy4dIIel PEKOHCTPYKLUU KOOPIANHAT 3JIEKTPOMArHUTHBIX JIUBHEU.

Kanopumerpsr ycranoBku CDF cniocoOHBI moromars A0 <98% sHepruu B
reoMeTpuu, Onu3kod K 4m. DJIEKTPOMAarHUTHBIM KAJIOPUMETP COCTOUT U3
YEPEAYIOIMXCS CI0E€B CBUHIIOBBIX IUIACTHH, CIyKAaIlUX PaauaropoM U IUIACTUH M3
CUMHTWUIALIMOHHOTO IUIACTHKA. PacIlOIOKEHHBIN 33 HUM aJpPOHHBIN KaJOpUMETP
UCIIOJIb3YET B KAYECTBE PauaTopa >KeJIE3HbIC IIJIaCTUHBI.

Ha HnaumGonblieM ynaneHWd OT UEHTpa YCTAHOBKH HAXOIATCSA JETEKTOPHI
MIOOHHOW CHCTEMBI: JIpei(oBbIe KaMephl ISl OMpeeIeHUs] TOUHOM HHPOpMALUUA O
TPEKOBBIX CETMEHTAaX MIOOHOB U OBICTpPblE CHMHTHJUISIHUOHHBIE CUETUMKH, JIAIOIIHE
BPEMEHHBIE OTMETKH ISl KaMep.

Tpurrepnas cucrema CDF oGecneunBaer 0TOOp COOBITHUMN, MPEACTABISIOLIUX
UHTEpeC 1 (PU3MYECKOM MporpaMMbl SKCIEPUMEHTa, IOCKOJIBKY 00BEM
NOCTyHarome ¢ JeTeKkTopa MHPOpMalMKU 3HAYUTEIBLHO MPEBOCXOAUT IMPOITYCKHYIO
cnocoOHOCTh cucTeMbl 3anucu AaHHbIX. Tpurrep CDF uMmeer TpexypOBHEBYIO
CTPYKTYDY.

s mpoBenenust Broporo ceanca Habopa nanHeix (RUN II) B ycroBusix
YBEJIIMYMBILEHCS DHEPIMM 4YacTULl M CBEeTUMOCTH ThBarpoHa ycraHoBka CDF
CYLIECTBEHHO MOJIEpHM3UpOBaHa. B dacTHOCTH, J00aBiI€H BPEMSINPOJICTHBIN
JETEKTOP, YAYUIIMBIINNA UACHTUPUKAINIO 3apsSKEHHBIX YaCTHI] C UMITYJIbCaMU JI0 <2
[%B/c. B xome pa3pabOTKM [aHHOW CHUCTEMBI TPEAJIOKCHBI W3MEHEHUS B €€
KOHCTPYKLHH, C LENbI YIYUYIICHHUS BPEMEHHOIO pA3PELICHUs, SBISIOLIETOCS
KJIFOUEBBIM IMapaMETPOM, OINPEAESIOINM BO3MOXKHOCTh pasziesieHus yactull. Hamu
IIPOBEJICHO MOJICIMPOBAHUE OTKIMKA JIETEKTOpa Ha IPOXOKICHHUE 3apsHKCHHOU
YaCTULIl, @ TAKXE CO3[aH YHMBEPCAJIBbHBIA M3MEPUTEIBHBIM CTEHJ I U3MEpPEHUs
XAPAaKTEpUCTUK  CUYUTHIBAIOIIEH  AJIEKTPOHUMKH, HA KOTOPOM  HCCIEAOBAINCH
pa3JINYHBIE CXEMBI €€ OpPraHHU3alliH, B YAaCTHOCTH, C MCIOJB30BAaHUEM pPa3INYHBIX
TANOB  JUCKPUMHUHATOPOB. [loKa3aHO, dYTO HWCIOIB30BAHUE  JABYXIIOPTOBOTO
JUCKPUMHUHATOpPAa C KOMIICHCAIIMEeW JUIMTENbHOCTH (POHTA TMO3BOJIAET CHU3UTH
pazOpoc BpeMeHH OoTKIuKa cuctemsl ¢ 1,3 10 0,7 He.

Hnsa nposenenuss RUN Il moaBeprHyra cepbe3HOW MOJIECPHM3ALMU CHUCTEMA
MIOOHHBIX CUMHTUJUIALIMOHHBIX CYETUYUKOB. J[00aBiIeHb! 3-X METPOBBIE CUETUYMKU Ha

BEpXHEH M HIDKHEH YacTH YCTaHOBKM B LIEHTPAJbHOM oOmacTtu nerexkTopa. JTu



cueTuuku u3rotopiaeHsl B OMSUN u umerot cucremy cbopa cBeTa «HOBOTO» THIIA C
MTOMOLIBIO JIEHTHI U3 CHEKTPOCMENIAIOUIMNX ONTOBOJIOKOH Pa3MEUIEHHBIX C JJIMHHOIO
TOplia IUJIACTUHBL. B «mpoMexyTouHoi» obnactu jeTekropa (MCeBIOOBICTPOTHI

1,0<[n|<1,5 ) mobGaBiieHBI CYETUYMKH, oOpasyroriie JBa HWIWHJpA, MapauieIbHbIX
OCH JIETEKTOpPA, W CUETUMKH, PACHOJOKEHHBIE IO KPYTy, MEPIEHIUKYISIPHO OCH
myyka. DTH CUETUYMKH TaK)Ke€ MMEIOT HOBBIA TuIl cBeTocOOopa. HakoHerl, mjo0aBieHbl
CYETYMKH, 3alOHUBIIME HENOCTAIOMMU cektop B obmact  0,6<n|<1,0 . Drm
CUETYMKH OTHOCATCA K «CTapoOMy» THIIY, CO CBETOCOOPOM C KOPOTKHX TOPLIOB
MJIACTUHBI.

Cuctema cOopa JaHHBIX W KOHTpOJISI OOECHEeuMBaeT YCTAHOBJICHHUE U
nojjep>kaHue pabodyero pexxkrMa (QyHKIIMOHUPOBAHUS CYETUYUKOB MIOOHHOM
CUCTEMBI, a TaKxke OecrepeOoiHbIN MPUEM U Ha4alIbHY0 00pabOoTKy MOCTYIAIOIIUX C
HUX cUTHajioB. OpraHu3anus 3TONH CUCTEMBbI Pa3INYaeTCs IS «CTAPBIX» CUETUYUKOB C
KJIACCMYECKUM MO0 KOMOMHUPOBAaHHBIM METOAOM cheMa U bonpium OOV EMI9814
U «HOBBIX» CUETYMKOB CO CBETOCOOPOM TIpH MOMOILIM CHEKTPOCMEIIAOIINX
CBETOIPOBOJIAIIUX BOJIOKOH U (oTtoceHcopom HS5783 Ha ocHOBE MUHHMATIOPHOTO
dDY R5600. B nepBom ciyuae (Puc. 2) HamnpspbkeHHe MojaeTcs Ha CUCTUYHUKHU dYepe3
40-kaHanbHBIE PACIPEIEIUTENM, MMO3BOJISIIOIINE YCTAHABIMBATh U KOHTPOJIUPOBATH
HaIpsHKEHUE WHIUBUAYAIBHO ISl KaXKJ0ro KaHana. CUTrHall CO CUETUMKOB MOAAETCS
Ha TUCKPUMHHATOP, CPOPMHUPOBAHHBIN UMITYIbC MOCTynaeT Ha Bxon BIII u nanee -
B CHUCTEMY CUMTBHIBAHUS W XPAHEHUS JAHHBIX YCTAHOBKHU. J[JI1 «HOBBIX» CUETUYHMKOB
NpUMEHSIeTCA TNpUHIUNUaibHO wuHas cxema (Puc. 3): BMecTo wHCHOIb30BaHUSA
BHEIIIHETO JUCKPUMHUHATOpPA HA CUETUUKHU ycTaHOBIeH Moayias PAD (PMT Amplifier
and Discriminator) — ycunurenab U GOpMHUpPOBATENb, MO3BOJISIIONINN YCUIIUBATh U
OoTOMpaTh MO PEryaupyeMoMy IOpPOroBoMYy 3HaueHuio curHaibl ¢ DY, a rtaxxke
YOpPaBJIATh BBICOKMM HamnpsbkeHneM Ha HeMm. Kaxneii PAD  coenuHeH co
CHELUANIBHBIM  KOHTPOJIbHO-pactpeaenuTenbHbiM  MoayieM  (Control  and
Concentrator Unit — CCU), oOecrnieunBalOIIMM YyCTAaHOBKY W CTaOWIIU3ALNIO
BBICOKOBOJIFTHOTO ~ HANPSDKEHUST HA  MOAKIIOYEHHBIX  CUYETUYHMKAX, KOHTPOJIb

noTpedIIeMOro ToKa, a TaKkKe rnepeaady uHpopmaiuu ot 3Tux cuetTunkoB Ha BIIIT.
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Puc. 2: Cxema nodauu bicoko20 HanpadiceHus: U Cuumvl8anus 0aHHvlx oas "cmapboix”
CYUHMUTTAYUOHHBIX CHEMYUKO8

OKCIIEpUMEHTATBHBIN P
acrpeze-

san JHTEIT > BLII

CCU

CUuuHTHILISATOP H5783 | PAD

Caertonuon T T
CueTunk .—{ |

Puc. 3: Cxema nooauu evicoxoco HANPASCERUA U CHYUMbIEAH U OaHHBIX OJIA CUUHMUTTIAYUOHHbBIX
CUem4UKoO6 MIOOHHO20 mpuzceepa Ho8020 NOKOJIEHUA

Ms1 pa3paboTanu KOMIUIEKC MpOTrpaMM JjIsi MOHMTOPUHIAa WU yIpaBICHUs
CHUCTEMOM CHMHTWJUISILIMOHHBIX CUETYMKOB MIOOHHOW cucteMmbl CDF, uTo mo3Bonmio
obecrneunTh ee HaJexKHYI0 U 2P(HEKTUBHYIO pabOTy B X07€ HaOOpa IaHHBIX B COCTaBe
MIOOHHOTO Tpurrepa. IIporpammuoe obecneueHue Ha miatdpopme PC mosBossieT
YCTAaHABIIUBaTb W KOHTPOJMPOBATH HANPSHDKEHUS M MOPOTOBBIE 3HAYEHUS JIS
CUTHAJIOB CO CYETUMKOB, a TAKXKE BBIABIATH HEUCIPABHOCTU U CIOCOOCTBOBATh MX
ycTpadneHuto. Pa3paboransl mporieaypsl OOMEHa JaHHBIMA H  KOMaHJIaMU C
yopasisiromiumu - 0okamu. Ha ux ocHoBe co3gaHa mnporpamma MuonMonitor,
c/eNaBIIas BO3MOXKHBIM IMOJHBIN KOHTPOJIb HAJ[ CUCTEMOM Ha SKCIEPTHOM YPOBHE C
koHconu PC, ¢ ucnonib3oBaHreM 0asbl JaHHBIX ONTUMAIbHBIX 3HAYEHUM MTapaMeTpOB
JUIsE pa0OThI CLHIUHTHILISIIIMOHHBIX CUETYHKOB.

Hamu pazpabortan y3en pacnpeneieHHOW CHUCTEMbI KOHTPOJIS YCTaHOBKH,

CO6HpaIOIIII/Iﬁ I/IH(i)OpMaI_II/IIO 0 COCTOSIHHNHU MIOOHHBIX CIHMHTHUIIIAIMOHHBIX CHCTYHNKOB
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u niepenaromuii ee B ueHTp ynpasienuss CDF.

Ucnons3oBanue pa3paOOTaHHOW HaMu  aBTOMAaTU3UPOBAHHOM  CHUCTEMBI
KOHTPOJISI CHUHTHIUIILIMOHHBIX CYETYMKOB MIOOHHOUM CUCTEMBI IIOMOIJIO MPOBEACHUIO
OecrniepeboitHoro Habopa Qusnueckux maHHbIX B TeueHun Bcero RUN II, uro
o0ecreymo Habop JaHHBIX C TPUITEPOM HAa MIOOHBI U MOJYYEHHE MHOTHX Ba)KHBIX
pEe3yNbTaTOB, B YaCTHOCTH 110 (PU3UKE TOI-KBAPKOB.

Tperbsl I1aBAa ONUCHIBAET HAILy METOAUKY U3MEPEHUN U €€ IPUMEHEHUE IS
U3MEpPEHHs MacChl TOI KBAapKa B OJIHOJIEITOHHOM BBIOOpPKE. 3/1€Ch NPUBOMASTCS:
KpUTEpPUHU O0TOOpa COOBITHI, METOJMKA OIIEHKA J0JH (POHA B MCCIETyEMOU BBIOOPKE,
OCHOBHBIE JITOPUTMBI PEKOHCTPYKIIMU COOBITUH, CIIOCOO OOBETUHEHHS BapHAHTOB
PEKOHCTPYKIIMUA Macchl TON-KBapka. OnuchIBaeTCs MojlydeHre (QyHKIUU TIOTHOCTU
BEPOSATHOCTU JUISI CUTHAJbHBIX W (DOHOBBIX COOBITHH, MPOBEPKa JOCTOBEPHOCTHU
IpoLEAypbl U3MEPEHUHN U, HAKOHEL, Pe3yIbTaThl (PUTa SKCIIEPUMEHTAIBHBIX JTaHHBIX
Y OLICHKU CUCTEMAaTHYECKUX U CTATUCTUYECKUX MOTPEUTHOCTEN H3MEPEHMUS.

JUis u3MepeHuss MCHOJb30Bajlach BBIOOPKA COOBITUNA  YIOBIETBOPSIIOLINX
KpuTepusiM oTOOpa AJii OJHOJIENTOHHOTO KaHajia pacmaaa cucrembl 7 . Kak
U3BECTHO, TOI KBapK pacrajaercs npakrudecku co 100% BeposITHOCTBbIO Ha b-KBapk
1 W-06030H. OJJHOJIENTOHHBIM Ha3bIBa€TCsl KaHAJ pacnajaa, Ipu KOTOpoM oauH u3 W
pacnagaeTcsl Ha napy KBapK-aHTHKBAapK, a BTOPOM - HA 3apsKEHHBIN JENToH (€, |, T)
U COOTBETCTByIoOIIee HeHUTpuHO. [Ipm 3TOM B KOHEYHOM COCTOSHUU HAOIIOMAETCs
JENTOH C OOJBIIMM IMONEPEYHBIM HMITYJIbCOM, 4 BBICOKOOHEPIreTUYECKUX CTPYyH U
aucOalaHC UMITYJIbCA U3-3a HEACTEKTUPYEMOTO0 HEUTPUHO.

CymiecTtBytoT Jpyrue (u3nUecKHue MpOLEcChl, CIOCOOHBIE YIOBIETBOPUTH
HaAIIMM KpuTepusiMm otoopa, 31o: KXJI B3auMoaeicTBusi, MpPOIECChl C POXKICHUEM
JIBYX BEKTOPHBIX 0030HOB, COOBITHA C W-0030HOM W aJPOHHBIMU CTPYSIMHU H,
HAKOHELl, OJMHOYHOE cllaboe pOoXKIeHHEe TON KBapka. Takue (QOHOBBIE MPOIECCHI,
MOTYT OBITh OIIMOOYHO OTOOpPAHbl U PEKOHCTPYUPOBAHBI KaK /7 , TO3TOMY CIIEIyET
OXKWJIaTh, YTO HCCIIEIyeMas BBIOOpKA COACPKUT Takxke (OHOBBIE COOBITUS U
YUUTBHIBATh 3TO OOCTOSTENHLCTBO MIPU MPOBEACHUM aHAIIN3A.

Jiist oT6opa cOOBITHIT MPUMEHSIOT CIEAYIOIINE KPUTEPUU:

* TMPUCYTCTBHUE AJIEKTpOHA ¢ OONBIION momepeyHoil 3Hepruer (Er > 20 [3B),

3apEeruCTpupoOBaHHOIO B LNCHTPAJIbHOM JJICKTPOMAIrHUTHOM KaJIOPpUMCETPE,
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om0 MIOOHa C OONBIIMM TONEpPEYHbIM uMIylbcoM (pr > 20 [B/c)

3apETUCTPUPOBAHHOTO B MIOOHHBIX KaMepax LEHTPaIbHOI 001acTH;

* Hanuuue He MeHee 4-X aApOHHBIX CTPYH C TOMEpeuHON 3Heprueut Oonee 15
B, oOpasyromuxcs B pe3yibTare aapoHH3alMK b-KBApKOB OT pacliajia ToTI-
KBapKOBOM Maphl M JIETKUX KBApKOB OT pacnaaa W-0030Ha;

* HanuuWe OOJNBIION HemocTarIlel mnomnepedHo ’Heprum (6omee 20 IHB),
YKa3bIBAIOIIEH Ha BBICOKOIHEPTETUYECKOE HEUTPUHO OT JIEMITOHHOTO paclajia
W-06030Ha4;

* [epBUYHAs BEpIIMHA JOJKHA HaxoguTcs B mpegenax 60 cm  oT
reOMETPPUUECKOT0 IIEHTPA 30HBI CTOJIKHOBEHHUS ITyYKOB.

Ha »snekrtpoH, Kpome TOro, HajaratoTcsi JOIOJHUTENIbHbIE TpeOOBaHUS:
000CO0JIEHHOCTh, TO €CTh OTCYTCTBHE dHeproBuiaeneHus 6onee 10 % BOKpyT HEro;
OTHOLIEHUE HHEPrUh B KAJIOPUMETPE K UMIYJAbCYy Tpeka (E7/pr) HE IOIKHO
MpeBbIIAaTh 2 Uil 3EKTpoHOB ¢ pr < 50 I'@B/c; yreuka sHepruu B aJpOHHBIN
KaJOpUMETp [JOJKHA OBbITh MHUHUMAaJbHA. EciM 3leKTpOH-TIO3UTPOHHAS Tapa,
PEKOHCTPYHMpYETCsl Kak o0Opa3oBaBIIasicsi B pe3ylbTaTre KOHBepcuHM (OTOHA, TO
COOBITHE OTOPACHIBACTCA.

MI0OH JOJKEH YIOBJIETBOPATH CIEAYIOIIMM KPUTEPUSM: €r0 TPEK JOIKEH
COOTHOCHUTBCSI C TPEKOBBIMU CETMEHTaMu (stub) B MIOOHHBIX Kamepax; OH JIOJKEH
ObITh 000COOJEHHBIM, TO €CTh MOJIHASA HHEPrUs B KaJOPUMETpPE BOJIU3H MIOOHHOI'O
TpeKa, 3a HCKIIOUeHHWEeM OamiHu (BbIAEICHHOW cekiuuu 1o AGA@), KOTOpyr OH
nepecekaet, JohkHa ObITh MeHble 10% OT ero mornepeyHoro MOMEHTa; MIOOH He
JIOJKEH OBITh UACHTUPHUITUPOBAH KaK KOCMUYECKHUU.

Eciu B cOOBITHM TNPUCYTCTBYIOT —CJEAYIOIIME MPU3HAKU, TO OHO
oTOpachIBaeTCs:

* JIBa JIENTOHHBIX TPEKA, COOTBETCTBYIOLIMX IPOMCXOKAEHUIO OT pacmaga Z°
0030Ha: 00JIaaOIIMX OJUHAKOBBIM apOMAaTOM JIENTOHA M MPOTHUBOMOJIOKHBIM
3aps0M, ¢ HHBApMaHTHOM Maccoit Mexy 75 u 105 I'aB/c?;

* npuszHaku KX]/[-coObITusi, ompenensieMble CHEHHAIbHBIM aJIrOPUTMOM Ha
OCHOBE B3aMMHOIO pPAaCIOJIOKEHUS BEKTOpa IONEPEYHOM HEIOCTAOLIEH
SHEPTUU U BeAymei (00manarieil MaKCHMaIbHON YHEPTHEH) CTPYH.

Taxxe otOpaceiBaeTcs COOBITHE, HJIECHTU(DHUIMPOBAHHOE  Kak it n
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pacnaBLieecs 1o JUJICITOHHOMY CLEHAPHIO.

[Toctymaroriasi ¢ nmerektopa WH(OpMaIs MOXET ObITh HMCIOJIb30BaHA s
PEKOHCTPYKUMU M OTOOpa COOBITHI JMIIb TIOCHIE CIOXKHBIX BBIYUCICHUH,
MO3BOJISIIOUIUX MOMYYUTh apaMeTpbl pu3nueckux o0beKToB. B 0cob0# cTenenu 3To
OTHOCUTCSA K QJpPOHHBIM CTPYSM, IJI PEKOHCTPYKUHUHU KOTOPBIX MCHOJb3YIOTCS
CJIOXHBIE WTEPALMOHHBIE AJITOPUTMBI KIIACTEPU3ALUM U TPUMEHSIOTCS HECKOJIBKO
YPOBHEW TOMPABOK, KOPPEKTUPYIOIMIUX pPaA3IUYHBIC JETEKTOPHBIE U (PU3MYecKue
3P eKThl, HCKaXKAIOIIME YETHIPEXMEPHBIH MMITYJbC MapTOHa MpH TMEepexone K
KQIOPUMETPUUECKOMY YpOBHIO. OXuaaeMblid BKJIAJ OT O3TUX WCKAKEHUHW B
CUCTEMATHUYECKYIO OLIMOKY SIBISIETCSI HAanbosee 3HaUUTEIbHbIM.

B npencraBieHHoM B paboTe U3MEPEHWHM HaMM MCHOJIb30BAJICS METON
1a0JIOHOB, COCTOSAIIUMN B COMOCTABICHUHM HSKCIEPUMEHTAIBHOTO paclpeeIeHus
OLICHOYHOW TIEPEMEHHOW, C pPAaCHpPElECICHUSIMH, IIOJIYYEHHbBIMH B PpE3YyJbTare
MOJICJIUPOBAHUS TIPU PA3JIMYHBIX 3HAUYCHUSIX H3MEpsieMOoil BeluuuHbl. OleHOYHas
nepeMeHHass (WM 3CTUMArop) JOJDKHA CHIIBHO KOPPENIHpPOBaTh C H3MEpPSAEMOM
BEJIMYMHOM. B  Hamem ciydyae B KaueCTBE ACTUMATOpPA  UCIIOIb3YETCS
BOCCTAHOBJICHHAass Macca Tom-kBapka ( M)’ ), TIONydeHHas B pe3yjbTare
KUHEMAaTUYECKON PEKOHCTPYKIIMU COOBITHI-KaHAUIATOB B MPEANOJIOKEHUH YTO
coObITHE TpEACTaBIsIeT €000 pacmaj TMaphl TOM-KBapK + AaHTHKBApK B
oHOJENTOHHOM KaHasie. [lockonbKy wHcciieqyemasi BbIOOpKa IMPENCTABISET CMECh
(OHOBBIX M CUTHAJIBHBIX COOBITHI, criekTp M)’ BKIIOYAeT BKJIAJAbl OT 00OMX
TUTIOB COOBITHH, YTO HEOOXOIWMO YUYMTHIBaTh MpU MojenupoBaHuu. Crenyet
OTMETUTH, YTO 3TA BEJIMYMHA HE MOXKET CUATATHCS U3MEPEHHON Maccoi TOIT KBapKa B
KaKJIOM OTIEJIBLHOM COOBITHMH, TaK KaK B OOJIBIIOW YacTH CHUTHAJIILHBIX COOBITHUM
(~40%) npu peKOHCTPYKIIMH MPOUCXOAUT OMMOOYHOE MPUCBOCHUE aJAPOHHBIX CTPYH
IIPY BOCCTAHOBJIEHUH Iapbl TON-KBapkoB U W-0030Ha. 3HaueHue M;,° i1 KaxkJa0ro
COOBITHSI BBIYUCISETCA }° MHHUMHU3ALUEN, IJ€ B KAaueCTBE BXOIHBIX MEPEMEHHBIX

HCIIOJB3YIOTCA UBMEPCHHBIC BEIMYMHBI U UX ITOTPCITHOCTH.

(pi,ﬁt_pl,data)Z (pUE,ﬁt_pUE,data)Z
2 T T j i
X = zi:1,4jets 0—? + Zi:x,y O_; J
i J
reco reco (1)
(Mjf_MW)2 (MZV_M W)2 (Mbjj_Mtop )2 (Mb[V_Ml()p )2
+ 2 + 2 + 2 + 2
I‘W r w rt rt
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[lepBblii wieH oTBeYaeT 3a TO, YTOObI BOCCTAHOBJIEHHBIE MONEPEUYHbIC
MMITYJILCHI YETHIPEX JIMAUPYIONIMX CTPyHd W jienToHa ( P7 ) COOTBETCTBOBAIM HX
U3MEPEHHBIM 3HAUECHUSM B IIpeernax IOrpelIHOCTe. BTOpoW BBINIOIHAET Ty XKe
(GYHKITUIO JIJIS1 IOTIEPEYHBIX KOMIIOHEHT BHEKJIACTEPHOU dHEpruu. J[Ba mociemyromux
YJIcHA YYHATHIBAIOT PA3HUIy MEXKIYy HWHBapUAHTHBIMH Maccamu M, | M,
(cucrema AByX JIETKMX CTPYW M CHUCTEMa JIEITOH-HEUTpHHO) U maccol W-0o030Ha

M ,=80,4215Blc* . I ,=2,1215B/c*

[locnennue nBa ujeHa CpaBHUBAIOT MHBapUAHTHBIE Macchl cuctem blv (b-
CTpy$, JENTOH W HEUTPUHO) U bjj (b-cTpys W JBE JIETKUX CTPYH) CO CBOOOIHBIM
napamerpom M’ . I'=1,5I5B/c*

[TockonmbKy MBI HE HCIIOJIB3yEMMETKY b-ME30HHOW CTpyd B JAHHOM aHAJM3E,
YUCJIO BO3MOXKHBIX IIPUCBOCHUM YETBHIPEX CTPYH IBYM TOI KBapKaMm paBHO 12, kpome
ATOr0 CYILIECTBYET HEOMPENEIEHHOCTh 3HAKa MPOJOJbHON KOMIOHEHTHl MUMITYJIbCa
HEUTPUHO - TaKMM 00pa3oM HaM HEOOXOJUMO BOCCTAHABIMBATH MACCy TON KBapka
12*2 = 24 pa3a B ogHOM coObITHH. B pesynbrare mbl monyyaem 24 3nauenus Mj,° |
KaXIOMY H3 HHMX COOTBETCTBYET OIPENEIEHHOE 3HAUEHUE ), CIyXKallee Mepoii
KauecTBa ATOW pekoHCTpykuuu. Kak mokaszaso MonenupoBaHue, B Oosee uyeM
IOJIOBMHE CIIy4aeB KOMOMHAIMSA C HAMMEHBLIMM Y’ SBISETCS NPABUILHOW, M B
MacCCOBBIA CHEKTP BKJIIOYAETCS COOTBETCTBYMOIIee 3HaueHue My,° . CoObITus, s
KOTODPBIX HAWJIy4YIlias KOMOUHAIHSA UMEET ° >9, 0TOpachIBAOTCH.

B nannoit pabore Mbl UCHONB3yeM HHGPOPMAILIUIO TaKXe OT KOMOWHAIIWIA,
BTOPOM M TPEThEl IO BO3pacTaHmio x’. Mcnons30BaHME CIEAYIOIMX KOMOWHAIIA,
KpaliHe PEeJIKO OKa3bIBAIOIINXCS MPaBUIBHBIMH, MIPEICTABIAETCS HELEIECO00pa3HbIM
1 OTpeOOBaJIO Obl 3HAYMTENIBHBIX MATEMATUYECKUX U BBIYMCIUTEIbHBIX 3aTPar.

B wurore, mbl ompenensieM Maccy TOII KBapka Kak mnapamerp M,,, Daromuin
HaWJIydlllee COBMAJCHUE MEXKIYy CIEKTPOM HWHBAPHAHTHOM MAacchl TOI-KBapKa,
MOCTPOCHHBIM Ha COOBITHSIX C TaKOro € THUMA CHEKTpaMH, MOJYyYEeHHBIMU C
MIOMOIIbIO MOJICIMPOBAHMS TIPU PA3TUUYHBIX 3HAUYCHUSIX MapaMmeTpa M.

Jlis  co3maHus MacCOBBIX IIAOJIOHOB BBHIOMpAaeTCss HMHTEpBAl MacCc B
OKPECTHOCTSIX okujaeMoro 3HaueHus (170 I'3B) Takum 0Opa3oM, 4ToObI IEPEKPHITH
OXHUJAaeMO€ OTKJIOHEHHE OT 3TOM Macchl Oonee ueM Ha 3. B sToM uHTEepBase

BBIOMpaeM psa (UKCUPOBAHHBIX 3HAYeHUM Macc (M;) W O KaKIOW W3 HHUX
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reHepupyeM OOJIbIIIOe YUCIIO COOBITMH ¢ ¢ , mcmoib3ys meton Monrte-Kapno (M,
UCIIOJIB3YETCS IPOrpPaMMOW-TEHEPAaTOPOM B KadeCTBE BXOIHOIO IapaMeTpa).
[lony4yeHHble COOBITHSI 3aT€M PEKOHCTPYUPYEM ONMCAHHBIM BbIIIE CHOCOOOM U
rucrorpaMmmupyem M2’ . D10 pacnpeneneHue JIs BXOJHOM Macchl M; Ha3bIBaeTCs
CUTHAJIbHBIM MACCOBBIM I11a0JIOHOM.

Taxxe reHepupyroTcss HAOOPBI COOBITUH NJIsT MOJETUPOBaHUS (HOHA, TIPU ITOM
COOBITHS MPOXOAAT Ty K€ MPOLETYypy OTOOpa U PEKOHCTPYHUPYIOTCS TaK K€ Kak 7
coOpiTusA. M3 HUX co3maercsa eAuHbI (POHOBBIM IIA0IOH, B KOTOPOM BKJIQJbI
Pa3IUYHBIX MPOIECCOB KOMOMHUPYIOTCS COMIACHO OXUAAEMOW J0J€ KaKJI0ro THIIA
(oHa.

Mpb1 napameTpu3yeM CUTHAJIbHbIE MAacCOBbIE IIAOMOHBI (PYHKIUEH MIOTHOCTU
BeposTHOCTH (({.m.B.) P™(M5°;M,,) | npencTaBisioneil BEpOATHOCTh HOTydeHHs
PEKOHCTPYMPOBAHHON Macchl M.’ TpH «UCTUHHOW» Macce M,, . DOHOBBI
mabyioH mapamerpusyercst (.1.B. aHAJOTUYHBIM 00pa3oM, HO B 3TOM CJIydae HET
3aBUCUMOCTH OT Macchl TOI KBapKa.

Mpb1 KOHCTpyUpyeM (PyHKIMIO TPaBaonog0o0us, ONUCHIBAIOUIYI0 BEPOSATHOCTH

TOI'0, YTO JaHHBIC ABIAIOTCA CMCCBIO (i)OHOBI)IX W CUTHAJIbHBIX COOBITHH ¢ 1

L :Lshapechonslr (2)
rac
Lo (g ) P M M) PO 5
P’ NI i n+n,

1 11,,7n;H
Lconstr_ e 2 U:;il (4)

B L¥%* i-ii 4geH JaeT BEPOSTHOCTb I i-TO COOBITHS M3 BBIOOPKU JaHHBIX
HONYYNTh 3HAYEHHE MacChl M, TIpH CHTHAIBHOM ¢.m.B. P™(M.y':;M,,) nus
macchl Ton KBapka M,, wu ¢onosoii ¢p.m.B. P(M)) . N — HOIHOE 4YHUCIO
COOBITUI B BBIOOPKE, 7y U Hjp — KOJIMYECTBA CUTHAIBHBIX U (DOHOBBIX COOBITHH.

L - yneH (QYHKIUM TPABIONOA00MS, KOTOPBIM OMUCHIBACT (DIYKTYyaIruio
KoJm4decTBa (DOHOBBIX COOBITUIN MO pacmpeneieHuio ['aycca ¢ COOTBETCTBYIOIIUMU

3HaueHusIMHU cpeaHero (75" ) u HeonpeaenaeHHocTd ( 03 ).
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3nauenme M, , npu  KOTOPOM  (YHKIHUS ~In(L(M,,)/L,,) nocruraer
MUHUMYMa, TIPUHUMAETCS 32 U3MEPEHHYI0 Maccy Ton-kBapka. (Puc. 4). Craructuueckas
[OIPELIHOCTH OLCHMBAIOTCS KAk BeawduHa AM,, npu kortopoir  —In(L/L,,)

yBennuuBaercs Ha 0,5.

o 950
r Entries 580

12 - Mean 192.3
F RMS 1

a

I'IE‘SD‘ — I'I_J"D‘ ’ ‘1é0‘ — ‘Iéﬂ‘ — ‘ZC‘)GI — ‘2"|G‘I
Puc. 4: 3aéucumocms —InL(M ,op)/ L,.. @ynxyuu npasdonodobusom M,
Tonyuennas memooom MaKCUMaIbHO20 NPAEOON000OUS MACCA COOMBENMCMEYEN
MUHUMYMY 9MOTE 306UCUMOCTILL.

Hcrmonb3yst BBIICONMUCAHHBI METOJ, MBI MPOBEIIM H3MEPEHHE MAaCChl TOII-
KBapKa Ha JaHHBIX, HaKOIUIEHHbIX Ha ycrtaHoBke CDF B mepuon ¢ mapra 2002 mo
despans 2006 Ha craructuke 1 6. M3 >1ux maHHbIX 66U 0T06pansl 700 cOOBITHIA;
U3 HUX 645 ynoBIeTBOPSIOT TpeOoBaHuO % *<9 . JIJIs OLIEHKH BEJIMYMHBI U COCTaBa
¢boHa MBI BOCHOJB30BAIMCH pE3yJbTaTaMu IO M3MEPEHUIO0 CEYeHUs 0O0pa30BaHUS
MApHOTO POXKIAEHUSI TON-KBapkoB B Mozae '"ienToH + cTpyu". OxupaemMoe 4ucio
(hOHOBBIX U CUTHAJIbHBIX ( 7 ) cOOBITUI B HcclieayemMoil BbIOOpke cocTaBuio 306 u
339 COOTBETCTBEHHO.

Mpbl co3fmanu curHajgbHble MaccoBble ImaGnonbl ans 21 3nayenuit M,,, B
uatepBaiie or 150 mo 200 I'»B ¢ marom 2,5 B, a takxke ¢GoHOBBIC MIAOIOHHI,
ucnonbizysi Monte-Kapno reneparoppl HERWIG u ALPGEN. IlockonbKy B gaHHOM
paboTe HCIOAB3YIOTCA TP KOMOMHAIIMK C Jy4YIIMMHA %’ , HAMH CO3JaHBbl H
nmapamMeTpU30BaHbl TPY HaOOpa MabI0HOB, YTO MO3BOIMIIO TPOBECTH TPH OTACIBHBIX,
CKOPPEIIMPOBAHHBIX M3MEpeHUs. J[Is1 KOMOMHAIMK TIOJIYYEHHBIX PE3yJIbTaToB
UCIIOJIB30BAJICA METOJ] Hawiaydiled HecMmemieHHoW oreHku (Best Linear Unbiased
Estimate, BLUE).
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[Ipexxne yeM MNpPOBECTM HM3MEPEHHE HA SKCIIEPUMEHTANBHBIX JIaHHBIX, MBI
MpOBEIM  MPOBEPKY  MeTona  (sanity  checks), Tpu  noMOIM  CEpPUU
MICEB/IOAKCIIEPUMEHTOB ¢ aHcamOIsiMu coObITuit MoHnTe-Kapio, yToObl J10Ka3aTh, 4TO
UCIIOJIb30BAHHBIE — MAapaMeTpu3alus W [polenypa NpUMEHEHHs  (QyHKUIUU
IpaBaONoO00Us CHOCOOHBI BEPHO BOCCTAHOBUTH AalpUOpPU HM3BECTHBIE BXOJHBIC
3HAYEHUSI MACCHl TON-KBapKa. Takyke MPOBEACH «CJIENON TECT» C HEU3BECTHBIMU HaM
3HAYEHUSMU BXOJHON Macchl, NMPU3BAHHBIN MPOAEMOHCTPUPOBaTh 3(P(HEKTUBHOCTH
MIPEIJI0KEHHOr0 HaMu MeTojia wieHaMm kojutabopauuu CDF mist omoOpenust Metona u
MOJIy4eHMsI pa3pelieHusi AJid €ro NpUMEHEHUs Ha JaHHbIX. Bo Bcex ciydasx
MIPOBEJIEHHBIE TECTHI MOKA3aJIH JOCTOBEPHOCTh HUCIIOJIb3YEMON METOUKH.

JUiss OLIEHKM CHUCTEMAaTUYeCKUX OIIMOOK Mbl OLEHWIM YYyBCTBUTEIBHOCTH
U3MEpPEHUs] K BIMSHUIO MMEIOLUXCS B MOJCIMPOBAHUU HEOIpeAesEHHOCTen. Jlns
3TOr0 MpU MOJEIMPOBAHWM HA0Opa CUMYJIUPOBAHHBIX COOBITMI HW3MEHSJICS
COOTBETCTBYIOLIUI MMapaMeTp Ha OJHO CTAHJIAPTHOE OTKJIIOHEHUE B 00€ CTOPOHBI WU
BBOAWJIOCh aJbTEPHATHBHOE NPENNOJIOKEHHE. B  KauecTBe CUCTEMaTHYECKOU
IIOIPENIHOCTH, ACCOLIMMPOBAHHON C BapbUPYEMOU BEJIMUYUHOM, IPUHUMAETCS CABUT B
CpeIHEM 3HAYEHUU BOCCTAHOBIICHHON MaccChl TON-KBapka. llomHas cucremarndeckas
HOTPEIIHOCTh ONPENEIUIACh KaK KBaJApaTW4yHas CyMMa OT Pa3jM4YHbIX BKJIAJ0B U

cocrasuna 4,2 IT'hB/c?.

Kareropus 3nauenne (IB/c?)
MC I'eneparop 0,8
®opma BG 0,6
JES 3,9
I'mrooHHOE M3MyUeHHE 0,7
PDF 0,5
Orenka nonu GpoHa 0,7
p: JIEITOHA 0,2
JES b-cTpyii 0,6
[MoHas morpemHoCTh 4,2

Ta6n1/1ua 1: .I/I3MepeHHLIe 3HaA4YCHUA CUCTCMAaTHICCKUX HOFpeHIHOCTef/'I.

Haxonen, nocie BCECTOPOHHENW MPOBEPKHU UCIOJIH3YEMOW METOJMKHU U OIEHKHU
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CUCTEMaTH4eCKOM  TMOTpemIHOCTH  Mbl  MPOBEIM  AHAIW3  OTOOpPAHHBIX
AKCIIEPUMEHTATBHBIX JaHHBIX COIIACHO OMUCAHHOMW BbIIe mporenype. [lomyueHnbie
CHEKTPbl HMHBAPUAHTHBIX MAacC TOIM-KBAPKOB [UJISI TpPeX IMEPBBIX KOMOWHAIMNA C
HAaVMCHBIIMMU 3HAYCHUSIMHU  ¥° , a TaKKe COOTBETCTBYMOIIUE (DyHKIMH
paBIono 00U IPEACTaBICHBI HA pUC. 5.

Pesynbrarhl n3MepeHus Macchl TOT-KBapKa MpuBeieHbl B Tabmule 2. Takxke
TaM MOKa3aH KOMOMHUPOBAHHBIN pe3ynbTart, moidydeHHbit MmetogoM BLUE, u
BECOBbIE KOA(PPUIIMEHTHI, COOTBETCTBYIOIINE KaXXA0H KOMOMHAIINN, BEIUMCIICHHbIE
Ha OCHOBE KO3()(PHUIIMEHTOB KOPPEISLUH, IOJYUYEHHBIX B CEpUU
TMICEBI0IKCIIEPUMEHTOB. B mpaBoii KOIOHKE JIJ1s1 CpaBHEHUS IPUBEICHBI PE3YIIBTATHI
¢uTa co cBOOOIHBIM TAPAMETPOM KOJTUYECTBA (DOHOBBIX COOBITHH, TO €CTh CITy4yai
Kornia U3 (PyHKIMH MPaBIONOA00USs UCKIIIOUEH WieH L™"

OkoHYaTeNbHbIN pe3yabTaT U3MEPEHUSI MACChI TOIl KBapKa METOIOM I1a0JI0HOB

B OJHOJIENTOHHOM BeIOOpKe manubix CDF Ha craructuke 1 G607

M,,=168,9+ 2,2(cmam)-'_-4,2(cucm)FeB/c2 (5)

| Data Fit Combination 1 ”% | Data Fit Combination 2 IT ‘ Data Fit Combination 3 ﬁ

o ] o] I e

so0f —DATA Comb 1 w:_ — DATA Comb 2 sof —DATA Comb 3

T0f — Fit mé_ — Fit P — Fit

of o o

sof- soE— sof-

40F m— 40f

3oL 10;- 3o

200 ).I)%_ 200

10F mE_ 10F

o E L il o il

IS N e = Frin = I i leey ti b [N
W 1M 200 2500 0 ¥ 100 150 200 250 00 IS0 100 10 200 250 300 350

50
Top Mass (GeVic2) Top Mass (GeVicrZ) Top Mass (GeVie 2}
COF Run2 Preliminary | CDF Runz Preliminary | [ CDF Runz Preliminary |

T 14] I I I 3
—— Comd 1 Likelihood F —— Com 2 Likelinood 85 —— Comb 3 Likelinood I

L 4
160 165 170 175 180 160 165 170 175 180 160 165 170 175 180
Top Mass (GeVic2) Top Mass (GeWic 2} Top Mass (GeVic*2}

Puc. 5: Cnexmpul uneapuanmmsix Macc mon-Keapkos (86epxy) u coomeemcmayouue
um GyHKyuu npasoonododus (6HU3y) 0Jisi mpex nepevlx KOMOUHAYUL ¢ HAUMEHbUUUMU
3HaueHuaAMU Y
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Casi3aHHbli pUT CBoOonnblIii GpuT
1 xomOuHaLHs 169,5+2,3 I'3B/c? 169,8+2,4 TB/c?
2 KOMOMHALUS 167,3+3,6 [3B/c? 168,7+4.2 I'3B/c?
3 KxoMOUHAIUS 167,0+4,6 I'3B/c? 169,345,7 I'3B/c?
o 0,758 0,841
(0 0,165 0,120
a3 0,077 0,038
BLUE 168,9+2,2 I'>B/c? (crar.) 169,6+2,4 I'»>B/c? (cTar.)

Tabnuua 2: .M3mepeHHble 3HaYeHUs Macchl TOI-KBapka. CpeaHsist KOJIOHKA COOTBETCTBYET
pe3ynbTaram, MOJyYeHHBIM JUIs CIIydasi, KOT/Ia KOJIM4eCTBO (POHOBBIX COOBITHH CBA3aHO
pacrnipenenenuemM ["aycca ¢ oxuaeMbIM CpeTHUM U OLIMOKOH ; MpaBasi KOJIOHKA JJIS cliyvast - Korjaa
qrcI0 (POHOBBIX COOBITHI - CBOOOHBIN mapameTp ¢uta. [IprBeeHa TOIBKO CTaTUCTHYECKAS
MIOTPELIHOCTD.

Taxke TPOBENEHO U3MEPEHHE MAacchl TON-KBapka Ha 318 n6™' maHHBIX, mys
KOTOPBIX Ha MOMEHT IPOBEJEHUS aHajiu3a Obljla MpUMEHEHa Ipoueaypa b-medeHus.
Hcnonp3oBajlack METOAMKA CXOAHAs C ONMCAaHHOM paHee, C PAJOM HU3MEHEHUH
MO3BOJISIFOLIUX YJIyYIIUTh TOYHOCTh U3MEPEHUS.

MpI pa3aenunu coObITHSA-KaHAUIAThl Ha MOABBIOOPKU B 3aBUCUMOCTH OT YHCIIa
b-MeTOK U 3Hepruu cTpyi B cOObITUU. /{1151 pa3HbIX NOABBIOOPOK BEJIMYMHA U COCTaB
(doHa OTIIMYAIOTCS, PA3IMYHbI TaKkXke POpMbl pacnpenenaeHus MadIOHHbIX MacC TOII-
kBapkoB. Kpurepuun or6opa asisi moABbIOOPOK, @ TAKKE YUCIO OTOOPAHHBIX COOBITUHI

pUBEJIEHbI B Ta0uIE 3.

Bei0opka b-tags E:(I=B) crpyn 1-3  E; (I'»B) cTpys 4 YucJ10 codbITHI

(n1s1 318 m6™)
0-tag 0 Er>21 Er>21 44
|-tagT 1 Er> 15 Er> 15 33
1-tag-L 1 Er>15 15>Er>8 63
2-tag 2 Er>15 Er>8 25

Tabnuya 3: Ilapamempusl n008bI60POK 0151 USMEPEHUS MACCbl MON-K8APKA C
ucnonvzoeanuem ungpopmayuu o b-weuvenuu.

Jlnst KakaoW W3 TMOABBIOOPOK MPOBOIMIMCH OIICHKH COCTaBa W BEIWYUHBI

¢dboHa, CUIBPHO 3aBUCAILINE OT YHUCIA b-MedyeHbIX CTpyi. s moaBeiOopku 2-tag
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BeIMYMHA (OHA HAWMEHbBINAs, W OCHOBHAS €ro KOMIIOHEHTa — COOBITHUS C
poxnaenneM W-0030Ha M CTpysAMU OT TsoKenbix kBapkoB. s 1-tag(T) u 1-tag(L)
npeobnangaroT Goubl W+cTpyu (OT JIETKUX U TSKEIBIX KBApKOB), a Takxke KXJ[ —
nporecchl. s BeiOopku 0-tag mpeoOmamarontuii Tun poHa — W-ierkue cTpym.
Onenka BenMYMHBI (POHA I 3TOM MOABBIOOPKH 3aTpydHEHa, MOAITOMY IS Hee
POBOAUTCS (PUT CBOOOIHBIN OT MPUBS3KU K 0XKHJIAEMOMY YUCITY COOBITUH.

Jlpyroii Ba)XHOH OCOOEHHOCTBIO HMCIIOJIb30BAHHONW METOIUKH  SIBIISICTCS
KanuoOpoBKa in sifu mo macce W-06030Ha. JlJist 3TOr0 A KaXKI0TO COOBITUS HApSLy C
PEKOHCTPYMPOBAHHOM Maccod Tom kBapka ( M;,” ) HaxomsTCs HWHBApUAHTHBIC
Macchl map crpyi ( M’ ), KOTOpble AOMAKHBI COOTBETCTBOBaTh Macce W-0030Ha B
cily4ae, KOrja 3TU CTPYHU MPOUCXOASAT OT €ro ajpoHHoro pacmnazaa. [lockoibky 3Tu
CTPyHY, OUYEBHJIHO, HE JIOJDKHBI UMETh b-METKH, YMCIO BO3MOXKHBIX KOMOWHAIIUN
TaKuX CTPYH B COOBITHM MOXET OBITh OT ofmHOHM A0 6-Tu. Pacmpenenmenme M7
WCIIONIB3YETCSA I KaTWOpPOBKH INKAJIBI DHEPTHUH CTPYH, JUISI YEro BOJUTCS
OTHOCUTENBHBIN napametrp JES, npencraBnsiomuii CIBUT B IIKAJIE YHEPTUM CTPYH B
eAUHUIIAX €€ HOMUHAIBHOW HEOMPENeICeHHOCTH, BBIYMCIISIEMON W3 BHEIIHUX
KaJInOPOBOK.

U3 pacnpenenennit My’ u M’ nnsg mHabopa 3HAUEHHMM Macc TON KBapKa U
JES MBI cocraBnseM IMa0NOHBI CUTHAJIBHBIX  COOBITHI, KOTOpBIE 3aTeM
napamMeTpu3yroTcs (YHKIMEH, 3aBUCAIMICH OT JTHUX BXOAHBIX TApPaMETPOB U
MHTEPHOJUPYIOIIEH TPOMEXYTKHM MEXAy I1a0JloHaMHU. AHAJOTMYHBIM 00pa3oM
COCTABJISIIOTCA IIAOMOHBI JUISl Pa3IMYHBIX (DOHOBBIX MPOLIECCOB, OJHAKO B 3TOM
cillyyae mapaMeTpu3alisi He 3aBUCUT HU OT MAacCChl TON-KBapKa, HU M OT IIKaJIbI
sHepruii cTpyi. C MoNMyYeHHBIMH MapaMeTPU30BaHHBIMU A0JIOHAMU CPABHUBAIOTCS
pacrpeesieHusi BOCCTAHOBJIEHHBIX MacC, MOJMYy4YEHHbIE W3 SKCIEPUMEHTAIbHBIX
TaHHBIX. {7151 3TOTO MCTHOIB3yeTCs METOA HauOOJBIIEro mpaBaonoaoous. OyHKIUsS
MPaBAONON00MS COCTABISIETCS I KaKIOW TMOABBIOOPKM M BKJIIOYAET YJIEHBI
YUUTHIBAIOIIME (OPMY MaCCOBBIX IIAOJOHOB, IMAONOHOB mid  M7” | uucna
CUTHAJIBHBIX M (POHOBBIX COOBITMM a Takke OXHIaeMyl0 BeJIUuuMHy ¢oHa (IS
noaseioopok 2-tag, 1-tag(T) u 1-tag(L)). [lomydennsie QyHKIMM OOBETUHSIOTCS B
o0mryr0 (DyHKIHIO, B KOTOPYIO J00ABISETCS MOTIOTHUTENBHBIA YJICH, COACpKaIlTuil

uHbOpMAIMI0O O BHEHMIHHX KajauOpoBkax. Mmiercs Mmakcumym oOmied QyHKUUU
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paBaoNoa0ous mo oTHoweHIo K 10 mapamerpam (4uciaM CUTHAIBHBIX U (POHOBBIX
COOBITUN 17151 4-X TOABBIOOPOK M TAKXKe OOIIUM JUJIsl BCEX IMOJABBHIOOPOK Macce TOm
kBapka u JES ), wucnonb3ys mnporpammubiii maker MINUIT. B wurore Ha
AKCIIEPUMEHTAJIBHBIX JAHHBIX Mbl OJYYWIH CIAEAYIOUIUN pe3yibTar sl MacChl TOII-

KBapKa U IIKaJIbl SHEPTUU CTPYM:
M"=173,53](cmam. + JES) Bl ¢’ (6)
JES=—0,10"0 0, (7

Hcrnonb3yss METOABI, aHAJIOTHYHBIE OMHUCAHHBIM paHee MbI TOYYHUIIH OIEHKY
CHCTEMATHUECKON TorpenHocty (3a uckmouenueM JES), cocrasusiiyio 1,3 I'sB/c?.
OKoHYATeNbHBIA PE3yIbTaT U3MEPEHHsT MACChl TOI-KBApKa Ha cTaTHCTUKE 318 16~

JaHHBIX C UCIIOJIb30BAHHUCM b-MeueHHsT COCTaBUII:

173,5f§:g(cmam. +JES )+1,3(npou.cucm.) B/ c*

8
=173,5733 B/ c’ ®)

Ha momeHT myOmukaruu paboThl 3TOT Pe3ysbTar SBISUICS HanOojiee TOYHBIM

HU3MCPCHUCM MACChI TOIT KBapKa.

B 3akiaw4yennu chopMynupoBaHbl OCHOBHBIE PE3YyNIbTaThl JUCCEPTAIMOHHON

paboTHI.

1. BriepBbie JiJ11 yMEHBIIIEHUSI CTATUCTUYECKON MOTPEIUTHOCTH U3MEPEHUS MACChI
TOM-KBapKa MPEIJIOKEHO HCIIO0Ib30BaTh HHPOPMAIIHIO OT 3-X KOMOMHATOPHBIX
BAPMAHTOB IIPUCBOEHHUS CTPYH B COOBITMM C HAMMEHBIIMMH 3HAYEHUSAMH ¥°, a
HE OIPaHUYUBATHCS TOJBKO OJIHUM JIyUYIIIUM BapUAHTOM.

C mnoMmolbl0 MOJACIMPOBAHMS TIOKAa3aHO, YTO KCIOJb30BAaHHWE METOJA
Hauy4dnied nuHelHoN HecmenieHHoM oneHku (BLUE) npu oObenuHeHuun
pemieHuid OoT 3-X KOMOHWHAIMI TO3BOJIIET YAYYIIUTh CTATUCTHYECKYIO
norpemHocTh u3MepeHus Ha 10%. C ucnonb30BaHHEM JAaHHOW METOIUKHU

M3MEpPEHa Macca TOI-KBapKa Ha ctarucTHKe 1 (0 B OMHOIENTOHHOM BBIOOPKE:
M,,=168,9+ 2,2(cmam.)+=4,2(cuem.) B/ ¢ 9)
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2. BnepBoie Ha manHbix CDF mpoBeneHO u3MEpeHHE MacChl TOM-KBapkKa C
UCIOJIb30BaHUEM HWH(MOpPMAIIMM O MEYEHUH b-CTpyH M KamuOpOBKE MIKAJIbI
SHEPIUM aJPOHHBIX CTPyH mo Mmacce W-0030Ha, Ha cratuctuke 318 m6™.

ITonyuyeHo 3HaueHune:

173,5f§j2(cmam. +JES )+1,3(npou.cucm.) I'B/ c*
=173,55: 9B/’

(10)

OT10 Hanbosee TOUHOE U3MEPEHNE MACChHI TON-KBapKa HA JaHHOW CTaTUCTHUKE.

3. JIns u3MepeHusi Macchl TOIM-KBapka B OJHOJENTOHHOW BBIOOPKE Ha JTAHHBIX
skcniepumenTa CDF pa3BUTO M ONTUMHU3UPOBAHO MPOTPAMMHOE OOeCIeueHue
g 0oTOopa COOBITHI, BOCCTAHOBJICHHUS WHBApHMAHTHOM Macchl TON KBapka U

KaJTMOPOBKY IIKAJIbl YHEPTUU CTPYH 1o Macce W-0030Ha.

4. PazpaboTan M BHEJPEH paHEe OTCYTCTBOBABILIUN KOMIUIEKC IPOTPAMM,
MTO3BOJISIFOLMX YCTaHABIMBAaTh U KOHTPOJIMPOBATh B aBTOMATUYECKOM PEKUME
BBICOKOBOJIBTHBIE HANpPSKEHUS HA CUETYMKAX MIOOHHOW CHCTEMBl YCTaHOBKHU
CDF wu nmnoporoBble HampspKEHUS  JIUCKPUMUHATOPOB — CUTHAJIOB  JUIS
oOecrieyeHus HaAeKHOM M A(P(EKTUBHON pabOThl CHUCTEMBI CUYETUYHKOB U
nepegay MHGOpMaUUMu OO0 KX COCTOSHUU B OH-JIAHH pEeXUME B LEHTP

yrpasieHus ycranoBkoit CDF.

5. Jlma  ynmydmieHuss BPEMEHHOTO pAa3pelIeHUs BPEMSIPOJIETHOIO JAETEKTOPA
ycranoBkn CDF npoBeneHO MOAECNIMPOBAHME OTKIHMKA JIETEKTOpa Ha
IIPOXOKJICHUE 3apsKEHHOM YaCTHULIbL; CO34aH YHUBEPCAIbHBINA U3MEPUTEIbHbIN
CTEHJ JUId ONTUMHM3alMM CUUTHIBAIOIIEH JJIEKTpOHUKH. IlokasaHo, urtO
UCIIOJIb30BAHUE CXEMBI JBYXIIOPrOBOIO AUCKPUMMHATOpPA C KOMIIEHCALUEH
JUIATENBHOCTH (POHTA MO3BOJSET YMEHBIIMTH pPa3z0dpoc BPEMEHH OTKIHKA

nerexkropa Ha 45 %.
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